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Appendix I. Tree diagram of the MRI-GCM-I
The schematic structure of the program of the MRI-GCM-I is illustrated in Fig. ALl

Names in the boxes indicate the subroutines. The functions of the subroutines are listed in
Table Al 1.

l MAIN | BLOCK DATA

GMP [ soeT* | [ step | WFFI o CNSW

|OUTAP€| IcompaJ ICOMPI] [DISKIS'I |SD£T*I lorsxrd‘l lourApgl IINICONl

[Pec]  [avrer] [avex] | ourard]  [orswid)]

ozonss|  [rabTN| | cup |

Fig. ALl Tree diagram of the MRI.GCM-I. Names in the boxes indicate
subroutines. Subroutines with asterisk appear more than once in the
diagram.
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Table ALl
subroutine function
MAIN Main program.
"CNSTNT | Computing constant parameters once for all.
INPUT | Preparing initial data. 7
'STEP | Doing time integration. Controlling data flow and advective and physical
processes.
'SDET | Computing astronomical parameters. Refer to Chapter 13.
GMP | Adjusting the global average surface pressure to its standard values once every 24
hours.*
'INICON | Setting the initial condition when the previous history is not available,
"OUTAPE | Dealing with the data exchange between “MSS” (Mass Strage System) and disk.
'DISKIO | Dealing with the data exchange between global data and latitude strip data.
COMP1 | Calculating the dynamical precesses. Refer to Chapters 1, 3 and 11,
'COMP3 | Calculating the physical processes. Refer to Chapters 2, 6, 9, 10 and 11.
"AVRX | Smoothing the selected terms at l-and u-points near the poles. Refer to Chapter 4.
"AVRXY | Smoothing the selected terms at v-points near the poles. Refer to Chapter 4,
PBL | Computing the PBL processes. Refer to Chapter 8.
'CUP | Computing the processes of penetrative cumulus convection. Refer to Chapter 7.
'RADTN | Computing the radiation processes. Refer to Chapter 13.
'OZONSS | Computing the photochemical processes of ozone. Refer to Chapter 12.

# Although the mass continuity equation in the finite -difference form guarantees the

conservation of mass in both the horizontal and vertical differencing, the globally integrated

mass continues to decrease with time. This is related with the fact that the computer has the

limit of at most 7 decimal digits in the single-precision calculation. This gives rise to a small

loss of mass at each time step.

Appendix II. Surface boundary conditions and numerical constants used in the MRI.GCM-1I

II.1 Surface boundary conditions.

Topography used in the MRI-GCM-I is shown in Fig. AIL1. Also shown are prescribed

sea surface temperature and sea-ice distributions for January, April, July and October.
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Topography used in the MRI « GCM-I. The contour interval is 500 m.
The sea surface temperature distributions are shown over the ocean for
(a) January, (b) April, (c) July and (d) October, together with land ice
distributions indicated with “I”, and sea-ice distributions indicated with
“=". The contour interval for sea surface temperature is 2°C. The grid
points indicated with “L” are lake points.
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II.2 Numerical constants and functions used in the MRI-GCM-I

Numerical constants and functions used in the MRI-GCM-I are summarized in Tables
Alll and All.2. The names of contants are shown in the left column. Also the conventional
symbols or symbols used in the text are shown in the parentheses. In the middle column the
values are shown. When the values are derived from other varibles in the program of the
MRI-GCM-I, the relations are also shown. The first line of the right column shows the

varible name used in the program, and the second line shows the subroutine where the

variable is defined (see Fig. ALl).

