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1. Introduction

The potential predictability (PP) of seasonal climate at the land surface is of enormous human
impo~ andthemforemerits closeinvestigation.ThePPof a seasonalIand-surfhcevaxiablemaybedefined
astheupper boundinmeanfcmcastacmracyto beexpectedwhentheseasonalstateof theoceansis
knownprecisely(aswhenSST’samprescribed),butwhentheinitialconditionsareknownimpeckely.
ThePP ofa seasonalland-surfacevariableisrelatedtoitsdegreeofins-”tivitytothechokeofinitialcon-
ditionswhentheoceanboundaryconditions= invariant.Thereare variousways of measuringthis
initiakonditioninsensitivity,twoof whichm utilizedhem

ThePP of a seasonaI-meanvariable can be ednated fhm an ememldk ofrepeatedsimdudonsof
a muhkeasonal period in whichtheoceanboundaryconditionsm thesame,butinwhichtheinitialcon-
ditionsofthemodel’slandhtrnosphemsystemaretienmt. Itshouldbenotedthata tndyaccwatedeter-
minationof PP following this approachrequkesuse of a ‘@xfect”model. EktbnuMqfPP rnuakw“th
current-generation nuxikb theri#ore must be regardkd as quite bnprecise.

I

i 2. Ensemble Experiments

In this study, an ensemble of 6 realizations of decadal climate (for the period 1979-1988) were
generated by the ECMWFcycle 36 atmospheric model (operational circa 1990-see Table of
Salient Features). Ineach experiment, the spec~led SSTSandseaiceextentswerethesame:the
monthly observational data used as boundary conditions in the Atmospheric Model Intercompari-
son Proiect OWIP). However, in these simulations the initial states of the model atmosphere, soil
temperi&re;mois&e, and snow cover were different. The fust two realizations were ‘initialized
from ECMWF analyses, while subsequent realizations were initialized from values at the last time

\
1 step of the preceding integration.
I

Table: Salient Features of the ECMWF Cycle 36 Model Applied in this Study
i

. spect~l T42 (.3 x 3 degree) horizontal resolution, 19 vertical levels (5 below S&l M?a)
1

● Morcrette ra&lation, Slingo cloud formation, Tiedtke mass-flux convection
\

● BIon~ Land-surface scheme:

- Stabilitydependent surface fluxes

-2 prognostic soil layers for beak moisture (overlying a deep prescribed layer)

- surface and deep runoff
1

- vegetation canopy, stomatal resistance

.



3. Methodology

Twodiffelentmasmes ofinitiakonditioninsensitivity(asaniadkationofPP) wae appliedacmss-
correlation(cc) measweandafiactionalvariance(F’V)~.

TheCross-Gx-reWon (CC)Measure

The CC is a measure of the mean“reproducibility”of differentrealizationsof a seasonally
averagedland-surfacevariableV(x, y, t) fordifferentinitialconditions.Themeasureiscalculatedon
anomalydepartures A(x,y,t) of variableV fromits simulatedten-yearseasonalcycle, since seasonal
pnxlictionimpliestheabilityto fonxastanomalousdeviationsfhm climatology.

TheCC algorithminvolvesdrawinganindependentpair(Am,An)ofA(Ly,t) fromtheavailable
6 mlizationsandcomputingateachgridpoint(x,y) a zero-lagtemporalcorrelationr(x, y) overthe10
yeas (t= 1,2,...,40 seasons).Thisprocedureis~peatedforall15independentpairs~!l(2!(N-2)!] that
canbedrawnfroma collectionofN = 6 reakations.Theensemblemean{r(x,y)} theniscomputedas
thevalueof CC(X,y) forland-surfacevariableV(x, y, t).

Theadvantagesof theCC statisticarethatit providesa singlemeasureof reproducibilityover
theenthesimulation,andthatit isbasedonN!/(2!(N-2)!] samplesratherthanonlyN. Itsmaindisad-
vantagesarethattheminimumvalueof CC tobeidentifiedwithpotentiallypredictablesignalsisnot
obvious,andtheseasonaldependenceofPP is notaccountedfor.

Tk vd~ of ~B2is -y =ti fbm the in-d v-fity of the ensemble m of the

av~le ~om, w~e the val~ of 612k es= tim the in~mble SC- hut ~ ensem-
blemean.Therespectivevariancestypicallyiuecomputedatlerstmdfyingtheavailableredizadonsby
season,soastoi&ntifya possibledependenceofPP ontimeofyear.

Unlikethe CC measure,thecriterionfor potentialpredictabilityis unambiguous:FV >0.5
impliespotentialpredictability.Thechiefdisadvantageis thatFV isbasedon onlyN samples,and
thereforemaybe a substantiallylessrobuststatisticthanCC.

4. Results

A total of 11 dynamic, thermodynamic, and hydrological land-surface variables
were analyzed in this study. Here, for reasons of space, results are shown for only one
variubf-e--theland-su~ace air temprature--which exhibited more widespread evidence
of apparent PP than was the norm.

_l*mti=~-wh-CCfmkd~ titi~*_adud
0.5. (Because the pmise levelofCC to be identifiedwitha potentiallypredictablesignalis not
apparent a minimumvalue of0.5was chosenas apnwtiad criterionof~ fmtbisvalue one
realizationexplains,onaverage,only25% ofthe varianceofanother.)Continentalregionswhere



Figure1: ContinentalregionswheretheCCmeasurefor seasonal surfim air temperature is >0.5, a value
assumed to indicat4?pn@icaZZySignijlcunt predictability.
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In Figure 2, regions where the FV statistic is> 0.5 (a variance &action, rather than1
a correlation coefficient as in Figure 1) for land-surface air temperature in December-! January-February (DJF) are shown. In this season, the implications are qualitativelyI
similar to those ofFigure 1, although the tropical areas evincingPP are somewhat broad-

i

1
er. However, there is an indication that surfkce air temperature is potentially predictable
in March-April-May (MAM) over some extratropical regions, particularly in North Amer-
ica (Figure 3). Other work by the author sugges-ti that at l-~ a part of ~s extratropical
predictability in boreal spring is associated with ENSOphenomena.

5. Summary

model are roughlyAssuming that the ensemblesimulationsof the ECMWFcycle 36
realistic,seasonalland-surfaceairtemperaturewould appearto be potentiallypredictablek-the
tropics--especiallyoverAmazoniLequatorialAfric&andsouthernAsia--butnotin mostpartsof
theextratropics.Tkisis ageneralresult,to varyingdegrees,for the10 otherland-surfacevariables
thatwereconsidered.With respect to extratropical seasonal prediction, however, there
are disagreements between inferences based on CC vs FV, with the latter measure
implying somewhat more encouraging conclusions in certain seasons and regions. It
should be kept in mind, though, that the FV statistic is based on substantially fewer
samples than CC. In any case, it seems important to consider changes in potential
predictability with time of year and in relation to longer-period fluctuations such as
ENSO events.



Figure 2 Continental regions where the FV meaeure far JATFsurface air temperature >0.5,
tentiaf predictability.
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Figure 3 As in Figure 2, except for MAM elrrface air tempmature.
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