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PREFACE 

s h rlc clrculation ^^ ^^^^        ^^ 
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iu««. oC u-wtMlt „odl£lcatlon be expioted 

the Pr     ^.„^^ to facUUate £hose Mdlfica       »" 
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Thl. ^ ,  L       "^'"d to simulate sooh cllmetlc effects, 
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Judge the model's abUlty to simulate climate  Alt,,  „ 
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used here  «. " *  ^  °""'el """IPtioo useo bere, the responslbllltv f..r ;.„,. 

p laioitity tor any errors or misrepresentation« 
rests solely with the authors. acntatlons 
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-  -P^ratlon of the structu. and stability of the earth's  11 

-te.  Meteorological stores suggest that technologlcsUy feeslhle 
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cele. these chsnges mlgnt be both delcter,„u5 a„d trreverstble.  ,| 

uch perturbat.ons „ere to occur, the results might he ser.ously 

detrimental to the welfare of this country  So that . 
mm. .        ,, ""itry.  so that we may react 
ra xonally and effectively to any such . 
that we:  (!)  evaluate  '     '    ^  ^—• ^ *  -sential 

evaluate all consequences of , variety of possible 
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occurrences that might modify the climate, (2) detect tvends 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. 

,J 
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SUMMARY 

In this documentation the physical bases of the Mlntz-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 convectlve 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. 



Preceding page blank 

ACKNOWLEDGMENTS 

The authors would like to acknowledge the permission given by 

Professors Yale Mlntz and Aklo Arakawa of the University of California, 

LJS Angeles, to use their atmospheric general circulation model, and 

for their numerous comments and suggestions made during their review 

of a draft version of this Report. They would like also to thank Dr. 

A. Katayama, of the Meteorological Research Institute, Tokyo, for a 

number of suggestions that have clarified the program description, and 

Professor R. T. Williams of the Naval Postgraduate School for his as- 

sistance during the early stages of the preparation of the model's 

code description. An expression of thanks Is also due our colleagues 

In the Rand/ARPA Climate Dynamics Program for their encouragement. 

Finally, we would like to acknowledge the capable and patient typing 

of the manuscript by Phyllis Davidson. 



Preceding page blank 
-lx- 

CONTENTS 

PREFACE   111 

SUMMARY   v 

ACKNOWLEDGMENTS   vii 

Chapter 
I.  INTRODUCTION   1 

II.  MODEL DESCRIPTION — PHYSICS   3 
A. Notation and Vertical Layering   3 
B. Differential Equations   6 
C. Boundary Conditions   7 
D. Vertically Differenced Equations   8 

1. Vector Form   g 

2. Rectangular (Map) Coordinates   n 
E. Friction Terms   14 

F. Moisture, Convection, and Clouds   15 
1. Convectlve Adjustment   17 
2. Large-Scale Condensation   17 
3. Convectlve Condensation   20 

a. Middle-Level Convection   22 
b. Boundary-Layer Temperature and 

Moisture   25 

c. Penetrating and Low-Level Convection ... 29 
4. Evaporation  33 

5. Moisture Balance and Ground Water   34 
6. Clouds   35 

7. Effective Water-Vapor Content  37 
G. Radiation and Heat Balance   38 

1. Short-Wave Radiation   39 
a. Albedo   40 

b. The Radiation Subject to Scattering .... 43 
c. The Radiation Subject to Absorption   44 

2. Long-Wwe Radiation  47 
3. Heat Balance at the Ground   53 
4. Heat Budget of the Atmosphere   56 

III.  MODEL DESCRIPTION — NUMERICS   59 
A. Time Finite Differences  ,,, 59 

It  The General Scheme of Time Extrapolation   59 
2. Preliminary Estimate of the Dependent 

Variables (All Times Steps)   66 
3. Final Estimate of the Dependent Variables 

(Time Steps 1 to 4)   68 
4. Final Estimate of the Dependent Variables 

(Time Step 5)   69 



-x- 

B. Horizontal Finite Differences   70 
1. The Horizontal Finite Difference Grid   70 
2. Finite-Difference Notation   75 
3. Preparation for Time Extrapolation   75 

C. Solution of the Difference Equations   81 
1. The Mass Flux   81 
2. Continuity Equation   84 
3. Horizontal Advection of Momentum   86 
A. Vertical Advection of Momentum   91 
5. Coriolis Force   92 
6. Pressure-Gradient Force   93 
7. Horizontal Advection of Temperature   95 
8. Energy-Conversion Terms   97 

9. Horizontal Advection of Moisture   99 
10. Horizontally Differenced Friction Terms   102 
11. Moisture-Source Terms   104 
12. Diabetic Heating Terms   106 

D. Smoothing   107 
E. Global Mass Conservation   Ill 
F. Constants and Parameters  ,  m 

1. Numerical Data List   Ill 
2. Geographical Finite-Difference Grid   113 
3. Surface Topography (Elevation, Sea-Surface 

Temperature, Ice, and Snow Cover)   113 

IV.  MODEL PERFORMANCE   133 
A. Operating Characteristics   133 

1. Integration Program   133 
2. Map-Generation Program   137 

B. Sample Model Output   139 

1. Maps of Selected Variables   139 
Smoothed Sea-Level Pressure   142 
Zonal (West/East) Wind Component   144 
Meridional (South/North) Wind Component   148 
Temperature   152 
Geopotential Height   156 
Total Heating   164 
Large-Scale Precipitation Rate   168 
Sigma Vertical Velocity   170 
Relative Humidity   172 
Precipitable Water   174 
Convective Precipitation Rate   176 
Evaporation Rate   178 
Sensible Heat Flux  ,, 180 
Lowest-Level Convection   182 
Long-Wave Heating In Layers   184 
Short-Wave Absorption (Heating) In Layers   188 
Surface Short-Wave Absorption   192 
Surface Air Temperature   194 
Ground Temperature   196 
Ground Wetness   198 



2. 

-xl- 

Cloudiness  ,  200 
Total Convectlve Heating In Layers  '.'.'.'.'.'. 206 
Latent Haatlng   210 
Surface Long-Wave Cooling  .'.'.'.'.' 212 
Surface Heat Balance   21A 

Surface-Pressure Sequence   216 

V. PHYSICS DICTIONARY   223 
Purpose  .*  ^   . ]    ' * 223 
List of Terms  ,,........]]... 223 

VI.  LIST OF SYMBOLS   239 

Purpose  ^ . 1..!.!...!.....!!.!.! 239 
Symbol List  ..,,.,,...].. 240 

VII.  THE FORTRAN PROGRAM  255 

A.  Integration Program Listing  1.....!.!!!!!. 255 
1. Subprograms   255 
2. Guide to the Main Computational Subroutines ... 256 
3. Common and Equivalence Statements   258 
Code Listing   260 

Common , t 9fin 

<;ortro1, ^^!;;"":;;;;;;: 262 
Subroutines   264 
OUT;— ' ••••••••••••••••••• 
(MP 
OUTAPE  264 

VPHI4   266 
IpK. KEY   266 
STEP   267 
C0MP 1   268 
COMP 2   274 
AVRX   279 
COMP 3 :.■;:::::; 280 
COMP 4   291 

INPUT  29, 
MAGFAC          .......... 
INSDET      2Q7 

SDET !:::;::;:::::::;::; 298 
INIT 1, INIT 2   299 

B.    Map Program Listing   ,,,..]... 301 

VIII.     FORTRAN DICTIONARY     3,, 
Purpose  "]  ' 
TerraLi8t :;::;:;:;:;:::;:: 368 

REFERENCES     
  407 



-1- 

I.  INTRODUCTION 

One of the more widely known numerical models of the global at- 

mospheric general circulation is that developed by Professoi'a 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:  its 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 list 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 list 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 is to permit ready Interpretation of 
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speciflc portions of the program.  It Is hoptd that this documentation 

will answer the question, "Just how are the circulation simulations 

raade?" 

A previous description of the model Un one of its earlier ver- 

sions) was given by Mintz (1965, 1968), and has been supplenwmted 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 irodel 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 Chamey (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 it Rand, 

and will form the basis of future model changes and extensions. 
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II. MODEL DESCRIPTION — PHYSICS 

In this chapter the physical and dynanlcal basis of ♦•he Mlnti- 
Arakawa two-level ger.«ral 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 sioraary 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 

onl/, 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 snd earth's surfsce, 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, ", in Introduced 

P - PT 
0 ' ^TT (2.1) 

P8   PT 

where p is the pressure, pT the (constant) tropopause pressure, and p 

the (variable) pressure at the earth's surface. The levels 1, 2, and 

3 are defined as those for a  - 1/6, 1/2, and 3/4, respectively, with 

the tropopause corresponding to o - 0 and the surfsce always given by 

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-aib levels, respectively. 

Although a comprehensive list of symbols appears later in this 

report (see Chapter VI), it Is convenient to introduce the more COSK 

mon variables at this point. Anticipating the use of spherical coor- 

dinates, the independent variables are: 

CT 
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^ 

Tropopoutc 

9 = 0 

Uppm 
ioy«r Level   I. a= |/4 

Low« 
loyw 

Lev.l 2,<r = 1/2 

L«v«l 3, cr «3/4 

lofrti'i lurfoce 

?.;!-'..Vv*'':«'   ... .'. "..J IJ».P ■I.I»JII.J "T* ' «r « I 

Pig. 2.1 — Schematic representation of the model'» 
vertical structure. 
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9- latitude, positive northward from the equator 

X - longitude, positive eastward from Greenwich 

o - dkaenslonless vertical coordinate, 0 s o s 1,  Increasing 
downward 

t - tine 

The primary dependent  (prognostic) variables are: 

V - (u,v), horizontal vector velocity 

T ■ temperature 

* • Pa - PT. surface pressure parameter 

q • mixing ratio 

The other dependent  (diagnostic) variables are: 

♦ • geopotential 

a - specific volume 

p • pressure 

• do 
d m i£»  9i8">« vertical-velocity measure 

The forcing terms are: 

F - horizontal vector frictlonal force per unit mass 

H - diabatic heating rate per unit mass 

Q ■ rate of moisture addition per unit mass 

The basic physical constants are: 

f ■ H sin 9. Corlolls parameter 

Q - earth's rotation rate 

a ■ earth's radius 

k ■ vertical unit vector 

cp - specific heat (for dry air) at constant pressure 

R • specific gas constant (for dry air) 

g ■ acceleration of gravity 
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B.  DIFFERENTIAL EQUATIONS 

The vector equation of horizontal motion (it\ a  coordinates) may 

be written 

^ (ttf) + (7 • „Vtf + |- (^6) + fk x ^ 

♦ ifV^ -f onaVw • irf (2.2) 

where 

X " a cos cpl^r"* (f (A9 ^ V) I (2.3) 

for a vector t - (A^, AJ. 

The thenaodynamlc energy equation (In o coordinates) Is written 

«9 (wc T) + V • (TTC T^) + |- („c T*) 
ot    P p      <>0    p 

" ,,0(0äf"*' ^ • tt ♦ wd) • vH (2.4) 

The mass continuity equation Is 

|£+v • (^♦^M).o (2.5) 

The moisture continuity equation  Is 

i_ /—x ^ «   .   /_-Äx   .   3 Jf (wq)  ♦ V   •   (nq^)  + j- („q^)   -  wQ (2#6) 

The equations (2.2) and (2.4) to (2.6) are the prognostic equations 

for the dependent variables V, T, w, and q. The specification of the 

frlctlonal force (?), the heating rate (H), and the moisture-addition 
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rate (Q), or the right-hand sides of these equations is considered in 

subsequent sections. Supplementing these equations are the diagnostic 

equation of state, 

a " «^ (2.7) 

and the hydrostatic equation, 

3o   a  " (2.8) 

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

given by a - (p - pT)/,, „here pT is a constant (tropopauae) pressure. 

C.  BOUNDARY CONDITIONS 

Accompanying the dynamical system, F.qs. (2.2) la  (2.8), are physi- 

cal boundary conditions at only the earth's surface and the tn.popause, 

as there are no lateral boundaries in the a  system for the global at- 

mosphere. At the earth's surface we require zero (air) mass flux nor- 

mal to the earth's surface an-! either a zero heat flux or a specified 

surface temperature, depending upon the surface character. Thus, we 

write at the earth's surface: 

a - o i 
* " *AO.V) /   at 3 • 1 over land (2.8a) 

FH.0 I 
5-0 

" 0      /   at -J - 1 over ocean 

T " V*»*  ) 
(2.8b) 
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He re :4(>,v) denotes the fixed distribution of ehe geopotentlel of 

the earth's land (or Ice) surface, FH Is the vertical heat flux at 

the surface, and T (1,9) the fixed distribution of the sea-surface 

temperature. 

At the assumed 1soberi- tropopause p * p we require the free- 

surface condition dp/dt - 0, or 

o-O,    at 0 - 0 (2.8c) 

Although they are not strictly boundary conditions, we may regard 

the specification of the surface drag coefficient which contributes to 

the horizontal frlctlonal force, ?, In Eq. (2.2) as fixing the ver- 

tical momentun transfer at the surface, and similarly regard the spec- 

ification of the surface evaporation (minus the surface precipitation 

and runoff) 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 also regard the solar radiation at the 

top of the atmospheric model at a - 0 as a boundary condition.  Here 

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

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

zenith angle of the sun. 

D.  VERTICALLY DIFFERENCED EQUATIONS 

1. Vector Form 

As an Introduction to the presentation of the complete differ- 

ence equations (including the horizontal and time finite-difference 

forma), the model's dynamical equations are here first stated In terms 

of the variables at specific model levels (which statement constitutes 

the vertical differencing In a coordinates), and then given In terns 

of the horizontal (rectangular) map coordinates actually used In the 

computations. The dependent variables are computed at the several 

levels as shown below: 
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Table 2.1 

DISPOSITION OF THE DEPENDENT VARIABLES 

Level a i 1 P T V q 

0   0 0 • t • PT • • • • • • • • • 

1 ♦ • • • »1 Pl Tl ». 
0 

2   
»1 • ■ • P2 • • • • • • • • • 

3  7- • • t $3 P3 T3 V3 q3 

4   

(surface) 
1 0 • • • PT ■»■ " • • • • • • • • • 

We note that the mixing ratio, q, is carried only at level 3, and that 

the surface pressure is computed by means of t< At the mldlevcl 2, 

only the a vertical velocity o. is independently computed, although it 

is sometime useful to regard the wind and temperature at level 2 in 

terms of values interpolated between levels 1 and 3. 

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

levels 1 and 3 (with corresponding subscripts) as 

|J (^ + (V  • ^1)V1  ♦ "O^ + V3) + ,fk x V1 

+ ITVIJI. ♦ a-ita-ViT - TIF. (2.9) 
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+ ^3 + VV - ^3 (2.10) 

where vertical finite difference, öetveen a - 0 end a - 1/2 end between 

a - 1/2 end o - 1 heve been taken, and the condition, o r 0 at o - 0 1 
•nd ^ - 1/20^ + fy U8ed. 

The thermal energy equation (2.4) »ay be similarly written for 
levels 1 and 3 as 

feOty * v • o*^) ♦/^j»»2(il* e,) 3; 

11 Jl A M       ^1 -r- (H + vi • M -r* (2.ii) 
p p 

fe *«,)♦?. (^3) -f^i»l(t1*t^ 

-T--(H^V3 ' V.) -^ (2.12) 
P P 

where the condition ^  - |/2(tl ♦ y  haa been uged wlth the potentlal 
temperature, e, given by 

0 - T(po/p)'
f 

with po - 1000 mb, a reference pressure, and c - R/c - 0.286. 
P 

Manipulation of the mass continuity equation (2.5) applied at lev- 

els 1 and 3 with the conditions a - 0 at c - 0.1 leads to the relations 

3"   l   r -  ^ i 
3F--27- Kl + VJ (2.13) 
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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 

fa  (nq3) ♦ V • [nq3(| fj - | fy] - 2g(E - C) (2.15) 

where the conditions 6 - 0 at o • 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 o - 

7/8 found by linear extrapolation from V and ^ . The moisture source 

tern, 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 ^ - 1 and - ■ 1/2. 

The hydrostatic equation (2.8) is integrated from the surface to 

the levels 1 and 3, yielding the relations 

'3 ■♦♦-iViK?) " (IT) ]+ i <V3 ♦ Vi'      <2-"> 

where |. is the (fixed) geopotential of the earth's surface, and where 

9 has been assumed linear in p space from o.  • 1/A to the ground 

o-l. 

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 
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th« rectangular (or map)  coordinates x and y.    The grid-scale dis- 
tances a and n,  defined as 

■ -a^\cos«p (2#18) 

n - aA9 (2<19) 

represent the longitudinal and latitudinal distances between grid 

points separated by AX and A<p, respectively. The dlmenslonless map 

coordinates x and y may then be defined as 

-1 , 
x - m a> cos * (2.20) 

9  ' n'lW (2.21) 

so that a rectangular grid-point array is generated with unit dis- 

tance between points. The reciprocals m_1 «nd n"1 are the conven- 

tional map-scale or magnification factors. 

We slso Introduce the new area-weighted variables 

I - mnir (2 22) 

S - 2mntti2 (2 23) 

F - «nf - u ^ (2#24) 

and the weighted mass fluxes 

* 
u • nwu 

* 
V  ■ mirv 

(2.25) 

(2.26) 

ai both levels 1 and 3. 
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Upon multiplication by mn, the equations of motion, Eqs. (2.9) 

and (2.10), may thus be written: 

|.(„v+|_(ujVi)+i-(v;Vi) + s(^4^) 

^ ä7"+ 0i1Tai ^y)+ FlTUi " "l (2'28) 

fe (nuj ♦ fc (C-J ♦ fe C^O - § (^4^) |_ (nU3) ♦ 1- (U;U3) ♦ I- (^ 

+ "('5r+va3^)-r"v3-I,r3 (2-29' 

+ 0 (^ + Va3 I?) + Firu3 " nF3 (2-30) 

where the frictional force f - (FX, Fy) at levels 1 or 3. 

The themodynamic equations (2.11) and (2.12) may be similarly 

written as 

|j (nij) * fc t^T,) ♦ % (.* :'.'*föK^)ä 
0

iai /   an ^   * 9TT x   * 3IT\    
nHi ., ... 

 (IT-—+u, —■♦•v. 7—I"   (2.31) 
c      \    3t        1 3x        1  3y/      c 
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lr«V*fe<-;v*l7<vk>-(£)"(^)* 
c 
p 

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

also now be written as 

H " " 2 fe (ul + V + i7 (vl + V (2.33) 

S = 2[b7 (U3 "V + 37(v3 " V| (2.34) 

h ^3>+ h [*A < - i <>] 
,   9    f     ,5    *      1    *, 
+ ^ [q3(4 V3 " 4 Vl> 

2Tla 
-^ (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 ^ and F3 in the equations of horizontal 

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

v-a2-M^ (2.36) 

V-V V4V^sl+G>^ (2.37) 



-15- 

where y Is an empirical coefficient for the vertical shear stress, and 

the factor 2gh  represents the mass per unit area in each of the two 

model layers. Here z1 - z^  Is the height difference between the lev- 

els 1 and 3, CD is the surface drag coefficient, p the surface air 

density, V8 a measure of the surface wind (- 0.7 V , with ^ an ex- 

trapolated wind at level A), and G an empirical correction for gusti- 

ness. 

The frictlonal force ^ thus represents the internal downward 

transfer of momentum between the levels due to the vertical shear of 

the horizontal wind, whereas the force F3 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 ^ (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, convectlve, 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 q3 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 q3 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 Che sequence the thermal etate of the atmosphere is modified, and 

the new values of temperature are used in the next step. 

In the following subsections each process is discussed in the 

sequence in which it is evaluated in tht FORTRAN program.  First, the 

temperature lapse rate between 8 - 3/4 and a - 1/A is adjusted to the 

dry-adiabatic lapse rate if it is found to be dry-adlabatlcally un- 

stable; this convective adjustnent is discussed in Subsection F.l. 

Second, if the air is supersaturated at 0-3/4, large-scale conden- 

sation occurs and the temperature and mixing ratios at a - 3/4 are 

adjusted (see Subsection F.2). Third, the ttaperature lapse rates be- 

tween levels and the humidity are tested to determine the existence 

of moist convective instability.  If there is instability, convective 

condensation occurs and the temperatures and mixing ratios are ad- 

Justed according to the three types of convection permitted: 

(a) Middle-level convection, which occurs if the layer between 

o  - V4 and a  - 1/4 is unstable (for moist convection). 

(b) Penet ating convection, which occurs if the layer from o - 

3/4 tr a  - 1/4 is stablt but the layer from the surface to 

o  - 3/4 is unstable and, in the mean, unstable from the sur- 
face to o - 1/4. 

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

stable onl/ between the surface and a - 3/4. 

To determine the existence of convection types (b) and (c), one need, 

the temperature and mixing ratios at the top of the surface boundary 

layer.  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 evaluate 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 o^ the atmosphere and are used in the 

radiation balance calculation ir Section G.  In Subsection F.6, the 
cloud types and cU  rf momU  produced by the varlou8 ^^ Q{  .^^ 

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.    Convectlve Adjuatmtnt 

If. » . r..ul. of eh. ch.n,.. *. „ ^.„B, th.  -       - 
.. M .0 k. % ««■■■II, U„.,.M. „    5 , , „ .„. ^ 
of th. h..cl„, „„ ■!■- ,„.„ c.lcul..L..5

th.„ . "convc..« 
.dju.«„t_u «d..    m. co„.l.t. ol ..tti„, b..h 6l  „d e, .,„.! t0 

«i ;jv.r.,. e, which l. cjcul.t.d fro» '3 

» • » I* *I ♦ 4>] 

aaiumlng that 

T - J (Tj * T3) 

-1 

Thua. the convactlv« .djuatment conalata of aattlng 

!i.!i !i  Ti*T3 

fro« which th. t.«p.r.tur.a are accordingly r.c.lcul.t.d M 

1  K 
1   7 p3 

r. .-ft. 
Po 

T3 • T Pi 
Po 

e, (2.39) 
3 K 

After thl. convectlve adjuatment. the TOdel proceed. .. uau.l to the 

nolature and convection calcuUtlona. 

i: Large-Scale Condenaetlon 

Large-scale conden.atlon occur, if the lower-level grid cell 1. 

.uper.aturated at the beginning of the »oi.tute-b.lance calculation. 
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The ««tur.tlon mixing r.tlo 1« given by 

,.(T,  - ^      '^ 
Md p " V« (2.40) 

wher. Mw «d Md .r. th. ^ m»m*m  weight, of „.ter vapor end dry 

tt. reepectlvely (M^ - 0.622). .„d where the ..tur.tion vapor pres- 
sure Is given by the equation 

•,(T) - eo exp(Ae - |#/T) 
(2.41) 

with «o - 1 „b. Ae . 21.656t .nd ^ m  54i8 ^^ K 

If It 1. then detennlned that ^ > %CP , .. , reBult of the con_ 

puted .olutlon of the „olsture continuity equation (2.15). large-scale 
condensation Is allowed to ocmr  TK^- -nowea to occur.  This condensation will remove mois- 

ture from the atmosphere and will also warm the atmosphere by reVas- 

ing latent heat, with the warming In turn modifying the saturation mix- 

ing ratio q^T^).  The condensation proceed, until q, - q (T) at the 

new (war^d) temperature.  If the original temper. Je J mixing ratlo 

•t level 3 are written as ^ and qo. the new temperature T satisfies 

V^V-^-VT), (242) 

In view of the dependence of qg on T. as given bv Hqs. (2.,0) and (2.41). 
we seek the approximate value of 1 when 

«n-t-vft-),,,«,.,.,., „>4H 

»tat the tmtm^^m TOth„d. ctlt flrat.0Td„ .pproxln,atlo„ of , 
becomes 

(2.44) 
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*V-^i%-Wi (2.45) 

and 

B 
■"'V "£'V-1 *-<.(*-) ^ c "•'-#' _2 

1 + r VVl 
w 

(2.46) 

Substituting Eqs. (2.45) and (2.46) Into (2.44) and neglecting 

(Md/Mw)<'g(To) ,n ■1«mM with 1, the change In temperature at 

level 3 aa a result of large-scale condense Ion becomes 

(AT,)  - T - T 
3LS 

r^o-VT
0" 

L B 

1 + — q (T ) -4 
CP  8  0 T2 

o 

(2.47) 

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

Is found from 

(&q3)  - r^ (T.) 
LS  L   3 LS 

(2.48) 

and the new q  Is given by 

^3 - q^ - (M,) 
LS 

(2.49) 

Since the amount of precipltatior. is assumed to be equal to the 

densatlon, the large-scale precipitation rate becomes 

con- 

PLS - (ir/2gDW)(Aq3) 
LS 

(2.50) 



-20- 

where (n/2g)/pw Is a conversion factor used to obtain the precipitation 

rate froa the condensation rate (see Chapter IV, Large-Scale Precipita- 

tion Rate: Map 9). Finally, the large-scale condensation produces 

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

3. Convectlve Condensation 

To determine the possibility of convection, suitable stability 

criteria must first be defined. The equivalent potential temperature, 

defined as 

9E " 9d •*" (A) <2'51) 
P 

where 

od ■T (rh) <2-52) 

Is conservative In both unsaturated-adlabatlc and saturated-adlabatlc 

processes. A more convenient parameter for our purposes Is given by 

the approximation 

c T 
/- d9E «dh (2.53) 
e 

Here 

c T + gz + Lq (2.54) 
P 

ehall be referred to as the static energy; it Is the sum of the en- 

thalpy, the potential energy, and the latent energy of a parcel of 

air. The static energy Is very nearly conservative In both unsatu- 

rated and saturated adiabatlc processes, and thus can be used In the 

analysis of convectlve phenomena.  For example, following the argument 
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of Arakawa et al. (1969), if we assume that the air In the clcda at 

level 1 Is saturated, then the static energy In the cloud at level 1 

becomes 

hc ' cpTcl + 821 * ^s^c^ (2.55) 

where qg(Tcl) is the saturation mining ratio at the cloud temperature 

Tcl*  Fcr convenlenc« we define the quantity 

hl ' CpTl + gZl + ^s^^ (2.56) 

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

el 1.  Eliminating gz1 from Eqs. (2.55) and (2.56), the temperet, i 

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

* 
i        h    - h. 

cl      Ti"rTT7~T  (2.57) 1       p 

where 

1 CP13T'I %   TCI - TI— (2-58) 

Thus it can be seen from Eq. (2.57) that when h > h* 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 h in terms of the Minti- 

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 " V (2.59) 
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where ^ la the vertical maaa flux through the bottom of the cloud 

•nd n la the entralnment factor. Wher. there is entralnment. n > 1. and 

the atatlc 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, h . 

Thua we have 3 

hc " h3 + ^ (hb - V (2.60) 

What ia assumed for the amount of entralnment will therefor, determine 

the value of hc in Eq. (2.57) and thua the existence of stability in 

the model. 

In the following aubsections. the value of n for each type of 

convection will be discussed and the stability criteria derived. The 

criteria will then be uaed to determine the temperature and moisture 

changes reaulting from the convection. 

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

sume that the entralnment 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 ^  flnite. Thug 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 ^  and h*. rewritten In terms 

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

SHw * (ei" Vir; T w (2.61) 

%   3\po/   s'3 (2.62) 
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where 

(0 ■■■•!:•. ^1^*1 "T1 +^ (2.63) 

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 E CpT + 8Z (2.65) 

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

is 

3pS 
1 ,(nMbSl) 

IF"  "   Ss (2.66) 

which may be approximated by 

f ir-Vcl-V (2.67) 

Neglecting the time change of the geopotential and using Eq. (2.57) we 

may write Eq. (2.67) as 

3T1 I      1 * 1 
?r • ^; nMb [TTYJ 

(h3 - V * (si - VI <2-68) 
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Wlth similar approximations, the temperature change at level 3 Is given 

by 

3t   Ap c  (S2  V 
p 

(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 q3 due to con- 

vection becomes 

it2" fe 'VW - h] 

Ap 'VW - h + ITT; l  (h3 - VI        (2.70) 

we 

Here, Eq. (2.57) has been used to eliminate q (T ). 

To eliminate the unknown mass flux In Eqs. (2.68) to (2.70), 

relate n^ to the relaxation time, Tr, of free cumulus convection. As 

a result of convection, the Instability of the layer diminishes and 

h3 - hj. The time rate of change of (hj - h*) is given by 

IT (h3 " hl> " ir<s3 
Nj   H-CT.) aT 

^i' + L H  L  n,  IT 

- Ä_ 
2 + Y, 

Ap n\ 1 + Y, 
t(h3 - h*) + i (1 + Y1)(S1 S3))   (2.71) 

If the instability diminishes exponentially with e-folding time l , then 

1 Ap1^! 
Tr g 2 * Y1 

S" hi 
h, - h%4 (1 4- Y1)(S1 - S3) Ln3  "1^2 

(2.72) 
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When Eq. (2.72) 1« combined with (2.68) «nd (2.69), th« chang. 

in temperature et level. 1 end 3 (over the time interval (54t) between 

heating calculation.) due to the relea.. of latent heat i. given by 

* 
ht '  hi (AT, )  - —2 L_ 5At 

1 CM  cp<2 * V " <2-73) 

(ATj)  (1 + Y1)LR/2 
(AT.)  -  91  

3 CM  (h3 - h*)/cp -Ml 4 Yl)LR/2 
U) 

where ^ - (L/cp) 5418deg q^T^l"
2 and LR - (^ - '^(p^)'  is a 

"nominal lapse rate." In this model, the relaxation time, f , is taken 

to be 1 hour.  From Eqs. (2.70) and (2.73) the change in moJture at 
level 3 is given by 

CM 
(AT )  * (AT ) 

CM     J CM. (2.75) 

A« In Eq. (2.50), the precipitation rate due to middle-level convection 
is given by 

'«• (./i^a,,)^ (2.76) 

Type-l cloud, may be produced by this «iddle-level convection (see Sub- 

section F.M. and the associated convective precipitation rate 1. illus- 
trated in Map 13, Chapter IV. 

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

convection does not occur, either "peaetrating convection" or "low- 

level convection" may.  Since both of these convection types originate 

•t the air/ground interface. It is convenient to discus, flr.t the 

computation of the moisture, q^. and air temperature, T., at the sur- 

face along with other air/ground interaction parameters. A thin 
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boundTy Uy.r 1. o.u-d at the .lr/ground interface, with the .ub- 

■crlpt "4" referring to value, at the top of the boundary layer and 

the aub.crlpt "g" referrln ; to value, at the bottom of the layer, juat 

above the ground or water «urface. 

We assume that the flue of atatlc energy [see Eq. (2.54)] from 

the aurface Into the bottom .f the boundary layer la equal to the flux 

out the top. We neglect horizontal convergence In th^s thin boundary 

layer and also assume negligible geopotential difference between ita 

top and bottom. Thu. the flux of atatlc energy fro« the aurface may 

be approximated by 

rh " 04CDW(hg " V (2.77) 

where 

w - ivgr + G 
(2.78) 

ia a aurface-wind parameter corrected for gu.tinesa and CD la the drag 

coefficient.  Implied in Eq. (2.77) are the aaaumption. that the eddy- 

diffuaion coefficient for tht  static energy can be approximated by 

that for «omentum. and that a constant transfer coefficient may be uaed 

in the boundary layer. Equating (2.77) to the flux through the top of 

the boundary layer, we obtain 

D4CDW(ho " hA> - 0/A ~ ^ ',UR   4    4v    t- (2.79) 

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

for h we obtain 

h, - (EDR)h- -»■ (1 - EDR)h 
'• i t (2.80) 
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where h3 1. given by Eq. (2.62), h is given by 

and 

h 

cp   «  Cp Wg (2.81) 

A /z. 
v  

ÄJ"^ ' CnW (2.82) 
EDR -     - 3 

In the present version of the model it is .ssu^d that A - 1 |i? T m
2 sec"1 

^re the surface wind ^ is in m sec"1. V     8 

In order to obtain the surface moisture. ,  and temperature, r . we 

now write the parameter h^ from Eq. (2.5A) as 

*  ,   L 
— - T. -»• — q, 
cp   A  cp 

H4 (2.83) 

By defining the values of qg and q^. one may solve Eqs. (2.80) and (2.83) 

for T4 m terms of the surface parameters Tg and GW and the static energy 

at level 3.  In general the ground temperature, T . and the ground wet- 
ness. GW (0 . GW . D. „e avallilble {rom  ^ ^^^^ ^^ ^^^ ^^ 

with the level-3 temperature and moisture.  Prom these data, the relative 

humidities at levels 3 and 4 may be determined from 

RH, - 
q 3 

3  VV (2.84) 

and 

(2GW)(RH ) 
RH. -  _i_ 

4   HW + RH (2.85) 
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where RII. ii the harmonic mean of RH , 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 

q  - GW q (T ) 
g      8V g' 

(2.86) 

where q (T ) is calculated from T In the usual fashion [see Eq. (2.40)], 
o o 

0.622 e (T ) 

(2.87) 

and the ground-level saturation vapor pressure is given by 

e (T ) - min[e exp(A - B /T ), p./16.62] (2.88) 
s g       o     e   e g   4 

The mixing ratio at level A can now be obtained from Eq. (2.83) and an 

extrapolation of q (T ) to level 4. Thus 
s g 

%  - R«4 

RH, 
f
(V+^VTA-v| (2.89) 

where y    is  evaluated from 
g 

P P        T„ 

S  g 
(2.90) 

Using Eqs. (2.83), (2.89), and (2.80), the temperature at level 4 

becomes finally 
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N     fL 
 RH,  — q(T)-YT Cp    MS 8  8    « g 

1 + RH.y ' 

TA " 1 (2.91) 

otherwise 

where h4 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 q4 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 q4 will be redefined  later if penetrating or low-level 
convection occurs [see Eqs. (2.96) and (2.97) below]. 

■^—Penetrating and L -Level Convection. In 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 h < 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 

* 
1 hc ~ h3 

Lc3~13"l~nr   ~^  (2-92) 3    P 

T „ - T, 

where Tc3 is the temperature of the rising air in the clouds at level 3, 

and 

L 
dqs

(T3)   L    W 
Y3 " T —  5418deR -JLTL- <2.93) 

P P T^ 

*        < 
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For penetrating and low-level convection »e asaume that there 1. no 

entrainnent at level 3 (n - 1). and fro« Eq. (2.60) we then find h - 

hb.  Further, we take the static energy at the base of the cloud, k, 

to be equal to its value at the top of the boundary layer, h . There- 

fore the second criterion for penetrating and low-level convection be- 

comes hA > h3, along with the primary criterion h^ <  h*. When these 

two conditions are met, we may then discriminate between penetrating 

and low-level convection. From Eq. (2.57) with hc - hA we see that 

if h4 5 h1, convection can penetrate into the stable layer above lev- 

el 3 and reach all the way to level 1.  This is therefore the distia- 

guishlng condition for penetrating convection.  If. on the other hand, 

h4 < hv  the convection stops at level 3.  This is therefore the con- 

dition for low-level convection. 

In the case of low-level convection, it is assumed that h, is modi- 

fled to hy  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 

\ ' K -  (K  -  h3) (2.95) 

Substituting the definitions of h^ and h^ 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 

(hi - h*)/c 

^ g 
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i(s4) q4  LV'^ ~ c / (2.97) 

The temperature end mlxlng-ratlo «djuetment. at level 4 given by 

Eq». (2.96) and (2.97) al.o occur tn the case of penetrating convec- 

tion. To find the change In the temperature and mixing ratloa at lev- 

ela 3 and 1 in thla case ve continue to assume modification of h to 

hr and follow the same procedure used in middle-level convection. 

Thus, as in Eqs. (2.68) and (2.69) and using h* a. the static energy 
in the cloud, we obtain 

^T, c   c 

r 1 D 
(2.98) 

and 

Ü2 . 8. „ Vlfi 
"t   Lp %        c (2.99) 

P 

To determine the value of the mass flux. 1^, we assume, as In the case of 

middle-level convection, that the penetrating convection decays with a 

relaxation time tf. Here ^ 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 
flux becomes 

* 
h3 

)♦ (l^YjXf, -S4) 

(2.100) 

Using Eq«. (2.98). (2.99). and (2.100). the temperature changes at the 

levels 1 and 1 due to penetrating convection over the time Interval 5At 
are given by 
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* 

*■ l' c T      Tl ^^ (2.101) CP P r 

* 
(AT )      , _*» 3 , 5At 

3 CP      ^^"^    2 t (2.102) ur p r 

*        * 

1       (1 ♦ YJc    + 2 (2.103) 1    P 

T„    ■ i*H$ 2  irr'sir "T4 (2.io4) 

JEDR fj ♦ a ♦ Y3)T2.       If T  2 0.001 

(0.001 , otherwise 
(2.105) 

•nd Tr 1. the convection relaxation Um a. before. A. with the nlddle- 

level convection, all the »oi.ture condenaed (and hence precipitated) ia 

assumed to originate in the lower layer, .o that the level-3 »oi.t, 

change due to penetrating convection is given by 
:ure 

T,p.-1 cloud, „y b. produced by thi. convctlon (M Sub.ectlon F.M. «od 

the preclpit.tloo rete do. to penetretlng convection 1. glv.n by 
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Thii contributes to the total convectlve precipitation rate illvistrated 

In Map 13, Chapter IV. 

4.  Evaporation 

The evaporation rate per unit area fron the surface is approxi- 

mated by an equation similar to (2.77) for the flux of static energy 

from the surface. Thus 

E " 04CDW(qg " q4) (2.108) 

where p^ - P8(RT4)  with R the gas constant, p , the surface (level-4) 

pressure, and T^ and q4 are given by Eqs. (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 is given by 

qg ' "WV (2.109) 

where q9e(Tgr) 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 

q8e - W + "dT^ (Tgr "V (2-110) 

where Tgr is the new value of T 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 

1A, Chapter IV). The moisture at level 3 will be changed in direct pro- 

portion to this evaporation. Thus, over the time Interval SAt, the 

contribution by evaporation to the total moisture balance at level 3 

(see following subsection) Is given by 

(Aq3) " ^ ' E * 5&t (2.111) 
t 
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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 

ar« 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 tie upper level 

la 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)   - (<'3)   + (AV <2.112) 
new      old       TOTAL 

where (Aq )     is the sum of the level-3 moisture changes due to 
TOTAL 

middle-level convection, CM, or penetrating convection, CP, large- 

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

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

■".a -c) ■ si? "*»> 
TOTAL 

"  5&?    (Aq3)     "   (Aq3)       -   (A(h>       - WO      I (2.113) 1 E LS 5  CM ^ CP J 

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 

(AqJ     Is negative (a decrease in level-3 moisture), enough pre- 
TOTAL y 

cipitatlon occurs for runoff to be calculated.  If the ground is not 

saturated (GW < 1) then the runoff Is taken as 0.3 GW; if the ground is 

saturated, the runoff Is taken as unity.  The new ground wetness is 

then given by 
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(GW)n.w " ^old + (1 - "»"X**^  4 k (2'114) 
TOTAL     * 

where GWM Is the maximum mass of water per unit area which the ground 
2 

can absorb Oiere assumed to be 30 g/cm ), and the factor v/2g  is the 

air mas» in a vertical column of unit area in the lower model layer. 

If (Aq '/     is not negative, because evaporation is greater than pre- 
TOTAL 

cipltatior.; the runoff is zero and Eq. (2.1U) represents the net de- 

crease of moisture at the ground.  If (GW)   < 0 then (GU)   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, RH , 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 entitles 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 RH..  If CL * 0 the sky is defiieH 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), md  if type-1 clouds 

do not exist (since strong convection would destroy these clouds). 
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-€fo—^—c&S>—i 

Typ« 1 

;iV. ■ ■W? 

Typ« 2 "* Type 3 

Fig. 2.2 -- Schematic representation of convectlve cloud types. 
Type-1 cloud represents either penetrating or middle- 
level convection and is assumed to extend frctr level 
03 to 01» type-2 cloud represents large-scale conden- 
sation and Is assumed to extend from level o, to o,, 
and type-3 cloud represents low-level cumulus convec- 
tion and is assumed to be confined to level o. Itself 
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Mhen type-2 clouds are present they always farm a completely overcast 

sky — i.e., CL - 1 or 0. 

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 s 0 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 q . The 

q^ value used here is a revised one, Including the effects of large- 

scale condensation, but not including changes due to convettive con- 

densation or evaporation.  If q. < 10~ it is set equal to 10"5. Above 

120 mb the vapor pressure is assumed to be constant with height, with 
2 

the value 0.3316 dynes/cm corresponding to the frost-point tempera- 

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

m, A ^ /0.3316\  .206255 
q »^ 0.622 f— ) " -T  .   P " 120 mb (2.115) 

v ' cgs /     PCg8 

2 
where pcga is pressure in cgs units (dynes/cm').  Below 120 mb it is 

assumed that 

KC».*,) 

P l  120 mb (2.116) 

where K Is evaluated by matching q from Eqs. (2.115) and (2.116) at 

the 120-mb level 

fa (q3/1.7188 n  IQ-6) 
K(P3,q3)     ti (n/120 mb)  (2.117) M (p3/120 mb) 
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The effective water-vapor amount per unit area In a vertical colunn 

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

cluded, Is defined to be 

(2.118) 

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

Jn ' gpo(2 + K) 3 
.2+K 

(2.119) 

and for the entire atmospheric column. Inch ding the stratosphere, the 

effective water-vapor content becomes 

*   q3(P3) 

iro ' gP0(2 + K) 

/ \2+K 
P(120 mb) 

il+Y 

+ 2.526 « 10 (2.120) 

where the additive term Is the effective vapor amount above 120 mb, and 

where q3 is set equal to 10"  if it is < 10~5.  The effective vapor 

content of clouds is described 1 i the following section. 

G.  RADIATION 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 diabatlc- 

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 > - 0 
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Co o ■ 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 o - 1/2 to o ■ 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.l.  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 

0.2. 

The ground temperature, T  , 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 r,.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 dlahatic heating are given. 

1. Short-Wave Radiation 

The Incoming solar radiation is Immediately divided into two parts, 

that of wavelenKth > < 0.9IJ, which Is assumed to be subject to Rayleigh 

scattering only, and that of wavelength > > 0.9L., 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 S  (part subject to scat- 
A 0 

tering) and S  (part subject to atmospheric absorption), and are approx- 

imated as 

s" - 0.651 S  cos C (2.121) 
o        o 

SA - 0.349 S  cos C (2.122) 
o        o 
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where So it the solar constant (adjusted for the earth/sun distance), 

and c is the zenith angle of the sun. The rationale for this parti- 

tioning is described by Joseph (1966). A suamary of the disposition 

of thesn 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 

*o - min (I, 0.085 - 0.247 log10[(pg/po) cos ())      (2.123) 

as deduced by Katayama using the estimate of Joseph (1966)/ 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 

3ac ' 1 " a " V*1 " ac ) <2-12A) 
1 

where ic is the cloud albedo (for both SA and SS), which is assumed to 
1 

be given by 

o     o 

a  "0.7    for cloud type 1 

•  ■ 0.6    for cloud type 2 (2.125) 
2 

a  - 0.6    for cloud type 3 
c3 

The various cloud types are disrussed In Subsection F.6 bi-Iow. 

S 
In the program, the expression p /p In Eq. (2.128) was inadver- 

tently coded as (p8 - PT)(po - PT)~ ; see instruction 10A50 in COMP 3 

in the listing of Chapter VII. This error, whlrh is not thought to be 

serious, was brought to our attention by A. Katayam.i. 
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ScsNwtd 

Top of atmosphfre 

 Level  0 

Absorbed Level  I 
A^ASI) " 

Level 2 

\ a    4 I A3 lAS3) 

Ab'orbed Level   J 

evel 4 

Ground 

$9  S40, S4i 

Fig. 2.3 -- Short-wave radiation in a clear atmosphere.  The 
solid arrows indicate the path of radiative flux, 
while the dashed lines indicate | region of the 
atmosphere in which inttraction occurs or in which 
I diffuse path is followed.  The absorbed radiation 

Al = ST " S2 and A3 = S2 ~ V •',ctording to (2.136) 

The program (FORTRAN) symbols are given in paren- 
theses following certain of the physical symbols. 



-42- 

0     Absorbed 

part 

S4.TEMS)^s; Level  4 
Ground 

SB(S4C, S4) 

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

to (2.141), anc 

See also Fig. 2.3, 

A 
= b 

• A   A 

tion A. = S 
1   T 

cA  cA 
2 " Slur  according to (2.141), and 

I 
S2 " S4 according to (2.136) 
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The ground albedo a (again for both SA and SS) is taken g ,_„  .^ VWI.M .j^ aiia a . 1S caken as 

"g 0 0,07    for ocean 

=0.14    for land 

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

for south-polar ice and snow 

- 0.A0{1 + (CLAT - 5)2/[(CLAT - 45)2 + (CLAT - 5)2]} 

for north-polar ice and snow 

These values for land, Ice. and snow were developed by Katayana (1969) 

as approximations to the data of Posey and Clapp (1964).  In the ex- 

presslons 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 SN0WN and SN0WS. The expression for north-polar 

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

lines, with CLAT - 0. 

b.  The Radiation Subject to SeaCUrtai <0">  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 

^ = So(1 ' \)(1 - «n^1 - <» O o 0 g 0 OR 

for clear sky 
," 

S
8

S ■ ^ - V(1 - v"«1 -« •> (2'127) 
8 ü g ac ac g 

for overcast sky 

Multiple reflections between sky and ground or between cloud base and 

* 
These expressions are coded incorrectlv in  the,  „,.„„ 

structions 23720 and 23760. Chapter Vn"       ^^"^   ***  '"' 
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ground are accounted for by the terms in the denominators (see Joseph. 

1966).  For partly cloudy conditions (neither clear nor overcast) the 

scattered radiation absorbed at the earth's surface is 

Sg " CL Sg    + » " <*< (2.128) 

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 (s^).  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 

A(u .0 -0.271(u*sec O0'303 (2.129) 

Here the (dlmenslonless) coefficient 0.271 has been found by increasing 

the (dimensional) coefficient 0.172 ly min"1 of the MUgge-Mölltr ab- 

sorption formula by 10 percent, as suggested by Manabe and Möllar (1961), 

and then dividing by the total radiative flux subject to absorption, 

which is given by 0.349So - 0.698 ly min
-1 according to Eq. (2.122). 

