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Abstract

~ Monthly mean simulations pf the global atmosphere
for QOctober 1976 through February 1977, initialized with
data from the beginning of each month, were computed with
a new coarse-resolubion general circulation model developed
at the Goddard Institute for Space Studies. NMeasured in
terms of the monthiy mezn fields of sea-level pressure,
850 mb temperature, and 500 mb height, the simulation
skill of the model, which is still under development, was
found to be inadeguate, thus iar, compared with clima-
tology.

Substitution of observed monthly mean sea-surface
temperatures (SSTs) as lower boundary conditions, in
place of climatological SSTs, failed to improve the model
simulations. While the impact of SST amomalies on the‘
model oubtput is greater at sea level (where énomalously
cold and warm water generate higher and lower sea-level
pressures, respectively) than at upper levels (where it
is negligible), the impact on the monthly mean simulations
is not beuneficial at any level.

Shifts of one.and two days in initialization time
produced small, but non-trivial, changes in ihe model-,
generated monthly mean synoptic fields., No improvemenfé\
 in the mean cimulations resul%ed from the use of either |

time-averaged initial data or re-initialization with



time-averaged early model output.

The noise level of the model, as determined from &
mltiple initial state perturbation experiment, was found
4o be generally low, but with a noisigr response to initial
state erxrors in high latitudes than in the tropics. How-
ever, the influence of random initial state errors on the
monthly mean simulations is negligible compared with the
large-scale simulation errors, indicating both stable
model behavior and the need for fuxrther model improve-—

" ment.



Intro &ﬁc tion

A new global general circulation model (GCM) with
coarse horizontal resclution has recently been developed
at the Goddard Institute for Space Studies (GISS) (Hansen,
1978). Designed primarily for climate investigations,
the model is currently capable of generating one day of
simulation on an 8 x 10 degree latitude~longitude grid in
four minutes {on an IBM 360/95 computer), whiech is an
order of magnitude‘faéter than the 4 x 5 degree GISS
model {Somerville et al., 1974) from which it was derived.

Diagnostic tests of the new "Climate Model" have been
encouraging enough to warrant a préliﬁinary evaluation of
its capability as a prédiction system, The high speed
of the model makes it partiéularly attractive for long-
range forecasting studies. TFor example, a 30-day foréL
cast can now be executed in two hours. We have, there-
fore, undertaken to use the model for some monthly mean
prediction experiments similar to those carried out with
the GISS model. (Spar et al., 1976; Spar, 1977 a, b; Spar
et al., 1978; Spar and Imtz, 1978). Because these fore-
cast experiments are not conducted in an operational con-
text, they are referred to here as simulations.

Iike the GISS model, the climate model is a global,
spherical coordinate, primitive equation system, divided

- vertically into nine dynamically active layers, with top



at 10 mb {py), Dottom at the earthls surface (surface
pressune, Ps)’ and sigma (@), the vertical pressure co-
ordinabe, defined as (p = py)/(pg = By)e (For radiation,
but not dynamical, calculations, three additional levels
have been added in the stratosphere above 10 mb,) Hori-
gontally, the coarse-mesh versioen of the model used in
these experiments employs a 24 x 36 gridpoint array sym-
‘metrieal about the IEguator, corresponding to intervals of .
approximately 8% of latitude by 10° of longitude, and a
12-ninute time step. The Arakawa (1972) computational
scheme, including "TASU-Metsuno" extrapolation, was used
in these calculations, as in the GISS model (Somerville
et als, 1974). (For this experiment, the computation
tinme was eight minutes per simulated day. In more recent
versions of the nmodel, the running time has been cut im
half with the introduction of leapfrog exirapolation and
a l5-minute time step.) Because of the large grid sise,
it is necessary to assign to each gridpoint fractional
values of ocean, land, snow, and ice represenbative of
the areas surrounding the point for use in the physical
calculations,

Snow cover in the model is computed from the surface
air end growd temperature calculalions, and surface
.albedo is variable. Both solar and long-wave radiation

calcnlations meke use of a generalisation of the



"e-digtribution method® (Tacis and Hausen, 1974), which
includes multiple scattering and talkes into accouwnt Hzo,
602, 03, 02, frace gases, and aerosc}s, Clouds are treatéd
ag non~black bodles with albedo dependent on zenith amgle.
Dry and meist convection in the model are computed by a
méﬁhad based on the spatial veriance of static energy and
a form of convactive adjustment., The model computes pre-
cipitation and ground weﬁnesé, and sub~surface as well as

surface temperatures over land and ice. Sea-surface tem=—

" peratures are prescribed as boundary conditions.

The purpose of the present study was to determine
how accurately ‘the coarse-~mesh climate model simulates
observed monthly mean states of the atmosphere from given
initial and surface boundary conditions. It should be
noted, however, that the model has been uncergoing con-

tinuous development since these experiments were starited,

‘antt that the resulis reported here are not necessarily

representative of its ultimate performance.

The period selected for this test was the anomalous
winter of 1976-1977, which was chamécterimed by unusually
cold weather in the eastern United States with abnoxmally
high temperatures in the west. Tour groups of experi-
ments were carried out, all based on global data for the
pexriod October 1976 through Pebruary 1977 provided by

the National Center for Atmospheric Research (NCAR) and



¥he National Meteovologicel Conter {NHG), and dewived
from operational §MC mnalyses. In the Divst evporiment,
Indtial data Lox 00 GNI' on the fiwst doy of sach month
were uged to indtialise five month-long fovecast Tuns.
A% the ond of each wun, the 12-houwrly owipubs of the modal
WQra averaget o produce o predicted monthly wean state.
In this oxporiment, climatologicsl menthly average seo-
sueface tomperature (SST) ond sea~ice ficlds from the
Rond atlas (Alexander and Mobloy, L974) were used as sur-
Taco boundary conditions. In o second oxporiment, %o
neaswre the impact on the simlations of onomalouws ecoan
temperatures, the five forceast s woere ropeatoed with
obsoxved monthly mean SST values dexived from suﬁaili%e
roadiometor moasupoments (Browoy ot al.y 1976) used in'
place of the climatologicnl. 8SUs. *

A third group of oxperiments was carried out to
detoxmine the effect on the monthliy moan simulations of
a systomatie altoration in the initial synoeplic pablorn,
sueh as might result from o shidy in initialisotion time
or the smaothing of initial conditions. Two of tho monthly
forecast wuns (for Getober 1976 and Janvary 1977) wove 1e-
peatiod ﬁwiée, starting with obsopved initial data fox
Q0 GME on the socond and third day of oach month, rospee-
tively, rather than the first. Averages for corroespond-

ing periods o the end of the month were thon compared in



order to assess the sen31t1v1ty of the model-generated

o  monihly means to ‘the arbitrary choice of initialization

-'txme, In-a related experiment, the ¥HMC data were averaged
_Lover the first 2% days of the months %o ontaln a set of
 t1memaveraged.1n1t1al condltlons. The forecast.computa—
-_tlons were then repeateﬁ with these as initial fields to
'&etermlne whether such smoothing of the initial data would
.result ‘n more realistic monthly mean simulations vhan
fhbse generated.from the "noisier" instantaneous initial-
izations., Anether similar experiment was also conducted,

© in vhich the model was re-initialized with time-averaged
outpwt from the first five days of the origimal forecast
runs before the completion of the monthly simulations.

A fourth set of computations was performed to mea~
sure the "noise level® of the model (Chervin and Schneider,
‘1976 a, B). In this experiment, which closely resembles
‘the random initial state perturbation experiment carried
out with the GISS model (Spaxr et al., 1978), initial con-
ditions foxr October 1976 were contaminated four times
with different random error distributions, resulting in
a tbotal of five simulations for that month. The dis-
persion of the simulations represents the inherent un-
certainty, or "noise", of the model-generated monthly
mean fields associated with unavoidable random errors in

+the initial conditidns. Such noise level stabtistics

T



indicate not only the irzreducible minimum ervor of the
monthly mean simulations, but also the minimum detectahle
signal from a prescrihed climate change experiment with
the model (Chervin and Schneider, 1976 b).

