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986-7 PACIFIC SST ANOMALIES

IMPACT OF THE 1982-3 AND 1
THE GLAS GCM.

ON TIME MEAN PREDICTION WITH

Shukla

Jj. Fennessy and J.
Interactlons

Center for Ocean-Land -Atmosphere
University of Maryland’
College Park, MD- 20742 U.S5. A,

1. INTRODUCTION

A wide variety 6f'E1.Ni;o SST.aﬁbmaly'Stﬁdies.havé been per-
formed by-several'GCM modeling groups in recent years, for a W
brief review see Femnessy gﬁd.Shﬁklg: 1988. 'Many'bfzthESe'”
studies were sensltlvify experiments,-utilizing simulations

nitialiiedmfrom a climatological or random ﬁean-atmdSphéfic;.
dies were carrled out - in order*to*de“

state. A number . of stu

termine the’ 1mpact of observed Pacific SST anomalles on a'

‘model prediction initialized from -and - compared t
atmospherlc state (WMO ;. 1986§'OWen'and Pa}mer5 1987; Tokioka

et al., 1987; “Stiukla and Fennessy, '1988).

Shukla and Fennessy (1988)uexamined the

with the GLAS GCM of the recordJEl'Ni;o SST anoma

1982-3. They concluded that the 198243 Pébific'SST'aﬁomélies

had a very'large pbs1t1ve impact on troplcal P
—tropical predictlon.' The

modest positive impact on extra

current study examinés the impact.bn prediction with this,
same GCM of the 1986-7 Pacific SSTNaﬁdmaliéS,'whichfweré of
much more typical maghitﬁde than those in'1982%3,  Resu1ts 

pared to elucidate the differences

from the two years are com

in forecast impact from observed Pacific SST anomalies in

different El Nino years.
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2. MODEL AND EXPERIMENTS

vertical. The
planetary boundar
y layer is that of D
eardorff
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model are given by Fennessy et ai;'(1985)

For each ex
periment year 3 60-day control simulations with
monthly varyi 7 l
ying climatological boundary conditions e h
N verywhere
ay boundary simulations with identical b d
oundary

observed atmos
pheric initial ¢
onditions used
were for 0000

UTC 15, 16, 17
s December 1982 and
0000 UTC 1, 2, 3
’ January
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1986~7 was more typical, resembling in magnitude the composite
El Nino anomaly of Rasmusson and Carpenter (1982). Thus, one

might expect their impact on prediction to be quite different.

3. RESULTS

The authors.ﬁave.anaiyzed'a large ﬁumbEr,of'obseEVed and simu-
1ated'atm09pheric fields.fdr a wide range of time averages.
From this analysis it was determined that-ﬁost.of'the impact
on prédiction from:the'Pacific SST anomalies was oﬁ.longer
time scales, i.e., 30-60 days. Thus, the anomaly maps pre-
sented in'this_éedtion will all be for 60-day time means.

Fo} the sake of'brevity, only a few fields will be shown

here. A more’ complete set of diagnostlcs for the 1982-3

experiment can be found in Shukla and Fennessy (1988).

Fiéures.z énd 3 &epict'the observe& and'simﬁlatéd precipi=~’
tation anomalies for 1982—3 and 1987, resPectively. The
observed precipifation anomalies-(mm/day) are obtained by
dividing_the observed QLR anomalies.(wlmz) by =5.7, an
approximate empiriéal'relation obtéinéd from Phil Arkin
(personal communication). The model siﬁﬁlateﬁ anbmalies
depicted are simply the average of the 3 boundary integra~
tions minus the average of the 3 control integrations for
the given year. The model climate drift is automatically
removed from this type of anomaly, assuming the drift is
the same in control and boundary integrations.: Thus, it
isolates the effect of the SST anomaly. In 1982-3 a large

positive anomaly (4 mm/day) was observed across the entire
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central and eastefmn Pacific, with a maxinum anomaly of over.
12 mﬁ/day in the viciﬁity of 150W (Fig. 2a). The positive
anomaly iﬁ the simﬂ1atéd field greatly.resémbles that obéefv-
ed in bothlmggnitudé and position (Fig. 2b). The modelfaléb
simuiaﬁes.the negative anomaly bﬁserved ovér Indonesia and-
Australia.and the negative—positive énomaly dipdlé 6vé;

