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Abstract

A workshop

was held in April of 2002 that brought

focus on the subseasonal

prediction

problem.

together various experts in the Earth Sciences to

While substantial

have occurred

in both weather

intermediate

time scales (time scales ranging from about two weeks to two months) has been slow. The

scales, to determine

were to get an assessment

the potential

was the multi-disciplinary
areas that included
Madden-Julian

Oscillation

extratropical-tropical

dynamics,

in this area.

hydrology

ocean-land

One of the key conclusions

singled out as particularly
Predictability

longer than two weeks.

important processes

predictability

the

including

weather prediction,
This broad

that are deemed potentially

important

for predictability

at

atmospheric

on these time scales.
phenomena

to the stratosphere),

The latter, in particular,

evidence

Tropical diabatic heating and soil wetness were

affecting predictability

was also linked to various low-frequency

(PNA), and the MJO.

variability

modeling,

was that there is compelling

modes in high latitudes (including their connections
pattern

the monsoons,

time scales.

of the workshop

forecast lead times substantially

aspect of the workshop

analysis, and prediction.

range of expertise reflected the wide array of physical processes
skill on subseasonal

skill on these time

of about 100 scientists with specialties in

and various aspects of statistical modeling,

sources of predictive

A remarkable

and land surface modeling,

coupled atmosphere-

on these

skill, and to make recommendations

and other tropical variability, extratropical

(MJO)

interactions,

seasonal prediction,

progress

predictive

natuxe of the attendees, consisting

stratospheric

predictions

of the "state of the art" in predictive

sources of "untapped"

for a course of action that will accelerate

progress in improving

over the last

few decades

goals of the workshop

and seasonal prediction,

advances

was highlighted

such as the annular

the Pacific/North

American

as a key source of untapped

in the tropics and subtropics, including the Asian and Australian monsoon regions.

The key recommendations

a) That a coordinated

of the workshop

and systematic

are:

analysis of current subseasonal

of 30-day hindcasts

forecast sldll be conducted

generating

ensembles

for the past 30-50 years with several "frozen"

AGCMs.

Specific goals include, sampling all seasons, and generating

ensembles

to estimate the evolution of the probability

5

density function.

sufficiently large

by

b) Thata seriesof workshops
beconvened
focusedonmodelingtheMJO,andthatacoordinated
multi-nation/multi-model
experimental
prediction
programbedeveloped
focused
ontheMJO.
e) That new satellite observations and new long-term consistent reanalysis data sets be developed
for initialization and verification, with high priority given to improvements
tropical diabatic heating and cloud processes,
evaporation

d)

That NASA
research

and surface fluxes (including

over land).

and NOAA

on predicting

Specific steps to implement
framework

soil moisture,

in estimates of

develop

subseasonal

a collaborative

to coordinate,

focus, and support

variability.

the above recommendations

for an experimental

program

MJO prediction

program,

are: 1) to begin immediately
2) to convene

a follow-up

to develop a
workshop

in the

spring of 2003 to organize the AGCM hindcast project, and conduct initial meetings on modeling
MJO, and 3) for NASA

and NOAA

to focus research, modeling

to put out a joint announcement

and data development

of opportunity

efforts on the subseasonal

the

within the next year

prediction

problem.

I. Introduction
"It seems quite plausible from general experience that in any mathematical problem it is easiest to
determine the solution for shorter periods, over which the extrapolation parameter is small. The next
most difficult problem to solve is that of determining the asymptotic conditions - that is, the conditions
that exist over periods for which the extrapolation parameter is very large, say near infinity. Finally, the
most difficult is the intermediate range problem, for which the extrapolation parameter is neither very
small nor very large. In this case the neglect of either extreme is forbidden. On the basis of these
considerations, it follows that there is a perfectly logical approach to any computational treatment of the
problem of weather prediction. The approach is to try first short-range forecasts, then long range
forecasts &those properties of the circulation that can perpetuate themselves over arbitrarily long
periods of time (other things being equal), and only finally to attempt forecast for medium-long time
periods which are too long to treat by simple hydrodynamic
theory and too short to treat by the general
principles of equilibrium theory".
John von Neumann (1955)
Almost a half centuxy after the eminent mathematician,

John von Neuxnann, spoke those words it

appears that we are finally ready to tackle the "medium-long"
have, over the last few decades,
seasonal/climate

conditions

term climate

The critical roles of initial atmospheric

in the latter, have helped to guide and prioritize

as well as to establish new observing

As surmised by von Neuman, progress

systems targeting these prediction

in predicting

(time scales roughly between

time scales between

are still in question.

involved, their predictability,
Improvements

such as blocking,

How predictable
variations

made in predicting

(at least occasionally)

modes?

is the PNA? How predictable

on

the PNA, and the MJO, yet the

For weather, these time scales offer

the range of useful forecasts of weather and/or weather
they are a key component

problem.

is the MJO? What is the connection

of weather and the PNA, blocking,

What is the role of the stratosphere?

problems.

these time scales are in many ways an important

"noise" that is a limiting factor in the climate prediction

in predictability

and

those of weather and short-

statistics, while for the seasonal and longer term climate prediction problem
the atmospheric

research

and the ability of cuxrent models to simulate them

step in making fuxther progress in weather and climate prediction.
the hope for extending

conditions in

15 and 60 days) has been at best modest. The variability

these time scales is rich with well known phenomena
important mechanisms

In fact we

strides in both weather (short time scale) and

(very long time scale) prediction.

the former, and boundary
development,

made important

time scale prediction problem.

between

the

the MJO, or various other subseasonal

What is the link between

subseasonal

variability

and the

of

E1Nino/Southem
Oscillation
(ENSO)?Isintraseasonal
variabilitythekeytounderstanding
and
predicting
theinterannual
variabilityoftheIndianmonsoon?
Howimportant
isoceancouplingto
subseasonal
prediction?
Whatis therelativecontribution
of SSTandatmospheric
initialconditions
to
thepredictability
of subseasonal
variabilityonweeklytomonthlytimescales?Areourmodelsgood
enough
tocaptuxe
thedominant
modesofvariability?Aretheuncertainties
in thepredictions
dominated
by errorsin theinitialconditions
(e.g.thetropicsorsoilmoistuxe)
ordeficiencies
in themodels?These
aresomeofthekeyissuesthatneedtobeaddressed
for achieving
usefullongrangeweatherpredictions,
andforimprovinganddetermining
thelimitsofseasonal
andlongerpredictions.
Thisdocument
summarizes
theproceedings
of aworkshopthatwasorganized
tobringtogether
various
experts
in thefieldtofocusonthesubseasonal
prediction
problem.Thebasicgoaloftheworkshopwas
togetanassessment
of ourcurrentunderstanding
of theaboveissues,
andtodetermine
whatwecando
tohelpmakeprogress
onthesubseasonal
prediction
problem:thisincludes
necessary
advances
in
models,analysis,
theory,andobservations.
Theworkshop
washeldattheNewtonWhiteMansionin Mitchellville,
MarylandonApril 16-18,2002.
Therewereabout100attendees
(seeAppendix),with43presentations
(seeextended
abstracts),
includingsixinvitedtalks.Theworkshopwasjointly sponsored
by theNASASeasonal
toInterannual
Prediction
Project(NSIPP)andtheDataAssimilation
Office(DAO),withsupportandfundingfromthe
GoddardEarthSciences
Directorate.Additionalfundingwasprovidedby theEarthSciences
Enterprise
atNASAheadquarters.
Theworkshoporganizing
committee
consisted
of Siegfried
Schubert
(chair,
NASA/DAOandNSIPP),Max Suarez
(NSIPP),RandallDole(NOAA-CIRESClimateDiagnostics
Center),HuugvandenDool(NOAA/Climate
Prediction
Center),
andDuaneWaliser(SUNY/Institute
for
Terrestrial
andPlanetary
Atmospheres).

Inthefollowingsection
wepresent
summaries
ofeachsession.Theoverallsummary
is givenin section
III, andtherecommendations
arepresented
the list of participants,
talks.

in section 1V. The final sections of the document

the agenda of the workshop,

and the abstracts (some of them extended)

include
of the

II. Summary

The workshop

of sessions

was opened with welcoming

Earth Sciences Directorate.
Meteorology
prediction.

remarks

from Franco Einaudi, the Chief of the Goddard

The keynote talk was given by Eugenia Kalnay, Chair of the Department

at the University

of Maryland,

The rest of the workshop

and a leading expert on dynamical

was organized

into six sessions.

minute invited tall, followed by a number of 20 minute contributed
provide summaries

talk by Eugenia Kalnay (see extended

opportunities

for making progress

ocean feedbacks, improved

history of 15-day ensemble
improved initialization

and ensemble methodologies

methods

Methods

Van den Dool emphasized

important

short-range

and

their

skill

empirical/statistical

taldng better advantage

(Chair:

and long-range

Service, and

These basic ideas were, in

Randy

Dole)

Range"

Center

(see extended

abstract).

forecasts, with the former predominantly
forcing. Forecasting

current CPC operational

and temperatures

a forecast for mean conditions

over days 15-45. The forecasts

combine

Weather

of the

posed by forecasts in the 15-60 day time range. This time

in which both initial and boundary

roles. Van den Dool described

approaches

by Huug van den Dool on "Climate Prediction

and the latter by boundary

a mixed problem

atmosphere-

that followed.

the great challenges

by initial conditions

that effectively

simulate extratropical

and Skill in the Day 15 - Day 60 Forecast

between

These opporm_nities include

with coupled models.

forecast for U.S. precipitation

procedures

problem.

routinely made by the U.S. National

The session opened with an invited presentation

therefore constitutes

In the following we

some of the key areas that provide

of the MJO including "interim"

fact, at the core of many of the presentations

determined

presentations.

more realistic MJO characteristics,

forecasts

operational

prediction

models to more realistically

simulations

that nudge the GCMs to produce

scale is intermediate

Each session began with a 45

abstract) reviewed

on the subseasonal

the use of coupled atmosphere-ocean

(CPC) Operational

extended range

of each session.

The keynote

i) Current

of

conditions

practice,

for the U.S. at a lead-time

are likely to play

which is to provide

a 30-day

of two weeks; i.e., effectively

are developed

output from both statistical-empirical

in this time range

through

subjective

and numerical model

predictions.
Predictors
includeOptimalClimateNormals,Canonical
Correlation
Analysis,andNational
CentersforEnvironmental
Prediction
(NCEP)modelforecasts.
Whenapplicable,
E1Nino- Southern
Oscillation
composites,
soil-moisture
state,andpotentialimpactsfromtheMJOarealsoconsidered.
Comparisons
betweenmonthlyandseasonal
forecasts
showthatatpresentthespatialpatternof the
monthlyforecast
is usuallysimilartothatoftheseasonal
forecast,
withmodestpositivesldllbuta
somewhat
lowersignaltonoiseratio.
Followingthepresentation
by vandenDool,Frederic
Vitartprovidedanoverviewofmonthly
forecasting
attheEuropean
Centerfor MediumRangeWeatherForecasts
(ECMWF,seeextended
abstract).
Hedescribed
anewmonthlyforecasting
projectatECMWFdesigned
to fill thegapbetween
medium-range
forecasting
(outto 10days)andseasonal
forecasts.
TheECMWFsystemisbasedona
51-member
ensemble
of coupledocean-atmosphere
modelintegrations,
withtheatmospheric
component
beingrunatT159L40resolution,
andtheoceanic
component
atazonalresolution
of 1.4degrees
and29
verticallevels.Sofar,severalmonthlyforecasts
havebeenperformed.
Preliminary
resultssuggest
that
themonthlyforecasting
system
mayproduceusefulforecasts
outtoweek4,although
themodelis
deficientin simulating
arealisticMJOmorethan10daysin advance.
Plansaretoruntheexperimental
systemeverytwoweeksforthenextfewyearsin ordertoassess
theskillofthiscoupledmodel.
ZoltanToththendescribed
theNCEPGlobalEnsemble
Forecast
Systemanddiscussed
approaches
to
extending
forecasts
beyond16days.Tothemphasized
fourissues:1)Thisis acombined
initial
condition-boundary
condition
problem,asstated
previously;
2) thatpotentialpredictability
in thisrange
isrelativelylow,butvariablein timeandspace;
3) thatakeyissueispredicting
regimechanges;
and4)
thatthemodelsbeingusedarefarfromperfect.Withregardtoeachof theseissues,
hesuggested:
1)we
needtoemploycoupledmodelsaspartof thepredictionstrategy;
2) thatensemble
prediction
methods
areessential
forenhancing
thepredictable
signal,detecting
variations
in predictability,
andproviding
probabilistic
forecasts;
3)thatmajorregimechanges
aresometimes
wellpredicted,
but case-to-case
variations
aregreat,andtheextenttowhichthesevariations
areintrinsicor duetomodelerrorsor
observational
deficiencies
is unknown;and4) thatnewapproaches
areneeded
to correctfortheeffects
ofmodelerrors,includingbiasesinboththefirstandsecond
moments.
A criticalissueis thelackof
adequate
variabilityin themodels,
whichleadsto"overconfident"
forecasts.
It isvitaltoadjustforthis
biasin ordertoimproveforecast
estimates
ofprobabilitydistributions.
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SteveColucciprovidedanoverviewofrecentresultsonensemble
predictions
ofbbcldng(seeextended
abstract).
Hediscussed
resultsof research
withtheNCEPMRFmodel,andunpublished
workby J.L.
PellyandB.J.HoskinswiththeECMWFmodel.Thesestudies
examined
theclimatology
ofblocldng
over3-5yearperiods.Preliminary
resultssuggest
thatblocldngfrequency
is mnderpredicted
inboththe
NCEPandECMWFmodel,butthatthisbiascanbeatleastpartiallycorrected
toproducecalibrated
probabilistic
forecasts
thatextendtherangeof sldllfulblocldngforecasts.
ArranKumardiscussed
theimpactof atmospheric
initialconditions
onmonthly-mean
modelhindcasts
withanatmospheric
general
circulation
model(AGCM).TheAGCMswerermnfromatmospheric
conditions
startingatleadtimesfrom1-4monthsin advance.
Theresultssuggest
thatJanuary
simulations
witha shorter
(1 month)leadtimehaveahighersignal-to-noise
ratio,especially
athigher
latitudes,
andtherefore
consideration
shouldbegiventousingobserved
initialconditions
inthistimeof
year.
Thefinalpresentation
ofthesession,
givenby ThomasReichler,
alsoexamined
theroleofatmospheric
initialconditions
onlong-range
predictability.
Thestudydesignconsisted
ofmxmingensemble
AGCM
predictability
experiments
withtheNCEPseasonal
forecasting
modelatT42L28resolution
froma
varietyof initialcondition(IC)andboundary
condition(BC)states,
includingENSOandnon-ENSO
(neutral)years.Thebasicconclusions
werethatinitialconditions
haveanoticeable
influence
onweekly
hindcast
sldllin winterouttoweeks2 to6,withtheeffectsmostpronounced
athighlatitudes,
the
middleatmosphere,
atlowerlevelsovertheIndianOcean,duringactivephases
oftheAntarctic
Oscillation(AAO),andwhenENSOis weak.

ii)

Predictability

of extra-tropical

"modes"

(Chair:

Max

This session dealt with various aspects of a number of coherent atmospheric
have time scales sufficiently

long to afford predictability

Suarez)

teleconnection

patterns that

on weekly and longer time scales.

The session began with an invited talk by Mike Wallace about a study on the impact of the Arctic
Oscillation

(AO) and the PNA on subseasonal

variability,
11

carried out by Roberta Quadrelli

and Mike

Wallace(seeextended
abstract).TheanalysiswasbasedonNCEP/NCARreanalysis
dataforDJFMfor
theperiod1958-1999.Theyexamined
thevariabilityof 10-daymeansof sealevelpressure,
500mb
heightand1000-500mb
thickness
fieldsduringtheextremes
in thetwopolaritiesofboththeAO and
PNA. TheyfoundthatboththeAO andthePNAhavea substantial
impactonthefrequency
of
occurrence
of weatheroftenassociated
withcoldair outbreaks
in middlelatitudes.
FortheAO,thisis
characterized
by enhanced
variabilityduringthelowindexstate(weaksub-polarwesterlies).
MarkBaldwinreportedonworkwithTimDu_rlkerton
thatexamined
theabilitytopredicttheAO
usingstatistical
techniques
(seeextended
abstract).TheynotethattheAOis thesurface
expression
oftheNorthernAnnularMode(NAM):thelatteris mostpersistent
atstratospheric
levels,peakingin thelowermoststratosphere,
wheretheDJFe-foldingtimescaleexceeds
30
days.Theyfurthershowed
thatthepersistence
oftheAO hasa strongseasonality
with
substantially
morepersistence
(e-foldingtimeof 15-20days)du_rmg
thewinterseason
whenthe
planetary
wavecouplingtothestratosphere
is strongest.Theyfounda linearrelationship
betweenthelowerstratospheric
NAM andtheaverage
AO 10-40dayslater,thatshouldmake
possiblepredictions
oftheAO atthe10-40dayrange.
StevenFeldstein
examined
thedynamical
mechanisms
of thegrowthanddecayof theNorthAtlantic
Oscillation
(NAO). Thestudyinvolveda diagnostic
analysis
usingNCEP/NCAR
reanalysis
dataaswell
ascalculations
witha forced,barotropic
modet Theresultsshowedalife cycleofabouttwoweeks.
Bothhigh-frequency(period<10days)andlow-frequency
(period>10days)transient
eddyfluxeswere
foundtodrivetheNAOgrowth,whilethedecayoftheNAOoccursthroughboththedivergence
term
andthelow-frequency
transient
eddyfluxes.Theresultsfurthershowedanimportant
difference
betweentheNAOandPNApatterns,
in thattheNAOlifecycleis dominated
by nonlinearprocesses,
whereas
thePNAevolution
isprimarilylinear.
GrantBranstator
showedexamples
fromtheobservations
andtwodifferentmodelsimulations
(the
NSIPP-1andNCARmodels)ofwavetrains
thataremeridionally
confinedandzonally-elongated
asa
resultofbeingtrappedwithinthewaveguide
of themeanwinterNorthemHemisphere
jets(seeextended
abstract).Hediscussed
howthesewavetrains
areimportantforthesubseasonal
predictionproblem
because
theyactto connect
widelyspaced
locationsaroundtheglobewithinaboutaweek,theyimpact
12

thetimemeanandbandpass
eddystatistics,
andtheyeffectvariousotherteleconnection
patterns
suchas
theNAO andtheENSOresponse.
Suxnant
Nigamexamined
thematuxe-phase
dynamics
ofPNAvariability.HenotedthatthePNA
represents
circulation
andprecipitation
variabilityonbothintraseasonal
andseasonal
time-scales,
and
thatthePNAhassometimes
beenerroneously
associated
withENSOvariabilityasit canbeexcited
duringENSOwintersaswell. Thepatternwassimulated
withforcing(diagnosed
fromreanalysis
data)
usingasteadylinearprimitiveequation
model. Themodelresultsindicated
thatzonal/eddy
coupling
andsub-monthlyvorticitytransients
areimportant
in thepattern's
generation.
TimDelsoleintroduced
theconceptof anoptimalpersistence
pattern(OPP)asacomponent
of atimevaryingfieldthatremains
auto-correlated
forthelongesttimelags.HeshowedhowOPPscanbeused
forisolating
persistent
patterns
in stationary
timeseries,
andfordetecting
trends,discontinuities,
and
otherlow-frequency
signals
in non-stationary
timeseries.Theresultsofhisanalysis
showed,
among
otherthings,thatthePNAis themostpredictable
(in alinearsense)
atmospheric
pattern.
WilburChenexamined
subseasonal
variabilityandteleconnectivity
forvarioustimescalesassociated
withthePNA,NAOandAO usingNCEP/NCARreanalyses
fortheperiod1971-2001
(seeextended
abstract).Heshowedthatasthetimescale
increases
(7-day,31-dayand61-daymeans),
the
teleconnections
notonlybecomestronger
andbetterestablished,
but alsomuchmoreorganized
and
locatedincertainpreferred
regions.Hefurthered
illustrated
thesensitivity
ofthe January-March
teleconnection
patterns
tothebasedpointusedtodefinethecorrelation
patterns.
HyuxlKymngKimpresented
workcarriedoutwithWayneHigginstomonitorthePNA,theArctic
Oscillation(AO),theNorthAtlanticOscillation
(NAO),andtheAntarcticOscillation(AAO). Indices
of thesepatternsweredeveloped
fortheperiodJanuary1950to thepresent,
usingtheNCEP/NCAR
CDAS/Reanalysis.
Forecasts
of theindicesaremadeby projectingtheloadingpatternofeachmode
ontotheMRFandensemble
forecastdata.Theindicesandforecasts
forthemostrecent120daysare
postedonthemonitoringweatherandclimatewebsiteof NCEP/CPC
andupdateddaily.
(http://www.cpc.ncep.noaa.
gov/products/precip/CWlink
).
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iii-iv)

Predictability

tropical

of the ISO/MJO

interactions

(Chair:

In view of the strong connections
interactions,
oscillation

Duane

between

(Chair:

Penland)

and Tropical/extra-

Waliser)

the topics on the ISO/MJO

and tropical-extratropical

this section is a synthesis of both sessions III and 1V. While the names intraseasonal
(ISO) and MJO are often used interchangeably,

to the boreal summer variability
For convenience

common

practice to refer

we have chosen not make that distinction here, so that in the following we refer to both

as simply the MJO.

parenthesis

and usually at the end of the sentence.

(session iii, see extended

Tropical intraseasonal
phenomena

it is now becoming

as the ISO, while the MJO is a boreal winter or cold season phenomena.

phenomena

Australian

Cecile

Note also that in this section, the references

abstract), and Prashant

variability

Invited presentations
Sardeshmukh

persistence

extreme precipitation
storms/hurricanes

extra-tropical

were made by Duane Waliser

(session iv, see extended

abstract).

region, onsets and breaks of the Asian-

circulation anomalies in the Pacific-America

events along the westem United States, the development

in the Pacific/Atlantic

(Duane Waliser).

appear in

was shown to interact with and/or influence a wide range of

including local weather in the tropical Indo-Pacific
monsoons,

to the speakers

the intrinsic time scale, at least its biennial character

to the point that the MJO may help characterize

of ENSO (William Lau, see extended abstract).

Additional influences from the MJO include the modulation
of the S. America

that an independent

intraseasonal

of tropical

sectors, and even the initiation of E1 Nino / La Nina events

This latter aspect was even extended

and the persistence

sectors,

convergence

of N. Pacific cyclone activity (Mike Chen)

zone (Leila Carvahlo).

oscillation may exist over S. America

There is also the indication

(Jiayu Zhou, see extended

abstract).

A number

of presentations

improvements

(e.g., Prashant

in tropical diabatic heating variability

will/should result in enhanced

(long-lead

latitudes via tropical/extra-tropical
study showed

Sardeshmukh,

useful predictability

and prediction

"waves")

For example, one idealized dynamical predictability

GCM representation

or numerical

showed that

sldll in the Tropics as well as mid-

of the tropical MJO, the expected

for the MJO might be about 25 days (Duane Waliser).

both climate simulation

Ken Sperber)

(e.g., MJO, ENSO, other equatorial

and seasonal) forecasting

teleconnections.

that with a reasonable

Duane Waliser,

weather forecasting
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Unfortunately,

limit of

GCMs in

settings still exhibit rather poor

simulations
ofMJOvariabilityexceptfora fewisolatedcases(DuaneWaliser,KenSperber,
Suranjana
Saha).Infact,eventheinterannual
variabilityof features
suchastheAsianmonsoon
appear
tobepoorly
simulated
dueto thepoorrepresentation
ofintraseasonal
variabilityandits(albeit)onlyweak
dependence
onboundary
conditions(KenSperber).Apartfromtropicaldiabaticheating,one
presentation
(KlausWeickmann)
notedthatatmospheric
intraseasonal
variabilitycanariseduetothe
effectofmountain
andfrictionaltorques
ontheadjustment
oftheatmosphere
to stochastically-varying
flowovermountains.Thus,toproperlyaccount
fortropical- extratropical
interactions
onintraseasonal
timescales,
it maybeimportanttounderstand
theseparate
rolesandinfluences
fromtheabove
stochastically-forced
process
andfromthemoredeterministic
tropicaldiabaticheatingprocess
(i.e.
MJO).
Onepresentation
(Prashant
SardeshmuXh)
showed
thatforecasts
basedonamultivariate
linearinverse
model(LIM) couldpredictseven-day
averages
ofnorthern
hemisphere
streamfunctionatleadtimesof
aboutthreeweeksatskillssuperiortotheNCEPMedium-Range
Forecast
model(MRF). This
presentation,
alongwithanother(Newman),
showed
howtheabovepredictability
camein largepart
fromanabilitytodescribe
theevolutionoftropicalheating,aphenomenon
whichis notdescribed
well
by theMRF. Bothpresentations
emphasized
howLIM'sprediction
sldllwastiedtotheidentification
of
threeoptimalstructures
forgrowth:onedominated
by tropicalheating,onewhichcombined
tropical
heatingandmidlatitude
dynamics,
andathirddominated
by midlatitude
dynamics.In addition,
it was
notedthatwhiletheLIM canlikelyprovideusefulsubseasonal
predictions
ofmidlatitude
variability,it
maybenecessary
tousenon-linear
modelstoprovidebetterestimates
of mncertainty
- i.e.forecasting
forecastsldll. Of course,
thesenon-linear
modelsneedtorepresent
thestrength
andvariabilityof
tropicalheatingproperly.
Monitoringandforecasting
of MJOwasdiscussed
in anumberof contexts.Forexample,atleasttwo
empiricalreal-timeforecasting
schemes
appear
tobeforthcoming
(MatthewWheeler- seeextended
abstract,
CharlesJones,YanXue-seeextended
abstract),
in additiontotheonethatalreadyexistsvia
shallow-water
modelwavefiltering(MatthewWheeler).Theseactivities
canbeexpected
toprovide
usefulreal-timeMJOforecasts
outto 10-20dayslead-time,
particularly
inthecuxrent
environment
in
whichnooperational
modelhasbeenshowntodowell atsimulating/forecasting
theMJO. Oneresearch
grouphasbuiltanempirical
mid-latitude
forecasting
modelbasedonthecanonical
relationship
between
15

theMJOandmid-latitude
anomalies
overthePacific- NorthAmericansector(YanXue). Suchamodel
(andassociated
website)is designed
toprovideanaidforextended
rangeweatherand/orshort-term
climateforecasts.
Additionalpresentations
examined
thestructural
variabilityaswell asfrequency
and
propagation
characteristics
of MJOevents(Jones)
tobetterunderstand
thedifferenttypesMJOevents
andtheirassociated
probabilities
for occurrence,
includingforexample
howENSOinfluences
these
probabilities
(orviceversa).Alongthesesamelines,it waspointedout(DuaneWaliser,WilliamLau)
thatanumberofrecentanalyses
haveshownthatthereis noobviousrelationbetween
interannual
SST
variabilitymthetropicsandtheoverallactivityof theMJO,exceptthatMJOeventstypicallypropagate
furthereastduringE1Nmoconditions.
However,theanalysis
fromonepresentation
(WilliamLau)
suggested
thatthebiennialtendency
ofENSOmaympartbederivedfromthecouplingbetween
the
mterannual
andmtraseasonal
timescales.
Twopresentations
(Suranjana
Saha,HilarySpencer
- seeextended
abstract)
pointedoutspecific
instances
of theextreme
sensitivity
thattheMJOsimulation
character
hasonevensubtlechanges
m
modelparameterization.
Oneofthesepresentations
stressed
theneedto simulatea correctbasicstatem
anumerical
weather
prediction
model,forboththesakeof obtaining
anaccurate
climatology
andthus
lessdriftwithleadtimebutalsotoobtainabetterrepresentation
oftransients
thatdepend
onthemean
state(Suranjana
Saha).In fact,veryrecentstudies
haveshownthatthesimulation
qualityoftheMJO
canbeparticularlysensitive
tothebasic(e.g.,low-levelzonalwinddirection
m theIndian/westem
PacificOceans).Theotherpresentation
(HilarySpencer)
highlighted
therathersignificant
changemthe
simulation
qualityoftheMJOsimplyduetoanincrease
mtheverticalresolution
(namelymthemidtroposphere).
Alongsomewhat
similarlines,it wasshownthatassimilation
of totalcolumnwatervapor
content
intotheGEOSACJCMcansignificantly
influence
themodel'srepresentation
oftheMJO(Man
Li Wu- seeextended
abstract),
furtheringthesuggesting
thatcorrecttreatment
ofmoistconvection
and
thehydrological
cyclearevitaltothesimulation
oftheMJO. Anotherstudyextended
thisnotiontoa
completely
general
framework,
pointingoutthatouranalyses
andre-analyses
datasetsareseverely
hampered
bynotonlya lackofdatabutalsoduetoincorrect
moistphysicalparameterizations
(Arthur
Hou- seeextended
abstract).Thisstudyhighlighted
theimprovements
thatcanbegamedm thesesorts
ofvalidatingdatasetsviatheassimilation
of satellite-based
precipitation
estimates.
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A numberof talksstressed
theimportance
of whatmighthavepreviously
beenthoughtof as
unimportant
detailsasactuallybeingsignificant
tothesubseasonal
prediction
problem.Inonecase
study,it wasshownthattheevolutionoftheseasonal
meancirculation
overthePacificNorthAmerican
regionwasdeterministically
influenced
by subseasonal
SSTvariability(BenKirtman).In another
case,
it wasshownthatpropersimulation
ofthedetailed
characteristics
of atropicalatmospheric
heat
anomalyassociated
witha givenE1Nino,includingthecorrectpartitionbetween
basicstateand
anomaly,
werecrucialto obtaining
apropermid-latitude
teleconnection
properties
forthatgivenevent
(HilarySpencer).
Alongsimilarlines,it wasshownthatdistinctsub-seasonal
(i.e.monthly)extratropicalatmospheric
signalsdooccurin response
to ENSOandthatseasonal
averages
notonlycan
smeartheseoutbutcanobscure
thementirely(MarryHoerling).

v) Role

of land

surface

processes

(Chair:

Randy Koster gave the invited presentation
additional

papers, by Masao

Kanamitsu

Dirmeyer

and Mike Bosilovich

Huug

den

Dool)

for this session (see extended

et al. (see extended

abstract).

abstract), Adam

et al. (see extended abstract).

by Huug van den Dool in his invited talk about operational
paraphrase

van

There were four

Schlosser

et al., Paul

To this I will add some comments

methods

made

that relate to the land surface.

