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Some Questions

A What is the synoptic skill of the Climate
Forecast System (CFS) over the West Coast
(and elsewhere) for the subseasonal time ranc

A How does temporal averaging affect skill?

A Is the skill good enough for higtesolution
downscaling?

A Can ensemble forecast adjustment (EFA) helf

A If skill is poor, what are the failure modes and
how can they be addressed by NOAA/NCEP?



Last Year | Showed the Fade
of CFS Skill over the Western
U.S. over 1-3 weeks
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500 hPa heights (various averaging  periods)
for CONUS

07 CFSv2 Z500 SkillScore 1982-2008 averaged over CONUS
. - T T T T T T T
0 CFSv2 Z500 MAE 1982-2008 averaged over CONUS 0.6 L\ bbb bbb e e b
05+
a5t :
o 8 0 OO OO0 OO UUNE OO VU OUO UOU OO S OSSO SOU SOUOS OO OO SO OO OOV OO SOPS OO SRS NS SOU SO OO
[ e e e g : Averaging
\ period:
0.3F-% — l-week
35 : Averaging 4
[ period: % — 2-week
@0 — lLweek £ 02} WU TN L U OO N OO SO VO SO SO OO SN OO SO SO SO OO MO NN N SO SO 4-week
% 30k i e e JOU YOV RO S e T TP SRS e e | —  2-week : A N 12-week
£ 4-week I N T . 24-week
12-week 5 AU U0 PP S JOVOS 000 VOV PUOR O OPOE UOW SOPPE SO0 SUOF SN VOV RS FOVOR SOPOS SOV SUTN SOU0EOTOF UL FOTOS SUOS SOV SO OO
25+ 1| — 24-week
00} —i- - : N =i =
2001 e
0.1 . : B L : T ————— — : ‘ B 8 8 B R H 7 :
5L : : :
[ Y7 S T S S S N S N N S S N S S ST N S S S S S N S S S
ol oo 0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58
0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 lead time (days)

lead time (days)

O errors saturate at a ~2-3
week lead

O increasing the averaging
period reduces the error

0 little/no extension of error
growth at longer averaging
periods

O skill score computed with RMSE
w.r.t. climatological forecast
tells similar story to MAE chart



What Is the global context of the

western U.S. verification scores for
CFS?

Can we understand why CFS skill
fades by 2 -3 weeks even with
averaging?



How Far Into the Future
Does CFS Have Synoptic
Skill?

Will Show One-Week Averages



CFS Synoptic Verification

A Forecastsised
A 4-member CFSv2 reforecast ensemble mean
A Initialized every 5 days from 1982 throug@08
A Verification (analysis) dataset:
A GDAS analyses

A Parameters examinged
A 500-hPaheight (Z500)

A SST
A 200hPavelocity potential (CHI20D
A Averagingintervalsexamined
A 1 day, 1 week(shown here)4 week 12 weeks



/500 MAE - week 1
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Z500 MAE - week 4

Errors saturate
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Z500 AC - week 4

CFSv2 1-week-ave Z500 forecast AC F021d
# of forecasts: 1951
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200 hPa Velocity
Potential: CHI200

Again, 1-week average
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CHI200 MAE - week 4
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CHI200 AC - week 4

CFSv2 1-week-ave CHI200 forecast AC FO21d
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CHI200 bias

- week 4

CFSv2 1-week-ave CHI200 forecast Bias
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CHI200 bias - week 4

Too little convection
over tropical land
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SST



SST MAE- week 1

CFSv2 1-week-ave SST forecast MAE
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SST MAE- week 6

CFSv2 1-week-ave SST forecast MAE FO35d
# of forecasts: 1951
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SST MAE- week 6
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SST AC- week 6

CFSv2 1l-week-ave SST forecast AC H|g hest Skl || in CP/EP FO35d
# of forecasts: 1951

‘— global — tropics — midlats‘

T T T T T T ~ 0.9

30°S

60°5 . - :
0° 30°E 60°E 90°E 120°E 150°E 180° 150°W  120°W 90w 60°W 30°W
40.2
40.1
a | _ T |, oo
—-0.8 —0.6 —-0.4 —0.2 0.0 0.2 0.4 0.6 0.8 0 7 14 21 28 35 42 49 56

r forecast lead (days)

*de-biased



Winter

SST bhias-
week 5

Spring
Major bias
over north and
NE Pacific Iin

Summer
summer

Fall

-20 -15 -1.0 -05 00 05 10 15 20
Kelvin



How does skill vary with
averaging time?



Mid -latitude Z500 MAE and AC

CFSv2 Z500 forecast MAE
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Why does skill fade so quickly?
Why doesnot exter
extend to other variables?



The nature of simulated
tropical convection

and how it evolves with lead time



Hovmoller comparison:
analyses vs CFS forecasts at
different lead times



CHI200 Hovmoller: analysis vs week-1 forecasts
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CHI200 Hovmoller: analysis vs week-1 forecasts

1-weekave CHI200 from 10-01-1987 to 05-01-1988
r=0.82

GDAS analysis CFSv2 forecast lead: 01d
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CHI200 Hovmoller: analysis vs week-2 forecasts

1-weekave CHI200 from 10-01-1987 to 05-01-1988
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CHI200 Hovmoller: analysis vs week -3 forecasts

1-weekave CHI200 from 10-01-1987 to 05-01-1988
r=0.47

GDAS analysis CFSv2 forecast lead: 14d
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CHI200 Hovmoller: analysis vs week -4 forecasts

1-weekave CHI200 from 10-01-1987 to 05-01-1988
r=0.38
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CHI200 Hovmoller: analysis vs week -5 forecasts

1-weekave CHI200 from 10-01-1987 to 05-01-1988
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CHI200 Hovmoller: other examples
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CHI200 Hovmoller: other examples