For clear sky the flux of S^ transmitted to a level n is given by 

Sn    • «JU " AC«* - V«>1 (2.130) 

and the flux absorbed in a layer between an upper level. 1. and a lower 
level, j, is given by 

A   - SA' - S*' 
ill   1    J (2.131) 
2 
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Por • cloudy .ky the .b.orptlem In • cloud 1. c.lcul.t.d by «..«ing 

•n equivalent weter-v.por content «hlch will «b.orb the seme «»cunt of 

radiation a. would the cloud It.elf. Theae a«,unt. are aa.u»ed In the 

preeent version of the model to be 

* 2 u
c - 65.3 g/ca       for cloud type 1 

* 2 
u  - (45.3 g/cm       for cloud type 2 (2.132) 

* 2 
uc - 7.6 g/cm        for cloud type 3 

The Incoming beam becone. dlffuae in the cloud, and It. path i. aa.uaed 

to be 1.66 time, the vertical thickne.. of the cloud. Below the cloud 

the beam i. .till dlffu.e. and the factor 1.66 for path length 1. re- 

tained. Therefore we have the following expree.ion. for the downward 

flux at variou. level. 

<" ■ <(« - *<».' - vo] 
above the cloud at level 1 

(2.133) 

^■s*a-v[i-A[(u:-u;)..ct + 1.66^u:jr 0l 34) 

Inside a clour1 at   level ra 

f ■ <o - »c> ji -»K - »>.=, * :.66(„; ♦ „C*B - .j,]! 
below a cloud at level J (2.135) 

The f; action tfj&f^ which   Is equ.il tn 1/2 when m • 2 and type-1 

clouds are present, has been Inadvertently omitted from the model's 
present FORTRAN program. 



-46- 

where .ub.crlpt. CT «nd CB r«f«r to cht cloud top and cloud botto«, 

ro.poctlvely, Apc l« i-ot«! prossur« thickness of th« cloud, and Ap 

It th« pressure thickness of the cloud above level m. The factor 

(1 - ac) accounts for reflecticn fro« the cloud top. 

The flux absorbed in a layer In a cloudy sky will. i„ general, 

be ^M ' Si " Sj • ln • ^««hlon similar to Eq. (2.131) for clear sky. 
2 

If there is s cloud top anywhere within a layer, however, the flux ab- 

sorbed by that layer will „ot be Just the flux difference at the lev- 

els above and below the layer, since there will be a flux reflected 

fro» the cloud top and therefore lost. Thus, for the Isyer between 

levels i and J, the absorbed radiation is given by 

A   - sA" - sA" *A" 
±tl   1    J  " SCT ac (2.136) 
2 

where the last tenn is the flux reflected fro« the cloud top. When the 

•ky is partly cloudy, the total flux at level i is given by a weighted 

average of the clear and overcast fluxes: 

sj - a sf ♦ (i - CDSJ' (2>J37) 

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

by the ground is given by 

0 - V^' ; <' (2.13.) 

for clear sky. and by 

<1 - VSf ,    A" 
1 - a a Sg (2.139) 

eg8 
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for completely cloudy (overcast) sky, where the factor 1/(1 - a o ) 

«gain accounts for multiple reflections between the ground and cloud 

base.  For partly cloudy skies, the radiation absorbed by the ground 
is the sun 

A                 A" 
SA -  CL  SA    +   (1  • • CDS^ 

S               g g (2.140) 

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 Eqs. 

(2.128) and (2.140), we have 

S - SA + S8 ,., .,., g   R   g (2.141) 

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 

Rl * RA + ^ + Ci (2.142) 

where RA is the radiative flux downward from the atmosphere above the 

level i, and RB is the flux from he low. The term (^ was intended to 

be a correction term accountinR for a possible larRe temperature dif- 

ference between the level-4 air temperature, T-, and the ground sur- 

face temperature, Tf,  However, in the early stages of evolution of 

the Mlntz-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 wherebv the terms were not changed con- 

sistently.  In several statements the ground temperature. T . Is used 
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in place of the «Ir temperature f^, and in the ground temperature cor- 

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

the heating cycle (T , T ) are used in place of T. and T . 
8  8r •«     gr 

In this Report we have described what the program actually does, 

rather than what was intended.  Those equations in which T was used 
g 

in place of T4 are indicated throughout Subsections G.2 and G.3 by the 

symbol -.  In future work, the program will be corrected and the effects 

of this error will be investigated. 

The term Cj 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 + Rg is calculated first and the C term is 

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 

RA ' cTi TA (2.143) 

'S»" (aTt - oTX U.IMU 

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

mission  functions are given by 

- . •        * T* " T(U- u.) l' (2.145) 

1 + T(U*) 
TB "        r (2.146) 

with 

T(U*)  -  l/( 
#0.416\ 

I ♦ 1.75u I (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  R'   E  R    + R^,  we have  at   the  three  levels 

o - 0   (1  » 0) ,  T =  1/2   (i «  2) ,  and a -   1   (i  - 4), where  radiation  is 

determined by: 

* 
4      *        *              4           4    1 ■•■ T(U0) 

R0 " aT0T(u« " V + (oTg - "P  2  (2.148)- 

* 
4      *        *              4           />    1 + T(U2) 

Rj -  »TJTC^, - u2)  +  (or - aTp 8- (2.149)^ 

R!  - aT4T(u*) (2.150)- 
4 g       <x, 

Here the primes indicate a clear sky.  To account for the abforption 

by CO., 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 

R^ - n.820R^ (2.151) 

RJ - 0.736RJ (2.152) 

H "  oTg |0-6VT(uJ - 01\ (2.153). 

which are the clear-sky expressions used in the program.  The expression 

for R! 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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completely overcast  skies.     For cloud  type  1  (top at  level  1, bottom 

at level 3) 

RJJ - 0.820 4 , *   *   .    U 4 1 + T(u0 ' ul) oToT(u-" V + (aTi" •«? !—- (2.154) 

RJ - 0 (2.155) 

»4 - 0.85(oT^ - aT^)[l + 3T(U*)]/4 (2.156K 

where the double primes Indicate an overcast sky and R" = R + R .  For 
1    A    B 

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

Rö-0 j  4  *   *     4    4 1 + T(u0 " u2) 1 
•82OIOTOT(U. - uo>+ K - ^ r—  I (2' 157) 

R^' - l0.736OT2T(u* - u*)]/2" (2.158) 

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

For cloud type 3 vtop and bottom at level 3) 

Rö " 0-820 OT0T(U- " V + (aT3 " ^ 
4. 1 + T(U0 

* 
u3> 

(2.159) 

I  4  *   *      4    U 
IJ - 0.736 OT^T^ - u2) + (aT^ - oT^) 

l^tC^-lA 
(2.160) 

R" - same as for cloud type 1 [Eq. (2.156)] 

This R» is divided by 2 because the cloud top is assumed to be an 

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



-52- 

If we now define F^ as the net upward long-wave radiation for partly 

cloudy skies prior to the ground-temperature correction, R* and R" 

combine to give 

Rj - (1 - CL)R; ♦ (CL)R'l (2.161) 

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

Finally, after the ground temperature has been determined using 

Rj 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 ^  by applying the correction (C) given at level A 

by 

8 gr   g C« " <<W " V (2.162). 

where ^Tg(Tgr - Tg) Is an approximation to o(T4r - T
4).  The complete 

long-wave flux at level A Is thus given, according to Eq. ^2.96), by 

R
4 - *4 

+ C4 " (1 " CL)Ri + (CL)RÄ + 4oT»(Tnr " T >    (2.163). 

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

R2 - R2 + C2 - R2 + 0.8(1 - CL)C4T(U2) (2.164) 

R0 - *0 + C0 " ^O + n-8<1 - CL)V(^) (2.165) 

where R is given by Eq. (2.161) and C^  by (2.162), and where the coef- 

ficient 0.8 is the correction factor for C02 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 *re 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 (lcvel-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, T , as corrected for surface radiation 
8 

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, T , Is a specified 

function of position and does not change during the heating time 

Interval (5Ät).  The new ground temperature, T  , is set equal to the 

old T . 
I 
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^ + r + HE - S - 0 (2.166) 

where R, is the long-wave radiation emitted from the surface, T  is the 

sensible heat flux from the surface, H is the flux of latent heat due 

to evaporation from the surface, and S  is the solar radiation absorbed 
I 

by the ground. 

For Ice-covered ocean, the surface heat balance is modified to in- 

clude conduction of heat through the ice, B, In which case Eq. (2.166) 

is changed to read 

RA + r + Hc " S " B ■ B<T - T ) (2.167). '♦Eg        o   gr 



-54- 

i 
§ 

i 
-i 
Tl 

I 

IT JIJP 

11        1 1 
> 1        > tl'       1 i 

o 

-Dl    « -    « ■ *. ■ 

-PI   , 

il m * 

Q E 

o 

a | 

rj 

tu 

0 

1 

I 
D. 

I 
| 
a. 
en I 

S 

5 

I 
I 
f 
H 
C 

ti 
•H 



-55- 

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 - 0 for these locations; for sea Ice the 

conduction coefficient B Is equal to 1.A4 ly day"1 deg"1, found from an 

assumed thermal conductivity of 0.005 ly cm sec"1 deg"1 and an Ice 

thickness of 300 cm. Note that, except for the solar radiation, these 

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

ground temperature, Tgr, as well as upon the old value, T , upon the 

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

T . 
o 

The heating terms are given by 

\'h+  a(Tgr - 
Tg) (2.168), 

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

rection as  given by Eq.   (2.161)  and o(T4    - TA)  is  the "correction" 

term.     (See,  however. Subsection G.2.)    The sensible   (turbulent) heat 

flux,   f,   is  given by 

- Cr(T__ - T4) (2.169) 
gr 

where 

Cr " pACpCDW (2.170) 

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

(2.78).    The latent heat  flux is  given by 

I 
H    - LE - r    — [ GW 

d<L(T  ) 
q
a
(V  +      AT R-  (T       - T  ) s    g dT gr        g' " q4 (2.171) 
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where Eqs. (2.108) and (2.109) have been uaed to evaluate the evaporation. 

Substituting Eqs. (2.1fi8), (2.169), and (2.171) for R , r, 

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

0(Tgr " Tg) by 4aTg(Tgr " V' we can 80lve for the unknown ground tem- 
perature T . Thus, we have 

T 
IT   dq (T )   1 

S,, - R. + 4aTA + BT 
8   ^     go 

+ 4aT3 + B 
g 

(2.172)* 

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

radiation and heating terms R^ (and R,,, R0 as in Subsection G.2), r and 

HE from Eqs. (2.167) to (2.171), and the surface evaporation. E, from Eq. 

(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 T r is greater than T 

(- 273.1 deg K) it is set equal to T .       ^ 0 

o 

A.  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 diabetic 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 is 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 - 5AtH3 

' (A3 + R4 " R2 + n(2g/Trc )5At + (AT )  + (AT )  + (AT )    (2.173) 

CM     J CP     -* LS 
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Hl ■ 5At«l 

' (A1 + R2 " 8oH28/wc )5Ät + (ATj)  + (AT ) (2.17A) 
CM       CP 

Here A1 and A3 are the net absorption of solar radiation at the levels 

1 and 3 (see Subsection G.l), R^ - R,, 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 r Is the sensible heat flux (see Subsection 0.3). The (AT) terms 

are the latent heat released during large-scale condensation (LS) [Eq. 

(2.A7)], middle-level convection (CM) [Eqs. (2.73) and (2.74)], 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/Trc 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 T1 and T3 are redefined at the end of the time interval.  The 

average heating, H - 1/2^ + H3), is first weighted according to the 

area of the grid cell surrounding the TT 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 H by H , the final temperatures, after correction for diabatic 

heating at levels 1 and 3, are determined from 

Hl  H3   A 

1   12   2 + H (2.175) 

H3  H1    A 

3  '3 + 2   2 + H (2.176) 

where T« and T« are the temperatures at levels 1 and 3 before the cor- 

rection for diabatic heating. 
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Preceding page blank 

III.  MODEL DESCRIPTION — NUMERICS 

Equations (2.27) to (2.33) and Eq. (2.35) for» a set of eight 

prognostic equations for the eight dependent variables (u , v,, u , 

V Tl^  T3' *• and ij>' ^e time-extrapolation method and the  hori- 

zontal finite-difference schemes used to solve these equations were 

developed by Professor Arakawa at UCLA and are discussed in the fol- 

lowing sections.  For convenience, Eqs. (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 rhe 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 aUa summ^-ized her«. 

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 (* - u , 

Vj^ ...) at the point 1J in the general form 

L it  J ■ D, + S /•> i\ 

while the pressure-tendency equation is written in the fo rm 

.HJ       " DTr (3.2) 
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The expression S represents the friction terms in the momentum equa- 

tions, the diabetic 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 

included in the expression D . Both D and S are complicated finite- 

difference expressions involving the independent variables and the de- 

pendent variables at 1J and neighboring points. 

In the time-extrapolation method used in this model, the source 

terms are evaluated every fifth time step.  The remaining terms (D ) 

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 

tb« dependent variables for time T + n by evaluating D using values 

of the dependent variables it time T + (n - 1).  The second substage 

obtains a final estimate of the dependent variables using the prelim- 

inary estimates to evaluate D, with the horizontal-difference scheme 

appropriate to the poslticn 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 D, 

by a centered horizontal difference. However, the horizontal and ver- 

tical advectlon terms and the Coriolis force term of D, 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, 
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m]]1  - (n*)^ + Jl A^dr1. uT, ,..)tJ 

+ AtR^(TrT, uT, ...Jj. (3.3) 

where A represerts the advectlon terns In D , ^ ■ Di. " A represetiits 

the remaining terns of D , the superscript l refers to values at tine 

T, and the caret Is used to Indicate the preliminary estimate of a 

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

(n)^'1 - (n)^ + AtD^Or1, uT, ...) (3.4) 

The first estimate of the dependent variables ty is therefore given 

by Eqs.   (3.3)  and (3.A)  as 

^    T+l 

r ±L- n 5% 

which serves to remove the 11 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 

OWj^ - CIW^*"15 + atyS, d, ...^ (3.6) 

nlTm TiiT}(n"1)+Atv*' "• •••)IJ (3-7) 

from which we calculate 
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lj    nT+n (3.8) 
ij 

When n - 1 an up-right uncentered horizontal space difference le used 

(identified by the flag MRCH-3); whin 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. 

~—Final  E8^"ate of the Dependent Variables (Time Step 5) 

The first two substages of the fifth time step (n - 5) are per- 

formed as described above by Eqs. (3.6) to (3.8).  If we represent 

the variablesjit the end of the second substage of the fifth time step 

by a tilde, ( ), the final estimates become 

~T+3 

(*>tj - (^j5 + 5At J il (3>9) 

hi 

The final estimate at every fifth time step thus Incroduces the source 

terms (as evaluated in subroutines COMP 3 and COMP 4). and weights them 

for the full 5At time Interval.  Became the continuity (or pressure- 

tendency) equation (3.2) Is source free, the value of nT+5 is given 

directly by the final estimate [Eq. (3.7)] for n - 

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 S . D . and R 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 

cod©.  The 180th meridian Is represented by the set of points (1,J), 

the longitude 175W by the points (2,J), etc., the South Pole by (1,1), 

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 ^s the centers cf tha  network of rectangular cells 

outlined by dashed lines In Fig. (3.2).  The velocity variables u and 

v are carried at the comers of the cells (designated by + In the fig- 

ure), the west/east mass flux u at the midpoints of the vertical 

sides (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 comer of the cell (1,J) are denoted by 

u  and v , 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 v  .  In the re- 

mainder of the text, the points o, +, >, and A will be referred to as 

"TT points," "u,v points," "u points," and "v points," respectively. 

It may be noted that the poles are "TT 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 « points are computed In subroutine MAGFAC (steps 1^360 to 1A850), 

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 (1,J), where 
1 - 1, 2, ..., I and J - 1, 2, ..., J, will be used. 
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Fig. 3.2 — The horizontal finite-difference grid with zonal index 1 
and meridional index j. Here the open circles (o) repre- 
sent grid points of the primary or TT grid at which IT, 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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LAT(j)  - (pj - Atp(j  - l~tl) 1 < J  i J (3.10) 

DXP(j)  = aAX cos «p 1 s J  < J (3.11) 

DXl^j)  = aAX y (cos «p    + cos <¥*_{) (3.12) 

= y [DXP(J) + DXP(J-l)] 1 < J  < J 

DYU(j)  = a(9j  - cpj^) j  5 2 (3.13) 

DYU(l)  = DYU(2) 

DYP(j)  = af  («pj+1 - cpj^) (3.U) 

= y [DYU(J+1)  + DYU(J)] 2  < J   < J 

DYP(l)  = DYU(2) 

DYP(J)  - DYU(J) 

DXYP (j). DYp(j) [»m+v+xmi   2,i&J      (3tl5) 

DXYP(l) - -i DXU(2) 2I|I11 

DXYP(J) = -j DXU(J) DY^ ^J) 

These quantities are Illustrated in Figs. 3.3 to 3.5.  From Fig. 
* 

3.2 we see that TT 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 TT 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 (TT) 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. 
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Fig. 3.3 — The map metric n, the meridional distance between 
grid points.  At latitude 9j , n = DYP is the 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 
n grid (and between points of the u* grid). 

DXP(j-l) 

Fig. 3.4 - 
The map metric m, the zonal distance between grid 
points.  At latitude cpj . m « DXP is the east/west 
distance between points of the TT 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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"j-/ 

DXYP(j) 

(a) 

.'DXYP(J) 

DXYP(l) 

(c) 

Fig. 3.5 — The area ran ■ DXYP surrounding a point of the TI grid (a) 
At the north and south poles (j=J and j=l) 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 

of the four grid networks described above.  That is. » . u  and v . 

«ijj. and wn  all have the same index, (J.I), but each of these is car- 

ried and computed at different points In the horizontal finite-difference 

grid.  It is convenient therefore, to define TT-, 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 use. 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 .-, u,v-. u*-, and v*-centered 

notations (see Figs. 3.6 to 3.9), m^, m^ and ^  will denote the dis- 

tance from -20 to 00, from -10 to 10, and from 00 to 02, respectively. 

Similarly, n_1, n0, and i^ will denote the distance from 0-2 to 00, 

from 0-1 to 01, and from 00 to 02, respectively.  The numerical values 

of m0, n0, etc. are given in Eqs. (3.11) to (3.15).  For example, when 

it- or u -centered notation is used, ^ and m+1 are given by DXP(J), n 

by DYP(J), n^ by DYU(J), and ^ by DYU(j+l); whereas when u,v- or v*- 

centered notation is used, m0 and m+1 are given by DXU(j). n. by DYlKj). 

n_1 by DYP(j-l), and n1 by DYP(j). 

In the following subsections, variables at the two vertical levels 

will be indicated by the subscript i,  with I  = 1 denoting the (upper) 

level a1 and £ = 3 denoting the (lower) level c^,  In the FORTRAN code 

the index L is used to Indicate the levels, with L = 1 denoting the lev- 

el a1 and L » 2 denoting the level a . 

li 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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r     V> 0 ^ ; OP-' 
NV   >.V > ^V op-l ^^ 0" ^ 

^0 * 

O-1 ^ >   1   ^ ^ 

Fig. 3.6 — The schematic finite-difference grid in rr-centered notation.  The 
symbols a'-iove 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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Fig.   3.8 — The schematic   finite-difference  grid  in u*-centered notation. 
See Fig.   3.6   for symbol  identification. 
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Fig.   3.9  — The schematic  finite-difference  grid   in v*-centered  notation. 
See  Fig.   3.6  for symbol  identification. 
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formation ia  performed at the beginning of subroutine COMP 1 (steps 

2500 to 2680).  For the quantities carried at TT points (TT, H, T3, and q3) 

the transformation is straig'»tforvard, and is given by 

noo " (innWoo (3-16) 

mitoom «OOWMO <3*17) 

(nq)3>00- (mn)00Tr00q3>00 (3-18> 

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

For the transformation of the velocity components we similarly 

write (in u,v-centered notation) 

(IIu)M0 " noouMO (3>19) 

(Ilv)il.OO ' noovii,oo 

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

tion as 

4 " I [(,nn)-llVLl + ^ll'll + ^^-l-l'-l-l + ^l-l'l-l] 
for 2 < J ^ J - 1 (3.20) 

with the polar expressions 

"S.p-i" i [<->-i.p-2'-i,p-2 + '»'i.p-z'i.p-a] + «t./t.J     "•22) 
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where p denotes the South or North Pole, and where 

1 V M  T A Vi'1 (3,23) 

and 

^l.j- I E \tJ (3.24) 

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, Eqs. 

(3.23) and (3.2A) provide unique values of TT for all I grid points of 

the South and North Poles.  The other dependent variables carried at 

the poles (T^, T3, and q ) and quantities computed at the poles, such 

as the mass convergence discussed in the next section, are similarly 

averaged.  The polar adjustment of TT, T , T , and q is performed in 

subroutine COMP 2 (steps 6A10 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 la 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 I  becomes 
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4(mn)-l-i 
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"t(mn)M 

frl i.J 

4(mn)-lp-2 T(mn)lp-2 

(b) 

Fig. 3.10 - Illustration of the area-pressure weighting function nu centered 
at u,v points.  At non-polar points, 11" is the sum of the four 
shaded areas shown in (a), each weighted by its adjacent value 
of 71; at polar points, nu is given by the sum of the three shaded 
areas shown in (b) weighted by the indicated values of v 
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£,00 

m   (v^-io + Vio> (
^TJLWN 

o     3 ^ 1 

0 £,10 

(7roi + ^o-^ 

m0V£,-10 

(7,oi + "o-S 

MRCH - 1 or 2 

when < MRCH - 3 

MRCH - 4 

(3.25) 

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

(nu) at the level f, is computed according to 

(nu) 
£,00 

"iVoi^-iVo-i 
2 

nlU£,01 

MRCH - 1 or 2 

when < MRCH « 3 (3.26) 

-1 £,0-1 MRCH - 4 

WS 

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

values of (nu)£ 00 ere smoothed in subroutine AVRX(K) using a three- 

point zonal smoothing routine that may be represented by 

(nu)£.00 = Vnu)£.-10 + (1 - 2V(nu\,00 + ^0(nu)£.10 (3.27) 

where X0 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 i  is finally computed 

from 

u*   -&N0   (T-10 ! 7T10) U£.00  (nu)£.00  2  (3.28) 

where the superscript NQ denotes the smoothed result after application 

of the subroutine AVRX(K) N0 times (see Section D). 
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* * 
At this point it should be noted that u at the poles (u   and 

U1J^ ha8 no »waning. 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, 

(3.29) 

/* *     » * 
an if3ui . 3vi 
at 2 \ax      ay 

ifr3ui. aviV i/S. K s--2V^r + är/+2\är + ärl o*m 

In  the 7r-centered notation (see Fig. 3.6), the mass convergence at all 

grid points, except the poles, is given by 

au  av 

^ + ^A,oo-CONVMO 

" (u*.io - u*,-io) + (v*,oi - Vo-^ 

2 ^ j ^ «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 
M " £[ V£.i,iH-l (3-32> 
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I 

,J ' ~  ^ V£.l,p-1 (3.33) 

while the mass convergence attributed to each of the I sectors of the 
polar caps Is given by 

CONV„ 1 Jn  * 
.i.l " I £-! V^P+1 (3-3^) 

com„ 1 V * ,i,J ' I Äl VM.P-1 (3.35) 

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

(^00 " " ^ (CONV00 * ^OO* (3.36) 

^00 " Y (CONV3.00 -CONV1.00) (3.37) 

for an arbitrary point outside the polar cap, 

/9n\ 1   , 
Wi.r"1 (C0NVl.l.l + C0NV3.i.l> (3.38) 

'l.l4 ^^.l.l-^i.i.!) (3.39) 

at the South Pole, and 

(%j""^(C0NV.J + C0NV3,l,J> (3.40) 

S.    1 
51,J - 2 (C0NV3,1,J " ^l.i.j) (3.^1) 

at the North Pole. 
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3. Horizontal Advectlon of Momentum 

The horizontal advectlon of momentum at the u.v-grid point l,j 

and at the level i  Is approximated In the equations of motion (2.27) 
to (2.30) by 

3  , * N   3 
3^ (U U) + 3? (v*u)l     »  •  uÜ • 

JM,J   JT 
NdF (3.42) 

\h ^ + h <v*v>]   « /* vu • Ndr L3x        3y     J£,1,J   ^r 
(3.A3) 

where U Is a vector In the x,y plane with u and v as Its x and y 

components, and N Is the outward unit vector normal to the contour r 

of the rectangular grid defined by the four TT points surrounding the 

u-grid point i,J (see Fig. 3.11). 

To evaluate the Integrals in Eqs. (3.4?> and (3.A3) the contour 

F is divided into eight segments. Along each of the eight segments, 

U • N is defined (using u,v-centered notation) as 

'10 

Ull 

01 

-11 

-u -10 

-u 
-1-1 

-Vi 

-Vi 

2 
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1 
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2 
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1 
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1 
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1 
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ft ft ic JL 

tu01+u21+U2-l+u0-l]' 

r    * *    , 1 1    r     * *    , 
[U01+U21] +6  *  2  [V10+V12]' 

* * * * 
[V10+V12+V-12+V-10]' 

r*      i.*!      I      1r**i tv-10 + V-12]  "6  "2   tu01 + U-213' 

2 
3 

1 
6 

2 
3 

1 
6 

1-2 

1 , *    *     *      *  , 
Ä[u01+U-21+U-2-l+u0-l]' 

2 fu0-l + *~2~1]  " 6 * 2 [V-10 + V- 

1 , *    *     *      *  , 
Ä Cv10 + vl-2 + v.1.2 + v-.10J' 

1  r *       *   «    1    1  r  *        *   « 
2 tv10 + vl-2] + 6 ' 2 tu9-l*VlJ' 

]. 

along ab 

along be 

along cd 

along de 

along ef 

along fg 

along gh 

along ha 

(3.AA) 
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Fig. 3.11 — Schematic representation of the fluxes II,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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Wlth these definitions, Eqs.   (3.42) and (3.43) become 

[h (U*U) + fe (/u)]00 - 1 [U10(U00 + u20)  " U-10<u-20 + U00) 

+ V01(u00 + u02)  " V0-l(u0-2 + u00) + "ll^OO + U20) 

- U.^.2-2 + "OO) + ^-11(U00 +   1-22) 

" Vl(u2-2 + "OO^ (3'45) 

[h (^ + h  (V*V)]00 
= I [U10(V00 + ^   - U-10(v-20 + V00) 

+ V01(V00 + V02)  " V0-l(v0-2 + V00) + Üll(von + v20) 

- "-l-i(v-2-2 + v00) + 7-ll(v00 + V-22)  - ^-l(v2-2 + W]     (3-46) 

at all points outside the polar cap.  In Eqs. (3.44) to (3.46) the sub- 

script i  has been dropped, and It shcild be understood that these ex- 

pressions for the horizontal advectlon are valid for £ - 1 and 3. 

The momentum advectlon 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_11, V01, and SL represent advectlon 

across the pole. Physically, advectlon can occur across the pole only 

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

Thus, transpolar advectlon Is not calculated and V    v  and Ü  are 

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

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

these fluxes [Eq. (3.44)] break down since u Is 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 

U
±l,p-1 " I (

U0.J + U*2,J + u0,p-2 + u*2,p-2) (3^7) 
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and the continuity equation 

h «J.r.i' + "i.p-i - u-1>P-i - »».^, 
u 

" "-l.p-2 " »1.^1 " S0.p-1 " 0 »•*« 

is satisfied for each of the north polar sectors. Here u,v-centered 
,u 

notation has been used, and the definition of Sn    is givan in the 

next subsection. 

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

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

Ui.J " 3 (^i - I E ^i) (3.49) 

where ^ is given by 

k+l/2; *1 * 0'  ^2 " V3/2'  ^3 ■ V3/2 + V5/2 *i "   Z   ^ 
k-1 

1 - 2. 3 I (3.50) 

and 

*'     *        1 ^"^ * 
Vi+l/2 " Vi+l/2,p-l " I E vi+l/2,p-l (3-51) 

In Eqs. (3.50) an! (3.51) the fractional values of the index i are used 
* 

to denote the v -grid points to the right of the u,v-grid point (i,p-l). 

Similar expressions can be derived for the South Pole. 

If we use Eqs. (3.49) to (3.51) to determine the values of u* T and 
* 0,J 

U+2 J in E('' (3.47), the polar horizontal advection of momentum in u,v- 

centered notation becomes 



-90- 

[fcc^^cA^.fK^^ pfi+ h&J 

' U-l,pfl(u-2,jH.l + "O.p^p + V0,pf2(u0,p+1 + \f**> 

and 

[fc<" »♦fc^^'iKr'^-"*'«-' 3_   .  * 
3y ,P+I

N
 o,p+i      2,p+r 

-U (v +v )+V ^v +v ) 
-l,p+lv -2,pfl        0,p+l;        0,p+2vv0,p+l        0,p+3<' 

+ "l.^^O.p+l + V2.pf3) + ^l.^^O.p+l + V-2 >f*3>]    (3- 53) 

at  the South Pole,  and 

[fc <^ + h ^\tfml ' I [
U
1.P-1

(
VP-1 

+ U2.p-1> 

" U-l.p-l(u-2.p-l + "O.p-l5  " V0,p-2(u0.p-3 + Xp-^ 

- Ü-l.p-2(u-2.p-3 + "O.p-P  - ~i.p-2(u2.p-3 + "O.p-l^ (3.54) 

and 

' U-l,p-l(v-2,p-l + V0,p-1)  " V0,p-2(v0,p-3 + V0,p-1) 

" "-l.p^'-a.p-J + 'O.p-l' " 'l.p-2fv2.p-3 + ^o.p-i)]    <3-55) 

at the North Pole. 
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4. Vertical Advectlon of Momentum 

In Subsection C.2 the vertical velocity parameter S Is defined at 

ir-grld points [Eqs. (3.37), (3.39), and (3.41)]. However, for use In 

the momentum equations, a Su, analogous to nu [Eqs. (3.20) to (3.24)] 

must be defined at u,v-grld points. Thus, at u,v points outside the 

polar cap the vertical advectlon term In u,v-centered notation Is given 

by 

^U1.00 _ "3.00 AU ,     IfX        . J  . A   J. c   ^   M «;A^ 
 '—I '  S00 " u2,00 4(S-11 + Sll + Sl-1 + ^l-^   (3'56) 

and at the poles by 

(u1.0.p+l + ÜMlEt^   zu =u \ks +S ) + I      1(3.57) 
2 ^O.p+l      U2,0,p+1 L*   -l,P+2 l,P+2,        i.lj  K  '     ) 

'v,,-:;"3,o,P-i> ju^.x^[i^ + ^_2) + itijj(3.58) 

where 

Si.l "iS   K,! (3.59) 

and 

S1,J " I  2   S1,J (3.60) 
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5. Corlolla Force 

To evaluate the Coriolis force term in the momentum equations, 

the parameter F [Eq. (2.24)] and the Coriolis parameter f " 2fi sin «p 

are the first obtained at the w-grid points. The Coriolis parameter 

is computed in subroutine MAGFAC (steps 14710 to 14750).  In terms of 

Tr-centered notation it is defined as 

f00 " n 21»— [<C08 ^2 + C08 \Kl 
'00 

- (cos cpo + cos cp^m^ (3.61) 

Equation (3.61) can be reduced to 

cos 9 - cos cp 
fnn - -2Ü    ? li 
00 92 " ^ 2 

which is a finite-difference analog of 

f - 2fi sin 9 - -20 8(c08 Sa 
39 

At the poles f is given by 

fj " n TrnT^ [(C08 ^J 
+ cos Vi)ffij] 0.62) 

and 

fl " ~{J (3.63) 



-93- 

With the Corlolls parameter defined by Eqs. (3.61) to (3.63), the 

finite-difference form of Eq. (2.24) In ir-centered notation becomes 

Foo " (,nn)oofoo ■ t (u-ii + uii + Vi + u-i-i)(ni ' ■-l5  (3-64) 

Finally, the Corlolls term at a u.v-grld polrf Is represented In 

terms of F at the four surrounding IT points by 

(UTTF) 
A,00  2 

(Tr11 + ir^ (F11 + T^) 

2 2 

(*.ll + W (F-11 + k-i? 
1,00 

(3.65) 

(vtrF) 
11,00  2 

(iTn^Y-i5   (Fii * h-i* 

(lT-n + ^-i-^ (F-ii + U-J 
1,00 

(3.66) 

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.l. That Is, 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.l. 

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

momentum equation [Eqs. (2.27) and (2.29)] Is given by 
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n N0 

n N 

when MRCH - 1 or 2 

n N 

when MRCH - 3 

n0 NQ 

r {(TT-i-i + Vi)(Vi-i' ^.-i-^ + ^^^^-i-i + ^Shh-i^h-x - M-i» 

when MRCH - 4 

(3.67) 

No 
where (   )  indicates the smoothing procedure in subroutine AVRX(K) 

and $ is the geopotential at the levels Ä - 1 and 3 defined by Eqs. 

(2.16) and (2.17).  The geopotential is evaluated at fl points in sub- 

routine COMP 2 (steps 5260 to 5A30). 

For the v-momentum equations [Eqs. (2.28) and (2.30)] the pressure- 

gradient force is given by 
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0 \ ^    i    l  *?/l,00 

\ if Ml+Z-1-1 
mO  2 

^ll * Vl-1 
(**,-ll " ^.-l-^ + 2  (^.ll " ^.l"^ 

4 W-ii + ^i^-i-i (v-n - "-i-P 

t 2 (vn ' h-O 

"n + Vi 

when MRCH - 1 or 2 

(*M1 " S.l-^ + 2  (7T11 " "l-l^ 

when MRCH - 3 

m0 [  2  (V-11 " V-l-l5 2  (7T-11 " "-l-^ 

when MRCH - 4 

(3.68) 

7.  Horizontal Advectlon of Temperature 

The horizontal advectlon of temperature at the level I  and for an 

arbitrary rr point at the latitudes from cp to cp. 0 Is given In Tr-cen- 

tered notation as 

I.^^^T^^MA,^^-^,,^ 

♦ (v*T)t>ül - (v'tj^o.!    (3.69) 
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where 

<u*T)*.±io " ut.±io I (Ti.oo + Tf..+5n) <3-70) A,±10   £,±10 2 x «,,00   £,±20 

and 

(V T'i,0±l  ' V)l,0±l 2 (T£,00 + ^^±2^ (3,71) 

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

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

duces to 

[h <»'■» +1? (v*I)]ti0il ■ ''X.o.p« »•"> 

where 

TM,i    j U o) 
^h.O^l'-lo^ll l   lf      Xotf*l (3.73) 

Til.0,p+2l (<0) 

while at the North Pole it reduces to 

[fe <»*« + 37 (/l)]tj0iJ • <vX.o.p-i "■"> 

where 

I I"0'J / ( s 0 1 
'»Vo.»-! ■ "I.O.,-! < \  "     <,„.,.! (3-75) 
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At Ch« Ittltuder 9, and 9T , (th« points (1, pl2) In --c«nt«r«d 
■    J"1     }  * 

notation] the wcst/«Mt «dvcrtlon tarn (T— U T) la given a apaclal 

treatment. The form of the total advectlon ttna, enelogoua to Eq. 

(3.69), la given et theae latltudea by 

[fc (U*T) +l7 (/T)]lt0.pt2 " 
(U#T)M.Pt2 " ^V -l.p.2 

1 (vAT)1.0.pt3 '   (v*T)l.0.p*l  (3.76) 

with (v T). „ 41 given by Eqa. (3.73) and (3.75), and with i,u,pti 

(v T)t,0,p*3 " VÄ,0,pl3 2 (Tl,0,pt2 *  Tl,0,p*4) 

(u*T) 
i,l,p^2 

(u*T) 
Ä,-l,p*2  ult- 

(Tt,2,p*2| 

( 4,0,pt2| 

\Tl,-2,?t2) 

( *,0,p*2 J 

M.P-2 

?.-l.pt2 

(<0, 

N 

(3.77) 

(3.78) 

(3.79) 

8.    Energy-Conversion Terms 

The first two energy-conversion terms In the thermodynemlc energy 

equations  (see Table 3.3) do not require horizontal finite-difference 

expressions.    They are evaluated at I points  In subroutine COKf 1  (ateps 

4560 to 4660)  from the equations 

M  91 * 93 |1 <        I/ILOO^^S (3 I p   ) 2        S Pl.00 2(7,~*71-    S00        (3 
V
 0/ Jt,00 \pl,00      ^.OO/ 

.80) 
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icT 

" Voo  P       (ä7 <3'81) 1 00   Pt,00 V3t/oo 

where S and Sll/dt are avaluated at * points using Eqs.   (3.36)  to (3.Al), 

and the pressure at level I is given by 

Pl " PT + V (3,82) 

In Eq.   (3.80) the definition 

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

the equation of state in the form 

a ■ c < — 
«   PP. 

has been used to eliminate the specific volume. 

The remaining energy-conversion terms at the level   ■"   are evaluated 

from the expression 

Lcp        5x SyJ^^     cp2  L H ?t.in 

4,  (.„* 21) «.  (n-tv* 21)        ]    (3.83) 
f.io y 1,0-1 

+ (oau   41) * (T*  A ♦ imn   g)      1   (3.i 
^x   »..10 ^y 1,0-1 y l.OlJ 

where f-centered notation has hecn used, and where 
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^ ^1,^0 " ^^ ' W^^Ä^IQ + <°™\t00V2 

N, 

"iViii + n.iu
A.±i-i 

 ' 2  if M*011 • 1 or 2 

N, 
(nlUJl.  l^ 

N, 
ltt-luMl.l3 

if MRCH - 3 

If MRCH - 4 

(3.84) 

^^l.Otl "  (±,To±2 ? Wf^.O^ + (o^Ä.00J/2 

2 if MRCH - 1 or 2 

x <   mtlvM±l 

m-l\,-l±l 

if MRCH - 3 

if MRCH - 4 

(3.85) 

 N0 

In Eq.   (3.84),  (        )      denotes the zonal smoothing routine in sub 

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

9.  Horizontal Advection of Moisture 

As discussed in Chapter II, moisture is carried only at the level 

Ä - 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  5*1* 
~T— " 4 U3 " 4 ul 

V3 * v4  5*1* 
-T— " 4 V3 " Ä Vl 

(3.88) 

Using Eqs. (3.86) for the advectlng wind, the expressions for the west/ 

east and south/north moisture advecUon at ir points outside the pol« 

a-a given in Tr-centered notation by 
les 

I; l^f A - % "l)]]^ 
00 3,-10 

3,-10 

and 

IM': iH-i4l oo 

(3.87) 

(3.88) 

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

Therefore, the fluxes (Vs) 3,01 
, etc. on the right-hand sides of Eqs. 

(3.87) and (3.88) must be defined in such a way that when a grid cell 

becomes "dry," advection to neighboring cells will be prevented. With 

this restriction, the moisture fluxes in ^-centered notation are given 
by 
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(V3> 
* 

3,10 
■ 

"3,10 
* 

3.10 
u1.10 

lf  (^.oo + «"s.ao3 ' 10 -10 

j    ^.oo^^o    lf 

^.OO * q3,20 

H3.00 " "3.20 

q3.00 * q3,20    'nd 

lq3.00 * q3,20    ,,nd 

u_ > n 
10 

u 10 
< u 

U- 
10 

< 0 

u. 10 
> 0 

(3.89) 

otherwise 

(V3> 

CqjUj) 

3.-1- 

3,-10 

J3,-10 

'1.-10 

if     (q3,00 + ''3,0-2)   <  l0 
in 

f i 

'3,00       '3,-20 
if 

3,-20 (13.00    ",d 

q3,-2n  -  q3,00    and 

3,00       q3,-20 
—' 5 '         ot hprwlRe 

3.-10 
* 

'l.-lO 

3.-10 

'1,-10 

(3 «0) 

(q^) 

SV 

* 
3,01 - \oi 

* 

3,01 
vi.oi 

q3,00       13,02 

q3.00  *  q3.02 

lf        (q3.00 +  "3.02 )   <  10 10 

2       qVfV^ lf   , 
q3.00  '  q3,n2    "nd 

q3.00  '•  q3,02     •n'! 

otherwise 

'3,01 
* 

'l.Ol 

3.01 

'1,01 

(3.91) 

(q3V 

(q^j) 

* 

3,0-1 
- 

v3,0-3 

vt,o-i 
3,0-1 

M).0OM3.n-2 

'3,00 * q3,0-2 

lf       (q3,00+ 13,0-2'   '   10 
in 

M 

if 

3,0-: '   q3.00  ttti 

q3.o-2  >  q3.00 ',nd 

3,0-1 

'1,0-1 

3,0-1 

1,0-1 

q3.no * q3.0-2 
—' z '         otherwise 

(3.92) 
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In the polar caps only the south/north advectlon terms give, hy 

Eq. (3.88) contribute to the advectlon of moisture. In .-centered 

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

and at the North Pole 

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 Te rms 

The friction terms F^ and f**?  appearing in the equations of 

motion (2.27) to (2.30) are given in horizontally differenced form in 
u,v notation by 

F1.00--«ß<ul.00-u3.00)(Tr0U0)"2 (3.95) 

fUom'*HXm'\Qt>>^'2 (3.96) 

F3.00-«^ul,00-u3.00)(lroV"2 

2K _  Vl + P 

^K^"<*i(0'm>'*>    (3•97, 



-103- 

u s-2 
1.oo-^.oo-v3.oo)0W 

2£_c  
(7,00 + PT) 

00      4,00 
(Moo + G)(0'7)v^oo   «-W 

These forms rest upon the approximation of the height difference 

(»! - Z3) In Eq. (2.36) by AZCTT/TT,,), where Az(- 5A00 m) and if  (m  800 mb) 

are standard values of (^ - z%)  and ff( respectively. The coefficient 

ß thus becomes ß - l^viLzf1,  and Is taken as 0.13 mb2 sec m"1, corre- 

sponding to y = 0.AA mb sec. 

In Eqs. (3.97) and (3.98) the surface wind speed 

(In u,v notation) by 
s Is given 

00 

00 
+ \V ! 

'-20 '02 

,1/2 

-22, 
(3.99) 

where V    = 0.7|vJ  and where V 
2 3  2 Vl (u^.v^) Is the wind 

extrapolated to level 4. Here the subscripts refer to the u.v grid 

(see Fig. 3.7).  The gustlness term Is given by the constant G - 

2.0 m sec -1 The surface drag coefficient Is given by the relations 

mln [(1.0 + 0.071^^ JIP-3, 0.OO25] . If .cean 

0.002 + 0.006(z4/5000 m), otherwise 

(3.100) 

where z^ is the elevation of the surface of the ground. 'lence C 

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 

■n  (or primary) grid.  Hence 

^oo " T (7T-ii + "n + ^-i-i + VP (3-101) 

recalling that the TT grid is displaced upward and to the left of the 

u,v grid (see Fig. 3.2). The factor (TT^ + p^RT^r1 in Eqs. (3.97) 

and (3.98) is thus the surface air density p . This averaging serves 

to "center" the pressure and temperature on the local velocity point. 

Note, however, that $ ff also involves a A-point averaging; although 
00 

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

the calculation of the surface evaporation and sensible heat flux at 

points of the TT grid (where averaging over velocity points ie  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  for the 5At = 30 min interval.  The factor n in Eqs. (2.27) to 

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

11. Moisture-Source Terms 

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

be written in differenced form as 

2mng(E - C) - 2(mn)00g(E - C)00 

^00 
5At (Aq )  - (Aq )   - (AqJ   - (AqJ 

E     J LS     J CM     3 CP 
(3.102) 

00 

where the subscript 00 denotes (in ir-centered notation) an arbitrary 

point of the TT 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 

(Aq )    - It- E 5At (3.103) 
3  E,00  ^00 UU 

according to Eq. (2.111), where E00 is the local evaporation rate it- 

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

given by 

c 
(Aq3)Tc n. 

= L2 (AT3) (3.104) LS.OO  fe    J LS.OO 

where (AT )  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 

(Aq )      - i 
CM,00  L 

(AT )     + (AT ) (3.105) 
CM,00     J CM,00 ' 

where (AT )     and (AT.)     are the temperature changes (over 5At) 
CM,00       J 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 

(Aq3)     " L2 ^V    + (A1V    I (3.106) 
CP,00  L  I  i  CP,00     3 CP.OOj 

where (AT )     and (AT )     are the temperature changes (over 5At) 
CP,00       s  CP,00 

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

vective condensation, as given by Eqs. (2.101) and (2.102), respectively. 
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The three moisture-change terms, Eqs. (3.10A) to (3.106), col- 

lectively constitute the total moisture sink due to condensation, 

which we may then write as 

I (Aq )  + (Aq )  + (Aq )  i  - |i- r 5At (3.107) 
L  J LS     J CM     J CP-I00  ''OO 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 

C00 " (PLS + PCM + V0O (3.108) 

where PLS, P^, and P^, are the precipitation rates resulting from 

large-scale condensation, middle-level convection, and penetrating con- 

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

12. Diabatic Heating Terms 

The heating terms HH^c and nH3/c in Eqs. (2.31) and (2.32) may 

be written in differenced form as 

'00Hl,00/cp (3.109) 

n00"3,00/cp (3.110) 

where the subscript 00 (in ir-centered notation) denotes an arbitrary 

point of the TT 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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(c)~\  nn -  (A. + R, - Rft)      ,        - 
P i»00 1 2 0    Art    V^ArtC. 

(AT  )      +  (AT ) /5At (3.111) 
CM CPJ00/ 

(c )"1H_ nn = (A, + 1,-1,)     f—^)  + rnn (—% p     3'00       3     4     2 oo V^ooS/      00 V^ooS 
+ |(AT )  + (AT )  + (AT )     /5At       (3.112) 

3 CM     3CP     3LSJ00/ 

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

wave radiation absorbed at levels 1 and 3, and R- - Rn and R. - R are 

the net long-wave radiation absorbed at the two levels. These terms in 

Eqs. (3.111) and (3.112) therefore constitute the radiative portions of 

the diabatic heating. The lower-level heating alao contains a contri- 

bution from the vertical sensible heat flux from the surface T.-.. The 

terms In (AT ) and (AT ) 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 ronal averaging, is employed in the main 

subroutines COMP 1 and COM? 2 principally for the mass-flux variables 

u. and u., as described in Subsection C.l above. The only other use 

of AVRX(K) is with the zonal-pressure force terms In T— + a,7Toi, r— 1 

and ITT T— + a-na. -r-j    ^n  t*46 momentum equations, as described in 
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Subsectlon 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 u. 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 ( ) the smoothed value of a variable ( ), the zonal smoothing 

subroutine AVRX(K) may be described by 

()oo-xo()-io+(1-2V()oo + xo()io 

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

and where the weighting or smoothing factor X  is given by 

X0 

10, for  N0 < 1 

( [l/8(ne/m0 - 1)]/N0,  for  N0 > 1 

Here n is the latitudinal separation of grid points at the equator, 

m- is the longitudinal separation of TT points at the latitude of the 

smoothing, and N. is the integer part of (n /m.).  The smoothing is 
U e 0 

applied N^ times at each latitude, as shown in Table J.7.  Note that 

the number of applications of the smoothing operator increases from 

zero between the equator and i34 deg latitude to 11 near the poles. 

