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Abstract

The influence on a model - generated January clisate of

various surface boundary copditions,as well as $nitial conditions,

i NGl i oo it .

bes Deen studied Ly veing the CISS coarse-sesh clisate model.
Four experivents - two with water planets, obe with flat

continents, and obe witlh mountains - were used to fnvestigate

tde effectis of initial ronditions , and the thermal and dynanical

offects of the surface on the model]l gepnerated-climate. However,

climatological meab zonal-sysmetric sea surface temperature (SST)

ground wetness and uniform ground aldbedo except for snov are used
in the last two experinments.
Epseuble means and treir differences were used for evajinat-

fon. The statistical sigonificance of the results were detersined

by using the student‘'s t-test. 1In addition, spherical bharmonic ?
snalysis was employed for further comparison.
Initial conditions appear to represent a minor probdblem i
climate sinulation, 4f the first fev months of the model-generated
climate are discarded
The addition of continental surfaces icsults in a strong
thernal lnflnence‘ln the lower troposphere togethery with mass
exchanges between continents and oceans.
With the orography included in the last run, the model
produces both beneficial and detrimental effects as compared with

.

the observed climatology.
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Introduction

As discussed by Spar (1981) ,general circulation models
(GCM's) inocluding the GISS coarse-mesh (Bx10 degrees) climate model
(Hansen,et al.,1080),are often used to perform “prescribed change”
experiments in which the atmospheric response to some alteration
in solar radiation, surface boundary conditions ,or atmospheric
composition is calculated.In such experiments,the specifind change
is usually some perturbation of the basic constraints on the systen,
apd the computed response of the model may be weaker than the
background noise.

The analysis of these experiments would undoubtedly be
ajded by a better understanding of the ways in which the primary
climatological controls combine and interact to generate the
basic climatic state . It is also of interest to examine the

influence of initial conditions on the model climate simulations.

Using both space and time averaging of the model's output
in the apnalysis ,we may learn how certain cheracteristics of the
large scale motion depend on surface conditions,even though the

model contains certain defectis.

There eare still many fundamental guestions in general
circulation theory ,e.g.: What is the role of the semi-permanent
centers (polar cyclones and subtropical apticyclones) ? VWhy are
they located where they are ? How are the strepngths and positions

©0f the mean plenetary waves and Hadley cells affected by the




distribution of mountains and land ? How do the troposphere and
stratosphere respond to suface conditions in general?

Numerical <climate models provide a tool that may help
to ansver those questions . In fact, many pnumerical experiments
bave been performed to improve our understanding of the theory
of the general circulation in the last two decades. For excample,
Kasahara and Washington (1971) and Manabe and Terpstra (1974),
have carried out numerical simulations to evaluate the thermal
eand dynamical effects of orography on the general circulation of
the atooaphere. Of course, there are limits on how well the GCM can
injtate the real world but it is of interest to investigate the
GISS climate models®' response to the various kiwd of surface condi-
tions.

In this study.en attempt is made to compute the countridbutions
of various surface boundary conditions to the monthly mean stetes

generated by the 7- layer,B8x10 GISS climate model(Hansen et.,1980).

For the purpose of the study,such obvious climate controls
es the shape and rotation of the earth,the solar radiation,and the
dry composition of the atmosphere are fixed, and only the surface

boundary conditions ere altered in the various climate simulations.
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Model description

The GISS @wmodel of the global atmosphere is a
three-dicensional pripitive equation wmodel using spherical
geometry. The model numerically solves the simultaneous
equotions for conservation of mass , energy , and momentum,
and the equation of state. Tbe numerical differencing
scheoes for the dynemics are based on the work of Arakava,
with a time step of 13 minutes. Radiative heating end
cooling are computed with & semi-itmplicit spectral
integration which 18 accurate throughout the troposphere¢ and
etratosphere and includes all sigonificent atmospheric gases,
eerosols, and cloud particles. Cloud cover is computed by
the model. Convection mixes moisture, sepnsidle heat, and
borizontel momertum in the vertical directjon based on a
model which permits penetration to an arbitrary heighbt. The
ground temperature is computed with a method which provides
realistic simulation of both the diurnmal variation of
texperature and seasonal heat storage. Cround moisture is
computed with a two layer model; the wetness of the upper
layer responds rapidly to eveporation and precipitation
while the deeper layer has a water holding cepacity
eppropriate for the root zobe of the regional vegetation.
Snow depth is computed over land and ice with a simple mass
budget model. Fluxes of sensible heat, moisture, and
momentuxn between the surface and atmosphere are obtained
from & drag-lavw formulation which employs a perameterization
of the Monin-Obukbov similarity functions. Sea surfece

temperature 2nd sea ice coverage are specified se¢asonally-
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varying boundary conditions.

Tbe model uses a grid of 24 points of letitude by 36
points of longitude, or about 6 x 10 degrees. This «Carse
horizoutal resolution results in computing times an order of
pagnitiue less than bormally empioyed in general circulation
wodels, allowing simulations of long time per.ods. To
compensa.e for the greal “istance between grid points, the
specified surface condition for each grid point represents
appropriate fractions of land and ocean. Interactions
between the surface and the atmosphere (radiation, momentum
transfer, and latent and sensible heat fluxes) are computed
separately for cach surface type.

The seven vertical layere use a sigma coordinate, so
that the ground is 2 coordinate surface. The top of the
dynanically active portion of the atmosphere is fixed at 10
mb; the atmosphere eabove is radiatively interactive with the
lower levels, with the temperature profile above 10 mbd
determined by radiative equilibrium.

The GISS climate model(version 860) is used to run four expe-
riments in which the dynamic,radiation,and condensatjon routines
use about 40%,30%,12% respectively of the total corputing time.
It takes approximately 2 hours of c.p.u time on & 360/95 IBM
com,uter for a monthly simulation,while the surface routine
consumes only from 3-4% of the computing time.

It 18 already well known that the model’s surface temperature
i8 too high in the summer hemisphere and too cold in the winter

bemisphere over the continents.




e ot IR et o, DR - I L i S e e T -«

Experiments and . srpose

Fovr perpetual January experimeats were carried out
using the GCISS coarse mesh model.The model 18 operated at @ fixsed
solar declinntion,specifically that of January 15, initialized on
Jenuary ) end allowed to siculate either 15 or 25 sucessive Januar-
ies without going through the annual cycle.Furthermore,the results
uf the first 2 months of the first two experimentes and the first o

months of the last two rune are discarded as transients.

(1) ©¥eter planet experiment (rum 1).

The first runm is with a simple surface boundary condition with
no land or continents ,but with sea ice caps (3m thick) over the
Arctic and Antartic. A fixed set nf 2zonally uniform sea surfece
tecperature(SST) at each grid latitude is prescribed by zcnal
everaging of the climatological monthly mean SST for Jeanuary.

The mode) is injtialized with monthiy mean zonal
values of the atmospheric history variables, including winds,
taken from an earlijer 5-year model climate sinulation (Chris-
tidis and Spar, 1881) except for the surface pressure which is
essignec & globally uniform initial value of 1010 mb.Thbe model

is run for 15 Januaries.

1 Six experiments bave been conducted. This paper describes the
first four experiments. The effects of surface physics and
gonal asymmetry of the SST on the model generated climate are

discussed by Cohen (1961).
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(11) Vater planet experiment (run 0)

The second run uses the same surface boundary conditions
as run 1} .but different initial condtions. The model i
fnitialized with glcbally uniform mean values of siguna level
specific humidities and temperatures,as well as a consteant surface
pressure (1010 mdb) end zero wind.This is referred to as a

* spin up " experiment. The model is againm rumn for 13 ‘anuaries.

(111) Flat continents experiments (rum 2)

The third run is a step closer to the real world bhy
superimposing geographically realistic but topogrephicelly flat
continents on the water planet with zero éelevation above sea level,
uniforas roughness length (0.3 m), Zzero water storage capacity,
end uniform surface albedo (0.14). The =zonal distribution of
sea jce and SST remain unchanged over the oceans.The initial
couditions are the same as the water planet spinm up experiument,

and the model is run for 25 months.

(IV) \Mountains experiment (rum 3)

The fourth run is with a relatively realistic smooth
topography in the model. The ground albedo is still kept uniform
over the continents,except where snow is calculated , and the
water storage capacity in thic mountein run is also zero.

The model in this case is initialized mot only with a state
of rest, but a2also with completely dry isothkermal atmosphere (273 K)
80 that the model takes some time to generate its own humidity

end temperature distributions. The run is for 2% Januaries.
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By Aifferencing the two water planet ensenmdle means of
borizontsal and vertical fields, ve can evaluate bov much tbhe
initial conditions influenced the mode) climate. Next, the enseubdle
seab difference between 'flat contipepts’' and °‘water planet’,
wvbich are baved on identical initial condit ozs .represents
the influence of the flat land surface on the rodel climate.
Finally the ' mountainm ° rum minus ° flat continents ' run

reflects the role of topograpby on the model-generated clinate.

Method of data analysis

D T e e e S

The horizontal flelds that we have used for enzly.is are
divided inte two parts . Part 4 includes the horizontal maps of
600 millibar (mb) beight (G3500), sea level pressure (SLP), the nmean
tenperature in the leyers between 1000-850 mb(T310-8) and 850-700zd
(T8-7), end the surface air tempersture {SAT). In part ii , the
sensible heat flux, evaporation, low cloud cover and precipitation
ere shown. In addition, meridional cross sections of zonal means of
tenperature and the three components of the winds are illustrated.

To supplement the subjective analysis of these fields, the
spectral components of the first three horizontal meaps of part i
listed above are examined using the method of sphericel hermonic
enalysis described in Christidis and Spar (1981). Tables 1 and 2
l1ist the degree (n) and order (m) of the ten leading barmonics (with
the exception of the 0,0 component, which represents the global mean
value ) of SLP, G500 end 110-8 for runs 1, 0, 2, and 3. For the
n.m-th harmomic, m is the zomnal (longitudinal) wave number,while
p-0o represents the number of modal perellels. Also tezbulated are

the emplitude (A), in physical units, and the phase angle (b)), in
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degrees, of each barsmonic.

As ipn Chervin ( 1080a,b ) , thc results are analyzed by
computing ,for each experiment,ensemble means and ensenble standard
deviations of the 13 or 20 Januaries. These stetistics are then used
to calculate,vith the standard student's t-test, the confidence
levels at which the ensemble means of each pair of experinents can bde
judged to be significantly different. For details and definitions,
see Cohen (19B81).

Contour maps and cross-sections of significance leve)l are then
plotted with contour lines of .01, .05 , and multiples nf 0.10. On
these maps and cross-sections, large continuous arear where the
differences between the ensemble means are significant at the 1%
level appear as clear i :as, and areas where the difference are
not significant i.e.,where the ""signal’” cannot be seen through the
“nolise’, are generally covered with closely spaced contour lires
in multiples of .10. In a few cases ,small clear areas appear in
regions that show no statistically significani difference, necess-
itating numerical labels on the contour lines.

