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BSTRACT

Three monthly mean simulations of the global atmos-
phere were computed for February 1975 with the GISS model
from observed initial conditions on the first day of the
month. In a replication experiment, two of these com-
putations generated slightly different monthly mean
states, apparently due to the schedule of interruptions
on the computer., The root-mean-square errors of replica-
tion over the Northern Hemisphere were found to e about
2 mb, 20 m, and 1 K for sea-level pressure, 500 mb height,
and 850 mb temperature, respectively. The monthly mean
500 mb forecast results for February 1976 over the Northern
Hemisphere are consistent with those from earlier GISS
model experiments, and again indicate some predictive
skill at that level. Use of the observed monthly mean
sea-gurface temperature (SST) field for Februvary 1976 in
place of the climatological SST field for February re-
sulted in slightly improved simulations over the globe

and Northern Hemisphere, but not over smaller subregions.



‘L. Introduction . o @
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ThlS study is a oonﬁinuation of an effort to deter-
mine if a glebal gcneral 01rculaiion model (GCM) 1nit1a1-

ized with data for %he first day of a month can simulate

U

- realistlcally the mean state of the atmosphere for that

Jf—l-\

month Bazl‘er experiments in monthly mean predlctlon
(Spar et ai:; 19763 Spar, 1977) with the GCM known as
the GISS® model (Somerville et al., 1974) have mndlcated
that, destte the we114known decay of predlctablllty,

tlme~avcrag1ng of-a forecasf ‘“history over a month may

result 1n some modest 1mprovemenu ovar cllmatology. How-

i e

‘GVOr” that prellmlnary asgegasment wag based on only three

cages: January of 1973, 19" and 1975. In this note
we present the results of still another set of -monthly
mean simulations with the model, for Pebruary 1976. |

As in- “the earlier computations, the Pebcuary J 75,
global data set used both for initialization (OO GMI,
1 February)ﬂand verification was provided by the National

Meteorologlcal Center (NMO) from its operational analysis

it

- archive. A cllmatologlcal mean Tebruary atmospherlc

global data set emplovod in parc of the forecast evalua-
v

"tlon was obtaLned from- 1he Nat4onal Center for Atmos—

i S

'pherlc Research (NCAR), vhich also furnished the !

5The GISS model was developed at the Goddard lnstltute )
for Space Studies. ) ‘
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climatological mean rebruary sea~surface temperature (SST)
‘field (Washington and Thiel, 1970) used in two of the
three separate February 1976 simulations, ~In fhefﬁhird
computation, a monthly average S8T field for Pebruary
1976, based on satellite scanning radiometer data'pro—
vided by the Natienal Enyigenmental Satellite Serxrvice
(NESS), replaced the climatologieel SST field.

)  The' ilrst two simulations, idenilrled below as Fl

m and PZ, were computed as part of a repllnablon experi-

; ment “Run‘ on the same IIM 360/95 computer w1th identi~
cal programs, boundary condltlons, and initial condi~-
tlone, Tl and ¥z preeumably dlffer ‘only because of dlf~ -
ferences ;n,ihe schedule of interruptions and restarts

neceasitated by other demands on the computer dﬁring

o the=m0nﬁﬁ?%9ng forecast, A -comparison of forecasts FL

and, F2 thus provides a measure of the reproducibility
df reeﬁthL “The thir&"eimulation, designated F3, gives

_some indication, /when compared w1ih L Pg ¥2, of the in-
.fn -

Tluence of ocedu surface temperature variations on ‘the
f

predlcted monbhly mean atmospherlc fields. _
As ﬂlscuosed by Dickson (1976), February 1976 was
characterlzed by unusually warm. weather over most of the .

Unlted States, where new Tebruary hlgh temperature records

- were set at nnmc'ous 1ocat¢ons, notahly in the east and

‘“southwest.n Thls high temperature anomaly was aesocmated

o
i
i
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wlth the development durm%g the month of a perslstent,
fast, flat zonal cropospheric Tlow pattern in middle and
high latitudes over the western half of the Nerthern
Hemisphere, accompanied by a northward shift of the
strongest westerlies. Only oveﬁ eagtern Europeﬁand
western Asia did the hemispheric mean ‘tropospheric cir-
culation for +the monfh exhibit the large amplitude short
vave patberr normally éssocieted vith strgng meridional
thermal adVactien. Over North America, on the other

I\-
hand, a stralght westerly current of mild{ maritime air

_ from. the Paclfic persisted for most of the month, with

G il |
little. southWard ‘transport -of cold contlncntal air from

Canada. Ae\a result, temperatures remained abnormally .
high during the month over much onyorth America. This
monthly mean clrculatlon patbcrn and ihe assocmated tem-
peraturc anomaly were 00t in place at tho beglnnlng of

the month, but developed after the imrub week. Thug,
Pebruary 1976 is a challenglng tes% of the ablllty of

ﬁhe modrl to simulate: a major c1rculat10n and temperature‘

anomaly from initial conditions in which “the monthly mean

pattern was not yet apparent.