To

(and extend slightly) on Koster's list of requirements:

1) Soil moisture needs to have an effect on the atmosphere.
2) Soil moisture

This effect has to be quantifiable.

needs to have a memory, either through a long autocorrelation

or in a more Lagrangian

sense as prediction

skill where soil moisture

anomalies

(lifetime "on the spot")
are allowed to evolve

and move around.
3) Finally, does realistic soil moisture actually help in the prediction?

Koster et al made several shortcuts and studied "potential predictability"
moisture could make a difference.

Different models give, mnformanately, very different estimates of

where soil moisture could make a difference.
realistic soil moisture

in a model to find "where" soil

data set for 1979-present

scheme of the so-called Reanalysis-2.

Kanamitsu

et al have gone ahead and made a fairly

by manipulating

the precipitation

A large focus here is on verification,

which leads to a focus on

DATA. Model forecasts with and without realistic soil moisture show improved
17

that enters the land

sldll in temperature.

Theimpactonprecipitation
is unclear.
Kanamitsu
doubtsthatweneeddynamical
modelsif allwecan
harvest
is theimpactontemperature.
VandenDoolshowed
extensively
by empiricalmeans
howdry
(wet)antecedent
soilleadstowarmer(colder)conditions
forthenextseveralmonths.Suchtoolsare
alreadyin placeforusein CPC'smonthlyforecasts
andarebeingrelieduponforthewarmseason.
Schlosser
showedthattheautocorrelation
of soilmoisturevariesfromweeksto seasons.
Healsoargued
thatthebeneficial
impactofrealisticinitialsoilmoisture
in amodelbecomes
impossible
tofindwhen
themodelbiasesoverwhelm
anysmalleffectswearelooldngfor.Thefocushereis ona-prioriremoval
of systematic
errors.Dirmeyerdelineated
thatthemodeldriftconsists
of threeparts,eachwiththeirown
timescale.Thefirstis caused
byprecipitation
bias,thesecond
by radiation
biases,
andthethirdwould
becouplingeffects.Dirmeyeralsoraisedthequestion
astowhetherweshouldbeusingmodel
consistent
soilmoisture
orrealisticsoilmoisture.
Nearlyeverybody
wantedtoknowwhymodelshave
precipitation
biases,andwhatit wouldtaketoreducethemThetracerstudyby Bosilovichadded
another
perspective
tothequestion
abouttheoriginofprecipitation
in a givenarea.
Closingcomments:
A) Althoughtheeffectof soilmoisture
is expected
in "thewarmseason"
it is important
yearroundfora
numberofreasons:
i) Thereis awarmseason
somewhere
ontheplanetallthetime,andby
teleconnection
theimpactscouldbefaraway,especially
whentrendsin landuseoverlargeareas
(South
EastAsia)areconsidered,
ii) Soilmoisturecalculations
needtobedoneyearroundandiii) Theremay
becarryovereffectfromsnowcover/depth
to soilmoistureanomalies.
B) GCMsappear
to overdotheimpactof soilmoistureonforinstance
thenearsurface
temperature.
C) Weneeddataatthemostbasicleveltoverifymodelresults.Thereappears
tobeanalmostcomplete
lackofevaporation
data.Needbrightmindstothinkofmeasuxing
(surface)
evaporation
ona scalelarger
thana towerhereandthere.
D) Weneedtofindnon-localimpacts
of soilmoisture
forthisfieldofscientificendeavor
tobereally
important
(overandabovesimpleempiricalmethods)
forforecasts
in dayl5-60range.
E)Whatarethecauses
oflargeprecipitationbiasesin GCMs,andhowtoimprovethesituation?
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vi)

Link

between

(Chair:

low

frequency

Siegfried

and

weather/regional

phenomena

Schubert)

This session consisted of a number of talks dealing with various aspects of weather and climate
variability

and predictability,

including diagnostic

that affect AGCM simulations

The invited presentation
Whitaker

and forecasts.

was made by Jeff Whitaker

on the subject of"Storm

and Tom Hamill (see extended abstract).

prediction
storms.

studies of the errors (both random and systermtic)

The transition between

Track Prediction"
weather and climate

was defined to occur at the forecast lead time at which all sldll is lost in predicting individual
Prediction

of weather beyond

organize weather to allow predicting
major precipitation

A number

producers

that transition is based on the assumption
the statistics of weather,

in particular

that the large scales

the short waves that are the

during the cold season.

of results were presented

model (T62L28)

that was operation

from 23 years of three week "reforecasts"

for JFM with the MRF

during the first half of 1998. They found that in the extratropics,

short waves lose sldll after 5 days, while the long waves have sldll well into week two.
CCA analysis showed that the most predictable

pattern

for day 10 forecasts

analysis further showed a time evolution in which an initial broad anomaly
Pacific, followed by rapid intensification
downstream

propagation.

Furthermore,

is the PNA.

A regression

develops in the North

in the eastern Pacific of a baroclinic

The above evolution is associated

the storm track shifts were more coherent

In the second part of the talk, Jeff examined

wave, followed by

with well-defined

for longer averaging periods (more individual
week two quantitative

precipitation

described

a method for characterizing

The results

is crucial.

The next talk was given by Yehui Chang on "Extreme weather events and their relationship
teleconnections"

forecasts

ensemble runs at CDC since 1 Dec 2001. The results showed

that sldllful QPFs in week 2 are possible, but that ensemble bias correction

frequency

showed

storm track shifts.

(QPFs) with the above forecast model, and based on his analysis of the storm track shifts.
were based on near real time 15 member

the

The results of a

Results for week 2 were quite similar, while the three week averages

a link to the west Pacific pattern.

storms).

by Jeff

by Y. Chang and S. Schubert

(see extended

extremes in daily precipitation
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abstract).

to low

The presentation

over the continental

United States

usingacombination
ofcompositing
andlinearregression.
Theresultsshowedthattheextremes
have
bothregionalandseasonal
dependencies.
Forexample,
duringthecoldseason,
theextremes
in
precipitation
tendtobeassociated
withwell-known"large-scale"
weathersystems,
whileduringthe
warmseason
theyareassociated
withmorelocalizedconvective
systems.Theresultswereappliedto
boththeobservations
andtheresultsfromsimulations
withtheNASA/NCARAGCMrunwithidealized
warm,neutralandcoldENSOSST.TheAGCMresultsandtoa lesserextenttheobservations
(19631999)showedevidence
for asubstantial
impactof ENSOonthestatistics
of theextremes
events.
Preliminary
evidence
wasalsopresented
forimpactsof subseasonal
modesofvariability(e.g.thePNA
andtheNAO)onthestatistics
of theextreme
events.
J.ShuMa
presented
theresultsofa studyonthe"Relationship
betweenthePNAinternalpatternandthe
ENSO-forced
pattern:timescales
fromdailyto seasonal",
by DavidStrausandJ.ShuMa.Thestudy
involvedtheseparation
of seasonal
meanvariabilityduringborealwinterintothatforcedby SSTand
thatgenerated
internally.Thestudywasbasedon30wintersofensembles
ofsimulations
withthe
COLAAGCMforcedwithobserved
SSTaswellas,longsimulations
withclimatologically
varying
SST.Theydistinguish
between
theENSO-forced
response
(orexternal
patternofvariability)andthe
'PNA"-likepatternof internalvariability.Theyfoundthatwhenthesepatterns
areprojected
onto
pentaddata,theprobabilitydensityfunction(pdf)obtained
fortheENSOpattemis distinctfromthatof
thePNApattern.TheyfurtherfoundthatduringwarmeventsthePNApatternhasgreater
chanceof
havingbothpolarities,
whileduxmg
coldevents
theENSOpdfis widerthanthatofthePNA,andthere
isenhanced
intraseasonal
variability.
RobBlackpresented
atalkonan"Assessment
ofmidlatitudesubseasonal
variabilityin NASA/GSFC
general
circulation
models",by Black,Robinson
andMcDaniel(seeextended
abstract).They
performed
apreliminaryassessment
ofthestormtracksandanomalous
weatherregimesin AMIP-style
integrations
of twodifferentmodels.Theseconsistof theNASA/NCARAGCMusedby theDAOfor
dataassimilation,
andtheNASA Seasonal-to-Interannual
Prediction
Project(NSIPP)-1AGCMusedby
NSIPPtoassess
predictabilityandtocarryoutpredictions
onseasonal-to-interannual
timescales.The
resultsshowed
thatthemodelsregionalpatterns
of uppertropospheric
eddykineticenergy(EKE)are
wellrepresented
forboththesynopticandlow frequency
eddies,
andrepresent
animprovement
over
earliermodels.Bothmodels,
however,haveweakerthanobserved
lowfrequency
andsynopticEKE(by
20

20-30%).TheNSIPPmodelin particular,
hassynopticEKEthatis only64%oftheobserved
values.
Theauthors
present
a numberof diagnostics
to attempt
toexplainthemodeldiscrepancies.
A diagnosis
of thebaroclinicandbarotropicaspects
ofthemodeldynamicsshowsthattheNSIPPmodelsynoptic
eddiesareexperiencing
enhanced
barotropicenergylossestothemeanflowin thejet exitregion,while
thebackground
baroclinicforcingis closertotheobserved
values.Theauthors
speculate
thatthe
existingdeficiencies
in thelow frequency
EKEofbothmodelsmayberelatedtothescaleinteraction
betweenthesynopticandlowfrequency
eddies.

MingCaipresented
atalkon"Diagnostics
ofClimateVariabilityandTrendUsingPotential
Vorticity
Maps"by MingCaiandEugenia
Kalnay.Theyexamined
thestrongwarmingtrendin highlatitudes
of
theNH duringthelast2 decades,
andconjectured
thatchanges
in extratropical
frontalactivitymay
explainpartofthemuch-amplified
warmingtrendin highlatitudes.Theirdiagnostic
technique
centered
onananalysis
ofpotential
vorticitysurfaces
in whichtheydefinePVfoldingzones.Theinterannual
variabilityof anextratropical
PVFoldingIndex(PVFI)andextremesurface
coldandwarmevents
were
bothshowntohaveastrongQBOsignal.Theyfurthershowedthattheinterannual
variabilityofthe
PVFIis correlated
withinterannual
variability&warm

and cold events. An advantage of using the

PVFI, over say the AO index is that it measures both mobile and standing parts of polar vortex
variability, and is not constrained

Glen White's
extended

talk focused on the systematic

abstract).

model simulations,
improve

by "inactive"

periods or warmer seasons.

errors of the NCEP operational

He showed that the systematic
and suggested that improvements

the 2 week to two month forecasts.

in the short-range

An advantage

The analysis addressed, in particular,

showed that considerable

differences

systematic

forecast systems have problems

with cloudiness

with moistuxe that affect long wave fluxes.
representation

of low-level

dominates

A key deficiency

oceanic stratus clouds.
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inaccurate

forecasts

is

the forecast

errors in the surface fluxes.

different estimates of air-sea

that produce

errors should help to

of focusing on the short-range

the systematic

exist between

(see

errors are similar to the bias in long (multi-year)

that they should be easier to diagnose, since they occur before nonlinearity
evolution.

0-15 day forecasts

Glen

fluxes. Current global

short wave fluxes and problems

of cuxrent models appears to be in the

MarkHelfandpresented
resultsfromastudyof theinterannual
variabilityoftheUnitedStates
Great
PlainsLow-LevelJet(GPLLJ)duringMaythroughAugust(seeextended
abstract).Theresults,baseon
17yearsof GEOS-1reanalysis
datashowedthattheGPLLJis oneof themostpersistent
andstable
features
ofthelow-levelcontinental
flow. Theinterannual
variance
wasfoundtohave3maximawith
oneovertheupperGreatPlains,anotheroverTexas,anda thirdoverthewesternGulfof Mexico.Mark
showedevidence
foranintermittent
biennialoscillation
in themaximaoverTexas.Ofparticular
relevance
tothesubseasonal
prediction
problemis thefindingthatthetypicaldurationof theinterannual
anomalies
is ontheorderof several
weeks,withthemoresoutherly
maximahavingthelongesttime
scales.Furtheranalysis
is required
tobetterunderstand
thenatureof thebiennialoscillation
and
robustness
oftheweek-to-week
coherence
oftheseanomalies.

III.

Discussion

The final discussion

and Summary

session, chaired by J. Shu_kla, summarized

outline steps that should be taken to make progress
highlighted
particular,

on the subseasonal

some of the lessons learned from the numerical
it was pointed out that much of the improvement

years has come about because of improvements
also be true for the subseasonal

prediction

problem

throughout

the globe.

and analysis provided by members

problem.

and

J. Shukla

(NWP) problem.

In

in weather forecast sldll over the last 30
It remains to be seen whether this will

problem, though it is already clear that models will have to do
etc.) to make substantial

He also outlined a set of baseline

could serve to better assess the status of our current subseasonal

The following is a synthesis of the summary

prediction

weather prediction

to the models.

many things right (e.g., land, weather, MJO, stratosphere,
prediction

the main findings of the workshop

towards the

forecast experiments

that

capabilities

(see below).

session and includes further (post-workshop)

summaries

of the organizing committee.

prediction

progress

Specific recommendations

are given in

section IV.

Forecasting

on time scales longer than weather but shorter than one season (about 2 weeks to 2 months)

is perhaps the most challenging
This workshop

weather/climate

forecasting problem

was held in order to take stock of current capabilities,
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we will face in the coming years.
and to examine recent progress

in

anumberof differentareasofweatherandclimateresearch
thatofferpotentially
substantial
gainsin
forecast
skillon2 weekto2 monthtimescales.Theworkshop
participants,
therefore,
included
scientists
fromtraditionally
disparate
commuxtities,
includingresearchers
withspecialties
in
stratospheric
dynamics,
hydrologyandlandsurface
modeling,
themonsoons,
theMJOandothertropical
variability,extratropical
variabilityincludingextratropical-tropical
interactions,
coupledatmosphereocean-land
modeling,
weather
prediction,seasonal
prediction,
andvariousaspects
of statistical
modeling,
analysis,
andprediction.
Thekeyfindingoftheworkshop
is thatthereis compelling
evidence
forpredictive
skillatleadtimes
substantially
beyondtwoweeks.It is understood
thatatthesetimesscales
thepredictions
arelargely
probabilistic
(e.g.,phaseinformation
aboutindividualstormsystems
islost),andthattheultimategoal
shouldbetheprediction
oftheevolutionoftheprobabilitydensityfunction(PDF),thereby
bridging
boththeweatherandseasonal
forecast
problems.Thevariouspresentations
suggested
thatweshould
notexpectto finda singledominant
source
ofpredictive
skillonthesetimescales.Infactpredictive
skillwill likelycomefromahostof differentphenomena
depending
onregion,season,
andtimescales
ofinterest.Forexample,
duringtheborealwinterthereis evidence
forenhanced
predictability
in the
middleandhighlatitudesassociated
withtheArcticOscillation,
thestratosphere,
thePNApattern,and
tropicalforcing.Evidence
foranalogous
sources
ofpredictability
existin theSouthern
Hemisphere
(e.g.,theAntarcticoscillation).TheMJOoffersthepotentialforimprovedforecast
skill,especially
of
theAsian-Australian
monsoon.Memoryofthesoilmoisture
(andsnowmelt)offershopeforskillful
warmseason
predictions
atleadtimesbeyondtwoweeksin anumberofdifferentcontinental
regions,
primarilyof surface
temperature
andto alesserextentprecipitation.

In the following we summarize

some of the key unresolved

help translate the various potential sources of predictability

issues and outline specific steps that should
into measurable

improvements

in forecast

skill.

i. Role of tropical

heating

and the MJO

This is one of the most promising
improvements.

sources of predictability

and represents

a major opportunity

Current GCMs do poorly in simulating many aspects of tropical convection
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for
and the

linkstotheextratropics,
especially
theheatingassociated
withtheMJO. Simpler(compared
with
GCMs)linearinversemodels(LIMs)showskillat3 weeksin theextratropics
associated
withtropical
heating,
a sldllnotrealized
in currentGCMs.Statistical
andothermodelingstudies
suggest
that
deficiencies
intheabilityofGCMstosimulate
MJOsarea serious
impediment
toimprovingforecasts
of
subseasonal
variabilityoftheAsian-Australian
monsoons,
thepredilection
forhumcane
formation,and
othersubseasonal
variabilityincludingthatoverthesouthwestern
UnitedStates.
It wasalsopointedout
thatimprovingtherepresentation
oftropicaltransients
in GCMswill likelyhavea muchgreater
impact
onforecasts
thanimprovements
in theextratropics,
andthiswill havemajorimpactsonalargerportion
oftheworld'spopulation.
Whilemodelingdeficiencies
areamajorproblemin thisarea,deficiencies
in theestimates
oftropical
heating
(bothforinitialconditions
andformodelverification)
arealsoimportant.It isclearthatwewill
needbetterestimates
of tropicalheating.Littleworkhasbeendonetodatetoaddress
predictability
associated
withtropicalheatingonsubseasonal
timescales
usingGCMs.Howimportant
arethedetails
of theheatingfields(howaccurately
mustthesebeobserved)
andcanwe expecttopredictthesebeyond
twoweeks.LIMsof GCMsofferanimportantdiagnostic
toolto address
theseissues.
Considerable
workis needed
tobetterunderstand
thenatureandpredictabilityofthetropicallyforced
modes.Forexample,
issues
specifictotheMJOinclude,thesensitive
of MJOpredictability
estimates
totheGCM,season,
ENSO,SSTcoupling,andmid-latitude
variability.HowdoesMJOpredictability
influence
mid-latitude
circulation
andextreme
eventpredictability?
Canweuseempiricalforecasts
of
MJOheatingandassimilate
thatintoforecast
modelsasashort-term
means
toimprovemediumto
extended
rangepredictions?
Theroleof subseasonal
SSTvariations
notdirectlycoupledtotheMJO
alsorequiresfurtherstudy.
ii. Extratropical

modes

of variability

Annular "modes" provide one of the most promising
and high latitudes.

prospects

for sldH beyond two weeks in the middle

These modes appear to have long enough time scales and strong enough influences

on the surface that memory

&the initial conditions

can produce

useful forecasts at long lead times.

For

example, the Arctic Oscillation has a strong influence on middle and high latitude surface temperatures.

24

Thereis intriguingevidence
of stratospheric
influence:
strength
of wintertime
stratospheric
vortex
influences
thesubsequent
tropospheric
circulation.Anotherlowfrequency
patternthathasa substantial
impactontheNorthernHemisphere
extratropical
climateis thePNApattem.In fact,thePNAwas
identifiedasthemostpredictable
of alltheextratropical
modesexamined.Blockingepisodes
represent
anothersource
ofpredictability,
thoughthisis yet-to-be-realized
sincecuxrent
modelstendtounder
predictblocldngfrequency.Stillotherlowfrequency
teleconnection
pattemshavebeenrecently
discovered
in whichthetropospheric
jetsactaswaveguides,resultingin zonallyelongated
wave
patternsthatlinkdistantpartsoftheglobe.Thepredictability
associated
withthosemodesis yettobe
determined.
Keyissues
thatneedtobefurtheraddressed
includethenatureofthelink oftheannularmodestothe
stratosphere
andthesignaltonoiseratio(i.e.howlargeis thepredictable
signalfromthestratosphere
compared
withthetotalvariability).Thereis a needtobetterunderstand
thesources
ofpredictability
associated
withblockingandthePNA(e.g.tropicalheating,weather,
ENSO).Howdothevariations
in
thejetsaffectpredictability
associated
withthewaveguidingmechanism.Howwell domodels
reproduce
theseandotherlow frequency
modes,theinteractions
withthestratosphere,
andinteractions
withweather/extremes?
Doesthesignalgetlostbeyondtwoweeksduetomodeldrift'?Whatis the
sensitivity
tohorizontal
andverticalresolution?
iii. Soil moisture

and snow

Soil moisture may be very important
seasonal problem)

on subseasonal

time scales (perhaps more so even than for the

- consistent with intrinsic time scales of soil moisture anomalies

(weeks to one

month).

Among the outstanding

issues is the fact that LSMs currently do not agree on the strength of interactions

between

land and atmosphere.

Little has been done to address the predictability

GCMs.

Results from cuxrent studies suggest strong regional

right season and the right region).
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of snow in cuxrent

and seasonal dependence

(need to pick the

Theavailability
of landsurface
datais poor,yettheneedis great(especially
soilmoisture,
snowand
estimates
ofevaporation).
Canwegetevaporation
fromsatellites?
Weneedtoconsiderin
predictability
studies
thatsoilmoisture
anomalies
movearound-thisrelates
to thedifference
between
thepredictability
timescaleandtheautocorrelation.
Modelbiasis anissue,especially
forrainfall.
Whilesoilmoisturesensitivity
is asummer
phenomenon,
weneedto gettherightseasonal
cycle,sothat
snowis important
(howthatimpactssoilmoisture
in spring).Current
resultssuggest
that80%of the
soilmoisture
effectis ontemperature,
whiletheimpactonprecipitation
is stilluncertain.

iv. Links with weather

and other regional

Numerous

studies have demonstrated

influences)

low frequency

subseasonal

prediction

and determine
individual
predictable

variations

problem

those properties

that weather or synoptic variability

is influenced by (and

such as the MJO, the PNA pattem, and blocldng.

we need to better understand

how these interactions

(or statistics) of weather that are predictable

storm systems can be predicted.

Examples

of weather properties

include changes in storm tracks, changes in regions of preferred

changes in extreme events.

A key issue in addressing these problems

models to simulate weather systems.
hurricanes

phenomena

needed'?

For example,

affect predictability,

at lead times beyond which
that are potentially
hurricane

concerns

are detailed high-resolution

Or, is it sufficient to only predict large-scale

For the

formation,

and

the ability of climate
simulations of individual

changes in the factors influencing

hurricane formation?

A related issue concerns the resolution that is necessary
addressing

predictability

on regional scales?

in climate models to make them useful for

Various local climatological

States Great Plains Low Level Jet (LLJ), have a profound
uxllikdy that climate models that do not adequately
predictions

on regional

impact on regional climates, making it

resolve such phenomena

scales.

can provide useful

scales.

In general, we need to begin to define more stringent quality measures
simulations

features, such as the United

that directly link errors in the models to uncertainties

to assess the veracity of model

and errors in predictions

at longer time

Clearly, climate drift plays an important role in that it often exceeds the signal that we are trying

to predict.

The diurnal cycle is a key example of large systematic
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errors that are common

to most

climatemodelsandthatlikelyimpactourabilitytomakeusefulregionalpredictions
- especially
continents

during the warm season.

In addition to reducing systematic

errors, useful and reliable regional predictions

predictions

at all scales) require that models produce realistic variability

conditions.

This is necessary

of forecast uncertainties

v. Methodology

application

so that the spread of ensemble

members

and show sensitivity to initial
will provide realistic assessments

and data

for improving

and development

forecast sldll at the subseasonal

of new forecast methodologies.

ocean coupled models to better simulate the interactions
in the extratropics.

The key argument

atmospheric

anomalies.

simulations

of the MJO.

time scale dealt with the

These included the use of atmosphere-

between

the atmosphere

There is also evidence
Another suggestion

that ocean feedbacks

can produce

was to use ocean mixed-layer

to the system that often occur when starting up a fully-coupled

There is a clear need to improve the initialization

models:

these might provide
and other shocks

ocean model forecast.

in the initial conditions.

in how one samples from the initial PDF, including uncertainties

and other important forcing mechanisms.

economical

atmosphere

more realistic

of spin-up

of coupled atmosphere/land/ocean

that minimizes model shocks and retains the information

the full AGCMs.

and ocean, especially

here is that this should provide more realistic time scales of the

most of the benefits of a full ocean model, but their use avoids the problems

improvements

(and for that matter

(more on this below).

A number of suggestions

diagnose

over

models in a way
This includes

in the tropical heating

Simpler models should be used where possible to help

Other uses of simpler (e.g. linear and/or lower order) models include more

estimates of higher order statistics that could be used, for example,

for forecasting

forecast

sldll.

New data sets are needed for both initialization
models.

These include long term comprehensive

land, surface fluxes, and sea surface temperatures

and verification
and consistent

of model forecasts, and for validating
reanalysis

data sets of the atmosphere,

for a host of studies, including hindcast

that address issue of model forecast sldll and predictability.
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The reanalysis

experiments

data sets also need to

provideimproveddiabatic(latentandradiative)
heating,precipitation,
andcloudsto allowbetter
tropicalanalyses
forinitialization,
aswellastohelpvalidateconvection
schemes.
Longtermsoil
moisture,
snowand,if possible,
evaporation
observations
areneeded
forreanalysis,
forinitializing
the
land,andimprovinglandsurface
models.Thereis alsoaneedforbetterobservations
of thediurnal
cycleoverwarmseason
continents
toimprovethediurnalcycleofprecipitation/convection
in GCMs.

IV. Recommendations
The results presented
problem

at the workshop

suggest that substantial

will likely be the result &progress

progress

on the subseasonal

in a number of disparate lines &research

prediction

and development.

As such, we believe that it will be crucial that the major climate and weather centers (in particular
NASA and NOAA)

work together to help coordinate

we outline areas of high priority research
items" that we believe

and focus these various efforts.

and make specific recommendations

are most likely to lead to substantial

improvements

In the following

on near term "action

of predictions

on subseasonal

time scales.

i. High priority

Tropical

research

and development

heating

• Improvements
• Improved

in the ability of GCMs to simulate the MJO

satellite estimates of subseasonal

variability in tropical heating, especially

vertical profiles, and related phenomena
• Development

of long-term

consistent

reanalysis

such as precipitation

and clouds.

data sets with improved

representation

of the tropics
• Improved

initialization and ensemble methodologies

• Determine

the role of subseasonal

from employing

SST variability,

coupled atmosphere-ocean

and assess the gains in forecast sldll
models, including models with only

mixed layer components
• Develop

and exploit simplified models to help diagnose and benchmark

GCMs
• Improve our understanding

oftropical/extratropical
28

interactions

the sldll of full

Soilmoistureandsnow
• Improved
modelsimulations
ofsoilmoisture
andsnow- determine
realismof the
simulated
soilmemory
• Improvedsatelliteobservations
of soilmoistureandsnow
• Development
oflongtermconsistent
datasetsofsoilmoisture,
evaporation,
andsnow,
includingthosefromglobalreanalysis
systems
• Improveunderstanding
of thecouplingbetween
thelandsurfaceandatmospheric
processes
Extratropicalmodesof variability
• Improved

understanding

and simulation of annular modes, and their impact on the

surface climate
• Improved understanding

of the link to the stratosphere

and associated potential

predictability in the troposphere
• Improved long-term reanalysis
• Improved understanding
subseasonal

datasets with a well-resolved

stratosphere

of the nature and predictability of various other modes of

variability

such as the PNA, as well as an assessment of how well

models are able to capture these modes
• Improved understanding

of how subseasonal

variability

impacts weather and how

predictable the impacts are

ii. High

a)

b)

priority

action

That a coordinated

items:

and systematic

analysis

of 30-day hindcasts

of current subseasonal

forecast skill be conducted

generating

ensembles

AGCMs.

Specific goals include, sampling all seasons, and generating

ensembles

to estimate the evolution of the probability density function.