Brazil. The main'discrepancyfis*the'mddels’ féilure”toﬂ_

capture. the 6bserved‘extension ofzthe positive'anbmaly tofthe:

SE, reﬁ;Esenting.a shif; in the SPQZ,'which the model simu-
lates poorly in‘thercontrol-integrations. Overall, the
simUIatidn'bf'fhe;obSErVed predipitation anémalies in”198£?3»
is-very.good;_ A iafge;(h mm/day).ﬁositivevpretipitation
amoma}y wasﬁaiSO bbservédriﬁ'1987,_although it'wa; i1mitéd3in'
.:exteﬁt to=thé ééntra1:Pacifié'and di&fnot'reach:the-magﬁifude
of ‘that observed inalgsz;a (Fig. 3a)- The model does -a fair -
job .of éimulating'this.anomaly; although it.pﬁéitiqﬂéu;t'”
,'someﬁhét south of that'observedf-.fhe:ﬁodél-also simulétés.
the'ﬁégati#e4bositive dipole obsenved-dver Brazii7aﬁd-the:
uﬁusual'positive'éﬁbmaly-ovef ﬂorfﬁétn Austraiié. ‘However, -
there is a very poor simulation of the main negative anomaly
regiéns,'with the model putting the'ﬁéin.ﬁegativé ahoma1y té
the west.bf.fhé'large pbsitive‘anbﬁaly5 whiie'fhat observed
was located south of the positive anomaly. Thus the 1987
:simulated precipitation anomalies bear some resemblance to
those observed, but not to the extent that the 1982~3 simu-
lated anomalies dide. Other tropical fields (sea level pres-—-
sure, 850 mnb winds, 200 mb winds) yield similar results, with
well simulated features in both years, but stronger and better

simulated anomalies in 1982-~3 than in 1987 (not shown).
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The observed {(from NMC analyses) and simuiated anomalies in

the zonal departiure of 200 mb stream function for 1982-3 and

1387 are shown in Figs. 4 .and 5 respectively. The observed

anomaly for 1982-3 contains a strong anticyclonic couplet

straddling the equator in the central and eastern Pacific

~

and a weaker cyclonic couplet downstream in the tropics

(Fig. 4a)., These features are well simﬁlated.by the model,

although their magnitude is a little weak (Fig. 4b). Over

the Pacifi¢ and North America an eastward shifted”PNA-like

pattern (Wallace and Gutzler, 1981) is present in both the

observed and simulated anomaly fields. 1In 1987 an anti-

cyclonic couplet is also observed straddlihg the equétbr in

~the central Pacific, but it i smaller, weaker and westward

of that observed in 1982=3 (Fig;'Sa)L The model correctly

simulates this feature, although the position of the northern

anticyclonic cell is somewhat south-east of that observed

(Fig. 5b). The model 2lso simulates the downstream cycionic

couplet observed in the tropiecs, which was also weaker than

that in 1982-3., Over the Pacific and North America in 1987 a

PNA like pattern somewhat simildar to that in 1982-3 is observ-

ed, although the 1987 pattern is not shifted as far eastward

- and the low over the Gulf of Mexico and Florida has been

replaced by 2 lows to the east and west. In édditioh,-a

positive anomaly occcurred in the vicinity of Greenland and

‘Iceland instead'of'the'negative:anbmaly observed in 1982-3.

