
IOSR Journal of Environmental Science, Toxicology and Food Technology (IOSR-JESTFT) 

e-ISSN: 2319-2402,p- ISSN: 2319-2399.Volume 18, Issue 3 Ser. 1 (March 2024), PP 47-52 

www.iosrjournals.org 

 

DOI: 10.9790/2402-1803014752                          www.iosrjournals.org                                                    47 | Page 

Research On The Causes Of Sea Ice Decline In The Arctic 

Ocean 

 

Xue-Long Song1*, Jia-Dong Chen2, Qian-Yan Meng3, Qun-Hui Gao4  
1*234(School Of Electronic Information, Beihai Campus, Guilin University Of Electronic Technology, China) 

 

Abstract:  
Background: Global warming undoubtedly plays a crucial role in the decline of Arctic sea ice. However, the 

specific pathways leading to the decrease in sea ice remain controversial. 

Data and Methods: This article uses remote sensing satellite data from 1982 to 2023 to analyze the sea ice 

area, sea surface temperature and air temperature in the Arctic Ocean. 

Conclusion: It is found that air temperature affects sea surface temperature, and sea surface temperature 

determines sea ice area. In addition to the air temperature factor, the Pacific Water, the Atlantic Water, the 

Mackenzie River and the Lena River flowing into the Arctic Ocean will also cause changes in sea surface 

temperature, thus changing the size of sea ice area. 
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I. Introduction 
 The Arctic Ocean is the smallest and shallowest ocean on Earth, consisting of the Arctic basin and 

marginal seas. Undersea mountains divide the Arctic Ocean into four basins: the Nansen Basin, the Amundsen 

Basin, the Makarov Basin, and the Canada Basin (Figure 1). The Arctic Ocean is surrounded by land and is 

nearly semi-enclosed. It is connected to the Atlantic Ocean through the Norwegian Sea, Greenland Sea and 

Baffin Bay, and to the Pacific Ocean through the narrow Bering Strait1. 

 

 
Figure 1 : Map Of The Arctic Ocean 

 

In winter, the Arctic Ocean is almost entirely covered by sea ice, while in summer, a large amount of 

sea ice melts in the marginal sea of the Arctic Ocean2. In the context of global warming, the Arctic Ocean has 

undergone great changes. The Arctic surface is warming 2 to 3 times faster than the global average. The Arctic 



Research On The Causes Of Sea Ice Decline In The Arctic Ocean 

DOI: 10.9790/2402-1803014752                          www.iosrjournals.org                                                    48 | Page 

sea ice extent in September is decreasing at an average rate of 1.1% per year3,4. This has significantly changed 

the ecological environment of the Arctic, which in turn has an important impact on the weather and climate in 

the middle and low latitudes of the Northern Hemisphere3. 

The decrease in Arctic sea ice is not the result of changes in the natural internal climate system, but the 

greenhouse effect caused by human activities5. However, scientists have not yet reached a unanimous 

conclusion as to what exactly causes the decrease in Arctic sea ice. Possible direct reasons for the reduction of 

sea ice include: absorption of more solar radiation6; changes in atmospheric circulation7,8; changes in 

atmospheric temperature9; advection of sea ice10; release of heat from the near-surface temperature 

maximum11,12; water mass from the Pacific Ocean13,14; water mass from the Atlantic Ocean15,16, etc. 

In this paper, remote sensing satellite data from 1982 to 2023 are used to analyze sea ice area (SIA), 

sea surface temperature (SST) and air temperature (AT) in the Arctic Ocean, and to investigate whether there is 

any correlation between them. In Section Ⅱ, the data and methods are presented. In Section III, the relationship 

between SIA, SST and AT in the Arctic Ocean is analyzed. In Section IV, sea ice changes in the marginal seas 

of the Arctic Ocean are studied.  Section Ⅴ is the conclusion. 