That a series of workshops
multi-nation/multi-model

be convened

experimental

for the past 30-50 years with several "frozen"

focused on modeling

prediction
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sufficiently large

the MJO, and that a coordinated

program be developed

focused on the MJO.

by

c) Thatnewsatelliteobservations
andnewlong-termconsistent
reanalysis
datasetsbedeveloped
forinitialization
andverification,
withhighprioritygiventoimprovements
in estimates
of
tropicaldiabaticheatingandcloudprocesses,
soilmoisture,
andsurface
fluxes(including
evaporation
overland).
d) ThatNASA andNOAAdevelopacollaborative
programtocoordinate,
focus,andsupport
research
onpredicting
subseasonal
variability.
Specificstepstoimplement
theaboverecommendations
are:1)tobeginimmediately
todevelopa
framework
for anexperimental
MJOprediction
program,
2) toconvene
a follow-upworkshop
in the
springof 2003toorganize
theAGCMhindcast
project,andconductinitialmeetings
onmodelingthe
MJO,and3) forNASA andNOAAtoput outajoint announcement
of opportuxfity
withinthenextyear
tofocusresearch,
modelinganddatadevelopment
effortsonthesubseasonal
prediction
problem.
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Extended

Range Forecasting

(DERF)

time range, two weeks to two months, is not easy. D. Bumdge (pers. comm.) referred
this forecast range as the "dry patch of predictability",
meaning that it is too long for

to

weather forecasting from information in the initial conditions, and too short for
influences such as ENSO forcing to set in and provide predictability from boundary
conditions. Nevertheless, it should be both economically very important and
scientifically possible to advance significantly beyond what we are doing today.
In this talk we review some of the opportunities
exploited within the DERF "dry patch".

that we believe have not yet been

Extratropical ocean-atmosphere
coupling. It is common to see AMIP runs referred to as
"the upper limit on the skill that one can possibly obtain, since the SSTs are perfect".
This statement is not really true, since in AMIP (perfect SST) runs the interaction
between the ocean and atmosphere in the extratropics is seriously flawed. Away from the
deep tropics the atmosphere is mostly forcing the ocean, and AMIP runs are set up so that
instead, the ocean always forces the atmosphere, and the atmosphere provides no
feedback.
Pena et al (2002) have shown that a) locally coupled anomalies last much
longer than locally uncoupled anomalies, b) in the extratropics, atmosphere-driving
anomalies last longer than ocean-driving anomalies, and the opposite is true in the
tropics. As could be expected from these results, they also found that c) the AMIP runs
have shorter persistent anomalies than the reanalysis. This indicates that "perfect"
coupled ocean-atmosphere
models should be able to predict persistent anomalies much
better than AMIP models. Another result obtained by Pena et al (2002) is that in AMIP
runs, high skill in the extratropics is correlated with ocean-driving situations in the
reanalysis and vice versa, indicating that it may be possible to identify a priori expected
skill.
Intraseasonal variability. The Madden-Julian
strong organizing influence in the atmosphere,

Oscillation (MJO) is a large amplitude,
with time scales of several weeks. Waliser

and others have shown that few models are able to reproduce it realistically (one exception
is the GLA 4th order model developed at NASA/GSFC
in the early 1980's!). Until the
models become good enough to predict the MJO with the right frequency and amplitude, it
should be possible to use the robust statistical characteristics
of the MJO to nudge or
otherwise force forecast models to reproduce in a statistically optimal way the MJO during
a forecast. This would increase the skill of both the tropical and extratropical
during the first few weeks.

forecasts

15-day ensemble forecasts. The 2-weeks daily ensembles of the NWS contain a treasure
of information on potential predictability that is not being exploited to its full potential.
For example,

during the Oklahoma-Texas

drought
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of the summer

of 1998, it was

apparent

that the ensemble

captured

well the persistent nature of the drought, maintained

by a large extent by the local soil moisture feedback (Hong and Kalnay, 2000, 2002).
However, this was not being conveyed to the public in real time.
Improved initial conditions and coupled ensembles. Improving the initial conditions of
coupled models could enhance predictability from initial conditions in the DERF time
scales. One approach for doing this is the use of breeding to determine the subspace of
dominant errors in the forecasts used as background or first guess for the analysis
(Kalnay and Toth, 1994, Patil et al, 2001, Corazza et al, 2002, Ott et al, 2002). Cai et al
(2002) have shown promising results for improved data assimilation and ensemble
forecasting using the Zebiak-Cane model. Cai and Kalnay (2002) have experimented
with breeding in the NSIPP coupled atmospheric-ocean
system, and their preliminary
results indicate that by performing breeding based on ocean rescaling, it is possible to
capture the dominant instability of the coupled system even if the atmospheric noise
saturates. This should allow using the observations in a more effective way, by
minimizing the errors in the initial conditions that project on this and other coupled
growing modes. It should also allow the creation of more effective initial perturbations
for ensemble forecasting.
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1. Introduction
The Climate Prediction Center has only one operational forecast in the day 15 - day 60 range, which
is, as predicted by Von Neumann(1955),
the most difficult of all ranges. We do publish a forecast
for monthly mean conditions over the US at a lead of 2 weeks. This forecast has been released once
a month since Dec 1994. We will discuss briefly the tools underlying this forecast, in particular
OCN (optimal climate normals), CCA (canonical correlation analysis), ENSO composites (when
applicable) and, during summer, local and non-local soil moisture tools such as the Constructed
Analogue. The weight given to the NCEP two tiered 'coupled' model is rather low so far. Relying
on a-priori skill estimates over an historical evaluation period, the tools are combined each month
into an official forecast. We present here a discussion of the sldll of these official monthly forecasts
for 1995-present. A comparison to the skill of the seasonal forecast shows that CPC's monthly
forecast is basically a watered down version of the seasonal forecast, but with somewhat lower
signal to noise ratio, as expected. Much of the forecast map shows the dreaded CL, a forecast for
equal chances.

2. Time

scales

The word monthly or seasonal (forecast) sounds like a monthly or seasonal time scale. However,
one needs to carefully distinguish three time scales:
-) The lead time, i.e. the time between the issuance of the forecast and the first moment &validity
-) The averaging time (if any), and
-) The time scale of the physical process contributing to the predictability or sldll of the forecast
While we can choose the first two time scales, (before

1995 we had a zero lead monthly

forecast)

we have no control over the third. The great apparent contradiction, as we shall see, is that
interdecadal variability contributes to sldll of seasonal and, yes, even monthly forecasts.

3. Tools
The tools used at CPC for the 1Amonth lead monthly forecast include:
1) Optimal Climate Normals (OCN), Huang et a1(1996)
2)
3)
4)
5)
6)

Canonical Correlation Analysis (CCA), Bamston(1994)
NCEP Dynamical Seasonal Forecast Model (CPM)
ENSO composites (when judged applicable)
Soil Moisture based tools (when judged applicable)
MJO extrapolation and more
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Thegrouping
reflectstheoverallimportance
of thesetools.Thefirstthreetoolsarealways
available.
Tools4 and5 areimportant,
butareusedonlyoccasionally,
i.e.ENSOcomposites
are
invokedwhenanENSOis anticipated,
andthesoilmoisturetoolsaregivensomeweightduringthe
warmhalfof theyear.Withtheexception
of MJOextrapolation,
noneof thesetoolsis an
atmospheric
initialvalueapproach.
Rather,
thelowerboundary,
beit SSTorsoilmoisture,
isrelied
uponwhenformulating
theforecast.
In somedetailthesetoolsaredesigned
asfollows:
1)OptimalClimateNormals(Huangetal 1996a)
is essentially
apersistence
of theclimaticanomaly
averaged
overthelast10years.Thistoolspicksuponanyrecentclimatetrends,whetherit be
naturalorman-made.
Thefactthata 10yearaverage
is 'optimal'forUStemperature
is a concise
statement
aboutthepowerspectrum
ofclimatevariationin thispartof theworld.
2) Canonical
Correlation
Analysisis appliedfollowingBarnston(1994).
CCAis a multivariate
linearregression
technique
thata-prioricompresses
thestateof theclimateis alimitednumberof
modes.Predictors
includeglobalSSToverthelastyear,antecedent
heightfieldsandlocal
predictors.
Thepredictorcanbeanything,butforCPC'soperations
includes
all 50states.
BothOCNandCCAhavebeentrainedondatafor 1950'spresent,
withmuchattention
forcross
validation,
i.e.anattempttoestimate
a-priorisldllhonestly.
3) The2-tieredcoupled
model(CPM)followstheexampleofNWP,butnowwithanoceanmodel
(Pacificonly)included.Thesemodelcomponents
aresubjecttocontinualchange.
A recent
description
is givenin Kanamitsu
eta1(2002).
4) ENSOwarm(cold)composites
areessentially
anensemble
of realizations
duringpreviouswarm
(cold)events.Thistoolisinvokedwhena warm/cold
eventis anticipated,
a decision
thatincludes
somesubjectivity.
Theideagoesbackatleastto Ropelewsld
andHalpert(1986).Theselection
of
years,andthewayonedealswithotherclimatevariations
issues
simultaneously
makescomposites
a somewhat
subjective
tools.
5) Localeffectsof soilmoistureontemperature
havebeendescribed
in Huangetal(1996b),anda
localtoolthereofwasused.Gradually,
a toolincludingnon-localeffects(evenonprecipitation)
has
subsumed
thelocaltool.Thelatertoolis basedonananalogue
constructed
to 'todays'nationwide
soilmoisture
anomaly(seeVandenDool1994forthemethod).Dailyupdates
canbefoundat
_://www.c_ov/soilms,;/mdex
_,
seeCASforecasts
button.
6) WhenastrongMJOisin progress,
someof theforecasters
projectitsevolutionintothefuture
month(day15-day60).Thiscomponent
isverysubjective
andcouldmostdefinitelybenefitfrom
anobjectiveunderpinning
by developing
specificMJOtools,astrongthemeofthismeeting.
4. Skill
Withreference
to definitions
givenin VandenDooleta1(1996,
1999),thethreeclassHeidkesldll
scoresfor 1995onwardaregivenin theTablebelow.TheSS1(0 isuseless,
100perfect)is the
Heidkeskill scoreforthoseareas
judgeda-priori to be high sldll areas, where we make a 'non-CL'
(i.e. a non-climatological

probabilities)

forecast, which is about 44% of all places/times

over all leads). The lower SS2 score (=SSl*fractional
be used to intercompare the skill of tools.

coverage)

(averaged

is for the whole nation and should

{{For those unfamiliar with Heidke: It might help to remember that SS1 is about half the expected
correlation, i.e. SS1=25 corresponds to an expected 0.5 correlation, and the permissible probability
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anomalyis onaverage
2/3rdsof SS1,i.e.for SS1=25
weareentitledto throwa 34/66type'coin',a
considerable
departure
from50/50(thenosldlllowerbound)}}.
TEMPERATURE

PRECIP'N

OFF
CCA

SS1
25
27

SS2
11
5

OCN
CMP

26
11

9
3

Coverage
44%
20

SS1
10
2

33
27

10
3

SS2 Coverage
2
20%
0
6
1
0

11
8

Note that we have little skill in precipitation. For Temperature the official forecast (OFF) appears to
combine the strengths &various tools, and has the highest coverage and highest SS2. Of the
individual tools OCN has scored the highest over 1995-2001. Each tool is expected to have SS1 in
excess of 15, if prepared properly - with the exception of CMP this is the case for Temp, but for
Precip we are generally unable to identify the high sldll areas a-priori. Appropriately,
is low.

the coverage

The above Table applies strictly speaking to the seasonal forecast. However, the sldll of the monthly
forecast (far less studied) follows the above, except that SS2 and coverage are lower. As reported in
van den Dool (1998), repeated as a Table below, the comparison of seasonal and monthly forecasts
on temperature (2 week lead only) proves that, as expected, the monthly forecast as practiced at
CPC just acts as a watered down version of the seasonal forecast, with similar sources of skill, and
barely an atmospheric initial value approach. The best single tool is OCN, a crude attempt to
harvest 'climate change' as a source of skill for CPC operational forecasts. The coverage of the
monthly forecast is low: only 34%, i.e. most of the time we plead a lack of knowledge and or
predictability

and resort to climatological

probabilities.

TEMPERATURE
OFF
OFF

SS1
25
19

SS2
13
6

Coverage
53 (seasonal
34 (monthly

from
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vdDool
"

et a1(1998)
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1. Introduction
Medium-range

weather forecasting

and seasonal forecasting

are currently

operational

at ECMWF.

These two systems have different physical bases. Medium-range
forecasting targets the period from
day 4 to day 10, and is usually considered as an atmospheric initial condition problem. It is
generally believed that the time range is too small for the oceanic variability to play a significant
role. Therefore, the medium-range
forecasting systems at ECMWF are based on atmosphere-only
integrations forced by initially observed SST's. Deterministic medium-range
weather forecasts are
issued using a single integration of T511 with 60 vertical levels. Probabilistic forecasts called EPS
are issued using a 51-member ensemble of T255L40 integrations twice a day.
Seasonal forecasting at ECMWF focuses on the period between 1 and 6 months. It is considered as
a boundary condition problem, since most of the predictability at the time scale is justified by the
long predictability of the oceanic circulation and its impact on the atmospheric circulation. Because
of the strong role of the oceanic variability at such long time-scales, seasonal forecasts at ECMWF
are based on coupled ocean-atmosphere
integrations. They are probabilistic based on a 40-member
ensemble

of coupled T95L40 integrations

each month.

In order to fill the gap between medium-range
weather forecasting and seasonal forecasting, a new
project is being developed at ECMWF called monthly forecasting. Its aim is to evaluate the
predictability between day 10 and day 30. It is likely to be both an initial condition problem like
seasonal forecasting.
Therefore, the monthly forecasting
combination of EPS and seasonal forecasting.
2. Description

of the monthly forecasting

system at ECMWF has been designed

as a

system

The ECMWF monthly forecasting system is based on a 51-member ensemble
atmosphere integrations.
The atmospheric component is IFS (from ECMWF)

of coupled oceanwith a T159L40

resolution. The oceanic component is HOPE (from Max Plank Institute) with a zonal resolution of
1.4 degrees with 29 vertical levels. The oceanic and atmospheric components are coupled every
ocean time step (1 hour) using OASIS from CERFACS.
The atmospheric

initial conditions

are proved by ERA40 or the ECMWF

operational

analysis.

The

ocean initial conditions are provided by the last ECMWF ocean analysis. Since the ocean analysis
lags 12 days behind real time, ocean-only integrations are performed for 12 days with this ocean
analysis as initial condition and forced by atmospheric fluxes from the ECMWF analysis in order to
estimate the ocean initial conditions for the coupled man.
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Theatmospheric
permxbations
aresimilartothoseusedforEPS.Theyincludesingular
vectorsto
perturbtheatmosphere
initialconditions
andtheuseof stochastic
phy6sics
topermxb
the
atmospheric
modelateachtimestep.Theoceanperturbations
areidenticaltothoseappliedfor
seasonal
forecasting.
TheincludeSSTperturbations
in theoceanic
initialconditions
andwind
stress
permxbations
duringtheoceanicdataassimilation.
Thepresent
system
displaysasystematic
errorthatgrowsalmostlinearlywithtime.Thiserroris
quitesmallduringthefirst10daysofintegrations,
butbecomes
significant
after10days,and
therefore,
needstobecorrected.A background
setof statistics
is created
in orderto correctthe
modeldrift. A 5-member
ensemble
is integrated
atthesamecalendar
dateastherealtimeforecast
from1990to 2001.Thisrepresents
a 60-member
ensemble,
whichisrunalternately
withthereal
timeforecast.This60-meter
ensemble
allowsustoestimate
thedriftof themodel,andtherefore
to
correctthereal-timeforecastafterwards.
Thebackground
statistics
arealsoveryusefultoestimate
whatis theprobabilitydistribution
function(pdf)of oursystem.After10days,thespreadofthereal-timeforecast
ensemble
getsvery
large,andforecasts
areissuedby comparing
thepdf of therealtimeforecast
tothepdfofthemodel
climatology.Statistical
testsareusedtodetermine
if the51-member
ensemble
of therealtime
forecast
is significantly
differentfromthe60-member
ensemble
ofthemodelclimatology.
3. CaseStudies
Several
monthlyforecasts
havebeenperformed.Forecasts
startingon1 January
2001and10April
2002havebeendisplayed.Interestingly,
theseforecasts
suggest
thatthemodelstilldisplayssome
potentialpredictability
by week4. Inthepresent
paper,wesaythereispotentialpredictability
whenthe51-member
ensemble
distribution
of therealtimeforecast
andthe60-member
ensemble
oftheclimatological
distribution
aresignificantly
different,
withasignificance
exceeding
90%.
Thereis of couxse
lesspotential
predictability
in week4 thanin weekl,butthemodelisstill ableto
predictsomething
forweek4 thatis significantly
differentfromclimatology.
Thebackground
statistics
arealsoneeded
to estimate
theskillofthecoupledsystem
duringpast
years.A timeseriesof thetemperature
at850hPafrom1 January1990
to 1January2000,suggests
thatthemodelhassomesldllinpredicting
itsinterannual
variabilityuptoweek3 overSouthern
Europe,
although
theskillforweek3 doesnotexceed
thesldllobtained
by simplypersisting
the
forecastof week2. However,overotherregions,forinstance
theeastern
U.S.,themodeldisplaysa
skillthatbeatspersistence
till week4. Theensemble
sizeistoosmalltomakedefinitive
conclusions,
butthissuggests
thatthemonthlyforecasting
system
mayproduce
usefulforecasts
up
toweek4.
Lastwinterwasaninteresting
testcaseoverEurope,
withablocldngeventaldngplacein December
followedby azonalregimein earlyJanuary.Asaconsequence,
theweatheroverwestern
Europe
wasverycoldanddryin December
andunusually
warmandwetin earlyJanuary.In ordertocheck
if themonthlyforecasting
system
wassuccessful
in predicting
thisregimetransition,
a 51-member
ensemble
hasbeencreated
startingon15December
2001.Theweatherpatterns
havebeen
classified
asblocked,zonalandintermediate.
Mostmembers
oftheensemble
predictablocked
regimein themediumrangeanda zonalregimeduringthelastweekoftheforecast,
butthereis
considerable
variabilityin thewaythetransitionoccurs.Asa consequence,
the2-meter
temperature
forecasts
for week1 andweek4 verifywellwith observations,
whereas
theforecasts
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forweek2 andweek3 werenotassuccessful.
Anotherensemble
of monthlyforecasts
wasrealized
startingon 15November
totesttheabilityofthecoupledsystem
in predicting
theblockingevent.
Only10members
of theensemble
predicted
ablocldng.About3 ofthesemembers
predictedatime
evolution
till day25veryconsistent
withobservations.
4. Simulating
theMJO
Theatmospheric
component
ofthemonthlyforecasting
system
displays
sldllinpredicting
the
evolutionof theMJOtill day10. Afterabout10daysofintegrations,
theMJOtendsto disappear
in
themodelintegrations.
Thisis alsotruewithcoupled
integrations,
wherethemodelsucceeds
in
predicting
theevolution
oftheMJOonlywhenit ispresent
in theinitialconditions.
Changes
inthe
cumulus
parametefization
havehelpedimprovethesimulation
of theMJOin themodel.However,
thesechanges
hadundesirable
effectsin otherareas,
leadingto adegradation
of medium-range
scores
overEurope.ImprovingtheMJOwithoutgenerating
negative
impactselsewhere
is stillan
activeareaofresearch
atECMWF.If successful
thiswouldlikelyleadtoimproved
monthly
forecasts.
5. Conclusion
A monthlyforecasting
system
hasbeensetupatECMWF.Thismodelisbasedon51-member
ensemble
integrations.
It is anexperimental
systemthatis runevery2 weeksandstartedon27
March2002.Thissystem
will beroutinelyintegrated
foratleastacoupleof yearsin ordertoget
enough
cases
toassess
thesldllof thiscoupled
model.Thissystem
is deficientin simulating
a
realisticMJOmorethan10daysin advance.
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The NCEP global ensemble system cuxrently generates operational forecasts out to 16 days. In this
talk different verification statistics will be presented to explore the sldll of these forecasts in
predicting daily weather events out to 16 days. Through case studies the possible impact of regime
transitions on forecast sldll will also be addressed.
Additionally, experimental ensemble forecasts run out to 35 days lead time will be evaluated in
terms of their skill. Possible future ensemble configurations that could contribute to a seamless
suite of forecasts from day 1 to the climate time scales will also be discussed.
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Recent unpublished
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Forecasts

work (Pelly and Hosldns 2002;

Watson and Colucci 2002) reveals that

prediction systems (EPSs) from the European Center for Mediuxn-range Weather
(ECMWF) and the National Centers for Environmental Prediction (NCEP) can skillfully

predict the occurrence of blocking over the Northern Hemisphere at extended ranges (ten days in
advance and beyond). In the Pelly and Hosldns study, blocldng is defined by a persistent,
longitudinally coherent reversal of the normal meridional potential temperature gradient on the 2PVU surface. With this definition, a blocldng climatology was constructed from five years of
ECMWF data and EPS forecasts were evaluated over one year. In the Watson and Colucci study,
blocldng is defined by a persistent, longitudinally coherent reversal of the normal meridional 500mb height gradient over middle latitudes, following Tibaldi et al. (1994). With this definition, a
blocking climatology was constructed from 40 years of NCEP data; EPS forecasts were evaluated
over three winters. In both climatologies, maximum blocldng frequency was found over the
Atlantic and Pacific Oceans, allowing a separation of the data into Atlantic and Pacific sectors.
Blocking frequency
the NCEP forecasts

is underpredicted
in Figures (1-3).

by both the ECMWF and NCEP EPSs. Results are shown for
The underprediction
bias can be corrected to produce

calibrated probabilistic forecasts that extend the range of sldllful blocking forecasts in the NCEP
EPS, especially over the Atlantic (Figure 4). Block onset is found to be more difficult to forecast
than block decay in the ECMWF EPS (not shown).
These results are preliminary,
forecasts, one year of ECMWF
larger sample of forecasts.

since they are based upon a limited sample (three years of NCEP
forecasts),

and therefore

need to be checked

References
Pelly, J. L., and B. J. Hoskins, 2002: How well does the ECMWF
Ensemble Prediction System predict blocldng?
Submitted to the
Quarterly

Joumal of the Royal Meteorological

Society.

55

for authenticity

in a

Tibaldi,S.,E. Tosi,A. NavarraandL. Pedulli,1994:Northernand
Southem
Hemisphere
seasonal
variabilityofblocldngfrequency
andpredictability.MonthlyWeatherReview,122,1971-2003.
Watson,J.S.,andS.J.Colucci:Evaluation
ofensemble
predictions
of
blocldngin theNCEPGlobalSpectral
Model.Conditionally
accepted
forpublication
in theMonthlyWeather
Review.

--

Pacific--0--Atlantic]

6

7

7O
6O
50

40
30

20

10

0

1

2

3

4

5

8

9

10

11

12

13

14

Days Prior to Block Onset

Figure 1. Percentage of available ensemble members (up to 17) predicting blocldng on the block
onset day, averaged over all three seasons studied (1995-96,
1996-97, 1997-98) as a function of
forecast range in the NCEP Global Spectral Model. Forecasts of the probability of block onset from
this information would become uaasldllful relative to climatology (13% probability over the Atlantic,
12% probability over the Pacific) by Day 12 over the Atlantic and Day 15 over the Pacific.
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forecasts of Pacific block onsets. The skill scores were averaged over individual
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onsets, as a function of "equation" ( = forecast day plus one). Climatological block relative
frequencies for the Pacific (0.115) and Atlantic (0.131) are used as the reference forecasts.
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In this analysis AGCM simulations for the monthly mean hindcasts with different lead times are
analyzed. For example, for the 1979-99 period, AGCM simulations starting from the atmospheric
initial conditions in September, October, November, and December are analyzed for the hindcasts
for the month of January. The purpose of this analysis is to evaluate the impact of atmospheric
initial conditions on the hindcasts, for it is expected that hindcasts with the shortest lead (for
example, the hindcasts from December for the target month of January compared to the hindcasts
from September for the month of January) will have a higher level of simulation sldll. Different
measures to assess the role of initial conditions on the monthly mean variability are used. These
include the analysis of intemal and extemal variances with different lead times, the analysis of
simulation sldll with different lead times, and the analysis of low- frequency modes of the
atmospheric

variability with different lead times.

59

The

Role

of Atmospheric

for

Long-Range

T. J. Reichler

Initial

Conditions

Predictability
and J. O. Roads

Experimental
Climate
Prediction
Center
Scripps Institution
of Oceanography,
University

of California
San Diego,
9500 Gilman Dr.

La Jolla,

CA

0224

92093-0224

We examine the relative importance of the atmospheric initial state and boundary forcing for longrange atmospheric predictability using the seasonal forecasting model from the National Centers for
Environmental Prediction. A series of ensemble predictability experiments are conducted, using
different combinations of initial and boundary conditions. The experiments are verified globally
against a reference run with the same model as well as against reanalysis. We analyze the ranaveraged forecast skill from day one out to a season and compare it with seasonally averaged data.
We find that from initial conditions alone, there is significant instantaneous forecast skill out to 2
months. Different initial conditions show different predictability using the same kind of boundary
forcing. Boundary forcing leads to measurable instantaneous forecast skill at any lead time: It starts
to impact predictability after 10 days, it is equally important as initial conditions after 4 weeks, and
it completely determines the forecast after 6 weeks. During events with strong tropical forcing,
these time scales are somewhat shorter. For seasonally averaged skill, using observed atmospheric
initial conditions can lead to a significant increase in overall skill, especially during periods with
weak tropical forcing. We conclude that the long-term memory of the initial conditions is important
for seasonal forecasting, and that good atmospheric initial conditions should be included in current
seasonal forecasts.
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Impacts
of the Arctic
and the PNA Pattern
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Over large areas of the Northern Hemisphere,

Oscillation
on Weather

Seattle

the influence of the AO upon the frequency

of

occurrence of extreme cold is stronger than one would expect, based on its effect on mean
temperature alone. Apparently, the temperature field in these regions exhibits stronger temporal
variability when the AO is in its low index polarity, with relatively weak subpolar westerlies, than
when it is in its high index polarity. In order to elucidate this behavior, we examine the circulation
regimes observed during contrasting polarities of the AO (and the PNA pattern as well). After
presenting the phase space defined by the two modes together and its impact on the large scale
temperature variability we show a series of "spaghetti diagrams"- selected contours extracted from
the 10-day mean maps of the 500-mb height, sea-level pressure, and 1000-500-mb
thickness fields
for the 30 highest and lowest mean values of each of the indices. The plots reveal that the AO and
the PNA pattem do, indeed, exert a strong influence on the frequency of occurrence of the
distinctive flow regimes that are often associated

with cold air outbreaks

in midlatitudes.

RESULTS
In this study the AO and the PNA pattems

are defined as the leading modes of wintertime

variability of the Northern Hemisphere SLP. Their time series are given by PC1 and PC2 of
monthly SLP anomalies, for the months DJFM of the period 1958-99. This follows the standard
way of defining the AO (Thompson and Wallace, 1998), while the PNA pattem thus defined differs
from the conventional PNA (Wallace and Gutzler, 1981) for the presence of an Atlantic center of
action (Wallace and Thompson, 2002). The latter is a real signal though, since it also shows up in
the one-point covariance map of the Pacific center of action for 500 hPa data.
Figure 1 presents a simple schematic

of how some modes of low frequency

variability project onto

the phase space defined by the PC1 and PC2 SLP patterns. We notice how the "regional'"
definitions of NAO (Hurrell, 1995) and PNA (Wallace and Gutzler, 1981) represent an orthogonal
basis as well as the "global" definitions offered by the EOF analysis. In figure 2 we show how AO
and PNA affect the monthly temperature field on a global scale. At each gridpoint the arrow
direction indicates which linear combination of the two modes is that most highly correlated with
the local temperature

time series.

