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PREFACE

This documentation describes the two-level Mintz-Arakawa atmo-
spheric general circulation model developed by Professors Mintz and
Arakawa of the Department of Meteorology, University of California,
Los Angeles. This is the first of a series of numerical models of
the global circulation being used at Rand in a research program on
the dynamics of climate. Through the selective alteration of the
model's initial and boundary conditions, and of the model's physical
and numerical treatment of atmospheric processes, it is planned that
the sensitivity and response of the world's climates to either de-
liberate or inadvertent modification be explored. It is the purpose
of the present documentation to facilitate those modifications of
the model that may be required to simulate such climatic effects.
This model, which was developed at UCLA with the support of the Na-
tional Science Foundation, is undergoing continuing development,
particularly with respect to the parameterization of convective heat-
ing and radiative transfer. The numerical solutions shown in this
report are for illustrative purposes only and should not be used to
judge the model's ability to simulate climate. Although every ef-
fort has been made to ensure the accuracy of the model description
used here, the responsibility for any errors or misrepresentations
rests solely with the authors.

The Rand research program on climate dynamics is sponsored by
the Advanced Research Projects Agency, and is directed to the system-
atic exploration of the structure and stability of the earth's cli-
mate. Meteorological studies suggest that technologically feasible
operations might trigger substantial changes in the climate over broad
regions of the globe. Depending on their character, location, and
scale, these changes might be both deleterious and irreversible. If
such perturbations were to occur, the results might be seriously
detrimental to the welfare of this country. So that we may react
rationally and effectively to any such occurrences, it is essential

that we: (1) evaluate all consequences of a variety of possible



occurrences that might modify the climate, (2) detect trends in the
global circulation that presage changes in the climate, either natural
or artificial, and (3) determine, if possible, means to counter
potentially deleterious climatic changes. Our possession of this
knowledge would make incautious experimentation unnecessary. The
present Report is a technical contribution to this larger study of the

effects on climate of environmental perturbations.
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SUMMARY

In this documentation the physical bases of the Mintz-Arakawa
two-level atmospheric model are summarized, and the numerical pro-
cedures and computer program for its execution are presented in de-
tail. The physics of the model is summarized, with particular at-
tention given to the treatment of the moisture and heat sources,
including the parameterization of convective processes, cloudiness,
and radiation. The numerical approximations and finite-difference
equations used in the model's numerical simulations are also given.
Throughout the documentation the emphasis is on the specific details
of the model in its present form, rather than on the derivation or
Justification of its present design.

To facilitate the use of this model, a complete listing of the
code as written in FORTRAN language is given, together with a de-
scription of all constants and parameters used. A complete dictio-
nary of FORTRAN variables, a dictionary of principal physical fea-
tures, and a complete list of symbols are presented. To illustrate
the model's performance, samples of its solutions for selected vari-

ables at a specific time are also given.
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I. INTRODUCTION

One of the more widely known numerical models of the global at-
mospheric general circulation is that developed by Professors Mintz
and Arakawa at the Department of Meteorology, UCLA. First formulated
in the early 1960s, this model has undergone a series of modifications
and improvements, and has been used in a number of simulations of the
global climate and in tests of atmospheric predictability. Although
it addresses the primary dynamical and thermal variables at only two
tropospheric levels, the model is relatively sophisticated in its
treatment of the physics of large-scale atmospheric motion, and the
method of numerical solution is relatively complex.

It is the purpose of this Report to describe the model from a
user's viewpoint, in order to facilitate its actual use in a program
of climatic simulation. Although some description of the model's ba-
sic equations is necessary, it is not our present purpose to present
their derivation nor to discuss the justification of the model's many
physical parameterizations and numerical procedures. Instead, we have
attempted to set forth several aspects of the model: 1ts physical ba-
sis, its numerical formulation and solution, its computer code, and
its typical results. These aspects are related to one another by the
provision of a dictionary of selected terms and a 1ist of physical and
FORTRAN symbols. The description of the model's physics, given in
Chapter II, is intended to present the basic differential equations
and physical constants; the corresponding difference equations and
other numerical approximations used in the program are presented in
Chapter III. This is followed by a summary of the program's operating
characteristics in Chapter IV, together with some typical results for
selected variables, and by Chapter V, which presents a physics dic-
tionary giving a brief summary of the treatment of certain variables
and effects. As a supplement to the preceding chapters, a comprehen-
sive 1ist of symbols is given in Chapter VI. Finally, the model's
integration and output map-routine codes as written in FORTRAN are
presented in extenso in Chapter VII, followed by a FORTRAN dictionary
in Chapter VIII, whose purpose 1s to permit ready interpretation of



-9

specific portions of the program. It is hoped that this documentation
will answer the question, "Just how are the circulation simulations
made?"

A previous description of the model (in one of its earlier ver-
sions) was given by Mintz (1965, 1968), and has been supplemented by
Arakawa (1970). Further details of the treatment of convection and
radiation were given by Arakawa, Katayama, and Mintz (1969). An ex-
tended description of the basic model and the computational procedures
used was prepared by Langlois and Kwok (1969). This latter publica-
tion has been of particular use in the preparation of the present doc-
umentation, although the present version of the model differs slightly
from the version described by them. In one form or another the Mintz-
Arakawa two-level model was applied to the estimation of atmospheric
predictability by Charney (1966) and Jastrow and Halem (1970), and was
applied to the simulation of the circulation of the Martian atmosphere
by Leovy and Mintz (1969). The present version of the model is being
used in a program of experimentation on the dynamics of climate at Rand,

and will form the basis of future model changes and extensions.



I1. MODEL DESCRIPTION -— PHYSICS

In this chapter the physical and dynamical basis of the Mintz-
Arakawa two-level general circulation model is presented, together with
a summary of the basic differential equations and boundary conditions.
Particular attention has been given to the preparation of a summary of
the various physical approximations in the model's treatment of radia-

tion, moisture, and convection.

A. NOTATION AND VERTICAL LAYERING

In the first instance the present model is for the troposphere
only, and divides the atmosphere beneath an assumed isobaric tropopause
into two layers, as sketched in Fig. 2.1. At the center of each layer
are the reference levels (1 and 3) at which the basic variables of the
model are carried. At the interface between the layers (level 2), as
well as at the tropopause and earth's surface, certain additional vari-
ables and conditions are specified. For convenience, the atmosphere
is divided in the vertical according to mass (or pressure), and the

dimensionless vertical coordinate, o, is introduced

: P = Pp

ps - pT

(2.1)

where p 1s the pressure, Pr the (constant) tropopause pressure, and Py
the (variable) pressure at the earth's surface. The levels 1, 2, and
3 are defined as those for o = 1/4, 1/2, and 3/4, respectively, with
the tropopause corresponding to o = 0 and the surface always given by
o = 1. Thus, if the surface pressure is approximately 1000 mb and
the tropopause is assumed to be at 200 mb, the levels 1 and 3 corre-
spond approximately to the 400-mb and 800-mb levels, respectively.
Although a comprehensive list of symbols appears later in this
report (see Chapter VI), it is convenient to introduce the more com-
mon variables at this point. Anticipating the use of spherical coor-

dinates, the independent variables are:



Upper e —— T ——
Icyer - T ———— Level ], o= ]/4
- — -—_—\~‘
- ~—— Llevel 2,0=1/2
Lower | —— T T T ————— level 3,0=3/4
layer
Earth's surface
=1
Fig. 2.1 -- Schematic representation of the model's

vertical structure.



¢ = latitude, positive northward from the equator

X = longitude, positive eastward from Greenwich

0 = dimensionless vertical coordinate, 0 < ¢ < 1,
downward

t = time

The primary dependent (prognostic) variables are:

—

V = (u,v), horizontal vector velocity

T = temperature

T = Pg T Ppo surface pressure parameter
q = mixing ratio

The other dependent (diagnostic) variables are:

¢ = geopotential

a = specific volume
P = pressure

. _ do

= a0 sigma vertical-velocity measure

The forcing terms are:

14
It

¢
e

= diabatic heating rate per unit mass

H

rate of moisture addition per unit mass

The basic phvsical constants are:

[
vy

f = 20 sin ¢, Coriolis parameter

7 = earth’'s rotation rate

-
k = vertical unit vector

E = specific gas constant (for dry air)

1y
4

acceleration of gravity

increasing

horizontal vector frictional force per unit mass

¢ = specific heat (for dry air) at constant pressure



B. DIFFERENTIAL EQUATIONS

The vector equation of horizontal motion (in o coordinates) may

be written

g? (V) + (V « 1T + g—c- (V5) + £& x TV

+ V¢ + omoVm = P (2.2)
where
JA
! R
v.%-= = cos ¢ | 5% + 3% (A(p cos P (2.3)

for a vector & = (AA’ Aq).

The thermodynamic energy equation (in o coordinates) is written

3 > 3 .
5t (wcpT) + Vv (ﬂCpTV) + " (ﬂCpTO)

kil . .
- “a(05E'+ oV - Un + wc] = 7H (2.4)

The mass continuity equation is

ALy . () + 3 (r&) = 0 (2.5)

ot 30
The moisture continuity equation is

2 () + V- (rqD) + 2 (ngd) = (2.6)

at 30

The equations (2.2) and (2.4) to (2.6) are the prognostic equations
for the dependent variables V, T, m, and q. The specification of the
frictional force (f), the heating rate (H), and the moisture-addition



rate (Q), or. the right~-hand sides of these equations is considered in
subsequent sections. Supplementing these equations are the diagnostic
equation of state,

o = RT/p (2.7)

and the hydrostatic equation,
3%.+ ma = 0 (2.8)

These complete the dynamical system in o coordinates, with o itself

given by ¢ = (p - pT)/ﬂ, where Py is a constant (tropopause) pressure.

C. BOUNDARY CONDITIONS

Accompanying the dynamical system, Egs. (2.2) to (2.8), are physi-
cal boundary conditions at only the earth's surface and the tropopause,
as there are no lateral boundaries in the ¢ system for the global at-
mosphere. At the earth's surface we require zero (air) mass flux nor-
mal to the earth's surface and either a zero heat flux or a specified
surface temperature, depending upon the surface character. Thus, we

write at the earth's surface:

=0

¢ = ¢4(X,qﬁ at 0 = 1 over land (2.8a)
FH =0

§=0

¢ =0 at o = 1 over ocean (2.8b)
T =

T_(4,9)



Here ¢4(A,qb denotes the fixed distribution of the geopotential of
the earth's land (or ice) surface, FH is the vertical heat flux at
the surface, and TS{R,qé the fixed distribution of the sea-surface
temperature.

At the assumed isobaric tropopause p = P, we require the free-

surface condition dp/dt = 0, or

5 =0, at ¢ = 0 (2.8c)

Although they are not strictly boundary conditions, we may regard
the specification c¢f the surface drag coefficient which contributes to
the horizontal frictional force, f, in Eq. (2.2) as fixing the ver-
ical momentum transfer at the surface, and similarly regard the spec-
fication of the surface evaporation (minus the surface precipitation

.
and runcff)} as determining the moisture available for the source Q in

Eq. (2.6). The determination of these transfers in terms of the model
is described below. We might alsc regard the solar radiation at the
top of the atmospheric model at ¢ = 0 as a boundary condition. Here

-

this flux is assumed to be given by the solar constant, modified as
T ]

described below by the eccentricity of the earth's crbit and by the

zenith anglie of the sun.

=}

D, VIRTICALLY DIFFERENCED EQUATIONS

43 an introduction to the presentation of the complete differ-
ence equations {including the horizontal and time finite-difference
forms), the model's dynamical equations are here first stated in terms

riables at specific model levels (which 'statement constitutes

of the va
the vertical differencing in o coordinates), and then given in terms

¥ rhe horizontal (rectangular) map coordinates actually used in the

computations. The dependent variables are computed at the several




Table 2.1

DISPOSITION OF THE DEPENDENT VARIABLES

. . >
Level o & ¢ P T v q
0 ... 0 0 o cee e ces

Pr

T = 3
-“ 7 e e Cl Pl Tl 1 0
2 . ?- 62 cae P, cee . ces
3 ——— g- .o ¢ 3] T v q

A 3 *3 3 3 3
4 .. : 0 . P+ T e coe cen

(surface) T

We note that the miring ratic, g, is carried only at level 3, and that

ct

he surface pressure is computed by means of m. At the midlevel 2,

only the ¢ vertical velocity ¢, is independently computed, although it

ic sometimes useful to regard the wind and temperature at level 2 in

terme of values interpolated between levels 1 and 3.

The equation of horizontal motion, Eg. (2.2), is now written for

(O3]

levels 1 anc {(wvith corresponding subscripts) as

SV 4 (T e VDV, ¢ ont (V. + V) + mfR x T
3z 1T B SO A A | 3 T 1
-
+ tVe, + o.M, VT = 7Y (2.9
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3
ot

X

(nv3) + (V - nV3)$3 - néz(ﬁl + 63) + nfi

+ nV¢3 + o3ﬂa3Vﬂ = n§3 (2.10)

where vertical finite differences between ¢ = 0 and o 1/2 and between
o =1/2 and ¢ = 1 have been taken, and the conditions & = 0 at ¢ = 0,1

> e >
and V2 = 1/2(V1 + V3) used.

The thermal energy equation (2.4) may be similarly written for

levels 1 and 3 as

K
9 > pl .
Y (ﬂTl) + Vv (nTlvl) + <;j> woz(Bl + 63)

. Vn) = —& (2.11)

K
P > P3\ .
T (HT3) + Vv (ﬂT3V3) - <p;> ﬂoz(Bl + 93)
TQ.,O mH
3°3 ,9m , 2 3
- Cp (Bt + V3 vr) cp (2.12)

where the condition 62 = 1/2(91 + 93) has been used with the potential

temperature, 6, given by

g = T(po/p)K

with P, = 1000 mb, a reference pressure, and x = R/cp = 0.286.

Manipulation of the mass continuity equation (2.5) applied at lev-
els 1 and 3 with the conditions & = 0 at ¢ = 0,1 leads to the relations

am o _ 1o [ & +]
T 2 v [n(vl + V3) (2.13)
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by = -3V - [w(i;l - 63)] (2.14)

for the prediction of the surface pressure and the computation of the
midtropospheric vertical motion field.

The moisture continuity equation (2.6) is applied only at the
(lower) level 3, giving

-g—t- (wq3) + V. [nq3(—2— \73 - % Vl)] = 2g(E - C) (2.15)

where the conditions § = 0 at 0 = 1 and q = 0 at o = 1/2 have been
used, and the wind at level 3 (o = 3/4) is replaced by a wind at ¢ =
7/8 found by linear extrapolation from ﬁl and 33. The moisture source
term, 2g(E - C), represents the net rate of vapor addition as a result
of the evaporation rate, E, and condensation rate, C, into the air col-
umn of unit cross section between o = 1 and ¢ = 1/2.

The hydrostatic equation (2.8) is integrated from the surface to
the levels 1 and 3, yielding the relations

: K K
_ 1 P3 P1 ™
¢>1 = ¢>4 + 5 cpe2 <po> - <po> ]+ > (o3a3 + olal) (2.16)
ANEAN
1 3 1 m
= - = =) - — — .17
¢>3 ¢>4 > cpe2 <po\) <po> ]+ 5 (03(13 + olal) (2.17)

where ¢4 is the (fixed) geopotential of the earth's surface, and where

8 has been assumed linear in pK space from o, = 1/4 to the ground
o= 1.

2. Rectangular (Map) Coordinates

As a final transformation prior to the consideration of the dif-
ference equations used in the computations, it is convenient to pre-

sent the vertically differenced equations (2.9) to (2.17) in terms of



the rectangular (or map) coordinates X and v. The gric-scale cdis-

tances m and n, defined as

=
"

aAk\ cos @ (2.18)
n = ahy (2.19)
represent the longitudéinal and lacisudinal distances between grid

points separated by 42 and A%, respectivelv. The dimensionless map

coordinates x and y may then be definec as

-1 (o .2

x =m ar cos ¢ (2.20)
"}. ’ n-

vy =n a(,'D '\2._..

so that a rectangular gric-point array Iis generatec with unit die-
tance between points. The reciprocais w n¢ © ~ are the conven-
tionel map-scale or magnificatiorn facztors.

We alsc introduce the new ares-weigntecd variables

= 2 "9
I = mnw

- -

§ = 2mart, (2.23)
F = mnf - u 2 (2.24)
day
and the weighted mass fluxes
u* = nmu (2.25
v* = m7v {2.26)

at both levels 1 and 3.



Upon multiplication by =mn, the equations of motion, Zgs. (2.%)
and (2.10), may thus be written:
cu, ULl
a ~ * -~ * « 7 b o B
°) - o) o s i S
— (Tu.) + — (u,u,) + — (v, u.) + S{ /
ot 1 oxX ERENR Iy L i \ 2
313, a ) <
f m —— n oAm
+ 1 (* —— + 5. 74, — | - Frv, = OF, {2.27
oX L L 2x - L
n * - . V., T VLN
O_TTV\_}__B__(U‘]).q_f__(.J*‘, .z.é{L 3:’
T AT sy 11 2/
77
1 5T _— A
+m <~ = 4 g o, 2L+ Fru, = IF (2.28)
3y 171 3y R ‘
P - \
3 5% 3% N B R
(Mu,) + — (u,u,) + — (v, u,) - S
3t 3 3x 373 5y 373 \ 2 /
sc
2 N X -
. (- 3 gy, AT )_ Frv, = TF° (2.29)
3% - < 33X/ - 2
5 5 * 3 # S * vy \
— (Iv) + — (uv,) + — (v v,) - S| —=
3t 3) P ( 3 J) 3v ( 3737 \ 2 /

(2.20)

. = X 3
where the frictional force ¥ = (F, Fy) at levels 1 or 3.
The thermodynamic equations (2.11) and (2.12) may be similarly

written as

<
b} 8, + 8
3 5 % 5, % AV AT
—_— T — T —_ T — ——
ot (TP + 35 (T + 55 (T + > 7 5
o,Q Hﬁ.
171 [ 351 * 37 * 3wy _ 1 A 21y
T e ( Y ] 5y> c (2.21)
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p.\" /e, + 8
d d * d * 3 1 3) ¢
3t (HT3) + - (u3T3) + —3'}7 (V3T3) - <-P—_> < 5 > S

0,0 x ITH
3 3( B, * dm 31r>= 3 (2.32)

The mass and moisture continuity equations (2.13) to (2.15) may

also now be written as

am _ _1fs , * * 9,k *
3t 2[3x (u; +uy) + 57 ("1+"3)] (2.33)
._—];_3__ *_ * _3—— *_ *
S = 5 [Bx (u3 ul) + 5y (v3 vl)] (2.34)
3 3 5 k1 %
e (43) 'a'i[qs(a “3'2?“1)]
9 S5 1 5] 2208 g
+ 5y [q3(4 Va3 vl)] - (E - C) (2.35)

Equations (2.27) to (2.35), together with (2.16) and (2.17), con-
stitute the final dynamical statement of the model in vertically
differenced form. The introduction of time and horizontal spatial

finite differences is considered in the following sections.

E. FRICTION TERMS

The frictional terms %1 and §3 in the equations of horizontal

motion (2.9) and (2.10) are given by relations of the form

> >
> vV, -V

f i) - '“<?1-—;3’>%5 (2:38)
2 1 3

Fy= ) - o, ¥ (Y |+ o) 22 (2.37)
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where p is an empirical coefficient for the vertical shear stress, and
the factor 2g/m represents the mass per unit area in each of the two
model layers. Here z, - z, is the height difference between the lev-

1 3
els 1 and 3, C. is the surface drag coefficient, p4 the surface air

D
density, VS a measure of the surface wind (= 0.7 Va, with 64 an ex-—
trapolated wind at level 4), and G an empirical correction for gusti-
ness.

The frictional force ?1 thus represents the internal downward
transfer of momentum between the levels due to the vertical shear of

the horizontal wind, whereas the force §3 also includes the effects

of surface skin friction.

F. MOISTURE, CONVECTION, AND CLOUDS

The purpose of this section is to describe the physics of the
hydrologic cycle used in the model and to develop the expressions used
to evaluate the moisture-source term, 2 %ﬁ (E - C), on the right-hand
side of the moisture-balance equation for the atmosphere [Eq. (2.35)].
The moisture source for the atmosphere is evaporation from the surface,
E, and the moisture sink is precipitation, C. All the moisture con-
densed in the model atmosphere is assumed to fall to the surface as
precipitation. Thus the moisture sink for the atmosphere, C, is spec-—
ified by large-scale, convective, and surface condensation. The vari-
ables specifying the amount of moisture in the atmosphere and in the
ground are q3, the lower-level mixing ratio, and GW, the ground-wet-
ness parameter. While dq is determined in part by horizontal advec-—
tion and is thus modified every time step, GW, E, C, and that part of
the change of qq due to E and C are computed every fifth time step
(see Chapter III, Section A).

Clearly, the amount of evaporation, condensation, and convection
depend on the thermal state of the atmosphere, which is in turn a
function of the exchange of heat taking place during these processes.
Instead of obtaining a simultaneous solution for the moisture and
thermal states of the atmosphere, the model evaluates the evaporation

and the components of the condensation in a sequence. At each step
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of the sequence the thermal state of the atmosphere is modified, and
the new values of temperature are used in the next step.

In the following subsections each procsss is discussed in the
sequence in wnich it 1s evaluated in the FORTRAN program. irst, the
temperature lapse rate between 7 = 3/4 and o = 1/4 is adjusted to the
dry-adiabatic lapse rate if it is found to be dry-adiabatically un-
stable; this convective adjustment is discussed in Subsection F.l.
Second, if the air is supersaturated at = = 3/4, large-scale conden-

sation occurs and the temperature and mixing ratios at ¢ = 3/4 are

gS

adiusted (see Subsection F.2). Third, the tamperature lapse rates be-

tween levels and the humidity are tested to determine the existance

P

of moist convective instability. II there is instability, convective

condensation occurs and the temperatures and mixing ratios are ad-

justad according to the three types of convection permitted:

(a) Middle-level convection, which occurs if the layer between
g = 3/4 and 7 = 1/4 is unstable (for moist convection).

{b) Penetrating convection, which oczurs if the layer from ¢ =
3/4 to 3 = 1/4 ig stable but the layer from the surface to
o = 3/4 is unstable and, in the mean, unstable from the sur-
face to o0 = 1/4,

(¢) Low-level convection, which occurs if the atmosphere is un-

stable only between the surface and o = 3/4.

To determine the existence of convection types (b) and (c), one needs
the temperature and mixing ratios at the top of the surface boundary
laver. All three forms of convective condensation and the physics of
the boundary layer are discussed in Subsection F.3. Fourth, the quan-
tities needed to avaluate the evaporation from the surface are dis-
cussed in Subsection F.4, and the moisture balance at the surface and
in the atmosphere is discussed in Subsection F.5.

The final two subsections are devoted to parameters which are re-
lated to the moisture content of the atmosphere and are used in the
radiation balance calculation in Section G. In Subsection F.6, the
cloud types and cloud amounts produced by the various forms of conden-
sation are discussed, and in Subsection F.7, equations for the effec-

tive water-vapor content of the atmosphere are derived.
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1. Convective Adjustment

I1f, as a result of the changes due to advection, the atmosphere
)

63 at the beginning

of the heating and moisture-balance calculations, then a "convective

is found to be dry-adiabatically unstable (el <

adjustment"” is made. This consists of setting both Bl and 83 equal to

an average 8, which is calculated from

- 1 K K -1

P (3 0] e
assuming that

= 1

T—E(T1+T3>

Thus, the convective adjustment consists of setting

&) T. + T

1 _3_2_1 3 (2.38)
K K K KooK .
PO PO PO Pl P3

from which the temperatures are accordingly recalculated as

4 K
Ty =Py
FD
2,88
- ﬁS K
37 L Pa
pO

After this convective adjustment, the model proceeds as usual to the

moisture and convection calculations.
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The saturation mixing ratio is given by

Mw es(T)

w5 2.40
Md p - eS(T) ( )

qS(T) =

where Mw and M, are the mean molecular weights of water vapor and dry

d
alr, respectively (Mw/Md = 0.622), and where the saturation vapor pres-

sure is given by the equation

e (T) = e  exp(A, - B,/T) (2.41)

with e = 1 mb, Ae = 21.656, and Be = 5418 deg K.

If it is then determined that q, > qs(TB) as a result of the com-
puted solution of the moisture continuity equation (2.35), large-scale
condensation is allowed to occur. This condensation will remove mois-—
ture from the atmosphere and will also warm the atmosphere by releas-
ing latent heat, with the warming in turn modifying the saturation mix-
ing ratio qs(TS)' The condensation proceeds until 45 = qS(T) at the
new (warmed) temperature. If the original temperature and mixing ratio

at level 3 are written as To and 9, the new temperature T satisfies
- = - 2.42
cp(T T,)) = Llg, - a ()] ( )

In view of the dependence of q  on T, as given by Egqs. (2.40) and (2.41),

we seek the approximate value of 1 when

L
F(T) =T - To + <2;>[qS(T) - qo] =0 (2.43)

Using the Newton-Raphson method, the first-order approximation of T

becomes

F(To)

o _F'(—T) (2.44)
(o]

T=T
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where
F(T ) = - =[q_ - q_(T)] (2.45)
o c o s o
P
and
B M
' = dF = L _e _d
F (To) T (To) 1+ . qs(To) T2 [l + M qs(To)] (2.46)
o

Substituting Eqs. (2.45) and (2.46) into (2.44) and neglecting
(Md/Mw)qs(To) in comparison with 1, the change in temperature at

level 3 as a result of large-scale condensation becomes

[qo - qS(To)]
(AT.)) =T -T = (2.47)

o
r—]'w
o Nlm

The change in moisture content due to this large-scale condensation

is found from

[od
(rq) = =2 (T) (2.48)
s L3

and the new 44 is given by
9, = q, - (Aq,) (2.49)
3 3o 3 LS

Since the amount of precipitation is assumed to be equal to the con-

densation, the large-scale precipitation rate becomes

Pig= (N/ngw)(Aq3)LS (2.50)
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where (7/2g)/pw is a conversion factor used to obtain the precipitation
rate from the condensation rate (see Chapter IV, Large-Scale Precipita-
tion Rate: Map 9). Finally, the large-scale condensation produces

type-2 clouds (see Subsection F.6).

3. Convective Condensation

To determine the possibility ¢f convection, suitable stability

criteria must first be defined. The equivalent potential temperature,

defined as

= 'Lq_ 2.51
6 = B, exp (c T) ( )
P/
where
& ‘p K
- (_.9.__) (2.52)
d p - e

is conservative in both unsaturated-adiabatic and saturated-adiabatic

processes. 4 more convenlent parameter for our purposes is given by

P S \ e o d ST
the approxwimation

4 3 s T e T
aD., v ah Ll w23
£ -
e
Here
= m — ; Is) o N,
ho=c¢ T+ gz + Lg (2.54)
B
ebh a1l b yeforvrad +- -+ cardice ™ [ isg ki eym of 3 -
ghali be refegrrsd tC as the static energy; 1t 1ig the sum ol 2
the potential energy, anc the latent energy of & parce. of
¥ “ilwl LE VeV near. v oanservaiive SUh unEates
Laind Led @alabali Lo prodesses, and toug an be uged i tnhe
Almivals oF SO0 5 : For enaunpie wing the erpumant
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of Arakawa et al. (1969), if we assume that the air in the clouds at
level 1 is saturated, then the static energy in the cloud at level 1

becomes

= 2.55
hc cpTcl + 82 + qu(Tcl) ( )

where qs(Tcl) is the saturation mixing ratio at the cloud temperature

Tcl' For convenience we define the quantity
WYz e T, + gz, + Lq_(T.) (2.56)
1 - 1T 8% T Mgty :

where Tl is the temperature of the air surrounding the clouds at lev-

el 1. Eliminating gz, from Eqs. (2.55) and (2.56), the temperature

1
difference between the clouds and the surrounding air at level 1 becomes

T - T = (2.57)

where

t

(2.58)

L (qu) L qs(Tcl) B qs(Tl)
‘Y —_— R ——
1 c 1

D 3T cp Tcl - T1
Thus it can be seen from Eq. (2.57) that when hc > hI the temperature
in the clouds at level 1 is warmer than that in the surroundings, and
any convection that has been initiated will tend to continue.

We now seek to determine the value of hc in terms of the Mintz-
Arakawa two-level model's parameters. To do this we assume that all

the entrainment takes place at level 3, and thus the vertical mass

flux (M) through the cloud above level 3 becomes

M= Mn (2.59)
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where Mb is the vertical mass flux through the bottom of the cloud

and n is the entrainment factor. When there 1s entrainment, n > 1, and
the static energy in the cloud is a mixture of the static energy enter-
ing the base of the cloud, hb’ and that of the surrounding air, h3.
Thus we have

- 1 -
hy =hy+ = (b -h

o 3 ) (2.60)

3

What is assumed for the amount of entrainment will therefore determine
the value of hc in Eq. (2.57) and thus the existence of stability in
the model.

In the following subsections, the value of n for each type of
convection will be discussed and the stability criteria derived. The
criteria will then be used to determine the temperature and moisture

changes resulting from the convection.

a. Middle-Level Convection. In middle-level convection we as-

sume that the entrainment at level 3 is much larger than the mass flux
through the bottom of the cloud. Mathematically, it can be represented
by setting %-= 0 while leaving an finite. Thus from Eq. (2.60) we
have hc = h3, and from Eq. (2.57) the condition for middle-level con-

* *
vection becomes h, > h,. The parameters h. and hl’ rewritten in terms

3 1 3
of the potential temperatures and mixing ratios at levels 1 and 3,

are

nl =
[

K K
P P
- _s - _2 L
- 6, <p> + (8 - 85) <p > + = q_(T)) (2.61)

h P K

3 5 L
= = S = 2.62
c 63<:p > + c_ 93 ( )

=)
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where

P
S 2 2.63
e3<p > NT, o+ T 2, ( )

and
P K
- 2\ _ g - 8 .
(e1 63) <Po> (Tl+c zl> <T3+c 23\) (2.64)

To determine the temperature change at levels 1 and 3 due to this

convection, we introduce the concept of "dry'" static energy, S, where

S = cpT + gz (2.65)

Considering convection only, the continuity equation for S at level 1
is

3pS 8(anS )
1 1
a - 2.66
at 3z ( )

which may be approximated by
3S
dp 1 - 2.67
g ot M (5. 7 Sy) (2.67)

Neglecting the time change of the geopotential and using Eq. (2.57) we
may write Eq. (2.67) as

3T
N - 1 - h - 2.68
St c bp M [1 ] (hy = hp) + (5 52)] (2.68)
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With similar approximations, the temperature change at level 3 is given
by

9T n
3._8 Mb (s
ot Ap cp 2

- S3) (2.69)

Equations for the mixing ratios at levels 1 and 3 can be derived
in a similar fashion. However, in the model all the moisture is as-

sumed to be carried at level 3, and thus the change of q, due to con-
vection becomes

aq
3 _ 8 -
ot Ap an[qs(Tcl) q3]

y
-4 - 1 1 -
Ap an[qs(Tl) 9, + T v I (h3 hl)] (2.70)

Here, Eq. (2.57) has been used to eliminate qs(Tcl)'

To eliminate the unknown mass flux in Eqs. (2.68) to (2.70), we
relate an to the relaxation time, T of free cumulus convection. As
a result of convection, the instability of the layer diminishes and

* *
h3 > hl' The time rate of change of (h3 - hl) is given by

3q 3q_(T,) oT
d * _ 3 e R R S §
5t (g = hy)) =57 (S5 - 8) + L - 1L aT, ot
S +1a y(s. ~S.)]1  (2.71)
= e —_— + .
tp M TF v, [(hy -hy) +5 L4y =5,

an _ l_.éR 1+ Yl _ h 1— h
8 2%V hy -h +3 (1+ ¥)(S; = 83

(2.72)
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When Eq. (2.72) is combined with (2.68) and (2.69), the change
in temperature at levels 1 and 3 [over the time interval (5At) between

heating calculations] due to the release of latent heat is given by

*
h, - h

oM cp(2 + Yl) T,

(aT,)

(ATl) 1+ Yl)LR/Z

) = * c (2.74)
cM (h3 - hl)/cp + (1 + Yl)LR/Z

(AT3

-2 K

where Y, = (L/cp) 5418deg qS(Tl)Tl and LR (e1 63)(p2/po) is a
"nominal lapse rate.'" In this model, the relaxation time, T is taken
to be 1 hour. From Eqs. (2.70) and (2.73) the change in moisture at
level 3 is given by

o

(0q.) = =R [(T,) + (aT)) } (2.75)
3 em L{ L e 3 ou

As in Eq. (2.50), the precipitation rate due to middle-level convection

is given by

P.. = (n/2gp ) (bq,) (2.76)
M w 3 cM

Type-1 clouds may be produced by this middle-level convection (see Sub-
section F.6), and the associated convective precipitation rate is illus-

trated in Map 13, Chapter 1IV.

b. Boundary-Layer Temperature and Moisture. If middle-level

convection does not occur, either "penetrating convection' or "low-
level convection'" may. Since both of these convection types originate
at the air/ground interface, it is convenient to discuss first the
computation of the moisture, Qs and air temperature, TA’ at the sur-

face along with other air/ground interaction parameters. A thin
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boundary layer is assumed at the air/ground interface, with the sub-
script "4" referring to values at the top of the boundary layer and
the subscript "g'" referring to values at the bottom of the layer, just
above the ground or water surface.

We assume that the flux of static energy [see Eq. (2.54)] from
the surface into the bottom of the boundary layer is equal to the flux
out the top. We neglect horizontal convergence in this thin boundary
layer and also assume negligible geopotential difference between its
top and bottom. Thus the flux of static energy from the surface may
be approximated by

T CDW(hg - h (2.77)

ho P4 4

where

w= 1V |"+¢ (2.78)
S

is a surface-wind parameter corrected for gustiness and CD is the drag
coefficient. Implied in Eq. (2.77) are the assumptions that the eddy-
diffusion coefficient for the static energy can be approximated by

that for momentum, and that a constant transfer coefficient may be used
in the boundary layer. Equating (2.77) to the flux through the top of

the boundary layer, we obtain

h4 - h3
- = _— O 2.7
pACDW(hg h4) p4Av ; (2.79)

where Av is the vertical eddy-diffusion coefficient. Solving Eq. (2.79)

for h4 we obtain

h4 = (EDR)h3 + (1 - EDR)hg (2.80)
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where h3 is given by Eq. (2.62), hg is given by

h L
ZE=T +?q (2.81)
P & P &
and
Av/z3
EDR = ———ere— (2.82)
Av/z3 + CDW
T2 -1

-
In the present version of the model it is assumed that Av = llVSI m sec ,

>
where the surface wind VS is in m sec

In order to obtain the surface moisture, 9y and temperature, T4, we

now write the parameter h, from Eq. (2.54) as

4

h
4 L

< Tt %
p p

(2.83)

By defining the values of qg and q,» one may solve Eqs. (2.80) and (2.83)
for T4 in terms of the surface parameters Tg and GW and the static energy
at level 3. In general the ground temperature, Tg’ and the ground wet-
ness, GW (0 < GW < 1), are available from the previous time step, along
with the level-3 temperature and moisture. From these data, the relative

humidities at levels 3 and 4 may be determined from

_9% (2.84)
RN '
and
(2GW) (RH,)
RH = (2.85)

4 GW + RH3
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where RH4 is the harmonic mean of RHB’ the relative humidity at level 3,
and the ground wetness, GW. The ground-level mixing ratio is assumed

to be directly proportional to the ground wetness. Hence

dg = GW qs(Tg) (2.86)

where qS(Tg) is calculated from Tg in the usual fashion [see Eq. (2.40)],

0.622 es(?gi

q (T ) = — (2.87)
s g P, eS(Tg)
and the ground-level saturation vapor pressure is given by
= - . 2.88
es(Tg) min[eo exp(Ae Be/Tg)’ p4/16 62] (2.88)

The mixing ratio at level 4 can now be obtained from Eq. (2.85) and an

extrapolation of qs(Tg) to level 4. Thus

dg (T ) ..
s 7g) ar
4 qs(Tg) + Az aT iz

- o

. e )
= RH T)+ -2~y (T, -T 2.89
o, (T + T 7T, - T (2.89)

where Yg is evaluated from

dq (T ) q (T )
vy, = S8 oL 5i184eg (2.90)
g c dT c 2
P P T
g

Using Egs. (2.83), (2.89), and (2.80), the temperature at level 4
becomes finally
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B
4 L
C—'Rﬁa[z—qsm'”
P P
1+

g g g] . P,
I 4T, (—]) <0
RHAYg 4 P, 3

T, = (2.91)
K

%
) 4 ’ otherwise
3 P,

where EA is the value of the static energy at level 4 as given by

Eq. (2.80). The condition on T4 given by Eq. (2.91) is invoked to pre-
vent a super-adiabatic lapse rate between levels 4 and 3. From the
quantities T4 and q, given by Eqs. (2.89) and (2.91) the convection
parameter h4 defined by Eq. (2.83) may then be evaluated, although the
quantities T, and q, will be redefined later if penetrating or low-level
convection occurs [see Eqs. (2.96) and (2.97) below].

c. Penetrating and Low-Level Convection. 1In the model, both pene-

trating convection and low-level convection are mutually exclusive with
middle-level convection. Thus, the first criterion to be met is that

the layer between level 3 and level 1 be stable, i.e., that h3 < h;. A
second criterion, similar to Eq. (2.57) for middle-level convection, is
obtained from instability conditions for the layer between levels 4 and

3. Thus we first write

T . -T, = c (2.92)

where Tc is the temperature of the rising air in the clouds at level 3,

3

L qu(T3) L qs(T3)
Y3 = o Tar T ¢ otl8des /o
P P T3

(2.93)

and

* K
h p
RS /~i> + g (T (2.94)
c 3 \
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For penetrating and low-level convection we assume that there is no
entrainment at level 3 (n = 1), and from Eq. (2.60) we then find hC =

h Further, we take the static energy at the base of the cloud, h

b’
There~

tz be equal to its value at the top of the boundary layer, h4.
fore the second criterion for penetrating and low-level convection be-
comes h4 > h;, along with the primary criterion h3 < h:. When these

two conditions are met, we may then discriminate between penetrating

and low-livel convection. From Eq. (2.57) with hC = h4 we see that

if h4 > hl’ convection can penetrate into the stable layer above lev-

el 3 and reach all the way to level 1. This is therefore the distin-
guishing condition for penetrating convection. If, on the other hand,
h4 < h;, the convection stops at level 3. This is therefore the con-
dition for low-level convection.

In tze case of low-level convection, it is assumed that h4 is modi-
fied to h3, because of the process of transporting static energy out of
the boundary layer. This is equivalent to assuming that static energy
in the cloud becomes h;. Low-level convection may produce type-3 clouds
(see Subsection F.6), and condensation and precipitation are not allowed
to occur; all the moisture transported as clouds is assumed to evaporate
again within the same layer with no release of latent heat. The effect
of this type of convection is thus felt only in the vertical transport
of sensible heat and in surface evaporation, where it alters the sur-
face moisture and temperature.

Indicating by primes the values prior to modification by low-level

convection, we may write

) (2.95)

h h4 (h4 h3

4

Substituting the definitions of h4 and hg into Eq. (2.95) and using

Eq. (2.89) for the old and new mixing ratios at level 4, the surface

temperature and mixing ratios are given, after convection, as

*
(h! - h)/c
= T' - 4 3P

T, =T, T s (2.96)
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T
q, = %(hg - —c-li> (2.97)
P

The temperature and mixing-ratio adjustments at level 4 given by
Eqs. (2.96) and (2.97) also occur in the case of penetrating convec-
tion. To find the change in the temperature and mixing ratios at lev-
eis 3 and 1 in this case we continue to assume modification of h4 to
3, and follow the same procedure used in middle level convection.
Thus, as in Eqs. (2.68) and (2.69) and using h

in the cloud, we obtain

5 as the static energy

oT S, - S
1 g 1 * * 1 2

= - + - 2.98

ot c Ap Mb 1+ vy (h3 hl) c ( )
P 1 P
and

T S, - S
_3_8 24 2.99
ot Ap Mb cp ( )

To determine the value of the mass flux, Mb’ we assume, as in the case of
middle-level convection, that the penetrating convection decays with a
relaxation time T Here Mb is determined by the time required to re-
move the instability in the layer from level 4 to level 3, i.e., the

*
time required for h) to approach h With this assumption, the mass

4 3°
flux becomes
h'! - h*
M -1 2 4 3 (2.100)
T8

T

*
h3 - hl
EDR —1—:'—;;4' Sl - S2 + (1 + Y3)(S2 - 84)

Using Eqs. (2.98), (2.99), and (2.100), the temperature changes at the
levels 1 and 3 due to penetrating convection over the time interval 5At

are given by
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*
h, -h
(1)) = 4C - 3 T iAt (2.101)
cp
h - ho
(ory) = 4 3 0, 54t (2.102)
C.P C T T
where
W -
T 3 1 IR (2.103)

K
P
= (LR S
T, = (2 ) + 8, <Po> T, (2.104)

EDR T + (1 + y3)12, if T =2 0.001
T = (2.105)
0.001 . otherwise

and T, is the convection relaxation time as before. As with the middle-
level convection, all the moisture condensed (and hence precipitated) is
assumed to originate in the lower layer, so that the level-3 moisture

change due to penetrating convection is given by
c
(qy) =72 [(ATl) + (aT,) ] (2.106)
Cp Cp cp

Type~1 clouds may be produced by this convection (see Subsection F.6), and

the precipitation rate due to penetrating convection is given by

PCP = ('rr/2gpw)(Aq3)CP (2.107)
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This contributes to the total convective precipitation rate illustrated
in Map 13, Chapter IV.

4, Evaporation

The evaporation rate per unit area from the surface is approxi-
mated by an equation similar to (2.77) for the flux of static energy

from the surface. Thus

- - 2.108
E OACDW(qg qA) ( )

where P, = Pg (RT )~ with R the gas constant, P, the surface (level-4)
pressure, and TA and q, are given by Egs. (2. 96) and (2.97) if pene-
trating or low-level convection exists, and otherwise by Eqs. (2.91)

and (2.89). The ground-level value of the mixing ratio 1s given by

= 2.109
9, Gque(Tgr) ( )

where dg (T ) is the effective saturation mixing ratio at the bottom
of the boundary layer after a correction to include the effects of the
radiation balance at the surface on the ground-level temperature (see

Subsection G.3). Thus

q = qs(Tg) +—=_B (r - T) (2.110)

where Tgr is the new value of Tg calculated to include the radiation.
The evaporation thus calculated can be either positive or nega-
tive, and is available as a separate output from the program (see Map
14, Chapter IV). The moisture at level 3 will be changed in direct pro-
portion to this evaporation. Thus, over the time interval 5At, the
contribution by evaporation to the total moisture balance at level 3

(see following subsection) is given by

(Aq3) =28 .5 . 55t (2.111)
E il
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5. Moisture Balance and Ground Water

Moisture balance is maintained both in the form of moisture at
level 3 and as the ground water on the land. The ocean, ice, and snow
are considered both as infinite sources (for evaporation) and infinite
sinks (for precipitation, negative evaporation, and runoff). Although
the upper-level moisture is calculated as a function of lower-level
moisture for radiation purposes, the total amount at the upper level
is otherwise considered to be negligible, as is any transport between
the upper and lower layers of the model.

The level-3 moisture balance is calculated from

(q3) = (q3) + (Aq3) (2.112)
new old TOTAL

where (Aq.) is the sum of the level-3 moisture Ehanges due to
3
TOTAL
middle-level convection, CM, or penetrating convection, CP, large-

scale condensation, LS, and evaporation, E. Thus the expression for

the moisture-source term of Eq. (2.35) becomes

A

2mng(E - C) = X

(Aq3)
TOTAL

I
= —— 1 (aq,) - (Aq,) - (b&q,) =~ (Aq,) ] (2.113)
Sat { g 31s 3 e 3cp

The ground water ‘is carried as the variable GW, which varies be-
tween 0 for dry ground and 1 for saturated ground. For ocean, ice, or
snow, GW is always considered to be 1. This quantity is used in the de-
termination of ground temperature and evaporation, and is recalculated
(for land) after the level-3 moisture balance has been determined. If

(Aq.) is negative (a decrease in level-3 moisture), enough pre-
3
TOTAL
cipitation occurs for runoff to be calculated. If the ground is not

saturated (GW < 1) then the runoff is taken as 0.5 GW; if the ground is
saturated, the runoff is taken as unity. The new ground wetness is

then given by
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1
GWM 2

(2.114)
TOTAL g

(GW)new = (Gw)old + (1 - runoff)(Aq3)

where GWM is the maximum mass of water per unit area which the ground
can absorb (here assumed to be 30 g/cmz), and the factor n/2g is the
air mass in a vertical column of unit area in the lower model layer.

If (Aq3) is not negative, because evaporation is greater than pre-
TOTAL

cipitation, the runoff is zero and Eq. (2.114) represents the net de-
crease of moisture at the ground. If (GW) < 0 then (GW) is set
new new

to zero, and if (GW) > 1 it is set to 1.
new

6. Clouds

The type of clouds present in the model depends upon which con-
densation and/or convection processes have occurred. The amount of
cloud cover depends upon the relative humidity at level 3, RH3, for
convective clouds, whereas a complete overcast is assumed for clouds
caused by large-scale condensation. Figure 2.2 shows the assumed physi-
cal dimensions of the various cloud types. Although the clouds are only
parameterized entities as far as the moisture is concerned, they must
have physical dimensions for the radiation calculations. In the pres-
ent version of the program, type-1 clouds cannot coexist with other
types in any given grid cell; types 2 and 3 may coexist.

Type-1 clouds may be described as towering cumulus, having their
bases at level 3 and their tops at level 1. They exist if either
middle-level or penetrating convection occurs. The amount of cloud
cover (given as the fraction of the sky covered with clouds) is de-
fined by CL = -1.3 + 2.6 RH3. If CL < 0 the sky is defined to be clear.
This convection therefore does not create clouds unless the relative
humidity at level 3 is greater than 50 percent. If CL > 1 it is reset
to 1, implying a completely cloudy sky.

Type-2 clouds may be described as a heavy overcast with base at
level 3 and top at level 2. They exist if large-scale condensation
takes place (as described in Subsection F.2 above), and if type-1 clouds

do not exist (since strong convection would destroy these clouds).
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Type 1 Type 2 Type 3

Fig. 2.2 —— Schematic representation of convective cloud types.
Type-1l cloud represents either penetrating or middle-
level convection and is assumed to extend from level
03 to gy, type-2 cloud represents large-scale conden-
sation and is assumed to extend from level 04 toO Oy,
and type-3 cloud represents low-level cumulus convec-
tion and is assumed to be confined to level Og itself.
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When type-2 clouds are present they always form a completely overcast
sky -~ i.e., CL = 1 or O.

Type-3 clouds may be described as shallow cumulus with bases and
tops both at level 3. They exist if there is low-level convection
but no penetrating convection. The cloud amount is again defined as
CL=-1.3+ 2.6 RH3, with CL reset to 1 if CL > 1 and with CL < O mean-
ing a clear sky. This cloud type could possibly coexist with type 2,
but if so it would not affect the radiation, since cloud type 2 is a

complete overcast in the same region.

7. Effective Water-Vapor Content

To determine the effect of the moisture on radiation we must esti-
mate the entire vertical profile of q from the single value 4 The
q3 value used here is a revised one, including the effects of large-
scale condensation, but not including changes due to convective con-
densation or evaporation. If qq < 10—5 it is set equal to 10_5. Above
120 mb the vapor pressure is assumed to be constant with height, with
the value 0.3316 dynes/cm2 corresponding to the frost-point tempera-

ture 190 deg K, as suggested by Murgatroyd (1960). Thus

q ~ 0.622 (0.3316> _ +206255

Pegs

s p < 120 mb (2.115)
pcgs

where pcgs is pressure in cgs units (dynes/cmz). Below 120 mb it 1is

assumed that

K(p3,q3)
9 - (B , p>120 mb (2.116)
93 \P3

where K is evaluated by matching q from Egs. (2.115) and (2.116) at

the 120-mb level

, -6

fn (q,/1.7188 x 10 )
En(p3/120 mb)

K(p3,q3) = (2.117)
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The effective water-vapor amount per unit area in a vertical column

below a given level, n, with a pressure-broadening correction term in-

cluded, is defined to be

z P
u s n R\ 4z =2 4 (B\q dp (2.118)
n P, 8 Py
P

24 n

Combined with the values of q defined above, this becomes, for level n,

q (P )2 b 24K p 2+K
u* e 33 24 -2 (2.119)
n gpo(Z + K) p3 Ps

and for the entire atmospheric column, including the stratosphere, the

effective water-vapor content becomes

q,(p )2 P oHK P oK
* —
o33t HfTeN | (I(120 mb) +2.526 x 1070 (2.120)
= gp (2 +K) |\p, Py

where the additive term is the effective vapor amount above 120 mb, and
where qq is set equal to 10_5 if it is < 10_5. The effective vapor

content of clouds is described in the following section.

G. RADTATION AND HEAT BALANCE

In this section the heat budget of the earth/atmosphere system is
discussed and the expressions which are used to evaluate the diabatic-
heating terms in the thermodynamic equations, (2.31) and (2.32), are
developed, together with those expressions used to determine the sur-
face temperature over land and over ice-covered oceans.

In addition to being partly determined by the release of latent
heat during convection (see Subsection F.3), the net heating rate at
level 1 (o = 1/4) is also determined by the amount of solar radiation

absorbed by, and the long-wave radiation emitted from, the layer o = 0
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to 6 = 1/2. The heating rate at level 3 (¢ = 3/4) is determined by

the flux of sensible heat from the surface and the release of latent
heat in large-scale condensation (Subsection F.2), in addition to the
absorbed and emitted radiation and the convective latent heating in

the layer ¢ = 1/2 to 0 = 1. The treatment of the short-wave (solar)
radiation and the long-wave (terrestrial) radiation used in the model
follows the discussion of Arakawa, Katayama, and Mintz (1969). The
so-called short-wave radiation includes all the solar radiation, re-
gardless of wavelength, and the parameterization for the attenuation

of this radiation by Rayleigh scattering, for its reflection from the
earth's surface and from clouds, and for its absorption in the atmo-
sphere and in clouds is given in Subsection G.1l. The treatment of the
flux of long-wave radiation, which includes all that which is emitted by
the atmosphere, clouds, and the earth's surface, is given in Subsection
G.2,

The ground temperature, Tgr’ needed to evaluate the evaporation,
the sensible heat flux from the surface, and the net long-wave surface
radiation is determined from the heat balance at the earth's surface
in Subsection G.3, and in Subsection G.4 a discussion of the heat bal-
ance in the atmosphere and the expressions for the temperature change

due to diabatic heating are given.

1. Short-Wave Radiation

The incoming solar radiation is immediately divided into two parts,
that of wavelength A < 0.9u, which is assumed to be subject to Rayleigh
scattering only, and that of wavelength A = 0.9u, which, in a clear at-
mosphere, is assumed to be subject to absorption only. The actual wave-
length does not again enter into the model's treatment of radiation.

The two parts of the radiation are designated Si (part subject to scat-
tering) and Si (part subject to atmospheric absorption), and are approx-

imated as

s® = 0.651 S cos z (2.121)
(o] 0

¢ = 0.349 S cos (2.122)
[o] (o]
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where So is the solar constant (adjusted for the earth/sun distance),
and 7 is the zenith angle of the sun. The rationale for this parti-
tioning is described by Joseph (1966). A summary of the disposition
of these components of the short-wave radiation for both clear and
cloudy skies is given in Figs. 2.3 and 2.4, and is described in detail
in the following paragraphs.

a. Albedo. The albedo of the clear atmosphere for the portion
of the radiation assumed subject to (Rayleigh) scattering is given by

a, = min {1, 0.085 - 0.247 log, o[ (p /p,) cos zl} (2.123)

as deduced by Katayama using the estimate of Joseph (l966).+ For an
overcast atmosphere, the albedo for the scattered part of the radia-
tion is composed of the contributions of Rayleigh scattering (by atmo-
spheric molecules) and of Mie scattering (by cloud drops). The sim-
plest useful formulation adopted by Katayama is

@ .= 1-(1- ao)(l - aci) (2.124)

where ac is the cloud albedo (for both Sg and Si), which 1s assumed to

i
be given by
a = 0.7 for cloud type 1
c
1
a, = 0.6 for cloud type 2 (2.125)
2
a = 0.6 for cloud type 3
€3

The various cloud types are discussed in Subsection F.6 below.

+In the program, the expression ps/po in Eq. (2.128) was inadver-
tently coded as (ps - pT)(po - pT)_l; see instruction 10450 in COMP 3
in the listing of Chapter VII. This error, which is not thought to be

serious, was brought to our attention by A. Katayama.
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Scattered S0 Absorbed
part part
S S ¢S ,
55155) ’So'sg S (SA) Top of atmosphere
\ !
i i S5 (ASOT)
L 1 1 Level 0
]
|
_______;______:__________ ______ Absorbe_d___L_gvgl__l

1

516&51)

Sg (540, 54)

Fig. 2.3 —— Short-wave radiation in a clear atmosphere. The
solid arrows indicate the path of radiative flux,
while the dashed lines indicate a region of the
atmosphere in which interaction occurs or in which
a diffuse path is followed. The absorbed radiation
Al = S? - Sé and A3 = Sg - Sﬁ, according to (2.136).
The program (FORTRAN) symbols are given in paren-
theses following certain of the physical symbols.
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S

Scattered 0 Absorbed
part part
Sa ‘S; "A\ -Aj
S5 (SS) *sg-s; Sg (SA) T Top of
: | atmosphere
| .
ll ! S;(ASOT) Level O
=
1 1 ac S (TEMB) Level 1

¥ o e
W/ /%%%%

\AS3

Sf’TEMS) Zs: Level 4
‘f.!‘Ground

4

53 Se

Sg (54C, 54)

Fig. 2.4 —-- Short-wave radiation in an overcast atmosphere,
illustrated for cloud type 1. The absorbed radia-

tion A, = SA - SA - SAa according to (2.141), and
1 T 2 1 1
A3 = Sg - Si according to (2.136). See also Fig. 2.3.
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The ground albedo ag (again for both Sé and Si) is taken as

a = 0,07 for ocean

0.14 for land

2 2 2 *
0.45{1 + (CLAT - 10)“/[(CLAT - 30)° + (CLAT - 10)°]}  (2.126)

for south-polar ice and snow

0.40{1 + (CLAT - 5)2/[(CLAT - 45) + (CLAT - 5)21}

for north-polar ice and snow

These values for land, ice, and snow were developed by Katayama (1969)
as approximations to the data of Posey and Clapp (1964). In the ex-
pressions for polar ice and snow, CLAT is the number of degrees pole-
ward from the assumed northern or southern snowline (as appropriate)
given by the functions SN@WN and SN@WS. The expression for north-polar

ice and snow applies also for ice at latitudes between the two snow

lines, with CLAT = O.

b. The Radiation Subject to Scattering (Sz). The part of the

solar radiation which is assumed to be scattered does not interact with
the atmosphere, except to be partly scattered back to space. Thus the
only part with which we are concerned is that amount which reaches, and

is absorbed by, the earth's surface. This is given by the expressions

sZ' = Si(l - a )@ - a)/( - 55%g)
for clear sky
s = s%(1 - a)(l-a )/ -a a) 2.329)
g o g ac ac g

for overcast sky

Multiple reflections between sky and ground or between cloud base and

These expressions are coded incorrectly in the program; see in-
structions 23720 and 23760, Chapter VII.
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ground are accounted for by the terms in the denominators (see Joseph,
1966). TFor partly cloudy conditions (neither clear nor overcast) the

scattered radiation absorbed at the earth's surface is

11 1
s =cLs® + (@ -cLs® (2.128)
g g g

where CL is the fractional cloudiness of the sky (see Subsection F.6).
The absorption of this radiation by the ground affects the ground tem-—
perature, and subsequently affects the long-wave emission from the

ground and the ground-level heat balance (see Figs. 2.3 and 2.4).

c. The Radiation Subject to Absorption (Sﬁ)- The solar radia-
tion subject to absorption is distributed as heat to the various layers
in the atmosphere and to the earth's surface. The absorption is as-
sumed to depend only upon the effective water-vapor content (u*) in a
layer -- a quantity calculated from the model as previously outlined
(see Subsection F.7). The absorptivity of a layer is given by the

empirical formula

0.303 (2.129)

A(u*,c) = O.271(u* sec )
Here the (dimensionless) coefficient 0.271 has been found by increasing
the (dimensional) coefficient 0.172 ly m:l.n—l of the Miigge-M8ller ab-
sorption formula by 10 percent, as suggested by Manabe and Mtller (1961),
and then dividing by the total radiative flux subject to absorption,
which is given by 0.349So = 0.698 ly m:i.n-.1 according to Eq. (2.122).
For clear sky the flux of Sg transmitted to a level n is given by

A' A * *
Sn = So[l - A(u°° - un,c)] (2.130)

and the flux absorbed in a layer between an upper level, i, and a lower

level, j, is given by

=5, -5, (2.131)
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For a cloudy sky the absorption in a cloud is calculated by assuming
an equivalent water-vapor content which will absorb the same amount of
radiation as would the cloud itself. These amounts are assumed in the

present version of the model to be

*
u, = 65.3 g/cm2 for cloud type 1
1
* 2
u, = 65.3 g/cm for cloud type 2 (2.132)
2
* 2
u, = 7.6 g/cm for cloud type 3
3

The incoming beam becomes diffuse in the cloud, and its path is assumed
to be 1.66 times the vertical thickness of the cloud. Below the cloud
the beam is still diffuse, and the factor 1.66 for path length is re-

tained. Therefore we have the following expressions for the downward

flux at various levels

AH _ A * *
s; = So[l - Alu, - ui,c)] (2.133)

above the cloud at level i

.t.
Ap I

A" A * * m *

Sm So(l - ac) 1 -A [(uw - uCT)sec T+ 1.66 Apc uc]’ (2.134)
inside a cloud at level m

A" A * * * *  k ]

Sj So(l - ac) {1 - A [(uu° - uCT)sec r + 1.66(uc + Ucp uj) }
below a cloud at level j (2.135)

.t.

The fraction Apm/Apc, which is equal to 1/2 when m = 2 and type-l

clouds are present, has been inadvertently omitted from the model's
present FORTRAN program.
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where subscripts CT and CB refer to the cloud top and cloud bottom,
respectively, Apc is total pressure thickness of the cloud, and Apm
is the pressure thickness of the cloud above level m. The factor
1 - ac) accounts for reflection from the cloud top.
The flux absorbed in a layer in a cloudy sky will, in general,
be A = SA” - SA", in a fashion similar to Eq. (2.131) for clear sky.

o0

If there is a cloud top anywhere within a layer, however, the flux ab-
sorbed by that layer will not be just the flux difference at the lev-
els above and below the layer, since there will be a flux reflected
from the cloud top and therefore lost. Thus, for the layer between
levels i and j, the absorbed radiation is given by

A" A" A"

= - - 2.136
Ai+l S sj Ser o, ( )

where the last term is the flux reflected from the cloud top. When the

sky is partly cloudy, the total flux at level i is given by a weighted
average of the clear and overcast fluxes:

1"

A SA

S, = CL

AI
- 2.1
N 1 + (1 CL)Si (2.137)

That part of the flux subject to absorption which is actually absorbed
by the ground is given by

A'

AI
1 - S = (2.138)
¢ c"g) 4 g
for clear sky, and by
(1 - a )S:\ A"
— 8 % =3 (2.139)

1l - acag g



—47-

for completely cloudy (overcast) sky, where the factor 1/Q1 - acag)
again accounts for multiple reflections between the ground and cloud
base. For partly cloudy skies, the radiation absorbed by the ground

is the sum

" ]
s® = oL s: + (1 - CL)sg (2.140)

b2

The total solar radiation absorbed by the ground will be the sum of
that part of the solar radiation subject to (atmospheric) absorption
that is absorbed instead by the ground and that part subject to scat-
tering (atmospheric) that is absorbed by the ground. Thus, from Egs.
(2.128) and (2.140), we have

s =gh4 s (2.141)
g g g

2. Long-Wave Radiation

The calculation of the long-wave radiation, like that of the short-
wave radiation, is based on an empirical transmission function depending
primarily upon the amount of water vapor. The net upward long-wave

radiation at a level i can be expressed as the sum of three terms

Ri = RA + RB + Ci (2.142)

where RA is the radiative flux downward from the atmosphere above the
level i, and RB is the flux from below. The term Ci was intended to
be a correction term accounting for a possible large temperature dif-
ference between the level-4 air temperature, TA' and the ground sur-
face temperature, Tg' However, in the early stages of evolution of
the Mintz-Arakawa program the two temperatures were assumed to be
equal, and both were designated in the program with the same symbol.
At the time the program was modified to calculate the two separately,

a programming error was made whereby the terms were not changed con-

sistently. In several statements the ground temperature, Tg’ is used
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in place of the air temperature T4, and in the ground temperature cor-

rection term, C,, the values of ground temperatures before and after

i
the heating cycle (Tg’ Tgr) are used in place of T4 and Tgr'

In this Report we have described what the program actually does,
rather than what was intended. Those equations in which T_was used

in place of T, are indicated throughout Subsections G.2 and G.3 by the

symbol <, In4future work, the program will be corrected and the effects
of this error will be investigated.

The term Ci in Eq. (2.142) is thus now apparently a 'correction"
involving the change in the ground temperature during the heating time
interval. This term depends upon all the various heat-exchange mecha-
nisms in the program, including the other terms involving long-wave
radiation. Therefore RA + RB is calculated first and the Ci term 1is
left until later (see Subsection G.3). A schematic overview of the
long-wave radiation balance is given in Fig. 2.5.

The fluxes at level i are given by the expressions

T (2.143)

(ch - cTi)_'LTB (2.146)«

s

where o is here the Stefan-Boltzman constant, and the empirical trans-

mission functions are given by

(2.145)

*
T, = 'r(u°° - ui)

T e— 1 (2.146)

with

* *0.416>
(u ) =1 <1 + 1.75u (2.147)
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Fig. 2.5 -- Long-wave radiation in a clear atmosphere. See also
Fig. 2.3.
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as found by Katayama for the Callendar water-vapor transmission func-
tion. Here u* is the effective vapor content defined in Subsection F.7.
For a clear sky, if we define Ri = RA + RB’ we have at the three levels
c=0(i=0),0=1/2 (i=2), and o = 1 (1 = 4), where radiation is

determined by:

*
1+ t(u.)
4 * * 4 4 0
T — - ettt e e .
RO = OTOT(u°° uO) + (ng OTO) 5 (2.148)«
*
1+ 1(u,)
R b4 2
R2 = oTz'r(u°° - u2) + (ch 0T2) 5 (2.149)«
4 *
R' = 0T 1 (2.150)«
4 g(uoo)

Here the primes indicate a clear sky. To account for the absorption
by C02, which is not included in the above expressions, the model in-
corporates a number of empirical modifications [due to Katayama (1969)]

of the long-wave fluxes. We thus redefine the clear-sky fluxes given

above as

(- '
RO 0.820R0 (2.151)
[ - 1 n
R2 = 0.736R2 (2.152)
*
Rz: = ch [0.6VT(uw) - O.l] (2.153)«

which are the clear-sky expressions used in the program. The expression
for RL is similar to Brunt's formula.

