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ABSTRACT

The purpose of this research i1s to explore the need for
tine-dependent sea-surface temperatures in atmospheric model
iredictions to 10 days. Six and nine-layer versiors of the
Havy Operational Gloial Prediction Systew (NOGAPS) are used
irn this study. Control forecasts were made in which the
sea-surface temperature (SST) is trfixed in time. Test hind-
casts were made in which the SST was updated at each time
step oi the atmospheric wmodel usingy interpolations of
12-hourly SST analyses. The 10-day przdictions are compared
to determine any iaprovement or degradation due to the time-
deperdent SST. Two cases are analyzed, one during Nov:mber
1983 and arother during Afpril 1984. Use of the time-
dependent SST's resulted in significant ctanges in the fore-
cast fields of surface heat fluxes and grecipitation which
were physicalily consistent with tne SST treni. Analysis of
15 storr foracasts revealed sigyrificant changes of storam
track, duration or cyciogenesis in only 4 cases. Three of
these cases were forecast by the nine-layer versior of
NG3APS during the April period amd one case was forecast by

the six-layer NOGAPS during the November perioid.
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I. INTRODUCTION

Atmosplere and ocean 1irnteraction is recogjnized as an
iuwportant component of the atmospheric circulatiorn on time
scales of a month and longer. Air-sea 1nteractions or
shorter time scales, such as tnose over wnich numnerical
weatler prediction (kKWP) models are integrated, are less
well understood. Operational atmospheric preliction models
generally erploy one-way ocean to air iniluence derived frorm
a tice-independent sea-surface temperature (SSI) field. Tne
gquality of forecasts from suck models declines rapidly wihen
eitended beyond five or six days. Many fac<ors ccntribute
to tiis olserved Jdegradation: inaccurate specification of
thz initial conditions; inadeguate horizontal and vertical
resolutions; 1naccurate or siaplistic parameterizations of
atmospheric processes; and lack o0f two-way 1nteractior
Letween the atmosphere and ocean.

Sea-surface temperature chanjes alter the ©Dpoundary
forcirng of atmospheric prediction models through the surface
uxes of sensible heat, latent hLeat and momerntum. The heat

uxes are functions of the air-sea temperature difference
arnd planetary boundary layer (PBL) conditions. These fluxes
can also affect the radiation balance tarouJn parameteriza-
tions of cloud cover and water vapor coatent. The magnitude
ol the atmosgheric response to changing SST's should be
reiated to the majpitude and locations of SST changes. The
ronlinear chlaracter of these relationships reguires the use
of a glokal atmospheric zrediction model with sophisticated
paraneterizations of the interactiorns between surface
iitaxes, clouds, precipitation and radiative fluxes.

This work 1s the second in 1 series of caise studies

desiyred to stuiy the necessity and feasibility of coupling
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ataospheric and oceanic models. The first «case study
(Fanelli, 1984) examined the resjonse of 10-day atmospheric
forecasts to olserved SST chanygyes iutroduced tanrough simu-
iated ror-synchronous coupling. The temperaturzs at the sea
surface were updated Lty replacing the initial S3T's with the
Tleet Numerical Oceanoyraphy Center (FNOC) SST analyses
valid at 12-hour intervais during the forecast period. In
this second step, simulated syncaronous coupling 1s used to
introduce okserved S5SST's into the atmospheric wmodel. Two
Cases, one each in the spring and autusn transition periods,
dare investigated. While a globai model .s us2d, the anal-
ysis is restricted to the northert hemisphere mid-latitude
oceanic areas and the eiffects of <chanjiuy SST's on the

atmospheric model 10-day predictions.
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II. BACKGROUND

Currert operational N¥P models fall far short cf the
approximately 15-day tieoretical limit O0f atmospheric
precictability (Fosmond et al. 1983) . Many methods are
teirg proposed and tested to incrementally improve existirng
nolels. These 1nclude improved numerical differencing
scheres, spectral model formulation, increaseil vertical and
Lorizortal resolution, improved initialization techaigques,
ard more accurate parameterization of diabatic processes.
Wnile eiforts 1in these and other areas will ultimately be
rejuired 1in the process of HNWP model improvement, the
present study will concentrate on the effects of diabatic
processes in NVP models.

Liabatic processes become more iamportant in determining
atmospheric circulations at long time scales. At shorter
time scales (1-3 days), dynamic processes seedn adeguate as

ne primary forcing in NWP models. Diabatic processes beygin

to beccme important in meiium time scales (5-15 days), and
tend to dominate the long time scale (15-30 days and beyond)
forecast protlem. Pecause the ocean 1is a major heat and
roisture source, the air-sea fluzes are very important in
modeiing diabatic processes.

