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 Introduction 
The modelled response to climate change is generally represented 
through the multi-model ensemble mean (MEM) together with the 
ensemble spread. However, this (typically probabilistic) representation of 
the model uncertainty, with the multi-model mean interpreted as a best 
estimate, is not an appropriate way of representing the epistemic (or 
systematic) uncertainty [1]. The storyline approach — i.e. articulating 
physically plausible and self-consistent atmospheric responses to climate 
change — has proved useful to represent epistemic uncertainty in 
regional aspects of climate change [2]. Here we develop storylines to 
analyse regional climate change in midlatitudes of the Southern 
Hemisphere in austral summer (DJF), with a focus on changes driven by 
westerly jet changes.  

 

 
 
 

 

  

Storyline Description of Southern Hemisphere 

Midlatitude Regional Climate Change 

Figure 2: Sensitivities of the circulation response associated with the uncertainties in the remote driver responses. 
(a) DJF u850 response scaled by global warming associated with one standard deviation positive anomaly in the 

tropical amplification ∆𝑇𝑡𝑟𝑜𝑝/∆𝑇  in the CMIP5 model ensemble spread. Stippling indicates areas with regression 

coefficients significant at the 5% level. Black contours show the 8 m/s MEM u850 in the historical simulations. (b) As 

(a) but uncertainty associated with vortex breakdown delay 𝑉𝐵𝑑𝑒𝑙𝑎𝑦/∆𝑇 . (c) Fraction of  variance (𝑅2 coefficient) 

explained by the linear model (eq. 2).  

•Conclusions  
Much of the DJF response of the midlatitude westerlies in the SH to 
climate change can be represented as a response to tropical 
amplification of warming and to a delay in the stratospheric vortex 
breakdown date. These drivers affect the midlatitude westerlies in 
different ways. All storylines broadly show drying in midlatitudes and 
wetting south of 55°S, associated with an overall poleward shift of the 
storm tracks. However they have different implications for regional 
precipitation changes.  

 Data and Methods 
CMIP5 simulations  
• Monthly and daily data from the historical and RCP8.5 scenario 

simulations from 23 CMIP5 models were used.   

Remote drivers  
• Tropical amplification of global warming [2]:  temperature 

change at 250hPa averaged between 15°S and 15°N.  

• Vortex breakdown delay [3]: Breakdown date difference in Julian 
days. Breakdown defined as polar vortex weakening below 15m/s. 

Regression Framework (as in [2]) 

• Pattern scaling assumption (𝚫T=global mean warming) 

 

• Multivariate linear model 
 

Figure 1: DJF response to climate change, scaled by global-mean warming, in (a) precipitation, (b) 850-hPa zonal 
wind (u850) and (c) 250-hPa zonal wind according to the CMIP5 multimodel mean (colours). The climate response 
is evaluated as the 2069-99 mean in the RCP8.5 scenario minus the 1940-70 mean in the historical simulations. The 
date ranges are chosen to minimize the effects of ozone depletion. Black contours  show the (b) 8 m/s and (c) 30 
m/s MEM zonal wind at 850 hPa and 250 hPa  respectively in the historical simulations. 

 Storylines to assess hemispheric zonal 
wind and regional precipitation changes 

                                          
∆𝐶𝑥

∆𝑇
= 𝑎 𝑥 ± 𝑏 𝑥𝑡 ± 𝑐 𝑥𝑡   

                                    and  𝑡 =  χ2(0.8; 2)/2 ~ 1.26 

 
 

Figure 3: DJF u850 response per degree of warming according to four plausible storylines of climate change (a), 
(b), (d) and (e). The storylines are conditioned on the tropical amplification and vortex breakdown delay and 
evaluated via eq. 3.  Black contours show the 8 m/s MEM  u850 in the historical simulations. 

Figure 4: DJF precipitation response per degree of warming in midlatitude regions of (a) South America, (b) 
Southern Africa and (c) Australasia for storyline (b) in Fig. 3. The same for storyline in Fig. 3b is shown in figures 
(g), (h), and (i). The MEM change for each region is shown in (d), (e) and (f). 
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