Clouds are treated as opaque black bodies, and the cloud cover may
consist of any of the model's three cloud types. Including empirical

corrections, one uses the following expressions for the radiation in
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at level 3)

R"

R"

RH

where the double primes indicate an overcast sky and R;

1+

T (u

0

)

4 * * 4 4
O.SZO[GTOT(u°° - uO) + (ch - cTO

4 4 *
0.85(0Ts - oT3) 1+ 3T<u3>]/4

2

* *
] uﬁ]

ERA+RB.

cloud type 2 (top of cloud at level 2, bottom at level 3),

1"
R

RH

RH

For cloud

4

_ 4 * * 4
= 0.820[0T01(um - uO) + (OT2 - OTO)

i

[0.7360T57(u., - up)1/2”

same as for cloud 1 [Eq. (2.156)]

type 3 (top and bottom at level 3):

2

* *
1+ 'r(uO - u2) ]

* *
1+ t(u, - u )]
" o 4, * ok 4 4 0 3
RO = 0.820 [OTOT(u°° uO) + (cT3 GTO) 5
* *
1+ t(u, - u )]
"o 4 * * 4 4 0 3
R2 0.736 [cTzT(um u2) + (cT3 0T2) 7
RZ = game as for cloud type 1 [Eq. (2.156)]
JrThisR"

2

irregular surface lying half-above, half-below level 2.

For cloud type 1 (top at level 1, bottom

(2.154)

(2.155)

(2.156)«

For

(2.157)

(2.158)

(2.159)

(2.160)

is divided by 2 because the cloud top is assumed to be an
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If we now define ii as the net upward long-wave radiation for partly
cloudy skies prior to the ground-temperature correction, Ri and R;
combine to give

Ri = (1 - CL)Ri + (CL)R; (2.161)

where CL is the fractional cloudiness (see Subsection F.6).

Finally, after the ground temperature has been determined using
ii and the calculated short-wave radiation (among other quantities, as
described in Subsection G.3 below), the long-wave radiation is calculated
in its complete form Ri by applying the correction (C) given at level 4
by

3
C4 40Tg(Tgr - Tg) (2.162)«

where 40T3(T - T ) is an approximation to c(T4 - TA). The complete
g gr g gr g
long~-wave flux at level 4 is thus given, according to Eq. (2.96), by

R=§ + C

3
= - ! ' -
4 4 4 1 CL)R4 + (CL)R4 + Ach(Tgr Tg) (2.163)«

At levels 2 and 0 the complete long-wave flux is similarly given by

~ ~J *
R2 = R2 + C2 = R2 + 0.8(1 - CL)CAT(UZ) (2.164)

~ *
Ry =R, + Co = R, +0.8(1 - CL)CAT(UO) (2.165)

where R is given by Eq. (2.161) and C4 by (2.162), and where the coef-
ficient 0.8 is the correction factor for CO2 absorption. These are the
long-wave radiation fluxes calculated in the program as the net trans-

fers at the levels 4, 2, and 0, and are used in the preparation of the
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long-wave radiative budgets for the layers 0 to 2 and 2 to 4 as well as
for the surface (level-4) radiation budget in the output programs (see

Chapter IV). The various components of these long-wave fluxes are sum-

marized in Fig. 2.6.

3. Heat Balance at the Ground

The ground temperature, Tgr’ as corrected for surface radiation
and as used to find the evaporation, is itself obtained from the heat
balance at the ground. The treatment of the heating of the ground de-
pends first of all upon the character of the ground or underlying
surface.

If the surface is ice-free ocean, it is considered to be an in-
finite heat reservoir whose surface temperature, Tg’ is a specified
function of position and does not change during the heating time
interval (5At). The new ground temperature, Tgr’ is set equal to the
old Tg'

Where the surface is bare land, snow-covered land, or ice-covered
land, the ground is considered to be a perfect insulator with zero
heat capacity. For these types of ground, the total flux of heat
across the air/ground interface must be zero, according to

R, + T + H, - sg =0 (2.166)
where R4 is the long-wave radiation emitted from the surface, I' is the
sensible heat flux from the surface, HE is the flux of latent heat due
to evaporation from the surface, and Sg is the solar radiation absorbed
by the ground.

For ice-covered ocean, the surface heat balance 1is modified to in-
clude conduction of heat through the ice, %, in which case Eq. (2.166)

is changed to read

- =B = - 2.167
R, + T+ By sg B B(To Tgr) ( )«
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Fig. 2.6 —- Long-wave radiation in an overcast atmosphere (cloud types 1, 2, or 3). See also Fig. 2.3.
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where To equals the freezing point of seawater (273.1 deg K). Equa-

tion (2.167) is applicable to the land, snow- and ice~covered land

surfaces too, if we define B = O for these locations; for sea ice the

conduction coefficient B is equal to 1.44 ly day-'1 deg—l, found from an

assumed thermal conductivity of 0.005 ly em sec_l deg-l

thickness of 300 cm.

and an ice

Note that, except for the solar radiation, these

heating terms depend upon the as-yet-undetermined new value of the

ground temperature, T

gr’ as well as upon the old value, Tg’ upon the

temperature of the air, T4, or upon the freezing point of sea water,

T .
o

The heating terms are given by

4
gr

R, = R, + o(T

- T

4

g)

(2.168)«

where R is the long-wave radiation without the ground-temperature cor-

rection as given by Eq. (2.161) and O(TZ;r - T4) is the "correction"

term.

flux, I', is given by

I = CF(Tgr - T4)
where
CT = DACpch

(See, however, Subsection G.2.)

The sensible (turbulent) heat

(2.169)

(2.170)

where W is the surface wind speed, as corrected for gustiness in Eq.

(2.78).

HE = LE = Cr

n|ﬁ

The latent heat flux is given by

dqs(T )
oW qs('rg) + —-ET—B-— (T
o g

r Tg)] YA

(2.171)
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where Eqs. (2.108) and (2.109) have been used to evaluate the evaporation.
Substituting Eqs. (2.168), (2.169), and (2.171) for R4, T,

and HE into the heat-balance equation, (2.167), and approximating

g 8r
perature T " Thus, we have

+ L + ——EE—El - + - + 40T + BT
CF T: q, GW T T q (T) S R: o

O(Tgr - Tg) by 40T3(T - Tg), we can solve for the unknown ground tem-

p
T
gr dq (T )
e |1+ 28 gyl|+ sors + 8
T cp dT g

(2.172)«

Having found Tgr’ we can complete the calculation of the individual

9 R0 as in Subsection G.2), T and
HE from Eqs. (2.167) to (2.171), and the surface evaporation, E, from Eq.

radiation and heating terms R4 (and R

(2.108). The equations are applicable to an ocean surface as well as to
land, ice, and snow: for oceans, Tgr = Tg’ some of the terms will be
zero, and there will be no correction terms for the long-wave radiation;
for ice and snow, if the calculated value of Tgr is greater than T°

(= 273.1 deg K) it is set equal to To'

4. Heat Budget of the Atmosphere

The heat balance is maintained at the ground through the calcu-
lated ground temperature (see previous section), and at the levels 3
and 1 by means of the diabatic heating terms on the right-hand sides
of Eqs. (2.31) and (2.32). After the temperature changes due to con-
vective adjustment (see Subsection F.l), no further change 1s made
until the end of all the radiation- and moisture-balance calculations.
Then the change in temperature over the interval 5At at levels 3 and

1 is given by

H3 = SAtH3

= (A3 + R, - R, + F)(Zg/ncp)SAt + (AT3) + (AT3) + (ATB) (2.173)

4 2 CM Cp LS
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H) = 54tH)
= (A, + R, - R.)(2g/mc )54t + (AT,) + (AT,) (2.174)
1 2 0 p 1 oM 1 cP
Here A1 and A3 are the net absorption of solar radiation at the levels
1 and 3 (see Subsection G.1l), R4 - R2 and R2 - R0 are the long-wave ra-

diation absorbed in the layers 4-2 and 2-0 (see Subsections G.2 and G.3),
and T is the sensible heat flux (see Subsection G.3). The (AT) terms

are the latent heat released during large-scale condensation (LS) [Eq.
(2.47)], middle-level convection (CM) [Egs. (2.73) and (2.74)]1, and
penetrating convection (CP) [Eqs. (2.101) and (2.102)] (see Subsec-

tions F.2 and F.3). The factor 5At is the time interval between heat-
ing calculations, and together with the factor 2g/-rrcp converts the heat-
ing rate to the layers' temperature change.

There is some smoothing of the heating as given by Eqs. (2.173) and
(2.174) in both the vertical and horizontal directions before the tem-
peratures Tl and T3 are redefined at the end of the time interval. The
average heating, H = 1/2(H1 + H3), is first weighted according to the
area of the grid cell surrounding the 7 point, and is then subjected to
a 9-point areal smoothing with the central heating value weighted by 1/4,
the four values to the north, south, east, and west each weighted by 1/8,
and the four values to the northeast, northwest, southeast, and southwest
each weighted by 1/16. If we denote the result of this smoothing opera-
tion on ﬁ.by EA, the final temperatures, after correction for diabatic

heating at levels 1 and 3, are determined from

T, =T+ El - -2-—3-+ i (2.175)
H. H
T, = Té + 53 - 51 + B (2.176)

where Ti and Té are the temperatures at levels 1 and 3 before the cor-

rection for diabatic heating.
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IIT. MODEL DESCRIPTION —-- NUMERICS

Equations (2.27) to (2.33) and Eq. (2.35) form a set of eight
prognostic equations for the eight dependent variables (ul, vl, u3,

Va» Tl’ T,, v, and q3). The time-extrapolation method and the hori-

zontal fiiite—difference schemes used to solve these equations were
developed by Professor Arakawa at UCLA and are discussed in the fol-
lowing sections. For convenience, Egs. (2.27) to (2.33) and Eq. (2.35)
have been restated in Tables 3.1 to 3.4 and Table 3.6, where the sub-
sections describing the numerical treatment of each term are indicated,
along with the location in the FORTRAN program where each term is eval-
uated, The diagnostic equation for the vertical velocity [Eq. (2.34)]
is given a similar treatment in Table 3.5. In the present chapter,
particular attention has been given to the preparation of a systematic
statement of the precise finite-difference approximations actually used
in the programmed numerical solution of the model. The smoothing pro-
cedures, provisions for global mass conservation, and the various pa-

rameters and constants used in the model are also summarized here.

A, TIME FINITE DIFFERENCES

1. The General Scheme of Time Extrapolation

From the equations in Tables 3.1 to 3.4 and Table 3.6, we can ob-
tain expressions for the tendencies of the dependent variables W = us»

Vv,, ...) at the point ij in the general form

1,

raaw | .1
Lat ]13 Dw+s1p (3.1)

while the pressure-tendency equation is written in the form

[%%]ij - D (3.2)



Table 3.1

DESCRIPTION OF THE ZONAL (u) MOMENTUM EQUATIONS

Vertical
u Momentum Horizontal Advection Advection of Coriolis
Tendency of u Momentum u Momentum Force Pressure-Gradient Force Friction Term
Eq. (2.27) S (lu.) 0 x 0 * s + v F [ ! + om FY
. . : — = - — - — - - s —_—
q e (' ox (U191 T 5y (pup) ) ™1 o 71" Bx] +
Eq. (2.29) J " 0 * + s + mv.F [ s + —3—1] + IF
q. . : T (Hu3) = =gz (ugug) - Sy (v3u3 u, v, n|m T4Ma,y = 3
Program STEP CoMP 1 COMP 1 COMP 2 COMP 2 COMP 2 CoMP 3
Reference (1850-2280) (3750-4120) (4690-4830) (5010-5200) (5450-5690) (5710-6050) (11500-11620)

Text
Reference TII.A. (1-4) ITI.C.3 III.C.4 III.C.5 ITI.C.6 ITI1.C.10

...09._.



Table 3.2

DESCRIPTION OF THE MERIDIONAL (v) MOMENTUM EQUATIONS

Vertical
v Momentum Horizontal Advection Advection of Coriolis
Tendency of v Momentum v Momentum Force Pressure-Gradient Force Friction Term

Eq. (2.28): 2 (Mv,) = _ 2 ( *v ) - 3‘—'( * ) - s" - mu_ F - m[ﬂ-ifl + o.Ta LS + TF

q. (2.28): 5 UV ax U171 3y V1 \p) 1 3y 1" 3y 1
Eq. (2.30): 2 (Mv,) = - 3 (u*v ) - 2 ( *v ) + §% - qu,F -1nLrEf§ + o.ma Tl + TF é

q. (2.50): 7 UiV3 ax ‘U3V3) T 5y W33 2 3 3y 3"%3 By 3 i
Program STEP COMP 1 coMp 1 COMP 2 COMP 2 coMp 2 coMP 3

Reference (1850-2280) (3750-4120) (4690-4830)  (5010-5200) (5450-5690) (5710-6050) (11500-11620)
Text

Reference III.A.(1-4) I1I1.C.3 IIT.C.4 I11.C.5 I11.C.6 I11I.C.10




Table 3.3

DESCRIPTION OF THE THERMODYNAMIC ENERGY EQUATION
Temperature Horizontal Advection of Diabatic
Tendency Temperature Energy Conversion Terms Heating Term
P . 0,a g,0 i
3 2 * 9 * 1 : 171 a1l 17°1( * 9m * 9w 1
. g = - 2 - — il — — AL —
Eq. (2.31): o (IT)) o (1T~ 3y (TP (po> 8,5 + < "5t T C [“1 5% T V1 By] + ,
P \" 0,0 g.a i &
9 9 * 9 * 3 - 373 91l 37°3[ * om * 37 3 o
. — H = —_— — — — ———— et —— e —_—
Eq. (2.32): 5 (M) 5% (U3Ty) ~ 5y (V3Ty) +<p > 85+~ "3 t ¢ {“3 3%~ V3 By ML !
o P P p
Program STEP COMP 3
Reference (1850-2280) COMP 1 (3250-3730) COMP 1 (4560-4670) COMP 2 (6070-6370) (11280-11480)
Text
IIT.A. (1-4) I11.C.7 IT11.C.8 IT1.C.12

Reference




Table 3.4

DESCRIPTION OF THE PRESSURE-TENDENCY EQUATION

Mass Convergence Mass Convergence
Pressure Tendency at the Upper Level at the Lower Level
o1l 1(9o * 3 * 1(09 * 3 *
Eq. (2.33): 5T -3 (Bx u, + 5y V1 ) - 3 <8x ug + 3 v3) |
(=)
W
1
Program
Reference STEP (1850-2280) COMP 1 (4130-4540)
Text
Reference IIT.A. (1-4) IT1.C.2




Table 3.5

DESCRIPTION OF THE VERTICAL VELOCITY EQUATION

Mass Convergence at Mass Convergence at
Vertical Velocity Upper Level Lower Level
: 1/3 * 3 * 1/(3 * 3 *
Bq. (2.34): 5= +5(ax “3*55"3) '2(ax“1+ay"1)
Program Reference COMP 1 (4530) COMP 1 (4130-4540)

Text Reference ITI.C.2 ITI.C.2

_17 9—.



DESCRIPTION OF THE MOISTURE-BALANCE EQUATION

Table 3.6

Moisture Tendency

Horizontal Advection of Moisture

Moisture-Source Term

Eq. (2.35): g—t-(nq3) -

+ 2mng(E - C)

Program
Reference STEP (1850-2280)

COMP 1 (3250-3730)

CoMP 3 (11280-11480)

Text

Reference III.A. (1-4)

I11.C.9

III.C.11

_gg_
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The expression Sw represents the friction terms in the momentum equa-
tions, the diabatic heating term in the energy equation, or the mois-
ture source term in the moisture equation. These terms will be re-

ferred to collectively as the "source terms." All the other terms are
" Both Dw and Sw are complicated finite-

difference expressions involving the independent variables and the de-

included in the expression D

pendent variables at ij and nelghboring points.

In the time-extrapolation method used in this model, the source
terms are evaluated every fifth time step. The remaining terms (Dw)
are evaluated each time step by means of a sequence of uncentered and
centered horizontal differences. Thus, the time extrapolation pro-
ceeds in a repeated sequence of five individual time steps of At each.
The first four time steps consist of two substages each, and the fifth
time step consists of three substages. The first substage, which is
identical in all five time steps, provides a preliminary estimate of
the dependent variables for time T + n by evaluating Dw using values
of the dependent variables at time v + (n - 1). The second substage
obtains a final estimate of the dependent variables using the prelim-
inary estimates to evaluate Dw with the horizontal-difference scheme
appropriate to the position in the five-step sequence. The special
third substage in the fifth time step consists of evaluating the source
terms using values of the dependent variables obtained from the second
substage. An outline of this procedure is shown in Fig. 3.1, and each

substage of the time step is described below.

2. Preliminary Estimate of the Dependent Variables (All Time Steps)

The preliminary estimate (identified in the FORTRAN code by the
flag MRCH=1) is obtained using a forward time step and evaluating Dw
by a centered horizontal difference. However, the horizontal and ver-
tical advection terms and the Coriolis force term of Dw are advanced
only a half time step, while the remaining terms are advanced a full
time step (At). Thus, from Eq. (3.1) for the momentum, energy, and

moisture equations we have, upon omitting the source terms,



T+3

T +4

T +5

T+3

T+4

T+5

MRCH =1

MRCH =1

¢r+4

AT+5
'

T T+ 1 T+2
" T WTH \PHZ
!
MRCH =1 MRCH =1 MRCH =
$r+1 @r+2 @r+3
)
MRCH=3 MRCH=4 MRCH=2

MRCH=2

MRCH =2

Fig. 3.1 —-- Sequence of time steps and substages in the time-integration procedure.

COMP 3
COMP 4
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A C1+]

T At T T
(Hw)ij = (nw)ij + 5 Aw(ﬂ , U, ...)ij
T T
+ AtRw(ﬂ , U, ...)ij (3.3)
where Aw represents the advection terms in Dw, R¢ = D¢ - Aw represents

the remaining terms of Dw, the superscript 1 refers to values at time
1, and the caret is used to indicate the preliminary estimate of a

quantity. Similarly, the pressure-tendency equation (3.2) becomes

A T+l T T T
(II)ij = (II)ij + AtDn(n , U, ...)ij (3.4)

The first estimate of the dependent variables y is therefore given
by Eqs. (3.3) and (3.4) as

A 1+1
(Ty)
T+1 i
$ij - "7?1%" (3.5)
Hij

which serves to remove the Il weighting of the variables. As noted pre-
viously, this procedure is used as a preliminary estimate in each time

step of the numerical integration.

3. Final Estimate of the Dependent Variables (Time Steps 1 to 4)

Using the preliminary estimates given above, the final estimates
of the dependent variables at the nth time step of the sequence n = 1,

2, 3, 4 become

+(n-1)

(nw);‘;“ - a7} +8eD 5, 8, oy (3.6)
H;j“ - HI}‘“'1)+ Atnw(#, 3, gy (3.7)

from which we calculate
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()]
v ———1— (3.8)

b
nij

When n = 1 an up-right uncentered horizontal space difference is used
(identified by the flag MRCH=3); when n = 2, a down-left uncentered
horizontal space difference is used (identified by the flag MRCH=4),
and when n = 3 or 4, a centered horizontal space difference is used

(identified by the flag MRCH=2). The case for n = 5 is considered
below,

4, TFinal Estimate of the Dependent Variables (Time Step 5)

The first two substages of the fifth tim:= step (n = 5) are per-—
formed as described above by Egqs. (3.6) to (3.8). If we represent
the variables at the end of the second substage of the fifth time step
by a tilde, (~), the final estimates become

T+5
1}

- N 4+ o5ae Y

) ij LTS

(3.9)

The final estimate at every fifth time step thus introduces the source
terms (as evaluated in subroutines COMP 3 and COMP 4), and weights them
for the full 5At time interval. Because the continuity (or pressure-
tendency) equation (3.2) is source free, the value of HI;S is given
directly by the final estimate [Eq. (3.7)] for n = 5.

Upon the completion of this time step, the sequence of five steps
begins again. The flow of this time-integration procedure is controlled
by subroutine STEP (steps 1850 to 2280). The horizontal finite-difference

expressions used in the determination of the terms Sw, DW’ and Rw are

given below,.
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B. HORIZONTAL FINITE DIFFERENCES

1. The Horizontal Finite-Difference Grid

The earth's surface is represented in the numerical calculations
by a rectangular grid of points extending from pole to pole, an arbi-
trary point of which is designated ij and identified by (J,I) in the
code.+ The 180th meridian is represented by the set of points (1,3),
the longitude 175W by the points (2,j), etc., the South Pole by (4,1),
and the North Pole by (1,J): the equator is not a member of this grid,
but corresponds to the value j = 23%. This set of primary grid points
can be regarded as the centers of the network of rectangular cells
outlined by dashed lines in Fig. (3.2). The velocity variables u and
v are carried at the corners of the cells (designated by + in the fig-
ure), the west/east mass flux u* at the midpoints of the vertical
sldes (designated >), and the south/north mass flux v* at the midpoint
of the horizontal sides (designated A). All other quantities are car-
ried at the midpoint of the cells (designated o). The values of u
and v at the lower right-hand corner of the cell (i,j) are denoted bz
i3’
In the re-

*
uij and vij’ the value of u on the right-hand side of the cell by u

*
and the value of v on the lower side of the cell by vij'
mainder of the text, the points o, +, >, and A will be referred to as

"on "on 1 1

"n points,”" "u,v points, u* points," and "v* points," respectively.
It may be noted that the poles are ''m points,'" while the points at the
equator are "u,v points."

The grid-point separation factors m and n represent the geograph-
ical distance between grid points, and are defined by Eqs. (2.18) and
(2.19). The factors m,n and the area (mn) of the cells surrounding
the 7 points are computed in subroutine MAGFAC (steps 14360 to 14850),

where the following quantities are defined:

+For purposes of computational efficiency, the notation (J,I),
listing the y-index J first, is used in the FORTRAN code in lieu of
the more conventional (I,J) notation. When reproducing specific
FORTRAN statements this (J,I) notation, where J = 1, 2, ..., JM and
I=1,2, ..., IM, will be used. Elsewhere, the notation (i,j), where
i=1,2, ..., Tand j =1, 2, ..., J, will be used.
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Fig. 3.2 -- The horizontal finite-difference grid with zonal index i
and meridional index j. Here the open circles (o) repre-
sent grid points of the primary or m grid at which =, T,
q, and ¢ are carried, while the plus (+) signs represent
points at which u and v are carried (the u,v grid). The
carets (A and >) denote points of supplementary grids at
which the northward and eastward mass fluxes v* and u*
are determined.
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J+1

LAT(j) = (pj = Ap(] - 5 ) l1<j=<J (3.10)
DXP(j) = aAX cos qa 1<j=<J (3.11)
1
DXU(j) = adX 5 (cos @, + cos wj—l) (3.12)
=% [DXP (J) + DXP(J-1)] 1<4<J
DYU(3j) = «*ax(‘Pj - tPj_l) j=z2 (3.13)
DYU(1) = DYU(2)
DYP(§) = a = (¢,,. - @, ) (3.14)
2 '+ T3-1 '
- %— [DYU(4+1) + DYU(])] 2<4<3
DYP (1) = DYU(2)
DYP (J) = DYU(J)
DXYP () = DYP(3) [DXUQ”I)Z* DXUD] 5 o3¢y (3.15)
DXYP (1) = 3 DXU(2) D—YIZ’(—I)
DXYP (J) = 3 DXU(J) -'3-121"—)-

These quantities are illustrated in Figs. 3.3 to 3.5. From Fig.
3.2 we see that m and u* are carried at the same latitudes, whereas u, v,
v* are carried at intermediate latitudes. Thus, the factors m,n cen-
tered at m or u* points are given by DXP and DYP, whereas those centered
at u, v, or v* points are given by DXU and DYU. In this scheme the
pressure (7) is thus given at the poles but not at the equator, whereas

the velocity (u,v) is given at the equator but not at the poles.



|i-!

Fig. 3.3 -~ The map metric n, the meridional distance between

grid points. At latitude @5, n = DYP is thg north/
south distance between points of the u,v grid (and
between points of the v* grid), while n = DYU gives
the corresponding distance between points of the

7 grid (and between points of the u* grid).

Fig. 3.4 -- The map metric m, the zonal distance between grid

points. At latitude @;, m = DXP is the east /west
distance between points of the grid (and between
points of the u* grid), while m = DXU gives the
corresponding distance between points of the

u,v grid (and between points of the v* grid).
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DXYP (j)

/
/\o/\\ DXYP(1)

Ji=d-1

(b)

Fig. 3.5 —— The area mn = DXYP surrounding a point of the 7 grid (a).
At the north and south poles (j=J and j=1) this area is

identified as the shaded regions shown in (b) and (c),
respectively.
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2. Finite-Difference Notation

The [J,I] indexing used in the FORTRAN code is identical for each

g1* Y1 34 Vyp»

all have the same index, (J,I), but each of these is car-

of the four grid networks described above. That is, =

* *
Urrs and Vi
ried and computed at different points in the horizontal finite-difference

grid. It is convenient, therefore, to define 7-, u,v-, u*—, and v*—
centered notations to be used in formulating the finite-difference ex-
pressions. These notations are illustrated in Figs. 3.6 to 3.9. Here
the index used for the finite-difference expressions is given below
each point, and the [J,I] index used in the FORTRAN code is given above
each point. These figures facilitate the transformation of the finite-
difference expressions given below into the equivalent FORTRAN state-
ments found in the program itself (see Chapter VII).

It is also convenient to introduce a notation for the grid-point
separation factors (the horizontal distances between grid points on the
surface of the earth). For each of the 7-, u,v-, u*—, and v*—centered
notations (see Figs. 3.6 to 3.9), m_y> My and m, will denote the dis-
tance from -20 to 00, from -10 to 10, and from 00 to 02, respectively.

Similarly, n_3s g, and n, will denote the distance from 0-2 to 00,

from 0-1 to 01, agd from éO to 02, respectively. The numerical values
of m , etc. are given in Egqs. (3.11) to (3.15). For example, when
m- or u -centered notation is used, m, 1 are given by DXP(J), :O
by DYP(j), n_, by DYU(j), and n, by DYU(3J+1), whereas when u,v- or v -

are given by DXU(J), ny by DYU(J),

n
o’ 40
and m,

1

centered notation is used, my and m 4

by DYP(J-1), and n, by DYP(J).

In the following subsections, variables at the two vertical levels

o |

will be indicated by the subscript %, with £ = 1 denoting the (upper)

level 91 and £ = 3 denoting the (lower) level Tqe In the FORTRAN code
the index L is used to indicate the levels, with L = 1 denoting the lev-

el 0, and L = 2 denoting the level ¢

1 3°

3. Preparation for Time Extrapolation

At the beginning of each time step the dependent variables are

transformed into a set of pressure-area-weighted variables. This trans-
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Fig. 3.6 -- The schematic finite-difference grid in w-centered notation. The

symbols above each point are the FORTRAN J,I index, and those below
each point are the finite-difference subscript notation relative to
the origin 00 or relative to the poles (p). The open circles (o)
are points of the n grid, the plus signs (+) are points of the u,v

grid, and the carets (A and >) are points of the v* and u* grids,
respectively.
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Fig. 3.7 -- The schematic finite-difference grid in u,v-centered notation.

See Fig. 3.6 for symbol identification.
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See Fig. 3.6 for symbol identification.
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See Fig. 3.6 for symbol jdentification.
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formation is performed at the beginning of subroutine COMP 1 (steps
2500 to 2680). For the quantities carried atym points (w, O, T3, and q3)

the transformation is straightforward, and issgiven by

oo = ®)g0™00 (3.16)
(Mg 00 = @ g0"00T5,00 (3.17)
(M9) 3 00 = (@) 5070093,00 (3.18)

where (mn)00 is the m-centered area DXYP(J) (see Fig. 3.5).

For the transformation of the velocity components we similarly

write (in u,v-centered notation)

u
M)y 50 = To0%e,00

(3.19)

u
(M) 00 = TooVs, 00

where the u,v-centered area-weighted II is defined in u,v-centered nota-

tion as

u

1
Too = % [(m“)—ll"—ll *landyymyy )y Y (mn)l-l"l-l]

for 2 < 3 <J-1 (3.20)

with the polar expressions
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where p denotes the South or North Pole, and where

~ LI .
-1 .2
1,17 T gl Ti,1 (3.23)
and
. (3.24)
£, 7T & "1,3

The quantities given by Eqs. (3.20) to (3.24) are illustrated in Fig.
3.10. Note that since the poles are mapped into I grid points, Egs.

(3.23) and (3.24) provide unique values of m for all I grid points of
the South and North Poles. The other dependent variables carried at

the poles (Tl’ T3, and q3) and quantities computed at the poles, such
as the mass convergence discussed in the next section, are similarly

averaged. The polar adjustment of m, Tl’ T3, and 4 is performed in

subroutine COMP 2 (steps 6410 to 6560).

C. SOLUTION OF THE DIFFERENCE EQUATIONS

1. The Mass Flux

The west/east and south/north mass fluxes are defined by Eqs. (2.25)
and (2.26). These quantities require three finite-difference approxi-
mations corresponding to the three space-difference schemes (the up-
right, down-left, and centered) used during the cycle of the time in-
tegration. Furthermore, u* is given a longitudinal smoothing to avoid
computational instability resulting from the decrease in the longitu-
dinal spacing as the poles are approached. The mass-flux parameters are
computed in subroutine COMP 1 (steps 2710 to 2950) and the longitudinal
smoothing of u* is performed in subroutine AVRX(K).

In the v*—centered notation (see Fig. 3.9), the south/north mass

*
flux v at the level % becomes
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Fig. 3.10 -~ Illustration of the area-pressure weighting function " centered
at u,v points. At non-polar points, @IV is the sum of the four
shaded areas shown in (a), each weighted by its adjacent value
of m; at polar points, [IU is given by the sum of the three shaded
areas shown in (b) weighted by the indicated values of 7.
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-+
(o Ya,m10 Y100 Ton * To-r)

0 > . MRCH = 1 or 2
* (rgy + 7oy
V.00 = ®o%2,10 5 when { MRCH = 3 (3.25)
(r., + )
01 T o1
MYy ,-10 2 MRCH = 4

*
The west/east mass flux u is computed in three stages. First,

(nu) at the level £ is computed according to

n.u + n,u \ )
1%,01 ¥ ®-1%,0-1 VRCH = 1 or 2
2
(nu)z,00 =4 MY 01 1 when < MRCH = 3 (3.26)
n_luz’o_1 MRCH = 4
\

*
where u -centered notation has been used (see Fig. 3.8). Second, the

values of (nu)z 00 are smoothed in subroutine AVRX(K) using a three-
’

point zonal smoothing routine that may be represented by

)y o0 = Ao(nu)z,_lo + (1 - 2%0)(nu)2’00 + xo(nu)l’10 (3.27)

where AO is the weighting factor of the smoothing routine. This smooth-

ing procedure is described further in Section D below. After this cal-

*
culation, the west/east mass flux u at the level % is finally computed
from

* Nog  (m_jp+ Ty

Yp,00 (@), o0 2 (3.28)

where the superscript N0 denotes the smoothed result after application
of the subroutine AVRX(K) NO times (see Section D).
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* *
At this point it should be noted that u at the poles (ui 1 and
?

*
uiJ) has no meaning. However, to determine the advection of momentum

*
in the polar caps, an equivalent u at the poles is defined.

The rou-

*
tine used to compute this equivalent polar u is described in Subsec-

tion C.3 below.

2. Continuity Equation

The prognostic equation (2.33) for the pressure tendency and the

diagnostic equation (2.34) for the vertical-velocity term may be re-

written in terms of the mass convergence at levels 1 and 3. Thus,

s sy dur av.
$._1 1, N, %3, 73
2 \9x dy 2 \dx oy

(3.29)

(3.30)

In the m-centered notation (see Fig. 3.6), the mass convergence at all

grid points, except the poles, is given by

* *

)+ (v 01 7 Vg,0-1

* * )
= (U 30 7 %e,-10

2<§<J-1

(3.31)

*
Only the south/north mass flux (v ) contributes to the total mass

convergence within the polar cap. The total mass convergence at the

South and North Poles is therefore given by

CONV, , = 2 v

*
1,17 & Yt

(3.32)
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CONV (3.33)

I *
= - v
2,J ;gi 2,1,p-1

while the mass convergence attributed to each of the I sectors of the

polar caps is given by

1 *
CONVl,i,l = T-iil vl,p+l (3.34)
1 & x
CONV = = v, . 3.35)
£2,1,J I ggi %,i,p-1 (

Thus, Eqs. (3.29) and (3.30) may be written in the computational forms

P
|
2 k=]
S
o
o

H

[

. 1
- = - 3.37
S 5 (CONV3,00 CONVl’OO) ( )

for an arbitrary point outside the polar cap,

a1l 1
o = — = + 3.38
<8t)i . > (CONvl,i,l CONV3’i,1) ( )

’

. 1
- = - 3.39
51,1 5 (CONV3’1’1 cowl,i,l) ( )

at the South Pole, and

%),
3ty 5

54,07

1
= 3.40
5 (CONvl,i,J + CONV3’1’J) ( )

N

- 3.41
(conv3’1,J CONVl’i’J) ( )

at the North Pole.
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3. Horizontal Advection of Momentum

The horizontal advection of momentum at the u,v-grid point 1i,]
and at the level % is approximated in the equations of motion (2.27)
to (2.30) by

*
[B—' (u*u) + LI (v*u)] R f wU  + Ndr (3.42)

ox 3y 2,1,3 r

and
* * *
> >

['3—- (uv) + 2 (v v)] w f vU « NdT (3.43)

9% 3y 2,11 T

*
* *
where U is a vector in the x,y plane with u and v as 1its x and y

components, and N is the outward unit vector normal to the contour T
of the rectangular grid defined by the four m points surrounding the
u-grid point i,j (see Fig. 3.11).

To evaluate the integrals in Eqs. (3.42) and (3.43) the contour
I' i1s divided into eight segments. Along each of the eight segments,

*
T - N is defined (using u,v-centered notatiomn) as

10 3 "% Y1 T Uy + U1 + u0—1]’ along a
S oLl oty llLlr o,
Ull "6 2 [u01 + u21] + 6 2 [Vlo + V12], along bc
v 2 1 * * + * + * .
01 3 Z'[Vlo + V12 V_12 v—10]’ along c
e 1 1 % * 1 1, * *
Va1 =€ 3 gt vl ~ 5 0 5 [ugp vyl along de
(3.44)
U R O N long ef
-10 3 4 Y1 T Yip1 T Uo7 Ypopis along
U 1.1 * 1,1 . * * along fg
U= 7o vu,n) -5 g vt vooh
v R long gh
0-1 3% Mo ¥ Vi T Vo Y Vo) along g
Vit = " % E‘[vlo + v1_2] t% 3 [uo_1 + u2-l]’ along ha
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-2-2 -1-2 0-2 1-2 2-2
Fig. 3.11 -~ Schematic representation of the fluxes U,V and U,V on the

grid cell surrounding a point of the u,v grid (identified
by 00 in u,v notation; see Fig. 3.7).
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With these definitions, Egqs. (3.42) and (3.43) become

3k .y, % 1 ) N
[SE (ww) + 55 “)]00 - 5’[U10(“00 +uyg) = Uju_yp *+ ¥y

(uy_p + ugg) *+ Upp(ugg + up0)

+ Vo1 * ¥o2) = Voo1(¥p_2

~

= U310y ¥ up) *+ V_qp (g + u_g))

“ 3.45
" Vi1 * uoo)] (3.45)

5 % 5 % 1
- L - = - +
[Bx (wv) +355 & vi]oo 7 [UIO(VOO * Vo0) ~ Ui100o0 * Voo)

- U +
* Y9100 * V020 7 Vo-1Wo-2 T Voo * V11000 T Voo

~

- U—l-l(v

v -V + V46
22 ¥ Y0) * Vo1 (oo * Vo) T V11 (o voo)] (3.46)

at all points outside the polar cap. In Eqs. (3.44) to (3.46) the sub-
script £ has been dropped, and it should be understood that these ex-
pressions for the horizontal advection are valid for £ = 1 and 3.

The momentum advection within the polar cap requires special treat-
ment. In Fig. 3.11 it can be seen that when the unit square represents
a north polar sector, the fluxes v

vOl’ and U represent advection

-11° 11
across the pole. Physically, advection can occur across the pole only

from a single sector to that sector separated by 180 deg of longitude.

_11° VO1 and U11 are

not defined. However, the fluxes U_10 and U10 represent advection be-

tween adjacent sectors within the polar cap, but the definitions for

Thus, transpolar advection is not calculated and v

*

these fluxes [Eq. (3.44)] break down since u 1is not defined at the
*

poles. To circumvent this, a polar u is determined in subroutine

COMP 1 (steps 2790 to 3230) so that the near-polar U are given by

l*+*+* +* (3.47
Us1,p-1 "6 \Y0,0 ¥ Y2,0 * Y p-2 ui2,p-2> +47)
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and the continuity equation

Y+ U

9 u
— - -V
at (HO,p—l 1,p-1 U—l,p—l 0,p-2

u

~ ~ .

- - - = 3.48
U_l’p_2 Vl,p—Z so’p_1 0 ( )

is satisfied for each of the north polar sectors. Here u,v-centered
notation has been used, and the definition of é;’p_l is given in the
next subsection.

It is shown by Langlois and Kwok (1969) that under the above con-

*
ditions u at a polar grid point i,J is given by

* 1§ (3.49)
“1,J=3‘”1“'I'E‘”1 '

where wi is given by

x! x1 *! =ow
by = 05 ¥y = Vaype ¥y T Yyt Vg e ¥y T kz=:l Vi+1/2°
1=2,3, ..., 1 (3.50)
and
I-1

*! * 1 *
- 21 3.51
Vi+1/2 T Vi+1/2,p-1 T T £ V141/2,p-1 (3.31)

In Eqs. (3.50) and (3.51) the fractional values of the index 1 are used
to denote the v*—grid points to the right of the u,v-grid point (1,p-1).
Similar expressions can be derived for the South Pole.

. If we use Eqs. (3.49) to (3.51) to determine the values of ug’J and
uiZ,J in Eq. (3.47), the polar horizontal advection of momentum in u,v-
centered notation becomes
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[%; (W) + -2; (v*u)]O,p-i-l -3 [Ul,p+1(u0,p+1 t Uy 1)

= U, i1 ¥ 0,541 ¥ V0,002 (0,01 ¥ Yo, p43)

+ El,p+2(u0,p+1 + u2,p+3) + g—l,p+2(u0,p+1 + u—2,p+3)] (3.52)
and
['33? (') + 'aa? ("*")]0, e 3 [Ul,p+1(vo,p+l + Yy, o4

= U, o102 o1+ Vo, 0410 ¥ V0,042 (0, 041 ¥ V0,43

+ ﬁl,p+2(V0,p+1 + v2,p+3) + g—l,p+2(V0,p+l + V—Z,p+3)] (3.53)
at the South Pole, and
[%; (u*u) +'%; (V*u)]o,p_l ..% [Ul,p-l(uo,p—l + u2,p—1)

= U 010y 51 ¥ %,p-1) T Yo,p-2(%,p-3 * Yo,p-1)

S PO IR AT O uo,p_l)] (3.54)
and
[%; (u*v) + %; (v*v)]o,p_l - %’[Ul,p—l(vo,p-l + v2,p—1)

= U351 p-1 ¥ Y0,p-10 ~ V0,p-2(0,p-3 ¥ V0,p-1’

¥ Vg st Vo) T pa (T pes t VO,p—l)] (3.55)

at the North Pole.
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4, Vertical Advection of Momentum

In Subsection C.2 the vertical velocity parameter $ is defined at
n-grid points [Eqs. (3.37), (3.39), and (3.41)]. However, for use in
the momentum equations, a éu, analogous to " [Eqs. (3.20) to (3.24)]
must be defined at u,v-grid points. Thus, at u,v points outside the
polar cap the vertical advection term in u,v-centered notation is given

by

(u + u ) . . .
1,00 © Y3,007 su _ 1,z + +85. )  (3.56)
P 500 = 4y 002G TSt S T P
and at the poles by
(u + u ) . . T
1,0,p+1 T U3,0,p+1’ :u 1 + + 4 ] (3.57)
2 5 ) SO,p""l u2,0’p+1 4(S—l,p+2 Sl,p+2) 1,1
and
(ul,O,p-l + u3,0,P—1) gu = u .l(é + S ) +.g, ] (3.58)
2 0,p-1 2,0,p-1| 4" "-1,p-2 1,p-2 i,J
where
N 1 L .
Si,l = —I- Z Si,l (3.59)
i=]1
and
o 1 I .
S4,0°T 2 51,3 (3.60)
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5. Coriolis Force

To evaluate the Coriolis force term in the momentum equatioms,
the parameter F [Eq. (2.24)] and the Coriolis parameter f = 20 sin @
are the first obtained at the n-grid points. The Coriolis parameter
is computed in subroutine MAGFAC (steps 14710 to 14750). In terms of

m-centered notation it is defined as
fOO =0 E?EETSE [(cos ¢L2 + cos qb)m_l
- (cos @ t+ cos ¢b)ml] (3.61)
Equation (3.61) can be reduced to

cos ¢, - cos @
2 -2
£00 = ~20 -
¢b ®_

which is a finite-difference analog of

= e _pg O(cos @)
f =20 sin ¢ 20 50
At the poles f is given by
a
fJ Q ?EETE [(cos 2 + cos ¢3_1)mJ] (3.62)
and
f o= -f (3.63)
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With the Coriolis parameter defined by Eqs. (3.61) to (3.63), the

finite-difference form of Eq. (2.24) in m-centered notation becomes

F . = (m)

1
00 4

00f00 7 (iqy *ugg Uy Fug e mmy) (564

Finally, the Coriolis term at a u,v-grid point is represented in

terms of F at the four surrounding 7 points by

(ryg + 7myq) (Fpp + Fiy)

1
(wrF)y 00 = 2 7 7
. (r_gp ¥ mqop) g v F oy ) ) (3.65)
2 2 2,00 '
orEy = L (g * 1) Fpy ¥ Fy)
2,00 - 2 7 7
N (1_gp +7moqp) gy +Fyy) Y (3.66)
2 2 2,00 .

where u,v-centered notation has been used.

6. Pressure-Gradient Force

The pressure-gradient force terms require a treatment analogous
to that for the mass flux discussed in Subsection C.1. That 1is, they
require three finite-difference approximations corresponding to the
three space-difference schemes used during the cycle of the time in-
tegration, and the pressure-gradient terms of the u-momentum equation

are smoothed using subroutine AVRX(K), as discussed in Subsection C.1.

In u,v-centered notation, the pressure-gradient force in the u-

momentum equation [Eqs. (2.27) and (2.29)] is given by



~9l=

n N

[
- {(ﬂ_ll + “11)(¢2,11 - ¢2,_11) + [(UQWGQ)—II + (Ulwal)ll Ty T T

n N

0 + ) + (o,7ma,) 1(n - )} 0
P Mg PO 1y 7 0 ) e g™ 1-17 "1 T -1

when MRCH = 1 or 2

n N

0
el (T NI AP PP [CA TR AT ICTI R

0

when MRCH = 3

N
n 0
0 -
=g (O ¥ PGy 1oy = 8y o) ¥ Ima) g g+ (opmady 410y m1-1}
when MRCH = 4
(3.67)
where ( ) indicates the smoothing procedure in subroutine AVRX(K)

and ¢2 is the geopotential at the levels 2 = 1 and 3 defined by Egs.
(2.16) and (2.17). The geopotential is evaluated at 7 points in sub-
routine COMP 2 (steps 5260 to 5430).

For the v-momentum equations [Eqs. (2.28) and (2.30)] the pressure-
gradient force is given by
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m <f if-&~+ o, Ta §1>
0 oy L 72 3y 2,00

+ 7 L m
_ s.l To11 T Te141 11~ "1-1 _
) lz [ 7 (6 _11 = $g,-1-10 7 7 (9511 ~ ®g,1-1
L1 (ogmay)_yy + (ogmap) 4 (- )
2 2 211 7 -4
; (ogmagdyy + (oymagdyy e =) l
2 11~ "111 $
when MRCH = 1 or 2
SN I T C U Ce Ly e (oymapdyg *+ (979054 (re )
0 2 40,11 T %2141 P 11~ 11
when MRCH = 3
B I VU N ; ) 4 Ogragdar * O
0 ) g,-11 ~ %g,-1-1 2 -11 " "-1-1
when MRCH = 4
(3.68)

7. Horizontal Advection of Temperature

The horizontal advection of temperature at the level 2 and for an

arbitrary m point at the latitudes from ¢3 to ¢J-2 is given in mw-cen-

tered notation as

LI RN T * * *
aw 0Dty 0D L 00 (wTy g0~ WDy 10

+ (1) - <D (3.69)

2,01 2,0-1
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where

<“*T)z,t10 = “;,ﬂo % (Tg 00 Tz,:zo)
and

(V*T)z,ot1 = V:,oxl’% (T, 00 * Tg,0¢2’

(3.70)

(3.71)

At the poles only the south/north mass flux contributes to the

advection of temperature. Thus, for the South Pole, Eq. (3.69) re-

duces to
) * ) * ] *
—_— —_— = T
[Bx (uT) + 3y (v T) Lol (v )2,0,p+1
£ H]
where
Ty,0,1 20
*T * p *
(V )Q,O,P"'l Vz’o’p_‘_l V’Q”O’p+1 l
Ty,0,p+2 <0
while at the North Pole it reduces to
9 * 9 * *
[——- (uT) +— (v T)] = (v T)
9x 3}7 R,O,J 'Q'sosp 1
where
Ty,0,3 < 0
( *T) * i *
Ve ,0,p-1 " V2,0,p-1 Ve,0,p-1
>0

T2,0,p—2

(3.72)

(3.73)

(3.74)

(3.75)
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At the latitudes P and P11 [the points (i, p*2) in m-centered
notation] the west/east advection term (2—-u T) is given a special
treatment. The form of the total advection term, analogous to Eq.

(3.69), is given at these latitudes by

3 ( * . 3 * ] ( * ( *T)
[Bx uT) 55 (v = Wy g pr2 ™ Ty 1,px2

*
T ODg 0,ptl  (3.76)

*
with (v T)2 0,ptl given by Egs. (3.73) and (3.75), and with
VP>

* = v 1 3.77)
T 0,053 = Ve,0,p23 2 Te,0,px2 T T2,0,p24) (

TE,Z,piZ <0
(u'T) -u iE ou (3.78)
Y 1,p22 T Y1, pe2 o Y,1,p2 S '
>
TE,O,ptZ 0
2 y—2,p*2 >0
') - £ (3.79)
b 2,-1,p2 ul,—l,piZ 2,-1,p%2 - )
Ty,0,pt2 l< 0

8. Energy-Conversion Terms

The first two energy-conversion terms in the thermodynamic energy
equations (see Table 3.3) do not require horizontal finite-difference
expressions. They are evaluated at 7 points in subroutine COMP 1 (steps

4560 to 4660) from the equations

K j
LA W _ o« 1ff100, 3,00\ ¢ (3.80)
P, 2 Py,00 2| T« " 00
2,00 Py.00 P3,00
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kT

garn 9l - o 2,00 (a0 (3.81)
c_ ot £ 00 p ot
P 2.00 £,00 00

where § and 3T/3t are evaluated at 7 points using Egs. (3.36) to (3.41),
and the pressure at level 2 is given by

P, = Pp t o, (3.82)

In Eq. (3.80) the definition

P K
0

has been used to eliminate the potential temperature, and in Eq. (3.81)

the equation of state in the form

has been used to eliminate the specific volume.
The remaining energy-conversion terms at the level 2 are evaluated

from the expression

* *x 5
ga o, 8m J* A, 11 [(cau 27
c 9x oy c 2 3x 4. -10
P g,00 P ’
* * o * 9
+ (oou %1) + (cav %1) + (oav 5%) ] (3.83)
X 2,10 Y g,0-1 7,01

where T-centered notation has been used, and where
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x5 _
<cau 5;) = (iwizo e “00)[(00“)2,t20 + (can)l’oo]/z
2,410
/
n.u + n ,u NO
1%, +11 i ~1Y,41-1 Lf MRCH = 1 or 2
N0
= .84
x < (nlul’ 11) if MRCH = 3 (3.84)
o
(n—lul,il—l) if MRCH = 4
(o™ 27 (tn0y * Top) [(0up), oy, + (oam), (0172
3y Mox2 * Too? 19U g 042 T 9%y 00
2,01
/ M, .V +m v,
+1%p 141 i +1Vp,-141 L MRCH = 1 or 2
x W Ve 141 if MRCH = 3 (3.85)
L m-1v£,~1i1 if MRCH = 4
In Eq. (3.84), ( ) = denotes the zonal smoothing routine in subrou-

tine AVRX(K) (see Chapter III, Subsection C.1l).

9, Horizontal Advection of Moisture

As discussed in Chapter II, moisture is carried only at the level
2 = 3, Furthermore, the moisture is considered to be advected by the
average wind in the layer between £ = 3 and the surface. By linear ex-
trapolation to the surface of the winds at levels & = 1 and & = 3, the
average pressure-area-weighted wind in this layer is given by the

equations
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* *
u3 + u4 ] é. * ) l *
2 AR |
(3.86)
* *
v3 + v4 i} é.v* ) l.v*
2 4 '3 4 1

Using Eqs. (3.86) for the advecting wind, the expressions for the west/
east and south/north moisture advection at m points outside the poles

are given in m-centered notation by

(55 0~ (057); 0]

o), - (1), ] e
q,u q,u .
4 1\31/3 10 3°1/5, 10

P N
wlw
»

sy
N
w

———
FEe)

[~
w *
I
&
[
= %

S———

N ot

w

-

(=]

o

]
i

and

P
Qo
<
rm——
£
w
I~
o
<
W *
i
o L
<
= %
S
L —
—— —
w
-
o
o
]
£
prm——
T
£
(9%
<
W *
e
(9%
o
[
P
Qa
(9%
<
W *
~——
(9%
o
1
[u
S

1 [( *) ( *) ] (3.88)
-=Ha,v -{q,Vv .
41\31)5 01 3'1/3.0-1

Physically the moisture parameter q is a non-negative quantity.
*

q3“3)
3,01
(3.87) and (3.88) must be defined in such a way that when a grid cell

Therefore, the fluxes ( , etc. on the right-hand sides of Egs.

becomes "dry," advection to neighboring cells will be prevented. With
this restriction, the moisture fluxes in m-centered notation are given

by



(qv)
q.v
33501
(q.v))
q.Vv
315 01

(q,v)

qv

37375 01

( *

q.Vv
3173 01

Y3,-10

Y1,-10
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( -10
0 1f (a3 gp * a3,59) < 10
* 0
>
Y3,10
93,00 < 93,20 @4 |
4x nd ’ ’ 4,10 <0
i)
x {2 ,__249%_1;29_ 1f or
93,00 3,20 *
u <0
N and | "3:10
93,00 7 93,20 & o
1,10
q +q
82002930 heruiae
\
f 10
0 L @y 5o * 93,0-5) < 10
* >
. and Y3,-10
93,-20 © 93,00 o
y 93,00%3,-20 | 1,-10
{2 y if or
93,00 7 93,-20 * .
u
N and 13710
93,-20 7 93,00 *
Y1,-10
q +q,
200293520 ppertce
\
e -10
0 1f (a5 g * 3,92 < 10
*
>
j and V3,01
93,00 © 93,02 >
q q 1,01
. 4 2.___2ng_ngg_ 15 or
93,00 © 93,02 >
. - ad | 3:01
3,00 ~ 93,02 X
1,01
q +q
3,00 5 3,02 otherwise
r -10
0 1 (a5 g * 95 g.p) <10
*
4 V3,0-1
93,0-2 © 93,00 *¢ | x
93,0093,0-2 1,0-1
x &2 ——-‘—————’-———-—+ if or
93,00 7 93,0-2 v
g | 73002
93,0-2 7 93,00 M 4«
1,0-1
q + 95 4
_2;29_5__2;9_2 otherwise

(3.89)

(3.90)

(3.91)

(3.92)
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In the polar caps only the south/north advection terms given by
Eq. (3.88) contribute to the advection of moisture. In m-centered

polar notation, Eq. (3.88) at the South Pole becomes

(o1 - 2t) -3

S lq.(2v. -2+ = 2q.v - =lq.v (3.93)
lay 3\ 3 T4 1 3,01 4\'373 3,0,p+1 4\'373 3,0,p+1

and at the North Pole

5 [ssl 5 - 340)] 2le23) o)

lay 3\4 341 3,0 4\*3"3 3,0,p-1 4\13"1 3,0,p-1

where the fluxes on the right-hand side of Eq. (3.93) are given by Eq.
(3.91) and those on the right-hand side of Eq. (3.94) are given by
Eq. (3.92).

10. Horizontally Differenced Friction Terms

The friction terms F?’y and Fg’y appearing in the equations of

motion (2.27) to (2.30) are given in horizontally differenced form in

u,v notation by

X u (-2
F1,00 = 78843 50 = U3 00’ ("gg) (3.99)
y o o_ - u =2 3
F1,00 = 78881 00 7 V3,000 (Tgg) (3-96)
FX o gB(u, -, ) ()72
3,00 1,00 ~ Y3,00° o0
u
L +p
28 ¢ 00 T M3 " 4 g) (0.7 (3.97)
u D RTu s 00 4,00
00 4,00
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- - u =2
3 00 = 88 00 ™ V3,00 (Moo’
(r5 Py )
- gﬁL—c _00 T lv | ) (0. 7)v4 00 (3.98)
L 00
00 4,00

These forms rest upon the approximation of the height difference

(z1 - z3) in Eq. (2.36) by Az(ﬂ/w ), where Az (= 5400 m) and ﬂs(= 800 mb)
are standard values of (zl -z ) and m, respectively. The coiificient

B thus becomes B = 2ﬂsu(Az) , and is taken as 0.13 mb sec m ~, corre-
sponding to u = 0.44 mb sec.

In Eqs. (3.97) and (3.98) the surface wind speed |V l is given
(in u,v notation) by

1/2
Ivs‘go - %(ﬁstzo + Wslizo + |VS|22 + Wslf?_) (3.99)
where Vs = 0.7’64' and where 34 = %-V3 - %'Vl = (UA’VA) is the wind

extrapolated to level 4. Here the subscripts refer to the u,v grid
(see Fig. 3.7). The gustiness term is given by the constant G =

2.0 m sec_l. The surface drag coefficient is given by the relations

min [(1.0 + o.o7lvsl“ )10‘3, 0.0025] , 1f ocean

CD = (3.100)
0.002 + 0.006(24/5000 m), otherwise

where z, is the elevation of the surface of the ground. Hence CD
varies between 0.001 and 0.0025 over the ocean, while over either bare
land or ice, CD is independent of the wind speed and varies between
0.002 over lowlands and sea ice to about 0.007 over the higher moun-
tains. This increase of the drag coefficient with z, is an attempt to
simulate the increased roughness or ruggedness of the terrain in higher

elevations, as suggested by the work of Cressman (1960).
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As elsewhere in this section, the subscript 00 (in u,v-centered
notation) denotes an arbitrary point of the u,v grid, and the super-
script u denotes the average of the four surrounding points of the

m (or primary) grid. Hence

+ 7 + 1, ) (3.101)

o=
4 -1-1 1-1

00 pnt ™

recalling that the m grid is displaced upward and to the left of the
u,v grid (see Fig. 3.2). The factor (ngo + pT)(RTZ,OO)—l in Eqs. (3.97)
and (3.98) is thus the surface air density Py This averaging serves
to "center" the pressure and temperature on the local velocity point.

Note, however, that ’ﬁslﬂ also involves a 4-point averaging; although
00

this is unnecessary for a point of the u,v grid, it 1is consistent with

the calculation of the surface evaporation and sensible heat flux at

points of the m grid (where averaging over velocity points e necessary).
In the program the frictional terms (3.95) to (3.98) are computed

every fifth time step as part of the COMP 3 subroutine (instructions

9700 to 9920), and directly give the frictionally induced speed change

in m sec_1 for the 5At = 30 min interval. The factor I in Egs. (2.27) to

(2.30) is effectively divided out in the finite-difference computations.

1l. Moisture-Source Terms

The source term 2mng(E - C) in the moisture equation (2.35) may

be written in differenced form as

=I—I-(-)9-l(Aq) - (Aq,) - (Aqy) - (Aqy,)
54t 3 3 3" oM 3

] (3.102)
LS Ccp 00

where the subscript 00 denotes (in m-centered notation) an arbitrary
point of the 7 grid (see Fig. 3.6). This source computation is carried

out for level 3 every five time steps in subroutine COMP 3, instructions
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11300 to 11310. Here the level-3 moisture change (in 5At) due to

evaporation is given by

(844 = %5— Ego30t (3.103)
E,00 00

according to Eq. (2.111), where E is the local evaporation rate it-

00
self. The level-3 moisture change due to large-scale condensation is

given by

c
(8q,) = 72 (o1,) (3.104)
LS,00 LS, 00

where (AT3) is the local temperature change (over 5At) at level 3
LS
due to the large-scale latent-heat release, as given by Eq. (2.47).

The level-3 moisture change due to middle-level convection is given by

c
= 2
=1 [(ATI) + (AT3) (3.105)

(Aq3)
oM M, 00 M, 00

,00

where (AT and (AT3) are the temperature changes (over 5At)

1)
,00 cM,00
at levels 1 and 3 due to the latent-heat release in middle-level con-

vective condensation, as given by Eqs. (2.73) and (2.74), respectively.
Finally, the moisture change at level 3 due to penetrating convection

is given by

c
(8q,) == QT + (aT,) (3.106)
CP,00 CP,00 CP,00
where (ATl) and (AT3) are the temperature changes (over 5At)
Cp,00 CP,00

at levels 1 and 3 due to the release of latent heat in penetrating con-

vective condensation, as given by Egqs. (2.101) and (2.102), respectively.
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The three moisture-change terms, Eqs. (3.104) to (3.106), col-
lectively constitute the total moisture sink due to condensation,

which we may then write as

- 28
[(Aq3) + (8qy) + (Aqy) ] —== Cypoit (3.107)
LS M CP-pg 00

in analogy with (3.103) for the evaporation. Since all condensed water
vapor is assumed to fall out as precipitation, we may also rewrite

Eq. (3.107) in the form

COO = (PLS + PCM + PCP)00 (3.108)

where PLS’ PCM’ and PCP
large-scale condensation, middle-level convection, and penetrating con-

are the precipitation rates resulting from

vection, as given by Eqs. (2.50), (2.76), and (2.107), respectively.

12. Diabatic Heating Terms

The heating terms Hﬁl/cp and Hﬁ3/cp in Eqs. (2.31) and (2.32) may

be written in differenced form as

HOOHl,OO/cp (3.109)

HOOH3,OO/cp (3.110)

where the subscript 00 (in m-centered notation) denotes an arbitrary
point of the 7 grid. These terms are computed every fifth time step
in the subroutine COMP 3. Here the diabatic heating rates at levels 1
and 3 are given by
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..1. 2
(¢ ) H = (A, + R, - R.) [—=E-
P 1,00 1 2 0 00 ﬂOOCp

+ [(ATl) + (ATl) ] //gAt (3.111)
M cely,

-1. 2 2
(c ) R = (A, +R, -R) (—&) +r [(—E&
P 3,00 3 4 2 00 noocp 00 ﬂOOcp

+ [(AT3) + (AT3) + (ATB) ] 5At (3.112)
M CP Lsl,

according to Eqs. (2.173) and (2.174), where Al and A3 are the net short-

wave radiation absorbed at levels 1 and 3, and R2 - RO and R4 - R2 are
the net long-wave radiation absorbed at the two levels. These terms in
Egs. (3.111) and (3.112) therefore constitute the radiative portions of
the diabatic heating. The lower-level heating also contains a contri-
bution from the vertical sensible heat flux from the surface FOO' The
terms in (ATl) and (ATB) are the temperature changes due to convective
effects, with the subscript CM denoting midlevel convection and CP de-
noting penetrating or deep convection. Together with the term in the
level-3 temperature change due to large-scale condensation, LS, these
terms constitute the portions of the diabatic heating due to the release
of the latent heat of condensation, as considered in Eqs. (3.104) to

(3.106). The total diabatic heating is illustrated in Map 8, Chapter IV.

D. SMOOTHING

Aside from the smoothing built into the time finite-difference ap-
proximations themselves, relatively little explicit smoothing is per-
formed in the present version of the program. The subroutine AVRX(K),
which performs a three-point zonal averaging, is employed in the main
subroutines COMP 1 and COMP 2 principally for the mass-flux variables

* *
uy and u3, as described in Subsection C.l1 above. The only other use

3¢
of AVRX(K) is with the zonal-pressure force terms (ﬂ ——l'+ o,ma EE-)
3¢ Ix 171 9x
3

and (ﬂ — 4+ 0,Ta 31) in the momentum equations, as described in
ax 373 3x
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Subsection C.6 above. The effect of the use of subroutine AVRX(K) is
to introduce a multiple-point zonal difference for higher latitudes
to help avoid computational instability; the variables such as uI are
not themselves smoothed.

This selective zonal averaging subroutine is called every time
step, with the number of smoothing passes made at each step (as well
as the smoothing weighting factor) increasing with latitude. Denot-
ing (_5 the smoothed value of a variable ( ), the zonal smoothing
subroutine AVRX(K) may be described by

(g = 2010+ =22 g + 250 ),

where the subscripts denote identity points in the (i,3J) grid array,

and where the weighting or smoothing factor AO is given by
0, for N, <1

[1/3(ne/mo - l)]/NO, for N, 21

Here n, is the latitudinal separation of grid points at the equator,
o, is the longitudinal separation of m points at the latitude of the
smoothing, and NO is the integer part of (ne/mo). The smoothing is
applied NO times at each latitude, as shown in Table 3.7. Note that
the number of applications of the smoothing operator increases from
zero between the equator and #34 deg latitude to 11 near the poles.

The strength of the smoothing as given by A, is also seen to vary with

0
latitude.