Tabel AILLl Fundamental numerical constants and functinns

solar constant 1345 W m™2 S0
(So) COMP3
eccentricity of the earth’s orbit | 0.01672
(e) SDET
inclination of the earth’s orbit 23° 27
SDET
perihelion January 3.36
(2.36 day) SDET
1 year 365 days DAYPYR
BLOCK DATA
mean radius of the earth 6375 km RAD
(a) BLOCK DATA
acceleration of gravity 9.81 m 72 GRAV
g , BLOCK DATA
gas constant for dry air 287 ] kg™ K! RGAS
(R) BLOCK DATA
latent heat of vaporization 2512 x 10° J kg! HLTM
(L) BLOCK DATA
latent heat of sublimation 28.48 x 10° J kg™! HLTF
(Ls) CUP
latent heat of melting 3.36 x 105 J kg! HLTI, HICE
(Ly) CUP, COMP3
ratio of gas constant to specific | 0.286 KAPA
heat at constant pressure (%) | (x=R/cp) BLOCK DATA
specific heat capacity of dry air | 1003.5 J kg™! K~! Cp
at constant pressure c=R/x CNSTNT
(cp)
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mean surface pressure which | 984 mb PSF
determines total mass of the BLOCK DATA
atmosphere on the earth
Stefan-Boltzmann constant 567 x 107% ] m 257K~ STBO
(0) RADTN
melting point 2731 K TICE
COMP3
angular velocity of rotation 7.292 x 107% g7!
Q) CNSTNT
Avogadro’s number 6.022 x 10% k mol™! AVO
OZONSS

saturation mixing ratio of water
vapor
(Tetens” formula)

q*(T, p)

e=6.11 X 10055=52)

on water
e=6.11x 10055252
on ice
_ e
q* —0.622p~_e

(Inline development)
related constant
QSATEX, QSTIEX
in MAIN

Table All.2 Other numerical constants and functions

surface roughness 0.0002m for ocean Z0
(Zo) 0.0001m for sea-ice PBL
0.005 m for land ice
0.45 m otherwise
surface albedo 0.07 for ocean ALS
(as) 0.14 for bare land RADTN
0.3 for frozen land
Min (0.85, 0.7+0.15X Z)
for snow or ice
where Z is height in km
0.4 for bare sea-ice
0.7 for snow on sea-ice
0.5 for melting snow
coefficient of horizontal non- | 0.04 K0SQ
linear eddy diffusion COMP3
(Ko?)
field capacity of soil 1.5 kg m™2 FLDCAP
(p Wan h) COMP3

— 175 —



Tech. Rep. Meteorol. Res. Inst. No. 13 1984

critical temperature of ice phase | 253.1 K TCR
transition in cumulus clouds CUP
(Ter)
conversion coefficient from | 0.004 m™! at cloud top Co, C1
cloud water to rain water 0.002 m~! otherwise CUP
(Co)
maximum sustainable cloud | 0.0 CRITL
water (£ ) CUP
base line cloud work function 2% (6p X 0.01p J A0 (K)
(Ao(pa)) where 6p is cloud depth in mb Ccup
climatological mixing ratio of | 2.5x 10-¢ (kg/kg) QST
water vapor (H,O) in the RADTN
stratosphere
carbon dioxide density at NTP | 1.977 kg m™*
(pcoznte) RADTN
ozone density at NTP 2.144 kg m™® RO3NTP
(Pos,np) RADTN
ozone chemical reaction rates see Egs. (12.2), (12.4), (12.5), RR (n)
(kn) (12.6) and (12.8) OZONSS
photodissociation rates see Eq. (12.9) PHOD (n)
(in () OZONSS
reaction rate for ozone surface | 8X 10~* ms™! RC
destruction (K) OZONSS
eddy diffusivity at the PBL top | 10 m? s! ED
(D) OZONSS
entrainment rate across the PBL | see Eq. (8.24) ENTRAN
top E) PBL
transfer coefficients of heat (Cy) | see Fig. 8.3 CT and CU
and momentum (Cp) PBL
bulk heat capacity for ice (Ci.), | see Egs. (10.6) and (10.9) CZH
SnoW (Csnow) and soil (Cgoq1) COMP3
efficiency factor of evapo- | see Eq. (10.18) EVE
transpiration (8) PBL
functional form of runoff see Eq. (10.26) RUNOFF
R) COMP3
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constant related to polytropic | 0.2 AKAP
atmosphere (a) BLOCK DATA
mixing ratio of carbon dioxide | 4.89 x 10~* (kg/kg)