2 RepiiCation Ixperiment

Aw in our earlier forecast studies, the results/ of

the February 1976 simulation experimehts are preseﬁﬁgﬂf
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belcw in terms of cncigetics, mean wind profiles, fore~-

cast error statlstics, and monthly mean synoptlc maps, /h
-

“ with emphasis on the Northeri I Hemispheram

In the replication experiment, the two monthly mean
Bimulations Tor rebruarr 1976, designated Fl and ¥2, were

carried out with the same program, and with. 1dentlna1

\__’q

i
initial and boundary conditions, on the same computexr.

One might therefore expect 1aentmca1 results from thcse

tWo calenlations, Hoéwever, as it was not possible to

i‘carry;out such a long simulation run iu one continuous
" operation at GISS, because of other demands on the com-

“puter, the month—long forocasts were computed piecemeal,

’\\ _,,»

with several\mnter%uptlonu and restarts. The interrup-*

ﬂtlon schedule was - 1ndeed different for Fl and F2, and

thls may account for the dlrferences between the two ro-
sults. Beqause of the ¢ycling schedulg in the model
program, and the fact thét'not”all‘balculatiOns"aré
identical in each tlme step (Somervillc et al,, 1574).
it is apparently p0551ble ror small differences to de—&
velop between two long, lntsrrupted forecast runs. The

purpose of thls ¢=:3t:pe:z:':1.men‘i was to determine -the magni-

tude of these dlfferences.

" In Table 1 are shown the forecast (FL and F2) and
obéerved.(o) éiobéluand.ndfthern hemisphere mean ener-

getics -for Feﬁrﬁaryfl976. Py and Ky represent the mean .



Zonal available potential energy (Pﬁ), zonal

Table 1.
kinetic energy (Ky), and eddy available
potential energy (PB) and eddy kinetic energy
(KB) of standing waves only, for February 1976
over the Northern Hemisphere and the globe,
integrated up to the 120 mb level/ Lor fore-
casts ¥FL and F2 and the observed (0) mean
monthly atmosphere. Units: lOJ J m -2,
Torthern Hemisphere - - N Globe
Fl ¥R 0. Tk T2 0
Py  58.9  58.0  49.8 4223 41.8 55,9
Ky 8.56 . 8.42 7.2L 6.69. 5,61 5.97
Py 2.35° 2,48  _FL7L 1,69 1.71 2,29
K, 1.4 151 2.23 091 1.00  1.54
Y o
! o
= _f; ] L ) ‘;j/ ;
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zonal available potential energy and mean zonal kineﬁéo
~energy, respectively, integrated up to approximately the
120 hb level (the basé of the highest modei layer), while
PE and KE represent the corresponding eddy energies for
the monthly mean standing waves dnly, all in uwnits of
10° T w2, (TFox further details on the model energetics,
usee Somerville et al., 1974; Tenenbgum, 1976; Spar et al.,
1976; Spar, 1977). . .
From fable 1 it is clear that the forecast mean
energies are not identiecal in tﬁe two simulétions. Howvr-
‘ever, the differences between Tl and F2 are small rela-
tive to the "errors' of either forecast as measured
- against the "observed" atmosphere. The relafiVG digm
crepancy"ﬁetween thé corregponding energies of Fl and
P2 is only about 10% of the CIIOL .- ﬁibh the maxlmum Aif=-
ference (17% of the. error) in the cddy Linaimc cnergy
over the Northern Hemluphcre. S W

/ .

f As in-the previous monthly mean forecasts (Spar et .
al., 1976; Spaw, 1977), the GISS model overpredicts the
zonal mean kinetic and potential-energies and under-
preﬁicté the edgy energy. These results aye‘;ot uwnex=
peé%ed, as the model is Jmown to genera%e Avetic winter
texperatures that, are too low due to its underestimate
of- the eddy heat tran sport to high latitudes. The re-

sulting overestimate of the meridional temperature



gradient produces excessive ggna;;available thential
energy, as well as excqasive:ﬁesterly windé and zonal

