
 1 

A Teleconnection between the West Siberian Plain 

and the ENSO Region 

- Supplemental Material - 

Stefan Liess1, Saurabh Agrawal2, Snigdhansu Chatterjee3, and Vipin Kumar2 

1Department of Earth Sciences, University of Minnesota, Minneapolis, MN 

2Department of Computer Science & Engineering, University of Minnesota, Minneapolis, MN 

3Department of Statistics, University of Minnesota, Minneapolis, MN 

 

Journal of Climate  

JCLI-D-15-0884 

 

This supplemental material provides (a) details of the statistical tests performed to obtain 
reasonable tripole regions including a figure of alternative region extents based on a range of 
correlation thresholds to show the stability of our algorithm, (b) a table of all dates used for the 
composite analyses, and (c) figures based on results obtained with the NCEP2 reanalysis that 
corroborate the results with MERRA as described in the main document. Three-hourly MERRA 
data have been used for the NCEP2 composite time steps in Fig. S7, since NCEP2 does not 
provide 3-hourly output. Additionally, Fig. S10 shows results from Fig. 2, only with all markers 
based on 1.5-times the standard deviation. 
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The algorithm to detect the regions R1, R2, and R3 is performing K hypothesis tests involving 
correlations. Correlations define the neighborhood of each region, e.g. R1, as a contiguous 
region, the ends of individual dipoles, e.g. between R1 and either R2 or R3, and the ends of the 
tripoles. R1 consists of K  = 161 grid points. To obtain the neighborhood of R1, for each grid 
point in K a correlation of its time series with the centroid is computed. Each time series is 
adjusted to address non-stationarity whereby the effective sample size (n’), and thus the 
degrees of freedom, can be estimated by taking the lag-1 auto-correlation a1 of the time 
series over each grid point into account. Equation 5.12 in (Wilks 2011) is used for this 
purpose, and is repeated here 

!n ≅ n (1− a1)
(1+ a1)

                        (S1) 

where n is the sample size involved, which are the 108 DJF months during the 36 years 1979-
2014. Suppose the observed correlation values are r1 , . . ., rK , and also suppose the true 
parameter values for these locations are somewhere between r1 , . . . , rK , and the values ρ1, . . . 
, ρK  that  we would have observed if we had infinite error-free data based on the  central  limit 
theorem. 

For each fixed k in K, we have n1/2(rk − ρk) → N (0, (1 − ρk
2 )2). N describes the Normal (or 

Gaussian) distribution, and the arrow marks convergence in distribution.  
Our algorithm is designed to ensure two things:  (i) we ensure at significance level α, that 
each of the K selected locations have a population correlation value of at least ρ0, and (ii) we 
correct for multiple testing in the process to ensure field significance (Wilks 2006, 2016), 
using a false discovery rate control α0.  

For (i), we test H0  : ρk   = ρ0  against the alternative H1   : ρk  < ρ0 when the population 
correlation ρ0 is positive, and H1  : ρk  > ρ0, when ρ0 is negative at a level of significance α.  This 
leads to an acceptance region of the form  

Ak   = {rk  > ρ0 − n−1/2zα (1 − ρ0
2)}          (S2) 

for positive correlations, and 

Ak   = {rk  < ρ0 + n−1/2zα (1 − ρ0
2)}          (S3) 

for negative correlations with ρ0  being set to 0.90, -0.35, and -0.25 for the problems of 
identifying the spatially coherent regions at the three ends of the tripoles, the strength of the 
correlation between R1 and R2, and the strength of the correlation between R3 with R1 or R2, 
respectively. Algorithmically, this implies that for spatially coherent regions we set a correlation 
lower bound of 0.85, an upper bound of  -0.30 for the connection between R1 and R2, and an 
upper bound of -0.15 for the correlation of R3 with both R1 and R2. Here, we use the level of 
significance α and the bound for the false discovery rate α0 to be 0.005, which is roughly 
1/(2n) to ensure a very low probability of the type 1 error (the incorrect rejection of a true null 
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hypothesis, a false discovery) with a sample of size n. zα  is defined as the α –th quantile from 
the standard Normal distribution, which is 2.576. 
In other words, for identifying the spatial neighborhood near each of the three regions R1, 
R2, and R3, we used ρ0  = 0.90, to ensure a strong negative relationship between an initial 
dipole between R1 and R2, we used ρ0 = -0.35, and to ensure a strong negative relationship 
of R3 with each of R1 and R2, we used ρ0 = -0.25. Thus, within each region R1, R2, and 
R3, we ensure that the observed correlation rk  of each point in the selected region with the 
centroid of the region is at least 0.85 with a level of significance α  = 0.005 and a false 
discovery rate of α0   = 0.005. Also, the observed correlation of each point over R1 to each 
point over R2 is below -0.30 and the observed correlation of each point over R3 with each 
point over R1 and R2 is below -0.15 at the same level of significance and false discovery rate. 
For (ii), we implement a correction for multiple testing of the K hypothesis tests using the 
false discovery rate (FDR) approach of Benjamini-Hochberg-Yekutieli (Benjamini and 
Hochberg 1995, Benjamini and Yekutieli 2001). Here, we use the fact that nearby spatial 
locations give rise to positively dependent test statistics and p-values. 
As in Wilks (2016, his eq. 3), we first order all the p-values. Then the k-th lowest p-value is 
compared against k/K α0, where K is the number of tests conducted (and thus matches with the 
number of grid points). The highest k, for which the k-th lowest p-value is below k/K α0, is 
obtained, and all the hypotheses whose p-values are at or below this particular k, are rejected. A 
rejection, in our case, would imply in the different tests we conducted either a lack of spatial 
coherence in the R1, R2 or R3 neighborhoods, or a lack in sufficient teleconnection strength. 
When we ran this analysis, none of the p-values were sufficiently small to be rejected. 
For the field significance shown in Figs. 1, 3, 4, 5, 6, 8, 9, and the respective figures in this 
supplemental material, we used the FDR approach with K equal to the number of grid points and 
with α0= αFDR= 2αglobal=0.1, which is also used in the global example in Wilks (2016). 
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Table 1: Dates in YYYY-MM that are used for the composite analyses based on 1-standard 
deviation threshold. Parentheses indicate number of months during each phase and season for 
MERRA and NCEP2, respectively. 
 
