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Abstract

The reduced summer-t i me extent of the ice in the Arctic Ocd&-an
theeenvel op” cal cul at i o magnitads of thetbattethe tuorentalbetioicharage (aboutt -®1081) and
the expected change by the year 2100 (about -0.0033). Assuming a 70% cloud cover and a climate sensitivity of 3.1, the
current albedo change will eventually add about 0.06° CtotheEarth’ s aver age temperatur e,
2100 wi Il increase the OE@Grth’'s temperature by about

Note: An analysis published in tiroceedings of the National Academy of Scie(smes Pagd 3 below) estimated that
the radiative heatingrom 1979to 2011for the Arctic is equivalent to 0.18 Wrof radiative heating for the Earth
about80%higher that than this analysis estimatéor the total change through 2014.

Time Period | Change in Radiative Equivalent Emissions Atmospheric CO2e Temperature Increase for
Forcing (W/m?) (GTCO2e) Change (PPM ) a Climate Sensitivity of 3.0
1870-2015 0.10 131 8.4 0.06
1870-2100 0.34 452 26.1 0.20
2011-2100 0.25 340 19.6 0.15
2015-2100 0.24 321 18.5 0.14
1870-3000 0.70* 979 56.4 0.42

* Agrees very closely with "A global radiative heating of 0.71 W/m?’ relative to the 1979 baseline state is
expected from an ice-free Arctic Ocean." (20 June 2019 https://doi.org/10.1029/2019GL082914)
(https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/2019GL082914)

The calculation was done in the following steps:

1. Compute the average weekly sea ice extent for each week and year

2. Compute the “Ilinear sedideéxtent.f or each week for the

3. Compute the average loss of sea ice extent for each week

4. Compute the sea ice extent for each week for each decade (1990-2120)

5. Estimate the ocean area per degree latitude in the Northern Hemisphere for 65° N to 90° N

6. Esti mate the “percent effective solar radiation”
days between 3/4/2015 and 9/23/2015

7. For each decade and each week, dedexiceentent lgyestinioting “ e f f

the | atitude where the change occurred and mul ti
the change in sea ice extent

8. For each decade, sum t he Séaa&dektentcand cakudate thea egpecied albedld t he

change for the entire year.

(see http://ccdatacenter.org/documents/FeedbackFromArcticSealceMelt.xlsx for data and calculations)
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Background

The area of the Arctic Ocean covered by ice varies considerably from year to year and week to week (see Figure 1). By
examining the available data for sea ice extent after 1900 (see Figure 1), a reasonable assumption is that the sea ice
extent, while quite variable from year to year, shows very little overall change from 1900 to 1990, at which point the sea
ice extent begins to decline. In addition, adatasetof“ e v e r y eeé ite extent @ @ gfrani 1979 to 2014* enables
the analysis of sea ice extent trends after 1979.

The annual sea-ice minimum, based on a five-day average, is seen as an important indicator of climate change.
Overall, the Arctic has lost 40% of its sea-ice cover since 1980, and 75% of its volume. Most scientists believe the
ocean at the north pole could be entirely ice-free in the summer by the middle of the century —if not sooner.
(http://www.theguardian.com/environment/2013/sep/20/arctic-sea-ice-decline-melting-summer)
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Figure 2.29.Model simulations of Arctic sea ice extent for September (1900-2100) based on observed concentrations of heat-trapping gases and
particles (through 2005) and four scenarios. Colored lines for RCP scenarios are model averages (CMIP5) and lighter shades of the line colors denote
ranges among models for each scenario. Dotted gray line and gray shading denotes average and range of the historical simulations through 2005. The
thick black line shows observed data for 1953-2012. These newer model (CMIP5) simulations project more rapid sea ice loss compared to the
previous generation of models (CMIP3) under similar forcing scenarios, although the simulated September ice losses under all scenarios still lag the
observed loss of the past decade. Extrapolation of the present observed trend suggests an essentially ice-free Arctic in summer before mid-century.iss
The Arctic is considered essentially ice-free when the areal extent of ice is less than one million square kilometers. (Figure source: adapted from
Stroeve et al. 201213).