. kingtic energy. The?underestimate of eddy energiesm;gﬁ
. characleristic of all coarse-grld GoMts, (With rosﬁgbt
~to the eddy encrgies, the. re;ults foxr Tebruary 1976 aro_
not sirictly comparable  -to those previously publishcd,
as The latter included the 12-hourly transient eddy

,w” energies averaged over the month, whxle in an present

' study only the eady energies of ‘the monbhly mean state,
l.e., of the standing eddles, are comsidered. )

Y

= o The prodlcted (?; and TE) mean mcxlﬂlonwl proflles |
of the vertmcaliy—mnbéératgu zonal wmnﬁ for Lhe nine
rodel layers up to the .10 mb level are shown in )
Tigure l, Lobebher wlth the observed proflle based on
the chruary 1976 NHC globﬂl analyses. While the- Lwo |
smmulabxons 1ie very close to each other, they do dlﬁier
in somu,detallu. Thus, Il nnﬂmcahcu a mean wind maximum
of 20.1 me™* 2k Latitude 34 W while F2 shows a maximum
of 19.7 ms"i ot latitude 58 “Ni The observed nean wind
proflle for the- Norbhern Hemlgphere vhows that both cori
putatlond scrlouply overprcﬂleb thc maxmmum mean wev%er-
lies in middle latitudes, which reached only 15.1 ms -1
a%'létiﬁuﬁg SBOlN; while uwnderpradicting the westerlies
in highér latitudes, In the Séuthern Hemisphere both

Lorecasts of the maximun mean westerlies lie cleser o
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Fig. 1. Mean meridional profiles of vertically averaged mean zonal winds for February 1976.
Fl1 and F2 represent the model simulations, and O is the observed profile.
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‘_(40) too Lfar north.

i
fio 0
fin ﬁ

m
§ (

!\ -
the\obaervuﬂ value, but Hﬁkh are shlfbed one “grid lcngth

Both the Tl and IF2 simulations generate a west. wind’

maximumn at-the nominal 175 mb level of the model ab
labiﬁuda 300 N in the mean meridional zonal wind cross-
section (not shown). "The location of the predicled sub-
tropical jet stream is in good agreement with the ob- |
served jet, which is also at};Oo H.“ However, the pre-

dicted wind maxima are 56.5”mﬁ’1 for FL and 35;3’%3"1

Tor I'2, while ‘the observed mean mayximunm is 35.1 ms"l.

The differcnces betwccn ihc two simulatmanu, as well as

tneir dav;ations from the observed w1nd,pzoimle, are

- 111ustrateﬁ in " Pigure 2, which shows ‘the three verﬁica}"

profiles at latitude 30° N, Hexs it can be scen that

forecast differences greater thin 1 ms"l

in the monthly
mean zonal winds may resplt pﬁrely-from computational |
discrepancies. The obscerved wind profile in Figwre 2

further illustrates the fact that both,iorecas% computa-

- tions overpredicted the mean westerlies af_all Llevels,

although the error at the jet stream level is quite

small,

el

The discrepancies between Iorecasvs Il aﬁ1 2 may
also be expressed in terms of the rooL—mean-square (rma)
differences and S1 comparison scores (mgweles and’ Wobus,

1954) for various fields. (For both statistics, perfect



ideﬁtity of fields is represented by values of sero, How-
ever, an Sl score of 20 iv commonly rated as "virtuwally
perfect” by NMC forecasters, vhile an Sl scoze greater
than 70 is generally considered fworthless.") TIn Table 2
these statistices are shown for seven regions of the
earth: (1) the globe; (2) the Nomthern Hemisphere;

(5) the "tvopics" hebtween latitudes 229 N and 22° §;

(4) en East Pacific-Tmited States band (latitudes 30° N~
54° W, longitudes 75° w-1802); (5) "North America" (lati-
tudes 30° N~7¢7 37, Lengltudes 757 w-130° W); (6) the
"nited States" (latitudes 30° N-54° N, lengitudes 757 v~

- 130% W); and (7) "Burape! (latitudes 34° N-86° N, longi-

tudes 10° w-40° B). The mms differences and S1 compari-
son scones for FL vs, F2 arve ghown in Table 2 for sea-
level pregsure and 500 mb height for all szeven reglons
(with the omission of S1 scores for region 4). The xms
differenceas o£5850 mb femperatures are shown only for
regions 2, 4, and 6.

Table 2 provides a ﬁrovisional ggtimate of the mini-
mal error in a monthly méan forecast that can bs attri-
buted téléompufatiqgal uncertainty alone, i.e., the
erroxr resuliting purei& from ‘the inability of the computer
Sya%ém ﬁo.rep;iéate perfectly a monthly mean simulation

from identical initial and boundary conditions, (It

does ﬁot,=of course, reflect that additional computationa.