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

latitude. 

An explicit smoothing occurs in the subroutine COMP 3, where the 

heating rates H and H. for the two model layers [as in Eqs. (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 COM? 3 (see Chap- 

ter II, Subsection G.4). 
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Table 3.7 

SMOOTHING PARAMETERS USED IN SUBROUTINE AVRX(K) 

Here X- Is the three-point smoothing weighting 

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

times the smoothing is repeated at each latitude. 

9, deg No Xo 
(LAT) (NM) (ALPHA) 

■34 to +34 0 

±38 1 

±42 1 

+46 1 

•50 1 

.+54 1 

+58 1 

+62 1 

+66 1 

+ 70 2 

+ 74 2 

+ 78 3 

+ 82 5 

+ 86 11 

0 

1.90 x  10"3 

9.56 
-3 

x  10 

1.90 
-2 

x  10 

3.06 
-2 

x   10 

4.51 
-2 

x  10 

6.37 >- io-2 

8.80 
-2 

x   10 

1.21 x  IO-1 

8.37 x   10"2 

1.19 x   IO"1 

1.19 x   IO"1 

1.19 x   IO"1 

1.19 x   IO"1 
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The remaining smoothing operations are performed on the lapse 

rate in the subroutine COMP A, which is called every 5 time steps. 

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

Tl " I (T3 + V " 7r[TD + is (TD " TD)] (3.113) 

T3 " i (T3 + Tl) + ^f10 + fe (TD " TD)1 (3.114) 

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

TD - -^ ( 3 2  
1 ) (3.115) 

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

TT grid, given in TT-centered notation by 

TD  ■ — (TD +  2TD  + TD  4   2TD   + 4TD 
00  16 ^  -22     02    22  /1 -20     00 

+ 2TD20 + TD_2_2 + 2TD0_2 + TD2_2) (3.116) 

Since the first terms of Eqs. (3.113) and (3.11A) 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 - TD, for example, T. and T. remain unaltered 

by this smoothing.  Viewed in another fashion, from Eqs. (3.113) and 

(3.114) we have 

T  - T 

A " " TD   M, ^ " TD + 75 ^ - TD) (3.117) 2TT        smoothed       48 

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

rate. 
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Another part of Che subroutine COMP 4 (In it ruction» 12270 to 

12680) provides for the smoothing of the locel velocity change through 

the simulation of a horizontal diffusion of raoa- «tun. This portion 

is omitted in the present version of the code through the assignnent 

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 cause, 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.  Over the globe this amounts to 

approxlr.ately a 0 0028 percent (2.8 ' 10"5) loss of mass per day of 

simulated time. To correct for this effect, the subroutine CMP is 

used once every 24 hours; in CMP  the local value of the surface pres- 

sure parameter, l, is Increated (at every point) by the amount 

9H4 mb - p^, wluri- p  Is the global awragi* HUN.ICC pressure determined 

each day (as the sum ol the global averaRe of the current I dixtribution 

and the constant tropopausc 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 proRram as the loaded constant PSF.  In 

the present version of the program this correction at each --arid point 

thus amounts to approximately 0.028 mb per dav. 

F.  CONSTANTS AND PARAMETERS 

1. Numerical Data List 

Although a number of the constants and parameters used in the mod- 

el Integration are «Iven 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 eanv reference. 

Presumably this loss would be reduced bv the use of double-pre- 
cision arithmetic. 
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Thoi« 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 

ratio of latent heat of conden- 
sation to specific heat at 
constant pressure, L/c 

P 

length of day 

days per year 

maximum solar declination 

north/south grid-point spacing 

east/west grid-point spacing 

time step, At 

time step. At 

standard value of vertical 
eddy mixing coefficient 

gravity, g 

vertical shear-stress 

coefficient (^ lO-5) 

grid points in meridional 
direction 

grid points in zonal 
direction 

thermodynamic ratio, < 

frequency of source-term 
calculation 

average surface pressure 

standard sea-level pressure 

tropopause pressure, p_ 

Symbol Value and Units 

CLH* 580/0.24 deg 

DAY 86,400 sec 

DAYPYR* 365 days 

DECMAX* 23.5Tr/180 radians 

DLAT A deg 

DL0N* 2IT/IM radians   (- 5 
* 

DT 360 sec 

DTM 6 min 

ED 10 m2 sec"1 

GRAV 9.81 m sec 

FMX 0.2 sec"1 

JM A6 

IM 72 

KAPA 0.286 

NC3 5   (every 30 rain) 

PSF 984 mb 

PSL 1000 mb 

PTR0P 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"1 sec"2 

solar rotation period R0TPER 2A hr 

upper model level, a SIG(l) 0.25 

lower model level, a SIG(2) 0.75 

solar constant (normalized) S0* 2880 ly day-1 (- 2 ly min"1) 

freezing temperature TICE* 273.1 deg K 

2.  Geographical Finite-Difference Grid 

The specific geographical position of the points of the A6 by 72 

grid is shown in Fig. 3.12. Here the grid points of the primary or 

v  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 scale 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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the corresponding global grid-point values are given every 5 deg longi- 

tude and 4 deg latitude (at the points of the TT 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 A 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 Tr-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 0 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 (SN0WN) 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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SN0WN 60 deg - 15 deg cos [|^- (day - 24.6)] 

where "day" Is the number of the day of the year, with day 0 correspond- 

ing to 1 January. A constant southern snowline (SN0WS) 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 

LfiNf)   HLFVATIIIN    ( 100   f-T) 

iftowiyswiTowihbwihowi'ibwisowiASwHownbwisowi^sw^owii^wiiowio^wlonw qsw 
90M « « t< * ^ « # >» * ft ft ft * ft ft ft * « 
B6M « « « $ ♦ Hi « « * ft ft ft « ft ft ft ft ft 
H?N « « >> « * « « « # ft ft « ft ft ft ft ft ft 
78N * « # « >;» Di « * # ft ft « ft ft ft 1 3 8 
7AN « « # « « $ * * « ft ft «i ? 3 3 3 4 8 
7()N * « * # 1A ?u ?H ?4 « ft ft ft 4 5 5 4 >f 5 
66N 10 (S « b 17 30 40 A? 37 ?9 ?? lb 10 6 6 6 5 5 
6?N « « $ * 1? ?4 32 3 7 41 4 3 41 32 20 0 R R 7 5 
bHN ^r « $ * « 1? « « <■ 34 46 45 34 22 15 12 9 5 
b^tNl « rt « 3 « « * * ft ft 34 46 46 37 26 Ifl 1? 8 
■JON * « # « « # * * ft ft ft 33 47 49 40 27 17 1 1 
A6N 1» * $ >;: « » « « ft ft * ft 43 SH 54 39 23 13 
't?N # * « « « * « « «> ft ft ft 40 62 64 50 29 15 
3HN ■K « « « « * « * « ft ft ft 32 57 65 54 32 15 
3^N 'f * « « « * « « ft ft ft IK ft 43 57 50 30 12 
30N * « * >;> * * « * ft ft ft ft ft 26 44 44 27 10 
?6N « >|! « « « >;: « « ft ft ft ft ft ft 28 39 29 ft 
??N * * * * # * « « ft ft ft ft ft ft ft 29 30 » 
1RN * « * * « « « « ft ft ft * ft ft ft ft 22 20 
UN « >,■< « # « III « * ft ft ft ft ft ft ft ft ft ft 
ION « « * * <•- « « ft ft ft ft ft ft ft ft ft ft ft 
6N * « « * « « « « ft ft ft ♦ ft ft ft ft ft ft 
?N * « « « « « # ft ft ft ft ft ft ft ft ft ft ft 
^S « « !l! # « « * « ft ft ft ft ft ft ft ft « ft 
6S * I' ';> « « « * ft ft ft ft ft ft ft ft • ft « 

10S * « « « m # « ft ft ft ft ft * ft ft * * ft 
l'..S « ",■< « « « « « « ft ft « ft « ft ft * ft ft 
IBS « « * « « * « « ft ft ft ft ft ft « ft ft ft 
^^S * « ■;< >;< « « * ft ft ft ft ft ft ft ft ft * ft 
?hS # # « * « III * « ft ft ft ft ft ft ft ft ft ft 
3ns « Di « « « « * * ft ft ft ft ft ft ft ft ft « 
JAS * « >» # <! III * Hi ft ft ft ft ft ft ft ft ft ft 
3fiS >K * « » « » # ft ft ft ft ft « ft ft « ft ft 
A?S « ♦ « « <: =;■ « ft « ft ft ft ft ft ft « « 
46S t * # * <. « « ft « ft ft ft ft « ft « ft ft 
50 S « * m * « « « « ft ft ft ft « ft » ft ft ft 
SAS « * « * « « ♦ ft « ft ft ft ft ft ft ft ft ft 
■bfiS « « « « >> * « ft ft ft ft ft ft « ft ft ft ft 
f.?S « « >:< ♦ « <i tr ft * « ft ft ft ft ft » » ft 
feftS « « # « « t * ft ft ft » ft ft ft ft * ft ft 
70S * « <i * * « f ft ft ft ft ft ft ft ft ft ft ft 
74 S # « « ■> # * t « ft ft ft ft ft ft ft ft » ft 
7RS » « * * <•- * # « * ft ft ft ft « ft ft ft ft 
R^S « <• * « # $ ft ft ft ft » ft ft » ft ft ft « 
R6S '.■ m « * « « <■ ft ft t ft ft 4 ft ft » * ft 
90S « << * « « w ft ft ft » » ft ft ft « « « • 
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Table 3.8  (cont.) 

LAND   R.FVATIIIN   ( 100   FT) 

90W R6W ROW 75W 70W 65W 60W 55W 50W 45W 40W 35W 30W 25W 20W 15W low 5W 
90N * « « « * ft ft ft ft ft ft ft ft ft ft ft ft ft 
BfeN « # * * 4 ft ft ft ft ft ft ft ft ft ft ft ft 4 

H2N « « « # * ft ft ft ft ft ft ft ft ft ft ft ft ft 
78N 19 29 ?6 ♦ * ft ft ft ft ft 4 ft ft »< 4 ft ft ft 
ytN 15 1« « « « ft ft ft ft ft ft ft ft ft ft ft 4 ft 
70N ■C 7 5 5 6 ft ft ft ft 4 * ft ft ft ft ft 4 4 

ft6N 3 2 >> « 6 5 ft ft ft 4 4 ft ft ft ft ft ft ft 
62N « « « 3 ■!■ ft ft ft ft 4 4 ft 4 ft ft ft ft ft 
SRN * « « 4 7 6 ft ft ft ft 4 « ft ft ft 4 ft ? 
54N 5 3 # 6 10 9 4 ft ft ft ft ft ft ft ft ft ft 3 
5 ON 7 5 6 9 10 ft ft 0 ft ft ft ft ft ft ft ft ft ft 
46N 9 « 9 10 R 4 * ft « 4 ft ft ft ft ft 4 ft ft 
'.?N 10 10 1 1 9 # ft ft ft ft ft ft ft ft ft ft ft 4 14 
3HN 9 11 10 m « ft ft ft ft 4 ft 4 ft » ft 4 10 18 
34N fy 7 b « * ft ft « ft 4 4 4 ft ft 4 4 ft 21 
3()N 4> « 1 « # ft * ft ft 4 4 ft ft ft ft 4 14 22 
2(SN # « « « ■Ji ft ft ft 4 « ft ft 4 ft ft 12 17 
22N * * 0 # « ft ft ft ft ft ft ft ft 4 ft 3 H 11 
IHN 13 * 4 « 0 ft ft « ft ft ft ft ft 4 ft 3 7 9 
1<»N 13 11 m « »i ft ft ft ft ft ft ft ft ft ft 3 7 10 
ION Dt « ft ♦ 19 14 ft ft « ft ft ft ft ft ft 4 6 R 
m $ 4> w 25 29 19 9 ft ft 4 ft ft ft ft ft 4 4 4 
2N * 0 « ™ 26 14 R 4 ft ft 4 ft ft ft 4 ft 4 4 

ZS * * 27 31 19 R 6 5 4 3 ft ft ft ft 4 4 4 ft 
6S ♦ * 29 3R 25 11 6 7 7 7 6 3 ft ft 4 ft 4 4 

10S * « * 50 4R 25 11 9 1 1 12 4 ft ft ft 4 ft 4 ft 
KS « « d 52 67 42 IB 12 14 15 11 ft ft ft 4 ft ft ft 
IBS « «1 « * 64 50 21 13 15 16 4 ft ft ft ft ft 4 4 

22S * « ♦ « 56 49 20 11 13 11 ft ft 4 ft ft ft ft ft 
26S $ « « % 51 45 17 R 7 4 ft ft ft ft ft 4 ft ft 
30S $ * # <• ',3 M 13 4 ft ft 4 ft ft ft ft ft ft ft 
3AS It « * <■ 31 27 9 2 ft ft ft ft ft ft ft ft ft 4 

3RS « * ♦ * 22 17 5 ft ft ft ft ft ft ft ft 4 ft ft 
<»2S * * « 17 20 10 ft ft ft 4 ft ft ft ft ft ft ft ft 
46S « « * 20 18 ft ft ft ft ft ft ft ft 4 ft ft ft ft 
50 S « * « 14 14 ft ft ft * 4 ft « ft ft ft ft ft ft 
54S « « * * 6 ft ft ft ft ft ft ft ft 4 ft ft ft ft 
SRS * « « « * ft « ft ft ft ft 4 4 4 ft ft ft ft 
62S * « i)r « * ft ft ft ft 4 ft ft ft 4 ft ft ft ft 
66S * « « 4 ■> ft ft « ft 4 ft ft ft 4 ft ft ft ft 
70S » # >;' 4 * ft ft ft ft ft ft ft ft ft ft ft ft 4 

74S « « « 4 « « ft ft ft ft 4 ft ft 4 4 ft ft ft 
7HS « * « « « ft ft ft « ft ft ft ft 4 ft ft ft ft 
H2,S « « « ♦ « ft ft « ft * 4 ft ft ft 4 4 4 ft 
H(S.S « 4 ♦ « ft * « ft ft ft 4 ft ft ft ft 4 4 4 

90S * >l> « ♦ ft ft ft 4 ft 4 4 ft ft 4 4 4 ft 4 
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Tcble 3.8 (cont.) 

LAND   KLFVATIflN   ( 100   FT ) 

0 5F 10F 15F 20F 25E 3oe 35F 40F 45F 50F 55E 60F 65E 7oe 75F 80f 85 
90N $ * ♦ Hi « * $ * » * « « * * * 
fl6N $ $ m « # « # i * » * • « * * 
fl2N * 0 ♦ * # * « W « « » * « * * 
7flN «I « * * « * * « * « « 4> * $ * 
T*N ♦ » ♦ « ♦ « * « • « 4 2 * * * 
70N « « « * 9 8 4 ♦ * * » 0 1 2 5 
66N « « « 10 11 fl 6 3 * 2 4 8 3 3 6 
62N « « 7 10 «1 4 5 4 4 4 7 5 4 7 
bBN V * « 6 0 3 5 5 5 6 8 6 5 7 12 
b<*N 3 4> R 9 7 6 6 6 6 6 7 9 10 14 23 
50N # 16 22 21 16 12 R 6 7 7 6 14 19 25 36 
Af.N 13 20 26 2R 24 17 9 R 14 13 « 26 36 42 48 
4?N 1A « * 20 22 16 « « 25 26 » 2n 4B 61 64 67 
3flN 41 ♦ « * 10 « 9 18 31 34 27 44 66 83 93 102 
34N 19 12 R * ♦ « « « 24 30 30 48 63 85 110 131 
30 N 2? 1R 14 10 7 S 6 10 17 20 22 36 41 59 88 112 
?hN 19 20 19 16 13 11 9 $ 16 16 « 18 27 43 55 
2?N 15 19 20 1R 17 16 14 14 17 19 13 • 11 16 15 
IHN 13 16 17 18 20 21 20 20 $ 25 15 * 8 * 
14N : i 1A 16 1R 21 23 24 31 38 32 * * 5 ♦ 
ION 10 14 1R 21 22 22 26 38 45 34 13 * 2 » 
6N 6 11 18 22 21 22 2R 37 39 26 « « * 
?N <■ ♦ 14 19 20 25 33 37 30 15 » * * 
?S « « 10 1R 22 29 37 36 22 41 * ♦ * 
6S « « * 20 2R 33 37 31 16 « « * « 

10S « * « 24 34 34 32 23 « « « * « 
US ♦ * 0 27 36 33 2R 18 * « 4 * • 
IRS ♦ * « 26 3'> 31 24 14 * 6 ♦ « * 
??S $ « « 23 32 30 22 11 * 5 • * * 
?6S 4 « « 17 27 30 22 t * » • * * 
30S « * « * 17 22 17 * « 4 * * * 
3AS « « * * 7 * « * * 4 * * * 
3«S « « << ♦ * * « # * « * * * 
<*2S * 9 « * « « * « 1 « * * » 
46S * * * * * ♦ « * « # « * • 
M)S « « « ♦ ♦ « * $ « « « * * 
545 « « « * » $ » * « « « * * 
^8S * « « * * $ * * « » A * I 
6?S « « « • « « * * * « * * » 
66S t « « * * * * $ « » « I * 
70S » * * * « » « * « << A • • 
7AS « « » « « « ♦ * « <> « * i 
7RS « « * * * * <> $ * ♦ * * * 
8?S » e « * * « « * « « « * * 
R6S « ♦ • « » « « • # « » * * 
90S * « « • * « » « « 4 ♦ * • 
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Tablc 3.8 (cont.) 

LAND ELEVATION (100 FT) 

906 95Ei00ei05E110B115E120E12')E130E13!JE140E145ElS0E15'JEl60F165El70El75E 
90N « * « « « * * m « 4 4 4 4 4 4 
86N i « « * 0 * it « 4 4 4 4 4 4 4 
fl2N * « * * « « « « 4 4 4 4 4 4 4 
7flN $ ♦ * * 4 « « * 4 4 4 4 4 4 4 
74N 7 11 8 5 « 0 « » 4 5 4 4 4 4 4 
70N 12 17 13 9 6 6 10 15 17 17 15 13 11 4 4 4 
66N 13 17 15 13 11 12 16 23 27 30 29 27 26 27 27 23 15 
62N 12 18 18 20 22 22 23 25 27 27 26 24 27 31 29 21 4 
5BN 19 27 28 32 34 33 30 28 22 0 0 0 19 4 4 4 
54N 35 44 40 38 34 29 26 20 0 4 4 8 4 4 4 
50N 48 58 43 34 27 22 21 18 9 4 4 4 4 4 
A6N 55 M 41 30 21 17 16 13 4 4 4 4 4 
A2N 71 ft7 39 26 17 14 11 4 1 4 4 ♦ 4 
38N 108 105 88 39 20 7 « 4 4 4 4 4 4 
3AN UO 131 105 38 16 « * 1 4 4 4 4 4 
30N 121 117 97 35 15 o * 4 4 4 4 4 4 
26N 70 29 12 0 * 4 4 4 4 4 4 
22N 41 18 * * * 4 4 4 4 4 4 
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Table 3.9  (cont.) 
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TabU 3.9 (com.) 
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Table  3 9  (cont.) 
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Table 3.10 
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Table 3.10  (cont.) 
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%fN « « « •;> « « « * if 4 10.8 IP.8 
3HM * tf =;> * « « if * # 16.0 1 4 . 0 20.2 
S-VN 1^.3 * 'r * « * if * if 23.1 22.4 21 .4 
30N Ih.h :1' # * >;> * 24.3 M . 3 if 24.2 2 3.7 ^3.6 
?ftN 18.7 1H.8 * * * 25,1 26.3 26.3 ?6.a 25.7 25.4 25.3 
??N 20.H 22.0 24,5 * if 26,0 2 7.0 27,4 $ 26.4 26.3 26.1 
18N 23.R 24.7 26.2 27.4 « t if 27,7 27.6 27,1 4 26.6 
l^N 25.7 26.3 27,2 27,7 28.0 s*.? if 4 27.3 26,7 26.2 26.^. 
ION 26.4 27,2 27,6 27,6 27.6 ^7,5 /7.4 27,6 if 26,1 4 4 

6N 26.9 26.9 26,9 26,9 26.9 26,8 26.8 26,8 26.9 4 4 4 

2N 25.5 25.5 25,5 25,2 25.1 2 5,0 2 5.0 25,0 2 5.0 4 4 4 

?S 23.H 23.5 23,5 23,3 22.9 22,4 22.0 21.4 * 4 4 4 

6.S 25.2 24.9 24,6 24,3 23.7 23,2 22.4 21.0 4 4 4 4 

10S 25.^ 2 5.0 24,8 24.3 23,9 23,2 22.4 21.3 18.3 4 if 4 

US 25.2 24,9 24,3 23.8 23,4 22,7 21.9 20,8 19.0 « « 4 

1«S 2A.H 24.5 24,1 23,2 22,8 22,2 21.3 20,2 19.2 16,7 4 4 
?2S 23.8 23.6 23.2 22,8 22,2 21,5 20.7 19,9 18.7 17.1 * 4 

2hS 22.A 22.3 22,1 21,9 21,8 21,1 20.3 19.6 18.6 17.3 4 4 

30S 20.0 20.0 20.0 20,0 19,8 19,3 19,0 18. A 17.4 16.3 4 4 

34S 17.5 17.5 17.5 17.5 17,4 17,1 16.9 16.8 16.6 15.1 4 4 

3flS 14.6 14.6 14.6 14.6 14,6 14,5 14.5 14.5 14.^, 14.0 4 4 

'.PS 12.3 12.3 12,3 12.4 12,4 12,4 12.5 12.4 12.3 4 4 4 

46S 10.1 10.1 10.1 10.0 10.1 10,1 10.1 10. 1 10.3 if 4 10.8 
50S 7.3 7.3 7,4 7.5 7.5 7,6 7.7 8.0 8.1 4 4 8.5 
^-iS 4.7 4.8 5.(1 5.1 5.3 5,6 5.9 6.2 6.6 6. 7 4 6.6 
5flS 1.6 2.1 2.3 2.5 2.7 3,1 3,4 3.7 4.1 4.2 4.3 4.1 
h2S -0.6 -0.6 -0.1 0.1 0.4 0,6 0,9 1.0 1.3 1 .4 1.2 0.7 
ft^S * -l.fi -1.5 -1.3 -0.9 -0,8 -0.7 -0.6 -0.6 4 4 4 
70S * « « « * * if * # if 4 4 

74S « * 4 f ■» •-> if if » if 4 4 

7HS * * 4 * « >ii $ if 4 4 4 4 
H?S « •■i # « * « if « * 4 4 4 
flftS « « » * * « 4 « 4 4 4 if 

40 S * * « <- * if if a 4 * 4 4 
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Table 3.10 (cont.) 

SFA-StJRFACF   TFMPERATURF    (OFG   C» 

60W 5SW r>0W 45W 40W 35W 30W 25W 20W 15W low 5W 
90N « ■;■ # * $ « « « • * « m 
86N « « $ * ♦ « « « * «1 w * 
fl2N ♦ « * >!■ « m # « * » Hi * 
78N ♦ * « «< * « « « * $ * * 
T*N ♦ $ Hi « $ « « W $ * id -0.6 
70N * * « * # * m « * 0.5 0.5 2.5 
66N <■ -0.1 « « « * 4.2 5.2 5.5 5.7 5.9 6.0 
6?N O.A 1.4 0.2 « 4.4 5.9 6.7 7.6 8.5 8.6 8.6 8.6 
^RN 1.1 3.1 3.5 3.R 5.4 6.6 7.7 8.7 9.6 10.3 10.2 * 
6^N ♦ 2.5 4.6 6.3 8,0 9.5 10.4 11.1 11.5 11.6 11.4 * 
50N us * A.l 8.8 12.2 13.0 13.5 13.5 13.2 12.8 12.3 12.0 
46N S.6 6.1 6.A 11.9 15.5 16.2 16.1 15.1 14.6 14.1 14.0 13.9 
4?N lA.R lb.3 14.R 15.R 17.9 17.8 17.3 16.5 16.1 15.8 14.8 * 
3RN ?0.2 20.0 19.9 19.6 19.9 19.3 18.7 18.3 17.8 17.3 « * 
3W ?1.R 21.7 21.6 21.6 21.1 20.6 20.2 19.8 19.4 18.9 18.1 «i 

30N ?3.A 23.3 23.1 22.9 22.4 22.0 21.6 21.3 20.8 19.8 if Hi 
?6N ?^.l 2A.9 24.5 24.3 23.8 23.3 22.9 22.3 21.4 19.8 » «i 

22N ?6.() 25.6 25.2 24.6 24.2 23.9 23.5 22.6 21.1 (i * * 
IHN ?6.'5 26.3 25.7 25.2 24.9 24.6 24.0 23.4 22.2 * » « 
IAN 26.7 26.7 26.6 26.1 25.7 25.3 24.9 24.6 24.5 * «i * 
ION 26.1 26.H 26.9 26.9 26.6 26.2 25.9 25.8 25.9 26.2 * * 
6N « 26.A 26.8 26.9 26.8 26.6 26.5 26.5 26.6 26.9 26.9 « 
?N * « 26.5 26.7 26.7 26.8 26.6 26.5 26.3 26.0 25.8 25.8 
2S * * « * 26.7 26.7 26.5 26.2 25.8 25.4 25.0 25.0 
6S ■I« « * « « « 26.6 26.1 25.8 25.4 24.9 24.4 

10S « * « » # 26.5 26.3 25.7 25.1 24.5 23.9 23.3 
IAS « « « * * 25.8 25.8 25.0 24.1 23.7 22.9 22.2 
IRS » I(I « * « 25.3 25.3 24.5 23.6 23.0 22.2 21,4 
2?S * $ « « 23.9 24.5 24.5 23.8 23.0 22.4 21.7 20.8 
2hS # * * 22.1 23.5 23.0 23.0 22.9 22.3 21.8 21.3 20.8 
30S « it 19.3 21.8 20.7 20.5 20.6 20.8 20.6 20.1 19.7 19.2 
3AS * « 1R.6 19.6 18.2 18.1 1R.1 18.1 18.1 17.8 17.6 16.9 
3RS « 13.2 16.6 16.4 15.0 15.2 15.1 15.0 14.9 15.0 14.6 14.0 
A?S 11.R 11.3 13.8 13.3 12.0 12.1 11.9 11.8 11.8 11.7 11.3 10.4 
A6S 9.6 9.1 10.A 9.6 8.5 8.1 8.1 8.0 8.2 8.1 7.1 6.6 
bOS 7.0 6.0 7.0 6.0 4.7 4.2 4.0 4.0 3.8 3.5 3.0 2.9 
5AS 6.0 A.9 3.R 2.5 1.5 1.4 1.3 1.0 0.9 0.7 0.5 0.5 
■jRS 3.3 2.1 0.9 0.0 -0.5 -0.6 ♦ * * * » « 
h2S « « * « * « » * « • * • 
66S t * * * « # t » * ♦ » ♦ 
70S *■■ >;■ * tt « « * « » • * * 
74S * * * * « « * « * ft * » 
7HS <> A « ■? $ << 6 « * » 1 « 
R2S « <■ « t * * « « * w * • 
R6S « * * * « « * » * * » « 
9ns « « * * <■ ■> * w » « * » 
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Table 3.10  (cont.) 

SFA-SMR^ACF   TFMPf-RATllHK-    (DFG   C) 

90N 
0 5F 10F 15F 20F 25^ 

4 

4 

30F 35F 40F 45F 50F 55F 

R6N « >!< * * I)I 

* 

4 * 4 4 4 

R2N « « « * 4 4 

4 4 4 4 4 

78N « 0.0 0.5 * » 4 

4 

4 

2.2 
3,0 

4 

4 4 « 4 

74N 
70N 

6?N 

0.4 

6.? 
fl.4 

1.6 

6.3 
7.2 

2.4 

6.2 
6.3 

2.9 
5.5 

3.0 
>!i 

4.2 

2.9 
4 

4 

4 

2.5 
4 

4 
4 

4 

1.9 
2.4 

2.2 
4 

« 
4 

4 

4 

4 

4 

4 

4 

1.7 
1.9 

4 

4 

4 

* 
4 

4 

* 
4 

4 

50N 

3flN 

30N 

9.1 

1 1 .ft 

17.3 

H. 1 
9.S 

« 
17.2 
1 7.4 

-l< 
# 

7.6 

« 
>> 

17.3 
18.0 

V 

1H.5 
19.6 

6.1 

4 

19.ft 

4 

4 

4 

4 

« 
19,2 
19.ft 

4 

4 

4 

4 

15.3 
4 

19.5 

4 

4 

4 

4 

1 5.3 
4 

19.4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

9.1 
12.3 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

?6N 

1RN 

»It 

« 
* 

* 
4 

4 

* 

4 
4 

4 

4 

»it 

$1 

;?Ät3 
4 

4 

4 

4 

4 

4 

4 

2ft. 3 
4 

4 

4 

4 

ION 
£ 

9 

* 

* 
* 
* 

4 

4 

4 

4 

4 

fit 

* 

27. 7 
4 

4 

4 

4 

4 

4 

2ft.3 
4 

25.H 
2ft.1 
2ft.1 

?.N 26.1 26.4 « * 4 

'It 

* 
»^ 4 4 2ft.2 26.9 

?S 2S.4 25.9 « * >> 4 

^ 4 4 2ft. 7 2 7.3 
6S 24.4 24.9 24.9 « 4 ^ 

)> 4 2ft. 7 2ft.9 27.5 

10S 23.0 23.1 23.7 4 ^ 4 

4 

4 

^ 4 2ft.9 2 7.0 2 7.3 

KS 21.6 20.7 20.9 « 4 
* * 2ft. 9 2ft.H 2ft.H 2ft.ft 

1HS 20.9 19.H 18.3 ■;■ 4 

^ 
* 
<■ 

* 2ft. 7 2ft.ft 4 2ft. 2 
??S 20.2 19.^ 17.8 ■s 4 ^ 

♦ 2ft. 3 4 2ft.2 25.7 

2AS 19.H 19.1 18.0 4 ]> 4 

4 

21.1 
18.1 
13.3 
7.ft 
3,5 
0.4 

# 25,4 4 2 5.0 24.7 

30S 19.0 lfl.4 18.0 16.H ;;c 
4 24.5 24.4 24.0 23.7 2 3.3 

3^S 
3HS 

■JOS 
5AS 
5HS 

16.9 
13.S 
9.9 
6.0 
2.8 
0.6 

« 

16.9 
13.3 
9.8 
S^ 
2.8 
0.6 

* 

17.0 
14.0 
10.1 
6. 1 
2.9 
0.6 

17.4 
15.9 

11,3 
6.9 
3.0 
0.5 

* 
17.9 
13.3 
7.6 
3.5 
0.5 

21.1 
18.0 
12.3 

7. 1 
3.4 
0, 3 

22. ft 
20.ft 
1 7.0 
1 1 .5 
ft.ft 
3.2 
0, 3 

22.3 
20.0 
lft.5 

11.1 
ft.O 
2.9 
0.4 

2 2.0 

19,5 
1ft.4 
11.1 
5.9 
2.9 
0.4 

21.4 
19.0 

16, 4 
11.3 

6. 1 
3.1 
0.5 

20.9 
1H.4 
1ft. 3 
1 1 .ft 
ft. f 
3.0 
0.5 

6?S 
66S 
70S 
7^S 
7flS 
fl2S 
fl6S 

0 

* 
* 

* 

♦ 
>> 
III 

* 
* 
■i 

$ 
■i 

* 

* 

4 

* 
4 
* 
* 
4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

',■ 

4 

4 

-0.9 
4 

4 

4 

4 

4 

4 

-0.9 
* 
4 

4 

4 

4 

4 

-0.9 
4 

4 

4 

4 

4 

* 

-0.7 
4 

* 
4 

4 

* 

-0,6 
4 

■/ 

4 

4 

4 

* 
40 S « 41 * * « 4 4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

« 
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Table 3.10 (cont.) 

SM-SURFACF   TFMPFRATIIHK    (DFR   C) 

60F 6SF 70E ViF HOF 85F 
« 90N « « « 'JOF        95E      lOOF      lost      HOF      use 

■K « « $ 

VAN     *      *      *      «      ,       : «      *      *      *      « 
TAN     *      «      *      ;      ;      !      !!!**• 
70N «****!!***** 

* « # 
* « « 

* " * * * id 
''**»* 6ftN « <> 

5^ « « « * A „ * * * * * * 

* * « 4 * * * « 

SON     *      *      *!!!!***** 
?6N 

>? * * * * 

P-^N     25.0     ^f,.1,     26,5 # * « at   s !            t           !            * * 
IAN     26.2     27.2     27   5 * I ri\ ?i   i III* 23'B 

UN     26.4     27.3     27   6 * * "  J \l\l *,         I           *       ff^ 26.7 
l6N I?1 p2]-«6 r-4 2B*0 * -^ 2"'' S:  28 6        : :28 

:' Hi! Hi! P:1 1111 J. 'v HÜ"' 
iH H:i i; ; •" ii-' H--i in '':' -:''- i;ii ^ 

6S     27..     27.5      .7..     ^^ ^^ ^^ -^ ^^ *«'* ./„     ü*}           * 
27,0 27,1 27,1 27,2 27.2 , ,. . - »;|   :  n:f »:: -; -- -- »- ;:;: ^ ».. ^.? 

:    :  p:] f?:; j;:^ ^:] »:,- \x iti f        'T 
JOS     20,5     20.1      19.7      19.5 19.2 18.8 18.6 ,H.S fl  A ,«   '      ^   ,      ,„ 
v,.; r?8 n4 72 7n M fi 1H-' lR-s IR

-'' ifl»9 ^^ ^.« 

3 ■!;; % i in; s ü:; ü-I 
'0s ^" ^o l:?? 1:1 lit    ; ; :: :j ;•; ;.i ;.7 

I -Y -- -r -v '4 ''■' x x £ X ^ B <■      *      *      « *      *      *      « 

78S * ■:. * * * I I I * * * * 

90S *****.! * * * * * « « « * * 
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Table 3.10  (cont.) 

SFA-SIIRf-AO   Tf-MPf-KATIIKH    (Der;   C) 

90N 
120E 12SF 1301- 135? 140F 

ft 
146F 

ft 
160F 

ft 
166F 

ft 
160F 

ft 
16SF 170F 

ft 
176F 

ft 
R6N 
R2N 
78N 
74N 
7()N 

* 
* 
* 

* 

ft 

* 
ft 
ft 

ft 
ft 
ft 
if 

ft 

* 
ft 
ft 
ft 
if 

ft 
ft 
ft 
ft 
ft 

ft 
ft 
ft 
ft 
ft 

ft 
ft 
ft 
ft 
ft 

ft 
ft 
ft 
ft 
ft 

ft 
ft 
ft 
ft 

6?N 
5RN 

A6N 

* 

Hi 

it 

* 

if 

ft 
« 
ft 
ft 
* 

ft 
ft 
ft 
* 
if 

6.1 

# 
ft 
ft 

3.0 

A,0 
A.l 

ft 
ft 
ft 

3.1 
4.? 
4.6 

« 
« 
if 

ft 

4.6 
6.6 

ft 
ft 
ft 
ft 

4.9 
6.6 

ft 
ft 

2.1 
3.6 
6.1 
7.1 

ft 
ft 

2.6 
3.7 
6,3 
7.4 

ft 
ft 

2.7 
3.9 
6.S 
7 .6 4?N 

3fiN 12,0 
1A.A 

* 13.0 

If).6 

10.3 
14.0 

11.3 
■,••■ 

19.S 
1 4 „ S 
19.7 

9.3 
15,5 
19.fl 

1 0. 3 
16.0 
19.R 

11.3 
16.1 

19.7 

11.3 
16.0 
19.6 

11.3 
16.7 
19.3 

11.3 
16.6 
19.0 3flM if 1R.R 22,0 22,8 22,6 22.3 22,2 22.? 22.1 22,0 21 .9 21.8 ?6N 

22N 
1RN 

20.H 
?5.0 26.) 

24.9 

26.2 
^.7 
26.1 

24.6 
26.1 

■?L .6 
26.1 

24.6 
?6.1 

?4.S 
26.1 

24,4 
26.0 

?4.4 
26.8 

24.2 
26.6 

24.1 

26.6 
?! ,1 27.7 ?7.7 27.6 27.6 27.4 27,3 VI.? 27.1 26,9 26.7 ?6. S * 2R.1 2R.0 28,0 27.9 27.8 ?1.1 ?7.7 27.6 .'7.4 27.2 27. 1 ION 2fl, 1 t 28. 1 2R.3 2R.3 28.2 28. 1 28.0 27.9 ?7.R 27. 1 2 7.6 6M ?8.? ^R.? 2R.2 ?H.4 28,6 2R.R 28,fl 28.6 2H.3 2R. 1 27.9 ?7 .R ?N 2R.? 2R.? 2R.3 2R.H 28.R 29.J 29.? ?9.1 ?R.R 28,4 2R.2 ?R . 0 

10S 
IAS 
IRS 
^i'S 

?R.? 

27.9 

2R.? 
2R.1 
28,0 

2R.? 
28. 1 
2R.0 

2R.3 

28.0 

2R.6 
ft 

?7.6 

28.7 
if 

7 7.6 

2R.9 
?H.4 

ft 

?9.1 
2R.6 
2R.0 

29.1 
2R.9 

2R.2 

2H.R 
29.0 
28.4 

2H.4 
2R.8 
28.4 

2H.? 
2R.4 
?H .4 27.3 

26.4 
2 7.3 

* 

1 7.6 
14.7 

if 27,4 
ft 

25,9 
ft 

?6.? 
24.q 

26.6 
?5.2 

26.R 
26.6 

27,0 
VS.8 

27.2 
26.8 

^7.3 
26.R 

?f.S 
3ns 
3AS 
3HS 

* 
1A.S 

* 
17.^ 
14.6 

V 

ft 
ft 

17.6 
14.R 

ft 
if 

ft 

14.S 

if 

ft 
ft 

ft 

1 5,0 

23,7 
« 
ft 
« 

15.2 

23.9 
2?.R 
2 1.0 
1R.R 
1 6.4 

24.1 

23.3 
21,0 
1R.6 
1 6.6 

24,3 
22.7 
20,3 
17.7 
) 5,5 

24.? 

??.? 
19.7 
17.6 
16.4 

24.1 
22.1 
19. 1 

I /.S 

A?S 12,0 12.1 1^.2 12,3 12.7 « 13.4 13.R 14. 1 14.3 « 14 .? AfiS 

5ns 
R.9 
■5.9 

9.0 
6.) 

9.3 

7,0 
9.8 
7.S 

10.3 
7.9 

10,9 
8,4 

11.4 
4.0 

11,fl 
9.1 

12.1 
9.2 

1 1,8 
9.0 

1 1 .8 
R . 6 

I?.2 
R .0 ■iAS 3.3 3,6 4.0 4.6 5.0 6.4 6.7 6.R 6.9 6. 7 6.6 S    /. 

SRS n.9 l.n 1,3 1 .6 1,8 2,2 2,3 ?.4 2,6 2,5 2.'> ? .6 6?S 
hftS 
7ns 

* 
-0,8 

ft 
-0.7 

ft 

-0.6 

if 

-0.4 
ft ft 

ft 

ft 
ft 
ft 

0.0 
ft 

0.0 
if 

0.0 
it 

0.0 
* 

-o.l 
ft 

7AS 
7RS Hi 

« * if 

* 
ft 
ft 

* ft 
* 

ft 
* 

< 
ft 

if 

ft 
4 

ft 
ft 
if 

R?S « ^ « if if ^t * ft * if >;; 
HhS * * if if if Jj; 

if 

ft 

90 S « « ft ft ft ft i- 

* 
* 

ft 
* 

<• 
ft 

>> 

ft 
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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/O)   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 1/0 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 

TAUIH + 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 hist    y-restart  tape  as  If no  interruption had 

occurred;  otherwise,   the new data are written at  the  beginning of a 

different  tape.     If TRST 4 0.   the parameter TERM determines whether 

the  old history-restart   tape  is   to be  terminated  after  the  restart data 

are  read  from it.     If  TERM - 0.   the old  tape  is  not   terminated.     The 

data-set  reference number of  the  tape   to be written  is  alway.  11.     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 

1 ID 1-4 -- 

1 XLABL 5-40 — 

2 TAU ID 1-10 day 

2 TAUIH 11-20 hour 

2 TRST 21-30 — 

2 TERM 31-40 — 

3 TAUO 1-10 — 

3 TAUD 11-20 hour 

3 TAUH 21-30 hour 

3 TAUE 31-40 day 

3 TAUC 41-50 — 

4 DTM 1-10 min 

4 NCYCLE 11-15 isW 
4 NC3 16-20 is^) 
5 JM 1-5 — 

5 IM 6-10 — 

5 DLAT 11-20 deg 

6 AX 1-10 — 

Description 

Four-character identifier 

Thirty-six-charanter identifier 

Day  to start   ) 
I start   time » 

Hour to start) TAUIH + 24*TAUID 

Output-tape  control parameter ) see  re- 
> start 

Output-tape  control parameter ) procedure 

Not used 

Frequency to  recompute solar 
declination 

Frequency  to write history-restart 
tape 

Time  to stop  computation 

Not used 

Time step 

Time extrapolation  control parameter 

Frequency  to  call   COMP 4  and C0MP  3 

Number of N-S grid points  (in Tl  grid) 

Number of E-W grid points   (in v grid) 

Distance between N-S grid points 

Diffusion  coefficient   (not  used) 

(1) 
The IS unit is one integration time step. 
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Card 
Number 

7 

7 

Name 

FMX 

ED 

TCNV 

Card 
Columns 

1-10 

11-20 

21-30 

Units Description 

in"5      -1 
10    sec 

m 

sec 

8 RAD 1-10 km 

8 GRAV 11-20 m sec 
8 DAY 21-30 hour 

9 RGAS 1-10 2,,    -1 m deg 
sec 

9 KAPA 11-20 — 

10 PSL 1-10 mb 

10 PTR0P 11-20 mb 

11 PSF 1-10 mb 

12 DLIC 1-10 — 

13 KSET 1-10 — 

14 MARK 1-3 __ 

15-376      Topography  Deck 

377 CLKSW        1-4 

377 RSETSW       11-14 

377 LDAY        21-23 

377 LYR 31-34 

Shear-stress coefficient 

Constant used in air/ground 
interaction 

Relaxation time for cumulus con- 
vection 

Earth radius,  a 

Gravitational acceleration, g 

Length of day 

Gas  constant, R 

Thermodynamic coefficient, K 

Sea-level pressure 

Tropospherlc pressure, p 

Surface pressure,  p 

Not used 

Not used 

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. 

- see description below. 

If the  characters 0FF are punched 
in columns  1 to 3 with column 4 
blank,   the solar declination will 
remain  fixed. 

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. 

day Day of year if time  is  reset 

year Year if  time  is  reset 

The topography deck is  read only if MARK t 0.    The deck contains 

2 + 5  •  MARK cards  and is  read in subroutine  INIT 2.     The  topography 

deck card layout is as follows: 
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Nuraber 
of Cards Name Descrlotion 

3-MARK 

TEMSCL 

Sea-surface 
temperature 

2«MARK 

HSCL 

Land 
elevation 

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 tPTiperature  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)   is  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,   T0P0G.   IT,   GW,   TS.   GT,   SN.   TT.   Q3T.   SD,   U,   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 1:1(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/O 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, TdPfilG. PT, GW, TS. GT. SN. TT. Q3T. 

SD, H. TD.  The first logical record on a disk is always T0P0G. 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 1$  (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: 

«M T ^    afrayS may be referred t0 by different names.  For example, 
Q(J,I.K) contains TT, Ul. U3, VI. V3. Tl, T3, and Q3 for K - 1 through 
ö.  See the common and equivalence block in Chapter VII for more detail. 
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Card 
Parameter Columns 

TU 1-10 

TEND 11-20 

TAP IN 21-24 

The desired maps will be generated for T0, 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 IIAPN0 (the map number) and SURF 

(the a 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 

MAPN0       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 

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 

TAU (1) 

ID (1) 

MAPN0 (1) 

NAME (13) 

SURF (1) 

STAGI (1)» 
STAGJ (l)f 

SINT (1) 

W0RK2 (JM.IM) 

ZM (JM) 

ZM2 (JM) 

ZMM (1) 

Description 

Time in hours 

Four-character identification from the model 

Map number 

Map title 

Sigma surface or pressure level for which the map 
is generated 

Logical variables indicating whether the maps are 
staggered (offset) in the I and J directions 

Not used in the present version 

Map array 

Zonal mean 

Zonal mean, excluding points on land or ice 

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 MODKL OUTPUT 

1« __ Maps of Selected Vartai)lcs 

To Illustrate the general nature and structure of the snlutions 

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 p^ Uj , u3, Vj . Wy  Tj, ty  and q^ (as repre- 

sented by the relative himldltv), and for the «eopotentlal helnhts. 

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 0 GMT) of a basic or control simulation of 
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northern-hemlsphere winter, with the program as listed in Chapter VII 

and with the fixed sea-surface temperature and ice distributions as 

shown in Chapter III. 