Note: The IPCC has really underestimated when the sudindfety S | NOGA O 20Sty gAff A
temperature estimates are likely low




Figure 1 — Future Projections of September Arctic Sea ice extent (http://nsidc.org/arcticseaicenews/+ a d d’) |
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Figure 2 — Average Monthly Arctic Sea Ice Extent —June 1979-2013

What is most important for global warming is when the Arctic is ice-free in June, as this is when the sun is directly
overhead and will cause the oceans to warm up the most. At the current rate it will take about 100 years for the Arctic
to become ice free in June.

Millions of Square Kilometers of ice in September

Sea Ice Area in August: Last 1400+ Years
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Data: Kinnard (2011), NSIDC. Image: Naam (2012)
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~—Sea Ice Coverage - Reconstructed ——Sea Ice Coverage - Observed by Satellite

Arctic sea ice coverage, as reconstructed from 69 sites
around the area, fluctuated in a fairly narrow range for
more than 1400 years. In the last few decades, it has
plunged abruptly.
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| http://blogs.scientificamerican.com/guest-blog/2012/09/21/arctic-sea-ice-what-why-and-what-next/

Figure 3 — Arctic Sea Ice Area for last 1400 Years
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Figure 4 - Arctic Sea ice extent on 10 August 2016 (http://nsidc.org/arcticseaicenews/charctic-interactive-sea-ice-

graph/)




http://blogs.scientificamerica Arctic Sea Ice Volume - June 21st
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Figure 5 —Arctic Sea Ice volume on June 21* for 1980-2012

The volume of Arctic ice has been declining steadily since 1990, and the Arctic is expected to be ice-free in the summer
sometime in the next 20-30 years. An ice-free Arctic will absorb a substantial amount of heat from the sun —equivalent
to the warming caused by the CO2 which has been emitted since 1870. This will likely increase the rate at which the
Earth warmes.
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Analysis

The following ana yfArstuseOcttlha 1 pges txfteaénvdalopatiot o d
to estimate the magnitude of impact of the albedo change this century due to the change in the ice extent in the Arctic
Ocean. The following assumptions were made when performing the analysis:

1. Any sea ice extent can be represented as occupying all of the Arctic Ocean north of the latitude for which the
sea area matches sea ice cover extent

2. The “rel ative al be dwd icetofaweekasagpecHiclaitude is theoatioof tler o
“effective solar ratdeatiedfh®cai vehaol batraddation”
3. Anannual average albedo change of 5for5.1lkm-2 of surface area in the Arct

albedo by .005.

4. The reduction in sea ice extent will be linear and will follow the same trajectory as it did from 1979 to 2014.
(The actual decline is apt to be exponential, so this analysis probably underestimates the change for 2100.)

The data was analyzed as follows:
1. Compute the average weekly sea ice extent for each week and year
The data for the Arctic Seaiceextenti s i n the file “NH_seaice_extent _fina

ftp://sidads.colorado.edu/DATASETS/NOAA/G02135/north/daily/data/. The file contains “eve
Arctic sea ice extent from 1979 to 2014
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Figure - Weekly Sea ice extent from March 4™ to September 9" for selected weeks
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Figure __ - Weekly Sea ice extent from March 4™ to September 9" (linear fit)
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Figure __ - Historical Sea ice extent (for 1979) by week starting March 4"
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The *"linedhifsittotr i taldwa swmededk Ihye dé x tbeyn tc 0o m psee Figura leplovg. THee u b i ¢
are the numbers that are used for the initial values for the linear extrapolation from 1979 to 2100

Week  Linear Cubic 24 12.775 @ 12.689 18.000
10 16.204  16.186 25 12,540 12.279 15.000 —|=—
11  16.207 = 16.155 26 12.264 11.862 14.000
12 16.120  16.080 27  11.888 11.440 12.000
13  16.024  15.963 28  11.360 11.016 10,000
14  15.847  15.807 29  10.821  10.593 =—Linear Fit by Week
15  15.609 = 15.615 30 10.184  10.172 5000 ——Cubic Fit (all weeks)
16  15.374  15.389 31 9.569  9.758 5000
17  15.100  15.133 32 9.010  9.352 4000
2.000

18  14.761 14.848 33 8.585 8.957

19 | 14.294 14.537 34 8.241 8.576 0.000 LI I I e e e
1012 1416 18 20 22 24 26 28 30 32 34 36