(dcoz) (=320ppm) RADTN

pressure scaling factor

(anz0, acos, Qo3)

0.9 for water vapor
0.86 for carbon dioxide
0.3 for ozone

PEXP—1, ACO2, AO3

RADTN

constants for the Dickinson’s
long wave cooling parameteri-
zation

(Co, a0, Bo, To)

see Table 13.2

CSTD, ASTD, BC, TLSTD

RADTN

diffusivity factor for the | 1.66

downward radiation RADTN

_diffusivity factor for the upward | 1.9
radiation RADTN

reflectivity of clouds see Eq. (13.90) TACA, TACS

Re) RADTN
absorptivity of clouds see Eq. (13.91) DELABS
(Ac) RADTN

II.3 Time steps and resolutions

Currently, we have three versions of the model, namely, coarse resolution 5-layer model

(CH), coarse resolution 12-layer model (C12) and fine resolution 5-layer model (F5). C5 and F5

are the tropospheric models and exclude the process related to ozone and the sponge layer.

Values of version dependent parameters are listed in Table AIL3. The time steps for physical

process Aty is common to all the version and set to be 1 hour.

Table AIL3
time step for resolution in resolution in model’s top
. advective latitude longitude
version process
At Ag AL Prop
C5 450 sec 4 degree 5 degree 100 mb
C12 450 sec 4 degree 5 degree 1 mb
F5 225 sec 2 degree 2.5 degree 100 mb
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Appendix III. Selected monthly mean fields produced by the MRI-GCM-I

Selected results taken from a simulation of annual cycle with 5 layer version of the MRI.
GCM-I (see Fig. 1.2(a)) are shown in this appendix without any comments on the results.
Discussions on them will be found in the forthcoming papers by Tokioka, Kitoh, Yagai and
Yamazaki (1985), Kitoh and Tokioka (1985) and Tokioka and Kitoh (1985). The simulated
results of the 12-layer MRI-GCM-I are not included here. Those who are interested in them,
some preliminary results are found in Tokioka and Yagai (1984).

Horizontal resolution of the model is A1 =5 and Ap =4'. As for the time incrment, At=
7.5 min and Aty=60 min are used.

Monthly mean maps are shown for January, April, July and October. For each month, the
following fields are included ;

i : Monthly mean sea level pressure. (a) model and (b) observation
ii : Monthly mean geopotential field at 500 mb. (a) model and (b) observation
iii : Monthly mean wind and stream lines at 900 mb. (a) model and (b) observation
iv : Same as iii but for 200 mb
v : Monthly mean velocity potential and divergent wind of the model at 200 mb.
vi : Seasonal mean precipitation. (a) model and (b) observation
vii : Monthly mean evaporation of the model.
viii : Monthly mean sensible heat flux at the surface of the model.

ix : Monthly mean net downward flux of solar radiation at the top of the atmosphere. (a)

model and (b) observed value

x : Monthly mean net upward flux of terrestrial radiation at the top of the atmosphere.

(a) model and (b) observed value

xi : Monthly mean net downward flux of radiation at the top of the atmosphere. (a)

model and (b) observed value

xii : Monthly mean net downward flux of solar radiation of the model at the surface.

xiii : Monthly mean net upward flux of terrestrial radiation of the model at the surface.
xiv : Monthly mean net downward flux of radiation of the model at the surface.
xv : Monthly mean total heating of air column of the model.
xvi : Monthly mean snow depth of the model.
xvii : Monthly mean total cloudiness of the model.

xviil : Monthly mean zonally averaged temperature. (a) model and (b) observation
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xix : Monthly mean zonally averaged zonal wind. (a) model and (b) observation
xx : Monthly mean meridional stream function. (a) model and (b) based on observation

xxi : Monthly mean zonally averaged total heating rate of the model.
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(a—1) (a—2)
JANUARY GCMSG GCMSG
GEGPBTENTIAL SG0MB BEOPOTENTIAL SOOME .