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 TT Rrld and continental outlines shown as in 

Fig. 3.12.  For eacli map the designation S/P denotes the o level of 

the map, with S/P ■ 1 fjr those maps without a level designation as 

well as for the surface.  The velocity, temperature, and geopotential 

heights may be generated for any 0 5 7 < 1 by extrapolation and in- 

terpolation from the solutions at a - 1/4 and 0 *  3/4, and may also 

be displayed for any pressure surface p «: 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 9 coordinates, with 

the exception of the geopotential height in Map 6, which is given for 

both 0 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 (a - 1/4, 3/4) 

3 Meridional (south/north) wind component (o - 1/4, 3/4) 

4 Temperature (o - 1/4, 3/4) 

6     Geopotential height (a - 1/4, 3/4; p - 400, 800 mb) 

8 Total dlabatic heating (a - 1/4, 3/4) 

9 Large-scale precipitation rate 

10 Sigma vertical velocity (a - 1/2) 

11 Relative humidity (a - 3/4) 

12 Precipitable water 

13 Convective precipitation rate 

14 Evaporation rate (o - 1) 

15 Sensible heat flux (a - 1) 

16 Lowest-level convection (a - 1) 

19 Long-wave heating in layers (a - 0 to 1/2, o - 1/2 to 1) 

20 Short-wave absorption (heating) in layers (a - 0 to 1/2, 
a - 1/2 to 1) 

22 Surface short-wave absorption (o ■ 1) 

23 Surface air temperature (a - 1) 

24 Ground temperature (a - 1) 

25 Ground wetness (a - 1) 

26 Cloudineds (high, middle, low) 

28 Total convective heating in layers (o - 0 to 1/2, 
o = 1/2 to I) 

29 Latent heating (a - 1/2 to 1) 

30 Surface long-wave cooling (a ■ 1) 

31 Surface heat balance (a - 1) 
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Flg. 4.1. Smoothed Sea-Level Pressure (Map 1) 

(mb - 1000 mb) 

This map is calculated from the expression 

Pc 
exP ( ~ 1 " J-000 mb f    V RT 

where pg is the surface pressure, <t>^ 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 

1 Y*4 
4  2 g 

3     1 
Here ^ a J T3 " J T]. 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 

( ) - — 00, smoothed  16 ( )-22 + 2( )02 

+ < )22 + 2( )_20 + 4( )00 + 2( )20 

+ ( )-2-2 + 2( )o-2 + ( h-2 

where  the subscripts   (in  n-centered notation)   refer to adjacent points 

of the TT grid   (see Fig.   3.6). 
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Flg. 4.2. Zonal (West/East) Wind Component (Map 2) 

(m sec  ) 

This map Is calculated from the expression 

U3(G -i) +ui(f-a) 

with 0 s o s 1 an arbitrary o surface.  For o = 1/4 and a • 3/4 this 

reduces to the primary variables u. and u., respectively, and for other 

a 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 a in the above expression is replaced 

by (P " Pj)/^ ). where TT is the average of TT at the four IT 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:  a " 1/4. 



-145- 

c 
a 

c o o o O 
in 

I 

c 

I 

o 

•H 

to 
> 
<u 
u 
C 

•H 

QJ 
C 

O a 
•H 

T3 
C 

■H 

-a 

A 

■-J 

3   I 
^   U 

0) 

c e 
o 

N; in 



-1A6- 

Flg. 4.3. Zonal (West/East) Wind Component (Map 2) 

(m sec ) 

This map is calculated from the expression 

with 0 s a s 1 an arbitrary a surface.  For a = 1/4 and a = 3/4, this 

reduces to the primary variables vy  and u , respectively, and for 

other o represents a linear extrapolation and interpolation of u in 

a (or p) space. The zonal wind component may also be generated for 

an arbitrary pressure surface p, in which case a in the above expres- 

sion is replaced by (p - PT)/(7T
U
), where i?  is the average of TT at the 

four IT 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:  a = 3/4. 
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Flg. 4.4. Meridional (South/North) WinH Component (Map ^ 

(m sec  ) 

The map Is calculated from the expression 

with 0 s a =£ 1 an arbitrary a surface.  For a - 1/4 and a = 3/4, this 

reduces to the primary variables ^  and v^ respectively, and for 

other a represents a linear extrapolation and Interpolation of v In 

a (or p) space.  The meridional wind component may also be generated 

for an arbitrary pressure surface p. In which case a  In the above 

expression Is replaced by (p - pT)/(n
u), where vU  Is the average of 

TT at the four TT 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 Isollne Interval. 

Level shown In map at right: a = 1/4. 
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Flg. 4.5. Meridional (South/North) Wind Component (Map 3) 

(in sec ) 

This map Is calculated from the expression 

with 0 ^ o i 1 an arbitrary o surface.  For o ■ 1/4 and a = 3/4, this 

reduces to the primary variables v. and v , respectively, and for 

other a represents a  linear extrapolation and interpolation of v in 

a (or p) space.  The meridional wind component may also be generated 

for an arbitrary pressure surface p, in which case a in the above 

expression is replaced by (p - pT)/(TtU), where TT
11
 is the average of v 

at the four v  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:  a = 3/4. 
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Flg. 4.6.  Temperature  (Map 4) 

(deg C) 

This map is calculated from the expression 

(OTT + p )*   ( T 

p3  " Pi        Pi 

+ ^- [(air + pT)K   - P^] ^     - 273.1  deg 

with 0 «: a <; 1 an arbitrary  o surface.    This  represents  the linear 

interpolation and extrapolation of  the potential  temperature 

0 - T(po/p)    in p    space.     For a -  1/4 and 0-3/4,   this  reduces to 

the primary variables ^  and T3,  respectively.    Here p    is  the  tropo- 

pause pressure  (- 200 mb)   and .c - 0.286.    The  temperature may also be 

obtained at an arbitrary pressure surface psp^p    »7i + p    by 

replacing   (air + pT)   in the above expression by p. 

Level shown  in map at  right:    a -  1/4. 
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Flg.  4.7.     Temperature  (Map 4) 

(deR C) 

This map Is calculated from the expression 

(on + p   )K    I   T 

T - ——~ < 4 fP. " (01« + ?S] K   *wl      vu"   '  *? 
p3 " pl        (  Pi 

♦-^C<0« ♦ PT)<  -Pjl ) - 273.1 deg 

with 0 ^ n ^ 1 an arbitrary o surface.     This represents the  linear 

interpolation and extrapolation of   the potential temperature 

"  " T(P0/p)     In p    space.     For 0  ■   1/4  and o »  3/4,  this  reduces  to 

the primary variables  T    and  T   ,   respectively.     Here  p     is   the  tropo- 

pause  pressure   (- 2')0 mb) ,   and  -   - 0.286.     The  temperature may  also 

be obtained at   an arMlrarv pressure surface p    <p<;p    »"^p    by 

replacing   v'1" * p.. >   In  tlw  above expression bv p. 

Level   shown   In map  nt   rlj-jit :     0  -   3/4. 
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Fig. 4.8.  Geopotentlal Height of o Surface (Map 6) 

(100 m) 

This map Is  calculated from the expression 

z        * * *A 

102 g 

where ^ is the geopotential of the earth's surface, g is the accelera- 

tion of gravity, and where the geopotential c). of an arbitrary o surface 

is given by 

R( 
* = 2 | Tl 

Pi " Pn 
2K   2tc < K K   K 

+ P3 - P! + 2p1p3 - Ha*  + pT) p3 + 2(av  + pT) 2K 

K,    K 
2<P1(P3 - P^) 

+  T„ 
PT " Pn 

2K 2K K   K K   K Pj    - 2p1p3 + 4(a7r + pT)"pJ 

2*V>3 - Pi) 

2(07r + pT) 
2K 

I 

Here pT is the tropopause pressure (> 200 mb), < - 0.286, and R is the 

dry-air gas constant.  For a - 1/A and o « 3/4, this reduces to *. and 

*3, respectively, while for other a it represents a linear interpolation 

and extrapolation of the potential temperature In pK  space.  The geo- 

potential height of an arbitrary pressure surface pT i p s TT + P may 

also be obtained by replacing (OTT + pT) in the above expression bv p 

(see Figs. 4.8a and 4.9a). 

Level shown in map at right:  a - 1/4, 
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Fig.   4.8a.     Geopotential Height  of  Pressure Surface  (Map 6) 

(100 m) 

This map Is  calculated from the expression 

102 g 

where <t>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 

* ^ 2 j Tl 

Pl " PT +  P3K - pf 12Vy3 - ^ + 2?
2K 1 

K ,    K 
2<Pi(P3 - P]) 

+  T, 
P3 " pT 

2K 2K       . < K 
Pl " P1P3 + 

. K   K 
^P P1 2p 

2K 

2<PK
3(PK

3  -  pj) 

Here pT is the tropopause pressure (=- 200 mb) , K ■ 0.286, and R is the 

dry-air gas constant. For p - p1 and p = p3, 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 

a surface 0 «: a «: 1 may also be obtained by replacing p in the above 

expression by (air  + pT) (see Figs. 4.8 and 4.9). 

Level shown in map at right:  p = 400 mb, 
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Flg. 9.  Geopotentlal Height of o Surface (Map 6) 

(100 m) 

This map is calculated from the expression 

102 g 

where ^ is the geopotentlal of the earth's surface, g is the accelera- 

tion of gravity, and where the geopotentlal $ of an arbitrary o surface 

is given by 

RI 
* " 2 j Tl 

Pi " Pi 
2K 2K K   K 
3 - P1 + 2p1p3 - 4(aTr + pT)

Kp^ + 2(air + PT) .2* 

2<Pi(P3 - pj) 

+ T„ 
P3 " PT 

2K 
-  Pi 

2< 0 K < j 
- 2p1p3 + 4(oTr + 

v< K 
PT) vl 2 (OTT + pT) 

IK 

2<P3(P5 " Pj) 

Here pT is the tropopause pressure (- 200 mb), K - 0.286, and R is the 

dry-air gas constant.  For a - 1/4 and 0-3/4, this reduces to * and 

♦3, respectively, while for other a  it represents a linear interpo- 

lation and extrapolation of the potential temperature in pK space. 

The geopotentlal height of an arbitrary pressure surface p «: p ^ TT + p 

may also be obtained by replacing (arr + pT) in the above expression by T 

p (see Figs. 4.8a and 4.9a). 

Level shown in map at right:  a ■ 3/4, 
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Flg. 4.9a.  Geopotentlal Height of Pressure Surface (Map 6) 

(100 m) 

This map Is calculated from the expression 

- Uli. 
io2 g 

where ^ is the geopotentlal of the earth's surface, g is the accelera- 

tion of gravity, and where the geopotentlal <$, of an arbitrary p surface 

is given by 

*-2|Tl 

Pl " PT Pf - 4K +  2PlP3 - ^5 + 2p2K "- 
2^Pi(P3 - P^) 

+ T, 

2K 2K K K K   K 
3 " pl " 2PiP3 + 4P ?! " 2p 

2K 1 

2<P3(P3 - P^) 

Here pT is the tropopause pressure (= 200 mb), K =  0.286, and R is the 

dry-air gas constant.  For p = p1 and p = p3, 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 p^ space. The geopotentlal height of an 

arbitrary a surface 0 < cr r: 1 may also be obtained by replacing p in 

the above expression by (OTT + pT) (see Figs. 4.8 and 4.9). 

Level shown in map at right:  p = 800 mb. 
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Flg. 4.10.  Total Heating (Map 8) 

(deg day" ) 

This map is calculated from the expression 

H - 2(^(1- a) +H3(a -^JAS 

where 1^ 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 

H - (AT.)  + (AT.)     / Al + R2 " R0 2^ 1 \ 
1     1 CM     1 CP   \     cp      TT 48y 

T        / A, + R. - R0 + F4  ,  . 
H - (AT.)  + (AT.)  + L. PREC + ( _3 1 2 2^ 1 
3     J CM     3 CP  cp       \        c        ir 48 

where (AT )  and (AT )  are the temperature changes (over 5At) due to middle- 
.   ,   J

i CM      1 CP 
level and penetrating convective heating in the upper layer, respectively [with 

(A1V™ and ^&'IV  similarly defined for the lower layer], A, and A, are the 
-' CM       J cp 13 

net rates of short-wave radiant-energy absorption in the two layers, R , R , 

and R^ are the upward long-wave radiative flux at each level, F4 is the upward 

flux of sensible heat fiom the surface, L is the latent heat of condensation, 

and PREC is the large-scale condensation or precipitation rate.  The factor 

(2g/ir)   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 o - 1/4 and o ■ 3/4, this expression reduces to the net heat-induced 

temperature changes in the upper and lower layers, H and H , respectively. 

For other 0 <; o < 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 o In the above expres- 

sion by (p - p )/TT. 

Level shown in map at right: a  - 1/4. 
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Flg.  4.11.     Total Heating (Map 8) 

(deg day    ) 

This map is  calculated from the expression 

H - 2 |HI(| - a)  + H3(o - ^ | 48 

where H.. and H„ are the net temperature changes in the upper and lower layerp , 

respectively, over a time interval 5At (the time interval over which the heat- 

ing is calculated by means of the subroutine COMP 3).  Here 

H. - (AT.)  + (AT.)   ♦ ( Al + *2 " RQ ^ig) 
1     1 CM     1 CP   \     Cp      * A8/ 

/ A + R  - R + F4 
H, = (AT,)   + (AT,)   + — PREC +  —2 2 i  it i_ 
3     3 CM     3 CP   Cp        \ Cp        *     ^ 

where (AT.)   and (AT.)   are the temperature changes (over 5At) due to middle- 
CM        CP 

level and penetrating convective heating In the upper layer, respectively [with 

(AT )   and (AT,)   similarly defined for the lower layer], A. and A are the 
-' CM       ^ CP 1     ^ 

net rates of short-wave radiant-energy absorption in the two layers, Rn, R., 

and R, 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 condenstion, 

and PREC is the large-scale condensation or precipitation rate.  The factor 

(2g/ir)   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 C, and Instructions 11410 tn 11490, COMP 3, 

for further details). 

For 0 ■ 1/4 and a "   3/4, this expression reduces to the net heat-induced 

temperature changes in the upper and lower layers, H  and H , respectively.  For 

other 0 s o s 1 It represents the assignment of the layer's temperature change to 

its midpoint, and the subsequent linear interpolation and extrapolation in a 

(or p) space.  This representation of the di.ihatic heating may also he generated 

for an arbitrary pressure, p, by replacing a in the above expression by (p - p )/w. 

Level shown in map at right:  9 ■ 3/4. 
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Flg. 4.12. Large-Scale Precipitation Rate (Map 9) 

(ram day ) 

This map Is calculated from the expression 

2 

PREC (?-) 48 — 
2g    Pw 

where the large-scale precipitation rate (PRIX) 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 

( ^-q^ld^r1. q3>qs(T3) 
PREC - 

( 0 , otherwise 

where q. is the water-vapor mixing ratio at level 3, q (T.,) is the 
3 s  j 

saturated mixing ratio at the ambient level-1 temperature T. (see 
2-1 

Fig. 4.14), and the parameter Y3 ■ Lqg(T3)(c T3)  5418 deg, with L 

the latent heat of condensation and c  the dry-air specific heat at 
P 

constant pressure. The factor -/2g represents the mass (per unit area) 

in the lower-layer air column (J - 1 tr c - 1/2). The factor 48 (the 

ratio of 1 day to 5£t) represents I >  jmber of times per day the 

precipitation (PRIT.) is computed by mran^ of the subroutine COMP 3. 
— ^ 2 

Together with the density of water, c ■ 1 g cm , the factor 10' 
•^ w 

converts to the desired units.  See Chapter II, Section F and in- 

structions 8610 to 8690, COMP 3, for further details. 
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Flg.   4.13.     Sitpna Vertical Velocity  (Map 10) 

(mb hr    ) 

This map la calculated from the expression 

iro - 
2inn 

where a - o2 - da/dt at level 2 and S is a measure of the difference in 

horizontal mass convergence between levels 1 and 3, given by Eq. (2.34), 

Chapter II, as 

M la 
dx 3y 

.    * * 
where u - niru and v - mirv 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 

*o - u. - off, where ■ - dp/dt is the Isobaric vertical velocity and 

* - dpg/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 detalla. 
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FlR. A.14. Relative Humidity (Map 11) 

(percent) 

This map Is calculated from the expreaslon 

"3 ^W 

where q3 is the water-vapor mixing ratio at level 3 and q (TJ is the 

saturation mixing ratio at the ambient level-3 air temperature T . 

Here q8(T3) is given by 

0.622 e (TJ 
q (T ) -  9  3 
VV  0.1P3 - e3(T3) 

where p3 is the (total) pressure at level 3, and the saturation vapor 

pressure «S(T3) is given by the sami-empirical formula 

Both p3 and e8 here are in the units cb (centibar - lO
-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 

(i.e., qj 5 0), so that Map 11 is always for the level o - 3/4. 
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Flg. 4.15.  Preclpitable Water (Map 12) 

(cm) 

This map is calculated from the expression 

,1  N 10 

where q3, the mixing ratio at level 3, is interpreted as the average 

mixing ratio between the surface (a - 1) and level 2 (a - 1/2), and 

where the density of water, p . is taken as 1 g cm"3, which together 

with the factor 10 serves to give the desired units.  The factor 

t/2g represents the mass (per unit area) in the lower half of the air 

column (c - 1 to o - 1/2), and results from the vertical integration 

of the water-vapor distribution. 
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Flg. A.16.  Convtctlve Precipitation Rate (Map 13) 

(mm day ) 

This map is calculated from the expression 

(AT )  + (AT )  + (AT )  + (AT ) 
CM    1 CP    J CM    -* CP .. N   in2 

L/c Cfc) 48 ~ 
P g     w 

where (^T )  and (AT )  are the temperature changes (over 5At) due 
•L CM        ■l (;p 

to middle-level and penetrating convective heat transport in the upper 

layer, respec;ively [with (AT )  and (AT,)  similarly defined for 
CM CP 

the lower layer], L is the latent heat of condensation, c is the 
-5 P 

specific heat at constant pressure, o - 1 g cm  ts the density of 
w ' 

water, the factor Tr/2g represents the mass in each layer (per unit area), 

and the factor 48 (the number of 5At intervals In one day) together with 

the factor 10 serves to convert to the desired units.  The quantity 

(L/c )"1 - Cl + PCI + CJ + PC3 
P 

(AT.)   + (AT )   + (AT.)   + (AT.) 
I    CM     1 CP     J CM     3 CP 

in FORTRAN notation, and corresponds to the quantity PREC In Map 9 for 

the large-scale precipitation "ate. 

In the map shown on the right, the convective precipitation rate 

has a maximum of approximately 2UU  mm dav"1.  This rate, however, Jasts 

for a relatively short time, and, due to the nature of the compute 1 

convective heating, cl aracterlstlcallv occurs at Isolated grid points. 

Sei- instructions 8700 to 8890, QUO to 9390, C0MP 3, and Chapter II, 

Subspctlon F.3, for further details. 
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Flg. A.17.  Evaporation Rate (Map 14) 

(ram day ) 

This map is calculated from the expression 

E4 

w 

C^P, 
10 DAY 

+ WET   • 

V          + 2.0 m sec sloo 

5418.deg q   (T  ) s     8 

i 

■1) 
WET • q (T ) 

■  g 

■- (TGR - T ) - Q4 10  DAY 

-2   -1 
where E4 is the evaporation in g cm  sec  , p. is the surface air density, 

-3 
Pw - 1 g cm  the density of water, WET a (calculated) ground wetness parameter, 

q_(T ) the saturated mixing ratio at the (computed) ground temperature T , TGR a 
a g g 
(computed) ground temperature parameter including the effects of radiation, and Q4 

a measure of the mixing ratio at level 4.  The surface drag coefficient C  Is given 

by 

T) 

| min N 1.0 -t- 0.07|Vg|
r j 10"3, 0.0025  ,   if ocean 

I 0.002 + 0.006   (2,75000 m) 
m otluTwlse 

with 7.     the elevation of the surface.  Here |V I   is given In terms of the wind 
' s'oo 

speeds at the four velocity points surrounding a pressure (or tt-nperature) point by 

the expression (In "-centered notation) 

^ I*  .1 
8,00  2 11 ■11 -1-1 1-1 

where f^  - 0.7|V4J and V^ " T ^3 " 2 ^1 (thc w,n', »'^trapolated to level 4).  The 

additive term 2.0 m sec-1 Is an empirical (orrectlon for gustlness, and the factors 

10, 10 , and DAY (- 86,400) convert to the desired units. 

The term Q4 is Interpreted as the effective moisture )ust «bovt the surf.ir«-, 

and the terms In WIT represent the effective surfare moisture.  The entire term 

in ( 1 thus represents the vertical moisture pradlrnt near the earth's surface. 

As shown in the map on the rlg'u, most of the evaporation occurs over the ocean 

(where the term (TOR - T ) is zero], although the evaporation Is occasionally 

negative elsewhere (representing condensation »n thi surface).  See instruc- 

tion« 11220 to 1120^, COMP 3, and Chapter II, Subsection V.h,   for further details. 
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Flg. 4.18.  Sensible Heat Flux (Map 15) 

(10 ly day"1) 

This map is calculated from the expression 

^^P ( I^II + ^ m  8eC'1) (TB " 
T4) 10 DAY \    00 /  *   *• 

where p^ 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 

^ j min [(l.O + 0.07|V8|J lo"3. 0.OO25],  if ocean 

D " ) 
/ 0.002 + 0.006(z4/5000 m), 

00 

otherwise 

with z4 the elevation of the surface. Here if I« i8 glven ln tenns 

00 
of the wind speeds at the four velocity points surrounding a pressure 

(or temperature) point hy the expression (in --centered notation) 

\%*-H\%r\%r\**\L*\u 
where ^ - 0.7^1 and ^ - | V3 - 1 f, (th- wlnd extrapolated to 

level 4). The additive term 2.0 m sec"1 1. H empirical correction 

for gustlness, and the factor 10 DAY (- 10 - 86,400) conv.rtt to the 

desired units. Th. sensible heat flux rF4 In the FORTRAN code) 1. 

positive when ground temperature 1. greater than surface air tempera- 

ture tf| > T4). representing a heat flux from the ground to ehe air. 

As shown In the map on the right, however, this flux 1« often nega- 

tive. See Instructions 11220 to 11290. COMP 3, and Chapter II, Sub- 

section C.3, for further details. 
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Flg. 4.18a. Lowest-Level Convection (Map 16) 

(deg) 

This map Is calculated from the expression 

* * * 
j h4 - h3,  if  h4 > h3  and  h3 < h^^ 

EX = 
)   0  ,  otherwise 

where the static-energy parameters are given by 

* vl   T 
h, = T. + — + — q (TJ 
1   1  c   c  s  1 

p  p 

^  L 
h, = T. + — + — q, 
3   3  c   c  3 

P   P 

h  - T- +-^ + ^- q (T.) 
3   3  c   c  s  3 

P   P 

4   4  c  4 
P 

where ^ • p i« the geopotential and q is the saturation mixing ratio. 
* s 

The condition h, > h. thus ensures instability between levels 4 and 3, 

while the condition h- < h- ensures stability between levels 3 and 1 

(i.e., there is no middle-level convection). Hence EX > 0, and repre- 

sents the adjustment of the level-4 temperature due to convection.  If 

h, < h. the computed value of EX is regarded as due to low-level con- 

vection, and is used to modify both the lowest-level temperature (T.) 

and lowest-level heating (Q4).  If h, > h the computed value of EX is 

regarded PS  due to penetrating convection, and is used to modify not 

only T. 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. 
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Flg.  A.19.    Long-Wave Heating In layers  (Map 19) 

(deg day    ) 

This map Is calculated from the expressions 

"P 

AL. 
p 

(R2 - RO)^) —    if    0 5 J < 0.5 
TT   C 

(R4 - R2)(£&) —    if    0.5 ä a < 1 
TT   C 

for an arbitrary o surface, where R0, R2, R4 are the upward long-wave 

radiation fluxes at the levels a ■ 0, 1/2, 1, respectively. The dif- 

ference (R2 - R0) is thus the net long-wave radiation absorbed in the 

upper layer o - 0 to a - 1/2, and (R4 - R2) is the net long-wave radia- 

tion absorbed in the lower layer a  = 1/2 to a =■ 1. Usually this heat- 

ing is negative, representing a net leng-wave cooling. The factor 

(2g/TT)- represents the air mass in either the upper or lower layer 

(per unit area), and c Is the air's specific heat at constant pres- 

sure. Thus, depending upon whether a < 1/2 or a > 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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Flg.  4.20.    Long-Wave Heating In Layers   (Map 19) 

(deg day    ) 

This map Is calculated from the expressions 

'p 
(R2 - RO)^) — If 0 < a  < 0.5 

IT C 

^1. 
'P 

(R4 - R2)(£&) — If 0.5 < a < 1 
TT C 

for an arbitrary a surface, where R0, R2, R4 are the upward long-wave 

radiation fluxes at the levels a = 0, 1/2, 1, respectively. The dif- 

ference (R2 - R0) Is thus the net long-wave radiation absorbed In the 

upper layer o « 0 to o ■ 1/2, and (R4 - R2) Is the net long-wave radia- 

tion absorbed In the lower layer a = 1/2 to a = 1. Usually this heat- 

ing Is negative, representing a net long-wave cooling. The factor 

(2g/Tr) ' represents the air mass in either the upper or lower layer 

(per unit area), and c is the air's specific heat at constant pres- 
P 

sure. Thus, depending upon whether a < 1/2 or a > 1/2, either one of 

two versions of this map is produced. See Chapter II, Section G, and 

Instructions 9750 to 10230, COM? 3, for further details. 

Layer shown in map at right:  lower layer. 
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Flg.   4.21.     Short-Wave Absorption  (Heating)  In Layers   (Map  ?m 

(deg day"  ) 

This map Is calculated from the expressions 

Vf^ 7"    if    0 < a < 0.5 

Vl^ T"    if    0.5 < a < 1 

if the cosine of the sun's zenith angle exceeds 0.01.  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 A1 and A3 are the absorbed short- 

wave radiation in the upper layer (a = 0 to o = 1/2) and lower layer 

(a = 1/2 to a = 1), respectively, the  factor ^gAr)"1 represents the 

mass (per unit area) in each layer, and c is the specific heat at 

constant pressure. Thus, depending upon whether the arbitrary value 

of a 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 Itvel a - 0 

and the downward short-wave flux at the level a = 1/2.  Similarly, A 

is the difference between the downward fluxes at the levels a - 1/2 " 

and a - 1.  in 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:  upper layer. 
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Flg.  4.22.     Short-Wave Absorption  (Heating)   In Layers   (Map 20) 

(deg day" ) 

This map Is calculated from the expressions 

Vf^ f"    lf    0 < a < 0.5 
P 

V^) 7"    if    0.5 < a < 1 
P 

If the cosine of the sun's zenith angle exceeds 0.01.  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 A1 and A3 are the absorbed short- 

wave radiation In the upper layer (a = 0 to o - 1/2) and lower layer 

(a = 1/2 to a = 1). respectively, the factor (2g/Tr)~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 a 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 a = 0 

and the downward short-wave flux at the level a = 1/2.  Similarly, A 

Is the difference between the downward fluxes at the levels o - 1/2 

and a - 1.  in 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. 
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Flg. 4.23.  Surface Short-Wave Absorption (Map 22) 

(100 ly day"1) 

This nap Is calculated from the expression 

S4/100 

if the cosine of the sun's zenith angle Is greater than 0.01, 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. 
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Flg. 4.24.  Surface Air Temperature (Map 23) 

(deg C) 

This map Is calculated from the expression 

T4 - 273.1 deg 

where T^ is the air temperature at the surface (level A).  Since T 

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 T^ resembles the extrapolated value 
3     l 
2 T3 " 2 Tl ^where T3 and '* 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. 
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Flg.  4.25.    Ground Temperature  (Map 24) 

(deg C) 

This map is calculated from th»>. gmurJ-teaperature  (T    )  depen- 

dence of the terms In the surface heat-balance equation,  assuming ♦■he 

ground to be a perfect Insulator of zero heat capacity: 

R. + r + H_-s   -u 4 Eg 

~      4    4 
Here the surface long-wave cooling R. is given by R. + a(T  - T ), 

the surface sensible heat flux T by C_(T  - T.), the latent heat flux 
r gr   4 

from surface evaporation H by C (q  - q,)L/c , and S is the solar 

radiation absorbed at the surface. Here R, is a preliuinary deter- 

mination of the surface long-wave cooling, and T  is a revised or im- 

proved value of the ground temperature T . For further details, see 
8 

Chapter II, Subsection G.3. 

Over ice- or snow-covered land and over sea ice, T  is not al- 
8^ 

lowed to exceed T (» 273.10K).  Over sea ice this balance is altered 
o 

to include a heat flux into the sea ice given by -B(T  - T ), where 

B is an assumed ice conduction coefficient.  Over open ocean the ground 

temperature T  is taken equal to the assigned sea-surface temperature 

T • TGOO (see Fig. 3.14), and there is thus no ground-temperature cor- 
O 

rection to either the surface long-wave radiation (R, ■ R.) or to the 

surface saturated mixing ratio (q  - q ). 
se   s 
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Flg. 4.26.  Ground Wetness (Map 25) 

(dlmenslonless) 

This map is calculated from the expression GW ■ 10 WET, where 

WET Is assigned the value 1.0 (saturated) over ocean, ice, and snow 

surfaces, and is calculated over (bare) land surfaces according to 

WET - (GW)^ - (GW)old + (! - runof f) (A  >     ^L * 

TOTAL    ^ 

in which the old or previous value of GW is altered according to the 

surface water balance. Here (Aq )     = (E - C)(2g/7r)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"2).  The runoff factor 

varies between 0 and 1, and is taken as 0.5(GW)   if (GW)   < i 
old      old 

(unsaturated surface), and as unity if (GW)^ = 1 (saturated), pro- 

vided (^3)     > 0 in either case.  If (Aq )     < 0, representing 
TOTAL J 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)new < 0 lt: ls set to zero, and if (GW)new > 1 it is set 

to unity. The resulting wetness is then multiplied by 10 in order to 

scale the final GW from 0 to 10. 
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Flg. 4.27. High Cloudiness (Map 26) 

(dlmenslonless) 

This version of Map 26 Is calculated from the expression 

CL1 = mln(-1.3 + 2.6RH-, 1) 

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 

Is taken as the fraction of the sky covered with high or tvpe-1 clouds. 

This cloudiness measure may be Identified with towering cumulus between 

the levels 3 and 1, and Is associated with either mldd:.e-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 a = 1/4 In the map-generating program in Chapter VII. 

See Chapter II, Subsection F.6, for further details. 
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Flg. 4.28. Middle Cloudiness (Map 26) 

(dlmenslonless) 

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 

a - 3/4 in the map-generating program in Chapter VII.  See Chapter II, 

Subsection F.6, for further details. 
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FIK. 4.29.  Low Cloudiness (Map 26) 

(dimensionless) 

This version of Map 26 Is calculated from the expression 

CL3 - inln(-1.3 + 2.6RH , 1) 

where RH. Is the level-3 relative humidity (as In Map 11).  If 

CL3 5 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. A.27).  For identification, this 

cloudiness is assigned the index o ■ 1 in the map-generating pro- 

gram in Chapter VII.  See Chapter II, Subsection F.6, for further 

details. 
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Flg. 4.29a. Total Convectlve Heating in Layers (Map 28) 

(deg day" ) 

This map is calculated from the expression 

IK )      +  (AT ) (| - a) +    (AT )      + (AT.)      ] (o - j) Us 
CM X CPl    H lJCM JCPJ 4| 

where (AT.)  and (AT.)  are the temperature changes (over 5At) due 
CM      ■l CP 

to middle-level and penetrating convectlve heating, respectively, In 

the upper layer [with (AT )  and (AT )  similarly defined for the 
CM      ^ CP 

lower layer]. The factor 48 converts to the desired units, and the 

factor 2 represents (a3 - c^)" .  For a other than (?-(- 1/4) and 

O- (- 3/4), this map thus generates the convectlve heating rate by 

linear Interpolation and extrapolation in o (or p) space.  If a 

p surface is requested, o in the above expression is replaced by 

(P - PT)Af. See Chapter II, Section F, and instructions 11410 to 

11490, COUP 3, for further details. 

Layer shown in map at right: upper layer. 
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Fig. 4.29b. Total Convectlve Heating In Layers (Map 28) 

(deg day" ) 

This map la calculated from the expression 

(AT )   (a - -M 48 
CM     J CP J     4 ) 

where (AT )  and (AT )  are the temperature changes (over 5At) due 
CM      x CP 

to middle-level and penetrating convectlve heating, respectively, In 

the upper layer [with (AT )  and (AT,)  similarly defined for the 
CM      J CP 

lower layer]. The factor 48 converts to the desired units, and the 

factor 2 represents (a3 - c^)"
1. For a other than a (- 1/4) and 

o3 (- 3/4), this map thus generates the convectlve heating rate by 

linear interpolation and extrapolation in o (or p) space.  If a 

p surface is requested, o in the above expression is replaced by 

(P - PT)/*.  See Chapter II, Section F, and Instructions 11410 to 

11490, OOMP 3, for further details. 

Layer shown in map at right:  lower layer. 
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Flg. 4.29c. Latent Heating (Map 29) 

(deg day"1) 

This map la calculated from the expression 

7- (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 c is the 
P 

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. 
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Flg. 4.30. Surface Long-Wave Cooling (Map 30) 

(100 ly day"1) 

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, C0MP 3, for further details. 
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Flg. 4.31. Surface Heat Balance (Map 31) 

(100 ly day"1) 

This map is calculated from the expression 

(S4 - R4 - F4)10"2 - (LpwE4)10"
3 

where SA is the short-wave radiation absorbed at the surface (as in 

Map 22), RA is the net upward long-wave radiation at the surface (as 

in Map 30), FA is the upward sensible heat flux from the surface (as 

in Map 15), and EA is the heat expended in evaporation from the sur- 

face (as in Map 1A). Here L is the latent heat of evaporation, p 
-2     -3 

is the density of water, and the factors 10  and 10  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 of 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. 
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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 tlae 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 :ab 

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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Flg. 4.32 — Dally sequence of smoothed sea-level pressure.  The dashed line 
is 1000 mb and the isoline interval is 5 mb (see Fip,. 4.1). 



DAY  402 
-218- 

90 

50. 

30 

10 

•10 

-     -30 

■90 

DAY  403 

Fig.   4. '12  —  Continued. 



-219- 

DAY 404 

DAY  405 

-so 

Fip,   4.32  —  Continued. 



DAY  406 

■220- 

to 

10 

so 

30 

10 

-10 

-JO 

•50 

-TO 

-»0 

DAY  407 

«o 

TO 

50 

in 

10 

-•.n 

-in 

Fig.   4.12   —  Continued, 



-221 

DAY 408 

'c 

»• 

10 

I« 

-I« 

)« 

•%• 

■to 

00 

DAY  409 

Fig. 4.32 — Continotd« 



-223- 

Preceding page blank 

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 coimnonly associated with the numerical simulation of the 

general atmospheric clrcuJatlon.  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 .ilbedo of the earth's surface, a (ALS), is assumed constant 

for tv^p tvpes of surface topography:  0.1A for bare land, 0.07 for 

ocean. The albedo of ice and of snow-covered Ipnd 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, ac (ALAC), used in the treatment of radiation varies between 

0.6 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, ex (ALA0, instruction 

10450), is a function of pressure and solar zenith angle, while for an 

overcast sky, a , it depends upon both a and a (see instructions 
ac O      C 

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 (a - 0) the condition o - do/dt - 0 is Imposed. This ensures no 
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motlon th.  gh the surface p - pg at the ground (kinematic boundary 

condition), and no motion through the surface p = p (free surface 

condition), where pT (- 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 temparature is fixed 

at a climatological mean value, whereas over a snow or ice surfte (sea 

ice or glacier) the surface ground temperature, although In general cal- 

culated by the model, is not allowed to warm above 0 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 uc.  The cloudiness also affects the long-wave ra- 

diation balance (see Chapter II and subroutine COM? 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 Wails 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, q , 

is at the level a - 3/4 and this is assumed representative of the av- 

erage moisture in the layer a - 1/2 to 1.  Convective condensation (Cl, 

C3, PCI, 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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negatlve 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 distributions. 

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 diabetic 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 ^ and e3 are both set equal to the 

value (T1 + T3)/(p* + p^), if prior to the adjustment 63 > | .  See 

Chapter II, Subsection F.l, for further details. 

Coriolis Force 

The Coriolis force (per unit mass), f - 2n sin (p, is computed for 

each latitude by means of a finite-difference approximation to the 

equality sin 9 - - *  "cosT9' This ±B  Perfo™ed in the subroutine 

MAGFAC (see instructions 14700 to 14750), wherein F(J) is the Coriolis 

parameter.  See Chapter III, Subsection C.5, for further details. 
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Dlffuslon 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 C is a function of the sur- 

face wind speed, V , and is given by 1.0 + 0.07|v |l0  or 0.0025, 
B S 

whichever is smaller. Over land (and ice or snow) C is given by 

0.002 + 0.006(z^/5000 m), where z, is the height of the surface.  This 

is computed as CD in subroutine COMP 3 (see instructions 7910 to 7980). 

See Chapter III, Subsection CIO, 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 lb 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 TT 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 TT, T, 4), 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 TT 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 TT grid at 

the surface.  For computational convenience additional subgrids are 

defined In Chapter III (see Fig. 3.2). 

Friction 

The internal frlctional force arising from the vertical shear 

stress of the horizontal wind between levels 1 and 3 is written 

HCVJ - V3)(z1 - z3)" (2g/Tr), where y - 0.44 mb sec is an empirical 

shear-stress coefficient. This frlctional force is applied with op- 

posite signs in the equations of motion at levels 1 and 3. The frlc- 

tional force at the earth's surface (which affects level 3 only) is 

written C^dvJ + G) (2g/7r), „here CD is the drag coefficient. Vs 

the (extrapolated) surface wind, and G - 2.0 m sec'1 an empirical 

correction for gustiness. These frlctional 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 CIO, 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, AX, is equal to 

5 deg longitude (FORTRAN symbol DL0N), 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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polnts, A9, la 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 1A850). See Chapter III, Section B, 

for further details. 

Ground Temperatur» 

The temperature of the ground at the earth's surface (FORTRAN 

symbol TG) Is computed In subroutine COM? 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 

surf.  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 TG00).  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 dl- 

menslonless parameter (FORTRAN symbols WET and GW) varying between 0 

and 1. This is computed in subroutine COM? 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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n« iong-wve „dlatlon.  the convectlve heating, and (In tha low« 
ayer only)  ttltough large.scale condcn8.tlon ^ th# ^^ 

«nalbla heat.    The 8m of these effects My he te«d the heat h.X- 

anoe. .hfch on the lon8-tem average o^r the glohel doMln shouid be 

PPro,lMt.ly „ro.    At the earth-, surfao. (over hare lend or snow    or 

ic -oovered Lnd, a heat haianoe Is sssnaed .„ong the flu,.s of short- 

h t ZT "T"0-the upward •en81ble he" "-• »* "" 1"- hsat used for surface evaporation, m, bilmce ie  Med „ de 

the gr  d t^ersture. and corresponds to a zero land heat capacity. 

that heat fin, throngh the .ce Is permitted (sno. and Ice te„p.ret!r.s 

My not exceed 0 deg C). Over „ater snrfaces there Is no snr ece 
^s a e ln        hecau8e the vater,s 8urface       ^ 

^  nrface eat balance Is lll„strated In Pig. ..31. chapter IV. See 
Chapter II. Section G, for further details. 

Heating 

a. . Dlab"IC;eatln8 0"U" '" *« "PP" »« l-er layer, of the model a rM lt of the „^^ (bMh ^^ ^ ^^^^ ^ 

vec ive heating. I„ the lower layer there Is ,1.0 heatlng by lar8e. 

scale condensation (PPZC) and by the vertlca! (turbulent) flu, of 

( 30 „1„, in „„„„„^ C0Mp 3 „„.„„„^ lli7o ^ 

«ed to change the temperature at levels 1 and 3. The total heating 

layers, surface sensible heat flu,, long-w.ve heating (In l.ye 8,. 

sh„t-.a« heating (In layers,, surface short-wave absorption, and th 
urfno 1    ave coollng are lllustrated ^ 

4.19 and 4.20. 4.21 and 4.22. 4.23 a„d 4 in 
ear iv  «. m. ' resPei:tlvely. of Chap- 
ter IV.  see Chapter II, Section G. for further deteils. 

Ice 

The distribution of surface Ice Is prescribed In th. present 
version of the „od.l. .„d 1. .how„ ln Flg8. ,.„ ^ ^ ^  ^ 

«d ... ice by th. overprinted .y„bol I. „,. alevatlon of .„, ^^ 
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is also shown in Fig. 3.13, while the sea Ice Is assumed to be at 

sea level. These Ice locations are Identified In the topography 

Input deck (T0P0G) In subroutine INIT 2 by the values < -105, with 

the amount below -105 equal to the Ice surface's elevation above sea 

level (In 10 ft).  In the computation of the heat balance over sea 

Ice, the Ice is assumed to be 300 cm thick (HICE) and to have a ther- 

mal conductivity (CTI) - 0.005 ly cm sec"1 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 0 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 

(R0), at the level 2 (R2). and at the ground (R4), taking into account 

the atmospheric emissivity, transmisslvity, and the presence of clouds. 

This is performed every 5 time steps in subroutine COMP 3 (instructions 

9750 to 10220, 11040 to 11200).  The net fluxes R2 - R0 and R^ - 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 to 

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).  in addition, the atmo- 

sphere must be stable between levels 1 and 3.  Under these conditions 

the surface temperature (T4) and moisture (Q4) are adjusted CO 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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Mlddle-Level Convec tion 

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.  Mldlevel clouds will 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 TT grid in the subroutine COMP 1 (instruc- 

tions 3520 to 3740), and the moisture sources and sinks due to evap- 

oration and condensation are computed every 5 time steps in subroutine 

COM? 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 F. 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, 

FLUXV) 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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Penetratlng 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 convectlve heat transport (see subroutine COM? 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 (PCI, 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 9 - T(po/p)
,c (FORTRAN symbol TETA) is 

computed at various levels in the model for use in vertical stability 

tests and in the vertical Interpolation in p< space for the tempera- 

ture and geopotential heights at o (or p) surfaces.  Here p = 

1000 mb and < - 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 convectlve processes (Cl, C3, PCI, 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 

convectlve 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. 



-233- 

Pressure 

The atmospheric pressure (PL) is computed at various levels In 

the model at the points of the IT grid, and Is widely used In the nu- 

merical Integrations (see subroutine COM? 3, instructions 8020 to 8160), 

The pressure of the earth's surface, p , (FORTRAN symbol P4) Is car- 
3 

rled as a dependent variable through the parameter TT (FORTRAN symbol 

P) " Ps ~ PT» where pT - 200 mb Is the assumed tropopause pressure. 

The sea-level pressure (Illustrated In Fig. 4»I, 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 (Instructions 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 geopotentiai, $,   and the surface- 

pressure parameter, TT.  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 A 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 mO to 11000).  The radiation contributes 

to the temperature change at levels 1 and 3, as well as to the change 

f surface temperature.  See Chapter II, Section G, for further details. o 
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Sea-Surface Temperature 

The temperature at the sea surface is prescribed In the present 

version of the model. The data shown In Flg. 3.U, 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 TG00), 

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 FA) 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 S^ and a portion subject to absorption 

So. 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 eveiy fifth time step in subroutine COMP 3 (instructions 10430 

to 11000); this is part of the dlabatic 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.l, 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 is used to per- 

form an effective zonal averaging of certain quantities at higher 

latitudes in subroutines COM? 1 and COMP 2. There is also a 9-point 

spatial smoothing of the diabatlc 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.l for a discussion of the 

subroutine AVRX. 

Snow Cover 

In the present version of rhe 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 SN0WN (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 period of one year and with an 

amplitude of 15 deg latitude, with maximum extent on January 25.  In 

the southern hemisphere, a constant snowline SN0WS (see instruction 

7470 in subroutine COMP 3) prescribes snow-covered land south of 

60 deg S, but this is overridden in the model's present version, be- 

cause all points south of 60 deg S are either ocean, sea ice, or land 

ice. 

Solar Constant 

The value of the solar constant is taken to be 2 ly min'1 - 

2880 ly day  .  This value is modified in subroutine COMP 3 (instruc- 

tion 7610) to take account of the seasonal variation of the earth/sun 
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distance In the calculation of the FORTRAN variable SO (aae Inatruc- 

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 ■ 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 p 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 0 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 

tenna, however, are computed only every fifth time step (every 30 min- 

utes) in the subroutine COMP 3.  In 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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verslon of the model, the output or history tape of the primary de- 

pendent variables Is written every 6 hours. 

Topography 

The topography (TGOO) 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 VPHI4. 

Transmission Function 

The transmission function for short-wave radiation (FORTRAN 

symbol TRSW; see subroutine COM? 3, Instructions 10A60 to 11000) Is 
0 303 

given by the empirical expression 1 - 0.271(x)    , where (x) is the 

effective water vapor concentration in a vertical atmospheric column 

(see subroutine COM? 3, instructions 9750 to 10230). The transmission 

function for long-wave radiation (FORTRAN symbol TRANS; see subroutine 

COM? 3, instructions 9910 to 10220) is given by the expression 

[1 + 1.75(x) '  I* . See Chapter II, Section G, for further details. 

Tropopause 

The tropopause in the model is assumed to be always at the pres- 

sure pT - 200 mb (FORTRAN symbol PTR0P), and is used in the definition 

of the tropospheric o-coordinate system. At this level the boundary 

condition o - 0 is applied. 

Vertical Velocity 

The o-vertical velocity ir& ■ S/2mn (FORTRAN symbol SD - S) is 

computed In the model for the middle level 2 from the equation of 
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contlnulty as a result of the net horizontal mass convergence (see 

subroutine COMP 1. instructions A320 to 4540). The vertical velocity 

is used to effect the vertical advection of momentum and temperature, 

and to determine the large-scale precipitation rate- it is illustrated 

In Fig. 4.13, Chapter IV.  See Chapter III, Subsections C.l, 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 t 4.5 in Chapter IV.  m the subroutine 

COMT 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. 



-239- 

VI.  LIST OF SYMBOT.S 

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) is 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 r or n (denoting evaluation at time steps), 

those symbols which occur with the subscripts 1 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). 



