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36 Abstract
37 The Svalbard archipelago in the Arctic North Atlantic is experiencing rapid 

38 changes in the surface climate and sea ice distribution, with impacts for the 

39 coupled climate system and the local society. This study utilizes 

40 observational data of surface air temperature (SAT) from 1980–2016 across 

41 the whole Svalbard archipelago, and sea ice extent (SIE) from operational 

42 sea ice charts to conduct a systematic assessment of climatologies, long-

43 term changes and regional differences. The proximity to the warm water 

44 mass of the West Spitsbergen Current drives a markedly warmer climate in 

45 the western coastal regions compared to northern and eastern Svalbard. 

46 This imprints on the SIE climatology in southern and western Svalbard, 

47 where the annual maxima of 50–60% area ice coverage are substantially 

48 less than 80–90% in the northern and eastern fjords. Owing to winter-

49 amplified warming, the local climate is shifting towards more maritime 

50 conditions, and SIE reductions of between 5% to 20% per decade in 

51 particular regions are found, such that a number of fjords in the west have 

52 been virtually ice-free in recent winters. The strongest decline is motivated 

53 by SAT forcing and occurs over the most recent 1–2 decades in all regions; 

54 while in the 1980s and 1990s, enhanced northerly winds and sea ice drift 

55 can explain 30–50% of SIE variability around northern Svalbard, where they 

56 had correspondingly lead to a SIE increase. With an ongoing warming it is 

57 suggested that both the meteorological and cryospheric conditions in 

58 eastern Svalbard will become increasingly similar to what is already 

59 observed in the western fjords, namely suppressed typical Arctic conditions.

60

61 1 Introduction
62 In recent decades, the Arctic has been subject to rapid climate change that 

63 has a broad range of evolving implications for biology, the coupled climate 

64 system, economic interests and various aspects relevant for the global 

65 society. The pronounced Arctic warming (Serreze & Barry, 2011; Jeffries et 

66 al., 2013; Comiso & Hall, 2014) and Arctic sea ice retreat (Stroeve et al., 

67 2007, 2012; Meier et al., 2014, Kim & Kim, 2017; Onarheim et al., 2018, Box 

68 et al., 2019) contribute to the Arctic Amplification of climate warming via 

69 various feedback processes (Graversen et al., 2008; Serreze et al., 2009; 
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70 Screen & Simmonds, 2010; Cohen et al., 2014; Wendisch et al., 2017). 

71 While the Barents and Kara Seas exhibit the strongest winter sea ice retreat 

72 (Comiso & Hall, 2014; Kim et al., 2016; Kim & Kim, 2017), atmospheric 

73 circulation changes contribute to an enhanced winter warming in the North 

74 Atlantic region of the Arctic (Hanssen-Bauer & Førland, 1998; Isaksen et al., 

75 2016; Dahlke & Maturilli, 2017). The third IPCC report has already pointed 

76 towards the sensitivity of the climate in the Svalbard region (Houghton et al., 

77 2001). Historical climate observations on Svalbard are well documented 

78 (Hanssen-Bauer et al., 1990; Førland et al., 1997), but mostly focus on the 

79 west coast of Svalbard (Førland & Hanssen-Bauer, 2003; Nordli et al., 2014; 

80 Gjelten et al., 2016, Osuch & Wawrzyniak, 2017; Ivanov, 2019). However, a 

81 recent report of the Norwegian Environmental Agency has pointed out that 

82 ”the climate of Spitsbergen interior and the surrounding islands is still rather 

83 unknown” (Hanssen-Bauer et al., 2019).

84 Our study addresses the recent warming period, i.e. the last four decades, 

85 with the aim to identify aspects of the recent SAT development across 

86 Svalbard including the remote fjords in the northern/northeastern sector, and 

87 to build a link to the local SIE. The strong opposing west-east gradients of 

88 the climatological winter temperature, and its respective trend across the 

89 Svalbard archipelago shown in the vertical cross-section from atmospheric 

90 reanalyses in Fig. 1 are the baselines of our study. Pan-Svalbard contrasts 

91 in near-surface meteorological parameters have so far been analyzed only 

92 for short time periods in the order of months (Przybylak et al., 2014), missing 

93 a discussion of a potential impact on the local SIE.

94 The sea ice coverage in the north and east of the Svalbard archipelago was 

95 frequently perennial in the 19th and 20th Centuries (Vinje, 2001; Divine & 

96 Dick, 2006), with evidence that in some years even the majority of the 

97 Greenland Sea was ice-covered, and the ice edge was located between Jan 

98 Mayen and Bjornøya (Koch, 1945; Isaksson et al., 2005). Recent sea ice 

99 conditions in the area are increasingly seasonal and have been examined in 

100 Onarheim et al. (2015) and Isaksen et al. (2016), who found that for some 

101 periods a combination of sea surface temperatures and atmospheric 

102 pressure provides a reasonable level of skill in predicting the SIE.

103 In the Fram Strait and surrounding Svalbard waters in particular, sea ice 

104 dynamics and extent are further affected by large-scale wind-driven 

105 transport from either the central Arctic (Trans-Polar Drift), or from the 
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106 Barents Sea (Vinje et al., 1998; Kwok & Rothrock, 1999; Tislenko et al., 

107 2016; Smedsrud et al., 2017), as well as by ocean currents.

108 A number of studies have examined the more accessible fjords of western 

109 Spitsbergen that already in historical times have had predominantly 

110 seasonal ice cover, since the West Spitsbergen Current (WSC) supplies 

111 oceanic heat along the west coast and up to the north-west of the 

112 archipelago contributing to the formation of a sensible-heat polynya. 

113 Sea ice in and around the Svalbard fjords can be characterized by seasonal 

114 fluctuations, with sea ice developing in the eastern fjords of Nordauslandet 

115 during the freeze-up beginning in November, and then spreading to the 

116 southern Hinlopenstretet. Sea ice is typically fully developed in fjords by 

117 January, and by April, SIE becomes fully developed and highly concentrated 

118 on the eastern part of Svalbard. Detailed analyses of the sea ice conditions 

119 for single fjords or subsets of fjords are given by Muckenhuber et al. (2016) 

120 for the Isfjorden and Hornsund fjords, by Gerland & Hall (2006) for 

121 Kongsfjorden, Van Mijenfjorden, and Hornsund, by Gerland & Renner 

122 (2007), Wang et al. (2015) and Pavlova et al. (2019) for Kongsfjorden, by 

123 Høyland (2009) for Van Mijenfjorden, by Hendricks et al. (2011) for 

124 Storfjorden and by Zhuravskiy et al., (2012) for Grønfjorden. A consistent 

125 delay in the start of freeze-up has been found for the Svalbard area, that is 

126 expected with increased WSC temperatures. (Cottier et al., 2007).

