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ABSTRACT ..

Results are. presented from numerical simulations performed with the

Goddard Laboratory.for Atmospheric Sciences' GCM for winter:and summer:

The monthly mean simulated fields for each integration arve compared. with

observed geographical distributions and zonal averages..

In general, the simulated sea level pressure and upper level geopo-

tential height.fields agree well with the observations, with the follow-

ing exceptions: the winter sea level pressures are too high over the
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Arctic, the Siberian high is too weak, the upper level subtropical jet.
stream over Japan is not strong enough, and the mid-latitudé surface
westerly winds are too weak in the Southern Hemisphere. Well simulated
features are the winter Aleut1an and Icelandlc lows, the summer south-
western U.S. low, the summer ‘and winter oceanic subtropical hlghs in
both hemispheres, and the summer upper level Tibetan high and Atlantic
ridge. The surface and upper air wind fields in the low latitudes are
in good agreement with the observations, especially the location of the
intertropical convergence zome (ITCZ) at the earth's surface and the
anticyclonic centers of outflow in the upper air.

The geographical distributions of the earth- atmosphere radlatlon

balance and of the’ prec1p1tat10n rates over the oceans are compared.

with satellite observations. The patterns in both of these fields are

well simulated, but not all of the intensities of these features are
- correct (for example, the observed summer negative radiation balance .

over Aftica'appears only as a local minimum in the simulation). The

precipitation along the ITCZ is generally well simulated in the Pac1f1c.,

and Indian Oceans but is too weak in the eastern Pac1f1c in summer andﬁL:ﬁ

in the Atlantic in both seasons.

The global average of the szmulated absorbed solar radlatlon agrees ...
closely with satelllte observatlons " but the globally—averaged outgoing’ ..
long wave radiation is smaller than the observed by about 10% in winter

and 20% in summer. The simulated globally averaged planetary albedo o ©

agrees with observations fo within 10% in winter and summer-.

The zonally-averaged temperatures and zonal w1nds are Teasonably
well simulated at all levels of the troposphere in the tropics and
middle latitudes and in the lower tropospheric levels inr the high lati-
tudes. TIn the high latitudes, the zonal mean temperatures are too-cold
in the upper troposphere and stratosphere, in both seasons, and the

tropospheric jet stream is not sufficiently separated from the strato-

spheric polar night jet. The positions of the tropospheric west wind - "

maxima are correct, but their magnitudes are somewhat too large and in’

summer the Northern Hemisphere jet is too broad. The poleward trans- -

ports of momentum and sensible heat are reasonably well simulated in’
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the lower and middle troposphere, but there are some substantial dis-
agreements with the observed transports in the upper troposphere and
stratosphere _ N L

The hemlsphericéllymaveraged simulated zomal and eddy available po-
tential and kinetic energies agree to within 25% with the corresponding
observéd values. There is also agreement in the conversion terms, ex-
cept for the conver51on of zonal klnetlc to zonal available potential
energy where, in summer, the signs are in opp051te direction. In agree-
ment with observation, the seasonal changes in zomal energies are smal-

ler in the Southern Hemispheré than in the Northern Hemisphere.
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1. Introduction

P T
oo -

Today's General Circulation Models (GCMS)'simulate'feaédnably well

B temmy

most of the observed large scale features that characterize the season-
al climate over the globe. Still, gross deficiencies of some features
can be found in almost all fields with respect to their position or in-

tensity. Owing to thé many complex noh-linear physical processes that

could account for such defects, and alSo'pdssible coding errors, the
model at Goddard's Laboratory for Atmospheric Sciences (GLAS) is coﬂ;
tinually undergoing changes to improve its performance. The resuitsj.'
presented in this report weré obtained with a slightly modified version
of the model that was originally used for the April 1978 meeting of the
JOC Study Conference of Climate Models, with minor coding errors cor- 7
rected and some minor modifications to the physical parameterizations.

An important concern that emerged at the JOC Study Conference was
that there are some major defects which are common to all GCMs. The
fact that these defects occur in both finite grid and spectral models
with differing horizontal and vertical resolutions suggests that the
cause may lie in some common error in the physical parameterizations or
in the treatment of the boundary conditions.

A second area of concern identified at the conference was the ﬁeed
for more accurate global observations of such quantities as precipita-
tion, diabatic heating rates and regional energy and moisture budgets,
for the purpose of model diagnosis. 1In this report, we present some
recently acquired satellite derived distributions of radiation fluxes
and ocean precipitation rates which illustrate their usefulness for
evaluating the model's simulation of regional features.

Section 2 of this report gives a brief description of the current

GLAS GCM and section 3 describes the initialization and imposed bound- ;
ary conditions. The results of the integration and the comparisons %.

with observations are presented in section 4,1 for the global horizon-
tal fields and in section 4.2 for the zonal averages and the hemispher-

ic energetics.

2. Description of the Model

The GCM that we are using at the Modeling and Simulation Facility

-211-

of GLAS was originally developed at our brevibﬁé location at the God-
dard Institute for Space Studies {GISS) in New York. A description
of an early version of this nine-level primitive equation model, and
an evaluation of its performance in a winter season simulation, waé:
presented by Somerville et gf. (1974). A summer simulation with essen-
tially the same GCM, and an evaluation of its skill in simulating sea-
sonal differences, was reported by Stone et al. (1977). More recently,
that model's simulation of the circulation over several northern hemi-.
sphere semi-arid regions was analyzed by Charney et 'al. (1977) in
connection with his desert margin albedo feedback hypothesis.