20  13.960 14.203 35 7.990 8.211

21  13.644 13.849 36 7.774 7.865

22  13.385 13.477 37 7.640 7.540

23 13.027 13.089 38 7.699 7.240

3. Compute the average loss of sea ice extent for each week

“Smoothed” t hfrexihwedkby cbmpgei ng two “cubic fits” (seece
Week | Linear | Cubic 24 | 0.0390 | 0.0408 0.1000

10 | 0.0397 | 0.0400 || 25 | 0.0471 | 0.0459 0.0200

11 | 0.0395 | 0.0394 || 26 | 0.0556 | 0.0522 0.0800 P

12 | 0.0375 | 0.0384 || 27 | 0.0660 | 0.0599 0.0700 /\/

13 | 0.0376 | 0.0371 || 28 | 0.0710 | 0.0692 0.0600 J

14 | 0.0351 | 0.0357 || 29 | 0.0744 | 0.0748 0.0500 / —— Linear Fit By Week

15 | 0.0337 | 0.0343 || 30| 0.0729 | 0.0721 / ——Cubic Fit {all weeks)

0.0400
16 | 0.0355 | 0.0330 31 ] 0.0713 | 0.0711 0.0300 w

17 0.0341 0.0320 32 | 0.0702 0.0713

0.0200
18 | 0.0339 | 0.0312 || 33 | 0.0725 | 0.0726

0.0100
19 | 0.0306 | 0.0310 | | 34 | 0.0747 | 0.0746

DDDDD rrrrrrrrrrrrrrrrrrrrrrrrrrrrri
20 | 00293 | 0.0313 || 35| 0.0778 | 0.0770 101214 16 18 2022 24 26 28 30 32 34 36 38
21 | 0.0299 | 0.0323 || 36 | 0.0798 | 0.0794
22 | 00318 | 0.0342 || 37 | 0.0803 | 0.0817 Annual Sce Ice Extent Loss By Week

23 0.0339 | 0.0370 38 | 0.0839 | 0.0834




4. Compute the sea ice extent for each week for each decade (1990-2120)
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5. Estimate the ocean area per degree latitude in the Northern Hemisphere for 65° N to 90° N

To a very rough approximation, the land area (not including Greenland) inside the Arctic Circle is little larger than the

area between the Arctic Circle (66°34)pnd 70° (see below). South of the Arctic Circle to about 45°N, the land comprises

about 2/3 of the surface area. Basedonthist he “ 1l and area” per degree and tot
latitude can be computed (see below)

Davs \rag,
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Figure 9 —Map of th Arctic Region Sin the Arctic Circle (dashed line) and 70° N (solid black line)



Two Two Sea
Thirds Sea Area Sea Area Thirds Area Sea Area
Circle | of Circle Per North Of Circle | of Circle Per North Of
Latitude | Length | Length+ | Degree Latitude Latitude | Length | Length+ | Degree | Latitude
65 16936 11291 | 1,218,641 | 16,696,961 78 8332 5555 | 585,874 | 4,600,948
66 16300 10866 | 1,171,787 | 15,478,320 79 7647 5098 | 535,528 | 4,015,074
67 15658 10439 | 1,124,575 | 14,306,533 80 6959 4639 | 485,018 | 3,479,547
68 15012 10008 | 1,077,021 | 13,181,958 81 6269 4179 | 536,611 | 2,994,528
69 14361 9574 | 1,029,139 | 12,104,937 82 5577 5577 | 575,358 | 2,457,918
70 13706 9137 980,944 | 11,075,797 83 4884 4884 | 498,998 | 1,882,560
71 13047 8698 932,450 | 10,094,853 84 4189 4189 | 422,487 | 1,383,562
72 12384 8256 883,671 | 9,162,404 85 3493 3493 | 345,847 961,075
73 11717 7811 834,624 | 8,278,733 86 2795 2795 | 269,101 615,229
74 11046 7364 785,322 7,444,109 87 2097 2097 | 192,274 346,128
75 10372 6915 735,781 | 6,658,787 88 1399 1399 | 115,388 153,854
76 9695 6463 686,016 | 5,923,006 89 699 699 | 38,466 38,466
77 9015 6010 636,042 | 5,236,990 90 0 0 0
+ Area above 81 Degrees does not contain any land