10
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Fig. 2. Vertical profiles of necan zonal winds at
Jatitude 30°N for Fcbruary 1976, Fl and F2 dencte
mode) simulations., 0 is the observed prefile,
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Table 2. Root-mean-square (rms) differences and Sl RV
r;ﬁ: comparison scores for February 1976 fore-~ e
“ casts FL vs. F2,
— ” Sea-level 500 mb 850 mb
m Y o Pregsure Heipht Temperature
o b -, - o
R 4 ngfon rms (mb) Sl . rmg {m) 8L __rmg (%)
1. Globe - “1.5 38 16 21 :
2, Northern Hemisphere 1.8 43 19 23 1.2
5. fropics ,, 0.8 3T 5. 33
4, B. Pacific-U. S. 2.1 28 1.2
_ 5._ North America 2.5 51 26 20 ,
6. United States 2.2 48 28 16 - l.4
7. Europe ) | 2.1 43 19 25
N | 11



unce;taipty aséocié%ed with the gxiéteneé’of alternative
;numerical approximations.) TFor sea-level pressure, 500“mb
height, and 850 mb tempeﬁaturé, these minimal rms errors
arve approximately 2 mb, 20 m, and 1 X for the Northern
Hemisbhere;.whilé the minimal'Si scores for sea—levél

pressure and 500 mb height are approxlmately 40 and 20

; ﬁrthectively, over the hemisphere. Por the preaent

these may be regarded as the irreduclble errors in the -

monthly mean forecasts computed w1bh the GISS model.

75. Forecas# Vexificat$pnrﬁésults

i'The forecast verificatioﬁ scofesﬁfor Il and F2,
based on the "observed" monthly mean state for Pebruary
. 1976 ag derived Trom l2-hourly operablonal NMC analyses,
are listed in Table 3. Also shown are the scores for a
,"forecast" of "Climatolony" (M), based on a cllmatologl-
| cal mean Iebruary data get providecd by NCAR. - The veri-
' fication regions are the same as in Table 2.

ulJAs might have been anticipated from Table 1, the
errors of the Fl and F2 51mula£10ns Aare. similar, but not
ﬂ;dqntical. Over -the whole Northern Hemlsphcre, the dife
ferences between Fl anﬁ ¥2 scores are negligible. Thus, f
for example, the hemlspherlc rmg errors in sea-level ﬂ

| pressure and 8)0 mb temperature are the same (8 8 mb-and

4.4 K) for_Y%oth, and the hemispheric rms errors in 500 mb

.12



Table 3. Root-mean-square (rms) errors and S1 skill
for February 1976 forecasts F1 and F2, Also

shown are the scores for forecasts (
Climatology (M). (See text for details.)

A. Sea-level Pressure

1 ¥2 A
Region rms_(mb) SL_ rms (mb) Sl rms (mb) O
Globe 705 66 7.6 67 5.6 71
Northern Hemisphere 8.8 75 8.2 76 6.3 81
Tropics 5.7 58 5.8 57 2.7 71
E. Paci’fic-U. So 5.0 409 403
North America T.3 86 7.0 84 Ded 105
United States 5.8 94 5.0 88 4.5 105
Burope 18,0 113 18,3 117  15.3 117
B. 500 mb Heipght
Fl F2 M
Repion rms (m) ol rms (m) Sl rmas (m) Sl
Globe 66 39 68 41 79 49
Northern Hemisphere 80 42 82 44 99 55
Tropics 32 59 33 58 35 68
E. Paciflic=U, S. 101 110 90
North America 119 37 125 38 97 51
United States 127 28 133 29 90 48
Burope 189 72 191 75 234 79

C., B850 mb Temperature (rme error: K)

Repgion ¥l F2 M
Northern Hemisphere 4.4 4.4 4.6
E. PaCific-U. S. 5.3 5.7 4.6
United States 6.1 6.4 5.6