Fig. AllLLii Monthly mean geopotential field at 500 mb for January. (a-1) model
and (b-1) observation (Oort, 1983) for the northen hemisphere. (a-2)
model and (b-2) observation (Oort, 1983) for the southern hemisphere.
Contour interval is 80 gpm.
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Fig. AllL.liii Global distribution of monthly mean wind and stream lines at 900 mb
for January. (a) model and (b) observation (based on Oort (1983)).
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Fig. AllLLvii Global distribution of evaporation of the model at the surface for
January. (unit : mm/d). Areas over 5mm/d are covered with shades.
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Fig. AIll.1.viii Global distribution of upward sensible heat flux of the model at the
surface for January. Contour interval is 50 W m~2. Negative areas
are covered with dots.

S 1 1 1 1] 1
0 30 60 g0 120 150

— 185 —



Tech. Rep. Meteorol. Res. Inst. No. 13 1984

(a) january S-LAYER GLOBAL MODEL
SOLAR RADIATION (DSWTOP) (W/Mxx2)
90N T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
R _
r L 7D
60N il "i\t
i o =1
e =
3ONES . ==
Y ]
W / 2 ; 77 /23277//;% 7
= s
-
= / ’ "' 7 ///// ///f/f/f”@
o Z&é;// A&%V’ /%%&g%
< -

S0S S S T T O S SO SO SR ST SN N S ST ST S - st AU SN SN SUNY ST SRR SN SN SR SN RN S SO S S
- 30 60 90 120 150 180 150 120 90 60 30 0
LONGITUDE
(b)
JANUARY NIMBUS7 OBSERVATION
SOLAR RADIATION (DSWTOP ) (W/Mxx2)

QNI T

50N

30N

EQ

LATITUDE

30sk”

905

Fig. AIll.1.ix Global distribution of monthly mean net downward flux of solar
radiation at the top of the atmosphere for January. (a) model and (b)
observed value (Jacobowitz et al., 1984). Contour interval is 20 W m~2.
Areas over 240 W m™? are shaded.
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Fig. Alll.1.xii Global distribution of monthly mean net downward flux of solar
radiation at the surface of the model for January. Contour interval
is 20 W m~2, Areas over 240 W m~2 are shaded.
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Fig. Alll.1.xvi Global distribution of monthly mean snow depth of the model for
January. (unit : cm)
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Fig. AIIl.1.xvii Global distribution of monthly mean total cloudiness of the model
for January. Areas over 80% and less than 20% cloudiness are
covered with shades and dots, respectively.
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Fig. AIll.1.xviii Meridional distribution of monthly mean zonally averaged

temperature for January. (a) model and (b) observation (Oort, 1983).
Contour interval is 10C.

—192 —



(a)

100

200} -
300}

400f (- -

wun
o
o

€D
[=]
[=]

PRESSURE (MB)

700

ookl

900

1000\l
90N

(b)

100

200

300

o~
[=)
o

)

wn
o

o

~

o

o
T

(=]
o
Q

90

100

PRESSURE (MB
@
=)
o
T

Tech. Rep. Meteorol. Res. Inst. No. 13 1984

JANUARY UM/SEC) ZONAL MEAN 5-L MODEL

&/

40,

60N 30N | ' EO0
LATITUDE

JANUARY u (M/SEC) ZONAL MEAN OBSERVED

T

o+

N A

i ﬂ g ﬁﬁ
5 _
) sﬂ
. [ . y i
o (L
NN A

0
90N

60N 30N EQ 308 605 90S
LATITUDE

Fig. Alll.l.xix Meridional distribution of monthly mean zonally averaged zonal

wind for January. (a) model and (b) observation (Oort, 1983). Contour
interval is 5 m s7'.
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Fig. AIIL.2i Same as in Fig. AIIL1.i but for April.
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Fig. Alll.2.ii Same as in Fig. AIlL1.ii but for April.
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Fig. Alll.2.iv Same as in Fig. AIll.1.iv but for April.
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Fig. Alll.2.viii Same as in Fig. Alll.1.viii but for April.
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Fig. Alll.2.ix Same as in Fig. AlIll.1.ix but for April.
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