Three gquantities were selected for analysis and
evaluation: sea-level pressure, 850 mb temperature, and
EQQ mh height. Sinulated and observed monthiy mean fields
of these variables were computed over the globe, buﬁ the
main emphasis of the evaluation was placed on the Noxrthern
© Henisphere, with particular attention to the quality of
the sinulations over the North Ameriéan guadrant during
this anomalous winter., The simulation skill of the model
was evaluated numerically over seven regions, ranging in
gize from the United States to the wholé globe, in terms
of area~weighted root-mean-square (rms) errors and S1.
(gradient) skill scores (Teweles and Wobus, 1954).

To provide a standard for evaluation of the model
simdations, monthly climatological fields of the three
variables, intempolated from data fwrnished by NCAR®,
were alse evaluznbed as "forecastsh of the five observed
monthly mean states. Comparison of the error statistics
of the model simulations with those for climatology pro-
vides an objective measure of the meodelts capability of

reproducing climatic anomalies.

“Mhe NCAR climstology is derived from a variety of
sources as deseribed in Cruicher and Meserve (1970)
and Jenne eb Sle (1974}. .
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o 'ﬁasic.Simnlntidn_Exneriment4' |

':-th @gdgl:wasf£ix5t initialiged with global data
:intéfpoléﬁgd-f&omﬁhe dperatibnal'NMU analyses for
_OD;GHﬁvpn;the_iirsﬁ_&a&;af_e&0h~o£'%he five months,
bctoﬁeﬁ lS?G»thrdugh Februery 1977. Sea~-sunface tem-
peratures and sea-ice locations, based on the monthly
climaﬁoldgieal data of Alexander and Mobley (1974), bwt.
interpoldted dally, were specified as surface. houndavy
-oonditions.

The charaeteristics of the snomalouvs cold winter of
- 1976-1977 began to appeoyr over Noxth dmexica during the
latber hall of September (maubenseé, 1976) in the form
of a deep tropospherio'trnugh near the east coast of
Noxith America-wiﬁh a strong ridge in the west. As a re~
sult of this upper air flow patiern, which persisted \
threugh January, record low temperatures developed .over
the eastern United States, while temperatures were ab-
'ncxmally wvarm in the west (Wagner, 1977 a; Dickson,
 197? a3y Toubensee, 1977; Wagnew, 1977 b). In January
the wave pabbtern amplified still further {(Wagner, 1977 b),
leaﬁing to repeated advection of Arctic air southward
into the eastern United States, where surface tempera-~

tures fell fox below nornol, nobably in the Ohio Vallew,

4Adapted in part fvom a masterts thesis submitted to the
Gity College by Robert J. Iutse.
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prodnclnv one of the coldest months on record.

‘_ Eebruary brought. about a modification and sventually
a hreahdown of this anemaluus situation (Dickson, 1977 b).
:mhegmean'nldge aover the Pacific Northwest moved eastward
and the'wafe'paﬁtenn flattened. Paxticularly during the
last week in February, the mid-tropospheric cireulation
over North America changed abruptly. The large-amplitude
'iwa#e’pattern, which had dominated the winter season,
ﬁroka down and gave way t0o fast westerlies with fast
mnving“stOrm systems traveling across the couwntny. With
westerly flow now dominemt, warm air spread quickly across
7%he coun oy and teﬁperatures rose above normal in the
eas%e#nrﬁnited States. |

wa*well the model simulation répruducéd the anomalous
cirewlation and temperature fields during the winter of
1976-1977 may be seen in Tigures 1, 2, and 3, which show
the distribution over the northwest quadrant of the earth
of sea~level pressures, 850 mb temperatures, and 500 mb
geopotential heights plotted in wnits of mb - 1000,
.degrees Celsius; and decameters - 500, respectively. TFor
egeh month the observed field is shown at the top and the
simulation at the hnﬁtom of the figure.

In Figures 1, 2, and 3, North America lies in the
.center of the region, with ftHe North Atlantic Ovean in

the right-hand bhird of the map and the castern Norih

10
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Figure 2. Monthly mean 850 mb temperatures over the northwest guadrant.
Top: obsecrved; bottgm: simulated.
Units: degrees ¢. §-C isotherms.

(a) October 1976.
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Figure 2. (d} January 1977.
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Figure 3. Monthly mean B00 mb geopotential heights over the northwest
E -
guadrant. Top: observed; bottom: simulated.
Units: decameters -~ 500. 100 m contours.
(a) October 1976.
8

R



. v8{

aga'

16

is

1

3y

24

23

28

20

114

18

a7

ié

{ﬁ

{4

@

Figure 3. (b) November 1976.
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Pacific Océankon the Left. Tongitudes aré labeled at
the botbom of each map, which exbends from 10° W on +the
right to 180° W on the left, the negative numbers denoting
west 16ngitude.. The latitudes of the gridpoints are
shown in the second column on the right of each map in
degrees North, (Nobe that the latitude interval is ap-
proximgtely, but not exactly, eight Gegrees.) The first
colum on the right of each map shows the sonal mean
value of the variable displayed within the quédrant.
{Grid numbers also appear, at the top and in the left
columm, )

In Figure 1, sea-level isobars have been drawm at
an interval of 4 wb. It is apparent from an inspeétion
of the maps that the model fails to simulate adequately
fhe nonthly mean sea~level pressure fields., Although »
the Icelandic and Aleutian lows, as well as the sub-
tropical high pressure cells over the oceans and thé
North American continental high; are all reflected to
some degree in the model simnlations, the quantitative
agreement befwéen the observed and predicted mean fields
must be characterized as poor. Most notable are the
failurés t0 simnlate the abnormally deep Aleutian lows
in Januvery and Februayy, and the strong pressure gradients
in the North Atlantic in Qctober, hovember, January and

February. In general, the model-generated monthly mean
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seaw~level presssures are too high in high latitudes and
tﬁo low in low latitudes.

The 850 mb isotherms in PFigure 2 are drawn for an
interval of 5° G. Tt is immediately apparent that the
predicted temperatures are generally too low, especially
in high latitudes. The cold Arctic may be due Lo the
inadequacy of the eddy transport of sensible heat, a
‘problem that is also present in the GISS model (Stone,
et al., 1975). However, the presenl model simulation
is too cold in the tropics as well, which suggests some
other defect.

The dominant characteristic of the ébserved tenpera-~
ture iield over the northwest guadrant from Qctober
through February was the large contrast between hish
temperatures over the west coast ol North America (Cues
120° W) and low temperatures in the east (e.g.. 80°% W),
which became most pronounced in Deceinber and January and
began to ameliorate in February. The model does simulate
some aspects of the cold wave in the east, notably in
November. However, the December and January simulations
are less satisfactory, and in February, when the cold in
the eas'l had abalted somewhat, the model predicted the most
severe conditions. While the model does depict large
negative deviations from normal, it fails to simulate the

phase opposition between the cold east and warm west, and
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in Februarj it grossly exaggerates the cold anomaly in
the east.

The observed ahd predicted 500 mb heights, together
with manually-dravm 100 m contours, ére displayed in
Pigure 3. The observed fields show the persistent sta-
tionary wave pattern (western ridge, eastern trough) men-
tioned earlier. The positions of the ridgé and trough
over Horth America are reasonably well-simulated in the
prognostic maps. However, the amplitudes of the‘mean
" monthly waves, especially in November, December, and
January, are not adequately reproducéd, and the predicted
fiow in those months is much more zonal than the obéerved.
The February 500 mb simulation is much closer to the ob-
served field over NHorth America, In all five months the
predicted 500 mb heights are generally too low compared
with the observed values, whick is consistent with the
+ fact that the troposphere is too cold in the model simu-
lation.