127 SIE is of particular importance for the ecology of the region due to the links 

128 between the declining sea ice and the biological productivity (Ambrose et al., 

129 2006; Leu et al., 2011; Kortsch et al., 2012). 

130 Here, regional SIE differences across Svalbard are investigated, with an aim 

131 of quantifying the potential drivers. With our observation data based study 

132 we also intend to provide a first indication of whether the observed surface-

133 near atmospheric winter warming is driven locally by additional heat input 

134 from the more open water fjord surfaces, or if the warmer atmosphere is the 

135 trigger for the reduced formation and preservation of the fjord sea ice. The 

136 description of the observational data and methods utilized is given in 

137 sections 2 and 3, respectively. An overview of the pan-Svalbard surface air 

138 temperature and sea ice cover characteristics is presented in section 4, 

139 describing climatological aspects, trends and regional differences for both 

140 components, as well as the covariance between them. The results are 

141 discussed in section 5, and the major outcome is summarized in section 6.

142
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143 2 Data
144 2.1 Meteorological Data
145 Observational data represent the baseline of this study, however, we also 

146 use temperature fields from the ERA-Interim reanalysis (Dee et al., 2011) at 

147 0.75° x 0.75° spatial resolution. In addition, we use monthly mean surface 

148 air temperature (SAT) data from 17 meteorological stations in the Svalbard 

149 region that are run by the Norwegian Meteorological Institute (MET Norway), 

150 the Polish Academy of Sciences (PAN), and the Arctic and Antarctic  

151 Research Institute (AARI). The data comprise both long-term observations 

152 at manned stations, and rather novel data from autonomous weather 

153 stations in the more remote regions, covering the last few years only. As 

154 long-term data, we refer to, – and use, SAT data from the 1970–2016 period 

155 for consistency, with the aim to investigate the recent SAT development. For 

156 the comparison of SAT and SIE in section 4.4, we restrict the analysis to the 

157 1980–2016 period, as some of the long-term stations have no data available 

158 prior to the late 1970s. Details on the stations used in this study are 

159 summarized in Table 1 and are described in more detail in Hanssen-Bauer 

160 et al. (1990) and Førland et al. (1997). Regarding the analysis of long-term 

161 data, homogeneity of the time series can be influenced by changes in 

162 instrumentation, relocation of the site, or other human impact. Hence, Nordli 

163 et al. (2014) have tested and constructed homogenized long-term time 

164 series of SAT in Svalbard using data from surrounding stations. For trend 

165 analysis, we utilize these homogenized data, which are available from MET 

166 Norway for the four stations Ny–Ålesund, Bjornøya, Svalbard Lufthavn in 

167 Longyearbyen (short: Lufthavn), and Hopen. We note that all stations 

168 analysed in this study are located at altitudes between 5 and 20 meters (75 

169 for Barentsburg) above sea level (a.s.l., see Table 1), which therefore allows 

170 us to make direct intercomparisons of SAT.

171 2.2 Sea Ice Charts
172 Data on sea ice around Svalbard comes from the operational monitoring of 

173 the Norwegian Ice Service (NIS), part of MET Norway. NIS has been 

174 producing ice charts of the conditions in the area since 1969 and, since 

175 1997, has been based in Tromsø, Norway. NIS was one of the first users of 

176 satellite data for sea ice, with TIROS and NOAA images being used from the 
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177 beginning and augmented over the years as new and improved sensors 

178 became available. Prior to 1997, images were partly optical thermal infrared 

179 and printed before being traced for the weekly paper ice chart. However, the 

180 primary satellite imaging source in the earlier years was optical at resolutions 

181 between 1 and 4 kilometers, not passive microwave. As the charts were a 

182 compilation over the period of a week the analysts could select the most 

183 useful cloud-free images.  These paper charts were the subject of a data 

184 archival and digitisation effort in the early 2000s (ACSYS, 2003). More 

185 details and analysis of this data set can be found in Vinje (2001) and Divine 

186 & Dick (2006). From 1997, ice charts have been produced digitally every 

187 weekday using electronic images and Geographical Information System 

188 (GIS) software. Satellite data sources have expanded to include passive 

189 microwave (PMW) imagers including SSM/I and SSMIS, AMSR-E and 

190 AMSR2, and improved optical imaging capability from AVHRR, MODIS and 

191 VIIRS. The biggest advance in ice charting capability came with access to 

192 Synthetic Aperture Radar (SAR) imaging, which provides high resolution 

193 (50-100 metres), all-weather imaging covering the whole of the Svalbard 

194 archipelago on most days. This started with initial trials of the Canadian 

195 RADARSAT-1 in 2005, and has been continued routinely with RADARSAT-

196 2 (Scheuchl et al., 2004) since 2008, and the European Copernicus 

197 programme Sentinel-1 satellites (Torres et al., 2012) from 2015. For the SIE 

198 data used in this study, it must hence be expected that quality and resolution 

199 of the ice charts was somewhat lower in the earlier years of the record, 

200 before SAR imaging became available. 

201 Ice chart data consists of 6 sea ice concentration (SIC) classes (Table 2). 

202 Time series of the areal extent of these have been extracted for 29 fjords 

203 and straits in Svalbard (Fig. 2). For the first part of the time series, prior to 

204 1997, and during weekends, a linear interpolation of the SIE has been 

205 performed between dates where ice charts are available.

206

207 3 Methods
208 3.1 Trend estimation
209 Throughout this study, trends and their corresponding confidence intervals 

210 are estimated using the Theil-Sen approach based on Kendall’s Tau (Theil, 

211 1950; Sen, 1968). With this method, the slope estimator is based on the 

212 median of the set of slopes between all possible data points of the series, 

213 according to:

Page 6 of 41

http://mc.manuscriptcentral.com/joc

International Journal of Climatology - For peer review only



Peer Review Only

𝑠 = 𝑥
1 ≤ 𝑖 < 𝑗 ≤ 𝑛 (𝑌(𝑡𝑗) ― 𝑌(𝑡𝑖)

𝑡𝑗 ― 𝑡𝑖 ) (1)

214

215 Here, n is the length of the time series, Y(ti/j) are observations taken at the 

216 time ti/j, respectively, and x̃ denotes the median operator. Other than 

217 estimates from an ordinary least squares approach, the Theil-Sen slope is a 

218 non-parametric estimator, hence the resulting trend is less affected by 

219 outliers and non-normalities in the parental distribution (Sen, 1968) and has 

220 found broad applications in climate sciences.