Since the publication of those studies, modifications have Bbeen
made in the model's long wave radiation parameterizafion, in the treat-

ment of the surface boundary processes, and in some numerical aspects.

of the spatial and temporal differencing approximations. Moreover,

the integrations that are reported here were of considerably longer .
duration, which gave the model more time to respond to the prescribed
boundary conditions. Although the cumulative effect of these modifi-
cations on the model performance can be determinéd by comparison- with -
the earlier works reported, ﬁb'such'compafisbn is made in this paper..
The modifications for the current version of the GLAS model are

summarized below.

2.1. [Long wave radiation

A new parameterization for calculating the long wave radiation flux-
es was developed by Kaplan and Wu (Wu, 1978). ‘This radiation calcula-
tion differs from the earlier version by (i) a water vapor transmittance
that uses a statisticil band model with the strong line versioh:of'thé_
Curtis-Godson (Godson, 1955) approximation; (ii) inclusion of the water
vapor dimer effect in the 8-13uy window region; (iii) line-by-line pre-
calculation of C02 transmittance including fundamental bands, hot bahds,
and isotopes; (iv) tables of ozone transmittance calculated by Dr. N.
Scott (private communication); and (v) a special treatment of the nearby -
layer quadrature for increased accuracy in the numerical integration. In
order to calculate the incoming long wave flux at the top, zonally-aver-

aged climatological temperatures at 1 mb and 5 mb are prescribed. The
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dynamical response to the model to the two different formulations of
long wave radiation was compared by Wu et al. (1978).

2.2, Time step.fbr phyeﬁedl procesees

The long and short wave radiation transfers were calculated at -

5-hour intervals, in order to save computer time. This makes the radi-

ation operative at every hour of the day once in every 5 days. The -
calculations of the other physical processes (convection, evaporation,

etc.) were made at half-hour intervals.,

2.3. Hydrology
The prescribed soil moisturé was replaced by'a'pregnostic“seii.

moisture as in the UCLA model (1972), but with different formulations

for the runoff, snow melt, and potential evapotranspiration, as devel-

oped by Lin et al. (1978).

2.4. Seaisﬁrfhée'tempérdturé

Monthly mean observed ‘sea surface temperatures pro#ided by NCAR,

were adapted to the GLAS 4 X 5° spherlcal grld These temperatures

were updated dally by a linear 1nterpolat10n between the midpoints of ol

two consecutive months, thereby providing smoothly varying values.

2.5. BSurface ailbedo

Observed values of the albedo are prescribed for the land, ocean.
and desert regions'as described by Charney et al. (1977). In_ the sum- -
mer simulationm,, the snow albedo was calculated as a function of the

snow depth, f0110w1ng Holloway and Manabe (1971)

2.6, Grid resolutionp

To overcome numerical stability problems that result from the polar

convergence of the meridians and a long time-step, we introduced a
variable horizontal grid with coarser spacing at the poles. The idea

is similar in principle to that proposed by Kurihara (1965), but is
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applied at only a few interfaces separating latitudinal bands within
which the horizontal resolution is uniform., The resolution of each lati-
tudinal band is twice that of its poleward adjacent neighbor. The Ara- -
kawa finite differencing algorithm, whichapplies to a spherical grid’
with uniform resolution, was modified to treat the non-uniform spacing

at the-'edges separating the latitudinal subdivisions,  The difference
scheme: was developed: by Halem and’ Russell. (1973) and maintains the

quasi-conservation property of meéan-square vorticity, ‘as in the origi-

' nal Arakawa scheme. Although written to handle an arbitrary number of

bands, the geometry used in the present model has five latitudinalibaﬁds,
consisting of a central region extending from -66° t5' +66°, bounded by

one set of bands from 70° to 78%, and a Second set” from 82° to 86°.  The
latitudinal resolution is 4° in all-bands.-'The'ldngitudihal'resefutiohs

are 5°, 10°, and 20°, respectively.

2.7, T@me step fbr qued dyanamtcal processes and epacewaveragtng

By hav1ng a coarser grld in the pelar reg1ons 1t was p0551b1e to ___.
increase the tlme step from 6 to 10 m1nutes The. new ngd also made
p0551b1e a 51gn1f1cant reductlon in the amount of horlzontal averaglng
of the pressure grad1ents in the flnlte d1fferenc1ng scheme In con-
trast with the 1ncreas1ng number of averaglng operations that are ap~
plied at high latitudes w1th the old grld (as many as eleven complete
latitudinal passes at the pole} the present version never goes above
one pass near the poles. The time-alternating space-uncentered differ-
encing scheme (TASU) of Arakawa (1972) was removed, and a high order
two-gridpoint filter developed by Shapiro '(1970)" was applied to the po-
tential temperature and sea level® pressure. In the winter experlment :

this filter was also applled to the wind and moisture fields.