Latent arl sensitle heat fluxes across the sea surface
are modelled as functions of air-sea temperature differ-
€nzes. Wulile Sandgathe (1981) concluded that maritime
cyclogyenesis rejuired accurate specification of air-sea
fluxes, rnLo »operational model inclules time-dependent SST.
“L.e European Certer for Jedium-range weather Forecasts
(Z22+F) andé the Jnited States National M2teoroiogical Center
(44C) use the NNC weekly global SST analysis irn initializa-

tion. The FNOC NOGAPES mocel 1is initialized by 12-hourly SST

14
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ai.alyses produced by the Thermodynamic Ocean Predictiorn and

‘ Expanded Ocean Thermal Structure Systenms (TCPS-E0Q1IS) -
agescrited by Clancy and Pollack (1983). Vithout a time-
dupendent specification of SST, the model representation of

air-sea 1nterface fluxes and cyclojenasis 1is bound to dete-

'i riorate witl increasing forecast time. ;
t' Sigunificant SST changes <can occur during 5-15 day
periods. Atmospheric forcing causes large SST <changes

: quring the spring and autumn transitiorn periods (Camp and
fe flsverry, 1978,; Elsberry and Camp, 1978; Elsberry and Raney, «
% 1978) . suring these periods, warm shallow oOceanic mixed ¢
layers are mechanically uixed, deepen and cool. Winter SST
changes are generally smaller than transition changes

{
4 because of a deeper ocean wmixed layer. Summer SST changes J
y

less internse storas). The intensity and orientation cf 387
gradients associated with western boundary currents are
ioportant ir determining cyclogenesis in the western ocean
basins (Sanders and Gyakunm, 1983) . Significant SST
increases irL tropical/ecuatorial regiouns are manifest in
local enlancements irn the corvective cloud amounts oan short

(1-2 days) time scales.

are smaller dJue to decreased mechanical miLiny {fewer anid 1

"he specification of a time-varying SST to a WP model 1
would reyuire a correspording oceanic predictiorn model. The ]
inclusion of atmospheric forcing influences on SST cuanjes

wouid regyuire arn input to the oceanic model froxm the atmos-

fheric model. The sensitivity of Ltoth models to the inmput

I, RS

firon the other must Le well understood before truly coupled

[ atmospheric-oceanic models becoae operational.
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A. COUPLING SCHENMES

’c- T“hree methods of wodel couplin; wWwere lescrived by

Eisberry et al. (1982) :

1. minimal feedback;
2. mnon-synchronous coupiing; anl

3. symnchronous coupling.

Mininal feellback (Fig. la) 1is tne oetnod wused Ly current
vpezrational madels. It 1nvolves specilication of SST at the
initial tiwe and 1no time-dependence of the SST field.
llon-synchrornous coupling (Fig. 1b) involves SST input fronm
arn essentially independent ocearn prediction model.
Syuclhronous coupling (Fig. 1c) involves concurrently running
oceanic anc¢ atawmospheric models wnich provide bourdary
forcing to each other.

An undéerstanding of the effects of mor2 sophisticated
coupliny schemes on NWP models 1is rejuired before these
sclhemes are limplemented in operational wodels. The addi-

tional degreces of freedom afforded by the new time dependen-

cies iu bourdary forcing carn possibly dejrade model forecast
ski1l, especially that achieved through "tuniny" of parame-
terizel yprocesses. atrospheric model biases may result from
t.l tiases in tlhe oceanic prediction wodels or improper coupling
E Letween npodels. A large number of wmodel verification
3 stuiles will be required to identify these ©biases with any

statisticaily sigynificant degree of certairnty.

B. PREVIOUS STUDIES

Mary previous studies thLave concentrated on long time
scile (ciimatalogical) effects of S537 chang=s on the atmos-
phere. A review of these studies 15 contained in Elsterry

et al. (1962).

16
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hrpe (1921) examined the effect of artificial SST anoma-
lles on the performance of the ECHWF modei. He showed model
seLsitivity at forecast times of six days aud 1ncreased
cycioyeresis with large-scale positive 355 arnoralies.
Fanelli (1984) examined the effects of observed SST devia-
tions (witl respect to tihe initial coniitions) on thLe NOGAPS
roivi. Clear differences 1n model pehavior were noticed
over a 10-day forecast. The model emnploying the tinme-
duperndent SST seemed to show improved skill in predicting

Lii-liatitude maritime storm 1ifetimes.

17
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ITI. PROCEDORE

The experimental procedure was similar to that of

Fanelll (19€4). Two versions ot NOGAPS were used in tnis
IvSearch. In each of two cases, two NOGAPS integrations to
10 days forecast time were made. The first of the 1intejra-

tions was the control runw ia wiich the SST was held
constart. In the second integration, <designated +the SST
run, Jiobal SST's were updated at every time step (4
minutes) of the model. The model atmospheric responses of
cach ZIforecast were analyzed for differences. The analysis

was restricted to the following fields:

4. sSuriace pressure;

r

. Sea-suriace temperature;

C. suriace sensible heat flux;

d. surface latent neat flux;

€. surface total heat flax (includes radiation);
i. convective precipitatiorn; and

g. large-scale precipitation.