The neps and cross-sections of significance levels should
be examined in conjunction with the maps of differences between
ensemble means, since there can , of course ,be no statistical
significance where the means are exactly equal. Statisticel signi-
ficance {8 a result of a difference between two ensemble means that
is large compared to the ensemble standard deviations; therefore,
there can be some cases where differences too small to be physically
interesting are nevertbeless statistically significant, and some

cases where very large difference are not significent.
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Tadle 1

Comparison of dowinant spherical darsonic cosponents

test for details)

Sea-level prescure (ad)

res 1 rus 0 rund rund
.8 A b 3.8 A b 8,8 A ] B,B A d
4.0 9.6 180 ¢,0 8.9 180 4,0 10.0 180 1.0 11.4 0
2,0 7.1 180 2,0 6.7 1080 2,0 8.0 160 4.0 7.4 180
8.0 3.¢ 0 6,0 3.4 0 1,1 8.3 168 1.1 7.0 1067
6,0 3.4 0 ¢.0 3.3 0 3,2 8.2 230 2,0 6.0 0
8,0 3.0 180 1,0 2.8 180 4,4 4.2 308 s,2 5.0 233
1.0 3.0 180 $,0 2.3 180 8,4 3.8 138 4.4 4.7 2085
10,0 1.1 0 5,0 2.0 0 3,3 3.8 2695 3,0 4.8 0
11,0 1.1 0 10,0 1.2 0 2.2 3.6 104 5.4 4.5 124
16, 0.8 1860 16,0 1.0 180 2,1 3.3 1] 8,2 4.4 127
8,0 0.7 0 7.0 1.0 0 3,0 3.2 160 8.0 4.3 0
290 od bheight (meters)
rus 1 run O run2 rund

n,t& A b D, A b n,o A b B, A b

72.0 791 160 2,0 785 180 2.0 8es 180 2,0 68386 160
1,0 128 160 1,0 132 1860 1.9 283 160 1,0 2g64 180
4,0 82 180 4,0 76 180 4,0 o6 160 4,0 ©5.6 180
7.0 43 180 7.0 37 180 8,0 8% 180 6,0 73 0
8,0 38 180 s,0 38 180 7.0 49 180 8,0 44 160
8,0 31 180 8,0 3z 180 6,0 49 0 7.0 43 180
6.0 29 0 8,0 27 0 3,0 34 180 6,2 39 38
18,0 21 0 15,0 20 0 15,0 2% 0 8,2 39 31
$.0 15 180 10,0 14 0 4,2 24 20 7.2 32 45
10,0 13 ] 9.0 13 180 7.1 23 83 5.3 31 236
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Tadble 2

Comparison of dominant spherical harmonic coaponents

(8ee text for details)

Tesperature dvetween 1000 and 680 md (K)
rus 1} run O rune rund
.0 A b ) n,8 A b n,8 A b B,.® A ,bm_w
2,0 35.7 IBOM1 2,0 35.6 180 &,0 4¢. 160 2,0 486.7 180
1.0 8.0 1180 1.0 g.” 180 1,0 17.6 1860 1.0 19.4 180
7.0 4.1 180 7.0 4.0 180 3,2 8.9 36 3,0 6.2 1860
5,0 3.% 1860 5.0 3.8 180 4,4 8.0 12¢ 4,4 5.8 1.3
8.0 3.0 180 3.0 3.0 180 6.0 4.8 1860 1.1 8.3 5.3;
? 3.0 3.0 160 8,0 2.9 180 1.1 4.4 344 3,2 $.2 55‘
r 4,0 2.3 180 4,0 2.2 180 4,2 4.1 359 5,4 4.8 320
15,0 2.2 0 18,0 2.2 0 7.0 3.9 160 6.0 4.7 160
17,0 1.9 0 17,0 1.9 0 | 3,3 3.7 104 | 4,1 4.6 274 |
14,0 1.8 0 14,0 1.8 0 3.1 3.4 248 5.2 4.3 819'
! —— e
»
r
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I. The effects of fnitial conditions on vwater planet experisents:

differences detveen run 0 end roun |

The evolution of the twvo water planet climatologies has been
descridbed by Spar (1981} . In this paper we discuss the mean
clinatic states which bave been averaged frozs the last 13 months

©of each water planet experizent.

Horizontal fields (part i)

L R I I R N e e R
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Although both runs begen with different initial states,briefly

one (#1) with winds snd merfdional gradients( but uniform surface
pressure) and the other (#0) with a horizontally uniform state of
rest, a8 mentioned previously, the results indicate that the model

generates alnost the same climatologies for the two rums. All mean

variadbles generally show a&a predominately zonal symmetric chearacter,

es expected from the forcing by zonal symmetric surface boundary
conditions (the fixed zcnel SST and upiform ice caps), although,
vaves and cells are found ou the individual January mars.

Thv mean sea level pressure (SLP) wmaps of rum O
end run 1 (fig. 1a ) show general agreement in the zonal mass
distributions, although, there is more cellular structure in run 1
than in run O, probably due to the mutual adjustment of the initi-
e)ly unbalanced surface winds and pressure in run 1. Likevwise,
stendard deviations of SLP computed from the 13 individual monthly
datas of rur 1 (fig.1b) sbow higher magnitudes(more fluctuations)
thean run 0 .Differences between the two fields are shown in the
difference map (fig. 1c) for the two runs,vhere dashed lines indi-
cate positive differences (bigher SLP) and dotted lines denote

pegative differences (lower SLP). The differences are generally

i
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less than 3 or ¢ mdb.Student's t-test shows generally no statistical
oignificance for the differences betveen the means, except for a

few grid points 1o the Soutbdern Hemisphere.

Meridional profiles of the zonal mean SLP for bdoth runs are
sbown in figure 1d.(Run 1 1s indicated by so0lid lines,while asterisks
denote run 0.) One can see the general agreement between the two
runs with a broad ,near-equatorial low pressure belt centered at 4 N,
subtropical highs,subpolar lows and an Antarctic high in both runs.
The ominor differeunces betveon the two runs can be seen especially
over the polar ice caps. The climatological observed zonal mean SLP
profile is also shown in the same figure( heavy dash curve ). As
can be meven, there is generally good agrecment of the water planet
SLP profile with the observed in most of the tropics, although

the magnitude is slightly lower.

Other mcean horizontal variables , For example , geopo
tential height of 500 mb ( GBOO ) amd 700 mb surfaces , and mean
layer temperatures for both runs , also show predominantly zonal
symmetric structures. As noted by Spar(1981), those fields remain
pearly constant during the 15 months of run 1.Figures le-1f display
the meridional profiles of the zonal means of G500, the surface air
temperature (SAT) and SST,and the layer temperature (T8 -7), respect-
fvely, for both rums. The 500md surface, in agreement with the temp-
erature profile, shows a maximum height over the warm tropics and
decrearing beights toward the cold polar regions fur both runs. The
strength of the westerlies in both hemispheres (as indicated by the
gradient of geopotential ) is adbout the same , but the northern

wvester!ies occupy a bdbroader region.
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Tbe mean zonal SST in figure 1e indicated by °$° sigos s the
fixed surface dboundary condition for al) three experisments. Note
that the gradient of 8ST in the Northern Hemisphere is greater than
theat of the Southern Hemisphere.However, it decreases at around 60N,
end the SST at 67N reaches a minimum of 3.8°C which is ¢ degree
C warper than at the seme latitude in the Southern Hemisphere.
The mean surfarce air tepperatures for bdoth runs (denoted by the
solid lines for §) and assterisks for §#0) perallel the RST,especially
over the Southern Hemisphere,dbut are generally cooler than S8ST. For
example, at 67N, the SAT is about 4°C cooler than the SST,indicating
strong sensible beat flux from the ocean to the atmosphere. Another
stiriking feature in fig.le 18 the sharp decline of SAT of more than
3N degrees C between the ocean and the northern polar ice cap. At
higher levels over the Nothern Hemisphere a more gentle temperature
gradient (fig. le) is found from the middle latitudes to the pole,
while the sharp temperature drop between the ocean and the ice

boundary is reduced to less than 10°C in the layer 830-700zbd.

The mean difference maps for TB-7 and GS500. (figs.1f to 1g)
both reflec! features similar to those found on the SLP map (fig.
ic). The sarface ajr temperature differences (fig.1g) esppear only
over the winter ice cap, and these are not statistically siguifi-
cant. Overall,the gstandard deviations of all these variadbles show
generally higher values than their mean differences. Thus,the stud-
ent's t-tests are similar to that of SLP with no statistical signi-

ficance in general.
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Spherical harmonic analysis

I'vor further objective comparison of horizontal fields,spheri-
cal barssnic analysis was employed. Tadble 1 displays the first ten
leading bharmonics of SLP and (500, and Table 2 shows those for the
layer temperature from 1000~-650 mbd.

For both run 1 and 0, only zonal harmonics are found among the
ten leading harmoniocs, which confirms the dominant zonal symmetric
character of the water planet climatology. Both runs generate very
similar large scale structures. For SLP (Table 1) the (4,0) and (2,0)
are the first two leading harmonics,both with 180 degrees phase,
representing the equatorial low pressure, two subtropical highs,and
poclar lows and the difference between the poles and equator,respect-
ively.Also the first 4 leading harmonics of SLP are nearly the same
for the two runs , and 5 of the 6 remaining barmonics appear in both
runs with the same phases and,with the exception of (5,0),nearly the
Jame amplitude. For the T10-8 , eall 10 harmonics are virtually
identical for the two runs, while for G500, the same is true for B
of the first 10 terms. Except for SLP, the 1,0 harmonic appears as
either the second or third leading harmonic, indicating the warm

Southern Hemisphere.

I T T TR - o ey




-
o

\
]
P
|

R £ & oot e cchhia bl = o ST A T e TRt T A et

Borizontal fic¢lds ( part 81 ) 13

As discussed pr,vtou.!y. the relatively vars ocean tenmperature
at 67N provides & consideradle amonnt of surface beat flux to the
etposphere in this region, s shown §n figure i1h for both runs.
Belatively rinor peaks can also be seen ibp doth subdtropical highs.
Overall, in tbe asbsence of any land surface,oensible beat flux fron
the surface seens to be a very small quantity in the water planet
experigpents,due to the rapid adjustment of SAT to SST. Ov the other
band,evaporative heat flux from the ocean surface is a major source
of energy. From the meridionsl profile of zonal mean surface evapo-
retion (fig. 1bh) ,strong evaporation takes place around 27N, where
sinking air of the sudbtropical high is relatively dry. Trans-
ported by the surface trade winds to the equatorial region, this
moisture condenses out as it ascepds, and the latent heat released
belps to drive the Hadley cell, as is well koown. It should also be
gentioned that the amount of long wave thermal energy radiated fronm
tbe surface is also considereable . Unlike evaporation,which domina-
tes mainly over much of the tropies, it plays an important role
everywhere ,especially in the Southern Hemisphere where evaporation

and sensible heat flux are small.