 

DJF Pos. (14,17) DJF Neg. (14,15) JJA Pos. (22,20) JJA Neg. (17,19) 
1979-02 1984-021) 1979-07 1981-071) 
1981-121) 1984-12 1980-082) 1984-08 
1982-01 1985-02 1983-08 1986-06 
1983-02 1986-01 1987-07 1986-08 
1983-12 1991-12 1988-06 1992-06 
1988-122) 1996-12 1988-07 1993-07 
1989-02 2000-12 1988-08 1994-07 
1989-12 2001-02 1989-06 2000-07 
1992-01 2001-122) 1992-07 2000-08 
1992-02 2003-02 1993-08 2001-06 
1995-022) 2005-02 1996-06 2001-072) 
1997-01 2007-01 1997-06 2001-08 
1997-122) 2010-01 1997-08 2002-08 
1998-01 2012-12 1998-06 2007-06 
1998-02 2013-01 1998-071) 2009-07 
2001-012) 2014-022) 1999-061) 2009-08 
2002-01  1998-08 2012-07 
2002-02  1999-08 2013-06 
 

 

 

1) MERRA only 
2) NCEP2 only 

2002-07 2013-072) 
2008-06 2014-062) 
2008-081)  
2010-06  
2010-07  
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Fig. S1. NCEP2 SLP tripole between west Pacific warm pool (R1=green), central Pacific 
(R2=cyan), and the West Siberian Plain (R3=magenta) during DJF. Contours indicate the 
correlation values of (a) SLP and (b) 500-hPa geopotential height with the R1+R2 time series. 
Contour interval is 0.1. The zero line is thickened and negative contours are dashed. Statistically 
significant correlations at the local 95% confidence level are shaded. Stippling shows global field 
significance based on the FDR approach. Thick black lines in (a) indicate alternative regions 
with correlation thresholds of 0.8, -0.3, and -0.2 instead of 0.85, -0.3, and -0.15. 
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Fig. S2. Time series of NCEP2 SLP divided by its standard deviation at each grid point for (a) 
area averages over R1+R2 with asterisks indicating values above two standard deviations and (b) 
the area average over R3 with crosses indicating values above two standard deviations. Marks in 
(b) are also shown for the respective values in (a). Horizontal lines indicate ±1 standard 
deviation. 

!
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Fig. S3. NCEP2 geopotential height [m] composite analysis at (a) and (b) 850 hPa and (c) and 
(d) 500 hPa for positive minus negative index phases based on seasonal one-standard deviation 
thresholds of the time series over R1+R2 during DJF and JJA, respectively. Contour interval is 
15 m. The zero line is thickened and negative contours are dashed. Shading indicates 
significance using a local t test at the 95% confidence level. Stippling shows global field 
significance based on the FDR approach. 
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Fig S4. As Fig. S3, but for (a) and (b) 300-hPa and (c) and (d) 70-hPa geopotential height (m). 
Contour interval is 25 m. 
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Fig S5. As Fig. S3, but for 300-hPa stream function (106 m2 s-1) during (a) DJF and (b) JJA. 
Contour interval is 1.5×106 m2 s-1. 
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Fig. S6. As Fig. S3, but for meridional cross 
sections of zonal wind (contours; m s-1) and 
meridional circulation (vectors; m s-1 and hPa day-1) 
during DJF over (a) the East Atlantic, (b) Central 
Asia, and (c) East Asia. Contour interval is 1 m s-1. 
Shading indicates global field significance of the 
differences in zonal wind using a t test and the FDR 
approach.   
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Fig. S7. EP flux based on NCEP2 composites, averaged over (a-b) 20°W-10°E, (c-d) 50°E-80°E, 
and (e-f) 80°E-110°E in m2 s-2 (vectors) and spatially interpolated EP flux divergence in m2 s-2 
(contours) for (left) positive and (right) negative phases of the time series over R1+R2. Contour 
interval is 50 m2 s-2, with zero contour thickened and negative contours dashed. Quasi-
geostrophic scaling has been applied and the EP flux above 100 hPa is magnified by a factor of 
5. Bold green vectors and shading indicate statistically significant differences from the median 
EP flux and EP flux divergence at the 95% confidence level based on 1000-member Monte Carlo 
sampling. 
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Fig S8. As Fig. S3, but for 2-m temperature (°C) during (a) DJF and (b) JJA. Contour interval is 
1 °C. 
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Fig S9. As Fig. S3, but for GPCP precipitation (mm d-1) during (a) DJF and (b) JJA. Contour 
interval is 0.5 mm day-1. The zero line is omitted for clarity. Global field significance is indicated 
by black grid points in DJF, there is no global field significance during JJA.  
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Fig. S10. Time series of MERRA SLP divided by its standard deviation at each grid point for (a) 
area averages over R1+R2 with asterisks indicating values above 1.5 standard deviations and (b) 
the area average over R3 with crosses indicating values above 1.5 standard deviations. Marks for 
each time series are shown in both time series for easier comparison. Horizontal lines indicate ±1 
standard deviation. 
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