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Methods for generating initial
conditions for weather ensembles
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Model uncertainty is where the
most interesting stuff Is going on.
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Model uncertainty testing in global
ensembles
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NCEP operational scheme (STTP)

Stochastic Total Tendency Perturbation

Scheme (Hou, Toth and Zhu, 2006)

NCEP operation — Feb. 2010
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Formulation:

Simplification: Use finite difference form for the stochastic term

Modify the model state every 6 hours:

X, X+y2n” {[ 6},] [(x, 6!1]}

Where w is an evolving combination matrix, and vy is a rescaling factor.

randomlinear combinations of ensemble tendency
perturbationsadded to state every-6
(entire ensemble must be run concurrently).



Schemes we tested

A Stochasticallyperturbed physicstendencies
(SPPTq operational ECMWF scheme.

A Vorticity confinement (VC{ under

development at UKME

and ECMWEF.

A Stochasticallpeturbedboundarylayer

humidity (SHUM).



ECMWF method (SPPT)

Stochastically Perturbed Physics Tendency

A Perturbed Physics tendencies
X, =(L+rmX,

€ - vertical weight: 1.0 between surface and 100 hPa, decays to zero
between 100 hPa and 50 hPa.

I'- horizontal weights: ranges from -1.0 to 1.0, a red noise process with a

A Temporal timescale of 6 hours
A e-folding spatial scale of 500 km



Examples of stochastic patterns
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Vorticity confinement

(SanchesWilliams andshutts 2012 QJKE0i 10.1002)
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Figure 6: Two frames of animation from two mpeg movies created
using flowanim and mpeg2encode. Both frames depict the 60th
frame of the movie. The left animation is created without vorticity

confinement, the one on the right with vorticity confinement and a g t
relatively high force factor Con Ou rS
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Stochastic boundaryayer humidity

A SPPT only modulates existing physics tendency
(cannot change sign, trigger new convection).

A Triggers in convection schemes very sensitive to
BL humidity.

C]perturbed — (1+ rn)q

A Vertical weight decays exponentially from
surface. Added every time step after physics
applied. Random pattera has a (very small)
amplitude of 0.00375, horizontal/vertical scales
(250 km, 3h).
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u 120-h spread (all)
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Combination
of 3 schemes
produces
calibrated
track
forecasts, but
does not
reduce
ensemble
mean error.

track error/spread (km)

TC track error/spread
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Example (Isaac)

09L 2012082400 (stochastic physics) 09L 2012082400 (no stochastic physics)
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Reforecasts:
what are they good for?

Using multidecadal reforecasts from the
NCEP Global Ensemble Forecast Systen



To

GEFS reforecast v2 detalls

Seeks to mimic GEFS operational configuration as of February 2012.
Each 00Z, tinember forecastl control + 10 perturbetl.

Reforecasts produceglvery day, for 1984120100 to currefactually,
working onfinishing late 2012 now).

/| C{w o6b/ 9t Qa /fAYI(GS C2NBOI aid-vdre af
+ ETR perturbations (cycled with 10 perturbed members). After ~ 22 May
2012, initial conditions from hybrid EnKFA¥ar.

Resolution: T254L42 to day 8, T190L42 from days 7.5 to day 16.

Fast data archive at ESRL of 99 variables, 28 of which stored at original ~1/
degree resolution during week 1. All stored at 1 degree. Also: mean and
spread to be stored.

Full archive at DOE/Lawrence Berkeley Lab, where data set was created
under DOE grant.



Status

A 00Z reforecasts 1988010 completed and publicly
available.

A 2011 Sep 2012 reforecasts are being processed,
available within weeks.

A Within a month or two, we will be pulling real
time GEFS data over from NCEP and putting it in
our archive.

A Web sites are open to you now:
I NOAA/ESRL site: fast access, limited data (99 fields).
I US Department of Energy: slow access, but full data se

A Soon: experimental probabilistic precipitation
forecast graphics in real time.



Data that Is readily available from ESFk

Table 1: Reforecast variables available for selected mandatory and other vertical
levels. ® indicates geopotential height, and an X indicates that this variable is
available from the reforecast data set at 1-degree resolution; a Y indicates that the
variable is available at the native ~0.5 degree resolution. AGL indicates “above
ground level.”

Vertical Wind
Level Power
10 hPa
50 hPa
100 hPa
200 hPa
250 hPa
300 hPa
500 hPa
700 hPa
850 hPa
925 hPa
1000 hPa
o=0.996
o=0.987
o= 0977
o= 0.965
80m AGL
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Also: hurricane track files T



Data that Is readily available from ESFk

Table 2: Single-level reforecast variables archived (and their units). Where an [Y]
is displayed, this indicates that this variable is available at the native ~0.5-degree
resolution as well as the 1-degree resolution.