The mean zobal precipitation profile (fig.14i) indicates a band
of meximum rainfall over 4N where the 8ST is & maximum,in agreement
with tbe results of Manabe et al. (1874).A secondary precipitation
rexinunm is found over 33N where the model generates some transient
eddies. A third dend of convective rainfall can also be seen over
67N. It is finteresting to compere this water planet zonal precipita-
tivcn with the climatological precipitation over the Pacific Ocean as
recently calculated by Dorman eand Bourke (1879) (frig. 11 ).

Although their dasta is for the whole winter season rather than Jan-
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sary alone, obe can see the sicilarity of the band of maxinunm
precipitation at around 4N. The mean difference of precipitation
(f1g.13 ) bdetween tvo runs is genserally less than a millimeter per
day 4» the Northern Hemisphere and almost zero everywhere in the

Soutbern Hemisphere, with no statistical significance.

Meridional cross-sections

Mean meridional cross-sections of the temperature (in degrees
C) of run 0 and 1 respectively, are shown in figure 1k . There are
no apparent differences between the twvo temperature cross-sections.
Ae noted by Spar (19881),the temperature cross-sections exhibit some
of the defects of the model simulation. The tropical tropopause is
too low and too varm. However, the tropospheric structure of the
model atmosphere is not unrealistic. The difference between
the two cross-sections(fig.11), shows temperature differences close
to zero in most of the troposphere. Differences of 1° cen be found
in both polar regions, but the high variances of both rums result in
po statistical significance in those regions. Nevertheless,in higher
southern latitudes (e.g., near 81S ) temperature difference of 0.5 Ko
can be found near the 500 mb level.This is the same zonal area where
large residual differences are located, as seen earlier in the mean
difference maps.The student's t-test verified the existence of sig-
nificance for the differences in this area.Therefore, a time series
0f temperatures at this point was made to see whether this zonal
rean difference could be due to the difference of the first fevw
months. As can be seen from figure 11 ,at the end of the first month
run 0 (solid line) shows a warmer temperature (more than 2 °c higher)
than run 1. After 2 months,the two temperatures are much closer,and

i1t seems reasonable to have deleted the first 2 months as transients
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before averaging. Hovever,oscillations begin to occur after the 7thd
sonth. ¥ith zona)l mean differences of 2 °C appearing in the 9th
end 15th months, both curves tend to return to the condition of the
first sonth.Thue ,this say isdicate, at least over tbe 18 perpetual
Jenuary period from which the 13-year mean was computed, that the
effect of initial states may de of some minor igportance in the
clinate sinulation.

Meridional cross-sections of the z0nal wind (§n tenths of
geters per second,abdbr. m/sec) for run O and 1 are shown in fig. 1m.
S0114d lines indicete westerly components.From inspection, the two
cross-sections show consideradle similarity with the exception of
tbe eguatorial essterlies which appear ip the stratosphere of run 1.
The mean difference cross-sections (fig.1n ),sbows differences of
6 m/sec in this region.The standard deviations of run 1 (fig.1n)
in this region are . enerally less tban Sm/sec, and the differences
are found to be statistically significant over this area. A time
series of the mean zonal wind at 32 mb over the Eguator is plotted
and shown in figure 1o . Run 1 ( dashed 1line ) was initjalized

with excessively strong equatorial stratospheric easterlies as
cozpered to run 0 (solid line), as indicated by the results for
the first month. It took almost 5 Januaries for the zonal winds in
run 1 to reach a2 magnitude close to that of run 0. Furtheruore,
there are indicatjons that is both runs, the easterlies tenc to
diminish further in the last 3 months of simulation.

Cross-sections of the zonal mean meridional wind ccmponents
(in units of tenths of m/sec)for runm 0 and 1 are shown in figure 1p.
Sol1id curves are drawn for positive (southerly) components and dot-
ted curves for pegative (northerly) components. The convergence of
the lov-level trade winds tovard an ITCZ et 4N and divergence aloft

clearly defines the Hadley cell.The circulation in the northern part
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of the cell is pore uniform and stronger than that in the south. A
weak convergence at the surface can also be seen over B7N where the
subpolar low is located. The mean difference of the tvo meridional
winéd cross-sections (fig. 1q ) shows generally a small difference,
mostly at the surface, and also some vinor varjations in the Hadley
circulation over the tropices.

The mean cross-sections of vertical wind 3or run 0 and run 1
are shown in figure 1r. One can se. clearly the strong upwe.a -otion
(so0lid curves) at 4N and & strong sinking motion (dotted curves) in
the northern tropics and subtrepics for both runs. However, much
weaker sinking is found in the southern branch where the air is
prevented from further subsjidence because of strong diabatic beat-
ing as well 2s a weak low level surface convergence at 27S. The
zonal mean difference cross-section of vertical motion (fig.1lgq )
again stows only a minor change in the Hadley cell,as well as in the
polar region,as a result of different initial conditions. The maxi-
pun differences are generally an order of magnitude smaller than
the maximum vertical velocities themselves. Again, student's t-test

shows no significant difference.
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11. The tbhermal effects of flat dry continents: differences betveen

venp 2 end ren O

s descridbed by Spar (1981),the model ip the perpetual January
sode produces excessive snov accusulatioa over the cobtinents of the
Nortbern Hemispbere,as vell as & sovevbhat unrealistin contisental
osov live, especially i» run 2 . However,tbhe later does stadblize
betveen sbout UON and 46N and the mode) does not produce catastrop-
bic glacjation of the Northern Heaisphere. Thus ,the averaging of
the last 20 months of ren 2 say be used to represent the mean

climatology of the flat dry continents model.

Horizonoteal fields (part i)

In bhigher latitudes north of 85N over continents, the SAT of
run 2 (fiy. 2a) showvs a band of extremely cold temperature (-40°%).
the result of no imsolation and insufficient warm advection. Over
portbern Creenland, temperature as low as -55 Jdegrees can be seen.
The snow lipme on the northern continents corresponds to aprroximate-
ly the zero (t) isotbhers (solid lines) of the SAT. The accumulation
of snov on the flat dry continents bhas significantly increased the
ground albedo, as compared to the vater planet, by 10% over 35N to
elmost 70X et higher latitudes. In contrast, temperatures as high
as 35° cen be found over the tropical and couthern continents due
to direct heating of the ground. Over the oceans, the SAT map shows
generally zonal {sotherms ,which indicate the strong influence of
the SST.

The layer temperature from 1000-850md (not sbhown) reflects a
similar pattern. In general, over the ocean,the temperature of this
leyer is a few degrees (e.g., 3°C) colder than SAT. Conversely,tenp-

eratures more thes 10 °C bigher than SAT ere found over the cold

1
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porthern contineats, indicating a very stadle lapse rate,vhile over
southern contineats, tempperatures at least 3° bigher tbhan SAT are
found. In the bigher layer from 880-700ud , the horizontal T6-7

greadient (fig. 2a) ip the Northern Hesisphere,is much weaker than
in the lower laysr. Hovever, tbhe varming influeance of *he tropical
and southers contivents has spread over the adjacent ocean, as can
be seen by the 283K isothern.This warming is meiuly due to the flow
eround the southern sudbtropical highs at the 700 or 500 @d level.
Here ,energy in the forp of latent and sensible heat is transported
froz lcoud to ocean. As the bot continental air flows over relative-

1y cool ocean low clouds fore over many parts of the ocean.

Further evaluation of the thermal influence of the flat dry
coptipnents can be made using the temperature difference maps for
SAT end TB-7 in figures 2b to 2c ,which are accompanied by meaps
1llustrating the significance levels of the mean differences. Ve
can clearly see the warmer temperatures over the southern continents
and colder temperatures over the continents of the Northern Hemi-
sphere. Furthermore,the significance maps for both levels indicate
that significant differences exist over the continents. "The temp-
erature differences over the northern continents decrease markedly
with increasing height,but the influence of the cold Eurasian lend
masr on TB-7, which extends eastward off the coast of Japan, is
greater than that of North Americe. The thermal influence of
the continents over the Southern Hemisphere oceans, noted
adbove with respect to SAT,also appears in the mean difference
end significence maps for TB-7. For example, significant mean
8ifferences of about +2° cover the South Atlantic as well as many

partes of the Pacific and Indjan COceans.
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Vithout orographic effects, tbhe SLP of run 2 (fig.2¢ ) shovs o

relatively weak pressure gradient and e generslly ssooth pattern.The
Cenadiesn and Siberian highs are centered around 3SN,vhere the lattier
bes & paximux SLP of 10E5 ad apd extends eastvard to the ocesn. A
omall but weask Aleutian lov is detectadle in the Bering Strait, and
the Icelandic lov,vith central pressure adout 903 sd,stretches fronm
west of Iceland to western Scapdinavia.Both lows are confined to the
southern boundary of the bortb rn polar fce cap. Lowv SLP is found
over all three varg soutbhern continents,vhere lov level convergence
from the ocesn takes place. At the sene time, divergence aloft,
wvhich transports air sasses back to the adjacent oceans, meintains

the subtropical bighs over the southern oceans.

The mass exchange between the continents and oceans can best bde
examined in terms of the mean difference of SLP (“ig.2¢ ) and the
corresponding significance map.Agein, the dominant features of a
Siberies bigh, southerp continental lows,eand subtropical highs are
@l]l reflected in these maps. However,the Cansdian high 18 very weak
and barely sigonificant over much of the area. Furthermore, & tongue
of significently pnegetive pressure difference of 4 mbdb extends from
south west of Iceland towards 'be northeast, and stretches eastward
over much of the northern polar ice cap. Also en area of signifi-
cantly lower pressure can bt found over the cool oceen west
of the United States.

The mean zonal SLP profile of run 2 (dashed lines) is shown in
figure 1d. As compared with run 0 (easterisks), it shows slightly
bigher pressure north of 30N 2nd lower pressure over the northern
polar region, e&s discussed earlier. The continental heating effect
Ras 8slso induced a generally lower pressure over the southern trop-

tes, with the mipimum shifted to around 20S. This SLP profile 1is
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still such too low §n higher nmorthern latitudes,vhile the reverse
i9 true over bhigher southern latitudes, as cospared to the observed
SLP. The locations of maxisua subtropicsl bigh pressure ip botbh
bemisphberes generated by the model (botb run O and £) are slightly
polevard of the observed peaks, and the porthern sudbtropicul bigh
is otill relatively lovw.