-240- 

SYMBOL LIST 

SYMBOL 

■I 

Gt 
ac 

MEANING 

specific volume 

albedo of cloudy atmosphere 

cloud albedo (subscripted by 
cloud :ype) 

albedo of earth's surface 

albedo of clear atmosphere 

vertical shear stress parameter 

surface sensible heat flux 

surface flux of static energy 

temperature lapse rate near 
surface 

latent heating parameter 

- Lqo(c T
2)"1 5418 deg 

a    p 

sun's zenith angle 

entralnment factor 

potential temperature 

UNITS 
(and value 

for constants) 

3 -1 
cm g 

2    -1 
0.13 mb sec m 

ly day 
-1 

-1 
ly sec 

0.6 deg/100 m 

radians 

deg K 

FORTRAN 
SYMBOL 

ALAC 

ALC1 
ALC2 
ALC3 

ALS 

ALAO 

FA 

GAM 

C0SZ 
(- cos O 

ETA 

TETA 

The 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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SYMBOL 

0 

9, 

MEANING 

AX 

.u 

an average potential temperature 

partial potential temperature 

equivalent potential temperature 

thermodynamic ratio R/c 
P 

longitude, positive eastward from 
Greenwich 

longitudinal spacing between grid 
points 

vertical shear stress parameter 

pressure area weighting - Trnm 

local four-point average of n 
centered on u,v grid points 

UNITS 
(and value 

for constants) 

s 

u 

p 

p> 

(1) surface pressure parameter 
■ P  - Pm rs  KT 

(2) constant 

dp 
surface pressure change - —- 

dt 

standard value of ir 

local four-point average of TT 

centered on u,v grid points 

deg K 

deg K 

deg K 

0.286 

radians 

ir/36 radians 
(- 5 deg) 

0.44 mb sec 

m mb 

air density 

2 . 
m mb 

mb 

3.14159 

mb sec" 

800 mb 

mb 

g cm 
-3 

FORTRAN 
SYMBOL 

KAPA 

DL0N 

FD(J,I) 

FDU(J,I) 

SP,P(J,I) 

PI 

PT 

PM 

RH0, R04 
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SYMBOL MEANING 

p   water density 

Stefan-Boltzman constant 

a 

o 

a- 

UNITS 
(and value 

for constants) 

1 g cm -3 

-7 

T(U ) 

M 

vertical coordinate 
" (P - PT)/(P8 - PT) 

slgma vertical velocity ■ do/dt 

time-step index 

Intermediate variables in 
penetrating convection 

relaxation time for cumulus 
convection 

long-wave transmission function 

■ -1 

1.171 x 10 

ly day deg 

FORTRAN 
SYMBOL 

STB0 

sec -1 

:i 

[l+1.75(u*)0-416]" 

long-wave transmission above and 
below a given level 

geopotential of slgma surface 

geopotential of o ■ 4 surface 

deg K 

3600 sec 

J      -2 m sec 

2  -2 
m sec 

SIG 

SD 

TAU 

TEMP 

TCNV 

TRANS(X) 

PHI 

VPHIA 
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SYMBOL 

9 

A 

A. 

A(u*,z) 

> 

MEANING 

UNITS 
(and value 

for constants) 

B 

B 

latitude, positive northward 
from equator 

latitudinal spacing between 
grid points 

arbitrary variable 

earth's rotation rate 

pressure vertical velocity 
- dp/dt 

absorbed short-wave radiation 

absorbed short-wave radiation In 
upper and lower layers 

eddy diffusion coefficient 

arbitrary vector, whose latitu- 
dinal and longitudinal com- 
ponents are A and A 

saturation vapor pressure constant 

short-wave absorption function 

- 0.271(u* cos O0-303 

general representation for 
advectlon terms 

earth's radius 

conduction coefficient for ice 

generalized conduction coefficient 

saturation vapor pressure constant 

condensation rate 

radians 

ir/45 radians 
(- A deg) 

2TT radians/day 

FORTRAN 
SYMBOL 

LAT(J) 

DLAT 

ly day 
-1 

-1 
ly day 

2  -1 
m sec 

21.656 

6.3750 x I0b m 

ly day" deg" 

ly day" deg" 

5418 deg 

-2  -1 
g cm sec 

R0T 

AS1, AS3 

TRSW(X) 

RAD 

TEM 
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SYMBOL MEANING 

CL 

CLAT 

CONV 

ground temperature correction 
terms In long-wave radiation 

surface drag coefficient 

sensible and latent heat flux 
parameter 

cloudiness measure 

degrees poleward of snowline 

horizontal mass convergence 

dry air specific heat at 
constant pressure 

general representation for non- 
source terms 

general representation for mass 
advectlon terms 

surface evaporation rate 

saturation vapor pressure 

modified Corlolls parameter 
■ mnf - udm/dy 

horizontal vector frlctlonal 
force (per unit mass) 

eastward component of frlctlonal 
force 

F^v | northward component of frlctlonal 
force 

UNITS 
(and value 

for constants) 

ly day 
-1 

FORTRAN 
SYMBOL 

ly day" deg 

deg latitude 

2 .   -1 m mb sec 

0.24 cal g^deg"1 

CD 

CSEN 

CL 

CLAT 

C0NV 

-2  -1 
g cm sec 

cb 

J      "I m sec 

E4 

ES, EG 

FD(J,I) 
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SYMBOL 

F. 

H 

MEANING 

GW 

GWM 

g 

h/c 

h3/cP 

VCp 

h4/cp 

H 

H, 

upward sensible heat flux from 
surface 

vertical heat flux at surface 

Corlolls parameter - 2n  sin 9 

gustlness correction for surface 
wind 

ground wetness 

maximum ground water 

gravity 

static energy 

static energy at level 3 

static energy at level 4 

intermediate stability parameter 

diabatic heating rate (per unit 
mass) 

diabatic temperature change (over 
5At) in layer 

diabatic temperature change (over 
5At) in layer 

average of H1, H 

surface latent heat flux 

UNITS 
(and value 

for constants) 

ly day 
-1 

ly day 
-1 

sec -1 

2 m sec 
-1 

30 g cm 
-2 

-2 
9.81 m sec 

deg K 

d^g K 

deg K 

deg K 

cal g sec 

deg 

deg 

deg 

ly day 
-1 

FORTRAN 
SYMBOL 

F4 

F(J) 

G 

GW 

GWM 

GRAV 

HH3 

IHM 
(HH4P 

HH4 

HI 

H3 
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SYMBOL 

* . 
h /c 

hl/cp 

*. 
h,/c 
3 p 

I 

1 

J 

j 

K 

t 
L 

I 

LR 

MEANING 

M /M. 
w d 

n 

stability parameter 

stability parameter at level 1 

stability parameter at level 3 

maximum value of 1 

zonal grid-point Index 

maximum value of J 

meridional grid-point Index 

moisture parameter 

vertical unit vector 

latent heat of condensation 

level Index - 1 at o , - 3 at a. 

nominal lapse rate 

vertical mass flux In cloud 

ratio of the molecular weight of 
water vapor to dry air 

map metric or zonal distance 
between grid points - aAX cos 9 

(1) map metric or meridional 
distance between grid points 
- aAcp 

(2) arbitrary time step 

UNITS 
(and value 

for constants) 

deg K 

deg K 

deg K 

72 

A6 

-1 
580 cal g 

deg K 

-2  -1 
g cm sec 

0.622 

m 

m 

FORTRAN' 
SYMBOL 

HH1S 

HH3S 

IM 

I 

JM 

J 

VAK 

i DXU 
\ DXP 

<DYU 
IDYP 
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SYMBOL 

ii 

CM 

CP 

LS 

MEANING 

(1) pressure 

(2) polar grid-point index 

reference pressure 

precipitation rate from 
middle-level convection 

precipitation rate from 
penetrating convection 

large-scale precipitation rate 

surface pressure 

tropopause pressure 

AP( 

Ap m 

Aq. 

cloud pressure thickness 

rate of moisture addition 
(per unit mass) 

mixing ratio 

mixing ratio at level 3 

mixing ratio at level 4 

mixing ratio at ground 

mixing ratio change (at level 3) 

UNITS 
(and value 

for constants) 

mb 

1000 mb 

mm day 

mm day 

mm day 

mb 

200 mb 

-1 

-1 

mb 

FORTRAN 
SYMBOL 

PL 

PSL 

P4 

PTR0P 

Q3 
Q3R 
Q3RB 

Q4 

QG 
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SYMBOL MEANING 

UNITS 
(and value 

for constants) 
FORTRAN 
SYMBOL 

86 

R' 
n 

R" 
n 

RO 

R0 

R2 

R2 

RA 

R, 

RH, 

RH^ 

S 

S 

saturated mixing ratio 

effective ground saturation 
mixing ratio 

dry air specific gas constant 

general representation for non- 
advectlve, non-source terms 
- D - A. 

clear sky long-wave radiation 
at level n 

overcast sky long-wave radiation 
at level n 

weighted sum of R'. R" 
n  n 

upward long-wave radiation flux 
at level 0(a - 0) 

upward long-wave radiation flux 
at level 2 

upward long-wave radiation flux 
at level 4 (surface) 

relative humidity (scaled 0 to 1) 

dry static energy 

vertical velocity measure 
■ 2mmr6- 

QS 

2  -1  -2 
287 m deg sec RGAS 

ly day 
-1 

ly day 
-1 

ly day 
-1 

ly day 
-1 

ly day 
-1 

ly day 
-1 

cal g 

2 u   -1 m mb sec 

ROD 
R20 
R40 

ROC 
R2C 
R4C 

RO 
R2 
R4 

RO 

R2 

R4 

RH 

SD(J,I) 
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SYMBOL MEANING 

UNITS 
(and value 

for constants) 
FORTRAN 
SYMBOL 

flux of So at level i in clear aky 

flux of S at level i in overcast 
o 

ly day"1 

ly day"1 

— 

cT, 

g 

,A 

; 

sky 

flux of S reflected from top of 

cloud type 1 

local four-point average of S 
centered on u,v grid points 

solar constant (after modification 
for earth-sun distance) 

solar radiation subject to 
scattering 

solar radiation subject to 
absorption 

total solar radiation absorbed 
at ground 

flux of S absorbed by ground 

flux of S absorbed by ground 

general representation for source 
terms 

short-wave radiation absorbed at 
the surface 

temperature 

-1 
ly day 

2 u   -1 m mb sec 

-2880 ly day 
-1 

ly day 
-1 

ly day 
-1 

ly day 
-1 

ly day 
-1 

ly day 
-1 

ly day 

deg K 

-1 

SDU 

S0 

ss 

SA 

S4 

SA 



-250- 

SYMBOL 

T4 

T 
♦ 

cl 

rc3 

AT, 

AT 

MEANING 

(ATj) 

> 

CM' 
(AT •»J 
(AT^ 

CP( 
(AT 

•'CP) 

(AT3) 
IS 

T 

u 

melting point of ice 

tropopause temperature 

air temperature at level A 
(surface) 

air temperature in cloud 

temperature change (of layer) 

temperature change due to middle- 
level convection 

temperature change due to 
penetrating convection 

level-3 temperature change due to 
large-scale condensation 
(- PREC«L/c ) 

P 

ground temperature 

revised ground temperature 

tropopause temperature 

local four-point average 
temperature centered on 
u,v-grid points 

an average temperature 

UNITS 
(and value 

for constants) 

273.1 deg K 

deg K 

deg K 

deg K 

deg 

deg 

deg 

deg 

deg K 

deg K 

deg K 

deg K 

deg K 

pomuM 
SYMBOL 

TICE 

TTR0i» 

T4 

ITC 
I GT(J,I) 

)TCR 
ICT(J,I) 

TTR0P 
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SYMBOL 

TD 

At 

U 

U 

u 

u. 

MEANING 

lapse rate measure 
-  (T3 - 1^/2^ 

time 

time step 

west/east advectlve flux 

southwest/northeast advectlve flux 

zonal  (eastward) wind speed 

UNITS 
(and value 

for constants) 

-1 

effective water vapor content In 
column (to level n) 

effective water vapor content in 
column (entire atmosphere) 

zonal mass flux - niru 

cloud water vapor equivalent 

deg mb 

sec, mln, hr, 
or days 

6 min 

m mb sec 

2 v   "I m mb sec 

m sec 
-1 

g cm 

g cm 

-2 

2 u   "I m mb sec 

65.3 g cm 
-2 

FORTRAN 
SYMBOL 

TD 

DTM 

EFV 
EFVT 

EFVO 

PIKJ.I) 

/EFVC1 
I EFVC2 
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SYMBOL 

u 

-y 
V. 

f. 
1 

S 

in 

v I 
Vl V3 ) 

1 

'3 

MEANING 

cloud water vapor equivalent 

south/north advective flux 

southeast/northwest advective flux 

UNITS 
(and value 

for constants) 
FORTRAN 
SYMBOL 

-2 
7.6 g cm 

m mb sec 

2 u   -1 m mb sec 

horizontal velocity vector m sec 
—2. 

surface wind vector, - 0.7^ 

local four-point root-mean-square 
surface wind speed centered at 
IT points 

meridional (northward) wind speed 

m sec -I 

m sec -1 

meridional mass flux - mirv 

m sec 
-1 

W surface wind speed with gustiness 
correction 

2 u   "I m mb sec 

m sec 

EFVC3 

US, VS 

WMAG 

PV(J,I) 

WINDF 
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SYMBOL 

z 

2, 

(A) 

( ) 

( ) 

N 
( ) 

MEANING 

eastward coordinate (on 
rectangular projection) 

northward coordinate (on 
rectangular projection) 

height of sigma surface 

UNITS 
(and value 

for constants) 
FORTRAN 
SYMBOL 

standard value of z. - z_ 

designation for preliminary 
estimate in time integration 

designation for provisional value 
prior to incorporation of source 
terms in tine integration 

a smoothing operator denoting a 
horizontally averaged value 

an operator denoting the three- 
point longitudinal smoothing 
routine in AVRX(K), which is 
automatically applied N times 

o 

m 

5400 m 

ZZZ 



Preceding page blank 

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 'ntegration 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 "ape (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 11610) 

KEY ~ logical key control (1770) 

STEP — controls sequence of time steps, and readies data 
for execution of subroutines COMP 1, COMP 2, COMP 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) 
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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 

INIT 1 - prepares for cold-start initial conditions (inopera- 
tive in the present version) (15620) 

INIT 2 ~ reads and encodes surface topography data (sea-surface 
temperature and land elevation) (15770) 

^—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 COM? 1, COM? 2. COM? 3, and COM? 4. An outline of 

these calculations is given below in the sequence performed each time 

step in the program by the subroutines COM? 1 and COM? 2, followed by 

an outline for subroutines C0MP 3 and COMP 4 which are performed every 

five time steps. The initial Instruction location is cited for each 
major program subdivision. 

r i  -i ^ Initial 
Calculation Tn.^...^ Instruction 

COMP 1 

Formation of area-presaure-weighted variables 2540 
Horizontal mass flux 

Zonal smoothing (AVRX) 2830 

Horizontal polar mass flux 2970 

Horizontal temperature advection 3260 

Horizontal moisture advection 33o0 

Horizontal rvientum advection 3770 

Continuity equation (vertical velocity and 
surface pressure tendency) 4l30 
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Inltlal 
Calculation Instruction 

COMP 1 

Vertical temperature advectlon 4560 

Vertical momentum advectlon 4690 

COMP 2 

Coriolls force 5010 

Pressure-gradient force 5220 

Zonal smoothing (AVKX) 5970 

Thermodynamlc 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-adlabatlc 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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Calculation 

COMP 3 

Solar (short-wave) radiation 

Ground temperature 

Sensible heat flux and evaporation 

Moisture budget 

Total heating 

Surface friction 

Areal smoothing of heating 

COMP 4 

Horizontal momentum diffusion (Inoperative 
In present version) 

Areal smoothing of lapse rate 

Initial 
Instruction 

10430 

11020 

11220 

11300 

11410 

11500 

11850 

12270 

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 BC0MN. The following equivalents should be noted: 

BC0MN(1)-BC0MN(8OO) equivalent to C(l)-C(800) 

where C(K) Is defined to be equivalent to all the constants and one- 

dimensional arrays [and MAPLST(3, 40)], 

BC0MN(8O1)-BCOMN(67O4O) equivalent to QT0T(1.1,1)-QT0T(46.72,20) 

where QT0T is equivalent to all the two- and three-dimensional arrays. 

QT0T(1,1.1)-QT0T(46,72,9)  equivalent to Q(l,l,l)-Q(46,72,9) 

QT0T(1,1,1O)-QT0T(46,72.2O) equivalent to QT(1,1,1)-QT(46,72,11) 
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Q(J,I,1) equivalent to P(J,I) surface pressure (TT) 

Q(J,I,2) equivalent to U(J,I,1) 

Q(J,I,3) equivalent to U(J,I,2) 

Q(J,I,4) equivalent to V(J,I,1) 

Q(J,I,5) equivalent to V(J>I,2) 

Q(J,I,6) equivalent to T(J,I,1) 

Q(J,I,7) equivalent to T(J,I,2) 

level 1 zonal wind (u.) 

level 3 zonal wind (u.) 

level 1 meridional wind (v.) 

level 3 meridional wind (v») 

level 1 temperature (T.) 

level 3 temperature (T.) 

Q(J,I,8) equivalent to Q3(J,I) moisture (q„) 

Q(J,I,9) equivalent to T(JP0G(J,I)    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., 

PT(J,I), UT(J,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 "220).     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* 
c* 
c* 
c* 

COMMON BLOCK FOR MINTZ-ARAKAWA TWO-LEVFL GENFRAL CIRCULATION MODEL 

COMMON GW,GT 
0  N 0 

OmA,72,ll 
03(A6,72» 
03T(A6,72» 

M  M 
* BCOMN 

DIMENSION 
* BC0MN(67040»f   C(800»,   OTOT(«6,72,20),   0(A6,72,9), 
*f   P(46,72l,     U(^6,72,2),      VU6,72,2)t      T(<>6,72,2), 
*,   PT(^6,72),   UT(46,72,2),   VT(46,72,2),   TT(46,72,2), 
*,F0(^6f72l,   H(46,72,2),   PIJU6f72)?   T0(46,72) 
*f   PHI(<>6,72),   W(4fe,72),    TOPOGU6,72» 
*.   '"0NV(A6,72),   PV(<>6,72),   50(46,72) 
* ,   GW(*6,72),   GT(<t6,72),   001*6,72,9) 
* ,   W0RK1K6,72),   WORK2K6,72) 
*,   TS(<>6,72),   SN(46,72) 

DIMENSION 
* LAT(*6),   0XU(46),   OXPC^b),   DYUU6),   DYP(46) 
*,   SINL<A6),   C0SL(<»6),   AXUU6),   AXV(46),   AYU('f6),   AVV(46) 
*,   DXYPU6),   F(A6),   SIG(2),   AMONTHO),   XLABL(9),   MAPLST(3,40) 

DXV   AND   OYV   ARE   INTERM   VARIABLES   ONLY 
*,   DXV(46),   DYVU6) 
EQUIVALENCE 

* (0T0T<1),0«1)),   I0T0T(29809/,0T(l)),   «BCOMNI1),C(1) ) 
* ,   <BCOMN(801),OTOT(1)),   (Oil),PID),   ( 0( 1,1, 2 ) ,U( I) ) 
*.   (0(1,1,4),V(l)),   (0(1,1,6).T(l)),   (0(1,1,8),03(1)) 

(0(l,l,9),TOP0G(l)),   (OT(1(,00(1),PT(1)) 
(0T(),1,2),UT(1),W0RK1(1)) 
(0T(i,l,3),TS(l)) 
(0T(1,1,A),VT(1),W0RK2(1)) 
(0T(1,1,5),SN(1)) 
(0T(1,1,6),TT(1)),   (0T(1,1,B),03T(1)) 
(0T(l,l,9),C0NV(l),SD(l)) 
(0T(l,l,10),H(l),PV(l),PHI(l),W(l)) 
(OT(l,l,ll),P()(i)fFD( 1),TD(1)) 
^OUIVALENCF 

(C(1),JM),   (C(2),IM),    »C(3),JTP),   (C(*),KTP),   (C(5),LTP) 
(C(6),MTP),   (C(7),N00UT),   (C(8 ) ,RESTRT),   (C(9),TAU) 
(C(10),TAUI),   (C(ll),TAüO),    (C(12),TAUD),    (C(13),TAUE) 
(C(U),TAUH),    (C(15),TAUC),    (C(16),I0),   (C(17),DT) 
(C(18),DLAT),   (C(19),f1L0N),   (C(20),RA0>,   ( C ( 2 1) ,RSOI ST ) 
(C(22),nCLK),    (C(23l,SINO),    (C(2A),COSD),   (C(25),TOFOAY) 
(C(26),MNTH0Y),    (C(27),nAYPYR),    (CW8),ROTPFR),    (C(29),SDEDY) 
(C(30),SDEYR),    (C(31),E0NX),   (C(32),APHEL),      (C(33),OECMAX) 
(C(3A),ECCN),   (C(35),OAY),    ( C ( 36 ) ,GRAV) ,   (C ( 37 ) ,Rr,AS ) 
(C(3fl),KAPA),    (C(39),PSF),    (C ( 40 ) , PTROP ) ,   (C (<. 1 ) ,P<.L ) 
(C(42),TCNV),   (C(44),A),   (C(45 ) ,NCYCLE) 
(C(46),NC3),    (C(A7),FM),    (C(4a),FD) 
(C(57),PI),    (C(58),ZMM) 
(C(59),NPOL),    (C(60),SP0L),    (C(6I),MRCH),    (C(6?),STAGJ ) 

*t 

*. 
•♦ 
♦t 
♦t 
•t 

*t 
*, 
*. 

* 
*t 

*f 

♦t 
*, 
*, 
*f 

• » 
*. 
«♦ 
•f 

•♦ 
*. 

***00000010 
**»00000020 

♦00000030 
♦00000040 
♦00000050 
♦00000060 
♦00000070 

♦♦♦00000080 
♦♦♦00000090 

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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(C(66),AMnNTH(l)) t    (C(63),STAGI),    (C(AM,SIG(l))f 
F0HIVALENCE 
I?/,67n:Xhvf^,1^,    «C(78),LAT(l)(t    «C (124) .DXIM 1 ) » 
r   il»   ^XPnM'   <C(216>tOYU<l)»t   «C(262>,DVP(1)) 

*. (C(799)tTREADY), (SINTfISINT) 
•t <OXV(l)fDXP(l))t (DVVm.OYPd)) 

REAL  LAT, KAPA, NPOL 
LOGICAL *EYS*1,BIT»MAPGEN,RESTRT,KEY,TREADY 
COMMON  /VKEYV/ KEYS(32) 
INTEGER  SOEDY.SDEYR 

*, 
*t 

»f 

*t 

00000570 
00000580 
00000590 
00000600 
00000610 
00000620 
00000630 
00000640 
00000650 
00000660 
00000670 
00000680 
00000690 
00000700 
00000710 
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•00000030 
•00000040 
•00000050 
•00000060 

C« 
C* 
c« 
c* 
c* 

MINTZ-ARAKAWA   TWO-LEVFL   ATMOSPHERIC   GENERAL   CIRCULATION   MODEL 

C 
C 
/* 
// 
// 

100 
200 

C 
C 

C 
c 
C 
C 

CONTROL 

00  01SP»OLD,DSN=MES727.ABN.COMMON 
DO       * 

LOGICAL EVENT,CHECKfPASS2,EVNTH,N00UT,VIVA 
DIMENSION  CXXX(800) 
EVENT(XTAU)»M0D(NSTEP,IEIX(XTAU^3600./0T+0.l))    .EO. 
PASS2«.FALSE, 
DO   100   J«l,32 
KEYS(J)=,FALSE. 
KNTaO 
RESTRTs.TRUE. 
VIVA«   ,TRUE. 
CALL   INPUT 

NSTEP=TAU^3600./DT+0.1 
RESTRT-.FALSE, 

310 

320 

MAIN COMPUTATIONAL CONTROL 

NSTEP»NSTEP+1 
T AU = FLOAT INSTEP) •ABS IOT )/3600,-t-l.E-S 
IF ITAU.GT,TAUE) GO TO 1200 
T0F0AV»fcM00(TAU,ROTPFR) 
NOOUT«,NOT,«EVFNT(TAUO) .OR, KEY(-8)) 
IF (NOOUT ,0R. M0P(NSTEP,NC3) .EO. 0) 
NOOUT=,TRUE, 
KEYSI8)»,TR(IE, 
CONTINUE 

GO TO 320 

CALL STEP 
IF (EVENT (24,))  CALL GMP 

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 
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C 
C 
c VARIOUS CHFCKING AND HISTDRV OPTIDMS 

630 

1000 

IF (EVENTdAOO)) 
inAY«TAU/RnTPFR 
IF <EVENT(TAUH)» 
GO TO 310 
CONTINUF 
REAO «KTP) TADX 
IF (TAUX.GT.O.Q) 

CALL SOFT 

GO TO 1000 

GO   TO   UOO 
IF   UBSfTAU 

1001   CONTINUE 
BACKSPACE   KTP 
WRITE (KTP) TAU, C 
CALL OUTAPF(KTPf?) 
PRINT 1005,TAU 

1005 FORMAT (IX,«WRITE TAPF 
GO TO 310 

1100 WRFTE (MTP,mo. TAUX,TAUX 
1110 FORMAT (IX.'SOMF MFSS ON 

CALL EXIT 
1200 WRITE (MTP,1210) TAU 
1210 FdRMAT (IX,«TERMINATING AS 

TAlJH+TAUX).r.T..01)   GO   TU   1100 

'♦FH.2) 

TAPF«,1X,E12.5,1X,IR( 

RFOUIRFD   AT   TAUrt,Ffl>?) 

C 
C 

9200 FORMAT(« WMSG020 
9670 FORMATC WMSGOAO 

2« ON DAY SI*.« / 
96fi0 FORMAT(• WMSG035 
9715 FORMAT (• WMSG036 

? F7.3) 

MINT;-ARAKAWA GLOBAL WEATHER MOOFL 
«SA*,.» SWITCHING FROM TAPF •,!? 
HOUR ',F6.3) 
SIM TIME IS 
CA«,« ) HAS 

DAY SK,« 
STOPPED AT 

HOUR 
DAY «, 

NOW RUNNING» 
»• TO TAPF «,12 

,fF7.3) 
I^t' / HOUR •. 

END 

00000460 
00000470 
000004RO 
00000490 
00000500 
00000510 
00000520 
00000530 
00000540 
00000550 
00000560 
00000570 
000005ft0 
00000590 
00000600 
00000610 
00000620 
00000630 
00000640 
00000650 
00000660 
00000670 
00000680 
00000690 
00000700 
)00000710 
,00000720 
00000730 
00000740 
00000750 
00000760 
00000770 
000007H0 
00000790 
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// 
// 

OD 

C 
c 

20 

SURROUTINE  Ol)TAPE(Ktl) 
01SP=nLD,OSN»HeS727.ABN.COMMON 

00   • 
IF(I.E0.2) 60 TO 20 
KEAD (Kl P 
READ (K) U 
READ (K) V 
READ (K) r 
REAO (K) 03 
READ (K) TOPOG 
REAO (Kl PT 
READ (K) GW 
REAO (K) TS 
REAO «K) GT 
REA> (K) SN 
READ (K) TT 
REAO (K) 03T 
REAO (K) SO 
REAO (K) H 
REAO (K) TO 
RETURN 
CONTINUE 
WRITE (Kl P 
WRITE (K) U 
WRITE IK» V 
WRITE (K) T 
WRITE (K) 03 
WRITE JK) TOPOG 
WRITE IK) PT 
WRITE (K) GW 
WRITE (K) TS 
WRITE (K) GT 
WRITE (K( SN 
WRITE (K) TT 
WRITE (K) 03T 
WRITE IK) SO 
WRITE (K) H 
WRITE (K) TO 
TAUX«-ABS«TAUI 
WR'TE (K) TADX, C 
BACKSPACE K 
THE NEGATIVE RECORD 
AND MISSING TRAILER 
RETURN 
ENO 

PREVENTS 
LABELS. 

NOISE. MISSING RECOROS. 

OOOOOflOO 
OOOOOfllO 
0OO00R20 
00000B30 
00000B40 
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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II 

S 1) B R f) II T I N p 

OD 01SP»OLO,OSN.MFS727,AHN.CnMHnN 
DO   • 
OIMFNSION 2MI46) 
FIN*IN 
DO 135 J«ltJM 
ZM«J»«0.0 
On 136 1-1,1* 

136 ZM(j)r;M(j| ♦ P(j,i| 
135 ZMIJJ.ZMUI/FIM 

HTM-O. 
IMN«0« 
DO 137 J>lfJM 
WTM ■ HTM ♦ ABSIOXYPJ.I)» 

137 ZMM ■ ZMM ♦ ZMIJ»»ABS!nxVP(JM 
ZMM>2MM/WTM ♦PTRm» 
OELTAP - PSF  - ZMM 
On 301 !>lt|M 
On 301 J«l,JM 

301   P(J,I> > P(J,|» ♦ OHTAP 
WRnf«6.138> OFITAP 

13B FnRMAT«» PRFSSURF AOOFI) - ».Fl^.BI 
RFTIIRN 
ENO 

00001?sn 
00001?60 
0000i?70 
00001?BO 
00001790 
00001300 
00001310 
000ül3?0 
00001330 
00001340 
000013S0 
00001360 
00001370 
000013N0 
00001390 
00001400 
OOOOIMO 
00001O0 
000014 30 
00001440 
000014so 
00001460 
000014 70 
0000I4B0 
00001490 
00001S00 
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FDNCTinN     VPHI»   (J,|) 
C 
/• 
//   DO  0|SP»OLD,l)SN»Mt-S727.AHN,CnMM(iN 
// no     • 

VPMIMO« 
IF  (inporw J.I I.LT.  i.o)  vMHi^.AMnni-Tnpndij.ntio.e5> 

C 
RFTURN 

OOOOIS 10 
OOOOlbPO 
00001S10 
000015*0 
OOOOISSO 
00001560 
00001570 
000015«0 
00001590 
00001600 

FUNCTION   IPMIUI«) 
INTFGFR   IHALF*2(?| 
EOIIIVALENCF   IIHALFUI.IWOI 
IHALFIll-IL 
|HALF(2)«IR 
IPK-lMO 
Rffum 
ENTRY   IRHdPKHOI 
I WO«IPKWO 
IRH-IHALFI2) 
RFTURN 
ENTRY ILM(IPKWI)) 
lwn>|PKWD 
ILH.IHALFJl) 
RFTIIRN 
END 

00001610 
00001620 
000016^0 
000016*0 
U0001650 
00001660 
000016 70 
000016HO 
00001690 
00001700 
000017 |o 
000017?0 
00001710 
00001740 
ooooi 7'>n 
00001760 

LOGICAL        FUNCTI   ON       K   F   Y   I   M   ) 
LOGICAL   KEYS*102I 
COMMON   /VKEYV/   KEYS 
N'lARSIMI 
KFY-REYS(NI 
IF    |M   ,LT.   0»   KFYSIN»«.FALSE, 
RETURN 
MO 

00001770 
000017«0 
00001790 
OOOOlflOO 
ooooinio 
oonoiR2o 
00001R10 
000018*0 
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// 
// 
C 
C 
c 

SUBROUTINf STf-P 

OD 0 I SP«OLr)fDSN = MES7?7.ABN.COMMON 
00  « 

MAIN LOOP OF 
FORWARO STEM 

INTFGRATION 
(CFNTEREI) IN SPACE» 

MHCH-1 
00 310 
00 310 
00 310 

c 
c 
c 

K«1,B 
l*ttlM 
J"1,JM 

310 OTU,I,K)«0(J,I,K» 
THRP.TAO/24, 
PRINT 9999fTAIItTHRP 

9999 FORMAT (1 X. • T IMF.•,?X,FH.?,?x,F9.M 
CALL COMPl 
CALL C0MP2 
00 360 K«lfR 
00 360 1-1, |M 
00 360 J=ltJM 
TEMP-OU,ItK) 
0(J,I,K)-OT«J,lfK( 

36» OT(J,|,K)=TEMP 

HACKWARO STEP 

3R0 

<.()() 

NSxMn()(NSTFP,Nf.VCLF» 
MRCHr? 
lE(NS.FO.l) MRCH«3 
IE(NS.FO.i?( MRCHr« 
CALL COMPl 
CALL COMP? 
On 380 K=lt8 
OH 3R0 I»1,|M 
00 380 J-1,JM 
TEMP.QIJ.I.K) 
0(J.I,K)BOTIJ,l,K| 
OT(J,| ,K|>TEMP 

IF (MnO(NSTEP,Nr.3I.NF.O 
CALL f.OMP<, 
CALL C0MP3 
RETURN 
ENO 

)   GO TO «00 

00001850 
00001860 
00001870 
00001880 
00001890 
00001900 
00001910 
000019?0 
00001930 
00001940 
00001950 
00001960 
00001970 
00001980 
00001990 
0000?000 
00002010 
00002020 
00002030 
00002040 
00002050 
00002060 
00002070 
00002080 
00002090 
00002100 
00002110 
00002120 
00002130 
0000214(1 
00002150 
00002160 
00002170 
00002180 
00002190 
00002200 
00002210 
00002220 
000022 30 
00002240 
00002250 
00002260 
000022 70 
000022HO 
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// OD 
U 

c 
C 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 

StlHHDUTlNE COMP1 

0 ISP = nLD,OSN = MFS7?7.AHN.COMMON 
on  ♦ 
JMMl«JM-l 
rMM2»IM-? 
FIM»|M 
SIG1-SIG(1| 
SIG3«SIG<2) 

MRCH»! 
MRCH-2 
HRCH-3 
MRCH.i, 

CENTERED IN SPACE AND FORWARD IN TIME 
CENTERED IN SPACE AND HACKWARD IN TIME 

UP-RIGHT  DNCRNTERED IN SPACE AND BACKWARD IN TIME 
OOWN-LEET UNCENTEREI) IN SPACE AND BACKWARD IN TIME 

TIME EXTRAPOLATION INTERVAL FOR ADVECTION TERMS 

TFXCO-OT 
IF(MRCH.FO.l) TEXCO=0.5*DT 

PREPARATION FOR TIME EXTRAPOLATION 
TRANSFORMATION TO AREA-PRESSURE WEIGHTED VARIABLES 
OT CONTAINS VARIABLES TO WHICH TENDENCIES ARE TO HE ADDED 

DO 2100 IMtIM 
00 2100 J"lfJM 
FOIJ,n«PT|J,|)*OXYP(J) 

?100 03T«J,l|-03TUfn*FD(J,n 
00 2120 L«l,2 
00 2120 l»lf|M 
IP1«M00{I,IMK1 
00 2110 J«lfJM 

2110 TT(J,I,L»-TTU,l,L»*FO(.M) 
00 2120 J»2iJM 

rcur?,2!«,Fn,j,n*Fn,j',pn4,-o'j-i'i>*Fou-i.iPi() 
\\       . 'c«* 'i.POU"0'?s*«'-0<?.n*FO«2,IPin*FD(l,|) 

2120 VTU,IfL»-VTU.I,LI*FDO 

00002290 
00002300 
00002310 
00002 320 
00002330 
00002 340 
00002350 
00002360 
00002370 
000023flO 
00002390 
00002400 
00002410 
00002420 
00002430 
00002440 
00002450 
00002460 
00002470 
00002480 
00002490 
00002500 
0OO025IO 
00002520 
00002530 
00002540 
00002550 
00002560 
00002570 
00002580 
00002590 
00002600 
00002610 
00007620 
00002630 
00002640 
00002650 
00002660 
00002670 
00002680 
00002690 
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C 

C 
C 
c 

COMPUTING MASS FLUX P 
PV 

PI) 
UV 

0.25»(0Yl)(J)»UUtI,L)*f)VU( J+l)*U(J-H»I,L 
PU(J,1 )=0.5«0Yl)(J*l »♦UU+l,IfL) 
PU( J,I )=0.i)*DVl)(J)*ll( J,I,L) 

2Uq L = l 
2150 DO 2160 I»1,IM 

lPl«MnO(1,IM|*1 
OH 2160 JB2«JMM1 
IF(MRCH ,LF. 2» PU(J,I) 
!F{MRCH .FO. 3) 
IF(MRCH #F0. *) 

2160 CDNTINUF 

CALL AVRX(ll) 

on 2160 1=1,IM 
iPi>Mnn(i,IM)«; 
IMlrMnD(UIMM2,IM|-fl 
00   2170  J«2,JMM1 

2170 PHI j,n»Pu(j,i)*(P( j,n*p(j,ipn i 
00   21B0   J«2,JM 

PVIJ.II=0.2S*DXU(J)*«V(J,I,L»*V(J,IM1,LI) 
• (P( j,n*p(j-i,i)) 

PVIJ.I)«0.5»0XtMJ)*V(J,!,L»*«P(J,I )*P«J-1,I») 
PV( J,I )=0.5*0Xl)(J)*V(J,IMlfLI*(P(J,n*P(J-l,I>» 

IF«MRCH   .LF.   21 

c 
c 
c 

IF(MRCH 
IFIMRCH 

21 BO CONTINUF 

.FO. 

.FO. 
31 

FOIIIVALFNT   PU   AT   POLFS.      PVd.I)    IS   IISFO   AS   A   wnRKINf,   SPACF. 

VM1-0.0 
VM2»n.0 
On 218 5 I> 1 , IM 
VMI«VM1»PV«2,I) 

21H5 VM2«VM2'»PV< JM, I ) 
VH1>VM1/F|M 
VM2-VM2/FIM 
pvn.n« ),o 
On 2190 l»2tIM 

2190 PVIlt I)-Pvn.I-lK(PVI2,I l-VMl » 
VM1>0.0 
DO ?19? 1-1.IM 

2192 VMl>VMl«PV(|t|| 
VM1>VM1/F|M 
On 219S I-l.IM 

2195 PIMI.I I>-(PV(),II-VM1 IM.O 
PVINl l»0,0 
DO .»200 !»2.IM 

/200 PV(I ,II«PV(I,I-I (♦(PV«jMtM-vM?| 
VM2»0,0 
On 2202 l-I.IM 

2202 WM2'VM2»PV«1,II 
VM2cVM2/F|M 
DO 220«) l«l,|N 

220S Pli(.|M,n<(pvilt I l-VM2l»^,0 

00002700 
00002710 
00002720 
00002730 
00002740 
00002750 
00002760 
00002770 

I)000O27BO 
00002 790 
00002B00 
OOOOi'fllO 
00002B20 
00002fl30 
00002fl'.0 
000r2B50 
OOO02B60 
OOO02B7() 
O0002B8O 
00002B90 
00002900 
00002910 
00002920 
00002930 
00002940 
00002950 
00002960 
00002970 
00002<»BO 
00002990 
0000 3000 
00003010 
00003020 
00003030 
00003040 
00003050 
00003060 
00003070 
000030B0 
00003090 
00003100 
0000 3110 
00003120 
00003130 
00003140 
00003150 
000()3I»»0 
00003170 
00003 I no 
00003190 
MMOlfOfl 
OO0O32I0 
0O0OM90 
00OOMSI1 
0000324«' 
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C HORIZONTAL   ADVECTION   OF   1 Hf-RMOOVNAM IC   ENFRGY   AND   MOlSTtlRF   EOUAT 
C 

FXCOaO,5*TEXCO 
DO  2220   1*1,IM 
IP1=MOO(I,IM»+1 
DO   2210   J«2»JMM1 
FLUX«FXCO»PUUtI ) 
FL(IXT«FLOX*(T(J,I,L»*T(J,IPl,L)) 
IF   ((J   .EO,   2   .OR.   J   .EQ.   JMMI)    .ANO.   FLUX   .LT.   0.) 

* FLl)XT"FH)X*2.«T(Jf IP1,L) 
IF   «(J   ,E0.   2   .OR.   J   .FO.   JMMI)    .AND.   FLUX   .GF.   0.0) 

♦ FLUXT»FLl)X*2.*T(J,ItL) 
TT<J,I,L)«TT(J,IfL>-FLUXT 
TT(J,IPI,L »«TT(J,IPlfLI*FLUXT 
IF   IL.EO.l)      FLUX=-0.25»FLUX 
IF   «L.E0.2)   FLUX»1.25*FLUX 
03M«03U,I)*03(J,|Pn 
IF(03M.LT.10.E-10>   GO   TO   2210 

C   10.E-1Ü   IS   A   RELATIVELY   SMALL   NUMHFR 
FLUX0»FLUX«g3M 
IF(03(J,n.LT.03IJ,|Pn    .AND.   FLUX.GT.O.t 

• FLUX0»FIUX*A.*03«J,II»03(J,I PI)/03M 
IF(03»JfI).GT,03IJ,IP1)   .AND.   FLUX.LT.O.» 

• FLt)X0»FLItX»4.*03U,I ) »03 ( J f I P I )/03M 
03T(J,I)»03T(J,n-FLUXQ 
03T(J.IP1)=03T(J,IP1)*FLI)X0 

2210  CONTINUE 
DO   2220   J«2,JM 
FLIJX»FXCO»PVIJ,n 
FLUXT«FLUX«(T(J,|,L)*T(.)-l,l,l ) ) 
IF   «J   .FO.   2   .AND.   FLUX    .LT,   0.)   FLUXT>FLUX«?.»T(2,I,L) 
IF    (J   .FQ,   JM   .AND.    FLtX    .GT.   0.)    FLUXT»FLUX*?.*T(JM-I,I 
IF    (J   .FO.   2   .AND.   FLUX   .GF.   C.)   FLUXT«FLUX»2.»T( I,I,L I 

I ) 

2220 

IF    (J   ,F0.   JM   .AND.   FLUX   .LF. 
TT«J,I,L)"TT(J,I,L)*FLUXT 
TT«J-l,I,L)-TT(J-l,ltL)-FLUXT 
IF   (L.FO.ll   FLUX»-0.2^«FLUX 
IF    (L.FQ,2)   »"L"IX.1.25»FLUX 
03M.03(J,I)»03«J-1,I) 
IF(03M.LT.10.f-10)   GOTO   2220 
10.F-10   IS   AN   ARBITRARY   LOWER   L IP» I T 
FLUXQ=FLUX»03M 
IFI03IJ.I).LT.03(J-l,n    .AND. 

• FLUX0»FLUX»<..»03( J.I )«03(J 
IF|03IJ.n.GT.03( J-1,1 )    .AND. 

• FLUX0«FLUX«*,«03IJ,I )«03U 
03TIJ.Il>03T(J,|)'FLUXU 
03T<J-U I)«03TU-i,I»-FLUX0 
CONTINIIF 

0.» FI.UXT=FLUX*2.*T{ JM,|,L ) 

FLUX.LT.O.) 
It I )/03M 
FLUX.GT.O.) 
Itl)/0 3M 

I0NS000032Sn 
00003260 
00003270 
00003280 
00003290 
00003300 
00003310 
00003320 
00003330 
000033*0 
000033SO 
00003360 
00003370 
000033HO 
00003390 
00003'«00 
00003410 
00003*20 
00003*30 
00003**0 
00003*50 
0000 3*60 
00003*70 
00003*80 
00003*90 
00003500 
000035)0 
0000 3520 
00003530 
000035*0 
00003550 
00003560 
OOG03570 
000035RO 
00003590 
00003600 
0000 3610 
00003620 
00003630 
0000 36*0 
00003650 
00003660 
00003670 
00003680 
00003690 
00003700 
00003710 
00003720 
00003730 
000037*0 
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HdRIZOMTAL AOVFCTION OF EOUATION (IF MOTIDN 

FXCn=TEXCO/12. 
FXCni«TFXCn/2«. 
DO ^320 1=1,IM 
IP1»M00(I,IM)+1 
IM1«H00(I*IHM2,|M)*1 
Of! 2310 J«2,JM 

FLUXU»FHtX*(U(J,I,L)»ll( J,IM1,L) ) 
UT(J,IfL)«l)T<J,|fLI*FLIIXU 
OT(J,lMl,L)=l)T(J,IMlfL)-FLI)XII 
FLUXV=FH)X«(V(J,I,L»*V(J,rMl,L)) 
VT(J,I,L»-VT(J,I,L)*FLl)XV 

2310 VTU,IMlfL)-VT(Jf IM1,L»-FLI»XV 
DO 2320 J-2,JMM1 

FLUX.FXCn«(PV(J,M*PV(J,IPl)*PV(Jfl,I)*Pv(j*l.IPn) 
FLUXl)-FHIX«(lMJfItL)*U(J*l,IfL))       ^.JM.IPl)) 
UT«J + l,I,L)«()TU*l,I,L)t-FLl)XtJ 
UT(J,I,L>«IIT(J,I,L>-FLtJX() 
FLI)XV«FLlJX»(V(J,I,L)*V(J*lfI,Ln 
VT(J*lf|,L>.VT(J*l,|tL>*FH)XV 
VTrj,ItL»-VT(J,|,L)-FLüXV 

FLIJX«FXC01»(PIJ»JtI)*Pu(Jf|Ml)*PV(Jfn*PV(>l*l.l)) 
FLUXU.FHlX«(U(J*l,I,L|*iMJ,IMl,l»ll    KV,J41'I»> 
UT(J*ltIfL)-l)T(J*lf I,L)*FL()XU 
UT(JfIMl,U«l)T(J,|Ml,| )-FLI(Xll 

FLUXV»FLllX*«V(J.H,ItL)*V(J,|MltLn 
VT(J-fl,I,L).VT(J*lt|,L)*FLIIXV 
VT«J,IM1,L»«VT(J,IM1,L>-FLIIXV 

FL()X.FXCni*(-P()(J,I|-pl)(jf|Ml(^v(J,I)*Pv(JM,n) 
FUIXU-FU)X»(II(JM,IM1,U*MU.|.UI U,,, 

UT(J*lf IMlfL>»l)T<J*l,IMl,L)*FlllXI) 
IJT(J,I,L)«IIT«JtI,LI-FLl)XII 
FLIIXV.FHIX*«V(J*l,IMlfL»*V(J.I,m 
VTIJM,|Ml,u.vT(J.H,lMl,u*FL(lXV 

2320 VT(J,|,L).VT«J,I,LI-FLIIXV 

00003750 
00003760 
00003770 
00003780 
00003790 
00003800 
00003fllO 
00003820 
00003830 
000038^0 
00003850 
00003860 
00003870 
00003880 
00003890 
00003900 
00003910 
00003920 
00003930 
000039'»() 
00003950 
00003960 
00003970 
00003980 
00003990 
00004000 
00004010 
00004020 
OOOO^O'.fl 
00004040 
00004050 
OOOi 4060 
00004070 
0 »004080 
00004090 
00004100 
000041|0 
00004120 
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C     CDNTINUITV FOUATKIN 
C 

DO 2^00 1=1,IM 
IMl=MnOn + IMM2,IM) + l 
00 2*00 J=1,JM 
IF «J.EO.l) CnNVM=-PV(?,I)*0,5 
IF (J.EO.JM) CnNVM = PV( JMtn«n.5 
IF (J.GT.l .ANO. J.LT.JM) CONVM. 

IF (L.EO.l) CONVU, DsCONVM 
IF (L.E0.2) PV(J,I)=CÖNVM 

2*00 CONTINUE 
IF(L.E0.2) GO TO 2410 
L»2 
GO TO 2150 

2*10 CONTINUE 

■(POU.I)  -PIMJ.IMl) 
♦PV( J+l.K-PVIJ.I)  )»0.5 

C 
c 
c 

CONV IS MASS CONVERGENCE AT L«l AND PV IS THAT AT L«2. 