Variable (units)

Mean sea-level pressure (Pa) [Y]

Skin temperature (K) [Y]

Soil temperature, 0.0 to 0.1 m depth (K) [Y]

Volumetric soil moisture content 0.0 to 0.1 m depth (fraction between
wilting and saturation) [Y]

Water equivalent of accumulated snow depth (kg m2, i.e,, mm) [Y]
2-meter temperature (K) [Y]

2-meter specific humidity (kg kg! dry air) [Y]

Maximum temperature (K) [Y]

Minimum temperature (K) [Y]

10-m u wind component (ms-1) [Y]

10-m v wind component (ms) [Y]

Total precipitation (kg m2, i.e.,, mm) [Y]

Water runoff (kg m~, i.e, mm) [Y]

Average surface latent heat net flux (W m-2) [Y]

Average sensible heat net flux (W m-?) [Y]

Average ground heat net flux (W m-2) [Y]

Sunshine

Convective available potential energy (] kg1) [Y]

Convective inhibition (J kg1) [Y]

Precipitable water (kg m-2, i.e.,, mm) [Y]

Total-column integrated condensate (kg m, i.e,, mm) [Y]

Total cloud cover (%)

Downward short-wave radiation flux at the surface (W m-2) [Y]
Downward long-wave radiation flux at the surface (W m2) [Y]
Upward short-wave radiation flux at the surface (W m2) [Y]
Upward long-wave radiation flux at the surface (W m2) [Y]
Potential vorticity on 6 = 320K isentropic surface (K m2 kg1 s-1)

U component on 2 PVU (1 PVU =1 Km? kg s1) isentropic surface (ms-1)
V component on 2 PVU isentropic surface (ms-1)

Temperature on 2 PVU isentropic surface

Pressure on 2 PVU isentropic surface 19




500 hPa Anomaly correlation
(from deterministic control)

500 hPa geopotential height
anomaly correlation from reforecasts

1.0

Lines w/o filled colors
for secondgeneration
reforecast (2012, T254)

5
©
E Lines with filled colors
S for first-generation
g reforecast (1998, T62).
(@]
< Perhaps a 12.5 day
improvement.
0.3 ; ; ; .
1990 1995 2000 2005 2010

Year

20



GEFS blocking skill by half decad

Lo (a) BSS, Dec-Jan-Feb, Pacific Lo (b) BSS, Dec-Jan-Feb, Atlantic
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Blocking is evaluated using Tibaldiolteni algorithm for every longitude, every day. Skill
of the ensemble in predicting blocking is then evaluated.

Decreased Atlantic sector skill in 198889 period stands out.
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Skill of raw reforecasts
(N0 postprocessing)



Skill of calibrated precipitation forecast:
(overUS,1988 nmn aNJVyl |yl f 23

(a) Brier skill scores, > 10 mm, (b) Brier skill scores, > 50 mm,
reforecast calibrated reforecast calibrated
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Verification here against 3m North American Regional Reanalysis (tougher).
Verification in previous plot againstdegree NCEP precipitation analysis (easier).



Version 2 (2012 GEFS)

Reliability, > 10 mm precipitation 24
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TC Rita (2005)

GFS reforecastnsemble

72-h forecast
initialized at 00Z 22 Sept

G Beforecs i for B ta (2000]

Rita (2005) GFS Ensemble Intensity Forecast
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TC Rita (2005)

ARW ensemble with GFS
reforecast ensemble as
boundary and initial

conditions

72-h forecast

initialized at 00Z 22 Sept
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A synthetic example of using reforecasts
to make track error bias corrections

72-h Forecast Verifying 1200 UTC 9 September
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Define BSS for evaluating blocking sk

A The blocking Brier Skill score is calculated after summing forecast and
climatological Brier scores over the relevant longitudes in either the Pacific
or Atlantic basins, respectively, then averaged. For example (Pac):

BS

forecast

BSS=1.0-

climo
nlons ndates

BSueee = & & (P(1,)- 0(1,))

,=1 =1

nlons ndates

S =8 8 (A(1,)- a(L))

| —1 i=1

q(lp)_§1 if blocked

= . U
i O if unblocked f/

p==(1,) = ensemble- based probability of block for thislongitude
p,c”m"(lp) = climatological probability of block for thislongitude



Methods for representing model
uncertainty in ensembles

A Multi-model ensembles
I Pros
AEverybody gets to keep working on their own model.
ASeems to work well for seasonal predictions
I Cons
AHeavy maintenance burdephard to keep all models
equally skillful.

A Addresses uncertainties in model formulatiobut not
the effects of sulgrid scale variability.



Methods for representing model
uncertainty in ensembles

A Parameter perturbations
I Pros

ARelatively simple to create (no need to develop new
schemes).

I Cons
AHow to determine the sensitive parameters, what a
reasonable parameter range is?

ANonlinear interactions between processes
(radiation/convection/boundary layer). Easy to push
model into an unrealistic regime.



Methods for representing model
uncertainty in ensembles

A Stochastic parameterization
I Pros
APotentially a more rigorous approach.

AThey have a deterministic limjtcan maintain a single
model for deterministic and ensemble prediction.

I Cons
AHard to find observation® inform development (use
LES simulations instead?

A Should be done from the grournap, at the process
level.



VC spread control spread
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Ensemble Mean Error
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VC spread control spread
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Zonal mean T bias (120
(relative to EC analysis)

VC+SPPT+SHUM
control VC+SPPT+SHUM Modified microphysics

Bias eliminated if microphysics parameters appropriate for higher
res GFS used (the modeith stochastigphysics behaves like a
higher resolutiormodel).