The 500 ®b heights in run 2 (fig. 2d4) shov a generally zobnal
synmetric character outside the tropics in doth hemispheres. A very
weak trough over Japan and also a weak ridge over the north Atlantic
Ocesn can dbarely be seen. The southern sudbtropical highs centered
over the thiee continents nov extend over much of the oceans, as
discussed earlier. Unlike the 700 md surface, the subtropical highs
et 800md are generally weaker and broken into individual cells. The
bydrostatic effects of the cold no-thu.n (winter)continents and warm
soutbern (summer) continents on the 500 ob surface are reflected in
the mean difference and significance mep (fig.2f). The decrease
(increase) in 500mb height over northern (southern) continents
results in stronger westerlies in both hemispheres. Significent
warm effects over the tropical and southern oceans ere also reflect-

ed ip this 500md bheight difference map.

Spherical harmonic analysis

¥ith the presence of longitudinal variations, zonal wvave
pumbers (m) greater than zero are expected to appear ip the spheri-
cal harmonic analysis. However, from the calculations for SLP,G500
and T10-8 (Tables 1 and 2), the first two or more leading harmonics
ere basically the same as for the water planet runs and eare still
dominated by the zonal symmetric components (m equal to zero)

despite the increased influence of small scele cellular patterans.
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For SLP of rus B, the sasme (4,0 and 2,0) zonal syasetric
barponics (both with & plase of 180 degrees) are still the tvo lesd-
fog barmonics as in rus 0. Under the influence of sass c¥cbanges

between the continents anéd ocesns, tonal wave nusbers of 3,2,3,e0d

4 have begun to apj:.ar asong the rest of the seven lesding barsonics.

For exasple, the tbird barsosic (1.,1), represents the dominance of
the Asiastic anticyclone, follovwed by the (3,2) bharmonic which
indicates the Siberian and Canadien high pressure cells, with
reversal of phase in the Southern Hemisphere. Preceded by two bhar-
gonics with zonal wave number of 4 ,the (3,3) bharvonic reflects tbhe
3-cell structure in the Southern Hemisphere. Finally, the tenth
barzonic cozponent is s zonal sympetric bharmonic (3,0) with phase
angle 180 degrees , which reflects the relatively bigh pressure
around Antarctica and & relatively low pressure over the Arctic.
For G500, the order of the first three leading barmonics,
(2,0), (1,0), (4,0), remains the same 6s ip runm O. But the large
scale effect of cold continents in the Nothern Hemisphere, together
with bheating over the tropics , bas drasaticelly fncreased the
anplitudes of these barmonics. From the fourth to eighth harmonics
of run 2, all are zonsl symgmeiric components.These are generally the
same harmonics es ip rupn O except for s.:i:e change ip order as well
es ipcreasing magnitude. Not uotil the ainth bhermoric,(4,2), in the
table of G500 is there any reflection of the weak long weve troughs
snd ridges ip the Northern HeaisplL ve. Thus, we can conclude that
the influence of flat dry continents on G300 s very weak.
Similarly, the first two harmonics of T10-8 in run 2 are
still the same zonally symmetric components as in runm 0.For example,
the (2,0) hearmonic reflccets the temperature contrast between the
poles and equator, and the (1,0) represents the tempereture differ-

ence betweep the two bemispheres. As we cabd see from the tadle,
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the extrepely cold Northern Hemisphere ip runm 2 results ip o tripl-
ing of the smplitude of tbe (1,0) barmonic. The third largest
barmonic (3,2) indicates the zona)l pattern of tvo relatively warn
oceans and two cold continents in the Northern Hemisphere, dDut with
a reversal of phbase in the Southern Hemisphere. This is followed DYy
the (4.4) barmonic which indicates four relatively warm and cold

meridionsl]l bands with no nodal parallels.
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Is ren 2, sonsible heat flux (fig. Bg ) ts another energy

source whed continental surfaces are fntroduced. South of 30N, all

costinents contribute significant asounte of esensible heat, except

for Antarctica. lo morthern bigh latitude continents, surface atr

teuperatures are gonoerally bhigher than the ground temperatures,

resulting 1o no sensible heat tramnfer to the atwosphere. For

l
)

esample, in northern Sidbertia and Greonland, 8AT (not shown) s
even E2° bhigher than the gronnd temperature On the other hand,

| estrenely cold polar ate from the Sibertan and Canadtan highs flow

tng over the relatively wars oceaus causes strong upward sensible %
huvat flux along the easy coastes of the northern continents. Over
Ieolaud and the Bering Bea, the S8AT 1s even 4°C colder thap the
ocesn temperature. Thuw ,more seusible heat 19 released from ocean
surfaces to feed and maintain the loelandiec and Aleutian lows.

In run 2, A third of the surface area of the vater planet 1

now occupied by a dry flat surface with no evaporation and no wvater ]
storage OCbviously, the global hydrological cycle has beon modified
dvamatically especially over the Northern Nemispheore Similar to the
sonsible heat flux, the evaporation iw restricted to cettain geog
vaphical locatioas (fig 8g).8troug enhanced evaporation takes place-
over the western partes of both the North Pacific and Atlantice
Oceann, where dry, cold air ortiginates from the Sibertan and Canad

ten Bighs However, the evaporation over the northwestern Pacific

te far more intense (9 mm/day) auvd a tongue of high evaporation
estends acrows the northern Pacific aloug A0ON. 1n the water planet
runs, this latitude vone 19 aloo where the highent evaporation

(dmm/day) took place. i




S T W

L R

Rt i saso-ainaiiioech ettt SR SRR i i st Gt o T e e RN e

24

In general, evaporation is bigh over the tropical oceans.
Btrong ocsanic evaporation can also be found over the western edge
of the southern continents at sround 308 where dry subsidence takes
place ip the subtropical bhighs. Figure 21 shovs the mean difference
and eignificance of the evaporation between runm 2 end O. The posi-
tive evaporation cbange off the eest coast of the U.8 is gencrally
fusignificant ,as a result of the wveaker influence by the Canadian
bigh as compared to the colder an) Adrier Siderian high. But the
focrease of 2 mm/day in evaporation is significant over the higher
northern latitudes of the Atlantic Ocesan. Finally, an increase
(:ecrease) of oceanic evaporation over the west (east) coests of

the southern continents around 308 can be seen, as noted above.

The low cloud cover (in percent) generated by the flat conti-
nents model]l is sbhown in figure 2h . Over the tropical and southern
continents,formation of low clouds is completely supressed.This may
be due to the low level stability which the model generates,as dis-
cussed earlier, as well as to the absence of scil moisture and
evaporation. Over the oceanic areas, on the other bhand, 40 percent
or more low cloud cover can be found along the coastal regions on
both sides of the tropical and southern continents. Low clouds
eppear over the Pacific Ocean scuthwest of Peru, in the Gulf of
Guinea, southwest of the Canary Islands in the Atlantic, and south
of Indonesja. Al]l these regions are located downstream of areas of

maximum oceanic evaporation.

Over the South Atlantic Ocean and South of 23S in both the

Pacific and Indien Oceans, larze areas of 20% or more stratus cloud

can be found, associated vwith relatively warm moist air flowing over

the cooler oceans. Within these low clouds regions, latent heat of
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condensations is released to the surroundings when the clouds are
forped. Clouwds alno alter the heating and cooling due to adsorption,
reflection and scattering of solar and thermeal radiation. For inst-
ence, the difference and significance maps of the planetary aldbedo
(aot sbown) ipdicate a significant 8% increase over the low cloud
regions in the Southern Hemisphere. In compensation for the loss of
sbhort wave radiation,the low rlouds trap long-wave thermsal radiation
belov as well as sensible heat carrjed by the circulation from the
continents .The net thermal effect of the low clouds s a slight
warming of the lower atmosphere.

Over the tropical Pacific anéd Indien Occans, very little low
cloud cover is seen, while in higher latitudes of the Northern Hemi-
sphere, low cloud cover of 307 or more can be found over the oceans
es well as on the snow covered continents.

The difference end significence maps (fig. 2j) also reflect
the general increase of low cloudiness over the entire glode,except
for the negative effect of the tropical eand southern contipents.
Highly significant increases of low cloud cover over oceanic regions
around latitude 30S can be found,e.g. north of New Zealand,south of
Australies,end southeast of Madagescar and Brezil. A 25% increase of
the lov cloud cover can also be found over the Great Lakes regica
in North Apmerica. Evaporation from the snow surface may also cont-
ribute to the significant increase of the lowv cloud cover over
Eurasia and North America. Strong evaporation over the Aleutian
region epd south of the Icelandic low 2lso results ip more low
¢loud cover over the ocean. Furthermore, cool moist oceanic eair
flowing over c¢old porthern continental coastal and inland arees
causes stratus clouds to form, for example, over Alaska and eround
the Baltic Sea.

In general, tbhe continental surfaces not only create monsoonal
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mass exchanges with the ovceans ,but also cauve the formation of
clouds which interac?’ with the energy and hydrological cycles of
the climate systenm.

The mean daily precipitation map of run 2 (fig.2bh) shows
geonerally dry conditions, with rainfall less than 2 mm/day,over the
continents in the Northern Hemisphbere. In contrast,enhanced precipi-
tation areas are foubnd over the sdjacent oceans in the northwestern
part of both the Pacific and Atlamrtic oceans, extending in a porth-
easterly direction to higher latitudes over the Aleutian and Iceland-
fc regions. Similar to the evaporation pattern in the Northern Hemi-
sphere, a tongue of precipiteation (4 nm/day) stretches across the
Pacific Ocean at around 3IOSN. Heavy convective precipitation of more
than 6 mm/day is found over the eqQuatorial Amazon in South America
with the rainbelt elongated to the southeastern coast of Brazil.The
NW to SE orientation of this rainbelt is a direct result of warm
moist air from the Northern Hemispbere meeting cooler air flowing
around the subtropical high off the ccast of Chile.(Note that the
Andes are absent in run 2, otherwise, there would be a diverting
effect on the flow.) Two rainfell maxima can also be seen just to
the north and south of the Equator in Africa. In Australia, a small
area of moderate precipitation cabn also be found south of the Gulf
of Carpentaria. Over the tropical Pacific and Indian Oceans,

precipitation up to 4mm/deay is found.

The difference and significance maps of precipitation (fig.2k)
show clear statistical significance for the positive precipitation
differences over South America,but somewhat lower significance
levels for the differences over Africa and Australia. A dry 2zone \is
@also seen over the southern continents around 25S because of the

subtropical high presure areas. The model did produce realistic
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features such as the dry Horas of east Africa (Somalis) and the dry
Sshera desert. The endanced precipitation east of Japan aeand south
of the Aleutian and Icelandic lovs are all significant. Over the
equatoriasl Atlantic asd Pacific oceean regions, the existence of the |
flat 4ry continents seenms eitber to suppress precspitation or to é
pove it southward fronm the paximum rainfall zone which is located ?
el 4N on the vater planet. This effect can also be seen in the
zonal profile of precipitation (fig. 11). f
Meridional cross-sectione 4

L . ]

The meridional teamperature cross-section of run 2 (fig.21)
18 qualitatively similar to that of rum 0 under direct visual conmp-
arison. However, the difference and significance cross-sectionrs
(fig. 2m) reveal pumerous areas of significant difference. The low
level continental cold source of northern bhigh latitudes is clearly
seen and supports the horizontal temperature fields discussed earl-
fer. Furthermore ,temperatures 2 to 4 °C cooler can also be found

over the northerp polar stratosphere in run 2 .Over the southern

tropics, significant warming below 600ub is seen, mainly the result
of strong ground heating as well as latent heat release , both of

which are spaller on the water planet.