The KOGAPS model was made available by Dr. T. Rosmond of

tha Naval Environmental Prediction hesearch Facility
(LEPEF) . The Jeneral cnaracteristics of the model were
descrited by Rarnelli (13384). Duriag the <course of this

experimert, major changes were made to NOGAPS. The November
1385 case study was run witi. a six-layer versioan of NOGA?S
very siwiiar to that used by Xanelli (1984). The April 1984
Case was rur with the new nine-laver version of NOGAPS. In
allitior tc vertical resolution, tne two molel versioas
differed in the method by which Jdiabatic Leating was
applied. in the earliler versior, tane diapatilc processes

we v ca.culated ard applied once every 1) mnodel time steps
£ ¥ 3

18
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8 (4) mirnutes). TLeé new version also calculates the dialbatics

‘ every 12 model time steps but applies tunis heatirng uvniforaly

3!A

E at each time step. Conseguertly, the diabatic effects will
¢ appiied smoothly with less shock between the time steps
in whicl diabatic effects are and are not introduced. The
h effects of time-dependent SS5T wilil also be 1introduced more
swoothly in the new NOGAPS. Since additioral model levels

are irncluded, the coupling Ltetween the planetary Lboundary

——, O

layer auc the free atmosphere should also be enhanced.

u Clscrved sea-surface temperatures were usel to simulate

o,

tn2 input from an ocean prediction model. The 5ST analyses

are produced twice daily for valid times of 0000 GMT and

{ 1220 GMT. These analyses were ased to create fields of

2 12-hour forward difference SST change. NGGAP3 was modified ]

S to input these 12-hour forward difference 35T changes ani !

E appiy anL incremental portion of the S5T change at each time 1

A steyp. This process simulates a synchromnous coupling of i

a NO3APS to a "perfect prog" ocean model. 1
®

“he NOGAPS initial conditions used for the case studies
were 1iderntical to those used for the operational forecasts

1 with tne sdame starting times. The case startingy times were:

@ a. 1200 GMT 31 october 1963; and
, b. 1200 GMT 21 April  1984.

The model output parameters wer2 anaivzed Ly three

rethods. Torecast and analyzed vortices were objectively
tracked using the Systematic Errors Identification Systenm
52IS) developed by Brody, et al. (13984) at NEPRF. SEIS is
based on the vortex representation systeax of Williamson
t (1331). The system tracks vortices in a 900 grid point

! 'window' ir the FNOC  63x63 polar stereograpnic grid.

) Separate SEI5  runs were requireld to track Pacific and
' atlantic storas. The other wodel output fields were
: ariiyzel in Adtlantic and Pacifaic 'windows' of the FNOC
ot

?' 19
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72x144 spherical yrid which externded rfrom 20N to 60N. The
SST and corntrol run forecast parameters wers differenced
(SST-control) ard Lboth countour plots and field statistics
were used to determine the relationsuips between the fore-

cast differcvrnces and the time-dependent SST.
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IV. HEAT FLUX ANALYSIS

The introduction of time-dependent seca-surface tempera-
tures into the KOGAPS model results in immediate changes in
ti.e surface f£luxes of sensibvle and latent heat. These
fiuxes irn NOUGAPS are parameterizad according to Deardorff
(1972) . Because the PEL and convective parameterization
scheres i1 NOGAPS are irtimately «coupled, the changes in
air-sea fluxes may change the diabatic <forcing tnroughout

ti.e2 troposphere.

A. SEA-SURFACE TEMPEBATURE CHANGES

Zn both the November and April cases, significant 5ST
craL jes evoived during the 10~day forecast period. The SSI
difference £fleld (day 1) - initial <conditions) for the
novehier case.1s shown in Fig. 2. Larve-scaie negative SST
c.injes dare evident in the western Pacific Jcean, Sed of
Cthotsk, eastern Pacific Ocean, ard mid-Atlantic Ocean.
TLere wele small areas of weak positive SST change to the
west of the 3ritish Isies ard to the east of the nortn-
eastern United States. The SST Jdirference fields for the
AyCil case are shown in Fig. 3. Phile both positive and
rejative 357 changes are shown, the overall mean SST differ-
©l.Ce¢ 1€ positive. Large positive differences are fourni in
tie Sea of Japarn, Yellow Sea, eastern Pacific and westernh
atiantic Oceans. Negative differences (decreasing SST with
time) occur in the western Pacific (east of Japarn) arnd norta
ntiarntic (south of Greenland). The evolution of the field
tean SET differences for each ocean pisin ia botn cases is

shown 1. Flj. 4. The 10-day trends in tae mean SST differ-

¢LCeS are essentially licear. Corr=lation cozificients of

N S, SOy,
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llnear regressions onh the field-mean SST differences were
letween 0.86 arnd 0.99. Some of this trend is due to the
actual SST oOobservations. I additiorn, the TOPS-LGTS
rorecast/analysis schene includes a time-deperndernt effect in
tne first guess and a reversiorn to <cilimataology in  data-
sparse areas. Each of these effects will also contribute to
a

jeheral trend.