2*11 PB1-0.0 
PB2aO.O 
PH3"0,0 
PB4a0.0 
00   2*02   I-It IM 
PHl-PBlKONVIl,!) 
PB2-PB2*CQNV(JM,|) 
PB3-PB3*Pvn,l I 

2*02   PB*«PB**PVUMt| | 
PHI>Fm/P|M 
PH2«PB2/EIM 
PH3-PB3/FIH 
PB*>PB*/FIM 
On  2*05   I-ltIM 
cnNvii.n.PBi 
cnNvijM,n.PH2 
pvn,n.PB3 
PV(JM(n>PB* 
on 2*20   l-l,|M 
on  2*20  J«l,JM 
pn-cnNvu.iMPvij, n 
sou,ii.cnNvu,ii-Pv(j,i i 
PTIJ,n.PTU,II*OT«P|T/OXyP(j| 

2*05 

0000*130 
0000*1*0 
0000*150 
0000*160 
0000*170 
OOOOMflO 
0000*190 
0000*200 
0000*210 
0000*220 
0000*230 
0000*2*0 
0000*250 
0000*260 
0000*270 
0000*2P0 
0000*290 
0000*300 
0000*310 
0000*320 
0000*330 
0000*3*0 
0000*350 
0000*360 
0000*370 
0000*3flO 
0000*390 
0000**00 
0000**10 
0000**20 
0000**30 
0000***0 
0000**50 
0000**60 
0000**70 
0000**HO 
0000**90 
0000*500 
0000*510 
0000*520 
0000*530 
0000*5*0 
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C 
C 
c 

ENFRGY CONVtRSiriN TERM IN THFRMOOYNAMIC ENERGY EOUATK IN 

C 
C 
c 

PLl«PTRnP*SlGl*P<J.I) 
PL3=PTRnP+SIG3*P(J,I) 
PKI«PL1*»KAPA 
PK3«PL3*«KAPA 
TETAM«0.5«(TU,l,n/PKl*T(J,i,?)/PK3) 
TT(J,Itl)»TT« J, I,n*OT«(SIGl*KAPA»P(J,I )*T ( J, I , 1) *P | T/PL 1 

* -SO(JtI(»TETAM^PKl» 
TTU«I,2)»TT(J,I,2>*0T*(SIG3*KAPA*P(J,I)*T(Jf I,?) »PIT/PL 3 

... *   . ♦SOU,! »*TETAM*PK3) 
2A?0 CONTINUE 

VERTICAL AOVECTION OF MOMENTUM 

C 
C 

2500 FXCO»0.5»TEXCO 
DO 2510 l«l,IM 
IPl-MODd.IM)-»! 
00 2510 J-2,JM 

SOU.0.25»«SO(J,I)*SD(JfIPll*SI)(J-l,M»SO(J-l,|Pn» 
IE IJ .FO. 2» SOU«0.25«<SO(2,n*SO(2,IPI)USO(l,n 
IF (J .EO. JMI SOU.0.25*(SD(JM-l,I)*Sr)(JM-ltIPin*SO(JMfn 
VAO»FXCO»SDU*H) rj,i,n*u «J,I,2») 
UT(JtIf2»«üT«J,I,2l*VAO 
UT(Jf |,n.UTU,I,l»-VAO 
VAO-FXCO«SOU»«V U,I,n*V U,I,?I) 
VT(J,|t2>-VTIJ,I.2)*VAD 

2510 VT(J,Itn-VTU,I,l)-VAD 

RETURN 
ENO 

00004550 
00004560 
00004570 
00004580 
00004590 
00004600 
00004610 
00004620 
00004630 
00004640 
00004650 
00004660 
00004670 
000046Hn 
00004690 
00004 700 
00004710 
00004720 
00004730 
00004740 
00004750 
00004760 
00004770 
000047BO 
00004790 
00004B0O 
00004P10 
00004R20 
00004830 
00004840 
000048Sn 
00004860 
000048 70 
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/♦ 
// 
// 
C 

C 
c 
c 

31 

31 

SDBROUTINP CnMP2 

Of) OISP=OLO,DSN=MES727.AHN.COMMnN 
DO   • 

JMM1-JM-1 
IMM2-IM-2 
FIM-IM 
TEXCO»OT 
mMRCH.EQ.l) TEXCn«0.5*()T 
IF (KEY(3in  TEXCO-DT 
H«GAS=Hr.AS/2. 

CORinLIS FORCE 

FXCO-0.125*TEXCt) 
On 3140 L«l,2 
00 3110 I-1,IM 
|Ml>M00(mMH2t IM)M 
FOIl.D-O.O 
F0(JM,!l-0.0 
DO 3110 J>2«JMM1 

10 FO«Jtn»F«J)*OXVPIJ) 
♦ ♦.25««U(J,I,L)»i.« JtIMl,LI*IM J»1,I,L)»U( J*l,IMltL) I 
• •<0XU(J»-DXU(J*4n 
00   3140   I»1,IM 
IMl*M0DIIHMM2t IMIM 
On   3140   J-2,JM 
ALPHA«Fxcn««PUti »♦PU-i,m»«Forj,i )*>-o(j-i,in 
UTIJtltL)«l)TI J,l tLMALPHA*VI JiULI 
UTIJ,|Ml,LI»nT( J, |M1 ,| )*AIPHA»V(.I,IM1,| ) 
VTIJtltLI-VT( JtI,U-ALPHA«(M.lt|,U 

40 VTU.IMl.l |.vTUt|MltL)-AI PHA*IMJtlM|,LI 

00004880 
00004890 
00004900 
00004910 
00004920 
00004930 
00004940 
00004950 
00004960 
00004970 
00004980 
00004990 
00005000 
00005010 
00005020 
00005030 
00005040 
00005050 
00005060 
00005070 
00005080 
00005090 
00005100 
00005110 
0000512C 
00005130 
00005140 
00005150 
00005160 
00005170 
00005180 
00005190 
00005200 
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C 
C     PRESSURE GRAniFNT OOOOSFIO 
C 00005??0 
3200  DO 33*0 L*l,2 OOOOSPBO 
C 00000?<»n 
C     CMMPuTATinN (if PHI 00005P50 
C OOOG^PfcO 

0(1 3?iO I«1,|M 0000b?70 
00 3210 J«l,JM 0000S?fl0 
PHI4-VPHIMJ, I ) 00005290 
mi- NJtn*O.H/^Ut||»0#ti # PTRCP, 00005300 
VP.3- P(J.I>»0.75/(P(j.I,»o.75 *   PTROP 00005310 
VPK: nPtj.D^^^TROp./.p JfI,».;;;j R(,p 00005320 
VPM-l./VPKl                      .'-••»KIKI.M, ,»*KAPA 00005330 
IE(L.F0.2I (iO TO 3205 00005340 
CnFl-(VPSl*0.5*(VPK3-l.)/KAMAI»HRr,AS 00005350 
Cnfc2.rVPS3*0.5Ml.-VPKll/KAPA)»HRr,AS 00005360 
PHI(JfI).CnEMT(J,|.,)TnE2M(J.I,?,*PH|<. 00005370 GO TO 3210                    i»itl»«IWIM 000053HO 

3205  CnE3-^VPSl-0.5♦<VP^3-l.»/KAPA)»HRf,AS 00005390 
CnE4-«VPS3-ü.5«(l.-VPKl)/KAPA)*HHr.AS 00005«,00 
PH|(J.n.Cnf3*T(J,|,l)T.(,F4»T(J,I,/)+PHl4 00005MO 3210  CnNTINUF                      i >-i i . z'i »KMI ^ 00005420 

f- 000054 30 
C     r.RAOIENT OF PHI 00005440 
t 00005450 

FXC(l»0.25»f)T 00005460 
EXCIIl»0.5«f)] 00005470 
On 3220 I«!,|M 000054BO 

3220  Plllltll-O, 00005490 
On 3250 l«l(|M 00005500 
|Pl»MnO( I, IMU1 00005510 
|Ml«Mn()(|*|MM?,IM)*l 000055?0 
On 3250 J=2,J* 00005530 
TFMPl.JP(Jf|Pl)«p,j,n(    ,   IPHM.MPn-PHIl l.lll ()000554O 
PIMJ.n.TFMPl                                                                    »-"M.ltlH 00005550 

TFMP2.«P<J,|MP,j-|,ln»(PHf(J.n.pM|( j.l.in.oxni .• 00005560 
IFJMRCH .Fo.  3» r.n in 3230                            ltI»l»OlUUI 00005570 
IF «MUCH ,FO, 4)  r.n in 3^<.o oooo5')Ro 

C     MUCH. 1 OR ?.  CFNIFRFI» IN SPA( f 00n055«*n 
VUJ.I.l^VIIJ.I.D-FXCn.UMP,»  ' 00005600 
Virj,|Ml,U,vT<.),|M|,l »-FKr(l»UMP> 0000S6IO 
r.n rn 32,'0 OOOOM^n 

(.              MMr.H«3,   IIP-R|(,HT   IINCFMFRU) 000056 40 
3240    VTIJ.IKl.t IrVU.MKI.I   |-FXrr*|»TFMP^ 0000S64M 

r.n m 3250 OOOOMM 
C                 Mwr.Hr«,,    nflWN-lFFI    MNrFMFMFII OOllOS^hO 

3240   Vtl.(,IfU«VH.I,I.|  l-FÄr.lllMFMP,' OOOnS670 
3250     CiiNTINIIF OOOOMtO 

C 00005*«*0 
OOOOS/OO 
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C 
c 
c 

3260 

3270 

3280 
3290 

GRADIENT OF P 
SIGMA*P«ALPHA IS STDRH) AT PHI 

00 3260 I«If|M 
DO 3260 J-l.JM 

PHI(J,n.SIG(U*P(J,I)«RGAS*T(J,|,L)/(PTROP*SIMU«P(jfl)) 
Of! 3290 I«ltIM 
IPl-MnOd, IM)*1 
IM1-M0D(I4IMM2,IM)«1 
On 3290 Ja2,JM 
TfHPi«(PMMj,ipn*PHi(j,n)«(P(jlipn-p(jti)) 
PU(J,IJ-TEMPl*PUU,n 
TFMP2-(PHI(Jtn*PHMJ-lfI))*(P(J,I >-PU-l,I))*nxU(J» 
IFCMRCH ,E0, 3) GO TO 3270 
IFIMRCH .EO. h)   Gfl Tn 32flO 
MRCH ■ 1 OR 2.     CENTFRFO IN SPACF. 
VTU»I»U»VTUtI,LI-Fi<Cn*TEMP2 
VTU,!Ml,L)-VT(J,IMlfL»-FXC0»TF(«IP2 
GO TO 3290 
MRCH-3, (»P-RIGHT UNCENTFRFO. 
VTrj,IMl,U»VTU,IMlfU-FXCni«TEI«IP2 
GO TO 3290 
MRCH«*. OOWN-LFFT UNCFNTFRFO 
VT«J,ItL»«VT«JtI,L>-FXCni«TFMP2 
CONTINUE 

C 

c 
CALL AVRXIll» 

DO 3300 NttlN 
00 3300 Ja2«JM 

IF IMRCH.LF,2» l)T«.l,I ,L)»l)T(J,I,L»-FXCn«D¥lHJI 
x • IPO(J.I l*PIMJ-l,I) I 
IF«MRCH,E0.3» tlT( j,|,L)«OTtJfI,L»-FXCni»nviU J)*PlHJ,n 
IKMRCH.FO.*» lJT«Jtl,L»«t)T«JtI.L»-FXCni»DYl)U»«PlMJ-|,| » 

3300 CONTINUE 

00OO57I0 
00005720 
00005730 
00005740 
00005750 
00005760 
00005770 
000057BO 
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 
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C 

C ENl-RGV   CONVMSIUN   ThRM   IN   THFRMdDYNAMI C   I0Ü4TI'   I ^2^25° 
C SIGMA*P*ALPHA   IS   NOW   STdKFI)   AT   PHI " 0000*070 
C OOOOftOHO 

3310     FXCn-0.125*01 »KAPA/«GAS 0000609(1 
FXCni-0.2S*0T*KAPA/«r,AS 000(16100 

C 00006110 
00   3320      I-1,|M 00006120 
IPl«MnO(|,IM)*1 00006130 
0(1   3320     J«2,JI1Ml 000061*0 

ifÄ|S:|l |K:J{Ä!J:i;!:t!S5!!i:i! "-     SB 
IFIMRCH.EO.*» TEMP-FXCni«(l(Jt|tL»»nvuiJ) 00006170 

3320  PIMJ.H.TEMP i vi 111 L »»(.TUI J) 000061«0 
C 00006190 

CALL AVRXlin 00006200 
C 00006210 

On 3330 1-1, |M 00006220 
IPl-MODJl,|M)+l 00006230 
IHl«MO0(|*IHM2fIM|*1 000062*0 
On 3325 J.2tJHMl 00006240 

3325  TTU.I,l)-TT(J,|,l»4PlMJ,I 000062B0 
On 3330 J»2,JM 00006290 

mMRCH.LF.2)   TEMP-EXCn»üXU(J)»JV(J.|,L)4V(J.|Ml   HI n«««6!00 

MHRCM.E0.3)   TEMP.EXCOl.OXdlJ.iv   J        L * tSSSlll* 
IFIMRCH.F0.4)   TPMP.FXCH|»DXn(J   «V   j      m    ., 00006320 
TfNP.TFHP*(PHHj.n*PHI    J-l.n   .(PIJ   I    Ip    ..,    II, 00006330 
TT«JfI,L».TT»J,|.lMT^P "»«»••I   P<J-1,||) 000063*0 

3330   TIU-l.I,LI-niJ-l,|,L»*TFMP OO0063SO 
33*0  CIINTINIIF 00006360 

C 00006 3 70 

C THIS   IS   THE   M.  nF   FOR-AKO  M   CFNTMEO   TVPE   „F   ,|.t   F X ,R APOL AT ION  SJSJ2 
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C 
C 
C 

ADJUSTMENT   AT   THF   PfiLES 

3*05 

3410 
3*15 

3*30 
C 
C 
C 

DO  3*15   L-l,« 
IHL.GT.l.ANO.L.LT.M   GO   TO   3*15 
KB I»0# 
»»H2»0, 
00  3*05   I-lf|M 
PHl-PBI*OT(l,I,L» 
PP2«PB2*0T(JM,I,L» 
•»BI-PB1/FIM 
PH2-PB2/FIM 
00   3*10   1-1,|M 
0T(1VI(L)-PB1 
0T(JM,ItL>-PB2 
CONTINUE 

3*60 

3*65 

3*70 

03TUMfI).PB2 

«ETURN   TO  UNWEIGHTED  VARIABLFS 

00 3*60 lalttM 
00 3*60 J-UJN 
FO(Jtn.pTljti)«OKypU) 

03TIJ,n.03T(J,I)/FO<J,n 
DO 3*70 L-l.2 
00 3*70 l-l(|M 
fl-MOCII.IMUl 
00 3*69 J-1,JM 

TTU,I,L)-TT(J,I,L)/FO«j,n 
DO 3*70 J-2,JM 

UTU,I,U-UT(J,;,U/FD.I ' UH l',,*Fn'JH-»'",»n*F0(jMtn 
VT«J,|fU.vT«j,|,U/Fmj 
RFTURN 

FNO 

00006*00 
00006*10 
00006*20 
00006*30 
00006**0 
00006*50 
00006*60 
00006*70 
00006*80 
01006*90 
S .006500 
00006510 
00006520 
00006530 
000065*0 
00006550 
00006560 
00006570 
000065R0 
00006590 
00006600 
00006610 
00006620 
00006630 
000066*0 
00006650 
00006660 
000066 70 
00006680 
00006690 
00006 700 
00006710 
00006720 
00006730 
00006 7*0 
00006 750 
00006 760 
00006 770 
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S » H B fl II T IJJ 
*             AVWM1KI 00006THO 

/• 00006790 
// 00 OISP-()LO,OSN.MFS7?7.AHN.C(lMMfiN 0000*«00 
//       oo     • oooo6n)o 

C               TH,S  MMflUTtlll   Iftti  ..TU  *s   .   IMMIIN  SP-CF                                      5S2JJ 
JMMI.jM-1 00006fl«0 
|MM?a|M-? nnno**«>n 
JF>JM/?«1 00006R60 
OFFFBDVPIJF) 000O6H7O 
00   150   J«?,JMM| OOOOMtHO 
U«*T«OFH-/f)ÄP(.(( 000061190 
IF    (ORAT   .LT.    |«|   GO   TO   ISO 00006900 
*LP»0,1?5»I0RAT-1.) 00006910 
NM.OftAT 00006970 
FNM.NM 000069^0 
*LPHAa«lP/FNM 00006960 
00   |90  N'UNM 00006990 
00   170   1-1»IM 00006960 
IPl'MnOt|«|M|*| 00006970 
lMl«MnO( 1*1*11*7, |M|*| 00006980 

IW     ,,T'l.l,n-0Hj,l,K|*4lPMA»(0H MPl.KUOtl l   IMl   ..    .   -«w. 00006990 on no i-i.IM ,UMJ'IP'»">»onj,iMi,m-7,#OT,JfltKn    000olooo 

no   onj.i.M.iin i.i.i i oooo7oio 
ISO     CriNTINUF 00007O7O 

C 0000 70)0 
'FTlIRN 00007060 
tHU 00007050 

00007060 
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S     U     B OUT      I      N 

/• 
// 

C 
c 
c 

10 

• C0MP3 

00  01SP»OLO,DSN»MES727.ABM.COMMON 
00 « 

EQUIVALENCE   «KKK.XXX» 
LOGICAL   NOOUT,   ICE,   LANO,   OCEAN,   SNOW,   KEY 

TRANS«X)-l,/(l,*1.75»X««,*16) 
TRSWm>l.-(271«X««.303 

JMMlaJM-1 
IMM2>IM-2 
JMM2>JM-2 
IH-IM/2*! 
FIM-IM 
SIGl-SIGin 
SIG3-SIG(2) 
DSIG-SIGB-SIGl 

GWMaJO, 
OTC3«FLOAT(NC3l«OT 
RCNV>0TC3/TCNV 
CLH-5aO./.24 
P10K>ilOOO.**KAPA 
CTI-.009 
CTI0a8*6VE«*CTI 
HICE-SOO. 
TICE-273.1 

PM-PSL-PTROP 
C0E-GRAV*100./(0.$*PM«1000.«0.24I 
COE1>COE*OTC3/(24.*3600.) 
SCALEU>C0E*100, 
TSPOaOAV/OTC3 
SCALEPaTSP0*,5«n0./GRAVI«I00, 
CONRAOalflO./PI 
CNRXaCONRA0*.01 
FSOEOVaSOEOY 

SN0MNaJ6O.-I».»C0S».9«63»«FSOEOY-2*.66ll»/C0NRA0))/CONRA0 
SNnNSa.60./C0NRAD 

SURFACE   MINO  MAGxtlTUOE 

00 10 I>1,|M 
00 10 Ja2vjM 
US-2.*ISIG3*UIJ,I,2)-SIGl*UIJ,Iv111*0.7 
VSa2.*ISI63*VIJ,|(2l-SIGl*VIJ,I,in*0.7 
FOIJ*l)aUS*US • VS*VS 
MMAGlaSORT«,5«(FO«2.1»*FOI2f|Min 
WMAGJMaS0RTI,5«»FD(JM,n*F0IJMflM)n 

00007070 
000070RO 
0000 7090 
00007100 
00007110 
00007120 
00007130 
000071*0 
00007150 
00007160 
00007170 
000071R0 
00007190 
00007200 
00007210 
00007V20 
00007230 
00007240 
00007250 
00007260 
00007270 
00007280 
00007290 
00007300 
00007310 
00007320 
00007330 
00007340 
00007350 
00007360 
00007370 
000073R0 
00007390 
00007400 
00007410 
00007420 
00007430 
00007440 
00007450 
00007460 
00007470 
00007480 
00007490 
00007500 
00007510 
00007520 
00007530 
00007540 
00007550 
00007560 
00007570 
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C 
L 
C 

C 
C 
C 

c 
c 
c 

RADIATION CONSTANTS 

SO«2880./RSDIST 
ALC1».7 
ALC?-.6 
ALC3-.6 
STBO«l,171E-7 
EFVCI"65,3 
EFVC2»65,3 
EFVC3«7,6 
CPART",5*1,3071E7 
ROT » TOFDAY/ROTPER*2.0*PI 

HEATING LOOP 

DO  370   I-1,IM 
IM1-M0D(I«IMM2,IM|4I 
1P1>M0D( I.IMU1 
FIM1-I-1 
HACOS»COSD*COS(»OT+FIMl*DLON) 
On   360  J>ltJM 
CnJZ«SINL(J)*SINO*COSL(J)*HACOS 

SURFACE CONDITION 

TG00>T0POG(J,n 
OCEAN=TGO0.GT.l, 
ICE»TG00.LF,-9.9F5 
LAND-.NOT.I ICE.OR.OCEAN) 
SNOW«LANO.ANO,(LATU).GE,SNOWN.OR.LAT( Jj.LE.SNOWS) 
LAND-LAND.AND..NOT.SNOW 
IF I.NOT.OCEAN) Ziü-VPHK. U f I »/GRAV 
DRAG COEFFICIENT 
IF (J .EO. 1) XMAG-MMAGl 
IF (J .EO. JN) MMAG-WMAGJM 
IF IJ.NF.l.AND.J.NE.JM) WMAG-SORT(.?5»(FD(J,I )*F0«J*l♦I) 

X  ♦Fn(J,IMl)*Fn<J*l,!Ml))) 
CD ■ .002 
IF «,NOT.OCEAN) CO«CD*0.006*Z?Z/50OO. 
IF (OCEAN) CO - AMIN1((1.0*.07»WMAG)*.001.,002!>) 
CS ■ CDMOO. 
CS* « ,2**CS«2*.«3fcOO. 
FKI ■ C0«(10.»GRAV)/«0SIG*PM) 

00007580 
00007590 
00007600 
00007610 
00007620 
00007630 
00007640 
00007650 
00007660 
00007670 
00007680 
00007690 
00007700 
00007710 
00007720 
00007730 
000077*0 
00007750 
00007760 
00007770 
00007780 
00007790 
00007800 
00007810 
00007820 
00007830 
000078*0 
00007850 
00007860 
00007870 
00007880 
00007890 
00007900 
00007910 
00007920 
00007910 
000079*0 
000079^0 
00007960 
00007970 
00007980 
00007990 
00008000 
00008010 
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C 
c 
c 

c 
c 
c 

c 
c 
c 
310 

C 
c 
c 

PRESSURES 

sp>p(j*n 
C0LMR»PM/SP 
P4-SP+PTR0P 
PAK>P4**KAPA 
PL1"SIGI»SP*PTR0P 
PL2».5*SP*PTROP 
PL3»SIG3*SP*PTROP 
PL1K«PL1**KAPA 
PL3K"PL3**KAPA 
PL2K«PL2**KAPA 
PTRK"PTROP*»KAPA 
0PLK-PL3K-PLIK 

TEMPERATURES AND TEST FOR DRY-ADIABATIC INSTABILITY 

Tl>T(J,Ivn 
T3»T(J,1,2) 
THLl-Tl/PLIK 
THL3-T3/PL3K 
IF ITHL1 .GT, THL3) GO TO 310 
XXl«(Tl*T3)/(PLIK*PL3t<) 
TI"XX1«PL1K 
T3»XXl*PL3K 
T(j,i.n>n 
T«J,I,2)"T3 
THLl-Tl/PLIK 
THL3»T3/PL3K 

MOISTURE VARIAMLL i 

ESl«10.0««l8,405l-2353.0/Tn 
ES3-I0,0«*(8,*051-2353.0/T3) 
P1CB>.1*PLI 
P3CB«.l*PL3 
P*CB»,l*P* 
0S1>.622«ES1/(P1CB-ES1) 
OS3«.622«ES3/IP3CB-ES3l 
GAMI»CLH«0Sl*5418./TI**2 
GAM3"CLH«qS3«5<»18,/T3*«2 
O3R-03(J«ll 
RH3>03R/OS3 

VEMPERATURE EXTRAPOLATION ANO INTERPOLATION FOR RADIATION 

ATEM»(THL3-THLI>/0PLK 
BTEM-«THLI*PL3K-THL3*PL1HI/0PLK 
TTROP»(ATEM*PTRK*eTEM»*PTRK 
T2«(ATEM*PL2K»BTEM)*PL2K 

00008020 
00Cö»030 
00008040 
00008050 
00008060 
00008070 
00008080 
00008090 
00008100 
00008110 
00008120 
00008130 
00008140 
00008150 
00008160 
00008170 
00008180 
00008190 
00008200 
00008210 
00008220 
00008230 
000(8240 
00008250 
00008260 
00008270 
00008280 
00008290 
00008300 
00008310 
00008320 
00008330 
00008340 
00008350 
00008360 
00008370 
00008380 
00008390 
00008400 
00008410 
00008420 
00008430 
00008440 
00008450 
00008460 
00008470 
00008480 
00008490 
00008500 
00008510 
00008520 
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C 
C 
C 

C 
C 
C 

C 
C 
C 

GHnilNI)   TMPmAHIHf   AND   WRNf-SS 

TG«TGOO 
WfT-1,0 
IF   (.NOT.nCFAN)      TG-GT(J,II 
IF   (LAND»      WFT«:GWU,n 

LA«GF   SCALF   PRECIPI TATIOM 

PREOO. 
IF   «03R.LF.OS3)   GO   TO   1060 
PRFC«(03R-(jS3)/<l,*r,AM3) 
T3«T3*CLH«PREC 
THL3«T3/PL3K 
03R=03R-PREC 

CONVECTION 

TETA3)*PL?K/P10K 
TETA3)*PL?K/P10K 

C 
c 
c 

c 
c 
c 

1 

1060 TFTA1«THL1*P10K 
TETA3=THL3*P10K 
SS3 » TETA3*P4K/P10K 
SS2 « SS3 ♦ O.S-MTETAi- 
SSI - SS2 ♦ 0,5»(TFTA1- 
HH3 ■ SS3 ♦ CLH*03R 
HH3S • SS3 ♦ CLH»0S3 
MHIS « SSI ♦ CLH^OSl 

MIOOLE LEVEL CONVECTION 

Cl r o. 
C3 « 0, 
EX « HH3 - HH1S 
IF (EX.LE.O.)  GO TO lObb 
Cl » RCNV»EX/(2.*GAM1( 

C3 « Cl»(l.*GAMimsS?-SS3»/(EX*n.+GAMl(*(SSl-SS?n 

PREPARATION FOR AIR-EARTH INTERACTION 

Ü6S ZL3 « 2000, 
WINnF»2.0*WMAG 
DRAW=CD*WINÜE 
EOV-ED/ZLS^WMAG/IO. 

0000B530 
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 
00008890 
00008900 
00008910 
00008920 
00008930 
00008940 
00008950 
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C 
C 
c 
c 

OETERMINATJON  0^   SURFACE   TEMPERATURF 

C 
C 
C 

1070 RH4.2,*WET*RH3/(WET*RH3) 
Er,«lO,«*(8.405l-23S3./TG» 
EG« AMINl(EG,P*CB/l.662» 
0G«,622*EG/(P<>CB-EG) 
00G=541fl,*0G/TG**2 
HH6"TG*CLH«0G*WFT 
EOR»EDV/(EOV*ORAW» 
HH4-E0R*HH3«(I,-EDR)«HHG 
GAMG*CLH*006 
T4- (HM*-RH*« (CLH*OG-r,AMG*TG ) I / 11. ♦RHA^GAMG) 
IF (U*P10K/P4K.GT.TETA3) T4.TtTA3*P4K/P10K 
0*"RH4»«0G*00t«(T4-TGI) 
HH4«T**CLH*0* 

PENETRATING AND LOW-LEVEL CDNVFCTinN 

PC1-0, 
PC3-0. 
EX«0, 
IF IHH4 ,LE. HH3SI 
IF (HM3 .GT, MH1S) 
EX - HM4-HH3S 
HH4P ■ HHA 
HH4 m   HH3S 
IF (HMAP .LT. HH1S) GO TO 1076 
ETA « 1. 

TEMPI . ETA«MHH3S-HHlSI/«l.*GAMn*SSl-SS?) 
TEMP2 - ETA««SS2-SS3I ♦ <SS3-T*» 
TEHP ■ EOR«TEMPl*n,*GAM3>*TEMP2 
IF «TEMP ,LT, ,001) TEMP..001 
CONVP • RCNV*EX/TEMP 
PCI • C0NVP*TEMP1 
»»C3 ■ CONVP • TEMP2 

s 
1076 T4«T4-EX/n.*RH**GAMC» 

04»«MH*-T4I/CLH 

1077 Rn4»aP4CB/(RGAS*T4| 
CSENaCS4«R04*HIN0F 
CEVABCS*R04«H|NDF 

GO TO 1077 
GO TO 1077 

00008960 
00008970 
00008980 
00CaS990 
00009000 
00009010 
00009020 
00009030 
00009040 
00009050 
00009060 
00009070 
00009080 
00009090 
00009100 
00009110 
00009120 
C0009130 
00009140 
00009150 
00009160 
00009170 
00009180 
00009190 
00009200 
00009210 
00009220 
00009230 
00009240 
00009250 
00009260 
00009270 
00009280 
00009290 
00009300 
00009310 
00009320 
00009330 
00009340 
00009350 
00009360 
00009270 
000093HO 
00009390 
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C 
C 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 

CLOIIOINESS 

ICLOUO-l 
CL"0, 
CL1>0. 
CL2-0. 
CL3'0. 
CLT«0, 
CL>AMINl(-1.3*2.6*RH3tl.> 
IF IC1.GT.O..OR.PC1.GT.O.) CL1«CL 
IF (PRFC.GT.O..ANO.CL1.FO.O.» CL?-1 
IF (EX.6T,0..AND.PC1.F0.0.) CL3-CL 

*«*•« 
* 

* 
* 
* 

* 
* 

* 
* 
* 
* 

* 

I 

• *»•« 

CL1 

*     • 

CL2 

*••««•« 

CL3 

CL»»MAX1ICH,CL2,CL3) 
IF (CL ,GF, 1,1 ICLni»n«3 
IF «CL .LT. 1. .AND, CL .GT. 0,» ICLnilO-2 

ICLOtlO-l CLEAR, ICL0t)0-2 PARTLY CLmiOV, ICL0UI)«3 OVERCAST 

00009*00 
00009*10 
00009*20 
00009*30 
00009**0 
00009*50 
00009*60 
00009*70 
00009*fl0 
00009*90 
00009500 
00009510 
00009520 
00009530 
öv/0095*0 
00009550 
00009560 
00009570 
00009580 
00009590 
0000960P 
000096)J 
00009620 
00009630 
000096*0 
00009650 
00009660 
00009670 
000096no 
00009690 
00009700 
00009710 
00009720 
00009730 
000097*0 
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C 
C 

LONG   WAVE   RADIATION 

1090 

10R0 03RB«AMAXl(03^,l.E-5» 

VAK»2,*ALOG«1.7lfl8E-6/03RH»/ALnG(120./PL^> 
TEM1»,00102*PL3**2*03RB/VAK 
TEM2-TEM1*JP4/PL3)«*VAK 
EFV3-TEM2-TEM1 
EFV2-TEM2-TEM1«(PL2/PL3)**VAK 
EEVl«TEM2-TEMl*JPLl/PL3)**VAK 
EFVT«TEM2-TEMl««PTROP/PL3l**VAK 
EFV0-TeM2-TEMl*(120,/PL3)**VAK*?.5?6E-5 
BLT»STBO*TTROP«** 
BL1»STB0»TI*«* 
BL2"STB0*T2**4 
BL3"STB0«T3**4 
BL4»STBn«TG««4 
LONG   WAVE   RADIATION 
ROOO, 
R2C«0. 
R*C«0. 
URT»BLT*TRANS(FFVO-EFVTI 
UR2»BL2*TRANS«EFV0-EFV2) 
60  TO   II090f1090,2000»,   1 CLOUD 
RO0»O.B2*(URT*(BL4-HLT(«(|.*TRANS(EFVTn/2.) 
R20«0.736*Il)R2*CBL«.-BL2)*n.*TRANS(EFV2) >/2.» 
R*0»BL**(0.6»S0RTITRANS(EFV0l»-0.n 
IF   (ICLOUD   .EO.   1)   GO   TO   201S 

2000   IF   (CL2   .LE.   0.»   GO   TO   ?00* 
CLT-CL2 

R0C«0.«2*(URT*JBL2-BLT»*(l.*TRANS(fFVT-EFV2)l/2.)*CLT 
R2C-0,73fc«UR2»CLT 
R?C".5«R2C 
GO   TO   2006 
IF ICL3 .IF, 0,1 GO TO 2006 
CLT-CL3 

R0C-0,82»lURT»IBL3-HLT)«(l,*TRANS(EFVT-EFV3n/2.)»CLT 
R2C«0.736«(UR2*«BL3-BL2»»n.*TRANS(FFV2-FFV^»)/2.>*CLT 
IF (CL1 ,LF, 0.» GO TO 2010 

CLM-AMAXnCLT-CLl,0,) 
N PRESENT VERSION, CLM AND THIS TEM ARF ALWAYS ,/FRO 

TEM-O, 
IF ICLT ,GT, 0,001» TEM.CLM/CLT 

R0C-0,e2»«URT*(BLl-BLT»«n, «TRANS« FFVT-EFvn»/2.»*CLl»R0C«TEM 
R2C»R2C*TEM 

R*C»0,85«I.2%*.75»TRANS«EFV3»»*«BL*-BL3»»CL 
H0«R0C+(1.-CI »»ROO 
R?«R2C«(1.-CL»«R20 
R4.H4O«l,-CLI«R^0 
DIRAD>^.*STB0*TG**3 

200 V 

2006 

C  I 

2010 
2015 

00009750 
00009760 
00009770 
00009780 
00009790 
00009800 
00009810 
00009820 
00009«?ü 
0ÜÜ09840 
00009850 
00009860 
00009870 
00009880 
00009890 
00009900 
00009910 
00009920 
00009930 
00009940 
00009950 
00009960 
00009970 
00009980 
00009990 
00010000 
00010010 
00010020 
00010030 
00010040 
00010050 
00010060 
00010070 
00010080 
00010090 
00010100 
00010110 
00010120 
000101)0 
00010140 
00010150 
00010160 
00010170 
OOOIOIHO 
00010190 
00010200 
00010210 
00010220 
00010230 
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C 
C 
t 

327 

328 

330 

335 

C 
C 
C 

SURFACE   ALRFOO 

IF (cnsz .LF. .on on in 3AI/ 
scnsz«so«cosz 
ALS-.07 
IF (OCFANI GO TO 335 
ALS-.14 
IF (LATU» .LT. SNOWN» GO TO 327 
CLAT"(LAT(J)-SNOWN>»CONRAD 
GO TO 330 
IF (LATU) .GT, SNOWS) 60 TO 328 
CLAT»(SNOWS-LATIJ))*CONHAn 
ALS",*5*(l,*(CLAT-in,)»*2)/MCLAT-30,)**2*(CLAT-lO.)*»2) 
GO TO 335 
IF (LAND) GO TO 335 
CLAT-0.0 
ALS".4*(l.*MCLAT-5.)**2))/( ( CL AT-45. ) **2* ( ( CLAT-5, ) **2 ) ) 

SOLAR RADIATION 

ALA0«AMINHl,f,O85-,2*7»ALOG10(COSZ/COLMR) ) 
SA«.3<l»9*SCOSZ 
SS-SCOSZ-SA 
AS0T-SA»TRSW((FFV0-FFVT)/COSZ) 
AS2T>SA*TRSW|IFFVO-FFV2)/C0S7) 
FS2C-0,, 
FS*C»0. 
S*C»0. 
GO TO (336,336,337). IC!.Ollf) 

00010240 
00010250 
00010260 
00010270 
00010280 
00010290 
00010300 
00010310 
00010320 
00010330 
00010340 
00010350 
00010360 
00010370 
00010380 
00010390 
00010400 
00010410 
00010420 
00010430 
00010440 
00010450 
00010460 
00010470 
000104R0 
00010490 
00010500 
00010510 
00010520 
00010530 
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C        CLEAR 
336 FS20aAS2T 

FS40«SA«TRSW(EFV0/C0SZ) 
?r0T(.i:'ALS,*,fS404,U"ALAO,/«1«-ALAO*ALS»«SS) 
IF   MCLOUO   .60.   1»   60   TO   3*1 

C       LARGE   SCALE  CLOUD 
337 IF   <CL2   .LE.   0.»   GO   TO   33B 

CLT-CL2 
FS2C»AS2T*CLT 

ALAC«ALC2*ALAO-ALC2*ALAO 

GSSCT01;3;iS,*,TEMS/n-"ALC2**LS,*,,--ALAC'/'1--ALAC*ALS)*SS)»CLT 
C        LOW  LEVEL  CLOUD 

338 IF   (CL3   .LE.   0.»   GO   TO   339 
CLT-CL3 
FS2C"AS2T«CLT 
TEMU«(EFVO-EFV3)/COS2 
TEMS«SA*U.-ALC3)«TRSM(TEMU*l.66»«EFVC3*FFV3n 
FS*C-(TEMS*ALC3«SA*TR3W»TEMU)I*CLT 
ALAC-ALC3*ALAO-ALC3*ALAO 

C        THKKCa^LS,*,TEMS/n--ALC3MLS,M1--AL4C»^^-^AC.ALS.*5S,.CLT 
339 IF   (CLl   .LE.   0.1   GO  TO   341 

CLM-AMAXKCLT-CLl.O.» 

'MSSr1   VE,'S,0N'   CLH   AND   TH,S   TEW  A«E   «LWAVS   2FR0 
IF   »CLT   .GT.   0.)   TEM-CLM/CLT 
TEMU-IEFVO-EFVU/COSI 
TEMB«ALCI«TRSNITEMU)«SA*CL1 
IE"sIsirM,"J^}l!I!cSHIIeMUM-6M"VCn*CL»*Tf''B^S2C.TEM 
nrr   5c!.,!;"tLSn*T"SW,TFMU*l*66"E':VCI^FV3n 
FS4C"TEMS*CLUTEMB*FS*C«TEM 
ALAC>ALCI«ALA0-ALC1*ALA0 
S4C"«l.-ALSK(TE*S/n.-Ai.Cl«ALS) 

C        ME*:  ^-;jfSi/',--ALAC'A^»*",.CLUS*C.TE. 
3*1     FS2-FS2C*(l.-CL)*FS20 

FS*"F$*C»(1,-CL»«FS*0 
S*aS*C«ll.-CL)«S40 
AS1-AS0T-FS2 
AS3-FS2-FS4 
GO TO 349 

340  S4»0.0 
AS3-0.0 
AS1-0.0 

00010540 
00010550 
00010560 
00010570 
00010580 
00010590 
00010600 
00010610 
00010620 
00010630 
00010640 
00010650 
00010660 
00010670 
OOOlCdBO 
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 
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C 

C   COMPUTATION OF GROUND TEHPEKATURt OOOllSJS 

345  TGR-TG 00011030 
IF «OCEANI GO TO 347 2°S}}0*0 
BRA0-S4-R4 00011050 
TEM-O. 00011060 

IF IICE.AND.ZZZ.LT.O.I) TEM-CTI0/HICE SIJJIS 
Al-CSEN»m*CLH*»0**«ET*(OOG«TG-0Gn I Sn2  non 
A2.BRA0^.«BL4*TEM*TICE ^Sll?^ 
Bl-CSEN*n.*CLH«DOG*MET» nnn  }?« 
82«DIRA0*TEM 00011110 
TGR.(Al*Ai»/(BUP2l 2SJHJ2 
JF^.LANO.OR.TGR.LT.TICE» GO TO 3.6 SJlllS 

346 0R4-0IRAD«(TGR-TG) 00011150 
R4.R**nR4 00011160 

R?-R2*.M(l.-CU*TRANS<FFV2»*0R4 Snnlllin 
R0-R0*.8«(1.-CH«TRANSIEFVT»*0R4 onn   2n 

347 GT(J,n«TGR 00011190 
C 00011200 

C   SENSIBLE MEAT (LY/OAV» AND EVAPORATION (GM/CM.»2/SEC» SStittO 

E4-CEVA^MET.(0G*D0G*(TGR-TGI)-04» SSÜJS 
F4«CSEN«(TGR-T4| 00011240 
FK-R0««FK1«WINDF 00011250 

C 00011260 

C     TOTAL MEATING AND MOISTURE BUDGET SSlltiO 

s;;l'l;";u:n"i/CLH4P^Fc■^••M•nTc3•GRAv/,sp•,o•» »Siiis 
IF   «.NOT.LAND»   GO   TO   3S0 SSllll* 
RUNOFF-0. 00011320 

IF   ION.GT.O.   .AND.   WET.LT.l.»   RUNOFF..5»WFT JSSII^n 
IF   ION.GT.O.   .AND.   «ET.GE.l.»   RUNOFF.1. aotWltn 

?r.«T.5;;;:r:jr;TM*ON,5-*SP/GMv/GwM KiiSJ 
IF   IMCT.LT.O.»   WET   .   0.' SllHl 

350 GHCJ.II . MET 000113*0 
C 00011390 

IF i03u,n.LT.o.» osij.n.o. SI!!?! 
IF    (KEV«3in   GO   TO   360 nnnl      1« 

351 Hl-»ASl*R2-R0l»COEl»C0LMR*Cl*PCl SSHHS 
H3.«AS3*R4-R2*F4).C0El«C0LMR»C3*PC3*PREC»CLM itllllln 
Mu.i.n-o.MiMiooi ÜJrrtt! 
TFMP.0.5»«M1-H3I 00011450 
TU.I.ll-TU,I,n*TEMP 2!l!!t2 
t«4.l.f|.fUf|.t|.f|«p Znllo 
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C 

C 

C        SURFACE   FRICTION 0001U90 

ac,  lc , ,  c„ 00011500 
rn. ui ;e0* n G0 T0 358 00011510 
ConnLr55

4K:u^P,J',,+p,J'">1'^^-i.n+P,J.u,Pn. sssuifs 
Ji-^l 00011540 
T^JD o,. . 00011550 
Q^

P
!
0
^:

,
'
K1

»-0IJ,I.K2) 00011560 

355  0 J I li 'n.'^I'^'^^^COLMR^^DTCB 00011570 
c    .