At higher levels, the thermal influence has gradually
propageted dboth southvard and upvard,and is related to the southern
Hadley circulation. The colder northern contipents have caused the
troposphere and tropopause to lower end cool around 35N in rum 2 ,

while warming up to 3°C bes taken place in lowver stratosphere. This

warming is mainly due to strong adiabatic compression of sinking
air from high levels where the northern Hadley cell converges with

& weak stream of pnortherly wind from high latitudes.
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The mean cross-section of zonal wind for run 2 is shown in

figure 2]1. VWiib the presence of the flat continents,dominant easter-
l1ies are nov found over mpuch of tbe tropics,increasing in speed with
beighbt. The existence of the easterlies has also created a =trong
gredient of zonal winds in the southern tropics,vhile the location
of the maximum westerly jet still remains at 31S as in the water
planet. In the Northern Hemisphere,the zonal westerlies are genera-
1ly stronger at high latitudes.

Again, the influence of the beat and cold sources on the zonal

circulation may best be illustrated by the difference and signifi-
cance cross-sections (fig. 2n).The strong westerlies at latitude
31S and 18N are readily seen to be the result of warm tropical
contipents, although the northern circulation is somewhat less i
significant. At 1868, a significant difference of 16m/sec is found.
This is mainly caused by a reversal in direction.with easterlies L
induced by land in rum 2 replacing the westerlies in run 0. The
adiadbatic warming region (35N), as discussed in the temperature 3
difference cross-section, also causes weaker stratospheric wester-
lies in agreement with the thermal wind relationship. Furthermore,
the cooler stratosphere and colder troposphere have strengthened

the vesterlies significantly in the Northern Remisphere.

The cross-section of meridional wind of run 2 (fig.20) shows a

shift of low level convergence from 4N in run 0 to around 168S.Thus

the principal effect of the flat continents is to induce the ITCZ
to move southward over the heated land surfaces. The symmetric
pettern of the Hadley circulation found in the water planet run is
nov broken into a dominant northernm cell, which extends farther

south, and a weak southern branch. In northern high latifudes,
)
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around 70N,the surface southerly wind of run 0 is wissing in rup 2.
This is mainly due to the cancellation between the southerly winds
over the continents and the portherly winds over the ocean. In the
lover stratosphere near 55N a portherly wind is found.In cobnection
with the lov level convergence at 88N (also see the cross-section
of vertical wind), this forms part of a weak indirect circulation.
The difference cross-section of meridional wind for run O and
2 is shown in figure 2p. The s0l1d isotachs indicaste stronger
southerly (veaker portherly) wind and the reverse is shown by
dotted i1sotechs. Clearly, the southward shift of the ITCZ i
generally significant. In the stratosphere over 53N - 70N, a band
of significantly stronger northerly wipnd (8 cn/sec) is found (unot
seen in the difference cross-section), and again tbhis is an indicat-

ion of the indirect circulation of run 2.

Unlike the vertical velocity cross-section for the wvater
planet, with &2 single ascending column at 4N apd with maxioum speed
of 6.8 com/sec, the cross-section of run 2 (fig. 20 ) ehows two
distinct ascending branches of the Hadley circulation,one at 4N and
the other et 12S. However,the maximum upward speed for both bdranches
is reduced by almost half compared to run 0 due to the 2onal averag-
ipg of the rising motion over land and the descending motion over
the adjacent oceans. The southern branch of the ascending region is
wider then the northern branch, and much of the air in the lower
convergence level originates from the trade winds of the Northern
Heoisphere. (Also see the meridional wind cross-section.) Aloft,
moch of the air mass is diverted back to the porth, enhancing the
strong dominant circuletion of the northern Hadley cell. To the
porth, the rising motiomn in the northern branch is due to the heat-

ing of the Africen continent and small portiom of the tropical
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oceans. Veaker ascending motion can also be seen at 87 degrees over
both hemispheres vhere the subpolar lows are located.

The meau difference and significance cross-sectiona (fig.2q)
clearly indicates a wsouthwvard shift of the Hadley cell. Dotted
lines denote either weaker rising or stronger siuking motion and
80l114d lines either stronger rising or wveaker sinking motion. The
significance of stronger ascending motion in the southern branch and
stronger descending motion to the south ( at 358) is clearly seen.
Weaker rising motion in the borthern Hadley cell and weaker sinking

motion at 25N are all reflected in the difference c<ross-section.
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I11. The thermza) and dysasical effects of terrain and sountain barr-

fers: differences between run 3 end run 2

In this experiment (#3), realistic topography is sncorporatud
iato the coarse-mesh model. Figure 3a 1illustrates the topograpby of
the model ip geopotential meters. It may be belpful to distinguish
the terrain effects into twvo types. First, the general uplift of
continents above sea level, or " plateaun " effect , prnduces
elevated cold (vinter,bigh latitude) and warm (summer,lov latitude)
sources. Second, there are sountain barrier effects,which may bde
furtbher subdivided according to the orientation of the mountains
fnto north-south “Cordilleran” barriers %o zonal flov and east-west

“Alpine-Himelayan” dbarriers to meridional flow.

The dry isothermal initialization of tbis experiment meay
binder somevhat the evaluation of the orograpbic effect when
conpered to run 2. However, es we shall see, after several months,
the model seems to forget its initial state. Averaging the last 20
ponths of the mountain experiment thus provides & climatology thet

is conparadble with that of run 2.

Horizontal fields (part i)

Figures 3a to 3b display the surface air temperature (1n°C )
end layer tempereatures from 1000-850 mdb and from B850-700 md (dboth
in K) of runm 3. At the surface , the most obvious difference
18 seen over Antarctica where the ground aldbedo (mot shown) ,es
compared to run 2, increased by almost 30%. In the layer 1000-850
gb,the T10-8 of runm 3 shows a pattern similar to that of rum 2, bdut

pore irregular, with wave-like isotherms and high temperature
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gredients over Astia, North America and Greenland. It must,of course,
be noted that much of tbhe Hamaleayas, the Tibetan plateau, Greenland,
end the Sierra, Andes, and Rocky mountain barriers are higher than
this layer,s0 that T10-8 in those areas has no physical meaning,and
represents only an artificial extrapolation based on the surface air
tenperature. Unlike T10-8, tbe irregular pattern and temperature
gredient of T6-7 has dioinished gradually. Again, it must bde
recognized that some mountajinous areas lie above the 700md lerel.
Nevertheless, the effects of the elevated heat sources of the Andes,
African highlands and Australia,together with their influence over
the tropical oceans , can de found by comparison of the TB-7

isotherms of runs 3 and 2 (figs 3b and 2a ).

Further understanding of the role of topography in
redistributing the thermal sources and sinks can be obtcined from an
examination of the difference and significance maps of SAT,T10-8,
and TB-7 (figs. 3¢ to 3e ,respectively) for run 3 an¢d 2. In
figure 3c ,significently cooler SAT i8 found over the southern
continents due to the high elevation.For instance, in South Amnerica

a temperature difference of -5 °

C over Peru is due to the high
altitude of the Andes. However,es large temperature difference (—4°C)
is also found in southern Brazil at a 1lover elevation. A
significant increase of convective precipitation and i 15%
increase of cloud cover due to the topography are found in this
region.Thus , the reduction of the insolation is probably the main
cause of the cooling in this area. That these cooling effects are
confined to the surface layers mey be inferred from the difference

and significance maps of T10-8 end T8-7 (figs. 3d apd Se ), which

show practically no significant differences between runs 3 and 2.

e R PERTE TT) RS bl o




33

Negative SAT differences are also found fros central to
southern Africa, where the magonitude of cooling is slightly greater
tban 1o the Andes. This is prodbadly a result of the larger area
coverage of the African bighlands, despite the lover elevation.
S8ipilarly, small but detectadble cooling of SAT cab also be found in
the eleveted northwvestern part of Australia.

It is interesting to note that the belt of cooler SAT is not
lo~2ted over the Ethiopian highlands of Africa (see topogrepby map,
fig.3s) but appears farther porth in the Sudan. Again, this surface
cooling may be explained by referring to the surface winds of
run 3 (f1g.3f7), which indicate a more northerly flow of cooler air
from the Mediterranean Sea.That this is & surface fecture can be
s¢een by comparing it with the meaps for T10-6 and T8-7 , where no
sigonificent differences appear. On the other band, the elevate!l
heat source of the Etbiopian bhighland to the south 4is vividly seen
in these two layers, and it also extends westwvard to the southern

Sahare desert.

From the difference maps of T10-8 and T6-7, the Andes region
of South Americe is seen to dbe the most intense elevated heat source
smong the three southern continents. ¥With the presence of orography,
there is & significant westward spreading of the thermel influence
to the adjacent oceans at around 2358 over the three southern
continents , which 18 related to the circulation around the
subtropical highs.Farther south, around 35S, eastward spreading of
heating effects over the ocean can be found on the east side of the

continents as a result of the westerlies.

Over the Himalayas , including Tibet, the SAT difference map

indicates a high eleveted cold source, surrounded by areas of warper
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temperatures. For exaaple, in eastern China , a positive B8aAT
difference of 6 °C is found. This i apparently an isdirect
effect of the Himalayas,vhich cause the Siberian high to shift to
the porth. Consequently, tbhe enticyclonic flov is nov onsbhore in
run 3 over the south-eastern China (see surface wind of run 2 and
S ). For much the sase reason, higher values of SAT and TB-7 can
be found to the north and west of the Tibetan Plateau in run 3.

The snow cover in the northern part of Afghanistan is abdsent in
run 3. Furthermore, this bigh elevated region has experienced an

fncrease of convective cloud of more then 10%.

Farther north over the continents, the SAT and leyer temper-
etures show significently colder temperatures partly due tv higher
elevation in Siberia, the Sierres, and Greenland. In eddition, the
mountain barriers also act to block warm advection, so that even
lower level surfaces also show colder temperatures. Again, the fact
that the initializetion may have caused a minor residual effect
needs to be considered. Finally , significantly warmer velues of
SAT,Ti10-8, and TB-7 can be seen over Aluska and around Iceland,vhere

warm advection from the oceans to the south is taking place.