For a guantitative evaluation of the model output,
simulation error statistics were coﬁputed for seven
regions of the earth, ranging in size from the United
States to the total globe and defined as follows:

(1) United States (27° © %o 51° ¥ and 130° W to 70° w):
(2) Bast Pacific and United States (27° ¥ %o 51° N and
180° W to 70° w)§ (3) Horth imerica {27° N to 74° ¥ and



130° W o 70° W); (4) Furope (35° N to 74° N and 10° W
to 400 B); (5) Tropics (20° N to 20° S over all longi-
tudes); (6) Northern Hemisphere (4° N %o 82° N over all
longitudes); (7) Globe (82° S to 82° N over all longitudes).
The bias of the model is indicated in Table 1, which
lists the area-weighted algebraic mean errors of the
monthly mean simulations over the Northern Hemisphere.
Also shown, for comparison, are the corresponding values
Tor a vforecast" of climatology. As noted earlier, the
simulated sea-level pressures in the Icelandic and
Aeutian region were generally too high. However, thesc
local cfflfecls are overcompensated by underpredictions
elsevhere, with the result that, for the ilorthern leni-
sphere as a whole, the average bias of the sca-level
pressure simulations is ~ 1.6 mb for the five months. .
The 850 mb temperatures in the simulations are too low
“everywhere, including the tropics; with an average cold
bias of ~ 3.5° C for the five months over the hemisphere.
This result is hydrostatically consistent with the nega-~
tive bias of the simulated 500 mb heights, which average
935 m less than the observed heights over the Northern
Hemisphere for the Live-month period. Compared with
that of the simulations, the bias of the NCAR climatology
in Table 1 is negligible. This indicates net only that

the hemispheric mean sitate was close to normal for the
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Table 1. Algebraic mean difference (bias) between
monthly mean fields over the Northern Hemi-
sphere fof winter 1976-1977. M: Model
simulation - cobserved. OC: ,Climatology -

observed.

- Octocber November December January February Average

Sea~lével pressure {mb)
M - 1.4 - 1.7 - 1.3 - 2.2 - 1.5 - 1l.6
¢ - 0.2 + 0.0 - 0.0 - 0.7 - 0.3 - 0.2
850 mb temneraﬁuré (°c)
M ~ 3.6 - 3.5 - 3.4 =~ 3.5 -~ 3.7 =~ 3.5
- 0.4 - 0.7 - 0.4 - 0.5 - 0.7 =~ 0.5

500 mb height {m)

M - 94 - 91 - 86 ~ 100 - 95 - 93
+ 4 + 5 + 4 + 2 - 5 + 2

15



period (see also, Angell and Korshover, 1978), but also
'that ‘the model exhibits a negative bias in pressures,
temperatures, and geopotential heights relative to clima-
tology as well as to the observed monthly mean fields.

The rms errors and Si sk?ll scores for the five monthly
mean simulations, together ﬁith the corresponding scores
for the Yclimatology forecast"; are shown for the seven
regions defined above in Tables 2 and 3. (The S1 score,
a conventional measure of the difference betwéen predicted
and cobserved gradients, is a dimensionless gquantity with
a range from zero, for a perfect lorecast, to a maximum
of 200. Based on experience at HME (Shuman and Hover-—
male, 1968), it is generally agreed that S1 scores less
than 20 indicate virtuwally perfect synoptic agreement,
while scores greater than 70 represent "worthless" fore-
casts, at least for 500 mb patierns,)

From Tables 2 and 3 it is apparent that the modél
simulations are, in general, inferior to climatology.
Only in the few regions and months indicated by asterisks
is the errof séore of thg simulation smallexr than that
of climatology. The rms errors, expecially of 850 mb
temperatures and 500 mb heights, reflect, among other
things, the negative bias of the model noted earlier.

The large S1 simulation scores for sea-level pressure ’

indicate no skill, even where (as in Zurope) they are

16



¥ denotes simulation values smaller than those

for climatology.
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Table 2. Rcoﬁ-meanesquaré (xms) ercors. of monthly mean
| model simulatioﬁs (M) and olimatology (C) for
winter 1976-1977. (See text for definitions
of regions.)
Oct, Wov. Dec. dJan. Feb.
Sea-level pressure {(mb)

1. TUnited States M 3.5 5.1 4.5 4.3 6.0
| ¢ 1.6 3.1 2.2 4.0 3.1
2. B, Pacific -~ U, S, M 4.3 7.2 6.8 10.3 8.7
C 1.9 3.8 '3.4 T.1 6.1
5. Horth America M 6.4 T.1 T.4 8.9 7.5
C 2.0 | 4.1 2.1 3.8 3.5
4. Turope M 5.5% 8.1 4.4% 5.1% 7.3
' C 6.8 2.0 4.7 5.4 4.9
5. Tropics M 3.3 3.7 2.8 2.9 4.1
c 1.5 1.7 1.8 1.2 1.6
6. Northern Hemisphere ¥M 5.3 7.2 6.1 7.2 7.8
¢ 3.0 2.9 3.5 5.9 4.4
7. Globe M 8.5 6.7 7.0 7.4 8.2
C 3.0 3.2 4.6 4.7 3.7



Table 2. (Cont'd.)

1.

2

3

850 mb temperature (%)

United States

B, Pacific - U. S.

Noxrth America

Burope

Tropics

Northern Hemisphere

Globe

M
G

18

Oct. Wov. Dec. Jan. Xeb.
3.7 4.4 3.8 3.3 6.1
2.7 2.8 2.4 3.2 2.4
57 4.0 3.4 3.8 5.3
3.2 2.9 2.3 2.8 2.2
6.8 6.7 5.9 6,2 7.l
2.4 3.0 2.5 3.9 3.2
5.5 5.1 4.0 5.7 6.6
1.9 1.4 1.7 1.7 2.7
3.6 3.2 2.9 3.4 3.6
1.8 1.6 1.2 1.4 1.7
5.1 5.2 5.5 5.9 5.4
2.2 2.1 1.9 2.7 2.3
6.8 6.3 6.2 6.5 6.6

2,1 2,0 2.4 2.2

2.7



Pable zf' (Cont'd. )

L.

2.

Sa

4.

Oct. Nov, Deec. dJan. Feb.

500 mb_height (m)
United States M 109 115 105 133 149
c 48 74 57 85 49
B. Pacific - U, S, M 106 108 102 134 13%6
C 46 66 54 101 T4
North America M 119 124 109 ' 146 139
' c 44 7L 58 89 5L
Europe M 157 160 115 160 162
cC 62 .27 60 58 63
Tropics M 85 82 78 86 90
¢c . 16 16 15 17 20
Worthern Hemisphere M 104 114 112 131 - 119
C 39 40 43 T3 55
Globe M 102 10Y 99 114 109
C 49 47 56 59 44

19



Teble 5. S skill scores fox monthly mean model simu-
lations (M) and climatology (G) for winter
1976-1977. {(See text for definitions of

vegions, )

Cok. Nov. Dec. Jan. Feb.

Sea~level pressyre
1, United States M g5 120 115 156 105
o 41 17 52 90 94
2, P. Pacific - U. 8., M 112 140 133 156 139

3. North America M 106 .1l14 115 158 91
6 58 82 54 93 95

4. Turope M 85% 125  85% 90  108%
C 107 40 101 78 11l

5. Tropics 121 T2 69 T2 68 70

| | ¢ 54 54 57 44 49
6. HNorthern Hemisphere M 95 102 90 89 87

7. Globe M 8 8 89 B4 S

20



Zable 3. (Gombtd.)