' The model correctly simulates much of this 1987 pattern, but

{60E  180M  120W BOW 40 0

0 ACE B80€ 120E forecasts a single low over the Gulf of Mexico and Florida

b stream ~instead of the split low observed. Overall, the simulated
1 departure of 200 m
1-60 day 1987 mean zona

s
function for (a) observed anomaly fr?m NMC iniiyse ,
UE (b) simulated anomaly. Contour-lnteryae
Zn 106 m2s~1 Dashed contours are negative.
X -

1987 extra-tropical features show some correspondence to



36 37
those observed, but not as well as did the 1982-3 simulations. -
= 250
However, the observed and simulated extratropical features sl ] | T
are of similar magnitude for the two years. “T ] 2ol |
An overall picture- of how the observed SST anomalies impacted im_ . ?m_ ]
the area mean forecasts can be seen in the 10 day mean RMS. §m~ I . _. gm- :
error of 300 mb geopotential (Fig. 6). The ensemble mean of Bl __//'/’ | B =t .
the 3 control forecasts is shown as a dashed curve, while that :- ,//’ 7 = )
i ] 2t
o L . |

for the 3 boundary forecasts—ié shown as a solid curve. In..

1-10 11-20 21-30 L-ag . N - " * L
3= ai-50 Sv850 1-10 ttedo 21-30 ETREN) pr
2 - = -
X 0 F1-60 5

the tropics (208-20N) a large increase in skill developed

almost immediately in 1982~3, roughly halving the RMS error

225 -

(Fig. 6a).  In 1987, the tropical RMS error was also largely

improved in the boundary simulations, althpugh this improve-. :: 1 20| |
ment did not develop as quickly and was only half the magni- § ol _ _m' ]
tude of that in 1982-3. This slowar development of the SST gm‘ | g:: ]

1982-3 was also seen in 10- RAd1 1 .gm_ :

forecast improvement in 1987 vs.

and 30-day time mean anomaly maps (not shown). The 1982-3

RMS error in the Northern Hemisphere {(20N-76N) shows a modest

:. .‘ . : l. ﬁ—]

-1 -0 T o21-30 R T
il 50 . =
. . oRvs L e

foreast improvement by inclusion of the observed SST

(Fig. 6c), however, this improvement was realized in each of

the component members of the ensemble (not shown). In 1987,

there was no forecast improvement in the first 20 days in the. Fig. 6: 10-day mean RMS 3
.« 63 error of 300 nb Eeopotential (meters
for (a) 1982-3 tropics (20°5-20°N), (b) 1987'tr0pics)
(¢) 1982-3 Northern Hemisphere.(20°N—76°N), and (d) ’
1987 Northern Hemisphere. Average of control inte-

grations is dashed and average of th i
grations is sgsolid. & ' ® boundary inte-

Northern Hemisphere followed by a modest improvement for the
remainder of the experiment (Fig. 6d). This improvement in

1987 was not as reproducible as that in 1982-3, ‘having occur-

red in only 2 of the 3 members of the ensembles The 10-day . -
mean. time series of 300 mb geopotential anomaly correlation
coefficient (not shown) reflects these same tropical and

Northern Hemisphere features, as does the 30-day mean RMS
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error and anomaly correlation coefficient for 1982-3 (Table

ta, b) and 1987 (Table 2a, b). In Tables 1 and 2 the 30-day

- mean tropical and Northern Hemisphere scores are given for

each initial condition as well as for the ensemble average

for both the control (CON)-and boundary (ANO) simulations.

Tables la, b and 2a, b contaiﬁ the scores for the total 300‘

mb geopotential and Tables le, d and 2c, d contain the scores

for the zonally asymmetric component only. In 1982-3 (Table

1) there was a large SST impact on the tropical scores-and a

modest impact on the Northern Hemisphere scores for both the

total and the zonally asymmetric 300 mb geopotential. This

‘positive impact in 1982-3 occured in the 1-30 day mean as |

well as in the 31-60 day mean. In 1987 (Table 2) the SST -

impact took longer to develops

show a modest SST impa

However, thé-.

no impact on the Northern Hemisphere scores.

