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Amplification of forecast uncertainty Iin
the ECMWF ensemble:
Ex-Karl and the evil cut-off

Marlene Baumgart and Michael Riemer
Johannes Gutenberg-Universitat Mainz
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Processes governing the amplification of ensemble spread in a medium-range forecast with
large forecast uncertainty, Quart. J. Roy. Met. Soc., (to be) submitted
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Which mechanisms govern the evolution of (medium-range)
forecast uncertainty?
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Which mechanisms govern the evolution of (medium-range)
forecast uncertainty and how do they differ from case to case?
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Quantification of Mechanisms:
Potential-Vorticity Framework
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Partitioning of mechanisms
Mid-latitude dynamics based on PV thinking

near-tropopause
dynamics
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Dynamics in terms of PV tendencies

. Ertel PV PV = %ﬁ-ﬁ’e

» Local tendency of PV (PV advection + noncons. PV modification)
dPV

—— = —7p - VPV 4+ NonCons
ot
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Dynamics in terms of PV tendencies

. Ertel PV PV = %ﬁ-ﬁe

» Local tendency of PV (PV advection + noncons. PV modification)
JoPV

—— = —7p - VPV 4+ NonCons
ot

» Helmholtz partitioning and piecewise PV inversion

UV = Uptp + VTPq T Vdiv
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Dynamics in terms of PV tendencies

. Ertel PV PV = %ﬁ-ﬁe

» Local tendency of PV (PV advection + noncons. PV modification)
dPV
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Dynamics of PV errors

PVerror:  pV* = PV¢yrecast — PVanalysis
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Dynamics of PV errors

PVerror:  pV* = PVi,recast — PVanalysis

Tendency for PV error (following Davies and Didone, 2013):

0 % %, d
aPV - apvforecast 3t PVanalySis

= —v* - VPV —v*-VPV*— B -VPV* + NonCons*
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Dynamics of PV errors

PVerror:  pV* = PVi,recast — PVanalysis

Tendency for PV error (following Davies and Didone, 2013):
d * d d
EPV - apvforecast 3t PVanalySis

= —v* - VPV —v*-VPV* — % - VPV* + NonCons"
with *: error fields
without *: analysis field
Tendency for PV error amplification (Baumgart et al. 2018):

IRV vt .oy + P
a2 " 2

V- (i?' + F) + NonCons*
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Dynamics of PV “spread”

« PV difference: PV,* = PVpean — PVimember i
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Dynamics of PV “spread”

« PV difference: PV;* = PViean — PVmember i
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Dynamics of PV “spread”

PV difference: PV, =P — PVember i
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Dynamics in terms of PV tendencies

Ertel PV PV = %1‘7’ .76 (absolute vorticty - static stability)

Local tendency of PV (PV advection + noncons. PV modification)

oPV

—— = —7p - VPV 4+ NonCons
ot

Tendency of error-enstrophy
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Spread and Errors: Operational
ECMWF Ensemble Forecast
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Error evolution in individual ensemble members

Enstrophy error for forecast initialized on OOUTC 22 Sep. 2016
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Individual contributions to spread amplification

Spatially averaged over Northern hemisphere (30-80N)
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Individual contributions to spread amplification

Local differences in the dominant processes

a). 5x10‘5 b),_ 4x107°
I near-tropopause [ near-tropopause
tropospheric-deep 35 tropospheric-deep
4t I divergent [ divergent

uncertainty PPVI

day 2

w

uncertainty PPVI

w
.

I

o

na
T

s
T
—_
n
T

mean variance tendency in pvU?s™

—_
T

o

o
&)
T

mean variance tendency in PVU?s™
mean variance tendency in PVU?s
L]

. . - S S R S S !
1.0 2.0 30 4.0 5.0 6.0 70 8.0 9.0 10.0
forecast time in days

[
=y

=]

-5 - -5
C) -, 10X 10 d) = 55x10
o [inear-tropopause o [inear-tropopause
g tropospheric-deep g 3L tropospheric-deep
a 8r [ divergent 1 o [ divergent
£ uncertainty PPVI £ 5 uncertainty PPVI
2 day4.5 £
% ay (] % 2.
54 5
Q Q 15+
87 g
3 g |
- 0 >
g S 05"
] [}
E E

)*]
o

Cut off and high- Vladiana +
amplitude ridge Karl

NAWDEX Workshop, Toulouse, 26-28 March 2019 50




‘\"P",’ Waves to Weather — DFG Collaborative Research Center 165

PV error on 325K for best and worst member

3.25-day forecast initialized on OOUTC 22 September 2016
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PV error on 325K for best and worst member

4.5-day forecast initialized on OOUTC 22 September 2016

member with best forecast member with worst forecast
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Difference of error evolution in individual quadrants
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Summary

 Derived tendency equation for ensemble PV variance

« “Spread” evolution, on average, dominated by
nonlinear tropopause dynamics (as error growth)

 Important local differences in the mechanisms
* High-amplitude ridges: nonlinear trop. dynamics
* Cyclone development: divergent and baroclinic



Summary

 Derived tendency equation for ensemble PV variance

« “Spread” evolution, on average, dominated by
nonlinear tropopause dynamics (as error growth)

 Important local differences in the mechanisms
* High-amplitude ridges: nonlinear trop. dynamics
* Cyclone development: divergent and baroclinic

» Cyclones and cut-off: dominant sources of uncertainty
- Vortex — wave interaction? [Tim Dunkerton]
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