221 Autocorrelation in the time series has an impact on the significance of the 

222 estimated trend in the series (Yue et al., 2002; Steig et al., 2009a). In order 

223 to account for the effect of autocorrelation in our data, we follow a trend-free 

224 pre-whitening approach that is outlined in Yue et al. (2002). When a 

225 seemingly significant trend is found with the Theil-Sen method, the trend 

226 component is subtracted from the data by introducing an anomaly time 

227 series 

𝑌′(𝑡) = 𝑌(𝑡) ― 𝑠 ∙ 𝑡 (2)

228 Then, the lag 1 autocorrelation coefficient r1 is computed from the detrended 

229 data Y’(t), and removed by letting

230
𝑌′′(𝑡) = 𝑌′(𝑡) ― 𝑟1𝑌(𝑡 ― 1) (3)

231 In a last step, the trend component and the pre-whitened anomaly series are 

232 blended by defining 

233
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𝑌 ∗ (𝑡) = 𝑌′′(𝑡) + 𝑠 ∙ 𝑡 (4)

234 Finally, the non-parametric Mann-Kendall test for trend detection is applied 

235 on the blended series Y*(t) to estimate whether the respective trend is 

236 significant after all.

237
238
239 4 Results
240 4.1 Surface Air Temperature
241 4.1.1 Seasonal Cycles of Surface Air Temperature
242 In order to identify how the local climatic conditions vary across Svalbard, 

243 surface air temperature (SAT) data from various meteorological stations 

244 from the MET Norway repository are inspected. Fig. 3 illustrates differences 

245 in the annual cycle of SAT fields for the stations Ny–Ålesund, Kvitøya and 

246 Sveagruva, chosen as examples for stations for the western, north-eastern 

247 and central Svalbard regions, with respect to other stations on the 

248 archipelago. However, due to large data gaps (see Table 1) and different 

249 operational periods among the stations, a direct comparison of SAT between 

250 stations can be complicated, particularly with underlying long-term seasonal 

251 warming signals. Therefore, for each station, the difference of monthly mean 

252 SAT to the remaining stations is shown for years with complete data overlap 

253 between the corresponding stations. For Ny–Ålesund (Fig. 3 (a)) there is a 

254 long-term SAT record available, such that there are more than 40 years of 

255 overlap with other long-term stations like Svalbard Lufthavn, Hopen or 

256 Bjornøya, while obviously the overlap with most of the autonomous weather 

257 stations that were installed after 2010 is only a few years. Ny–Ålesund 

258 appears as a rather representative station since both positive and negative 

259 SAT differences between -4 and +2°C to other stations are found, 

260 respectively. Only Bjornøya, given its exposed geographical location several 

261 hundred kilometers south of Spitsbergen, yields much warmer climatological 

262 SAT values throughout the year (dark blue curve in Fig. 3 (a)). Particularly 

263 in winter, the monthly mean SAT at Bjornøya is more than 5°C higher than 

264 at Ny–Ålesund. This difference diminishes towards the summer months, 

265 indicative for Bjornøya’s much more subarctic maritime climate compared to 

266 the stations of the Svalbard archipelago. Given that, it is remarkable that 
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267 climatological SAT values for other stations across Svalbard can differ by as 

268 much as 5°C for individual months, although the stations are only separated 

269 by a few hundred kilometers (Fig. 2). This clearly reflects the contrast 

270 between stations in the south or west of Svalbard that are ”Atlantic-

271 dominated” and experience seasonal ice-cover versus ”Arctic-dominated” 

272 stations in the north and east, that used to more frequently experience a 

273 year-round presence of sea ice cover. Kvitøya (Fig. 3 (b)), as the north-

274 easternmost station in our ensemble, can be considered as an example of 

275 the latter group. Throughout the year, Kvitøya is among the coldest stations 

276 of the ensemble, as almost all other station climatologies differ by +1 to +6°C 

277 (excluding Bjornøya with more than +8°C). However, these findings are 

278 based on only 2-5 years of overlapping data with the other stations (see Fig. 

279 3 (b)). The station Sveagruva (Fig. 3 (c)) reveals a different characteristic. 

280 The monthly climatological SAT differences to other stations reveal a 

281 pronounced seasonal cycle. Compared to the other stations, Sveagruva is 

282 typically one of the coldest during winter months (November-March), while it 

283 is one of the warmest during summer (JJA), indicative for a rather continental 

284 climate. In fact, Sveagruva is situated in the center of the archipelago, at the 

285 end of van Mijenfjorden and enclosed by high mountains. In early works, it 

286 has been documented that Sveagruva is among the stations with the most 

287 continental climate (Hanssen-Bauer et al., 1990; Førland et al., 1997). We 

288 can confirm these relations with our novel data (Fig. 3 (c)), despite the rapidly 

289 changing climatic conditions and the associated reduced occurrence of 

290 winter periods with ice cover on van Mijenfjorden. The results suggest that 

291 Svalbard comprises regions of diverse climatological background situations, 

292 not only in terms of absolute values but also in terms of the annual cycle of 

293 SAT. Regarding the west-east gradient in the SAT trend (Fig. 1), it is 

294 interesting to contrast the temporal evolution of the SAT fields and 

295 continentality of the Svalbard stations.

296

297 4.1.2 Annual Temperature Range
298 The annual temperature range (ATR) from Svalbard stations has so far been 

299 investigated for the few available historical long-time temperature series 

300 (Gjelten et al., 2016), or in a higher spatial resolution during only one single 

301 year of observations (Przybylak et al., 2014). Here, we present climatological 

302 aspects of the ATR distribution across Svalbard, based on the station 

303 network introduced above.
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304 Fig. 4 illustrates the development of the ATR, which is defined as the SAT 

305 difference between the warmest and the coldest month of the year. As an 

306 estimate for the magnitude of the seasonal cycle of SAT, the ATR has been 

307 recognized as being a measure for continentality of the climate (Ewert, 1972; 

308 Przybylak et al., 2014; Gjelten et al., 2016), with a smaller ATR representing 

309 a more maritime climate and larger ATR a continental climate, respectively. 