An explicit smoothing occurs in the subroutine COMP 3, where the
heating rates ﬁl and ﬁ3 for the two model layers [as in Egs. (2.31)
and (2.32)] are first averaged together, area weighted, and then sub-
jected to a 9-point horizontal averaging prior to their final incor-
poration into the temperature-change computation at each level. This
smoothing is described as part of the subroutine COMP 3 (see Chap-

ter II, Subsection G.4).
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Table 3.7

SMOOTHING PARAMETERS USED IN SUBROUTINE AVRX(K)

Here ko is the three-point smoothing weighting

factor [as in Eq. (3.27)] and N0 is the number of

times the smoothing is repeated at each latitude.

¢, deg No 2
(LAT) (NM) (ALPHA)
-34 to +34 0 0
+38 1 1.90 x 107>
42 1 9.56 x 107°
+46 1 1.90 x 1072
+50 1 3.06 x 1072
+54 1 4.51 x 1072
+58 1 6.37 x 102
+62 1 8.80 x 1072
+66 1 1.21 x 107t
+70 2 8.37 x 1072
+74 2 1.19 x 10°%
+78 3 1.19 x 107
+82 5 1.19 x 107%
+86 11 1.19 x 107%
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The remaining smoothing operations are performed on the lapse
rate in the subroutine COMP 4, which is called every 5 time steps.

Here the temperature at levels 1 and 3 is smoothed according to

1 1 =

Tl = 5 (T3 + Tl) - w[TD + %8 (TD - TD)] (3.113)

7. = 1 (T. + T.) +'rr[TD+1— (TD - TD)] (3.114)
3 2 '3 1 48

where the temperature difference (or lapse rate) TD is given by

T, - T
D = %(—3———-1—) (3.115)

and (_) denotes the 9-point horizontal average about a point 00 of the

m grid, given in m-centered notation by

= 1
TDyo = 7g (TD_

00 + 21D, + TD,, + 2TD_

2 29 + 4TD0

22 20 0

+ 2ID, + TD_, , + 2IDy_, + D, ,) (3.116)

Since the first terms of Eqs. (3.113) and (3.114) are a form of vertical
averaging, this subroutine may be regarded as a three-dimensional smooth-
ing operation, wherein the temperature at levels 1 and 3 is altered in
proportion to the departure of the local lapse rate from the 9-point av-
eraged lapse rate. If TD = Tﬁ; for example, T1 and T3 remain unaltered
by this smoothing. Viewed in another fashion, from Eqs. (3.113) and

(3.114) we have

3”71 1
D + I

= = 'TD - y
2n TDsmoothed (D D) (3.117)

and the averaging may be regarded as a local smoothing of the lapse

rate.
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Another part of the subroutine COMP 4 (instructions 12270 to
12680) provides for the smoothing of the local velocity change through
the simulation of a horizontal diffusion of momentum. This portion
is omitted in the present version of the code through the assignment

of a zero lateral-diffusion coefficient.

E. GLOBAL MASS CONSERVATION

Although the continuity equation (2.33) is solved at each (mass)
point of the grid at each time step (see Chapter III, Subsection C.2),
a small loss of mass over the globe still occurs because of the trun-
cation caused by the retention of at most 7 decimal digits in the
single-precision calculation (which does not round) of the surface
pressure on the IBM 360/91 computer.Jr Over the globe this amounts to
approximately a 0.0028 percent (2.8 x 10_5) loss of mass per day of
simulated time. To correct for this effect, the subroutine GMP is
used once every 24 hours; in GMP the local value of the surface pres-
sure parameter, m, is increased (at every point) by the amount
984 mb - 5;, where 5; is the global average surface pressure determined
each day (as the sum of the global average of the current 7 distribution
and the constant tropopause pressure P = 200 mb). Here the constant
984 mb is used to represent the observed global average surface pres-—
sure, and is read into the program as the loaded constant PSF. In
the present version of the program this correction at each m-grid point

thus amounts to approximately 0.028 mb per day.

F. CONSTANTS AND PARAMETERS

1. Numerical Data List

Although a number of the constants and parameters used in the mod-
el integration are given elsewhere [see particularly the chapters on
model performance (IV), the list of symbols (VI), and the FORTRAN dic-

tionary (VIII)], it is useful to collect them here for easy reference.

JrPresumably this loss would be reduced by the use of double-pre-
cision arithmetic. '
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Those symbols with an asterisk (*) are defined within the subroutines
COMP 3 or INPUT, with the others loaded via data cards (see Chapter IV,

Section A).

Constant Symbol Value and Units

ratio of latent heat of conden-
sation to specific heat at

constant pressure, L/cp CLH* 580/0.24 deg

length of day DAY 86,400 sec
days per year DAYPYR* 365 days
maximum solar declination DECMAX* 23.57/180 radians
north/south grid-point spacing DLAT 4 deg

east/west grid-point spacing DL¢N* 2n/IM radians (= 5 deg)
time step, At DT* 360 sec
time step, At DTM 6 min
standard value of vertical 2 _

eddy mixing coefficient ED 10 m” sec
gravity, g GRAV 9.8l m sec_2
vertical shear-stress

coefficient (x 10—5) FMX 0.2 sec_1
grid points in meridional

direction IM 46
grid points in zonal

direction M 72
thermodynamic ratio, « KAPA 0.286
frequency of source-term

calculation NC3 5 (every 30 min)

average surface pressure PSF 984 mb
standard sea-level pressure PSL 1000 mb

tropopause pressure, Pr PTR@P 200 mb
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Constant Symbol Value and Units

earth's radius, a RAD 6.3750 x 106 m

dry-air gas constant, R RGAS 287.0 m2 deg—l sec_2

solar rotation period R¢TPER* 24 hr

upper model level, oy SIG(l)* 0.25

lower model level, 94 SIG(Z)* 0.75

solar constant (normalized) Sﬁ* 2880 1y day”l (= 2 1y min_l)
freezing temperature TICE* 273.1 deg K

2. Geographical Finite-Difference Grid

The specific geographical position of the points of the 46 by 72
grid is shown in Fig. 3.12. Here the grid points of the primary or
m grid are given over the oceans every 4 deg latitude and 5 deg longi-
tude, together with the outlines of the continents and islands re-
solved by the interlocking points of the u,v grid. The left~hand and
right-hand columns of grid points are at 180 deg longitude; the top
and bottom rows are at the North and South Poles, respectively, with
the latitude identification on the right of the figure. The finite-
difference indices i and j are shown on the bottom and left side of
the figure, respectively. This map is on the same gcale as that used
to show the land elevations and sea-surface temperatures in Figs. 3.13
and 3.14, and is the same as that used for the selected variables pro-

duced by the map-generation program in the figures of Chapter IV.

3. Surface Topography (Elevation, Sea-Surface
Temperature, Ice, and Snow Cover)

During the course of a numerical simulation, the land surface
elevation and the ocean surface temperature are held fixed, and thus
serve as physical surface boundary conditions. Although these data
may conceivably be changed from one simulation to another, their
normal distributions are shown in Figs. 3.13 and 3.14 in the form of

the programmed Map 5 output (see Map Routine Listing, Chapter VII), and
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I I I
40 50 60

Fig. 3.12 -- The geographical grid and land-mass outlines. The points shown over water surfaces are
those of the primary or 7 grid every 4° latitude and 5° longitude (90S, ..., 6S, 2S, 2N,
6N, ..., 90N; 180W, 175%, ...). The continental and major island outlines are formed by
zonal and meridional lines connecting points of the u,v grid (88S, ..., 4S5, 0, 4N, ...,
88N; 177.5W, 172.5W, ...). The latitude is shown on the right, and the longitude of both
the left—hand and right-hand columns is 180°W. The grid indexes i and j (for the 71 grid)
are shown on the bottom and left, respectively. This map is on the same scale as those
of Figs. 3.13, 3.14, and 4.1 to 4.31.



b}
Fig. 3.13 —- The distribution of surface elevation, with isolines every 107 ft and the 3000-ft
contour dashed. The overprinted symbol T denotes ice-covered land. The grid-point
elevation data themselves are given in Table 3.8.
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surface temperature, with isolines every 2 deg C and the 20

Fig. 3.14 -~ The distribution of sea-

The grid

covered ocean.

The overprinted symbol I denotes ice-

isotherm dashed.

temperature data themselves are given in Table 3.10.
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the corresponding global grid-point values are given every > deg longi-
tude and 4 deg latitude (at the points of the 7 grid) in the tabula-
tion following the maps.

The land elevations shown in Fig. 3.13 are based upon the values
at points of the 4 deg latitude, 5 deg longitude grid (see data tabu-
lation), which were themselves obtained from the subjective interpola-
tion of topographic maps. These data resemble (but are not identical
to) the data given by Berkofsky and Bertoni (1955), and are tabulated
in Table 3.8. In Fig. 3.13 the overprinted symbol I designates those
grid points at which the land is ice covered; in the data tabulation,
the elevation of these points is given separately in Table 3.9, where
0 denotes the locations of sea ice. In the present version of the
model, the ice-covered points are not permitted to change their sur-
face cover during the course of the simulation.

The ocean surface temperatures shown in Fig. 3.14 are based upon
the values at points of the 4 deg latitude, 5 deg longitude grid (see
data tabulation) which were obtained from the average annual sea-sur-
face temperature data given by Dietrich (1963). These data resemble
(but are not identical to) the mean of the average February and August
distributions given by Sverdrup (1943), and are tabulated in Table 3.10.
In Fig. 3.14 the overprinted symbol I here designates those m-grid
points at which sea ice is prescribed (and held intact throughout the
simulation); in the data tabulation these sea-ice points may be iden-
tified by the assigned constant temperature O deg C (see Table 3.9).
Because the ocean's surface temperature is not allowed to change, even
though there are evaporation, radiative transfer, and sensible-heat
fluxes at the surface, the ocean has effectively been assumed to be of
infinite thermal capacity. The surface temperatures of the sea ice,
land ice, snow-covered land, and bare land, on the other hand, are
allowed to change, and are separately computed (see COMP 3 in the Pro-
gram Listing, Chapter VII).

All land grid points north of a seasonally varying northern snow-
line (SN@WN) are considered to be snow covered. Snow does not cover
either ice-covered land or sea ice. The northern snowline has a 15-deg

sinusoidal seasonal variation around 60 deg north latitude given by
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SNWN = 60 deg - 15 deg cos [% (day - 24.6)]

where "day" is the number of the day of the year, with day O correspond-
ing to 1 January. A constant southern snowline (SN@WS) is defined at

60 deg south latitude. Although the value of this southern snowline

is required by the program for the surface-albedo calculation (see
Chapter III, Section H), it actually has no function in defining snow

cover, since all land south of 60 deg is permanently ice covered (see
Fig. 3.13).
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Table 3.8
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(100 FT)

Table 3.8 (cont.)

LAND ELEVATION
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Table 3.8 (cont.)

LAND ELEVATION (100 FT)

0 SE 10F 15 20E 25E 30E 35F 40E 45E 50E 55E 60F 65E 7TOE 75E 80E 85E
90N * * * * * * * * ® % * % ® % ® ® * ®
86N * * * * * * % * * * * * * * * * * *
82N * * * * * % * * * * * * ® * * * * *
78N * * * * * * * * ® * * * * * * * * *
T4N * * * * * * * #* * * * 2 * * * * * *
70N * * * * 9 8 4 * * * * 0 5 * 1 1 2 5
66N * * * 10 11 8 6 3 * 2 4 8 11 7 3 2 3 6
62N * * T 10 * 4 5 4 4 4 7 12 14 10 5 3 4 7
58N * * * 6 * 3 5 5 5 6 g8 13 15 11 6 5 7 12
54N 3 * 8 9 7 6 6 6 6 6 7 11 13 11 9 10 14 23
50N * 16 22 21 16 12 8 6 7 7 6 7 9 10 14 19 25 36
46N 13 20 26 28 24 17 9 8 14 13 * 4 * 14 26 36 42 48
42N 14 * * 20 22 16 * * 25 26 * 9 13 28 48 61 64 67
38N * * * * 10 * 9 18 31 34 27 21 26 44 66 B3 93 102
34N 19 12 8 * * * * % 24 30 30 31 36 48 63 85 110 131
30N 22 18 14 10 7 5 & 10 17 20 22 29 34 36 41 59 88 112
26N 19 20 19 16 13 11 9 * 16 16 * 18 21 19 18 27 43 55
22N 15 19 20 18 17 16 14 14 17 19 13 8 * * * 11 16 15
188 13 16 17 18 20 21 20 20 * 25 15 * * * * 8 8 *
14N 11 14 16 18 21 23 24 31 38 32 * * * * * 6 5 *
10N 10 14 18 21 22 22 26 38 45 34 13 * * * * * 2 *

6N 6 11 18 22 21 22 28 37 139 26 * * * * * * * *

2N ¥ * 14 19 20 25 33 37 30 15 * * * * * * * *
2S5 * = 10 18 22 29 37 36 22 * * * * * * * * *
65 * *® * 20 28 33 37 31 16 ® * * * * * * * *
10S * * ® 24 34 34 32 23 * % * * * * * * * *
145 * * ® 27 36 33 28 18 * % 4 * % * * % * *
185 * * * 26 35 31 24 14 * 6 * * * * * * * *
22S * * x 23 32 30 22 11 % 5 * * * * * * * *
265 * * ®« 17 27 30 22 * * * * * * * * * * *
30S % * * * 17 22 17 * * * * * * * % * * *
34S * % * * 7 % * * * * * * * * * * * *
38S * * * * * * * * * * * * * * * * * *
428 * * * * * * * * * * * * * * * * * *
46S * * % * * * * * * * * * * * * * * *
508 * * * * * * * * * * * * * * * * * *
545 * * * * * * * * * * * * * * * * * *
58S * * * * * * * * * * * * * * x% * * *
62S * % * * * * * * * * * * * * * * * *
665 * * * * * * * * * * * * * * * * * *
70S * * * * * * * * * * * * * * * * % *
745 * * * * * * * * * * * * * * * * * *
78S * * * * * * * * * * * * * * * * * *
82S * * * ® * * * * * * * * * * * * * *
B6S * * * * * * * * * * * * * * * * * *
90S * * * * % * * * * * * * * * * * * *
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Table 3.8 (cont.)

(100 FT)

LAND ELEVATION
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Table 3.9

F1)

{100

ICF FLEVATION

W165WIO60WIS5HWIS0RTI45W140W]35WI30WI25W120W115W1I10W1I05WIONH 95W

QO

4]

0

0

0

¢}

0

0

¢]

0

4]

¢

4]

4]

0

¢l

0

0

0

0

0

§]

[§]

0

0

0

0

180W175W] 7¢

0 ]

GON

0
0

0

RAEN

0

TR
#C oo
3 3 3 3t
o % 3
R I
SR R
C <o
ST oo
SR
o T o
e
SRR 2R
I
T s #
ccw
ccccow
o C o Ca
coca R

zzzzZzz
+$ - Cnx
~M~L e

3

3

i

3t

3

3t

3t

3

3

¢ o3t

i R
# 3 5t
* 3t 4 ¢
% 3
* 3% 3t
* 3 3
# 3 3 3t
* o3k 4 3
F R )
33 3¢
A
3 3 3¢
33 3 3
%3 % 3%
[T O
33 3¢ 3
3 e 3t
3t 3
zzzzz
<N X g
¥ oam

3t

3t

3t

3t

3

k3

30N

S

i

3t

2
b

26N

3 3 3t
#* 3 %
#* 3 9t
It 3 3t
it #
3 # %
# 3 3t
#* 3 3#
* 3 3
3+ 3 #
I 3 3¢
I 3t 3¢
#* I 3k
3 # 3%
3t 3 3¢
i€ 36 4t
3¢ 3 3t
3 3 3¢
Z =z Z
[Q = du. o
N~ —

3 3 3 % 3t
3t 3k % 3t # 3t
3 3% 3 3 * 3
3 3 3 3 3
IR R
3t 3¢ 3¢ 3t 3t
3t 3k 3 3 3 e
36 3% 3 3t 3 3t
36 % 3 3F 3
d6 3¢ 3 36 3 3t
36 36 3F 3t 3 3t
3¢ 3¢ 3 3 3% 3
3¢ 46 3¢ 3t 3 3t
3t 3F 36 3¢ 3 3t
3 3¢ 3t 3¢ 3t 3t
3 3 3 de 3 St
L -
36 98 3 3k 3 3¢
ZZE N LS
NN L
— —

3 3
3 3
* 3
I 3
3¢ 3t
LA
3 3t
3+ 3t
2+ 3t
I 3t
3 3¢
3 3
3 3
LU ¢
#* 3t
3 3
3% 3
3t 3t
wn v
& X
—_—

3t

I

ik

s
X

225

3t

3t

3

2

3

7?68

w9

it

it

3

308

3
i %
3
3
#* 3
o
* 3
it
S
3t
*
3%
3+ 3
T
3
%o
# %
W
v
T x
Mmoo

ES
* %
* 3
* %
3
P
%
s
*
* 3
ST
FR
* %
W#
W* 3
3
* 3
%
sn
N <
K

3t 4 3%
3 3 3t
#* 3 3t
#* 3t 3
3 3t #
3t 3k 3t
3 % dt
#* 3 4t
L
3 3k 3
3 # 3t
3 3 3¢
I 4 3¢
o 3t
3 3 3%
ELE S
¢ 3t 3t 3t
36 3t 3¢
VN N
o N
[Tl ol o

i

3

3t

3¢

3

0

0

0 0

¢]

0

665
705

0
16
40
64
&0
81

0

0

0

0

20
42
63
T8

16
32
46

17
33

0

0

745

35

729
50
6R

78

15
29
51

10
25

o

0

78S
B82S
86S
90S

61

55

43

39

34

20

0

47

0
50
R1

T8

T4

4R 47 46 49 51 53 55 SR 63
81 A1 81

49
81

81

Rl 81 81 Rl

R1

81

g1

Rl A1 Rl

1



Table 3.9 (cont.)
1CE FLEVATINN (100 FT)
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Table 3.9 (cont.)
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Table 3.9 (cont.)
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Table 3.10 (cont.)

SEA-SURFACE TEMPERATURE (DEG C)
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54N %* 2.5 4.6 6.3 8,0 9.5 10.4 1llel 1le5 1lle6 1l.4 *
50N 1.5 * 4.1 8.8 122 13.0 135 13.5 13.2 12.8 12.3 12.0
46N 5.6 6.1 6.4 11.9 15.5 16.2 16.1 15,1 14.6 1l4.1 14,0 13.9
42N 14.8B 15.3 14.8 15,8 17.9 17.8 17.3 16.5 16,1 15.8 14.8 %
38N 20.2 20.0 19.9 19.6 19.9 19.3 18.7 18.3 17.8 17.3 * *
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10S * * * * * 265 2643 25«7 25.1 24.5 23.9 23.3
145 * * * * * 25.8 2548 25.0 26.1 23,7 22.9 22.2
18S %* * * * * 25.3 2543 2445 2346 23.0 22.2 2l.4
22S % * * %* 23.9 24,5 24,5 238 23.0 22.4 2l.7 20.8
265 ® * * 22.1 23.5 23,0 23.0 22.9 22.3 21.8 21.3 20.8
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425 1148 11.3 13,8 13.3 12.0 12.1 11.9 11.8 11e8 11.7 11.3 10.4
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508 7.0 6.0 7.0 6.0 4.7 4e2 4,0 4,0 3.8 3.5 3.0 2.9
548 6.0 4.9 3.8 2.5 1.5 led 1.3 1.0 0.9 0.7 0.5 0.5
58S 3.3 2.1 0.9 0.0 -0.5 =0.6 * * * * * *
62S % * * * * * * % * * * *
6685 * * * * %* * * 3 %* * * *
70S % % % %* %* * % * * * * *
745 * * * % * * % * * * % *®
78S %* %* % 3 % % * %* * * * *
82S * %* * * * %* % * * * % *
86S * * * * %* * 3 %* %* *® %* %*
90S * % * * 3 %* * * % * * *
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Table 3.10 (cont.)
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Table 3.10 (cont.)
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Table 3.10 (cont.)
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IV. MODEL PERFORMANCE

A. OPERATING CHARACTERISTICS

1. Integration Program

The Mintz-Arakawa two-level model is written in IBM FORTRAN IV
(see program listing, Chapter VII). The core size, central processing
unit (CPU) time, and the input/output (I/0) requirements are based
on experience with the FORTRAN H compiler on an IBM 360/91 at UCLA for
a 46-by-72 array. The model uses about 400,000 bytes of core memory,
and each simulated day requires about 25 minutes of CPU time and about
1000 I/0 requests. All calculations are performed with single-precision
arithmetic.

The program in its present form is expected to start from nonzero
initial data, and the history-restart tape is used to provide the ini-
tial values for continuing the calculations. The time to restart is
specified by the parameters TAUID and TAUIH (see the control-card se-
quence below). The tape is read until the last record is reached or
until TAU from tape (expressed in hours) is less than or equal to
TAUTH + 24<TAUID. If the last record on the tape (identified by ~-TAU)
is reached before the specified time to restart, the last set of data
will be used. This allows automatic continuation of the calculation
from the last time data were stored on the tape.

The input parameters TRST and TERM control the disposition of the
old and new sets of data. If TRST = 0, the newly computed data will
be written on the old history-restart tape as if no interruption had
occurred; otherwise, the new data are written at the beginning of a
different tape. If TRST # O, the parameter TERM determines whether
the old history-restart tape is ﬁo be terminated after the restart data
are read from it. If TERM = O, the old tape is not terminated. The
data-set reference number of the tape to be written is always 1l. If
TRST # 0, the initial data is read from data-set reference number 10.

Various control parameters and constants in the program are read

from cards, although several of the parameters that are read in the
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model's present version no longer influence the program. The topography
deck following card number fourteen (MARK) is read only if a change is
desired in sea-surface temperature, land elevation, or the assigned
distribution of ice. All numerical values follow the standard FORTRAN
convention except KAPA, which is a real number. Only the constants
NCYCLE, NC3, JM, IM, MARK, LDAY, LYR, and the sequence numbers in the
topography deck are in integer format. The control-card sequence and

layout are as follows:

Card Card
Number Name Columns Units Description

1 ID 1-4 - Four~character identifier

1 XLABL 5-40 - Thirty-six-character identifier

2 TAUID 1-10 day Day to start start time =

2 TAUIH 11-20 hour Hour to start} TAUTH + 24+TAULD

2 TRST 21-30 - Output-tape control parameter‘}see re-
start

2 TERM 31-40 - Output—tape control parameter ) procedure

3 TAUO 1-10 - Not used

3 TAUD 11-20 hour Frequency to recompute solar

declination
3 TAUH 21-30 hour Frequency to write history-restart
tape

3 TAUE 31-40 day Time to stop computation

3 TAUC 41-50 - Not used

4 DIM 1-10 min Time step

4 NCYCLE 11-15 IS(l) Time extrapolation control parameter

4 NC3 16-20 1s (1) Frequency to call COMP 4 and COMP 3

5 IM 1-5 - Number of N-S grid points (in 7 grid)

5 IM 6~10 - Number of E-W grid points (in 7 grid)

5 DLAT 11-20 deg Distance between N-S grid points

6 AX 1-10 - Diffusion coefficient (not used)

(1)

The IS unit is one integration time step.
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Card Card
Number Name Columns Units Description
7 FMX 1-10 10-'Ssec“l Shear-stress coefficient
7 ED 11-20 m Constant used in air/ground
interaction
7 TCNV 21-30 sec Relaxation time for cumulus con-
vection
8 RAD 1-10 km Earth radius, a
8 GRAV 11-20 m sec Gravitational acceleration, g
8 DAY 21-30 hour Length of day
9 RGAS 1-10 mzdeg_}2 Gas constant, R
sec
9 KAPA 11-20 - Thermodynamic coefficient, «
10 PSL 1-10 mb Sea-level pressure
10 PTR@P  11-20 mb Tropospheric pressure, p,
11 PSF 1-10 mb Surface pressure, P
12 DLIC 1-10 - Not used
13 KSET 1-10 - Not used
14 MARK 1-3 - Flag indicating presence of topog-
raphy deck (sea-surface temper-
ature and land elevation) and
number of sets of cards to be
read. In 46-by-72 grid version,
MARK = 72,
15-376 Topography Deck —-- see description below.

377 CLKSW 1-4 - If the characters @FF are punched
in colums 1 to 3 with column 4
blank, the solar declination will
remain fixed.

377 RSETSW 11-14 - If the characters RESE are punched
in columns 1 to 4, the day and
year counters (SDEDY and SDEYR)
will be set to LDAY and LYR.

377 LDAY 21-23 day Day of year if time is reset

377 LYR 31-34 year Year if time 1is reset

The topography deck is read only if MARK # O. The deck contains

2+5

*+ MARK cards and is read in subroutine INIT 2. The topography

deck card layout is as follows:



Number

of Cards Name

1 TEMSCL
3+MARK Sea-surface

temperature

1 HSCL

2+*MARK Land

elevation
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DescriEtion

Four characters in columns 1 to 4. Indicates

temperature scale of sea-surface tempera-
ture: FAHR = Fahrenheit, CENT = centigrade.

'"MARK' is the number of three-card sets that

define the ocean temperature for each
longitude, beginning at the south pole and
extending north. For the 46-by-72 grid,
the numbers each take four columns (a deci-
mal point is implicit between the third

and fourth columns), with fifteen numbers
on the first and second cards and sixteen
numbers on the third card. The longitude
grid number (i = 1-72) is in columns 79

and 80 of each card of a set, and must be
sequential. Special numbers indicate points
that are not open ocean: =640 for land
without ice, and -960 for land ice or sea
ice.

Four characters in columns 1 to 4. Indicates

distance scale of land elevation: FEET =
feet/100, METE = meters/10.

'"MARK' is here the number of two-card sets

that define the land elevation for each
longitude, beginning at the south pole and
extending north. For the 46-by-72 grid,
the numbers each take three columns (a deci-
mal point is implicit following the third
column), with twenty-five numbers on the
first card and twenty-one numbers on the
second card. The longitude grid number

(i = 1-72) 1is in columns 79 and 80 of

each card of a set, and must be sequential.
The elevations must be in either hundreds
of feet or tens of meters. The entries in
this deck corresponding to sea surface must
be zero or blank.

The principal output of the model is written on magnetic tape, and

a history-restart tape is written at specified intervals. Eighteen

logical records are written with a frequency of TAUH: TAU and C, P, U,
v, T, Q3, T¢P@G, PT, GW, TS, GT, SN, TT, Q3T, SD, H, TD, -TAU and C.

These arrays contain all constants and current variables, and in addi-

tion, several arrays of packed data generated in subroutine COMP 3. [Note
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that TS is equivalent to UT(1,1,2) and SN is equivalent to vT(1,1,2)

in the data from subroutine COMP 3.]+ In the present version of the
model these records are written on tape every 6 hours (= TAUH). The
last logical record (-TAU,C) is identified as the last record written
on the tape, and will be written over the next time the tape is written;
hence, only seventeen records are saved every TAUH. A test is made
before writing the tape to determine if it is properly positioned.
About sixty sets of seventeen logical records can be saved on a 2400-ft
reel of tape. The automatically printed output consists of the input
parameters, the time at each integration step, and the amount of pres-
sure added at each grid point every twenty-four hours of simulated

time in the subroutine GMP.

2. Map-Generation Program

The map-generation program for use with the model uses about
520,000 bytes of core, and averages about 0.2 seconds of CPU time and
about 5 I/0 requests for each map generated. This program reads the
data produced by the model and processes them to form arrays of data
in map form. The source of the basic data may be tape or disk.

The tape input format is the same as the tape output from the
model: TAU and C, P, U, V, T, Q3, T@P#G, PT, GW, TS, GT, SN, TT, Q3T.
SD, H, TD. The first logical record on a disk is always TPPPG, which
does not change during a run. The subsequent logical records for each
time step that was saved are TAU and C, P, U, V, T, Q3, pT, GW, TS, GT,
SN, TT, Q3T, SD.

The card input to the map-generation program consists of an in-
terval and data-source control card, followed by as many as ninety-nine
map selection cards. The end of the map selection card deck is indi-
cated by a blank card. The interval and data-source control card con-
tains T® (the time, in days, to start generating the map arrays), TEND
(the time, in days, to stop generating the map arrays), and TAPIN (the

data-source indicator). The card layout is as follows:

+Some arrays may be referred to by different names. For example,
Q(J,I,K) contains w, Ul, U3, V1, V3, Tl, T3, and Q3 for K = 1 through
8. See the common and equivalence block in Chapter VII for more detail.
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Card
Parameter Columns
L) 1-10
TEND 11-20
TAPIN 21-24

The desired maps will be generated for T®, TEND, and for each inter-
mediate time available from the data source. If the characters TAPE
are punched in columns 21 to 24 (TAPIN), the data source is a tape;
otherwise the source is assumed to be a disk.

The map selection cards contain MAPN@ (the map number) and SURF
(the o surface, < 2.0, or the pressure level, in millibars, at which

the map is to be calculated). The card layout is as follows:

Card
Parameter Columns
MAPNQ 1-2
SURF 3-12

Some values of SURF are not valid for certain maps, and in some cases

the following convention has been used:

topography maps: SURF < 2.0 for ocean temperature
SURF > 2.0 for surface elevation

cloudiness maps: SURF < 0.5 for high cloudiness
SURF = 1.0 for low cloudiness

0.5 < SURF # 1.0 for middle cloudiness

P
s

SURF > 1.0 for cloudiness (maximum)

The processed data representing each requested map array are
written on tape along with various other data, and the tape may be
used for further processing and map displays. The map array is dimen-
sioned (JM, IM), where JM is the total number of north/south grid points
and IM is the total number of east/west grid points. One logical
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record is written for each map, and contains the following data:

Name and

Dimension Description

TAU (1) Time in hours

Ip (1) Four-character identification from the model

MAPNG (1) Map number

NAME (13) Map title

SURF (1) Sigma surface or pressure level for which the map
is generated

STAGI (1)} Logical variables indicating whether the maps are

STAGJ (1) staggered (offset) in the I and J directions

SINT (1) Not used in the present version

WORK2 (M, IM) Map array

ZM (M) Zonal mean

ZM2 (M) Zonal mean, excluding points on land or ice

ZIMM (1) Global mean

The printed output consists of the input parameters, along with the map
time, number, surface or level, and map title of each record as written

on the tape.

B. SAMPLE MODEL OUTPUT

1. Maps of Selected Variables

To illustrate the general nature and structure of the solutions
of the circulation model, a series of programmed map outputs for
selected variables has been developed (see Map Routine Listing in
Chapter VII). Presented here are samples of this output for the pri-
mary dependent variables Pgs Ups Ugs Vps Vas Tl’ T3, and a5 (as repre-
sented by the relative humidity), and for the geopotential heights.

A selection of variables related to the heat and water balance in the
model layers and at the surface is also given. These data are for

day 400 (28 January, hour O GMI) of a basic or control simulation of
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northern-hemisphere winter, with the program as listed in Chapter VII
and with the fixed sea-surface temperature and ice distributions as
shown in Chapter ITI.

For each of the maps shown below, a brief identification and
description of the mapped quantity is given on the facing page, while
the values of the minimum and dashed isolines and of the isoline inter-
val are given at the upper right of each map's label. The symbols H
and L designate locations of local maxima and minima, respectively,
that are not resolved by the selected isoline interval. A rectangular
map representation of the spherical grid has been used for convenience,
with the points of the 7w grid and continental outlines shown as in
Fig. 3.12. For each map the designation S/P denotes the o level of
the map, with S/P = 1 for those maps without a level designation as
well as for the surface. The velocity, temperature, and geopotential
heights may be generated for any 0 < 0 < 1 by extrapolation and in-
terpolation from the solutions at o = 1/4 and ¢ = 3/4, and may also
be displayed for any pressure surface Pp <P <P (see Map Routine
Listing, Chapter VII). The complete list of available maps is given
in Chapter VII just before the map code listings

Those maps listed in Table 4.1 are given in ¢ coordinates, with
the exception of the geopotential height in Map 6, which is given for

both o and p surfaces.
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Table 4.1

LIST OF MAPS OF SELECTED VARIABLES

Map Title
1 Smoothed sea-level pressure (o = 1)
2 Zonal (west/east) wind component (¢ = 1/4, 3/4)
3 Meridional (south/north) wind component (¢ = 1/4, 3/4)
4 Temperature (o = 1/4, 3/4)
6 Geopotential height (o = 1/4, 3/4; p = 400, 800 mb)
8 Total diabatic heating (o = 1/4, 3/4)
9 Large-scale precipitation rate
10 Sigma vertical velocity (o = 1/2)
11 Relative humidity (o = 3/4)
12 Precipitable water
13 Convective precipitation rate
14 Evaporation rate (o = 1)
15 Sensible heat flux (o = 1)
16 Lowest-level convection (o = 1)
19 Long-wave heating in layers (o = 0 to 1/2, o = 1/2 to 1)
20 Short-wave absorption (heating) in layers (c = 0 to 1/2,
o =1/2 to 1)
22 Surface short-wave absorption (o = 1)
23 Surface air temperature (o = 1)
24 Ground temperature (o = 1)
25 Ground wetness (o = 1)
26 Cloudiness (high, middle, low)
28 Total convective heating in layers (o = 0 to 1/2,
o=1/2 to 1)
29 Latent heating (o = 1/2 to 1)
30 Surface long-wave cooling (¢ = 1)
31 Surface heat balance (o = 1)
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Fig. 4.1. Smoothed Sea-Level Pressure (Map 1)

(mb - 1000 mb)

This map is calculated from the expression

v,
p.exp{— ) - 1000 mb
S RT

where P is the surface pressure, ¢4 is the geopotential at the ground,

R is the dry-air gas constant, and T is the average temperature between

level 4 and sea level, given by

Y¢
= 1 74
T = T4 + 7 g
3 1 . .
Here T4 = E-TB - E-Tl is the air temperature extrapolated to the sur-

face, g is acceleration of gravity, and y is an assumed constant lapse
rate in the hypothetical layer between the earth's surface and sea level,
taken here as y = 0.6 deg C/100 m. The resulting sea-level pressures

are then averaged over the local 9 points at which pressure is computed.

At nonpolar points this smoothing operator is

1

( )OO, smoothed ~ 16 [( )—22 + 2( )02

() + 200 5+ 400 + 200y

() g ¥ 2005+ (lyy

where the subscripts (in m-centered notation) refer to adjacent pouints

of the m grid (see Fig. 3.6).
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The dashed line is 1000 mb and the isoline interval is 5 mb.

Fig. 4.1 -- Smoothed sea-level pressure.
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Fig. 4.2. Zonal (West/East) Wind Component (Map 2)

(m sec—l)

This map is calculated from the expression

with 0 < 0 < 1 an arbitrary o surface. For o = 1/4 and o = 3/4 this
reduces to the primary variables uy and Uy, respectively, and for other
o represents a linear extrapolation and interpolation of u in o (or p)
space. The zonal wind component may also be generated for an arbitrary
pressure surface p, in which case o in the above expression 1s replaced
by (p - pT)/(wu), where 1" is the average of 7 at the four 7 points
surrounding each u,v point. The symbols E and W designate locations

of local maxima of positive (eastward) and negative (westward) zonal
wind speed, respectively, which are not resolved by the selected isoline

interval.

Level shown in map at right: o = 1/4.



Fig. 4.2 -- Zonal (u) wind speed at o
5 m sec”l.

1/4.

The dashed line is 0 and the isoline interval is

~G7T-
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Fig. 4.3. Zonal (West/East) Wind Component (Map 2)

(m sec_l)

This map is calculated from the expression

with 0 < 0 < 1 an arbitrary o surface. For o = 1/4 and o = 3/4, this
reduces to the primary variables uy and Uz, respectively, and for

other o represents a linear extrapolation and interpolation of u in

o (or p) space. The zonal wind component may also be generated for

an arbitrary pressure surface p, in which case ¢ in the above expres-
sion is replaced by (p = pT)/(ﬂu), where 7" is the average of m at the
four 7 points surrounding each u,v point. The symbols E and W designate
locations of local maxima of positive (eastward) and negative (westward)
zonal wind speed, respectively, which are not resolved by the selected

isoline interval.

Level shown in map at right: o = 3/4.
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Fig. 4.4. Meridional (South/North) Wind Component (Map 3)

(m sec—l)

The map is calculated from the expression

with 0 £ 0 < 1 an arbitrary ¢ surface. For o = 1/4 and o = 3/4, this
reduces to the primary variables vy and Vqs respectively, and for
other ¢ represents a linear extrapolation and interpolation of v in

o (or p) space. The meridional wind component may also be generated
for an arbitrary pressure surface p, in which case ¢ in the above
expression is replaced by (p - pT)/(wu), where 7" is the average of

m at the four 7 points surrounding each u,v point. The symbols N and
S designate locations of local maxima of positive (northward) and
negative (southward) meridional wind speed, respectively, which are

not resolved by the selected isoline interval.

Level shown in map at right: ¢ = 1/4.



The dashed line is 0 and the isoline interval

= 1/4.

-1

Fig. 4.4 —-- Meridional (v) wind speed at o
is 5 m sec
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Fig. 4.5. Meridional (South/North) Wind Component (Map 3)

(m sec_l)

This map is calculated from the expression

with 0 < 0 < 1 an arbitrary ¢ surface. For o = 1/4 and ¢ = 3/4, this

reduces to the primary variables v, and v respectively, and for

1 3’
other o represents a linear extrapolation and interpolation of v in
o (or p) space. The meridional wind component may also be generated
for an arbitrary pressure surface p, in which case ¢ in the above
expression is replaced by (p - pT)/(nu), where 1" is the average of
at the four 7 points surrounding each u,v point. The symbols N and S
designate locations of local maxima of positive (northward) and nega-

tive (southward) meridional wind speed, respectively, which are not

resolved by the selected isoline interval.

Level shown in map at right: o = 3/4.
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Fig. 4.6. Temperature (Map 4)

(deg C)

This map is calculated from the expression

(om + pT)K T

1 K K
T (x [py - (om e
P3 = P P1
T3 K K
+ p_K [(om + pp)" - py] - 273.1 deg
3

with 0 £ 0 < 1 an arbitrary ¢ surface. This represents the linear
interpolation and extrapolation of the potential temperature

B = T(po/p)K in pK space. For ¢ = 1/4 and o = 3/4, this reduces to
the primary variables Tl and T3, respectively. Here Pr is the tropo-
pause pressure (= 200 mb) and x = 0.286. The temperature may also be
obtained at an arbitrary pressure surface Pp <P <P =T + Pr by

replacing (om + pT) in the above expression by p.

Level shown in map at right: ¢ = 1/4.



Fig. 4.6 —- Temperature at o = 1/4.

-¢61-

-90.

The dashed line is -20°C and the isoline interval is 5 deg C.



~154-

Fig. 4.7. Temperature (Map 4)

(deg C)

This map is calculated from the expression

(om + pT)K T

1 K K
T=— T ) xfpy - entpp]
Py = Py P
T3 K K
+ —?-[(Oﬂ + pT) - pl] - 273.1 deg
Py

with 0 < 0 < 1 an arbitrary o surface. This represents the linear
interpolation and extrapolation of the potential temperature
6 = T(po/p)K in pK space. For o = 1/4 and o = 3/4, this reduces to

the primary variables T, and T3, respectively. Here P is the tropo-

1
pause pressure (= 200 mb), and «x = 0.286. The temperature may also
be obtained at an arbitrary pressure surface P <p < pS =1 + P by

replacing (om + pT) in the above expression by p.

Level shown in map at right: o = 3/4.
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The dashed line is 0°C and the isoline interval is 5 deg C.

Fig. 4.7 -- Temperature at ¢ = 3/4.
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Fig. 4.8. Geopotential Height of o Surface (Map 6)

(100 m)

This map is calculated from the expression

¢+ 9,

102 g

zZ =

where ¢4 is the geopotential of the earth's surface, g is the accelera-

tion of gravity, and where the geopotential ¢ of an arbitrary o surface

is given by

¢ = +

o

VoS 2k K K K K 2
‘ . [ Py ~ Pp Py = P] + 2p;py - 4(om + pp)py + 2(0m + pp) }
( 1 P1 2k K( K _ 05
P1iP3 7 Pg
2k 2k K K K K 2k
7 Py ~ Pp .\ Py — Py - 2p1p3 + 4(om + pT) Py - 2(om + pT) )
3 p3

$

K K K
2Kp3(p3 - py)

Here Pr is the tropopause pressure (= 200 mb), k = 0.286, and R 1s the
dry~ailr gas constant. For ¢ = 1/4 and o = 3/4, this reduces to ¢l and
¢3, respectively, while for other o it represents a linear interpolation
and extrapolation of the potential temperature in pK space., The geo-
potential height of an arbitrary pressure surface Pr <ps<s T+ Py may

also be obtained by replacing (orm + pT) in the above expression by p
(see Figs. 4.8a and 4.9a).

Level shown in map at right: o = 1/4,



Fig. 4.8 -- Geopotential height at o = 1/4. The dashed line is 7000 m and the isoline interval is 100 m.

-LGQT~-
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Fig. 4.8a. Geopotential Height of Pressure Surface (Map 6)

(100 m)

This map is calculated from the expression

ety
lO2 g
where ¢4 is the geopotential of the earth's surface, g is the accelera-

tion of gravity, and where the geopotential ¢ of an arbitrary p surface

is given by

2x 2k K K K K 2k
R ( Py = Pp Py - P, t2pipy - bppyt 2p
5, T +
2 1 Py

K, K K
2cp;(py = Py)

_ 2 S S 255K 4 4 KK _ o 2K )
b T 2 P P4 Py PyP5 T 4P Py P
+
3 Py

$

K K K
2Kp3(p3 - pl)

Here Pr is the tropopause pressure (= 200 mb), k = 0.286, and R 1is the
dry-air gas constant. For p = Py and p = Pqs this reduces to the height
of the 400-mb and 800-mb surfaces, respectively, while for other p it
represents a linear interpolation and extrapolation of the potential
temperature in pK space. The geopotential height of an arbitrary

o surface 0 < ¢ < 1 may also be obtained by replacing p in the above

expression by (om + pT) (see Figs. 4.8 and 4.9).

Level shown in map at right: p = 400 mb.
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Fig. 9. Geopotential Height of o Surface (Map 6)

(100 m)

This map 1s calculated from the expression

SRS
lO2 g
where ¢4 is the geopotential of the earth's surface, g is the accelera-

tion of gravity, and where the geopotential ¢ of an arbitrary ¢ surface

is given by

2k 2k K_K K K 2%
s = R S T Py = Pp N Py -~ Py + 2plp3 - 4(orm + pT) Py + 2(om + pT)
2 l 1 pl 2 K(pK _ pK)
P1tP3 7 Py

2k 2k K_K K_K 2k
.1 [ P3 " Pr P3P - 2ppy + 4(om + pp) Py - 2(om + pp) ]
3 Py

K K K
2Kp3(p3 - pl)

Here P is the tropopause pressure (= 200 mb), Kk = 0.286, and R is the
dry-alr gas constant. For o = 1/4 and o = 3/4, this reduces to ¢1 and
¢3, respectively, while for other ¢ it represents a linear interpo-
lation and extrapolation of the potential temperature in pK space.

The geopotential height of an arbitrary pressure surface Pp SPsST + Pp
may also be obtained by replacing (o + pT) in the above expression by

p (see Figs. 4.8a and 4.9a).

Level shown in map at right: o = 3/4.
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The dashed line is 2500 m and the isoline interval

Fig. 4.9 —- Geopotential height at o = 3/4.
is 250 m.
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Fig. 4.9a. Geopotential Height of Pressure Surface (Map 6)

(100 m)

This map is calculated from the expression

b+ o,
102 g
where ¢4 is the geopotential of the earth's surface, g is the accelera-

tion of gravity, and where the geopotential ¢ of an arbitrary p surface

is given by

2k 2k K K K K 2x
BxsT Py = Pp Py ~ Py t2ppg - 4P Pyt 2p
2 1 2% K( K _ K)
Py (P = P
2k 2k K

K K K 2k
.7 Py “Pp Py ~P; ~ 2piPg t 4P Py - 2P ’
3 Py

$

K K K
2Kp3(p3 - py)

Here P is the tropopause pressure (= 200 mb), x = 0.286, and R is the
dry-air gas constant. For p = Py and p = P3s this reduces to the
height of the 400-mb and 800-mb surfaces, respectively, while for
other p it represents a linear interpolation and extrapolation of the
potential temperature in pK space. The geopotential height of an
arbitrary o surface 0 < o < 1 may also be obtained by replacing p in

the above expression by (om + pT) (see Figs. 4.8 and 4.9).

Level shown in map at right: p = 800 mb.



Fig. 4.9a -- Geopotential height at p = 800 mb.
is 100 m.

The dashed line is 2300 m and the isoline interval
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Fig. 4.10. Total Heating (Map 8)

(deg day ™)
This map is calculated from the expression
3 1
H= 2 Hl(z -0) + H3(U - Z‘)]ld»s

where Hl and H3 are the net temperature changes in the upper and lower layers,
respectively, over a time interval 5At (the time interval over which the heat-

ing is calculated by means of the subroutine COMP 3). Here

A, + R, - R
+ (AT.) + 1 2 0 2g1
1 CP c ™ 48
p

H, = (AT,)
1 1V oy

A+ R, - R, + F4
- L 34 2 2g 1
H3 = (AT3)CM + (AT3)CP + cp PREC + < — )

[o o}

where (ATl) and (ATl) are the temperature changes (over 5At) due to middle-
level and penetrating convective heating in the upper layer, respectively [with
(AT3)CM and (AT3)CP similarly defined for the lower layer], Al and A3 are the
net rates of short-wave radiant-energy absorption in the two layers, RO’ RZ’
and R4 are the upward long-wave radiative flux at each level, F4 is the upward
flux of sensible heat from the surface, L is the latent heat of condensation,
and PREC is the large-scale condensation or precipitation rate. The factor
(Zg/ﬁ)_l represents the mass in each layer (per unit area), and the factor 48
(the number of times in a day the heating is calculated) converts to the de-
sired units (see Chapter II, Sections F and G, and instructions 11410 to 11490,
COMP 3, for further details).

For 0 = 1/4 and o = 3/4, this expression reduces to the net heat-induced
temperature changes in the upper and lower layers, Hl and H3, respectively.
For other 0 < g < 1 it represents the assignment of the layer's temperature
change to its midpoint, and the subsequent linear interpolation and extrapola-
tion in o (or p) space. This representation of the diabatic heating may also

be generated for an arbitrary pressure, p, by replacing ¢ in the above expres-

sion by (p - pT)/ﬂ-

Level shown in map at right: o = 1/4.



Fig. 4.10 —— Total diabatic heating rate at o = 1/4.
is 5 deg day—l.

The dashed line is 0 and the isoline interval

-S91~
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Fig. 4.11. Total Heating (Map 8)

(deg day )
This map is calculated from the expression
3 1
H=2 H1(4 - 0) + H3(o - 4) 48
where Hl and H3 are the net temperature changes in the upper and lower layers,

respectively, over a time interval 5At (the time interval over which the heat-

ing is calculated by means of the subroutine COMP 3). Here

A. + R, - R
H = (AT))  + (AT)) +< 1 2 0 %%)
cM Cp cp
A. +R, - R, + F4
H3=(AT3) +(AT3) +£—PREC+< 3 4c 2 ?%)
™ ce °© p

where (ATl) and (ATl) are the temperature changes (over 5At) due to middle-
' M
level and penetrating cggvective heating in the upper layer, respectively [with

1 3
CP
net rates of short-wave radiant-energy absorption in the two layers, RO’ RZ’

(ATB)CM and (AT3) similarly defined for the lower layer], A, and A, are the
and R4 are the upward long-wave radiative flux at each level, F4 1is the upward
flux of sensible heat from the surface, L is the latent heat of condenstion,

and PREC is the large-scale condensation or precipitation rate. The factor
(Zg/ﬂ)_l represents the mass in each layer (per unit area), and the factor 48
(the number of times in a day the heating is calculated) converts to the desired
units (see Chapter II, Sections F and G, and instructions 11410 to 11490, COMP 3,
for further details).

For 0 = 1/4 and ¢ = 3/4, this expression reduces to the net heat-induced

temperature changes in the upper and lower layers, H. and H3, respectively. For

1
other 0 < 0 < 1 it represents the assignment of the layer's temperature change to
its midpoint, and the subsequent linear interpolation and extrapolation in o

(or p) space. This representation of the diabatic heating may also be generated

for an arbitrary pressure, p, by replacing ¢ in the above expression by (p - pT)/ﬂ.

Level shown in map at right: o = 3/4.



Fig. 4.11 -- Total diabatic heating rate at ¢
is 5 deg day'1

3/4.

The dashed line is 0 and the isoline interval

-L91~
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Fig. 4.12. Large-Scale Precipitation Rate (Map 9)

(mm day—l)

This map is calculated from the expression

102

Py

T
PREC (Zg) 48
where the large-scale precipitation rate (PREC) is taken equal to the
rate of generation of water vapor in excess of saturation (i.e., the
condensation rate) in the lower layer, and is given by
lay = 0 (TDI + v 55 ay > 4 (T
3 s 3 3 ’ 3 s 3
PREC =
l 0 , otherwise

where qq is the water-vapor mixing ratio at level 3, qs(TB) is the
saturated mixing ratio at the ambient level-3 temperature T3 (see

Fig. 4.14), and the parameter Y, = LqS(T3)(cpT::)'3)—l 5418 deg, with L
the latent heat of condensation and cp the dry-air specific heat at
constant pressure. The factor m/2g represents the mass (per unit area)
in the lower-layer air column (0 = 1 to ¢ = 1/2). The factor 48 (the
ratio of 1 day to 5At) represents the number of times per day the
precipitation (PREC) is computed by means of the subroutine COMP 3.
Together with the density of water, P, = lg cm—3, the factor 102
converts to the desired units. See Chapter II, Section F and in-

structions 8610 to 8690, COMP 3, for further details.



Fig. 4.12 —- Large-scale precipitation rate.
is 2 mm day_1

The dashed line is 4 mm day”

1

and the isoline interval

~65T-
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Fig. 4.13. Sigma Vertical Velocity (Map 10)

(mb hr 1)

This map is calculated from the expression

-
2mn
where ¢ = é = do/dt at level 2 and S is a measure of the difference in

2
horizontal mass convergence between levels 1 and 3, given by Eq. (2.34),

Chapter II, as

9 * 3 * 3 * 9 *
solf(Xs, V) (A, a
2 9x y 9x y

where u* = nmu and v* = mmv are weighted mass fluxes at the levels 1

or 3, and n and m are the meridional distance (y) and zonal distance (x)
between u,v grid points. The sigma vertical velocity may also be written
0= w - o%, where w = dp/dt is the isobaric vertical velocity and

¥ = dpS/dt, with P the surface pressure. See Chapter II for further
details of S, representing an integration of the equation of continuity.
See instructions 4130 to 4550, COMP 1, for further details.
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The dashed line is O and the isoline interval is 10 mb hrl,

Fig. 4.13 -~ Sigma vertical velocity.
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Fig., 4.14, Relative Humidity (Map 11)

(percent)

This map 1s calculated from the expression

2
q4 107/q (T5)

where q, is the water-vapor mixing ratio at level 3 and qs(T3) is the
saturation mixing ratio at the ambient level-3 air temperature T3.

Here qs(T3) is given by

0.622 e (T.)
1.(Ty) = 573 —2(%)
e T

where Py is the (total) pressure at level 3, and the saturation vapor

pressure eB(T3) is given by the semi-empirical formula
es(T3) = 10 exp(B.4051 - 2353 dég/T3)

Both p3 and es here are in the units cb (centibar = 10-2 bar = 10 mb).
These relationships permit a supersaturation of a few percent in very
moist air.

All of the atmospheric humidity is carried in the model at level 3
(1.e., 4 = 0), so that Map 11 is always for the level ¢ = 3/4.
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Fig. 4.15. Precipitable Water (Map 12)

(cm)

This map is calculated from the expression

("T_.) 10

q
3 2g Py

where q3s the mixing ratio at level 3, is interpreted as the average
mixing ratio between the surface (o = 1) and level 2 (o = 1/2), and
where the density of water, Pog? is taken as 1 g cm—3, which together
with the factor 10 serves to give the desired units. The factor

m/2g represents the mass (per unit area) in the lower half of the air
column (6 = 1 to o = 1/2), and results from the vertical integration

of the water-vapor distribution.



90.

70.

50 .

30.

-90 .

Fig. 4.15 -- Total precipitable water in column from o = 1 to o = 1/2. The dashed line is 1 cm and
the isoline interval is 1 cm.



-176-

Fig. 4.16. Convective Precipitation Rate (Map 13)

(mm day_l)
This map is calculated from the expression

(aT))  + (4T))  + (AT + (AT,
L o Lep 3 o > cp

L/c
p

2
@) 48 2
g P

where (ATl)CM and (ATl) are the temperature changes (over 5At) due

to middle-level and penetrating convective heat transport in the upper
layer, respectively [with (AT3) and (AT3)CP similarly defined for

the lower layer], L is the latent heat of condensation, cp is the
specific heat at constant pressure, b, = l1g cm_3 is the density of
water, the factor m/2g represents the mass in each layer (per unit area),
and the factor 48 (the number of 5At intervals in one day) together with

2 . .
the factor 10~ serves to convert to the desired units. The quantity

-1
(AT.)  + (AT.) + (AT.) + (AT.) ](L/c ) " =Cl+ PCl + C3 + PC3
[ U en ep e 3 ep P

in FORTRAN notation, and corresponds to the quantity PREC in Map 9 for
the large-scale precipitation rate.

In the map shown on the right, the convective precipitation rate
has a maximum of approximately 244 mm day_l. This rate, however, lasts
for a relatively short time, and, due to the nature of the computed
convective heating, characteristically occurs at isolated grid points.
See instructions 8700 to 8890, 9140 to 9390, COMP 3, and Chapter II,

Subsection F.3, for further details.
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100 mm day'1 and the isoline

The dashed line is

—— Convective precipitation rate.
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Fig. 4.17. Evaporation Rate (Map 14)

(m day 1)

This map is calculated from the expression

P -
E4 . 10 pay = —P—ﬁ'<t$ ™ 4+ 2.0 m sec 1) WET » q (T )
Pw Pw Sloo s &
5418.deg q (T ) 3
+ WET - S B (TGR - T ) - Q4| 10~ DAY
12 g
g

where E4 is the evaporation in g cm = sec 7, Py is the surface air density,

Py = lg cm_3 the density of water, WET a (calculated) ground wetness parameter,
qs(Tg) the saturated mixing ratio at the (computed) ground temperature Tg’ TGR a
(computed) ground temperature parameter including the effects of radiation, and Q4
a measure of the mixing ratio at level 4. The surface drag coefficient CD is given

by

min [(1.0 + 0.07|V I“ ) 1073, o.oozs] , if ocean
S
00
0.002 + 0.006 (24/5000 m) , otherwise

with z, the elevation of the surface. Here 'Vsi“ is given in terms of the wind

speeds at the four velocity points surrounding a pressure (or temperature) point by

the expression (in m-centered notation)

2 > 2 > 2 E

Falgy =7 | Pl ~ Fallyy + el * I

S! 1-1

where ﬁs = 0.7|64l and 64 = %-33 - %~Vl (the wind extrapolated to level 4). The
additive term 2.0 m sec™! is an empirical correction for gustiness, and the factors
10, 103, and DAY (= 86,400) convert to the desired units.

The term Q4 is interpreted as the effective moisture just above the surface,
and the terms in WET represent the effective surface moisture. The entire term
in [ ] thus represents the vertical moisture gradient near the earth's surface.
As shown in the map on the right, most of the evaporation occurs over the ocean
[where the term (TGR - Tg) is zero], although the evaporation is occasionally

negative elsewhere (representing condensation on the surface). See instruc-

tions 11220 to 11290, COMP 3, and Chapter II, Subsection F.6, for further details.



Fig. 4.17 —— Surface evaporation
5 mm day ".

1

rate.

The dashed line is 10 mm day~

1

and the isoline interval is
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Fig. 4.18. Sensible Heat Flux (Map 15)

(10 1y day—l)

This map is calculated from the expression
CDp c ﬁ T +2.0m sec—l (T - T,) 10 DAY
4°p s1oo g 4

where Py is the surface air density, cp the specific heat at constant
pressure, Tg the (computed) ground temperature (or an assigned ice or
ocean surface temperature), and T4 is the air surface temperature.

The surface drag coefficient C_ is given by

D

min [(1.0 + 0.07‘$S|“ ) 1073, o.oozs], if ocean
00

0.002 + 0.006(z4/5000 m, otherwise

with z, the elevation of the surface. Here lvslﬂ is given in terms
00

of the wind speeds at the four velocity points surrounding a pressure

(or temperature) point by the expression (in m-centered notationm)

1

ANl

[ 2 2
P78';0 2 ['63’11 ' ]VS' -1-1

-11

3> 1>
Pl V3 -5 V1 (the wind extrapolated to

level 4). The additive term 2.0 m sec—1 is an empirical correction

where V_ = 0.7]% | and v
s 4

for gustiness, and the factor 10 DAY (= 10 x 86,400) converts to the
desired units. The sensible heat flux (F4 in the FORTRAN code) is
positive when ground temperature is greater than surface air tempera-
ture (Tg > TA)’ representing a heat flux from the ground to the air.
As shown in the map on the right, however, this flux is often nega-
tive. See instructions 11220 to 11290, COMP 3, and Chapter II, Sub-
section G.3, for further details.
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L.

The dashed line is O and the isoline interval is 100 ly day!.

Fig. 4.18 -- Surface sensible heat flux.
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Fig. 4.18a. Lowest-Level Convection (Map 16)

(deg)

This map is calculated from the expression

0 s otherwise

where the static-energy parameters are given by

* ¢l

L
hy =T+ =+, (Ip)
P p
h, =T =+¢3+I~“-—
3 °3 c c q3
p  “p
o
X 3
hy = Ty + 2=+ 074, (Ty)
p
L

o
]
=]
+
I
fal
~

where ¢ = gz is the geopotential and qg is the saturation mixing ratio.

*
The condition h4 > h3 thus ensures instability between levels 4 and 3,
*

while the condition h3 < h1 ensures stability between levels 3 and 1
(i.e., there is no middle-level convection). Hence EX 2 0, and repre-
sents the adjustment of the level-4 temperature due to convection. If
h4 < h; the computed value of EX is regarded as due to low-level con-
vection, and is used to modify both the lzwest—level temperature (TA)
and lowest—-level heating (Q4). If h4 > hl the computed value of EX is
regarded as due to penetrating convection, and is used to modify not
only T4 and Q4 but the heating in the upper and lower layer as well.
See Chapter II, Subsection F.3, and instructions 8700 to 9350, COMP 3,

for further details.



Fig. 4.18a —- Lowest-level convection.

The dashed line is 10.0 deg and the isoline interval is 2.0

7

deg.
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Fig. 4.19. Long-Wave Heating in Layers (Map 19)

(deg day ™)

This map 1s calculated from the expressions

(R2 - RO)C%E) %— if 0<o0<0.5
P

(R4 - R2)(;2r-&) %— if 0.5 <0 <1
p

for an arbitrary o surface, where RO, R2, R4 are the upward long-wave
radiation fluxes at the levels o = 0, 1/2, 1, respectively. The dif-
ference (R2 - RO) is thus the net long-wave radiation absorbed in the
upper layer 0 = 0 to o = 1/2, and (R4 - R2) is the net long-wave radia-
tion absorbed in the lower layer ¢ = 1/2 to ¢ = 1. Usually this heat-
ing 1is negative, representing a net long-wave cooling. The factor
(2g/w)—l represents the air mass in either the upper or lower layer
(per unit area), and cp is the air's specific heat at constant pres-
sure, Thus, depending upon whether ¢ < 1/2 or o 2 1/2, either one of
two versions of this map is produced. See Chapter II, Section G, and

instructions 9750 to 10230, COMP 3, for further details.

Layer shown in map at right: upper layer.
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The dashed line

= 1/2).

1'

Fig. 4.19 -- Long-wave radiative heating rate in upper layer (o = 0 to ¢
is -2.0 deg day~! and the isoline interval is 0.5 deg day~



-186-

Fig. 4.20. Long-Wave Heating in Layers (Map 19)

(deg day )

This map is calculated from the expressions

(R2-R0)(%&>%— if 0<o<0.5
(R4 - Rz)é&) %— if 0.5 <0 <1
P

for an arbitrary o surface, where RO, R2, R4 are the upward long-wave
radiation fluxes at the levels o = 0, 1/2, 1, respectively. The dif-
ference (R2 - RO) is thus the net long-wave radiation absorbed in the
upper layer ¢ = 0 to o = 1/2, and (R4 - R2) is the net long-wave radia-
tion absorbed in the lower layer o = 1/2 to o = 1. Usually this heat-
ing is negative, representing a net long-wave cooling. The factor
(2g/'n)_1 represents the air mass in either the upper or lower layer
(per unit area), and cp is the air's specific heat at constant pres-
sure. Thus, depending upon whether ¢ < 1/2 or ¢ 2 1/2, either one of
two versions of this map is produced. See Chapter II, Section G, and

instructions 9750 to 10230, COMP 3, for further details.

Layer shown in map at right: lower layer.



MAP 19 ICE IN CONTROL RUN

LONG WAVE HEATING IN LAYERS (DEG CENT/DAY) §/P= "0.750 ISOLINES AT -4 .000 0.500

INTERVAL= 400.00 TO 400.00 AUS DASHED LINE 18 -2.00

Fig. 4.20 -- Long-wave radiative heating rate in lower layer (o0 = 1/2 to o = 1). The dashed line

is -2.0 deg day~! and the isoline interval is 0.5 deg day~l.
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Fig. 4.21. Short-Wave Absorption (Heating) in Layers (Map 20)

(deg day 1)

This map is calculated from the expressions

a2 L ¢ 0<o<0.5
1w c
P
201
A3(TT ) c if 0.5<o0<1

if the cosine of the sun's zenith angle exceeds 0.0l. These expres-
sions are replaced by zero if the cosine of the sun's zenith angle is
less than or equal to 0.01. Here Al and A, are the absorbed short-

3
wave radiation in the upper layer (c = 0 to o = 1/2) and lower layer

(o

mass (per unit area) in each layer, and cp is the specific heat at

1/2 to o = 1), respectively, the factor (2g/'rr)—l represents the

constant pressure. Thus, depending upon whether the arbitrary wvalue
of 0 is < 1/2 or > 1/2, either one of two versions of this map is
produced. The value of A1 is the difference between the incoming so-
lar radiation (that part subject to absorption) at the level o = 0
and the downward short-wave flux at the level ¢ = 1/2. Similarly, A3
is the difference between the downward fluxes at the levels o = 1/2
and 0 = 1. 1In either version, the short-wave absorption is always
positive (or zero) and represents the net short-wave heating within
the layers. See Chapter II, Section G, and instructions 10430 to

11010, COMP 3, for further details.