3. Spec1f1cat10n of the Initial and Boundary Conditions for the
Seasonal Integrations o : ; :

Integrations were carried out for a northern hemisphere winter and

~a northern hemisphere summer seasen. FEach was initialized from a real

global analysis provided by the National Meteorological Center (NMC).
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In all of the following, '"winter' and "summer' mean the northern hemi-
sphere winter and summer, unless the context clearly indicates other- =
wise, _ o - :

The initial conditions for the winter simulation were valid for -
00Z January 1, 1975,.and the initial conditions for the summer simula-
tion were valid for'OOZ May 15, 1974, The data for the analyses were:
collected during the.early'Data Systems Tests {DST) conducted by NASA ..
and made available to the Goddard Modeling and Simulation Facility by .-
the Development Division of NMC. o :

. In the winter simulation we used the Posey and Clapp (1964) regional
dietributions of surface albedo and snow and ice cover. .In the summer
simulation we used only three values of .surface albedo {(oceans [.07];:
vegetated land [.14], and deserts [.35]), in place of the Posey and .
Clapp data. _
| The winter integration was carried forward for 60 days and the sum-
mer integration for 108 days. The simulated atmospheric state variables
and diabatic processes were stored at 5-hour intervals in order to
sample the'evolving'fields at'every hour of the day (once every 5'daysj.

The simulated seasonal cllmates descrlbed in the follow1ng sectlons

are based on averages, sampled with the 5- hour frequency, over ‘the 1ast

30 days of each 1ntegrat1on, namely February and August

4. Comparlsons of Slmulated and Observed Flelds

The results of the winter and summer 51mu1at10ns are presented in
two parts. First, we oompare_the simulated monthly mean.fields with-
the observed ensemble means for many years. Second, we compare merid-.
ional cross—sectione_of the zonally—averaged_atmospheric state vari-
ables and of some eddy transport quantities, for the two individual
months, with the corresponding fields derived from several years of
observations. We also compare the simulated and observed energy budg- -

ets for the northern hemisphere atmosphere.
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4.1. Global fields
4,1.1. Sea level presaure-_-3

Figure 1 shows theiobeerVed and.aimnlated'eea'ievel'ﬁreseure fields
for February, and Fig. 2" shows the respectine fields for August. The
observed flelds are: from Crutcher and Davis (1969) and are based on 100
years of observations, ' R

February. The Aleutlan and Tcelandic lows ‘and’ the oceanic subtrop-
ical highs, in the Northern and Southern Hemispheres, are in good agree-
ment with the observatlons The p051t10n and depth of the Aleutian low
is partlcularly'good as is the two-cell structure of the Tcelandic low,
although these are features whlch in’ nature’ show apprec1ab1e variations
from year to'year. The major shortcomlngs in the sea_lerel pressure

simulation are the exce551ve1y high pressure over the Arctic basin, the

‘relatively weak and somewhat displaced Siberian high, and the failure

to get the belt of closely spaced isobars betWeen 405 and 60S.

August.. - The features whlch are in good agreement with observation

. are the hlghs over the subtroplcal oceans (whlch have hltherto been the

most dlfflcult feature to SImulate 1n northern hemlsphere summer), he
South Asia low and 1ts exten51on across North Afrlca, and the low over
the western U. S  The major shortcomlngs of the simulation are that the
Asian low is too deep and centered somewhat too far east, and that the

pressure is too high over Antarctica.

4.1.2. Geopotential heights

Figure 3. shows the observed and simulated geopotential'heights of
the 200 mb presenre'eurfaoe'for February. Figure 4 shows the respective
fields for Anguet;. The observed fields are taken from Crutcher and
Davis (1969).

February;: The features which are reasonably well simulated are the
ridge and trough located over the western and eastern coasts of North
America, the ridge over'the eastern Atlantic and the strong Southern
Hemisphere zonal flow. The: major defect is the failure to’ get the
tight packing of the height contours over Japan, which corresponds to

the subtropical jet stream in that region.
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Fig. 1.

Observed: sea level pressure {mb - 1000} for Fébruary;.
after Crutcher and Davis (1969) (above); simulated
sea level pressure distribution (mb - 1000) for '
February (below). : : e

Fig. 2. Observed sca level pressure (mb Z'1000) For August,
after Crutcher and Davis {1969) {above); simulated
sea level pressure (mb - 1000) for August (below).
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August. The fedtures which are reasonably well simulated are the
Tibetan highﬁaﬁd its westward extension over'NortheAfrica;’tﬁe'ridge
over Mexico, andlthe'strong southern hemiephere'zonal flow. The major
deficiency is" that the observed ridge over the Gulf of Alaska 13 dlS—

placed to the center of North America.

4.1.3. Sﬁrface Wiﬂds o

Figures 5 and 6 show the dlrectlon of the observed mean surface wind
for January and July, and the correspondlng 51mu1ated flelds for Febru-
ary and August The observed fields are from Mintz and Dean (1952)
These direct analyses ‘of the surface w1nd fleld as well as thelr upper
level counterparts, reveal- the structure of the" atmospherlc 01rcu1at10n
in the low latitudes much more clearly than can be 1nferred:from the sea
‘Jevel and upper pressure fields.