 

II. Data And Methods 
In this paper, Sea Ice Concentration (SIC, percentage of sea ice per unit area of ocean), SST and AT 

data from several remote sensing satellites are used for cross-comparison. Data sources are as follows:  

1. SIC and SST from National Oceanic and Atmospheric Administration (NOAA) optimum interpolation high 

resolution datasets17; 

2. Monthly SIC and SST from Met Office Hadley Center observations datasets18; 

3. Monthly SIC and SST from the Japan Meteorological Agency’s Centennial in situ Observation-Based 

Estimates (COBE)19; 

4. SIC from the Advanced Microwave Scanning Radiometer for Earth Observing System (AMSR-E)20; 

5. Monthly altitude 2m AT from the National Centers for Environmental Prediction and National Center for 

Atmospheric Research (NCEP-NCAR) reanalysis21; 

6. Daily altitude 2m AT from National Oceanic and Atmospheric Administration (NOAA), the Cooperative 

Institute for Research in Environmental Sciences (CIRES), and the U.S. Department of Energy (DOE) 20th 

century reanalysis22. 

Based on data of remote sensing satellite, SIC of each grid can be obtained (SICi), and then multiplied 

by the area of each grid (Si), to obtain the sea ice area of each grid23, and then summed to get the total sea ice 

area (SIATotal), i.e. Equation (1). 

SIATotal＝ΣSICiSi                                                                         (1) 

Similarly, when calculating the mean SST and mean AT within the region, the temperature at each grid 

(Ti) multiplied by the area of the grid, then summed it up, and then divided by the total area to obtain the mean 

temperature within the region (Tmean), i.e., Equation (2). 

Tmean＝ΣTiSi／ΣSi                                                                         (2) 

Why not just average the temperature here? This is because the earth is a sphere, and each grid of 

remote sensing satellite data corresponds to a different area. If the temperature is directly averaged, the result 

obtained is not the accurate average temperature in this area. 

 

III. Relationship Between SIA, SST And AT 
In order to study the interannual variation of the Arctic Ocean from 1982 to 2023, spatially, within 

70°N latitude was selected as the study area, which encompasses almost the entire Arctic Ocean. Temporally, 

September of each year was chosen because of the least sea ice in September24. In terms of data, monthly data 

from NOAA, Hadley, and COBE were used to calculate SIA and SST in the Arctic Ocean, while AT were 

derived from NCEP-NCAR monthly altitude 2m AT. 

The interannual variation in SIA, SST and AT in the Arctic Ocean in September are shown in Figure 

2a. The SIA is decreasing significantly for all three data, from about 6 million km2 in the last century to about 4 

million km2 now, and the SIA reaching its lowest value in 2012. In order to compare with the SIA, the 

temperature axis was inverted. The SST is increasing for all three data, about 1°C since 1982. Moreover, SIA 

has a high correlation with SST, with a correlation coefficient of -0.883 for NOAA data, -0.924 for Hadley data 

and -0.965 for COBE data. 

AT in the Arctic Ocean increased from about -5°C to about -2°C, with interannual variation almost 

identical to SST and a high negative correlation with SIA. The correlation coefficient between AT and SIA from 

NOAA data is -0.891, the correlation coefficient with SIA from Hadley data is -0.927, and the correlation 

coefficient with SIA from COBE data is -0.910. A more plausible explanation for such a high correlation 

between sea ice and temperature is that SST and AT determine sea ice conditions, i.e., higher temperatures 

cause sea ice to melt and lower temperatures cause sea ice to freeze. 
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Figure 2 : (a) Interannual Variation Of SIA, SST And AT In The Arctic Ocean In September, (b) Changes Of 

SIA, SST And AT Over Time In The Arctic Ocean In 2010 

 

However, it could also be the opposite. Sea ice conditions determining the temperature, i.e., more sea 

ice resulting in lower temperatures and less sea ice resulting in higher temperatures. Why is this so? This is due 

to the fact that the albedo of solar radiation is much higher in areas covered by sea ice (about 85%) than in 

seawater (about 7%). The reduction of  sea ice will cause more solar radiation being absorbed, which will result 

in higher SST and AT, as well as greater sea ice melting, i.e.,  ice–albedo feedback6,25. 

So which happened first, the decrease in sea ice causing the increase in temperature or the increase in 

temperature causing the decrease in sea ice? We have analyzed the daily NOAA data in 2010.  The changes in 

SIA, SST and AT over time in the Arctic Ocean in 2010 are shown in Figure 2b. The three have similar 

seasonal change patterns, and there is an obvious lagging relationship. AT reaches its maximum in July, SST is 

highest in August, and SIA is smallest in September.  