Warm anomalies over Europe and cold anomalies over North Africa are associated with the positive
polarity of AO; the PNA signature is quite strong over the Pacific sector and, somewhat
surprisingly, over Eurasia as well.
To investigate the variability of AO (and of PNA) in its contrasting polarities, we show some
"spaghetti" diagrams where selected contours of atmospheric variables are plotted for the 30
"highest'" and 30 "lowesf' index 10-day averages. The Z500 contour presented in figure 3 shows
63

thatthepolarvortexis clearlydefinedduringhighAO index(H1),whileit isbrokenapartduring
lowindex(L1)whentheglobalvariabilityisalsomuchhigher.
TheSLPcontours
in figure4 revealmarkeddifferences:
H1is characterized
by ahigherfrequency
of occurrence
of anticyclones
overthesubtropical
eastem
oceansandanalmostcompleteabsence
ofthemoverhigherlatitudes;
SLPoftendropsbelow992hPain theDavisStraits,overthefar
NorthAtlanticandtheEuropean
sectoroftheArcticandmuchlessoftenin thevicinityofthe
AleutianLow;theL1regimeischaracterized
by ahighfrequency
ofoccurrence
of anticyclones
that
encompass
partsoftheArcticandarelativeabsence
of cyclones
atlowerlatitudes.
Thethickness
contourshownin figuxe5 alsoexhibitsgreater
variabilityoverthehemispheric
domain(withtheexception
of Euxasia)
duringL1 thanduringH1. Thefavoredlocationofthe
contouris strikinglydifferentovertheEuropean
region,hardlytouched
by it duringH1andalways
experiencing
it duringL1;a greater
latitudinalspreadis observed
duringL1 allacross
US,witha
muchhigherpossibilityofcoldoutbreaks
farthersouth.An example
of dramatic
change
in
variabilityduringthepolarities
ofPNA (H2andL2)is shownin figuxe6 (500hPa).Focusing
on
thenorthwestern
AmericanregionwenoticethatduringH2theshapeof thecontourshowstherea
sharplydefinedridgewithanaxisalongthewestcoast;duringL2 thesameregionis instead
characterized
by extremely
highvariability.
Consistently,
figure7 showsthetwotypesofblockinganomalies
thatarelikelytooccurduringH2
andL2; thePacificNortwestwill bewarmerandcolderthanaverage
duringthetwo PNApolarities,
respectively.
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of predicting
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10 40 clays in lke furore, based on today_ value of tl_e AO and
values of the N)kM at stratospheric
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We first note that there
is a strong
seasonality
in the
autocorrelation
of the AO; it is substantially
more persislent

USA

(the season when planetary wave cou
is strongest).
On]side the wintar sea

We find that

150 hPa

is the optimum

single

NAM

level for

forecasting
futme values of the AO, far better than using
AO itself to predict the AO. The 150 I-tPA NAM provides

the
not

only greater predictability
during DJF, but extends the season
of predictability
t_ include Novembar
and March (black curve
it] Figure 2). ]t is also possible to combine
levels it] a multiple
regression
(dotted curve, which uses 1000,150,
account for somewhat
more w]riance, especially
ter.

son, the e folding time scale of the At) is _15 20 days during
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at stratospheric
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As predictors
of" the average value of" the AO 10 40 days in
the fhture, we use either todw's AO value or the NAM at 150
hPa. Outside
vides almost

of the winter season, persistence
of the AO pro
rio skill; during DJF the AO valne a_x:ounLs lbr

._13% oftheAO
2).
Ore" previous
NAM

anomalies

10 40 days in the future
work suggested

(gray curve in Figure

that the effect of stratospheric

on the AO is confined

t_ extreme

events

(of'

either sign) which appear to propagate
from the upper stratn
sphere down to Earth's surface. We find here that the elt_!ct is
simplar, with a linear relationship
between
the lower strat_
spheric
(Figure

4

NAM (150 hPa) and the avarage AO 10 ,t0 da}_ later
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Our results are not sensitive to the time intarva[ predicted
or
the exact level of the NAM used. The results are nearty identi
cal if we predict the NAO instead of the AO (the daily AO and
NAO have a year round correlation
of 0.93). We have assuiTted
that only tnciay's NAM values
If' the NAM can be predicted

are awfilab]e
numerically

from ciata analysis.
(especially
at 150

hPa) several days it] the future, then the 10 ,t0 day range would
effectivdy
be e×tended.
We have performed
a similar study in the Son]hem
Hemi
sphere. We find that the eb'_O shows enhanced
persistence
not
dining Austral winter, b u/rather
dining March
MW at]<] No

age AO values for the range of NAM 150 values. Simihr
linear
resuffs are obtained
for olher NAM levels from 1000 lo 10 hPa.

vembar
December
the seasons
when planetary
wave cou
piing to the stratosphare
is strongest
in the Southarn
Hemi
sphere.
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performs both diagnostic analyses with NCEP/NCAR Reanalysis data and
model calculations to examine the dynamical mechanisms associated with the

growth and decay of the North Atlantic Oscillation (NAO) teleconnection pattern. The diagnostic
calculations include projection and composite analyses of each term in the streamfmnction tendency
equation.
The results of the analyses reveal a complete

lifecycle of growth and decay within approximately

two weeks. The positive NAO phase is found to develop after anomalous wavetrain propagation
across the North Pacific to the east coast of North America. This contrasts with the negative NAO
phase which appears to develop in-situ.
Both high-frequency

(period

10 days) and low-frequency

(period 10 days)transient

eddy fluxes

drive the NAO growth. After the NAO anomaly attains its maximum amplitude, the high-frequency
transient eddy fluxes continue to drive the NAO anomaly in a manner that is consistent with a
positive feedback process. The decay of the NAO occurs through both the divergence term and the
low-frequency transient eddy fluxes. The temporal and spatial properties of the divergence term are
found to be consistent with Ekman pumping. These results illustrate many important differences
between the NAO and Pacific/North American (PNA) teleconnection pattems, perhaps most
striking being that the NAO lifecycle is dominated by nonlinear processes, whereas the PNA
evolution is primarily linear. In addition, the relation between the NAO and the zonal index is
discussed.
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90°N

Planetary
wave theory suggests that low-frequency
covariability
between widely spaced points on the globe
can be achieved without
resorting
to annular
disturbances.
This is able to happen because the time averaged tropospheric
jets can act as waveguides
which
meridionally
trap and zonally elongate wavetralns
in
their vicinity,
as seen in solutions
of the barotropic
vorticity
equation
linearized
about boreal winter upper tropospheric
conditions.
We examine the behavior
of seasonal and subseasonal
mean circulation anomalies
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in nature and in NSIPP and NCAR general circulation
models to determine
whether this behavior is observed.

30 ° N
0o

We find that indeed there are locations
on opposite
sides of the North Hemisphere
that covary during winter. An example of such behavior is shown in Fig. la,
which portrays a one point correlation
map for a base
point in the waveguide
when seasonal mean internal
DJF 300rob streamfunction
variability
from an ensemble of AMIP-like integrations
is analyzed.
The meridional confinement
and zonal elongation
of the pattern
in this example is quite distinct and contrasts with the
more familiar arching structure
of the pattern
in Fig.
lb, which represents
the situation
for a base point not
in the waveguide.
This comparison
indicates how the
waveguide can lead to covariability
between much more
widely separated
points than usually considered.
A systematic investigation
of one-point correlation
plots indicares that this property is generic; pairs of midlatitude
points that are both widely separated and strongly ternporally correlation
are invariably
near the core of the
time-averaged
jet.

30°S

90°N
60 ° N
30 ° N
0o
30°S

Figure
1. One point correlation
plots of DJF 300rob
streamfunction
internal
variability
from a CCM3 22
member ensemble of 45 year integrations
with observed
SSTs. The base point is at a) (60E, 24N), b) (172W,
24N), c) (90E, 29N). Contour interval is 0.1.

effective choices for investigating
the
the more commonly used geopotential

The example in Fig. 1 has a prominent
zonal mean
component,
but further calculations
show that this is
not essential for distant teleconnections
to exist. If sire-

A distinguishing
characteristic
of waveguide patterns
of variability
is that within the jet they do not appear
to have a preferred longitudinal
phase. If, as in Fig. lc,
one chooses a basepoint
to the east of that used in Fig.
la, the portion of the pattern in the Asian jet retains
its zonal wave five structure
and shifts eastward.
On

ilar calculations
are done with the v-component
of the
nondivergent
wind (which has no zonal mean), one still
finds that locations
on the opposite
side of the globe
can be highly correlated.
Rather than possession of a
zonal mean component,
what is important
for a field to
capture the effect of the waveguide is that it have significant amplitude
in the subtropics,
where the mean jets
tend to be located in boreal winter.
This means that
streamfunction

and

the v-component

of the

wind

waveguide while
height is not.

the other hand, from a global perspective
the waveguide pattern is sensitive to phase; tbr the phase in Fig.
lc, the pattern
of variability
is not as global in extent
with a gap appearing over the eastern North Pacific and
North America.
So the pattern of Fig. la is special and

are
69

mightbethoughtofasbeingthe
uide teleconnection

circumglobal

waveg-

pattern.

Additional
analysis indicates
that for a number of
reasons waveguide disturbances
should be important
fbr
the subseasonal
fbrecasting
problem.
First, they can
act to connect widely separated locations in surprisingly
short times. Calculations
using a linear inverse model as
a diagnostic
tool indicate that waveguide-trapped
disturbances
in one part of the globe can affect locations on
the opposite side of the hemisphere
within about a week.
Second, these disturbances
influence not only the time
mean circulation
but also weather parameters
including bandpass
eddy statistics
and rainfall rates. Third,
calculations
show that waveguide influenced variability
is embedded
in and thus affects the structure
of some
of the best known atmospheric
teleconnection
patterns,
including the NAO and the response of the extratropics
to El Nino. That the pattern
of variability
associated
with the NAO appears
to be affected by the waveguide can be seen in Fig. 2a, which shows contours of
the correlation
between upper tropospheric
streamfunction, again for internal variability
in an AMIP-like ensemble, and a near surface North Atlantic sector index
of the NAO. In addition to the familiar North Atlantic
and zonally symmetric
features of variability
associated
with the NAO, the five centers of variability
seen in Fig.
la are seen in this diagram.
Whether
this indicates
a
physical link between these two phenomena
or simply
reflects the similarity
in their structure
over the North
Atlantic is not clear.
As explained in Branstator
(2002), most of our analysis is carried out with GCM data because of the high
statistical
significance of results produced
when GCM
data are used. A similar analysis with data from hature shows similar characteristics,
to the extent that
the short record allows conclusions
to be drawn. As an
example
relations

of the situation
in nature,
Fig. 2b shows corbetween intraseasonal
300mb streamfunction

and a near surface North Atlantic
index of the NAO,
calculated
in an analogous
way to that ibr Fig.
2a.
Again, the influence of the waveguide pattern
on the
centers of covariability
that are remote from the North
Atlantic are apparent,
an indication
that the effects of
the waveguide need to be taken into account when considering subseasonal
and longer variability
in nature as
well as in GCMs.

b
Figure
2. a) Correlation
between DJF 300mb streamfunction
CCM3
internal
variability
and projections
onto the leading EOF of North Atlantic
sector 850rob
streamfunction,
b) Same as a) ibr intraseasonal
reanalysis perturbations.
Contour interval is 0.1.
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A prominent

mode of winter climate variability is the geographically

well-defined

Pacific North American (PNA) pattem, which represents circulation and precipitation variability
both intraseasonal and seasonal time-scales.
The mode is linked with midlatitude Pacific SST

on

variability, but has sometimes been erroneously associated with ENSO variability as it can be
excited during ENSO winters as well. The talk will focus on the extraction of PNA structure
(rotational and divergent circulations) and forcing (diabatic heating, vorticity and thermal
transients) from reanalysis data sets. The pattem is then simulated from the diagnosed forcing using
a steady linear primitive equation model. A good simulation allowed pursuit of the dynamical
diagnosis strategy, the objective of which is to reveal the mature-phase maintenance mechanisms.
Modeling analysis indicates the considerable role of zonal/eddy coupling and sub-monthly vorticity
transients in the pattem's generation.

Ongoing analysis of PNA evolution at weekly resolution indicates that a typical 2-week long
episode begins with an eastward extension of the east Asian jet, with zonal wind anomalies at
200mb extending 20-30 ° beyond the dateline. From this point onwards, a sequence of events,
including displacement of Pacific storm tracks, occur, spurred, in part, by the balance-restoring
secondary circulations.
The origin of the precursor phase jet extensions is unclear at present,
although linkage with Kuxoshio variability is being investigated. A better understanding of PNA
excitation and dynamics can clearly influence predictions of short-term climate variability.
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Limits

of Predictability

by Optimal

Persistence

Tim
Center

Determined
Patterns

Delsole

for Ocean-Land-Atmosphere

Studies

In this talk I introduce the concept of an optimal persistence pattem and discuss how it
can be used to define limits of predictability strictly from observations. An optimal persistence
pattern (OPP) is a component of a time-varying field that remains auto-correlated
for the longest
time-lags. Techniques for extracting OPPs provide an efficient method not only for isolating
persistent patterns in stationary time series, but also for detecting trends, discontinuities, and other
low-frequency signals in nonstationary time series. In this talk, we discuss how OPPs can be used
to filter out low-frequency signals to render a time series stationary, then used to determine the
patterns with the maximum decorrelation time. This approach clarifies the fundamental time scales
of phenomena such as the PNA, NAO, etc. The resulting patterns can be shown to provide a
rigorous upper limit of predictability for all linear prediction models. The sldll of statistical
predictions of the leading OPPs will be discussed.
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Variability

Within
the PNA,
On Sub-Seasonal

NAO,
Time

and AO Regimes
Scales

Wilbur Y. Chen
Climate Prediction Center
NCEP/NWS/NOAA
Variability over the oceans is much more prominent than over the lands, as shown in Fig. 1. Its
impacts on remote regions through teleconnections
are well recognized. For instance, PNA and
TNH patterns show impact of the Pacific sector on North America sector. Both PNA and TNH
teleconnections can develop due to tropical forcing and/or intrinsic internal dynamics. This study
focuses on the latter. That is, through the intrinsic internal dynamical processes, how does a large
oceanic variability impact North America? Particular attention is focused on the variability
telconnection pattern within the PNA, NAO, and AO regimes.
Variability
Variability

of a

and teleconnectivity are examined for various sub-seasonal time-scales (figs. 1 and 2).
decreases rapidly as time-scale increases, as shown in Fig. 1. Also, as timescale

increases, the teleconnection not only become stronger and better established but also much more
organized and located in certain restricted regions, as illustrated in Fig. 2. The main points relevant
to medium-range
predictions over the North America are:
1. Significant variability

within the PNA, NAO, and AO regimes,

as shown in Figures 3 to 5.

2. A gradual transformation from PNA to TNH pattern (top panels of Fig. 3). Large anomalies over
most of the North Pacific basin induce a development of a same-signed anomaly over the Southeast
of the U.S. However, a reverse-signed
anomaly will develop ranging from Alaska to eastern Canada
depending on the location of the Pacific anomaly, as shown in Fig. 3. Also shown is the gradual
transformation

between

PNA and TNH patterns

3. In Fig. 4: The large-scale

anomalies

(top 3 panels).

over the North Atlantic along 40 N (which may be

considered to be the southern components of the NAO) make same-signed impacts on various
interior parts of the U.S. If the Atlantic anomaly is over the Europe, the impact is then over the
eastern U.S. If the Atlantic anomaly is located over the mid-western ocean, the impacted area then
extends westward across the U.S. interior, reaching as far as southern New Mexico. It is interesting
to note that the impacts take on an arch shape, from Florida coastal areas up to the Great Lakes and
northern Plains and then down to New Mexico.
4. In Fig. 5: Here we focus on large anomaly located over north of 65N (the green circle). Ira large
anomaly is located at 11 O'clock position, the impact is over the northern China. When the Arctic
anomaly shifts eastward, another impacted region start to develop over the Europe, as shown in the
top-right panel. Further movement of the Arctic anomaly
region develops over the mid-Atlantic region of the U.S.

to the 5 O'clock

position, a third impacted

5. An Arctic anomaly that is heavily weighted in the Pacific side (say, at 7-9 O'clock position) is
found not to affect the North Pacific and the U.S. mainland. This result is somewhat surprising,
when comparing

to the conventional

AO loading pattern. Could it be an artifact of an EOF analysis?
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6.Withinaconventional
AOindex,therecanbelargevariations
ofanomalydistribution.
The
variations
of actioncenterwithinArcticregioncanmaketheimpacted
remoteregiontobehalfthe
worldapart.Thelongitudinal
positionofa largeanomalyappears
tobeanimportant
consideration
insub-seasonal
predictionapplications.
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Monitoring

the AO/PNA

Indices

Using

NCEP/NCAR

CDAS/Reanalysis

Hyun-kyung

Kim and Wayne
CPC/NCEP

Higgins

The Arctic Oscillation (AO) and the Pacific / North American pattern (PNA) are two of the
dominant modes of atmospheric variability in the Northern Hemisphere (NH), in particular during
cold season. These indices are strongly associated
portion of the NH.

with weather and climate variability

over a large

For the purpose of improving weather and climate prediction at NCEP, these indices were
developed for the period from January 1950 to the present using the NCEP/NCAR
CDAS/Reanalysis.
Since there is no explicit way to predict these indices yet, the "predicted"
indices are generated by projecting the loading pattern of each mode onto the MRF and Ensemble
forecast data in order to help the weather and climate prediction.
The indices and forecasts for the most recent 120 days are posted on the monitoring weather and
climate web site of NCEP/CPC and updated daily. (http://www.cpc.ncep.noaa.gov/products/
precip/CWlink

)

For the comparison with AO, the North Atlantic Oscillation (NAO) has also been monitored.
The
Antarctic Oscillation (AAO) has also been monitored as the counterpart of the AO in the Southern
Hemisphere.
All monitoring products are updated on a daily basis. Several of these will be
demonstrated in our talk.
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the MJO/ISO
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Institute for Terrestrial and Planetary Atmospheres
State University of New York, Stony Brook, NY 11794-5000
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Since its discovery

by Madden

_ (631) 632-8647

(voice)

-6252(fax)

and Julian (1971) over two decades ago, the Madden

and Julian

Oscillation [MJO/ISO; a.k.a. Intraseasonal Oscillation (ISO)] has continued to be a topic of
significant interest due to its complex nature (Madden and Julian, 1994) and the wide range of
phenomena it interacts with. The onset and break activity of the Asian-Australian
monsoon system
are strongly influenced by the propagation and evolution of MJO/ISO events (e.g., Yasunari, 1980;
Hendon and Liebmann, 1990). Apart from this significant local influence, there are also important
downstream influences that arise from the MJO/ISO.
For example, the development of persistent
North Pacific (PNP) circulation anomalies du_rmg Northem Hemisphere winter has been linked to
the evolution and eastward progression of convective anomalies associated with MJO/ISO events
(e.g., Liebmann and Hartman 1984; Weickmann et al. 1985; Higgins and Mo 1997). In fact, a
strong link has been shown to exist between rainfall variability along the westem United States,
including extreme events, and the longitudinal position of MJO/ISO convective anomalies (Mo and
Higgins 1998a; Jones 2000; Higgins et al. 2000). In addition, MJO/ISO convective activity has
been linked to Northem Hemisphere summer time precipitation variability over Mexico and South
America as well as to wintertime circulation anomalies over the Pacific - South American Sector
(Mo and Higgins 1998b; Jones and Schemm 2000; Paegle et al. 2000; Mo 2000). Recently, studies
have also shown that particular phases of the MJO/ISO are more favorable than others in regards to
the development of tropical storms/hurricanes
in both the Atlantic and Pacific sectors (Maloney and
Hartmann, 2000; Mo, 2000; Higgins and Shi, 2001). Finally, the passage of MJO/ISO events over
the westem Pacific Ocean has been found to significantly modify the thermocline structure in the
equatorial eastern Pacific Ocean via their connection to westerly wind bursts (e.g., McPhaden and
Taft, 1988). This latter interaction has even been suggested to play an important role in triggering
variations in E1 Nino - Southern
Kessler and Kleeman 2000).
As influential

as the MJO/ISO

Oscillation

(ENSO) (e.g., Lau and Chan 1988; Weickmann

is on our weather and climate, a fundamental

1991;

question yet to be

adequately addressed concerns its theoretical limit of predictability.
For example, it is well known
that useful sldll associated with deterministic prediction of most "weather" phenomena is limited to
about 6-10 days (e.g., Lorenz 1965; Palmer 1993; van den Dool 1994). Similarly, it has been found
that the likely limit of predictability for ENSO is on the order of 12-18 months (e.g., Cane et al.
1986). However, it is still yet to be determined what the corresponding metric is for the MJO/ISO
phenomenon.
The somewhat well behaved nature of the MJO/ISO (e.g., equatorially-trapped;
preference for warm SSTs, seasonality) along with its intraseasonal time scale suggests that useful
predictive skill might exist out to at least 15-25 days and maybe longer. Support for this suggestion
comes from statistical predictive models of the MJO/ISO, which indicate useful sldll out to at least
15-20 days lead time (e.g, Waliser et al. 199%; Lo and Hendon 2000; Wheeler and Weickmann
2001; Mo 2001). However, as with any statistical model, these models are sorely limited in the
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totalityof theweather/climate
system
theycanpredict,theirabilityto adapttoarbitraryconditions,
andtheirabilitytotakeadvantage
ofknownphysicalconstraints.
Whiletherehavebeenanumberofdynamical
predictiveskillstudies
oftheMJO/ISO(i.e.,
comparing
forecasts
toobservations),
thesestudiestypicallywereperformed
withforecast
models
thatexhibited
ratherpoorsimulations
of theMJO/ISO.Forexample,
thestudies
by Chenand
Alpert(1990),LauandChang(1992),Jonesetal.(2000),Hendonetal.(2000)wereallperformed
onthemostrecentorpreviousversionsoftheNCEP(orNMC)mediumrangeforecast(MRF)
model'sDynamicExtended
RangeForecasts
(DERFs).In general
thesestudiesshowed
usefulsldll
outtoabout7-10days.However,
theseskilllimitsarelikelytobesignificant
underestimates
ofthe
potentialpredictability
duetotheveryweakMJO/ISOsignature
in themodel.Moreover,since
thesestudies
werereallymeasuring
forecast
skillof themodel,theirsldllversuslead-time
estimates
areadditionally
hampered
by thedifference
in phasespeeds
between
themodelandobservations
andtheinfluence
frompoorlyknown/specified
initialconditions.
Thus,ascertaining
evenagross
estimate
of thelimit ofpredictability
fortheMJO/ISOfromthesestudies
is neitherappropriate
nor
feasible.
In additiontotheabovedynamical
studies,
therehavealsobeenanumberofpredictivesldllstudies
of theMJO/ISO(i.e.,comparing
forecasts
toobservations)
usingstatistical
forecastmodels(e.g,
Waliseretal. 1999a;Lo andHendon2000;Mo 2001;WheelerandWeickman,2001).Whilethese
sortsofmodelsaretypicallymoreadeptatforecasting
MJO/ISOvariabilitythanpresent-day
dynamical
forecast
models,theystillmaynotprovideausefulor adequate
measure
of MJO/ISO
predictability
duetotheirrelativelysimplistic,
andthusfarlinear,natuxe.
Theremaining
portionof thisabstract
will describe
theresultsoftworecentstudies
(Waliseretal.,
2001,2002)designed
tomoredirectlyestimate
thetheoretical
limit of dynamicpredictability
of the
MJO/ISOusingsetsoftwinnumerical
predictability
experiments
(e.g.,Lorenz1965;Shukla1985).
Thesestudies
utilizedtheNASAGLAgeneral
circulation
modelduetoitsrelativelyrealistic
MJO/ISOrepresentation
(e.g.,Slingoetal. 1996;Sperbereta1.1996).A 10-yearcontrolsimulation
usingspecified
annualcycleSSTswasperformed
in ordertoprovideinitialconditions
fromwhich
toperformanensemble
of twinpredictability
experiments.
Notethatthepredictability
analysis
described
belowwasperformed
separately
onN.H.winterMJO/ISOactivity(i.e.thatwhich
typicallytravelseastward
alongtheequatorandSPCZ)andN.H.summer
MJO/ISOactivity(i.e.
thatwhichtypicallytravelsnortheastward
intoIndian/S.E.
Asia).Theanalysis
framework
below
describes
theN.H.winterstudyandanyitemin [parenthesis]
describes
thedifferences
associated
with the N.H. summer
Initial conditions

analog.

were taken from periods of strong MJO/ISO

activity identified via extended

empirical orthogonal function (EOF) analysis of 30-90 day bandpassed tropical rainfall during the
Oct-Apr [May-Sep] season. From the above analysis, 15 cases were chosen when the MJO/ISO
convection was located over the Indian Ocean, Maritime continent, western Pacific Ocean, and
central Pacific Ocean [central Indian Ocean, N.E. Indian Ocean, S.E. Asia, and northwestern
Tropical Pacific Ocean], respectively, malting 60 cases in total. In addition, 15 cases were selected
which exhibited very little to no MJO/ISO activity. Two different sets &small random
pertuxbations were added to these 75 initial states. Simulations were then performed for 90 days
from each of these 150 pertuxbed initial conditions. A measure of potential predictability was
constructed based on a ratio of the signal associated with the MJO/ISO, in terms ofbandpassed
rainfall or 200 hPa velocity potential (VP200), and the mean square error between sets of twin
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(bandpassed)
forecasts.
Predictability
wasconsidered
usefulif thisratiowasgreaterthanone,and
thusif themeansquareerrorwaslessthanthesignalassociated
withtheMJO/ISO.Theresults(see
Figure1)indicatethatusefulpredictability
forthismodel'sMJO/ISOextends
outtoabout20to30
daysfor VP200andto about10to 15daysforrainfall.Thisis in contrast
tothetimescales
of
usefulpredictability
forpersistence,
whichforthismodelis about12daysforVP200and7 daysfor
rainfall.Notethatthepersistence
forecasts
gainadditionalsldllfromthebandpassing
operation
performedontheforecasts.
Thepredictability
measure
exhibited
(notshown)modestdependence
onthephaseof theMJO/ISO,
withgreater
predictability
fortheconvective
phaseatshort(<~5 days)leadtimesandforthe
suppressed
phaseatlonger(> ~15days)leadtimes.Inadditionto thedependence
onthe
convective
phaseoftheMJO/ISO,themodel'spredictability
alsoexhibitsdependence
onthe
strength
of theMJO,particularlyfortheN. H.wintermode.DuringperiodsofweakMJOactivity,
thepredictability
associated
withtheregionof strongMJOvariability(i.e.Eastern
Hemisphere)
is
diminished
compared
toperiodsof strongMJOactivity.Effectively,
thesamepredictability
ratios
arefoundatsignificantly
shorter
leadtimes(~5-10daydifference)
forthenull cases
versusthe
activeMJOevents.Thisdiminished
predictability
is aresultof anerrorgrowthratecomparable
to
thestrongMJOactivitycases
in combination
withweakerintraseasonal
signals.Meansquare
forecasterrorswerealsocomputed
for EOFamplitude
timeseriesofthebandpassed
modeloutput
tohighlightthefactthattheenhanced
predictability
atextended
rangeis derivedmostlyfromthe
first2 modes,i.e.,thosethatcapturethemodel'srepresentation
oftheMJO/ISO.
Theaboveresultshaveimportant
implications
forboththelocalregionsthattheMJO/[SOrainfall
variations
impactdirectlyaswellasregionsthatareinfluenced
by theMJO/ISOvia
teleconnections.
Present
dayatmospheric
forecasts
arelargelydirectedtowardpredictingshorttermweather
variations
fromanalyzed
initialconditions
aswell asseasonal
climatevariations
associated
withseasonal/interannual
changes
in surface
boundary
conditions,
namelyfromtropical
SSTs.Asyet,operational
weatherforecasts
havelargelybeenunabletoexploittherelativelystrong
signalandslowevolutionassociated
withtheMJO/ISO(e.g.,Waliseretal. 1999a;Jonesetal.
2000;Hendonetal.2000).Thisis duetothegenerallypoorrepresentation
oftheMJO/ISOin most
AGCMs,exceptfor a fewresearch-oriented
models(e.g.,Slingoetal. 1996).However,if the
MJO/ISOcouldbebetterrepresented
in operational
weatherforecastmodels,theaboveresults
implythatextended-range
tropicalforecasts
in theregionsdirectlyimpacted
by theMJO/ISOcould
begreatlyenhanced
and/orextended.Thisincludesameanstobetterpredicttheonsetandbreak
periodsoftheAsian-Australian
summer
monsoons
thataresostronglydetermined
by intraseasonal
variations
suchastheMJO/ISO.In thisregard,theimprovement
in forecast
skillthatmightbe
possiblewithamodelcapable
of simulating
theMJO/ISOoveronethatpoorlyrepresents
the
MJO/ISOcanbeinferredfromtheenhanced
predictability
associated
withtheactiveversus
null
MJOcasesdiscussed
above(i.e.about10dayimprovement
in leadtime).
In additiontothelocalimpactsthatimprovedMJO/ISOprediction
mightoffer,therearea number
ofremoteprocesses
whoseprediction
mayimproveaswell. Thesewerediscussed
in the
introduction
andincludewintertimemid-latitude
circulationanomalies
(e.g.,Ferrantietal.,1992),
summer
timeprecipitation
variabilityoverMexicoandSouthAmerica,extreme
events
in rainfall
variabilityalongthewestern
UnitedStates,
andthedevelopment
of tropicalstorms/hurricanes
in
boththeAtlanticandPacificsectors.
Thereareanumberofcaveats
thatshouldbenotedregardingtheaboveresults.Forexample,
there
aremodelshortcomings
thatsuggest
theaboveresultsmightbeanunderestimate
ofpredictability
of
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theMJO/ISO.First,themodeltendstohavetoomuchhighfrequency,
lowwave-number
activity
(Slingoetal. 1996).RelativetotheMJO/ISO,thisvariabilitywouldbeconsidered
tobeunorganized,
errantconvective
activitythatmayerodetherelativelysmoothevolution
ofthe
MJO/ISOandthusdiminishitspredictability.Second,
thesesimulations
werecarriedoutwith
fixedclimatological
SSTvalues.A previousstudywiththismodelshowedthatcoupledSSTstend
tohaveanenhancing
andorganizing
influence
ontheMJO/ISO,maltingit stronger
andmore
coherent
(Waliseretal.1999b).Thustheexclusion
of SSTcouplingmayleadtoanunderestimate
ofthepredictability
aswell. Thethirdaspect
thatmayleadtoanunderestimate
thepredictability
is
thefactthatthemodelcontains
toolittlevariabilityoverthewestern
IndianOceanandsouthem
Maritimecontinent
region.Theweakened
MJO/ISOrainfallvariations
overthisregionmayleadto
areducedpredictabilityduetothemodel'srelativelyweakconvection
passing
throughthisregion,a
regionthatexhibitsarelativelyrobustconvective
signalin theobservations.
A numberof aspects
associated
withthemodeland/oranalysis
suggest
thattheaboveresults
might
overestimate
thepredictabilityoftheMJO/ISO.Thefirstis thatthemodel'scoarse
resolution
and
inherent
reduced
degrees
of freedom
relativetothetrueatmosphere
maylimittheamountof smallscalevariabilitythatwouldtypicallyerodelargetimeandspacescalevariability.However,it is
important
tonotein thisregardthattheloworderEOFsofintraseasonally
filteredmodeloutput
typicallydonotcaptureasmuchvariabilityasanalogous
EOFsofobserved
quantities.Thusthe
model'sMJO/ISOitselfstillhasroomtobemorerobustandcoherent
whichwouldtendtoenhance
predictability.In additiontomodelshortcomings,
thesimplemannerthatpermxbations
wereadded
totheinitialconditions
mayalsoleadtoanoverestimate
of thepredictability.
Theperturbation
structure
andthesizeof theperturbations
maybetooconservative
andnotadequately
represent
the
typeof initialconditionerrorthatwouldbefoundin anoperational
context.However,evenif that
isthecase,it wouldseemthatadequate
size"initial"errorswouldoccurin theforecast
in amatter
of adayortwo andthusonewouldexpectthisaspect
to overestimate
thepredictability
by onlya
coupledays,if atall.Futurestudies
will examine
thesensitivity
oftheseresultstotheAGCMused,
toSSTcoupling,
mid-latitude
variability,andE1Ninostate,aswellasexamine
howsensitive
these
resultsaretotheinitialcondition
permxbations
anddefinitionofpredictability.
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1.