Table —Total ocean area north of each degree of latitude

6.9a0AYIF(GS GKS GLISNOSyid SFFSOGAGBS a2t NI NRAFGAZ2YE F2I
between 3/4/2015 and 9/23/2015
The daily solar radiation for 30-89 Degrees North for every seven days between 3/4/2015 and 9/23/2015 was computed
usingthevbacodein t he spreads$.heelthe" s‘oplerracde.nxtl se’f f ecti ve sol ar
calculating the ratio of each day’'s solar radiation t
For example, the following calculations are for 50°N to 60°N for the month of April 2015
Degrees N 5/20 | 27 |6/3| 10| 17 Degrees N 5/20 | 27 |6/3 | 10| 17

75 | 390 | 412 | 429 | 440 | 445 75 79| 84| 87| 89| 90

76 | 396 | 419 | 435 | 446 | 451 76 80| 85| 8| 90| 91

77 | 402 | 425 | 441 | 452 | 457 77 82| 8 | 89| 92| 93

78 | 408 | 431 | 447 | 457 | 463 78 83| 87| 91| 93| 94

79 | 414 | 436 | 452 | 462 | 467 79 84| 88| 92| 94| 95

80 | 419 | 441 | 457 | 467 | 472 80 85| 89| 93| 95| 96

81 | 424 | 446 | 461 | 471 | 476 81 86| 90| 94| 96| 97

82 | 428 | 450 | 465 | 475 | 480 82 87| 91| 94| 96| 97

83 | 432 | 453 | 468 | 478 | 483 83 88| 92| 95| 97| 98

84 | 435|456 | 471 | 481 | 485 84 88| 92| 96| 98| 98

85 | 438 | 459 | 473 | 483 | 488 85 89| 93| 96| 98| 99
Daily solar radiation Percent effective solar radiation

Table 4 —Solar Radiation for 50°N to 60°N
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change in sea ice extent

The first step is to determine the southern-most latitude that includes the historical sea ice extent. Based on the change

in area of sea ice extent, the latitude to the south of the change is then determined. The fraction of the area within each

l ati tuadle “"dPadetermined to cal cul at e tfieee Thiaareeigmultipliedbyh e |
the effective solar radiation percent to compute the

at the North Pole that would have the same total solar radiation). For example, data for the week of June 3, 2030 is as
follows:

sea ice sea ice Snow Effective
Week extent sea ice extent Latit Free Solar Effective
Year # Month | Day | Historical extent Change ude Area | Fraction | Radiation Area
2030 23 | June 3| 13055000 | 11362000 | 1693000 68 | 950063 0.882 78 | 741049
2030 23 | June 3 | 13055000 | 11362000 | 1693000 69 | 742937 0.722 79 | 586920
Total: 1327969
70
69 12,104,937
Area north of latitude
v /
13,181,958
68
Figure10—-Cal cul ati on of “Effective Area’”
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change for the entire year.

Given these parameters:

0.85 Albedo of snow-covered ice

0.65 Albedo of melting ice

0.07 Albedo of open ocean

0.78 Change in albedo (snow-covered ice to open ocean)
3.4 W/m-2 /.01 albedo change

510 million km? surface area for the Earth

17.3429333 Gigatons of CO2 emissions per PPM of atmospheric CO2 (airborne fraction = 45%)

The following computations can be made:

Effective Radiative Forcing Equiv. CO2e Equiv CO2 Temp. Increase
(W/m-2) PPM Emiss. (GTCO2) (70% Cloud Cover)
Cloud Cover % Cloud Cover % Cloud Cover % Clim. Sensitivity
Effective Yearly
Area Albedo
Year | (mkm2) | Change 70 80 70 80 70 80 2.6 3.0
1990 | 0.183203 | 0.00028 0.03 | 0.02 1.8 1.1 31 18 0.01 0.01
2000 | 0.366177 | 0.00056 0.06 | 0.04 3.9 2.5 68 43 0.03 0.03
2010 | 0.548719 | 0.00084 0.09 | 0.06 6.1 3.9 106 68 0.04 0.05
2020 | 0.730971 | 0.00112 0.11| 0.08 8.2 5.4 143 93 0.05 0.06
2030 | 0.912718 | 0.00140 0.14 | 0.09 104 6.8 181 118 0.07 0.08
2040 | 1.094448 | 0.00167 0.17 | 0.11 12.6 8.2 218 143 0.08 0.10
2050 | 1.275903 | 0.00195 0.20 | 0.13 14.8 9.7 256 168 0.10 0.11
2060 | 1.456982 | 0.00223 0.23 | 0.15 17.0| 111 295 193 0.11 0.13
2070 | 1.637810 | 0.00250 0.26 | 0.17 19.2 | 12.6 333 218 0.12 0.15
2080 | 1.815560 | 0.00278 0.28 | 0.19 214 | 14.0 371 243 0.14 0.17
2090 | 1.987493 | 0.00304 0.31| 0.21 235 | 15.4 407 267 0.15 0.18
2100 | 2.151678 | 0.00329 0.34 | 0.22 25.5| 16.7 442 290 0.17 0.20
3000 | 4.496773 | 0.00688 0.70 | 0.47 55.6 | 36.1 965 627 0.36 0.43

Table 5 —Results by Decade

1
)l

The year 3000 is used to specify a completely snow free NH after March 1

Th&ffective Area” is the dum?2o0f( ttoheg ewwe @ khley a“veefrfaece
entire year)

The “Yearly Al bedo Change” is the computed by mu
“Effective Area” to the Earth’s surface area

Thef f*eéEct i ve R a (@RF)dotaicluud coderpdrcent incgniputed using the formula

“Year |l y Al e d-oloudkcbver pct/e00)*(3(4 WAMA2Q .01 albedo change)
The " Equivalent CO0O2 PPM” = —40Q2(th&ERFfor 480DAMESR \W/2n-2 BoltlBs, ( E R
formula computes the change in ERF above the current value of 2)
The “Equiv COEqEmvaseonhsCTO2=PPM” * 7.80432 GTCO2
CO2 which stay in the atmosphere” = 0.45)

12



Additional Background Information
Other estimates of albedo/radiative forcing changes

One estimate of the radiative forcing from a summer-time ice-free Arctic Ocean is about 0.3 W/m?>.

Estimating the Global Radiative Impact of the Sea-Ice-Albedo Feedback in the Arctic

JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 116, D16102, DOI:10.1029/2011JD015804, 2011

Stephen R. Hudson
Norwegian Polar Institute, Tromsg@, Norway
Submitted 11 February 2011; revised 18 April 2011; accepted 10 May 2011; published 16 August 2011 _

Abstract. A simple method for estimating the global radiative forcing caused by the sea-ice-albedo feedback in the Arctic
is presented. It is based on observations of cloud cover, sea-ice concentration, and top-of-atmosphere broadband
albedo. The method does not rely on any sort of climate model, making the assumptions and approximations clearly
visible and understandable, and allowing them to be easily changed. Results show that the globally and annually
averaged radiative forcing caused by the observed loss of sea ice in the Arctic between 1979 and 2007 is approximately
0.1 W mr-2compl ete removal of Arcti c s ea amaexealistieisedirdet
summer scenario (no ice for one month, decreased ice at all other times of the year) results in a forcing of about 0.3 W
m — 2similar to present-day anthropogenic forcing caused by halocarbons. The potential for changes in cloud cover as a
result of the changes in sea ice makes the evaluation of the actual forcing that may be realized quite uncertain, since
such changes could overwhelm the forcing caused by the sea-ice loss itself, if the cloudiness increases in the
summertime.

http://www.npolar.no/npcms/export/sites/np/en/people/stephen.hudson/Hudson11 AlbedoFeedback.pdf

However, recent observations determined that the change in radiative forcing from 1979-2011 (6.4 W/m?) was about
0.18 W/m? for the Earth as a whole, and the ice melt in that time frame represents only a small fraction of the ice that is
expected to have melted by 2100.