- A
B

Qet., Nov. Dec, Jen. Feb,

850 ub temperature

1. United Statos M 48 BTR 38 6 44
G 45 46 32 B3 54

2, N, Pooific - Us 8. M 1% 50% 34 42%  dL
G 45 42 30 49 36

5. Nowth Ameviea N 65 50 58 53% G
‘ ¢ 41 4° 40 ST . 40

4. Tuavope B 6L 67 76 93 65
C 46 .34 46 49 39

5. Tropies I 75 86 83 98 97

¢ 58 Gdt 62 70 67

6. Northern Hemisphere MN 66 65 67 87 62
¥ URY 47 59 51 45
T. Globe M 6L 6l 62 6 6L

¢ 40 41 37 44 38

al



1. Um.‘tedS"ba,tes M | 39* 45* 58 s0¢ 308
R e e e AL 54 32 52 36
2. -E,Qfa@ificfé”n..s. M 45' 51 A3 65 43
| AR IRTES U ¢ 37T 45 31 53 40
3. Novth America M 41 49% 49 65 42
) R ¢ 37 55 4 58 57

4. Europe M 65 76 54% 7L | AGH
- ¢ 57 34 66 67 61
5. Tropics .M 53 Tl® 83 7% 102
c 6 75 72 79 83
- 6. Horthern Hemisphere M 52 7L 67 67 . g2
¢ 47 42 435 57 48
7. Globe M 45 50 52 547 49
C 38 37 43 45 38
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smaller than those for olimatolowy. Over the United States, o

the S1 smmnlamlcn scores for the 850 mb temperature and
SQD mb height fleldu are, on the averaﬂe, sllghtlv smaller
$han those for climatolo gy (40 vs. 42 and 40 vs. 43, Tem
spectively), indicating some skill in the reproduction of
those patterns, possibiy due to persistence of initial
conditions dnring'this anomalous winter. However, there
is no evidence of this skill over the Northern Hemisphere, -
for wivich the average 51 simulation score for 500 mb
heights is an unsatisfactory 64 compared with an averapge
of 47 for climabelogy.

| In general, it must be concluded that, despite the
modells realistic simnlation of the large—seéle meridional
structure of the atmosphere, the monthly mean simnlations
do not adequately reproduce the observed synoptic fields.
They are, in fact, inferdior to climatolog&,‘indicating
that, at this stage, the coarse-mesh model is not yet
capable of duplicalting realistically significant depar-
tures from climatoleogy of monthly mean synoptic patterns.
This conclusion may be tempered by the fact that clims-
tological S8Ts rather than observed sea temperatures were
used for the caleculations of the vertical fluxes of heat”
and water vapor over the ocean surface in the simulations

.above,



, Imﬁactgef$SEa~éurfacegTem@efa%ure (ssmT) Anomalies

Real aata é%ﬁééirﬁeﬁé 'wi'th' the 'z;iss model (spa:c- and
 A$las, 1975, Spar et al., 1976 Spar and Butz, 1978) have
'thus far falle& to reveal any \on31stent beneflcldl ime
‘:rpact of observed SST anomalles on model atmospheric simu-

.zlatlons, Nevertheless, the view is widely held (see,
_e,g., Harnack and Tandsberg, 1978) that air-sea inter-
éctions ﬁlay a significant role in the generation of at-
- mospheric anomalies on monthly, seasonal, and even annual
time scales, and that persistent SST anomalies may force
the atmosphere into anomalous circulation and temperature
patterns. In a recent review of the North American ab-
normal winter of 1976-1977, Namias (1978) has again pre-
sented interesting synoptic evidence in support of th%s
concept. ‘

As a further test of the SST hypothesis, the five
simulation ruus with the climate model were repeated with
observed monthly mean SSTs replacing the climaitological
values. The observed means for each month were computed
from daily SSTs, which are derived from satellite radi-
cmeter measurenments and provided by NOAA5 on a latitude-
longitude grid smaller than 1° square (Brower et al.,

1976), TFor use in the model surface flux calculations,

National Oceanic and Atmospheric Administration.

o4




'44p0iﬁt-a?erag95'offﬁhese fine«mesh monthly mean SSTs were
determined for each coarse-mesh model gridpoint.

-~ The mean SST anomaly field for each month is dis-
played in digital form on the global maps in Pigure 4
{a-e), where negative (positive) numbers denote colder
(warmer) than normal water, in degrees Celsius. Blank
areas on the maps represent the continents. ZLongitudes
afe labelled at the top and bottom, negative for west and
positive for east, with the Western Hemisphere on the
- Left. Iatitudes are indicated in the second column from
the right, positive for north and negative for south.

The first column on the right lists the zonal mean anomaly
for each grid latitude. (Also shown on the maps are the
index numbers of the 24 x 36 gridpoint érray,)

The coarse-mesh climatological SS5T fields used for
the caleculation of the anomalies in Fijure 4 (and also in
_the basic simwlation experiment) were computed by averag-
ing the 1Y grid data from Alexander and Mobley (1974) over
the 8 % 10 degree box surrounding each gridpoint, and are,
therefore, somevhat smoother than the observed SST fields.
Also, the observed SST tapes were incomplete, with as few
as 14 days of data available for the poorest month (Feb-
ruary 1977). fThese factors may have contributed some
irregularity to the S8T anomaly patterns, although there

is no reason %o Believe that the data presented in Figure
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4 are incorrect. Nevertheless, the SST anomaly fields
a&e relatively smooth, with certain persistent and co-
herent large-scale patterns discernible in most months.
Thus, cold water (negative anomalies greater than 2° @)
is found almost every month in the tropical Pacific, in
high latitudes of the Noxrth Pacific, and in the Gulf of
Guinea, while warm water (positive anomalies greater
" $han 2° ©) appears mainly in the western North Atlantic
and in the Sea of Japan. Over most of the earth during
this five-month period, the SST ancmalies were not
greater than 2° ¢,

The impact of SST anomalies on the ﬁodelmgenerated
monthly mean fields may be evaluafed by comparing the
two parallel simulations, based on climatological and ob-
served S5%s respectively, for each month. The gquantita-
tive results of this comparison are shown in Tables 4 and
5 for the Northern Hemisphere only. In Table 4 the rms
errors and S1 skill scores are compared for the two simu-
lations, A, computed with the ouserved (anomalous) SST
field, and M (taken ffom Tables 2 and 3), computed with
the climatological SSTs. It is apparent from Table 4 that
the use of observed monthly mean SSTs did not result in
any improvement in the simulations over the Northern
_Hemisphere, and in many cases produced even poorer agree-

ment with nature. Similar results {(not shown) were found
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Table 4,

Root~mean-sguare (rms) errors and S1 skill

scores of monthly mean simulations computed

with observed sea-surface temperatures (A) com~

pared with errors (from Tables 2 and 3) of

simalations computed with climatological SSTs

(). October 1976 through February 1977.

Northern Hemisphere.

Oct. §23§ Tec, Jan%gvTFeb,
rmfs‘ erronrs
Sea-level pressure (mh) A 5.5 Tad 6.6 Ted 8.2
H 5.5 7.2 6.1 T.2 7.8
850 mb temperature (°C) A 5.2 5.3 5.3 6.0 5.6
M 5.1 5.2 5.5 5.9 5.4
500 b height (m) A 105 112 11z 135 116
N 104 114 112 131 119
81 skill scores
Sea~level pressure A 98 104 92 92 93
M 95 102 90 89 87
850 mb temperature A 72 59 50 75 68
| M 66 65 67 67 62
500 mb height A 53 71 70 76 61
N 52 71 67 67 62

27



e Table 5. Réot—méan—sQuare (rms) differences and S1 com-
parison scores betweer monthly mean simulations
computed with observed (&) versus climatological
(M)Hseawsurface temperatures. October 1976

through February 1977. Northern Hemisphere only.

