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Comparison of data sets 

 

The trends in mean sea level pressure (MSLP) and moisture transport of ERA5 were compared to 

those in ERA-Interim (Dee et al.  2011), the Japanese Meteorological Agency (JMA) 55-year 

reanalysis (JRA55) (Kobayashi et al.  2015) and radiosonde observations taken at the 

radiosounding stations north of 55°N. Like ERA5, ERA-Interim and JRA55 are global atmospheric 

reanalyses. ERA-Interim and JRA55 have a poorer vertical resolution with their 60 levels 

compared to ERA5 with its 137 vertical levels. The spectral model resolution of ERA-interim is 

T255 (0.75° x 0.75°), and JRA-55 is T319 (0.56° x 0.56°), the value in the brackets indicating the 

horizontal grid of the data used in this study. Northward and eastward components of vertically 

integrated moisture transport are direct output variables of ERA-Interim and JRA55, calculated 

for the air column from the surface to the top of the atmosphere. 

The radiosonde observations were taken from the Integrated Global Radiosonde Archive (IGRA) 

(Durre et al.  2006) version 2, which is a global dataset of quality-assured radiosonde 

observations. It is noteworthy that the radiosonde observations are not independent as they 

have been assimilated into the reanalyses, but the weight of the radiosonde observations in the 

assimilation process varies regionally (Naakka et al.  2019). Data from 112 radiosounding stations 

are available from the start of this study in 1979 until 2018, but the time series have temporal 

gaps. Due to these gaps, following criteria were used to select stations for the trend analyses of 

radiosonde observations: (1) An annual seasonal mean at a station was only calculated if 90% of 

the days during the season had at least one radiosonde observation, (2) the trend was only 

calculated, if 80 % of the years had a valid annual seasonal mean value according to the criterion 



(1). The moisture transport in the radiosonde observations was vertically integrated from the 

surface to 500 hPa, as most of the moisture in the atmosphere is found in this layer.   

A comparison of ERA5 MSLP and moisture transport trends with the other two reanalyses and 

radiosonde observations demonstrates that the moisture transport trends are consistent in 

different data sets (Supplementary Figs. 1–2). The main regional features of the trends are 

remarkably similar in all of the reanalyses, and they correspond very well to the radiosonde 

observations. We, therefore, can conclude that the regional distributions of trends in MSLP and 

moisture transport shown in this manuscript are not only specific to ERA5, but consistent with 

the other modern reanalyses and observations.  

  



Trends in downward longwave radiation 

The regional trends in total column water vapor and total cloud water have been reflected to 

trends in downward longwave radiation at the surface (Supplementary Fig. 6). The trends in 

downward longwave radiation are largely confined to the latter 20-year period. However, in 

summer the trends in downward longwave radiation have remained relatively small, being 

mostly below 4 W m-2 decade-1 (Supplementary Fig. 6), despite the increasing trend in total 

cloud water. The small trend in downward longwave radiation is probably linked to the 

generally thick summer clouds, which are emitting longwave radiation almost as a black body 

(Sedlar et al.  2011), and are thus less sensitive to additional cloud water. The magnitude of 

downward longwave radiation in spring and summer has, however, large impacts on the onset 

of snow melt on sea ice, which typically occurs in June in the central Arctic (Maksimovich and 

Vihma  2012; Mortin et al.  2016).  

 

 

 

 



 

Supplementary Fig. 1. Comparison of trends in MSLP (in color) and horizontal moisture transport 

(vectors) in ERA5, ERA-Interim, JRA-55 and radiosoundings in 1979–2018. The magenta-colored 

dotted areas (magenta vectors for the radiosonde observations) denote the linear trends in 

moisture transport which are significant at the 90% confidence level. 



  

Supplementary Fig. 2. Comparison of trends in MSLP (in color) and horizontal moisture transport 

(vectors) in ERA5, ERA-Interim, JRA-55 and radiosoundings in 1999–2018. The magenta-colored 

dotted areas (magenta vectors for the radiosonde observations) denote the linear trends in 

moisture transport which are significant at the 90% confidence level. 

 

  



 

 

 

Supplementary Fig. 3. Linear trends in magnitude of net horizontal moisture transport in ERA5 

in 1979–2018 (a–d) and 1999–2018 (e–h). The green dotted areas denote the linear trends which 

are significant at the 90% confidence level.  

  



 

Supplementary Fig. 4 Linear trends in interannual variations of net horizontal moisture transport 

in 1979–2018 (a–d). The trends were calculated by first determining how much each value of the 

detrended time series of annual seasonal means deviated from the detrended 40-year seasonal 

mean, and then calculating a linear trend based on the absolute values of the annual deviations. 

The green dotted areas denote the linear trends which are significant at the 90% confidence level.  

 

 

 

  



 

 



Supplementary Fig. 5. Linear correlations between annual means of moisture transport 

magnitude and precipitable water (a, f), evaporation and precipitable water (b, g), moisture 

transport magnitude and evaporation (c, h), moisture transport magnitude and total cloud water 

(d, i), and evaporation and total cloud water, in ERA5 during the period 1979–2018, divided into 

spring (a–e) and autumn (f–j). The arrows indicate the variables included in the correlations. The 

dotted areas denote the correlations which are statistically significant (p < 0.10). They gray areas 

mask the regions where the seasonal mean magnitude of evaporation is smaller than 0.5 mm 

day-1. 



 

 

Supplementary Fig. 6. Linear trends in downward longwave radiation at the surface in ERA5 for 

the periods 1979–2018 (a–d) and 1999–2018 (e–h), divided into winter (a, e), spring (b, f), 

summer (c, g) and autumn (d, h). The dotted areas denote the linear trends which are significant 

at the 90% confidence level.   
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