Introduction
Noting the similarities among the spatial patterns of outgoing longwave radiation

among

MJO and ENSO, Lau and Chan (1987, 1988) speculated a possible relationship between the two
phenomena.
This speculation received a substantial boost in credibility after the 1997-98 E1
Nino, when MJO activities were found to be substantially enhanced prior to the onset of the
warm phase, and clear signals of oceanic Kelvin waves forced by MJO induced anomalous
surface wind were detected as possible triggers of ENSO (McPhaden 1999, McPhaden and Yu
1999). Yet statistical
relationship between
Slingo et al. 1999).
convective variability
relationship. Clearly,

and modeling studies have so far yielded either nil or at best, very weak
MJO activities and SST (Hendon et al. 1999, Fink and Speth 1997, and
Recently Kessler (2001) suggested using an MJO index which includes
in the equatorial central Pacific lead to a more robust MJO-ENSO
while MJO might have been instmxnental in triggering some E1 Nino,

there are other events that can occur without any MJO trigger.
A possible reason for the above conundrum is that MJO-ENSO
relationship, if exists, is likely
to be strongly nonlinear, and therefore will not have a one-to-one correspondence in individual
cases. Even within the 20-70 or 20-90 day windows commonly used by most investigators to
capture the MJO, there are possibly different modes &variability that may act as trigger, or
merely response to, or simply independent of ENSO SST variability. Many previous studies of
MJO-ENSO
relationship focused on MJO in one particular season, particular boreal winter or
summer. Yet, MJO wind forcings on the ocean are likely to be continuously modulated
throughout the year. Indeed, oceanic Kelvin waves forced by MJO are likely to be found along
the equatorial waveguides, when the forcing is symmetric with respect to the equator, i.e. during
the spring and fall, and not during boreal winter or summer when the center of MJO activities are
away from the equator.
Furthermore, although MJO has dominant signals in the tropics, it also
has strong extratropical expressions, suggesting interaction between tropics and the extratropics.
Hence identifying the full spectmxn &variability associated with MJO, including seasonality,
tropical and extratropical variabilities, and separating modes of intraseasonal variability with
respect to SST forcings are essential in understanding MJO-ENSO
relationship.
In this paper, we re-assess the MJO-ENSO
relationship, by identifying dominant space-time
modes of intreaseasonal variability and their possible separate roles in triggering or respond to
ENSO. Using 50 years of NCEP wind reanalysis, we have computed the space-time extended
empirical orthogonal functions (EEOF) of 20-70 filtered 850 mb streamfuanctions to identify
dominant modes of intraseasonal variability all year round. The first EEOF mode describes an
eastward,

circum-propagating

planetary pattem identified
88

as the "classical"

MJO. The second

modedepictsthequasi-stationary
component
of theMJO,associated
withwavesignals
emanating
fromtheIndo-Pacificregionalongthesubtropical
j etstreams.TwoindicesofMJO
activitieshavebeenconstructed
basedonthe90-daywindowed
variances
of theprincipal
components
of thesetwomodes.TheMJOactivitiesshowstrongseasonality,
withtheeastward
propagating
mode(EPM)andthestanding
mode(SM)havingitspeakactivityin theboreal
spring,andwinterrespectively
(notshown).
2.

Results

Figure 1 shows a composite of the EPM with respect to Nino -3 SST variation. Enhanced
EPM (PC 1+2) activity is found during the cold-to-warm
transition of E1 Nino. Immediately
after entering into the warm phase of E1 Nino, EPM activity is drastically reduced.,and remains
suppressed throughout the entire warm phase. This suggests that the EPM may be instrumental
in triggering or promoting the onset of E1 Nino. Yet, as a response to the spreading out &the
warm water, the global eastward propagation of the MJO is stalled in favor of the development
of the stationary component.
As seen in the lower panel, SM activity appears to evolve
coherently with the Nino-3, with a delayed response of about 3 to 6 months.

Figure
and

1
c)

Composite

PC3+4.

The

as
PCs

a function
are

in

relative

of

calendar

months

for

a)

Nino-3

SST

(°C),

b)

PC1

+2

units

The possible triggering of EL Nino by the EPM can be seen in the lagged time-longitude
cross sections of EPM index with respect to monthly 850mb zonal wind and SST along the
equator, shown in Figs. 2 a and b. Before enhanced EPM activity, the evolution pattems are
quite disorganized. However, simultaneous with and immediately following EPM activity, there
are clearly eastward propagating wind signals from the Indian Ocean to the eastern Pacific
(Fig.2a), accompanied by coherent SST signals over the eastern Pacific (Fig.2b). Note that the
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dominant
timescaleis quasi-biennial
andnotENSO. Incontrast,
similartimelaggedcrosssections
of SM (Figs.3aandb) depictaspace-time
patterncharacteristics
ofE1Ninoandwitha
dominant
timescaleof 3.5to4 years.Alsoclearis thattheenhanced
SMactivitylaggedthe
warmSSTby about3 months-furtherevidence
thatit maybea response
toE1Nino.

Figure 2 Lagged-time-longitude
corrvariance of EPM with respect
Units are in rrEs and °C per 1-? changes in the PC.

3.

to a) 850 mb zonal wind, and b) SST,

along the equator.

Conclusion
Our results show that the EPM component

of the MJO, by virtue of its enhanced

activity

during boreal spring may be instrumental in exciting a warm event. When the naturally
occurring E1 Nino is properly phased with enhanced EPM activity in boreal and summer, a
rapidly warming phase, following by a rapidly cooling phase may occur. Recently Kim and Lau
(2001) has suggested a combination of winter and summer monsoon anomalous surface wind
forcings in the equatorial western Pacific may induce a biennial tendency in the ENSO cycle.
The present results suggest such biennial
seasonal modulation of the MJO.

tendency in ENSO may be effected through the
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We are in the course of preparing data sets for a multimodel ensemble of seasonal forecasts.
These are based on eight versions of the FSU global coupled model following LaRow and
Krishnamurti (1998, Tellus). In addition to those we have prepared parallel data sets for as many
as four external non-FSU global coupled model runs. Although the entire array covering several
decades of seasonal forecasts experiments are not yet completed, some preliminary results from
several single model runs were possible at this stage. One of the questions we address here is on
the recently reported failures of the ENSO - Monsoon relationship. Prior to 1995 there was the
general feeling that E1-Nifio years were to be treated as deficient in Indian monsoon rainfall with
the converse being the case for the La-Nifia years. Recent papers by several authors observed the
failure of this relationship since roughly 1995. Our study examines the coupled model results on
the relationship of ENSO index and the all India summer monsoon rainfall (AISMR). We find
that the model output does confirm a breakdown of this relationship. In the course of further
diagnosis of this relationship, we noted a prominent featuxe that prevailed prior to 1995 that was
absent in the subsequent years. The model output showed that the amplification of the MJO
signals in the zonal winds at 850hPa levels and of the ENSO signals were both large during years
of above normal AISMR. During years of deficient AISMR the MJO signal amplitudes were
small. The differences in the amplitudes of ENSO and MJO signals were inversely related to the
AISMR. Even that relationship broke down after 1995. Since the complete global coupled model
output is available at intervals of every week we feel that this data sets provides an opportunity
for the examination of other non-conventional
parameters that might provide a clue to the
behavior of the breakdown of these relationships and to search for other possible candidates.
These results will be presented at the workshop on subseasonal climate prediction.
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amounts of variance on time scales of 20-90 days.

In particular, the Madden-Julian Oscillation (MJO) is the main mode of tropical intraseasonal
variation with significant influences on the Asian-Australian
Monsoons, Indo-Pacific
thermocline variability and mid-latitude teleconnections.
Previous works have shown that
tropical intraseasonal convective anomalies (TICA) display different modes of eastward
propagation, seasonal and interannual occurrences.
This study examines the characteristics of eastward propagating TICA events. An objectivetracldng algorithm is applied to 22 years of Outgoing Longwave Radiation (OLR) data to
characterize their propagation, life cycle, zonal displacement and structural properties (minimum
OLR anomaly, variance of OLR anomaly, area, number of cold clusters, rate of growth and
decay). The zonal wind (U) components at 850 hPa and 200 hPa from 22 years of NCEP/NCAR
reanalysis are used to describe the large-scale circulation associated with TICA events. Four
main TICA types are recognized depending on their eastward propagation and region of most
significant influence (Indian Ocean, India/China Sea, SPCZ and Pacific Ocean). A statistical
analysis is carried out to determine if differences in structural properties of convective anomalies
are also associated with different TICA types. Probability curves are then constructed to
determine the likelihood of TICA occurrences according to their zonal displacement and
frequency per season. In the last part of this work, a combined (CEOF) analysis of OLR, U850,
and U200 is performed to build a statistical forecast model based on multiple linear regressions
using the first two leading EOF modes. The statistical forecast skills of different TICA types are
analyzed and their implications for midlatitude teleconnections are discussed.
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1. Introduction
As part of an ongoing research project at the Australian Bureau of Meteorology on the use of the MaddenJulian Oscillation (MJO) for forecasting on the intraseasonal time scale, we have developed an index for
the MJO based on the first two Empirical Orthogonal Functions (EOFs) of the combined fields of nearequatorial 850 hPa zonal wind, 200 hPa zonal wind, and satellite-observed outgoing longwave radiation
(OLR). Projection of the daily observed data onto such multivariate EOFs, with the annual cycle and E1
Nino variability removed, yields principal component (PC) time series that vary mostly on the
intraseasonal time scale of the MJO only. That is, the projection of daily data onto the two EOFs is a very
effective filter for the MJO, without the need for time filtering, and thus an effective index for real-time
use. In this way, it is thought to be an improvement over the method that is currently performed daily at
the Bureau, of Wheeler and Weickmann (2001). This paper explores the properties of the index along
with its relationship to other important weather and climate parameters. Prediction of the index will
follow in later work and publications.
2. Data and Analysis
Perform EOF analysis on the daily fields of equatorially-averaged
(10°S to 10°N) OLR, 850 hPa zonal
wind, and 200 hPa zonal wind for the period of 1979 to 2001 (23 years). EOF analysis is of the
covariance matrix. For the combined (multivariate, i.e. OLR and winds) analysis, each field is
normalized by its global variance first. Before the EOF analysis, however, we do the following: Remove
the mean and annual cycle (3 harmonics) from each field at each grid-point. Remove the variability
associated with E1 Nino (that which is linearly related an ENSO SST index). Remove a 120-day mean of
the most recent 120 days at each point. All of these steps can be performed in real-time. Figure 1 presents
the first two EOFs, which we feel capture the variability of the MJO well.
3. Initial Results
We call the two PC time series that form the index the Real-time Multivariate MJO series 1 (RMM1), and
RMM2. For the 1979 to 2001 period, for all seasons, RMM1 and RMM2 respectively have 58 and 61% of
their total variance occurring for the 30- to 80-day time scale (Fig. 1), and their cross-spectrum reveals a
coherence-squared
value of-0.8 on this time scale with RMM1 leading RMM2 by a quarter cycle. In the
two-dimensional phase-space defined by the vector M = (RMM1,RMM2) (Fig. 2), the MJO thus
manifests itself as an anti-clockwise rotation with time, while times of little or no MJO activity are
represented by seemingly random movement of the vector M near the origin.

94

Figure1: Spatialstructure,
example
timeseries,andspectra
of thosetimeseries,forthefirsttwo
empiricalorthogonal
functions
of thecombined
fieldsof OLR,850hPazonalwind,and200hPa
zonalwind.Wecalltheprincipalcomponent
timeseries
resultingfromtheprojection
of thedailydata
ontotheseEOFsRMM1andRMM2.
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Figure 2: The phase space representation of the RMM1 and RMM2 indices for the southern
summer months of December, January, February, March, and April for the full 23 years of
data. When the MJO is active the (RMM1,RMM2)
circles.

vector describes large anti-clockwise

This phase-space representation of the two RMM series is one of a number of ways to use the index for
the purpose of producing composites and forming relationships with other climate or weather indicators.
a. Composites
Given that the RMM series are computed using the near-equatorial (10°S to 10°N average) OLR and
winds for any season, one aspect that is important to demonstrate is whether they can capture the known
varied structure and influence of the MJO from season to season. Composites of total OLR and wind
fields for eight defined phases of the MJO for the different seasons show that indeed they do capture such
seasonal changes. The strongest direct influence of the MJO on the OLR field (and presumably rainfall) is
strongest over Australia in southern summer, but it is mostly confined north of about 20°S. There is no
discernible influence over the Australian continent in northern summer, but in autumn, there is some
indication of an influence through northwest cloudbands stretching to western Australia from the Indian
Ocean.
b. Relationship

with the onset of the Australian

monsoon at Darwin

Relationships with a completely independent indicator of the onset and retreat of the Australian monsoon
can also be demonstrated. Figure 3 shows the location of the (RMM1,RMM2) vector in its phase space
when the monsoon was defined to onset at Darwin by a measure defined by Drosdowsky (1996). This
measure is determined by the radio-sonde westerly winds at Darwin only, and is thus a very strict point
measurement of the monsoon, that is, not a large-scale indicator like the MJO. Yet we see in Fig. 3 that
the monsoon for the last 23 years has only onset at times when the MJO is in only about half of its 8
defined phases. The monsoon at Darwin rarely "onsets" when the convection of the MJO is over the
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Indian Ocean or the Western hemisphere.
MJO and the RMM series for prediction.

Such a relationship

is instructive

for the potential

use of the
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Prediction of the RMM series, and thus prediction
of the MJO, is work to be described
in future
publications.
One method of prediction
is along the lines of the work of Lo and Hendon (2000), an
empirical technique utilizing multiple step-wise lag regression.
Predictions
from numerical
models could
also be projected
onto the same EOFs to obtain the RMM series.
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1. Introduction
The intraseasonal variation (ISV) in the 30-60 day band, also known as Madden-Julian oscillation (MJO),
has been studied for decades. Madden and Julian (1971, 1972, 1994) showed that the oscillation
originated from the western Indian Ocean, propagated eastward, got enhanced over the maritime
continent and weakened after passing over the dateline. Composite studies showed evidences of a signal
in upper and lower level zonal wind propagating around the globe during an oscillation (Knutson and
Weickmann 1987). Theoretical studies pointed out that the interaction with the warm ocean surface and
the coupling with the convective and radiative processes in the atmosphere could manifest the oscillation,
which propagates eastward via mutual feedbacks between the wave motions and the cumulus heating
(Chang 1977; Yamagata and Hayashi 1984; Lau and Peng 1987; Salby and Garcia 1987; Wang 1988; Hu
and Randall 1994).
Over tropical South America, no independent 30-60 day oscillation has been reported so far, despite that
Amazon is the most distinct tropical convection center over the western hemisphere and the fluxes from
its surface of tropical rainforests are close to that from the warm tropical ocean. Liebmann et al. (1999)
showed a distinct spectral peak of 40-50 day oscillation in outgoing longwave radiation (OLR) over
tropical South America and considered that was manifested by the MJO propagation. Nogues-Paegle
et
al. (2000) focused on a dipole pattern of the OLR anomaly with centers of action over the South Atlantic
Convergence Zone (SACZ) and the subtropical plain. They used the regional 10-90 day filtered data and
demonstrated this pattern could be represented by the fifth mode of the rotated empirical orthogonal
function. Its principal component was further analyzed using the singular specmun analysis. Their result
showed two oscillatory modes with periods of 36-40 days and 22-28 days, of which the former was
related to the MJO influence and the latter linked to the remote forcing over southwest of Australia, which
produced a wave train propagating southeastward, rounding the southern tip of South America and
returning back toward the northeast. The 22-28 day mode has distinct impact on SACZ, responsible for
the regional seesaw pattern of alternating dry and wet conditions.
In this study we will focus on the 30-60-day spectral band and investigate whether the independent
oscillation source over tropical South America is existed. First, we will show the seasonal dependence of
the tropical South American ISV in Section 3. Then, the leading principal modes of 30-60 day bandpass
filtered 850-hPa velocity potential (VP850) will be computed to distinguish the stationary ISV over
tropical South America (SISA) from the propagating MJO in the austral summertime in Section 4. The
importance of SISA in representing the regional ISV over South America will be discussed. In Section 5,
we will demonstrate the mass oscillation regime of SISA, which is well separated from that of MJO by
the Andes, and the convective coupling with rainfall. The dynamical response of SISA and the impact on
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theSouthAmerican
summer
monsoon
(SASM)will bepresented
in Section
6. Finally,wewill givethe
concluding
remarks.
2. Data
Thedatausedin thisstudyaretheGoddard
EarthObserving
System
ofversionone(GEOS-1)
reanalysis
(Schubert
et al. 1993), the European Center for Medium Range Weather Forecast (ECMWF) reanalysis
(Gibson et al. 1997), the National Oceanic and Atmospheric Administration / National Centers for
Environmental Prediction (NOAA/NCEP) OLR (Janowiak et al. 1985), and CPC (Climate Prediction
Center) Merged Analysis of Precipitation (CMAP) (Xie and Arkin 1997). To focus on the 30-60 day
band, the Lanczos filter (Duchon 1979) was used, prior to which the pentad mean was constructed. A 9grid spatial smoother was also applied to the CMAP rainfall data to remove small-scale features. The
austral summer half-year is defined as from mid-October to the following mid-April.
3. Seasonal dependence

of ISV over South America

The seasonal variations of precipitation, wind and temperature over South America have been addressed
by many previous studies (Aceimno 1988, Horel et al. 1989, Kousky and Ropelewski 1997, among
others). It is now recognized that these variations are organized by the South American monsoon system
(Nogues-Paegles
et al. 2002), which is forced by the summertime regional thermal infrastructure,
responding to the annual cycle of solar heating in an interactive ocean-atmosphere-land
entity and being
characterized by the systematic rainfall migration and the reversal of seasonal perturbation wind in the
tropical and subtropical regions. Zhou and Lau (1998) showed coherent convective 40-45 day
oscillations over tropical-subtropical South America during 1989/90 summer monsoon season. These
oscillations were related to pre-monsoon, monsoon onset and development, monsoon mature and
withdrawal and post-monsoon phases.
From the wavelet analysis of OLR averaged over eastern tropical South America from November 1982 to
November 1995, we can clearly see the annual cycle was enhanced during E1 Nifio years and the
submonthly and the 1-3 month time-scale ISV activated only in summer half years. Being dynamically
consistent, the similar features can also be found in VP850 of both GEOS and ECMWF reanalyses. Over
eastern tropical South America, the temporal correlation between the 30-60 day band-pass filtered
ECMWF 850-hPa velocity potential and OLR in the summer half-year is about 0.67. The summer halfyear composite of VP850 spectrum, averaged over eastern tropical South America, shows more
significant spectral peak at 45-day period in GEOS reanalysis.
The geographic distributions of the 30-60 day band averaged VP850 spectral density, are composited for
the summer and the winter half-year, respectively.
Due to short record for each half-year span, the
spectral analysis of maximum entropy method (MEM) is used to sharpen the spectral features. Overall,
the composites show the oscillation in ECMWF reanalysis is weaker than that in GEOS reanalysis. The
intensity of the former is about 80% of the latter. Both reanalyses show two centers, one zonally
elongated over the maritime continent of the western Pacific, which is consistent with the illustration of
MJO by Madden and Julian (1972), and the other extending northwest-southeastward
over tropical South
America in alignment with the monsoon migration. The intensity of the later is about 60% of the former.
The semiannual composites show that the oscillation is much stronger in the summer half-year than in the
winter half-year (almost a factor of 3/2 seen over tropical South America in both reanalyses). More
realistically, the ECMWF reanalysis demonstrates a seasonal preferred location of the oscillation center,
which follows the seasonal migration of the convective activities associated with American monsoons
over Central-South America.
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4. Identification
of SISA
Lookingfortheintrinsic30-60dayoscillation
overtropicalSouthAmerica,weconducted
arotated
empiricalorthogonal
function(REOF)analysis
forthe30-60daybandpass
filteredVP850in streamer
half-years.
TheVarimaxrotation,
whichremoves
thespatialbutkeeps
thetemporal
orthogonality,
is
appliedtoidentifyregionally
confined
patterns
(NigamandShen1993).Theresultshowsthefirstand
thesecond
modes,
whichdisplaya 90-degree
phaseshiftin bothspace
andtime,represent
the
propagating
MJO.Thethirdmode,thoughexplaining
lessvariance
thantheleading
twomodes
(7%in
GEOSand14%in ECMWF),concentrates
itsmostvariance
overeastern
tropicalSouthAmerica.This
featureisevenmoreprominent
in theECMWFreanalysis.
Todemonstrate
whether
theoscillation
represented
bythethirdmodeis independent
ofMJO,lagcorrelations
between
thethirdrotatedprincipalcomponent
(RPC)andthe30-60daybandpass
filtered
globalVP850arecomputed
foracomplete
oscillation
cycle.Theresultevidently
showsthestanding
characteristics
ofSISA,whichformslocallyandnotrelatedtotheeastward
propagating
MJO.
Theimportance
ofthistropicalSouthAmerican
modeis furtherdemonstrated
by thereconstruction
of
VP850usingtheleadingthreeREOFmodes
forsummer
half-years.WecanseethatovertropicalSouth
America
thethirdmodetogether
withMJOcanalmostmimicthetotalvariabilitybybothreanalyses.
The
roleplayed
byindividual
oscillating
component
isalsochecked.
Forexample,
during1991/92
summer
half-year,
thereconstruction
showsweakMJOinfluence
andstronglocaloscillation
overtropicalSouth
Americafromaustralspringto earlysummer
of 1991.Afterwards,
theeastward
propagating
MJO
becomes
dominant
butdistinctdisturbances
ofSISAcanstillbeseenwhenwavesof MJOpassing
over
tropicalSouthAmerica.
5. Oscillation
regimeandconvective
coupling
Inassociation
withtheoscillations
ofOLRandVP850,distinctmassfluctuations
arealsofound.The
summer
half-yearcomposite
ofMEMspectral
densityofsealevelpressure
(SLP)averaged
overeastern
tropicalSouthAmericashowsconsistent
threespectral
peaksattheperiodsof36-60day,20dayand12
day. Thecorrelations
of SLPwiththethreeleadingRPCsofVP850shows
thattheareas
highly
correlated
withMJO(greater
than0.4)areconfinedtothePacificandtheIndianOcean.Thestationary
ISVoverSouthAmerica
hashighcorrelation
withSLPvariabilityovertheareafromtropicalSouth
AmericatothewestcoastoftropicalAfrica. ThetwostrongimpactregimesofMJOandSISAarewell
separated
bytheAndes,whichblockedthelow-levelinfluences
fromthePacificside.EastoftheAndes,
the30-60daymassvariabilityis morecloselyrelatedto SISA.Thiscanbefurtherdemonstrated
by
computing
one-grid
correlations
of30-60daybandpass
filteredSLPwiththebasegridateastern
Brazil
andwestern
centralAfrica,respectively.
Fromtheresultwecanseeawell-defined
spatialregime
extending
fromtropicalSouthAmericaeastoftheAndestocentralAfrica,whichis consistent
withthe
areahighlycorrelated
withSISA.It showsevidently
thatthe30-60dayoscillation
overSouthAmerica
canbelocallymanifested
anddoesnotnecessarily
depend
onMJO.
Beingconvectively
coupled
withtheoscillation,
therainfallvariabilityovereastern
tropicalSouth
Americashowsthesamespectral
characteristics
asthatof SLPin thesummer
half-year.Todistinguish
thegeographic
impactof each30-60dayISVmode,wecompute
theregression
of eachRPCofVP850
withrainfallandcompare
theresultwiththecorresponding
naturalmodeofrainfallvariations
represented
bytheindependent
EOF.Forthefirstandthesecond
modes,
largeamplitudes
arefoundovertheIndian
Oceanandthewestern
Pacific,whereMJOprevails,andthepatterns
between
theregression
andEOFs
arehighlycorrelated.
OvertropicalSouthAmericaa moderate
rainfallsignalassociated
withMJOmoves
fromwestern
to eastern
tropicalSouthAmerica.Forthethirdmode,theregression
showsasimilar
patternwiththerainfallEOF3overtropicalSouthAmericabutlesscoherent
overthewestern
Pacific.
100

Theimportance
ofthethirdmodetotheSouthAmerican
regionalrainfallvariabilityis further
investigated
bycomputing
thepercentage
ofthelocalvariance
explained
bytheregression
witheach
mode.Wefindtheimpactofeachmodehasdistinctgeographic
preference.
It showsthattheMJOhas
largeimpactovernortheastern
BrazilandthenearbyAtlanticIntertropical
Convergence
Zone(ITCZ).
Whiletheimpactof SISAis concentrated
oncentralBrazil,whichextends
southeastward
andinfluences
theSouthAtlanticConvergence
Zone(SACZ),andtheareaover10°Nofthewestern
Atlantic.Aswe
will seein thenextsection,
thesetwopreferred
SISAimpactareas
arelocatedalongthepathofthe
monsoon
flow,indicating
closerelationship
between
SISAandSASMvariations.
6. Dynamical
response
andimpactonSASM
Thedynamical
responses
oftheleadingthreemodes
of 30-60dayISVareillustrated
by regressing
each
RPCofVP850withstreamfunction
at200and850hPa,respectively.
Intheuppertroposphere,
the
responses
ofthefirstandthesecond
modesshowa patternsimilartotheillustration
of Matthews
(1993)
andSperber
et al. (1997), who depicted twin anticyclones (cyclones) over west (east) of the convection
accompany MJO propagating eastward. This pattern is vertically out of phase in the tropics and in phase
poleward, and can be explained by the counteraction between the streamfunction tendencies induced by
the horizontal advection of planetary vorticity and the divergence of planetary vorticity flux (Chen and
Chen 1997). The impact of the propagation of this pattern on the tropical easterlies can be clearly seen
over equatorial South America.
Consistent with the summertime heating over tropical South American continent, the response of the third
RPC shows two anomalous cyclonic (anticyclonic) circulations, which are symmetric about the equator,
at east (west) of tropical South America in the upper troposphere. A small anticyclonic cell can be seen
over southern Peruvian highland, where intense heating is found during the summertime. In the lower
level, a large anticyclonic disturbance is over northwestern Africa and a cyclonic per_bation
along the
South Atlantic convergence zone (SACZ). As a result, anomalous flows, denoted by streamlines, follow
the SASM flow pattern, indicating a close relationship between SISA and the intraseasonal variation of
SASM. Recently, Jones and Carvalho (2002) identified two flow regimes in 10-70 day time-scale in
association with SASM active and break phases, according to the phase of the low-level zonal flow over
Rondonia State of Brazil. They showed that during the monsoon active phase, the anomalous flow
traveled along the tropical north Atlantic, crossed the equator over the east of the Andes, ran toward
Southeast Brazil and closed in a cyclonic anomalous circulation off the coast of Argentina and Uruguay.
During the break phase, the flow reversed completely. By making composites of 850-hPa wind and OLR
for two SISA extreme phases, of which the VP850 RPC3 amplitudes exceed 1.2 standard deviation, we
find the anomalous low-level flow of SISA swings between the active and break monsoon flow regimes.
The OLR anomaly, extending northwest-southeastward
over tropical South America, flips the phase in
association with the anomalous monsoon flow convergence. Evidently, the variation of SISA is related to
the break and revival of SASM.
7. Concluding remarks
Using GEOS-1 and ECMWF reanalyses, NCEP OLR and CMAP rainfall data we have investigated the
ISV source over tropical South America during austral summer half-year. Rotated EOF analysis of 30-60
day bandpass filtered VP850 reveals that the first two leading modes are closely related to MJO. The third
mode, SISA, which shows standing oscillation characteristics and accounts for a large portion of ISV over
tropical South America, suggests a local forcing mechanism. The total 30-60 day variability of VP850
over tropical South America can be reconstructed by the three leading REOF modes. Further investigation
reveals a well-defined oscillation regime of SISA, which is separated from that of MJO by the Andes,
extending from tropical-subtropical South America east of the Andes to central Africa. The dynamical
impact of SISA on the upper tropospheric rotational flow shows a typical wave pattern of symmetric
101

variations
in streamfunction,
i.e.,

a leading pair of cyclones and a trailing pair of anticyclones in
association with localized heat sources and sinks. The impact of SISA on the regional climate shows a
close relationship with SASM break and revival. Our results suggest that in the austral summer half-year
the tropical South American region possesses a source of ISV that is distinct from that due to the MJO.
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Ensemblesoflaindcastsfromsevenmodelsareanalyzedtoevaluatedynamical

seasonal predictability

of 850hPa wind and rainfall for the Asian summer monsoon (ASM) during 1987, 1988, and
1993. These integrations were performed using ob-served sea surface temperatures and from
observed initial conditions. The experiments were designed by the CLIVAR Worldng Group on
Seasonal to Interannual Prediction as part of the Seasonal prediction Model Intercomparison
Project (SMIP). Integrations from the European Union PROVOST (Prediction of climate
Variations

on Seasonal to interannual

The National

Timescales)