 The correlation between AT and SST with a lag of 33 days is the highest, with a correlation coefficient 

of -0.877. The correlation between SST and SIA with a lag of 16 days is the highest, with a correlation 

coefficient of -0.993. This shows that AT changes earlier than SST, and AT can affect SST. The correlation 

between SST and SIA is higher and closer in time. 

Not only 2010, but also other years have the same lagged relationship, as shown in Table 1. From 1982 

to 2023, changes in SIA lag behind SST, with an average lag of 12.4 days, and an average correlation coefficient 

of -0.989. This means that after the SST changes, the SIA changes. There is a very strong correlation between 

the two, that is, the SST determines the SIA. 

 

Table 1 : Lagging Relationship Between SIA And SST 
Years Lag days Correlation coefficient 

1982 13 - 0.989 

1983 9 - 0.994 

1984 15 - 0.987 

1985 11 - 0.989 

1986 13 - 0.994 
1987 11 - 0.994 

1988 9 - 0.990 

1989 12 - 0.993 
1990 9 - 0.989 

1991 12 - 0.987 
1992 8 - 0.995 

1993 11 - 0.995 

1994 10 - 0.995 
1995 8 - 0.990 

1996 12 - 0.989 

1997 9 - 0.988 
1998 13 - 0.989 

1999 12 - 0.989 

2000 11 - 0.990 
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2001 8 - 0.995 

2002 13 - 0.995 
2003 13 - 0.989 

 

Table 1 : Lagging Relationship Between SIA And SST (Continue) 
Years Lag days Correlation coefficient 

2004 13 - 0.994 

2005 16 - 0.990 
2006 12 - 0.989 

2007 13 - 0.985 
2008 14 - 0.994 

2009 18 - 0.971 

2010 16 - 0.993 
2011 14 - 0.994 

2012 16 - 0.993 

2013 14 - 0.990 
2014 17 - 0.989 

2015 16 - 0.990 

2016 18 - 0.992 
2017 11 - 0.986 

2018 13 - 0.979 

2019 12 - 0.974 
2020 13 - 0.975 

2021 8 - 0.979 

2022 14 - 0.975 
2023 12 - 0.983 

 

IV. Sea Ice Changes In The Marginal Seas Of The Arctic Ocean 
After analyzing the temporal changes of Arctic sea ice, we then analyzed the spatial distribution of sea 

ice. The SIC data from AMSR-E in August 2010 were selected to plot the interpolated map of sea ice 

distribution (Figure 3a). It can be clearly seen that the Arctic basin has a higher SIC, indicating that it is mostly 

sea ice, while the marginal sea has a lower SIC, indicating that it is mostly seawater. The melting of sea ice is 

particularly significant in the Barents, Kara, Laptev, Chukchi and Beaufort Seas. 

Data of NOAA for the same time period were used to plot an interpolated map of the SST distribution 

(Figure 3b). SST were found to be lower in the Arctic basin and higher in the marginal seas. In particular, the 

SST is significantly higher at the mouths of rivers and in the region where Pacific and Atlantic waters converge 

into the Arctic Ocean. Moreover, the SST distribution and the SIC distribution are consistent in space. Where 

the SST is high, the sea ice has melted significantly. 

 

 
Figure 3 : Interpolation Of (a) SIC And (b) SST In The Arctic Ocean In August 2010 

 

The following is an analysis of the specific waters of the Arctic Ocean. The Pacific Water passes 

through the Bering Strait and flows through the Chukchi Sea into the Arctic basin. Due to the seasons, Pacific 

Water is divided into Pacific Summer Water, which is warmer and less saline, and Pacific Winter Water, which 

is cooler and more saline26. In recent years, the temperature and flux of Pacific Summer Water have continued to 

increase. The temperature has been 2 to 4℃ higher than in the 1990s, and the water flow has increased by an 
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average of 0.01Sv per year27. In the Chukchi Sea, the SIA has a high correlation with the heat flux of the water 

mass, and significant melting of sea ice occurs along the flow path of the water mass23,27. 

