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Figure 1. Mid-season monthly mean maps of surface air temperature.

1. INTRODUCTION

 

Until recently the Arctic Ocean has lacked a systematic, accurate dataset on surface air temperature (SAT) at 2-m height. These data are especially important in the Arctic because most simulations by global climate models with enhanced greenhouse forcing predict that any warming in the global climate will be amplified at the poles. This implies that any change in the climate may first be detected at the poles. In addition, although the winter heat balance of multiyear ice is strongly dominated by the radiation balance, the ice growth in open water and leads is more strongly dominated by the sensible and latent heat fluxes, which depend strongly on the SAT. These SAT fields are essential for studies of climate change and for validation and forcing of numerical models.

In this study, we will describe a new SAT analysis from the International Arctic Buoy Programme (IABP), and the NASA EOS program Polar Exchange at the Sea Surface (POLES) called the IABP/POLES SAT analysis. Using this dataset, we will show the seasonal SAT climatology, show the trends in SAT and finally, we will relate these changes to the Arctic Oscillation.

2. DATA

 

The data used in this study are (1) data from drifting buoys, obtained from the IABP; (2) North Pole (NP) drifting station data from the Arctic and Antarctic Research Institute in Russia; and (3) meteorological data from land stations, obtained from the National Center for Atmospheric Research (NCAR).
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Figure 2. Trend maps of surface air temperature.

The data from NP drifting stations are considered the most accurate SAT dataset for the Arctic Ocean. Using the SAT statistics from these stations we were able to filter the buoy data and discard bad observations. The three data sets are then combined using the objective analysis procedure, optimal interpolation. Twelve-hourly SAT fields have been analyzed from 1979 to present. These data can be obtained from the IABP web server: http://IABP.apl.washington.edu. For further details regarding these data, please refer to Rigor et al. (2000).

 

3. SEASONAL CLIMATOLOGY AND TRENDS

 

Figure 1 shows the monthly mean fields (1979-1997) derived from this analysis for January, the coldest month in the Arctic; July, the warmest month; April, and October, the transition months. In January, the coldest region over the ocean is north of the Canadian Archipelago, while over land the coldest region is over Siberia. During summer the SAT over the ocean is held to an isothermal value of -0.2°C, the melting point of sea ice. 

Figure 2 shows the seasonal trends, which were evaluated by least squares fits of the annual and season temperatures for each grid cell. The seasons were defined as January-March (winter), April-June (spring), July-September (summer), and October-December (autumn). The significance of each trend was calculated using a Student t-test for accepting the hypothesis that there is no trend. Trends significant at the 95% level are marked with black dots.

Over the Arctic Ocean, the annual trends (not shown) exhibit a warming of about 1.0°C/decade in the eastern Arctic, primarily in the area north of the Laptev and East Siberian seas, whereas the western Arctic shows no trend, or even a slight cooling in a small portion of the Canadian Beaufort Sea.

During winter, the trends show a significant warming of up to 2°C/decade in Europe and 1-2°C/decade over Eurasia, extending north over the Laptev Sea; however, a cooling trend of 1°C/decade is shown over the Beaufort Sea and eastern Siberia extending into Alaska. During spring, a warming trend of 2°C/decade can be seen over most of the Arctic. This trend is significant in the eastern Arctic Ocean. Summer shows no trends over the Arctic Ocean, but the trends on the coasts of Greeenland and in the North Atlantic are significant. During fall, the trends show a significant warming of 2°C/decade over the coasts of Greenland, and near Iceland, but a cooling of 1°C/decade over the Beaufort Sea and Alaska.
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Figure 3. Contribution of the Arctic oscillation to winter (JFM) SAT trend.

The ice and snow masses in the polar regions interact with the global climate system in a myriad of complex ways. During most seasons, SAT trends can be studied by simple statistical methods, but during summer, because these masses hold the SAT to the melting point of sea ice, detection of changes in SAT must rely on other, less direct indicators such as the length of the melt season (not shown, please see Rigor et al. 2000). The melt season is defined as that period when the SAT is near or above the melting point of ice.

