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KEY QUESTIONS 
•  Previous work and previous talks in this session have shown that one 

source of sub-seasonal and seasonal predictability for the extra-tropics 
is stratosphere-troposphere coupling. 

• On seasonal and longer timescales, models have skill but low signal-to-
noise ratios (Scaife and Smith, 2018) 

•  In this talk: 
1.  Are models under or over-confident in their predictions of 

stratosphere-troposphere coupling on sub-seasonal timescales? 
2.  Do models have a similar degree of stratosphere-troposphere 

coupling on sub-seasonal timescales? 
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FORECASTS AND PARAMETERS 
•  Data taken from 10 models in the S2S database 
•  Hindcasts initialized during NDJF; Only common period (1999-2009) used 
•  Key diagnostic is Northern Annular Mode index (Polar Cap Geopotential Height 

anomaly, 60-90N)  
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Regression of Polar Cap Height Anomaly with surface fields 



VERTICAL RESOLUTION 
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•  Number of levels 
in different parts of 
the atmosphere 

•  Shading 
proportional to 
resolution 

•  A number of the S2S models have low vertical resolution or are ’low-top’ 
•  Does this restrict their ability to capture stratosphere-troposphere 

coupling?  



SIGNAL/NOISE MODEL 
•  Based on model of Siegert et al. (2016) applied to seasonal predictions 

 
 
y – observation 
x – forecast member 
st – predictable signal; N(0,1) 
nt, pt,r – unpredictable noise; N(0,1) 
βx,y – amplitude of shared predictable signal in observations and model 
ε,η – amplitude of uncorrelated noise terms 
 
Fit statistical model to forecast data using Maximum-Likelihood Method 

with bootstrapping to estimate confidence intervals 
 

5 

yt = µy + �y st + ✏ nt

xt,r = µx + �x st + ⌘ pt,r
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KEY PARAMETERS OF MODEL 
SNRobs =

�y

✏

SNRmod =
�x

⌘
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⇢ =

r
SNRobs

1 + SNRobs

r
R SNRmod

1 + R SNRmod
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•  Signal-to-noise ratio can be calculated for both the model and the 
observations. 

•  The observational estimate depends on the model system 
•  The correlation is a complex function of the signal-to-noise ratio (SNR)  



CORRELATION 
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All diagnostics for right 
justified weekly mean 
values (e.g. 14 = week 3) 

•  Lower Stratospheric skill to week 4 or 5 in 
many cases  

•  Low-top models (BoM, HMCR) reduced skill 



SNR DIFFERENCE 
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Hatching - difference not 
significant at p-level 0.05 

•  At the start of the forecast models mostly 
have too large SNR 

•  Little evidence of under-confidence on 
sub-seasonal range 



STRAT-TROP COUPLING 
•  Use the same statistical model to 

examine the development of the 
predictable signal, βxst,  in the 
stratosphere and troposphere  

•  Composites of forecasts in which 
there is a large predictable signal 
in the lower stratosphere (100hPa) 
on sub-seasonal timescales (week 
4) 
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yt = µy + �y st + ✏ nt

xt,r = µx + �x st + ⌘ pt,r
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WEAK VORTEX COMPOSITE 
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•  Strong evidence of downward propagation through the stratosphere, 
a predictable signal at 100hPa results from a predictable signal in the 
middle stratosphere. 

•  Coupling to the surface is variable – strong in some low-top models 



STRONG VORTEX COMPOSITE  
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•  Less evidence of downward propagation through the stratosphere for 
strong vortex cases, but links to the surface can be very strong in 
some models  



CONCLUSIONS 
•  The simple statistical model of Siegert et. al (2016) is a useful tool to 

apply to sub-seasonal forecasts – in this case to examine coupling 
between the Stratosphere and Troposphere 

•  There is little evidence of model under confidence on the sub-seasonal 
timescale when examining the Northern Annular Mode. 

•  During the first 2-3 weeks, the signal-to-noise ratio of model forecasts is 
larger than suggested by the observations, linked to a lack of noise in 
the Stratosphere 

•  Predictable signals on the sub-seasonal timescale propagate from the 
upper to lower stratosphere in all models, particularly for weak vortex 
events. 

•  Links between the lower stratosphere and surface have greater 
differences between the models. 
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SPARE SLIDES 
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SIGNAL-TO-NOISE RATIO 

14 

•  Signal-to-noise ratio of models reflects the correlation structure 
in the previous slide 

•  Some low-top models have high SNR (because of little 
stratospheric noise) in the lower stratosphere 



SIGNAL DIFFERENCE 
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•  For weeks 3 and 4 for some models, significantly larger signal in 
the tropospheric NAM 



NOISE DIFFERENCE 
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•  Most models have significantly greater noise variance in the 
troposphere from week 3 onwards 

•  Low top models have very little stratospheric noise 



CORRELATION 

17 

•  Some differences between models for correlation with surface 
predictable signal 



CONTRASTS 
•  Transform the ensemble (X) using K-1 orthogonal and normalized 

contrasts (w) 

•  Define a matrix V,  

• QR decomposition of  V using a Gram-Schmidt procedure leaves a Q 
matrix with orthogonal columns. Ignoring the first column gives the 
contrasts 