February. There is a good correspondence between the location of
the 1ntertrop1ca1 convergence zone in the. simulated and the observed
surface w1nd flelds : Partlcularly strlklng is the’ 51mllar way “in which-
the ITCZ varles 1ts p051t10n w1th longltude in each case its most
southerly p031t10n occurs over South Amerlca, Afrlca and Australia. The
main dlscrepancy in the ITCZ location’is that over the eastern part of
the Pacific'aod over”the'lndian‘Ocean where the simulated iTCZ lies
along the equator, the observed ITCZ is at about 7N latitude over the
castern Pac1f1c and between 5° and 20°S latitude over the Indian Ocean.
The flow of the surface air from the northeast and the southeast toward
the ITCZ (the ”trade w1nds”) is also well simulated. f :

The centers and the asymptotes of antlcyclonlc outflow in the: sub-
tropical 1at1tudes, ‘which are the origins of the trade winds, are in
good genera1~agreement with observatlon, especlally 1n the Southern
{ summer) Hemisphere; and the simulated and the observed outflow centers
disagree to the extent that the simulated and observed surface pressure
fields (Fig. 1) disagree. Thus, the simulation shows a separate high-
pressure center and a separate center of anticyclonic outflow in the
western north Pacific, which the long-period averaged observed pressure

and wind fields do not show. But such a double-cell structure is ob-

served in the north Pacific in some individual years.
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August. The change in the location of the ITCZ, from February to
August, is very much alike in the observed and simulated surface wind
fields. Particularly striking is the change over South America, central
and east Africa, the Indian Ocean, south Asia, and'the5western'Pacifio
Again it is the simulated summer hemisphere {now in the Northern Hem]—
sphere} in which the subtropical anticyclonic outflow is most clearly
defined. Over the north Indian Ocean the surface winds have correctly

changed from northeasterly to a southwesterly dlrectlon

4.1.4. 200 mb winds

Flgure 7 shows the direction of the observed and 51mulated mean U
200 mb winds - for February, and P1g 8 shows the correspondlng flelds__,
in August. " The observed flelds are from-Sadier (1975) _

February. The 51mu1at10n shows three centers of antloyclonlc outm ’
flow in the Southern’ Hemlsphere at about 158 latltude centered over .
South Amerlca Afrlca “and the north coast of Australla, all in agree—;r:
ment with the observatlons The observed field has a center of cyclonlc:
(clockwise) inflow at thls 1at1tude, Just off the east coast of South
America. But in the- 51mulat10n there is only a cyclonlc (clockw1se)
trough in this location. '_ '_: BRSNS - e

In the Northern Hemrsphere the 51mu1at10n ShOWS two centers of ant1—_
cyclonic flow at about ION latltude over the central’ Atlantlc and over o
Africa, which are not - 1n “the - observed field. i A h

Both the simulated and observed fields show a northward cross equa-.
torial flow over South America, Africa, and Indonesia. . Over the: Indlan.f,
Ocean, however, the simulation does not show the well organlzed north—
ward cross equatorial flow that is seen in the observed f1e1d :

In the higher latitudes the wave-shaped flow pattern that is seen
in Fig. 7 coincides with the pattern of the 200 mb helght fleld shown
in Flg 3. TR .-.:.. -

August. At this time, i1t is the Northern Hemisphere'whiohfshowse”'
the well defined centers of anticyclonic outflow,'both in the simulated
and observed fields. The centers over the southwestern U.S. and Tibet
are in good agreement with observation, but the simulated outflow cen-

ter over North Africa is not found in the observed wind field.
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The cross-equatorial flow from the Northern to the Southern Hemi-
sphere is not as well organized in the simulated as in the observed
field, and along the equator in the eastern Pacific the siﬁulatioh has
a short wave in a westerly flow which is not seen in the observed wind .-

field,

34
A4
51
81
51
68

Albeds
12
.21

4.1.5.  Radiation balance of the earth—atmosphere system S

Global satelllte observations of the geograph1cal dlstrlbutlon of
the radiation balance of the earth-atmosphere system are avallable for
selectedutlme intervals for a 10-year period. Such data can be-used:”

as diagriostic measures of the GCM's ability to simulate the progﬁostigf

- Optical
thickness

variables that affect the! radlatlon balance, namely, temperature cloud-

iness, water vapor distribution and surface reflectively.

Ci
Ci
As
As
St
Cb
Ac
Cu

Table 1 describes. the radlatlve propertles of the clouds il the GLAS_

Analogy

model. The short wave radiation parameterlzatlon recognlzed ‘eight types'

of model clouds to which it ass1gns the: optical propertles 1nd1cated in-

Table 1.' The long wave radlatlon parameterlzatlon treats all of the

clouds ‘as '"black". s : L _
Figures 9 and 10 show the net radiation balance derived from Nimbus-

2
3
4
5 or 6:

7 0or 8 or 9
" 4-7 or 5-8 or 6-9

5 or §
7 or. &

3 satellite observatlons for the 1ast 2 woeks in January. 1970 and the

La érsﬁ;)'{.

last 2 weeks in July’ 1969, and-the 51mu1ated radiation balances for
February and August.- (The solar decllnatlon angle changes by 8% in

the second half of January and 10° in February.)

Radiative properties of clouds in the GLAS model;

February. The features of the geographical d15tr1but1on of the net ;

monthly radiation balance that the model simulates reasonably well are;__

5]

the centers of maximum heating over the oceans in the low-latitudes of

the Southern Hemisphere and the relative minima over South America and

Table 1.

southern Africa. A major difference with observation, however, is the

Layers are — 110 mb thick and layer one corresponds to interval between 10 mﬁ

and 120 mb.

position of the line of zero heating, which in the simulation is about.

Pof long wave heatinglrates, all clouds are '"black."

Penetrating convection
Mid-level convection

Cloud ¢t
Supersaturation
Supersaturation

{13

" 5% to 10° too far north.

Low-level convection

-Supersaturation
‘Supersaturation -
-Supersaturation i

" August. The model simulates the northward shift of the lines of
zero heating and the latitude of maximum heating. Lspecially note-
worthy is the fact that the model produces a minimum of summertime

radiational heating over north Africa, so that the horizontal Laplacian

of heating (and hence its effect on the horizontal circulation} is the




Fig. 9.