Centers for Environmental

experiment

Prediction/National

are also evaluated.
Center for Atmospheric

Research

and European Centre for Medium-Range
Weather Forecasts reanalyses and observed pentad
rainfall form the baseline against which the hindcasts are judged. Pattem correlations and rootmean-square differences indicate errors in the simulation &the time-mean low-level flow and
the rainfall exceed observational uncertainty.
Most models simulate the subseasonal EOF's that
are associated with the dominant variations of the 850hPa flow during the ASM, but not with the
fidelity exhibited by the reanalyses as determined using pattem correlations. Pattem correlations
indicate that the first EOF, associated with the tropical convergence zone being located over the
continental landmass, is best simulated. The higher order EOF's are less well simulated, and
errors in the magnitude and location of their associated precipitation anomalies compromise
dynamical seasonal predictability, and are related to errors of the mean state. In most instances
the models fail to properly project the subseasonal EOF's/PC's onto the interannual variability
with result that hindcasts of the 850hPa flow and rainfall are poor. In cases where the observed
EOF's are known to be related to the boundary forcing, the failure of the models to properly
project the EOF's onto the interannual variability indicates that the models are not setting up
observed teleconnection
patterns.
Sperber, K. R., C. Brankovic, M. Deque, C. S. Frederiksen, R. Graham,
T. N. Palmer, K. Purl, W. Tennent, and E. Volodin, 2001: Dynamical
of the Asian Summer Monsoon. Mon. Wea. Rev., 129, 2226-2248.
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I. Introduction
The objectives of this study are to (1) develop a better understanding
of how observations
constrain/impact the MJO in a data assimilation system with the aim of improving the
representation of the MJO, and (2) to carry out AGCM predictability/forecast
experiments
various observational constraints to assess model errors and sensitivity to initial conditions.
current focus is on the second objective.
We use the NASA-NCAR

AGCM

under
Our

to carry out this study. The model is based on the finite-

volume dynamical core developed at the DAO (Lin and Rood 1998), with physical
parameterizations
from the NCAR CCM-3 (Kiehl et al. 1996). The data assimilation system is
the finite volume Data Assimilation System (fvDAS) of the DAO (DAO Office Note, 1999).
The ability of the cuxrent version of the AGCM

to simulate the MJO is highlighted

in Figs. 90

through 94 in Chang et al, 2001. These figures show that the model generally reproduces the
large-scale structure of the MJO variability. However, the model MJO is too weak and the period
is too short (around 20 to 30 days) compared to that found in the NCEP/NCAR
reanalysis (40 to
60 days). A major problem with the simulated mean climate is the lack of precipitation over
much of the westem Pacific warm pool and Indonesia region, and too much rainfall over the
western

Indian Ocean and East China (Figs. 26 and 27 of Chang et al, 2001).

In order to address the AGCM deficiencies above, we made the following experiments coveting
the period August and September of 2000: (a) a full assimilation run with the fvDAS, (b) an
ensemble of 9 AGCM hindcasts with different atmospheric initial conditions, and (c) an
assimilation run in which only atmospheric moisture observations where ingested
(fvDAS only q) - the aim here was to examine the impact of correcting the moisture bias in the
AGCM on both the climate and on the representation of the MJO. In the following discussion,
the focus is on the impact of the moisture correction to the representation of the MJO.
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II. Results
Figuxe 1 is a longitude-time diagram of velocity potential anomalies averaged over between
and 10N. Both the fvDAS and NCEP/NCAR reanalysis show a well defined eastward

10S

propagation associated with the MJO. The AGCM ensemble mean initially follows the
observations, but loses skill in a matter of a few days. The simulated anomalies travel to the east
too fast. Afterwards, the central Pacific is dominated by a sinldng branch of the MJO for more
than a month. The ensemble variance shows that the limit of predictability
case is about 10 days to 2 weeks.

in the AGCM for this

A diagnosis of the mean moisture field indicates a substantial bias. Specifically, in the tropics
between 10S to 10N, the AGCM is too wet over the Indian Ocean and too dry over most of the
western Pacific Ocean. Around the ITCZ (latitudes 12N to 16N), the dry area extends into the
eastern Pacific and the dry situation is most severe.
In the assimilation with the moistuxe-only correction (fvDAS_only
q rmn), the moisture bias are
largely corrected. In addition, the results show a better precipitation field. In particular, the
insufficient precipitation over Indonesia and western Pacific warm pool region is corrected and
the excessive rainfall over the western Indian Ocean is being reduced. Bias in the velocity
potential

over the corresponding

regions is also improved.

The impact of the moisture correction

on the representation

of the MJO as it cycles around the

globe is also positive. With the assimilation &moisture, the rising branch of the MJO in the
Central Pacific is enhanced so as the eastward propagation. The results also improve the sldll of
MJO hindcasts (especially EOF2). EOF 2 has a dipole centered over the central Pacific and
western Indian Ocean.
In the diagnoses of the moist heating of the fvDAS data, we found that the moist heating leads
the rising branch of the MJO, and the rising branch of the MJO also enhances the moist heating.
One &the apparent reasons for the failure of the AGCM to produce a reasonable MJO is that the
AGCM is too dry over the westem Pacific region and it cannot generate enough moist heating
ahead of the rising branch of the MJO.
When we compare the fvDAS with the AGCM and the fvDAS only q results, we find that the
AGCM heating over the central Pacific is too weak. When the moisture bias is corrected, the
moist heating in the central Pacific is improved, which in tuxn enhances the rising branch of the
MJO in the central Pacific and improves the eastward propagation of the MJO.
III. Conclusions
The MJO in the current version of the NASA/NCAR
periods

that are too short: these are problems

model is too weak and has dominant

that are common

to many other AGCMs.

On the

other hand, the MJO is quit reasonable within an assimilation system that employs that AGCM.
The AGCM problems are reflected in hindcasts of a strong MJO event where the model loses
sldll within a matter of days and loses predictability

in about one month. Initial experiments
105

correcting
onlythemoisture
fieldsin themodelappear
tohavepositiveeffectsonthe
precipitation
climatology
andimprovetherepresentation
of theMJO.Follow-onexperiments
are
needed
todetermine
whethersimilarbenefitsof theMJOcanbeachieved
witha simplemoisture
biascorrection.
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This talk emphasized
three points:
1) A large fraction
of the total power of extratropical
tropospheric
height variability
resides in the intraseasonal
band; 2) Much of the predictability
on this time scale
can be captured
by simple multilinear
Markov
models;
and 3) Tropical
forcing is a major (though
not the only) source of this predictability.
In support of point 1, it was shown that to a first approximation
the average wintertime
power
spectrum
of 500 mb heights for northern
hemispheric
gridpoints
poleward
of 20 N is well
approximated
by that of red noise with a 3-day correlation
scale. The hemispherically
averaged
variances
of daily, weekly, monthly
and seasonal-average
anomalies
are also consistent
with that of 3day red noise. It was further emphasized
that about 88% of the total power of a red noise time series
lies between
periods of 0.1 and 10 times the characteritic
period, which for 3-day red noise is 2_ x 3
18 days. Thus a large part of the total power lies in the intraseasonal
band. Shorter-scale
synoptic
variability
modifies
this picture somewhat
in the western ocean basins, but longer term interannual
and interdecadal
variability
remains modest in comparison,
even in the eastern ocean basins. Also
consistent
with this picture, one-point
teleconnection
maps of daily, weekly, monthly,
and seasonalaverage
anomalies
for base points in the north Pacific and Atlantic
have a remarkably
similar spatial
structure
across these time scales.
If simple univariate
3-day red noise captures
so much of the structure
of tropospheric
variability,
then
multivariate
red noise (with multiple
time scales and patterns)
should do even better. Such a model
may be constructed
directly from observed
statistics
through
the process
of Linear Inverse Modeling
(Penland
1989; Penland
and Sardeshmukh
1995) as follows.
In any multidimensional
statistically
stationary
system with components
x_, one may define a time-lag
covariance
matrix C(_) with
elements
C_ = < x/t+r)
x;(t) >, where angle brackets
denote a long-term
average.
In linear inverse
modeling,
one assumes
that the system satisfies
C(r) = G(r)C(O),
where G(r) = exp(Lr)
and L is a
constant
matrix, and uses this relationship
to estimate L given observational
estimates
of C(O) and
C(ro) at some lag 30. In such a system any two states separated
by a time interval r are related as x(t+r)
G(r) x(t) + e, where e is a random error vector with covariance
E(r) = C(O)
G(r)C(O)Gr(r).
Such
a model may then be used to make forecasts.
The vector G(r)x(t)
represents
an "infinite-member
ensemble-mean"
forecast
for x(t+r) given x(t), i.e the forecast
signal, and E(r) represents
the
expected
covariance
of its error, i.e the noise. As pointed
out for example
by by Sardeshmukh
et al.
(2000), the expected
correlation
p_ of such forecasts
with observations
is given by p2 = 3_/[1+ 3_],
where S is the forecast
signal to noise ratio. More generally,
the predictability
of any system
component
may be estimated
by defining
the average
32 for that component
as the appropriate
diagonal
element
of the signal covariance
matrix G(r)C(O)Gr(r)
divided
by the corresponding
diagonal
element
of the noise covariance
matrix E(r), and for the system as a whole as the ratio of
either the traces or the determinants
of these matrices.
We have constructed
such "linear inverse models"
(LIMs) of 7-day running
mean circulation
anomalies
in the northern
hemisphere
and diabatic heating
anomalies
in the tropics from their
observed
simultaneous
and time-lag
correlation
statistics
(see Winkler et al. 2001; Newman
et al.
2002).
The state-vector
x has 37 components
representing
the first 30 combined
EOFs of 250 and
750 mb streamfunction
and the first 7 EOFs of colunm-averaged
tropical
diabatic heating.
In both
winter and summer,
the models'
forecast skill at Week 2 (Days 8 to 14) is comparable
to that of
NCEP's
medium range forecast (MRF) model. Their skill at Week 3 (Days 15 to 21) is actually
higher, partly due to their better ability to forecast tropical heating
variations
and their influence
on
the extratropical
circulation.
Furthermore,
the geographical
and temporal
variations
of forecast
skill
are similar in the LIMs and the MRF model.
The simplicity
predictability

of the LIM makes it an attractive
tool for assessing
and diagnosing
atmospheric
on subseasonal
time scales. The model assumes
that the dynamics
of weekly averages
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arelinear,asymptotically
stable,andstochastically
forced.Thevalidityof theseassumptions
have
importantimplicationsfor understanding
subseasonal
variabilityandpredictability.
In a forecasting
context,thepredictable
signalis associated
with thedeterministic
lineardynamicsandtheforecast
errorwiththeunpredictable
stochastic
noise.In ourlow-orderlinearmodelof thehigh-orderchaotic
realsystem,
thisstochastic
noiserepresents
theeffectsof bothchaoticnonlinearinteractions
and
unresolved
initialcomponents
ontheevolutionof theresolved
components.
Weassume
itsstatistics
to
be state-independent.
An average
signaltonoiseratio S

is estimated

at each

grid point

on the hemisphere

in the manner

outlined
above, and is then used to estimate
the potential
predictability
poo of 7-day running
mean
anomalies
as a function
of forecast lead time. The day on which poo drops below 0.5 in winter is
plotted in the left panel of Figure
1. The right panel shows the contribution
to this from tropical
heating,
obtained
by performing
similar calculations
in which the effects of the heating are turned
off. It is clear that predictable
tropical heating variations
play an important
role in enhancing
the
potential
predictability
of weekly averages
in the extratropics,
especially
over the Pacific ocean and
north America.
The actual LIM forecast skill p (not shown) has a similar geographical
structure
but
weaker magnitude
than the potential
skill.
The LIM formalism
is also useful for diagnosing
variations
of forecast skill from case to case. In this
framework,
the predictable
variations
of forecast skill from case to case are associated
with the
predictable
variations
of signal, rather than of noise. This contrasts
with the traditional
emphasis
in
studies of shorter-term
predictability
on flow-dependent
instabilities,
i.e. on the predictable
variations
of the noise statistics.
In the LIM, the predictable
variations
of signal are associated
with variations
of
the initial state projection
on the growing
singular
vectors of the LIM's propagator
G, which have
relatively
large amplitude
in the tropics. As shown in Figure 2 for Week 3 forecasts
in winter, at times
of strong projection
on the first 3 singular vectors, the signal to noise ratio S is high, and the northern
hemispheric
circulation
is not only potentially
(poo) but also actually (p) more predictable
than at
other times. The version of the NCEP MRF model examined
here is much less able to discriminate
between relatively
high and low forecast skill cases in this way. This is partly due to its lesser ability to
forecast
tropical heating variations
in regions
where the initial heating
component
of the growing
singular
vectors is important.
Our results thus suggest both that there is considerable
predictability
of
Week 2 and Week 3 averages
in some regions of the northern hemisphere,
and that it may currently
not be fully realized in some forecasting
systems because
of their error in predicting
tropical heating
variations
in sensitive
areas.
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Mid-latitude

Mountains
A Prototype

Tropical-Extratropical

Klaus

and

the

MJO:

for
Interaction?

M. Weickmann

NOAA-CIRES
Climate
Diagnostics
Boulder,
Colorado
80303

Center

The Madden-Julian
oscillation produces a robust, repeatable signal in global and zonal
atmospheric angular momentum (AAM). Duxing northern winter, the MJO zonal wind
anomalies appear first on the equator in the westem hemisphere and then shift to the eastem
hemisphere, stretching from the north Indian Ocean to the central Pacific Ocean. Global AAM
anomalies increase and reach a maximum during this evolution. Studies of the torques that
produce the AAM variations show Asian and North American mountains contribute to the
mountain torque anomalies when analyzing 30-70 day filtered data but not when analyzing data
based on a MJO index. The Andes and African Highlands make a larger contribution during an
MJO. Subsequent observational studies of the mountain and frictional torque reveal an
independent coherent evolution of the mid-latitude circulation that involves the adjustment by
the atmosphere to stochastically-varying
flow over the mid-latitude mountains. In this case, the
frictional torque responds to strong or persistent mountain torque events in a matter of days and
the response includes the PNA teleconnection pattern. The intraseasonal AAM variations thus
involve the interaction of mostly independent
recent cases are presented.

processes
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in the tropics and mid-latitudes.
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The tropical atmosphere exhibits significant amounts of variance on time scales of 20-90 days.
In particular, the Madden-Julian Oscillation (MJO) is the main mode of tropical intraseasonal
variation with large influences on the Asian-Australian Monsoons and mid-latitude
teleconnections.
Previous works have shown that intraseasonal variations play an important role
on the variability of the South American Monsoon System (SAMS). The South Atlantic
Convergence Zone is part of the SAMS and its variability
subtropical South America.

affects large areas of tropical and

This study examines the influence of the MJO on the intensity, persistence, and form of the
SACZ and regional implications for the occurrence of extreme precipitation over Brazil. Daily
Outgoing Longwave Radiation (OLR) is examined during 22 years to characterize convective
activity in the SACZ. An objective algorithm is applied to identify OLR properties related to
intensity and form of the SACZ such as area, minimum OLR, fraction with minimum OLR,
eccentricity, and extent to the Atlantic Ocean and the Amazon. Factor analysis is then applied to
time series of OLR properties to characterize the SACZ features. Two factors explain ~ 65% of
the total variance of the convective activity patterns in the SACZ and characterize events
according to the intensity (Factor-1) and extent of the OLR features to the Atlantic Ocean
(Factor-2).
Factor- 1 is then used as an index to infer persistence of intense SACZ episodes.
Factor-2 characterizes distinct situations when convection is displaced to the Atlantic Ocean or
more continental.
The MJO episodes are characterized independently using filtered OLR (10-90 days) data and
principal components analysis. The propagation ofmidlatitudes
wave train is also investigated
using filtered OLR (10-90 days) data but with a distinct procedure.
Precipitation over Brazil is
examined with data from stations interpolated in a grid of2x2 ° of latitude and longitude. It is
shown that MJO events modulate approximately
persistence greater than 3 days. The midlatitude

30% of the total SACZ episodes with
wave trains modulate the SACZ extent to the

Atlantic Ocean. It is shown that there are significant regional impacts in the occurrence of
extreme precipitation over Brazil related to MJO occurrences and to the midlatitude wave train.
The relationships between the occurrence of MJO and the wave train are also investigated.
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The x-t diagram of precipitation along 45°N were constructed over the North Pacific-Pacific
Northwest region for the last twenty years, with different data sources: precipitation generated by
the GEOS- 1 and NCEP/NCAR
reanalysis, Goddard precipitation estimates, and OLR. A clear
30-60 day modulation of the eastward migration of storm tracks emerges from these x-t
diagrams. Storm tracks migrates eastward when the MJO deepens the Aleutian low. It was
shown by our previous study (Chen and Alpert 1990 MWR) that the descent forecast skill of the
planetary-scale
divergent circulation can reach five days by the NMC mediuxn-range forecasts
(MRF). Thus, an effort is undertaldng to explore how many days the modulation of the North
Pacific-Pacific Northwest storm track activity by the MJO can properly predicted by the NCEP
MRF. Preliminary results show that the five-day forecast sldll generally can be obtained.
However, the forecast sldll may exceed this limit when the MJO is strong and well-organized.
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The role of ENSO in the predictability of monthly averages (monthly prediction) is explored.
The simplest approach, and one commonly used, is to specify the seasonal mean atmospheric
signal related to ENSO. An effective "monthly resolution" to such signals is rendered by
calculating overlapping, seasonal averages. Yet, these could underestimate true monthly ENSOrelated predictability to the extent that distinct monthly signals exist, and vary within a season. It
is well established that the potentially predictable ENSO signal varies from one season to
another, and it is thus reasonable to expect that some variation occurs even within a season. This
could occur due to a strong sensitivity oftropical-extratropical
interactions to modest changes in
the atmospheric base state. It could also be due to sub-seasonal changes in the tropical forcing
accompanying the ENSO cycle itself.
The focus of this study is to provide evidence for the existence of sub-seasonal variations in the
ENSO signal, and the analysis uses NSIPP climate simulations and observed data for 1950-2000.
Results are presented for the late boreal Fall season (October-November-December,
OND),
during which the seasonal mean 500-mb ENSO signal is compared to the individual monthly
signals. Distinct atmospheric signals occur in each month. A strildng feature of the sub-seasonal
variation in the ENSO signal is that the October and December responses over the Pacific-North
American region are anti-correlated, and as such the associated seasonal mean signal is a
smeared residual of sharper patterns. The practical importance for monthly predictions is
discussed within a "signal-to-noise ratio" framework for predictability assessment.
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Motivation

Simulating ENSO teleconnections
with an atmospheric GCM (AGCM) is normally considered
to be of interest to seasonal forecasting. A long AGCM ensemble with observed SSTs is studied
and shows that there are significant systematic errors of seasonal means over the North Pacific
during the peak of E1 Nifio in DJF and after the peak in MAM. It has been shown by other
contributors that improved subseasonal forecasting (2 weeks to 2 months) requires reduced
systematic model errors. Therefore, reducing the sources of the seasonal mean systematic
error should be beneficial to shorter timescales. It is shown that these systematic errors can be
dramatically reduced with a small increase in the vertical model resolution.

2

Method

An ensemble

of six integrations

of the UK Met. Office model, HadAM3

(Rodwell and Folland,

2001), with observed SSTs (GISST, version 2.3b, Parker et al., 1995) was run at the Hadley
centre and is studied here. The model resolution is 2.5 ° latitude by 3.75 ° longitude and 19
vertical levels. The model is described further by Pope et al. (2000). HadAM3 has also been
integrated with observed SSTs from 1979-1996 at the Hadley centre with 30 vertical levels and
various horizontal resolutions (Pope and Stratton, 2001). This is an AMIPII integration and
so has slightly different SSTs from the 19 level integration.
The E1 Nifio event of 1982/83 is
compared with NCEP reanalysis data (Kalnay et al., 1996) and with CMAP precipitation (Xie
and Arkin, 1996). The 1982/83 event is common to all four datasets. Other events have also
been studied with the same conclusions but not included here. A fuller discussion of the results
can be found in Spencer

3

and Slingo (2002).

Results

The climatological, DJF SSTs from GISST and the DJF SSTs from 1982/83 from GISST and
the AMIPII SSTs are shown in figure 1. The two datasets are slightly different in the tropical
Pacific but the main differences between the HadAM3 integration with 19 levels (GISST SSTs
imposed) and that with 30 levels (AMIPII SSTs imposed) are thought to be due to the different
vertical resolutions.
The mean sea level pressure
HadAM3

integrations

anomalies

during

DJF of the E1 Nifio of 1982/83

with both 19 and 30 levels and for the NCEP reanalysis
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figure 2. This shows the tropical Pacific to be simulated accurately by both models but there
are large and highly significant errors in the 19 level model in the North Pacific region. Both
the reanalysis and HadAM3 with 30 vertical levels show low pressure in the central and east
of the North Pacific with high pressure to the west, whereas HadAM3 with 19 levels simulates
a very deep Aleutian low across the whole of the North Pacific. Although only one realisation
for each dataset is plotted, every member of the six with
behaviour and none have high pressure in the west of the
deepening of the Aluetian low is observed during a strong
a high pressure anomaly in the west of the North Pacific.
never captures the observed response but one integration
captures this observed response well, with low pressure
Pacific and high pressure in the west.

19 vertical levels show very similar
North Pacific. However, whenever a
E1Niflo in DJF, it is accompanied by
Therefore, HadAM3 with 19 levels
of one event with 30 vertical levels

across the centre and east of the North

The reason for this improved simulation with 30 vertical levels can be traced to the tropical
Pacific precipitation.
The 19 level model simulates the precipitation climatology very well (not
shown) and also simulates the approximate locations of reduced and enhanced precipitation
during E1 Nifio (also not shown). However, if the total precipitation
during E1 Nifio is plotted
(figure 3), it can be seen that the enhanced precipitation simulated with 19 levels in the central
tropical Pacific is not sufficient to shift the peak of the total precipitation into the central tropical
Pacific as is observed. The CMAP observations show a broad peak in total precipitation across
the west and centre of the tropical Pacific. This is not identical to that simulated with 30 vertical
levels but the broad features south of the equator are similar. However, when simulated with 19
vertical levels, the peak precipitation remains in the west of the tropical Pacific and a separate,
smaller peak is simulated towards the east. This implies that the divergent circulation at upper
levels will be in a different longitudinal position in the simulation with 19 levels. It is this
divergent circulation which forces the extratropical response.
This is confirmed by plotting the total velocity potential at 200mb for DJF of 1982/83 for
the three datasets in figure 4. For each dataset, the velocity potential minimum, indicating the
centre of the divergence, is situated over the maximum precipitation
in the tropical Pacific.
Hence the NCEP reanalysis and 30 level HadAM3 North Pacific are forced from the central
tropical Pacific whereas the 19 level HadAM3 North Pacific is forced from the western tropical
Pacific, in a similar manner to non-E1Nifio conditions. This explains the different longitudinal
positions of the extratropical responses of the three datasets.
In order to trace the source of the precipitation
errors in the tropical Pacific, probability
density functions (p.d.f.s) of precipitation as a function of SST are calculated for each January
between 1979 and 1998 and for each grid box in the western and central tropical Pacific (160°E
to 120°W and 10°S to 5°N) for CMAP and the HadAM3 integrations. The p.d.f.s are calculated
using a two dimensional Gaussian kernel estimator (Marshall and Molteni, 1993). All three
datasets show suppressed precipitation
over the cooler SSTs and more high precipitation
as
SST increases. However, HadAM3 with 19 levels simulates the highest precipitation over the
warmest SSTs and few instances with low precipitation over the warmest SSTs, unlike CMAR
HadAM3 with 19 levels shows least variability of precipitation
for any SST value which leads
to the precipitation distribution matching closely the observed SST distribution (figure 1). This
leads to the localised spikes of precipitation seen in figure 3 rather than the more smeared out
distribution of the other datasets.
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Discussion

The close relationship between precipitation and SST for the simulation with 19 levels, is probably due to a lack of convective inhibition. Inness et al. (2001) found that using 30 model layers
with HadAM3, with enhanced vertical resolution around the freezing layer of convection, improved the simulation
capped by the inversion
resolved, as is the case
anomaly. This leads to
levels.

of the MJO. Deep convection is inhibited due to the
created by the freezing layer. Without this inversion
with 19 levels, deep convection can form too readily
the close relationship between SST and precipitation

convection being
being adequately
over a warm SST
modelled with 19

Many authors have shown that the position of the North Pacific response to E1 Nifio is
relatively insensitive to the longitudinal location of the tropical heating anomaly (eg. Geisler
et al., 1985; Sardeshmuckh and Hoskins, 1988). The latter argue that the longitudinal location
of the forcing is dependent on the location of strong meridional gradients ofvorticity. However,
for the case of a very strong E1 Nifio event such as 1982/83, the tropical heating anomaly is
sufficiently large to alter the basic state, shifting the location of maximum meridional gradients.
This emphasises

the importance

of studying absolute

126

fields as well as anomalies.
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The purpose of this study is to examine the impact of sub-seasonal

Studies

sea surface temperature (SST)

variability on the simulation of the seasonal mean extra-tropical circulation using a state-of-theart high resolution atmospheric general circulation model (AGCM). The format is a case study
for January through March 1989 (JFM89) and the primary emphasis is on regional scales over
North America. The SST boundary conditions in the AGCM simulations were prescribed using
observed weekly data. Experiments were made in which the week-to-week
(sub-seasonal)
SST
variability was suppressed. In terms of the largest spatial scales, the sub-seasonal SST variability
has only a modest impact; however, statistically significant modifications to the 500 mb height
anomalies over North America were detected. Consistent with these changes in the height field,
the seasonal mean North American rainfall anomalies were particularly
seasonal SST variations, especially over the Pacific Northwest.

sensitive to the sub-

Two possible mechanisms for this sensitivity were investigated with additional AGCM
experiments and model diagnostics. The first mechanism, referred to as a "stochastic" effect, is
defined by the hypothesis that the week-to-week
SST variability only serves to enhance the
amplitude of tropical precipitation variability, which, in tum, modifies the mid-latitude response.
With this "stochastic" effect, the details of the sub-seasonal SST evolution do not matter. In
contrast, the second mechanism is a "deterministic" effect in that the details of the evolution of
the sub-seasonal SST matter. The experiments presented here indicate that the "stochastic"
effect is small and that the details of the sub-seasonal SST produce significant differences. This
conclusion is supported by experiments with very large ensembles using a somewhat lower
resolution AGCM and a non-linear barotropic model. Finally, some implications of these results
for real time forecasting are discussed.
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A primary reason to believe there could be predictability beyond week-2 would be sldll in
forecasting organized transient tropical convection, such as the MJO which has time scales of
20-70 days. Assuming that the forecast should be made by a model (GCM), it has been a
perennial frustration to modelers that GCM's do not simulate, let alone predict, phenomena like
the MJO very well at long leads. At NCEP we are revisiting this topic anew, and have made
many 1 year (2001) AMIP style model integrations. Three different horizontal resolutions (T62,
T126 and T170), as well as three different vertical resolutions (L28, L42 and L64) have been
combined with two different convective parameterization
schemes (SAS and RAS). In all 9 such
runs have been made. All experiments start on 15 Dec 2000 and end on 31 Dec 2001 ... 382 days.
The timeseries for most fields have been saved for 0Z, 6Z, 12Z and 18Z....total of 382 x 4 =1528
time levels. Monthly means for all diabatic heating components as well as other important 3_D
quantities have been saved and is available to the community. For a reality check we used three
operational NCEP analyses for the same 1 year period, specifically the high resolution T170L42
GDAS,

the low resolution

T62L28

GDAS, and the T62L28

CDAS.