B. SURFACE HEAT FLUX CHANGES

As in Fanelli (1984), the surface heat fluxes were
responsive to the SST changes. dowever, the spatial
patterns of hLeat flux differences were not always related
directly to the patterns of S3T differerce. The heat flux
difference patterns ofter took the form of couplets of posi-

tive and negative differences.

1. Sen

“he field mean heat flux differences did show trends
siwiiar to tne SST differences. Tae 12-hour fields of
sensible hLeat flux differences were extremely noisy.
Features 1n the difference fields were rarely stable for 43
hours. The largest differernces, Loth positive and negative,
were observed 1in the western ocean basins in tane November
cas2 and in the Pacific Ocear south of 30 N for the April
case.

The developuwent of the mean sensible heat flux
diflerences is shown in rigs. 5 tnrough 8. While the fieid-
t:ai. €l1ZZerenges reach 5-20 percent of the control forecast
Le 11  sersibie heat £flux, peak values in tae Jdifference

fi~1ids exceed 50 percent of peak values 1in the control fore-

cast fields. Peak diffsrerces exceed the mearn control
Iiuzes Ly factors o©of Z-15. Correlation coeificients oI
ilincar regressions  of thue field-mean di1fferences were Iron

(.04 to C.56,.
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The latent weat flux iifrference fields showed less

Lolee and more stability tharn those of sensible heat filux.
£ dlirect correlation of the latent rlux dirfarence fields
al.l £S8T Ci1iference fields was not obvious. Fepresentative
latent hLeat flux difference fields are swown in Fig. 9. In
t.e November case, strorg positive-nejative couplets devel-
opel 1L the western Atlantic rejiou. The Pacific Ocecan
areas south of 30 N exhibited the larjest differerces in the
April case. Analysis of the field statistics (Figs. 10
tirough 13) shows mean differences reaching 5-12 percent of
the cortrol wmeans. Peak values in the difference fields
reach 25-75 percent of the y[peak values of the correspondiny
control latent heat flux fields and exceed fieii-mean fluxes
ir. the control run by factors of 2-6. Linear reygressiorn of
tue field-mearns produced correiation coefficients of
0.75-0.8€ ir the November case and only 0.22-0.60 in the
ApLCil case. The differences in latent heat Zluxes after 190
days during November are at least 10 times as large as the
c.fZerences in sensible heat fluxes, and represent consider-

alle reductioLs 1n evaporation over th2 erntire field.

NGGAPS total neat f£lux includes the sensible arnd

iut =it Zluxes jlus the net radiative flux at the surface.
adietion 1s affectel by nodel cloudiness. Fields o:f

ux Jdifference tend tu be correlated with fields

oI leatent heat flux cifference. Fileld statistics (Figs. 14
tirouch 17) suowed mean Gifferences of 8-20 percent over the
l.-iay forecast periods. Peak diiferences at specific times
weZv 40-100 jercent of tne controi peak fludes and exceaded

contror field-reans py factors oI 2-1). L1lr2ar regression

-

wf  the Ileld-means froducted correlation coefficlents ol
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J.4u-C. %4 1. the November cdse and J.12-0.4¢ 1n  the April
specially 1n the Novemrber case, these dirferences

a
atter 10 d
e

%]
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.

t31

7€ Trepresert significaent charjes .n the sSurtace

d
Leat budgyet terms which wouid be used to irive the ocean
3

o

wodel.

C. SUMMARY

Tre 1ntroduction of time-dependent seca-surface tempera-
tures resaited 1in significant field-mean sensible, latent
aid total tLeat flux Jdifferences of up to 20 percernt over
15-day <orecast perlods. Maxima 1o the ZIlux differences
tetweern the 53T arnd corntrol runs after 13 davs were of the

canre order of magnitude as peak values in the control flux

Zielils. Tius, the surface fluxes at individual foints may
diiZer sigynificantly from the <control run when time-
Cependent SSIT's are specified. Stable features 1in the

difference fields of latent and total heat flux were
orserved o internsify and move consistently during tane
secornd Lalf of the forecast period. The larjest changes
were noted in the western Atlantic in tae November case and
in the racific (south of 30 N) for the April case.

The Zorezast differences in heat fluxes are of such
kajnitude that they can Le expected to5 chanje the nature of
the atmos,nheric (and oceanic) forecast at somz future tine.
Local ciuauges in the Leat fliluxes could also be expected to
sericusly alfect model-derived forecists, such as tnose
;roduced by aodel-output statistics and systems similarc to

tr.e lLavy Ojerational Local Ataospheric Prediction Systen
(

LOLLPS), sirce these jproducts cepend oua the predicteid
surface Iluxes.