310 Fig. 4 (a) shows the ATR evolution at all stations. Generally, a reduction of 

311 ATR is found at the long-term observational sites Sveagruva, Ny–Ålesund, 

312 Svalbard Lufthavn, Hornsund, Hopen, Bjornøya, and Barentsburg. In Fig. 4 

313 (b), the climatological (1980–2010) ATR is shown for these long-term 

314 stations. We note that among these sites, the ATR of the stations Bjornøya, 

315 Hornsund, Hopen, Ny–Ålesund, and Barentsburg are at least 3°C smaller 

316 compared to the other stations, indicative of the more maritime conditions in 

317 the southern and western parts of Svalbard, compared to the central part of 

318 the archipelago. To illustrate the ATR evolution in recent years, Fig. 4 (c) 

319 shows the 2010–2016 ATR conditions. Interestingly, the stations in the 

320 north/northeast around Nordaustlandet also have a rather weak ATR in the 

321 latest years (12–14°C compared to 17–20°C in central Svalbard). This may 

322 be explained by the enhanced Arctic basin influence in these regions that 

323 drive much lower SAT compared to the other Svalbard stations, particularly 

324 during summer (cf. Fig. 3 (b) with Kvitøya as an example). Compared to the 

325 climatology (Fig. 4 (b)), the ATR has decreased by about 2–3°C at all 

326 stations, with the consequence that the regions in central Svalbard recently 

327 yield values comparable to the climatological values in western coastal 

328 regions. To reveal what has led to this shift, surface air temperature (SAT) 

329 trends are investigated in the next section.

330

331 4.1.3 Air Temperature Trends
332 To analyse the cause for this shift towards more maritime climate conditions, 

333 we investigated the trends of monthly mean SAT at the Svalbard long-term 

334 stations: Barentsburg, Bjornøya, Hopen, Hornsund, Svalbard Lufthavn, Ny–

335 Ålesund, and Sveagruva. To ensure consistency, we restrict our analysis to 

336 the years 1980–2016, due to the limited data availability before 1980 at some 

337 of the long-term stations. The results are presented in Fig. 5. For all stations, 

338 a warming trend is found, which is strongest in the early winter season 

339 (November through February). This is indicated by the significant offset 

340 between the climatology and the decadal trend added upon the climatology. 
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341 The fact that the warming trend is strongest during the coldest period of the 

342 year is also the cause for the decrease in ATR, as was discussed in the 

343 previous section. Interestingly, the strongest warming trends occur prior to 

344 the month of March, which in recent years has led to March becoming the 

345 coldest month of the year at all Svalbard stations (black dashed lines in Fig. 

346 5 (a)–(g)). Apart from Sveagruva, the stations exhibit rather weak 

347 (<1°C/decade) but significant trends also during summer, while the trend 

348 during winter months is generally larger (≈ 2–3°C/decade) but with higher 

349 uncertainties due to the higher SAT variability during winter. These 

350 differences between the SAT trends during winter compared to the annual 

351 mean is further illustrated in Fig. 5 (h). Bjornøya, as the southernmost 

352 analysed station several hundred km south of Sørkapp, Spitsbergen, 

353 experiences the weakest trends and also the lowest trend uncertainty. 

354 Comparing the three stations (from west to east) Ny–Ålesund, Svalbard 

355 Lufthavn and Hopen, the wintertime SAT trend increases slightly among 

356 them (2.11, 2.56 and 2.72°C/decade, respectively, see Fig. 5 (h)), confirming 

357 the zonal gradient of the SAT trend across Svalbard seen in ERA-Interim 

358 (Fig. 1). However, given the error bars, these trend estimates are not 

359 significantly different from each other. It should also be considered that this 

360 station transect is not perfectly zonally orientated as the transect along 79° 

361 N in Fig. 1. The SAT trends at Hornsund, Sveagruva and Barentsburg are 

362 comparable to those of the other stations.

363 The findings give extended insights into the progression of recent climate 

364 change in the Svalbard region, and its projections in different subregions of 

365 the archipelago. Spatial gradients and regional differences in the annual 

366 temperature range, the seasonal cycles, and SAT development stress the 

367 necessity of the continuation of routine observations, and preferably 

368 increasing the density of the existing station network to ensure higher 

369 reliability when studying climate change and the associated processes and 

370 feedbacks in the Svalbard region.

371

372 4.2 Sea Ice Coverage
373 4.2.1 Climatology
374 The diverse climatological conditions across Svalbard are expected to drive 

375 regional SIE differences, particularly regarding the long-term development. 

376 While floating sea ice and landfast sea ice can be present simultaneously in 

377 the fjords, satellite estimates can further contain signals of ice with glacier 
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378 origin.  From merged daily operational sea ice charts created by NIS, 

379 climatologies of SIE in chosen regions are presented in Figure 6. In all cases 

380 with a distinct minimum, September stands out as the month with lowest 

381 SIE, while the maximum is observed during March/April. Several 

382 fjords/regions are virtually sea ice-free between June/July and November 

383 (panels Hornsund through Hinlopenstretet Sor in Figure 6). These fjords are 

384 clustered towards the west coast of Svalbard, where SAT is substantially 

385 higher than elsewhere on the archipelago. As an example, we estimated that 

386 ”freezing degree days” (FDD), that is the fraction of days when daily 

387 maximum SAT remains below 0°C for the DJF winters 2010–2016, have 

388 occurred in 75% of the time in Ny-Ålesund, and at 76% of the time at 

389 Svalbard Lufthavn, both of them located at the western coast, while these 

390 estimates are enhanced to 91% of the time at Kongsøya and Karl XII-øya in 

391 the northern and eastern sector, respectively. Additionally, intrusions of 

392 warm and saline water masses from the West Spitsbergen Current (WSC) 

393 can shape the hydrography of the western fjord’s water bodies to potentially 

394 counter-act freezing (Cottier et al., 2005, 2007; Nilsen et al., 2008; Pavlov et 

395 al., 2013), a process that is less dominant in the eastern parts of Svalbard, 

396 where the East Svalbard Current (ESC) carries ice and cold water southward 

397 (Hanssen-Bauer et al., 2019). As a result, the maximum SIE in winter 

398 typically does not exceed 50–60% along the west coast, while maximum SIE 

399 in the east/northeast climatologically exceeds 80% area coverage (panels 

400 Hinlopenstretet Sor through Finn Malmgrenfjorden in Fig. 6). It is noteworthy 

401 that SIE in the latter regions remains on those high levels rather long into 

402 the early summer season, a time at which SIE in the former group of fjords 

403 typically has already shrunk towards the minimum. Van Mijenfjorden, 

404 Ekmanfjorden, Billefjorden, and Tempelfjorden may be viewed as mixture 

405 cases in this context. While they appear as virtually sea ice-free during 

406 summer, they exhibit maximum SIE of >80% during winter. All four of them 

407 are located in the center of Svalbard, hence this behaviour is likely an effect 

408 of the stronger continentality and more localized wind regimes in these 

409 narrow fjord regions, and their hence weaker connection to larger-scale 

410 processes. Moreover, the wind field in general, but also short episodes of 

411 wind events have significant impacts on the fjord sea ice. For the case of 

412 Storfjorden, Skogseth et al. (2004) have demonstrated that large areas of 

413 the fjord are either freezing or building a polynya, dependent on N or S wind 

414 direction. In the more sheltered, narrow fjords on Svalbard, in contrast, winds 
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415 are often characterized by localized, often katabatic regimes. As a complex 

416 interplay of different mechanisms like channelling, valley drainage, and 

417 gravity waves impacts the fjord valley’s wind fields (Esau & Repina, 2012), 

418 studying how the local surface wind field drives variability in SIE remains 

419 challenging.