The question is how well do we simulate upper level divergence

or tropical velocity potential

anomalies and how do they depend on the convection scheme, horizontal or vertical resolution.
Fortunately, the year 2001 had strong MJO activity. Leaving aside questions of short range
forecast skill (first 2 weeks), we studied the amplitude of the anomalies, and the phase speed or
period in the extended integration. We found that most model versions had an acceptable
strength of velocity potential anomalies, but the westerly phase speed of the MJO appear to be
too low in nearly all model versions, except in a few. Study of the diabatic heating fields has yet
to establish whether the results are merely fortuitous, or correct for the right reason.
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Linear inverse models (LIMs) suitable for studies of atmospheric extratropical variability and
predictability on longer than weekly time scales have been constructed for each season of the
year, using atmospheric
observations of the past 30 years. Notably, these empirical-dynamical
models include tropical diabatic heating as a predicted model variable rather than as a forcing,
and also include, in effect, the feedback of the extratropical weather systems on the more slowly
varying circulation. The models are capable of reproducing both lagged covariance statistics
from independent data and the development of individual streamfunction and tropical heating
anomalies. In fact, week 2 predictions by the models have sldll comparable to that of the NCEP
MRF ensemble mean forecasts (forecasts are available at http://www.cdc.noaa.gov/lim).
Comparison to a 20-year dataset of"reforecasts"
using the early 1998 operational version of the
MRF further shows that the LIM has notably higher week 3 sldll year-round, and may even have
higher week 2 sldll during spring. The LIM also has much greater sldll than the MRF for
forecasts of tropical diabatic heating.
Theoretical predictability limits derived for the LIM suggest that the model has useful mean
forecast skill at forecast lead times of between three and five weeks, depending upon both season
and geographical region. Some initial atmospheric states which result in strong deterministic
growth are associated with greater predictability because of a relatively high signal to noise ratio,
although these states too have strong seasonal dependence.
Our analysis further suggests that
without inclusion of tropical heating, weekly averages may be predictable between about 1-2
weeks in the extratropics, but with tropical heating included, they may be predictable as far as 57 weeks ahead.
Sensitivity

of streamfunction

anomaly growth to both the strength and location of tropical

diabatic heating anomalies is shown to shift from the central Pacific in winter to the West Pacific
and Indian oceans in summer. Such optimal anomaly growth is related not only to ENSO but
also to tropical intraseasonal variability. These results also have important implications for the
development of persistent anomalies, such as North American heat waves and droughts.
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Abstract
The tropics and extratropics are two dynamically distinct regimes. The coupling between
these two regimes often defies simple analytical treatment. Progress in understanding of the
dynamical interaction between the tropics and extratropics relies on better observational
descriptions to guide theoretical development. However, global analyses currently contain
significant errors in primary hydrological variables such as precipitation, evaporation, moistuxe,
and clouds, especially in the tropics. Tropical analyses have been shown to be sensitive to
parameterized precipitation processes, which are less than perfect, leading to order-one
discrepancies between estimates produced by different data assimilation systems.
One strategy for improvement is to assimilate rainfall observations to constrain the
analysis and reduce uncertainties in variables physically linked to precipitation. At the Data
Assimilation Office at the NASA Goddard Space Flight Center, we have been exploring the use
of tropical rain rates derived from the TRMM Microwave Imager (TMI) and the Special Sensor
Microwave/Imager
(SSM/I) instruments in global data assimilation. Results show that
assimilating these data improves not only rainfall and moisture fields but also related climate
parameters such as clouds and radiation (Fig. 1), as well as the large-scale circulation and shortrange forecasts (Fig. 2). These studies suggest that assimilation of microwave rainfall
observations from space has the potential to significantly improve the quality of 4-D assimilated
datasets for climate investigations (Hou et al. 2001).
In the next few years, there will be a gradual increase in microwave rain products
available from operational and research satellites, culminating to a target constellation of 9
satellites to provide global rain measurements
every 3 hours with the proposed Global
Precipitation Measurement (GPM) mission in 2007. Continued improvements in assimilation
methodology, rainfall error estimates, and model parameterizations
derive maximum benefits from these observations.

are needed to ensure that we
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Figure1.GEOSassimilation
resultswithandwithoutTMIandSSM/Iobservations
forJanuary
1998.Left
panels
showerrorsinthemonthly-mean
tropicalprecipitation
fieldsverifiedagainstGPCP
combined
Satellite-gauge
estimate:
Topis thedifference
between
theGEOScontrol(withoutrainfallandTPWdata)
andGPCP.
Bottomisthecorresponding
errorin GEOSassimilation
withrainfallandTPWdata.Right
panels
showtheimpactontheoutgoing
longwave
radiation
(OLR)verifiedagainst
CIRES/TRMM
measurements.
Percentage
changes
in thetropical-mean
errorstandard
deviation
relativetotheGEOS
controlaregivenin parentheses.

Figure2. Improvedstormtrackforecasts
andQPFEquitable
ThreatScores
forHurricane
Bonnie.Theleft
panelshowsthatthe5-daystormtrackforecast
initializedwith 1°x 1° GEOSanalysis
containing
TMI and
SSM/Irainfalldata(blue)is in closeagreement
withthebesttrackanalysis
fromNOAA.Thetrackfrom
thecontrolexperiment
is shownin green.Theforecasts
areinitializedat 12:00on20August1998.The
rightpanelshowstheconsistently
higherEquitableThreatScoresfor Day3 precipitation
forecast(red)
initialized
by theanalysis
withrainfalldata.Results
forthecontrolexperiment
areshownin blue.A higher
ThreatScorecorresponds
togreaterforecast
skills.
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1. Introduction
Hydrologists have long speculated that soil moisture information can be used to increase sldll in
monthly to seasonal forecast systems. For this to be true, though, three conditions must be
satisfied: (1) an imposed initial soil moisture anomaly in the forecast system must have some
memory, so that it persists into the forecast period; (2) the modeled atmosphere must respond

in

a predictable way to the persisted anomaly; and (3) the forecast model must correctly represent
both the soil moistuxe memory and the atmospheric response as they occur in natuxe. In this
short paper, we review some recent work at NSIPP (NASA Seasonal-to-Interannual
Prediction
Project)
2.

that addresses

all three conditions.

Analysis of Requirement

1: Soil Moistuxe Memory

Koster and Suarez (2001) manipulated

the water balance equation

into an equation

that relates

the autocorrelation of soil moisture - soil moistuxe memory - to four separate controls: (1) a
restoring force due to evaporation's sensitivity to soil moisture, (2) a restoring force due to
runoffs sensitivity to soil moistuxe, (3) seasonal variability in climatic forcing, and (4) any
correlation that may exist (through feedback or otherwise) between soil moisture at the
beginning of the time period and subsequent forcing. The equation was found to reproduce well
the autocorrelations that were actually simulated by the GCM. Thus, it can be used to analyze
the controls over soil moisture memory at any given grid cell. Koster and Suarez (2001) found,
for example, that the mJaoff sensitivity provides the main control over soil moistuxe memory in
the eastem U.S., whereas the evaporation sensitivity provides the main control in the west. In
the central U.S., the evaporation effect is counteracted somewhat by a nonzero soilmoistuxe/forcing correlation.
3.

Analysis

The response

of Requirement

2: Atmospheric

of the atmosphere

Response

to Land Moisture Anomalies

to soil moistuxe anomalies

was investigated

by Koster et al.

(2000) with two parallel 16-member ensembles of 45-year simulations. In the first ensemble, the
land surface was allowed to evolve freely with the atmosphere.
In the second, it was not instead, an interannually-varymg
time series of evaporation efficiency (as derived from one of
the simulations in the first ensemble) was prescribed at each grid cell. Thus, every member of
the second ensemble was effectively given the same time series of land surface moistuxe
boundary conditions. Also, interannually-varying
SSTs were prescribed in both ensembles.
Thus, the first ensemble addresses the question, "What is the impact of a perfect knowledge
(now and into the future) of SSTs on precipitation",
whereas the second addresses the question,
"What is the impact of a perfect knowledge (now and into the futuxe) of both SSTs and soil
moisture on precipitation?"
By determining the degree to which the precipitation amounts within each ensemble agree with
each other, we obtain a quantitative estimate of the impact of SSTs and soil moistuxe on
precipitation.
This is illustrated in Figuxe 1, which shows, for North America, an index that
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The figure shows, in essence, that foreknowledge of soil moisture could have a tremendous
impact on our ability to predict precipitation in a swath that extends from the Gulf of Mexico to
the northeast United States.
4. Combined

Study:

In a recently

submitted

Impact of Land Moisture Initialization

in the NSIPP system

paper, Koster and Suarez (2002) describe a series of numerical

experiments that effectively combine the two requirements examined above. The experiments
consist of ensembles of 3-month precipitation forecasts that utilize "realistic" initial soil moisture
conditions, as obtained through the previous application of observed daily precipitation to the
GCM's land surface. The GCM's land and atmosphere are allowed to evolve together during
each forecast period. Thus, for the forecasted precipitation to be influenced by the initialization,
soil moisture memory must be significant and the atmosphere
moisture anomalies.

must be responsive

to soil

The index plotted in Figure 2 (top) shows where soil moisture initialization had a significant
impact on forecasted JJA precipitation at least once during the 5 boreal summers of study.

The

salient feature of the plot is the relatively small influence the initialization had over much of the
globe. The influence is essentially limited to swaths in central North America, below the
Amazon, in central Africa, and in western Asia. The bottom plot of Figure 2 shows where we
might predict a significant impact based on: (1) a significant degree ofinterannual soil moisture
variability on day 1, as measured by the standard deviation of initial soil moisture (in essence, it
turns out, a surrogate for soil moisture memory);
(2) an adequate sensitivity of evaporation to
soil moisture, as measured by the product of the mean net radiation and the fitted slope of the
evaporation ratio - soil moisture relationship; and (3) an adequate sensitivity of precipitation to
evaporation, as measured by the convective fraction. The predicted locations agree well with the
actual locations of impact, suggesting that we have correctly identified the controls of relevance.
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5. Analysis of Requirement

3: Realism of Model Results

Unformanately, global observations of soil moisture and/or land-atmosphere
feedback are nonexistent, so we cannot verify many of our model results. The best we can do is demonstrate
indirectly that they are consistent with available observations.
A signature of land-atmosphere
feedback over the United States was sought in the 50-year
"Unified Precipitation Database" generated by NCEP (Wayne Higgins, pers. comm.).
Specifically, the data were analyzed to determine if a band of high precipitation autocorrelation
(between pentads at lag 2) appears down the center of the U.S., as it does in the GCM due to
feedback.
The observations do indeed show this band in July, when it is also strongest in the
GCM. This result is not conclusive, however, since the band of nonzero autocorrelations may
also reflect monsoon dynamics, long-term precipitation trends, or other external influences. In
any case, the magnitudes of the autocorrelations are much reduced in the observational
suggesting that the GCM overestimates the feedback.

data,

In one recent study of model dependence (Koster et al., 2002), four different GCMs performed
the same highly controlled numerical experiment. The experiment was specifically designed to
isolate the strength of land-atmosphere
coupling in each host model. The variations between the
models were surprisingly large, with the NSIPP model showing the largest coupling strength.
Due to the non-existence of relevant observations, the models could not be ranked in terms of
realism. Rather, the experiment
understand the coupling.

served to showcase the uncertainty
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with which modelers

6. Summary
TheNSIPPcoupledland-atmosphere
modelingsystemhasbeenusedtoinvestigate
manyaspects
ofland-atmosphere
interaction.Theoverarching
goalis todetermine
thevalueofsoilmoisture
initialization
forlong-termforecasts.
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San Diego)

and

revision,

Aug. 2002)

and the NCEP Seasonal

Forecast

System, the seasonal predictability of the soil moisture, and near surface temperature over the
globe were examined.
It is shown that the NCEP/DOE Reanalysis soil moisture is reasonably
good over the United States compared to an independent soil moisture observation.
This means
that the cuxrent experiments are conducted
based studies performed in the past.

under more realistic conditions

in contrast to model-

Two sets of forecasts were made, one starting from climatological soil moisture as initial
condition and the other starting from NCEP/DOE Reanalysis soil moisture.
Each set is made of
10-member ensemble, 7-month integrations, 16 early Aprils as initial conditions for the 19791996 period.
The predictability of the soil moisture was examined over several regions over the globe with
different climatological characteristics (Fig. 1), and the results are presented in Fig.2. It is found
that the prediction sldll of soil moisture is very high over regions where there is little or less
precipitation.
Over these areas, the soil moisture evolution is largely determined by the
evaporation process, and the model does an excellent job in predicting this process. In many of
these relatively dry or low precipitation areas, model prediction surpasses the anomaly
persistency forecast. Over temperate zones with more precipitation, and over tropical monsoon
regions, the prediction sldll of the soil moisture drops quickly in the first 3-4 months. Over these
regions, the soil moisture evolves following the Markov process in which precipitation acts as a
white noise forcing and the soil moisture decays exponentially.
The time scale of this Markov
process computed as a ratio between precipitation
and potential evaporation showed that the time
scale is particularly short over the monsoon regions and some temperate zones. Over all the
regions noted above, the forecast starting from climatological soil moisture is very poor,
indicating that the soil moisture anomalies cannot be generated by model precipitation or by the
model evaporation.
From a practical point of view, the soil moisture initial condition is essential
in malting seasonal prediction over these areas. In contrast, the characteristics are very different
over tropical South America. The forecast starting from climatological soil moisture quickly
catches up to the forecast sldll of initial soil moisture as well as the anomaly persistency.
Particularly in the Northeast region of South America, the anomaly persistency becomes the
worst forecast after 4 months. Over these areas, SST forcing determines the precipitation
anomaly over land, and subsequently forces the soil moisture evolution. The effect of initial soil
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moisture
information
tendsto disappear
after3-4monthsovertheseareas.
Thenearsurface
temperature
anomaly
forecast
is closelyrelatedtothesoilmoisture
anomaly
forecast.Thecorrelation,
however,is notperfect.Thusthenearsurfacetemperature
forecast
sldllislowerthanthesoilmoistureforecast
skill. Ouranalysis
showsthattheskillof
predicting
latentheatfluxis lowerthanthatofthesoilmoisture,
andthatof thesurface
temperature
is evenlower.Thisis because
additional
physicalprocesses,
suchascloudiness
and
nearsurfaceatmospheric
conditions
arealsoinvolvedin determining
thenearsurfaceair
temperature.
Theabundance
of nearsurface
temperature
observation
allowsustoverifyourhindeasts
with
independent
datathatarenotusedin theNCEP/DOE
Reanalysis.
Theverification
of
temperature
madeagainstCD433dataclearlyindicated
thattheuseoftheNCEP/DOEreanalysis
soilmoisture
initialcondition
trulyimprovedtheforecasts.
Forbetterpredictionof soilmoistureandnearsurface
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duringsummer,
it is
important
thatthesoilmoisture
initialcondition
is accurately
specified
andthemodelproduces
betterprecipitation
forecast.Unformanately,
thesetworequirements
areverydifficulttosatisfy,
andfurtheradvances
in observational
andmodelingstudies
areneeded.Independent
measure
of
thesoilmoisture
is alsoextremely
important
toeliminate
anymodeldependent
result. Inthis
regard,satelliteobservation
thatprovidessoilmoisture
measurement
isbecoming
available,
and
theuseof suchdatais stronglyencouraged.
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Climate

Predictability

and Prediction

C. Adam Schlosser (GEST/UBMC/NASA),
P. C. D. Milly (USGS/GFDL),
Paul A. Dirmeyer (COLA),
and David Mocko (SAIC/GSC)
Analysis will be presented which explores the impact of land conditions on monthly to seasonal
climate simulations in a variety of atmospheric general circulation models (AGCMs). In one set
of experiments, the Geophysical Fluid Dynamics Laboratory (GDFL) AGCM is used to explore
the nature of soil-moisture predictability and associated climate predictability as an initial value
problem.
For another set of experiments, the Center for Ocean Land Atmosphere (COLA) and
the Goddard Earth Observing System 2 (GEOS-2) AGCMs are used to investigate the impact of
realistic snow initialization and assimilation in retrospective climate forecasts for the northem
hemisphere

spring (March-June).

In the GFDL AGCM

experiments,

soil-moisture

predictability

can be characterized

by a first-

order Markov process, and thus directly linked to soil-moisture persistence.
As such
predictability timescales of soil moisture are found to range from as little as a week (mid-latitude
summer, tropics, and subtropics) to 2-6 months (middle to high latitude fall and winter). The
degree of translation of soil-moisture predictability to atmospheric predictability is characterized
by the ratio of the fraction of explained variance of an atmospheric variable to that of soil
moisture. By this measure, high associated predictability (ratio greater than 0.5) of near- suxface
air temperature is found in the tropics, subtropics, and mid-latitude summers. In contrast, no
widespread, appreciable associated precipitation predictability is found. Other recent climatemodel experiments (e.g. Koster et al. 2001) that quantify the land's impact on precipitation
suggest that a significant range in the magnitude of the simulated precipitation response exists.
This poses a compelling task to quantify what the true magnitude of atmospheric response to
land conditions is in nature, and how this will guide future activities in land-data assimilation and
climate studies/prediction.
The diagnosis of the COLA AGCM

snow initialization/assimilation

experiments

suggest that the

most notable and widespread impact (focusing on near-surface air temperature sldll) occurs
during the month of April, and a weak impact is seen in the remaining months of the simulations
(i.e. March, May, and June). The result is consistent with the intuitive expectation that (realistic)
snow-cover anomalies will support strong (and sldllful) temperature responses when coincident
with relatively high incident solar radiation (i.e., when the impact of albedo modulation from the
snow anomalies would be maximal). Results from the GEOS-2 AGCM, using a similar land
surface model as in the COLA AGCM but with an improved snow-physics scheme, will also be
analyzed and compared to the COLA AGCM results. The strength of the two AGCMs'
responses to the snow assimilation are assessed accordingly against the errors of simulated snow
in the control runs, as well as the representation of snow processes (and their functional link to
the surface energy budget) between

the AGCMs.
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Three
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Land-Atmosphere

Center

Drift

in Coupled

Systems

Paul A. Dirmeyer
for Ocean-Land-Atmosphere

Studies

Three different modes of climate drift have been identified in a coupled land-atmosphere
climate
model. The fastest growing error modes are those associated with errors in the atmospheric
initial conditions. The signatuxe of these modes are evident as drift in the time series of land
surface state variables. Second is the climate drift associated with systematic errors on the scale
from weeks to seasons. This drift is dominated by the error modes with the largest satuxation
amplitude.
conditions,

This drift tends to erase the "information" in the anomalies in the land surface initial
that would be expected to provide added predictability to medium-range
to seasonal

forecasts. Third, there is drift due to the coupled error mode, where systematic errors in the
atmospheric physics can push the land surface state beyond its "observed" range or variability
over seasons-years.
This mode is evident in the clear stratification of sldll (both in simulation of
mean states, and prediction of anomalies) between DSP-type experiments (1-4 month
simulations), and corresponding AMIP or C20C experiments (multi-decadal simulations).
coupled drift mode is relatively weak during winter, but evident during all other seasons.
Examples of the three ldnds of drift will be shown in global climate simulations, and
methods for ameliorating these types of drift will be discussed.
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Introduction
In this study, we have applied GCM water vapor tracers (WVT) to simulate the North American
water cycle. WVTs allow quantitative computation of the geographical source of water for
precipitation that occurs anywhere in the model simulation. This can be used to isolate the
impact that local surface evaporation has on precipitation, compared to advection and
convection.
A 15 year 1°? 1.25 ° simulation

has been performed

with 11 global and 11 North American

regional WVTs. Figure 1 shows the source regions of the North American WVTs. When water
evaporates from one of these predefined regions, its mass is used as the source for a distinct
prognostic variable in the model. This prognostic variable allows the water to be transported and
removed (precipitated) from the system in an identical way that occurs to the prognostic specific
humidity. Details of the model are outlined by Bosilovich and Schubert (2002) and Bosilovich
(2002). Here, we present
monsoon.

results pertaining

to the onset of the simulated North American

Model and Methodology
The model used is the Finite Volume General Circulation Model (FVGCM) developed at
NASA/DAO. The dynamical core is the Lin-Rood semi-Lagrangian
dynamics (Lin and Rood,
1996). This dynamical core conserves mass and has been shown to be very good at handling
atmospheric tracers. The physical parameterizations
are taken from the NCAR Community
Climate Model version 3.
Reynolds

SST observation

data set provides

the surface boundary

conditions

over the oceans.

Land data are derived from NCAR data sets. The land model includes prognostic soil
temperature and moisture, as well as vegetation temperatuxe, which determines land evaporation.
The model was initialized in January 1982, and allowed to spin up for 4 years. WVTs were
initialized at zero. Here we analyze the last 15 years (1986 - 2000).
Generally, the model simulates the dynamical circulation satisfactorily (S.-J. Lin, Personal
Communication,
figuxes not shown for brevity). The atmospheric moistuxe over North America
is generally well represented, though the model may be drier than NVAP over the western third
of the United States and also Mexico (Figure 2). The model does seem to produce too much
mean summertime precipitation over land, including the maximum that extends too far to the
western

states (Figure 2).
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NA Monsoon

Onset

The onset &monsoon

precipitation

is generally characterized

by a decrease in precipitation

in

Texas and increase in precipitation in Mexico (Barlow et al. 1998). Figure 3 shows the CPC
precipitation difference of July minus June averaged from 1986-1998. The model simulated
precipitation shows a signature comparable to the observations. This gives us confidence that the
model is able to simulate the large-scale dynamics associated with the monsoon. Note that the
model does not resolve the Gulf of California very well, which likely affects the models ability
to initiate the monsoon in Arizona. Further, the model evaporation differences seems to show
some correlation to the precipitation differences over land, but there seems to be little correlation
over the Gulf of Mexico and tropical Atlantic Ocean. It appears that the increase of surface
evaporation over the oceanic regions is being transported to the continent.
We next evaluate the geographical sources (Figure 1) of water contributing to the precipitation.
Figure 4 shows the percent contribution from each North American source region to precipitation
in Texas and western Mexico. June to July shows a jump in the fraction of water supplied from
the Gulf of Mexico to Texas, while the total precipitation is decreasing. Corresponding
to the
decrease in total Texas precipitation is the decrease in local continental sources of water (MX
and SP). This is related to the decrease in land evaporation. The increase of the fraction of
precipitation from tropical Atlantic Ocean is likely related to the monsoon, and is certainly
important, but it seems to be part of the large-scale evolution of the annual cycle. In western
Mexico, the increase in July precipitation is related to a shift in the circulation, as Easterlies from
the tropical Atlantic replace the contribution from the Pacific, especially the region named Baja
Oceanic. One cannot overlook the contribution of water from continental Mexico. The fraction
of precipitation
Summary

from MX (figure 1) is the dominant source in May-July

in western Mexico.

and conclusions

There certainly appears to be a connection between the surface evaporation and precipitation
over land. WVTs have helped to quantify this connection. Since the ratios of continental
precipitation drop over land along with the precipitation, we expect that the decrease of surface
evaporation is driving the decrease in precipitation in Texas. The surface evaporation drops,
which reduces the water available for convection and decreases the convective instability of the
region. Pentad and daily time series are being analyzed to verify this statement.
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Figures
North American Source Regions

Figure 1 Geographical source regions of water vapor tracers in the model simulation. SE - Southeast; SP
- Southern Plains; SW - Southwest; NW - Northwest; NP - Northern Plains; NE - Northeast; CA Canada; MX - Mexico; Nat - North Atlantic; Tat - Tropical Atlantic; CB - Caribbean; GM - Gulf of
Mexico; BO - Baja Oceanic and NP - North Pacific. (Global tracer sources not shown).

146

FVGCM

TPW

NVAPTPW

Figure

2 Model

validations

of precipitation

1998 (Wayne Higgins data set, there
NVAP period (1988-1994).
Contours
mm
day -1 are shaded.

and TPW.

Gauge

is no data in Canada
of respective
fields

147

precipitation

is averaged

over JJA 1986

or over the ocean). TPW is averaged
are the same, and precipitation
greater

-

over the
than 3

_g

E Ju_y

_iaus

Juae

Figure
model

{11_I,--I_9_}

3 Average difference
between June and July
precipitation,
gauge precipitation
and model

evaporation
(units mm day-1). Positive differences
are solid contours negative are dashed. Note the
increase of modeled evaporation
over the Gulf of
Mexico, while the precipitation
there decreases.

i

.................
":.. .,_OiI::.,',-C_,,:._' _;_;".,_-----_ ........ ,,

TX Percent

sources

Jul-Jun

35

_20

N

_

"

•

lO

TX % Source

Change

8

2

_o

__.,

-_

J

-4

0

,
1an

,
Feb

,
Mar

,
Apt

,
May

,
Iun

Jul

MX Percent

Aug

,
Sep

,
Oct

,
Nov

-6
GM

Dee

Sources

Tat

SP

MX

MX Jul-Jun

% Source

....

l

CB

BO

NPa

Change

8
3O

6

25

2

2O
___

0

,.

g

-2

10

-4

0

i
Iaa

i
Feb

i
Mar

i
Apr

i
May

i
Iun

i
Jul

i
Aug

i
Sep

i
Oct

-6

i
Nov

..