The cran;e2s 1a the surface neat fliuxes were greater than
ti.os€e ouservei !y Eaneilli (1534). Taree Key dirierences 1in
tiz  exjerlient proceiducfes  accoult or the Jdifferences 1iu




bvat Llux olaclrvatiorns. A fuli 13 lays of SaT
Zfpat vicee 7 lavs during the Panelll studv.  The
v: lialatic aeating Ly the new NO3APS rncreased
O. a4 tluwe-deperndent  SST as did thne updating of
L.nutes {vice 12 nours) of forecast tiae.
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V. PRECIPITATION ANALYSIS

Charges in  the surrace heat luxes 1irduced by time-
deper.dent sea-surface temperatures can be expected to affect
convective anl large-scale precipitation forecasts. A study
Ly Bosse  (1984) showed that surrfaces neat fluxes could bhe
reiated to NOGAPS large-scaile precipitation fields through

layer cioud instability.

A. CUBULUS PRECIPITATION

The development of the «cumulus precipitation diifiference
fields during the 10-day forecasts is shown inL Figs. 13
through 2z1. OQOver both the North Pacicic and dorth Atlantic,
there are 25 to 50 percent decreases in mean cumulus precip-
itation during the November forecast. In the April fore-
cast, @eal Cumuius precipitation over the Pacific decreased
elmost 15 vpercent while cumulus precipitation over the
Atlartic 1increased 20 percernt. Peak diiference values
exceeded 100 percent of peak at some time durinj each of the
forecasts. The Jecrease 1n cumulus precipltation during the
ovember period seems logical iu view o0f the Jecreasing mean
sea-suriace temperatures and latent hneat fluxes. However,
the maynitude of the changes 1s surprisingly large.
Correlation coefficients of 0.74 were obtalned in linear
rejression of both the Atlartic and Pacific mearn curulus
precipitation differences. The magnitudes of -the SST ani
latent heat Ilux field-mean Gifferences were auch less 1w
tiue kpril case than in the HNovemwuver case. Th2 variance of
toti mean SST chanye and mean £lux chanje was Jgreater in thae
Apri’l case tian in the November «case due to tae presence of

areas oI strony positive ard negative SST change in toth



——

Cletl barint. This Eay oXplain tne less consistent changes

i cuzalud Pleca; ftation Quring the April forecast.
Coritelatiul covfilcrents for the linear regressior of tae
Lol Cufulds liflerences luring the April period were J.61

i tie [aciiil oand 0.007 in the Atlantic.

b. LARGE-SCALE PRECIPITATION

The develophkent of the large-scale precipitation differ-
22 through 25.

vi.Ze< ol largz-scale precipitation are 1less than 10 percent

eL.lv fields 15 shown 1iu Figs. iean differ-
¢xCept for the Aprili Atlantic at the end of the forecast
pecioa. Peak differences range from 75 to 100 percent of

reik control values.

C. SUMMARY

Significact mean and peak precipitation differences were
ofserved during the 10-day forecasts. As with the heat flux
differences, these changes in model precipitation grow with
time. Long range wcdel-derived products such as model-

out ut statistics will be affected by these 3ifferences.
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VI. ANALYSIS OF STQRM TRACKS
The SEIS program (Erody, et al., 1984) was used to okjec-
tively aralyze the position, size, shape and amplitude of
low pressure systems in the control and SST <Zorecasts aad
tae analyses. The analysis was performed on surface pres-
sure only.

The SEIS storm parameters are Jefined in a wauner
similar to that of williamson (1981). Amplitude 1is the
difference Letween the storm <ceutrai pressure and the
jatitudirnally-averaged surface pressure. Radius is the size
of thLe stori expressed in terms of tue spaciny of the FYNOC
Worthern Herlsphere polar stereogyraphic grid. Ellipticity
is the syuare root of the ratio of the semi-major and semi-
ninor axes ofi the ellipse which best fits the analyzed storn
SLip€. Angle is the anjyle between tn2 x axis and the storm
¢lllpse major axls, measured counterclockwise from the x
axls.

In the SEIS program, the forecast iow pressure systems
are analyzed first, then low pressure systems in the anal-
yses, tl.en forecast and analyzed systems are matcned
accordiny to set criteria. The nominal S5EIS matching
criteria are plus or minus 2.5 grid points in both the x and
y Jirectiorns and plus or mirnus 1z houars in tlae. SEIS is
routineiy used to evaluate 60 iwnour forecasts and the
ratcling criteria are optimized for this period. As a4
resulit, the vortex tracking arnd descrintion poctions of SEIS
rercfora satisfactorily througlout the 10-Zay forecasts, but
tiw autoratlic rtatching portion of SIIS Lecomes ineffectuive
atter Iilve days. als 1s prirarily a rfunctiou of the overly
restrictive tine watching; criteria. luspection of the 5EIS

t

a
outjut inldicated thaet several jool storw trac< matches in
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the 5-10 day portion of the forecast period could be made .f

the time matching criteria were increased to yflus or minus
48 Lours. Manual matching with tne standard distauce
criteria arnd 48 hour time criteria was used in the 5-10 day
portion of the forecasts.

lLabels were assigned to the matcnred storm tracks for
discussion and reference purposes. Tne storkc latels consist
0i 3 characters. The first crnaracter 1s the Zirst letter of
thi2 Iorecast month (N for Noverber, A for April); the second
cr.aracter 1s the first 1letter of the ocean basin (A for
Atlantic, P for Pacific); and trne third character 1is a
rumeral assijned on the basis ©of <chronolojical order of
storw identification within a particular forecast and ocean

basin.