1987 30-60 day mean scores display an impact similar to that

seen in 1982-3, although somewhat weaker. In both years the

control similation total tropical anomaly correlation

coefficients are negative, due to a negative model drift

verifying against an observed positive tropical anomaly. It

is interesting that in both years the positive SST impact on
prediction:is shared between the zonally symm

asymmetric components of the flow.

4., DISCUSSION

Farlier studies have shown that fhe recofd 1982—-3 E1 Niﬁo

Pacific 88T anomalies were capable of producing a positive

jmpact on prediction with a GCM in both the tropics and the

The 1987 1-30 day mean scores

ct on the tropical scores and little or

etric and zonally
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extra-tropics. Results from simulations with the 1986-7 E1l

Nino Pacific SST anomalies show thar a positive impact on

prediction can occur even when the S5ST anomalies are of more

typical magnitude. This finding is encouraging due to the

relatively. frequent occurrence of moderate El“Nino SST anoma-

lies and the prospect of: predicting them with avcoupled atmos-

phere-ocean model.

Although a positive forecast impact was ‘obtained by iﬁciuding

the Pacific SST anomalies from both of these 2 years, import-

ant differences in this'impact are seen by comparing the two.
The observed and simulated time mean anomalies in the'trdpics

were much larger in 1982-3 than in 1987. The impact of in-

cluding the observed SST anomalies on the forecast skill
scoreg in the tfopicS'Was”also'much'lafger‘in'1982—3. Thus,
the impact of ‘the observed SST anomalies on prediction in the

tropics does seem related to the strerngth of the SST anoma-
lies. In 1982~3 the SST anomalies were large enough to

extend the region of very warm (V29°) water normally confined

to the western equatorial-'Pacific, across the erntire equator-
i1al Pacific basin. In 1987, as in the composite case of Ras-

musson ‘and Carpenter (1982), the SST anomalies merely extend

this very warm water a little eastward into the central

This: region where the very warm equatorial water -

has been extended is where the major anomalous convection and.

heating occur in both the observations and the GCM. Thus,

this region of anomalous: heating is much Iafgér in 1982-3

than in 1987 and the tropical forecast impact.is much larger.

'The-strength of the SST anomalies also seems to affect the
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response time of the GCM, with a positive forecast impact.

developing more rapidly in 1982-3 than in 1987 in both the.

tropics and extra—tropics.

Thg forecast impact in the extra-tropics does not seem.to. be
very wgll related to the stgengthnof the_SSI anomalies or
even the strength and expanse of the tropical heating and.
divergence anomalies. A modest forecast improvement occurred
in the.extra—tropics in_bothrl982-3 and-1987, slightly more .
in 1982-3. .The_time mean simulated anomalies also resembled
their observed counterparts somewhat better in 1982-3 than

in 1987. However, it is interesting thatjthefebserved_and_;:

simulated extra-tropical anomalies were -of similar magnitude '’

in the two. years, Whereas the tropical anomalies were much: .

targer in;L982~3..mThisnsugggsbs'tbat:the.extrab;ropical'@‘

- .anemalies may not be directly. foreced by the tropical heating .-

and difergencg anomalies. Recent studies by Held and Kang
{1987) and Sgrdeshmukhrand-Hoskins_(1988}:ﬁsing'barotrapic
nodels shoé.that fogcing from.the subftropics may be more
important thgn that from thg.tropics=in evéking»an-extrafl=
tropical response. Following their example, the authors cal-

-culated the complete time mean anomalous Rossby wave source

.for these two yearss.

lations the largest signals were in -the sub-tropies, mnot the -

tropics. This anomalous Rossby wave source was of similar

magnitude for the two years, although the -pattern, which was

fairly wellfsimulated in each year, was quite different

between the two. The similar strength of this. subtropical .-

forcing is a possible

In both the observations and the simu- .. -

explanation for the similar magnitude -

43

of the extra-tropic:al anomalies in these two years although
i g
»

further work is required on this subject.
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