Dec
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Storm
Jeffrey

S. Whitaker

NOAA
The transition

between

Track

Climate

a 'climate'

Prediction

and Thomas

M. Hamill

Diagnostics

Center

and a 'weather'

forecast

point in the forecast when individual synoptic-scale,
be sldllfully predicted.
At this point, one must

can be defined

to occur

at the

'weather' producing
systems can no longer
begin issuing forecasts of the statistics of

synoptic-scale
storms, i.e. the storm tracks, instead of forecasts of the
themselves.
Storm tracks are predictable
as long as the large-scale,
modulates the storm tracks and remains predictable.

synoptic-scale
storms
low-frequency
flow

In
this
study
we
have
utilized
an
"MRF
reforecast
datasef'
(h_:/,_y,,'w.cdconoaao_ov/-isw/re_s0,
consisting of 23 years of forecasts with a recent version
of NCEP's medium range forecast model, to assess the predictability
of storm tracks out to week
three.
Coherent, predictiable
modes of storm track variability are identified, and used as a basis
for for producing calibrated, quantitative precipitation probability forecasts (QPPF) in week two.
Storm tracks in the MRF reforecast
dataset are defined in terms of accumulated
precipitation,
which in wintertime
is primarily
Predictable storm track patterns are identified via
a canonical correlation (CCA) analysis that uses
model forecast precipitation as a predictor, and

produced

by

synoptic-scale

weather

systems.

analyzed precipitation from the NCEP/NCAR
reanalysis as a predictand.
Figure 1 shows the
most predictable DJF storm track pattern for (A)
a day 10 forecast, (B) a week two forecast, and
(C) an average over the first three weeks of the
forecast.
The most predictable storm track pattern
is an eastward shift of the climatological Pacific
storm track for all three forecast ranges. This
shift is associated with a "PNA-like" mode
of variability of the tropospheric circulation.
However, a similar analysis (not shown) that keys
on the most predictable 500 mb height pattern
identifies the classic PNA pattern as most predictable
That pattern is slightly shifted to the north and east
of the pattern shown in Fig. 1, and hence does not as
effectively modulate the Pacific storm track.
Correlations
between
predicted
and
observed
precipitation
increase
with
increasing
averaging time (Fig. 1), although the predictability
of the associated
500 mb heights does not (not
shown).
This indicates that the predictability
of
storm- tracks
inherently
depends
upon
the
averaging
interval.
The larger
the separation
between the averaging interval and the time-scale
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Figure 1: Climatological storm track (thick
solid), 500 mb height regression (thin solid)
and correlation between the CCA predictor
index and analyzed precipitation for the most
predictable storm track pattern in (A) 10 day
forecasts, (B) week two forecasts and (C) an
average over the first three weeks of the
forecast.

of the synoptic-scale
stormsthatmakeup the stormtrack,the higherthe predictability.In the
limit thatthe averagingintervalgoesto zero,(Fig.la) the "stormtrack"consistsof a snapshot
of
an invidualstorm,andpredictabilityis expectedonly out to the boundarybetweena weatherand
a climateforecast(by our definition). Conversely,as the averagingintervalbecomesmuch
greaterthanthe lifetimeof an individualstorm,the predictabilityis determined
by the underlying
statistical/dynamical
relationships
between
thelarge-scale
flow andthestormtracks.
An experimental
real-time15memberensemble
hasbeenrunatCDCsinceDecember
2001usingthesamemodelusedtogenerate
the"reforecast"
dataset.Thestatistics
of forecast
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errors derived from this dataset allow for corrections

probability
starting

using

forecasts
on Dec

the number

a statistical

for

1, 2001.

of members

correction

to the

to the first and second moments

of the real-

time ensemble. These corrections are essential for creating useful QPPF forecasts in week two
that take advantage of the predictable storm track modes we have identified. Figure 2 shows
reliability diagrams for tercile probability forecasts for week two precipitation over the PNA
region computed with and without our statistical correction technique. Without corrections to
the first and second moments the forecasts have virtually no reliability, and the rankedprobability skill score (RPSS) is actually worse than that of a climatological forecast. With the
corrections derived from the 23-year history of forecast errors, the forecasts are very reliable, and
the RPSS indicates that the errors are about 16% better than those of a climatological
forecast. A
more detailed description of the algorithm for generating the calibrated probabilities is available
on our website (http://www.cdc.noaa.gov/--jsw/refcst).
We expect that more sophisticated
procedures can be used when our ultimate goal of an full 15-member
reforecast dataset is achieved.
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Introduction
A new method for identifying the structure and other characteristics of extreme weather events is
introduced and applied to both model simulations and observations. The approach is based on a
linear regression model that links daily extreme precipitation amounts for a particular point on
the globe to precipitation and related quantities at all other points. We present here some initial
results of our analysis of extreme precipitation events over the United States, including how they
are influenced by ENSO and various large-scale teleconnection
patterns such as the PNA.
The results are based on simulations made with the NASA/NCAR
The quality of the simulated climate for the NASA/NCAR
AGCM

AGCM (Lin and Rood 1996).
forced with observed SSTs is

described in Chang et al. (2001). The runs analyzed here consist of three 20-year runs forced
with idealized cold, neutral and warm ENSO SST anomalies (superimposed on the mean
seasonal cycle of SST). The idealized warm or cold SST anomalies are fixed throughout each 20year simulation and consist of the first EOF (+/- 3 standard deviations) of monthly SST data.
Comparisons are made with the results obtained from a similar analysis that uses daily NOAA
precipitation observations (Higgins et al. 1996) over the United States and NCEP/NCAR
reanalysis data (Kalnay et al. 1996) for the period 1949-1998.
Method
We consider the simple linear regression model in which a variable Yis regressed against the
daily precipitation extremes, X, at a base point o. The regression model has the form

Y(j,k) = a X(o) + e,
wherej indicates the jth grid point, k is the time lag in days with respect to the time of the
maydmuxn in X(o), and e is the error in the regression model. The regression links the daily
extreme (maximum) precipitation for a particular point X(o) with precipitation or other related
quantities Yat all other points j, and time lags k. We carry out the analysis for each month of the
year separately (e.g. all Januaries, all Februaries, etc.), allowing us to examine the seasonal
dependence of the extremes. In the following, we show the composite average of Yover all
times whenX(o) is an extreme event (the average conditions that occur when X(o) is a
maximum). We also show the regression coefficient a. These show the co-variability, or
structure and time evolution of the extreme events.
Results
In the following we present some initial results of our analysis.

Figure 1 shows, for example, a

composite of the precipitation (shading), 300mb heights (contours) and 850mb wind (vectors)
during extreme precipitation events for each month at the base grid point (77.5W, 40N). The
upper figure shows the results based on 36 years (1949-1998) of daily NOAA precipitation
observations and NCEP/NCAR reanalysis. The lower figure shows the results based on 60 years
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(20cold,20warmand20neutralyears)ofNASA/NCARmodelsimulations.Theresultsshow
theexpected
largeregionalandseasonal
changes
in thestructure
andscales
of theextreme
precipitation
events,
withcontinental-scales
andstrongdynamical
controlsduringthecoldseason,
andhighlylocalizedeventsduringthewarmseason.
TheNASA/NCARAGCMdoesremarkably
wellin reproducing
thebasicstructures
of theextreme
events.Figure2 showstheregression
coefficient
a relating the precipitation extremes at the base point (77.5W,40N) to precipitation at
other grid points and at different time lags relative to the maximum. The results show coherence
in time with a sequence ofpattems that is consistent (during the cold season) with the
northeastward

motion

of cyclones

along the East Coast.

In order to study the link between the extreme events and various low frequency modes of
atmospheric variability we first identify the leading pattems of monthly variability using a
rotated EOF analysis of the 300mb height. The top panel &Figure 3 shows, for example, the
nine leading monthly EOFs for DJF for the GCM simulations. The first EOF is the ENSO
response, the second resembles the Arctic Oscillation, while the third resembles the
Pacific/North American (PNA) pattern. The bottom panel of Figure 3 shows scatter plots of the
principal components of the monthly EOFs (here the daily height data have been projected onto
the monthly EOFs) versus the amplitude of the linear regression pattem associated with the
extreme precipitation events at base point (82W,27N).
For the latter, all daily values of
precipitation (not just the times with extreme values) are projected onto the regression patterns.
The height pattem associated with the precipitation extremes at this point over Florida (not
shown) consists of a storm system that apparently develops in the Gulf and moves up the east
coast. The point was chosen because it illustrates a case where the extremes are strongly
impacted by ENSO. This is evident from the top left panel of the bottom panel of Figure 3
where we find that the warm ENSO events are associated with more large daily precipitation
amounts (positive values of PC 1 or red dots) compared with cold events (blue dots). We also
see some impact from the PNA mode (top right panel of the lower panel of Figuxe 3), in that
there is a tendency for the positive values of the PNA pattern to be associated with the largest
daily precipitation amounts.
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"The Relationship
Between
the Classic
PNA Pattern
and the ENSO-Forced
Pattern
on Time

Scales

From

Daily

to Seasonal"

David M. Straus and J. Shukla
From the perspective of seasonal mean predictability, one can distinguish between the SSTforced extemal response and chaotic intemal variability. The former (latter) leads to predictable
(unpredictable) components of seasonal mean fields. A large number of ensemble seasonal
historical forecasts made with the COLA AGCM (forced by observed SSTs) for many winters
are used to distinguish patterns ofintemal variability (including the PNA pattem of Wallace and
Gutzler) from true forced response patterns, such as the dominant ENSO-forced
pattem. The
former can be identified from EOF analysis of the deviations of seasonal means about the
ensemble means, and from long integrations using climatologically varying SSTs. The latter can
be identified from EOF analysis of the ensemble means or from the pattem which optimizes the
"signal to noise" ratio. A number of consistency checks are used to confirm the validity of these
identifications.
The presence ofintemal variability patterns in seasonal means is thought to be due in large part
to statistical residuals of shorter time episodes. Information on the strength and duration of these
episodes can be gleaned from projections of daily and 5-day mean fields from individual
integrations onto intemal variability patterns. Comparison to similar projections onto the
extemal pattems yields information on the shorter time scale manifestations of the forced
response.
Intemal variability can depend on the state of SST forcing, yielding probability

shifts in for

example the PNA pattern between warm and cold ENSO winters. In addition, changes in the
nature of ENSO itself during the past 50 years have led to subtle changes in the forced patterns,
and the degree to which they are distinguishable from internal variability. These issues will also
be addressed using large numbers of COLA AGCM ensemble integrations.
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1.

Introduction

The success of short-term climate prediction efforts
is critically dependent upon the veracity with which
atmospheric general circulation models (GCMs) are able
to simulate the atmospheric circulation.
A minimum
expectation
is that GCMs employed are capable of
realisticallyrepresenting
important aspects of the current
climate.
Regional climate is strongly influenced by
second order atmospheric circulation features such as
storm track variability and anomalous weather regimes,
both of which are dynamically linked to the midlatitude
jet stream and are associated with alterations in surface
weather.
A proper representation
of the behavior of
anomalous weather regimes and storm tracks is essential
for reliable climate simulations.
A detailed assessment
of short-term
climate variability
thus provides
important benchmark for a climate model.

synoptic eddies is manifested as "storm tracks" while
low frequency eddies are linked to large-scale anomalous
weather regimes. These filters were applied to the daily
NCEP/NCAR
reanalyses and model simulation output
for the winter months during the AMIP-2 time period.
A first order characterization
of the intraseasonal
eddy activity was obtained by calculating the upper
tropospheric eddy kinetic energy (EKE) distribution for
the entire intraseasonal eddy spectrum (synoptic plus low
frequency) which is displayed in Figure 1. This analysis
shows that, though energy magnitudes are comparatively
weak in both NSIPP and NASCAR models, the regional
EKE patterns are well represented.
This result carries
over to separate considerations
of the synoptic and low
frequency eddies (not shown) suggesting improvements
over earlier models (e.g., Black and Dole 2000). The
300 hPa EKE magnitudes averaged over the Northern
Hemisphere extratropics are summarized in Table 1. The
total intraseasonal EKE is 20-30% weaker in the models

an

We perform an exploratory study of storm tracks
and anomalous weather regimes in extended integrations
ofNASA/GSFC
GCMs. This includes intercomparisons
of the representation
of these natural phenomena
in
AMIP-type simulations of NASA/NCAR
(NASCAR)
and Aries (NSIPP) models. Specifically, we employthe
AMIP fvccm3-1.2.0 NASCAR run and the ens05 AMIP

than in observations.
Considering the individual eddy
components,
the most striking difference is the 36%
shortfall in synoptic EKE for NSIPP. Potential reasons
for this characteristic are discussed later.

run of NSIPP 1. We diagnose their statistics, structure,
and dynamical characteristics and contrast these results
to parallel observational reanalyses (NCEP/NCAR)
to
isolate systematic errors. Long-term goals include (a)
determining the extent to which the models are able to
replicate observed characteristics of the phenomena and
(b), in cases where a specific shortcoming is identified,
performing
targeted
dynamical diagnoses
aimed at
deducing the underlying
physical reasons
for the
systematic errors.
2. Intraseasonal

(20 90°N)
NCEP/NCAR
Reanalyses

Synoptic
Eddies
75m2s

-2

Low Freq
Eddies

Total
Intraseasonal

86m2s

161m2s

-2

-2

NSIPP

48 (64%)

65 (76%)

113 (70%)

NASCAR

60 (80%)

70 (81%)

130 (81%)

eddy statistics
Table 1. The 300 hPa intraseasonal eddy kinetic energy
averaged over 20-90°N for observations (NCEP/NCAR)
and the two model simulations. Model values expressed
as absolute values and as percentage of observations.

After removing long-term seasonal trend values, the
intraseasonal eddy activity is then bandpass filtered into
2-10 day (synoptic) and 10-90 day (low frequency)
period bands, respectively.
The collective effect of the
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Thehorizontal
structure
oftransient
eddies
canbe (noting that one would expect conversion values to be
diagnosed
byplotting
eddymajoraxes
whichdepict
the reduced by 30% or more as barotropic EKE conversions
orientation
andamount
ofeddyanisotropy.
Eddies
are are proportional to the EKE, itself). Consistent with this
elongated
along
theeddy
majoraxiswiththeaxislength argument, for the NASCAR simulation we find synoptic
proportional
tothedegree
ofeddy
anistotropy.
Theeddy EKE levels and barotropic deformation magnitudes that
majoraxisvanishes
forcircular
(isotropic)
eddies.
We are both closer to observed values.
haveapplied
thisanalysis
tothemodelsimulations
(not
shown).
BoththeNSIPP
andNASCAR
model
faithfully
To summarize: synoptic eddies in the NSIPP model
represents
themeridional
elongation
ofsynoptic
eddies encounter anomalously strong barotropic damping at
observed
inthecoreoftheprimary
jetstreams
aswellas upper levels while the background baroclinic forcing is
theeast-west
"bowing"
thatoccurs
northandsouthof closer to observations.
The relative importance
of
thejetstreams.
Bothmodels
arealsoabletorepresent barotropic and baroclinic forcing can be quantified by
the general
east-west
orientation
of low frequency dividing the barotropic deformation magnitude by the
eddies.
Thedegree
ofanisotropy
forthelowfrequency baroclinic growth parameter. Regions where this ratio is
eddies
ismisrepresented
inthemodels,
however.
This low are more strongly influenced by baroclinic processes
likelyimpacts
localbarotropic
interactions
between
low than barotropic processes and vice-versa. Fig. 2 displays
frequencyeddies
andthe
climatological-mean
flow.The this ratio for the models and observations and concisely
structural
characteristics
areconfirmed
by ensemble shows that barotropic deformation likely plays a stronger
analyses
ofanomalous
weather
regimes
(notshown). role in the NSIPP simulation than in observations or the
3. Dynamical

diagnoses

of eddy behavior

It is of scientific and practical interest to delineate
dynamical reasons for existing model discrepancies in
representing short-term climate behavior. We approach
this by considering the main eddy forcing mechanisms.
Synoptic eddies are strongly forced by baroclinic growth
while barotropic deformation in the upper troposphere
impacts both synoptic and low frequency eddies. To this
end, we have performed preliminary diagnoses of the
baroclinic and barotropic aspects of the model dynamics.
Regional values of the baroclinic growth parameter
(not shown) are very well represented by both models. In
fact, one of the few differences from observations is that
in both model simulations the parameter is too strong
over the Atlantic storm track region.
This result is
perhaps surprising given the aforementioned
relative
weakness in simulated synoptic EKE, particularly for
NSIPP. This suggests that other dynamic processes are
likely responsible for this model feature. For synoptic
eddies, upper tropospheric barotropic deformation acts
as an EKE sink in the jet exit regions where large-scale
shearing and stretching processes tend to elongate the
eddies along their major horizontal axis. Our analyses
show that regional deformation magnitudes are generally
overestimated by the NSIPP model. This suggests that
the synoptic eddies are likely experiencing enhanced
barotropic energy losses to the mean flow in the jet exit
regions. This behavior is confirmed by analyzing local
barotropic energy conversions (not shown) which show
local synoptic EKE losses in the NSIPP model that are
similar to, and in some cases exceed, observed values
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NASCAR simulation (i.e., smaller areas of dark shading
in the storm track regions). This may help to explain the
relative weakness of synoptic EKE in the NSIPP model
compared to observations and NASCAR.
We note that the low frequency EKE is also underrepresented by both models (though proportionallybetter
than synoptic EKE). This is a puzzling result for NSIPP
since it is reasonably well accepted in the literature that
barotropic deformation acts as a source of EKE for low
frequency eddies in the midlatitude atmosphere. Indeed,
the NSIPP model actually provides a quantitatively good
representation of the local barotropic energy conversions
between the mean flow and low frequency eddies (not
shown) which are positive in the jet exit regions. Here
we speculate that existing deficiencies in low frequency
EKE may be related to the scale interaction between the
synoptic and low frequency eddies. First, individual
synoptic eddies often act as the "seeds" for the onset of
large-scale weather regimes. Secondly, synoptic eddies
collectively provide positive dynamical feedbacks that
help maintain anomalous weather regimes. In both cases,
relatively weak synoptic eddies will likely result in
anomalously weak low frequency eddies. This is clearly
an avenue for further investigation.
R@rence:
Black, R.X., and R.M. Dole, 2000: Storm tracks and
barotropic
deformation
in climate
models.
J. Climate, 13, 2712-2728.
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Fig.1. The300hPaeddykineticenergy
associated
withintraseasonal
transient
eddies
(units:m2/s
2)

Top: NSIPP
simulation
Middle:NCEP/NCAR
reanalyses
Bottom:
NASCAR
simulation
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Fig.2. Theratioofthemagnitude
ofthe300hPa
barotropic
deformation
tothetropospheric
baroclinic
growth
parameter
(nondimensional).
Values
greater
(lessthan)0.75areshaded
lightly(darkly).

Top: NSIPP
simulation
Middle:NCEP/NCAR
reanalyses
Bottom:
NASCAR
simulation
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Park,
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(PV) surface (PV = 2.5 unit) are analyzed

using NCEP/NCAR
reanalysis II (1979-2000) dataset. Potential vorticity folding indexes (PVFI)
are developed to measure the mean latitudinal position, area, and intensity of the polar front zone
over the Northem Hemisphere.
It is found that these indexes closely related to the interannual
and decadal variability of the cold air temperature anomalies over the high latitudes (north of 40
degrees). In general, these indexes are negatively correlated with the cold air temperature
anomalies near the surface. The interannual variability of these indexes has a strong QBO
signal. These indexes also exhibit strong interdecadal variability. Between early 80s and early
90s, these indexes all exhibit a negative trend, accompanied with which is a warming trend in
both cold/warm surface air temperature anomalies. During last 5 years of 90s, these indexes
have a positive trend superimposed on a QBO-like interannual variability.
Interestingly, the
surface air temperature anomalies continuously exhibit a warm trend while their interannual
variability follows the interannual variability of PVFI. This seems to suggest that we are
beginning to observe a separation between the climate trend induced by change in circulation
that induced by other factors, such as anthropogenic
factors.
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This paper reflects the following assumptions:
a)

Improving the atmospheric analysis/forecast systems currently used for 0-15 day
numerical weather prediction and coupling them to complex land and ocean
analysis/forecast systems can significantly improve 15-60 day forecasts.

b)
c)

Improving either the 0-15 or 15-60 day forecasts will usually improve the other.
Investigating the shortcomings of the current forecast system is a key ingredient in
improving forecasts.
More realistic physics and tropics are required for successful 15-60 day forecasts than for
0-7 day mid-latitude forecasts. We may well not know the physics in the actual

d)

e)

atmosphere as well as we need to produce successful 15-60 day forecasts.
15-60 day and seasonal forecasts need for model verification and diagnosis a reanalysis
consistent with the forecast model.

The Global Modeling branch plans
coupled model for 15-60 day and
operational system that is coupled
atmospheric portion of the system

to implement a global ocean data assimilation system and
seasonal forecasts within the next year, replacing the current
to a tropical Pacific Ocean analysis/forecast
system. The
will be upgraded every 1 to 2 years based on changes to the

medium-range model. Significant changes to the MRF will be tested for their effects on seasonal
forecasts. If improvement is found, the new version will be frozen and tested extensively for
seasonal forecast model upgrade. This will mean that the seasonal forecast model will lag the
operational medium-range
model by 1-2 years. A similar schedule will be applied to
improvements to the ocean model.
During the late winter of 2001-2002, operational forecasts of 500 hPa height by the MRF
reached 60% anomaly correlation (widely accepted as a measure of the limit of useful sldll) at
day 8 in the extra-tropical Northern Hemisphere, an improvement of 1 day from 10 years ago.
Anomaly correlations for operational week-2 (day 8-14 mean) forecasts for the same period were
50% for the MRF and 55% for the MRF ensemble; for extended periods in the late winter the
forecast sldll for week-2 exceeded 60%. Such levels of sldll reflect the efforts of many sldlled
scientists; however, the results also suggest that new approaches may be needed to extend
forecast sldll to 15-60 days.
Fig. 1 compares time-mean errors in zonal mean temperatuxe in one and fifteen-day operational
MRF forecasts for Dec. 2001-Feb. 2002 with the error in zonal mean temperatuxe from an
integration with observed SST of the operational model at T170 resolution from mid-December
2000. Both are verified against operational analyses. The pattems are quite similar, although
differences can be seen near the poles in the troposphere.
The magnitudes of errors are
comparable

in the troposphere,

but the longer run shows considerable
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larger errors in the

stratosphere.
Thetropospheric
coldbiasis saturated
by day15,but thestratospheric
bias
continues
to growbeyondday15.
znl

mean

T l dGy

er

zonal mean take T17042prx-gdas

DJF0102

Fig. 1 Zonal mean error in temperature
for (top) 1 day forecasts (middle) 15 day
forecasts and (bottom) integration from midDec. 2000 verified against analyses for Dec.
2001-Feb.2002.
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Fig.2 compares
thezonalmeanerrorin transient
eddykineticenergyin theT170m
integration,
averaged
over2001,andthesamefieldin 6-houxforecasts
for December
2001.Bothareverifiedagainstzonalmeantransient
eddykineticenergyin operational
analyses.
Thepatternsarequitesimilarandindicatethatthemodel'sunder-forecast
of
eddyactivityreflectsproblems
thatbeginin thefirst6 hoursofintegration.Figures1
and2 showthatproblemsthatdevelop
in longintegrations
oftheNCEPglobalmodel
clearlycanbeseenin short-term
operational
medium-range
forecasts
andsuggest
that
reducingsucherrorsin short-termforecasts
will improve15-60dayandseasonal
forecasts.
Realistic
air-seafluxesareessential
forusefulcoupledmodelforecasts.
Severalgroups
arecuxrently
studyingair-seafluxes.TheWGNE/SCOR
WorkingGrouponAir-Fluxes
(http://www.soc.soton.ac.uX/JRD/MET/WGASF)
hasrecentlypublishedareporton
validation
of air-seafluxes(Taylor,ed.,2000)andheldaworkshoponair-seafluxes
(White,ed.,2001).TheGEWEXSEAFLUX(_aos.colorado.edu/-cun_)
workinggroupis comparing
estimates
of air-seafluxesandemphasizes
theuseof
satelliteobservations
in determining
air-seafluxes.PeterGlecklerandJanPolcher
(GlecklerandPolcher,2002)aredeveloping
SURFA,anongoingprojectto collect
surfacefluxesfromoperation
NWPanalysis/forecast
systems
andverifythemagainst
high-quality
in-situobservations
overbothlandandocean.

P(mm/d)

GlobalMeanBalances
2001
CDAS GDAS Kiehland Range
Trenberth
2.84
2.97
2.69
2.69-3.1

E

2.86

3.1

P-E
Sens.heat
(W/m2)
Latentheat

-.02

-.13

15.59
83.06

9.31
89.97

24
78

Sfcdsw

205.91

201.13

198

Usw

45.11

29.01

30

NSW

160.8

172.12
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Dlw

336.17

333.6

324

Ulw

396.81

397.69

390

NLW

60.64

64.09

66

40-72

netrad

100.16

108.03

102

99-119

NHF

+1.5

8.76
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2.69

0

16-27
78-90

142-174

Table1 Globalmeansurfacewaterandenergybalancein theCDASandGDASfor2001
andfromaclimatology
by KiehlandTrenberth
(1997).Rangedisplaystherangeof
independent
estimates
considered
by Kiehl andTrenberth
(1997).
Table1compares
globalmeansurfacefluxesaveraged
over2001fromCDAS(donewith
the1995NCEPoperational
globaldataassimilation
system)andthecurrentlyoperational
GDAStoclimatological
estimates
by KiehlandTrenberth
(1997)andtherangeof
estimates
theyconsidered.
Thelargerangeof estimates
is onemeasure
oftheuncertainty
in ourknowledge
of air-seafluxes. Thehydrological
cycleismoreintensein theNCEP
analyses
thanin theclimatological
estimate,
butitsmagnitude
lieswithin the range of
independent

estimates.

Sensible heat flux in the current system is lower than other

estimates and may reflect the introduction of a new boundary layer parameterization
in
the late 1990s. CDAS had too high an oceanic surface albedo; short wave radiation in the
current GDAS is closer to the estimates of Kiehl and Trenberth. The current GDAS
however

has a larger imbalance

at the surface than CDAS.

Table 2 compares the global mean water and surface energy balance over the oceans from
CDAS and GDAS for 2001 to climatological
estimates from da Silva et al. (1994), based
on COADS observations
for 1981-1992, and from the Surface Radiation Budget (Damell
et al., 1992; Gupta et al., 1992), based on retrievals of surface radiation fields from top of
the atmosphere satellite observations and ISCCP clouds. The COADS-based
estimate
produces a large imbalance, indicating a large uncertainty in our knowledge of air-sea
fluxes.

The SRB net long wave is lower than other estimates

(Kiehl and Trenberth,

Global Mean Balances
2001 Ocean
CDAS

GDAS

COADS

SRB

P mm/day

3.08

3.24

E

3.35

3.64

P-E

-.27

-.40

Sensible heat W/m 2

11.41

5.65

10.1

Latent heat

97.01

105.47

88

Sfc dsw

198.66

201.56

Usw

34.85

Nsw

163.81

183.09

Dlw

353.21

347.35

UIw

408.4

409.05

Nlw

55.19

net rad

108.62

NHF

0.2

18.47

167

170.4

173.4

61.7

49.2

41.9

121.39

121.1

131.5

10.27

23.3

1997).

Table 2 Global mean surface water and energy balance over the ocean in the CDAS and
GDAS for 2001 and from climatologies by da Silva et al. (1994) and from the Surface
Radiation

Budget.

Fig. 3(upper panel) compares surface stress along the equator from 12-year climatologies
from the NCEP/NCAR
reanalysis and from COADS. The reanalysis had too weak zonal
surface stress. Fig. 3 (lower panel) shows zonal surface stress along the equator for 2001
from CDAS (the NCEP/NCAR
reanalysis), GDAS (the operational analysis), and 3
integrations from mid-Dec. 2000 with observed SSTs. GDAS and the parallel X (PRX)
give reasonable zonal surface stress in the east Pacific; two other versions of the model,
including the operational seasonal forecast model (SFM) and a different convection
(RAS) have too strong stress in the East Pacific.
5S-5N zonal sfa stress annual mean 81-92
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Fig. 3 Annual mean zonal surface stress over the ocean averaged from 5S-5N for (upper)
the NCEP/NCAR
reanalysis and COADS (da Silva et al., 1994) for 1981-92 and (lower)
GDAS, CDAS and 3 integrations from mid-Dec. 2000 for 2001.

Considerable
work is needed to improve both the forecast system's air-sea fluxes and our
knowledge of air-sea fluxes. Considerable differences exist between different estimates
of air-sea fluxes; our current knowledge of air-sea fluxes is insufficient to close the
surface energy budget. Current global forecast systems have problems with cloudiness
168

that produce inaccurate short wave fluxes and problems with moisture that affect long
wave fluxes. Low-level oceanic stratus clouds are difficult for current systems to model
correctly.
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Despite the fact that the low-level jet of the southern

Great Plains (the GPLLJ)

of the U.

S. is primarily a nocturnal phenomenon that virtually vanishes during the daylight hours,
it is one of the most persistent and stable climatological features of the low-level
continental flow during the warm-season months, May through August. We have used
significant-level data to validate the skill of the GEOS-1 Data Assimilation System
(DAS) in realistically detecting this jet and inferring its structure and evolution. We have
then carried out a 15-year reanalysis with the GEOS-1 DAS to determine
and mean diurnal cycle and to study its interannual variability.
Interannual

anomalies

of the meridional

flow associated

its climatology

with the GPLLJ are much

smaller than the mean diurnal fluctuations, than random intraseasonal anomalies, and
than the mean wind itself. There are three maxima of low-level meridional flow variance
over the Great Plains and the Gulf of Mexico: a 1.2 m2 s-2 peak over the southeast
Texas, to the east and south of the mean velocity peak, a 1.0 m2 s-2 peak over the
westem Gulf of Mexico, and a .8 m2 s-2 peak over the upper Great Plains (UGP), near
the Nebraska/South
Dakota border. Each of the three variance maxima corresponds to a
spatially coherent, jet-like pattern of low-level flow interannual variability. There are
also three dominant modes of interannual variability corresponding to the three variance
maxima, but not in a simple one-to-one relationship.
Cross-sectional

profiles of mean southerly wind over Texas remain relatively

stable and

recognizable from year to year with only its eastward flank showing significant
variability. This variability, however, exhibits a distinct, biennial oscillation during the
first six to seven years of the reanalysis period and only then. This intermittent biennial
oscillation (IBO, one of the three modes discussed in the previous paragraph) in the lowlevel flow is restricted to the region surrounding eastern Texas and is also evident in the
NCEP/NCAR
reanalysis data set from about 1978 to 1985 or 1986 and again from 1995
to 2000. It is evident as well in surface pressure in both the GEOS- 1 and NCEP/NCAR
sets.
The interannual

anomalies

do not necessarily

persist uniformly throughout

an entire

season, but can fluctuate from one part of the season to the next. To estimate the
characteristic subseasonal time scales for coherence of these fluctuations, we have taken
the weekly anomaly of low-level wind at each point of the domain from the
climatological average for that given point and that given week of the season and
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computed the covariance of its fluctuations over all weeks and over all years with the
weekly climatological anomaly of the meridional wind at each of the three reference
points discussed above. The typical duration of a coherent interannual anomaly within a
given warm season increases with decreasing latitude from 2 to 3 weeks over the UGP, to
6 to 7 weeks over eastern Texas. Coherence over the western Gulf of Mexico is
intermediate between the two with a typical duration of 4 to 5 weeks. There appears to
be evidence that the interannual anomalies over Texas the Gulf propagate to the UGP
after a week and those over the Gulf propagate there after 2 to 3 weeks. There also
appears to be some reverse propagation of interannual anomalies over the UGP to Texas
and to the Gulf after a period
The interannual

anomalies

with interannual anomalies
over western Texas.

of about one week.

in southerly

flow over eastem Texas seem to correlate well

of surface temperature
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and (negative) ground wetness and
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