Layer shown in map at right: wupper layer.



Fig. 4.21 -- Short-wave radiative heating rate in upper layer (o = 0

is 2 deg day™! and the isoline interval is 0.5 deg day~!

1/2).

The dashed line
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Fig. 4.22. Short-Wave Absorption (Heating) in Layers (Map 20)

(deg day ™)

This map is calculated from the expressions

A (25) 1 if 0 <0< 0.5
1w c
P

A (gﬁ)-l— if 0.5 <o <1
3w cp

if the cosine of the sun's zenith angle exceeds 0.0l. These expres-
sions are replaced by zero if the cosine of the sun's zenith angle is
less than or equal to 0.0l. Here Al and A3 are the absorbed short-
wave radiation in the upper layer (o = 0 to o = 1/2) and lower layer
(0 = 1/2 to o = 1), respectively, the factor (2g/'n)_1 represents the
mass (per unit area) in each layer, and cp is the specific heat at
constant pressure. Thus, depending upon whether the arbitrary value
of 0 is € 1/2 or > 1/2, either one of two versions of this map is
produced. The value of A1 is the difference between the incoming so-
lar radiation (that part subject to absorption) at the level o = 0
and the downward short-wave flux at the level ¢ = 1/2. Similarly, A3
is the difference between the downward fluxes at the levels ¢ = 1/2
and 0 = 1. 1In either version, the short-wave absorption is always
positive (or zero) and represents the net short-wave heating within

the layers. See Chapter II, Section G, and instructions 10430 to
11010, COMP 3, for further details.

Layer shown in map at right: lower layer.



-T6T~

/2 to o
1.

Fig. 4.22 -- Short-wave radiative heating rate in lower layer (o =1
is 2 deg day”! and the isoline interval is 0.5 deg day~
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Fig. 4.23. Surface Short-Wave Absorption (Map 22)

(100 1y day )

This map is calculated from the expression
54/100

if the cosine of the sun's zenith angle is greater than 0.0l1, and is
set equal to zero if the cosine of the sun's zenith angle is less than
or equal to 0.01. Here S4 is the short-wave radiation absorbed at the
surface (or level 4). The effects of surface albedo, atmospheric mois-
ture, and cloudiness are taken into account. The surface short-wave
heating is always positive (or zero), and represents the net absorption
of insolation at the surface. See Chapter II, Section G, and instruc-

tions 10430 to 11010, COMP 3, for further details,



Fig. 4.23 -- Short-wave radiation absorbed a
isoline interval is 200 ly day~

t the surface.
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The dashed line is 1000 ly day~! and the
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Fig. 4.24. Surface Air Temperature (Map 23)

(deg ©)

This map is calculated from the expression

T, - 273.1 deg

where T4 is the air temperature at the surface (level 4). Since T4,

like other dependent temperature variables, is in deg K, this expres-
sion serves simply to convert the surface air temperature into the
units deg C. The value of T4 resembles the extrapolated value

3 1 .

E-TS -5 T1 (where T3 and Tl are the air temperatures at levels 3

and 1, respectively), but also incorporates the surface air tempera-
ture adjustments introduced by low-level convection and latent heat-

ing. See Chapter II, Section G, and instructions 8970 to 9130 in sub-

routine COMP 3 for further details.



Fig. 4.24 -- Surface air temperature.

The dashed line is 0 deg C and the isoline interval is 5 deg C.
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Fig. 4.25. Ground Temperature (Map 24)

(deg C)

This map is calculated from the ground-temperature (Tgr) depen-
dence of the terms in the surface heat-balance equation, assuming the

ground to be a perfect insulator of zero heat capacity:

R4+I'+HE-Sg=0

4 4

Here the surface long-wave cooling R4 is given by §4 + c(Tgr - Tg),

the surface sensible heat flux T by CF(Tgr - T4), the latent heat flux
from surface evaporation Hp by CF(qse - qA)L/cp, and Sg is the solar

~

radiation absorbed at the surface. Here R4 is a preliminary deter-
mination of the surface long-wave cooling, and Tgr is a revised or im-
proved value of the ground temperature Tg' For further details, see
Chapter II, Subsection G.3.

Over ice- or snow-covered land and over sea ice, Tgr is not al-
lowed to exceed To(= 273.1°K). Over sea ice this balance is altered
to include a heat flux into the sea ice given by —B(Tgr - TO), where
B is an assumed ice conduction coefficient. Over open ocean the ground
temperature Tgr is taken equal to the assigned sea-surface temperature
Tg = TGOO (see Fig. 3.14), and there is thus no ground-temperature cor-

rection to either the surface long-wave radiation (R4 = §4) or to the

surface saturated mixing ratio (qSe = qs).
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Fig. 4.26. Ground Wetness (Map 25)

(dimensionless)

This map is calculated from the expression GW = 10 WET, vhere
WET is éssigned the value 1.0 (saturated) over ocean, ice, and snow
surfaces, and is calculated over (bare) land surfaces according to

WET = (GW) .= (G0 .+ (1 - runof £) (Aq,)

B
ToTaL O 28

in which the old or previous value of GW is altered acrording to the

surface water balance. Here (Aq3) = (E - C)(2g/n)5At is the
TOTAL

total moisture change (over 5At) including the effects of evaporation

and both large-scale and convective condensation, and GWM is an as-

sumed constant ground-water mass (= 30 g cm_z). The runoff factor

varies between 0 and 1, and is taken as 0.5(GW) if (GW)old <1

old
(unsaturated surface), and as unity if (GW)old = 1 (saturated), pro-
vided (Aq3) > 0 in either case. If (Aq3) < 0, representing
TOTAL TOTAL

an increase in level-3 moisture and a decrease of surface moisture,
then the runoff is taken as zero. See Chapter II, Subsection F.5,
for further details.
If (GW) < 0 it is set to zero, and if (GW) > 1 it is set
new new
to unity. The resulting wetness is then multiplied by 10 in order to

scale the final GW from 0 to 10.



Fig. 4.26 -- Ground wetness, scaled 0 to 10.

The dashed line is 6.0 and the isoline interval is

-661-
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Fig. 4.27. High Cloudiness (Map 26)

(dimensionless)

This version of Map 26 is calculated from the expression

CLl = min(-1.3 + 2.6RH,, 1)

3’

where RH3 is the level-3 relative humidity (as in Map 11). If CL < 0
the sky is assumed to be clear and CL is reset to zero; otherwise CL1
1s taken as the fraction of the sky covered with high or type-l clouds.
This cloudiness measure may be identified with towering cumulus between
the levels 3 and 1, and is associated with either middle-level or pene-
trating convection. If there is no such convection, there is no type-1
or high cloudiness (CL1 = 0). For identification, this cloudiness is
assigned the index 0 = 1/4 in the map-generating program in Chapter VII.

See Chapter II, Subsection F.6, for further details.



Fig. 4.27 —- High cloudiness, scaled < 1.

The dashed line is 0.5 and the isoline interval is 0.3.
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Fig. 4.28. Middle Cloudiness (Map 26)

(dimensionless)

This version of Map 26 is calculated on the basis of CL2 = 1
if there is large-scale precipitation (and if there is no penetrating
convection or high cloudiness, CL1 = 0). Under all other conditions
CL2 = 0. Thus this measure of cloudiness is either 0 or 1 at all
points. We may regard CL2 as the fraction of the sky covered by
type-2 clouds, which are identified as heavy overcast between levels 3
and 2. For identification, this cloudiness is assigned the index
0 = 3/4 in the map-generating program in Chapter VII. See Chapter II,

Subsection F.6, for further details.



Fig. 4.28

~— Middle cloudiness, scaled 0 or 1.

The dashed line is 0.5 and the isoline interval is 0.3.

-€0¢-
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Fig. 4.29. Low Cloudiness (Map 26)

(dimensionless)

This version of Map 26 is calculated from the expression

CL3 = min(-1.3 + 2.6RH 1)

3’

where RH3 is the level-3 relative humidity (as in Map 11). If

CL3 £ 0 the sky is assumed to be clear and CL3 is reset to zero;
otherwise CL3 is taken as the fraction of the sky covered with low
or type-3 clouds. This cloudiness measure may be identified with
shallow cumulus at level 3, and is associated with low-level con-
vection. If there is no low-level convection, there is no low
cloudiness (CL3 = 0); there is also no low cloudiness if there is
any high cloudiness (as in Fig. 4.27). For identification, this
cloudiness is assigned the index ¢ = 1 in the map-generating pro-

gram in Chapter VII, See Chapter II, Subsection F.6, for further

details.
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Fig. 4.29 -- Low cloudiness, scaled <1

The dashed line is 0.5 and the isoline interval is 0.3.
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Fig. 4.29a. Total Convective Heating in Layers (Map 28)

(deg day T)

This map is calculated from the expression

3 1
2 (AT,) + (AT,) ] (-o0) + [(AT )+ (AT.) ](o - —)} 48
{[ 1 o™ 1 P 4 3 oM 3 P 4

where (AT,) and (AT,) are the temperature changes (over 5At) due
1 CM 1 3

to middle-level and penetrating convective heating, respectively, in

the upper layer [with (AT3) and (AT.) gimilarly defined for the

CM 3 CP
lower layer]. The factor 48 converts to the desired units, and the
factor 2 represents (03 - 01)-1. For ¢ other than 01(- 1/4) and

Oy (= 3/4), this map thus generates the convective heating rate by
linear interpolation and extrapolation in ¢ (or p) space. If a

p surface is requested, o in the above expression is replaced by
(p - pT)/w. See Chapter 1I, Section F, and instructions 11410 to

11490, COMP 3, for further details.

Layer shown in map at right: upper layer.



Fig. 4.29a -- Total convective heating in the upper la

and the isoline interval is 0.2 deg day .

yer (o
1

1/2).

The dashed line
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Fig. 4.29b. Total Convective Heating in Layers (Map 28)

(deg day™T)

This map is calculated from the expression

3 1
2 {lar)y  + @ty ](——c)+[(AT) + (AT,) ](c——)}AS
{[ 1 M 1 CP 4 3 M 3 Cp 4

where (AT.) and (AT,) are the temperature changes (over 5At) due
L e Yep
to middle~level and penetrating convective heating, respectively, in

the upper layer [with (AT3) and (AT,) similarly defined for the

M 3 Ccp
lower layer]. The factor 48 converts to the desired units, and the
factor 2 represents (03 - ol)—l. For o other than o) (= 1/4) and

04 (= 3/4), this map thus generates the convective heating rate by
linear interpolation and extrapolation in o (or p) space. If a

p surface is requested, ¢ in the above expression is replaced by
(p - PT)/W. See Chapter II, Section F, and instructions 11410 to

11490, COMP 3, for further details.

Layer shown in map at right: lower layer.
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line is O

The dashed

yer (0 = 1/2 to o = 1).

Fig. 4.29b -- Total convective heating in the lower la
and the isoline interval 35 0.2 deg day!l.
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Fig. 4.29c. Latent Heating (Map 29)

(deg day—l)

This map is calculated from the expression

I (prEC)48
p
where PREC is the large-scale condensation (or precipitation) rate
(as in Map 9), L is the latent heat of condensation, and cp is the
air's specific heat at constant pressure. The factor 48 converts to
the desired units. This latent heating applies to the lower layer
only, as represented by level 3. See Chapter II, Subsection F.2,

and instructions 8610 to 8690, COMP 3, for further details.



Fig. 4.29c -- Latent heating in the lower layer (o = 1/2 to o
and the isoline interval is 0.5 deg day~l.

1.

The dashed line is 1.0 deg

~TT¢-
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Fig. 4.30. Surface Long-Wave Cooling (Map 30)

(100 1y day—l)

This map is calculated from the expression
R4/100

where R4 is the net upward long-wave radiation at the earth's sur-
face. See Chapter II, Subsection G.2, and instructions 10430 to

11010, COMP 3, for further details.
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The dashed line is 100 ly day“1 and the

-1

-wave radiative flux at the surface.
isoline interval is 50 ly day™".

Fig. 4.30 -- Long
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Fig. 4.31. Surface Heat Bzlance (Map 31)

(100 1y day—l)

This map is calculated from the expression

(S4 - Rh - F4)1072 - (prE4)10'3

where S4 is the short-wave radiation absorbed at the surface (as in
Map 22), R4 is the net upward long-wave radiation at the surface (as
in Map 30), F4 is the upward sensible heat flux from the surface (as
in Map 15), and E4 is the heat expended in evaporation from the sur-
face (as in Map 14). Here L is the latent heat of evaporation, P
is the density of water, and the factors 10-2 and 10_3 serve to con-
vert to the desired units. A positive balance indicates a net down-
ward energy flux at the surface. Since the ground temperature over
land (and ice) is itself determined from the condition of a zero
surface heat balance, the small but nonzero values for the heat bal-
ance seen here over the continents are the result c¢f the use of
spatially averaged temperatures in those portions of the subroutine
COMP 3 that have been incorporated into the program for Map 30 (see
Map Program Listing, Chapter VII, Section B). This imbalance is here
less than 10 ly/day, or approximately one percent of the separate
heat~balance components. The relatively small heat flux through the
ice at the (fixed) locations of ice-covered ocean has also been ne-
glected in producing this map. See Chapter II, Subsection G.3, for
further details.



- Total heat balance at the surface.

200 1y day™'.

The dashed line is 0 and the isoline interval is

=G1i-
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2. Surface-Pressure Sequence

To illustrate the typical time behavior of the circulation simu-
lated by the model, a 10-day sequence of the solution for sea-level
pressure is presented in Fig. 4.32. These maps are from the same con-
trol experiment as those shown in Subsection A.l above, and constitute
a time series starting with Map 1 of Fig. 4.1. These maps show the
sea-level pressure isolines at 5-mb intervals, with an additive 1000 mb
understood. It is characteristic of the model's solutions that the
sea-level pressure distribution maintains a synoptic-like structure as

successive cyclone families are formed in the middle latitudes.
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DAY 400

Fig. 4.32 -- Daily sequence of smoothed sea-level pressure. The dashed line
is 1000 mb and the isoline interval is 5 mb (see Fig. 4.1).
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DAY 404

DAY 405

Fig. 4.32 -- Continued.
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Fig. 4.32 -- Continued.
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DAY 408

-80.

DAY 409

Fig. 4.32 -- Continued.
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V., PHYSICS DICTIONARY

PURPOSE

This list of terms permits easy entry into the model's physics
and its numerical procedures without prior knowledge of specific mathe-
matical or FORTRAN symbols. In this sense it complements the list of
symbols and FORTRAN dictionary given in Chapter VIII. This list, of
course, is by no means a complete one, but the authors have included
those terms commonly associated with the numerical simulation of the
general atmospheric circulation. For each term a brief description
(and location) of its treatment in the model is given, together with
any appropriate symbols, values, units, FORTRAN representations, and

program locations.

LIST OF TERMS

Albedo

The albedo of the earth's surface, dg (ALS), ics assumed constant
for twp types of surface topography: 0.14 for bare land, 0.07 for
ccean. The albedo of ice and of snow-covered land varies from about
0.40 to 0.90 and is dependent upon latitude and time of year (see in-
structions 10240 to 10410 in the FORTRAN listing), but does not depend
in the present version upon the simulated circulation. The albedo of
clouds, @ (ALAC), used in the treatment of radiation varies between
G.6 and 0.7, depending upon the simulated clouds (see instructions
7620 to 7640 in the FORTRAN listing). The value of the albedo of the
cloudless atmosphere for (Rayleigh) scattering, a (ALAO, instruction
10450), is a function of pressure and solar zenith angle, while for an
overcast sky, aac’ it depends upon both ao and ac (see instructions

10650, 10750, 10880). See Chapter II, Section G, for further details.

Boundary Conditions

At the earth's surface (o = 1) and at the assumed isobaric tropo-

pause (o = 0) the condition & = do/dt = 0 is imposed. This ensures no
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motion through the surface p = pS at the ground (kinematic boundary
condition), and no motion through the surface p = Pr (free surface
condition), where Pr (= 200 mb) is the assumed tropopause pressure.
There are no lateral boundary conditions in the global model, although
there are some computational adjustments at the poles (see Chapter III).
Over a water surface (ocean or lake) the surface temperature is fixed

at a climatological mean value, whereas over a snow or ice surface (sea
ice or glacier) the surface ground temperature, although in general cal-

culated by the model, is not allowed to warm above O deg C.

Clouds

Clouds are simulated in the model both through large-scale con-
densation and through convection. The degree of cloudiness affects
the short-wave radiation by reflection (with an assumed cloud albedo)
and by partial absorption within the cloud by means of a fictitious
water-vapor amount u:. The cloudiness also affects the long-wave ra-
diation balance (see Chapter II and subroutine COMP 3, instructions
9400 to 10230 and 10540 to 11200). The cloudiness parameters CL1,
CL2, and CL3 represent: (1) either penetrating or midlevel convec-
tion, (2) large-scale condensation, and (3) low-level convection, re-
spectively. These are combined into the total or effective cloudiness
measure CL, which is the fraction of sky assumed to be cloud-covered
(0 £ CL £ 1). The measures CL1 and CL3 also depend upon the humidity
at level 3. See Chapter II, Subsection F.4, for further details and
Figs. 4.27 to 4.29, Chapter IV, for typical distributions.

Condensation

Large-scale condensation (PREC) occurs mainly as a result of the
lifting of saturated air; the model's only atmospheric moisture, A3
is at the level o = 3/4 and this is assumed representative of the av-
erage moisture in the layer o = 1/2 to 1. Convective condensation (C1,
C3, PCl, PC3) is parameterized in both the upper and lower levels, al-
though moisture continues to be carried only at the level 3. Conden-

sation (dew deposit) may also occasionally occur on the surface as
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negative evaporation (E4). Since no cloud liquid-water content is
carried, condensation is equivalent to precipitation in the model (see
subroutine COMP 3, instructions 8620 to 8800, 9140 to 9360). See also
Chapter II, Subsections F.2 and F.3, for further details; and Figs.
4,12 and 4.16, Chapter IV, for typical distributionms.

Convection

Low-level convection is simulated under unstable conditions by
altering the surface air temperature (level 4) by an amount necessary
to restore the vertical lapse rate between levels 3 and 4 to a stable
configuration. If the lapse rate between the surface and the upper
level 1 is unstable, a penetrating convective heating is introduced
in the heat budget of both the upper and lower layer, as well as at
the surface, so as to restore stability. See Chapter II, Section F;
and subroutine COMP 3, instructions 8700 to 8880, 8960 to 9390, for
further details.

Convective Adjustment

As a result of advective temperature changes and diabatic heat-
ing at the levels 1 and 3, the vertical temperature lapse rate may
become dry-adiabatically unstable. This is checked in a test for
dry-adiabatic instability every 30 minutes, or every 5 time steps
(before the heating), in subroutine COMP 3 (instructions 8180 to 8320),
wherein the potential temperatures 61 and 63 are both set equal to the
value (T1 + T3)/(p§ + pg), if prior to the adjustment 63 > B6,. See

1
Chapter II, Subsection F.1l, for further details.

Coriolis Force

The Coriolis force (per unit mass), f = 2Q sin ¢, is computed for

each latitude by means of a finite-difference approximation to the

3 cos? ¢/ 3%
2 cos @

MAGFAC (see instructions 14700 to 14750), wherein F(J) is the Coriolis

equality sin ¢ = - . This is performed in the subroutine

parameter. See Chapter III, Subsection C.5, for further details.
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Diffusion Coefficient

The coefficient of lateral eddy diffusion is set equal to zero
in the present version of the model. However, provision has been made
for including a diffusion of horizontal momentum in the subroutine
COMP 4 (see instructions 12270 to 12680), with horizontal diffusion

coefficients dependent upon the local mesh sizes.

Drag Coefficient

Over the oceans the drag coefficient CD is a function of the sur-
face wind speed, 63’ and is given by 1.0 + 0.07’$SJlO~3 or 0.0025,
whichever is smaller. Over land (and ice or snow) C_ is given by
0.002 + 0.006(24/5000 m), where z,

is computed as CD in subroutine COMP 3 (see instructions 7910 to 7980).

D
is the height of the surface. This

See Chapter III, Subsection C.10, for further details.

Evaporation

The surface evaporation rate, E, is locally computed every five
time steps over both ocean and land as E4 in the subroutine COMP 3
(see instruction 11240). The evaporation is dependent upon the local
surface wind speed and drag coefficient, the local surface air density
and temperature, and the low-level vertical moisture gradient. The
evaporation distribution is illustrated in Fig. 4.17, Chapter IV. See

Chapter II, Subsection F.4, for further details.

Finite~Difference Grid

The present model's primary or m grid consists of points spaced
5 deg longitude and 4 deg latitude over the globe, and is illustrated
by the symbol (o) in Fig. 3.2. At the set of such points including
the poles (but not the equator) the variables =, T, ¢, and q are de-
termined, while at the set of points 4 deg latitude apart including
the equator (but not the poles) and displaced eastward 2-1/2 deg longi-
tude relative to the m grid, the horizontal speeds u and v are deter-

mined [the u,v grid, illustrated by the symbol (+) in Fig. 3.2]. The
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complete grid therefore consists of 6552 distinct data points at each
of two levels, with additional information stored for the 7 grid at
the surface. For computational convenience additional subgrids are

defined in Chapter III (see Fig. 3.2).

Friction

The internal frictional force arising from the vertical shear
stress of the horizontal wind between levels 1 and 3 is written
u(_\7l - 63)(21 - 23)_1(2g/n), where u = 0,44 mb sec is an empirical
shear-stress coefficient. This frictional force is applied with op-
posite signs in the equations of motion at levels 1 and 3. The fric-
tional force at the earth's surface (which affects level 3 only) is

>
written C 468(’68' + G) (2g/7), where ¢, 1is the drag coefficient, V_

p
the (extrgpolated) surface wind, and G = 2.0 m :-::ec'-1 an empirical
correction for gustiness. These frictional forces are computed every
fifth time step in subroutine COMP 3 (see instructions 11500 to 11620).
See Chapter II, Section E, and Chapter III, Subsection C.10, for fur-

ther details.

Geopotential

The geopotential, ¢, of the sigma surfaces is used in the subrou-
tine COMP 2 to compute a portion of the horizontal pressure gradient
force (see instructions 5210 to 5700). The geopotential computation
is based upon the assumption that the potential temperature is linear
in p'< space; it is illustrated in Figs. 4.8 and 4.9, Chapter IV.

The geopotential of constant-pressure surfaces may also be cal-
culated for interpretive purposes, as shown in Figs. 4.8a and 4.9a,
Chapter IV,

Grid-Point Separation

The zonal (west/east) distance between grid points, AA, is equal to
5 deg longitude (FORTRAN symbol DL@N), for which the actual distance
varies with latitude as given by the map metric m (FORTRAN symbols DXU,
DXP, in Fig. 3.4). The meridional (south/north) distance between grid
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points, A9, is equal to 4 deg latitude (FORTRAN symbol DLAT), with

the equivalent distance given by the map metric n (FORTRAN symbols
DYU, DYP in Fig. 3.3). These variables are computed in the subroutine
MAGFAC (see instructions 14360 to 14850). See Chapter III, Section B,
for further details.

Ground Temperature

The temperature of the ground at the earth's surface (FORTRAN
symbol TG) is computed in subroutine COMP 3 (instructions 11010 to
11200) as a function of the surface radiation balance (short-wave ab-
sorption minus net long-wave emission), evaporation, and vertical
sensible heat flux. This is done under the assumption of no heat
transfer into the ground (zero heat capacity for bare land, snow-
covered land, or ice-covered land). Over an ice-covered ocean the
surface temperature is computed as for bare land, except that heat
flux through the ice is permitted. Ice- and snow-covered surfaces
are not allowed to become warmer than 0 deg C. Over water surfaces
the temperature is held at the assigned sea-surface temperature dis-
tribution (FORTRAN symbol TGOO). See Chapter II, Section G, for fur-
ther details; and Fig. 4.25, Chapter IV, for a typical distribution.

Ground Wetness

The degree of wetness of the ground surface is measured by a di-
mensionless parameter (FORTRAN symbols WET and GW) varying between O
and 1. This is computed in subroutine COMP 3 (instructions 11280 to
11390) as a function of the surface-moisture budget (precipitation,
evaporation, and runoff). Ice-, snow-, and water-covered surfaces have
a ground-wetness parameter equal to 1 (saturation). See Chapter II,
Subsection F.7, for further details; and Fig. 4.26, Chapter IV, for a
typical distribution.

Heat Balance

A net heating or cooling may occur in either the upper or lower

layers of the model from the absorption of short-wave (solar) radiation,
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net long-wave radiation, the convective heating, and (in the lower
layer only) through large-scale condensation and the surface flux of
sensible heat. The sum of these effects may be termed the heat bal-
ance, which on the long-term average over the global domain should be
approximately zero. At the earth's surface (over bare land or snow-~ or
ice-covered land) a heat balance is assumed among the fluxes of short-
and long-wave radiation, the upward sensible heat flux, and the latent
heat used for surface evaporation. This balance is used to determine
the ground temperature, and corresponds to a zero land heat capacity.
A similar balance is assumed over ice-covered ocean surfaces, except
that heat flux through the ice is permitted (snow and ice temperatures
may not exceed 0 deg C). Over water surfaces there is no surface heat
balance in the model because the water's surface temperature is fixed.
The surface heat balance is illustrated in Fig. 4.31, Chapter IV. See
Chapter I1I, Section G, for further details.

Heating

Diabatic heating occurs in the upper and lower layers of the model
as a result of the radiation (both short- and long-wave) and the con-
vective heating. In the lower layer there is also heating by large-
scale condensation (PREC) and by the vertical (turbulent) flux of
sensible heat (F4). These heat sources are computed every 5 time steps
(= 30 min) in subroutine COMP 3 (instructions 11170 to 11310), and are
used to change the temperature at levels 1 and 3. The total heating
(in layers), surface sensible heat flux, long-wave heating (in layers),
short-wave heating (in layers), surface short-wave absorption, and the
surface long-wave cooling are illustrated in Figs. 4.10 and 4.11, 4.18,
4,19 and 4.20, 4,21 and 4.22, 4.23, and 4.30, respectively, of Chap-
ter IV. See Chapter II, Section G, for further details.

Ice

The distribution of surface ice is prescribed in the present
version of the model, and is shown in Figs. 3.13 and 3.14 for land ice
and sea ice by the overprinted symbol I. The elevation of the land ice
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input deck (T@P@G) in subroutine INIT 2 by the vaiues < -10 , with
the amount below -105 equal to the ice surface’s elevation above sea
level (in 102 ft). In the computation of the heat balance over sea
ice, the ice is assumed to be 300 cm thick (HICE) and to have & ther-
mal conductivity (CTI) = 0.005 ly cm sec—l deg~1, and is not allowed
to be warmer than 0 deg C (TICE). Except for its albedo (and not
being allowed to warm above O deg C), land ice is treated in the same

manner as bare land with GW = 1.

Long-Wave Radiation

The upward long-wave radiative flux is computed at the tropopause
(RO), at the level 2 (R2), and at the ground (R4), taking into accouat
the atmospheric emissivity, transmissivity, and the presence of clouds.
This is performed every 5 time steps in subroutine COMP 3 (instructioas
9750 to 10220, 11040 to 11200). The net fluxes R2 - RO and R4 - R2 con-
tribute to the change of air temperature at levels 1 and 3, while the
surface flux R4 contributes to the change of ground temperature and tc
the surface heat balance, These fields are illustrated in Figs. 4.19,
4.20, and 4.30 of Chapter IV. See Chapter II, Subsection G.2, for fur-
ther details,

Low~Level Convection

The effect of relatively shallow or low-level convection on the
surface temperature and moisture is parameterized in the model in terms
of a generalized convection measure. There is no low-level convection
unless the lapse rate is unstable between levels 3 and 4 (as measured
by the temperature parameters HH4 and HH3S). 1In addition, the atmo-
sphere must be stable between levels 1 and 3. Under these conditions
the surface temperature (T4) and moisture (Q4) are adjusted to simu-
late low-level convective transports every 5 time steps in subroutine
COMP 3 (see instructions 8700 to 8790, 9140 to 9350). See Chapter II,
Section F, for further details.
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Middle-level Convection

This form of convection occurs if the atmosphere is unstable be-
tween levels 1 and 3, and alters the heat and moisture distribution
at these levels. Midlevel clouds wiil be created if the level-3
relative humidity exceeds 50 percent. See subroutine COMP 3 (instruc-

tions 8810 to 8880) and Chapter II, Section F, for further details.

Moisture

The mixing ratio (Q3) is computed at the lower level 3 in the
model at the points of the 7 grid in the subroutine COMP 1 (inmstruc-
tions 3520 to 3740), and the moisture sources and sinks due to evap-
oration and condensation are computed every 5 time steps in subroutine
COMP 3 (instructions 8330 to 8450). The upper model level 1 is con-
sidered dry, and the moisture advections are such that total moisture
is conserved in the absence of sources and sinks. The surface moisture
balance is computed in subroutine COMP 3 (instructions 8540 to 8590,
8970 to 9120, 11280 to 11410), and includes the effects of evapora-
tion (E4), precipitation (PREC), ground wetness (GW), and runoff. The
moisture distribution is illustrated in the form of the relative hu-
midity at level 3 in Fig. 4.14, Chapter IV, and the total precipitable
water is illustrated in Fig. 4.15, Chapter IV. See Chapter II, Sec-
tion ¥, and Chapter III, Subsection C.9, for further details.

Momentum Advection

The horizontal advection of momentum is computed in subroutine
COMP 1 (instructions 3750 to 4120) in a way which ensures momentum
conservation and the conservation of kinetic energy and the square of
relative vorticity (in the absence of sources and sinks). This is
accomplished by keeping track of the momentum fluxes (PU, PV, FLUXU,
FLUYXV) between neighboring u,v-grid cells, and with special adjustment
near the poles. The vertical advection of momentum is also computed
in subroutine COMP 1 {instructions 4690 to 4860), and represents a
momentum exchange between levels 1 and 3 through the large-scale ver-

tical velocity (SD). See Chapter III, Subsections C.3 and C.4, for

further details.
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Penetrating Convection

Like low-level convection, penetrating or deep convection is
parameterized by a convection measure. For penetrating convection to
occur, the atmosphere must be unstable between levels 3 and 4 and be-
tween levels 1 and 4, but stable between levels 1 and 3. Under these
conditions the temperatures at levels 1 and 3 are changed to reflect
the vertical convective heat transport (see subroutine COMP 3, in-
structions 8700 to 8790, 9140 to 9350) with the surface temperature
(T4) and moisture (Q4) also changed every 5 time steps. This convec-
tion (PCl, PC3) also contributes to the precipitation, although it is
assumed that no moisture is carried to the upper level 1. See Chap-

ter II, Subsection F.3, for further details.

Potential Temperature

The potential temperature 6 = T(po/p)K (FORTRAN symbol TETA) is
computed at various levels in the model for use in vertical stability
tests and in the vertical interpolation in pK space for the tempera-
ture and geopotential heights at o (or p) surfaces. Here P, =
1000 wb and x = 0.286,

Precipitation

The large-scale precipitation rate (PREC) is computed every 5
time steps in the subroutine COMP 3 (instructions 8610 to 8690) as a
result of the indicated supersaturation at level 3. The temperature
at level 3 is also altered by the corresponding release of latent
heat. An additional precipitation rate (CP) is due to middle-level
and penetrative convective processes (Cl, C3, PCl, PC3), which also
result in the latent heating of the upper and lower layers (COMP 3,
instructions 9140 to 9320, 11430 to 11480). The large-scale and
convective precipitation rates are illustrated in Figs. 4.12 and 4.16,
Chapter IV. See Chapter II, Subsections F.2 and F.3, for further
details. '
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Pressure

The atmospheric pressure (PL) is computed at various levels in
the model at the points of the m grid, and is widely used in the nu-
merical integrations (see subroutine COMP 3, instructions 8020 to 8160).
The pressure of the earth's surface, Pg» (FORTRAN symbol P4) is car-
ried as a dependent variable through the parameter m (FORTRAN symbol
P) = p8 - pT, where pT = 200 mb is the assumed tropopause pressure.
The sea-level pressure (illustrated in Fig. 4.1, Chapter IV) is com-
puted on the basis of an assumed lapse rate of 0.6 deg C/100 m between
the surface and sea level. Other pressure parameters used are an av-
erage surface pressure (PSF = 984 mb), and a reference pressure (PSL =
1000 mb). The surface pressure tendency (FORTRAN symbol PT) is com-
puted each time step in subroutine COMP 1 (instructioms 4130 to 4540)

as a result of the solution of the mass-continuity equation.

Pressure-Gradient Force

The pressure force terms in the equations of horizontal motion
are calculated in subroutine COMP 2 (instructions 5210 to 6050) as a
combination of the gradients of the geopotential, ¢, and the surface-
pressure parameter, n. These computations use finite differences cen-
tered at the velocity points and are performed each time step. See

Chapter III, Subsection C.6, for further details.

Radiation

The net radiative flux of both long- and short-wave radiation is
computed for the levels 0, 2, and 4 bounding the upper and lower layers
of the model, as well as at the ground. These fluxes depend upon atmo-
spheric moisture (in the lower layer), cloudiness, scattering, reflec-
tion (from both the earth's surface and from clouds), the solar zenith
angle, and absorption, and are computed every 5 time steps in sub-
routine COMP 3 (instructions 9750 to 11000). The radiation contributes
to the temperature change at levels 1 and 3, as well as to the change

of surface temperature. See Chapter II, Section G, for further details.



~234-

Sea-Surface Temperature

The temperature at the sea surface is prescribed in the present
version of the model. The data shown in Fig. 3.14, Chapter III, ap-
proximate the annual mean sea-surface temperature, and have been used
in most applications of the model. Any net energy from the radiation
exchange and the fluxes of latent and sensible heat at the ocean sur-
face is absorbed by the sea without changing the surface temperature.
The sea-surface temperature is read by subprogram INIT 2 (instructions
16020 to 16530) as part of the topography data (FORTRAN symbol TGOO) ,
and may be in either deg C or deg F (but not both).

Sensible Heat Flux

The (turbulent) flux of sensible heat at the earth's surface
(FORTRAN symbol F4) is computed every 5 time steps in subroutine
COMP 3 (instruction 11250) as a function of the surface wind speed
and the low-level vertical temperature gradient (as measured by the
difference between the ground, ocean, or ice temperature and the sur-
face air temperature). This flux is illustrated in Fig. 4,18, Chap-
ter IV, and is seen to be frequently negative, representing a sensible
heat flux from the air to the ground. See Chapter II, Subsection G.3,
for further details.

Short-Wave Radiation

The incoming short-wave or solar radiation is partitioned into a
portion subject to scattering Si and a portion subject tc absorption
Sg. The latter component may be absorbed in each of the two model
layers, depending upon the moisture and cloudiness, and the net ab-
sorbed short-wave radiation (FORTRAN symbols AS1 and AS3) is deter-
mined every fifth time step in subroutine COMP 3 (instructions 10430
to 11000); this is part of the diabatic temperature change at levels
1 and 3, as illustrated in Map 20, Chapter IV. The short-wave radia-
tion reaching the surface is partly reflected (depending upon the al-
bedo), and partly absorbed. The net surface insolation absorbed

(FORTRAN symbol S4) is illustrated in Fig. 4.23, Chapter IV, and
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contributes to the surface heat balance. See Chapter II, Subsec-

tion G.1, for further details.

Smoothing

There is relatively little explicit smoothing in the present
version of the model, although there is considerable averaging in the
finite-difference formulations. The subroutine AVRX 1s used to per-
form an effective zonal averaging of certain quantities at higher
latitudes in subroutines COMP 1 and COMP 2. There is also a 9-point
spatial smoothing of the diabatic heating at levels 1 and 3 which is
performed in subroutine COMP 3 (instructions 11850 to 12020), and a
similar smoothing of the temperature lapse rate in subroutine COMP 4
(instructions 12700 to 12860). See Chapter III, Section D, for fur-
ther smoothing details, and Subsection C.1 for a discussion of the
subroutine AVRX.

Snow Cover

In the present version of the model the snow cover on the earth's
surface is prescribed. In the northern hemisphere, all land surfaces
(except ice-covered land) north of the latitude defined by the para-
meter SN@WN (see instruction 7460 in subroutine COMP 3) are assumed to
be covered by snow. The southern boundary of this snow line averages
at 60 deg N but varies in time with a pericd of one year and with an
amplitude of 15 deg latitude, with maximum extent on January 25. In
the southern hemisphere, a constant snowline SN@WS (see instruction
7470 in subroutine COMP 3) prescribes snow-covered land south of
60 deg S, but thie is overridden in the model's present version, be-
cause all pointe south of 60 deg S are either ocean, sea ice, or land

ice.

Solar Constant

The value of the solar constant is taken toc be 2 ly min—1 =
-1
2880 1y day ~. This value is modified in subrcutine COMP 3 (instruc-—

tion 7610) to take account of the seasonal variation of the earth/sun



-236-

distance in the calculation of the FORTRAN variable SO (see instruc-
tion 15520 in subroutine SDET).

Temperature

The air temperature (T) is computed each time step in the model
for levels 1 and 3 at the points of the 7 grid, and is widely used
in the numerical integration (see instructions 8180 to 8310, subrou-
tine COMP 3). A number of interpolations and extrapolations are made
in pK space for the temperatures and potential temperatures for use
in the radiation and convection calculations. The surface air tem-
perature (T4) is computed as a result of the surface heat and moisture
balance (instructions 8960 to 9120, 9340, subroutine COMP 3), while
the ground temperature itself (TG) is separately computed. The tem-
perature at levels 1 and 3 is illustrated in Figs. 4.6 and 4.7, Chap-
ter IV, and the surface air temperature is illustrated in Fig. 4.24,
Chapter IV.

Time

Time is measured with respect to hour O for midnight at the
Greenwich meridian (0 deg longitude), with day 400 corresponding to
the 28 January declination of the sun.

Time Step

In the main integration of the model, the time step At is 6 min-
utes, The friction, heating, evaporation, and condensation source
terms, however, are computed only every fifth time step (every 30 min-
utes) in the subroutine COMP 3. 1In each step of the 5-step sequence,
a preliminary estimate of the new values of the dependent variables
is first obtained, then followed by a final estimate in a modified
backward-difference scheme. See Chapter III, Section A, for further
details, and subroutine STEP (instructions 1850 to 2280). Once each
day the total global mass is adjusted in subroutine GMP, and the solar

declination and earth/sun distance are recalculated. In the present
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version of the model, the output or history tape of the primary de-

pendent variables is written every 6 hours.

Topography
The topography (TG0OO) of the earth's surface is prescribed as

either water (with a fixed surface temperature), ice (with a maximum
temperature of 0 deg C), or land (which may be snow-covered, depending
upon the latitude and time of year). The elevation of all land points
is prescribed (whether ice-covered, snow-covered, or bare), and is
shown in Fig. 3.13, Chapter III; the assigned sea-surface and lake
temperatures and ice locations are shown in Fig. 3.14, Chapter III.
The topography is read into the program by the subroutine INIT 2, and
the land elevation data is decoded in subroutine VPHIA4.

Transmission Function

The transmission function for short-wave radiation (FORTRAN
symbol TRSW; see subroutine COMP 3, instructions 10460 to 11000) is

0'303, where (x) 1is the

given by the empirical expression 1 - 0.271(x)
effective water vapor concentration in a vertical atmospheric column
(see subroutine COMP 3, instructions 9750 to 10230). The transmission
function for long-wave radiation (FORTRAN symbol TRANS; see subroutine
COMP 3, instructions 9910 to 10220) is given by the expression

[1+ 1.75(x)0'416]_1. See Chapter II, Section G, for further detalls.

Tropopause

The tropopause in the model is assumed to be always at the pres-
sure p, = 200 mb (FORTRAN symbol PTR@P), and is used in the definition
of the tropospheric o-coordinate system. At this level the boundary
condition & = 0 is applied.

Vertical Velocity

The o-vertical velocity 75 = S/2mn (FORTRAN symbol SD = é) is
computed in the model for the middle level 2 from the equation of
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continuity as a result of the net horizontal mass convergence (sce
subroutine COMP 1, instructions 4320 tc 4540). The vertical velocirty
is used to effect the vertical advection of momentum and temperature,
and to determine the large-scale precipitation rate; it 1s 1llustrated
in Fig. 4.13, Chapter IV. See Chapter III, Subsections C.1l, C.2, and

C.8, for further details.

Wind Velocity

The horizontal zonal and meridional wind speeds (FORTRAN symbols
U and V) are computed each time step in the model at the points of
the u,v grid, and are widely used in the program. These fields are
illustrated in Figs. 4.2 to 4.5 in Chapter IV. 1In the subroutine
COMP 1 a number of spatially averaged speeds and fluxes are defined
for use in the horizontal advections of momentum, mass, heat, and
moisture. The wind velocity at the earth's surface (US, VS) is found
by linear extrapolation in p from levels 1 and 3 (see subroutine
COMP 3, instructions 7490 to 7570), and is used in the determination
of the surface friction, evaporation, and sensible heat flux. See

Chapter III, Section C, for further details.
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VI. LIST OF SYMBOLS

PURPOSE

In order to provide a complement to the physics dictionary pre-
sented in Chapter V, a comprehensive alphabetical listing and iden-
tification of all the symbols used in the discussion of the model's
physics and numerics is given here. For each symbol a brief identi-
fication, typical value, units, and FORTRAN symbol (if any) 1is given.
Those symbols which occur at more than one level in the model (as
designated by the subscripts 1, 2, 3, or 4) are listed following the
primary variable. Not separately listed are those symbols which oc-
cur with the superscripts t or n (denoting evaluation at time steps),
those symbols which occur with the subscripts i and/or j, those symbols
with various combinations of numerical subscripts (denoting grid-point
locations), or those symbols representing a local specialization of a
previously defined symbol. In general, symbols which occur only in
FORTRAN notation are also not listed here (see Chapter VIII).
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SYMBOL LIST
UNITS
1 (and value FORTRAN
SYMBOL MEANING for constants) SYMBOL
a
-1
ay specific volume cm g -
a
. albedo of cloudy atmosphere - ALAC
ALC1
a, cloud albedo (subscripted by - ALC2
cloud type) ALC3
ag albedo of earth's surface - ALS
a albedo of clear atmosphere - ALAO
2 -1
B vertical shear stress parameter 0.13 mb"'sec m -
r surface sensible heat flux ly day—1 F4
-1
Ph surface flux of static energy ly sec -
Y temperature lapse rate near 0.6 deg/100 m -
surface
¥
Y; latent heating parameter - GAM
2,.-1
= Lq (c T 5418 de
g q( P ) g
4 sun's zenith angle radians cgsz
(= cos 7)
n entrainment factor - ETA
8
®
5 potential temperature deg K TETA
2
%

1The multiple listing is for symbols occurring with the subscripts
1, 2, 3, or 4; these denote evaluation at the respective model levels
o=1/4, 1/2, 3/4, or 1 (surface). The subscripts g and o also some-

times denote the ground or surface level.
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UNITS
(and value FORTRAN
SYMBOL MEANING for constants) SYMBOL
B an average potential temperature deg K -
Bd partial potential temperature deg K -
BE equivalent potential temperature deg K -
K thermodynamic ratio R/c 0.286 KAPA
A longitude, positive eastward from radians -
Greenwich
AX longitudinal spacing between grid n/36 radians DL@N
points (= 5 deg)
o vertical shear stress parameter 0.44 mb sec -
2
it pressure area weighting = mmn " m mb FD(J,I)
2
" |local four-point average of I m mb FDU(J,I)
centered on u,v grid points
m (1) surface pressure parameter mb SP,P(J,I)
= Pg T Pp
(2) constant 3.14159 PI
dps -1
L surface pressure change = it mb sec PT
T standard value of =« 800 mb PM
" |local four-point average of = mb -
centered on u,v grid points
P -3
air density g cm RH@, R@4
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UNITS
(and value FORTRAN
SYMBOL MEANING for constants) SYMBOL
. -3
P water density lgecem -
o Stefan-Boltzman constant 1.171 x 1077 STB@
- -4
ly day 1deg

0'1

o vertical coordinate - SIG

Y= - e/, - By

o] T s T

3

g . . -1

sigma vertical velocity = do/dt sec SD

53

T time~step index — TAU

T 1

Ty intermediate variables in deg K TEMP

. S penetrating convection

2

T, relaxation time for cumulus 3600 sec TCNV

convection
* -
t(u ) long-wave transmission function - TRANS (X)
-1
*
= [1+ 1.75¢%)0-416]

?AI

3 long-wave transmission above and - -

TB$/ below a given level

¢

¢1 geopotential of sigma surface mzsec- PHI

¥

geopotentlal of o = 4 surface mzsecm VPHI4
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UNITS
(and value FORTRAN
SYMBOL MEANING for constants) SYMBOL
P latitude, positive northward radians LAT (J)
from equator
A latitudinal spacing between n/45 radians DLAT
grid points (= &4 deg)
U arbitrary variable - -
Q earth's rotation rate 27 radians/day R@T
w pressure vertical velocity - -
= dp/dt
s -1
A absorbed short-wave radiation ly day -
Al t absorbed short-wave radiation in ly day_1 AS1, AS3
A3s' upper and lower layers
Av eddy diffusion coefficient n“sec -
X arbitrary vector, whose latitu- - e
dinal and longitudinal com-
ponents are ACP and Ax
Ae saturation vapor pressure constant| 21.656 -
* .
A(u ,2) short-wave absorption function - TRSW(X)
* 0.303
= 0.271(u cos T)
Aw general representation for - -
advection terms
a earth's radius 6.3750 x 106 m RAD
- -1, -1
B conduction coefficient for ice ly day “deg -
~ -1, -1
B generalized conduction coefficient| ly day “deg TEM
Be saturation vapor pressure constant| 5418 deg -
-2 -1
c condensation rate g cm sec -
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UNITS
(and value FORTRAN
SYMBOL MEANING for constants) SYMBOL
-1
Ci ground temperature correction ly day -
terms in long-wave radiation
CD surface drag coefficient - CD
-1, -1
CP sensible and latent heat flux ly day “deg CSEN
parameter
CL cloudiness measure - CL
CLAT degrees poleward of snowline deg latitude CLAT
CONV horizontal mass convergence mzmb sec-1 CoNV
-1, -1
c dry air specific heat at 0.24 cal g “deg -
P constant pressure
DW general representation for non- - -
source terms
D_rr general representation for mass - -
advection terms
E surface evaporation rate g cm sec E4
e, saturation vapor pressure cb ES, EG
F modified Coriolis parameter n’sec” FD(J,I)
= mnf - udm/dy
¥ horizontal vector frictional - -
force (per unit mass)
X
FT eastward component of frictional - --
X force
3
ol
Fi northward component of frictional | -- -
force
o
3
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UNITS
(and value FORTRAN
SYMBOL MEANING for constants) SYMBOL
F4 upward sensible heat flux from ly day--l F4
surface
FH vertical heat flux at surface ly day—1 -
f Coriolis parameter = 2Q sin ¢ sec—1 F(J)
G gustiness correction for surface 2 m sec—l G
wind
GW ground wetness - GW
GWM maximum ground water 30 g cm_2 GWM
=2
g gravity 9.81 m sec GRAV
h/cp static energy deg K -
h3/c static energy at level 3 deg K HH3
h,/c stati t level 4 deg K HHA
4 ¢ energy at leve eg HH4P
EA/C intermediate stability parameter deg X HH4
. -1 -1
H diabatic heating rate (per unit cal g “sec -
mass)
Hl diabatic temperature change (over deg H1l
5At) in layer
H3 diabatic temperature change (over | deg H3
5at) in layer
H average of Hl’ H3 deg H
-1
H surface latent heat flux ly day --=
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UNITS
(and value FORTRAN
SYMBOL MEANING for constants) SYMBOL
*
h /cp stability parameter deg K -
*
hl/c stability parameter at level 1 deg K HH1S
*
h3/c stability parameter at level 3 deg K HH3S
I maximum value of i 72 M
i zonal grid-point index - I
J maximum value of j 46 JM
3 meridional grid-point index - J
K moilsture parameter - VAK
>
k vertical unit vector - -
L latent heat of condensation 580 cal g_l -
2 level index = 1 at o1» = 3 at 04 - L
LR | nominal lapse rate deg K -
_ _ K
= (6, - 8)(p,/p)
M } -2 -1
Mb s vertical mass flux in cloud g cm sec -
Mw/Md ratio of the molecular weight of 0.622 -~
water vaper to dry air
m map metric or zonal distance m {DXU
between grid points = aAX cos ¢ DXP
n (1) map metric or meridional m {DYU
distance between grid points DYP

= ah®
(2) arbitrary time step
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UNITS
(and value FORTRAN
SYMBOL MEANING for constants) SYMBOL
P
P (1) pressure mb PL
1 (2) polar grid-point index - -
P3
P reference pressure 1000 mb PSL
0
. -1
PCM precipitation rate from mm day -
middle-level convection
A . -1
PCP precipitation rate from mm day -
penetrating convection
, , -1
PLS large-scale precipitation rate mm day -
P surface pressure mb P4
]
Pp | tropopause pressure 200 mb PTR@P
Ap l
¢ cloud pressure thickness mb -
Apms
é rate of moisture addition - -
(per unit mass)
q mixing ratio - -
'Q3
1, mixing ratio at level 3 - Q3R
Q3RB
q, |mixing ratio at level 4 - Q4
1, mixing ratio at ground - QG

mixing ratio change (at level 3)
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UNITS
(and value FORTRAN
SYMBOL MEANING for constants) SYMBOL
qq saturated mixing ratio - Qs
q effective ground saturation - -
se
mixing ratio
X 2, -1 =2
R dry air specific gas constant 287 m deg sec RGAS
Rw general representation for non- - -
advective, non-source terms
=D - A
v v
-1 ROO
R& clear sky long-wave radiation ly day R20
at level n R40
-1 ROC
R; overcast sky long-wave radiation ly day R2C
at level n R4C
- _1 gRO
R weighted sum of R', R ly day R2
n n’ n
| re
RO -1
upward long-wave radiation flux ly day RO
R0 at level O(c = 0)
R2 -1
| upward long-wave radiation flux ly day R2
st at level 2
RA} -1
upward long-wave radiation flux ly day R4
RAS at level 4 (surface)
RH, I
RH relative humidity (scaled 0 to 1) - RH
“
S dry static energy cal g -
’ 2 -1
S vertical velocity measure m mb sec SD(J,I)
- Zmnnéz
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UNITS
(and value FORTRAN
SYMBOL MEANING for constants) SYMBOL
|
A A -1
Si flux of So at level i in clear sky!| ly day -
"
A A -1
Si flux of So at level 1 in overcast ly day -
sky
"
A A -1
S T flux of So reflected from top of ly day -
c
1 cloud type i1
su s 2 -1
local four-point average of S m mb sec SDU
centered on u,v grid points
So solar constant (after modification| ~2880 1ly day-1 1)
for earth-sun distance)
Si solar radiation subject to ly day“1 SS
scattering
A -1
So solar radiation subject to ly day SA
absorption
S total solar radiation absorbed 1y dzay_1 S4
g at ground
s s -1
Sg flux of So absorbed by ground ly day -
A A -1
Sg flux of S0 absorbed by ground ly day -
S general representation for source - -
v terms
S4 short-wave radiation absorbed at ly day.—1 S4
the surface
T
temperature deg K T
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UNITS
(and value FORTRAN
SYMBOL MEANING for constants) SYMBOL
TO melting point of ice 273.1 deg K TICE
TO tropopause temperature deg K TTR@P
T4 .
air temperature at level 4 deg K T4
T4 S (surface)
Tcl)
T air temperature in cloud deg K -
c3f
AT1)
AT temperature change (of layer) deg -
> |
(AT,)
o . deg -
CM\| temperature change due to middle-
(AT3) ‘ level convection
)
(ATl)
CP\| temperature change due to deg -
(AT3) penetrating convection
Cp
(AT3) level-3 temperature change due to deg --
LS large-scale condensation
(= PREC:L/c_)
p
T d deg K e
g ground temperature eg GT(J,I)
T ised dt t deg K {TGR
gr revised ground temperature eg GT(J,1)
TT tropopause temperature deg K TTR@P
T local four-point average deg K -
temperature centered on
u,v-grid points
T an average temperature deg K -
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UNITS
(and value FORTRAN
SYMBOL MEANING for constants) SYMBOL
TD lapse rate measure deg mb-1 D
= (T3 - Tl)/2w
t time sec, min, hr, -
or days

At time step 6 min DTM
U west/east advective flux m2mb sec-'1 -

U southwest/northeast advective flux m2mb sec -

u

Uy _

u zonal (eastward) wind speed m sec U

u

* 1 X

u* effective water vapor content in g cm {EFV
u s column (to level n) EFVI

* -2

u_ |effective water vapor content in g cm EFVO

column (entire atmosphere)

*

u

*

Uy ) _

u* zonal mass flux = nmu m mb sec PU(J,I)

3

*

Yy

*

u_ I

1 . -2 EFVCl1

x cloud water vapor equivalent 65.3 g cm {EFVCZ

uc2




-252-

UNITS
(and value FORTRAN
SYMBOL MEANING for constants) SYMBOL
* -2
u, cloud water vapor equivalent 7.6 g cm EFVC3
3
\' south/north advective flux m2mb sec -
\ southeast/northwest advective flux mzmb sec -
>
A
v
1
- -
V2 horizontal velocity vector m sec -
v
3
v
4
> > -
V8 surface wind vector, = 0.7V4 m sec Us, VS
> 1 -
Vsl local four-point root-mean-square | m sec WMAG
surface wind speed centered at
T points
v
vy meridional (northward) wind speed | m sec A
V3
*
Y1
* 2 -1
Vq meridional mass flux = mmv m mb sec PV(J,I)
*
Yy
W surface wind speed with gustiness | m sec WINDF

correction
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point longitudinal smoothing
routine in AVRX(K), which is
automatically applied No times

UNITS
(and value FORTRAN
SYMBOL MEANING for constants) SYMBOL
X eastward coordinate (on - —
rectangular projection)
y northward coordinate (on - -
rectangular projection)
z )
zl‘
2 > height of sigma surface m 2722
|
%4
/
Az standard value of 2y = 24 5400 m -
(A) designation for preliminary - -
estimate in time integration
(~) designation for provisional value | -- -
prior to incorporation of source
terms in time integration
) a smoothing operator denoting a - -
horizontally averaged wvalue
) an operator denoting the three- - —
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VII. THE FORTRAN PROGRAM

A listing of the computer program actually used in the numerical
simulations is perhaps the most important part of the documentation.
In the FORTRAN program listing given in Section A below the sequential
numbering of all cards in the program deck is reproduced on the right-
hand side of the listing to permit easy identification of specific in-
structions. Following the listing of the integration program and the
common block, the program listing for the map routines is presented in

Section B with a separate instruction card numbering.

A. INTEGRATION PROGRAM LISTING

*

1. Subprograms

The integration program itself is divided into a main or control
routine and a number of subroutines. In the order of their appearance
in the program, these subroutines (and an indication of their func-

tions and initial program instruction numbers) follow:

COMMON -- lists variables' common and equivalence assignments
CONTROL -~ controls program execution (0120)
OUTAPE -- reads and writes history tape (0800)

GMP -- calculates global average surface pressure, and ad-
justs pressure for mass conservation (1250)

VPHI4 -- decodes land elevation (1510)
IPK -- packs data for output (1610)
KEY -- logical key control (1770)

STEP -- controls sequence of time steps, and readies data
for execution of subroutines COMP 1, COMP 2, CCMP 3,
and COMP 4 (1850)

COMP 1 -- calculates mass flux and convergence; horizontal ad-
vection of momentum, heat, and moisture; vertical ad-
vection of momentum and heat (2290)

COMP 2 -- calculates Coriolis and pressure-gradient forces (4880)
AVRX -- performs zonal smoothing (6780)

COMP 3 -- calculates radiative heating, convection, precipitation,
surface and ground temperature, surface evaporation and
sensible heat flux, surface friction; calculates se-
lected data for output (7070)



-256-

COMP 4 —- calculates diffusion of momentum (suppressed in the
present version); performs areal smoothing of the
temperature lapse rate (12040)

INPUT -- reads input data and controls generation of selected
constants (12880)
MAGFAC —- calculates map scale factors and Coriolis parameter
(14350)
INSDET -- adjusts day, month, and seasonal sun position
SDET -- calculates solar zenith angle and related parameters
(15190)

INIT 1 -- prepares for cold-start initial conditioms (inopera-
tive in the present version) (15620)

INIT 2 -- reads and encodes surface topography data (sea-surface
temperature and land elevation) (15770)

2. Guide to the Main Computational Subroutines

The bulk of the computations involved in the solution of the main
dynamical equations of the model, Eqs. (2.27) to (2.35), are performed in
the subroutines COMP 1, COMP 2, COMP 3, and COMP 4. An outline of
these calculations is given below in the sequence performed each time
step in the program by the subroutines COMP 1 and COMP 2, followed by
an outline for subroutines COMP 3 and COMP 4 which are performed every
five time steps. The initial instruction location is cited for each

major program subdivision.

Initial
Calculation Instruction
COMP 1

Formation of area-pressure-weighted variables 2540
Horizontal mass flux 2710

Zonal smoothing (AVRX) 2830
Horizontal polar mass flux 2970
Horizontal temperature advection 3260
Horizontal moisture advection 3390
Horizontal momentum advection 3770

Continuity equation (vertical velocity and
surface pressure tendency) 4130
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Initial
Calculation Instruction

COMP 1
Vertical temperature advection 4560
Vertical momentum advection 4690

COMP 2
Coriolis force 5010
Pressure-gradient force 5220
Zonal smoothing (AVRX) 5970
Thermodynamic energy conversion 6070
Zonal smoothing (AVRX) 6210
Polar adjustment 6410
Return to unweighted variables 6580

COMP 3
Radiation and heating functions 7150
Surface wind magnitude 7490
Radiation constants 7590
Solar declination 7740

Surface topography (ocean, ice, bare land, snow-
covered land) 7820
Pressure variables 8030
Temperature and moisture variables, and test for

dry-adiabatic instability 8180
Ground temperature and wetness 8540
Large-scale precipitation 8610
Middle-level convection 8700
Preparation for air/earth interaction 8900
Surface temperature 8970
Penetrating and low-level convection 9140
Cloudiness 9400
Long-wave radiation 9750
Surface albedo 10240
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Initial
Calculation Instruction
COMP 3
Solar (short-wave) radiation 10430
Ground temperature 11020
Sensible heat flux and evaporation 11220
Moilsture budget 11300
Total heating 11410
Surface friction 11500
Areal smoothing of heating 11850
COMP 4
Horizontal momentum diffusion (inoperative
in present version) 12270
Areal smoothing of lapse rate 12700

3. Common and Equivalence Statements

Most of the variables and constants of the program are communi-
cated between the subprograms via a common block, stored in the single
array BCPMN. The following equivalents should be noted:

BCOMN (1) —-BC@MN (800) equivalent to C(1)--C(800)

where C(K) is defined to be equivalent to all the constants and one-

dimensional arrays [and MAPLST(3, 40)],

BC@PMN (801)--BC@MN(67040) equivalent to QT@T(1l,1,1)--QTPT(46,72,20)

where QT@T is equivalent to all the two- and three-dimensional arrays,

QT@T(1,1,1)--QTPT(46,72,9) equivalent to Q(1,1,1)--Q(46,72,9)

QT#T(1,1,10)--QT@T (46,72,20) equivalent to QT(1l,1,1)--QT(46,72,11)



and

Q(,1,1)

Q(J,1,2)
Q(J,1,3)

Q(J,1,4)
Q(J,1,5)

Q(J,1,6)
Q(J3,1,7)

Q(J,1,8)

Q(J,1,9)

equivalent

equivalent

equivalent

equivalent

equivalent

equivalent

equivalent

equivalent

equivalent

to

to
to

to
to

to

to

to

to
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P(J,I)

U(J,1,1)
UJ,I,2)

V(J,I,1)
V(J,1,2)

T(J,I,1)
T(J,I,2)

Q3(J,I)

T@PPG (I, 1)

surface pressure (m)

level 1 zonal wind (ul)
level 3 zonal wind (u3)

level 1 meridional wind (vl)
level 3 meridional wind (v3)

level 1 temperature (Tl)

level 3 temperature (T3)
moisture (q3)

surface elevation and ocean
temperature

The array QT(J,I,K) for K = 1 to 8 is similarly equivalent to all

the temporary and intermediate values of the above quantities, i.e.,
pPT(J,I), UTJ,I,K), etc.

Occasionally Q and QT are used in the pro-

gram rather than the original variables, especially in the time steps

where all Q quantities are treated at once (see, for example, instruc-

tions 1960 to 2220).