13
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height (80 and 82 m) differ only slightly. e same is

also true of the Sl scores., However, over smaller regiona,

uch as the Unltod States, the dlfferencos bctweun the
errors of the two simulatlons are ﬁﬁmE;hai marger.
¢ne rms dlfierences and. S1 comparison scorcs of Tl
vs. F2 ghown in Tablg 2 may now be compa;Eﬁ iwith, the-
corresponﬁlng Iowecast errors in Table 3. Over the
'Northern Hemlsphqme, Tox example, the rms difference of
sea-level pressure ‘Dbetween FL and 2 is 1.8 mb compared

with an rms forecast error of 8.8 mb, while for 500 mb

heights the corresponding values are 19 m and 81 m. - Thug,

in ‘both cases the rms replication error is approximately

20% of the rﬁé simulation error. For 850 b temperature,
the replication and sjmulation errors over ‘‘he Northern
Hemlsphere are 1.2 and 4.4 K, respectively, and the ratlo
is about 27% Although it lS cexrtainly not tr1v1al, the
renllcatlon problem may be regamded as minor compared
with the pred;cy}on problem, at least in terms of rms
errors. The préblem of repliéaﬁion appearé somevhat more
serious“with respect to the reproduction of gradients,
partiﬁularly in thé dase of ‘the sea-level'pressure Tield,
- where the Sl comparlson score between ¥l and F2 over the
- Northern Hemlsphere is 43 compared with Sl nlmulatlon |
scores of about 75 At 500 mb the hemispheric Sl qcore

foxr repllcatlon is also moxre than balf the magnltude of '

14



the S1 simulation score, but in this case the value of the

\\

| replication score (23) is small enough to be regarued as

' negllgiblp- i oo . -

The "Climatology" forecast (M) provides a standard
againgt which the model simulations may be measured. As
shown inﬂTaﬁle %, ‘the model simulatlon for February 1976

is not“cons;stently superior %o climatology. In ‘terms

’of"rms errvor, climatolegy provides a better simulationf

Vi
of ‘the Tebruary 1976 Bea-level pressure field over both

the ‘Northern Hemluphcre and the globe than does the model.

_On the other hand, at 500 mb the modcl 51mulat10n over

both the hemlsphere and the globe is superlor to cllmaﬂ

e

ﬁolory in termd of both rms errons and Sl Skll:’SCOTGS,

alﬁhough thls poslblVe rcsult is not Iound consistently

over smaller reglons.

To put the simulation statistics for PFebruary 1976
into an approprlate context, they are compareﬁ in Table 4
with correspondlng rcsults from three earlier experlments
with the GISS model, as reported by Spar et al. (1976)
and Spar (1977) " Table 4 shows the rms errors; and Sl
skill scores, for both the model (T) and climatology (M),
of sea—leval pressures and 500 mb heights, as well as ‘
rmg errors of 850 mb temperatures, over ‘the Northern e
Hemlsphere for four months- January 1975, 1974, and, '_“~Hmﬁ

1975, and Pebruary 1976 (The Tebruary F values are

- "‘1
-

15



Table 4. Sunmary of rmsaérrqxs and Sl sklll scores for
four GISS-model simulaﬁionsjof monthly mean
sea-level prespure, Soﬁ'mb'heigh@, and 850 mb
temperature over the ﬁorthern'ncmisphere.

‘I denotes the model simulation and M rcpra-
sents a "forecast" of climatology.

Jan. 1973 ¢ _Jan. 1974 en. 1975 Feb, 1976
I M G M gy M I M

A. BRmg errora

Sea~level Pressure (ub) 10.00 8.7 8.6 9.2 ‘5.5 6.6 8.8 6.3

500 mb Helght (m) 72 94 8O0 108 62 8 8L 99 .
850 mb Tempcrature (X) 4.1 43 4T Byl 4D 45 4id 46
| B, SL scores . Ifl {ig | A.‘ -
Bea~level Pressure 81 81 79 89 64 T3 '75=1. 81
500 mh Height T a5 55 55 60 T 4a 45 5%




Laverages of Fl and ¥2,) Inftcrms of ‘sea~level pressure,

the model exhibits Llittle br no skill melative to clima-
tology. In two of the four months (including February

...

-~ 1976) the model rms errors in sea-level: pressure exceed

those for climatology. While the model Sl scores for
sea—level pressure are all equal o or lcss than those

f£or cllmatology, their magnltudes are genorally 80 large

;(excepﬁ posslbly in 1975) as to indicate no skill in the

;reproduct’on of the pre sure patierns. On_ the other

hand the model does exhi#i% small but congistent slkill

relatlve to cllmatology 1n its 81mu1atlon of the monthly - - -

mean 500 mb height and 850 mb temperature fields.,

. fhe global forecast (top) and obsexrved (bottom) -
monthly mean sea~level pressure fields for February 1976
are shown in Pigure 3. ‘Major defects in the simulation
are found in the Northern Hemi“pﬁere submtropi@ai highs
(too wealk), the Ieelandlc Low (too far soufh), and . the
Burasian high (too weak),,ﬁs well as in the Southern
Hemlspbefe“where the sub-polar low pressure belt is
underestimated. In Figure 4, showing the forecast (top)
and observed (bottom) 500 mb height ficlds for Februarvy
1976, the simuléﬁion errors appear most serious over
Burope and %F; eaétern North Atlantic Ocean, where the