The interannual variation of SIA in the Chukchi Sea and SST of the Pacific Water are shown in Figure 

4a. The area corresponding to the SIA is the blue box A in Figure 1 (latitude 67.5°N~75.5°N, longitude 

162.5 °W~179.5°W), the area corresponding to the SST is the red box A in Figure 1 (latitude 66.5°N~67.5°N, 

longitude 166.5°W~172.5°W). To avoid the influence of lag effects, the data were averaged over a full year. 

The SIA in the Chukchi Sea has a high correlation with the SST of the Pacific Water, with correlation 

coefficients of -0.856 for NOAA data, -0.888 for Hadley data, and -0.909 for COBE data. 

 

 

 
Figure 4 : Interannual Variation of SIA In Various Seas And SST From Different Sources In Annual Mean 

 

The Atlantic water enters the Arctic Ocean through the Fram Strait or the Barents Sea. The two water 

masses merge in the northern Kara Sea and then flow counterclockwise along the edge of the Arctic basin28,29. 

For the Barents Sea, The Atlantic Water not only affects the climate and ecosystem, but also has a close 

relationship with sea ice30. The interannual variation of SIA in the Barents Sea (blue box B in Figure 1, latitude 

71.5°N~79.5°N, longitude 21.5°E~49.5°E) and SST of the Atlantic Water (red box B in Figure 1, latitude 

73.5°N~76.5°N, longitude 15.5°E~21.5°E) are shown in Figure 4b. The two have a high correlation, with 

correlation coefficients of -0.817 for NOAA -0.788 for Hadley, and -0.883 for COBE data. 

The Mackenzie River is the second longest river in the North America, flowing through the 

northwestern Canada, and discharging into the Beaufort Sea of the Arctic Ocean. Every spring, the river ice 

begins to melt, transporting a large amount of heat northward and melting the sea ice in the Beaufort Sea of the 

Arctic Ocean31. The interannual variation of SIA in the Beaufort Sea (blue box C in Figure 1, latitude 

70.5°N~74.5°N, longitude 125.5°W~144.5°W) and SST at the mouth of the Mackenzie River (red box C in 

Figure 1, latitude 69.5°N~70.5°N, longitude 130.5°W~139.5°W) are shown in Figure 4c. The two have a high 

correlation, with correlation coefficients of -0.799 for NOAA data, -0.868 for Hadley data, and -0.881 for 

COBE data. 

The Lena River is the second largest river in Russia, flowing through Siberian and discharging into the 

Laptev Sea of the Arctic Ocean.  In recent years, the heat of the Lena River has increased significantly, affecting 

the sea ice in the Laptev Sea during spring and summer32,33. The interannual variation of SIA in the Laptev Sea 

(blue box D in Figure 1, latitude 74.5°N~77.5°N, longitude 114.5°E~136.5°E) and SST at the mouth of the Lena 

River (red box D in Figure 1, latitude 73.5°N ~74.5°N, longitude 118.5°E~131.5°E) are shown in Figure 4d. 

The two have a high correlation, with correlation coefficients of -0.750 for NOAA data, -0.687 for Hadley data, 

and -0.969 for COBE data. 

 Through the interannual variation, it is found that the water temperature into the Chukchi Sea, the 

Barents Sea, the Beaufort Sea and the Laptev Sea is increasing, while the SIA is decreasing. There is an obvious 

negative correlation between them. This suggests that after the Pacific Water, Atlantic Water, Mackenzie River 

and Lena River merge into the Arctic Ocean, the temperature of the marginal sea of the Arctic Ocean increases, 

resulting in a significant reduction in sea ice. 

 

V. Conclusion 
As results of global warming, rivers flowing into the Arctic Ocean are warming, water from the Pacific and 

Atlantic is warming, and the atmospheric temperature in the Arctic Ocean is warming. These factors lead to 
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rising water temperature of the Arctic Ocean, which in turn lead to the sea ice reduction. If global warming 

continues, water temperature will continue to rise, and the Arctic Ocean will become ice-free in summer. 