420

421 4.2.2 Trends
422 Long-term variability of sea ice cover and thickness in the broader region 

423 around Svalbard and various individual Svalbard fjords in the more 

424 accessible west have been frequently explored (e.g. Gerland et al., 2008; 

425 Zhuravskiy et al., 2012; Onarheim et al., 2014; Isaksen et al., 2016; 

426 Muckenhuber et al., 2016; King et al., 2017; Onarheim et al., 2018; Rösel et 

427 al., 2018; Pavolva et al., 2019). However, according to our knowledge there 

428 was no pan-Svalbard synthesis that would include the more remote fjords in 

429 the north and east. In this section, we present trend estimates for 29 

430 Svalbard subregions. Monthly means were calculated for the years since 

431 1980 to obtain long-term trends in SIE. The results are shown in Fig. 7 for 

432 three different periods. To particularly highlight the SIE development in 

433 recent years, the sub-region trends for the earlier period 1980–1997 (P1 in 

434 the following) are contrasted with the more recent years 1998–2016 (P2 in 

435 the following). The trends for the entire period 1980–2016 are also provided, 

436 and it appears that SIE has declined significantly by about 5–20% per 

437 decade in most of the Svalbard sub-regions from December through early 

438 summer. An exception is the northwestern-most part of Spitsbergen, from 

439 Kongsfjorden in the south to Raudfjorden in the north, where no conclusive 

440 pattern of significant trends was found. These four regions of weak or no 

441 trends are clustered in the north-western part of the archipelago (see Fig. 2 

442 (b)), where the warm and saline Atlantic water masses of the West 

443 Spitsbergen Current may have a potential impact on local sea ice conditions 

444 (Cottier et al., 2007). We note however that several fjords are close to ice-

445 free from summer to November (Fig. 6), hence spurious trends in these 

446 months in relevant regions should not be physically interpreted. Moreover, 

447 signals of decreasing SIE in the eastern and north-eastern regions, i.e. the 

448 uppermost panels in Fig. 7, begin in November and end in mid-winter. It is 

449 expected that signals of declining SIE will be pronounced most strongly in 

450 the typical freeze up season, and the above mentioned fjords are located in 

451 the north-east of Svalbard, where much colder temperatures compared to 
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452 the west drive an earlier onset of the freeze-up season. In late winter, the 

453 regions around Nordaustlandet are still cold enough to yield freezing 

454 conditions, and during 1980–2016, no significant SIE decline is evident. 

455 When comparing Fig. 7 (a) and (b) it becomes clear that the majority, if not 

456 all of the observed SIE reduction, is due to the latest years during period P2. 

457 In the period P1, no consistent pattern of trends is emerging from the 

458 different regions. Between Kongsforden and Raudfjorden, there is even a 

459 tendency of increasing SIE during the winter months in P1 that occurs at 

460 those places with weak or no trend when taking into account the entire period 

461 1980–2016 (Fig. 7 (c)). However, these positive trends during P1 are largely 

462 insignificant. During P2, in contrast, significant SIE reduction exceeding 20% 

463 and locally even 30% per decade is observed during the extended winter 

464 season in most fjord regions of Svalbard, pointing to a rather parallel 

465 behaviour of the sea ice cover across the archipelago. However, several of 

466 the sub-regions do not exhibit such widespread, significant SIE reduction 

467 during 1998–2016. Van Mijenfjorden, Raudfjorden, Lady Franklinfjorden, 

468 Zordrangerfjorden, and Finn Malmgrenfjorden may be listed as examples. 

469 The differences in the long-term SIE development of the Svalbard sub-

470 regions are analyzed in the following section.

471

472 4.2.3 Regional differences across Svalbard
473 For a more thorough classification of regional SIE peculiarities, time series 

474 from the 29 sub-regions were analysed. According to patterns in the long 

475 term SIE development in the late cold season (March–April), the sub-regions 

476 were grouped into three distinguished categories: 

477

478 1. No or weak SIE reduction, with acceleration in recent years (pattern 1 - 

479 western coast, green)

480 2. Increasing SIE in the 1980/90’s, followed by a strong decrease (pattern 2 

481 - north/northwest, blue)

482 3. Virtually full sea ice cover until strong decrease appears in recent years 

483 (pattern 3 - north/north-east, pink)

484

485 Although this classification is done by individual inspection of each time 

486 series, and in some cases is challenging to assign a defined pattern to a 

487 specific region, the method yields valuable insights into how SIE evolution 

488 differs across Svalbard. In Fig. 8, three representative examples for each of 
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489 the three categories are presented. In all locations across Svalbard, the 

490 strong seasonality of SIE is a dominant feature, with lowest SIE in 

491 November, increasing during following months until the maximum is reached 

492 by late winter. As the SIE is characterized by strong interannual variability, 

493 low pass filtered series of March and April are utilized to describe further 

494 features. For pattern 1 (green areas in Fig. 2) before the year 2000, 

495 interannual variability dominates and no conclusive statements can be 

496 drawn on the presence of any other tendency. After the year 2000, a strong 

497 downward trend dominates the series, with SIE approaching 0% in some 

498 regions at the end of the time series. The same SIE decline is evident in 

499 pattern 2 (blue) along the Northern coast of Svalbard, but in contrast to 

500 pattern 1, SIE has had an increasing tendency during the 1980s and 1990s. 

501 The lower data quality and coverage of the sea ice maps during that time, 

502 which has increased a lot with the availability of SAR images from 2005 on 

503 (Muckenhuber et al., 2016) should be considered. However, the 1985–1995 

504 SIE increase appears in the monthly mean estimates in several different 

505 fjords, which leads us to conclude that the feature is relevant. Moreover, 

506 pattern 2 is orderly confined to the northern and northwestern sector of 

507 Svalbard (Fig. 2), where wind-driven sea ice advection from the north may 

508 have an impact. In fact, a number of studies concerning the variability of sea 

509 ice export through Fram Strait identify an increase of the southward sea ice 

510 flux from a minimum in 1985 towards a maximum in 1995 (Vinje et al., 1998; 

511 Kwok & Rothrock, 1999; Hilmer & Jung, 2000; Smedsrud et al., 2017). This 

512 is in line with our observations on SIE variability in pattern 2 of Svalbard 

513 fjords and promotes the hypothesis that wind-driven ice drift may explain 

514 these regional aspects. More details on this potential link are given in the 

515 discussion section. 