As pointed out earlijer,the isothermal and,more importantly,
dry initialization for run 3 certainly has an impact on the model-
generated climatology. Insufficient moisture and clouds, during the
firset few mocths ,cause extremely cold temperatures to develop over
puch of the high northern latitudes. However, with advection of
goisture and heat, from lowver latitudes later on, these initially
cold conditions undergo & change. In order to see how the initial
state affects the later months, time series of T10-6 were made for

several grid points. Particularly, those along latitude B7N will be
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sbown,furtber subdivided fnto J major groups :(4) morthvest(170¥) and
portbheast (160V) of Alaska,(ii) extreme northvesters USSR or east

of Scandinavia ( longitudes of 30F and 80E), and (4131) mortbern and
sortbesstern Biberia (longitudes 100E,120K8,140E,1608). Regions (1)
snd (41) are shown in figure 3g avd region (143 ) ip figure 3b.
Dashed lines denoted run 2 and solid line represent run 3 at the

sena2 grid poiots. The topograpby of all the griéd points lies below
the 850 b level for run 3.

In the firest month of run 2, a monthly mean T10-8 close to
270K is found ip all three regions along 87N (including those grid
points pnot shown in the figure), a direct result of the relatively
varo moist initialization. In the following twvo months ,teuperatures
in ell three regions fell by more than 18K ,except for the location
et 30F >f region (i), where the change was smaller because of its
location in open water. During the rest of the run, al) locations
exhibit realistic interennual fluctuations with temperatures colder

than the first month.

In the first month of run 3 , & more erratic and colder temper-
ature distribution is found under the influence of the dry
isothernal ini*ie)l condition, es well as topogrepky. For exazple, a
large temperature difference canm be found betwveen the location of
regions (i) and (11). However, & more uniform temperature of around
260K cen be seen in region (41ii1) in the first month. Starting in the
second or third month of rum 3 , all grid points show a sudden
cooling, but most dramatically over region (iii) with & 30K to
almost 50K drop. However, in the folloving months,temperatures in
a1l regions start to cliod steadily. In region(i), slightly werger

temperatures ther in rum 2 <can be seen 88 the effect of warn
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edvection from the Aleutian low , while in region(ii) and (111),
teuperatures are either colder or cooler than in run 2. In region

(113) over northern Siberja, large amplitude fluctuations sre found.

From the small data sample shown above,it is apparent that the
dry isothermal initialization of run 3 does result in very rapid
radiational cooling in high pnorthern latitudes during the first two
months of the model]l history,wvhile in rum 2, the moist isctbernmal
fnitialization allows a sacller cooling rate to take place. Hovever,
after the first two months of run 3, as evaporation moistens the
model atmosphere , the temperature rises rapidly. Within & fevw
wonths, the temperature of runm 3 , like that of rumn 2, begins to
fluctuate around e long-term mean value that is well below the
fnitial temperature , but consideradly warmer than the extremely
low temperature reached in the second or third month. Thus , it
sppears that the long-period average tempereture of the nmodel
stmosphere after the first few months is virtually independent of

the initial state.

The sea-level pressure map for run 3 (fig.34i) shows a more
frregular pattern and larger gradients than run 2. With orography,
the Siberian bigh is now shifted northeastward and broken into cells
ocver the elevated cold eareas. Similarly, the Ceanadian high has also
migrated to the northweet . Unrezlistic bhigh SLP appears over
Greenlend,probably due to the method of reduction to SLP. A weak but
closed cold low can be found in the southeastern Gulf of Alaska. The
Icelandic and Aleutinrn lows are now located to the south of
Greenland and over the XKamchatka Peninsula,respectively. Although
the Aleutian lov is more intense and dbetter organized than in raun 2,

the pressure is still somewhat higher than observed.




F“ﬂ““‘“.
]

oo T

D

DA A

T hag T

5
N

T T T

b

Over Anterctica, low SLP is seen betwveen longitudes zero and
POE, where the bighest elevation is found.In the tropical Pacific
snd Indian Oceans, SLP is generally lower than in run 2. This spall
difference does not eppear iu the difference map (f1ig.33), but its
significeance is clearly seen. In addition, the colder temperature of
run 3 in northern bigh latitudes is also reflected in the higher
pressure on the difference map. Similarly, the retreat of the
Siberian high to the north and its replacenent by a generally lovwer
SLP bheve resulted in a total decrease of SLP of more than 6 wbd in
southern Asia. The significant sea level pressure decreases over

the elevated African highlands and the Andes are also well depicted.

The mean zona) SLP profile of run 3 is shown in figure 1d and
denoted by the number 3. Ib the tropics, the elevated heat source
has lowered the SLP relatively to the water planet and flat
continents experiments, apd thus farther from the observed values.
(Even eallowing water storage and evaporetior to take place over the
continents still only raises the pressure slightly in the tropics.)
On the other hand, It is very encouraging to see the imncrease inm SLP
in the Northern Hemisphere in run 3,which brings it closer to the
observed profile.However, the presence of the arbitrary northern ice
cep has made the poler pressure somewhat too high. The magnitude of
the subtropical bigh in both bemispheres is in better agreement
with the observed pressure profile, but still too far polewvard,
especially in the north .Fipnally, & serious model problem cen be
found in southern polar latitudes (e.g. 67S) where the SLP of the
model is much too bigh compered to the observed profile, even with

orography.
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With topography included, the 500md mep of rum 3 (fig. 31) ;
shows many wave-like structures in contrast to the more 2zonal {
syometric character of run 2. For example, perturbations can bde
found over the high elevated area of Antarctice. In southern high

latitudes, the pattern of G500 is basically similer to that of run 2

beceuse of the ntrong influence of the ocesns. Nevertheless, saoall
“wiggles” 4in the pattern cen be seen off the coast of Chile in

run 3.

AP P Oy 00

Among the southern continents,the G500 over Houth America is

|
)
|
,'

| lower than over Australia and Africa due to & much lower SLP. This

can be seen in the difference and significance maps (fig 3k ). In ;

contrast to the broken southern subtropical high pressure cells in

run 2,a more organized large scale structure can be found

Pacific and Indien oceans ip run 3.The hydrostatic effect

over the
of the

discussed

warm continents spreading on both sides of the oceans, as

earlier, is also reflected in the G500 difference map.

Recently ,Kasahara (1980) bhas reviewed the influence of
orography on the general circulation of the troposphere. Figure 31
(after Kasahara) is & schematic representation of two types of
blocking pettern.taken from Kikuchi (1870). Kasahara noted that the
blocking high and diffluent structures could be caused by large
scale topogrephy as well es land-sea temperature contrast. Im G500

of run 3 , a diffluent structure resembling that cf figure 31

appears over the Himalayas complex with & high closed contour to the
porth and a'lov to the south. The strong westerlies here have split

into two streams,one towards the north and the other to the south of

the Tibetan plateau, in agreement with observational studies.To the

southwest of this region,vaves can be seen over India. Furthermore,
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the elevated thermal influence of the Himelayas complexy is reflected
ip the significant difference in fig. 3k . A similar diffluent
pattern with no closed cobntour «can also be seen in southern

Greenland.

With orography ( but zonal SST) iu rum 3, the model has
generated a diffluent structure in the Gulf of Aleska, with a warnm
ridge in the nmorth(over the continent)and cold trough to the south
(over the ocean). The trough is just to the porth of the cold
low,vhich was mentioned in the discussion of the SLP mep. Thise is a
quasi-barotropic feature, and the pattern extends up to the 300mbd
surface. Such & diffluent structure appears to be related to a
trough formed on the leevard side of the Himalayas complex (over
Japan), end results in & transport of warm air downstream towards
bigh northern latitudes. Subsequently, a warm high or ridge bduilt up
over Alaska. Thus, the process leading to the diffluent structure
pmay be an indirect orographic effect, involving elso the lend-sea

tenmperature contrast.

In northern polar letitudes , significant positive
differences of G500 can be seen ., €.8g., over Greenland and the
northern ice cep, despite the colder temperature of run 3 in these
regions. The reason for the higher G500 is the higher SLP of rumn 3
in these areas,except south of Iceland and Alaskes where warming
takes place. In Siberia anéd centrel Canada, on the other hand ,
pegative difference oi G500 are found due to the extremely cold

temperatures, but only a portion of the aree shows significance.
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Spberical harmonic analysis
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As seen in the horizontal fields, the orography diverts the
gonal flow into meridiunal motions and also affects the atmosphere
thermally through the elevated heat and cold sources. One might
therefore expect the spherical harmonic analysis of rum 3 to
show & fevw nev dominant harmonics, although many of the major
characteristics may be retained in the glodal harmonic structure of

SLP, G500 (table 1) and T10-8 (Table2).

For SLP of runm 3, the dominant {(1,0) harmonic again indicates
the excess of mass in the the Northern Hemisphere. The (4.0)
harmonic ranks a step lower,with smaller amplitude,than in rum 2,but
still reflects the subtropical highs and equatorial low as dominant
features of the SLP structure. The polar-equatorial difference
represented by the (2,0) barmonic in run 3 bhas a reveral of phase
which reflects the high SLP in the winter bhemisphere together with a
slightly lower pressure in the tropics. Furthermore, high SLP in
the northern polar region and relatively low pressure in mid
latitudes can also be seen from the (3,0) harmonic,which is 7th in
run 3 end 10th in 2 ,with 180 degree phase difference indicating

relatively low pressure in the northern polar region in run 2.

The slightly enhanced amplitude of the Asiatic anticy«lomne in
run 3 is shown by the (1,1) harmonic which still remains the 3rd
leading harmonic as in rumn 2,while the (3,2) ,(4.4) and (5.4)
harmonics which follow exhibit similar or slightly larger

pagnitudes.The (3,3) harmonic, reflecting 3 longitudinal waves or
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cells,which appears as 7 tbh barmonic ip run 2, is no longer among

the ten le2ding harmonics of run 3 when topography is fncluded.

For G300, the first 3 leading harmonics of run 3 are similar
to those of run 2 except that smaller amplitudes are found ip the
(2,0) ané¢ (1,0) terms.This is & reflection of the bhigher SLP in the
porthern polar region which causes a bhigher G300 end thus a decrease
of the amplitude.The following leading harwmonics of G500 im run 3,
(7.0) end (8,0), show & decrease of magnitude. However,the most
interesting is the (8,0) bharmonic,vhich jumps up to 4th place in
run 3 from 6th place of 2,with dramatic increasc of amplitude. This
sy be explained by the difference map of G500 (fig.3k). Higher
heights over the Arctic ice cap and Antertica,and also near the
Himalayas complex and around latitude 40S, together with & decrease
of beight over Siberia, Canada and the southern oceans, all
contribute to the importance and high amplitude of the (6,0)
harmonic. The effect of the continents on the lonmgitudinal
variations of G500 can be seen from the last four harmonics.Three
of the bharmonics, (8,2),.(5.2) aud (7.2), are of longitudinal wave
nunber 2, and indicate releatively small scale or cellular structures

by their bigh number of nodeal parallels (n-m).