Arctic Albedo

Observational determination of albedo decrease caused by vanishing Arctic sea ice
Sept 2013

http://www.pnas.org/content/111/9/3322.full

Significance

The Arctic sea ice retreat has been one of the most dramatic climate changes in recent decades. Nearly 50 y ago it was
predicted that a darkening of the Arctic associated with disappearing ice would be a consequence of global warming.
Using satellite measurements, this analysis directly quantifies how much the Arctic as viewed from space has darkened
in response to the recent sea ice retreat. We find that this decline has caused 6.4 + 0.9 W/m? of radiative heating since
1979, considerably larger than expectations from models and recent less direct estimates. Averaged globally, this albedo
change is equivalent to 25% of the direct forcing from CO, during the past 30 y.

Note: Thealbedo from Arctic ice extent change 19@11 is the equivalent of aboutt PPM CO2e.
(=278*POWER(2.718,((6.4*14/510)+1.99)/5-:86p), which is equivalent to emissions of about 240 GTCO2

And another recent study shows that the increase in absorbed radiation from 2000 to 2014 was about 0.27 W/m?, or
about the same as Hudson and projected for the year 2100.

bt {1 {F0StftAGSa aSlI adz2NBE LYONBS!I abec. 27,2014 dzy Qa 9y SNHe@

Since the year 2000, the rate of absorbed solar radiation in the Arctic in June, July and August has increased by five
percent .. When averaged over the entire Arctic Oc
Watts per square meter (about .27 Watts per square meter globally).
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http://www.npolar.no/npcms/export/sites/np/en/people/stephen.hudson/Hudson11_AlbedoFeedback.pdf
http://www.pnas.org/content/111/9/3322.full

http://www.nasa.gov/press/goddard/2014/december/nasa-satellites-measure-increase-of-sun-s-energy-absorbed-in-
the-arctic/#.VOdX7ubF9bl
And another calculation shows results almost identical to this analysis —an ice-free Arctic Ocean in the summer time
w 0 U Ihade aff additional heating effect just as large as the heating effect of all human CO2 and other greenhouse
gassestodate” ( but that does not include the effects of
about 2.3 W/m-2 and that cloud cover is 60% in the summer, the radiative forcing would be about .92 W/m-2,
almost the same radiative forcing projected by this analysis - .93 W/m-2

Arctic Sea Ice: What, Why, and What Next

By Ramez Naam on September 21, 2012

Scientific American blog

The sunniest time of year in the northern hemisphere is the summer solstice, in late June, and the weeks
preceding and followingit. For several weeks the sundés rays a
24/7 sunlight, giving it a double whammy of heating. In fact, in June, July, and the latter half of May, the
Arctic receives more total solar energy per dalyan regions at the equator do at any time of year.

Thus, every patch of dark ocean water revealed by melting ice in June, or May, or July, has a warming effect

much larger T as much as five or six times larger i than the same change in ice coverage in September, when

the ice hits its minimum today. The loss of ice in September is one thing. Loss of ice in June would have a far
bigger impact on the region and the planet.

If the pace of the last decade were to continue on this recentpacei and d i
woul d be gone by 2026, exposing t
energy, which would then be captured as heat.

dnodt keielpneicen
he dar k watlae
Peter Wadhams of the Global Oceans Physics Program at Cambridge calculates that the loss of the Arctic ice
throughout the summer would have a warming effect roughly equivalent to all human activity to date. That is to say,

with the ice gone in summer, the planet would have an additional heating effect just as large as the heating effect of all
human CO2 and other greenhouse gasses to date.

In other words, the complete meltdown of the Arctic could roughly double the rate of warming of the planet as a
whole.

There are important caveats and uncertainties to that analysis. First, Wad hams doesn’t t ake
clouds. Darker waters absorb more energy from sunlight only if the sunlight reaches them. Cloud cover in the Arctic —
something which may increase as rising temperatures enable Arctic air to carry more moisture —may reflect sunlight
back into space before it ever touches the water, thus reducing the warming effect of ice melt.

http://blogs.scientificamerican.com/guest-blog/arctic-sea-ice-what-why-and-what-next/

The central role of diminishing sea ice in recent Arctic temperature amplification
James A. Screen & lan Simmonds
Nature. 2010 Apr 29 (http://www.nature.com/nature/journal/v464/n7293/full/nature09051.html)