516 Pattern 3 includes the fjords and straits in the northeast and east of the 

517 Svalbard archipelago. As mentioned above, these regions are generally 

518 characterized by virtually full, or close to full area coverage in late winter SIE 

519 before 2010, with only small interannual deviations. After 2010, however, the 

520 marked sea ice decline commences also in these vicinities during late winter. 

521 Note that nevertheless, in recent years the fjords and straits of pattern 3 

522 have seen substantial fractional sea ice extents of more than 50% in March 

523 and April (Figure 8 (c),(f),(i)). This is in sharp contrast to most fjords of 

524 pattern 1 and 2, where even in the unfiltered monthly mean data, after the 

525 last maximum of 2011, SIE has not exceeded 20% area coverage. This is a 
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526 consequence of the zonal SAT gradient across Svalbard, and hence the still 

527 much higher fraction of days with freezing conditions in the east compared 

528 to the west. For the example of Kongsfjorden, our findings are consistent 

529 with fast-ice coverage estimates in Pavlova et al. (2019), including the sharp 

530 decrease in SIE after 2006 and 2012. The same holds for the comparison 

531 with Isfjorden sea ice concentration investigated by Muckenhuber et al. 

532 (2016). Zhuravskiy et al. (2012) further report a later onset of freezing, and 

533 shrinking thickness of fast-ice in Gronfjorden from 1974-2008.

534 Our results promote the view of regionally differing cryospheric conditions in 

535 the fjords and straits of Svalbard, with a gradient from the southwest to the 

536 northeast of the archipelago. This also implies that sea ice observations and 

537 associated processes, that emanate from the extensively sampled fjords on 

538 the west coast are not necessarily applicable to the whole Svalbard region, 

539 especially considering the northern and the eastern sector, where different 

540 processes are at play. On the other hand, with an ongoing SIE decline in the 

541 pattern 3 sector, it appears likely that this region will become more similar to 

542 the western parts of Svalbard, as the near surface warming and SIE decline 

543 is expected to be amplified in the future (Stroeve et al., 2012, Lind et al., 

544 2018).

545

546 4.4 Covariability between SAT and SIE
547 It is important to note that SIE distribution in the fjords is not only a function 

548 of the temperature but is altered by various additional processes in the 

549 ocean-atmosphere system. It is beyond the scope of this study to investigate 

550 these processes in detail, but rather to stress and document the covariability 

551 between SIE and SAT in the region of rapidly changing climatic conditions. 

552 However, one would expect an inverse relationship between SAT and SIE, 

553 as warm temperatures promote low ice conditions and vice versa. 

554 Conversely, SIE reduction in the fjords, by leaving larger areas of open 

555 water, has the potential to drive SAT warming via the release of additional 

556 heat and moisture to the atmosphere, which in turn enhances downward 

557 longwave radiation. However, the importance of this ”sea ice - insulation 

558 feedback” has been stressed for the large-scale Arctic mostly (Burt et al., 

559 2016; Kim et al., 2019). In order to investigate and quantify these relations 

560 between sea ice conditions and SAT across Svalbard, we compute lead-lag 

561 Pearson-correlations on the monthly mean SAT and SIE estimates. 

562 Statistical significance of correlations is tested by a two-sided t-test against 
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563 the null hypothesis that the true correlation is zero, and time series have 

564 been linearly detrended before calculating correlations. Figure 9 sums up 

565 the findings for the exemplary case of Ny-Ålesund SAT and SIE across 

566 Svalbard. We focus the interpretations on winter and spring due to the above 

567 discussed seasonality of the Svalbard SIE. It can be seen that significant 

568 instantaneous correlations (black boxes) are found four each month 

569 between October and July, but strongest during December, January and 

570 February, with the median correlation coefficients among the different ice 

571 regions exceeding 0.5. 

572 Lead-lag correlations can be useful in order to infer causality of these 

573 relations. For the case of SAT affecting the SIE in the following month (red 

574 boxes), significant correlations are consistently established throughout the 

575 year, with maximum values in December and January. The lagged 

576 coefficients are generally comparable to those of the instantaneous ones, 

577 but it is interesting that through October–January, they are slightly higher 

578 than those for the instantaneous correlations. Sets of significant lagged 

579 correlations are even found for the summer months, when no significant 

580 instantaneous correlations are present. This reflects how large-scale 

581 temperature patterns, which affect Ny-Ålesund, can project on the SIE in the 

582 north and northeast of Svalbard, where there are non-negligible fractions of 

583 SIE available during summer. This promotes the view that sea ice, given its 

584 rather long memory, is prone to the effect of SAT forcing from the previous 

585 weeks. When consulting lagged correlations in the other direction, namely 

586 with SAT anomalies following SIE anomalies after one month (blue boxes in 

587 Figure 9), median correlation coefficients are generally weaker than the ones 

588 for instantaneous correlations, and during winter and spring, they only 

589 appear in two months. This leads us to conclude that SAT anomalies exert 

590 a direct effect on SIE in the fjords and straits across Svalbard, rather than 

591 the other way round. The above results are based on SAT from the station 

592 Ny-Ålesund, but applying the same analysis to any of the SAT time series 

593 from the 7 long term stations on Svalbard (see Table 1) yields qualitatively 

594 similar key results (not shown). This further builds on the robustness of the 

595 findings regarding the impact of large-scale SAT patterns on SIE across 

596 Svalbard.

597 It should be noted that the majority of correlations does not exceed the 

598 r=0.5–0.6 range, which translates to r2 =25–36% explained variance. This 

599 points towards the potential role of other mechanisms that modulate the 
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600 long-term SIE development additional to the strong correspondence with 

601 large-scale SAT patterns, however it must also be acknowledged in this 

602 context that the resolution and data quality of the sea ice charts increased 

603 over time and was more limited in the early years of the record (see Section 

604 2.2).

605

606 5 Discussion
607 In section 4.4 we investigate SIC/SAT covariability with lagged correlations 

608 and find that SAT can explain around r2 =25–36% of SIE variability during 

609 winter. We emphasize, however, that the amount of sea ice cover in the 

610 Svalbard fjords is not simply a function of the local temperature but depends 

611 on a variety of physical processes. One of them is the distribution of 

612 temperature and salinity within the WSC and the water column of the fjords 

613 itself. For instance, Walczowski & Piechura (2011) have shown that warm 

614 oceanic water masses originating in the WSC can impact SAT on Svalbard 

615 during winter. Further, Kongsfjorden has the potential to become dominated 

616 by warm and salty Atlantic water masses via the penetration of WSC water 

617 into the fjord (Cottier et al., 2005), and Kongsfjorden SIC during winter is 

618 affected by heat transport in the upper water column (Sundfjord et al., 2017). 

