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● Weather systems in the tropics, particularly over Indonesia, produce huge amounts of 

latent heat release due to condensationg

● Rossby waves are created by this energy release, which then propagate around the 

globe and interact with the jet streams in the mid-latitudes

● These Rossby waves then affect the weather systems over North America and Europe

Project motivation and background

Example: The “Beast from the East”
● We can trace the extremely cold weather over Europe in part back to a particularly 

wet period over the Maritime continent d,e

● Understanding the processes behind these “teleconnection” patterns could play a 

large part in future weather predictions

● Should we expect more events like the Beast from the East because of climate 

change?

● Will these events become more severe?

Schematic diagrama showing the interaction between a tropical heat release and the extra-tropics. A 

tropical precipitation anomaly (in this example in the eastern Indian Ocean; magenta-outlined box at 

80–110°E, 15°S–15°N) triggers an extratropical Rossby wave response (path shown by yellow arrow). 

This interacts with the subtropical jet stream (orange arrows) and leads to a region of negative 250-hPa 

geopotential height anomaly over the western North Pacific Ocean (red-outlined box at 125–155°E, 30–

45°N) and an area of positive 250-hPa geopotential height anomaly over the central North Pacific (blue-

outlined box at 180–210°E, 30–45°N).

Methodology

● The main focus of the project will be the CMIP6 (Coupled Model Intercomparison 

Project – Phase 6) data set

● Experiments that will be studied are from the DECK suite of simulations, since these 

are run by (almost) all of the thirty-one modelling centres involved in the project and 

give a good overview of past and future climate scenarios

● Comparisons will be made between different models and with observational and 

reanalysis data, such as the ERA-5 data set

● The simulations will be assessed for biases and their ability to predict 

teleconnection processes

● Physical processes responsible for the success or limitations in these simulations 

will be considered 

● Future projections from the datasets will be used to consider the effect of climate 

change on the processes detailed above.

A diagram giving an overview of the World Climate Research Programme’s CMIP project structureb. 

CMIP6 is the latest phase of model runs which consider a range of experiments and scenarios. This 

PhD will focus on the DECK experiments, which form the core of the CMIP process.The findings from 

this PhD will form part of the discussion around the strengths and weaknesses in the current models, so 

that they may be improved for the CMIP7 project.

Key terminology

CMIP6 – The Coupled Model Intercomparison Project brings together the climate system 

models from centres around the globe (31 Centres for Phase 6)b

MJO – The Madden-Julian Oscillation is the largest contributor to the tropical 

atmosphere’s intra-seasonal instability, and so will be of great interest during this project

Rossby waves – Rossby waves are long waves in the troposphere that form due to the 

Earth’s rotation. When created by convection processes, they can propagate polewards 

and zonallyg

Teleconnection patterns – When links are found between weather systems which are 

separated by large distances (thousands of kilometres) these are known as teleconnection 

patterns. They are closely related to the propagation of Rossby waves in the tropospherec
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A visualisation of Rossby waves changing the course of the subtropical jet streamf. These meridional 

fluctuations can cause masses of cold air to “break away” from the polar vortex, causing cold spells 

over North America and Europe. These zonal Rossby waves can be excited by poleward propagating 

Rossby waves formed by heat release in the tropics. 
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