Abstract

The rise in Arctic near-surface air temperatures has been almost twice as large as the global average in recent decades-a
feature known as 'Arctic amplification'. Increased concentrations of atmospheric greenhouse gases have driven Arctic
and global average warming; however, the underlying causes of Arctic amplification remain uncertain. The roles of
reductions in snow and sea ice cover and changes in atmospheric and oceanic circulation, cloud cover and water vapour
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http://www.nasa.gov/press/goddard/2014/december/nasa-satellites-measure-increase-of-sun-s-energy-absorbed-in-the-arctic/#.VOdX7ubF9bI
http://www.nasa.gov/press/goddard/2014/december/nasa-satellites-measure-increase-of-sun-s-energy-absorbed-in-the-arctic/#.VOdX7ubF9bI
http://www.nature.com/nature/journal/v464/n7293/full/nature09051.html

are still matters of debate. A better understanding of the processes responsible for the recent amplified warming is
essential for assessing the likelihood, and impacts, of future rapid Arctic warming and sea ice loss. Here we show that
the Arctic warming is strongest at the surface during most of the year and is primarily consistent with reductions in sea
ice cover. Changes in cloud cover, in contrast, have not contributed strongly to recent warming. Increases in
atmospheric water vapour content, partly in response to reduced sea ice cover, may have enhanced warming in the
lower part of the atmosphere during summer and early autumn. We conclude that diminishing sea ice has had a leading
role in recent Arctic temperature amplification. The findings reinforce suggestions that strong positive ice-temperature
feedbacks have emerged in the Arctic, increasing the chances of further rapid warming and sea ice loss, and will
probably affect polar ecosystems, ice-sheet mass balance and human activities in the Arctic.

(Uses data for 1982008)
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Absorbed solar radiation at the top of the atmosphere (red) versus sea ice concentration (black) for the Arctic region
between 2000 and 2013. Courtesy: Climate System Laboratory, Seoul, Korea

The record low in Arctic sea ice recorded in September 2012 when the sea ice extent dropped to just 3.41 million square
kilometers was related to anomalously low cloud cover over the Arctic region in the early summer, according to new
research.

Researchers have found that the low amounts of cloud in the early summer lead to low concentrations of sea ice in the
late summer. This relationship between cloud cover and sea ice is so strong that it can explain up to 80 per cent of the
variation in sea ice over as much as 60 per cent of the sea ice area.

Furthermore, computer climate models fail to capture the role of clouds in mediating the relationship between solar
radiation absorbed at the top of the atmosphere in the early summer and Arctic sea ice concentrations in the late
summer, according to the research published in the Journal of Geophysical Research Atmospheres.

http://www.reportingclimatescience.com/news-stories/article/high-cloud-levels-drive-low-arctic-sea-ice.html

Low cloud cover in winter can lead to more summer ice

This process is known as the cloud radiative effect, or cloud forcing. It is because of this effect, Key said, that clouds
warm t he Earth’s surf ace hateclouds,gnbst of thatlanglvave rhdiatiorejustiessapes
to space and the surface of the Earth cool s.”

Liu and Key were not dealing with a small change in cloud cover, but up to 20 percent less cloud cover than average.
“That’ s a bi g ydiifnf @rheen cceo,| deesspe cpiaaltl of the winter,
ice growth."”

The scientists estimated that in an area of 20 percent less cloud cover, ice could grow 45 centimeters more in two
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http://www.reportingclimatescience.com/news-stories/article/high-cloud-levels-drive-low-arctic-sea-ice.html

months. - See more at: http://www.ssec.wisc.edu/news/articles/662 1#sthash.hxZOykeg.dpuf

http://www.ssec.wisc.edu/news/articles/6621

http://www.carbonbrief.org/blog/2015/02/aerosols-dampen-pace-of-arctic-warming-for-now-say-scientists/

Aerosols dampen pace of Arctic warming for now, say scientists

As the Earth warms under increasing greenhouse gas emissions, temperatures have risen more quickly in the Arctic than

the rest of the world. But particles emitted as fossil fuels are burned mask a lot of that warming. Without them, the
temperature rise in the Arctic would be more than double what we've seen in the past century, a new study finds.

16



http://www.ssec.wisc.edu/news/articles/6621#sthash.hxZOykeg.dpuf
http://www.carbonbrief.org/blog/2015/02/aerosols-dampen-pace-of-arctic-warming-for-now-say-scientists/