A. STORKMS DURING NOVEMBEK

The November control and S57 forecasts were made with
tne six-level version of NJOSGAPS. A totai of 15 storas with
lifetimes greater tharn 36 hours were trackel in the suriace
pressure analyses. Fifteen storms were present in the
control forecast while 16 were tracked i1n tne SST forecast.
Matcles were obtained for eight of the 15 analyzed storn
tracks.

Felatively minor differences between the control ani SST
forecast storm jositions and parameters were noted. These
gifferences grew with time. The tracks for stora NAS, whichk
si.owed the largest track and tparameter diiferences, are
shown 1ir Fig. 26. This storm was first identified at 72
Lours irc the analyses and at 96 hours in ©both forecasts.
Tue analysis ard control <forecast stora liletimes of 120

lours are iZezntical while the S37 storm 1lifetime was 24

hours lionger. The forecast storm tracks divarje after the
t.iré forecast but rewain almost faraliel. The control run
29
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storm remalls Gquasi-stationary north of Great Britain four

days alter tirst detection, while th2 SST run storm stails
for only 1 hours in the same region and tuen proceeds to
the northeast. The cyclogenesis and earliy storm tracks of
N4> are in the region of maxiaum SST charLge, but the late
tracks and cyclolysis positions arz2 in the region of mininun
537 change. The SEIS parameters for storm NAS are shown in
Fig. 27. The forecast amplitude and period of wmaxiuwum
ralius laj the analyzed paraumeters by 48 to &) hours. The
contrel run was more accurate than the S3T run in this
particuiar case, although the differences are much smailer
tuarn tle departures of the forecasts frow the analyses. The
a5 forecast was the only one of the eigjht Novenber storms
for which owe forecast could be judgad wore 4accurate tnan
tue other. Tue descriptions, tracks and paramaters for tae

other seven November storms are contained in Appendix a.

B. STORMS DURING APRIL

The April control and SST iforecasts were made with the
rine-layer version of NOGAPS. 4 total of 11 storms with
iifetimes greater than or equal to 36 hours ware tracked in
t..2 surface pressure anaiyses. rourteen were tracked in the
control Zorecasts, while 15 were present in the SST fore-
casts., Matches were oLbtained for seven aralyzed storn
tracks. Significant differences between control and SST

forecast tracks and parameters were found for tanree oi the

nr

‘evel. matched tracks. Those Rratched tracks witu sigriiicant

tn

X8

[of)

Py

crences are Jdiscussed here. The remainder orf the April

stoom tracks are discussedi in Appendix A.

Tne tracks and SEIS parameters for storm AA3  are

“.0wl 1 Tius. 25 ana 2°%. Tils stora was ficst detectel 1w

Ao diond




thhe analyses at 84 hours and was forecast only by the SST

run at 108 hours. The forecast storm was weaker (5 mb) and
shorter-iived (36 vice 1068 hours) than the actual storm, but
tl.e cyclogenesis position and initial track were well
predicted. Thls was the only case for which only one of the
forecast models predicted a matched storm track when the
other forecast model did not. The cyclogenesis position was
to the west of, and the storm track over, an area of maximlu
positive SST charnge. The SST forecast was clearly superior
to tiLe control run in this case, especially considering that

ti.2 storr developed around the fourth day of the forecast.
<. torm AAY4

The tracks and SEIS parameters for storm AA4 are
showl in Figs. 30 and 31. Storm AA4 was forecast by both
tr.2 control and SST runs at 120 hours and was first detected
in the avalysis 12 hours later. The cyclogenesis positiow
was ir an area of maximum positive SST change (1.2 C). Both
forecasts overestimated the actual storm lifetime of 72
Lours Ly 48 Lours. Thke <£forecast tracks were similar until
ti.e sixth forecast (third day after formatioun), when the SST
storu began erratic nmovement. The forecast SEIS parameters
in Fig. 31 are similar, with significant differences 1in
rajdius and angle at the second forecast perioi and raaius
arl ellipticity at the eighth forecast periold. The cortrol
track forecast for AAU4 was very sligntly more iccurate taan
tte SST track Zforecast during tue first three days. The
differeices between the forecasts again are mucr 1le€ss thau

the departures of each forecast Iirom the analvsis.

. Storr APR3

I

£3 are

a2~

The tracks and SEIS parameters for 3torm
showl in Figs. 32 and 33. <Cyclogenesis occurred at €0 lLours

ir coth forecasts arnd tihe analysis. The CvZlogeneSls d4nd
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tricks were in an area of positive S5 chanJe (0.4-0.8 C).
1 Tne control run forecast a4 weak stora wity 3 lifetime of
L‘ nly 12 Lours whereas the SST rur prelicted a lifetime of 60
rours. Since the analyzed storw lifetime .as 43 hours, the
SST run more accurately predicted taue stors iiretime and
track in this case. The amplitude (Fly. 33) of this rela-
li tively weak storm was forecast ratner daccurately in the SST

b
o Tul.