Radiation balance (cal cm-zmin_l) of the earth-

Fig. 10. Radiation balance (cal cm—zmin_l) of the earth-

: . atmosphere: system as observed (above) during the’
period July 16 to 31, 1969 from Raschke e¢# aql..
(1973), and as simulated (below) for August. '

atmosphere system as observed (above) during the
period January 21 to February 3, 1970 from Raschke
et al. (1973), and as simulated (below) for February.




same as in the observed field (even though the sign of the heating at
the center of that region is not the same as observed). Also well
simulated by the model: is the minimm of the radlatlonal heatzng over
northwestern North America. The model ‘does not- reproduce the observed
heating minimum off the west coast-of North America. This may be due=
to the fact that ‘the model- does not 51mu1ate the planetary boundary .
layer stratus clouds. - s S : _

The separate components assoc1ated with the radlatlve budget cal- ;
culations for the summer are presented here because they show Tow __7 
satellite-observations can be used by models te'diagnose the possible
defects in the simulation of the radiation balance {e.g., the deficit
occurring over north'Africaj.- Figure 11. shows the observed and cal-
culated absorbed solar radiation of'themearth—atmosphere system. The
observed field is more or less uniform over north Africa, with values

of about .4 cal c:nff2 min_l. The simulated absorbed solar radiation is

within 15% of the observed values..f'

Figure 12 ShOWS the outg01ng Ieng wave rad1at1on for the observed
and simulated fields. We see that the mer1d10na1-grad1ent in the simu-
lated outg01ng long wave radiation is about half as Iarge as the ob-
served’ along a belt across Africa between latitudes 10° and 20°N. - Thus,
comparisons of the simulation with the observed radiative fields have:
suggested that the gradient structure of outgoing long wave.radiatiOne
is the*pfinCipal problem. This discrepancy was-reéognized.in a dif-
ferent form in the study of Charney et al. (1977), where it was pointed
out that the ITCZ and its accomﬁanying-reinfall occurred about 4° (one

grid peint interval) too far north in the model simulation.

4,1.6. Global radiation budget

Table 2 compares:the'obserVed_and'simuiatedqgldbalIY—aﬁeraged net
radiation balance and ite:separate'components, for February and August,
and also shows the respective mean monthly planetary albedos. The ob-
served fields are from Raschke 2t al. (1973}, We see that the simu-
lated albedo is about 10% higher than the observed. The incoming solar

radiation differences are small and are probably mainly the result of

Fig.

1127
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Solar radiation (cal cm 2min” ') absorbed in the earth-

simulated- (below) ‘for August.

‘atmosphere system-as observed (above) during the period
“July 16 to 31, 1969 from Raschke et aZ

-(1973), and as
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using a solar constant of 1,95 cal cm_2 mirf1 for the observations and
2.0 cal e min~! for the model simulation.

The simulated absorbed solar radiation shown in Table 2 is in close
agreement with observation, accounting for the good: agreement in the
planetary albedo. Tablé 2 shows that the{simulated oﬁfgoing'long wave
radiation is about 12% less in winter and 17% less in summer than ob-
served. As a result, the net radiation balance is higher in the simu-
lation by .037 cal cm_z m:‘m‘l in winter and .055 cal (:m_2 min~1 in
summer. Several reasons may be responsible for this. First;-cioﬂds
are assumed to be uniformly black to long wave radiation over the en-
tire grid area (400 x 400 km and 100 mb) regardless of the type of
clouds. Second, the model generates excessive high level cloud cover
in the equatoriél regions, contributing not only to a higher albedo
but also lowering the outgoing long wave radiation; the outgoing long
‘wave radiation responds more strongly to an overestimate of high level
clouds than does the short wave radiation. y

Although the net radiation balance is positive in both seaﬁons,
the global mean temperatures of the simulation are constant to'within
0.2%.  From Table 3 we éee that tﬂe net imbalance at the surfacé of
the earth-atmosphere system is comparable with the imbalance of radi-
ation at the top of the atmosphere as shown in Table 2. The storage
in the atmosphere and 6vér land is negligible in both §éasons-(nbt
shown in Table 3). . This'implies that the oceans with their prescribed
temperatures, and the meiting of permanent sea-ice, can act as é'sink
in the model to absorb the excess radiation balance calculated at the

top of the étmoSﬁhere.

4.1.7. Global precipitation

Observations of the géOgraphical distribution of rainfall over the
oceans were recently acquired from the microwave instrument ESMR on
the Nimbus-5 satellite. A rainfall atlas derived from these data has
been prepared by Rao et al. (1976) wifh 4° x 5°:iesolution. Figure 13

shows the observed and model-simulated fields of rainfall for February

and Fig. 14 shows the respective fields for August.

{min"l};:gl-f?f  7”'_ X

Heat balance at surface of the earth (cal em*

‘Table 3.

‘Net

;Net,fiax in6oﬁingj:;ﬁ_

Net flux upward '_Ne_t-_-_atﬁi_;ﬁs:ph_e':i'c:"_-

“long -wave .

“ surface
balance

W

condensation

solar-radiation

sensible heating b

heat flux

radiation; .. .

"at surface

it surface’
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Oceanic rainfall rate (:1 mm/hr} as ESMR-derived

(1976) for February 1975,

(above) from Rao et al.
and as simulated (below) for February.