. 1976 1977
Oct., Nov. Dec. Jan. Feb.

rmg difference

Sea-level pressure {mb) 1.6 1.7 2.4 2.0 2,1
850 mb temperature (°C) 1.6 1.5 2.1 1.8 1.7
- 500 mb height (m) 12 17 24 24 21

S1 comparison score

‘Sea—ievel pressure 35 38 38 41 35
850 mb temperature 28 28 33 51 25
500 mb height 15 18 22, 22 20
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over all regiohs analyzed.
‘ The magnitude of the impact of the SST anomalies on
the model atmosphere over the Northern Hemisphere is ine~
dicated by the rms differences and S1 comparison scores
betwean the A and M simulations, shown in Table 5 fom
each month, Compared with the simulation errors in
T&ble_4, the impact scores in Table 5 are virtually neg-
" ligible. The small S1 comparison scores for the %00 mb
height field suggest that the impact of the 337 anoma=-
lies on the model simulations is indeed trivial at that
level., However, the influence of anomalous ocean tem=
peratures does appear to be greater at lﬁwer levels of
the model, and all +the impact scores in Table 5 are above
the "ﬁoise level of the model, which is discussed below.
Over certain smaller regions, the effect of SST anomalies
on the sea~level pressure pattern is, in Tact, guite
large. TFor example, in January 1977 the S1 comparison
score over the United States between simulations A and M
is 75 for sea-level pressure, indicating a considerable
alteration of that field. On the other hand, the impact
S1 score for sea-level pressure over the United States
in February 1977 is only 48; and in neither month was
the simulation of the sea-level pressure field improved
over the United States by the use of observed S58Ts.

In general, it appears that, although the use of
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" Observed SSTs in place of climatological values had no

Vheﬁéfiéiél‘eff§c£ on_thé_simniaﬁions, thg'msdel is not
iﬁsensitive $a SST én&malies. Thé modelts reéponsé-is
negligible at upper levels, but not at sea level, where

: appréciablé.alterations (not necessarily realistic) of
the pressure paﬁtern may be generated both locally and

' rémoﬁelﬁ‘byiSST anomalies. The character of the local
response is a negative correlation between SST ancmaly
and sea-level pressure change at the same poiht; l.e.,
cold (warm) enomalies generate higher (lower) sea~level
pressures. This relation is neither universal nor
linear, but it is found with few excepitions. Tor ex-~
ample, in a sample of .15 warm anomaly and 21 cold anomaly
gridpoints with absolute magnitudes greater than 2% C in
Januvary 1977, only four of the 36 points did not exhibit
this behavior. The mean values of the SST anomaly and
the co~located sea-level pressure difference between
simulations A and M for the sample were + 5.0° C and
- 2.5 mb for the warm anomaly points and - 5.2° C and
+ 2,2 mb for the cold points., A synoptic effect of the
S5% anomaly field found in all months studied is a
general lowering of pressures in the North Atlantic and
an elevation of pressures in the eastern North Pacific,
but with no improvement in the guelity of the simulations.

The direct, local, thermal effect of the SST ancmalies




' ﬁéy be seen in the 850 mb teMperature differences over
the oceans between the A and:M simulations. For the
aaﬁple above of 15 warm and al‘oold anonaly gridpoints
in Janary 1977, all but five poinds exhibit = positive
: Qprrélation between the SST anomalies and the 850 mb

- teﬁperarure differences, with mean values + 2,5° ¢ and
- 1,1°% ¢ at the 850 mb level conrresponding to nean SS%
.énomalies of + 5.0° 0 and - 5,2° €, respectively. The
large positive SST anomalies, which generate strong uwp-
waxrd heat fluxes from the sea surface, are generally
associated with large positive temperature differences
between A and M at the S50 mb level, wheveas the stabi-
- liging large negative SST anomalies do not produce cor-
respondingly large cooling effects on the model atmos-
pheie. The local decrease (increase) of sea-level prek-
surs over warm (cold) SST anomalies is a ﬁydrostatic
consequence of the local thermal elfect.

The total reaction of the model aimosphere to SST
anomalies is, of course, & complex non-linear combination
of local and remote effects, with the latter often domi-
nating, (A more detailed synoptic analysis of the re-
sponse of the model atmosphere to anomalous ocean tempera~

tures will be presented in a separate publication.)



 Response ‘b0 Changes. in'Ir.i,tiéiiz'aﬁionG', -

MOdel 51mulat10ns of the atmosphere start w1th ar—

_: bitrarlly selected 1n¢t1al condltlons‘ Ebr example, lt |
.ils convenlent to 1n1t1allze a monthly 51mulatlon.run with
~data for. the flrst aay oi a calendar month Such 1n1t1a1
data may be viewed as a random sample taken from the
- fluctuating state of a system whose charaoterlstlc tlme

scale ls_of,therorderrof days. How sens;t1Ve is a long—

term mean simulation to this arbitrary choice of initial-
ization? How different would mbnthly mean simulationé be
if started wifh data one or two days earlier, or later?

- Large differences, indicating an excessive sensitivity to

the initial state, could cast sericus doubt on the credi-

bility of the model outpﬁt. An experiment was, therefore,
carried out with the c;;make model to determine itsvsénsi—
tivity to systematic changes in large-scale initial con-

'ditions, such as might result from shifts of one or two

days in initialization time,

In this experiment, the simuwlation runs for October

1976 and January 1977 were repeated with the initializa-

tion time shifted to 00 GMT om days 2 and 3, respectively.

The mean simulation from each run was then compared with

the mean for the corresponding period to the end of the

GAdapted from a master's thesis submitted to The City
Colleze by Robert Klugman.. .
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| mcn‘th ‘\(‘iﬁ@h‘bh\—minus;d}m day and monti-ninus=two .\c‘iays, T
"sp_egﬁi\;al}r} gtf-;if;ém*t_:a& by the basic simulation wun (the
Woonteolt) from day 1 data. The poincipal results of
- this _e_ma;mimgnﬁ_ara presented in Table 6, in which axe
- shown the xms differences (D1 and N2) betwesen each
shifted initialiszation® run and the “contwoll, as well
as the ms ervors (BL and B2) of each vun, and in Table
Ts showing the corvesponding §1 comparisen and skill
scoves for the same simqglations, for the Northern Hemi-
sphede only. |

Gomparing Bl and B2 in Tables 6 and 7 with each
other and with M (the “control®) in Tables 2 and 3, it
gan be seen, Lirst of all, that shifting initialiszation
‘t:imé had no significant effect on either the rms errors
or S1 skill scores of %he monthly mean simulations, Al-
Though the verification periods of the three simulations
- Qiffer by one or two days, their rms exrvors and S1 skill
scores over the Worthern Hemispliere are almeost the same
for corvesponding months and variables. (Complete re-
sults, not shown, indicate that the same is trwe fox all
the regions listed in Tables & and 3.)

Qf course, the similaxity of error scores does nob
necessarily wean that shifting initialisation tiwme had no
effect on the simulated synoptic fields. The rms dilfer-

snces and S1 comparison scores (DL and D2} in Tables 6

Wil



Mable 6.

Roo‘b—me‘an—squeme‘(rms) differences between

‘wonthly mean simulations initialized on day 2

Nl (difference)
Bl {exror)

D2 (difference)
E2 {error)

versus day 1 (D1) and day 3 versus day 1 (D2)
compared with corresponding rms errors for

day 2 (EL) and day 5 (B2) initializations fox
October 1976 and Janwary 1977 over the Noxthern

I{eﬁzisphez:e. (tee text for details.)