On average, melt (not shown) begins over Siberia, Alaska, Northern Canada, and the North Atlantic on the first of May. By the first of June, melt has advanced to the edge of the marginal seas, into the Canadian Archipelago, and into the Greenland and Barents seas. The advance of the melt isotherm stalls at the coast and margin of the Arctic Ocean for a few weeks, slowed by the large mass of snow and ice over the ocean. Once the entire mass of ice is brought near to the melt point, melt then advances rapidly over the Arctic Ocean, reaching the pole on 19 June, 2 weeks later. The last area to reach the melt point is the Lincoln Sea, adjacent to Northern Greenland, which begins to melt on 21 June, 2 days after the pole.

The onset of freeze (not shown) occurs at the pole on 16 August, and the freeze isotherm advances more slowly than the melt isotherm. Freeze returns to the marginal seas a month later than at the pole, on 21 September. Near the North Pole, the length of the melt season is about 58 days, while in the marginal seas, the melt season is about 100 days.

 

5. AO SIGNATURE

 

The Arctic Oscillation (AO) (Thompson and Wallace 1998) is the first principal component of Northern Hemisphere sea level pressure. Using the East Anglian SAT data set, Thompson and Wallace (1998) show that the AO accounts for more than half of the winter (November- April) warming over the Eurasia land areas. Following Thompson and Wallace (1998), we estimate the contribution of the AO to trends in SAT over the Arctic Ocean. Figure 3a shows the SAT trends in winter (January-March), and Figure 3b shows the contribution of the AO to the SAT trends. The contribution of the AO is estimated by regressing the monthly SAT on the AO index and then multiplying by the trend in the AO (1.186 standard deviations/decade from 1979-1997). It should be noted that the regression may also produce a negative relationship, but for which the AO may still explain a significant portion of the variance in the SAT trend. As such, we take the absolute value of the regression. The residual SAT trends not explained by AO-related contributions are shown in Figure 3c, and the fraction of the SAT trend explained by the AO is shown in Figure 3d. The areas where the AO explains more than 50% of the SAT trend are shaded in gray. Over the Arctic Ocean, the AO evidently accounts for 74% of the warming over the eastern Arctic Ocean, but the AO does not explain the trends over eastern Siberia nor over the Canadian Archipelago.

 

6. CONCLUSIONS

 

The period 1979-1997 is one of the greatest warming periods during the past 150 years in the global climate record and is the warmest period on record (Jones et al. 1998). Over the globe, Jones et al. (1998) found this warming to be 0.16°C/decade and that this warming was greatest during winter and spring.

Over the Arctic land areas, warming trends in the SAT of 1°C/decade and 2°C/decade (1978-1997) were found by Jones et al. and by this study (1979-1997) during winter and spring, respectively. A cooling trend of 2°C/decade was also found over eastern Siberia. This trend is significant at the 95% level. The warming trend during spring spans most of the Arctic region and is significant at the 95% level over most of the eastern Arctic.

The winter and spring warming over the eastern hemisphere land masses extends out over the eastern Arctic Ocean, where the trends are 1°C/decade and 2°C/decade, respectively. The spring warming trend over the eastern Arctic Ocean is significant at > 95% level. The western Arctic Ocean and Alaska show no trend or even a cooling trend of 1°C/decade during winter.

On average, we find that melt begins in the marginal seas by the first week of June and advances rapidly over the Arctic Ocean to reach the pole by 19 June, 2 weeks later. The onset of freeze occurs at the pole on 16 August, and the freeze isotherm advances more slowly than the melt isotherm. Freeze returns to the marginal seas a month later than at the pole, on 21 September. Near the North Pole we estimate the length of the melt season is about 58 days, while at the margin of the Arctic Ocean the melt season is about 100 days.

The spring warming is associated with a lengthening of the melt season by 0.9 days/decade over the entire Arctic Ocean. The eastern Arctic Ocean shows an increasing trend of 2.6 days/decade; however, the western Arctic Ocean shows a slight decreasing trend of -0.4 days/decade in the length of the melt season.

These trends are related to the changes in circulation noted by Walsh et al. (1996), Maslanik et al. (1996), and Thompson and Wallace (1998). The location of the cyclonic anomaly favors stronger and more frequent warm, southerly advection in the east Arctic, and the production of new, thin ice in along the flaw leads of the Russian Marginal Seas, and in the eastern Arctic Ocean due to divergence of ice to the right of the wind forcing. Both of these processes increase the heat flux from the ocean during winter.

The AO accounts for more than half of the SAT trends over Alaska, Eurasia, and the eastern Arctic Ocean but less than half over the western Arctic Ocean.
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