Fig. 13.
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February. The general features of the monthly mean rainfall over
the oceans'are well simulated by the model. The srmulated fleld shows
the bands of prec1p1tat10n along the ITCZ in the Pac1f1c and the Indlan
Ocean, although somewhat too far south in the’ central PalelC The:
model, however 1s def1c1ent in 1ts simulation: of the Atlantlc ITCZ
rainfall:i Over the North Pacrflc North Atlantlc trop1ca1 Indlan
Ocean, and middle latltude southern hemlsphere oceans, the:srmulatlon
shows larger prec1p1tat10n rates than the observatlons.r__ _.;”_

August., . The general features of the 51mu1ated flelds ‘that agree
well with observatlons are the equator1a1 band of precrpltatlon across
" the Pac1f1c the prec1p1tat10n in the Bay of Bengal, and the 1ntense
prec1p1tatron over the trop1ca1 rand subtroplcal western North Pac1f1c
although the srmulated amounts are too 1arge : Agaln the model: falled
to produce any srgnlflcant precrpltatlon along the Atlantic ITCZ.. An-
other dlscrepancy is"that the’ model produced a band of precrpltatron
oriented NW-SE over the ocean east of Australla which does not show
in the observatlons.; The model. produced a band of rainfall over all

of the mlddle latltude southern hemlsphere oceans that was not ‘observed.

4.2, Cross sectrons of‘aonally averaged fields

4.2.1.

Temperatures and zonal w1nds
Superimposed'in FigsL 15”and”16‘areithe-ohserved ahd:simulated'
zonally—areragedttemperatures and'aonai wihds.d The observed fields...
are taken from Newell ét al. (1972) ' o _

February.; The' zonally averaged temperatures are in good agreement
with observatlons in the 1ower to mid-troposphere and low to mid-lati-
tudes. The simulated. temperatures in the upper troposphere in the
equatorlal_reglons also agree well with observation both rn magnltude
and in the"iﬁtensity of the ﬁeridiOnal'gradients which extend out
toward mid-latitudes. The apparent temperature differences in the
vicinity of the equator1a1 tropopause are largely due to the llnear
1nterpolat10n used in the contourlng routine for the purpose of obtain-
ing values at 100 mb from model values at 65 mb and 175 mb.

The principal deficiency is that the upper level polar temperatures

are too cold by 10° to 20°C, and that the observed upper level zones

70MB
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100M8
200M8
300M8
400MB
s00MB
600MB
700M8
mmMai

QOGMB_

100MB
200MB -

300MB
400MB

500MB.

G600MB : |-

700M8 |

800MB.

800MB

1000MB

NP BON -~

UFig. 15.

Zonally averaged temperature ( C) (broken 11nes} and
zonal wind (m sec-1) (solid lines) as observed (above)
for December, January and February from Newell et al.
(1972), and as simulated (below) for February.
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of warmest air at about 50° latitude are missing. This appears to be

7omB
100MB

a common defect in all the GCM simulations presented at this conference.

_— It is not yet known what the cause of this error is, but possibie ex-

planations have attributed this defect to insufficient poleward eddy™
. 300MB

heat transports art1f1c1a1 boundary condltlons at the top of the model
400MB atmosphere; unreallstlc cloudiness in the polar regions,. or unrealistic

500MB 51mulat10n of orographloally forced waves Further dlscu551on of this

600MB problem ‘is: offered in a separate section below

700MB The simulated zonal wind is generally in good agreement with the,

o observed wind wherever the temperature is well simulated, and not.
800MB

in agreement where the simulated temperature is not correct. Thus, the

800MB

low-latitude easterlies and mid-latitude westerlies in both hemispheres

1000M8B

are well 51mu1ated but the similation does not have a stratospherlo
polar nlght westerly Jet stream that is separated from the tropospheric

westerly jet stream, and produces westerly jets whose magnitudes are

- 70MB
100MB -+ +20

too large.

August - The zonally-averaged temperatures shown AincFig. 16 are ‘in

200MB . - good agreement 1n the lower and mlddle troposphere but ‘the upper level

300MB

temperatures in the hlgh latltudes ‘are agaln exce551ve1y cold (by 10°

400MB to 20°C). The westerly ‘zonal winds are reasonably well simulated in:

SO0OME the lower and mrddle troposphere but are much too-strong in the upper

troposphere: and stratosphere. The trop1ca1 easterlles are well simu=

* BOOME.

N lated in both extent and magnitude:
790MB :

BOOMB '/_- 4,2,2. Meridional transport of momentum By eddies:j

< .o +2o,\
: mmMB'*'/ﬂ 5\\ | // Fehruary. Figure 17 shows the observed northward transport of
. i / :
- ovoms La’y bt westerly momentum by standing and transient eddies, for December,

-NP BON 6ON ¢ 4DN

January and February (Newell et l., 1972}, and the simulated trans-

port for February. In the Northern Hemisphere, the maximum northward

'Fig;f16. Zonally-averaged temperature (°C) (broken. - transport in- the 51mulat10n is 1n the vicinity of the westerly west -
' “ lines) and zonal wind (m sec-1) (solid lines)
as observed for June, July and August from
Newell et al. (1972), and as simulated (below)

for August.