C. SUMMARY

Sigrnificant Jdifferernces in the forecast tracks and SEI3
[araceters were wunoted in four of the 15 wmatched storn
tracks. The control run was more accurate ir two of the
cases, correctiy forecasting November cyclolysis wnen the
S37 rur. dic rnot and more closely matching an April storm
tiack wihen the SST run exaibited erratic uovement. The SST
rui. was LOore accurate an two Ajril cases, forecasting an

aiL1lj2e€ i CVOlO0g4eles.& WLICL  the control run  did not and

fazitdeiilg 2 StOrd .0 wrilh tue control run fiorecast preama-
ne Iifferernt method of applying the
Jreat;  abud tne  lncreased vertical resolution of

iesaewvel N AT atedl 1L the April runs wmade direct

N S Tooe vt o ald Apria forecasts difficult.
e wels V6T v Louid L. It appeared that
I ST hL . ea Lorsative  to tae effects  of the
1ottt oL oonsitivity transliated into

St L s L twD CaSesh.
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VII. CONCLUSIONS

The introduction of time-dependent sea-surface tempera-
tures into the NO3APS model resulted in significart changes
ir. mean and peak surface heat <{luxes and precipitation.
Forecasts which use these fields directly, suchk as model-
output statistics, TCPS and NCLAPS-type models, wmay benelit
Ziow the luncorporation or time-dependent sea-suriace
temperatures,

Differences between the control anl SST <forecast storu
tracks and SEIS parameters were significant in 4 of the 15
watcled storms. The April SST rurn, which utiiized the nine-
level WOGAPS =model, correctly rpredicted cyclogenesis anid
cyclorne raintenance for two cases in which the control run
¢il not. The ~control run 2ors accurately predicted a
Fovenber cyclolysis evernt ana one Aprii stora ftrack. Oonly
winor differences in forecast positions and SEIS paraneters
wele noted in the other 11 matchel storams. Differences 1in
the SEIS parameters were evident before those in storm posi-
tion. The p2w Line-level NOGAPS, with sophisticatic appli-
caetion of diabatic forcing, seems sensitive to the effects
ol time-deperndent $ST in a way which improves the accuracy
oz some forecasts.

This stucdy was limited in its application and results.
Tarther stuiies oL the response 0of atmospheric prediction

s to tigze-dependent SST will wpe reguired to nake

[
F +

wld =
statistically significarnt ainferences about the effects of
suZl. bourdary <conditions on the uality of the numerical
forecasts. Additional case studies witn the analyses
extorncded to cover the tropical and Soutaerrn Hemisphere oceawn
alwval sS5LO0ULlS be conducted. Additional moiel variables, sucha

a4l CLioudirers PSl thickrness and static ernergy and cdialatic
’ 3




3

:

)
1
5 ;
,
g "
A
4
. @ )
1
L
4
@ )
P -
4
b
o
b
1
®
k|
L 34 :
3 W
L. :
r
- X N ]

- > - - - T — 3 R . " T ———

and cumuius heatingy should be analyzed. Furtiher attezjits

siould te wade to verify tue heat flux and precipitation

b

«recasts of models which incorporate time-dependernt SST to
determine model sensitivity and btiases. The e2ffect of model
output changes on proposed long rang2 model-output Statis-
+

s and other model-derived forecasts should also be

R
-

e¢valuated.
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The 11 forecast storm tracks whicn were Jjulged *o show
lese significant differences are idiscussed 1n tuls appendix.
Ii gjeueral, storms which were present 1L the forecast

~titiazx ceoniltions or developed eairly 1n tne forecast perioi

)
y
o+

Cod rot Cevelop significant (dilferences Lbetween the control

ai.1 £¢7 forecasts.

L8}

&. STORMS DURING NOVEMBER

1. Stornm !

==

al

“he tracks and SEIS paraneters ror storm NA1 are
cLowrn 1i. Figs. 34 and 35. TLis storm was present in the
iritial concditiorns of both forecasts. Cnly wminor differ-
¢.Zvs Lbetween the 33T and control foreca2st parameters

Gevelop after six to eight 12-hour forecasts. Both forecast

A

“*orns coved too slowly after 24 hours and ;ersisted longer

’

tiii. the analyzed stornm.

The tracks and parameters for storm Ni2 3re ShOwWL 1in
Fijyjs. Z2Z€ ard 37. In tihis case bota forecasts accurately
treiicted storm lifetime while moving the storm too quickly
ard ir a more zornal path tharn was aralyzed. Yinor differ-
€.Ces in only two parameters, jposition and angle, can be

Se2nodt the sixth forecast period.