model fails to reproduce a. large ampl;tude ridge., The

fallure of the model to simulate adequately the anomalously

17
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"warm regime over Nbrﬁh America in Tebruary 1976 ig illus-

trated in Figure 5, whmch shows the error (fo*ecaat e
observed) in the 850 b’ temperature pattern over that
region. Here it can' be seen th at negative errors as

large as - 10 K are found near the Great Lakes, and exrors
as large as - 12 K appear over Alaska. Apparently the -
modei ig not yet capable of reproducing gsuch a major
cl%matic anomaly from the given initlal conditions.

(The large positive error over Baffinland is yet another

example of a defective éiﬁulation of the temperature

4. BSea-surface Temperature Anomaly Experiment (F3)

~Interactions between atmosphere and ocean, and the

influence of anomalous sca-surface temperatures (SSTts)

 _on the behavior of the aﬁmosphere, espgcially over long

peribds“bf time, have been thé subjedfs oI"innumerable
studies,. speculations, andﬁx Whlications. As part of
the presont 1nvcstlgatlon, a Lh;rd.monthly me¢n forecasﬁ

(TB) was computed Tor Pebruary 1976, with observed SISHIRNC

- used in place of the cllmatologlcal mean Tebruary values.

Ihe purpoue of th;s experlment was to measure the in-
fluence of the SST anomaly field on the predlcted monthly
mearn state of the atmospherc, and ‘1o dﬂbermlne if a fore-
knowledgc of the global 88T field would result In an |

I
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wimproved Bimulatioﬁ.
The effect 6f a variable ocean surface on the evolu-
:$ion of the a$mosphere should be studied via an inter-
'1active ocean~atmosphere models but, as such a modél is
lnoﬁ yet available in practical form, an alternative pro=-
‘cedure is to assume that the €8P field is predictable,
and/to use the observed sea hemperatures as a surface
boundary conditibﬁ. The forecast designated F3 wag com=
(

o puted on this prlnclple.

| In an earlier experlment (Spar et al., 1976), it

“wag found that insertion of observed daily 55T's during
a forecast run had né detectable beneficiél effect on a
monthly mean simulation. The present SS& anomaly ex=- 2
pefiment, F3, differs from the eariier one in.fhaﬁ the
dadily observed 5SMMa were averaged over the pon&h, and
the monthly mean observed SST field for Tebrﬁggf—L976 wasg
then used in place of the climatological field as a fixed
-surface boundary condition. (The use of monthly mean;ﬂ
SST's instead of ‘daily updated values was- expecbed “ho i,
it reduce the "oise" effects of the data.)

) The daily SST data were prov1ded by the Natlonal

Environmental Satelllte SerVLce (NESS), and are based
largely on satellite scanning radiometer measurcments

with quality control through use of ship observations-~ )

(Brower et alg, 1976) These daily fmne-megh’NDSu data

o . i
s i
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 weve interpola%nd to the 4° £25° GISS grid, and averaged
over the month, fhe deviation of the monthly mean ol
‘ruary 1976 SST ficld from the clima'tological pa‘ttern Lor

the month is illustrated in Figure G,Lwhlcn ‘shows the 5SSt

anomaly only over ‘the nortﬁ@est quadrant of the earth.
e SST tnomaly 1sotherms, drawn for an interval of 1° ©,
reveal aaverﬂl,pccls of relatively wawm water, with
moximo of 4 3 C in the easborn Pacific’ and + 4° ¢ in the
westorn Atlanmtic. The globél map (not shown) qxhibits
smallen anomalies (up to -+ 2 C) in the westerﬁ)NOrth

0 A
Pacific, and a band of positive anomalies (up to " 5° C)

“in the subtropical. latitudes. of {hc Southexn Hemmsphere.
Thu impact of SSE anumalles on ihc atmohpharie

mejth;y'mpan blmulacien is 1ndlcabcd numerical¢y in -
Pable 5 fLor the saﬁa reglons as in Pables 2 an& 9, in
terma of rms difierenuas and Sl comparlsnn geores be-
Eween 10rncnbts F35 and 2, for aea—level pres surae, 500 mb
height, and 850 mb temperature. Compaming whles § and
2, it 1is apparent that'the rms impact of the sSI! anowaly
on the seg-~lovel plessure field is cons;ﬁerably larger
than,the rms repllcation exror .over all reglonu. How~

s

ever, -the impact on the bearlcvel pressure patbern ag

represented by the Sl scores is only ollghtly greaﬂér
‘than the erToNr- nf repllcatlon, and is. the cfore of queSn