fw1nd max1mum_ in agreement w1th observat1on;~ The simulated maximum,

Thowever, does not decrease rapidly at the"higher levels as is ob-

Served. In the Southern Hemisphere the subtropical poleward transport

‘is weaker than the observed. In both hemispheres the high latitude
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equatorward transports are stronger than observed and extend too far

from the poles. The high level cross-equatorial westerly momentum

transport, from the w1nter to the -summer hemlsphere has the correct

pattern and sign but i somewhat too weak _ _ _
The observed northward eddy momentum transport for June,

18. The model -

August

July and August (Newell et aZ., 1972)

produced transport for' August is also

transports agree reasonably well with

_shown in Fig.

is shown in Fig.
18.' The simulated:

observations; as does the loca-"-

tion, sign and intensity of the upper level cross- equatorlal flow.' But

again, in both hemlspheres, thc model produces subpolar equatorward

westerly momentum transports that are. larger than observed and occur

too far from the poles.:

0
1000MB v ——
168 208 305 40S 50S 60S 70S 80S SP

nP 80N 70N 60N SON QON FION20N 10N 0

4.2.3. Meridional transport of sensible heat by eddies

The observed northward flux of sensible heat by standing and trans—
ient eddles for the. three w1nter months and the three summer months:
“The
correspond1ng 51mu1ated fluxes for February and August are also . shown .
19 and 20 B - '

are shown in Fzgs.:l9 and 20 respectlvely (Newell et aZ., 1972)

in Flgs

February The 51mu1ated eddy heat transport has the ‘same general

distribution as the observed except that the lower Ievel maxima are

closer to the_ground.' The upper level maxima are also somewhatfweaker*

and farther:frOm'the'poles than the observed3fso that the magnitude-of:

the upper level ‘heat flux convergence is somewhat smaller than the ob—*

served in both hem1spheres

August. Aga1n the general pattern of the 51mu1at10n is correct

NP 8ON _‘IoN 60N 50N 40N 30N 20N 10N 0 10S 205 305 40S 505 60S 70S 80S SP . . but with some important differences. In the summer, the simulation

_:appears to have somewhat stronger poleward heat transport than observed.

A consplcuous def1c1oncy 15 that between 50°'and 80° S tatitude where

Northward transport of westerly momentum by eddies
(m2 sec‘Z) as observed (above) for December, January
and February from Newell et al. (1972), and as simu- -
lated (below} for February.

Fig. 17. the observed upper level.

eddy heat transport is toward the pole, the

slmulated heat transport is away from the pole.

4.2,4. The problem of the cold upper tropospheric temperatures at high
o latitudes

- The failure of the GCMs, as reported at this JOC meeting, to simulate
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NP BON 70N 60N SON 40N 30N 20N 10N 0 10§ 208 505 408 605 §0S 705 B80S SP

Fig. 18. Northward transport of westerly momentum by eddies
" (m?2 sec™1) as observed (above) for June, July and
August from Newell et al. (1972), and as simulated:
(below) for August.
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Fig. 19. Northward transport of sensible heat by eddies

(deg m sec~l) as observed (above) for December,

. January and February from Newell et al. (1972},

and- as simulated (below). for. February.
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the polar climate raises serious questions on their applicability for
realistic climate sensitivity experiments. It is important that this

problem be recognized and additional.studies be carried out to examine

70MB
1100MB: the implications of this deficiency.in interpretating the reésults of
200m8 various sensitivity and predictability:studies. At this point it is
j:::: not even clear whether this deficiency .is caused by inadequate numeri-:
cal treatment of the thermal and dynamical responses of the ‘atmosphere,
S00MB the formulation of the-upper and lower boundary conditions; or in--
aooma adequacy of the parameterization of physical processes. The similar
7ooms behavior of widely varying models suggests a common cause and several
8ooms possible explanations are mentioned below.
900MmB Stone et al. (1977) have suggested that the cold arctic temperatures
1o00ME SP BON 70N 6ON SON 40N 30N 20N 10N 0 10§ 20S 30§ 40S 505 60S 70S B0S SP in winter are caused by an 1nadequate snnulatmn of the Aleut1an and Ice-
landic lows. ThlS def1c1ency is assocrated w1th the underestlmate of
the zonal mer1d10na1 heat transport prlmarlly in wave number three. They
assert thls underestlmate is malnly due to the def1c1ency in the pole—
iumma'ﬂ ward eddy flux of senslble heat as 1nd1cated in the prev1ous sectlonrfp,__
200MB Whlle they find thls to be a pr1n01pa1 factor in the w1nter the summer, .
éomus_ cold temperatures they attrlbute to def1c1enc1es 1n the radlatlon both_ :
qhﬁua solar and terrestrlal _ o o L
500MB Arakawa (personal communrcatlon) has suggested that ex1st1ng models__,
~ 6oomB may be deficient in the simulation of orographlcally forced waves and .
700MB their fluctuatlons not just becuase of excessive smoothlng of the sur-
800mMB face topography——a smoothlng that has partly been 1ntroduced to av01d )
sooms computat1onal noise, but rather thelr fallure to produce the correct dy—__
1000MB namical response to steep and hlgh mounta1ns. He claims that the dynam-

NP SON 70N GON 50N 40N 30N 20N 10N O 108 205 305 40S 50S 605 708 'SP
ical 1nf1uence on the upper level polar temperature does ‘not depend

solely on the magnltude of the poleward eddy heat transport but that

h d f . bl h t by edd s it depends on the dlfference between the poleward eddy heat transport
Nort war transport of sensible hea ie