0'J,,,",-;i^'j«!c-r"'"""C'".-«.1S!J.1.„)..!.TEflP,..7) s»o}..;o 

I»'   IF mniTi co TO ,6o mlWtlo 

C     MMMlmM, S!l^ 
yu.cnt i I.» 00011650 
S?Ii?l^i.^^,/,2-0*0XVP«J" 00011660 5CALE«SCALEU«Cm.MR 00011670 
Uuiri!^!liASl'SCALF,'":'X'A"*SCALE)» 00011680 
JJJ •DJ..rf

XX 00011690 
VJU!^!:!;;,R2-RO,*SCALF»-F'XHR^,*SCALE,, znz 

S?uintr.J!{iMtl,-u,'I',MCI*«>^^»»^Küiii^t) 0
0
0

0
0

0||j;j 
R?::nii;ii,m*i0o-mf^i»^«»^i^t*»#tfci,i zum 
SO!|VM

,
1«1

MS
*
/10,,,

"
:,X,WW

*100.»> 00011800 
360     cSwiill 00011810 
370 '5?SS JS }JfJ 
»W   on 577 i.UM oooullo 

Ofl   i77    l.l     IM ""Ull8«i0 
377     Mil   I   ii   u.'^. 00011850 

c"7  MU.I.ll-HlJ.l.n.nxvpjj, 00011860 

On 390 1.1 IH 00011870 

uii äug Ja?fJMMl 00011910 

C  ♦2;iHÜ4!:IM|;n*!-*H,J>l',»»»*H«JM.IPl.n 000119?0 
t     rSuI   : '..^••H,J','n4?»*H'J.I»»I 00011930 

380     ]li'l^Xl\\^"'>'"^-^^ Zl\lt00 
T   1    l'?   ■IM'?,MEM,> 00011960 
TM    I    ,      T!!'   ,l,*Hn''»1,/nxv',n» 00011970 
rlJili i?It5,i,!,ü?,,»,»»»/w»»«ll oooii98o 

390     T   JM   I   1   'TI^'    ,n*H,JM*''n/,>xy»,<JM) 00011990 
*oo   Jinmi         'JM,,,2,4H<JH',','/n'«^«JH» 00012000 

cjLn   RN 00012010 
00012020 
00012030 
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0  U I N 

/• 
// 
// 
C 
C 

no 

>   C0MP4 

OISP«OLn,DSN.- 
DO 

MFS727.AHN.COMMON 
4> 

20 
25 

C 
C 
C 

DTC3«OT*FLOAT(NC3) 
SIGl-SIGd» 
SIG3«SIG(2) 
DSIG-SIG3-SIG1 
JMM1«JM-1 
JMM2-JM-2 
1MM2-1M-2 
FIM«IM 
TSP0«0AY/DTC3 
IF(A.E0.0,> GO TO 92 

DO 25 I> 
DO  20 
PV(J,I)> 
PVIlfl»' 

ItIM 
J«2fJM 
DXYPU)*P(JiI ) 
OXVP(n*P«l,I( 

DIFFUSION OF MOMENTUM 

DO 30 I«It IM 
IPl«MnD( I,IMKi 
DO 30 J«2»JM 

30 PlMJ,n»0.25*(PV(J,n*PV(J-l,I )*PV(J,IPI) + PV(J-1,1P1») 
DO 90 K"2|5 
Kl"K-M0n(K,2» 
FL«MOD(K,2»*2*l 
SIGC0»FL/2, 
DO 40 1 = 1.1M 
IP1«M00(I,IM»+1 
DO 40 J»2tJM 

40 PV«J,I)«SIGC0*{P(J,IP1)+P(J-1,IP1)-P»J,I)-P(J-l.I») 
• /(P(J,IPl)*P«J-l,IPll*P(JfI)*P(J-1.I)) 
* «(0<J,I,K1)-0(J»I.KI*1)) 

00012040 
00012050 
00012060 
00012070 
0001208C 
00012090 
00012100 
00012110 
00012120 
00012130 
00012140 
00012150 
00012160 
00012170 
00012180 
00012190 
00012200 
00012210 
00012220 
00012230 
00012240 
00012250 
00012260 
00012270 
000122RO 
00012290 
00012300 
00012310 
OOO123?0 
00012330 
00012340 
OOOI2350 
00012 360 
00012370 
00012380 
00012390 
00012400 
00012410 
00012420 
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92 
C 
C 
C 
99 

100 

00 50 I«1,1M 
IMI»M00U*IMM2,IM)*.1 
00 50 J«2,JM 

TEMP-OTC3*(P(J,I>*PU-l,I))«AXI)U)*OyU(JI/DXU(J)*0.5 
* *'0«J,I,K|-0(J,IMltK)*PVU,n*PV(J,IMl)) 
0(J,ItK)»0(JtIfK>-TEMP/Pu<J,n 

50 OCJ,IMl,K)-0<J,IMlfK)*TeMP/PU(J,rMl) 
DO 60 I>1,IM 
IPl>M00(I»IM)4l 
00 60 J>2«JM 

60 pv«j,n.si6Co*(P(jfiPi)*P(j,n.p(j-ifip1).p(j_lfn) 

*        /«Pu.ipn+pu.n+PU-i.iPii+Hj-um 
* •(0(J,I,Kn-0(J,ItKl*lM 
on 80 I«l,IM 
IPl-MO0(I,IM)«l 
On 70 J«2,JMM1 

TEMP«0TC3*IP(Jf IPl)*P(J,n)*AYU(J<»DXU(J)»«3/0VU(J)*0.5 

OU*l,I,K»«0(J*l,IfK)-TEMP/(PU(J*l»n«OXU(J*n) 
0(JfIfK»»0<J,I,K»*TEMP/(P()(J,I)*DXU<JJI 
TEMP-0TC3*P(JM,I)*AYU(JM)»0XU(JM)/0YU(JM)*«0(JM,I,K)-PVUM,I)) 
0<JM,I,K»-0(JMtI,K»-TEMP/PU(JMf11 
TEMP-0TC3*P«2,n«AYlJI2)*0XU<2)/DYU(2)*(0«2tItK)-PV(2,I)) 
0(2,I.K)-O«2,IfK»-TEMP/PU«2,I> 
CONTINUE 
CnNTINUE 

70 

80 
90 

110 

SMOOTHING LAPSE RATE 

00 100 I-ltlM 
00 100 J>1,JM 

TDij,i)-mj,it2)-T(j,i,m«.5/pufn 
00 110 1-1,IM 
IM1>M00II4IMM2*IM|41 
IPl<>HOO(ItIM)M 
00 110 J»2,JMM1 
TOBAR ■ (TD(j4ltIMl)^2.*T0(Jtlf 1)4   TDU^UIPl) 

2 ♦2.«T0IJ,IMn  ♦4,«T0(J,I)  ♦2.*T0( J, I PI» 
3 ♦   T0(J-ltIMl)*2.»Tn(J-l,n*   T0(J-l,IPm/16. 
TOSM>(TD(JtI)«(TOBAR-TO(J,I))/TSPO)«P(J.I) 
TBAR-(TU,It2I*T(J,I,n)*.5 
T(J.Ifl»>TBAR-TOSM 
T(JtIt2)>TBAR>T0SM 
RETURN 
ENO 

00012430 
00012440 
00012450 
00012460 
00012470 
000124R0 
00012490 
00012500 
00012510 
00012520 
00012530 
00012540 
00012550 
00012560 
00012570 
00012580 
00012590 
»00012600 
0012610 
00012620 
00012630 
00012640 
00012650 
00012660 
00012670 
00012680 
00012690 
00012700 
00012710 
00012720 
00012730 
00012740 
00012750 
00012760 
00012770 
00012780 
00012790 
00012800 
00012810 
00012820 
00012830 
00012840 
00012850 
00012860 
00012870 
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.S LL   B    R     on 

/* 
mmt 

//   00  OJSP.OLO,1';N-MES727.ABN.COMMON 

c 

c 
c 
c 
c 

00 

EOUIVALENCE   (XXX.KKKI 
,>iJ5R!SlLl.l,?!?lJ 'C1<800'' ICIBOO», AIPH(8> 
LoSKATE^,OTn'Ul0,'Cln,',C1'1»»-   »«IHICilll 
INT5Ge*     KSETI32»,   BLANK/»    •/ 
EOUIVALENCE   «XLEV.ILEVI 

INPUT   PROGRAM 

IJ   [«»fill   .OR.   KEY.m,     GO   TO   ,11*****  «"TART/OUTPUT 
Pl-S.1415926 
SIG(n>.25 
SIG(2»-.75 
0AYPYRa365. 
OECMAX-23.5/180.0«PI 
ROTPER-24.0 
EONX-173,0 
APHEL-183.0 
ECCN«0,C17B 

C  HISTORY FILE 
KTP-ll 

C  CHECKPOINT FILE 
LTP«l 

C  OATA CARO IMAGE FILF 
I NU«5 

C  OUTPUT (MAP» STREAM 
MTPB6 

C (1» 

READ IINU,50» ID.XLABL 
C (2) 
C 

C  TRST-1. t RESTART USING NFW TAPE 
C  TERM-O. I 00 NPT TERMINATE OLO TAPE IF TRST-l. 

READ (INU.BO) TAUID.TAUIH.TRST.TFRH 
IF   ITRST.NE.O.O»   KTP-10 
TAUI«TAUI0*24.*TAU|H 

C   (3) 

;AEuE.Ji:ö:TflAoÜFTA,,o, TA"n• T4,,H' TAUF' ^ 
C   (Ml 

REAO «INU,82» OTM, NCYCLF, NC3 

RFAD MNU.IO) JM, IM, OLAT 
C (6> 

RFAD (INU.BO) AX 
C (7) 

RFAO (INU.BO) FMX, ED, TCNV 

00012880 
00012890 
00012900 
00012910 
00012920 
00012930 
00012940 
000E2950 
00012960 
00012970 
00012980 
00012990 
00013000 
00013010 

OPrION 00013020 
00013030 
COO13040 
00013050 
00013060 
00013070 
00013080 
00013090 
00013100 
00013110 
00013120 
00013130 
00013140 
00013150 
00013160 
00013170 
00013180 
00013190 
00013200 
00013210 
00013220 
00013230 
00013240 
00013250 
00013260 
00013270 
00013280 
00013290 
00013300 
00013310 
OO0I332O 
00013 3 30 
00013340 
00013350 
00013360 
00013370 
OOf/13 3fiO 
000)3390 
00013400 
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C   (HI 
READ   HNU.aoi   «*0.   GRAV«   DAY 

C   191 
READ   IINU.ani   RGASt   Kit1 A 

C   110) 
READ   MNUfAOl   PSL«   PTRQf» 

C   1111 
READ   IIMUtROI   PSF 

C   (12>        FOR   POLAR   «APS.   LATITimE   Of   INSCRIBED  CIRCLE 
READ   «INU.BOI   OLIil 

C   (13) 
READ   (INUtBS)   KSET 
00 40  J-lf32 

40       KEVS(JI>K$ET(J).NE.RLAMK 
C 

0T>DTM*60.0 
A*AX*1.0E5 
'tM>|M 
bLAT-0LAT*PI/lB0.0 
UL0N>2.0«P|/fIN 
EMaPMX»O,00001 

C 
c 

RI0-RAO*10OO,0 
0i.V>0AY*360O,0 

CALL MAGEAC 
READ (INU«1199I MARK 

123  TREAD/-.TRUE. 
125  READ IKTP) TAIIX. Cl 

IE (TAUX «LT. 0.(f r.o TO 135 
TAU>TAUX 
TAUID>IEIX(TAUX/24t) 
TAU|NaTAUX-24.*TA(tID 

C IF   (KEV(9))   WRITE   <MTP,9120)   TAll|D,   TAUIH 
CI22I   ■  C1I22) 
SDEOY ■ iCll29l 
SDEYR ■ ICl(3fl) 
CALL OUTAPE(KTP,l) 
IF ITAUX-TAUf) 129» 190« 190 

13S BACKSPACE KTP 
190 CONTINUE 

IF MTRST.EO.D.AND.ITERM.EO.O.)) GO TO 19S 
TAUX—ABSITAItX) 
WRITE IKTP) TAUX.Cl 
BACKSPACE KTP 

195 CONTINUE 
IF (TRST.EO.O.O) GO TO 202 
REMIND KTP 
KTP-11 
WRITE (KTP) TAU»C 
CALL nuTAPE (KTP,2) 

202  JUMP-.FALSE. 

00013410 
00013420 
00013430 
00013440 
00013450 
00013460 
00013470 
00013480 
00013490 
00013500 
00013510 
00013520 
00013530 
"WO I 3540 
00013550 
00013560 
00013570 
000135S0 
00013590 
00013600 
03013610 
00013620 
00013630 
000136*tO 
00013650 
00013660 
00013670 
000136R0 
00013690 
00013700 
00013710 
00013720 
000137 30 
00013740 
00013750 
00013760 
00013770 
000137R0 
00013790 
00013B0O 
00013B10 
00013B20 
000138 30 
00013840 
00013850 
00013860 
00013870 
00013880 
00013890 
00013900 
00013910 
00013920 
000139 30 
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?0«)  CALL INII/(M/IBK) 

iOt,   C«LL INSDfT 
If   Ut»MP( GO TO iOO 

iSO     CONTINilf 

)00 
C 
C 

c 
c 
10 
•»0 
SI 

n? 
80 
«s 

I IVS 
lint* 
1147 
1199 
91?0 
97J1 
97«1 
1?00 
1101 
1?0? 

?on TAii>?4. 1^ lKi-y( 

M«lTt IMTP,12001 
MRITe IMTPtl?on 
WBITf l«TP,l?on 
MütTI «MTP.uon 
WBfTf (MTP(|?01I 
WMTf IMTP,i?0?-) 
««ITF «»I*-.11971 
wBITf (MTP.119S> 
MHITF (».TP,11<*M 

lOtXLAHL 
TAIi|0,T«li|N,TitST,TAIl| 
TA(ir>,TAltn,TAIIH,U(lFtT«ll£ 
OTN»OLÄT,H)(,FMK,FO,TCNV 
• A0,r,«4V,n*V,R&4S,i(4»ii|,psi .PTRDP.PSF.OI IC 

JW.IM.NfYCLF.NO 
AX 
FO,   ICNV 
FMX 

TnF0Ay-AMOO(TAU«ftilTPFft| 
W«lTf   «?|   GK,   GT,   TS.   SK 
•FMINO  ? 
RETURN 

FORH4T 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT («kHO 
FORMAT   |?m 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FNO 

«?l^.no,n» 
IttMl 
n?«RAl(;>F|O.O.MAM 
«F1().0.?I%» 
«»FIO.O» 
I ISAM 
«ftMO      FO.,F%,?f/?MCI   TC»*V»,FS,n) 
IftMO      FMa,F4i.?(MH*(«(()0(IOn 

A»tF<»,?,«#H»i ommo. n i 

I •ITAPFSI*.«    OOFS Not 
(•OSMlTCHING   FROM   IARF 
(1H|,A<.,?X.9A<.| 

IIOIIX.IS)» 

CONTAIN TMF STARTING TIMFM 
tf/t« TO TAPF ',|?l 

00013940 
00019950 
00019960 
0001)970 
0001)980 
0001)990 
00014000 
00014010 
000 I 40?0 
00014030 
00014040 
00014090 
00014060 
00014070 
oooi*of«n 
00014090 
00014100 
00014110 
000I4|?0 
000141)0 
00014140 
00014190 
00014160 
00014:10 
000J4IR0 
00014190 
000 I 4?00 
00014?10 
00014??0 
00014?30 
00014?40 
00014?90 
00014?60 
00014?70 
OOOl^RO 
00014?VO 
00014300 
00014)10 
00014)?0 
00014330 
00014340 
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n   i 

/• 
// 
// 
c 
c 
c 

00 oiSP«nto 
no   • 

0SN-MES727.ARN.COMMON 

I 

EQUAL LATITUDE OISTAMCE PUOJECTION 

JMM1-JM-1 
FJMaJM 
PJE>FJM/2.0*0.9 
On 410 J-?,JMM| 
PJ»J 

410  LAT(J|>OLAT«IEJ-FJEI 
LATIll—PI/2.0 
L*TIJM)>P|/2.0 

■ 
00 419 J-2,JM 

419 OYUU)>«AO*ILATU)-LATIJ-1I| 
•MNtlafnWftl 
00   420   JaltJM 

420 0XP(JI"IIA04C0SILATIJII«0LnN 

on 4)0 J«2,JM 
4)0 oiiMji>o.9*ioxp(jt*niP(j-in 

oxuin-ORui2) 
00 440 J*2tJMMl 

440 ovPui*o.94ioyu(j«n«ovuun 
0VPItl>0YUI2l 
OVPIJM|>OVUUM) 
00 449 J"?.JMM| 

449 OXVPI JI«0.9P|0IUIJ»«0XUIJ*1M«0VP(JI 
OXVPII)>0XU(2>*0VPf1 IPO.29 
OXYPIJMI«OXU«JMI«OVPIJM i«0.29 
00 490 Ja2«JHN| 

490  PUI«2.0PP|/0AVPrRA0/0XVP<JIIPMCnSILATU''in*CnS(LAT(jni*DXUIJI 
•-(COS(LAT|jn«COS(LATU*ini*0XU(J*ll)/2.0 
PUM)a2.0PPI/0AVPfNA0/0XVP|JM||*lcnSILATUM.in«CnSILAT(JMMI 

••OXU(JM|/?.0 
pm—pum 

42 

USFO IN C0MP4 ONLY 
EXP1>4.0/3,0 
00 42 J-l.J« 
AXUUI>AP|OXUIJI/3.0C9|PnXPl 
AXV(J».A«|OXPiJ»/).0f9»»»fXPl 
AYUUI>AP|0YU(J»/3.0E9I«*EXP1 
AVV(J|>A*(0YP(JI/).0E9I*PEXP1 
RITUMN 
END 

00014390 
00014 360 
00014370 
00014380 
00014390 
00014400 
00014410 
00014420 
000144 30 
00014440 
00014490 
00014460 
000144 70 
000144110 
00014490 
00014900 
00014910 
00014920 
00014930 
00014940 
00014990 
00014960 
00014970 
000149M0 
00014990 
00014600 
00014610 
00014620 
00014630 
00014640 
00014690 
00014660 
00014670 
000146«0 
00014690 
00014700 
00014710 
00014720 
00014730 
00014 740 
00014790 
00014 760 
00014770 
00014780 
00014790 
00014800 
00014810 
00014820 
000148 30 
00014840 
00014890 
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S     U     t>     »      Ü     u 

/• 
INSOCJ I     ■     I 

//   OD  OISP«OLO,nSN«MfS7?7.AHN.f.n"MnN 
// DO       • 

LOGICAL       OCLK 
C 

DO «11   Jal.JM 
SINL<JI*SINILATIJ)| 

Ml     CnSLUI-COSILATUM 
C 
C IF   IKFiVllll.OM.Kmmi     GO   TO   IS 

c 

c 

c 

«FAO f|NU,7l CLKSM, «SFISW, LO«y, IVR 
31   IF 'RSFTSM ,NE. «FSFTI GO TO 1* 

SOEOV>LOAv 
SOFfRaLVR 

14   OCLK* .FALSE. 
CALL SOU 
IF »CLKSM ,NF, OFF» OCLK- .TRII^. 
RETURN 

IS  OCLK>.FALSE. 
CALL SOET 
RETURN 

7  FORMAT fA4»6X,««,6X,|)t7l.|4) 

DATA RESET/4HRESF/, nFF/*MOFF / 

END 

000|4Rhn 
000141170 
000148110 
00014890 
00014900 
00014910 
000140:0 
00014990 
00014941) 
000149*0 
0001*960 
00014970 
00014980 
00014990 
0001SOOO 
0001S010 
0001S0?0 
000k1030 
0001S040 
0001SOSO 
0001S060 
0001S070 
0001S080 
0001S090 
000IS100 
000IS1I0 
0001*170 
oooisnn 
0001S140 
OO0IS»SO 
0001S I fiO 
00015170 
0001S180 
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S     U     B n u 

/• 
// 
// 
c 

2\l 

251 

C 
c 
c 
c 
c 

0« OISP-OI,0,OSN«M§S727.AHN,C(iM«nN 
no    • 

OIMtJUSION      ZMONTMH.U»,   NONTHIl?» 
LOGICAL        OCLK 
M*XOAY«OAVPVR   •    ».Of-? 
IF   IOCLKI   SOEDV-SOeoy«! 
IF    «SOFOV   ,LF.   MAXOAYI   GO   ?n   ?ll 
SOEOV-SOeOV-MAXOAV 
S0EVR«S0EVR«1 
JOVACC*0 
00  2il   L-1,12 
JOVACC'JOVACOMONTHa I 
IF    (SDFOV   ,Lf.   JOYACC)   r.(J   TO   ?«l 
CONTINUE 
L-12 
NNTMOV-aONTMILI-JOVACOSOFOV 
AMONTHIIi-IMONTHd.LI 
AMONTH(2)>2MONTH(2tLI 
AMnNTHOI>2M0NTHOtLI 
0Y»S0E0V 
SEASON-(OV-EONX)/OAYPVR 
OIST-IOV-APHFL )/OAVPVI« 

EONX   ■   JUNE   22 
4»»lHfLION   •   JULY   I 
ECCN-   ORBITAL   ECCENTRICITY 

DEC•DFCHAX«CnS«2.0«P|«SEASON» 
RS0IST*(I.0«ECCN«C0SI?.0«P|«0IST»»**2 
SINO'SINIOECI 
COSO-COSIOEC» 

OATA  2N0NTH/«     JANUARY    FEBRUARY       MARCH 
*     "JJ        JUNe        J"«-*      AUGUST   SEPTEMHKH 
XER    NOVFNBER    DECEMBER«/ 
DATA HMflW»t«M»tltlfttt»MtN*t|*M»tl*M*Bt/ 

ENO 

0001S»90 
ooni5?oo 
0001S210 
00015220 
000152 JO 
000652*0 
00015250 
000152*0 
0001 52TO 
000152*0 
00015290 
ooomoo 
00015310 
0O015J2O 
000153JO 
0001S340 
00015350 
00015360 
00015370 
OOOIMRO 
00015390 
00015*00 
00015*10 
00015*20 
00015*30 
00015**0 
00015*50 
00015*60 
00015*70 
00015*RO 
0001^*90 
00015500 
00015510 
00015520 
00015530 
000155*0 
00015550 

•PRIL    00015560 
DCTOR00CI5570 

00015580 
00015590 
00015600 
00015610 
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•        INjtl   

/ 00 t)is»»»nLn,r)SN»MFS7?7,.»MN,cnMM(iN 
/ on • 

THIS MtMHtlM  is ^fm rout sum  INITIAL coNomnN. 

Pf TUBS 

EM) 

00015670 
0001*630 
00015640 
0001S6S0 
00015660 
00015670 
000156K0 
00015690 
00015700 
00015710 
000157?0 
00015730 
00015740 
00015750 

C 

t 
t 
c 

S ii H n n 
INIT? IMAHKll 

// oo 0isP«nLn,nsN«»«fS7?7.*HN.cnMMnN 
/ /       no   • 

«F»L     MFim 
OlMENSin*   HFir.HT    (461 
mr.icAL   F«H 

I NO   •   5 
IF    (MARKI    ,F0.   01   GO   T(l   71 

RF»(t   UNIT   CAHf)   Fr)R   MMMMff 

75   «FAO (IMUIIO) T»-HSCL 
IF ITFMSCL .FO. FAHFN) Gil Td R6 
IF (TFMSCl ,F0. CFNTIG» Gl) Tfl 46 
STOP I91?l 

«6   F*M..TBtlF. 
GO TO 97 

46   FAHa.FALSF. 
GO TO 97 

19   MRITF (6.76) 
STOP 

97 CONTINIIF 

00015 760 
00015770 
00015780 
00015790 
00015800 
00015810 
000158?0 
000158 30 
00015840 
00015850 
00015860 
000158 7(< 
00015880 
00015890 
00015900 
00015910 
000159P0 
00015930 
00015940 
00015950 
00015960 
00015970 
00015980 
00015990 
00016000 
000160J0 
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c 
c 
c 

C READ r.Frir.RAPH» ntCH 
C        OCEANI  SFA SHAFACF IfMPPRATUHF 
C        LANOt  -64 
S        SEA ICE CR LAND ICE I -<»6 

OO 15 IL«1,MAURI 

READ  IND.IO?! ITCI«»(»GU.K»,J-1.15).II HT0P0GU.IL)tJ«i6,10» 
X,ITnPUG(JtILI*J*3t,4i6|,K3 
IE IIL1.NE.IL?. )R.|L?.NF.lL).OR.lLl.NE.|LI r,n TO 1«» 

15   CDNTINIIF 
OO ?i   IL-1.IM 
on 23 JL-l.JN 
IF ITOPnCI JLtlL) .LE. -h*.OI f.n TO 23 
IF IFAH) TOPrK;(JL,ILJ»(TOPn^«JltlLI-32,nj«5./9, 
TnpnGljL.ILl-Tdpnr.ui.lL )*2Ti,o 

23       CnNTINOE 
CNST>GRAV«30.«H 
MCST-1, 

READ   UNIT   CARO   FOR   TnPflGRAPMY 

C 
C 

REAO (INli.HOI HSCL 
IF «HSCL »NE, FFET .ANO, HSCL .NE. MtTER» 
IF JMSCl ,F0, NFTER)Mr.ST»39.39/120. 
CNST«CN$T<MCST 
On 10 I>1,MARR1 

REAO TOPnGRAPHV DECK 
REAO i INI 1,101» I HE 

GO TO 7R 

SO 

60 
20 
10 
Tl 
78 

101 
102 

110 
111 

112 
76 

GMTUI.JM^M.ILl.lMFIGMT« J».J«26tJM) tIL2 
IF ULI ,NE. 112 .OR. IL1 .NE. 11 ftn Tn l*i 
00 20 JaltJM 
IF (TCVOGUt n*64.0l  60,50.20 
TOPOG(J,H»-MFIGMTIJ)»CNST 
GO TO 20 
TnPn6|J.na-|HFIGHTIJI*CN$T«lU.F5l 
CnNTINIIF 
CnNTiWME 
RETURN 
WRITE 16,112) HSCL 
STOP 19122 

FORNAT l25F3.ü,lX,|W21F3.0,13X,m 
FORMAT I,5F*,1,1RX,|2/15F*.1,1RX,I2/16F*,1,1«,X,I2» 
FORMAT ,A4I 
FORMAT UH1,6X,2A6,40H NDT RFCdf.NI 7 FO AS TEMPERATURE CONTROL. 
FORMAT UH1,6X,2A6,36H NOT Rff.nr.NI/FO AS HEIGHT CONTROL.    I 
FORMAT I///69H GEOGRAPHY OATA SEOUFNf.E ERRUR, RFLUAO GEOGRAPHY 

9 ANO PUSH START.////» 

OATA FAReN/*HEAHR/,CENTIG/*HCENI/,FfET/*HFEET/,METFR/AHMETE/ 

ENO 

00016020 
00016030 
00016040 
00016050 
00016060 
00016070 
00016080 

,IL2 00016090 
00016100 
00016110 
00016120 
00016130 
00016140 
00016150 
00016160 
00016170 
00016180 
00016190 
00016200 
00016210 
00016220 
000162 30 
00016240 
00016250 
00016260 
000162 70 
00016280 
00016290 
00016300 
00016310 
00016320 
00016330 
00016340 
00016350 
00016360 
00016370 
00016380 
00016390 
00016400 
00016410 
00016420 
00016430 
00016440 
00016450 
00016460 
100016470 
00016480 

0ECK00016490 
00016500 
00016510 
00016520 
00016530 
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*.  MAP PROGRAM LISTING 

To facilitate the output of the primary dependent variables and 

auxiliary physical quantities, a nunber 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 nap routines Is given below, with the cards In the program numbered 

sequentially for easy reference. Each of the map subroutines auto- 

matically commutes the zonal average at each grid latitude, as well 

as the global average. The maps 2, 3, A, 6, 8, 17, 18, 21, 27, and 

28 may be produced for an arbitrary tropospherlc - or p surface by 

Interpolation or extrapolation of the solutions at the basic levels 

o - 1/A and a  - 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 diabetic heating) are 

computed every fifth tine 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.  In 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 heluw; examples of those maps marked 

by an asterisk (*) are given In Jhapter IV, with Map 5 given in Chap- 

ter III, Section F. 

* 
Map 1:  Smoothed sea-level pressure (o - 1) 

Map 2:  Zonal wind component (C £ a £ 1) 

Map 3: Meridional wind component (0 £ o s 1) 

Map 4: Temperature (0 i a i 1) 
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Map 5: Topography (sea-surface temperature, land elevation, Ice 

distribution) 

* 
Map 6:  Geopotentlal height (0 :£ o s 1) 

Map 7r Unsmoothed sea-level pressure (o - 1) 

* 
Map 8: Total diabetic heating (0 s a s 1) 

* 
Map 9: Large-scale precipitation rate 

* 
Map 10:  Sigma vertical velocity (o - 1/2) 

* 
Map 11: Relative humidity (o - 3/4) 

* 
Map 12:  Preclpltable water 

* 
Map 13: Convectlve precipitation rate 

* 
Map 14: Evaporation rate (o - 1) 

* 
Map 15: Sensible heat flux (a  - 1) 

Map 16: Lowest-level convection (o ■ 1) 

Map 17: Wind direction angle (0 < a 5 1) 

Map 18: Wind direction vectors (0 s o 5 1) 

Map 19: Long-wave heating In layers (o ■ 0 to 1/2, c - 1/2 to 1) 

Map 20:  Short-wave absorption (heating) In layers (a ■ 0 to 1/2, 

a - 1/2 to 1) 

Map 21; Wind magnitude (0 i a  <  1) 

Surface short-wave absorption (heating) (a - 1) 

Surface air temperature (o ■ 1) 

Ground temperature (o ■ 1) 

r 
Map 25:  Ground wetness (o - 1) 

Cloudiness (high, middle, low) 

Pressure at slgma surfaces (0 s a 5 1) 

Total convectlve heating In layers (o - 0 - 1/2, a - 1/2 - 1) 

Map 22; 

Map 23: 

Map 24: 

Map 26: 

Map 27: 

Map 28: 
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Map 29: Latent heating (a - 1/2 to 1) 
I 
Hap 30: Surface long-wave cooling (a - 1) 

Map 31: Surface heat balance (a - 1) 
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C**** 
c* 
c* 
c» 
c* 
c* 
c**** 
c**«« 
/♦ 
//   DO 
// 

MAP   LIST   FOR   MINTZ-ARAKAWA   TWO-LFVEL   fiENERAL   CIRCULATION   MODEL 

100 
101 
10? 
103 
104 
105 
106 
107 

FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 

200 

?3() 

?50 

OISP.OLD,DSN.MFS72 7.ABN.COMMON 
DD   • 

C0MM0N/C0UT/?M(«6lfSURF,LFVfISL,NAMF{ 
COMMON /COT/TAPIN 
DIMENSION MAP(«}9),SRF(99),SNT(9«»t.ZM2 
DATA JHLK/4H    / 
DATA HCTP/'TAPE'/ 
FORMAT (5F10.0) 

iltttilO.OtllMi 
(S(1X,F8.3II 
IIX,I2,?(IX,FH.3)) 
(lX,FH.2,?x,I2,2X,Ffl.?,2X,13AA 
I2E10.0,AM 
nx,Ffl.3,lX,F«.3,2X,A4» 
i inn 

HEAD   (5,105)   TO.TFNO.TAPIN 
««ITS   (6,106)   T0,TENI),TAPIN 
TOPOr,(l,l)=-l.o 
IF   (TAPIN.NF.HCTP)   READ   (R)    TOPOO 
TSA = TOPO(;( 1,1) 
T0«24.*T0 
TFND=24.*TEN0 
OAYl=24.*36no. 
EJFCT=0,0 
1=0 
«FAD   (5,101)   MAPNO,SORF 
WRITE    (6,103)   MAPNO,SORF 
1 = 1*1 
MAPI I )=MAPNO 
IF    (MAPNO.FO.O)    GO   TO   230 
SRFII)=SORF 
SNTd )=SINT 
60   TO   200 
CONTINUE 
T|=0.0 
«FAD   (H)   TAU,C 
DAY=DAYl 
IF    (TAU.EO.TSA)   00   TO   250 
NOOUT«0 
T2=TAO/2*. 

IF   (EJECT.NE.0.0)   EJECT=EJECT*1.0 
IF    (EJECT.FO.2.0)    PRINT    107 
WRITE    (6,102)   TAU,T2 
IF    (TAU.LT.0.0)   GO   TO   250 
CALL   OUTAPE 
IF    (TAU.LT.TO)   GO   TO   250 
IF    (TAU.GT.TEND)   CALL   EXIT 

13) 

(46) 

»2X,F13.5) 

♦00000030 
♦00000040 
♦00000050 
♦00000060 
♦00000070 

00000100 
ooooouo 
00000120 
00000130 
00000140 
00000150 
00000160 
00000170 
00000180 
00000190 
00000200 
00000210 
00000220 
000002 30 
00000240 
00000250 
00000260 
00000270 
000002S0 
00000290 
00000300 
00000310 
00000320 
00000330 
00000340 
00000350 
00000360 
00000370 
00000380 
00000390 
00000400 
0000C410 
00000420 
000004 30 
00000440 
00000450 
00000460 
00000470 
00000480 
00000490 
00000500 
00000510 
00000520 
00000530 
00000540 
00000550 
00000560 
00000570 
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IF (TAU.LE.Tl) GO TO 2^0 
Tl«TAU 
i'l 
IF (EJECT,NE.0.0) GO TO 270 
CALL C0MP3 
PRINT 107 
EJECT=1.0 

270 MAPNO»MAP(l) 
IF (MAPNO.EO.O) GO TO 250 
SURF*SRF(I ) 
SINT*SNT(I) 
DO 275 J«I,13 

275 NAME(J)BJBLK 
CALL MOPGEN (MAPNO) 
00 290 J«1,JM 
ZM2IJI-0.0 
FCNT-0.0 
DO 280 K=1,IM 

IF (TOPOG(J,K).LT.1.0) GO TO 280 
2M2«J)«ZM2 J)+W0RK2(J,K( 
FCNT«FCNT»;.0 

280 CONTINUE 
IF (FCNT.NE.O.OI ZM2 ( J » = ZM2U )/FCNT 

290 CONTINUE 

WRITE(9)TAUf10,MAPNO,NAME, SURF,STAGI,STAGJ,SINT,WOKK2,ZMfZM2,ZMM 
PRINT 10A,T2,MAPNO,SURF,NAME 
I«I*1 
GO TO 270 
END 

00000580 
00000590 
00000600 
00000610 
00000620 
00000630 
00000640 
00000650 
00000660 
00000670 
00000680 
00000690 
00000700 
00000710 
00000720 
00000730 
000Ü0740 
00000750 
00000760 
00000770 
00000780 
00000790 
00000800 
00000810 
00000820 
000008 30 
00000840 
00000850 
00000860 
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SUBRnUTINE   nilTAPE nnnnno-in 
//   00   D,SP.OLO;nSNSMES727.AHN.CnMMON SJ^J 

COMMON  /CDT/TAPIN wTollll 
DATA   BCTP/.TAPEV S^JfJ 
READ   (K)   P 00000920 
BFAn     K     ii 00000930 
!IIo     K     V 00000940 
BFAn     -     T 00000950 
REAO   (K)   03 00000960 

ilA^fJ!';?0*60''"READ m TopnG oSSSSJIS 
READ  K  OH 00000990 
READ  K  TS 00001000 
RFAn  K  rr 00001010 
REIS 5 11 00001020 
Hin    K I? 00001030 
RFAO  K  lit OOOOIOAO 
JEIS (Jl SD 00001050 
JEAD^Sr;^-001'" RETURN                                           00«00000!00?00 

READ (Kl TO OOOOIOHO 

«"S«i °°°"1?90 
EN0 00001100 

00001110 
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SUBROUTINE   MORGEN   1MAPN0» 

00   DISP=OLOt0SN»MES7?7.ABN.COMMON 
00        * 

COMMON      /SC11/   RCTL(2»,    ICTLdOl 
COMMON   /COUT/   ZM(<,6),SU«F,LFV,ISL,NÄME(13I 
EQUIVALENCE   (LEVEL,SURF) 
LOGICAL     LEV 
MARGEN«,TRUE. 
LEV=.FALSE. 
IF   (SURF.LT.2.0)   LEV-,TRUE. 

GO   TO 
» 

( 301, 302, 303, 30«, 30!>,30h, 307,308, 300,4 K, 

,31l,312,3I3,31«,31S,316,3?7,3lfl,319,3?0 
,321,322,323,324,32S,32h,327,328,3?9,330,331),MAPNn 

301 CALL MAR1 
GO TO «10 

302 CALL MAP2 
GO TO «10 

303 CALL MAR3 
GO TO «10 

30«  CALL MAP« 
GO TO «10 

3()S  IF (KEV(18)) MAPGfN=.FALSE. 
CALL MAP S 
GO TO «10 

306 CALL MAP6 
GO TO «10 

307 CALL MAP7 
GO TO «10 

308 IF (NOOUT.EU.O) CALL C0MR3 
NOOUT'l 
CALL MAR8 
GO TO «10 

309 IF (NOOUT.FO.O) CALL C0MP3 
NOnuT=l 
CALL MAPS 
GO TO «10 

310 CALL MA^'IO 
GO TO «10 

311 CALL MAP 11 
GO TO «10 

312 CALL MAP12 
GO TO «lO 

OÜ001l?0 
00001130 
00001 I«0 
00001 ISO 
00001160 
00001170 
00001180 
00001190 
00001200 
00001210 
00001220 
00001230 
000Ü12«0 
000012^0 
00001260 
00001270 
00001280 
00001290 
00001300 
00001310 
00001320 
00001330 
000013«0 
OOOC!350 
00001360 
00001370 
00001380 
00001390 
00001«00 
000()I«|0 
00001420 
0000 I«30 
00001««0 
00001«SO 
00001«60 
00001«70 
BOOOIOOO 
00001«90 
00001S00 
00001S10 
0000 I IPO 
dOdi  IS 30 
OOOOIMO 
00001 SSO 
00001MQ 
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CALL   C0MP9 

CALL   C(tMP) 

313   IF   «NOOUT.tO.OI   CALL   C{»HP3 
HMf«| 
CALL   MAPI3 
GO TO «10 

51*   IF   INOÜUT.FO.0I 
HOOlt?   1 
CALL   HiPM 
GO TO 4|0 

51*   IF   INOOUT.EO.O)   CALL   COMMJ 
NOOUT-1 
CALL npi« 
GO TO «10 

316 IF INOOUT.FO.OI 
NOOUT«! 
CALL MAP16 
GO TO «|0 

)17  CALL NAP 2 
00 3175 |B|.|M 
OO J175 J«|,JN 

317» MnHKIU.n-MOIIK^IJtlt 
CALL MAP 3 
CALL MAP 17 
GO TO «|0 

31«  CALL MAP 2 
r>0 31M l>l.|M 
00   3I8S J-I.JM 

3185 wmuMj.i (.wnHn^ij.n 
CALL MAP 3 
C£LL MAP in 
r,0 TO «10 

319 IF (NOOIIT.FO.OI CALL C(IMP3 
MnOUT»l 
CALL MAPI9 
00 TO «10 

3?0 IF IMOOIIT.fO.O» CALL CflMP? 
MMMfal 
CALL MAP?0 
GO TO «10 

3?1  CALL MAP g 
00 HI*   |.l.|M 
00 3215 J-1,JM 

3215 Mn«KlU,n.wn<iK?(J(|) 
CALL MAP 3 
CALL MAP 21 
Gn TO «|0 

322 IF (MOOllT.FO.n» CALL COMP^ 
NOnuTa| 
^AIL MAP22 
fin Tn «io 

00001570 
00001580 
00001590 
00001500 
00001610 
00001620 
00001630 
00001660 
00001650 
00001660 
00001670 
00001680 
00001690 
00001700 
00001710 
00001720 
000017 30 
00001760 
00001750 
00001760 
00001770 
00001780 
00001790 
00001800 
00001810 
00001820 
000018 30 
00001840 
0000IK50 
00001860 
00001870 
00001)180 
00001890 
00001900 
00001910 
00001920 
00001930 
00001960 
00001950 
0OO01960 
00001970 
00001980 
00001990 
00002000 
00002010 
00002020 
00002030 
000020*0 
00002050 
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m if  (NtKiuT.eo.o» 
MnnuT«! 
CALL MAP?) 
GO TO «10 

3?«  CALL MAP24 
GO TO 410 

32S  CALL MAP 25 
GO TO MO 

J?6 IF (NOOIIT.EO.OI 
MOOUT>l 
CALL MAP?6 
GO TO MO 
CALL MAP?7 
GO TO 4|0 
IF INOOUT.E0.01 
MOOUTM 
CALL MAP?N 
GO TO 410 

IF IftOOllT.EO.OI 
f«OOIlT«| 
CALL MAP?9 
GO TO 410 
IF «MoniiT.eo.oi 
NOOUT»! 
CALL MAP30 
GO TO 4|0 
IF «NOOllT.fO.OI 
NOOtJT «1 
CALL MAP )1 
GO TO 410 
ftFTltlt* 

M 

CALL C(IMP) 

J2T 

)28 

330 

331 

MO 

CALL COMP) 

CALL COMP? 

CALL C0MP3 

CALL COMP) 

CALL COMP) 

00002060 
00002070 
000020fl0 
ooon?ovo 
00002100 
00002110 
00002120 
00002130 
00002140 
U00021*0 
00002160 
00002170 
000021110 
00002190 
00002200 
00002210 
00002220 
000022 30 
00002240 
00002250 
0000226n 
000022 70 
O00022H0 
00002290 
00002)00 
00002310 
00002 320 
00002 3)0 
0000? 340 
000023S0 
00002 360 
00002 370 
00002 3«0 
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FONCTiriN   IPKI IL.IR» 
INUr.fR    |H«(.F«?m 
FUUIVALFNCF    HMALM 1 ». iwl  I 
IHALFIII-IL 
IHALFI2I-IH 
IPK«|M0 
AFTURN 
FNTKV   IRHMPKMn) 
IWO*IPKHO 
IRHOHALFm 
RFTURN 
FNIRV     IIMIIMKWKI 
IMD'IPKHO 
ILH«|H«LFI1I 
RFTltRN 
END 

0000? )<)0 
00002*00 
00002*10 
00002*20 
00002*)0 
00002**0 
00002*S0 
00002*60 
00002*70 
00002**0 
00002*40 
00002SOO 
00002 MO 
O0O02S2O 
0000?S30 
00002S*0 

FUNCTION  VPH|* 1.1,1) 
C 
/• 
//   00   ÜISP«OLOlÜSN«MFS727.AHN.CnMwnN 
// 00        • 

VPH|*aO. 
IF  (tnpnr.i j.l i.Li.   l.O)  vPH|*mAMnoi-iopi ir.i j, i )t lo.FS) 

RFTURN 
FN0 
I   II   f,    |    C   A   t FUNCTION 
LOGICAL   KtYV»!02I 
COHNON   /VKFYV/   KFYS 
N>I«HSIMI 
KFV-KFVSIN) 
IF   (M   ,LT.   0)   KFVSINI>.fALSF. 
RFTURN 
FNO 

H F Y I M ) 

0000?SSO 
00002S60 
00002S70 
00()02S»0 
00002S90 
00002AOO 
00002A10 
0000?h?0 
00O02M0 
0000?6*0 
00002hSO 
OOOMAM 
00002670 
000026R0 
00002690 
0000?700 
00002 710 
0000?7?0 
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0  U  T  | 

/ on i>ist-nLo,nsN.Mes7?7.*hN.f.(iHMfiN 
/     0»  • 

LOGICAL  LtW, STAf.J, SIAGI, | SL 
OIHFNSION MNfilltl 

StA LtVtL fHtSSlIRt,  MAP IvPf 1 
LI-1 ' 
Li«? 

MM-|M 
|HM?>|M-? 
./>«Ml«JM-l 
SIAfiJ-.FALSt. 
STARI-.^ALSF. 
SIGl>S|r,(l) 
SIGJ.SIGI?) 
»• LR «, 5». !«?«/( 30. *«*(,(< Av) 

00 110 l«l,NL 
10  NAME( D.NAMKd» 

11« 
Oil UH J.| 
/"«JI'O.O 

,.IM 

l/H 

»0 128 1*1.IM 
DO 1?« J.l.JM 
»>H|<..VPHU(.I. I ( 

^JI*#Utll 
II««ILM(03T(J,||| 
l*«TI*/10. 
»3«fP0iitW  UM^iCI  A|N   IMPffMfUM 
'i»TlJt|,Ll) 
»»-TIJ,|,L2» 
f«»l.«)*l3-0.s*Tl 
•UMrHUAStlT^KB-HMI«) 

At(..(PJ|*».IMIIP|»exP(PHI<,/HTM|.pSL 
/M(J|./M(J»*ACC 
WIHKHJ.I l=ACC 

0000?730 
0000?7*0 
0000? 7«>0 
0000?760 
0000?770 
0000?780 
0000?7VO 
O000?h00 
0000?8|0 
0000?fl?0 
0000?«30 
000C?A<i0 
0000?8S0 
0000?B60 
0000?870 
0000?880 
0000?890 
0000?900 
0000?9|0 
0000?9?0 
00fM)?930 
00 IO?V40 
ooo. /-^sn 
0000?960 
0000?970 
0000?9fl0 
0000?990 
00003000 
0000^010 
000030?(i 
0000^030 
0000 3040 
oooososn 
0000 3060 
0000 30 70 
00003080 
0000 3090 
0000 3100 
0000 3110 
000031?0 
0000 3130 
00003140 
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00   1*8   l«l,IM 
IPl«M00llf|M|«l 
IMl-Mn0(U|MM2,|M|«l 
M0RK2IJM,I|aM0RKHJM,n 
W0RK2ll,l)aH0RKllUn 
00   14«   Ja2.JMMl 

1*8      M0RK2(Jtll-l    W0RK|(J*l,|Mn*?.»w0BKl(J*l,n 
t ♦2.*M0RKllJtlNll      ♦*.*WÜBKHJ,I ) 
• •   NORKKJ-l.IMll »2.»wnHKl(J-l,l ( 

iMMaO.O 
MTMaO.O 
00   198   J-ltJH 
HTM-MTM  •   «BSIOXVPIJII 
IIN4latlN4l/#|N 

198      ZMt4a2MM«{M|J)*ABSIOXVPIJII 
ZMM-INM/MTH 
SP0L-ZNI1> 
NPOL-IMIJMI 

DATA  NAMEL/'SEA   LEVEL   PRESSURE   SMOOTHEO   (MB- 
OATA   NL/13/ 
RETUAN 

ENO 

♦ WORKKJMtlPM 
♦ Z.'HORKK J.IPII 

• WORKllJ-lt 

1000.1 

00003190 
00003160 
00003170 
00003180 
00003190 
00003200 
00003210 
00003220 
00003230 

P1M/16.000032M) 
00003290 
00003260 
00003270 
00003280 
00003290 
00003300 
00003310 
00003320 
00003330 
00003340 
00003390 

•/ 00003360 
00003370 
00003380 
00003390 
00003400 
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ii u I ■ i 
it  uo 
// 

c 
c 
c 

110 

?10 

c 

c 

c 

??0 

310 

3?0 

DISI»«OLD,OSN«MES7?7.»BN.Cn>IMON 
on • 
LOGICAL  LEV, ST»GJ, SIAf.I, ISL 
COMMON   /COUT/   ZMU6I,SURE,LEV,ISL,N*MF«13( 
EQUIVALENCE      (SURE,SIM) 
DIMENSION  NAMELim 

EAST-WEST    ((I)   MINI)  COMPONENT,   MAP   TYPE   2 

EIM« | M 
STAGJ-.TNUE. 
STAG|>.TRUE. 

00   MO   l-UNL 
NAME I|l«NAMEL(l) 

Ll-1 
L?>2 
SIGLl-SIGILl) 
SIGLZ-SIGIL?! 
OSIG»l./(Sir.L?-SIGLll 

IE (LEV! GO TO 310 

•,S«*.»ISU(«E-PT«OP| 

00 i?n   l>l,|M 
WO«K?(l,|).o.O 
IP|-Ml)Ü(l,|M) « | 
On 2?0 J>?,JM 
siGPs-Ps/(P(j,n ♦ pu,ipn ♦ PIJ-I,II ♦ P(J-I,IPMI 
GS,'Tn,MJ"nS,f,*MS,GPS'S,GLn*",J,,,L2,4,S,&L?-SIG,>s,,l,,J«'''-n) 

0SIGl-(SIGL-SIGLn*OSIG 
OSIG?«(SIGL?-SIGL»*nSIG 
on 3?n i»i,IM 
Nni«K?U,I»-0.0 
on 32o J>?,JM 

♦<nBK?ij,i).nsiGi»ii(j,i,L?i4iM,i,i,Ln»()sir,? 

00003410 
00003420 
00003430 
00003440 
00003450 
00003460 
00003470 
00003480 
00003490 
00003500 
00003510 
00003520 
00003530 
00003540 
00003550 
00003560 
00003570 
00003580 
00003590 
00003600 
00003610 
00003620 
00003630 
00003640 
0000 3650 
00003660 
0000 3670 
00003680 
00003690 
00003700 
00003710 
00003720 
00003730 
00003740 
00003750 
00003760 
00003770 
00003780 
00003790 
00003800 
0000 38 10 
00003820 
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410     1***0.0 
MTMaO.O 
2M(n-0.0 
DO  430   J>2tJM 
SUM-0.0 
DO   420   I>1.|M 

420      SUH.StlM + WUHK2( J, I I 
CLAT»AHS(C()S(.5»tLftT(J-n*LAT( JM)» 
ZMIJt-SUM/FIM 
NTMsWTM^CLAT 

430     ZMMaZMM'flMIJIMCLAT 
;MM-ZMM/MTM 
SPnL-ZMI2) 
NPriL"ZM( JM) 

c 
c 

DATA NAMEL/'EAST-WFST 
ÜATA NL/13/ 
iffMH 

UNO 

Itl) MINI) CDHPIINENT (M/SlCI 

00003R30 
00003H40 
00003850 
00003860 
00003870 
00003880 
00003890 
00003900 
00003910 
00003920 
00003930 
00003940 
00003950 
00003960 
00003970 
00003980 

''/ 00003990 
00004000 
00004010 
00004020 
00004030 
00004040 
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K  CJ  U 
• MAP? 

/ 01) UISP=()LO,USN.MFS7?7.4BN.CriMMnN 

C 
c 
c 

110 

210 

c 

c 

??() 

00  • 
LOGICAL  LEV, STAfcJ, STAGI, ISL 
COMMON /COUT/ 2MU6I,SURF,LFV,ISL,NAMK13) 
FODIWALFNCE  (SI)RF,SIGLI 
DIMENSION NAMFLd1»! 

NOHTH-SODTH (VI WIND COMPONENT, MAP TYPE 3 

FIM> I M 
STAGJs.TRUE. 
STAGI«.TRUE. 