Sea~level 850 mb 500 mb
Pressure {(mb) Temperature (7C) Height (m)

Oct.'76 Jam.!77 Qct.'76 Jen.'77 Qct.'76 Jan.,'77

1.4 2.2 1.3 1.6 19 i
5.1 T.1 4.9 5.8 94 134
1.9 5.1 1.8 2.2 25 33
5.1 T2 4.8 5.5 95 131



Table 7. 51 comparison scores for monthly mean simu-
lations initislized on day 2 ﬁexsus day 1 (01)
and day 5 versus day‘l (p2), companed with cor-
responding 81 skill scores for day 2 (Bl) and
day 3 (B2) initializations for Qctober 1976
and Janwvary 1977 over the Northern Hemispheore,

(See text for details.)

Sea~level 850 mb 500 mb
Presgure Temperatune Helght
Qet.'76 Jan.'77 Oct.'76 Jan.'77 Qct.'76 Jan.'77
DL (comparison) 32 40 25 27 19 19
m (skill) 92 87 62 65 50 &7
D2 (comparison) 43 51 55 53 25 27
B2 (skill) 91 86 59 64.. 50 ‘ 69

il
LS4



and 7 indicate quantitatively the magnitude of this effec%¢
It is apparent that the differences due to shifting ini-
tialization time ave smaller than the simulation errors,
However, the magnitude of the effect is not entirely neg-
ligible. PFurthermore, it is greater for a two-day (D2)
than for a one-day (D1) shift. The effect at the 500 mb
level is almost trivial, especially in terms of the S1
.comparison scores; but the same is not true of the other
two fields. The initialization shift effect is also
smaller than the simulation error of climatology (C in
Tables 2 and %), However, the rms diffeyence beltween
850 mb temperature simulations with a two-day shift in
initialization (D2 in Table 6) is only slightly smaller
than the corresponding simulation errox of climatology
(C in Table 2). .
In general, shifts of up to two days in initializa~
tion time produce small, but not trivial, changes In the
monthly mean synoptic fields generated by the climate
model. The magnitude of this effect represented by the
valves of DL and D2 in Tables 6 and 7 indicates the in-
herent minimal error of the monthly mean simulations as-
socilated with the arbitrary choice of initialigation time.
The use of instantaneouns initial conditions for the
generation of long-term mean simulations raises other

guestions regarding the role of small-scale and



short-lived components in the inidial analysis. Do such
transient features.gf the initial state‘adversely alfect
the mean simulations, and would the use of a time filter
applied to the initial data ilmprove the resulit?

An experiment was carried out with the October 1976
and January 1977 data in which the five l2-hourly ob-
served fields for the first 2% days of each month were
first averaged arithmetidally. The model was then ini-
~tialized at 00 GMT on day 2 with these time-averaged
data and run to the end of the calendar month. The re-
sulting monthly {(minus one day) mean simulations were
‘then compared with the observed means for the same periods,
with the resulits shown as M in Table 8. 4Also shown for
comparison in the table are the corresponding errox
statistics, M, for the basic simulation run, from Tables
2 and 5. Although the resulits are shown only for the
Northern Hemisphere in Table 8, they are essentially the
same for all the regions listed in Tables 2 and 3.

It is obvious from Table 8 that the use of time-
averaged initisl conditions did not result in any con-
sistbtent improvemenk in the monthly mean simulations. The
rms ervors and 81 skill scores for N are essentizlly the
same as for M, and in some cases slightly worse. (Al-
thovgh they are not shown, the synoptic maps as well as

the rms differences and 81 comparison scores for §i vs, M



Mable 8. Root-mean-square (rms) errors and St skill
scores of monthly mean simulations initialised
with timékaveragad initial data, M, compared
with those from day 1 initial conditions, M,
(from Tables 2 and 3) for October 1976 and
January 1977 over the Noxrthern Hemisphere.

(See text for details.)

Oct.!76 Jan.'77 Oct.'76 Jen.'77 Oct.'76 Jon. '77

Sea~level 850 mb
Presgure Temperature A0 b leight
TS erron mb °q n
H 4.9 T3 4.9 6.0 102 156
M 5e3 7.2 5.1 5.9 104 L31
51 score
N 91 89 62 65 53 68
M 9% 89 06 67 He 67



also indicate no significant differences.betweén the two
gimilations.) Thus, no benefit was gained from the use
of time-averaged initial data.

The pooxr quality of monthly mean model simulations
is a conseguence of the rapld decay of predictability.
An experiment was carried out to determine if this decay
could be retarded by averaging the oubtput of the first
five days of the basic computation, then re-initializing
the model at the m;ddle of the five-day perioa with these
time~averaged output data for the remainder of the calcu-
lation. Monthly simulations foxr October 1976 and January
1977 were computed by this method, -with the first three
days of the mean taken from the basic simulation run and
the remainder from the re-~initialized output. The veri-
fications of these simulations, together with those of.
the basic experiment (from Tables 2 and 3), are shown in
Table 9 for the Northern Hemisphere. Also shown iﬂ the
table are the rms differences and S1 comparison scores
between the monthly mean simulations computed by the two
methods, where M¥ represents the result of the re-
initialization procedure, and M, as before, the basic

simulation.

It is apparent from Table 9 that the re-initialization

method produced no discernible change in the monthly mean

simulations. Not only are the rms errors and S1 skill

e e ——




Fable 9. Root-mean-sguare (rms) errors and S1 skill
scores of monthly mean simulations for October
1976 and January 1977 over the Northern Hemi-

sphere by the re-initialization method, ¥, -

shown are rms differences and S1 comparison

l
i
1
|
?
compared with ‘the basic simulation, M. Also
scores between M* and M. {See text for details.)

Oct.!'76 Jan.'77 Oct.!76 Jan.'77 Oct.'76 Jan.'77

Sea~level 850 mb
Pressure Temperature 500 mb Height
Tms mb °g m -
M* error 5.1 T4 5.1 6.0 107 135
¥ error 5.3 702 5.1 5.9 104 131
(% - M).difference 0.9 1.5 0.9 1.3 11 19
St | ‘
M¥ skill 93 90 65 66 52 65
M skill 95 89 66 67 52 67
(V% = M) comparison 22 26 16 18 10 14
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scores almost identical for the two ﬁethods, but the dif=
ferences between ﬁhe two smmulatlons, as indicated by the
s dlfferences and 51 comparlson scores are practically
negligible. (8imilar results, not shown, were found for
all seven regions.) Thus, neither time-averaging of ini-
tial condi” ‘ons nor re-initialization with time-~averages
of early model outpult appears to result in any improve-

ment in the quality of the monthly mean simulations.
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Noise Level Estimation7

Inherent uwncertainties exist in all model simulations
due to unavoidable random errors in the initial data.