1-weekave CHI200 from 01-01-2005 to 08-01-2005
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Hovmoller comparison:
analyses vs a single CFS
forecast



CHI200 Hovmoller: analysis vs single forecasts
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CHI200 Hovmoller: analysis vs single forecasts

1-weekave CHI200 from 10-01-1987 to 05-01-1988
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CHI200 Hovmoller: analysis vs single forecasts

A different
forecast:

GDAS analysis
Oct '87 | -

1-weekave CHI200 from 10-01-1987 to 05-01-1988

CFSv2 forecast init: 1987112700
T T T Oct '87

Nov '87F — —

Dec'87| -

Jan'88} -

Feb'8g |

Mar '88

Apr '88

| | | |
7777777777777777777777777 -~ — 4Nov '87
| | | |

Dec '87

Jan '88

—~ 4 Apr '88

| |
60E 120E 180

4 8 12

*single-member
forecasts



CHI200 Hovmoller: analysis vs single forecasts

1-weekave CHI200 from 10-01-1987 to 05-01-1988

GDAS analysis CFSv2 forecast init: 1987112700
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CHI200 Hovmoller: analysis vs single forecasts

1-weekave CHI200 from 10-01-1997 to 05-01-1998
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CHI200 Hovmoller: analysis vs single forecasts
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MJO Hovmoller composites



CHI200 MJO composite
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Long leads
No MJO signal.
Model biases
dominate:

- dry equatorial
land

- wet W. Pac.
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raw forecasts

CHI200 MJO composite

r=0.23

init: -10 day(s) from MJO onset

CFSv2 forecast

GDAS analysis

Shorter leads:

O

(Vp)
2 3
= o
X S ©
am S
eg (@)
=5 =

uonelul Ol woly sAep

dominate take

into the forecast

uoigeul Ol woly shep

*single-member

forecasts

10° m? s~



CHI200 MJO composite: de-biased forecasts

1-weekave CHI200 "all" MJO composite: 163 events
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CHI200 MJO composite: de-biased forecasts

days from MJO initiation
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CHI200 MJO composite: de-biased forecasts

1-weekave CHI200 "all" MJO composite: 163 events
r=0.53

-60 -60

GDAS analysis CFSv2 forecast init: -30 day(s) from M)O onset

*1982-2008 bias removed

401

| ~30-day lead:
n e . oan | Very weak MJO-

Chmm H 74, esq signal begins
IRt to appear

—20 b S

on

from M)O initiation

- phase speed
too slow

days from MJO initiati

days

AF MC . SA AF MC SA
600 GIOE 120E 1E|30 liOW 60W 0 éOE 120E léO liDW 60W 60
- 3 - 5 S n S *single-member

107 m s forecasts



CHI200 MJO composite: de-biased forecasts

days from MJO initiation
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CHI200 MJO composite: de-biased forecasts

1-weekave CHI200 "all" MJO composite: 163 events
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MJO composite maps:
teleconnections



MJO composite: de-biased forecasts
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Tropical Convection Failure Mode of CFS

A For short lead times, eastwagstbpagating tropical
waves are accurately produced by the model

ABut & longer lead times, theatureof modeled
tropical convection degrades

A Stationaryfeatureor slowly propagatingvaves
takethe place of realistic eastwapdopagating
tropical waves

A Poorly defined or néJO away from initialization
time



Hovmoller Diagrams in the Tropics Show the
Problem



5S-5N: rainfall rate anomalies
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KS-5N: rainfall rate anomalies
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Hypotheses

A CFSfails to produce propagating features because the
CFSconvective parameterization is unable to generate
realistic convection and convectively-coupled waves

A Model biases in particular, the wet bias in the West
Pacific, may explain the slow MJO propagation and the
AMarine Continent Barriero

A CFS subseasonal prediction and the ability to get realistic
midlatitude teleconnection is undermined by its inability
to produce realistic convection and convective
propagation in the tropics.



Is poor CFS convection and thus problematic
teleconections the reason why CFS has constantly
gotten sustained amplified wave patterns wrong over
North America during the past several years?
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Hypotheses

A Such problems could beimproved partially by
Improved convective parameterization.

A The real solution is probably explicit
simulation of convection with global
models having convective  -allowing

resolution in the tropics . This hypothesis
should be tested.




Anything we can try in the
Interim?



Ensemble Forecast
Adjustment
EFA

Can we correct some of the CFS
deficiencies statistically using
ensemble temporal correlations?



What is EFA?

Ensemble forecast adjustment . An offline data assimilation technique
that usestemporal covariancesin addition to spatial covariances to adjust the
entire forecast using observations at one time (or several times).

e EFA Adjustment of Temperature Trajectory
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Can use temporalcorrefations foreitheraveraged or non > -averaged
fields.

Initial d _ataset : The operational CFSv2 forecasts
- 16 members per day (rather than the 4 in the reforecast)
- specifically, the forecasts from DJF 20152016




EFA dataset

Forecasts used
CFSv2operational forecasts from DJF 2015-2016.
- Initialized 4x daily with 4 ensemble members
- 16 members per day
- Lagged ensembles are assembled with members from the
previous dayso forecasts
- e.g., a48-member ensemble contains members
from the past 3 days
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Verification
GDAS analyses




EFA: first experiment
A Adjusted a 21-day, unaveraged CFSv2
forecast using different lagged ensemble

sizes

AUsed GDAS analysis as fiobservati or
sampling every 10 grid points

A Assimilated observations at initialization
time: December 01, 2015 00:00Z

A Evaluated forecasts of Z500 and CHI200

A Used Gaspari-Cohn spatial localization
with a 2000 km half -width

A No temporal localization