 

Acknowledgement 
Remote sensing satellite data from the NOAA, the Hadley Centre, the COBE, the AMSR-E, the NCEP, the 

NCAR, the CIRES, and the DOE are greatly appreciated. These data can be downloaded for free online, 

providing great convenience for scientific research. 

 

References 
[1]. Xue-Long Song. The Study Of Relationships Among The Sea Ice, Water Masses, And Double-Diffusive Staircases In The Arctic 

Ocean.University Of Chinese Academy Of Sciences, 2014. Doi:Http://Ir.Scsio.Ac.Cn/Handle/344004/10695. 

[2]. Xue-Long Song, Sheng-Qi Zhou. The Impact Of Pacific Summer Water On Sea Ice Of The Canada Basin. Acta Oceanologica 

Sinica(In Chinese), 2014, 36(11): 38-45. Doi:10.3969/J.Issn.0235-4193.2014.11.005. 
[3]. Wu Bingyi. Progresses In The Impact Study Of Arctic Sea Ice Loss On Wintertime Weather And Climate Variability Over East 

Asia And Key Academic Disputes. Chinese Journal Of Atmospheric Sciences (In Chinese), 2018, 42 (4): 786–805.  

Doi:10.3878/J.Issn.1006-9895.1804. 17262. 

[4]. Xue-Long Song. Relationship Between Pacific Water And Sea Ice In The Canadian Basin Of The Arctic Ocean. Science & 

Technology Vision, 2015, (35):5-6+25. Doi:10.19694/J.Cnki.Issn2095-2457.2015.35.001. 

[5]. Johannessen O M, Bengtsson L, Miles M W, Et Al. Arctic Climate Change: Observed And Modelled Temperature And Sea-Ice 
Variability. Tellus A: Dynamic Meteorology And Oceanography, 2004, 56(4): 328-341. Doi:10.3402/Tellusa.V56i4.14418. 

[6]. Perovich D K, Richter‐Menge J A, Jones K F, Et Al. Sunlight, Water, And Ice: Extreme Arctic Sea Ice Melt During The Summer 

Of 2007. Geophysical Research Letters, 2008, 35(11). Doi:10.1029/2008gl034007. 
[7]. Zhang J, Lindsay R, Steele M, Et Al. What Drove The Dramatic Retreat Of Arctic Sea Ice During Summer 2007?. Geophysical 

Research Letters, 2008, 35(11). Doi:10.1029/2008gl034005. 

[8]. Zhang J, Lindsay R, Schweiger A, Et Al. The Impact Of An Intense Summer Cyclone On 2012 Arctic Sea Ice Retreat. Geophysical 
Research Letters, 2013, 40(4): 720-726. Doi:10.1002/Grl.50190. 

[9]. Olonscheck D, Mauritsen T, Notz D. Arctic Sea-Ice Variability Is Primarily Driven By Atmospheric Temperature Fluctuations. 

Nature Geoscience, 2019, 12(6): 430-434. Doi:10.1038/S41561-019-0363-1. 
[10]. Nghiem S V, Rigor I G, Perovich D K, Et Al. Rapid Reduction Of Arctic Perennial Sea Ice. Geophysical Research Letters, 2007, 

34(19). Doi:10.1029/2007gl031138. 

[11]. Jackson J M, Carmack E C, Mclaughlin F A, Et Al. Identification, Characterization, And Change Of The Near‐Surface Temperature 
Maximum In The Canada Basin, 1993–2008. Journal Of Geophysical Research: Oceans, 2010, 115(C5).  

Doi:10.1029/2009jc005265. 

[12]. Jackson J M, Williams W J, Carmack E C. Winter Sea‐Ice Melt In The Canada Basin, Arctic Ocean. Geophysical Research Letters, 
2012, 39(3). Doi:10.1029/2011gl050219. 

[13]. Shimada K, Kamoshida T, Itoh M, Et Al. Pacific Ocean Inflow: Influence On Catastrophic Reduction Of Sea Ice Cover In The 

Arctic Ocean. Geophysical Research Letters, 2006, 33(8). Doi:10.1029/2005gl025624. 
[14]. Woodgate R A, Peralta‐Ferriz C. Warming And Freshening Of The Pacific Inflow To The Arctic From 1990‐2019 Implying 

Dramatic Shoaling In Pacific Winter Water Ventilation Of The Arctic Water Column. Geophysical Research Letters, 2021, 48(9). 