With the presence of elevated heat and cold sources, the
(2,0) and (1.0) harmobnics of T10-6 in run 8 still remain as the
first two leading components,with little bigher emplitude than in
2 . Furthermore, the (3,0) term,absent in 2, becomes the 3rd
leading barmouic of run 3,its phase angle of 160 degrees reflecting
colder temperatures in the porthern polar region as well as warming
in the Himalayas.However, the high temperature in this region is

mainly due to the extrapolation from the surface temperature, as
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discussed earljer. The influence of the colder elevated Sibdberian
high is also seen in the increased magnitude of the (1,1) harmonic.
The last 2 components of run 2,(3,3), and (3,1) , are novw replaced
fn run 3 by (4,1) and (85,2). Finally, the 7Tth barmonic of run 2,
(4.2) ,18 replaced by a (5,4) harmonic, which indicates a more
frregular or cellular temperature distribution in northernm high

latitudes.
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Although the sensidle heat flux of run 3 (fig.3p) generally
shovwvs a similar pattern to tbhat of run 2 , the difference and
sigoificance maps (fig. 3n ) do reflect the differences discussed
in the context of the SAT. For example, the northward movement of
tbe cold Siberian bigh results in more sensidble heat flux over
nortbhern Japan, while a dramatic and significant reduction takes
place in the Bering Sea and Alaska, where relatively warm southerly
flov now comes fron the Aleutian low. For the same reason , the
relatively werw onshore advection from the Pacific ocean has also
reduced the sensible heat transfer over eastern China aond pborth of

Indiae.

In the western hemisphere, & slight but significant increase
of heat fiux can be found on the New England coast and northeast of
Hudsons Bay. Surrounding Iceland , a highly significant drop of
sensible bheat transfer is seen. This can bdest be explained by
comparing the surface winds of both runs {(fig. 3f) in the region
around latitude B0ON. Briefly,a generally southerly warm air flow is
found south of Iceland inm run 3 compared with the mainly zonal
wvesterlies and weak northerly flow of cold air from Greenland in

run 2.

A significent increase of the sepsible heat flux in the low
leayers is also seen over the region of the White Sea in northwestern
USSR .The cold low south of the Gulf of Alaska discussed earlier
also shows a significant increase of eppreciable amount from the
oceanic region. A generally 1pnsignificant increase of sensible beat

in the northern part of South Americe and a decrease in the central
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part are found .This is related to the southward shift of the
rajnbelt in South America resulting from topography ,vhich will bde
discussed later.

Relatively small but significant increases of sensible heat
flux are found in the oceans west of Chile and South Africa, and are
al180 seen in the zonal profile (fig. 1h).This appears to dbe due to
the flow of cold air around the subtropical highs ,which is novw
diverted toward the ocean by the Andes and the highlands of southern
Africa. Finally, a significant increase of sensible heat flux can

also be found over the elevated Antarctic countinent.

Figure 3m shows the map of mean daily evaporation of
run 3,while the mean meridional profile i seen in figure 1h. As 1inp
the profile of run 2 (in the same figure),high evaporation is found
in run 3 between latitudes 35N and S, while the high mnorthe:an
lJatitudes show stronger evaporaticn than the corresponding latitudes
in the Southern Hemisphere mainly due to the vigorous transport of

cold dry air from the continents to the adjacent oceans.

The difference and significance maps of evaporation (fig.
30) reflect many of the features discussed earlier. Increased
evaporation 18 found to the west of the southern continents and
ferther extended into the oceans along about latitude 28S. This
increase can be explained by the surface winds of run 3 (fig.3f)
in which stronger wind can be found over the region of increased

evaporation. This is particularly evident off the coast of Chile.

The Himalayas complex also creates amn irregular
evaporation pattern, as can be seer from the significant positive

and negative differences in the northern Indian ocean. A careful
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examination of the SLP map of run 3 ip tbhe region shovs s scall bigh
pressure area ip the Aradiap Sea. Surface winds are onshore in
vestern lndia in run 3,which is certainly unrcalistic compared to
run 2 where the flov is offshore. On the other band, the increase of
evaporation north of Japan and the decrease to its south are
expected results of the northward sbift of the Siberian bigh. In
addition, there are meany local regions where the evaporation
differences are significent: for exam)le, 1in the cold lowv south of
the Gulf of Alaska, and with scaller magnitude, in the GCulf of
Mexico as well as southwest of the Canary Islends. Finally,
decreased evaporation south of Iceland and also in the Bering Sea
ere due ,more or less, to the same cause as discussed with respect

to the seusible heat flux differen-e.

Io figure 3p,it appears that bigh elevation of Antarctice has
induced more low cloud cover in run 3. The difference and signific-
ance maps (fig. 3q ) also reflect more than a 20 percent increase of
low clouds there Furthermore,they reveal meny iarge and small ecale
regional differences. The increase of evaporation in the South
Pacific and Indian Oceans betwevon 10S and 30S noted above also
results in a significant increase of low cloud cover. Somewhat less
significance is associated with the low clouds in the South

Atlantic.

Highly significent increeases of cloud cover can be seen
over the ocean west of Mexico and in the Aradjian Sesa, with increases
of 30 percent or more. The posii‘ve differences over eastern China
and significant negative difference of low cloud to the north once
again demonstrate the influence of the Himalayas. Over Afghanisten,

the incorporation of orograpby seems to suppress the formation of
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low level! clouds while significantly enbancing the middle and high
clouds.

It is interesting to see a large areea with slight increases
of lowv cloud cover (5 percent or more ) , but still bighly
significant, around northern mid-latitudes from the Mississippi
valley acrnss the Atlantic Ocead and through the Mediterraneap Sea
to the Caspian Sea. Similarly, another band can be seen extending

from Japan across most of the Pacific along 40N.

The mean daily precipitation of run 3 is shown in figure 3p.

In South America , the NV-SE oriented rainbelt of rum 2 is novw
changed to a more longitudinal direction, and the northern part of

the maximum rainfall region is now shifted south-westward over the

Andes of Peru. This migration of heavy precipitation is best illus-

trated in the difference and significance maps (fig.3r) and elso in
the zonel precipitation profile (fig. 3i1). Difference of more than
7mm daily rainfall due to the orographic effect can be found on
both the west and east elevated regions. Apparently, the Andes
Mountains have blocked the dry subsiding air from the subtropical
high west of Chile from penetrating inland. This capn be verified

by comparing the surface winds of run 3 and 2 in figure 3f

Increased daily precipitation is also found along the
African highlands and a slight but significanot increase of rainfall
can be seen extending to the South Atlantic Oceen. For much the
same reason, the area of heavy rainfell has moved both westward
and eastward to tbhe higher elevations in Australia. In genereal,
small bhut significant decreeses of precipitation in rum 3 are

found over southermn tropicel oceans.
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Over eastern Cbina , a dramatic increase of precipitation
is seen associated vwith the bDortbvard retreat of the Sidberian bhigh
poted before. This area bhas experienced an onshore surface wind
which sdvects varm Boist air frow the Pacific Ocean. A signi-
ficant increase of total cloud cover is also found. Increased evapo-
retion to the portheast of New Guines and enbanced orographic uplift
bave ipcreased the amount of precipitation in that area.

Otbher thaun the increase of precipitation over Iceland,vhere
strong low level convergence occurred in run 3, there is no visible
effect of topography on the computed procipitation over North

America and Europe in the coarse-mesh mnodel.

Meridional cross-sections

Figure 3s displays the temperature cross-section of run 3
which is qualitatively similar to that of run 2. In most of the
troposphere outside of the high latitudes of the Northern Hemi-
sphere the difference and significence cross-sections (fig.3t) show
significent warming due to the elevated heat source. For example,
over Antarctica , increases of more thanm 3 °C can be found in
the troposopbere and stratosphere. Furthermore, the thermsal
influence of the Andes and African bighlands can be seen above 5003d
in the southern tropics aroupd 27S as well as at 4N, but with a far
smaller contribution from the central African highlend.The elevated
cold eources of Siberia and Canada, &8 well as the northern ice
cap.as discussed earlier, ere also reflected ir the colder zonal

mean temperature of the lower troposphere.

In the subtropicel latitude band of the Northern Hemi-




sphere, the effcct cf the lHimalayas cosplex noted before is also
seeld , vith temperatures more than 3 °C warmer at the surface
in the difference cross-section . However, colder (negative)

tesperatures of 1.8 °C are found in the low stratosphere adove.

An ioportant role played by the mountains, as revealed 1in
the temperature difference and significance cross-sections, is the
generation of highly significant warwming in the stratosphere,
especially over the northern polar region where increases of 10
°C can be found. A strong ascending colunmn ,which slanty,
northvard'at bigher alititudes into the stratosphere, is found at
85N pear the surface in the verticel velocity cross-section of run 3
(vhich will be discussed later),assocjiated with the Aleutian and
Icelandic lows. A considerable amount of heat must bave been trans-

ported upward to the polar stratosphere to cause the warming.

The cross-section of zonal wind for run 3 (fig. 3s) shows a
pattern similar to that of rum 2, except that the region of equato-
rial easterlies now extends southward to 23S. From the difference
and significance cross-sections(fig.3u),the easterly circulation has
veakened in the pnorthern equatorial stratosphere,vhile strengthening
significantly (by 8 m/sec) at 10S.

It may be helpful to compare the difference cross-sections
of temperature and zomnal wind through the thermal wind relationsbhip.
For instance, warming of the polar stratosphere in both hemispheres
bas significently reduced the westerlies in those regions. The
relative wvarming of the equatorial stratosphere together with
cooling at 35N bhave strengthened the westerlies significantly by es
much as 12 m/sec over 16N in the stratosphere. Similarly, the

thermal influence of the southern continents results in a slight
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fncrease of the wvesterlies (by 83 m/sec) over middle latitudes of the

soutbhern stratospbhere.

The meridionsl wipnd cross-section of run 3 is displayed i
figure 3v. As notecd earlier,strong meridional flov patterns are
found in middle and bigh northern latitudes in rup 3. Hovever, obnly
& very sczall, or nearly zero, meridional conponent is seed in the
cross-section due to the positive and negative cancellation. In the
tropics, the trade winds at lov levels and the dtvorgonc; aloft are
sore consistent and well defined ,as illustrated fn the
cross-section. As compared to rup 2, the Hadley cells of pynp 3
(especially the soutbhern cell) sbow more intense circuletion and
also extend to bigher stratospheric levels (see the vertically
elongated pattern above 258) including the strongest meridional wind
regions of both cells. Furtbhermore, the ITCZ at bigher levels bas
sbifted a few degrees southward. All these features can be seen in

the difference ond significance cross-sectijons (fig. 3w).

In the lower stratosphere below 200mb at 39N, & positive
difference of merjdional circulation can be found ,wvhile at the
surface, run 3 shows & more northerly component. High SLP in the
Arctic also creetes & northerly componen’. at the surface conmpared

with the surface wind of rum 2.