The array QT is also equivalent to all other two-

and three-dimensional arrays in the program not requiring permanent

storage. The common, dimension, and equivalence statements are given

on the immediately following pages.
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CODE LISTING
C***********************************************************************00000010
C***********************************************************************00000020

C*
Cx
Cx
Cx
Cx*

COMMON BLOCK FOR MINTZ-ARAKAWA TWO-LEVEL GENERAL CIRCULATION MODEL

*00000030
%00000040
*00000050
*00000060
*x00000070

(% 2% e e ok 2 2% 2% s i s o o ek gk el o e o ok oK 9K ak 3% o e o ok o e o o ok o e e o e e MO R R R R R Rk Rk R ok ek Rk % %% (00000080
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COMMON GW,GT

%

*
¥y
*y

C 0O M M O N
BCOMN
O I M E N S I O N
BCOMN (67040}, C(800), OTOT(46472+420)y Q(46472,9)y QT1464+72911)
Pla64sT2) 9 Ul464T242)y VI464T7242)y T(46472+42)y 03(46,72)
PT(46972)y UT(4647242), VT(4647242)y TT{4647242)y 03T(46,72)

#9FD(46472)s H(46,72+2)y PUL464T72)y TD(46,72)

*y

PHI(46472)y W(46,T72), TOPOG(46472)
CONV(464T72)y PV(46,72)y SD(46,T72)
GW(46472)y GT(46,72)y QD(46,7249)
WORK1(46,72), WORK2(46,72)
TS(46472)y SN(46,72)
D I M E N S I 0O N
LAT(46)y DXU(46)y DXP(46), DYU(46), DYP(46)
SINL(46)y COSL(46), AXU(46), AXV(46)s AYU(46) s AYV(46)
DXYP(46)y F(46)y SIG(2)y AMONTH(3)y XLABL{9)s MAPLST(3,40)
DXV AND DYV ARE INTERM VARIABLES ONLY

DXV{(46)y DYV(46)

Q U I v A L E N C E
(QTOT(1)40Q(1))y (OTOT(29809)40T(1))y (BCOMN(1),C(1))
(BCOMN(801)4QTOT(1) )y (Q(1)4P(1}))y (0(1s142)4U(1))
(QU1le194)gVI(1))y (Q(L1e146)4T(1))y (Q(19148),03(1))
(Q(141,9),TOPOG(1))y (OT(1)+QD(1)4PT(1)}))
(OT(1e142)4,UT(1),WORKL(1))
(OT(14143),TS(1))
(QT(1e1044)syVT(1),WORK2(1))
(OT(141+45)¢SNI(1))
(OT(19146),TT(1))y (QT(1,1,8),03T(1))
(QT(141,9),CONV(1),SD(1)}))
(OT(Lle1y10)4yH{L)ePVIL1)yPHI(L)yW(1))
(OT(141411)4PU(L)4FD(L1),TD(1))

Q U I v A L E N C E

(CLL)oJM)y (CU2)4IM),y (CU3)4JTP)y (C{4)4KTP)y (CL5),LTP)
(CL6)4MTP)y (CUT)IyNOOUT),y (C(B)4RESTRT)y (C(9)4TAU)
(C(10),TAUI), (C(11),TAUO), (C(12),TAUD), (C(13),TAUE)
(C(14)4TAUH),y (C(15),TAUC)y (C(16)41ID}, (C(17),4DT)
(C{18)4DLAT), (C(19)4DLON),y (C(20)yRAD)y (C(21)4RSDIST)
(C(22)4DCLK)y {C(23)4SIND)y (C({24),C0OSD}y (C(25),4TOFDAY)
(C(26) yMNTHDY)y (C(27),DAYPYR)}, (C(28),ROTPER), (C(29),4SDEDY)
(C(30),SDEYR), (C{31)4EONX),y (C{32),APHEL)y (C(33),DECMAX)
(C{34),ECCN), (C(35)4DAY),y (C(36)4GRAV),y (C(37),4,RGAS)
{C(38)4KAPA),y (C(39)4PSF)y (C(40)4PTROP)y (C(&41),PSL)
(C(42)9yTCNV), (Cla4)4A)y (C(45)4NCYCLE)
{C{46)¢NC3)y (C(4T)ysFM)y (C(4B)4ED)
(CU5T)4PI)y (C(58),47IMM)
(C(59)4NPOL)y (C(60)4SPOL)y (C(61)4yMRCH)y (C(62)4STAGJ)

00000100
00000110
00000120
00000130
00000140
00000150
00000160
00000170
00000180
00000190
00000200
00000210
00000220
00000230
00000240
00000250
00000260
00000270
00000280
00000290
00000300
00000310
00000320
00000330
00000340
00000350
00000360
00000370
00000380
00000390
00000400
00000410
00000420
00000430
00000440
00000450
00000460
00000470
00000480
00000490
00000500
00000510
00000520
00000530
00000540
00000550
00000560
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*y, (C(63)4STAGI)y (C(64)4SIG(1))y (C(66)4AMONTH(]1))
E Q@ U I v A L E N C E
*  (C(69)4XLABL(L))y (C(T7B)4LAT(1))y (C(124),DXU(1))
¥y (C(170)4DXP{1))y (C(216),DYU(L1))y (C(262)4DYP(1))
%y (C(308)4DXYP{1))y (CU(354),F(1))y (C(400)4SINL(1))
®y (C(446),COSL{1))y (C(492),AXU(1))y (C(538)4AXV(1))
®y (C(584)4AYU(L))y (C{630)4AYV(1))y (CLHETHE)sMAPLSTI(]))
®9 (C(T797)4yNSTEP), (C(798),DLIC)
%y (C(799)4yTREADY)y (SINTLISINT)
%y (DXV(1)4DXP(1}))},y (DYV(1),DYP(1))

)
'
)
)
'

REAL LAT, KAPA, NPOL

LOGICAL KEYS*1,BIT,MAPGEN,RESTRT,KEY, TREADY
COMMON  /VKEYV/ KEYS(32)

INTEGER SDEDY,SDEYR

00000570
00000580
00000590
00000600
00000610
00000620
00000630
00000640
00000650
00000660
00000670
00000680
00000690
00000700
00000710
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C*
C*
Cx
C*
C*

MINTZ~ARAKAWA TWO-LEVEL ATMOSPHERIC GENERAL CIRCULATION MODEL

*00000030
*00000040
*(0000050
*00000060
*00000070

C*#***#***###*#**##*#t#*t#*t********$******###****#*****#******####v##**00000080
C*###*#*#********#*#*##**********t**************************t**#*******#OOOOOOQO

C
c
c
/*

CONTROL

// DD DISP=0LD,DSN=MES727.ABN.COMMON

//

100
200

Ao

OO0

310

320

81) *
LOGICAL FVENT yCHECK,PASS2,EVNTH,NOOUT,VIVA
DIMENSION CXXX(800)

EVENT (XTAU) =MOD(NSTEP ,IFIX{XTAUX3600./DT+0.1)) .EQ.

PASS2=.FALSE.
DO 100 J=1,32
KEYS({J)=oFALSE.
KNT=0
RESTRT=,TRUE,
Viva= ,TRUE,
CALL INPUT

NSTEP=TAU*3600./DT+0.1
RESTRT=.FALSE,

MAIN COMPUTATIONAL CONTROL

NSTEP=NSTEP+1
TAU=FLOAT{NSTEP)*ABS(DT)/3600.+1.F-3

IF (TAULGT.TAUE) GO TD 1200
TOFDAY=AMOD(TAU,ROTPER}

NODUT = NOTL (EVENT(TAUO) L,OR. KEY(-8))

IF (NOOUT .OR. MOD(NSTEP,NC3) .FEQ. 0O) GO TD 320
NOOUT=.TRUE,

KEYS(8)=,TRUE,

CONTINUE

CALL STEP
IFf (EVENT (24.)) CALL GMP

00000100
00000110
00000120
00000130
00000140
00000150
00000160
00000170
ooooo1lsac
000060190
00000200
00000210
00000220
00000230
00000240
00000250
00000260
00000270
00000280
00000290
00000300
00000310
00000320
00000330
00000340
00000350
000003606
00000370
00000380
00000390
00000400
00000410
00000420
00000430
00000440
00000450
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630

1000

1001

1005

1100
1110

1200
1210

C
9200
9670

9680
9715
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VARTIOUS CHECKING AND HISTORY OPTINNS

1F (EVENT(TAUD)Y) CALL SDFT
IDAY=TAU/ROTPER

IF (EVENT{TAUH)}) GO TO 1000

GO TO 310

CONTINUE

READ (KTP) TAUX

IF (TAUX.GT.0.0) GO TO 1100

IF (ABS(TAU-TAUH+TAUX).GT..01) GO TOH
CONTINUE

BACKSPACE KTP

WRITE (KTP) TAU, C

CALL OUTAPE(KTP,42)

PRINT 1005,TAt

FORMAT {1X,'WRITE TAPF Y FBL2)
60O TO 310

WRITE (MTP,1110) TAUX,TAUX

FORMAT {1X,*SOME MESS ON TAPE', 1X,FE12.541Xs18)}

CALL EXIT
WRITE {MTP,1210) TAU

FORMAT (1X,'TERMINATING AS REQUIRED AT TAU=',F8,2)

STOP

00000460
00000470
000004R0
00000490
00000500
00000510
00000520
00000530
00000540
00000550
00000560
00000570
00000580
00000590
00000600
00000610
00000620
00000630
00000640
00000650
00000660
00000670
00000680
00000690
00000700

FORMAT (' WMSG020 MINT7-ARAKAWA GLORAL WEATHER MODFL NOW RUNNING'1I00C0O0710
ty12,00000720

FORMAT (' WMSGO40 ('yA4,') SWITCHING FROM TAPE

2% ON DAY ',14,' / HOUR !',F6.3)

FORMAT (' WMSGO35 SIM TIME 1S DAY v,14,"

2 F7,3)

END

RHOUR
FORMAT (' WMSGO36 ('yA4,') HAS STOPPED AT DAY !

’

Yal2s0

T TAPE

YyFT7.3)

T4,!

/ HOUR

*

00000730
00000740
00000750
G0000760
00000770
00000780
00000790



// DD DISP=0LD,DSN=MEST27.ABN,COMMON

//

20

SUBROUTI

NE OUTAPE(K,I)

Do *
IF(1.EQ.2
READ (K)
READ (K)
READ (K)
READ (K)
READ (X)
READ (K)
READ (K)
READ (K)
READ (K)
READ (K)
READ (K)
READ (K)
READ (X)
READ (X)
READ (K)
READ (K)
RETURN
CONTINUE
WRITE (K)
WRITE {(K)
WRITE (K)
WRITE (K}
WRITE (K}
WRITE (K)
WRITE (K)
WRITE (K)
WRITE (K)
WRITE (K)
WRITE (K)
WRITE (K)
WRITE (K)
WRITE (K)
WRITE (K)
WRITE (K)
TAUX=-ABS
WRITE (K}
BACKSPACE

THE NEGATIVE RECORD PREVENTS NOISE, MISSING RECORDS,
AND MISSING TRAILER LABELS,

RETURN
END

) 60 TO 20

P
U

v

T

Q3
TOPOG
PT

GW

TS

GT

SN

TT

Q37

SO

H

TD
(TAU)
TAUX, C
K
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00000800
00000810
00000820
00000830
00000840
00000850
00000860
00000870
00000880
00000890
00000900
00000910
00000920
00000930
00000940
00000950
00000960
00000970
00000980
00000990
00001000
00001010
00001020
00001030
00001040
00001050
00001060
00001070
00001080
00001090
00001100
00001110
00001120
00001130
00001140
00001150
00001160
00001170
00001180
00001190
00001200
00001210
00001220
00001230
00001240
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SUBROUTTINE 00001250

* GMP 00001260

/% 00001270
// DD DISP=0LD,DSN=MEST27.ABN,COMMON 00001280
// DD * 00001290
DIMENSION ZIM(46) 00001300
FIM=1M 00001310

DO 135 J=1,JM 00001320
IM(J)}=0.0 00001330

DO 136 I=1,1IM 00001340

136 ZM(J)=ZM(J) + P(J,1) 00001350
135 ZM(J)=ZM(J)/FIM 00001360
WTM=0, 00001370
IMM=0, 00001380

DO 137 J=1,JM 00001390

WTM = WTM + ABS(DXYP(J)) 00001400

137 ZMM = ZMM + ZM(J)*ABS(DXYP(J)) 00001410
IMM=ZMM/WTM +PTROP 00001420
DELTAP = PSF =~ ZIMM 00001430

D0 301 I=1,1IM 00001440

DD 301 J=1,JM 00001450

301 P(Je1) = P(Js1) + DELTAP 00001460
WRITE(64138) DELTAP 00001470

138 FORMAT(' PRESSURE ADDED = *,E16.8) 00001480
RETURN 00001490

END 00001500
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FUNCTION VPHI4 (Jel)

DISP=0LD,DSN=MEST727.ABN.COMMON
DD *
VPHI4=0.
IF (TOPOG{Jy1)elTe 1.0) VPHIG=AMOD(=TOPOGIJy1)s10.E5)

RETURN
END

FUNCTION IPK(IL,IR)
INTEGER IHALF%*2(2)
EQUIVALENCE (THALF(1}),1WD)
THALF(1)=1IL
THALF(2)=1R

IPK=1wWD

RETURN

ENTRY ITRH({IPKWD)
IWD=1PKWD
IRH=THALF (2)

RETURN

ENTRY TLH(IPKWD)
IWD=1PKWOD
ILH=THALF (1)

RETURN

END

L OG 1 C AL FUNCTTI ON K EY (M)

LOGICAL XEYS*1(32)

COMMON /VKEYV/ KEYS

N=TABS (M)

KEY=KEYS(N)

IF (M LT, O0) KEYS(N)=,FALSE.
RETURN

END

00001510
00001520
00001530
00001540
00001550
00001560
00001570
00001580
00001590
00001600

00001610
00001620
00001630
00001640
00001650
00001660
00001670
00001680
00001690
00001700
00001710
00001720
00001730
00001740
00001750
00001760

00001770
00001780
00001790
00001800
00001810
00001820
00001830
00001840



// DD
//

OO0

310

9999

360

e NeaNel

380

400

SUBROUTINE STEP
DISP=0LD+DSN=MEST27.ABN,COMMON
Db =

MAIN LOOP OF INTEGRATION
FORWARD STEP (CENTERED IN SPACE)

MRCH=1

DD 310 K=1,8

DO 310 I=1,1IM

DO 310 J=1,JM

QT Uy 14K)I=Q(J,y1,K)
THRP=TAU/ 24,

PRINT 9999,TAl4THRP
FORMAT (1Xo*'TIME="42X4FB,242X4F9.4)
CALL COMP1

CALL COMP2

DO 360 K=1,8

DO 360 I=1,1M

DO 360 J=1,JM
TEMP=Q(J,1,K)
O(JOIvK)=QT(Jv]vK)
QT (Je1,4K)=TEMP

BACKWARD STEP

NS=MOD(NSTEP,NCYCLF)
MRCH=2

IF{NS.EQs1) MRCH=3
ITF{NS.EQ.2) MRCH=4
CALL COMP1

CALL COMPZ

DO 380 K=1,8

DO 380 I=1,IM

DO 380 J=1,J4M
TEMP=Q(Jy1,4K)
QUI1,KI=0T{Jy14K)
QT{Jy1,K)=TEMP

IF (MOD(INSTEP,NC3).NELO ) GO TO 400
CALL COMP4

CALL COMP3

RETURN

END

00001850
00001860
00001870
00001880
00001890
00001900
00001910
00001920
00001930
00001940
00001950
00001960
00001970
00001980
00001990
00002000
00002010
00002020
00002030
00002040
00002050
00002060
00002070
00002080
00002090
00002100
00002110
00002120
00002130
00002140
00002150
00002160
00002170
00002180
00002190
00002200
00002210
00002220
00002230
00002240
00002250
00002260
00002270
00002280
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/

OOOOOOOO0

aNeNaNaNel

C

x

/

2100

2110

2120
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SUBROUTINE COMP1

DISP=0LD,DSN=MES727.ABN,COMMON
oo *

JMM] =JM-1

IMM2=IM-2

FIM=IM

SIG1=S1G(1)

S163=S1G(2)

MRCH=1 CENTERED IN SPACE AND FORWARD IN TIME
MRCH=2 CENTERED IN SPACE AND BACKWARD IN TIME
MRCH=3 UP=RIGHT UNCENTERED IN SPACE AND BACKWARD IN TIME
MRCH=4 DOWN-LEFT UNCENTERED IN SPACE AND BACKWARD IN TIME

TIME EXTRAPOLATION INTERVAL FOR ADVECTION TERMS

TEXCO=DT
IF(MRCH.EQ.,1) TEXCO=0.5%DT

PREPARATION FOR TIME EXTRAPOLATION
TRANSFORMATION TO AREA-PRESSURE WEIGHTED VARTABLES
QT CONTAINS VARIABLES TO WHICH TENDENCIES ARE TO BE ADDED

DO 2100 I=1,1IM

DO 2100 J=1,JM

FDUJs1)=PT(Jy1)%DXYP(J)

Q3T(Jy1)=03T(Jy1)2FD(J,1)

DO 2120 L=1,2

D0 2120 I=1l,1IM

IP1=MOD(I4IM)+1

DO 2110 J=l,JM

TT (s IoL)=TT(JeI4L)I%EFD(JVI])

DO 2120 J=2,JM
FOU=0425*%(FD(JoI1)+FD(JyIPL)+FD(J-141)+FD(J=141P1))
IF (J +EQ¢ 2) FDU=0.,25%(FD(2,1)+FD(25IP1))+FD(1,1)
IF (J «EQs JM) FDU=0,25%(FD(JM=141)+FD(JM=1,IP1))+FD(JIMy 1)
UT(JeT,L)=UT(JyI,L)%FDU

VT (JeleL)=2aVT(JyI,L)*FDU

00002290
00002300
00002310
00002320
00002330
00002340
00002350
00002360
00002370
00002380
00002390
00002400
00002410
00002420
00002430
00002440
00002450
00002460
00002470
00002480
00002490
00002500
00002510
00002520
00002530
00002540
00002550
00002560
00002570
00002580
00002590
00002600
00002610
00002620
00002630
00002640
00002650
00002660
00002670
00002680
00002690
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2149
2150

2160

2170

2180

2185

2190

2192

2195

2200

2202

2205
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COMPUTING MASS FLUX * P PU *
* PV UV *

L=1

DO 2160 1=1,1M
1P1=MOD(T,IM)+1
DD 2160 J=2,JMM]

00002700
00002710
00002720
00002730
00002740
00002750
00002760
00002770

1F(MRCH .LE, 2) PU(JyT)1=0425%(DYULJI*UCIsToL)+DYU(JI+1)*U(J+1,1,L))00002780

TF(MRCH JEQ. 3) PU(JyI)=0,5%DYU(J+1)*U(J+1s1,L)
TIF(MRCH .EQ. 4) PU(JyI)=0.5%DYU(J)I*ULJsTsL)
CONTINUE

CALL AVRX(1l1)

DO 2180 I=1,41IM

1P1=MOD(1,IM)+1

IM1=MOD(I+IMM2,IM)+]

DO 2170 J=24JMM]

PU(J1)=PU(Js 1) R(P(Jy1)+P(J,IP1))

DO 2180 J=2,4JM

IF(MRCH JLE, 2) PVI{JeI)=0.25%DXU(II*(V(JeToL)+V(JsIMlsL))
#(P(Jy1)+P(U-1,1))

IF(MRCH JEO. 3) PV(Jy1)1=0.5%DXU(J)®V(JyIsL)%(P(Jy1)+P(J=1,1))

IF(MRCH LEQ, &) PV(JyI)=0.5%DXU(J)*V(JyIML,L)*(P(Jy1)+P(J-1,1))

CONTINUE

EQUIVALENT PU AT POLES. PV{(1,1) IS USED AS A WORKING SPACE.

VM1=0.0

VM2=0,0

DO 2185 I=1,1IM
VM]1=VM1+PV(2,1)
VM2=VM2+PV(JM, 1)
VM1=VM1/FIM

VM2=VM2/FIM

PV(141)=0.0

DO 2190 1=2,1IM
PV(ly1)=PV(1,yI=1)4(PV(2,1)-VM])
VM1=0.0

DA 2192 I=1,1IM

VM1 =VM1+PV(1l,1)
VM1=VM]1/F 1M

DO 2195 I=1,1IM
PULL1yI)==~(PV(1l,1)=~VM1)*3,0
PV(1,1)=0.0

DO 2200 I=2,41IM
PVI1,yI1)=PV(1l,yI=1)4(PV(UM,])~VM2)
VM2=0.0

DD 2202 I=1,1IM
VM2=VM2+PV(1l,1)
VM2=VM2/FIM

DO 2205 I=141IM

PULJIMy 1) =(PV(1,1)=-VM2)%3,0

00002790
00002800
00002810
00002820
00002830
00002840
00002850
00002860
00002870
00002880
00002890
00002900
00002910
00002920
00002930
00002940
00002950
00002960
00002970
00002980
00002990
00003000
00003010
00003020
00003030
00003040
00003050
00003060
00003070
00003080
00003090
00003100
00003110
00003120
00003130
00003140
00003150
00003160
00003170
00003180
00003190
00003200
00003210
00003220
00003230
00003240



-270~

C HORITZONTAL ADVECTION OF THERMODYNAMIC ENERGY AND MNISTURE EQUATIOGNS(00003250
C 00003260
FXCO=0.5*TEXCO 00003270

DO 2220 I=141IM 000032R0
IP1=MODI(I,1M)+1 00003290

DO 2210 J=2,JMM1 00003300
FLUX=FXCO%PU{J,1) 00003310
FLUXT=FLUXX(T(Jel4L)+T{(JyIP1,4L}) 00003320

IF ((J «EQ. 2 OR., J .EQ, JMM]1)} .AND, FLUX «LT. O.) 00003330

* FLUXT=FLUX*2,%2T{J,1P1,L) 00003340

IF () LEQ, 2 .0R. J EQ. JUMM1) ,AND, FLUX GF. 0.0) 00003350

* FLUXT=FLUX*2,%T(Js1,L) 00003360
TT{Je Iyl )}=TT{JeI,4L)=FLUXT 00003370
TTUJeIP L) =TT (JeIPLl4L)+FLUXT 00003380

IF (L.EQ.1) FLUX==-0,25%FLUX 00003390

IF (LeEQ.2) FLUX=1.25%FLUX 00003400
Q3M=Q3(J,1)1+Q3(J,1P1) 00003410
IF(Q3M.LT.10.E-10) GO TO 2210 00003420

C 10,E-10 IS A RELATIVELY SMALL NUMBER 00003430
FLUXQ=FLUX%Q3M 00003440
TF(Q3(Je1),LTLQ3(JsIP1) JAND. FLUX.GT.O.) 00003450

* FLUXQ=FLUX*4  %Q3(J,1)*03(J,IP1)/03M 00003460
IF(Q3(Je1)oGT03(JyIP1l) L,AND. FLUX.LT.0.) 00003470

* FLUXQ=FLUX®4,*03(Je1)1%*03(J,IP1)/03M 00003480
Q3T(Js1)=03T(J,1)-FLUXQ 00003490
Q3T(J,IP1)=0Q3T(JyIP1)+FLUXOQ 00003500

2210 CONTINUE 00003510
DO 2220 J=24JM 00003520
FLUX=FXCO%PV(J,1) 00003530
FLUXT=FLUX®(T(JyI,L}+T(J=1y1,L)) 00003540

IF (J +EQe 2 +AND, FLUX oLTe 0,) FLUXT=FLUX%X2.,%T(2,1,L) 00003550

IF (J JEQe UM JAND. FLUX GTe 0Oe} FLUXT=FLUXX2,.%T{JM-1,41,4L) 00003560

IF (J +EQs 2 LAND. FLUX LGE. 0.) FLUXT=FLUX%¥2.%T(1y1,4L) 00003570

IF (J «EQe UM (AND. FLUX JLFe O¢) FLUXT=FLUX%2,%T{(JMyI,4L) 00003580

TT e Tl )=TT(JeloL)+FLUXT 00003590
TT(J=1s T4 )=TT(J=1yI4L)=FLUXT 00003600

IF (LoEQel) FLUX==04,25%FLUX 000C3610

IF (L.EQL2) FLUX=1,25%FLUX 00003620
Q3M=03(J,1)140Q3(J~1,1) 00003630
IF(Q3M,LT.10.E=-10) GOTO 2220 00003640

C 10,E-10 IS AN ARBITRARY LOWER LIMIT 00003650
FLUXQ=FLUX%Q3M 00003660
TF(Q3(Js1)olLT.03(J=141) AND. FLUXGLT.O.) 00003670

* FLUXQ=FLUX*4,%03(J,1)%Q3(J=-1,1)/03M 00003680
TF(QO3(Je1).GT,.03(J-1,41) JAND., FLUX.GT.O0,.) 00003690

* FLUXO=FLUX%4,%03(Jy1)%Q3(J-1,1)/03M 00003700
03T(Jy1)=03T(J,1)+FLUXQ 00003710
03T(J-1,1)=0Q3T(J=-1,1)=FLUXO 00003720

2220 CONTINUE 00003730

C 00003740
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HORTZONTAL ADVECTION OF EQUATION 0OF MOTION

FXCO=TEXCO/12.

FXCO1l=TEXCO/24,

DO 2320 I=1,1M

IP1=MOD(I,IM)+1

IM1=MOD(I+IMM2,IM)+1

DO 2310 J=2,UM
FLUX=FXCO*{PU(Jy 1) +PU(J=1,41)+PU(JsIML}+PU(I=-1,1IM1))
FLUXU=FLUX®{U(J,yToL)+U(J,IM1,L))

UT (eI L)=UT(JeIyL)+FLUXL
UT(JeIML,L)=UT(JyIML,L)-FLUXUY
FLUXV=FLUXX(V(Jel,L)}+VIJ,IM1,L))

VT (Jglyl)=VT(JeleL)+FLUXV
VT(J'lMle)=VT(Jv]M1'L)*FLUXV

DO 2320 J=2,JdMM]
FLUX=FXCO*(PVIJyg1)+PVIJoIPL}4PV(J+1ls1)}+PVIJ+1,1P1))
FLUXUSFLUXER(U(JsT,L)+U(J+141,L 1))

UT(J+1, T4 )=UT(J+14T4L)+FLUXUY

UT(Je T yL)=UT(JyI,L)=FLUXU
FLUXV=FLUX®{V(JyI4L)+VIJ+1,41,L))
VTUJ41l,14L)=VT(J+1,1,L)}+FLUXV

VI (Jse Il L)=VT{JylsL)=~FLUXV
FLUX=FXCOL1*(PU(Js1)+PULJ,IML)+PVJy1)4+PVIJ+1,1))
FLUXU=FLUX*(U(J+1,T1,L04+0U(J,IMI,L))
UT(J+1,1,L)=UT(J+141,L)+FLUXU

UT(Je IMLaL)=UT{JyIMLl,L)~FLUXU
FLUXV=FLUXR{VIJ+T 4 1,4,L)+VId,IMI,L))

VT (J41s T4l )=VT{J+1s14L)I+FLUXV
VT(JeIML L )=VT(JyIML1,L)~FLUXV
FLUX=FXCOLl%(=PU(J4I)=PU(Js IML}+PVIJy1)+PV(J+1,1))
FLUXU=FLUXE(U(J+13IMI,L)+U(JaT4L))
UT(J+14IM1,L)=UT(J+1,IM1,L)+FLUXYU

UT(Jdy 14L)=UT(JsT4L)=FLUXU
FLUXV=FLUX*(V{J+1,IML,L)+V(JsI,4L))

VT (J41,IM1,L)=VT(J+1,1MI,L)+FLUXV
VT(JeI4L)=VT(JelyLI=FLUXV
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CONTINUITY EQUATION

DO 2400 I=1,1M

IM1=MOD(T1+IMM2,IM)+1]

DO 2400 J=1,JUM

IF (JoEQal) CONVM==PV(2,1)%0.,5

IF (JeEQoJM) CONVM=PV({JM,1)%0,5

IF (JeGTel oANDa JobLTo.JM) CONVM==(PU(Jy1) ~PU(J,yIM1)

+PVIJ+1,1)-PV(JyI}) )%0.5

IF (L.EQ.1) CONV{Jy1)=CONVM
IF (L.EQe2) PVI(Jy1)=CONVM

2400 CONTINUE

2410

2411

2402

2405

IF(L.EQ.2) GG TO 2410
L=2

GO TO 2150
CONTINUE

CONV IS MASS CONVERGENCE AT L=1 AND PV IS THAT AT L=2,

PB1=0,0

PB2=0.0

PB3=0,0

PB4=0,0

DO 2402 I=1,1IM
PB1l=PBLl+CONV(1,1)
PB2=PB2+CONV(JM, 1)
PB3=PB3+PV(1l,1)
PB4=PB4+PV (UM, 1)
PB1=PB1/FIM
PB2=PB2/FIM
PB3=PB3/FIM
PB4=PB4/FIM

DO 2405 I=1,1IM
CONV(1,1)=PB1
CONV(JM,1)=PB2
PV(l,1)=PB3
PV{JM,1)=PB4

DO 2420 I=1,1M

DO 2420 J=1,JM
PIT=CONV(Js1)+PV(J,y1)}
SOUJe1)=CONVIJs1)=PVI(J,y1)
PT(Js1)=PT(Jy 1) +DT*PIT/DXYP(J)
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ENERGY CONVERSION TERM IN THERMODYNAMIC ENERGY EQUATION

PL1=PTROP+SIGL1*P(JyI)

PL3=PTROP+SIG3%P(J,1I)

PK1=PL1%*%KAPA

PK3=PL3%%KAPA

TETAM=0,5%(T(Jyl91)/PK1+T{Je1,42)/PK3)
TT(Jel41)=TT(Jglel)+DT(SIGLAKAPARP(Jy 1 )*T(Jy 141 )*PIT/PL1

* ~SD{Jy [ )*TETAM®PK1)
TT(Jel42)=TT(Jgl42)+DT%(SIGIXKAPARP (Jy )T (Je1,42)%PIT/PL3
* +SD(Jy 1 )XTETAMXPK3)
CONTINUE

VERTICAL ADVECTION OF MOMENTUM

FXCO0=20,5%*TEXCO

DO 2510 I=1l,1IM

IP1=MOD(1,IM)+]

DO 2510 J=2,JM
SDU=0.25%(SD(JsI)1+SD(JsIPLI+SD(J=1,1)1+SD(JI~1,1P1))
IF (J oEQ. 2) SDU=0,25%(SD(2,1)+SD(2,1P1))+SD(1,1)
IF (J oEQe JM) SDU=0,25*(SD(JIM-141)+SDIJIM~14IP1))+SD(IM,1)
VAD=FXCO®SDU*{U (Jelyel)4U (Jy1,42))
UT(Je142)=UT(Js1,2)4VAD

UT(JeT el )=UT(Jdel,1)=VAD

VAD=FXCO%SDU%(V (JyTel)+V (Jy1+2))
VT(Jde192)eVT(Jel,42)+VAD

VT(Jelel)=VT{JyeI,yel)=VAD

RETURN
END
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SUBROUTINE COMP2

BISP=0LDsDSN=MEST27.ABN,COMMON
DD %

JMM1=JM-1

IMM2=]M=-2

FIM=]M

TEXCO=DT

IFI(MRCH.EQ,1) TEXCO=0,5%DT
IF (KEY(31)) TEXCO=DT
HRGAS=RGAS/2.

CORIDLIS FORCE

FXCO=0.125*TEXCO
DO 3140 L=1,2
DO 3110 I=1,IM
IM1=MOD(1+1MM2,IM)+1
FD{l41)=0,0
FD{JUMs1)=0,0
DO 3110 J=2,JMM]
FD{JyI)=F(J)2DXYP(J)
#0258 U(Jp 1o L)4U( I IMI,L)+U(J+1,1,L)+U(J+1sIMI4L))
2(DXU(J)=DXULJI+1))
DO 3140 I=1,1M
IM1=MOD{(T+IMM2,IM)+1
DO 3140 J=2,JM
ALPHA=FXCO*(P(Jo 1) +P(J=1,1))%(FD(Jy1)+FDLI=1s1))
UT(Je T ol )=UT(JsToL)+ALPHAXV(Jy1,L)
UT(JyIMLyL)=UT(Jy IMLL)+ALPHARV(J,yIM1,L)
VTUJs T4l )=VT(JsT4L)-ALPHAXU(J,I,L)
VIS IMLyL)=VT(JgIMLyL)=ALPHARU(Jy IML,L)
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PRESSURE GRADIENT
DO 3340 L=1,2
COMPUTATION OF PHI

DO 3210 1=1,1M

DO 3210 J=1,4JM

PHI4=VPHI4(J,1)

VPS1= P({Jy1)%0.25/(P{Jy1)%0,25 + PTROP)
VPS3= P{Js1)%0.75/(P(Js1)%0.75 + PTROP)
VPKL=((P{Jy1)1%,25+PTROP)/{P(J,1)%.75+4PTROP) I**KAPA
VPK3=1.,/VPK1

IFILLEQ.2) GO TO 3205
COE1=(VPS1+0,5%(VPK3~1,)/KAPA)®HRGAS
COE2=(VPS3+0.5%(1.~-VPK1)/KAPA)*HRGAS
PHI(J s 1)=COEL*T{Jy1,1)+COE2%T(Jy1,2)+PHI4
GO TO 3210
COE3=(VPS1~0,.5%(VPK3~1,)/KAPA}*HRGAS
COE4=(VPS3-0,5%{1~VPK]1)/KAPA)*HRGAS
PHI{J o 1)=COE3*T{Jsls1)+COE4%*T(Js142)+PHI4&
CONTINUE

GRADIENT OF PHI

FXCO=0,25%DT

FXCO1=0.5%DT

DO 3220 I=1,1IM

PUll,1)=0.

DO 3250 1=1,1IM

1P1=MOD(T,IM}+1
IMI=MOD(I+IMMZ,IM}+1

DO 3250 J=2,JM
TEMPL=(P{JyIPLI+P{Jy1)} % (PHI{JyIPL)=PHI(JyI))}
PUlJy1)=TEMP]

TEMPZ2=(P(Jy I} +P(J=14 1)) %(PHI{JyI)=PHI(J=1,1))%DXU(J)
IF{MRCH .EO. 3) GO T6O 3230

[F{MRCH .EQ. 4) GO TO 3240

MRCH= 1 OR 2, CENTERED IN SPACE,
VI{JsIoL)=VT iUy 14 L)=FXCOXTEMP2

VT (JeIML oL )=VT{JyIML,L)~FXCO®TEMP2
GN TD 3250

MRCH=3, UP~-RIGHT UNCENTERED.
VI(JeIMLa L) =VT{Js IML 4 L)-FXCOL%=TEMP?2
GO TO 3250

MRCH=4, DOWN-LEFT UNCENTERED.

VI Ty L)=VT{JslyL)-FXCOLHTEMP2
CONT INUE

00005210
00005220
00005230
00005240
00005250
00005260
00005270
00005280
00005290
00005300
00005310
00005320
00005330
00005340
00005350
00005360
00005370
00005380
00005390
00005400
00005410
00005420
00005430
00005440
00005450
00005460
00005470
00005480
00005490
00005500
00005510
00005520
00005530
00005540
00005550
00005560
00005570
00005580
00005590
00005600
00005610
00005620
00005630
00005640
00005650
00005660
00005670
00005680
00005690
00005700



OO0

3260

3270

3280
3290

3300

-276-

GRADIENT OF P
SIGMA*PXALPHA IS STORED AT PHI

DO 3260 I=1,1IM
DO 3260 J=1,JM

PHI(JoI)=STIGIL)*P(Js 1) *RGAS*T({JsI4L)/(PTROP+SIG(L)®P(Js1))

D0 3290 I=1,IM

IP1=MOD(I,4IM)+1

IM1=MOD(I+IMM2,IM)+1

D0 3290 J=2,JM
TEMPL=(PHI(JyIPL)+PHI(Js 1)) %(P(JWIP1)~P(JsI))
PULJ1)=2TEMPLI+PU(I, 1)

TEMP2=(PHI(Js I )+PHI(J=1,1))%(P{Jy])=P(U-1,1))%xDXULJ)
IF(MRCH .EQ. 3) GO TO 3270

IF{MRCH ,EQ. 4) GO TODO 3280

MRCH = 1 OR 2, CENTERED IN SPACE.

VT(Js 1oL )2VT(JyI,4L)~FXCO*TEMP2
VT(JyeIMYoL)=VT(JyIMLl,L)-FXCOXTEMP2

GO TO 3290

MRCH=3, UP=RIGHT UNCENTERED.
VT{JyIMLl4L)=VT{JyIMLl,L)=~FXCOL%TEMP2

GO TO 3290

MRCH=4, DOWN=LEFT UNCENTERED

VT Jslol)=VT(Jygl4L)~FXCOL*TEMP2

CONT INUE

CALL AVRX(11)

DO 3300 I=1,1IM

DO 3300 J=2,JUM

IF (MRCHGLEL2) UT(Jel4L)=UT(JyI4L)-FXCO*DYU(J)
X * (PUI, 1) +PULI=1,41))

TF(MRCH.EQ43) UT(JyIsL)=UT(JyIoL)=FXCOL*DYU(J)I*PU(JVI)
TF(MRCH.EQe4) UT(JsT9L)=UT(Jy14L)=FXCOL*DYU(J)*PU(JI~1,1)
CONTINUE
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ENERGY CONVERSION TERM IN THERMODYNAMIC EQUATION,
SIGMA%P®ALPHA IS NOW STORED AT PHI

FXCO0=0.125%DT*KAPA/RGAS
FXCO1=0.25*%*DT*KAPA/RGAS

DO 3320 1I=1l,1IM

1P1=MOD(1,1IM)+1

DO 3320 J=2yJMM]

TF(MRCH.LEL2) TEMP=FXCO®(U(J+1,1,L)%DYU(J+1)+U(JsIsL)%DYU(J))
IF(MRCH.EQL3) TEMP=FXCOLl*U(J+1,1,L)%DYU(J+])

IF(MRCH.ED.,4) TEMP=FXCO1*U(Js1,L)%DYU(JI)

PU(Js1)=TEMP

CALL AVRX(11)

DO 3330 I=1,1IM

1P1=MOD(I,IM)+1

IM1=MOD(I+IMM2,IM)+]

DO 3325 J=2,JMM]

PULJyI)=PU(Jy 1) R(PHI(JGIPLI+PHI(Je ) )*(P(JyIPL)=P(Js1))
TT(JeIPLyLI=TT(JyIPLyL)+PU(J,I])

TT(dy e L)=TT(Je 1,L)+PU(JI,1])

DO 3330 J=2,JM

IF(MRCHeLE42) TEMP=FXCO*DXU(J)I%(VI(JeloL)+V(JyIML,L))
IF(MRCH.EQe3) TEMP=FXCOL1*DXU{J)®V(JsI,L)
IF(MRCH,EQa4) TEMP=FXCOL%*DXU(J)*V{JyIMl,L)
TEMP=TEMPE(PHI (JsI)4PHI(J=1sI))%(P(Jy1)=P(JI-1,1))

TT e loL)=TT{JeI,L)+TEMP
TT(d=19TyL)=2TT(J=1,1,L)I+TEMP

CONTINUE
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ADJUSTMENT AT THE PNLES

DO 3415 L=1,8
IF(LeGTaloANDLLLLTe6) GO TO 3415
PB1=0,

PB2=0,

DO 3405 1=1,1M
PB1=PB140T(1,1,4L)
PR2=PR2+0T (UM, 1,L)
PB1=PBLl/FIM
PB2=PB2/F 1M

DO 3410 I=l,IM
OT{1l,I4L)=PBI1

QT (UM 1,L)3PB2
CONTINUE

Q3T (UM, 1)=PB2

RETURN TO UNWEIGHTED VARIABLES

DO 3460 1xz1,1IM

DO 3460 J=l,JM

FD(JosI1)=PT(Jy1)%DXYP(J)

Q3T Js1)=Q3T(J,1)/FDLJ,I1)

DO 3470 L=1,2

DO 3470 I=1,1IM

IP1=MOD(T,1M)+1

DO 3465 J=1,UM

TT(JeIoL)=2TT(JsI4L)/FD(Js])

DO 3470 J=2,JM
FOU=0425%(FD(Js 1) +FD(JoIP1)+FD(J=141)+FD{J-1,1P1)}
IF (J o¢EQs 2) FDU=0.25%(FD(2,1)+FD{2,IP1))+FD(1,+1)
IF (J EQe JM) FDU=0,25%(FD(JM=1,1)+4FD(JM=1,IP1))+FD(JIM,1)
UT(JeIoL)=UT(Js1,4L)/FDU

VTI(JsleL)=VT(Je1,L)/FDU

RETURN

END
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SUBROUTTINE

-3

AVRX (K

// DD DISP=0LDsDSN=MEST27.ABRN,COMMDON

/
c
c

/

120

130
150

DD *
THIS SUBROUTINE USES UT(1ls1,1) AS A WORKING SPACE

JMM] =JgM-1

IMM2=1M-2

JE=JIM/2+]

DEFF=DYP(JE)

DO 150 J=2,JMM]
DRAT=DEFF/DXP(J)

IF (DRAT LT« 1o} GO TO 150
ALP=0,125%{DRAT~1.)

NM=DRAT

FNM=NM

ALPHA=ALP/FNM

DO 150 N=1,NM

DO 120 I=1,1IM
1P1=MOD(T,4IM)+1
IM1=MOD(T+IMM2,IM)+1]
UT(1yT91)=0T (s T oK) +ALPHAR(OT(JyIP1sK)+0T(JyIML4K)=2e%0T(Js14K)})
DO 130 I=1,1IM
OT(Je1eK)=UT(LWs1,s1)

CONT INUE

RETURN
END
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S U B R 0 U T 1 N E
* COMP3

/%
// DD DISP=0LDyDSN=MEST27.ABN.COMMON
// DD *
EQUIVALENCE (KKKg¢XXX)
LOGICAL NOOUT, ICE., LAND, OCEAN, SNOW, KEY

TRANS(X)2le/(1.41.75%X%%,416)
TRSH(X)-I.°.271*X**.303

JMM] =M~
IMM2=]M~2
JMM2 2 JM=2
IH=IM/2+1
FIM=IM
SIG1=S1G(1)
S16G3=S1G(2)
DS16=S1G3-S1G1

GHM=30.
DTC3=FLOAT(NC3)=DT
RCNV=DTC3/TCNYV
CLH=580./.24
P10K=1000.,**KAPA
CTI=,005
CTID=8,64E4%CT1
HICE=300,
TICE=273.1

PM=PSL-PTROP
COE=GRAV*100./(0,5%PM%1000,%0,24)
CDE1=COE*DTC3/(24.%3600,)
SCALEU=COE*100.

TSPD=DAY/DTC3
SCALEP=TSPD*,5%(10./GRAV)*100.
CONRAD=180,.,/P1

CNRX=CONRAD*,01

FSDEDY=SDEDY
SNOWN={604~154*%COS(,9863%(FSDEDY-24,668)/CONRAD))/CONRAD
SNOWS=-60,/CONRAD

SURFACE WIND MAGNITUDE

[aNeaNel

DO 10 I=1,IM

DO 10 J=2,JM

US=2,%(SIG3%U(Js1,2)~SIGL*U(Jy1,41))%0.7

VS22 % (SIG3*V(Je142)=SIGL1%V(JyI141))%0.7
10 FD(Jy1)=US*US + VS*VS

WMAGL1=SQRT(45%(FD(2,1)4FD(2,1H)))

WMAGJM=SORT (5% (FDIJM,1)4FD(JMyIH)))
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RADIATION CONSTANTS

S0=2880,/RSDIST

ALCl=.7

ALCZ2=.,6

ALC3=,6

STBO=1,171E-7

EFVC1=65.3

EFVC2=65,3

EFVC3=7.6
CPART=,5%1,3071E7

ROT = TOFDAY/ROTPER®2,0%PI

HEATING LOOP

DO 370 I=1,1IM
IM1=MOD(I+IMM2,IM)+]
IP1=MOD(T,IM}+]

FIMl=1-1
HACOS=COSD*COS(ROT+FIM1I*DLON)
DD 360 J=1l,JM
CNSZ=SINL{J)I=SIND+COSL(J)*HACOS

SURFACE CONDITION

TGO0=TOPOG(J,1)

OCEAN=TGOO0.GT.1,

ICE=TGO0,LE.~9.9E5

LAND=NOT (ICE.DR.OCEAN)

SNOW=LANDAND ¢ {LAT(J) eGE«SNOWN,ORGLAT(J) o LEWSNOWS)

LAND=LANDAND, «NOT o« SNOW

IF (JNOT,OCEAN) 27271=VPHI4(J+1)/GRAV

DRAG COEFFICIENT

IF (J +EQs 1) WMAG=WMAG]

IF (JoNEoloANDoJoNEoJM) WMAG=SORT(.25%(FD(Jy1)+FD(J+1,1)
+FD(Jy IML)+FD(J+1,4IM1)))

Ch = ,002

1F («NOT,OCEAN) CD=CD+0.006%222/5000.

IF (DCEAN) CD = AMINL1{((1.,0+.07*WMAG)*,0014+40025)

CS = CD*100.

CS4 = ,24%CS*24,%3600.

FK1 = CD*(10,%GRAV)/(DSIG*PM)
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PRESSURES

SP=P({Jy1)
COLMR=PM/SP
P4=SP+PTROP
P4K=P4%%KAPA
PL1=SIG1*SP+PTRQOP
PL2=,5%5P+PTROP
PL3=SIG3*SP+PTROP
PL1K=PL1**KAPA
PL3K=PL3**KAPA
PL2K=PL2**KAPA
PTRK=PTROP**KAPA
DPLK=PL3K=-PL1K

TEMPERATURES AND TEST FOR DRY-ADIABATIC INSTABILITY

T1=T{Jsls1)

T3=T(J,142)
THL1=T1/PL1K
THL3=T3/PL3K

IF (THLY1 .GT. THL3) GO TO 310
XX1=(T1+T73)/(PL1K+PL3K)
Tl=XX1%*PL1K

T3=XX1#*PL3K

T(Ja141)=T1

T(Je1,2)=T73
THL1=T1/PL1K
THL3=T3/PL3K

MOISTURE VARIABLES

ES1=210,0%%(8,4051-2353,0/T1)
ES3=10,0%*(8,4051-2353,0/T3)
P1CB=,1%*PL1

P3CB=,1%PL3

P4CB=,1%P4&
QS1=,622%ES1/(P1CB-ES1)
QS3=,622*ES3/(P3CB-ES3)
GAM]1=CLH*QS1%5418,/T1%%*2
GAM3=(CLH*QS5S3%54]18,/T3*%%2
Q3R=Q3(J, 1)

RH3=Q3R/QS3

TEMPERATURE EXTRAPOLATION AND INTERPOLATION FOR RADIATION

ATEM={THL3~THL1)/DPLK
BTEM=(THL1*PL3K-THL3*PL1K)/DPLK
TTROP=(ATEMXPTRK+BTEM)*PTRK
T2=(ATEM®PL2K+BTEM) *PL2K
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C
C GROUND TEMPERATURE AND WETNESS
C
T6=TG00
WET=1,0
IF {4NOTLOCEAN) TG=GT(J,s1)
IF (LAND) WET=GW({J,s1)
c
c LARGE SCALE PRECIPITATION
c
PREC=0,
IF (Q3R,LE.OS3) GO TO 1060
PREC={Q3R-0S3}/(1++GAM3)
T3=T3+CLH*PREC
THL3=T3/PL3K
Q3R=Q3R~-PREC
c
c CONVECTIDN
c

1060 TETAL=THL1*P10K
TETA3=THL3*P10K

$S3 = TETA3%*P4K/P10OK

$82 = SS3 + 0.5*(TETAL-TETA3)*PL2K/P10K
$S1 = SS2 + O0.,5%(TETAL-TETA3)%PL2K/PL1OK
HH3 = S$S3 + CLH*Q3R

HH3S = SS3 + CLH=%QS3
HH1S = SS1 + CLH*QS1

C
c MIDDLE LEVEL CONVECTION
C

Cl1 = 0.

C3 = 0.

EX = HH3 -~ HHL1S

IF (EX.LE.Os) GO TO 1065

Cl = RCNVZEX/(2.+GAM])

C3 = C1*(1,4GAM1)*(SS2-SS3)/(EX+(1.+GAM)}%(SS1~552))
c
c PREPARATION FOR AIR-EARTH INTERACTION
C

1065 2L3 = 2000,
WINDF=2,0+WMAG
DRAW=CD*WINDF
EDV=ED/ZL3%*WMAG/10,
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DETERMINATION OF SURFACE TEMPERATURE

1070 RH4=2 ,*WET*RH3/ (WET+RH3)

EG=10,%%(B8,4051-2353,/TG)

EG= AMIN]1(EG,P4CB/1.,662)
NG=.622%EG/(P4CB-EG)

DOG=5418,%0QG/TG**2

HHG=TG+CLH*QG*WET

EDR=EDV/ (EDV+DRAW)

HH4=EDR*HH3+ (1 ,~EDR) *HHG

GAMG=CLH*DOG

T4={HH4=RH4B {CLH*QG-GAMG*TG) )/ (1, +RH4*GAMG)
IF (T4*P1OK/P4K,GT.TETA3) T4=TETA3*P4K/P10OK
Q4=RH4x{QG+DOG*(T4~TG))

HH4=T4+CLH%*Q4

PENETRATING AND LOW-LEVEL CONVFCTION

1076

1077

PC1=0,

PC3=0,

EX=0,

I1F (HH4 ,LE, HH3S) GO TO 1077

IF (HH3 ,GT. HH1S) GO TO 1077
EX = HH&4-HH3S

HH4P 3 HH4

HH&4 = HH3S

I1F (HH4P LT, HH1IS) GO TO 1076
ETA = 1.

TEMP1 = ETA*((HH3S-HH1S)/(1.+GAM1)+SS1-S582)
TEMP2 = ETA®(S$S52~SS3) + (SS3-T4)
TEMP = EDR®TEMP1+(1.+GAM3)%TEMP2
IF (TEMP LT, .,001) TEMP=.001
CONVP = RCNVEX/TEMP

PC1 = CONVP*TEMP1

PC3 = CONVP * TEMP2

T4=T4=EX/ (1. +RH4EGAMG)
Q4= (HH4=T4) /CLH

RD4=P4CB/(RGAS%TS)
CSEN=CS4*RO4*WINDF
CEVA=CS*RO4*W INDF
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CLOUDINESS

1CLOUD=1

CL=0,

CL1=0,

CL2=0,

CL3=0,.

CLT=0,

CL=AMINYL(=1.3+42,6%RH3,1.)

IF (C) IGT.O..OR.PCIQGT.OQ) CL1=CL

1F ‘PREC.GT.O-.AND.CLI.E0.0.' CL2=1,
IF (EXeGT,0esAND.PCl.EQ.0.) CL3=CL

==========.==========:===============:=======================

| L LR,

| * %

| * %

| & *

| * *® Xk

| * % * *

| * * * *

| * * * *

| * * * * soan ok ok
} kxR wREEE L2 13 22
!

| cLl cL2 CcL3

!

CL=AMAX1(CL1,CL2,CL3)
IF (CL +GE, lo) ICLOUD=3
IF (CL oLTe 1, «AND. CL oGT. 0.) 1CLOUD=2

ICLOUD=1 CLEAR, ICLOUD=2 PARTLY CLOUDY, ICLOUD=3 OVERCAST

- A — — ——— o ———— iy =]
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C LONG WAVE RADIATION 00009750
C 00009760
1080 Q3RB=AMAX1(Q3R41.,E=-5) 00009770
VAK=2,+AL0OG(1,7188E-6/Q3RB)/ALOG(120.,/PL3) 00009780
TEM1=,00102%PL3#%x2%Q3RB/VAK 00009790
TEM2aTEML*(P4/PL3)*%VAK 00009800
EFV3=TEM2-TEM1 00009810
EFV2aTEM2-TEM1%*(PL2/PL3) *xVAK 00009820
EFVI=TEM2-TEM1*(PL1/PL3)**VAK 00009830
EFVT=TEM2-TEM1*(PTROP/PL3} %**VAK 00009840
EFVO=TEM2-TEM]1*(120,/PL3)**VAK+2,526E-5 00009850
BLT=STBO*TTROP**4 00009860
BL1=STBO*T1%%x¢4 00009870
BL2=STBO*T2%x%¢4 00009880
BL3=STBO*T3%%4 00009890
BL4=STBO*TG*x%x4 00009900

C LONG WAVE RADIATION 00009910
ROC=0, 00009920
R2C=0, 00009930
R4C=0. 00009940
URT=BLT#TRANS{EFVO-EFVT) 00009950
URZ2=BL2*TRANS(EFVO-EFV2) 00009960

GO TO (1090,1090,2000), ICLOUD 00009970

1090 ROO=0482*(URT+(BL4-BLT)*{1.+TRANS(EFVT))/2.) 00009980
R20=04736%{UR2+(BL4=-BL2)%(]1,+TRANS(EFV2))/2.) 00009990
R40=BL4*(0.6%SQRT(TRANS(EFVO))-0.1) 00010000

IF (ICLOUD LEQ. 1) GO TO 2015 00010010

2000 1F (CL2 .LE, 0.) GO TO 2004 00010020
CLT=CL2 00010030
ROC=0,82%{URT+(BL2-BLT)*(1+TRANS(EFVT=-EFV2))/2,)*CLT 00010040
R2C=0,736%UR2*CLT 00010050
R2C=.5%R2C 00010060

GO TO 2006 00010070

2004 IF (CL3 JLE. Oe) GO TO 2006 00010080
CLT=CL3 00010090
ROC=0.82%(URT+(BL3-BLT)*(1,+TRANS(EFVT=EFV3))/2.)%CLT 00010100
R2C=04T36%{UR2+(BL3-BL2)*(1,+TRANS(EFV2=-EFV3))/2.)*CLT 00010110

2006 IF (CL1 .LE, O.) GO TO 2010 00010120
CLM=AMAX1(CLT~CL1,0.) 00010130

C IN PRESENT VERSION, CLM AND THIS TEM ARE ALWAYS ZERO 00010140
TEM=0, 00010150

IF (CLT .GT. 04001) TEM=CLM/CLT 00010160
ROC=0482% {URT+{BLL1-BLT )% (1o +TRANS{EFVT=EFV1))/2.)*%CL1+ROC*TEM 00010170
R2C=R2C*TEM 00010180

2010 R4Cu0,85%(,25+,75*TRANSIEFV3))*={BL4~BL3)*CL 00010190
2015 RO=ROC+(14-CL)*R0OO 00010200
R2=R2C+{1.,-CL)*R20 00010210
R4=R4C+(1.~CL)*R40 00010220

DIRAD=4 (=STBOXTG%%3 00010230
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SURFACE ALBEDD

IF (COSZ «LE. .01) GO TO 340

SCOSZ=S0%C0S?
ALS=,07

IF {OCEAN) GO TO 335
ALS=,14

IF (LAT(J) .LT. SNOWN)} GO TO 327
CLAT=(LAT(J)~SNOWN)*CONRAD

GO TO 330

IF (LAT{J) .GT. SNOWS) GO TO 328
CLAT=(SNOWS-LAT(J))*CONRAD

ALS=,45% (1 +(CLAT-10,)%%2)/((CLAT-30.)%%2+(CLAT=10,)%*2)
GO TO 335

IF (LAND) GO TO 335

CLAT=0,0

ALSE (4% (1 o+ {(CLAT-5,)%%2))/((CLAT=45,)%%2+4{{CLAT=5,)%%2))

SOLAR RADIATION

ALAO=AMINI(1,,,085-,247%AL0DGL10(CNSZ/COLMRY})
SA=z,349%SC0S12

$8=5C0S1~-SA

ASOT=SA*TRSW((EFVO-EFVT)/C0SZ)
AS2T=SA*TRSW((EFVO-EFV2)/C0SZ)

FS2C=0,

FS&4C=0,

S4C=0,

GO TO (3364336,337), ICLOUD
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CLEAR

FS20=AS2T

FS40=SA*TRSW(EFV0O/C0OSZ)
S40=(14~ALS)*(FS40+{14~ALAO}/(1.~-ALAO®ALS)*SS}
1F (ICLOUD +EQ. 1) GO TO 341

LARGE SCALE CLOUD

IF (CL2 JLE. 04) GO TO 338

CLT=CL2

FS2C=AS2T*CLT
TEMS=SA®({1,-ALC2)*TRSW((EFVO-EFV2)/CDSZ+1,66% (EFVC2+EFV3))
FS4C=(TEMS+ALC2*AS2T)*CLT

ALAC=ALC2+ALAO-ALC2*ALAO
S4C=(1.~ALS)I*(TEMS/(1.-ALC2*ALS)+{1.~ALAC)/(14~ALAC*ALS)*SS)*CLT
GO TO 339

LOW LEVEL CLOUD

IF (CL3 .LE, 0.) GO TO 339

CLT=CL3

FS2C=AS2T*CLT

TEMU=(EFVO~EFV3)/C0SZ
TEMS=SA%{1,-ALC3)*TRSW(TEMU+1,66%(EFVC3+EFV3))
FS4C=(TEMS+ALC3%SA®TRSW(TEMU) ) %CLT

ALAC=ALC3+ALAO-ALC3*ALAO
S4C=(1o~ALS)*(TEMS/(1.—ALC3*ALS)+(1,~ALAC)/(1.=ALAC*ALS)*SS)*CLT

THICK CLOUD

IF (CL1 .LE, 0.} GO TO 341
CLM=AMAX1(CLT~CL1,0,)

IN PRESENT VERSION, CLM AND THIS TEM ARE ALWAYS ZEROD

TEM=0,

IF (CLT GT. O4) TEM=CLM/CLT

TEMU={EFVO~-EFV1)/C0OS2Z

TEMB=ALC1*TRSW(TEMU ) %xSA®CL1
FS2C=SA*(1,~ALCL)*TRSW(TEMU+1,66%EFVC1)*CL1+TEMB+FS2C*TEM
TEMS=SA%(1,~ALCL)*TRSWI(TEMU+1.,66%(EFVC1+EFV3))
FS4C=TEMS*CL1I+TEMB+FSA4CHTEM

ALAC=ALC1+ALAO~ALC1*ALAO

S4C=(1,~ALS)*(TEMS/(1.~ALCL1*ALS)
X + (14=ALAC)/(1e—ALAC®ALS)#SS)*CL1+S4C*TEM

MEAN CONDITION

FS2=FS2C+(1.~CL)*FS20
FS4=FS4C+(1,~CL)*FS40
S4=54C+(1.-CL)*%*S40
AS1=ASOT~-FS2
AS3=FS2-FS4

GO TO 345

$4=0,0

AS3=0,0

AS1=0.0
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COMPUTATION OF GROUND TEMPERATURE

TGR=TG

IF (OCEAN) GO TO 347

BRAD=S4-R4

TEM=0,

IF (ICE4AND.222.LT+0.1) TEM=CTID/HICE
Al=CSEN%(T4+CLHE (Q4+WET*(DOGXTG=0G) ) )
A2=BRAD+4 ,*BL4+TEM®TICE
Bl=CSEN%®(1,+CLH*DOG*WET)

B2=DJRAD+TEM

TGR=(A14A2)/(8B1+B2)

IF (LAND,OR,TGR,LT.TICE)} GO TD 346
TGR=TICE

DR4=DIRAD*(TGR~TG)

R4=R44+DR4
R2=R2+.,8%(1,~CL)*TRANS(EFV2)%DR4
RO=RO+,8% (1 ,~CL)*TRANS(EFVT)*DR4
GT(JyI)=TGR

SENSIBLE HEAT (LY/DAY) AND EVAPORATION (GM/CM*%2/SEC)

E4=CEVA* (WET*(QG+DOG*(TGR~TG) )~0Q4)
F4=CSEN®(TGR~T4)
FK=RO4*FK]1%WINDF

TOTAL HEATING AND MOISTURE BUDGET

QN=(C14+C3+4PC1+PC3)/CLH+PREC=-2,%E4=DTC3%GRAV/(SP¥*10,.)
03(Js1)=03(Js1)-0ON

IF (4NOT.LAND) GO TO 350

RUNOFF=0,

IF (ONoGTo0u oANDy WET,LTelse) RUNOFF=,.5%WET

IF (ONeGTo0. «AND, WET.GE.le) RUNDFF=1,

WET = GW(JyI)+(1.-RUNOFF)®QON%5,%SP/GRAV/GWM

IF (WET.GT.1l.) WET = 1,

IF (WET.LT.0.) WET = O,

GWilJdel) = WET

IF (Q3(Jel)alTe04) 03{Js1)=0.