{(deg m sec” ) as observed (above} for June, July
e Tuguzt(irgm §e¥61lAet ai- (1972), and as 'Cancel for 11near neutral waves but do not cancel for nomn- 11near fluc»
simulate elow) for August. :

:and the equatorward transport by the mean merldlonal c1rculatlon whlch::

:tuatlng waves. He belleves that by malntalnlng conservatlon of potentlal
strophy in the numerlcal advectlon scheme the 51mu1at10n of planetary

ves and lee cyclogenes1s would be greatly 1mproved
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, _ E Cycl
Lindzen et-al. (1968) have suggested that there may be an effect Table 4. Simulated Energy ycxe

from an. imposed upper 1id in the model atmosphere which'for'thermallyfl R ' =
. . . . : g : ' _ isphe e
forced perturbations produces spurious oscillations. Tt is‘likely that " February = Northern Hemisphere . . August

such artificially generated perturbations may affect the dynamical heat

AE AZ - AE . 7

fluxes. In particular, Eliassen and Palm (1961) have shown that it
(2.8)* Lo
7.9 é——————————a “69.4. 0 6.5 é¥———_~*——~§ 14.5°

3.4_

is possible for downward propagating waves in the westerlies to trans-

port heat equatorward,

| (56.4) | i '__ {(5.1) o { 15.0)

| S

These are only tentative explanations and more detailed model diag- (9}6)

nostic studies and theoretical studies are needed to understand this

behavior of the GCMs. (3.4)%]:3.9 - S 22,020 1Y% - _ 2.3 (1.3)* (=.3)%) .44

4.2.5. Energy cycle -

Table 4 shows the integrated enérgies and energy transformations

£
=~
.
=
e
*

for February and Augiist in the fﬁb'hemiSpheres "Thé.figures in parén— 6.2 o 10,4 1 AT —> 1.8

theses are the observed values as estimated’ by Peixoto and Oort (1974)

Cen| e

7w
Februarz The simulated zonal available potentlal and kinetic . (8 7)-;j N .( ) T

energies in the Northern Hemlsphere are about 25% higher than observed .
while the corresponding eddy energies are about 25% lower. The coﬁﬁerés N
sion terms are within 20% of Peixoto and Qort's estimates, except for e S
) . ) . VL e Southern Hemisphere | :
the conversion between zonal available potential and zonal kinetic Febrﬁéfy AT e August
energieés for which the modél ¢onversiom is about an order of magn1tude : SR S : SR
larger than observed. ' : o '
August. The-agreemeﬁt in the simulated'éﬁergetics'is good, and is A TR S e S o
b 4.1 &=—— 37.1 ©6.4 e 75.0

consistent with the climate change from”wintef to summer. Thé:zdnal s ; 5 g

potential energy for summer is of the same magnltude as the observed

while the zonal kinetic energy is '20% weakeér than observed. Eddy _

kinetic and eddy availablé potential energy are within 10% of observed

. S T . g R S RS Yy e
values. The conversion from zonal kinetic to zonal available potential : co T

energy in ‘the 51mulat10n shows a 51gn1f1cant reduction from winter to _ S —_—
summer and is in the opposite direction of Peixoto and Oort's estlmate
The remaln1ng conversion terms in the simulations are in general agree-

5 w5 5.5 - 6.7 b————> 13.3
.21 ‘ i .37

ment with their observed estimatés. The zonal kinetic and zonal avail-

able potential eniergies for the summer Southern Hemisphere are substan-

tially larger than the summer northern hemispheric energies, but the
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) ) o _ . o bringing together all the results. TIn particular we thank B. Bangaru,
change from winter to summer is not as great. The southern hemisphere

) . W. Johnson, D. Sakal, §. Srivatsangam, T. Warlan, and K. K. Wong. We
eddy energies show a 35% variation between winter and summer, which is

_ o also want to thank D. Rosen for preparing the figures, and C. Fonner.
somewhat larger than occurs for the Northern Hémisphere.

and P. Orr for their patience in retyping the many drafts of this report.

_ Finally, we would like to pay special thanks to Professor L. Kaplan for
5. Conclusions

his valuable discussions concerning the radiative parameterizations, and

Monthly mean statistics of some atmospheric fields, as obtained from D. Randall and W. Baker for their careful review of this report.

two seasonal numerical simulations with the current version of the GLAS

GCM, are compared with corresponding observed climate statistics. Al-

though the simulated fields are for a single realization (with climato-

logical mean boundary conditions) and the observations are for a number

of years, we have nevertheless attempted to infer from these comparisons

the ability of this model to simulate seasonal climate.

The geographical distributions of the simulated and observed fields

are in good agreement for most of the large-scale features of sea level

pressure, geopotential heights, horizontal velocities, radiation bal-

ances, and precipitation. The zonally-averaged statistics of winds and

temperatures and the poleward transports of zonal momentum and sensible

heat for the most part also agree with the observations. We do recognize

that there are also some significant quantitative differences between

the simulated and observed fields. Moreover, we have noted many of

these deficiencies, and in some cases have discussed in greater detail

those that we consider substantive (such as the upper level polar regiOns

being too cold) and which are a common defect of GCMs, both finite grid

and spectral.

What we plan to address to future seasonal simulation studies are:

{i) the gedgraphical distributions of the transient eddies or variances

in time, {(ii) space-time spectral analyses, and (iii) simulated meodel

statistics over comparable ensembles of seasons with appropriate bound-

ary condition variations.
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