“tionable slgnliicance. The SOO-mb data in gable 5

¥ —
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Fig. 6. Monthly mean sea-
February 1976 over thz
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- Table 5. BRoot—mean—square'(rma) differences and S1

-

I

comparison scores for Februery 1976 between

forecasts I3 (with observed SST's) and W2

(with climatological SS1's), «
Sea~level 500 mb 850 mb
L Pressure Height Temperature
jRggion o . rmg kmb) 81 rms- mr_ Sl - rﬁ;‘(K)
L. G:goise' R Y 41 28 .
ﬁé; .Nortﬁernkﬂemisphere ﬂ«3;8 49 39 26 1.6
-3.= qupids,w 3.0 40 31 38
Lo E.?PacificéU.'S; 6.2 - 54 1.7
'5.j_ﬁbfﬁhuﬂmerica m? “m w ~75.7f:; i s - i
6. United States -~ 6.0 50 47 16 1.5
7. Burope - 4T 51 37 52
—- b
B
.
21



:Table 2

“similarly exhibit a relatively large‘rms impact (compared

with the replication results in Table 2), but no signifi-

lf\

cant effect on the contour pattern as represonted by the

Sl scorea, vhich .are aboult equally small in rablca 5 and

’2. Todest impact is also indicated on the 850 mb tem—k

peratures by ‘the ms differences 1n Table 5, which are \
only slightly greater than the replication errors in' i
Whether or not the small 1mpacL of the 35T anoma-
lies on the atmospheric simulation was beneficial may be ™
judged from the rms errors and.S%fskill scores for fore-
cggt F?; éhé@n”iﬁ_méble 6,7Wﬁidh“éhould be éombared“with“
thé corresponding error sﬁati&tic .for Tl and T2 in

Pabli’ 3. In general, a comparison of Tables 6 and % re-
veals Lhai the usg of "observed" SST‘S in place of

climatological values did reduce the simulation errors..

- over the globe and Northern Hewisphere, but not neces-:

—

sarily over the smaller sub-regions. - When evaluated
et
over the globe and Northern Hemisphere, all “the errors of

F5 shown in Table 6 are smaller than the dgirgsponding

‘errors for Tl and ¥2 shown iﬂ“Tablé %, Turthermore,

the Tmé errors of 500 mb height are flonsistently smaller
for F3 than for Fl and T2 over all regions (although the

game -is not true of the S1 scotas). However, when one
A S .

'examines"the sub;regidns,‘B throﬁgh 7,“it appears that -
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Table 6. Root-mean-square (rms) errors and S1 skill
scores for February 1976 forecast F3.,
. i . - f
© ‘ }
b
. Sea~level 500 mb 850 mb |
' _Pressure Height Pemperature
Repion rma (mb) 8L rms_(m)  S1 Crms (X)
" 1. Globe 5.8 60 51 38
0 . Fe K I
2. Forthern Hemisphere 7.2 72 66 i 43
5. Tropics 5.4 57 12 59 ' |
4. BE. Pacific—U S. 57 ) T3 5.8 3
5, Noxth Amgrxca 9.3 .86 - 86. 32 L
T 6, United S{a‘tes " L 6 . 96 84 28 & 6.6
7. Turope 14,1 108 177 68
fll i i )
.
i g - - o -
‘ l ,'j"
) !
e { k



0
" the 5 slm?lation errors are actually worse than those
for T1 and F2 in many instances, notably over the eastern
Pacific and North America. This is particula@ly true for
the_sea—level pressures -and 850 mb'temperatufe;? 
Some of the synoptic efifccts of the SéT'anomaly
field are illustrated in' Pigures 7 and 8, which display
‘the Elobal simulations for F3 of the monthly mean sea-
level pressure and 500 mb height fields réspectively¢
Compared with Figureﬁ%, Figure 7 shows stroqéer and more
realistic subtropical higﬁs, but a weakéryaﬂﬁ less real-
istic”Nortﬁ Pacific low, -The 500 mh“simulafionmfoﬁ"rﬁ,_
shown in Tigure &, appears hardly disfingqishable from
the forecast in Figure 4, indicating no’ obvicus major |
iﬁpact of the SST anomaly. ‘The effect of the SST anomaly
on the 850 mi ‘temperature field is illvstrated in Tlgure
9, which shows the dlfference betwcen the monthly mean
850 mb temperaturss generated by T3 and by quﬁrﬁ - 22)
over the norfthwest quadranf; The posiﬁive“&ifferences
iover Alaska and nprthwest Canada, when compared wmth the
‘exror field in Figure 5, do 1ndicate an 1mprovemont in
‘the temperaturc simulation over thosc areas.  However,

f
these 1ocal eifects are not reflected in thes regional

arror uﬁatlatlcs of Table 6

B (J[o\.JJ
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pressure field for February 1976 cozputed