1F (KEY(31)) GO TO 360
Hl=(AS14R2~RO)*COE1*COLMR+C1+PC1
H3=(AS34R4=R2+F4)*COE1*COLMR+C3+4PC3+PREC*CLH
H(JyI91l)=0,5%(H1+H3)

TEMP=0,5%(H1=-H3)

T(Jelol)=T(Jels1)+TEMP
T(Jele2)=2T(Jy142)-TEMP
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SURFACE FRICTION

+

IF (J +EQ. 1) GO TO 358

COLMR=4 (#PM/{P{Jy 1) +P{JyIPLY+P(J=1,1)4P(J=1,1P1))

DO 355 K=1,2

K1=2%K

K2=K1+1

TEMP=0(J;],K1)-Q(J.1'K2)

Q(Jel4K1)=Q(JylsK1)~FMETEMPRCOLMR*%2%DTC3

Q(J.l.K2)=0(J.loK2)+(FM#TEMP*COLMR—FK#(Q(JolvKZ)-.SvTEMP)*.7)
*COLMR%*DTC3

358 CONTINUE

358

360
370
375

377

380

390
400

&
&

IF (NOOUT) GO TO 360

PACK FOR OQUTPUT

WW=ESD(Je1)%3600,/(2.0%DXYP(J))
SCALE=SCALEU*COLMR

KKK=TPK({IFIX(AS1*SCALE) IFIX(AS3%SCALE})
TT(JeIel)=XXX
KKK=TPK(IFIX((R2=-RO)*SCALE)»IFIX((R4~R2)*SCALE})
VTI(Jele2)=XXX
KKK=IPK(IFIX(F&4) 4 IFIX(E4%1004%36004%24,}))
TT(Jely2)aXXX
KKK=IPK(IFIX(T4%104) s IFIX{PREC*SCALEP%*SP))

Q3T (Jy1¥=XXX
KKK“IPK(IF]X(EX*IO-)OIF]X((CI*C3§PC1+PC3)4SP*SCALEP/CLH')
UT(JyTe2)=XXX

KKK=IPK(IFIX(H1%100.,*DAY/DTC3), IFIX(H3%100.%DAY/DTC3})
PT(JeI)=XXX

KKKsIPK(IFIX(S4/104)yIFIX{WW*100.,))

SD{JyI)=XXX

CONTINUE

CONTINUE

DO 377 I=1l,1IM

DO 377 J=l,JM

H(Jeloel)=H(JyT,1)%DXYP(J)

DD 390 I=1,1IM
IP1=MOD(I,IM})+]
IM1=MOD{(1+IMM2,IM)+]

DD 380 J=2,JMM1
TEMP={H(J+13IMLe1)+2,%H(J+1o141)4H(J+1,4IP1s1)
$2.%H(JgIMLy1)  +64%H(JgI41)+2e%H(JsIPLly1)

*H(J‘lv]"lvl)*?o*H(J“lv]'1’*H(J'lvlplol’)/(lbn*DXYP(J))
T(Jelel)=2T{(JeIs1)+TEMP
T(Je142)=TlJe142)+TEMP
T(lelel)=T{lelel)+H(1sI,1)/DXYP(1)
T{1e192)=T(1e142)+H(1s1,+1)/DXYP(1)
TUIMeTol)=T{IMeIo1)+H{IMsT41)/DXYP(JIM)
TUIMe T 21T (UM T ,2)4H{IM,1,1)/DXYP(IM)
RETURN
END
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S U B R D U T 1 N E

* COMP4&
/%
/7 DD DISP=DLDyDSN=MEST27.ABN,COMMON
// DD *
C
C
DTC3=DT*FLOAT(NC3)
SIG1=S1G(1)
SIG3=SI1G(2)
DSIG=SIG3~-S1G1
JMM1 = JM~-1]
JMM2 = JM =2
IMM2=2[M-2
FIM=IM
TSPD=DAY/DTC3
IF{A.EQ.0.,) GO TO 92
C

DO 25 I=1,1IM

DO 20 J=24JM
20 PVIJe1)=DXYP{J)EP(J,])
25 PV(1y1)=DXYP(1)}%P (1,41}

DIFFUSION OF MOMENTUM

laXaleal

DO 30 I=1,1IM
IP1=MOD(1,IM)+1
DO 30 J=2,JM
30 PULJy1)=0,25%(PV(JaT1)14PVIU=-1,41)14PV(JeIP1)+PVII-141P1))
DD 90 K=2,45
Kl1=K-MOD(K,2)
FL=MDD(K42)%2+1
SIGCO=FL/2,
DO 40 I=1,1IM
IPI=MOD(1,IM)+1
DO 40 J=24JM
40 PY(JpI1)=SIGCO*(P(JyIPL)I+P(J=14IP1)=P{Jy1)=P(J=141))
* JUP(JyIPL) 4P (J=1,IP1)4P(Jy1)+P(J-1,1))
® 5(Q(JsT1oK1)=Q{JosIoK1l+1))

00012040
00012050
00012060
00012070
00012080
00012090
00012100
00012110
00012120
00012130
00012140
00012150
00012160
00012170
00012180
00012190
00012200
00012210
00012220
00012230
00012240
00012250
00012260
00012270
00012280
00012290
00012300
00012310
060012320
00012330
00012340
00012350
00012360
00012370
00012380
00012390
00012400
00012410
00012420
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DO 50 I=1,1IM 00012430
IM1=MOD{I+IMM2,IM)+1 00012440

DN 50 J=2,JM 00012450
TEMP=DTC3%(P(Jy1)+P(J=1,1))%AXU(J)=DYU(J)/DXU(J)*0.5 00012460

* 2(0(JeToKI=Q(JgIMLK)+PV(Je1)+PV(JsIM1)) 00012470
Qs 14KI=0(JsI4K)=-TEMP/PU(JsT) 00012480

50 O(JeIM1oK)=Q(JsIMLK)+TEMP/PU(JyIM]1) 00012490
DO 60 I=1,IM 00012500
IP1=MODI(T4IM)+1 00012510

DO 60 J=2,JM 00012520

60 PV(Jol)'SlGCO*(P(JolPl)+P(J'l)-P(J-l'lPl)—P(J-lol)) 00012530
* J(P(JeIPLI+P(Je1)4P(J=14IPLI+P(J=10s1)) 00012540

* *(Q(JeT4K1)-Q(JogIoK1+1)) 00012550
00 80 I=1,1IM 00012560
IP1=MOD(T1,IM)+1 00012570

D0 70 J=2,JMM] 00012580
TEMP’DTC3*(P(JolPl)+P(Jol))‘AYU(J)*DXU(J)**B/DYU(J)*O.5 00012590

* '((O(J+1010K)+PV(J+1'I))/DXU(J*I)—(O(JoloK)-PV(Jol))/0XU(J))00012600
Q(J+1 o oK) =Q(J+1 4T 4K)=TEMP/(PU(J+1,1)2DXU(J+1)) 00012610

70 Q(JeT14K)20(JeIoK)I+TEMP/{PULILT1)%DXU(JI)}) 00012620
TEHP!DTC3*P(JH'1)‘AYU(JM)#DXU(JM)/DYU(JM)'(O(JNoIoK)-PV(JMoI)) 00012630
O(JMy oK} mQ(IMy T4 K)=TEMP/PU(JIM, 1) 00012640
TEMP=DTC3%P (2, 1)*AYU(2)%DXU(2)/DYU(2)*(0(2+1+K)=PV(2+1)) 00012650

80 Q(2414K)=0(2,14K)-TEMP/PU(2,1) 00012660
90 CONTINUE 00012670
2 CONTINUE 00012680
00012690

SMOOTHING LAPSE RATE 00012700
00012710

99 00 100 I=141IM 00012720
DO 100 J=1,JM 00012730
100 TO(Je1)=(T(Je142)=TlJeIol})%5/P(Jsl) 00012740
DO 110 I=1,1IM 00012750
IML=MOD(T+IMM2,IM)+1 00012760
1P1=MOD(1,yIM)+] 00012770

DO 110 J=2,JMM] 00012780
TOBAR = (TD(J+1,IM1)42.%TD(J+1,s1)+ TD(J+1,1P1) 00012790

2 +2.5TDUJ IML)  +6,%TD(J,1) +2.%TD(J,1P1) 00012800

3 + TO(J=1yIM1)+2,2TD(J=-1,1)+ TD(J-1+1P1)) /16, 00012810
TOSM={TD(Js1)+(TDBAR=TO(J41))/TSPD)*P(Js1) 00012820
TBARS(T(Jyg192)+T(Jsls1))%*,5 00012830
T(Jyle1l)=TBAR-TDSM 00012840
110 T(Jyl42)=TBAR+TDSM 00012850
RETURN 00012860
END 00012870
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S YU B8 R 0O U T I N _E 00012880

* INPUT 00012890

/% 00012900
// DD DISP=0LDyDSN=MEST27,ABN.COMMON 00012910
// Db * 00012920
c 00012930
EQUIVALENCE { XXX ¢KKK) 00012940
DIMENSION C1(B800), 1C1(800)s IC(BOO)}s ALPH(8) 00012950
EOUIVALENCE (OT(1,1410),C1{1),1C1(1)), (C{1),IC(L}) 00012960
LOGICAL JUMP 00012970
INTEGER KSET(32), BLANK/' '/ 00012980
EQUIVALENCE (XLEV,ILEV) 00012990

c 00013000
c INPUT PROGRAM 00013010
c PING=PONG RESTART/DUTPUT OPTION 00013020
c IF (KEY(11) ,OR, KEY(12)) GO TO 751 00013030
P1=3,1415926 00013040
SIGE1)=,25 00013050
S1G6(2)=.75 00013060
DAYPYR=365, 00013070
DECMAX=23,5/180,0%P1 00013080
ROTPER=24,0 00013090
EONX=173,0 00013100
APHEL=183,0 00013110
ECCN=0,0178 00013120

C HISTORY FILE 00013130
KTP=11 00013140

C CHECKPOINT FILE 00013150
LTP=] 00013160

C ©DATA CARD IMAGE FILE 00013170
INU=5 00013180

C OUTPUT (MAP) STREAM 00013190
MTP=6 00013200

c (1 00013210
READ (INU,50) ID.XLABL 00013220

c (2) 00013230
c 00013240
C TRST=1l, : RESTART USING NEW TAPE 00013250
C TERM=0, ¢ DO NDT TERMINATE OLD TAPE IF TRST=l. 00013260
READ (INU,80) TAUID,yTAUIH,TRST, TERM 00013270

IF (TRST,NE.O0.0) KTP=10 00013280

TAUI =TAUID*24.,+4TAUIH 00013290

c (3) 00013300
READ {(INU,80) TAUD, TAUD, TAUH, TAUE, TAUC 00013310
TAUE=24,0%TAUE 00013320

C (&) 00013330
READ (INU,82) DTM, NCYCLE, NC3 00013340

c (5) 00013350
READ (INU,10) UM, IM, DLAT 00013360

C (6) 00013370
READ (INU,80) AX 00013380

c (7 00013390

READ (INU,8B0O) FMX, ED, TCNV 00013400
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(8) 00013410
READ (INU,80) RAD, GRAV, DAY 00013420

(9) 00013430
READ (INU,80) RGAS, KAPA 00013440
(10) 00013450
READ (INU,80) PSL,y PTROP 00013460

(11) 00013470
READ (INU,80) PSF 00013480

(12) FOR POLAR MAPS, LATITUDE OF INSCRIBED CIRCLE 00013490
READ (INU,80) OLIC 00013500
(13) 00013510
READ (INU,85) KSET 00013520

DO 40 J=1,32 00013530

40 KEYS(J)=aKSET(J)oeNE«BLANK 00013540
00013550

DT=DTM*60,0 00013560
A=AX%*] ,0E5 00013570
FIM=IM 00013580
DLAT=DLAT*P1/180,0 00013590
DLON=2 ,0*PI/FIM 00013600
FM=FMX%0,00001 00013610
00013620

00013630

RAD=RAD*1000.0 00013640
DAY=DAY*3600,0 00013650
00013660

CALL MAGFAC 00013670
READ (INU,1199) MARK 00013680

123 TREADY=,TRUE, 00013690
125 READ (KTP) TAUX, Cl 00013700
IF (TAUX LLT. 0,0) GO TO 135 00013710
TAU=TAUX 00013720
TAUID=IFIX{TAUX/24,) 00013730
TAUIH=TAUX=24,%*TAUID 00013740

IF (KEY(9)) WRITE (MTP,9120) TAUID, TAUIH 00013750
C(22) = C1(22) 00013760
SDEDY = IC1(29) 00013770
SDEYR = IC1(30) 00013780
CALL OUTAPE(KTP,1) 00013790

IF (TAUX-TAUI) 125, 190, 190 00013800

135 BACKSPACE KTP 00013810
190 CONTINUE 00013820
IF ({TRST.EQele) s AND,(TERM,EQ.0.)) GO TO 195 00013830
TAUX==ABS(TAUX) 00013840
WRITE (KTP) TAUX,,C1 00013850
BACKSPACE KTP 00013860

195 CONTINUE 00013870
IF (TRST.EQ.0.0) GO TO 202 00013880
REWIND kTP 00013890
KTP=11 00013900
WRITE (KTP) TAU,C 00013910
CALL OUTAPE (KTP,2) 00013920

202 JUMP=,FALSE, 00013930
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CALL INITZ2(MARK)
CALL INSDET

IF (JUMP) GO TO 300
CONTINUE

IF (KEY(-20)) TAU=24,

TAUI=TAU

WRITE (MTP,1200) ID,XLABL

WRITE (MTP,1201) TAUID,TAUIH,TRST,TAUI
WRITE (MTP,1201) TAULO,TAUD,TAUH,TAUE,TAUC
WRITE (MTP41201) DTMyDLAT AXsFMX4EDyTCNV
WRITE (MTP,1201) RAD,GRAV,DAY,RGAS,KAPA,PSL+PTROP4PSF,DLIC
WRITE (MTP,1202) JUM,IM,NCYCLE,NC3

WRITE (MTP,1197) AX

WRITE (MTP,1195) €D, TCNV

WRITE (MTP,1196) FMX

TOFDAY=AMOD(TAU,ROTPER)
WRITE (2) GW, GT, TS, SN
REWIND 2

RETURN

FORMAT (215,F10.,0)

FORMAT (10A4)

FORMAT (1248A1,2F10.0,8A4)

FORMAT (F10.0,215)

FORMAT (5F10.,0)

FORMAT (32A1)

FORMAT (6HO ED=4F54,24/7THO TCNV=,F5,0)

FORMAT (6HO FM=,F4,2,8H%0,00001)

FORMAT (6HO =y Floe2¢y9H*100000,.0)

FORMAT (213)

FORMAT (1X,2F10.2)

FORMAT (*1TAPE',14,* DOES NOT CONTAIN THE STARTING TIME')
FORMAT (*OSWITCHING FROM TAPE ',I2,' TO TAPE ',12)
FORMAT (1H1,A4,2X,9A4)

FORMAT (9(1X,E12.5))

FORMAT (10(1X,15}))

END

00013940
00013950
00013960
00013970
00013980
00013990
00014000
00014010
00014020
00014030
00014040
00014050
00014060
00014070
00014080
00014090
00014100
00014110
00014120
00014130
00014140
00014150
00014160
00014170
00014180
00014190
00014200
00014210
00014220
00014230
00014240
00014250
00014260
00014270
00014280
00014290
00014300
00014310
00014320
00014330
00014340



-296-~

C
S U B R 0O U T I N E
* MAGFAC
/=
// DD DISP=20OLDyDSN=MEST727.ABN,COMMON
// nop =»
C
C EQUAL LATITUDE DISTANCE PROJECTION
C
JMM] 2 M~1
FiM=JM
FUJEaFJM/2.,040.5
DO 410 J=2,JMM1
FJ=J

410 LAT(J)=DLAT*{FJU=FJE)
LAT(1)=~P1/2,0
LAT({JUM)=P1/2,0

DO 415 J=2,JUM

415 DYU(J)=RAD*{LAT(J)=LAT(J=1))
DYU(1)=DYU(2)
D0 420 J=1,JUM

420 DXP(J)=RAD*COS(LAT(J) )*DLON

DO 430 J=2,JM
430 DXU(J)=0 5% (DXP(J)+DXP(J=1))
DXU{1)=DXxt(2)
DO 440 JU=2,JMM1
440 DYP(J)=0,5%({DYU(J+1)+DYU(V))
DYP(1)=DYU(2)
DYP{JM)=DYU(IM)
DO 445 J=2,JMM]
445 DXYP(J)=0,5%(DXU(J)+DXU(JI+1))=DYP(J)
DXYP(1)=DXU(2)*DYP(1)%0,25
DXYP(JM)=DXU(JM)*DYP(JIM)*0,25
DO 450 JUm2,JMM]1
450 F(J)=n2,0%PI/DAY*(RAD/DXYP(J))*((COS(LAT(J=1))+COSILAT(J)))*DXU(J)
%= {COS(LAT(J))+COS(LAT{J+1)))*DXU{J+1))/2.0
F(JM)=2 ,0%PI/DAY®(RAD/DXYP(JM))* (COSILAT(JIM=1))+COSILAT(JIM)))
*2DXU(JIM) /2,0
Fll)=s=F(JM)

c USED IN COMP4 ONLY
EXP1=4,0/3,0
DO 42 J=l,um
AXU(J)aA*(DXU(J)/3,0E5)**EXP]
AXV(J)=A*(DXP(J)/3,0E5)*k%EXP]
AYU(J)=A®(DYU(J)/3.0ES)*%EXP]
42 AYV{J)=A%{DYP(J)/3,0E5)*%EXP]
RETURN
END

00014350
00014360
00014370
00014380
00014390
00014400
00014410
00014420
00014430
00014440
00014450
00014460
00014470
00014480
00014490
00014500
00014510
00014520
00014530
00014540
00014550
00014560
00014570
00014580
00014590
00014600
00014610
00014620
00014630
00014640
00014650
00014660
00014670
00014680
00014690
00014700
00014710
00014720
00014730
00014740
00014750
00014760
00014770
00014780
00014790
00014800
00014810
00014820
00014830
00014840
00014850
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S U B R 0O U T I N E
INSDET

// DD DISP=0LDyDSN=MEST727,ABN,COMMON

//

c

411

OO0

31

14

15

DD *
LOGICAL DCLK

DO 411 Je=l,JM
SINL{J)=SIN(LAT(J))
COSL{J)=COS(LAT(J))

IF (KEY(11),0R,.KEY(12)) GD TO 15

INU=5

READ (INU,7) CLKSW, RSETSW, LDAY, LYR
IF (RSETSW ,NE, RESET) GO TO 14
SDEDY=LDAY

SDEYR=_ YR

DCLK= ,FALSE,

CALL SDET

IF (CLKSW (NE, OFF) DCLK= ,TRUE,
RETURN

DCLK=,FALSE,

CALL SDET

RETURN

FORMAT (A446X4A4e6Xe13,7Xy14)
DATA RESET/4HRESE/, OFF/4HODFF /

END

00014860
00014870
00014880
00014890
00014900
00014910
00014920
00014930
00014940
00014950
00014960
00014970
00014980
00014980
00015000
00015010
00015020
00015030
00015040
00015050
00015060
00015070
00015080
00015090
00015100
00015110
00015120
00015130
00015140
00015150
00015160
00015170
00015180
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C 00015190
S YU B R 0O U T I N E 00015200

* SDET 00015210

/% 00015220
// DD DISP=0LD,DSN=MEST727.ABN,COMMON 00015230
// DD =*% 00015240
C 00015250
DIMENSION 2ZMONTH(3,12), MONTH(12) 00015260
LOGICAL DCLK 00015270
MAXDAY=DAYPYR + 1,0E-2 00015280

IF (DCLK) SDEDY=SDEDY+1 00015290

IF (SDEDY LE. MAXDAY) GO TO 211 00015300
SDEDY=SDEDY~MAXDAY 00015310
SDEYR=SDEYR+1 ) 00015320

211 JOYACC=0 00015330
DO 251 L=1,12 00015340
JOYACC=JDYACC+MONTHI(L) 00015350

IF (SDEDY .LE. JDYACC) GO TO 241 00015360

251 CONTINUE 00015370
L=12 00015380

261 MNTHDY=MONTH(L )-JDYACC+SDEDY 00015390
AMONTH(1)=ZMONTH{1,L) 00015400
AMONTH({2)=2MONTH(2,L) 00015410
AMONTH(3)=ZMONTH(3,L) 00015420
DY=SDEDY 00015430
SEASON=(DY-EQNX)/DAYPYR 00015440
DIST=(DY-APHEL )/DAYPYR 00015450

C 00015460
o EONX = JUNE 22 00015470
C APIHELION = JULY 1 00015480
o ECCN= ORBITAL ECCENTRICITY 00015490
o 00015500
DEC=DECMAX*C0S(2,0%P] *SEASON) 00015510
RSDIST=(1.0+ECCN*COS(2,0%PI%DIST) )%%2 00015520
SIND=SIN(DEC) 00015530
COSD=COS(DEC) 00015540

o 00015550
DATA ZMONTH/® JANUARY FEBRUARY MARCH APRIL 00015560

X MAY JUNE JULY AUGUST SEPTEMBER 0CT0OBOO0O15570

XER NOVEMBER DECEMBER Y/ 00015580

DATA MONTH/3142B931930+31930+31931930¢31+30431/ 00015590
RETURN 00015600

END 00015610
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C
S U B R 0 u 7 | N E
* INIT1

/%
// DD DISP=0OLDyDSN=MEST727.ABN,COMMON
// DD *
C
C
g THIS SUBROUTINE IS FOR COLD START INITIAL CONDITION,
C

RETURN
C

END
C

S U B R 0 U T I N _E
* INIT2 {MARK1)

/%
// DD DISP=0LD4DSN=MEST727,ABN,COMMON
// (3] ] %

REAL METER

DIMENSION HEIGHT (46)

LOGICAL FAH
C

INU = §

IF (MARK1 .EQ. O} GO TO 71
C
C READ UNIT CARD FOR GEOGRAPHY
C

75 READ (INU,110) TEMSCL
1F (TEMSCL .EQ. FAREN) GO TOD 86
IF (TEMSCL .EQ, CENTIG) GO T0O 46
STOP 19121

86 FAH=,TRUE,
GO T0 97

46 FAH=,FALSE,
GO 70 97

19 WRITE (6,76)
STOP

97 CONTINUFE

00015620
00015630
00015640
00015650
00015660
00015670
00015680
00015690
00015700
00015710
00015720
00015730
00015740
00015750°

00015760
00015770
00015780
00015790
00015800
00015810
00015820
00015830
00015840
00015850
00015860
00015870
00015880
00015890
00015900
00015910
00015920
00015930
00015940
00015950
00015960
00015970
00015980
00015990
00016000
00016010
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15

23
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READ GEOGRAPHY DECK

OCEAN: SEA SURFACE TEMPERATURE
LAND: -64
SEA JCE DR LAND iICE: -96

DO 15 IL=1,MARK]1

READ (INU,102) (TOPOG(JyIL)9J=1415)9ILLy¢TOPOGIJ,IL)»J=16430),1L2

Xe (TOPOG(JosIL)sJ=31446),1L3

IF (IL1,NE.IL2,0R,IL2,NE,IL3,0R.TL1.NE.IL) GO TO 19

CONTINUE

DO 23 IL=1,1IM

DO 23 JL=1lyJM

IF (TOPOG(JL,IL) +LE, -64,0) GO TO
IF (FAH) TOPOG({JL,IL)=(TOPOG(JL,IL)
TOPOG(JL,IL)=TOPOG(JLyI1L)+273,0
CONTINUE

CNST=GRAV*30,.48

HCST=1.

READ UNIT CARD FOR TOPOGRAPHY

READ (INU,110} HSCL

IF (HSCL JNEo FEET .AND, HSCL .NE.
IF (HSCL .EQ. METER)IHCST=39,39/120.
CNST=CNST=*HCST

DO 10 I=1,MARK]1

READ TOPOGRAPHY DECK

50

60
20
10
71
78

101
102
110
111
112
76

READ (INU,101) (HEIGHT(J)yJ=1925)yIL1s(HEIGHT(J)sJ=2640M),1L2

23
-32.0)1%5./9,

METER) GO TO 78

IF (IL1 «NE. IL2 4OR. IL1 .NE. I) GO TO 19

DO 20 J=1,JM

IF (TOPOG(Jy1)+64.0) 60,50,20
TOPOG(Jy I)==HEIGHT (J)®CNST

GO TO 20

TOPOG(Js 1) ==(HEIGHT(J)*CNST+104,E5)
CONTINUE

CONTINUE

RETURN

WRITE (6,112) HSCL

STOP 19122

FORMAT (25F3,041Xy14/21F3,0,413Xe14)
FORMAT (15F4,1418X412/15F4,1,18Xs12
FORMAT (A4)

FORMAT (1H1,6X,2A6,40H NOT RECOGNIZED AS TEMPERATURE CONTROL.
FORMAT (1H1,6X42A6,436H NOT RECOGNIZED AS HEIGHT CONTROL.
FORMAT(///69H GEOGRAPHY DATA SEQUENCE ERROR,

9 AND PUSH START,////)

DATA FAREN/4HFAHR/4CENTIG/4HCENT/FEET/4HFEET/ METER/4HMETE/

END

/16F4qe1914Xy12)

00016020
00016030
00016040
00016050
00016060
00016070
00016080
00016090
00016100
00016110
00016120
00016130
00016140
00016150
00016160
00016170
00016180
00016190
00016200
00016210
00016220
00016230
00016240
00016250
00016260
00016270
00016280
00016290
00016300
00016310
00016320
00016330
00016340
00016350
00016360
00016370
00016380
00016390
00016400
00016410
00016420
00016430
00016440
00016450
00016460

100016470

00016480

RELOAD GEOGRAPHY DECK00016490

00016500
00016510
00016520
00016530
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B. MAP PROGRAM LISTING

To facilitate the output of the primary dependent variables and
auxiliary physical quantities, a number of routines for the production
of analyzed maps have been prepared. Examples of these maps have been
given in Chapters III and IV. The FORTRAN listing of the complete set
of map routines is given below, with the cards in the program numbered
sequentially for easy reference. Each of the map subroutines auto-
matically computes the zonal average at each grid latitude, as well
as the global average. The maps 2, 3, 4, 6, 8, 17, 18, 21, 27, and
28 may be produced for an arbitrary tropospheric ¢ or p surface by
interpolation or extrapolation of the solutions at the basic levels
o = 1/4 and o = 3/4, while the other maps refer only to fixed levels,
layers, or quantities.

It may be noted from the model description (see Chapter III)
that while the primary dependent variables are computed each time
step, the source or forcing terms (such as the diabatic heating) are
computed every fifth time step. In order that any of the maps, wheth-
er involving a dependent variable and/or forcing term, may be pre-
pared at any time selected for map output, portions of the subroutines
OUTAPE, VPHI4, AVRX, and COMP 1 have been made part of the map pro-
gram, a new subroutine MAPGEN has been written, and a substantial
portion of the subroutine COMP 3 has also been incorporated. 1In this
way those maps involving heating or precipitation, for example, are
explicitly computed from the data at the time requested for map output.

The complete list of maps and the levels associated with their
output (in o coordinates) is shown below; examples of those maps marked
by an asterisk (*) are given in Chapter IV, with Map 5 given in Chap-
ter III, Section F.

*

Map 1: Smoothed sea-level pressure (¢ = 1)

*

Map 2: Zonal wind component (0 < o < 1)

*

Map 3: Meridional wind component (0 < ¢ < 1)

*
Map 4: Temperature (0 s o < 1)



-302-

Map 5: Topography (sea-surface temperature, land elevation, ice

distribution)

*Map 6: Geopotential height (0 < o < 1)

Map 7: Unsmoothed sea-level pressure (o = 1)
*Map 8: Total diabatic heating (0 < ¢ < 1)
*Map 9: Large-scale precipitation rate
*Map 10: Sigma vertical veloecity (o = 1/2)
Map 11: Relative humidity (o = 3/4)

Map 12: Precipitable water

Map 13: Convective precipitation rate

Map 14: Evaporation rate (o = 1)

Map 15: Sensible heat flux (o = 1)

Map 16: Lowest-level convection (o = 1)
Map 17: Wind direction angle (0 < o < 1)

Map 18: Wind direction vectors (0 < o < 1)

Map 19: Long-wave heating in layers (o = 0 to 1/2, o 1/2 to 1)

]

Map 20: Short-wave absorption (heating) in layers (o 0 to 1/2,

o =1/2 to 1)
Map 21: Wind magnitude (0 < ¢ < 1)
Map 22: Surface short-wave absorption (heating) (o = 1)
Map 23: Surface air temperature (o = 1)
Map 24: Ground temperature (o = 1)
Map 25: Ground wetness (o = 1)
Map 26: Cloudiness (high, middle, low)
Map 27: Pressure at sigma surfaces (0 < ¢ < 1)

Map 28: Total convective heating in layers (o = 0 - 1/2, o = 1/2 ~ 1)
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*
Map 29: Latent heating (¢ = 1/2 to 1)

*

Map 30: Surface long-wave cooling (o = 1)

*
Map 31: Surface heat balance (¢ = 1)



~304~

(% % 2 s s o 2ok e 3 e o 3 e ke e ok o o o e e o ol oK R K ROR Rl R R RO ROk R R R X R ks ke k%% (00000010
(€% e e i o o e e e 0o e o ok ok o e el o o R ok R R RO R R R R R R R R R R R AR XXX XXX X00000020

C*x
C*
C*%
Cx
C*

MAP { IST FOR MINTZ-ARAKAWA TWO-LEVEL GENERAL CIRCULATION MODEL

*00000030
*00000040
*00000050
*00000060
*00000070

% o o o ok 3 ok g ok o e o o o ok kg ok o K e X oK R O R R o ROk B R R ROk R R R R R Rk R R R Xk x k%% 00000080
Ok oo Bk ok Ak g o ke e o Ak R R R R R RO R R R ROk R R R kR Rk ke xxxuxx%xx00000090

/%
// DD
//

100
101
102
103
104
105
106
107

200

230

250

DISP=0LD,DSN=MES727.ABN.COMMON
DD *
COMMON/COUT/ZM(46) ySURF,LEV, ISL,NAME(13)
COMMON /CDT/TAPIN
DIMENSION MAP(99),SRF(99),SNT(99),ZM2(46)
DATA JUBLK/4H /
DATA BCTP/*TAPE'/
FORMAT (5E10.0)
FORMAT (12,2E10.0413A4)
FORMAT (5(1X,F8,3))
FORMAT (1Xy1242(1XsF8.3))
FORMAT (1X4FB,242X91242X1FB4292X413A4,42XyEL13.5)
FORMAT (2E10.04A4%)
FORMAT (1XysFB.341X4FBa342XyA%)
FORMAT (1H1)
READ (54105) TO,TEND,TAPIN
WRITE (6,106) TOLTEND,TAPIN
TOPOG(1y1)=~1.0
IF {TAPIN.NE.BCTP) READ (8) TOPOG
TSA=TOPOG(14+1)
T0=24,%T0
TEND=24,%TEND
DAY1=24,%3600.
EJECT=0.0
I=0
READ (5,101) MAPNO,SURF
WRITE (6+103) MAPNO,SURF
I=1+1
MAP(1)}=MAPNO
IF (MAPNDO.EQ.0O) GO TO 230
SRF({1)=SURF
SNT(I)=SINT
GO TO 200
CONTINUE
T1=0,0
READ (8) TAU,C
DAY=DAY1
IF (TAU.EQ.TSA) GO TO 250
NOOUT=0
T2=TAU/24,
IF (EJECT.NE.O.0) EJECT=EJECT+1.0
IF (EJECT.EQ.2.0) PRINT 107
WRITE (6,102) TAU,T2
IF (TAU.LT.0.0) GO TO 250
CALL OUTAPE
IF (TAULLT.TO) GO TO 250
IF (TAULGT.TEND) CALL EXIT

00000100
00000110
00000120
00000130
00000140
00000150
00000160
00000170
00000180
00000190
00000200
00000210
00000220
00000230
00000240
00000250
00000260
00000270
00000280
00000290
00000300
00000310
00000320
00000330
00000340
00000350
00000360
00000370
00000380
00000390
00000400
00000410
00000420
00000430
00000440
00000450
00000460
00000470
00000480
00000490
00000500
00000510
00000520
00000530
00000540
00000550
00000560
00000570



270

275

280

290

IF {(TAU.LE.T1) GO TO 250
Tl=TAU

I=1

If (EJECT.NE.O0,0) GO TO 270
CALL COMP3

PRINT 107

EJECT=1.0

MAPNO=MAP(1)

IF (MAPNO.EQ.O0) GO TO 250
SURF=SRF (1)

SINT=SNT(I])

DO 275 J=1,13

NAME (J)=JBLK

CALL MOPGEN (MAPND)

DO 290 J=1l,JM

IM2(J)=0.0

FCNT=0.,0

DO 280 K=1,IM

IF (TOPOG(JyK),sLT.1.0) GO TO 280

IM2(J)=ZM2(J)+NWORK2 (J4K)
FCNT=FCNT+1.0
CONTINUE
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IF (FCNT.NE.O0.O0) ZM2(J)=IZM2(J)/FCNT

CONTINUE

WRITE(9)TAU,IDsMAPND ¢NAME y SURF 4y STAGI ¢ STAGJ s SINT yWORK29ZMyZM24ZMM

PRINT 104,72,MAPNQO,SURF4NAME
I=1+1

GO Y0 270

END

00000580
00000590
00000600
00000610
00000620
00000630
00000640
00000650
00000660
00000670
00000680
00000690
00000700
00000710
00000720
00000730
00000740
00000750
00000760
00000770
00000780
00000790
00000800
00000810
00000820
00000830
00000840
00000850
00000860



// DD
//
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SUBROUTINE OUTAPE

DISP=0LDyDSN=MEST727.ABN.COMMON
0D %

COMMON /CDT/TAPIN

DATA BCTP/'TAPE'/

K=8

READ (K} P
READ (K} U
READ (K} V
READ (K) T

READ (K} Q3

IF (TAPINLEQ.BCTP) READ (8) TOPOG
READ (K} PT

READ (K) GW

READ (K} TS

READ (K} GT

READ (K) SN

READ (K} TT

READ (K} Q37

READ (K) SD

IF (TAPINJNE.BCTP) RETURN
READ (K) H

READ (K) TD

RETURN

END

00000870
00000880
00000890
00000900
00000910
00000920
00000930
00000940
00000950
00000960
00000970
00000980
00000990
00001000
00001010
00001020
00001030
00001040
00001050
00001060
00001070
00001080
00001090
00001100
00001110
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SUBROUTINE MOPGEN (MAPNOD) 00001120

/% 00001130
// DD DISP=0LD,DSN=MEST27,ABN,COMMON 00001140
// DD * 00001150
COMMON  /SCTL/ RCTL{2}), ICTL(10) 00001160
COMMON /COUT/ IM(46)4SURF,LEV,ISL,NAME(13) 00001170
EQUIVALENCE (LEVEL,SURF) 00001180
LOGICAL LEV 000011950
MAPGEN=,TRUE. 00001200
LEV=,FALSE, 00001210

1F (SURF.LT.2.0) LEV=.TRUE. 00001220

c 00001230
GO TO (301+3024303430443054306,307,308,+309,310 00001240

® +311931243134314,315,316,317,318,319,320 00001250

* 0321493224323432443254326,327,3284+329,330+331),MAPND 00001260

c 00001270
301 CALL MaP1 00001280
GO TO 410 00001290

302 CALL MAP2 00001300
GO TO 410 00001310

303 CALL MAP3 00001320
GO TO 410 00001330

304 CALL MAP4 00001340
GO TO 410 00001350

305 IF (KEY{18)) MAPGEN=.FALSE. 00001360
CALL MAP 5 00001370

GO TO 410 00001380

306 CALL MAP6 00001390
GO TO <410 00001400

307 CALL MAPY 00001410
GO TO 410 00001420

308 IF (NOOUTLEQ.O) CALL COMP3 00001430
NOOUT=1 00001440

CALL MAPSB 00001450

GO TO 410 00001460

309 IF (NDOUTLEQ.O} CALL COMP3 00001470
NOOUT=1 00001480

CALL MAP9 00001490

GO TO 410 00001500

310 CALL MAPlO 00001510
GO TO 410 00001520

311 CALL MAP 11 00001530
G0 TO <410 00001540

312 CALL MAP1?2 00001550
GO TO <410 00001560



313

314

315

316

317

3175

318

3185

319

320

321

3215

322

IF (NOOUT.EQ.0) CALL COMP3
NOOUT=1

CALL MaAP13

GO TO 410

IFf (NOOUT.EQ.O0) CALL COMP3
NOOUT=1

CALL MAPl14

GO TO 410

If (NOOUT.EQ.O0) CALL COMP3
NOOUT=1

CALL MAP15

GO TO 410

IF (NOOUT,EQ.0) CALL COMP3
NOQUT=1

CALL MAP16

GO TO 410

CALL MAP 2

DO 3175 I=1,1IM

DO 3175 J=1l,JM
WORKL(Js1)=WORK2(J,s1)

CALL MaAP 3

CALL MAP 17

GO TO 410

CALL MaP 2

DO 3185 I=1,1IM

DO 3185 J=1,JM
WORKL1(JyI)=WORK2({J,yI)

CALL MAP 3

CALL MAP 18

GO TO 410

IF (NOOUT.EQ.O0) CALL COMP3
NOOUT=1

CALL MAP19

GO TO 410

IF (NOOUT.EN.0) CALL COMP3
NOOUT=1

CALL MAP20

GO TO 410

CALL Map 2

DO 3215 I=1,1IM

DO 3215 J=1,JM

WORKL (JsI)=WORK2(Jy1I)

CALL MAP 3

CALL MaP 21

GO TO 410

IF (NOODUT.EQ.O0) CALL COMP3
NOOUT=1

CALL MAP2?2

GO TO 410

00001570
00001580
00001590
00001600
00001610
00001620
00001630
00001640
00001650
00001660
00001670
00001680
00001690
00001700
00001710
00001720
00001730
00001740
00001750
00001760
00001770
00001780
00001790
00001800
00001810
00001820
00001830
00001840
00001850
00001860
00001870
00001880
00001890
00001900
00001910
00001920
00001930
00001940
00001950
00001960
00001970
00001980
00001990
00002000
00002010
00002020
00002030
00002040
00002050



323

324

325

326

327

328

329

330

331

410

IF {NOOUTLEQ.O)

NOOUT=1
CALL MAP23
GO TO 410
CALL MAP24
GO TO 410
CALL MAP 25
GO TO 410

IF (NOOUT.EQ.O)

NOOUT=1

CALL MAP26
GO TO 410
CALL MAP27
GO TO 410

IF (NOOUT.EQ.O}

NOOUT=1
CALL MAP28
GO T0O 410

IF (NOOUT.EQ.0}

NOOUT=1
CALL MAP29
GO TO 410

IF (NDOUT.EQ.O)

NOOUT=1
CALL MAP30
GO TO 410

IF (NOOUT.ED.O)

NOOUT=1
CALL MAP 31
GO T0 410
RETURN

END

CALL

CALL

CALL

CALL

CALL

CALL

COMP3

CoMP3

cComMP3

COMP3

COoMP3

cCompP3
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00002060
00002070
00002080
00002090
00002100
00002110
00002120
00002130
00002140
00002150
00002160
00002170
00002180
00002190
00002200
00002210
00002220
00002230
00002240
00002250
00002260
00002270
00002280
00002290
00002300
00002310
00002320
00002330
00002340
00002350
00002360
00002370
00002380



/%
// DD
//
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FUNCTION IPK{IL,IR}
INTEGER THALF*2{2)
EQUIVALENCE (IHALF(1),IWD)
ITHALF(1)=1IL
THALF(2)=IR

IPK=IWD

RETURN

ENTRY IRH{IPKWD)
IWD=1PKWD
IRH=IHALF (2}

RETURN

ENTRY ILH(IPKWD)
IWD=1PKWD
TLH=THALF (1)

RETURN

END

FUNCTION VPHI4 (J,1)

DISP=DLDyDSN=MEST27.ABN,COMMON
DD %
VPH14=0,
IF (TOPDG{Js1)ualLTe 1.0) VPHIG=AMOD(-TOPOG(Js1)s10.E5)
RETURN
END

LOGTITIC AL FUNCTTION K EY (M)
LOGICAL KEYS*1(32)

COMMON /VKEYV/ KEYS

N=TABS (M)

KEY=KEYS(N)

IF (M LT, 0) KEYS(N)=,FALSE,

RETURN

END

000023380
00002400
00002410
00002420
00002430
00002440
00002450
00002460
00002470
00002480
00002490
00002500
00002510
00002520
00002530
00002540

00002550
00002560
00002570
00002580
000025890
00002600
00002610
00002620
00002630
00002640
00002650
00002660
00002670
00002680
00002690
00002700
00002710
00002720



/%
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S U B8 R 0O U T I N _F
MAP]

// DD DISP=0LD,DSN=MEST727.ABN,.COMMDN

//

leNale]

128

DD *
COMMON /COUT/ ZM(46) ySURFLLEV,ISL.NAME(13)
LOGICAL LEV, STAGJ, STAGI, ISL
DIMENSTON NAMEL({13)

SEA LEVEL PRESSURE, MAP TYPE 1
Li=1
L2=2

FIM=1M

IMM2=1M-2

JMM] = gM-1

STAGJ=,FALSE.
STAGI=,FALSE.

S1G1=SIG(1)

SIG3=S1G(2)
FLR=,5%,1828/(30.48%GRAV)

DO 110 I=1,NL
NAME (1)=NAMEL{I)

DO 118 J=1,JM
IM{J)=0.0

DD 128 I=1l,IM

DO 128 J=1,UM

PHI4=VPHI4{(J,1)

PUTI=P{U, 1)

TT4=1LH{Q3T(J,1))

T4=TT4/10,

EXTRAPOLATED SURFACE AIR TEMPERATURE
T].:T(J!I'Ll)

T3=Ti{JeIsL 2}

Te=],5%T3=-0.5%T1
RTM=RGAS*{T4+FLR*PHI4)
ACC=(PITI+PTROP)I*EXP{PHI4/RTM)=PSL
IM{JI=ZM{J)+ACC

WORK1{Js1)=ACC

0000273C
00002740
00002750
00002760
00002770
00002780
00002790
00002800
00002810
00002820
00002830
00002840
00002850
00002860
00002870
00002880
00002890
00002900
00002910
00002920
00002930
00002940
00002950
00002960
00002970
00002980
00002990
00003000
00003010
00003020
00003030
00003040
00003050
00003060
00003070
00003080
00003090
00003100
00003110
00003120
00003130
00003140



148

158
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DO 148 I=1,1IM
IP1=MOD{I,IM)+1
IM1=MOD(T1+IMM2,IM)+]
WORK2(JMy1)=WORK1(JM,1)
WORK2(1s1)=WORKL({1,41)
DO 148 J=2,JMM]

WORK2({JeT)=( WORKL(J+1,4IM1)+2.%WORKL(J+1sI) + WORK1(J+1,1P1)
+2 . kWORK1(JsIML) 44, %WORKL(JyI) +2.%¥WORK1(JyIP1)

+ WORK1(J=1yIM1)+2,%WORK1(J=~1s1)

LMM=0,0

WTM=0,0

DO 158 J=1,JM

WTM=WTM + ABS{DXYP(J))
IMIJ)=IM(J)/FIM
IMM=ZMM+ZM(J)*ABS(DXYP(J))
ZMM=Z MM/ WTM

SPOL=ZM{1)

NPOL=ZM(JM)

DATA NAMEL/'SEA LEVEL PRESSURE SMOOTHED
DATA NL/13/
RETURN

END

(MB~1000.)

v/

00003150
00003160
00003170
00003180
00003190
00003200
00003210
00003220
00003230

+ WORKL({J=141P1))/16.00003240

00003250
00003260
00003270
00003280
00003290
00003300
00003310
00003320
00003330
00003340
00003350
00003360
00003370
00003380
00003390
00003400



// DD DISP=0LD,DSN=MES727.ABN.COMMON

/

aNalal

/

220

310

320

*®

S Yy B8 R _O

U

T

I

N

~-313~

E

MAP2

DD =
LOGICAL LEV, STAGJ,

EQUIVALENCE
DIMENSION NAMEL(13)

EAST=WEST (U) WIND COMPONENT,

FIM=IM
STAGJ=. TRUE.
STAGI=, TRUE,

DO 110 I=1eNL
NAME(T)=NAMEL(T)

Ll=1

L2=2

SIGL1=SIG(L])
SIGL2=SIG(L2)
DSIG=1,/(SIGL2-SIGL])

IF (LEV) GO TO 310
PS=4,%(SURF-PTROP)
DO 220 I=1,1IM
WORK2(1,1)=0.0

IP1=MOD(I4IM) + 1
DO 220 J=2,JM

SIGPS=PS/(P(Js1) + P(JsIP]1)
WORK2(Jy 1) =DSTG#*{ (STGPS=SIGLL)*U(Je1,L2}+(SIGL2-SIGPSI*U(J+T,L1))

GO TO 410

DSIGl=(SIGL-SIGL1)*DSIG
DS162=(SIGL2-SIGL)I*DSIG

DO 320 I=1,IM
WORK2(141})=0.0
DO 320 J=2,JM

WORK2(J,1)=DSIGL*U(Js1,L2)+U(Jy14L1)%DSIG2

STAGI,
COMMON /COUT/ ZM(46) 4SURF,LEV,ISL,NAME(13)
{SURF,SIGL)

ISL

MAP TYPE 2

4+ PlJ~1,1) + P(J=1,1P1))

00003410
00003420
00003430
00003440
00003450
00003460
00003470
00003480
00003490
00003500
00003510
00003520
00003530
00003540
00003550
00003560
00003570
00003580
00003590
00003600
00003610
00003620
00003630
00003640
00003650
00003660
00003670
00003680
00003690
00003700
00003710
00003720
00003730
00003740
00003750
00003760
00003770
00003780
00003790
00003800
00003810
00003820



410

420

430

~-314-

IMM=0,0

WTM=0,0

ZM(1)=0.0

DO 430 J=2,JM
SUM=0.0

DO 420 I=1,1IM
SUM=SUM+WORK2 {Jy1)
CLAT=ABS(COS(.5%(LAT(J-1)+LAT(J)})})
IM{J)=SUM/FIM
WTM=WTM+CLAT
IMM=Z MM+Z M(J)*CLAT
IMM=72 MM/ WTM
SPOL=ZM(2)
NPOL=ZM(JM)

DATA NAMEL/*EAST-WEST (U) WIND COMPONENT {M/SEC)

DATA NL/13/
RETURN

END

00003830
00003840
00003850
00003860
00003870
00003880
00003890
00003900
00003910
00003920
00003930
00003940
00003950
00003960
00003970
00003980
00003990
00004000
00004010
00004020
00004030
00004040
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S U B R 0 U T 1 N E 00004050

* MAP3 00004060

// DD DISP=0LD,DSN=MEST27.ABN.COMMON 00004070
// Db * 00004080
LOGICAL LEV, STAGJ, STAGI, 1St 00004090
COMMON /COUT/ ZM({46) 4SURF,LEV,1SLyNAME(13) 00004100
EQUIVALENCE (SURF,SIGL) 00004110
DIMENSION NAMEL(13) 00004120

C 00004130
C NDRTH-SOUTH (V) WIND COMPONENT, MAP TYPE 3 00004140
C 00004150
FIM=1M 00004160
STAGJ=.TRUE, 00004170
STAGI=.TRUE. 00004180

C 00004190
DO 110 I1=1.NL 00004200

110 NAME(I)=NAMEL(]) 00004210
C 00004220
210 Li=1 00004230
L2=2 00004240
SIGLI=SIG({L]) 00004250
S1GL2=SIG(L2) 00004260
US1G=1,./(SIGL2-SIGLL) 00004270

C 00004280
1F (LEV) GO 70O 310 00004290

C 00004300
PS=4,%#{SURF-PTROP) 00004310

DO 220 I=1,1IM 00004320
IP1=MODI(I,IM)+1 00004330

DN 220 J=1,JM 00004340
SIGPS=PS/(P(Jsl) 4 P{JyIPL) + P{JI=1s1) + P(J=1,41P1)) 00004350

220 HORKZ(J'I)=DS]G*((S]GPS-S]GLl)*V(JvI'L2l+(SlGL2—SlGPS)*V(J.1le)) 00004360
GO 10D 410 00004370



310

320

410

420

430

DSIG1={SIGL-SIGL]1)*DSIG
DS1G2=(S16GL2~-SIGL)*DSIG
DO 320 I=1,1IM
DO 320 J=1,JM
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WORK2{J,y1)=DSIGLI®V{Jye1,L2) + VIJyI,L1)}%DSIG2

IMM=0,0

WTM=0,0

D0 430 J=z=l,JM
SUM=0,0

DO 420 1=1,1IM
SUM=SUM+WORK2 (Jys 1)
CLAT=ABS{COS(LAT{J)))
IM{J)=SUM/FIM
WTM=WTM+CLAT
IMM=7Z MM+Z M(J)*CLAT
IMM=Z MM/ WTM
SPOL=ZM(1)
NPOL=ZM{JIM)

DATA NAMEL/'NORTH-SOUTH (V)
DATA NL/13/

RETURN
END

WIND COMPONENT

(M/SEC)

00004380
00004390
00004400
00004410
00004420
00004430
00004440
00004450
00004460
00004470
00004480
00004490
00004500
00004510
00004520
00004530
00004540
00004550
00004560
00004570
00004580
00004590
00004600
00004610
00004620
00004630
00004640
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S U B R 0 U T 1 N _E 00004650

* MAPS 00004660

// DD DISP=0LD,DSN=MEST27,ABN,COMMON 00004670
// DD % 00004680
LOGICAL LEVs STAGJs STAGIL, ISL 00004690
COMMON /COUT/ IM(46)4SURF,LEV,ISL,NAME(]13) 00004700
EQUIVALENCE (SURF,SIGL) 00004710
DIMENSION NAMEL(13) 00004720

c 00004730
C TEMPERATURE, MAP TYPE 4 00004740
C VERTICAL INTERPOLATION 1S WITH POTENTIAL TEMPERATURE 00004750
c IN PxxKAPPA SPACE, 00004760
c 00004770
FIM=1M 00004780
STAGJU=.FALSE, 00004790
STAGI=,FALSE, 00004800

C 00004810
DO 110 I=14NL 00004820

110 NAME(I)=NAMEL(I) 00004830
c 00004840
210 Ll=1 00004850
L2=2 00004860
SIGLI=SIG(L1) 00004870
SIGL2=S1G(L2) 00004880
PSK=SURF**KAPA 00004890

c 00004900
DO 220 I=1,1IM 00004910

DO 220 J=1l,JM 00004920
SP=P(J,1) 00004930

IF (LEV) PSK=(SIGL*SP+PTROP)*%*KAPA 00004940
PLIK={(SIGL1*SP+PTROP ) ®**KAPA 00004950
PL2K=(SIGL2*SP+PTROP) *xKAPA 00004960
TPOTLLI=T(Jyl4L1)/PLIK 00004970
TPOTL2=T(Jy14L2)/PL2K 00004980

220 WORK2(J41)=PSK/(PL2K~PLLIK)*{TPOTLL1*(PL2K-PSK) + (PSK-PL1K)*TPDTL2)00004990
s + TKEL 00005000



410

420

430

IMM=0,0

WTM=0,0

DO 430 J=1,JM
SUM=0.0

DO 420 I=1,1IM
SUM=SUM+WORK2 (Js 1)
CLAT=ABS(DXYP{J}}
IM{J)=SUM/FIM
WTM=WTM+CLAT
IMM=ZMM+ZM{J ) *CLAT
IMM=7Z MM/WTM
NPOL=ZM{JUM)
SPOL=ZM(1)

DATA NAMEL/'TEMPERATURE

DATA NL/13/
DATA TKEL/-273.1/

RETURN
END
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(DEGREES CENTIGRADE)

00005010
00005020
00005030
00005040
00005050
00005060
00005070
00005080
00005090
00005100
00005110
00005120
00005130
00005140
00005150
00005160
00005170
00005180
00005190
00005200
00005210
00005220
00005230



//
//

[aNaXel

2

&4

b0

205
210

215

218

20

10

420

S U B R 0 U T 1

N

-319-

E

% MAP S5
DISP=0LD,DSN=MEST727,ABN.COMMON
DD %

LOGICAL LEV, STAGI,STAGJ, ISL

COMMON /COUT/ IM{46)4SURF,LEV,ISL.NAME(13)

EQUIVALENCE (SURF,SIGL)
DIMENSION NAME1{(13)4NAME2(13)

GEOGRAPHY, MAP TYPE 5

FIM M

FJM JM
STAGI=.FALSE.,
STAGJ=.FALSE.
CNST=30.48%GRAV

nn

DO 110 I=1.NL
NAME(])=NAMEL(])
IF (NOTLLEV) NAME(I)=NAME2(])

DO 220 I=1,1IM

DO 220 J=1,JM

T6=TOPDG(J,1)

IF {(JNOTLLEV) GO TO 215

IF (TG.LT.1.0) GO TO 205
T6=T6-273.

GO TO 220

IF (TG+10.E5.EQ.0.0) GO TO 220
T6=10,.E5

GO TO 220

IF (TG.GT.1.0) GO TO 210
T6=~-T6

IF (TG.GT.9.E5) GO TO 218
TG=TG/CNST

GO TO 220

IF (TG.EQ.10.E5) GO TO 220
TG==(10.E5+(TG~10.E5)/CNST)
GN TO 220

WORK2(J,1)=T6G

W5=0,0

WN=0.,0

DO 415 I=1,1IM
WS=WS+WORK2(1,1)
WN=WN+WORK2 (UM, 1)
WS=WS/FIM
WN=WN/FIM

DO 420 I=1,IM
WORK2(141)=WS
WORK2(JMy1)=WN

00005240
00005250
00005260
00005270
00005280
00005290
00005300
00005310
00005320
00005330
00005340
00005350
00005360
00005370
00005380
00005390
00005400
00005410
00005420
00005430
00005440
00005450
00005460
00005470
00005480
00005490
00005500
00005510
00005520
00005530
00005540
00005550
00005560
00005570
00005580
00005590
00005600
00005610
00005620
00005630
00005640
00005650
00005660
00005670
00005680
00005690
00005700
00005710
00005720
00005730
00005740
00005750



425

430

450

-320-

IMM=0.0

WTM=0,0

DO 450 J=1,JM

SUM=0,0

Ci=0.0

IM(J)=0.0

DO 430 I=1,IM
W2=WORK2(Jy 1}

IF (JNNT.LEV) GO TO 425

IF (W2.GE.10.E5) GO TO 430
CI=CI+1,0

IF (W2.LT7.0.0) GO TO 430
SUM=SUM+W2

GO TO 430

CI=C1+1,0

IF (W2.GE.10.E5) GO TO 430
IF (W2+10,E5,LE.0.0) W2=~(W2+10.E5)
SUM=SUM+W2

CONT INUE
CLAT=ABS(COS{(LAT(J4)))

IF (C1.GT.0.0) ZM(J)=SUM/CI
IM{J)}=SUM/FIM

WTM=WTM+CLAT

IMM=2 MM+ZM(J)=CLAT
IMM=2MM/WT M

SPOL=ZM(1)

NPOL=ZM(JM)

DATA NAMEL1/'TOPOGRAPHY (OCEAN TEMP,

DATA NAME2/*TOPOGRAPHY (SURFACE ELEVATION,

DATA NL/13/
RETURN
END

HECTOFEET)

00005760
00005770
00005780
00005790
00005800
00005810
00005820
00005830
00005840
00005850
00005860
00005870
00005880
00005890
00005900
00005910
00005920
00005930
00005940
00005950
00005960
00005970
00005980
00005990
00006000
00006010
00006020
00006030
00006040
00006050
00006060
00006070
00006080
00006090
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SUBRDODUT]NE

® MAPE
// DD DISP=0OLD,DSN=MEST727,ABN,COMMON
/7 DD =%
LOGICAL LEVy STAGJs STAGI, ISL
COMMON /COUT/ IM(46) 4SURF4LEV,ISLyNAME(13)
EQUIVALENCE (SURF,SIGL)
DIMENSION NAMEL(13)

GEOPOTENTIAL HEIGHT SURFACE,
MAP TYPE 6

OO0

IMM2=1M=~2
JMM] = M~-1
STAGI= ,FALSE.
STAGJ= .FALSE.
FIM=1M
L1=1
L2=2
PSK=SURF**KAPA
HR=RGAS/2.
IMM2=]M=~2
SIGLI=SIG(L])
SIGL2=SIG(L2)
DO 110 I=1,NL

110 NAME(I)=NAMEL(I1)
DO 220 I=1,1IM
IP1=MOD(I+1M)+1
IM1=MOD(T+IMM2,[M)+1
DD 220 J=1,JM
SP=P(J,1)
PL1=(SIGL1%SP+PTROP)
PLIK=PL1*%KAPA
PS1={(PL1-PTRDP)/PL1
PL2=(SIGL2%SP+PTROP)
PL2K=PL2%%KAPA
PS2=(PL2~-PTROP)/PL2
IF (LEV) PSK=(SIGL*SP+PTROP)**KAPA
PKDTK=KAPA%*(PL2K=PL1K}*2,
PLIKS=PL1K#*%2
PL2KS=PL2K*%2
PSKS=PSK%%2
P1TP2=PL1K*PL2K*2,
XT2=PS2+{PL2KS~P1TP2~PL1KS=2,%PSKS+4,*PL1K#*PSK)/PKDTK/PL2K
XT1=PS1+{PL2KS+PLlTP2=-PL1KS=4 ,%PL2K*PSK+2,%PSKS)/PKDTK/PL1K

00006100
00006110
00006120
00006130
00006140
00006150
00006160
00006170
00006180
00006190
00006200
00006210
00006220
00006230
00006240
00006250
00006260
00006270
00006280
00006290
00006300
00006310
00006320
00006330
00006340
00006350
00006360
00006370
00006380
00006390
00006400
00006410
00006420
00006430
00006440
00006450
00006460
00006470
00006480
00006490
00006500
00006510
00006520
00006530
00006540

220 WORK2(JyI)=qOLl®((XTL®T(JeIoL1)+XT2%T{JyI14L2))*HR+VPHI&(Js1)}}/GRAV 00006550



410

420

430
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IMM=0,0

WTM=0,0

DO 430 J=1,JM
SUM=0.0
CLAT=ABS{DXYP(J))
DD 420 I=1,1IM
SUM=SUM+WORK2(J, 1)
IM{J)=SUM/FIM
WTM=WTM+CLAT
IMM=Z MM+ ZM(J ) %CLAT
IMM=7Z MM/WTM
SPOL=ZM(1)
NPOL=ZM(JM)

DATA NAMEL/*GEOPOTENTIAL HEIGHT (HECTOMETERS)
DATA NL/13/

RETURN

END

00006560
00006570
00006580
00006590
00006600
00006610
00006620
00006630
00006640
00006650
00006660
00006670
00006680
00006690
00006700
00006710
00006720
00006730
00006740
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F

* MAPT
// DD DISP=0LDyDSN=MEST27,ABN,COMMON
// DD =%
C

COMMON /COUT/ ZM{46)4,SURF,LFV,ISL.NAME(13)

LOGICAL LEV, STAGJ, STAGI, ISL
DIMENSTON NAMEL{13)

c SURFACE PRESSURE, MAP TYPE 7
L1=1
L2=2

FIM=IM

IMM2=1M-2

JMMl=gM-1

STAGJ=.FALSE.
STAGI=.FALSE.

SIG1=S1G(1)

SIG3=516G(2)
FLR=,5%,1828/{30.48%GRAV)

00O 110 I=1,.NL
110 NAMECI)=NAMEL (T}

IMM=0,0
DO 118 J=1,JM
118 ZIM(J)=0.0

DN 128 I=1,1IM
IMI=MOD{T+IMMZ,IM)+1
IP1=MOD{T,IM}+1

DD 128 J=1,JM
PHIG4=VPHI4(J, 1)
PJI=P(J,1)
TT4=1LH{O3T(J,11))
T4=TT4/10.

aNeNel

T1=T{J,1.L1)
T3=T(J919L2)
T4=145%¥T3-0.5%T1
RTM=RGAS*(T4+FLR:PHI4)
ACC={PII+PTROPIXEXP(PHIL/RTM)~P
IM{J)=IM({J)+ACC

1268 WORKZ2({J,11=ACC

EXTRAPOLATED SURFACE AIR TEMPERATHRE

SL

00006750
00006760
00006770
00006780
00006790
00006800
00006810
00006820
00006830
00006840
00006850
00006860
00006870
00006880
00006890
00006900
00006910
00006920
00006930
00006940
00006950
00006960
00006970
00006980
00006990
00007000
00007010
00007020
00007030
00007040
00007050
00007060
00007070
00007080
00007090
00007100
00007110
00007120
00007130
00007140
00007150
00007160
00007170
00007180



=324~

WTM=0,0
DO 158 J=1,JM
ZMJI=ZMIJ)/FIM
WTM=WTM + ABS(DXYP(J))
158 ZMM=IMM+2M({J)=ABS(DXYP(J))
IMM 1S GLOBAL MEAN SURFACE PRESSURE
ZMM=Z MM/ WTM
SPOL=WORK2(1,1)
NPOL=WORKZ2(JM,1)

DATA NAMEL/'SEA LEVEL PRESSURE UNSMODTHED (MB-1000.)
DATA NL/13/
RETURN

END

00007190
00007200
00007210
00007220
00007230
00007240
00007250
00007260
00007270
00007280
00007290
00007300
00007310
00007320
00007330
00007340
00007350
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S U B R O U T 1 N E
x MAPS

// DD DISP=0LD,DSN=MEST727,ABN,COMMON

//

c

220

DD =

COMMON /COUT/ IM(46)4SURFLLEV,ISL NAME(13)
LOGICAL LEVy STAGJ, STAGI, ISL
EQUIVALENCE {SIGL,SURF)

DIMENSION NAMEL{13)

TOTAL HEATING, MAP TYPE 8

DIMENSION H21(100),HZ3(100)
FIM=1M

STAGJU=.FALSE,
STAGI=.FALSE.

L1=1

L2=2

SIGL1=SIG(L1)
SIGL2=S1G(L2)
DSIG=1./(S16GL2=-SIGL1)
SURFMT=SURF-~PTROP

IF (LEV) SIGX=SIGL

DO 110 I=14NL
NAME(T)=NAMEL(T)

DO 220 I=1,1IM

D0 220 J=1,JM

IF (NOT.LEV) SIGX=SURFMT/P(J,1)
HI=ILH(PT (J,1))

H1=H1/100.

H3=IRH(PT(J,y1))

H3=H3/100.

IF (Ju.NE.1) GO TO 220

HZ1(J)=H1

HZ3(J)=H3
WORK2(JoI1)=DSIG*((SIGL2=-SIGX)%®H1 + (SIGX-SIGL1)*H3)

00007360
00007370
00007380
00007390
00007400
00007410
00007420
00007430
00007440
00007450
00007460
00007470
00007480
00007490
00007500
00007510
00007520
00007530
00007540
00007550
00007560
00007570
00007580
00007590
00007600
00007610
00007620
00007630
00007640
00007650
00007660
00007670
00007680
00007690
00007700
00007710
00007720



420

430

DO 118 J=1,JM
IM(J)=0.0

IMM=0,0

WTM=0,0

DO 430 J=1,JM
SUM=0,0
CLAT=ABS(DXYP{J))
DO 420 [=1,1IM
SUM=SUM+WORK2{Jys 1)
IM{J)=SUM/FIM
WIM=WTM+CLAT
IMM=Z MM+Z M(J) *CLAT
IMM=ZMM/WTM
SPOL=ZM(1)
NPOL=ZM(JM)

DATA NAMEL/'TOTAL HEATING

DATA NL/13/
RETURN

END

-326-

(DEG CENT/DAY)

00007730
00007740
00007750
00007760
00007770
00007780
00007790
00007800
00007810
00007820
00007830
00007840
00007850
00007860
00007870
00007880
00007890
00007900
00007910
00007920
00007930
00007940
00007950
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S U B R O U T 1 N E 00007960

* MAPO 00007970

// DD DISP=0LD,DSN=MEST727,.ABN,COMMON 00007980
// DD =% 00007990
C 00008000
LOGICAL LEV, STAGI,STAGJ, ISL 00008010
DIMENSION NAMEL(13) 00008020
COMMON /COUT/ ZM(46)4SURFLLEV,sISL,NAME(13) 00008030
EQUIVALENCE (SURF,SIGL) 00008040

C 00008050
C LARGE SCALE PRECIPITATION, MAP TYPE 9 00008060
C 00008070
FIM = IM 00008080

FUJM = UM 00008090
STAGI=.FALSE. 00008100
STAGJ=.FALSE. 00008110

C 00008120
DO 110 I=1,NL 00008130

110 NAME(1)}=NAMEL(]) 00008140
C 00008150
DD 220 I=141M 00008160

DD 220 J=14JM 00008170
PLSC=TRH(Q3T(J,1}) 00008180

220 WORK2(J,1)=PLSC/10. 00008190
C 00008200
IMM=0.0 00008210
WTM=0,0 00008220

DO 450 J=1,JM 00008230
SUM=0,0 00008240

DO 430 I=1,IM 00008250

430 SUM=SUM + WONRK2(J,1) 00008260
CLAT=ABS(DXYP(J)) 00008270
IM(J)=SUM/FIM 00008280
WTIM=WTM+CLAT 00008290

450 ZIMM=ZMM+IM(J)*CLAT 00008300
IMM=ZMM/WTM 00008310
SPOL=IM(1) 00008320
NPOL=ZM(JM) 00008330

C 00008340
DATA NAMEL/*LARGE SCALE PRECIPITATION (MM/DAY) */ 00008350

DATA NL/13/ 00008360
RETURN 00008370

END 00008380
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S U B R O U T 1 N E
* MAP]1O
/%

// DD DISP=0OLD,DSN=MEST27.ABN.COMMON
// DD *
LOGICAL LEV, STAGJy STAGI, ISL
COMMON /COUT/ IM{46)4SURF,LEV,ISL,NAME{13)
EQUIVALENCE (SURF,SIGL)
DIMENSION NAMEL(13)
DIMENSION CONM(46,472)

VERTICAL VELOCITY, MAP TYPE 10

OO0

FlMa]M
TMM2=M-2
JMM]l= M-1
STAGJ=,FALSE.
STAGI=,FALSE.