Doi:10.1029/2021gl092528. 
[15]. Polyakov I V, Timokhov L A, Dmitrenko I A, Et Al. Observational Program Tracks Arctic Ocean Transition To A Warmer State. 

Eos, Transactions American Geophysical Union, 2007, 88(40): 398-399. Doi:10.1029/2007eo400002. 

[16]. Polyakov I V, Timokhov L A, Alexeev V A, Et Al. Arctic Ocean Warming Contributes To Reduced Polar Ice Cap. Journal Of 
Physical Oceanography, 2010, 40(12): 2743-2756. Doi:10.1175/2010jpo4339.1. 

[17]. Huang B, Liu C, Banzon V, Et Al. Improvements Of The Daily Optimum Interpolation Sea Surface Temperature (Doisst) Version 

2.1. Journal Of Climate, 2021, 34(8): 2923-2939. Doi: 10.1175/Jcli-D-20-0166.1. 
[18]. Rayner N A A, Parker D E, Horton E B, Et Al. Global Analyses Of Sea Surface Temperature, Sea Ice, And Night Marine Air 

Temperature Since The Late Nineteenth Century. Journal Of Geophysical Research: Atmospheres, 2003, 108(D14).  

Doi:10.1029/2002jd002670. 
[19]. Hirahara S, Ishii M, Fukuda Y. Centennial-Scale Sea Surface Temperature Analysis And Its Uncertainty. Journal Of Climate, 2014, 

27(1): 57-75. Doi:10.1175/Jcli-D-12-00837.1. 

[20]. Spreen G, Kaleschke L, Heygster G. Sea Ice Remote Sensing Using Amsr‐E 89‐Ghz Channels. Journal Of Geophysical Research: 
Oceans, 2008, 113(C2). Doi:10.1029/2005jc003384. 

[21]. Kalnay E M , Kanamitsu M , Kistler R ,Et Al. The Ncep/Ncar 40-Year Reanalysis Project. Bull. Am. Meteor. Soc, 1996, 77: 437-

471. Doi:10.1175/1520-0477(1996)0772.0.Co;2. 
[22]. Slivinski L C, Compo G P, Whitaker J S, Et Al. Towards A More Reliable Historical Reanalysis: Improvements For Version 3 Of 

The Twentieth Century Reanalysis System. Quarterly Journal Of The Royal Meteorological Society, 2019, 145(724): 2876-2908. 

Doi:10.1002/Qj.3598. 
[23]. Yongfei Deng,Guoping Gao,Yu Zhang, Et Al.Temporal-Spatial Variability Of Chukchi Sea Ice Area Under The Influence Of 

Bering Strait Throughflow. Chinese Journal Of Polar Research, 2019, 31(4): 383. Doi:10.13679/J.Jdyj.20180060. 
[24]. Comiso J C, Parkinson C L, Gersten R, Et Al. Accelerated Decline In The Arctic Sea Ice Cover. Geophysical Research Letters, 

2008, 35(1). Doi:10.1029/2007gl031972. 

[25]. Tao Li. Study On The Absorption Of Solar Radiation By Sea Ice With Dramatic Change In The Arctic. Ocean University Of China, 
2011. Doi: 10.7666/D.D169382. 

[26]. Itoh M, Shimada K, Kamoshida T, Et Al. Interannual Variability Of Pacific Winter Water Inflow Through Barrow Canyon From 

2000 To 2006. Journal Of Oceanography, 2012, 68: 575-592. Doi:10.1007/S10872-012-0120-1. 
[27]. Woodgate R A, Weingartner T, Lindsay R. The 2007 Bering Strait Oceanic Heat Flux And Anomalous Arctic Sea‐Ice Retreat. 

Geophysical Research Letters, 2010, 37(1). Doi:10.1029/2009gl041621. 

[28]. Polyakov I V, Beszczynska A, Carmack E C, Et Al. One More Step Toward A Warmer Arctic. Geophysical Research Letters, 2005, 
32(17). Doi:10.1029/2005gl023740. 