Fig. 7. Forecast monthly mean sea-level

with observed SST's (F3). 4 =b isobars.
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Fig. 8. Forecast monthly mean 500 mb height fieid for February 1976 computed with

observed SST's (F3). 100 M coatcurs.
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Fig. 9. Difference (F3-F2) between mean February 1976 850 =b temperatures computed,
with observed (F3) and climatological (F2) conthly mean SST's. 1K isotherms.



"5, Conclusions . ' ’ ,

A\ The results of the replication experiment indicate

i\ : . . .
‘ﬁhat small inherent uncertainties may exist in a monthly

1
A

nm@en simulatior: of the atmosphere computed with a global

| Gdﬁ. These may be due to minor computational dlfflcul-

ties, such as. interruptmons and restarte, which may |
prevent the exacﬁ dupllcatlon of tho chain of computa—
tions leading to the final output. In the GISS model

experiment, the fﬁe errors of replication over the

Northern Hemlsphere were found to be about 2 mb, 20 m,

and 1 K for nea—level pre eure, 500 mb height,. and 850
mb temperature, respectlvely. In terms of Sl eomparim

BON Scores, the replication errors of sea-level pressure

" andr 500 mb height over the Northern Hemiébhere were found

~to be abowt 40 and 20, respectively. . These results may

be viewed asg provisional estimates of the computational

"noise" level of the model, below which experimental

"signals" cannot be reliably detected.

The replication errors are small compared with the
erTors generated by the model in ils effort to simulate -
the real monthly mean atmosphere. Measured in terms of
TmS errors and SL- skill scores, and comparcd wltn the

standard of cllmato]ogy, the model simulation exbibite

"no gkill in reprodu01ng the- monthly mean sea-level

pressure field. However, the model does show some small

25



o |
" but consistent skill relative fo c;imatology in ts simh i

lation of the global and hemispheric Lields of 500 mb

height and 850 mb temperature. Unfortunately, this

picill does not extend to the correct prediction of regional
_ climatidranomalieé such as the extreme warmth over Noxrth

America during February 1976. |

Thé use of observed monthlylméan sea—sﬁrface ‘tempera-

tures (8SI's) as lower boundary conditions in place of
fwgiﬁmatological values yielded ambiguous results. The
imﬁact of the SST énomaiies on ‘the monﬂhly mean model
“pimulations was relatively small, in ééneral; and not
consistently beneficial., While an improvement in the
simalation soéies over the globe and Worthern Hemispliere

did ‘result from tlie uge of observed SSI', this bénefi-

vl 5

the regional scores or in the monthly mean vnoPLJC mapu.
- Turther imprbﬁcments in the GISS model, as well as -
- in <the specmflcatlon of surface boundary conditions

{e.g.; snow. cover, soil m01sture), are obviously desmr—

able. Vhether this will result in bebter monthly mean

" simulations remains ‘to be seen.

LW\ )
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FIGURES

Mean meridional profiles of vertically averaged mean
zonal winds for February 197v. Fl and ¥2 represent
the model simulations, and O is the observed profile.

Veptical profiles of mean gonal winds at latitude
507N for February 1976. Pl and 2 denote model
pimilations., O is the observed profile.

Poracast (top) and observed (bobtom) mean sea~level
pressure fields for February 1976, 4 mb isobars.

Porecast (top) and observed (bottom) mean 500 mb
height fields for February 1976. 100 m contours.

Error (forcecast - observed) of 850 mb temperaturve
simulation over the northwest guadrant., 2 X

isotherms,

- Monthly mean sea-surface temperature anomaly.

(observed - climatology) for February 1976 over
the northwest quadrant. 17 C isotherms.

Porecast monthly mean sea-level pressurve field fer
February 1976 compubed with observed 5ST's (F%).
4 mb isobars.

Toreccast monthly mean 500 mb heipght field fox
Tebruary 1976 computed with observed S81's (F%).
100 m contours.

Difference (I'% - F2) between mean February 1976
850 mb temperatures computed with observed (F3)
and climatological (F2) monthly mean SST's.

1l X isothernms.
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