From the verticel velocity cross-section of run 3 (fig.3v),it
eppears that the Andes and African highlands have shifted tbhe
soutbern escending branch from 12S in run 2 southward to 20S in
run 3, with strongly enhanced rising motion. Consequently, strong
subsidence is found to the south at 35S. In the northern

counterpart, the ascending brench bhes weakened,but remains located
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et 4N. Again, the difference abnd significance cross-sections (fig.
3x) reflect these features. Stronger rising sotion is found at 48
sbove 300md. This together with the stronger ascending motion in “bhe
southern Hadley cell may possibly be related to the varming of the

trapical stratosphere (also see the meridional wind cross-section).

The thermal influence of the Himalayas complex has
spparently separated the descending branch of the northern Hadley
cell from a mid tropospheric sinking streanm,associated with the cold
high SLP to the north of the mountain complex.

Around latitude 87 in both bhemispheres,relatively weak
ascending motion can be found with corresponding subsidence at the
poles, especially in the northern ascending dbranch,as mentioned
earljer is related to the polar stratosphere warming inm run 3. Two
regions of maximum ris.ing notion can be found, one in the low level

convergence and the other above 200mb farther north.
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Sunmary and conclusions n

From the results of the tvo vater planet experiments,
there is apparently no sajor large scale difference detveen the
tvo runs. Furthersore, tie model seenms to be capadble of generat-
fog & oteady clisatic state 4ip only a fev simulation months
fros ab inttal state of zero motion, as can be seen from the last
three experiments. In the last run,with topograpby included,the dry
fnitial state caused a radiative cooling effect in >%he polar
region of the winter hemisphere in the first fev months. Hovever,
fo this run also , a quasi-steady clipmatic state is reached efter-
ward. Therefore,the initisl conditions seen to be a minor probdblen

in a clipate sioulation.

As expected from the forcing by zonal syommetric surface
boundary copnditions,in the water planet run all mean variables
show a predominantly zonal symmetric character, as confirmed by
the leading terms of the spherical harmonic enalysis. An ITCZ,
with a baand of maximunm precipitation and strong upward vertical
velocity is found over 4N where the SST is a maximum. This
precipitetion peak agrees very vell with the most recent
estimates of the observed precipitation over the Pacific Ocean.
Furthermore, the water planet zonel mesan profile of SLP ir very

c¢lose to the odbserved climatological profile in the tropics.

In run 2, tbhrough etrong sensible heat flux, augmented
by latent bheat released, contineats ect as regional beat sources
in the tropics ensd in the summer bemisphere. In contrast, high
albedo snow extends southward to SON over northern high latitude
continents, which serve as large scale heat sinks. Dynamically,

monsoonal mass exchange takes place between the cold (warm) cont-
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ipents and the varm (cold) adjacent oceans, accompanied by low
cloud formation during the exchange process. However, the zonal
sean sea level pressure profile of this flat dry continent model
differs only slightly from that of the water planet. In addition,
the 8500 mb flow pattern of run 2 also shows a predominantly zonal
circulation. Thus,the effects of the zero elevation dry continents

seem to be confised to the lower troposphere.

In the flat continents run, the southern continsnis induce
e second Hadley cell and ITCZ in the southern tropics, and cause
strong easterly flow to appear in the equatorial region. Further-
more, the heated continents of the model have a desiccating effect
on the precipitation. The band of meximum precipitaetion at 4N in
the water planmet is reduced sharply in ruu 2, and the heaviest
rainfall is found over South America and the equatorial region of

Africa.

In run 3, with oros raphy included, the elevated terrain
produces a colder surface air temperature in high latitudes of
Eurasia and North America. Consequently, intemse ccntinental
bigh sea-level pressure centers build up and move closer o their
observed positions in the Northern Hemisphere, although in some
cases these ""corrections’” are excessive. On the other hand, the
elevated bheat sources provided by the southern continents streng-
then the Hadley circulation unrealistically inm the Southern Hemi-
sphere, and result in generally lower sea-level pressures than

either observed or generated by the previous runs.

e
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From the mean tenmperature difference cross-section, it is
also apparent that the mountainous terrain exerts a consideradle
and significant effect on the model's stratosphere. The mid-trop-
ospheric circulation generated with the mountainous model also
generelly shows a more meridional pattern and irregular, diffluent
structures than that of the flat continent run.The presence of e
Himelayas complex, the Andes, and tbe African highlands do have
noticeable effects on the precipitation in these regions, but
elmost no effects are found over North Americe or Europe in the
coarse-mesh model. Finally, pone of the three runs generates the

sub-Antarctic low found in nature.
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Figures

Top) Wean sea-level pressure (BLP) for run 0
Pottoa) Measn SLP for run 1}

SLP : {Top) Standard deviation of run 0
Bottom) ftendard deviation of run 1}

(Top) Mean SLP difference of rup 0 - run 3 .
(Bottoa) Meridional SLP profiles for run 0 to 3 end observed.

(Top) 600md height (C600) profilss for runs 0 to 3
(Bottos) Meridional surface air temperature (SAT) profilou for
rsune 0 to 3 and sea surface tesperature (8SST) profile.

(Top) Meridionsl profiles of layer tesperature fros 850-700ad
(T8-7) for runs 0 to 9.
(Bottoms) \VMean T8-7 difference of run 0 - run 1

(Top) Wean G500 difference of run 0 - run 1 .
(Pottom) Mean SAT difference of run 0 - run |

(Top) MHeridionel sensible beat flux profiles for runs 0 to 3.
(Bottom) Meridionel evaporation profiles for runs 0 to 3.

(Top) Meridional precipitation profiles for run 0 to 3.
(Botton) Measn vinter rainfall depth by latitude
over the Pacific Ocean (fros C.%.Dorman and R.K. ,Eourke).

Mean precipitation difference of run 0 - run 1.

(Top) Teaperature cross-section of ruan 0
(Botton) Temperature croas-section of run 1

(Top) Tempersture difference cross-section for run 0 - run 1.
(Bottou) Time series of zonal mean temperature at 61S and 497abd.
for runs 0 and 1.

(Top) 2Zonal vind cross-section for run 0
(Botton) Zonal wind cross-section for run 1.

(Top) Zonal vwind difference cross-section for run 0 - run 1.
(Botton) Standard deviation of zonal wind cross-section for
run 1

Timeo series of sesn zonasl wind on Equator at
82 mb level for runs 0 and 1.

(Top) Meridiouel vind cross-section for rum 0

(Bottom) Meridionsl wind cross-section for run 3.

(Top) Meridional vind difference cross-section for
run 0 - ron 1 .
(Bottonm) Vertical velocity defference cross-ssction for
run 0 - run 1

(Top) Verticel velocity cross-section for run O.
(Bottoa) Vertical velocity cross-section for ruam 1.

(Top) WMean SAT for run 2 .
(Bottom) Mean T8-7 for run 2

SAT : (Top) \MNeen difference for run 2 - run 0
(Bottos) Significance level

T8-7 : (Top) WMNean difference for run 2 - run 0
(Bettom) Significance level

(Top) Mean SLP for run 2 .
(Bottoms) \VMean G500 for runm 2

SLP : (Top) Mean difference for rus 2 - run 0
(Bottom) Significance level
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500 i?op) Mean difference for run 2
Bottom) Significance level

Top) Mean sensibdle beat flux for run 2

Bottoa)

Mean evaporation for runm 2

Top) MWean lov cloud cover for run 2

Bottom)

Evaporation

Lov cloud cover: s

Precipitation : STop) ¥ean difference for run 2 - run 0O

dean precipitation for rumn 2

éfop) Uean differeace for run 2 - ruan 0

Bottom) Sigonificance level
Bottom) Significance 1

Bottoa) Siguificance le

(Top) Tesmperature cross-section of run 2

(Bottoa) Zonal wind cross-section for run 2.

Temperature

Zonal wind

(Top) Meridional wind cross-section of run 2
(Bottom) Vertical velocity cross-section for run 2

é?op) Mean difference for run 2 - run 0

Bottons) Significance level

(Top) Yean difference for rum 2 - run 0.

(Bottoa) Significance level

Meridional wind : (Top) Mean difference fo

(Bottom) Significance 1

Vertical velocity : (Top) Mesn differc-ace

(Bottom) Significerce

(Top) Topography of the model

(Botton)

Mean SAT for runm 3

(Top) Mean Layer tecperature from 1000-
for rus 8 .
(Botom) Mean T8-7 for runm 3

SAT : (Top) Mean difference for rum 8
(Bottom) Significance level

T10-8: (Top) Mean difference for run 3
(Bottos) Significance level

T8-7 : (Top) Mean difference for run 3
(Bottos) Significance level

(Top) Surface wind for run 8.

(Bottom)

Surface wind for run 2.

Time series of T10-8 for runs 2 and 3
and region (ii).

Top) Mean difference for run 2 - run 0

- run O

evel

vel

r run 2 - run O. é
evel
for run 2 - run O.

level

850 ob (T10-8)

- run 2

- run 2

- run 2

in region (i)

Tine mseries of T10-8 for rune 2 and 3 in region (iii).

(Top) Mean SLP for run 8

(Bottoa)

Mean G500 for rua S

SLP : (Top) Mean difference for run 8
(Botton) Significance level

G800 : {(Top) WMean difference for run 3
(Bottoas) Significance level

- run 2

- run 2

Schematic representation of the two types of blocking
situation, from Kasahara (1980),
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Fig.8s &Toy) Yesn sensibdle best flus for run 3 .
Bottoms) Wees eveporetion for rup 3

Fig.8

Sensidble heast flus: {Top) ¥ead difference for run 2 - run 2.
Bottom) Significapce leveld

Fig.% Bvaporstion : i?op) Meen difference for run 3 - run 2
Bottoa) Significance level

Pig.8% Top) WNesp lov cloud cover for rus 8
Sottos) VMean precipitstion for run 8

Fig.8%q Low cloud cover: {Top) Uean difference for run 8 - rup 2
Pottom) fignificance level

FPig.3r precipitetion : (Top) Meso difference for run 3 - run 2
(Pottoa) Significence level

Fig.3% (Top) Temperature cross-section for run 3
(Botton) Zonal wind cross-section for run 3.

Fig.3t Temperature : (Top) Wesn difference for run 8 - run 2 , ;
(Bottos) Significance level 4

Fig.%u Zonsl wind : (Top) Mesn difference for run 8 - run 2 ;
(Pottos) Significance level |

Fig.%v (Top) \Meridiona) wind cross-section of run 8§
(Botton) Verticsl velocity crosus-section for run 8

Fig.Sv Meridional wind : (Top) Meesn difference for run 8 - rum 2.
(Bottos) Significance level . 3

Fig.83zx Vertical velocity : (Top) Mesn difference for run 8 - run 2.
(Botton) Significance level
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Fig.2¢ (Top) Nean sensible heuat flux for run 2 (watts/m**2).
(Bottom) Nean evaporafion for run 2 (mm/day).
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