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The Vorticity Equation

Motivation (2D flow) : Z;
X M

_Igis the unit Averti
B, 3 is the horizontal curl operator

Curl of the 3D momentum equation in absolute frame of reference:
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Lagrangian Divergence Tilting Baroclinic Friction

tendency Bp

in absolute bd

vorticity 1
Shallow atmosphere approximation & pz " ” 24
assuming horizontal, barotropic, E tv, O AP z0 @ V= boO
frictionless flow: o " "
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Terms in the Vorticity Equation (upper troposphere)

Mean Rossby Wave Source Mean divergence component
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Mean divergent advection Mean rotational advection
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Shading: Terms
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Vectors: Divergent winds
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outflow

Adjustment of
rotational flow
balances RWS

Based on operational analyses for the period DJF 2015/16, with terms integrated between 100-300 hPa.
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Aerosol impact on RWS, divergent wind & streamfunction

Rodwell and Jung (2008)

Shading: RWS
Thick contours: Streamfunction
Vectors: Divergent winds

(Thin contours: mean absolute
vorticity)

40-year mean JJA response to change in aerosol climatology deduced using seasonal-mean data. Anomalies integrated
100-300 hPa. Southern Hemisphere stationary Rossby wave pattern explains response seen in previous lecture
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Upper-tropospheric mean D+2 error, and response to tropical relaxation (nudging)

Error at day 2 Change in error at day 2

1 -1
Unit: 1e-11s-2 Mean: 0 RMS: 1.2 Sig: 35% 0.7 ms Unit: 1e-12s2 Mean: 0 RMS: 7.81 Sig: 54% 0.7 ms
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J| Relaxation
to ERA5

Shading: Rossby Wave Source

Contours: Streamfunction
Vectors: Divergent winds AConvergence error over O6Warm Pool6 (too little coCrS«ﬂ.Q?MO\

A Streamfunction dipole error (equatorial Rossby Wave R) corrected even in the mid-latitudes
A Important improvement in Rossby Wave Forcing at head of Pacific Stormtrack? O

A Also a strong reduction in tropical westerly error = and Kelvin Wave error K to the east (not so clear here)

DJF 2000-2016 (47rl), fields integrated over upper-troposphere, relaxation is of winds and temperatures (runs by Frederic Vitart)
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Extra-tropical Rossby waves

4.0m/s

-10g-2

10

14

10

-10

-14

Contour 8ms-!

2008

10071 300 hPa

v

1

e e

o~

L

|

\

Tt

~\HNH.|. N
1 & 2
; Trfa N

117

VA=

ll
—
[
2
O O
%a
o
p_W
Smu_uw.
28 .
OW =
o Y= o
0L o
X7
o~ )

)

\

S
sl

N~ - V2

Oy ==7.

, U, RWS

Phase Speed

Mark J Rodwell

European Centre for Medium-Range Weather Forecasts

ECMWF

F as
A4



Discussion

A Tropical forcing of midlatitude Rossby waves

A Predictability, reliability and sharpness

L
- ECMWF European Centre for Medium-Range Weather Forecasts Mark J Rodwell



Animation of a very poor medium-range single forecast

Potential Vorticity on the Potential Temperature = 320K surface. 20110410 0 UTC. Step (days, hours) = 0 00.0
Observed PVU Forecast
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Animation of a very poor medium-range single forecast

Potential Vorticity on the Potential Temperature = 320K surface. 20110410 0 UTC. Step (days, hours) = 6 00.0 .
Observed PVU Forecast PVU F A ! L

We see the mixing of air masses. The eventual block
(high pressure) over Northern Europe is not well predicted

With a single forecast, it is easy to quantify the error
(pointwise differences, pattern correlations etc.)
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All forecast centres suffered

Rodwell et al, 2013, BAMS
European Z500 skill at day 6
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Spatial Anomaly Correlation Coefficient for 500 hPa geopotential height in [12.5°W T 42.5°E, 35°Ni 75°N]. Date is forecast start
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Traditional Ensemble Weather Prediction (ECMWF)

A
ECMWF global Ensemble Data Assimilation (EDA) Ensemble Forecast (ENS)
ensemble has 50
members and resolution : . .
—okm. Millions of Tr_ajectorles _con§|st_ent .
observations ingested with uncertainty in first- Previous
each assimilation cycle. guess and new forecast
observations — e

ENS spread arises from \/ (first-guess) New
chaotic growth of EDA 05" \/ forecast
uncertainty, model 9 \
uncertainty and singular g_
vector perturbations w
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Potential Vorticity on the Potential Temperature = 320K surface. 20110410 0 UTC. Step (days, hours) = 0 00.0
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Potential Vorticity on the Potential Temperature = 320K surface. 20110410 0 UTC. Step (days, hours) = 6 00.0
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Differences account for our uncertainty in the truth and are g P VI |
almost imperceptible to the eye here Y - e - ,

Differences then grow with lead-time and the members
become completely different beyond about day 4

Member 32 agrees well with the observed outcome. Simply a
case of low predictability? How do we make progress?
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