619 Hence Cottier et al. (2007) proposed to add the oceanic part in the 

620 discussions on sea ice loss.

621 Another influencing factor for the fjord’s sea ice distribution is given by the 

622 surface wind stress, both by advecting drift ice and mechanically destroying 

623 existing fast ice. As an example, Storfjorden SIE is primarily driven by the 

624 local atmospheric circulation (Skogseth et al., 2004). The timing of events 

625 with anomalous wind conditions or snowfall, and how they are coupled to 

626 the SAT and the oceanic state can be of crucial importance. For instance, a 

627 few days of very calm winds coinciding with low temperatures can lead to 

628 significant refreezing of large water areas, while snowfall after the freezing 

629 onset, or an enhanced fraction of warm and salty Atlantic water in the fjord 

630 would counteract the freezing, with strong implications during the 

631 melting/freezing season.

632 For the region east of Svalbard, King et al. (2017) have shown that sea ice 

633 advection from the Barents Sea can have substantial impact on the sea ice 

634 distribution and thickness. The distinct behaviour of pattern 2 SIE, namely 

635 the spatially confined increase during 1985–1995 is a striking feature that 

636 appears to go along with an increased sea ice export through Fram Strait 
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637 during the same period (Vinje et al., 1998; Kwok & Rothrock, 1999; Hilmer 

638 & Jung, 2000; Smedsrud et al., 2017). Though the SIE–SAT 

639 correspondence across Svalbard is the main subject of our study, we have 

640 investigated relations during DJF between SIE and the meridional wind 

641 component at 1000hPa from ERA-Interim, area-averaged in the region 0°E 

642 to 10°E, 78°N to 81°N. This area represents a box in the north-west of 

643 Svalbard, where pattern 2 SIE is observed. The resulting time series strongly 

644 resembles the Smedsrud et al. (2017) Fram Strait ice export estimates for 

645 DJF (r=-0.87), that are based on the SLP difference across the entire Fram 

646 Strait. Figure 10 shows the squared correlation coefficients between the 

647 meridional wind and SIE. It can be seen that during P1 period, which 

648 contains the years of increase in SIE for pattern 2, the meridional wind in the 

649 northwest of Svalbard is significantly correlated with SIE in several regions 

650 mostly in the northern sector of the archipelago, where it explains more than 

651 50% of SIE variability in some cases. It is conspicuous that the fjords and 

652 straits that are most influenced by the wind are those whose extent is 

653 pronounced in the north–south direction (Figure 2), with an opening to the 

654 north. This enables both effective sensible heat loss of the fjords open water 

655 surfaces by the northerly wind and advection of drift ice from the north. 

656 Significant correlations of wind with the group of pattern 3 regions (violet 

657 regions in Fig. 10) should be handled with care, since winter SIE in these 

658 vicinities, at least during P1, has been close to 100%, with little interannual 

659 variability. Furthermore, the above proposed link between meridional wind 

660 and SIC to explain the pattern 2 SIE increase in the 1980s and 1990s does 

661 not apply to all the pattern 2 fjords. Particularly a number of rather small 

662 fjords in the northwestern corner of Svalbard show no significant connection 

663 with the meridional wind. However, it is striking that in P2, the wind–SIE 

664 correlation breaks down, demonstrated by the absence of significant 

665 correlations over all regions. A reasonable interpretation for this shift may be 

666 that fjords and straits whose SIC used to be coupled to the large scale 

667 atmospheric circulation and sea ice drift 3-4 decades ago have increasingly 

668 become independent from these processes over the last two decades, given 

669 the dominant forcing of warmer SAT. Moreover, the increasing size and 

670 occurrence frequency of the wintertime polynya north of Svalbard (Onarheim 

671 et al., 2014) suppresses the availability of drift ice and modulates regional 

672 climate in its own.

673
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674 6 Conclusions
675 In this study, we have merged observational data on SIE and SAT from the 

676 Svalbard archipelago. The data reiterate the unprecedented, widely 

677 discussed winter-time warming and sea ice reduction for the region over the 

678 last 3-4 decades, including the SIE minimum in the recent years that are the 

679 lowest estimates since the record starts in 1980. On the background of Arctic 

680 warming, Svalbard is in transition from winter-cold continental to a more 

681 maritime climate, with implications for the regional ecosystem both on land 

682 and in the fjord system. Climatologically, the west coast of the Svalbard 

683 archipelago is under maritime influence due to the presence of the WSC. 

684 Yet, we have shown that the annual temperature range is decreasing in 

685 recent years also in the central and eastern part of Svalbard, implying that 

686 the initially continental climate becomes more maritime in those 

687 climatological colder regions as well. The reduction in ATR is mostly due to 

688 increasing SAT during the winter months. Throughout the archipelago, 

689 March has recently become the coldest month in the annual cycle. Also the 

690 SIE in the fjords along the coastline of Svalbard has changed over the last 

691 decades. Here, the development followed three different patterns that are 

692 spatialized to different Svalbard sub-regions. While on the west coast, the 

693 weak SIE reduction of the years since 1980 accelerated after the year 2000, 

694 the SIE in the north/northeast of Svalbard remained almost unaffected until 

695 the last 15-20 years when a strong decline has been observed. The fjords in 

696 the northern/northwestern part of Svalbard even experienced an increase in 

697 wintertime SIE in the period 1985 to 1995 before the recent strong decrease 

698 occurred. We have found that this earlier SIE increase may be partly caused 

699 by enhanced southward winds during that period, and corresponding 

700 anomalous southward ice drift from the north during the 1980/90s, which 

701 was reported for Fram Strait by a number of studies (Vinje et al., 1998; Kwok 

702 & Rothrock, 1999; Smedsrud et al., 2017). While this effect of wind and ice 

703 drift on SIE was clearly visible in several fjords 3-4 decades ago, it has 

704 broken down in recent decades, when strong SAT forcing has overruled its 

705 effect. Though an additional impact on the local sea ice by e.g. ocean 

706 currents, polynya formation or general sea surface temperature increase, is 

707 likely and not covered within our study, we can exclude the sea-ice insulation 

708 feedback as main local driver for the observed atmospheric warming, as the 

709 lag correlation between the monthly mean SIE and surface air temperature 

710 has clearly indicated that the atmospheric signal is leading the correlation. 
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711 As ongoing climate change impacts both atmosphere and cryosphere in the 

712 Svalbard region, we conclude that SAT variability plays a substantial role in 

713 driving SIE anomalies in the Svalbard fjord systems, rather than vice versa.