DO 110 I=1.NL
110 NAME(I)=NAMEL(I)

2149 L=1
2150 DO 2160 I=l,1IM
IP1=MOD(1,IM)+1
D0 2160 J=2,JMM1
PU(JyI1)=0.25%(DYULJ)#U(J,1,L)+DYU(J+1)*U(J+1,T0L))
2160 CONTINUE

CALL AVRX(11)

DO 2180 I=1,1IM

IP1=MOD(1,IM)+1

TML=2MOD(T+IMM2,IM)+1

D0 2170 Js=2,JMM1
2170 PULJI)=PUJs1)%(P(Js1)+P(J,y1P1))

DO 2180 J=2,.JM

PVI(Jel)m0,25%DXULIN#(VISsT4L)+VIJoIML L) )% (P{Js1)+P(J=1,1))
2180 CONTINUE

EQUIVALENT PU AT POLES. PV(l,1) IS USED AS A WORKING SPACE.

OO0

VM1=0,.0

VM2=20,0

DO 2185 I=1,1IM

VML=VM1+PV(2,1)
2185 VM2=VM2+PV(JM, 1)

VM1 =VM1/FIM

VM2=VM2 /FIM

PV(1,s1)=0.0

00008390
00008400
00008410
00008420
00008430
00008440
00008450
00008460
00008470
00008480
00008490
00008500
00008510
00008520
00008530
00008540
00008550
00008560
00008570
00008580
00008590
00008600
00008610
00008620
00008630
00008640
00008650
00008660
00008670
00008680
00008690
00008700
00008710
00008720
00008730
00008740
00008750
00008760
00008770
00008780
00008790
00008800
00008810
00008820
00008830
00008840
00008850
00008860
00008870
00008880
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DO 2190 1=2,1IM 00008890

2190 PVI(1,1)=PV{1,I=1)+{PV{2,1)=-VM]) 00008900
VM1=0,0 00008910

DO 2192 I=1.,IM 00008920

2192 VM1=VML+PV{1l,1) 00008930
VML=VML/FIM 00008940

DO 2195 I=1,1M 00008950

2195 PU(1ly1)==(PV(1,41)~-VM1)%*3,0 00008960
PV(141)=0,0 00008970

DO 2200 I=2,1IM 00008980

2200 PVI(1,1)=PV(1l4I=1)+(PV(JIM,1)=-VM2) 00008990
VM2z0.0 00009000

DO 2202 I=1,1IM 00009010

2202 VM2zsVMZ2+PV(1,1) 00009020
VM2=VM2/F1M 00009030

DO 2205 I=1,IM 00009040

2205 PU{JIM,1)=(PV(1,1)-VM2})%*3,0 00009050
DO 2400 I=1,1M 00009060
IMI=MOD(T+IMM2,IM)+1 00009070

DO 2400 J=l,JM 00009080

IF (J.EQ.1) CONVM==PV(24]1)%0.5 00009090

1F (J.EQ.JM) CONVM=PV(JM,1)%0.5 00009100

IF (JoeGTel <AND. J.LT.JM) CONVM=-(PU(J,I1) =PU(J,IM1)} 00009110

* +PV(J+1+1)=PV(JsI) 1%0.5 00009120

IF (LeEQs1l) CONM(JyI)=CONVM 00009130

IF (LeEQ,2} PV(J,1)=CONVM 00009140

2400 CONTINUE 00009150
IF(L.EQ.2) GO TO 2410 00009160

L=2 00009170

GO TO 2150 00009180

2410 CONTINUE 00009190



2411

2402

2405

2420

410

420
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CONM IS MASS CONVERGENCE AT L=1 AND PV IS THAT AT L=2.

PB1=0.0

PB2=0.0

PB3=0.0

PB4=0,0

DO 2402 1I=1,1IM
PBl=PB1+CONM(1,1)
PB2=PB2+CONM({JM, 1)
PB3xPB34+PV(1l,1}
PB4=PB4+PV(JM, 1)
PB1=PB1/FIM
PB2=PB2/FIM
PB3=PB3/FIM
PB4=PB4/FIM

DO 2405 1=1,1IM
CONM(1,1)=PB1
CONM(JUM,1)=pPB2
PV(l,1)=PB3
PV(JM,1)=PB4

D0 2420 I=1,1IM

DO 2420 J=1,JM
WH=CONM{J I )=-PV(J,I)
WORK2(J91)=3600.%WW/(2,0%DXYP(J))
CONTINUE

IMM=0,0

WTM=0,0

DO 430 J=1l,JM
SUM=0,0

DO 420 I=1,1IM
SUM=SUM+WORK2 (Js 1)
CLAT=ABS(DXYP(J))
IM{J)=SUM/FIM
WTM=WTM+CLAT

IMM=Z MM+ZM(J)®CLAT
IMM=7Z MM/ WT M
NPOL=ZM(JM)
SPOL=ZM(1)

DATA NAMEL/*SIGMA VERTICAL VELOCITY (MB/HR) v/

DATA NL/13/
RETURN

END

00009200
00009210
00009220
00009230
00009240
00009250
00009260
000092170
00009280
00009290
00009300
00009310
00009320
00009330
00009340
00009350
00009360
00009370
00009380
00009390
00009400
00009410
00009420
00009430
00009440
00009450
00009460
00009470
00009480
00009490
00009500
00009510
00009520
00009530
00009540
00009550
00009560
00009570
00009580
00009590
00009600
00009610
00009620
00009630
00009640
00009650
00009660
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SUBROUTTINE

* AVRX(K)
/%
// DD DISP=0LD,DSN=MEST727.,ABN,COMMON
// 0D *
C THIS SUBROUTINE USES UT{l,1,1) AS A WORKING SPACE
C

JMMl = M-

IMM2=1M=-2

JE=gM/2+1

DEFF=DYP({JE)
DO 150 J=2,IMM1
DRAT=DEFF/DXP ()
1F {(DRAT LLT. 1.) GO TO 150
ALP=0,125%(DRAT-1,)
NM=DRAT
FNM=NM
ALPHA=ALP/FNM
DO 150 N=1,NM
DO 120 I=1,1IM
1P1=MOD(I,IM)+1
IM1=MOD(T+IMM2, M) +1

120 UT(1lelsl)=0T (el oK)+ALPHAX(OT(JyIPLoyK}+QT{JyIM1yK)I=2.%QT(Js14K))}
DO 130 I=1,1IM

130 OT{JoeIl4K)=UT(141,41)

150 CONTINUE

RETURN
END

00009670
00009680
00009690
00009700
00009710
00009720
00009730
00009740
00009750
00009760
00009770
00009780
00009790
00009800
00009810
00009820
00009830
00009840
00009850
00009860
00009870
00009880
00009890
00009900
00009910
00009920
00009930
00009940
00009950
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S ¥ B R O U T 1 N _E

MAPL1
DISP=0LD,DSN=MES727.ABN,COMMON
DD *

LOGICAL LEV, STAGI,STAGJ, ISL

COMMON /COUT/ ZM{46)4SURF,LEVyISL,NAME(13)
EQUIVALENCE (SURF,SIGL)

DIMENSTON NAMELI(13)

RELATIVE HUMIDITY, MAP TYPE 11

FIM = [M
FIJM = UM
STAGI=.FALSE,
STAGJ=.FALSE,

DO 110 I=1,NL
NAME (1 )=NAMEL (1)

DO 220 I=1,IM

D0 220 J=1,JM

ES3 = 10.,0%%(B.4051-2353,0/T(Jy1,42))
P3CB = (.75%P(J,y1)+PTROP)/10.0

QS3 = ,622*%ES3/(P3CB-ES3)

Q3R = Q3(J, D)

RH3 = Q3R/QS3

WORK2(J,1) = RH3%100,

wWS5=0,0

WN=0,0

DO 415 I=1,IM
WS=WS+WORK2(1,1)
WN=WN+WORK2 (UM, )
WS=WS/FIM
WN=WN/FIM

DO 420 I=1,IM
WORK2({141)=WS
WORK2(JM, 1) =WN

00009960
00009970
00009980
00009990
00010000
00010010
00010020
00010030
00010040
00010050
00010060
00010070
00010080
00010090
00010100
00010110
00010120
00010130
00010140
00010150
00010160
00010170
00010180
00010190
00010200
00010210
00010220
00010230
00010240
00010250
00010260
00010270
00010280
00010290
00010300
00010310
00010320
00010330
00010340



430

450

IMM=0,0

WTM=0,0

DO 450 J=l,JM
SUM=0.0

DO 430 I=1,1M
SUM=SUM + WORK2(J,1)
CLAT=ABS(DXYP(J))
IM{J)=SUM/FIM
WTM=WTM+CLAT

IMM=Z MM+ZM(J ) *CLAT
IMM=Z MM/ WTM
SPOL=ZM(1)
NPOL=ZIM(JUM)

DATA NAMEL/'RELATIVE HUMIDITY
DATA NL/13/

RETURN

END
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(PERCENT)

00010350
00010360
00010370
00010380
00010390
00010400
00010410
00010420
00010430
00010440
00010450
00010460
00010470
00010480
00010490
00010500
00010510
00010520
00010530
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S U B R O U T | N _ F
MAPL2

DISP=0LD,DSN=MEST727,ABN,.COMMON
DD *
LOGICAL LEV, STAGI,STAGJ, ISL
COMMON /COUT/ ZM{46)4SURF,LEV,ISL,NAME(13)
EQUIVALENCE (SURF,SIGL)
DIMENSION NAMEL(13)

PRECIPITABLE WATER IN CM, MAP TYPE 12

FIM = IM
STAGI=.FALSE.
STAGJ=.FALSE.

DO 110 I=14NL
NAME(T)=NAMEL(1)

DO 220 I=1,1IM
DO 220 J=1,JM
WORK2(Je1) = Q3(J,1)%P{J,1)%0,5%(10,0/GRAV)

WS=0.0

WN=0,0

DO 415 I=1,1M
WS=WS+WORK2(1,1)
WN=WN+WORK2 { JM, 1)
WS=WS/FIM
WN=WN/FIM

DO 420 I=1,1M
WORK2(1,1)=WS
WORK2{JMy1)=WN

IZMM=0.0

WTM=0,0

DO 450 J=1,JM
SUM=0,0

DO 430 I=1,1M
SUM=SUM + WORKZ2(J,1)
CLAT=ABS{DXYP(J))
IM(J)=SUM/FIM
WTM=WTM+CLAT
IMM=ZMM+ZM( J)#CLAT
IMM=ZMM/WTM
SPOL=ZM(1)
NPOL=ZM(JM)

DATA NAMEL/'PRECIPITABLE WATER (CM)
DATA NL/13/

RETURN

END

00010540
00010550
00010560
00010570
00010580
00010590
00010600
00010610
00010620
00010630
00010640
00010650
00010660
00010670
00010680
00010690
00010700
00010710
00010720
00010730
00010740
00010750
00010760
00010770
00010780
00010790
00010800
00010810
00010820
00010830
00010840
00010850
00010860
00010870
00010880
00010890
00010900
00010910
00010920
00010930
00010940
00010950
00010960
00010970
00010980
00010990
00011000
00011010
00011020
00011030
00011040
00011050



/

¥

x

-335-

S U B R 0O U T 1 N_F
MAP13

// DD DISP=0LD,DSN=MEST727.ABN.COMMON

/

[alelel

7

110

250

410

430

450

DD *
LOGICAL LEV. STAGI,STAGJ, 1ISL

COMMON /COUT/ ZM(46)4SURF,LEV,1SL NAME(13)

EQUIVALENCE (SURF,SIGL)}
DIMENSION NAMEL(13)

CONVECTIVE PRECIPITATION (MM/DAY) MAP TYPE 13

STAGI=,.FALSE,
STAGJ=.FALSE,
FIM = IM

DO 110 I=1.NL
NAME (1 )=NAMEL(T)

DO 250 I=1,IM
DO 250 J=1,JM
CP=TRH(UT(Js1,+2))
WORK2(J4s1)=CP/10,

W5=0.0

WN=0,0

DO 415 I=1,1IM
WS=WS+WORK2(1,1)
WN=WN+WORK2 (UM, 1)
WS=WS/FIM
WN=WN/FIM

DO 420 I=1,1IM
WORK2(1,1)=WS
WORKZ2(JMy 1) =WN

IMM=0,0

WTM=0,0

DO 450 J=1,4JM
SUM=0,0

DO 430 I=1,1M
SUM=SUM + WDRK2(J,1)
CLAT=ABS(DXYP(J))
IM{J)=SUM/EIM
WTM=WTM+CLAT
IMM=7T MM+ IM(JYRCLAT
IMM=Z MM/ WTM
SPOL=ZM(1)
NPDOL=ZM(JM)

DATA NAMEL/'CONVECTIVE PRECIPITATION
DATA NL/13/

RETURN

END

(MM/DAY)

00011060
00011070
00011080
00011090
00011100
00011110
00011120
00011130
00011140
00011150
00011160
00011170
00011180
00011190
00011200
00011210
00011220
00011230
00011240
00011250
00011260
00011270
00011280
00011290
00011300
00011310
00011320
00011330
00011340
00011350
00011360
00011370
00011380
00011390
00011400
00011410
00011420
00011430
00011440
00011450
00011460
00011470
00011480
00011490
00011500
00011510
00011520
00011530
00011540
00011550
00011560
00011570
00011580



-336-

S U 8 R N U T 1T N E
* MAP 14

/%
// DD DISP=0LD,DSN=MES727.,ABN,COMMON
// DD *
c
LOGICAL LEV, STAGI,STAGJ, ISL
COMMON /COUT/ IM(46)4SURF4LEV,ISL4NAME(13)
EQUIVALENCE (SURF,SIGL)
DIMENSION NAMEL(13)

EVAPORATION (E4 IN MM/DAY)y MAP TYPE 14

[aEeEal

STAGI=.FALSE,.
FIM=IM
STAGJ=,FALSE.
IMMl = M=1
IMM2=M-2
JMM] = JM=~1

JMM2= IM-2

DO 110 I=1,NL

110 NAME(I)=NAMELI(I)

D0 250 I=1,1IM

DO 250 J=1,JM

E4=IRH(TT(Jy142))
250 WORK2(J,1)=E4/10.

410 WS=0,0
WN=0,0
DO 415 I=1,IM
WS=WS+WORK2(1+1)
415 WN=WN+WORKZ2(JM, )
WS=WS/FIM
WN=WN/FIM
DO 420 I=1,1IM
WORK2{1+I)=WS
420 WORK2(JMyI)=WN

00011590
00011600
00011610
00011620
00011630
00011640
00011650
00011660
00011670
00011680
00011690
00011700
00011710
00011720
00011730
00011740
00011750
00011760
00011770
00011780
00011790
00011800
00011810
00011820
00011830
00011840
00011850
00011860
00011870
00011880
00011890
00011900
00011910
00011920
00011930
00011940
00011950
00011960
00011970



430

450

IMM=0.0

WTM=0,0

DO 450 J=1,JM
SUM=0,0

DO 430 I=1,1IM
SUM=SUM + WORK2(J,1)
CLAT=ABS (DXYP(J))
ITM{J)=SUM/FIM
WTM=WTM+CLAT

ITMM=Z MM+ZM{J)*CLAT
ZMM=7 MM/WTHM
SPOL=ZM{1)
NPOL=ZM{JM)

DATA NAMEL/*EVAPORATION {(MM/DAY)

DATA NL/13/
RETURN
END

=387~

00011980
00011990
00012000
00012010
00012020
00012030
00012040
00012050
00012060
00012070
00012080
00012090
00012100
00012110
00012120
00012130
00012140
00012150
00012160



-338-

S U B R O U T 1 N E
* MAP15

/%
// DD DISP=0LDyDSN=MEST27.ABN.CUOMMON
// 0D *

DIMENSION NAMEL(13)

COMMON /COUT/ ZM{46) 4SURF,LEV,]SL,NAME(13)

LOGICAL LEV, STAGJ, STAGI, ISL
C
C SENSIBLE HEAT FLUX (F4 IN TENS OF CAL*CM®%—2%DAY*%-1) MAP 15
C

STAGI=.FALSE,
STAGJ=.FALSE,
FIM=1IM

IMM] =M~
IMM2=M~-2

JMM] =M=
JMM2=M=-2

DO 110 I=1,NL

110 NAME(T)=NAMEL (T}

D0 350 I=1,IM

D0 350 J=1,JM

Fa=TLHITT(Ud,1,2))
350 WORK2(J,1)=F4/10.

410 WS=0,0
HN=0,0
D0 415 I=1,1M
WS=WS+WORK2{1,1)
415 WN=WN+WORK2 (JM,1)
WS=WS/FIM
WN=WN/FIM
DO 420 I=1,IM
WORK2({1,1)=WS
420 WORK2(JM,1)=wWN

IMM=0,0
WTM=0,0
DO 450 J=1ly,JM
SUM=0.0
DO 430 I=1,1IM

430 SUM=SUM + WDRK2(J,1)
CLAT=ABS(DXYP(J))
ZM(J)=SUM/FIM
WTIM=WTM+CLAT

450 IMM=ZMM+ZM(J)=CLAT
IMM=2 MM/WTM
SPOL=ZM(1)

NPOL=ZM(JM)
c
DATA NAMEL/*SENSIBLE HEAT FLUX (10 CAL/CM%%2/DAY) v/
DATA NL/13/
RETURN
C
END

00012170
00012180
00012190
00012200
00012210
00012220
00012230
00012240
00012250
00012260
00012270
00012280
00012290
00012300
00012310
00012320
00012330
00012340
00012350
00012360
00012370
00012380
00012390
00012400
00012410
00012420
00012430
00012440
00012450
00012460
00012470
00012480
00012490
00012500
00012510
00012520
00012530
00012540
00012550
00012560
00012570
00012580
00012590
00012600
00012610
00012620
00012630
00012640
00012650
00012660
00012670
00012680
00012690
00012700
00012710
00012720



-339-

S U B R O U T 1 N E 00012730

* MAP 16 00012740

// 0D DISP=0LD,DSN=MEST27.ABN.COMMON 00012750
/7 DD ® 00012760
LOGICAL tEV, STAGJs STAGI, ISL 00012770
COMMON /COUT/ 2IM{46)4SURF,LEV,ISL,NAME{L3) 00012780
EQUIVALENCE (SURF.SIGL)} 00012790
DIMENSION NAMEL{(13) 00012800

C 00012810
c LOW LEVEL CONVECTION (DEG) MAP TYPE 16 00012820
c 00012830
FIMcIM 00012840
STAGJ=.FALSE. 00012850
STAGl=,FALSE. 00012860

c 00012870
DO 110 I=1,NL 00012880

110 NAME(I)=NAMEL (1) 00012890
c 00012900
DO 220 I=1,1M 00012910

DO 220 J=1l,JM 00012920
FLSC=1LH{UT(J,I,2)) 00012930

220 WORK2tJ4s1)=FLSC/10. 00012940
c 00012950
410 I1MM=0.0 00012960
WIM=0.,0 00012970

DO 430 J=1,JM 00012980
SUM=0.0 00012990

DO 420 I=1,IM 00013000

420  SUM=SUM+WORKZ2(J,1) 00013010
CLAT=ABS{DXYP(J)) 00013020
IM{J)=SUM/FIM 00013030
WIM=WTM+CLAT 00013040

430 IMM=ZMM+ZM(J)*CLAT 00013050
IMM=Z MM/ WT M 00013060
NPOL=IM{JM) 00013070
SPOL=ZM(1) 00013080

c 00013090
DATA NAMEL/'LOW LEVEL CONVECTION (DEG CENT) '/ 00013100

DATA NL/13/ 00013110
RETURN 00013120

c 00013130

END 00013140



340~

S U B R 0O U T 1 N E
MAP 17

// DD DISP=0LD,DSN=MEST727.ABN,COMMON

/

OO0

/

101

102

103

104
220

DD =*

LOGICAL LEVy STAGJ, STAGI, ISL

COMMON /COUT/ ZM{46)4SURF4LEV,ISL,NAME(13)
EQUIVALENCE (SURF,SIGL)

DIMENSION NAMEL(13)

WIND DIRECTION, MAP TYPE 17
(NORMALLY POLAR PROJECTED)

PID2=PI%,5
PID2T3=PID2%3,
PIT2=PI%2,
RPID35=35,/P1T2

DO 220 I=1,41IM

DO 220 J=1.JM

WU=WORK1(J,I}

WV=WORK2(Jy 1)

K=1

IF (WU ,GE. 0,) K=K+1

IF (WV.EQ, O,) GO TO (103,104),K
IF (WV GE. O4) K=K+2

IF (WU JEQe. 0.) K=K+4
ANG=ATAN{WU/WV)

GO TO (220,101,102,1024101,101,102,102}), K
ANG=ANG+PIT2

GO TO 220

ANG=ANG+PI

GO TO 220

ANG=PID2

GO TO 220

ANG=PID2T3
WORK2{Js1)=ANG*RPID35+1.0

00013150
00013160
00013170
00013180
00013190
00013200
00013210
00013220
00013230
00013240
00013250
00013260
00013270
00013280
00013290
00013300
00013310
00013320
00013330
00013340
00013350
00013360
00013370
00013380
00013390
00013400
00013410
00013420
00013430
00013440
00013450
00013460
00013470
00013480
00013490
00013500



420

430

DO 110 I=1,NL
NAME(T)=NAMEL(I)
STAGJ=.TRUE.
STAGI=.TRUE.
FIM=1M

1MM=0,.0

WTM=0,0

DO 430 J=1,JM
SUM=0,0

DO 420 I=1,1IM
SUM=SUM+WORK2 (J,s 1)
CLAY=ABS{COS(LAY(JM))
IM{J)=SUM/FIM
WTIM=WTM+CLAT
ZMM=2 MM+ M(J)*CLAT
ZMM=7 MM/ WTM
SPOL=ZM(1)
NPOL=ZM(JM)

DATA NAMEL/'WIND DIRECTION

DATA NL/13/
RETURN

END

-341-

00013510
00013520
00013530
00013540
00013550
00013560
00013570
00013580
00013590
00013600
00013610
00013620
00013630
00013640
00013650
00013660
00013670
00013680
00013690
00013700
00013710
00013720
00013730
00013740
00013750
00013760
00013770



-342~

S U B R 0O Y T 1 N E
MAP 18

// DD DISP=0LD,DSN=MES727.ABN.COMMON

/

aNaKeale]

/

420

430

Db =%

LOGICAL LEV, STAGY, STAGI, ISL

COMMON /COUT/ 2ZM{46) 4SURF,LEV,ISL,NAME(13)
EQUIVALENCE (SURF,SIGL)

DIMENSION NAMEL (13)

MAP WIND DIRECTION, MAP TYPE 18
(MEANINGFUL ON CLYNDRICAL PROJECTION ONLY)

PID2=P1%,5
PID2T3=P1D2%3,
PIT2=PI=2,
PDT18=18,/P1

DO 220 I=1,IM

DO 220 J=1l,JM

WU=WORK1(Js1)/DXU(J)
WV=WORKZ2{J,1)/DYV{Y)

IF (WU .EQs 0. JAND. WV .EQ., 0.) WvV=l,
ANG=ATANZ {WU,WV)

IF {ANG (LTs Oe4) ANG=ANG+PIT2

WORK2(Jy 1) =AMDD(ANG®PDT18+18.,36,)

DO 110 I=1,NL
NAME (1 )=NAMEL (1)
FIM=]M
STAGJ=4TRUE.
STAGI=,TRUE.

IMM=0,0

WTM=0,0

DO 430 J=1,JM
SUM=0.0

DO 420 I=1,1IM
SUM=SUM+WORK2 (J,1)
CLAT=ABS(COS(LAT(J)))
IM(J)=SUM/FIM
WTM=WTM+CLAT
IMM=ZMM+ZM(J ) =CLAT
IZMM=Z MM/ WTM
SPOL=ZM(1)
NPOL=ZM({JM)

DATA NAMEL/'MAP WIND DIRECTION

DATA NL/13/
RETURN

END

00013780
00013790
00013800
00013810
00013820
00013830
00013840
00013850
00013860
00013870
00013880
00013890
00013900
00013910
00013920
00013930
00013940
00013950
00013960
00013970
00013980
00013990
00014000
00014010
00014020
00014030
00014040
00014050
00014060
00014070
00014080
00014090
00014100
00014110
00014120
00014130
00014140
00014150
00014160
00014170
00014180
00014190
00014200
00014210
00014220
00014230
00014240
00014250
00014260
00014270
00014280
00014290
00014300



=343~

S U B R 0 U T I N E
MAP19

// DD DISP=0LDsDSN=MEST727,ABN.COMMON
//

[aEake!

125

140
150

158

Db =

COMMON /COUT/ ZM(46)4SURFILEV,ISLyNAME(13)
LOGICAL LEV, STAGJ, STAGI, ISL

DIMENSTION NAMEL(13)

LOGICAL LHLF

LONG WAVE COOLING, MAP TYPE 19

FIM=]M
STAGJ=.FALSE.
STAGI=,FALSE,

LHLF= SURF .LT. o5
DO 110 I=14NL
NAME(T)=NAMELI(T)
DO 118 J=1,JM
IM{J)=0.0

DO 150 I=1,IM

DO 150 J=1,JM

I1F (LHLF) GO TO 125
ACC=IRH{VT (J,1,42))
ACC=ACC/100.

GO TD 140
ACC=ILHIVT{Jy142))
ACC=ACC/100,
IM(J)=ZM(J)+ACC
WORK2(J,1)=ACC

1MM=0,

WTM=0,0

DO 158 J=1,JM

WTM=WTM + ARS(DXYP{J))
IM{J)I=ZM(J)/FIM

IMM=ZMM+7Z M(J}*ABS{DXYP(J))
IMM=ZMM/WTM

SPOL=ZM{1)

NPOL=ZM{ M)

DATA NAMEL/'LONG WAVE HEATING IN LAYERS (DEG CENT/DAY)

DATA NL/13/
RETURN

END

00014310
00014320
00014330
00014340
00014350
00014360
00014370
00014380
00014390
00014400
00014410
00014420
00014430
00014440
00014450
00014460
00014470
00014480
00014490
00014500
00014510
00014520
00014530
00014540
00014550
00014560
00014570
00014580
00014590
00014600
00014610
00014620
00014630
00014640
00014650
00014660
00014670
00014680
00014690
00014700
00014710
00014720
00014730
00014740
00014750
00014760
00014770
00014780



=344~

S U B R D U T 1 N _E
x MAP20
// DD DISP=0LD,DSN=MEST27.ABN,COMMON
// DD =
COMMON /COUT/ ZM{46)4SURF,LEV,ISL,NAME(13)
C ABSORBTION OF INSOLATION, MAP TYPE 20

LOGICAL LEv, STAGJ, STAGI, ISL

DIMENSION NAMEL(13)
LOGICAL LHLF
C
FIM=IM
STAGJ=,FALSE,
STAGI=.FALSE,
C
LHLF= SURF .GT. .5
C

DO 110 I=1,NL
110 NAME(T)=NAMEL(])

DO 118 J=1,JM
118 2M(J) =0,

DO 150 I=1,1IM
DO 150 J=1,JM
IF {(LHLF) GO TO 125
ACC=ILHITT(U,1,1))
ACC=ACC/100,
GO TO 140

125 ACC=IRHITT(JsIy1))
ACC=ACC/100.

140 ZM{J)=ZM(J}+ACC

150 WORK2(J,l)=ACC

IMM=0,0
WTM=0,0
DD 158 J=1,JM
WTM=WTM + ABS(DXYP(J))
IM(J)=ZM(J)/FIM
158  ZMM=72MM+ZM(J)%*ABS(DXYP(J))
IMM=Z MM/ WTM
SPOL=ZM(1)
NPOL=ZM(JM)

DATA NAMEL/'ABSORPTION OF ]NSOLAT!DN IN LAYERS (DEG CENT/DAY) v/
DATA NL/13/
RETURN

END

00014790
00014800
00014810
00014820
00014830
00014840
00014850
00014860
00014870
00014880
00014890
00014900
00014910
00014920
00014930
00014940
00014950
00014960
00014970
00014980
00014990
00015000
00015010
00015020
00015030
00015040
00015050
00015060
00015070
00015080
00015090
00015100
00015110
00015120
00015130
00015140
00015150
00015160
00015170
00015180
00015190
00015200
00015210
00015220
00015230
00015240
00015250
00015260



-345-

S U B R 0O U T I N E 00015270

* MAP21] 00015280

// DD DISP=0LD,DSN=MES727,ABN.COMMON 00015290
// DD % 00015300
LOGICAL LEV, STAGJ, STAGI, ISL 00015310
COMMON /COUT/ ZIM{46) 4SURF4LEV,1SL,NAME(13) 00015320
EQUIVALENCE (SURF,SIGL) 00015330
DIMENSION NAMEL(13) 00015340

C 00015350
C WIND SPEED, MAP TYPE 21 00015360
C 00015370
IMM2=] M=-2 00015380
JMML=gM~1 00015390

c 00015400
C 00015410
DO 110 I=1,NL 00015420

110 NAME(I)=NAMEL(I) 00015430
C 00015440
STAGJ=.TRUE, 00015450
STAGI=.TRUE., 00015460

G 00015470
DO 330 I=l,1IM 00015480

DO 330 J=2,JM 00015490
WIND=WORKZ2(JygI)%%2+WORK1(J,T1)%%2 00015500

330 WORK2({Js1)=SQRT(WIND) 00015510
C 00015520
FIM=IM 00015530
IMM=0,0 00015540
WTM=0,.0 00015550

DO 430 J=2,JM 00015560
SUM=0,0 00015570

DO 420 1=1,1M 00015580

420 SUM=SUM+WORK2(J, 1) 00015590
CLAT=ABS(COS(.5%(LAT(J=1)}+LAT(J)))) 00015600
IM{J)=SUM/FIM 00015610
WTM=WTM+CLAT 00015620

430 IMM=ZMM4+ZM(J)%CLAT 00015630
IMM=IMM/WTM 00015640
SPOL=IM(2) 00015650
NPOL=ZM({JM) 00015660

C 00015670
DATA NAMEL/*MAGNITUDE OF THE VECTOR WIND (M/SEC) '/ 00015680

DATA NL/13/ 00015690
RETURN 00015700

C 00015710

END 00015720



~346-

S U B R D U T I N _E
x MAP22

// DD DISP=0LD,DSN=MEST727,ABN,COMMON

//

[eNaNel

275

158

DD =%

COMMON /COUT/ ZM(46)4SURF,LEV,ISL NAME{13)
LOGICAL LEV, STAGJ,s STAGI, ISL

DIMENSION NAMEL (13)

SURFACE INSOLATION MAP TYPE 22

FIM=IM
STAGJ=,FALSE.
STAGI=.FALSE,

DO 110 I=1,NL
NAME (1 )=NAMEL(])

DO 150 J=1,JM
IM(J)=0.0

DO 275 I=1,1IM
DO 275 J=1,JM
ACC=ILH(5D(J,1))
ACC=ACC/10,.
IM{J)=ZM(J)+ACC
WORK2(Js1)=ACC

IMM=0,0

WTM=0,0

DO 158 J=1,JM

WTM=WTM + ARS(DXYP{J))
IM(J)=ZMID)/FIM

IMM I MM+IM(J)*ABS(DXYP(J))
IMM=TI MM/ WTM

SPOL=ZM(1)

NPOL=ZM{JM)

DATA NAMEL/'SURFACE INSOLATION ABSORPTION
DATA NL/13/
RETURN

END

(100 CAL/CM%%2/DAY)

00015730
00015740
00015750
00015760
00015770
00015780
00015790
00015800
00015810
00015820
00015830
00015840
00015850
00015860
00015870
00015880
00015890
00015900
00015910
00015920
00015930
00015940
00015950
00015960
00015970
00015980
00015990
00016000
00016010
00016020
00016030
00016040
00016050
00016060
00016070
00016080
00016090
00016100
00016110
00016120
00016130
00016140



-347-

S U B R O U T I N E 00016150

* MAP 23 00016160

// DD DISP=0LDy,DSN=MEST727.ABN.COMMON 00016170
// DD = 00016180
LOGICAL LEV, STAGJ, STAGI, ISL 00016190
COMMON /COUT/ 2IM(46),SURF,LEV,ISL,NAME(13) 00016200
EQUIVALENCE (SURF,SIGL) 00016210
DIMENSION NAMEL(13) 00016220

o SURFACE AIR TEMPERATURE, MAP TYPE 23 00016230
C 00016240
FIM=IM 00016250
STAGJ=.FALSE. 00016260
STAGI=,FALSE. 00016270

C 00016280
DO 110 I=1,4NL 00016290

110 NAME(I)=NAMEL{I) 00016300
C 00016310
DO 220 I=1,IM 00016320

DO 220 J=1l,JM 00016330
TT4=1LH(Q3T(Js1)) 00016340

220 WORK2{Jy1)=TT4/10., - TICE 00016350
o 00016360
410 ZIMM=0,0 00016370
WTM=0,0 00016380

DO 430 J=1,JM 00016390
SUM=0,0 00016400

DO 420 I=l,IM 00016410

420 SUM=SUM+WORK2(J,1) 00016420
CLAT=ABS{DXYP(J)) 00016430
IMUJ)I=SUM/FIM 00016440
WTM=WTM+CLAT 00016450

430  IMM=IMM+ZM{J)%CLAT 00016460
- IMM=Z MM/ WT M 00016470
NPOL=ZM{ JM) 00016480
SPOL=ZMI(1) 00016490

C ) 00016500
DAYA TICE/273.1/ 00016510

DATA NAMEL/'SURFACE AI1R TEMPERATURE (DEG CENT) '/ 00016520

DATA NL/13/ 00016530

C 00016540
RETURN 00016550

END 00016560



-348-

S U B R O Yy T I_N_E
# MAP24

// DD DISP=0LD,DSN=MES727,ABN,COMMON

//

o000

275

158

DD =%

COMMON /COUT/ IM{46),SURF,LEV,ISL,NAME(13)
LOGICAL LEVy STAGJ, STAGI, ISL

DIMENSTION NAMEL(13)

GROUND TEMPERATURE {(DEG CENTIGRADE) MAP TYPE 24

FIM=1M
STAGJ=,FALSE.
STAGI=.FALSE,

DD 110 I=1,NL
NAME {1 )=NAMEL (1)

DO 150 J=1l,JM
IM(J)=0.0

DO 275 I=1,1IM

DO 275 J=1,JM

ACC = GT{Jy1) -~ TICE
IM{J)=ZM(J)+ACC
WORK2(J,s1)=ACC~,0001

IMM=0,0

WTM=0,0

DO 158 J=l,JM

WTM=WTM + ABS{DXYP(J)})
IM(J)=ZM(J)/FIM

IMM=7 MM+ZM(J)*ABS(DXYP(J})
IMM=IMM/WTM

SPOL=ZM(1)

NPOL=ZM{JM)

DATA TICE /273,1/
DATA NAMEL/'GROUND TEMPERATURE (DEG CENT)
DATA NL/13/

RETURN
END

00016570
00016580
00016590
00016600
00016610
00016620
00016630
00016640
00016650
00016660
00016670
00016680
00016690
00016700
00016710
00016720
00016730
00016740
00016750
00016760
00016770
00016780
00016790
00016800
00016810
00016820
00016830
00016840
00016850
00016860
00016870
00016880
00016890
00016900
00016910
00016920
00016930
00016940
00016950
00016960
00016970
00016980
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S U B R 0 U T 1 N E 00016990

* MAP25 00017000

/7 DD DISP=0LDyDSN=MEST727.ABN,COMMON 00017010
// DD = 00017020
COMMON /COUT/ ZIM(46)4SURFLLEV,ISLsNAME(13) 00017030
LOGICAL LEV, STAGJ, STAGI, ISL 00017040
DIMENSION NAMEL(13) 00017050

C 00017060
C WETNES, MAP TYPE 25 00017070
C 00017080
FIM=IM 00017090
IMM2=1M-2 00017100
JMMI=JM-1 00017110
STAGJ=,FALSE, 00017120
STAGI=,FALSE. 00017130

C 00017140
DO 110 I=14NL 00017150

110 NAME(I)=NAMEL(I]) 00017160
C 00017170
IMM=0,0 00017180

DO 118 J=1,JM 00017190

118 ZIM(J)=0.0 00017200
C 00017210
DO 128 I=1,1IM 00017220

DO 128 J=l,JM 00017230
ACC=GW(Js1)%10, 00017240
IM(J)I=ZM(J)+ACC 00017250

128 WORK2{Js1)=ACC 00017260
C 00017270
WTM=0,0 00017280

DO 158 J=l,JM 00017290
WTM=WTM + ABS(DXYP(J)) 00017300
IM(J)=ZM(J)/FIM 00017310

158 IMM=ZMM+ZIM(J)*ABS(DXYP(J)) 00017320
IMM=Z MM/WTM 00017330
SPOL=ZM(1) 00017340
NPOL=ZM(JM) 00017350

DATA NAMEL/'GROUND WETNESS (SCALED ZERO TO TEN) t/ 00017360

DATA NL/13/ 00017370

C 00017380
RETURN 00017390

C 00017400

END 00017410



%

S U B R 0O U T I N

E

MAP26

// DD DISP=0LD,NDSN=MEST27,ABN,COMMON

//

275

158

D

*

D »

COMMON /COUT/ ZM{46) 4SURFLLEV,ISL,NAMF(13)
LOGICAL LEV, STAGJ, STAGI, ISL
COMMON /EXCOM/CC(46,7244)4CPCLI46,72)4CPC3(46,72),

-350-

PRCLH(46472)4SR4(46,72)

DIMENSTON NAMEL1(13),NAME2(13},NAME3(13)

FIM=IM
STAGJ=.FALSF,.
STAGI=.FALSE.

K=1

IF (SURF.GT.0.5) K=2

IF {SURF.EQ.1.0} K=3

IF (SURF,GT.1.0) K=4

DO 110 I=1,NL
NAME(T)=NAMEL(T)

IF (KJEQ.2) NAME(I)=NAME2(]}
IF (K.EQ.4) NAME(I)=NAME&4(])
IF (K.EQe3) NAME(I)=NAME3(])

NGO 150 J=1,JM
IM({J)=0.0

DO 275 I=1,1IM

DO 275 J=1,.JM
ACC=CClJs1,K}

IF {ACC4LT40.0) ACC=0.0
IM(J)=IM{J)+ACC
WORK21{J,1)=ACC

IMM=0,0

WTM=0,0

NGO 158 J=1,JM

WTM=WTM + ABS(DXYP{J})
IM{J)=IM(J)/FIM
IMM=ZMM+ZM{J)®ABSIDXYP(J))
IMM=ZMM/WTM

SPOL=ZM(1)

NPOL=ZM({JM)

DATA NAME1/'HIGH CLOUDINESS
DATA NAME2/'MIDDLE CLOUDINESS
DATA NAME3/'LOW CLNUDINESS
DATA NAME4/'CLOUDINESS

DATA NL/13/

RETURN

END

v/
v/
v/
v/

00017420
00017430
00017440
00017450
00017460
00017470
00017480
00017490
00017500
00017510
00017520
00017530
00017540
00017550
00017560
00017570
00017580
00017530
00017595
00017600
00017610
00017620
00017625
00017630
00017640
00017650
00017660
00017670
00017680
00017690
00017700
00017705
00017710
00017720
00017730
00017740
00017750
00017760
00017770
00017780
00017730
00017800
00017810
00017820
00017830
00017840
00017850
00017860
00017865
00017870
00017880
00017830
00017300



%

-351~

S U 8 R 0O U T 1 N F
MAP27

// DD DISP=0LD,DSN=MEST27.,ABN.COMMON

//

420

np =

COMMON /COUT/ ZM(46) 4SURF,LEV,ISL,NAME(L3)
LOGICAL LEV, STAGJ, STAGIl, ISL
EOUIVALENCE (SIGL,SURF)

DIMENSION NAMEL{13)

FIM=IM

STAGJ=.FALSE,
STAGI=,FALSE,

DO 110 I=1,NL
NAME (T )=NAMEL(T)

DO 220 J=1,JM

NO 220 I=1,1M
WORKZ2{Js1)=PTROP+SURFX:P{J,y1)
DO 118 J=1,dM

IM(J)=0.0

IMM=0,0

WTM=0,0

DO 430 J=1.JM

SUM=0,0

CLAT=ABS(DXYP{J})
DO 420 I1=1,1M
SUM=SUM+WORK2(J, 1)
IM{J)=SUM/FIM
WTM=WTM+CLAT
IMM=7 MM+ I M(J)%=CLAT
IMM=ZMM/WTM
SPOL=ZM(1)
NPOL=ZM{JIM)

DATA NAMEL/'PRESSURE AT SIGMA SURFACE v/
OATA NL/13/
RETURN

END

00017910
00017920
00017930
00017940
00017950
00017960
00017970
00017980
00017990
00018000
00018010
00018020
00018030
00018040
00018050
00018060
00018070
00018080
00018090
00018100
00018110
00018120
00018130
00018140
00018150
00018160
00018170
00018180
00018190
00018200
00018210
00018220
00018230
00018240
00018250
00018260
00018270
00018280
00018290
00018300
00018310
00018320
00018330
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S U B R D U T I N E
MAP28

// 0D DISP=0LD,DSN=MEST727.,ABN,COMMON

//

420

430

DD %

COMMON /COUT/ ZM{(46)4SURF,LEV,ISLyNAME(13)

LOGICAL LEV, STAGJ, STAGI, ISL

EQUIVALENCE {SIGL,SURF)

COMMON JEXCOM/CC(464T7244) 4CPCLIG6,T2),CPC3(464,T72),
PRCLH{46472)4SR4(46,72)

DIMENSION NAMEL{13)

FIM=IM

STAGJ=.FALSE.
STAGI=,FALSE,

L1=1

L2=2

SIGL1=SIG(LL)
SIGLZ2=S1G(L2)
DSIG=1./(SIGL2-SIGL1)
SURFMT=SURF~PTROP

IF (LEV) SIGX=SIGL

DO 110 I=14NL
NAME{1)=NAMEL(T)

DO 220 I=1,1IM

DO 220 J=1,4JM

IF (JNOTLLEV) SIGX=SURFMT/P(J,1)

H1=CPC1(J,1)

H3=CPC3(J,1)

WORK2({JaI)=DSTIG*({SIGL2-SIGX}*H]1 + (SIGX=SIGL1)%*H3)

DO 118 J=1,JM
IM{J)=0.0

IMM=0,0

WTM=0,0

DO 430 J=1,JM
SUM=0.,0
CLAT=ABS(DXYP(J}))
DO 420 I=1,1IM
SUM=SUM+WORK2(Jy1)
IM(J)=SUM/FIM
WTM=WTM+CLAT
IMM=7Z MM+Z M(J ) *CLAT
IMM=7Z MM/ WTM
SPOL=ZM(1)
NPOL=ZM{JM)

DATA NAMEL/'TOTAL CONVECTIVE HEATING (DEG CENT/DAY)
DATA NL/13/
RETURN

END

00018340
00018350
00018360
00018370
00018380
00018390
00018400

00018410
00018420

00018430
00018440
00018450
00018460
00018470
00018480
00018490
00018500
00018510
00018520
00018530
00018540
00018550
00018560
00018570
00018580
00018590
00018600
00018610
00018620
00018630
00018640
00018650
00018660
00018670
00018680
00018690
00018700
00018710
00018720
00018730
00018740
00018750
00018760
00018770
00018780
00018790
00018800
00018810
00018820
000184830
00018840
00018850
00018860
00018870
00018880
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S U B R 0ODU T I N FE
* MAP2G9

// DD DISP=DLD+DSN=MEST727.ABN.COMMON

//

110

420

430

DD %

COMMON /CDUT/ ZM(46)4SURF,LEV,ISL,NAME(13)

LOGICAL LEV, STAGJ, STAGI, ISL

FOUIVALENCE (SIGL,SURF)

COMMON /EXCOM/CC{4647244)+sCPCLI46,T2),CPC3(46,72),
* PRCLH{46472)ySR4(46,72)

DIMENSION NAMEL(13)

FIM=IM

STAGJ=.FALSE.
STAGI=.FALSF.

L1=1

L2=2

SIGL1=SIG(LY)
SIGL2=SIG(L2)
DSIG=14/(SIGL2-SIGLY)
SURFMT=SURF~-PTROP

IF (LEV) SIGX=SIGL

DO 110 I=1,NL
NAME (T )=NAMEL(I)

DO 220 I=1,1M

DN 220 J=1,JM

IF {oNOTLLEV) SIGX=SURFMT/P(J,1)
H1=0.0

H3=PRCLH{J, I}

WORKZ2(Js1)=DSIG*((SIGL2-SIGX)*H]l + (SIGX=SIGL1)}%*H3)}

DO 118 J=1,JM
IM({J)=0.0

IMM=0,0

WTM=0,0

DO 430 J=1,JM
SUM=0.0
CLAT=ABS(DXYP{J))
DO 420 I=1,1IM
SUM=SUM+WORK2{J,1)
IM{J)=SUM/FIM
WTM=WTM+CLAT
IMM=ZMM+ZM(J ) %CLAT
IMM=Z MM/ WTM
SPOL=ZM(1)
NPOL=ZM(JM)

DATA NAMEL/'LATENT HEATING IN LAYER (DEG CENT/DAY)
DATA NL/13/
RETURN

END

00018890
00018900
00018910
00018920
00018930
00018940
00018950
00018960
00018970
00018980
00018990
00019000
00019010
00019020
00019030
00019040
00019050
00019060
00019070
00019080
00019090
00019100
00019110
00019120
00019130
00019140
00019150
00019160
00019170
00019180
00019190
00019200
00019210
00019220
00019230
00019240
00019250
00019260
00019270
00019280
00019290
00019300
00019310
00019320
00019330
00019340
00019350
00019360
00019370
00019380
00019390
00019400
00019410
00019420
00019430



354~

S U B R 0 U T I N E 00019440

% MAP30 00019450

// DD DISP=0LD,DSN=MEST727.ARN,CAMMNON 00019460
// DD = 00019470
COMMON /COUT/ IM{46) 4SURFLLEV,ISL,NAMF(13) 00019480
LOGICAL LE\V, STAGJ, STAGI, ISL 00019490
COMMON /EXCAM/CC(464T7244)4CPCLI46,72),CPC3(566,72), 00019500

* PRCLH(46,72)4SR4{464,72) 00019510
DIMENSTION NAMEL(13) 00019520

C 00019530
o 00019540
FIM=IM 00019550
STAGJ=.FALSE, 00019560
STAGI=,FALSE, 00019570

C 00019580
DO 110 I=1,NL 00019590

110 NAME{I)=NAMEL{I) 00019600
C 00019610
DD 150 J=1,JM 00019620

150 IM(J)=0.0 00019630
C 00019640
DO 275 1=1,1IM 00019650

DO 275 J=1,JM 000159660
ACC=.01%SR4{J,1) 00019670
IM(J)Y=2ZM(J)+ACC 00019680

275 WORK2(J,1)=ACC 00019690
C 00019700
IMM=0,0 00019710
WTM=0,0 00019720

DO 158 J=1,JM 00019730
WTM=WTM + ABS{NXYP(J))} 00019740
IM{J)=2M{J)/FIM 00019750

158 ZIMM=ZMM+ZM{J)%ABS{DXYP{J)}) 00019760
IMM=ZMM/WTM 00019770
SPOL=ZM({1) 00019780
NPOL=ZM(JM) 00019790

o 00019800
DATA NAMEL/'SURFACE LONG=WAVE COOLING (100 CAL/CM%%x2/DAY) '/ 00019810

DATA NL/13/ 00019820
RETURN 00019830

C 00019840

END 00019850
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S B R [ T 1 N £
* MAP3T
// DD DISP=0LDyDSN=MEST727.ABN,COMMON
// oD o=

COMMON /COUT/ ZM(46),SURF,LEV,ISL,NAME{]13)

LOGICAL LEV, STAGJ, STAGI, ISL

COMMON JEXCOM/CL(464,72,4) yCPCL{46,T72),CPC3(464T72),
* PRCLH{46,72) ySR4{46,72)

DIMENSION NAMEL{13)

C

C
FIM=]M
STAGJ=.FALSE,
STAGI=,FALSF,

C

C

C

CALL MaP 22
DO 275 1=1,1M
DO 275 J=1,JM
275 WORKL1{Jy1)=WORK2(J,1}
CALL MAP 30
DO 280 I=1,IM
DO 2B0 J=1,JM
280 WORK1I(JeI)=WORKLI(JsI)=WNRK2(Je1}
CALL MAP 15
DO 285 I=1,1M
DO 285 J=1,JM
285 WORKI{JyI)=WORKL(JeI)=0,1%WORK2(J,1}
CALL MAP 14
DO 290 I=1,IM
DO 290 J=1,JM
290 WORK2(Jy I )=WORKI1(Js1)=0.580%WORK2{Jy1}
DO 150 J=1,4JM
150 ZM(J}=0.0
DO 300 I=1,1IM
DO 300 J=1,3M
300 ZM{J)Y=ZM(J)+WORK2(J,y1)

IMM=0,0
WTM=0,0
DO 158 J=1,JM
WTM=WTM + ABRS(DXYP{J)})
IMIJY=ZM{J)/FIM
158 ZMM=ZMM+ZM(J)*ABSIDXYP(J))
IMM=7 MM/ WTM
SPOL=ZM(1)
NPOL=ZM(JM)
DO 110 I=1,NL
110 NAME{T)=NAMELI(T)

C
DATA NAMEL/'SURFACE HEAT BALANCF (100 CAL/CM%%2/DAY)
DATA NL/13/
RETURN

C

END

00019860
00019870
00019880
00019890
000199006
00019910
00019920
00019930
00019940
00019950
00019960
00019970
00019980
00019990
00020000
00020010
00020020
00020030
00020040
00020050
00020060
00020070
00020080
00020090
00020100
00020110
00020120
00020130
00020140
00020150
00020160
00020170
00020180
00020190
00020200
00020210
00020220
00020230
00020240
00020250
00020260
00020270
00020280
00020290
00020300
00020310
00020320
00020330
00020340
00020350
00020360
00020370
00020380
00020390
00020400
00020410
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S U B R O U T 1 N F
* COMP3
/%
// DD DISP=0LDyDSN=MEST727.ABN.COMMON
// DD *
EQUIVALENCE (KKK yXXX)
LOGICAL ICE, LAND, OCEAN, SNOW, KFY
COMMON /EXCOM/CC{4647244) 3CPCLI464T72)4CPC3(464T72),
* PRCLH{46,72)4SR&(46,72)

TRANS{X)=1a/(le+1ls75%X%%,416)
TRSW(X)=1e=e271%X%x%,303

JMM1=JM-1
IMM2 =1 M=~2
JMM2=JM-2
TH=IM/2+1
FIM=IM
SIG1=SIG{1)
SIG3=SI1G(2)
DSI6=S1G3-S1IG1

GWM=30,
DTC3=FLOAT(NC3)x%DT
RCNV=DTC3/TCNYV
CLH=580./.24
P10K=1000.%*KAPA
CTI=,005
CTID=B.64E4%CTI
HICE=300.
TICE=273.1

PM=PSL=-PTROP
COE=GRAV*100./{0.5*PM*1000,%0,24)
COEL1=COE*DTC3/(24,.%3600.)
SCALEU=COE=*100,

TSPD=DAY/DTC3
SCALEP=TSPD*.5*(10./GRAV)*100.
CONRAD=180./P1

CNRX=CONRAD*.01

FSDEDY=SDEDY

SNOWN=(60.-15,%C0S(.9B63%(FSDEDY-24,668)/CNONRAD) ) /CONRAD

SNOWS==60./CONRAD

SURFACE WIND MAGNITUDE

[a¥eXal

DO 10 I=1,1IM

DO 10 J=2.JIM

US=2,*(STIG3%*U(Js1+42)-STIGL%U(Js1,41))%0,7

VS=24*(SIG3%V{Jy1,2)=SI6L1*V{Jy1,41))%0.,7
10 FDUJsI)=US*US + VvS=*VS

WMAGL=SORT (5% (FD{(241)+FD(2,1H)))

WMAGJM=SORT (5% {FD(JM,1)+FD(JIM,IH))})

00020420
00020430
00020440
00020450
00020460
00020470
00020480
00020490
00020500
00020510
00020520
00020530
00020540
00020550
00020560
00020570
00020580
00020590
00020600
00020610
00020620
00020630
00020640
00020650
00020660
00020670
00020680
00020690
00¢20700
00020710
00020720
00020730
00020740
00020750
00020760
00020770
00020780
00020790
00020800
00020810
00020820
00020830
00020840
00020850
00020860
00020870
00020880
00020890
00020900
00020910
00020920
00020930
00020940



OO0
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RADTATION CONSTANTS

S0=2880./RSDIST

ALCl=.7

ALC2=.6

ALC3=,6

STBO=1.171E-7

EFVC1=65.3

EFVC2=65,3

EFVC3=T7.6
CPART=,5%1,30T7T1E7

ROT = TOFDAY/ROTPER%*2,0%P]

HEATING LOOP

D0 370 I=1,IM
ITM1=MOD(T+IMM2,IM)+1]
IP1=MOD(T,IM}+1

FIMl=I-1
HACOS=COSD*COS(ROT+FIMLIxDLON)
DO 360 J=1,JM
COSZ=SINL(JI*SIND+COSL (J)*HACOS

SURFACE CONDITION

TGOO=TOPOG{J, 1)

OCEAN=TG00.6T. 1.

ICE=TGOO.LE.~9.9E5

LAND=.NOT.(ICE.OR.OCEAN)
SNOW=LANDAND {LAT(J) eGESNOWN.ORJLAT(J) o LE.SNOWS)
LAND=LAND AND, «+NOT . SNOW

IF (JNOT.OCEAN) Z27ZZ=VPHI&{J,1)/GRAV

DRAG COEFFICIENT

IF (J +EQ. 1) WMAG=WMAG]

IF (J «EQe JUM) WMAG=WMAGUIM

IF (JoNEL1oANDoJoNELJIM) WMAG=SORT(.25%(FD(Jy1)+FD{J+1,1)
X  +FD{JsIML)+FD(J+1,1M1)))

Ch = ,002

IF ((NOT.OCEAN) CD=CD+0.006%222/5000,

IF (OCEAN) CD = AMINL({(1.0+.07%WMAG)*.001,.0025)
CS = CD*100.

CS4 e 24%(S%24 ,%3600.

FK1 CO¥{10.%GRAV)/(DSIG*PM)

H H

00020950
00020960
00020970
00020980
00020990
00021000
00021010
00021020
00021030
00021040
00021050
00021060
00021070
00021080
00021090
00021100
00021110
00021120
00021130
00021140
00021150
00021160
00021170
00021180
00021190
00021200
00021210
00021220
00021230
00021240
00021250
00021260
00021270
00021280
00021290
00021300
00021310
00021320
00021330
00021340
00021350
00021360
00021370
00021380



[aNaNe]

[aXeKel

310
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PRESSURES

SP=P{J, 1)
COLMR=PM/SP
P4=SP+PTROP
P4K=P4%E=KAPA
PL1=SIG1*SP+PTROP
PL2=.5%SP+PTROP
PL3=SIG3*SP+PTROP
PLIK=PL1*%*KAPA
PL3K=PL3%%xKAPA
PL2K=PL2%*KAPA
PTRK=PTROP*%*KAPA
DPLK=PL3K-PL1K

TEMPERATURES AND TEST FOR DRY-ADIABATIC INSTABILITY

Tl=T(Js1,1)

T3=T(Jvl92)

THL1=T1/PL1K

THL3=T3/PL3K

IF (THL1 GT. THL3) GO TO 310
XX1=(T1+T3)/(PL1K+PL3K)
Tl=XX1%*PL1K

T3=XX1%*PL3K

THL1=T1/PL1K

THL3=T3/PL3K

MOISTURE VARIABLES

£ES1=10.0%%(8,4051-2353,0/71)
ES3=10.0%%(8.4051-2353.0/T3)
P1CB=.1%PL1

P3CB=.1%PL3

P4CB=.,1%P4
0S1=.,622%ES1/{P1CB=-ES1)
0S3=,622%ES3/(P3CB~ES3)
GAM1=CLH*QS1%5418,/T1%%2
GAM3=CLH*QS3%5418,/T3%%2
Q3R=03(J,1)

RH3=0Q3R/0QS3

TEMPERATURE EXTRAPOLATION AND INTERPOLATION FOR RADIATION

ATEM={TH{ 3-THL1)}/DPLK
BTEM=(THL1*PL3K~THL3*PL1K)/DPLK
TTROP=(ATEM%PTRK+BTEM) %P TRK
T2=(ATEM*PL2K+BTEM) *PL2K

00021350
00021400
00021410
00021420
00021430
00021440
00021450
00021460
00021470
00021480
00021490
00021500
00021510
00021520
00021530
00021540
00021550
00021560
00021570
00021580
00021590
00021600
00021610
00021620
00021630
00021640
00021650
00021660
00021670
00021680
00021690
00021700
00021710
00021720
00021730
00021740
00021750
00021760
00021770
00021780
00021790
00021800
00021810
00021820
00021830
00021840
00021850
00021860
00021870
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C
C GROUND TEMPERATURF AND WETNESS
C
T6=T600
WET=1.0
IF (JNOT.OCFAN) TG=GT(J,1)
IF (LAND) WET=GW(J,1)
C
C LARGE SCALE PRECIPITATION
C
PREC=0.
IF (Q3R.LE.DS3) GO TO 1060
PREC=(03R~0S3)/(1.+GAM3)
T3=T3+CLH*PREC
THL3=T3/PL3K
03R=03R-PREC
C
C CONVECTION
C

1060 TETA1=THL1*P10K
TETA3=THL3#*P10K

SS3 = TETA3*P4K/P10OK

SS2 = SS3 + 0.5%(TETA1-TETA3)}*PL2K/P10K
SS1 = SS2 + O0.5%(TETA1-TETA3)}%PL2K/P10K
HH3 = SS3 + CLH*0Q3R

HH3S = SS3 + CLH=%0S3

HH1S SS1 + CLH*QS1
C
C MIDDLE LEVEL CONVECTION
C

Cl = 0.

C3 = 0.

EX = HH3 = HHIS

IF (EX.LE.O0.) GO TO 1065

Cl = RCNVEEX/(2.+GAM]1)

C3 = C1*{1.4GAM1)%(SS2-SS3)/(EX+(1.,+4GAM1)}*(SS1-SS2))
C
C PREPARATION FOR AIR-EARTH INTERACTION
C

1065 23 = 2000,
WINDF=2.0+WMAG
DRAW=CD*WINDF
EDV=ED/ZL3%=WMAG/10.

00021880
00021890
00021900
00021910
00021920
00021930
00021940
00021950
00021960
00021970
00021980
00021990
00022000
00022010
00022020
00022030
00022040
00022050
00022060
00022070
00022080
00022090
00022100
00022110
00022120
00022130
00022140
00022150
00022160
00022170
00022180
00022190
00022200
00022210
00022220
00022230
00022240
00022250
00022260
00022270
00022280
00022290
00022300
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DETERMINATION OF SURFACE TEMPERATURE

1070

RH&4=2 ,SWET*RH3/ (WET+RH3)
EG=10,%%{8,4051-2353,/TG)

EG= AMINL{EG,P4CR/1.662)

0G=.622%EG/{ P4CR=-EG)

DOG=5418,*QG/ TG**2

HHG=TG+CLH*QG*WE T

EDR=EDV/{EDV+DRAW)

HH4=EDR%HH3 + {1, ~EDR } #HHG

GAMG=CLH*DQG

T4={HH4=RH&4* (CLHX0G~GAMGXTG) ) / (1, +RH4%GAMG)
IF (T6%P1OK/P4K.GT.TETA3) T4=TETA3%P4K/P10K
04=RH4*{QG+NOG*{ T4=TG) )

HH4 =T 4+CLH*04

PENETRATING AND LOW-LEVEL CONVECTION

1076

1077

PC1=0.

PC3=0,

EX=0.

IF {(HH4 ,LE., HH3S) GO TO 1077
IFf (HH3 ,GT. HH1S) GO TO 1077
EX = HH&4-HH3S

HH4P = HH4

HH4 = HH3S

IF (HH4P ,LT. HH1S) GO TO 1076

ETA = 1.

TEMP1 ETA%({HH3S-HH1S)/(1,+GAM1)+SS1-552)

TEMP2 ETA*(SS2-SS3) + (SS3-T4)
TEMP = EDR*TEMPLl+(1.+GAM3)*TEMP2
IF {TEMP .LT. .001) TEMP=.001
CONVP = RCNV*EX/TEMP

PC1 = CONVPXTEMP1

PC3 = CONVP * TEMP?2

T4=T4=EX/ (1.+RH4XGAMG)
Q4=(HH&=T4) /CLH

RO4=P4CB/ (RGAS%®T4)
CSEN=CS4*RO4*WINDF
CEVA=CS*RN4*WINDF

00022310
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00022330
00022340
00022350
00022360
00022370
00022380
00022390
00022400
00022410
00022420
00022430
00022440
00022450
00022460
00022470
00022480
00022490
00022500
00022510
00022520
00022530
00022540
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00022560
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00022630
00022640
00022650
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00022680
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00022740
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CLOUDINESS

1080

ICLOUD=1

CL=0.

CL1=0.

CL2=0.

CL3=0.

CLT=0,

CL=AMINL(-1.3+2,6%RH3,1.)

IF (CleGTe0..0R.PC1.GT.0.) CL1=CL

IF (PREC.GT.0.,ANND.CL1.EQ.O.) CL2=1.
IF (EX.GT.0..AND.PC1.EQ.0.) CL3=CL

% % A K

3 3t 3 3 3 o3
# 3t 3t 3 3 3 3 3

oo 3 o XK
e R 3 %R X0 XX R R e B o x X 3K

CL=AMAX1(CL1+CL2,CL3)
IF (CL «GE. 1.) ICLOUD=3
IF {CL «LTe 1. «AND., CL .GT. 0.) ICLDUD=Z

ICLOUD=1 CLEAR, ICLOUD=2 PARTLY CLOUDY, ICLOUD=3 OVFRCAST
LONG WAVE RADIATION

Q3RB=AMAX1{Q3R,41.E-5)
VAK=2,+AL0DG(1.7188E~6/Q3RB)/ALOG(120./PL3)
TEM1=,00102%PL3%%x2%Q3RB/VAK
TEM2=TEM1*%(P4/PL3)*x%xVAK

EFV3=TEM2-TEM]
EFV2=TEM2-TEM1*(PL2/PL3}*%VAK
EFV1=TEM2-TEM1*{PL1/PL3)*%VAK
EFVTI=TEM2-TEM1*(PTROP/PL3)*x%VAK
EFVO=TEM2-TFEM1%(1204/PL3)**VAK+2,.526E~5
BLT=STBO*TTROP*x4

BLI=STBO*T1%x%4

BL2=STBO*T2%%4

BL3=STBO%*T3xx4

BL4=STBO*TGXx %4

00022750
00022760
00022770
00022780
00022790
00022800
00022810
00022820
00022830
00022840
00022850
00022860
00022870
00022880
00022890
00022900
00022910
00022920
00022930
00022940
00022950
00022960
00022970
00022980
00022990
00023000
00023010
00023020
00023030
00023040
00023050
00023060
00023070
00023080
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LONG WAVE RADIATION

ROC=0.

