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Supplemental Materials: 

(a)  Relationship between the BKS SIC and water vapor under different DJF-mean PV 

gradient conditions 

We show the composite DJF-mean P V
y
, SIC and total column water vapor anomaly fields 

in Fig. S1 in low P V
y
 winters with and without low SIC. It is found that the DJF-mean P V

y
 

anomaly for the low P V
y
 winters with low SIC shows a strong and widespread negative P V

y
 

anomaly over Eurasia (Fig. S1a), a large negative SIC anomaly (Fig. S1c) and more water 

vapor in BKS (Fig. S1e), which also correspond to an UB with NAO+. As shown by Luo et al. 

(2017), more water vapor can be transported to the BKS from the Gulf Stream Extension 

region to enhance the BKS warming through increased downward infrared radiation when the 

influences of UB and NAO+ are reinforced. The low P V
y

 winter with non-low SIC 

corresponds to a relatively narrow negative P V
y
 anomaly over Eurasia (Fig. S1b), a small 

negative SIC anomaly (Fig. S1d) and less water vapor in BKS (Fig. S1f). Such a feature is 

closely related to an eastward-displaced negative NAO (NAO-)-like pattern or negative Arctic 

Oscillation (AO-).  

(b) Linear trend of the winter PV gradient without Ural blocking events and its 

relationship with the SIC and warming trends over Barents-Kara Seas 

 By excluding blocking days from lag -10 to 10 days, we show the linear trends of 
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DJF-mean SIC, latitude-height air temperature anomaly averaged over 3 0 -9 0 E  and P V
y
 

anomaly in Fig. S2 during 1979-2013 and 1990-2013. Obviously, the decline trend of P V
y
 is 

larger during 1990-2013 (Fig. S2f) than during 1979-2013 (Fig. S2e), presumably because the 

larger SIC decline during 1990-2013 corresponds to stronger warming in BKS (Fig. S2d). This 

difference is clearly seen from a comparison with results during 1979-2013 (Figs. S2a, c). 

Because the BKS warming corresponds to low PV (Fig. 4a), a reduced PV gradient is 

inevitable over Eurasia. 

(c) Description and experiment design of the GFDL dry dynamical core model and 

modeled winter blocking frequency with the SC-WACMM4 and GFDL models 

To compare the result of the SC-WACMM4 model, we have also performed idealized 

model experiments using the newest version of the Geophysical Fluid Dynamics Laboratory 

(GFDL) spectral dry dynamical core model modified by Wu and Reichler (2018) as an 

extension of the old version of the GFDL model (Held and Suarez 1994). It includes a realistic 

topography and a seasonal cycle, and the temperature field is linearly relaxed to a prescribed 

zonally asymmetric radiative equilibrium temperature profile that is determined by minimizing 

the root mean squared difference between observed and simulated temperature fields using an 

iterative procedure. As a result, this model version has an improved atmospheric circulation, 

especially the jet streams and planetary wave activity, compared to previous idealized versions 

(Wu and Reichler 2018). The modeled winter blocking frequency distributions with the GFDL 

and SC-WACCM4 models are shown in Fig. S3. The new GFDL dry dynamical core and 

SC-WACMM4 models can better simulate the spatial distribution of blocking frequency in the 
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Northern Hemisphere winter (Fig. 1b), even though there is a difference between the two 

model results (Figs. S3a-b). Thus, it is reasonable to use the SC-WACMM4 (GFDL) model to 

examine the impact of a negative BKS SIC (warming) anomaly on the UB. 

In addition to the CTRL experiment, we also impose additional warming over the BKS 

region as the BKS experiment to investigate the effect on PV gradient and UB. The spatial 

structure and temporal evolution of the imposed heating in BKS are described below and in Fig. 

S4. We have also tested a range of maximum heating and have found our conclusions to be 

largely insensitive to the choice of warming (not shown).  

(d) Spatial structure and temporal evolution of the imposed heating in Barents-Kara Seas 

  Similar to Zhang et al. (2018b), we consider an imposed heating in BKS when performing 

model experiments using the GFDL spectral dry dynamical core model. The horizontal 

distribution of the BKS heating is shown in Fig. S4a or Fig. S4b for the 10 K or 20 K heating 

case. The BKS heating is confined in the low troposphere (Fig. S4c) and strongest during 

November and then decays from November to February (Fig. S4d).  
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Figure S1. (a, b, c, d, e, f) Composites of (a, b) DJF-mean P V
y
 on the 315 K isentropic 

surface, (c, d) SIC anomaly and (e, f) total column water vapor (TCWV) anomly for (a, c, e) 

both low SIC and low PV gradient winters below -0.5 STDs and (b, d, f) low PV gradient 

(below -0.5 STD) winters with no low SIC above -0.5 STD as defined in Fig. 7. In (a-f), the 

stippling has the same meaning as in Fig. 7. 
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Fig. S2. (a, b, c, d, e, f) Linear trends of DJF-mean (a, b) SIC; (c, d) meridional PV gradient on 

the 315 K isentropic surface and (e, f) zonally-averaged air temperature over the region (30 - 

90 E) without blocking events (blocking days from lag -10 to 10 days have been excluded for 

each event) during (a, c, e) 1979-2013 and (b, d, f) 1990-2013. The dot is the same as in Fig. 2. 
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Figure S3. (a, b) Horizontal distributions of DJF-mean blocking frequency (unit：%；color 

shading) in 50 winters for the CTRL runs with (a) SC-WACCM4 and (b) GFDL models 

without SIC decline and heating in BKS. 
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Fig. S4. (a, b) Horizontal distributions of DJF-mean imposed heating in BKS with maximum 

heatings of (a) 10 K and (b) 20 K on November and (c) vertical profile of DJF-mean heating 

and (d) monthly variation of the imposed heating in the GFDL BKS experiment. 