714 We presume that an increased understanding of the recent connected 

715 changes of Svalbard climatology, meteorology and the cryosphere can 

716 prove very helpful as the baseline for near future changes in other regions 

717 of the Arctic as well. From our results, it can be inferred that with ongoing 

718 warming, it appears likely that the eastern Svalbard regions may become 

719 largely ice-free in winter as well, with large implications for the ecosystem 

720 and the local climate. Hence, studies on sea ice, meteorology, and 

721 associated processes, that are being conducted at the increasingly ice-free 

722 fjords in the west, can give valuable insights into the potential future fate of 

723 the northern and eastern regions of Svalbard. It can further be expected that 

724 the overarching warming and the increasing shift towards more subarctic 

725 conditions on Svalbard will accelerate and continue to impact marine biology 

726 and the abundance of Atlantic species, that have already been reported to 

727 increasingly spread northwestern Svalbard (Drinkwater, 2009; Buchholz et 

728 al., 2012; Berge et al., 2015).
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Figure 1. Longitude - height section of 1979-2017 winter (DJF) mean decadal warming trend (Theil-Sen 
method) from Era-Interim in the 0°E -50°E section at 79°N. Black dots indicate significant trends (99.9%). 

Blue contours show climatological temperature in °C. Spitsbergen topography is schematically shown as 
black contour. 
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Figure 2. The study area. Details on meteorological Station are given in Table 1. Note that the position of 
Bjornøya has been shifted to fit on the map. Coloring of Fjord regions corresponds to three different patterns 
in the long-term development of SIE (green – weak SIE reduction with acceleration in recent years, blue – 
incresing SIE in the 1980’s-90’s, decrease thereafter, pink – virtually full SIE with strong dectline in recent 

years, see section 4.2.3 for details). 
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Figure 3. Difference in the 1970-2016 seasonal cycles of monthly SAT at three Svalbard stations: (a) Ny–
Ålesund, (b) Kvitøya, (c) Sveagruva. Colored curves represent the difference in the climatologies of the 

station given in the legend minus the station named in the title, respectively. For each curve, climatologies 
refer to the number of years when both stations have simultaneous data. Therefore, the number of years 

with overlapping data coverage is indicated in brackets. 
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Figure 4. (a) Evolution of annual temperature range (ATR) for different meteorological stations on Svalbard 
(color-coded, given in °C). (b) Pan-Svalbard distribution of average ATR in 1980-2000. (c) As (b), but for 
the most recent period 2010-2016. Note that the position of Bjornøya has been shifted to fit on the map. 
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Figure 5. (a)-(g): 1980-2016 temperature trends of Svalbard long-term meteorological stations. Shown is 
the climatology (black solid), the 2010-2016 mean (black dashed), the linear decadal trend added upon the 
climatology (red), and the 95% confidence interval of the trend (ocher). Diamonds indicate if the trend is 
significantly different from zero. Note that temperature data are not available for all stations in the full 

period 1980-2016 (see Table 2.1). (h) Annual mean (black) and winter mean (DJF, red) decadal trend and 
95% confidence for the stations shown in (a)-(g). 
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Figure 6. Climatologies of 1980-2016 monthly mean SIE per region, expressed as percent area coverage. 
Note that the x-axis is winter-centered. 

198x230mm (300 x 300 DPI) 

Page 34 of 41

http://mc.manuscriptcentral.com/joc

International Journal of Climatology - For peer review only



Peer Review Only

 

Figure 7. Decadal trend of monthly mean sea ice coverage for Svalbard sub-regions introduced in Fig. 2 (b) 
for the periods: (a) 1979–1997, (b) 1998–2017, (c) 1979–2017. The trend is expressed as percent area 

coverage per decade. A dot indicates statistical significance (95%). 
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Figure 8. Sea Ice Extent for nine selected Svalbard fjords/regions for the months November (blue), 
December (green), January (red), February (light blue), March (violet) and April (brown), respectively. Thin 
lines are monthly mean estimates, while heavy dotted lines are monthly mean estimates with an 8-year low 
pass filter applied. Color shading in the upper right corner reflects the affiliation to one of the three identified 

patterns of long-term variability (see text). 
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Figure 9. Each black whisker represents the set of significant (95%) correlation coefficients between monthly 
mean SAT in Ny-Ålesund and SIE in all 29 sea ice regions during the displayed month. Blue (red) whiskers 

correspond to correlations when SIE is lagging (leading) SAT in the displayed month by one month, 
respectively. Each box encloses the 25–50th percentile range of correlation coefficients, the horizontal line 

denotes the median, and the whiskers cover the whole range. 
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Figure 10. Squared correlation coefficient between the meridional wind component at 1000 hPa, averaged 
over the Fram Box (0–10°E, 78–81°N, see text for details) and regional SIE during DJF. For each SIE region, 
r2 is computed for P1 (light grey bar) and P2 (dark grey bar) separately. Significance (90% and 95%) of the 

correlations is indicated by dashed and solid outlines of the bars, respectively. The affiliation of each SIE 
region to one of the three patterns 1–3 discussed in this study is indicated by the colored patches below 

each panel (1 = green, 2 = light blue, 3 = pink). 
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Table 1: Svalbard meteorological stations used in this study and corresponding data availability 
(from 01/1970 until 12/2016) of daily 2-m air temperature. Periods of data gaps with a length 
of at least one month are considered marked gaps. Geographical location of the stations is 
shown in Fig. 2. We note that the Barentsburg station was relocated from 70 to 22 m a.s.l in 
1974 and then to 75 masl in 1984, and the table gives the recent location since 1984.
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                       Ice type            Concentration

fast ice 100% fast ice

very close drift ice 90 – 100 %

close drift ice 70 – 90 %

open drift ice 40 – 70 %

very open drift ice 10 – 40%

open water 0 – 10 %

Table 2: Sea Ice Concentration (SIC) classes used for the operational NIS charts.
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The observed recent surface air temperature development across Svalbard and 
concurring footprints in local sea ice cover

Sandro Dahlke, Nicholas Edward Hughes, Penelope Mae Wagner, Sebastian Gerland, Tomasz 
Wawrzyniak, Boris Ivanov, and Marion Maturilli*

This study addresses recent and climatological aspects of observed atmospheric temperature 
and sea ice development in the Svalbard region, a hot spot of Arctic climate.  While sea ice extent 
the northeastern part of Svalbard (80-90%) climatologically exceeds those estimates of the 
western part (50-60%), recent warming dictates strong downward trends of 5-20% per decade. 
The impact of wind and sea ice drift is found to be regionally important for shaping interannual 
sea ice extent variability.
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