R2C=0.

R4C=0.

URT=BLT*TRANS(EFVO-EFVT)

UR2=BL2*TRANS(EFVO-EFV2)

GO TO (1090,1090,2000}), I1CLOUD

RO0=0.82% (URT+(BL4=BLT)*(1.+TRANS(EFVT))/2.)

R20=0.736%{UR2+(BL4=-BL2)*{1.+TRANS(EFV2))/2.)

R40=BL4*(0.6*SORT(TRANS(EFVO0))=0.1)

IF {1CLOUD .EQ., 1) GO TO 2015

1F (CL2 «LE. 0.) GO TO 2004

CLT=CL2

ROC=0,82%(URT+{(BL2-BLT)*{1.+TRANS{EFVT=EFV2))/2.)*CLT

R2C=0.736%UR2*CLT

R2C=,5%R2C

GO TO 2006

IF {(CL3 .LE. 0.} GO TO 2006

CLT=CL3

ROC=0,82%{URT+(BL3-BLT)*(1.+TRANS(EFVT-EFV3))/2.)*CLT

R2C=0,736%(UR2+(BL3-BL2)*(1.+TRANS(EFV2-EFV3))/2.)*CLT

IF (CL1 .LE. 0.) GO TO 2010
CLM=AMAX1(CLT-CL1,0.)

IN PRESENT VERSION, CLM AND THIS TEM ARF ALWAYS ZEROD
TEM=0,
IF (CLT .GT. 0.001) TEM=CLM/CLT
ROC=0.82%(URT+{(BL1~BLT)*(1.+TRANS{EFVT=EFV1))/2.)*CL1+ROC*TEM
R2C=R2C*TEM

R4C=0.B5%(,25+., 75*TRANS(EFV3) ) *(BL4-BL3)*CL

RO=ROC+(1.-CL)*R0O0

R2=R2C+(1.-CL)*R20

R4=R4C+(1.-CL)*R40

DIRAD=4,%STRO*TG*%3

SURFACE ALBEDOD

IF (COSZ .LE. .01) GO TO 340

SC0SZ2=S0*C0S?Z

ALS=,07

IF (OCEAN) GO TO 335

ALS=.14

IF (LAT(J) LT« SNOWN) GO TO 327
CLAT=(LAT(J)~SNOWN)*CONRAD

GO TO 330

IF (LAT(J) .GT. SNOWS) GO TO 328
CLAT=(SNOWS-LAT(J))*CONRAD

ALS=,45%{ 1. +(CLAT-10,)%%2)/((CLAT=30,)%*2+(CLAT-10.)%%2)
GO TO 335

IF {LAND) G0N TO 335

CLAT=0.0

ALS= 4% (1 +((CLAT=5,)%%2)) /((CLAT=45,)%22+({(CLAT-5,)**2))
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SOLAR RADIATION

ALAO=AMINL (14, .085~,247*ALOGLO(COSZ/COLMR))
SA=,349%SC0SZ

SS=SCOSZ-SA

ASOT=SA*TRSW((EFVO-EFVT)/COSZ)
AS2T=SA*TRSW((EFVO-EFV2)/C0SZ)

FS2C=0.

FS4C=0.

S4C=0.

GO TO (336,336,337}, ICLOUD

CLEAR

FS20=AS2T

FS40=SA*TRSW(EFV0O/COSZ)
S40=(1.~ALS)*(FS40+(1.~ALAO)/{1.,—ALAO*ALS)*SS)
IF (ICLOUD .EQ. 1) GO TO 341

LARGE SCALE CLOUD

IF (CL2 .LE. 0.) GO TO 338

CLT=CL2

FS2C=AS2T*CLT
TEMS=SA%{1.,~ALC2)*TRSW{(EFVO-EFV2)/C0SZ+1.66%({EFVC2+EFV3))
FS4C=(TEMS+ALC2*AS2T }*CLT

ALAC=ALC2+ALAO-ALC2*ALAO
S4C=(1.=ALS)*(TEMS/(1.~ALC2%ALS)+{1.,-ALAC)/(1.,~ALAC*ALS}*S85)*CLT
GO TO 339

LOW LEVFL CLOUD

IF {CL3 «.LE. 0.) GO TO 339

CLT=CL3

FS2C=AS2T*CLT

TEMU=(EFVO-FFV3)/C0S7Z
TEMS=SA%{1~ALC3)*TRSW(TEMU+]1,66%(EFVC3+EFV3})

FS4C=({ TEMS+ALC3*SA=TRSW(TEMU) ) *CLT

ALAC=ALC3+ALAO-ALC3*ALAO
S4C={1.-ALS)*(TEMS/{1.-ALC3#ALS)+{1.~ALAC)/(1.~ALAC*ALS)*SS)*CLT

THICK CLOUD

IF {(CL1 .LE. 0.) GO TO 341

CLM=AMAX1{(CLT-CL1,0.)

IN PRESENT VFRSION, CLM AND THIS TFM ARE ALWAYS ZERD
TEM=0.

IF (CLT .GT. 0.) TEM=CLM/CLT

TEMU=(EFVO-FEFV1)/C0OSZ

TEMB=ALC1%*TRSW{TEMU)%*SA%CL1
FS2C=SA%(1.~ALCL)*TRSW{TEMU+1.66%EFVCL)*CL1+TEMB+FS2C*TEM
TEMS=SA%{1.-ALC1)*TRSW(TEMU+1.66%(EFVC1+EFV3})
FS4C=TEMS*CL1+TEMB+FS4C*TEM
ALAC=ALCL1+ALAO-ALC1*ALAO
S4C=(1.-ALS)*(TEMS/(1.-ALC1*ALS)
X + (1e—ALAC)/(1o—ALAC*ALS)*SS)*CL1+S4C*TEM

00023770
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MEAN CONDITION
F52=FS2C+(1.-CL)*%*FS20
FS4=FS4C+(1.-CL)*FS40
S4=5S4C+1{1.-CL1%S40
AS1=ASOT-FS2
AS3=FS2-FS4
GO TOQ 345
S4=0.0
AS3=0,0
AS1=0.0

00024260
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C COMPUTATION OF GROUND TEMPERATURE

C
345

346

347

[aEealel

[aEalel

350

351

C

TGR=TG

IF {(NCEAN) GO TO 347

BRAD=S4~R4

TEM=0,

IF (ICE.AND.222.LT.0.1) TEM=CTID/HICE
ALl=CSEN*(T4+CLH*[D4+WET*(DOGXTG-0G)))
A2=BRAD+4 . %BL4+TEMXTICE
Bl=CSEN*({1.+CLH*DQG*WET)

B2=DIRAD+TEM

TGR=(A1+A2)/(B1+B2)

IF (LAND.OR,TGR.LTLTICE) GO TO 346
TGR=TICE

DR4=DIRAD%*(TGR-TG)

R&4=R4+DR&
R2=R2+.,8%(1.~CL)*TRANS{EFV2)%*DR4
RO=RO+.,B*(1.,-CL)*TRANS(EFVT}*DR4
CONTINUE

SENSIBLE HEAT (LY/DAY) AND EVAPORATION (GM/CM*%2/SEC)

E4=CEVA%*(WET*(0G+DOG*(TGR-TG})-04)
F4=CSEN*(TGR-T4)
FK=RO4*FK]1*WINDF

TOTAL HEATING AND MOISTURE BUDGET

ON=(C14C3+PC1+PC3)/CLH+PREC=2,%E4%*DTC3%GRAV/(SP*10.)
IF (.NOTLLAND) GO TO 350

RUNOFF=0.

IF (ON.GT.O0. «AND, WET.LT,1l.) RUNOFF=.5%WET

IF (ON.GT.0. <AND., WET.GE.l.) RUNOFF=l.

WET = GW(JyI)+(1.~RUNOFF)*QN%5,%SP/GRAV/GWM

IF (WET.GT.1.) WET = 1.

IF (WET.LT.0.) WET = 0O,

CONTINUE

H1={(AS14R2-R0O)*COE1*COLMR+C1+PC1
H3=(AS3+R4~R2+F4)%*COE1%*COLMR+C3+PC3+PRECXCLH
H{Jel sl )=0.,5%(HL4+H3)

TEMP=0,5%{(H1~H3)

C SURFACE FRICTION

C
352
355
C
358

CONTINUE
CONTINUE

CONTINUE
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PACK FOR OQUTPUT

360

370
375
377
380
390

400

WW=0.0

CC(JyI,y1)=CLL

CClJ,1,2)=CL2

CC{J,1,43)=CL3

CClJy1,44)=CL

CPC1(J,y1)¥=(C1+PC1)=DAY/DTC3
CPC3(J,1)=(C3+PC3)%DAY/DTC3
CPC1{J,y11=C1+PC1

CPC3(Jy1)=C3+PC3
PRCLH(Js1)=PREC*®CLH*DAY/DTC3

SR&4({J,1)=R4

SCALE=SCALEU*COLMR
KKK=1PK(IFIX{ASI*SCALE),IFIX{AS3%SCALF})
TT(Jel41)=XXX
KKK=IPK{TFIX{{R2=RO)I*SCALE),IFIX({{R4=-R2)%SCALF})
VT{Jsl,2)=XXX

KKK=TPK{IFIX{F&4), IFIX(E4*100.%36004%24,))
TT(Jy1,42)=XXX

KKK=TPK{TFIX{T4%10,), IFIX(PREC*SCALEP=*SP))
Q3T(J,1)=XXX

KKK=IPK{IFIX{EX*104) IFIX{(CL1+C3+PC1+PC3)x%SP*SCALFP/CLH))
UT(JQIQZ’=XXX
KKK=TPK{IFIX{H1%100.,%DAY/DTC3),IFIX{(H3%100.%NAY/DTC3})
PT{JsI)=XXX

KKK=TPK{IFIX(S4/104)y IFIX{WWx100,))
SO(J,T)=XXX

CONTINUE

CONT INUE

CONTINUE

CONT INUF

CONTINUE

CONTINUE

RETURN

END
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VIII. FORTRAN DICTIONARY

PURPOSE

In order to permit the efficient reading of the FORTRAN program
and map routine listings, all of the FORTRAN variables used in the
code are collected below. For each FORTRAN term a brief identifica-
tion or meaning is given, together with the term's units (if any)
and the location of its first appearance or definition in the pro-
gram. The locations are not given for certain symbols of widespread
use, and those FORTRAN symbols used only in the output map routines
of Chapter VII, Section B, are not listed. Conventional FORTRAN no-
tation has been used, with the equivalence in terms of the physical

symbols of the model also given where appropriate.
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TERM LIST
FORTRAN Program
Symbol Meaning Units Location
A | AX * 105, horizontal momentum diffusion coefficient mzsec 13570
(zero in present version) INPUT
ALAC o, = a + o -a o, albedo of cloudy atmosphere — 10650
ac cy o c; o COMP 3
for Rayleigh scattering
ALAO | a , albedo of clear sky for Rayleigh scattering - 10450
ol
coMp 3
ALC1 @ , albedo of type 1 (penetrating convective) - 7610
i coMP 3
cloud, = 0.7
ALC2 | a_, albedo of type 2 (middle-level overcast) - 7620
) COMP 3
cloud, = 0.6
ALC3| o, albedo of type 3 (low-level convective) - 7630
3 CoMP 3
cloud, = 0.6
ALP (m/n - 1)/8, longitudinal smoothing parameter - 6920
AVRX
ALPH(8) identification parameter (not used) - --
ALPHA | (1) FXCO*(P(J,I)+(P(J-1,I))*(FD(J,I)+FD(J-1,I)) m?mb 5160
Coriolis force parameter coMp 2
(2) ALP/FNM, longitudinal smoothing weighting - 6950
factor AVRX
ALS a , surface albedo (0.07 for ocean, 0.14 for - 10290-10410
bare land, a defined function of latitude coMp 3
for ice and snow)
AM@NTH(3) | name of month - -
APHEL apihelion, 1 July (= 183.0) day 13110
INPUT
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FORTRAN Program
Symbol Meaning Units Location
A -1
ASOT S..s flux at tropopause of solar radiation ly day 10480
subject to absorption COMP 3
AS1 Al, insolation absorbed by upper layer 1y da.y“1 10950
(= 0 if cos £ < 0.01) COMP 3
A -1
AS2T (SZ) , flux at level 2 of solar radiation ly day 10490
subject to absorption (= FS20) CcoMP 3
AS3 A3, insolation absorbed by lower layer ly day_1 10960
(= 0 1f cos £ = 0.01) COMP 3
ATEM (6, - 8 )/(pK - pK), temperature interpolation deg(mb)—ZK 8490
3 1 3 1
coMP 3
parameter
AX horizontal momentum diffusion coefficient mzsec_ 13380
(= 0 in present version) INPUT
4/3 2 -
AXU(J) A(DXU(J)/300 km) , zonal momentum m sec 14800
diffusion coefficient (not used) MAGFAC
4/3 2 -1
AXV(J) A(DXP (J)/300 km) , zonal momentum m sec 14810
diffusion coefficient (not used) MAGFAC
4/3 L 2 -1
AYU(J) A(DYU(J)/300 km) , meridional momentum m sec 14820
diffusion coefficient (not used) MAGFAC
4/3 L. 2 -
AYV(D) A(DYP(J) /300 km) , meridional momentum m sec 14830
diffusion coefficient (not used) MAGFAC
L dqs(T ) -1
Al Cr 9T, + = {a, + WET |T —-—d—T——g——q(T) 1y day 11090
p & £ 8 COMP 3

ground temperature parameter
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FORTRAN Program
Symbol Meaning Units Location
A2 S -R, + 40T4 + BT , ground temperature parameter 1ly day—l 11100
4 4 g o
COMP 3
BCPMN common block (see Chapter VII, Subsection A.3) (various) 0140
(67040) COMMON
BIT control parameter (not used) -~ --
BLANK logical variable control - -=
4 -1
BLT oT_, long-wave radiation parameter at tropopause ly day 9860
T
coMp 3
BL1 oTi, long-wave radiation parameter at level 1 1ly day“l 9870
COMP 3
BL2 ng, long-wave radiation parameter at level 2 1y day_l 9880
COMP 3
BL3 0T4, long-wave radiation parameter at level 3 1y day'_l 9890
3
COMP 3
BL4 0T4, long-wave radiation parameter at ground level | ly day_l 9500
g
coMP 3
BRAD S4 - §4, ground radiation balance (uncorrected ly day—l 11060
COMP 3
for T )
g
K K K K -K
BTEM (8,p, - 6.p.)/(p, - p,), temperature interpolation | deg(mb) 8500
173 371 3 1
COMP 3
parameter
-1, -1
Bl ly day “deg 11110

CF(l + Yg WET), ground temperature parameter

coMP 3
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FORTRAN Program
Symbol Meaning Units Location
3, = ~ -1, -1
B2 40Tg + B, ground temperature parameter (B = 0 ly day “deg 11120
COMP 3

unless over ice)

c(X) equivalence array (see Chapter VII, Subsection A.3)] (various) 0430
COMMON
CD C., surface drag coefficient - 7970-7980
D COMP 3
CENTIG identification for sea-surface temperature - -
> T . -2 -1
CEVA 100 C_p (IV l + G), surface evaporation g cm sec 9390
D4 s
COMP 3
parameter
CHECK data control parameter (not used) - -
CL max(CL1, CL2, CL3), fraction of sky covered - 9700
by cloud COMP 3
CLAT degrees poleward of snowline, used in surface deg lat 10330, 10360
albedo calculation (¢3-5N¢WN,SN¢WS-¢3)*C¢NRAD COMP 3

for (northern, southern) hemisphere

CLH L/cp, latent heat to specific heat ratio deg 7300
COMP 3
(= 580/.24)

CLKSW input identification - -
CLM max(CLT - CL1,0), cloud parameter (not used) - 10130
COMP 3
CLT 0,CL2 or CL3, cloud parameter (not used) - 10030

COMP 3
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FORTRAN Program
Symbol Meaning Units Location
CL1 min(~1.3 + 2.6RH3, 1), fraction of sky covered by - 9500
type 1 (penetrative convective) cloud COMP 3
CL2 fraction of sky covered by type 2 (large-scale - 9510
condensation) cloud (either 0 or 1) COMP 3
CL3 min(-1.3 + 2,6RH3, 1), fraction of sky covered by —_— 9520
type 3 (low-level convective) cloud CoMP 3
CNRX 0.01*CPNRAD, unit conversion factor (not used) deg/radian 7440
coMp 3
CNST GRAV*30,48%HCST, unit conversion factor for surface -- 16200, 16270
elevation INIT 2
CgE 200g/c_ (p_ - P )103, heat capacity of 1/2 unit deg ly—1 7380
P o T
COMP 3
column
-1
CPE1 (1) CPE*DTC3/24*3600, unit conversion factor for deg day ly 7390
heating terms CcoMp 3
(2) o,ma,/2T, + (c_8,/4T,) + [(p./p ) - (p,/p )] mzsec'zdeg"l 5360
177177 pl 1 3" %o 150" 7?7 COMP 2
level 1 geopotential parameter
CPE2 | o,ma, /2T, + (c_8./4T.) « [(p./p )% - (p./p )¥] mlsec 2deg 1| 5370
3"%3/83 T ACT3I%Y P3/P, PPy s & COMP 2
level 1 geopotential parameter
CPE3 /2T, - (c_8,/4T.) [(p./p)F = (p./p 5] mzsec_zdeg_1 5400
S L R Tt | P3/Py P1/Py/ s COMP 2
level 3 geopotential parameter
CPE4 g.mo. /2T, - (c_6,./4T.) [(p,/P > - (p,/p )K] m:zsec_:zdeg'_1 5410
3"%374%3 p 3 %3 3'Ps 1/Po” 12 COMP 2
level 3 geopotential parameter
C@LMR (Po - PT)/(ps - pT), column mass ratio (also - 8060
COMP 3

redefined in 11530, COMP 3 with average

P, = Pp)
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FORTRAN Program
Symbol Meaning Units Location
C@NRAD 180/PI, unit conversion factor deg/radian 7430
COMP 3
CONV(J,I) C@NVM, mass convergence at level 1 mzsec_lmb 4220
COMP 1
> ) 2 -1
CANVM ~-(m/2)V - mV, net mass convergence into cell m sec mb 4180-4210
surrounding 7 point (defined for poles in coMP 1
4560, 4580 COMP 1)
* -1
C@NVP (h, - h,)5At(tT_) ~, penetrating convection - 9300
4 3 r
coMP 3
parameter
c@sp cos f, cosine of solar declination - 15540
SDET
C@SL(J) cos qa, cosine of latitude - 14960
INSDET
c@sz cos 7, cosine of solar zenith angle _ 7800
coMP 3
CPART 0.5*1.3071*107, a constant (not used) - 7690
CcoMP 3
2 -1
Cs 10 CD’ unit conversion factor cm m 7990
COMP 3
2 2T -1 -1
CSEN CT = 10%¢ CDQA(IV ] + G) DAY, surface sensible ly day " deg 9380
P S COMP 3
heat flux parameter
2 -1 -1
CS4 107 ¢, CD DAY, surface sensible heat flux parameter cmm cal g 8000
P 1 CoOMP 3

degnlsec day_
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Symbol Meaning Units Location
CTI thermal conductivity of ice (= 0.005) ly sec_lcm deg_1 7320

COMP 3
CTID thermal conductivity of ice (= 432) ly day—lcm deg_l 7330
COMP 3
CXXX (800) data control parameter (not used) - -
* -1
C1 (ATl) = (h3 - hl)(Z + yl) 5At, level 1 deg 8870
cM COMP 3
temperature change due to mid-level
convective latent heating
C1(800) array identification —-= -
C3 (AT3) = (ATl) 1+ yl)(LR/Z) deg 8880
cM M coMP 3
h, - ho) + (1 +vy,)@R/2)17
[(hy = b)) + (1 + 7)) ]
level-3 temperature change due to mid-level
convective latent heating
DAY | hours in day (= 24), or sec in day (= 86,400) hr, sec 13420, 13650
INPUT
DAYPYR | days in year (= 365) day 13070
INPUT
DCLK | logical variable for day counter SDEDY - 15050
INSDET
DEC (23.5P1/180)cos[2PI (DY~-173.0)/365], solar radians 15510
declination SDET
DECMAX 23.5P1/180, maximum solar declination radians 13080
INPUT
DEFF { n = Ay, equatorial meridional mesh length m 6880

AVRX
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FORTRAN Program
Symbol Meaning Units Location
DELTAP | correction for atmospheric mass loss (= PSF - ZMM) mb 1430
GMP
3 . -1, -1
DIRAD 4oT”, long-wave radiation parameter at ground ly day “deg 10230
g COMP 3
DIST | (DY - 183.0)/365, day of year parameter -— 15450
SDET
DLAT | A9, north/south grid-point separation (= 4 deg) deg 13360
(changed to radians in 13590, INPUT) INPUT
DLIC | input card identification (not used) -- -
DL@N | A = 2PI/72, east/west grid-point separation radians 13610
(= 5 deg) INPUT
DPLK | p5 - pf (mb)* 8160
3 COMP 3
-2 -1
G | B (T )T = y ¢ /L, approximate change of deg 9040
o els 8) g Yg p PP 8 %s COMP 3
dq (T )
with temperature, aT
DRAT | n/m, grid scale ratio - 6900
AVRX
-1
DRAW | C (16 |TT + G), surface wind drag parameter m sec 8940
D s
COMP 3
3 ~ -1
DR4 | 40T (T _-T) =R, - R4 = CA’ surface long-wave ly day 11160
g 8r g 4 COMP 3
radiation parameter
DSIG - 7250

T model sigma increment (= 1/2)

coMp 3
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Symbol Meaning Units Location
DT At in sec (= 360) sec 13560
INPUT
DTC3 | 5At, time interval between heating steps in sec 7280
COMP 3 (= 1800) COMP 3
DT™M | At in min (= 6) min 13340
INPUT
DXP(J) { m = aA) cos ¥,, east/west distance between 7 m 14570
x 3 MAGFAC
(or u ) points
DXU(J) m = ajpi(cos P, + cos @ _1)/2, east/west distance m 14610
3 o MAGFAC
between u,v (or v ) points
DXV(J,I) zonal distance between T points (= DXP) m ==
DXYP (J) m, area of grid cell around 7 point (defined m2 14670
for polar points in 14680, 14690 MAGFAC) MAGFAC
DY | t, day counter (= SDEDY) day 14530
SDET
DYP(J) | n = (¢3+1 - % _1)8/2, north/south distance m 14630
. * MAGFAC
between u,v (or v ) grid points (defined
for polar points in 14640, 14650 MAGFAC)
DYU(J) [ n = a(qa -9 _1), north/south distance between m 14540
* . MAGFAC
m (or u ) grid points
DYV(J,I) | meridional distance between u,v points (= DYP) m -
ECCN orbital eccentricity (= 0.0178) - 13120

INPUT



-377-
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Symbol Meaning Units Location
ED constant used in air/ground interaction (= 10.0) m 13400
INPUT
T hed T > s -1
EDR | (|V ] /2000)[|vsl /2000 + c (|V | + G):\ , - 9060
MP
wind speed weighting factor COMP 3
EDV |V IH/ZOOO, air/ground interaction parameter m sec—l 8950
s
coMP 3
* -2
EFVC1 u_, effective water vapor for type 1 clouds (= 65.3) g cm 7660
1 CcoMP 3
* -2
EFVC2 u , effective water vapor for type 2 clouds (= 65.3) g cm 7670
€2 COMP 3
* -2
EFVC3 u , effective water vapor for type 3 clouds (= 7.6) g cm 7680
€3 COMP 3
*x 2 -1 -1 2+K 2+ -2
EFVE | uy = padys (2 + K LG, /007 - (p/p ) T, g cm 9840
373 4°F3 73 COMP 3
effective water vapor in air column below
tropopause
* 2 -1 - 2+ 2+K -2
EFVO | u_ = pydqe (2 + K) l[(pA/p3) ® - (20/p)7 ] g cm 9850
5 COMP 3
+ 2.526 x 10 7,
effective water vapor in entire atmospheric column
* 2 -1 -1 24K 2+K -2
EFV1 | u, = pad.g (2 + K) [(p, /)" - (py/py)" ) g cm 9830
1 373 43 1'°3 : COMP 3
effective water vapor in air column below level 1
* 2 -1 -1 2+K 2+K -2
v = - cm 9820
EFV2 | u, = pyaqse (2 + K) “[(p,/pq) (py/py)" 1 g o 3

effective water vapor in air column below level 2
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FORTRAN Program
Symbol Meaning Units Location
* - - -2
BFV3 | ug = paage (2 + 0 (p, /p) Y - 13, g cm 9810
COMP 3
effective water vapor in air column below level 3
EG e (T ), saturation vapor pressure at ground cb 9020
s g
COMP 3
temperature
EQNX equinox, 22 June (= 173.0) day 13100
INPUT
ES1 e (Tl), saturation vapor pressure at level 1 cb 8350
s coMp 3
ES3 e (T3), saturation vapor pressure at level 3 cb 8360
s COMP 3
ETA entrainment factor (= 1) - 9250
COMP 3
EVENT program control parameter - -
EVNTH data control parameter (not used) - -
*
EX 1) hy - hl = HH3 - HH1S deg 8850
COMP 3
= (L/cp) lag = q (T] - Lch/L,
stability parameter for middle-level convection
*
(2) h, - h, = HH4 - HH3S, deg 9210
4 3 coMP 3
stability parameter for low-level convection
EXP1 empirical coefficient = 4/3 - 14780
MAGFAC
E4 E=p, C (|$ ]W + G)(q_ - q,), surface evaporation g cm ‘sec | 11240
4 D''s g 4 COMP 3

rate
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FORTRAN Program
Symbol Meaning Units Location
-1
F(I) f = -20 3(cos qa)/am, Coriolis parameter (defined for sec 14710-14730
MAGFAC
poles in 14740-14750 MAGFAC)
FAH logical variable for temperature input - -
FAREN identification for sea-surface temperature - -
2
FD(J,I) (1) T = mnm, area—welghted pressure (about 7 point) m mb 2560
COMP 1
2 ] 2 -
(2) V7, square of surface wind speed m sec 7550
s CcoMP 3
2 -1
(3) F = mnf - u 3m/3y, weighted Coriolis force m sec 5070-5120
(at m-points) COMP 2
2
FDU ¥ = average mnm at u,v points (defined for polar m mb 2640
caps in 2650-2660 COMP 1) CoMP 1
FEET identification for topographic height - -
FIM IM, maximum number of longitudinal grid points (= 72) - -
FIM1 I-1=i-1, longitudinal grid-point variable — -
FJ J=3, longitudinal grid-point index - -
FJE J index for equator (= 23%) - 14460
MAGFAC
FIM JM, maximum number of latitudinal grid points (= 46) - -
> qm -1 -1 -1
K | p,C 8|V |" +6) (o, = 0;) " (p_ - Pyp) sec 11260
47D s 3 1 o T > COMP 3
surface friction parameter
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Symbol Meaning Units Location
-1 -1 - 2 -1
FK1 gC (o, - 0,) “(p. - p..) ~, surface friction parameter cm'g 8010
D3 1 o T
COMP 3
FL 2MOD (K, 2)+1, indicator for u,v data at levels 1 and 3 -- 12350
COMP 4
* * 2
FLUX (1) u At, v At, mass flux parameters m mb 3310, 3520
COMP 1
* * 2
(2) -u At/4, —v At/4, mass flux parameters at level 1 m mb 3390, 3610
COMP 1
* * 2
(3) 5u at/4, 5v At/4, mass flux parameters at level 3 m mb 3610, 3620
COMP 1
(4) various momentum flux parameters m2mb 3830, 3910,
3980, 4050
CcoMP 1
FLUXQ FLUX*Q3M (and other definitions), moisture flux mzmb 3480, 3660
parameters CoOMP 1
FLUXT | FLUX*(T(J,I,L)+T(J,TP1,L)) n’mb deg 3320-3580
(and other definitions), temperature advection COMP 1
parameters
FLUXU FLUX*(U(J,I,L)+U(J,IM1,L)) n’sec lmb 3840-4060
(and other definitions), u-momentum advection COMP 1
parameters
FLUXV | FLUX*(V(J,I,L)+V(J,IM1,L)) n’sec tmb | 3870-4090
(and other definitions), v-momentum advection CoMP 1
parameters
™ FMX*lO_S, a constant - 13610
INPUT
FMX constant (= 0.2) - 13400
INPUT
FNM NM, the integer part of DRAT - 6940

AVRX
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FORTRAN Program
Symbol Meaning Units Location
FSDEDY t, day of year (= SDEDY) day 7450
COMP 3
A A " A -1
FS2 82 + CL o SCT , total flux of S at level 2 ly day 10920
€1 1 ° COMP 3
(plus reflected flux from type 1 cloud top)
FS2C (1) AS2T*CLT, clear sky flux at level 2, times ly day‘-1 10620, 10710
type 2 or 3 cloudiness COMP 3
" " -
(2) cL [(sg‘) + o (sé‘T ) ] ly day 1 10850
©1 1 COMP 3
flux of Sg at level 2 (plus flux reflected
from cloud top) times type 1 cloudiness
A' A -1
FS20 (SZ) , flux of §° at level 2 for clear sky ly day 10550
)
COMP 3
A A" A -1
FS4 S4 + CL o SCT , total flux of S~ at level 4 ly day 10930
¢4 1 ° COMP 3
(plus reflected flux from cloud top)
A " A " A . _l
FS4C CL (S4) + 0 Ser , flux of S reaching ly day 10640, 10740,
¢4 1 ° 10870
level 4 (plus flux reflected from cloud top) COMP 3
A' A -1
FS40 (84) , flux of S at level 4 for clear sky ly day 10560
)
COMP 3
FXC@ (1) TEXC@/2, time-step factor for advection sec 3270, 4710
(other definitions in 3770, 5030 COMP 1) COMP 1
(2) DT/4, time-step factor for pressure force sec 5470
COMP 2
(3) At/8c_, time-step factor in thermodynamic m—zsec3deg 6100
P COMP 2

energy equation
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Symbol Meaning Units Location
FXCcgl (1) TEXC@/24, time-step factor for advection sec 3780
COMP 1
(2) DT/2, time-step factor for pressure force sec 5480
CoMP 2
(3) At/4e_, time~step factor in thermodynamic m—zsec3deg 6110
P
: coMp 2
energy equation
F4 T = CF(T - TA)’ surface sensible heat flux 1y day_l 11250
g COMP 3
GAMG Yy = (L/c )BeqS(T )T_z, latent heat parameter -— 9080
& P g 8 COMP 3
GAM1 Y, = (L/c )Beqs(Tl)le, latent heat parameter - 8420
P coMP 3
GAM3 Yq = (L/e )Beqs(T3)T;2, latent heat parameter - 8430
P COMP 3
GRAV g, acceleration of gravity (= 9.81) m sec—2 13420
INPUT
GT(J,I) T , ground temperature (= T _ after radiation deg 11200
g gr
R CoMP 3
correction)
GW(J,I) GW = WET, ground wetness (0 < GW < 1) - 11360
COMP 3
GWM ground water mass (= 30) g z:m—2 7270
CoMP 3
H(J,I,1) (1) (H1 + H3)/2, average heating deg 11450
CoMP 3
(2) (H1 + H3)wn/2, area—weighted average heating deg m2 11870
COMP 3

[Note: H(J,I,2) not used.]
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FORTRAN Program
Symbol Meaning Units Location
HAC@S cos d cos (t + 1), solar zenith angle parameter - 7780
COMP 3
HCST unlt conversion factor for surface elevation - 16200, 16260
INIT 2
(= 1 1f height in 102 ft)
HEIGHT (J) surface height data h ft, dm 16310
INIT 2
HHG T + (L/c )q WET, ground equivalent temperature deg 9050
g P g COMP 3
* K K
= - + T d 8790
HH1S hy 93(ps/p°) + (8 93)(p2/po) (L/cp)qs( 1). eg
COMP 3
level 1 stability parameter
HH3 h, = 6,(p_/p )" + (L/c) deg 8770
3 3P /P, ( 0’93 o 3
level 3 stability parameter
* K
= de 8780
HH3S hy = 83(p_/p )" + (L/cp)qs(T3), g P 3
level 3 stability parameter
HH4 (1) h , low-level temperature parameter deg 9070
4 COMP 3
(2) h, =T, + (L/c )q deg 9230
b 4 prr4’ coMP 3
level 4 stability parameter
*
(3) h,, level 3 stability parameter deg 9252
3 COMP 3
HHA4P hé = HH4, level 4 stability parameter deg 9220
COMP 3
HICE effective ice thickness (= 300) cm 7340

cCoMP 3
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Symbol Meaning Units Location
2 =2, -1
HRGAS R/2, one-half the dry air gas constant m sec deg 4990
COMP 2
HSCL unit indicator for surface height - 16240
INIT 2
H1 H. = (A, + R, - R.)(2g/mc_ )5At + (AT,) + (AT.) , deg 11430
1 1772 % P T eu ep COMP 3
total heating at level 1 (over 5At interval)
H3 H, = (A, + R, = R, + I')(2g/mc_)5At + (AT.) deg 11440
3 3 4 2 P 3 oM COMP 3
+ (AT,) + (AT)) ,
3 cP 3 LS
total heating at level 3 (over 5At interval)
I i, longitude grid-point index - -
(I =11s X = 0 at 180 deg W)
I1C(800) integer array (= C) - ==
ICE ice-cover location indicator - 7860
COMP 3
IC1(800) array identification (alternate to C) - -
ICL@UD cloud parameter (= 1 for clear, = 2 for partly - 9430, 9710,
cloudy, = 3 for overcast) 9720
COMP 3
ID identification on input data card - -
IDAY day number (= TAU/RGTPER) - 0500
CONTROL
IH IM/2 + 1, longitudinal grid-point parameter (= 37) - -
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Program Meaning Units Location
IHALF(2) two half words that form IWD - -
IL (1) card identifier for topography - 16320
INIT 2
(2) left half word in packed data - -
(3) index counter - -
ILEV level identification parameter (not used) - -
ILH entry point for left half word in IPKWD - -
IL1
IL2 temporary identification of topography cards - -
IL3
™M maximum number of east/west grid points (= 72) - -
IMM2 IM - 2, longitudinal grid-point index - -
M1 I -1, longitudinal grid-point index - -
INU identification for card reader input - -
IPKWD pack data word (argument for ILH, IRH) - -
IPl I + 1, longitudinal grid-point index - -
IR right half word in packed data - -
IRH entry point for right half word in IPKWD - -
ISINT control parameter (not used) —-= -
IWD word containing two half words - -=
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Symbol Meaning Units Location
J j, latitudinal grid-point index - -
JDYACC variable for day of month determination - 15350

SDET

JE JM/2 4+ 1, latitudinal grid-point index (= 24) - 6870

AVRX

JL index counter - -

M maximum number of north/south grid points (= 46) - -
JMM1 JM - 1, latitudinal grid-point index - --
JMM2 JM -~ 2, latitudinal grid-point index - -

JTP variable input/output identification (not used) - -

JUMP control parameter (not used) - -

K level or variable indicator (in friction calculation - --

K= 1 or 2)

KAPA K = R/cp, thermodynamic ratio (= 0.286) - --

KEYS (J) logical control parameters (not used) - -
KKK packed data location in COMP 3 - 11690

coMP 3

KNT variable input/output identification (not used) - -

KSET array for KEY control characters (not used) - -

KTP variable identification for history tape -- -
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Symbol Meaning Units Location
K1l 2K, identifier for uy or vy —— 11550
COMP 3
K2 2K + 1, identifier for u3 or v3 - 11560
COMP 3
L level indicator (L = 1 for level 1, L = 2 for - -
level 3)
LAND land location indicator - 7870
CoOMP 3
LAT{(J) ¢,, latitude of grid point radians 14490
; MAGFAC
LDAY t, day numbering origin (= 0) day 15010
INSDET
LTP variable input/output identification (not used) - -
LYR year (if reset from input) year 15040
INSDET
M logical KEY function argument - -
MARK MARK 1, control number in topography deck - 13680
(= 0 if deck not read) INPUT
MAPGEN map generation identification - -
MAPLST , _
(3,40) map list identification (not used)
MAXDAY DAYPYR + 10_2, maximum allowed day in year day 15280
(= 365.01) SDET
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FORTRAN Program
Symbol Meaning Units Location
METER identification for topographic height - -
MNTHDY identification for day of month day =
M@NTH (12) days in each month (beginning with January) day -
MRCH identifier for steps in time integration - 1920,
(=1, 2, 3, or 4) 2120-2140
STEP
MTP variable identification for printed output - -
N logical variable in KEYS array - -
NCYCLE control parameter for MRCH (= 5) - 13340
INPUT
NC3 number of time steps between uses of subroutine - 13340
COMP 3 (= 5) INPUT
NM integer part of DRAT - 6930
AVRX
N@QUT map generation output parameter - --
NP@L zonal mean at north pole (various) --
NS control parameter for time integration - 2110
STEP
NSTEP control parameter for time integration - 0280
CONTROL
@CEAN ocean location indicator - 7850
coMP 3
@FF solar declination control parameter - ==
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Symbol Meaning Units Location
P(J,I) T =P, Pps surface pressure parameter mb -=
PASS2 data control parameter (not used) - -
PB1 (1) CONV(1,I), parameter for south pole mass mzsec_lmb 4320-4410
convergence COMP 1
(2) QT(1,1,L), parameter for south pole (various) 6450-6500
calculations coMP 2
PB2 (1) CONV(IM,I), parameter for north pole mass mzsec—lmb 4330-4420
convergence coMp 1
(2) QT(M,1,L), parameter for north pole (various) 6460-6510
calculations coMp 2
PB3 PV(1,I), parameter for south pole mass convergence mzsec_lmb 4340-4430
coMP 1
PB4 PV(IM,I), parameter for north pole mass convergence mzsec—lmb 4350~4440
CoMP 1
*
PCl (ATl) = (h4 - h3)T15At/TT » level 1 temperature deg 9310
CcP T COMP 3
change due to penetrating convection
*
PC3 (AT3) = (h4 - h3)T25At/TT » level 3 temperature deg 9320
CP T COMP 3
change due to penetrating convection
2 =2
PHI(J,I) @B) ¢, or 9qs level 1 or 3 geopotential m sec 5380, 5420
COMP 2
(2) o,ma, or o,ma,, pressure gradient parameter m2sec_ 5760
171 373
CcoMP 2
PHI4 ¢4 = VPHI4(J,I), surface geopotential (= O if ocean) m2sec— 5300

coMP 2
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Symbol Meaning Units Location
PI constant m = 3,1415926 ~= 13040
INPUT
> 2 -1
PIT(J,I) —(mn/Z)[V-w(V1+V3)]=CGNV(J,I)+PV(J,I), m sec ~mb 4520
CoMP 1
net column mass convergence (= 71 tendency)
PK1 pi, upper-level pressure to kappa power (mb)K 4600
CoMP 1
PX3 pg, lower-level pressure to kappa power (mb)K 4610
coMP 1
PL1 Py = P + ayms level 1 pressure mb 4580
COMP 1
PL1K p;, upper-level pressure to kappa power (mb)* 8120
CcoMP 3
PL2 Py = Pp + m/2, level 2 pressure mb 8100
coMr 3
PL2K pz, middle-level pressure to kappa power (mb)" 8140
CoMr 3
PL3 Py = Py + Ty level 3 pressure mb 4590
CoMP 1
PL3K pg, lower-level pressure to kappa power (mb)K 8130
COMP 3
PM P_ - P., standard tropospheric pressure depth (= 800) mb 7370
o T
coMP 3
-2 -1
PREC | (89) ¢ = [a = q (T] « [1+ (L/e)Ba (T137] , | — 50

level 3 molsture change due to large-scale
condensation
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FORTRAN
Symbol Meaning Units Location
PSF reference global mean surface pressure (= 984) mb 1430
GMP,
13480
INPUT
PSL Py reference sea-level pressure (= 1000) mb 13460
INPUT
PT(J,I) m + At PIT/mn, updated 7 value mb 4540
COMP 1
PTRK p; (mb) " 8150
COMP 3
PTR@P Pp» tropopause pressure (= 200) mb 13460
INPUT
* * 2 -1
PU(J,I) (1) u = nmu, zonal mass flux (at u points) m sec mb 2780~2890
COMP 1
(2) TEMP 1, provisional pressure gradient parameter mzsec_zmb 5560
COMP 2
(3) TEMP, provisional term in energy equation seczdeg 6190
(other provisional definition in 6270 COMP 2, COMP 2
12320 COMP 4)
* . * 2 -1
PV(J,I) (1) v = mmv, meridional mass flux (at v points) m sec “mb 2910-2940
coMp 1
(2) CPNVM, mass convergence at level 2 mzsec_lmb 4230
CoMP 1
(3) polar PU equivalent (various definitions) mzsec—lmb 3050-3170
(other definitions in COMP 4) COMP 1
P1CB pl/lo, level 1 pressure in centibars cb 8370
COMP 3
P10K p; (mb) " 7310

CoOMP 3
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Symbol Meaning Units Location
P3CB p3/10, level 3 pressure in centibars cb 8380

CoMP 3
P4 P, =P =T + Prs surface pressure mb 8070
s CoMP 3
P4CB p4/10, surface pressure in centibars cb 8390
COMP 3
P4k | (mb) " 8080
COMP 3
Q(J,I,K) equivalence array (K = 1, 2, . 9; see (various) 2060
Chapter VII, Subsection A.3) STEP
Qp(J,I1,9) array identification (alternate to QT) - ——
QG qs(T ), ground-level saturation mixing ratio - 9030
g COMP 3
QN Aq3, total level 3 mixing ratio change due to - 11300
convection, condensation, evaporation COMP 3
Qs1 qs(Tl)’ level 1 saturation mixing ratio - 8400
CoOMP 3
Qs3 qS(T3), level 3 saturation mixing ratio - 8410
COMP 3
QT(J,I,X) equivalence array for temporary variables (various) 2070
(K=1, 2, 8; see Chapter VII, STEP
Subsection A.3)
QT@T equivalence array (see Chapter VII, Subsection A.3) (various) 0140
(J,1,20) COMMON
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Symbol Meaning Units Location
Q3(J,I) g5 level 3 mixing ratio - -
Q3M level 3 moisture parameter - 3410, 3660
COMP 1
Q3R 45 = (Aq3) , level 3 mixing ratio after large-scale - 8680
LS coMP 3
condensation
Q3RB max(q3, 10—5), provision to insure 4, 2 10—5 - 9770
COMP 3
Q3T(J,1) q3n, pressure-area-weighted level 3 mixing ratio m2mb 2570
COMP 1
(also moisture flux at 3710, 3720 COMP 1)
Q4 (1) RH4[q (T ) + (c /L T, -T)], - 9110
lag g ( P )Yg( 4 g)] COMP 3
level 4 molsture parameter
K
= - -— 9350
(@) q, = a(Ty) + 18,0 /p )" - T,1(c /1), 0
level 4 mixing ratio
RAD a, earth's radius (= 6375) (redefined in m in km 13420
13640, INPUT) INPUT
RCNV DTC3/TGNV, = 5At/t = 1/2 hr 7290
r coMP 3
RESET day and year control parameter - -
-1 -2
RGAS R, gas constant for dry air (= 287) m deg “sec 13440
INPUT
RH3 - 8450

RH, = q3/qs(T3), relative humidity at level 3

COMP 3
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Symbol Meaning Units Location
RH4 | RH, = 2RH, - GW(RH, + GW) ', ground-level humidity - 9000

4 3 3
coMp 3
measure
R@GT t =t + 2PI/24 hr, hour of day (converted to radians 7700
radians) COMP 3
RPTPER period of solar rotation (= 24.0) hr 13090
INPUT
R@4 p, =P (RTA)—l, air density at level 4 (surface) g cm-3 9370
4 s COMP 3
RSDIST square of the normalized earth/sun distance - 15520
SDET
RSETSW input identification - -
RUNQFF WET/2, fraction of rainfall which runs off -- 11340
cCoMP 3
~ -1
RO (1) Ro’ long-wave radiation parameter at tropopause ly day 10200
COMP 3
~ ~ * -
() R_=R_+0.8(1 - CLY(R, - R,) * t(u), ly day ™t 11190
) ) 4 4 o COMP 3
net upward long-wave radiative flux at
tropopause
ROC R;CL, cloudy sky part of long-wave radiative flux 1y day.—1 10040, 10100,
10170
at tropopause, times cloudiness (separately OéOMP 3
defined for cloud types 1, 2, 3)
ROO R', clear sky part of long-wave radiative flux at ly day“1 9980
° coMP 3

tropopause
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Symbol Meaning Units Location
R2 (1) R » long-wave radiation parameter at level 2 1y day_-1 10210
2
CoMP 3
~ ~ * -
(2) R2 = R2 + 0.8(1 - CL)(R4 - RA) . T(uz), ly day 11180
COMP 3
net upward long-wave radiative flux at
level 2
R2C RECL, cloudy sky long-wave radiative flux at ly day—l 10050, 10010,
level 2, times cloudiness (separately defined 10180
COMP 3
for cloud types 1, 2, 3)
R20 Ré, clear sky part of long-wave radiative flux 1y day—1 9990
coMP 3
at level 2
R4 1) ih’ long-wave radiation parameter at ly day-1 10220
COMP 3
level 4
(2) R, = R, + 0T3(T - T ), net upward long- ly day—1 11170
4k g gr 8 COMP 3
wave radiative flux at level 4 (surface)
R4C RZCL, cloudy sky long-wave radiative flux at ly day.-1 10190
coMP 3
level 4 (ground), times cloudiness
R40 RL, clear sky part of long-wave radiative flux ly day_1 10000
CcoMP
at level 4 (ground) 3
A -1
SA So = 0,349 So cos 7, part of incoming solar ly day 10460
COMP 3
radiation subject to absorption
SCALE scale factor for layer radiative heating deg ly_l 11680
coMP 3
. . -1 .-1
SCALEP scale factor for layer latent heating mn day “mb 7420

COMP 3
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FORTRAN Program
Symbol Meaning Units Location
SCALEU (10/c_) (2g/m), scale factor for column heat deg ly—l 7400
P COMP 3
capacity
SC@PSz S cos z, total solar radiation at top of ly day“l 10280
o COMP 3
atmosphere
> > 2 -1
SD(J,I) (m/2)[V + n(V, - V)] = CONV(J,I) - PV(J,T), n“sec mb 4530
. . CoOMP 1
net mass convergence (= S = 2mnmd)
SDEDY day counter starting from origin LDAY day 15030
INSDET
SDU éu, four-point average mass convergence m3sec_2mb 4750
COMP 1
SEAS@N (DY-173.0) /365, time parameter in solar - 15440
declination SDET
SIG1 9y upper-level o value (= 1/4) - 7230
COMP 3
SIG3 Tgs lower~level o value (= 3/4) - 7240
COMP 3
SIGC@ FL/2, level designator - 12360
CoOMP 4
SIND sin 7, sine of solar declination - 15530
SDET
SINL{(J) sin ¢3, sine of latitude —_ 14950
INSDET
SINT control parameter (not used) - -
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FORTRAN Program
Symbol Meaning Units Location
SN(J,I) identification for VT(1,1,2) - -
SN@W designator for snow-covered land - 7880
COMP 3
SN@WN snowline in northern hemisphere (varies 15° radians 7460
about 60 deg N) COMP 3
SN@WS snowline in southern hemisphere (= 60 deg S) radians 7470
COMP 3
SP P(J,I) = 7, surface pressure parameter mb 8050
COMP 3
SP@L zonal mean at south pole (various) -
Ss Si = 0.651So cos Z, part of incoming solar ly dayn1 10470
CcoMP 3
radiation subject to scattering
Ss1 6.(p_/p ) + (6, - 6.)(p,/p )", convective deg 8760
37%s" %o 1 372" % COMP 3
stabllity parameter
ss2 8,.(p_/p )< + $ (6, - 8.)(p,/p ), convective deg 8750
3%s Yo 2 1 3727% coMP 3
stability parameter
8s3 0.(p_/p )", convective stability parameter deg 8740
3*%s" %o
COMP 3
STAGI logical variable for zonal map staggering - -
STAGJ logical variable for meridional map staggering - -
-1, -4
STB® o, Stefan-Boltzman constant ly day " deg 7650

COMP 3
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FORTRAN Program
Symbol Meaning Units Location
SO S , solar constant (modified for earth/sun 1y day_l 7610

o COMP 3
distance)
S4 Sg = (1 - CL)Sé + CL S;, total flux of short- 1y day.l 10940
wave radiation absorbed by the ground cop 3
S4C Sg, cloudy sky part of short-wave radiation ly day_l 10660, 10760,
0
absorbed by the ground (defined separately loggMP 3
for cloud types 1, 2, 3)
S40 Sé, clear sky part of short-wave radiation ly day-l 10570
absorbed by the ground CoME 3
T(J,I,L) level 1 or level 3 temperature (also for deg 8280
temperature after heating and smoothing CoMP 3
in 11470, 11980, COMP 3); L = 1 denotes
Tl’ L = 2 denotes T3
TAU time in hr hr --
TAUC input identification (not used) - -
TAUD frequency of recalculation of solar declination hr 13310
(= 24) INPUT
TAUE day of integration end day, hr 13310, 13320
INPUT
TAUR frequency of history tape storage (= 6) hr 13310
INPUT
TAUL TAUID + 24 + TAUIH, starting time (in hr) hr 13290
INPUT
TAUID starting time day 13730

INPUT
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FORTRAN Program
Symbol Meaning Units Location
TAUIH hour of starting time hr 13740

INPUT
TAU@ output interval (= 24) hr 13310
INPUT
TAUX starting time parameter hr 13700
INPUT
TBAR (Tl + T3)/2, average temperature deg 12830
COMP 4
TCNV relaxation time for cumulus convection (= 3600) sec 13400
INPUT
TD(J,1) (T, - T.)/2m, vertical temperature (lapse-rate) deg mb—1 12740
3 1
COMP 4
parameter
TDBAR smoothed value of TD deg mb_l 12790
COMP 4
TDSM weighted TD parameter deg 12820
COMP 4
TEM E, conduction coefficient for ice (also defined ly day_ldeg_l 11080
as cloudiness parameters in COMP 3 but not COMP 3
used)
TEMB short-wave radiative flux reflected from type 1 ly day_1 10840
cloud top COMP 3
TEMP (1) intermediate parameter in thermodynamic seczdeg 6160-6340
energy conversion calculation CcoMp 2
(2) t, penetrating convection parameter deg 9280
COMP 3
(3) (H1 - H3)/2, heating parameter deg 11460

CoMP 3
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FORTRAN Program
Symbol Meaning Units Location
TEMP (4) vertical wind shear (u, - u, or v, — v.) m sec_1 11570
1 3 1 3
CoMP 3
(5) B, averaged heating deg 11930-11950
CcoMP 3
TEMP1 (1) intermediate parameter in pressure gradient mzsec—zmb 5550, 5810
calculation COMP 2
* * -1
(2) 1, = (h, - h)(1 + v,) ~ + LR/2, deg 9260
1 3 1 1
COMP 3
penetrating convection parameter
TEMP2 (1) intermediate parameter in pressure gradient m3sec—2mb 5570, 5830
calculation CoMP 2
(2) v, =6.(p,/p )< - T, +LR/2, deg 9270
2 34 %o 4
CoMP 3
penetrating convection parameter
TEMS (Sﬁ) , flux of Sﬁ reaching level 4 through 1y da.y.-1 10630, 10730,
clouds (defined separately for cloud types 1, logggP 3
2, 3)
TEMSCL sea-surface temperature unit indicator - 15910
INIT 2
* * * -2
TEMU (um - U or u3) sec 7, parameter for transmission g cm 10720, 10830
A COMP 3
of So through type 1 or type 3 clouds
2 -1 -1 -2
TEM1 p3q3(2 + K) “g ~, water vapor parameter g cm 9790
COMP 3
2 -1 - -
TEM2 P3q3(2 + K) lg l(p4/p3)2+K, water vapor parameter g cm 2 9800
COMP 3
TETAM ezp;K, temperature parameter deg mb 4620

CoOMP 1
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FORTRAN Program
Symbol Meaning Units Location
TETAL 8)» level 1 potential temperature deg K 8720
COMP 3
TETA3 63, level 3 potential temperature deg K 8730
COMP 3
TEXCO DT, time step (= 360) (also defined as DT/2 in sec 2470
2480 COMP 1, 4970 COMP 2 for advective terms) coMp 1
4960
COMP 2
TG T , ground temperature (original) deg K 8560
g coMP 3
TGR (1) T =T 1if ocean, T =T 1if ice deg K 11040
gr g gr o
COMP 3
or snow and T > T
gr °
)T . (Al + A2)/(B1 + B2), ground temperature deg K 11130
g COMP 3
(revised)
TGOO TPPPG, ocean surface temperature or surface deg or 7840
geopotential 2 =2 COMP 3
m sec
THL1 elp_K, level 1 temperature parameter deg mb™ ¢ 8220
o COMP 3
THL3 93p_K, level 3 temperature parameter deg wb ¢ 8230
o COMP 3
THRP time in days and fractions (= TAU/24) day 1970
STEP
TICE T , melting point of ice (= 273.1) deg K 7350
o COMP 3
T@FDAY t = time of day counter (Greenwich hours) hr 14120

INPUT
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FORTRAN Program
Symbol Meaning Units Location
T@PRG (I, 1) surface topography indicator deg or 16090
2 - INIT 2
m sec
0.416, 7}
TRANS (X) T(x) = (1 + 1.75x% °* ) , slab transmission - 7150
function for long-wave radiation CoMP 3
* -
(x = u in g cm )
TREADY integration control parameter (not used) - -
TRST tape output control parameter -= -
0.303 , .
TRSW (X) 1-0.271x , transmission function for - 7160
* -2 coMp 3
short-wave radiation (x = u in g em °)
TS(J,I) identification for UT(1,1,2) - -
TSPD DAY/DTIC3, number of source (COMP 3) calculatioms - 7410
per day (= 48) coMp 3
TT(J,I1,L) (1) T, temperature deg K 1960
STEP
(2) TN, pressure-area-weighted temperature mzdeg mb 2620
coMP 1
TTR@P TT or TO’ tropopause temperature (extrapolated deg K 8510
coMP 3
from Tl and T3 in pK space N
Tl Tl’ level 1 temperature (redefined if convective deg K 8200, 8280
coMr 3
adjustment occurs)
T2 T2, level 2 temperature deg K 8520

coMP 3
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FORTRAN Program
Symbol Meaning Units Location
T3 T3, level 3 temperature (redefined if convective deg X 8210, 8270
coMP 3
adjustment or large-scale condensation occurs
in 8660, COMP 3)
T4 T4, alr temperature at level 4 (redefined if deg K 9090
COMP 3
convection occurs in 9340, COMP 3)
U(J,1,L) u, zonal wind speed (L = 1 designates ugs L =2 m sec -
designates u3)
4, * * -1
URT o t(u - uT), total long-wave flux at tropopause ly day 9950
T ® coMr 3
from atmosphere above tropopause
4, * * -1
UR2 cT t(u_ - u,), total long-wave flux at level 2 ly day 9960
2 te 2 COMP 3
from atmosphere above lavel 2
us e = 0.7(3u, - ul)/2, surface zonal wind speed m sec 7530
s > coMmp 3
Ur(i,I,) provisional variable during zonal smoothing - 7000
AVRX
: 3 -
Ur(J,I,L) o) uHu, pressure-area-welghted zonal wind speed m mb sec 2670
coMp 1
(2) ull, value after Coriolis force calculation m3mb sec“l 5170
coMp 2
V(J.I.L) v, meridional wind speed (L = 1 designates Vi m sec -
L = 2 designates v3)
s u 3 -1
VAD TEXCO S u,,v, /2, vertical advectilon of m sec ~mb 4780, 4810
2° 2 coMP 1

u,v momentum
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FORTRAN Program
Symbol Meaning Units Location
VAK 2 + K, parameter for effective water amount - 9780

COMP 3
VIVA data control parameter (not used) - -
VKEYV name of labeled common block (KEYS) - -
VM1 polar mass flux parameters (various definitions) - 2990~3120
coMP 1
VM2 polar mass flux parameters (various definitions) - 3000-3210
COMP 1
VPHI4(J,I) ¢4, surface (level 4) geopotential (= 0 if ocean) m“sec 1570
VPHI4
VPK1 (Pl/p3)K, level 1 geopotential parameter - 5330
COMP 2
VPK3 (P3/p1)K, level 3 geopotential parameter - 5340
coMp 2
VPS1 clﬂ/pl, level 1 pressure gradient parameter - 5310
COMP 2
VPS3 a,7/p,, level 3 pressure gradient parameter - 5320
37773
coMp 2
V' v = 0.7(3v, - v,)/2, surface meridional wind m sec 7540
8 3 1
COMP 3
speed
vI({J,I1,L) (1) vHu, pressure-area-weighted meridional wind mssec—lmb 2680
speed CoMP 1
(2) v, value after Coriolis force calculation m3sec—1mb 5190

CoMP 2
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FORTRAN Program
Symbol Meaning Units Location
w(JI,I1) temporary variable for H, PV, PHI, QT (various) --
WET GW, ground wetness (scaled 0 to 1) - 11360
COMP 3
WINDF |-\7$[TT + G, surface wind speed with gustiness m sec_1 8930
- MP
correction (G = 2.0 m sec l) CoMP 3
WMAG ]V lﬂ, surface wind speed (root-mean-square value)| m sec_1 7940~-7950
s COMP 3
WMAGIM ]V ]ﬂ, surface wind speed for north pole m sec_1 7570
s
COMP 3
WMAG1 IV lﬂ, surface wind speed for south pole m sec:_l 7560
s COMP 3
ggiiégj’;;} temporary array in map routines (various) 1760
? MAPGEN
WTM Imnl, area weighting factor magnitude m2 1370, 1400
GMP
. - 11670
WW 2mnné, vertical velocity measure m~ mb hr COMP 3
XLABL(9) input character identification - ~-=
XLEV level identification parameter (not used) - -
XX1 (T, + T )/(pK + pK), convective adjustment deg mb 8250
1 3 1 3 COMP 3

parameter
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FORTRAN Program
Symbol Meaning Units Location
XX packed data location (= KKK) - 11700

COMP 3
ZL3 average height of level 3 (= 2000) m 8920
COMP 3
ZM(J) zonal mean at latitude @ (various) 1360
] GMP
ZMM global mean (various) 1420
GMP
ZM@NTH(3,12) names of months - -
YAHA n 7900

¢S/g, height of surface (level &4) (= 0 if ocean)

COMP 3



-407-

REFERENCES

Arakawa, A., "Numerical simulation of large-scale atmospheric motions,"
in Numerical Solution of Field Problems in Continuwm Physics,
Vol. 2, G. Birkhoff and S. Varga, Eds., American Math. Soc.,
Providence, R. I., pp. 24-40, 1970,

Arakawa, A., A. Katayama, and Y. Mintz, "Numerical simulation of the
general circulation of the atmosphere," in Proe. WMO/IUGG Sympo-
sium on Numerical Weather Prediction in Tokyo, Meteor. Soc.
Japan, Tokyo, pp. IV.7-IV.8.12, 1969.

Berkofsky, L., and E. A. Bertoni, '"Mean topographic charts for the
entire earth,'" Bull. Amer. Meteorol. Soe., 36: 350-354, 1955.

Charney, J. G., et al., "The feasibility of a global observation and
Analysis Experiment,'" Nat. Acad. Sci./Nat. Res. Council Publi-
cation 1290, Washington, D. C., 1966.

Cressman, G. P., "Improved terrain effects in barotropic forecasts,"
Monthly Weather Rev., 88: 327-342, 1960.

Dietrich, G., General Oceanography, translated by F. Ostapoff, Inter-
science, New York, 1963.

Jastrow, R., and M, Halem, "Simulation studies related to GARP," Bull.
Amer. Meteorol. Soe., 51: 490-513, 1970.

Joseph, J. H., "Calculation of radiative heating in numerical general
circulation models,'" Tech. Rep. No. 1, Numerical Simulation of
Weather and Climate, Department of Meteorology, University of
California at Los Angeles, 1966.

Katayama, A., "Simplified schemes for calculation of the radiation,"
unpublished manuscript, 1969.

Langlois, W. E., and H. C. W. Kwok, 'Description of the Mintz-Arakawa
numerical general circulation model," Tech. Rep. No. 3, Numerical
Simulation of Weather and Climate, Department of Meteorology,
University of California at Los Angeles, 1969.

Langlois, W. E., and H. C. W. Kwok, Numerical Simulation of Weather
and Climate. Part III. Hyperfine Grid with Improved Hydrologi-
cal Cycle, Large-Scale Scientific Computation Department, IBM
Research Laboratory, San Jose, Calif., 1970.

Leovy, C., and Y. Mintz, "Numerical simulation of the atmospheric
circulation and climate of Mars," J. Atmos. Sei., 26: 1167-1190,
1969,



-408-

Manabe, S., and F. MSller, "On the radiative equilibrium and heat
balance of the atmosphere,' Monthly Weather Rev., 89: 503-532,
1961.

Mintz, Y., "Very long-term global integration of the primitive equa-
tions of atmospheric motion,'" in WMO Tech. Note No. 66, pp. 141-167,
1965.

Mintz, Y., "Very long-term global integration of the primitive equa-
tions of atmospheric motion: an experiment in climate simulation,'
in Meteorological Monographs, No. 30, pp. 20-36, 1968 [a revision
of Mintz's WMO Tech. Note No. 66 article of 1965].

Murgatroyd, R. J., "Some recent measurements by aircraft of humidity
up to 50,000 feet in the tropics and their relationship to merid-
ional circulation," Proceedings of Symposium on Atmospheric Ozone,
Oxford, IUGG Monograph No. 3, Paris, 1960.

Posey, J. W., and P. F. Clapp, "Global distribution Of normal eurface
albedo,” Geofisica International, Mexico, pp. 33-48, 1964.

Sverdrup, H. U., Oceanography for Meteorologiste, Prentice-Hall, New
York, 1943 [see Chart I].





