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Why are Rossby waves so important?

● They transport heat and angular momentum

● Rossby waves in the upper troposphere influence 
the weather at the surface (cyclones, anticyclones, 
temperatures, precipitation)

● Persistent and recurrent large scale circulation 
patterns (i.e. weather regimes) can be viewed as 
different phases of a Rossby wave train.

● They have implications for predictability: Rossby 
wave breaking often linked with weather regimes 
transition
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Therefore their correct representation 
in climate models is of crucial 

importance to simulate correctly our 
climate
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Main goals: 

● assess the performance of state-of-the-art 
climate models (PRIMAVERA) in representing 
Rossby waves associated with Euro-Atlantic 
weather regimes

● Impact of the horizontal resolution on the spatio-
temporal behaviour of Rossby waves in climate 
models
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How do we proceed?
● A diagnostic for Rossby waves based on Local Finite 

Amplitude Wave Activity (LWA) is used as a metric to 
assess the upper level waviness in the PRIMAVERA 
simulations

● LWA diagnostic is combined with weather regimes 
(WRs) analysis to further partition the wintertime large 
scale circulation over the EAT sector into recurrent and 
persistent patterns

Then we use our diagnostic to evaluate models:

● Analysis of regimes pattern correlation in terms of LWA

● Analysis of LWA time series 
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Datasets:

● PRIMAVERA historical coupled simulations at 
standard and higher resolutions. Period considered 
is 1979-2015. Daily data of horizontal wind, 
temperaure and geopotential are retrieved on 5 
pressure levels between 850 and 100 hPa on a 2x2° 
regular grid for DJF. 

● ERA 5 reanalysis used as reference for comparison
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LWA (λ ,ϕ ,θ , t )= −1
cosϕ ∫

ϕ

ϕ+Δϕ

[(PV−Q )σ ]a cosϕ ' dϕ '

PV= f +ζ
σ

Local Wave Activity (LWA) in isentropic coordinates:

σ =−g−1 ∂ p∂θ
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Identifying Rossby waves using LWA

Ertel PV for DJF on the 320 K 
isentropic surface (in Potential 
Vorticity Units (PVU) 

Total LWA (colour, units ms-1) 
at 320 K for DJF

Stationary LWA computed from the 
DJF PV field

Transient LWA computed as the 
daily LWA minus stationary LWA 
(as in Huang and Nakamura 2017) 
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Rossby wave activity associated with EAT WR in ERA5

Observed wintertime (DJF) weather regimes in the Euro-Atlantic region for the 1979-2015 
period in terms of Montgomery streamfunction (contours) and transient LWA (colour). Weather 
regimes are computed using daily anomalies of the Montgomery streamfunction on the 320 K 
isentropic surface from ERA5 reanalysis data.
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Evaluating the spatial distribution of transient Rossby 
wave activity. We focus on transient wave activity 

since it exhibits the largest variability associated with 
weather regimes
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Pattern correlation for PRIMAVERAs in terms of transient LWA
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Generally, high resolution runs have an higher spatial 
correlation in terms of Rossby wave activity. However, 
there are some notable exceptions, for example the 

CMCC amd MPI models
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Now we move on and evaluate the temporal evolution 
of Rossby wave activity over the EAT sector
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Time series of transient 
LWA averaged over the 
EAT sector. Each dot 
represents the time 
averaged value for each 
winter season (DJF). Black 
line is ERA5, PRIMAVERA
are in colour. Shading is the 
range between two 
standard deviations
from the mean for each 
time series. a) is for 
PRIMAVERA Low 
Resolution (LR). b) for High 
Resolution (HR).
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Box plot of transient LWA averaged over NH. The dots are the mean values, the 
horizontal line in the boxes represents the median, the boxes the first and third quartiles 
and the bars the 10 and 90 percentiles. The left boxes are for PRIMAVERA (lighter 
colours are the LR runs, darker colours the HR. The first (black box) on the right refers 
to ERA5. The other two boxes represent average quantities among all the LR and HR 
models and are calculated as the average of the percentiles and median over all 
models.
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In this case high resolution runs perform better in a 
more systematic way
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Conclusions:
● Horizontal resolution generally beneficial in the 

spatial distribution of Rossby wave activity 
associated with WRs. There are however some 
models/regimes in which the high resolution 
version performs worse

● In the time evolution of Rossby wave activity a 
higher resolution improves model performance 
in a more sistematic way

● Horizontal resolution is one of the ingredients 
to improve model performance in representing 
Rossby waves, but obviously there are other 
factors (numerics, other physical processes) 
which need to be investigated.
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