The tracks and parameters for storm NA3 are shown in

fijs. 3¢ ard 3s. Tiis storm formed at 72 hours intc the



—

Z43-Lour forecasts. Minor differences 1n the forecast stornm
jaraneters are evident from the tiame of CyclojeLesls. coth
forecasts underestimated storm lifetime. The analyzed storn
roved erratically and regeneratea after the teuth forecast
period. Meither wodel was arle to predict the storn

rejeneration.

L. Storm NAY

The tracks and parameters for storm HAY are smowh in
FiJs. 40U and 41. Thkis storm Zormed at 72 hours. hnlle the
control and SST forecast parameters are similar, the control
storw lifetime was 36 hours greater than that of the SST
iorecast. The analysis arnd both forecast tracks were

erratic.

The tracks and parameters for storm Nf1 are shown in
Fijs. 42z and 43. This Aleutian low was prssent 1n the
initial condition of both forecasts and persisted for 7 davs
in each case. A rather extreme soutneastward deflection in
ti.2 analysis occurred between the third and fourth from the
er.l positions. Differences in the SEIS forecast parameters
are apjarent after the seventh through ninth forecasts.

CrLly miror forecast storm position differernces are evident.
€. Storp NP2

The tracks and parameters for storm NP2 are shown in

Fijs. 44 and 45, This storm formed at 24 hours into the
Z40-rnour <Zforecast jeriod. Both forecasts underestimate
storn  Lifetime. Nce differencys 1L tne <forecast storu

tracks, and oLly minor Jirffereunces 1n the forecast SEIS

jeraneters, were noted.

30
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TLe tracks aud parameters 2f storm N3 are sucewl 1in
1JSe 46 ani 47. 3Storm NP3 was tue extratropizZil transitiorn
¢ a trojpical cyclone which was Lot analyzed until 48 hours
izto the forecast. SZIS did rot track this vortex until 13C

fours because the storm size was less than 2 jrid lengtus.

8

Zoti forecasts predict c¢yclogenesis 1in  the area of  the

r

actual extratroprical transitiown approximately; 48 hours

-

efore 1t actually occurred.

B. STOXHKS DURING APRIL

1. Storm AR1

Tle tracks and parameters for storm AAY are snowL in

Fius. 4€ and d49. This high latltude stora was present in
tie initial conditions of boti Iorecasts. JDespite the 120

tu 132 Lour Iorecast stord liretiams, ouwly minor differences
in tlhe forecaist positions and faraweters ars  noteld. T
aLi1iyzZeld ant forecast storm tracks are rouj.ly parailel to

t.e clizatic 1ce edge.

‘v

The tracks and parameters for storn AAZ are shLhowL 1in
Fizs. 50 ani 51. Tiis stora form=d 12 rours into the fore-
ci1s* ;eriod. Sotl forecasts seriously overestimated the

anaiveel storo lifetime £y of 36 hours Ly 72 to 24 hours.

The tracks and parameters for stork A71 are shown in

Fos;re S0 and 32, Tiis stori Zoraed 24 hLours 1into the fore-
cest rerlod. totn Iorecasts moved tn2 stork too fd4ar irnlarni
arnl overestimated the actual lifetime 0f 24 rnouars by 4=
FRSES DAFS tne wouald nect egpwct sljuiiscant  ~ffccty fue to
tice—dependent 55T o0 tie tlie scale 27 tiese [Dorecasts,
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tto

The tracks and paramcters 1or storm AP2
Fiju. oe tnd 55, Thise storn forcel at 4o hours
ysls 4anl roti forecacsts. Foth rorecasts under
aCtual storm 1i1fetime Oor 168 nouls Ly 96 rours.
the raiius  1in Filyg. 55, this wis a  ratne
Litlouy. the ralius was well (preldiZted for
pvriods, tihe applitude wasS too Shaii  ald the

roncer track tae storua.

are shown 1n
in the arnal-
2stimated tae
As showL by
stall stora.
€-7 12-nour

SEIS couid no
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APPENDIX B

FIGURES

(a) '

(b) B T
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(c) -
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Metiods for coupling atmospheric and ocearic models
4) wiri1wal feediaca, (b)) non-synchronous and
C} SyIrCironous.

2L, g g W

"

. ;.

hd




‘2 o s e e -

w A JBui Shat St Yk i A At R et A MRS U At P A Al

The difference between the SST field at day 10 of the
rodel run and the initial SST field for the November
case, (ontour interval is 0.4 C. Thin solid linpes
are L.chtr S5ST, thick solid line 1s no chanje and
dashed lines are lower SS7T.
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7.

Similar to Fig.

5, except for Atlantic during April.
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(a)

(c)

-13. Similat

to

Fig.

(b)

(d)

12, except in Pacific reyion.
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[ 14. Fiell statistics for total heat flux during November 1in ‘

— the Atlantic region. (a) Field-mean difference 1in

ge-cai/cn2-h. tY Ratio of field-mean difference to

field-pean comtrcl. (<) Ratio of peak ditffetrence to peak
control. (d) Ratio of peak difference to mean control.
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