The influeﬁce of such errors on long-term atmospheric
simulations has been evaluated in "noise level" experi-
ments {e.g., Chervin and Schneider, 1976 a, b; Spar et
al., 1978) in which models were run repeatedly with the
same synoptic-scale initial conditions, but with the ini-
tial analysis contaminated for each simulation by a dif-
ferent small-scale random perturbation field. The dis-
persion of the resulting simulations represents the noise
of the model, which should be weak if it is mot to mask
signals due to prescribed changes in the model,

A noise level calculation was carried out with the
coarse—-mesh climate model to determine the inherent un-
certainty of the monthly mean simunlations. In this ex-
periment, the initial analysis for 00 GMT 1 October 1976
was perturbed four times by means of a random number
generator which geographically distributes Gaugsian
error setls wjth specified global rms magnitudes. The
global rms errors added to the initial data in this ex-
periment were 3 ms_l for the zonal and meridional wind

components and 1° ¢ for the temperatures at all nine

7Adapted from a master's thesis submitited to The City
College by dJesus J., Notario.
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-

. S;gﬁa'1éfélé‘df'thé mddeig-ahd'ﬁzmb'for'fhe surface pres-
sures, Four predlctlon uns: Irom,the perturbed initial
"Btates were then exncu ted, resultlnm in a total set of

- five monthly‘mean slmulations,‘including the basic simu-
‘lation.ﬁhich‘serveé.as a control.

| | From a visual comparison of the five fields of sea-
_ level pressure, 850 mb temperature, and 500 mb belghb
'(not reproduced), there appear to be no discernible

| synoptic differences among the simulations. The rms er-
rors and S1 skill scores (not shown) of the four perturba-
tion simulations differ only slightly from those of the
control shown in Tables 2 and 3. The similariﬁy of the
flve fields is indicated quantitaltively by the small rms
difierenees and S1 comparison scores between pairs of
simulations over the Northern Hemisphere in Table 10,
where the resulis of the first perturbatién, Pl, are com-
pared with each of the other four runs. Here it can be
gseen that the averages of the rms differences over the
hemisphere are approximately 1 mb, 1° G, and 10 m, re-
spectively, for sea-level pressure, 850 mb temperature,
and 500 mb height, These values are less than half as
large as those found by Spar et al., (1978) in the cor-
responding experiment with the 4 x 5 degree GISS model,
probably reflecting the influence of the coarser resolu-

tion., The averazes of the S1 comparison sceores in



Table 10, Root-mean-square (mms) differences and S1
- companison scores over the Northern Hemisphere
between monthly mean simnlations for Qctober
1976. M denotes conbrol simulation. Fl, P2,
3, and P4 represent aimulafions from foux
different random perturbations of the control

initial conditions.

PL~N PL~P2 Pl P57 Pl e~ P4

Sea~level rms difference {mb) 0.8 1.0 1.1 1.3
Pressure S1 comparison 23 26 27 29
850 mb  xms diffevence (%C) 0.9 0.9 0.9 1.0

Temperature S1 comparison 16 18 17 19
500 mb ruos difference (m) 9.1 8.Q 9.4 1.8
Height S1 comparison 10 10 11 14

44



Table 10 are approximately 26, 18, and li for the thiee
fielas, again indicating virtually no differences amnong

- the hemispheric patterns due to the initial perturbations.
It is appavent from Table 10 that, in geners™ the in=-
fluence of random initial state errors on the monthly
mean simulations is negligible compared with the simula-
tion errors. Similar results were found for all regions
analygzed.

The geographipal distribution of model néise level
may be represented on global maps of standard deviation
of the simulated variables (Chervin and Schneider, 1976 b).
These were computed at each gridpoint in the present ex-
periment from the Ffive simulations (with four degfees of
freedom) for sea-level pressure, 850 mb temperature, and
500 mb height, and are shown in Figures 5, 6 and 7, re—
spectively, in digital form. Longitudes are labelled at
top and bottom, negative for west and positive for.east,
with the Western Hemisphere on the left. Tatitudes are
shown in the second column from the right, positive for
north and negaﬁiVe for south., Zonal mean values of the
standard deviations are tabulated in the first column on
the right, and the units on the maps are 10™t mb, 107t
degrees 0, and m. (Also shown on the maps are the 24 x 36
gridpoint numbers.)

From the zonal mean standard deviations tabulated
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Figure 6.

October 1976.

. Units: 107
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7. Standard deviations of five simulations of the

for October 1976.

Units: meters.
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in Figures 5, 6 and 7, it is apparent that, in general,
tﬁe noise level is negligibly small near the Equator
(vith zonal mean standard deviations of 0.2 mb, 0.4° G,
and 1 m) and greatest in high latitudes. The largest
point standard deviations of sea~level pressure are found
in the Antaretiec (3.6 mb) and near Iceland (5.0 mb), with
maximum zonal means of 1.8 mb near the South Pole and
'1.2 mb at 74° N, Tor the 850 mb temperature simulations,
the largest point standard deviations are found again in
the Antarctic (6,2° ) and also over Greenland (5.5° ©),
with maximum zonal means of 2,0° C at 82° § and 1.0° C at
74° N, At the 500 mb level, maximwn point standard de-
viations appear in the Antarctic {20 m), South Atlantic
(19 m), North Atlantic (21 m), and over eastern Siberia
(24 m), with maximum zonal means of about 10 m north of
51° N and south of 42° s.

The increase in noise level from low values in the
tropics to higher values in high latitudes is consistent
with the results of Chervin and Schneider (1976 b) with
the NCAB model and Spar et al. (1978) with the GISS model.
However, there is considerable zonal variation of the
standard deviations as well in Fipures 5, 6 and 7, even
in the sub~tropics, where larger values generally appear
over the continents (Australia, Africa, South America)

than over the oceans. This is particularly true of the
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850 mb temperatures, indicating the dpparantly greater
genaitivity of ﬁhe model temperature caleuwlations to
initial conditions bver land than over water. The noise
level also appears greater over the Antarctic and Green-
land ice, possibly reflecting modeling defecls assoclated
with topography as well as the physics of the ice surface.
In general, it may be concluded that, while the in-
fluence of random initial state errors on the monthly
mean simulations appears to be insignificant when com-
" pared with the large-scale simulation errors, the geo-
graphical distribution of noise level, particularly its
variation with latitude, should be considered, as suggested
by Chervin and Schneider (1976 b), in the evaluation of
any climate change experiments with the model. However,
the relatively trivial influence of random initial state
errors compared with the simulation errors indicates both
- stable behavior of the model and the need for furtier

model improvement,

47



00nelusion§

Monthly mean simulations computed from initial data
at the beginning of each of the five months, Ootober 1976
through February 1977, with & coarse-rvesolution climate
model. developed by Hansen and his colleagues at GISS have
revealed certain limitations of the model as a long-range
prediction system, despite its realistic simulation of
large-scale meridional structure. However, as the model
ig still in the process of development and modification,
any conclusions regarding its performance should be con-
sidered only tentative.

The model simulations exhihit.a cold bias in the 850
mb temperatures at all latitudes, wilth a corresponding
negative bias in the pgeopotential heigrts of the 500 mb
surface,; relative to climatology as well as to the ob-‘
served monihily mean state. IFor most ol the regions. and
months analysed, the rms errors and 81 skill scores of
the monthly simulations of sea~level pressure, 850 mbd
temperature, and 500 mb height are larger than the cor-
responding values for climatology, indicating that, at
this stage, the model does not realistically simulate
anomalous monithly mean synoptic patterns from given ini-
tial conditions.

When observed monthly ~verage sca-surface tempera-

tures (SSTs) are substitutea for the climatological
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88Ts used in the first simulations, the fesults are not
improved. At upper levels, represented by the 500 mb
surface, the impact of S8T anomalies on the model simu-
lations is found to be negligible. Dower levels of the
medel atmosphere, on the other hand; are more sensitive
to alterations in ocean temperatures., Thus, for exanple,
higher (lower) sea-level pressures are generated locally
‘by the model over cold (warm) SST anomalies, and more
compiex remote effects on the sea-level pressure field
are found also. However, the impact of the SST data on
the monthly mean simulations of sea-level pressure, 850
mb temperature, and 500 mb height fields is, in general,
not benefiecial, and the results of the experiment lend
no support to the hypothesis that SST anomalies are re-
sponsible for atmospheric anomalies, Admittedly, this
result may be more indicative of model deficiencies than
of the behavior of the real atmosphere.

Small changes in the monthly mean synoptic patterns
generated by the model are found to result from shifts
2f one and two days in the initial data, indicating an
inherent minimal error level associated with the arbi-
trary choice of initialigation time. The monthly mean
simulations are not improved by the use of either time-
averaged initial data, smocthed over a 23-doy period, or

re~initialization, before completion of the monthly run,
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with time-averaged model output smoothed over the first
five forecast days.