•  From m and ξ, all parameters of the statistical model can be calculated 
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m(n) =
1

K

KX

k=1

Xk(n)

⇠t(n) = h w,Xi for l = 1, ...,K� 1
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Vk,l =

✓
k

K + 1
� 1

2

◆l

<latexit sha1_base64="AU7lobjpM+8RvB9K3sORt0x2RaM="></latexit><latexit sha1_base64="AU7lobjpM+8RvB9K3sORt0x2RaM="></latexit><latexit sha1_base64="AU7lobjpM+8RvB9K3sORt0x2RaM="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="VWiqQCaFaGrcvikL6p76OONTYRM=">AAACFnicbZBLSwMxFIXv+La+qls3wSIoapnpRjeC4EZwU8HWQmccMmmmDc08SO4IJcxfceNfceNCke78N6a1C18HAifnJCT3i3IpNLruhzM3v7C4tLyyWllb39jcqm6vt3VWKMZbLJOZ6kRUcylS3kKBkndyxWkSSX4XDS8n/d0DV1pk6S2Och4ktJ+KWDCKNgqrZ+3QDI9lSc6JL3mMB8SPFWVmWJrrI68kJ7O9V5pGSXwl+gM8vDeyDKs1t+5ORf4ab2ZqMFMzrI79XsaKhKfIJNW667k5BoYqFEzysuIXmueUDWmfd61NacJ1YKYTlmTfJj0SZ8quFMk0/X7D0ETrURLZkwnFgf7dTcL/um6B8VlgRJoXyFP29VBcSIIZmeAiPaE4QzmyhjIl7F8JG1BLBC3UioXg/R75r2k36p5b925cWIFd2IMD8OAULuAKmtACBo/wDK/w5jw5L877F645Z8ZtB37IGX8CmuuhAg==</latexit><latexit sha1_base64="VWiqQCaFaGrcvikL6p76OONTYRM=">AAACFnicbZBLSwMxFIXv+La+qls3wSIoapnpRjeC4EZwU8HWQmccMmmmDc08SO4IJcxfceNfceNCke78N6a1C18HAifnJCT3i3IpNLruhzM3v7C4tLyyWllb39jcqm6vt3VWKMZbLJOZ6kRUcylS3kKBkndyxWkSSX4XDS8n/d0DV1pk6S2Och4ktJ+KWDCKNgqrZ+3QDI9lSc6JL3mMB8SPFWVmWJrrI68kJ7O9V5pGSXwl+gM8vDeyDKs1t+5ORf4ab2ZqMFMzrI79XsaKhKfIJNW667k5BoYqFEzysuIXmueUDWmfd61NacJ1YKYTlmTfJj0SZ8quFMk0/X7D0ETrURLZkwnFgf7dTcL/um6B8VlgRJoXyFP29VBcSIIZmeAiPaE4QzmyhjIl7F8JG1BLBC3UioXg/R75r2k36p5b925cWIFd2IMD8OAULuAKmtACBo/wDK/w5jw5L877F645Z8ZtB37IGX8CmuuhAg==</latexit><latexit sha1_base64="wz1sKS6A32wHju3bUaGrI2Z98iU=">AAACIXicbVDLSgMxFM34rPU16tJNsAgVtcx0oxtBdCO4UbBV6Iwlk2baMJkHyR2hhPkVN/6KGxeKdCf+jGmdhVYPXDg5515y7wkywRU4zoc1Mzs3v7BYWaour6yurdsbm22V5pKyFk1FKu8CopjgCWsBB8HuMslIHAh2G0TnY//2gUnF0+QGhhnzY9JPeMgpASN17eN2V0cHosAn2BMshDr2Qkmojgp9ue8W+LB8u4VuFtiTvD+AvXstiq5dcxrOBPgvcUtSQyWuuvbI66U0j1kCVBClOq6Tga+JBE4FK6perlhGaET6rGNoQmKmfD25sMC7RunhMJWmEsAT9eeEJrFSwzgwnTGBgZr2xuJ/XieH8NjXPMlyYAn9/ijMBYYUj+PCPS4ZBTE0hFDJza6YDohJBEyoVROCO33yX9JuNlyn4V47tdOzMo4K2kY7qI5cdIRO0QW6Qi1E0SN6Rq/ozXqyXqx3a/TdOmOVM1voF6zPL5Foooo=</latexit><latexit sha1_base64="AU7lobjpM+8RvB9K3sORt0x2RaM="></latexit><latexit sha1_base64="AU7lobjpM+8RvB9K3sORt0x2RaM="></latexit><latexit sha1_base64="AU7lobjpM+8RvB9K3sORt0x2RaM="></latexit><latexit sha1_base64="AU7lobjpM+8RvB9K3sORt0x2RaM="></latexit><latexit sha1_base64="AU7lobjpM+8RvB9K3sORt0x2RaM="></latexit><latexit sha1_base64="AU7lobjpM+8RvB9K3sORt0x2RaM="></latexit>



SURFACE SIGNAL - WEAK 
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SURFACE SIGNAL - STRONG 
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