The noise levéi of the coarse-mesh model, as deter-
mined from a multiple random perturbation experiment,
appears to be even lower than that of the 4 x 5 degree
GISS model. At this stage, the general effect of random
initial state errors on the monthly mean simulations is
negligible compared with the large-scale simulation er-
rors, indicating stable behavior of the model but also
a need for model improvement. Average rms differencec
between perturbed simulations over the Noxthern Hemisphere
are only about 1 mb, 1° C, and 1 m for sea~level pressure,
850 mb temperature, and %00 mb height, respectively.
However, the global distribution of the noise level,
represented by maps of the standard deviations of the
five simulations gererated in the perturbation experiment,
‘reveals marked spatial differences, with minimum values
in the tropics and maxima in high latitudes,; as well as
gonal variations which suggest greater sensitivity to

initial errors over land and ice than over open ocean.



Aclkmowledonents

This study was carried out at the Goddard Institute
for Space Studies (Robexrt Jastrow, Director) under Grant
NGR 33-016-086 from the Goddard Space Flight Center, NASA.
The auwthors gratefully acknowledge the support and as-
sistance of the GISS stalf, especially J. E. Hansen,
project director for the climate model, G. Russell,

A. A, Dacis, L. Travis, and R. Ruedy, without-whom this

work would not have been possibdle.



References

Alexander, R. C. and R. L. Mobley, 1974: Nonthly average
sea~surface temperatures and ice-~pack limits on a 1
global grid. Report R~1%10-ARPA, The Rand Corporation,
Santa Monica, Calif. 30 pp.

Angell, J, K, and J., Korshover, 1973: Global temperature
variation, surface -~ 100 mb: an update into 1977.
Mon. Wea. Rev., 106, 755~770. A

Arakawa, A., 1972: Design of the UCLA atmospheric
general circulation model., Tech. Report No. 7, Dept.
Meteor., University of Califormia, Los Angeles. 122 pp.-

Brower, R. L., H. 8, Gohrband, W. G. Pichel, T, L., Signore,
and C. C., Walton, 1976: Satellite derived sea-surface
temperatures from NOAA spacecraft. NOAA Technical Memo-
randum NESS 78, Vashington, D.C. June 1976. 974 pp.

Chervin, R. M., and S, H. Schneider, 1976 a: A study of
the response of NCAR GCM climatological statistics to
random perturbations: estimating noise levels,

J. Atmos. Sei., 33, 391-404.

, 1976 b: On deter-
mining the statistical significance of climate experi-
ments with general circulation models. J, Atmos. Sci.,
3%, 405-412, .

Crutcher, H, L. and J, M. Meserve, 1970: Selected level
heights, temperatures, and dewpoints for the Northern
Hemisphere. NAVAIR 50-1C-52, reviged. Chief of lNaval
Operations, Washington, D.C.

Dickson, R. R., 1977 a: Weather and circulation of
November 1976. Mon. Wea. Rev., 105, 239~244,

_y 1977 b: VWeather and circulation of
Pebruary 1977. Mon, Wea. Rev,, 105, 684-689.

Hansen, J. E., 1978: Preliminary test of a coarse-~
resolution climate model, Goddard Institute for Space
Studies, New York, N.Y. (Unpublished)

Harnack, R. P. and H. E. Landsberg, 1978: Winter season
temperature outloolks by objective methcds. J. Geophys.
Res,, 83, 3601=3616.

-



~Jemne, R DI, H. L. Crutcher, H, van Locon, and J. dJ.
Paljaard, 1974: A selected climatology of the Southern
Hemisphere: computer methods and data availability.
NCAR Technical Note, NCAR-TN/STR~92, Natlonal Center
for Atmospheric Research, Boulder, Colo. 91 pp.

Tacis, A, A. and J. B, Hansen, 1974: . A parameterization
for the absorption of solar radiation in the earthls
atmosphere., J. Atmos. Sei., 51, 118-133.

Namias, J., 1978: DMultiple causes of the North American
abnormal winter 1976-77. Mon. Wea. Rev., 106, 279-295.

Shuman, F. G. and J. B, Hovermale, 1968: An operational
six-layer primitive equation model, J. Appl. Meteor,,
Ts 525-547.

_ Somerville, R. C. J., P. H., Stone, M. Halem, J. I, Hansen,
J. S. Hogan, L. M. Druyan, G. Russell, A. A. lacis,

W. J. Quirk and J. Tenenbaum, 1974: The GISS model of
the global atmosphere. J. Atmos. Sei., 31, 84-ll7.

Spar, J. and R, Atlas, 1975: Atmospheric response to
variations in sea surface temperature. J. Appl. Meteor.,
14, 1235-1245.

Spar, J., R. Atlas, and E. Kuo, 1976: DMonthly mean fore-
cast experiments with the GISS model. DMon, Wea. Rev.,

Spar, J., 1977 a: Monthly mean forecast experiments
with the GISS model: Correction. Uon. Wea. Rev,,
105, 535-539.

Spar, J., 1977 b: A summary of monthly mean simulation
experiments with the GISS model (GSFC). Third NASA
Weather and Climate Program Science Review, November
29-30, 1977, NASA Goddard Space Flight Center, Green-
belt, Md. NASA Conference Publication 2029, pp. 325~
%27. Paper No, H8.

Spar, J.y J. J. Notario and W, J. Quirk, 1978: An
initial state perturbation experiment with the GISS
model, Mon. Wea. Rev., 106, 89-100.

Spar, J. and R. Intz, 1978: Simulations of the monthly
mean atmosphere for February 1976 with the GISS model.
(Submitted to Mon. Wea. Rev.)




Stone, P. H., S. Chow, H., M, Helfand, W. J. Quirk and
R, C. J. Somerville, 1975: Seasonal changes in the
atmospheric heat balance simulated by the GISS general

circulation model. Proc. WMOEIAMAP SI%§.'Lcn ~Texrn
Climatic Fluctiations, WMU Publ. No. 421, 383-389,

Taubenseé,_ﬁ- B., 1976: Weather and circulation of
September 1976. Mon. Wea. Rev., 104, 1631-1637.

' , 19772 Weather and circulation of
T December 1976, Mon. Wea. Rev., 105, 368-373,

Teweles, S. and H. B. Wobus, 1954: Verification of prog-
nostic charts. Bull. Am. Vet. Soc., 35, 455-463.

Wagner, A. J., 1977 a: Weather and circulation of
October 1976. Mon. Wea. Rev., 105, 121-127.

s 1977 b: Weather and circulation of
Javuary 1977. Mon. Wea. Rev., 105, 553-560.

g e e e e e e g e e

R




2
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Figures

Monthly mean sea-level pressures over the northwesd
guadrant. Top: observed; bottom: simulated. TUnits:
mb -~ 1000, 4 mb isobars, {(a) October 1976 through
ie) February 1977.

Monthly mean 850 mb temperatures over the northwest
guadrant. Top: observed; bottom: simulated. Units:
degrees 0. 5° C isotherms. (a) October 1976 through

(e) February 1977.

Monthly mean 500 mb geopotential heights over the
northwest guadrant. Top: obsérved; bottom: simu-
lated. Units: deéameters - 500, 100 m contours.

(2) October 1976 through (e) February 1977.

Monthly mean sea-surface temperature anomalies
(observed - climatology) over the globe in degrées

C. {a) October 1976 through (e) February 1977.

Standard deviations of five simulations of the global
sea-level pressure field for October 1976.

Tnits: 10"1 mb.

Standard deviations of five simulations of the global
850 mb temperature field for October 1976,

Units: 10°* degrees C.



T. Standard deviations of five simulations of the global
500 mb geopotential height -field for October 1976.

. Units: m.
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