00 110 I«1,NL 
NAMEIIl>NAMELII) 

Ll«l 
L?«2 
SIGL1>SIGIL1> 
SIGL2«SIG(L2I 
OSIG«I./(SIGl?-SIGLn 

IE    ILEV)   GO   TO   310 

PS«4.*<SUHE-PTR1IP| 
Oil   ??0   1 = 1, IM 
IPl>MnO(I,IM|«I 
00   2?0   J<1,JM 
MGPS.PS/(P(J,I)   ♦   PIJ.IPM   ♦   P(J-l,n   *   PIJ-UIPIK 

arTr2
l
,*iö,'r)?',G*,,sir,ps"si,'i-n*v,',,,,L;',4,sir'L;?-s,,'Ms,*v,j'>,'L»> 

0000*0b0 
00004060 
00004070 
00004080 
00004090 
00004100 
00004110 
00004120 
00004130 
00004140 
00004 ISO 
00004160 
00004170 
00004180 
00004190 
00004200 
00004210 
00004220 
000042 30 
00004240 
00004250 
00004260 
000042 70 
000042R0 
00004290 
00004300 
00004310 
00004320 
00004 3 30 
00004340 
000043')0 
00004360 
00004370 
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C 
C 

310     0SIGl-(SIGL-SIGLn*0SIG 
0SI62.«SI6L?-SIGL)»DSIG 
00   320   1-1.IM 
DO   320  JM.JM 

c320     WORK2(J,n.üSIGl«V(J,|,L2»   ♦   W« J. r ,Ln«DSIG2 

410     ZMN-O.O 
WTMBO.0 
00  430   J«l,JM 
SUM-0.0 
00 420   l-l.IM 

420     SU««SUH»W0RK2(J,H 
CL*T»*BS(COS(L*T(J)M 
ZM(JI>SIIM/FIM 
MTNsMTfUCLAT 

430     l"H"/MM»Zmj)«CLAT 
ZMM«ZMM/NTM 
SPOL-ZMIl) 
NPOL»ZM|JM> 

Sit* j;;^,Nn"TH-SOUTH IVI WIND COMPONtNT (M/SECI 

RETURN 
END 

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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// 
// 

C 
c 
c 
c 
c 

i—"HRntlT      IMP 

DO  01SP"OL0,DSN-MES727.*BN.COMMON 
00     • 
LOGICAL  LEV, STAGJ, STAGI, ISL 
COMMON /COUT/ ZMU6» .SURF .LEV, I SL .NAME (13 » 
EOIMVALENCE  «SURF.SIGL» 
DIMENSION NAMELI13) 

TEMPERATURE, MAP TVPE 4 
VFRTIC?1; lÜIÜÄ*!!?? 'S W,TH ""TENTIAL TEMPERATURE IN P*«KAPPA SPACE. 

FIM-IM 
STAGJ>.FALSE. 
STAGI«.FALSE. 

CO 110 1-1,NL 
110  NAME«ll-NAMELIII 

210  Ll-1 
L2>2 
SI6L1-SIGIL1I 
SIGL2-SIGIL2) 
PSK»SURF»»KAPA 

00 220 LI,IM 
DO 220 J-l.JM 
SP«P(J,I» 
IF «LEV» PSK.(SIGL*SP*PTR(1P(»»KAPA 
PL1K«(SIGL1»SP*PTR0PI»^KAPA 
PL2K-(SIGL2«SP*PTR0P»»«KAPA 
TPOTLI-TIJ.I.LD/PLIK 
TP0TL2«T1J,I,L2)/PU2K 

?20  WnfiK2U,l(.PSK/(PL2K-PLlKI*(TPOTLl^PL?K-PSK| 

000046S0 
00004660 
00004670 
00004680 
00004690 
00004700 
00004710 
00004720 
00004730 
00004740 
00004750 
00004760 
00004770 
00004780 
00004790 
00004800 
00004810 
00004820 
000C48 30 
00004840 
00004850 
00004860 
00004870 
000048H0 
00004890 
00004900 
00004910 
00004920 
00004930 
00004940 
00004950 
0( )04960 
0 004970 

l  )049H0 
♦ fPSK-PLlKI»TPnTL2l'-'"> 04990 

u  )5000 
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C 
C 
410  ZMM.0.0 

WTM.0,0 
00 430 J-l,JH 
SUM-0.0 
On 420 1-1,IM 

420  SUM.SUM*WOHK?(J,n 
CLAT.ABS(DXVP(JM 
ZHIJI«SUM/riM 
WTM-WTM+CLAT 

430  ZHM«2MH+ZM(J)*CLAT 
ZMM.ZMM/WTM 
NPOL-ZMfJM) 
SPOL»ZM(n 

c 
c 

OATA  TKRL/-273. .1/ 

RETURN 
ENf) 

00005010 
00005020 
00005030 
00005040 
00005050 
00005060 
00005070 
000050R0 
00005090 
00005100 
00005110 
00005120 
00005130 
00005U0 
00005150 
00005160 
00005170 
00005180 
00005190 
00005200 
00005210 
00005220 
000052 30 
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U _B_OU T      1      N 
* MAPS 

//   DD   DlSP=nLD,0SN=MES727.ABN.COMMUN 
// 
C 

c 
c 
c 

00 

LOGICAL LEV, STAGI.STAGJ, ISL 
COMMON /COUT/ ZM(A6),SURF,LEV,ISL,NAMt(1 3) 
FOUIVALENCE ISURF.SIGL» 
DIMENSION NAMEI(13),NAME2n3l 

GEOGRAPHY,  MAP TYPE 5 

FIM = IM 
FJM « JM 
STAGI».FALSE. 
STAGJ=,FALSE. 
CNSTsSO.^GkAV 

DO 110 1*1,NL 
NAMEd )«NAME1( I) 

110 IF (.NOT.LEV) NAMEm.NAMF?( I) 

00 220 1=1,IM 
00 220 J=1,JM 
TG=TnPOG(J,I) 
IF (.NOT.LEV) GO TO 215 
IF (TG.LT.1.0) GO TO 205 
Tr,= Tr,-?73. 
GO TO 220 
IF (TG+IO.ES.EO.O.O) GO TO 220 
TG=10.E5 
GO TO 220 
IF (TG.GT.1.0) GO TO 210 
TG=-TG 
IF (TG.GT,9.E5) GO TO 218 
TG=TG/CNST 
GO TO 220 
IF (TG.E0.10.E5) GO TO 220 
TG=-(10.E5+(TG-10.E5)/CNST) 
GO TO 220 
WDRKPU, I )=TG 

20b 
210 

215 

218 

220 

*10  WS=0.0 
WN=0.0 
DO «15 1=1,IM 
WS = WS'fWnRK2( 1,1) 

«15  WN=WN+wnRK2(JM,I) 
WS=WS/FIM 
WN=WN/FIM 
Of) A20 1 = 1, IM 
WnRK?(1,|)=WS 

«20  W(1RK2(JM,I )=WN 

00009240 
000052 50 
00009260 
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 
000056 30 
00005640 
00005650 
00005660 
000056 70 
00005680 
00005690 
00005700 
00005710 
00005720 
00005 7 30 
00005740 
00005 750 
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ZMM»0.0 
WTM»0.0 
DO 450 J«1,JM 
SUM»0,0 
CI*0*0 
2M(J)»0.0 
DO 430 I»1,IM 
W2-WORK2(J(I) 
IF (.NOT.LEV) GO TO 425 
IF «W2.GE.10.e5l GO TO 430 
CI-CI+1.0 
IF (W2.LT.0.0) GO TO 430 
SUM«!S0M+W2 
GO TO 430 

425 CI»CI*1.0 
IF (W2.Ge,10.E5) GO TO 430 
IF (W2 + 10.E5.LE.0.0» W2 = -{W2+I0.E5 ) 
SUM«SUM*W2 

430 CONTINUE 
CLAT.ABS(COS(LAT(J>n 
IF (CI.GT.O.O) ZM(J)cSOM/C! 
ZM(J)»SUM/FIM 
WTM-WTM+CLAT 

450  ZMM»ZMM*ZM(J|«CLAT 
ZMM-ZMM/WTM 
SP0L«ZM(1| 
NPOL»ZM(JM) 

UATA NAMEl/'TOPnGRAPHY (OCEAN TEMP, DEC CENT) 
OATA N4ME2/,T"POGRAt'HV «SUHFACE ELEVATION, HFCTOFEET) 

RETURN 
END 

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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S U H R 0 U T INF 

«nLD.OSNrMES727,*HN.COMMON 

* 
DU DISP« 

DO  ♦ 
LOGICAL  L€V, STAGJ. STAGI, ISL 
COMMON /COUT/ ZM<*6»tSURFtLEV,ISL.NAMF«13l 
EOUIVALENCe  (SUHF.SIf.LI 
DIMENSION NAMEL(13I 

110 

GEOPOTENTIAL 
MAP TYPE 6 

HEIGHT SUHFACFt 

^20 

IMM2*IM-2 
JMM1>JM-1 
STAGI- .FALSE. 
STAGJ- .FALSE. 
FIM-IM 
Ll-l 
L2-2 
PSK-SUKF**KAPA 
HR-RGAS/2. 
IMM2-IM-2 
SiGLl-SIGILl) 
SIGL2-SIG(L?) 
DO   HO   l«ltNL 
NAMEd l-NAMEL( I » 
00   220   I-1,IM 
IPl-MODd.lM)»! 
IMI-MOOI I*|MM?, IMM1 
00   220   J-1,JM 
SP=P(J,I) 
PLl«(SIGLl*SP*PTRnP) 
PL1K-PL1**KAPA 
PS1-<PL1-PTR0P)/PL1 
PL2-(SIGL2»SP»PTROPI 
PL2K-PL2**KAPA 
PS2-(PL2-PTHOP)/PL2 
IF (LEVI PSK-ISIGL*SP«PTR()P)**KAPA 
PKDTK-KAPA*IPL2K-PL1K)*2. 
PLIKS-FL1K»*2 
PL2KS-PL2K«*2 
PSKS-PSK*»2 
P1TP2-PLIK*PL2K«2, 
XT2-PS2*(PL2KS-P1TP2-PL1KS-2.*PSKS*<..»PLIK»PSK|/PK0U/PL?I« 
XTl-PSl*(PL2KS*PlTP2-PLlKS-<t.»PL2K»PSH*2.»PSKSI/PK0TK/Pl IK 
WORK 2( Jt| )-.01»nXTl»T(J,I.Lll*XT?»nj,l,L2M»HR*VPH|*(J,I I )/f,H»v 

00006100 
00006110 
00006120 
00006130 
00006140 
00006190 
00006160 
000061 TO 
00006100 
00006190 
00006200 
00006210 
00006220 
J00062 30 
00006240 
00006290 
00006260 
000062 70 
00006200 
00006290 
00006300 
00006310 
00006320 
00006 330 
00006340 
00006390 
00006360 
00006370 
00006 380 
00006 390 
00006400 
00006410 
00006420 
C00064 30 
00006440 
00006490 
00006460 
00006470 
000064NO 
00006490 
00006900 
00006910 
00006920 
000069 30 
00006940 
00006990 
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MO      /MM«0»0 
W»M«0,0 
on *30 J»I,JH 
SOMaQ.O 
CL*T«AHS(OXVH(jn 
in 4?n i-itIM 

*20      S«>MaSUM*MO«K?l J.I ) 
7M(J|>S()M/F|M 
WTMaHTM*CL*T 

<.3()  ;MM.|MM»iM(JI«CLAI 
/MM«ZMM/WTM 

NfOL'/MIJM| 

n*T»   NÄMft/T.f-OPniFNIIAL   HUr.HT 
uau  Ni/n/ 
ittmN 
fNO 

(MK.IllMMt-HS» 

OOOOfcSfcO 

nOOOhSHd 
OOOOhSyil 
ooooftfcnn 
(i(l(IO6M0 

00n066?0 
0000^6)0 
000066*0 
000066^0 
00006660 
000066 70 
000066RO 
00006690 
00006 700 
00006 710 
000067?O 
00006 7 30 
000067*0 
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// 
C 

(I    it 

tin 

00  0tSP.nL0,0SN.HFS7?r.*HN.CllMMiiN 
00     • 

C0NN0N   /CODT/   7MI'.6»,SllRF,LfV,ISL.M*»«F(M| 
LOGICAL      L£V.   ST»GJ,   STAC.I,    ISL 
OIMfNSION   NAMFL«|t| 
S0UF4CF   PBESSIl«f.   HäH   TVPf   7 
Ll-1 
L?.? 

HM*l* 
|MM?>IM-? 
JMM1.JM-1 

SI»r,J..FALSf-, 
ST»f,I..FAl«l»:. 
sir,i«sif.ti) 
Mr,3«M(,(?) 
M8».S*,l»?R/Hn.<.«*r.KAVt 

on ||t I.J.NL 
NAMK J ).NAMf-i ( I ) 

IIH 

/MM.n.n 
on UN j.i 
/♦<( J»«0,0 

JM 

00    IfH    |.|t|M 
l«|*MMM I*IMM?, |M). i 
l^|*HOD(I.r"»»! 
on I?R J.I,.(M 
fMH^V^HI«« J, |  ) 

C Tl<..|iM(tnT(,l. I )) 
C UiTU/m. 
C fxi«AMi)LAifn  MM#iec 

Tl«T(J,|,i 1 ) 
fl«TlJtftl ?i 
t*'l .S*t 3-().S*T 1 
BTM.BGAS»! t<.»»-LR*MMl<i. I 
A r f . I»».11 ♦ M |« n K | » m p ( p M I 4 / H , M , _ ^ s j^ 
/»M.i)»/M(.ii*Arr. 

i?h   MnaRfijfit«*C( 

AIM    TfMMf«ATimf 

OOOOftTM) 
onnofc7fcn 
00006770 
0000Ä7H0 
0000*. 790 
OOOOfcftOO 
000061410 
00006^70 
0000«^30 
0000nR40 
00006850 
00006*60 
000068 70 
oooo6Rnn 
00006890 
00006900 
00006910 
000069?0 
00006930 
000069<.0 
O00069S0 
00006960 
00006970 
000069HO 
00006990 
00007000 
0000 70 10 
OOOQ70?0 
000070^0 
0000 7040 
ooonTnso 
00007060 
0000/0 70 
ooon70HO 
00007090 
00007100 
0000 7110 
000071?0 
0000 7 1 Vl 
0000 n<.o 
0000 7 ISO 
00OO7160 
onron 7o 
000071*0 
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c 
c 

MTM>0.0 
on is« j>itjM 
2MIJ1-ZM(J|/FIM 
MTM-MTM   •   ABSIOXVPIJM 

ISN   ZMM«ZHM«ZM(J)«*RSIOXVPIJ)» 
C     ZMN   IS  GLOBAL   MEAN  SURFACE   PRFSSIiRF 

2MM>ZMM/WTM 
SPOL-MORKJUtll 
NPOLaMORKZUM,!) 

C 
DATA NAMFL/'SFA LEVEL PRESSURE DNSMnnTHFO (MR-IOOO.I 
DATA Ml/13/ 
RETIIRM 

C 
END 

0000T190 
00007?00 
00007710 
00007270 
000077 30 
00007240 
00007250 
OOOt7260 
OOOC7770 
000072R0 
00007290 
00007300 
00007310 
00007370 
00007330 
00007340 
000073SO 
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U _D u _L J- 

c 
c 

• am 
// 00 niS(>-OLÜtOSH-MfS727.»BN.COMMON 
//    00  • 

COMMON /COUT/ /M^*6^,S^m^,LFV,ISL,N*MHI3( 
tnCICAL  L6V. ST»6J, ST4GI, I SI 
EOUI VALENCE  «SIGL.SdRH 
DIMENSION NAMEUm 

TOTAL HEATING, MAP IVPf   H 

DIMENSION M;inOO>,HZ3(lOO) 
F|M-|M 

c 
STAGJ«.FALSE. 
STAGI-.FALSE. 
Ll-I 
L?-2 
SIGLI-SIGIL1I 
SIGL?>SIGIL?I 
OSIG-|./(SIGL?-SIGLn 
SURFMT.SURF-PTRO»> 
IF ILEV» SIGX-SIGL 

h 

on 110 1-1,NL 
110  NAME) ll'NAMELd) 

00 220 l>l,|M 
on 220 J»1,JM 
IF «.NOT.LEV» SIGX«Simf-MI/p(j,| ( 
Hl-ILMIPTIJ.II) 
Ml-Hl/100. 
H3.|KM(PTIJ,II) 
H3-H3/10O. 
IF IJ.NE.II GO TO 220 
Nf||J|«Ml 
M;3IJI«H3 

220  KORK2IJ,n.OSIG*(tSIGL2-SIGX)*Ml ♦ <Sir.X-SIGLn»M3> 

00007360 
00007370 
00007360 
00007390 
00007400 
00007410 
00007420 
00007430 
00007440 
00007490 
00007460 
00007470 
000074H0 
00007490 
00007500 
00007S10 
00007520 
00007530 
00007540 
00007550 
00007560 
00007570 
00007580 
00007590 
00007600 
00007610 
00007620 
00007630 
00007640 
00007650 
00007660 
0000 76 70 
O00OT6H0 
0000 7690 
00007700 
00007 710 
00007720 
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II«      ZM(J|-0.0 
c 

ZMMaO.O 
MTMBQ.O 
DO  430   J'l.JM 
SUMaO.O 
CL«T««RS(OXVP(J)l 
no 42o i*itiM 

420       SIIH.Sl)M»H(l«K^( J, 11 
2MIJI«SUM/F|M 
MTM>wTM«CLAT 

430     2«H»2MM*2mjl*CL*T 
2MM«ZMM/MTN 
si»oi-zN(n 
NPOL-IMIJMI 

: 
n«TA   NAKFl/'IllliL 
OAT*   M./13/ 
HfMM 

FND 

MfATINf,   (OEG   CfNT/OAY) 

(»000 7 7 30 
^•'?S.J7?40 
omNtffM 
000077*0 
0000 77 70 
000077(10 
00007790 
00007AOO 
00007010 
00007H20 
000071130 
00007840 
00007HS0 
0000 71160 
000078 70 
00007880 
00007890 
00007900 
00007910 
00007920 
0000 79 30 
0000 7940 
000079S0 
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// 00 
// 
c 

S  O  H  H  (I  n  T  i  , 

nisp.nLn,0SN.M^S727.»HN,r.nMMnN 
00  • 

c 
c 
c 

I SI LOGICAL IfV, STAGI,ST*r.j, 

^:Lf
,sr;s,!:;:sh;oLT^ifv,,SL'"-',i' 

L4«Gf SC»Lf PlfCIPITAIIdM, MAM TVPf 4 

F|M ■ |M 
^JN • JM 
STAGI-.fALSF. 
STAGJa.FALSF. 

C 

on no I«I,NI 
110     NAMfl ||.*AMKI| I 

on 2?o i-i, IM 
on 2?f) J-I.JM 

PLSC«|ilH(03T( j, | | ( 
?/n    «nBK2(j,n.plsc/in, 

c 
/MMaO.O 
WTM.O.O 
on *so J.I.IM 
SOM.O.O 
on *3n  1--1.IH 

MO      SdM.SUM   ♦   MnBK?(J,|( 
CLAUAHS(OXV>>(J| ( 
/"Ul.SUM/MM 
H1M«NTM«CIAT 

4i0      /«N./MM»;M(j(»r.l«T 
7MM.;MM/HTM 

IMi*tlHtl 
N»»ni«7M(jMi 

0«IA NAMfl/»l»(,(^ 
OAT A Nl/n/ 
Rf TMHl 
f-Nf) 

SCAlf PBK. IMITAT IHM (MM/(iAV» 

00007V60 
00007970 
0000 7980 
0000799/ 
OOOOSCOO 
ooooaoio 
0000R020 
000OAO3O 
OOOOAOIO 
OOOOHOSO 
00008060 
000011070 
OOOO0ORO 
oonono9o 
OOOOHIOO 
OOOOHI10 
0000«1?0 
oonofti3o 
0000fl|40 
oonoRi^o 
oooonifto 
00O0«170 
ooooHino 
00001)190 
ooonx^oo 
0000H2I0 
0000«??0 
OOOOB2 30 
OO008M0 
000082S0 
00008260 
000082 70 
00008280 
00008290 
00008100 
000(18 3 |() 
00008 320 
00008 3 40 
0000M3MI 
000083S0 
00008 36(1 
00008 3 70 
OO00H38O 



-IM- 

S u a w n » 

/• 
// DO 01 $P>OL0.0Sl«-MES7?T.ABN.COMMON 
//       00   • 

LOGICAL  LEV« ST4GJ, STAGI« ISL 
COMMON /COUI/ iM|*6l,SUHF,LEW,ISl,NAMFn3» 
EOUIVALEMCE     ISIWE.SIGLI 
DIMENSION   NAMELim 
DIMENSION  CONM|46f72l 

C VERTICAL   VELOCITV,   MAP   IVPf    10 
C 

F|Ma|M 
IMM2-IM-2 
JMNlaJN-| 
STAGJa.FALSE. 
STAGI-.FALSE, 

C 
on   no   |-lfNL 

110      NAME III>NAMFLIII 
C 
21«9   L*l 
1190  00   2160   l>l.|M 

IPl>MnOM,|M|«l 
DO   ,160   J»?,JMH| 
PUIJ,n»0.29«IOVlMJI»»MJ,S.U*nviHJ»ll«OIJ*l,|,LI) 

?|60 CONTINUE 

CALL AVRXIll I 

DO   21RO   latflM 
IPl-MOOII.IMI*! 
|Ml«MnOII«|MM2«|M)4l 
On   2170   Ja2,JMMl 

^170   PtMJ.II-PUIJ.I l*IPIJ.II«PIJ,|Pll» 
on 21110 J-?,JM 

PVIJ,n.0.2%*0XUIJ|*IVIJ.I,LI«V(J,|Ml,LM«IPIJ.I)*P(J-ltin 
?1R0 CONTINUE 

EQUIVALENT   PU   AT   POLES.     PV(1,I)   IS  USED  AS   A  MOftKING   SPACE. 

C 

C 

C 
c 
c 

VMl-O.O 
VM2aO.O 
DO 21B) l>l.|M 
VM1«VM1»PVI?.II 

2189 VM2«VM2»PVIJM,I( 
VM1.VM1/FIM 
VM2.VM?/FIM 
PVd.ll.O.O 

00008 390 
0000B400 
00008410 
00008420 
000084 30 
00008440 
00008490 
00008460 
0000B470 
00008480 
00008490 
00008S00 
00008910 
00008920 
00008930 
00008940 
00008990 
00008960 
00008970 
00008980 
00008990 
000086C0 
000086)0 
00C086<I0 
00008630 
00008640 
00008690 
00008960 
00008670 
00008680 
00008690 
O0OOB7OO 
00008710 
00008 720 
00008730 
0000B740 
00008790 
00008 760 
00008 770 
00008780 
00008790 
00008800 
00008810 
00008820 
000088 30 
00008840 
00008890 
00008860 
0U008870 
00008880 
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•n«(Pvi?,ii-vMn 
on ?i9o I>?.IM 

/iso pvd.n.pvi i.i- 
VM1-O.0 
DO 21Q2 IM.I" 

?19?   VMt-VMl'fPVIl,! ) 
VM|*VMl/f|M 
OH 219» 1*1,|M 

2195   PUIl«li>-(PVIlt|l-VMn»3.0 
PVMtll-O.O 
00 2200 l-2f|M 

2200   PVIltl l-PVUt l-l )*IPV(JMt| )-VM2) 
VM2>0.0 
00 2202 l-l,|M 

2202   VM2«VM2«PVII.I I 
VM2*VM2/I:|M 
00 2209 I-I.IM 

220i PUUM,||B|Pvn.ll-VM2>*).0 
00 2*00 fal.iM 
iM|*MnOII«fMM2tlMIM 
on 2*00 j-j.jM 
if  (j.eo.n cnNVM>-Pvi2i l I*O.!I 
IF IJ.FO.JMI f.dNVM.PVlJM, I |»0.S 
If    (J.GT.l .«NO. J.LT.JMI CONVM«- 

CONMf J, | |«CriNVM 
PVU.I (»CONVH 

IF (UFO.II 
IF U.F0.2I 

2*00 (ilNllNllf 
IF(L.F0.2) GO TO 2*10 
l«2 
on rn 2lso 

2*10 CONTINDF 

(PIMJ.II  • 
♦ PV(J*l,n- 

MtJtlNll 
PVIJ.II  )»0.S 

0000(11190 
00008900 
00008910 
0000*920 
000089 30 
0000119*0 
000089*0 
00008960 
00008970 
00008980 
00008990 
00009000 
00009010 
00009020 
00009030 
000090*0 
000090*0 
00009060 
00009070 
00009080 
00009090 
00009100 
00009110 
00009120 
00009130 
000091*0 
00009 IS.) 
000(1«*! Ml 

00009170 
000091 HO 
()000V190 
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C 
c 
c 

CONM   IS   MASS   CHNVIrRr.tNCF   AT   L«l    AND   fV    IS   THAT   AT   I*?, 

2*11   PH1-0.0 
l>H2>0.0 
PP)«0.0 
PB<>>0.0 
ÜU   :'32   I'l.lM 
PRI-PRt«CONMIl,ll 
PH2«PH?*C0NH(JM. I I 
PM?.PH3»PVIIt I I 

240? PB*«PB4.*PV( JM.I I 
PB1»PH1/F|M 
PR2-PB2/F1M 
PB9-Pn3/F|N 
PB4aPR4/p|M 
UO 2*0S I'l.lM 
CONMIItll«PHl 
CnNMIJM,|I-PB2 
PVdt II-PB3 

240S  PVIJM.Ii«pa« 
00   2420   I-I.IM 
DO   2420   J'ltJH 
WW-C0NM|Jt||-PV4J,|l 
M0f(K2IJtt l-36nO.*MM/(2.0*OXVPI J) I 

2420   ClINTINIIF 

410       /MN.O.O 
WTM-O.O 
00   430   J-ltJM 
SIIMaO.O 
00   420   I-1.IM 

420      SUM«SUM»H0RK2IJ«It 
CLAT-ABSIDXVPUI I 
;N(J).SU»I/FIM 
WTM*MTM*CL*T 

430   ZMM.^M«♦^MIJ|•CLAT 
ZMM*IMM/MTM 
NPOL-ZMIJMI 
spoL-zmn 

: 
OATA NAMEL/'Sir.MA VFHT1CAL VFLOCITV (MH/HR» 
OATA Nl/13/ 
RFTUAN 

HNO 

oono«>2oo 
00009210 
00009220 
000092 30 
00009240 
000092SO 
00009260 
000092 70 
000092B0 
00009290 
0,0009300 
00009310 
00009320 
U0009330 
00009340 
000093S0 
00009360 
000093T0 
000093B0 
00009390 
00009400 
00009410 
00009420 
00009430 
00009440 
000094SO 
00009460 
00009470 
000094RO 
00009490 
00009*00 
00009*10 
00009520 
00009S30 
00009S40 
0O009SS0 
00009S60 
00009*70 
00009SBO 
00009*90 
00009600 
00009610 
00009620 
00009630 
00009640 
0()0096,>0 
00009660 
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/• 
//   OD 
// 
C 
c 

li?0 

130 
ISO 

SUHRdUTINF 
AVRXIKI 

t)ISP»OL0,0SN.Mf S72 7,*BN.C(IMM(1N 
1)1)        * 

THIS   SUHMUITINe   USfS   UT ( 1 , | , H   *&   «   WOHKING   SPACF 

JMM|aJM-l 

JE»JM/2*1 
OEFf«ÜVt»(Jf I 
00   ISO   J«?,JMM1 
ORAT-OeFF/OKPUl 
IF   IOUAI   ,LT.   U|   GO   T(l   ISO 
*LP>O.I7S*40>«AT-1. I 

NHMW 
«LPHA«ALP/FNM 
OH   ISO   N>|,NM 
on i?n I>I,IM 
IP1-MII0I I.1MI«! 
|M1.M0Ü(I*IMM?,1M|*1 
UTntItn«OT(J,|,K(»ALPMA»(OI(J,IH,K»*iJTIJt|(«l,|tl on no I.I.IM 
OT(Jfl,KI-UT(l,l.l» 
CtlNTINUF 

RFTllBN 
FNO 

-2.»0T)J.I,Kn 

00009670 
000046110 
00009690 
00009700 
00009710 
00009720 
00009730 
00O097<>0 
000097S0 
00009760 
00009770 
00009780 
00009790 
00009H00 
00009«10 
00009RP0 
00009B30 
00009H<iO 
0OO09AS0 
00009060 
000098 70 
O0009BH0 
00009090 
00 109900 
00009910 
00009970 
000099^0 
00009940 
000099S() 
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// DO 
// 

*AHH 
-L 

C 
c 
c 

OIS»>-OLD,()SN.MFS72 7.AhN.CnMMON 
Ot)   • 

LOGICAL LtW, ST*GlfST*GJ, ISL 

OlMfNSIDH NAMFLtm 

«KATIVF MUMIOITY, MAP TYPE |l 

MH ■ |M 
fJ« ■ JM 
STAGI«.FALSE. 
STAGJ«.FALSE. 

C 
00 110 Ll.NL 

110  NAMEin.NAMELdl 

M 220   l>|,|M 
M 220 J.I.JM 

^3C» ■ <.7b*P(J,n*PTBOP(/in.O 
QSJ ■ .6?2»ES3/(P1CB-ES3) 
03« - 03«J,n 
«MJ . OSR/OS^ 

220 wn«K2jj,n • I»M?»IOO. 

«10  WS»0.0 
MNaO.O 
BO Mi l-lt|M 
ws«ws*wfmK?(i,ti 

*15  WN«MN»Wf)«(<?(JM,I I 
KS^WS/^IM 
WN^MN/FIM 
on *2o i-i,IM 
«"««211,1(-WS 

«.20  hn«K2(JMt| («WN 

00009960 
00009970 
00009980 
00009990 
00010000 
00010010 
00010020 
00010030 
000100*0 
00010050 
00010060 
00010070 
00010080 
00010090 
00010100 
00010110 
00010120 
00010130 
000101*0 
OOOiOlSO 
00010160 
00010170 
00010180 
00010190 
00010200 
00010210 
00010220 
000102 30 
000102<.n 
00010250 
00010260 
00010^70 
00010280 
00010290 
00010300 
00010310 
00010320 
00010330 
000103*0 
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;.MM=O.O 
WTMxO.O 
DO 450 J»1,JM 
SUM.0.0 
DO 430 I»1,IM 

430  SUM-SUM ♦ WnRK?(J,ll 
CLAT«ABS<OXVP(J)) 
ZM(J)-SUM/MM 
WTM»WTM+CLAT 

450  2MM.ZMM*ZMU)*CI AT 
?MM=ZMM/WTM 
SPOL-ZMd» 
NPOL=ZM(JM| 

DATA NAMfL/'RiLATIVf- 
DATA NL/13/ 
RETURN 
END 

HUMIDITY (PERCENT) •/ 

00010350 
00010360 
00010370 
00010380 
00010390 
00010400 
00010410 
00010420 
00010430 
00010440 
00010450 
00010460 
00010470 
00010480 
00010490 
00010500 
00010510 
00010520 
00010530 
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u _0 LL 

// 
// 

MAEÜ 
I N 

OD DI SP=»ntD,nSN=MES727.ABN.COMMON 
DO   It 

LOGICAL LEV, STAGI.STAGJ, ISL 
COMMON /COUT/ ZM(46),SURF,LEV,ISL,NAMEda» 
EQUIVALENCE (SURE,SIGL> 
OIMENSION NAMEL(13I 

:     PRECIPITABLF HATER IN CM, MAP TYPE I? 

FIM ■ |M 
STAGI».FALSE. 
STAGJ«.FALSE. 

DO 110 l>l,NL 
110  NAME« I)=NAMFL(n 

DO 220 !«1,IM 
DO 220 J-1,JM 

220  W0RK2(J,I( = 03(J,n*P(J,I)«0.5*(10,0/GRAV) 

410  WS»0.0 
WN«0.0 
DO 415 I»1,IM 
WS*WS + W0RK2(l,n 

415  WN«WN*W0RK2(JM,n 
WS=WS/FIM 
WNrWN/FIM 
DO 420 I»1,IM 
W0RK2(1,I)=WS 

420  W0RK2(JM,I)=WN 
C 

ZMM.0.0 
WTM»0,0 
DO 450 J»1,JM 
SUM»0.0 
DO 430 I«1,IM 

430  S(JM«SUM + W0RK2(J,n 
CLAT«AHS(DXVP(J)( 
ZM(J»»SUM/FIM 
WTM.WTM*CLAT 

450  ZMM»ZMM*ZM(J(»CLAT 
ZMM-ZMM/WTM 
SPOL»ZM(n 
NPOL»ZM{JM» 

DATA NAMEL/'PRFCIPITABLE 
DATA NL/13/ 
RETURN 
END 

WATER «CM) 

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 
000109 30 
00010940 
00010950 
00010960 
00010970 
00010980 
00010990 
00011000 
00011010 
00011020 
00011030 
00011040 
00011050 
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/♦ 
MAPl^ 

n    u I     N     h 

//   ^   n'S^nLO'OSN-M"7?7.ABN.COMMnN // 

c 
c 
c 

ASO 

*tbO 

DO        • 
LOGICAL   LfeV,   SUGI.STAGJ.    ISL 

niMRNSION   NAMFL(13) 

CrtNVFCTIVE   P«ECIPITATlnN   (MM/DAY) MAM    TYPf-    13 

110 

250 
C 
MO 

M5 

<.^0 

STAGls.FALSF. 
STAGJ=,FALSF. 
fIM   =    IM 

"n 110 I=1,NL 
NAMFd )=NAMH (11 

00   250   l=lfIM 
DO  250  J»1,JM 
Cf=IRH(IJT<J,I,2|( 
W0HK2(J,!)rCP/10. 

WS«0.0 
WN«0.0 
00  «15   l«lfIM 
WS = WS*Wf)RK2(I,I ) 
WN=WN*W0RK2(JM,1) 
WS«WS/FIM 
WN=HN/FIM 
00   «20   LI, IM 
W0RK2(l,nswS 
W0HK2(.|M,| )sWN 

ZMM»0.0 
WTM=0.0 
00   «50   J=ltJM 
SOM=0.0 
00   «30   1 = 1, IM 
.S(IM=SUM   ♦   MnRK2(J,n 
CLAT«ABS(OXrP(J|) 
ZM(j(xSi)M/FIM 
WTM.WTM*CLAT 
ZMM.ZMM*ZM(J)«CLAT 
ZMM=ZMM/MTM 
SPnL«ZM(1) 
NPOLxZMUMI 

DATA   NAMEL/'CdNVFtTIVF 
DATA   NI/IV 
R F T DR N 
FND 

PRK. IMITAT KIN   (MM/oiri 
'/ 

0001106« 
00011070 
00011OHO 
00011090 
000 HI 00 
0001II K) 
000111?0 
0001 1130 
00011140 
00011150 
00011160 
00011170 
00011180 
00011190 
00011200 
00011210 
00011220 
000112 30 
00011240 
00011250 
00011260 
00011270 
000112R0 
00011290 
00011300 
00011310 
00011320 
00011330 
00011340 
00011350 
00011360 
0001137(1 
000113H0 
00011390 
00011400 
000114 10 
0001 UX) 
000114 30 
00011440 
00011450 
00011460 
000114 70 
000114H0 
00011490 
00011500 
00011510 
0001 IVO 
0001 |§M 
00011540 
00011550 
00011560 
000115 70 
0001ISHO 
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__ 00011^90 
f*                                          '"" 00011600 
// 00 0ISP«0L0,ÜSN.HfS7?T.48N,CnMMf(»i 00011610 
//       00   • 000116?0 
C 00011630 

LOGICAL Ll-V, ST«CI,SUGJ. ISl 000116*0 
CD**,*   /COUT/ /»•U6l,SI)«F.CtV,ISL,MME(m 00011650 
fOUIVALfNCf «SUUF.SI&L»      •■»i.N.PM111 00011660 
OIHENSION NAMFLim 00011670 

t 000116110 
C     eVAfMMATlnN If« IH  KM/ÜAV»,  MAP Ty»»|. 14 00011690 
C                                      ,TKr '* 00011700 

iIA0|..»-«| st . 00011710 
flt*'lm 00011720 
STAGJa.fALSI-. 00011730 
|MM|.|M.| 00011740 
IMM2.IM-? U0OH7S0 
JMMt«jM-l 00011760 
JMMJaJM-; 00011770 
OH HO I«1,NL 00011/80 

110  NAMEdl.tnAMFLni 000117V0 
c 00011000 

on ?so I-I,IM ooouaio 
on   2)0   J«1,JM 000111120 
F4*|RH|IT(J,|t2M 00011830 

250     MnRK2IJtll-F4/t0. 000111140 
C 00011*50 
c 00011860 
*10     MS-0.0 00011870 

WN-0.0 00011880 
Of»   *15   1-1. IM 00011890 
MS-Ms*MniiK2ii.n 00011900 

*15  MN«WN*M()RK?|JM,n 00011910 
MS*WS/F|M 00011920 
NN-MN/FIM 00011930 
On 420 l«l.IM 00011940 
MnRK2(l.ll>MS 00011950 

*20  wn«K2IJM,I|.WN 00011960 
00011970 
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IMM>0.0 
MtM*0.0 
on no J-I*JM 
SUMaO.O 
00 430 1-ltlN 

490  SUM-SUM ♦ HnilK2(J«ll 
CLAT-ABSIOXVPIJM 
ZM|J|aSUM/F|M 
MTM>MTM<IAT 

4^0  ZMM>IMM«ZM|J)*CL*T 
ZMM-{MM/MTM 
SPOL-ZMIll 
NPOL-ZMIJM) 

I 
OAT« MAMEL/1EVAPORATION (MH/OAVI 
DATA NL/13/ 
RETUPN 
ENO 

000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 

•/ 000 
000 
000 
000 

119H0 
11990 
12000 
12010 
12020 
12030 
12040 
I20S0 
12060 
12070 
12080 
12090 
12100 
12110 
12120 
12130 
12140 
121S0 
12160 
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/• 
// no 
// 

.5 " H « n u T i M E 
MAP IS   

C 
c 
c 

<.!() 

*sn 

ois»»»ruo,osN.Mfs??7.*«N,c(ii«»n* 
no  • 

OIMFNSION NANftrni 

COPNON   /CnuT/   iM|4,6l,MfRF,Uv.|Sl.N*NF(n» 
LOOICAL   tfV.   ST»GJ,   STAGI,   ISL 

HMMU   HEAT   fLUX   (F4,   IN   TMS   M   C AL .f.M.w.nAT..-1)   MAP   I« 

no 

3SO 

*io 

<•!% 

*?n 

STAGI«.FALSF. 
STAGJ«.FALSF. 
MNMN 
|MM|a|M-| 
IMM^.fM-? 
JMMJ.JM-l 
JMMi-JM-? 
nn no I»I,NL 
NAMHI I.NAMH  M 1 

nn 350 i-itrM 
nn 3so J«I,J»« 
F*«ItM|TT»J,I^)| 
wn«Kijj,ii.F*/io. 

WS"0,0 
WNaO.O 
nn «it |.|,IM 
WS«MS*MnftK?(i.n 
MN>NN*MnKK?(JM,| I 
MS-MS/HM 
WN   WN/HM 
nn 4?o I«I,IM 

wni(K?ii,fi.ws 

/MM.0,0 
WIM.0.0 
nn *%o J.I.JM 
snM.o,o 
nn *3o I>I.IM 
SIIM.SDM   ♦   Mn«K?(j,|| 
CLATaAHSinuVPIJI I 
/MIJI.SIJM/FIM 
MTM.MTM^CLAT 
;MM.;MM*/MI.M«CLAT 
/MM./MM/MTM 
SPHL-ZMII) 
NPdl./NIJM) 

OATA   NAMH/»S^SIH|F 
DATA   Kl/H/ 
RtfMM 

f-NII 

Mf-AT HtlX no Mi/CNMt/IMVI 

nooi?i7o 
0001?|«0 
00012190 
0001??00 
00012210 
00012220 
000122 40 
00012240 
O0O122SO 
00012260 
00012270 
000122(10 
00012290 
O00I2 30O 
OOOI23IO 
00012 320 
00012330 
00012 3*0 
OOO123S0 
00012 360 
00012370 
000123HO 
00012 390 
00012*00 
00012*10 
00012*20 
00012*30 
00012**0 
000|2*S0 
00012*60 
00012*70 
oooi2*no 
00012*90 
00012soo 
00012510 
00012520 
OOOI2530 
000125*0 
00012550 
00012560 
OOOI2570 
OOOI25RO 
OO0I259O 
00012600 
00012610 
00012620 
000126 30 
O0O|26*O 
00012650 
00012660 
000126 70 
OOO|26H0 
00012690 
OOOI2 700 
00012 710 
00012 720 



-339- 

// 
// 

S     t) 
WAP    16 

n    i!    T    | 

DO i>rsp»nii)tnsN«MfS7?7.aHN.r.fiMMnN 
no   • 
LflGICAL     LtV,   ST*(..J,   St«r,|,   I si 
cntmntt /com/ ZM«46).su«F,LFv,rsi .NAMU m 
fOUlVALENCf      CSIIMf,SI&ll 
niMfNSIftN   NAMFL( 111 

LOW   Lf»fL   (MMCfMM   «OFGI   MAP   TVPF   If, 

FIM« | M 
STAGJ-.FAISF. 
STAnia.f-ALSF. 

C 
00   HO   IM.NL 

110     NAHM I I'NAMU ( I I 
(, 

on 2?o I>I,IM 
on 2?o J»I,JM 

HSC»ll.M(liT(J,|,?M 

c 
«.10   /MM.(I,() 

WTM»0,0 
on *3o J«I,JM 
SIIM-0.0 
on <.?« I>I.IM 

*?0   SnM.SllM»WI)HK/(.), | | 
CLAT.ABS«OXVP(J|t 
7M|J|.S()M/F|M 
WTMoM|M*CL*T 

430  7MM.7MM»Z»((J|»C1 Al 
/MM:/MM/MTM 
•ilPnL»7M(jK| 
SPnL«;mi» 

(IA1A   NAMFL/'LflN 
OAlA   NL/13/ 
Mf tllHN 

FM) 

IFVFL   CDNVFf lldN    (OFf.   CFNT ) '/ 

00012730 
0001?7*0 
000l?7i0 
0001?760 
0001?770 
0001?7«0 
0001?7V0 
00Ol?R00 
0001?«10 
000l?»l?0 
0001?830 
000I?R40 
000l?8b0 
oooi?«6n 
00012R70 
0001?HH0 
00012H90 
000|?900 
0001?910 
0001?9?0 
00012930 
0001?9«.0 
000129^0 
0001?960 
00012970 
00012980 
00012990 
00013000 
00013010 
00013020 
000130 30 
000130«.0 
000130S0 
00013060 
00013070 
0001 30M) 
oooi 3o<jn 
0001 3|0(, 
00013110 
0001 31?(l 
00013130 
90011140 
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n u    T    i 
Hit 1Y 

//   00   DISP"OLD,OSN««eS727.ABN.CnHMnN 
// 

c 
c 
c 
c 

101 

10? 

103 

10* 
220 

DO  • 
LOGICAL  LEV. STAGJ, STAGI, 1SL 
COMMON /COUT/ 2M(*6l,SimF,lfV,ISL,NAMM13) 
fOUIVALFNCE  (SURF.SIGLI 
DIMENSION NAMELdBI 

MIND DIRECTION, MAP TYPE 17 
JNORMALLV POLAR PROJECTED) 

PID2-PI*.« 
PID2T3»P|D2«3. 
P|T2-PI«2, 
RPID35-35./PIT2 

'H) 220 |>1,|M 
DO 220 J«1«JM 
NU>WORKHJ(| I 
HV«H0RK2IJf1) 
l«| 
IF (MU .GE. 0.1 K«K*1 
IF IWV.EO. 0.) GO TO (103,10*»,K 
IF IHV .GE. 0.1 K>K*2 
IF «MU .EO. 0.) K.K»* 
ANG>ATAN(MU/WVI 
GO TO (220,101,102,102,101,101,102,1021, K 
ANG-ANG«PIT2 
GO   TO  220 
ANG'ANOPI 
GO   TO  220 
ANG-PID2 
GO   TO  220 
ANG-PID2T3 
W0RK2(J,I l>ANG*RPIO3S4'|.0 

000131S0 
00013160 
00013170 
00013180 
00013190 
00013200 
00013210 
00013220 
00013230 
000132*0 
0001 32SO 
000132*0 
00013270 
00013200 
00013290 
00013300 
00013310 
00013320 
00013330 
000133*0 
00013390 
00013360 
00013370 
00013380 
00013390 
00013*00 
00013*10 
00013*20 
00013*30 
00013**0 
00013*50 
00013*60 
00013*70 
00013*80 
00013*90 
00013S00 
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C 
t 

00 HO I.I,ML 
110  NAME (I)-faMFL III 

STAGja.Tft'JE. 
STAGI-.TRUE. 
UM« IK 

C 
MO 1***0.0 

MTMaO.O 
00 «JO J-l.JM 
SUM-O.O 
00 420 l«lt|M 

420  M)M.SHK*W{M«K?|J,|I 
CL»T.»RSICfiS(L»T(JM I 
2M|J).SUM/F|M 
WTM.NTMKLAT 

430  »HH«?HM*?M|j|»CL«T 
2MM.ZMM/WTM 
SPOfZMIil 
NPOLZMUMI 

0*T* NAMFL/'NINO NftfCtMl 
0»T* Nl/13/ 
RFTltKN 

FNO 

OOOlSilO 
ooons2o 
000135 30 
000»3540 
00013550 
00013560 
00013570 
0001 35110 
00013590 
00013600 
00013610 
00013620 
'000136 30 
00013640 
00013650 
00013660 
00013670 
000136HO 
00013690 
OOOI3700 
00013710 
00013720 
00013730 
00013740 
00013750 
00013760 
00013770 
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S  U  B OUT  IN 

// 00 
// 

c 
c 
c 
c 

•  MAP H 
DISP»OLO,OSN«MfS7?7.*B»».CnMM(lN 
00  • 
LOGICAL  LEV, ST/lf.J, ST*r,|t | SL 
COMMON /COUT/ ZMl46»,Sll«f,LFV,|SL,N«MF(H» 
FOOmtfNCE      (SURF.SIGL) 
OIMENSION   NAMELim 

MAP  MIND   OIAECTION.   MAP   TYPE   III 
«MEANINGFUL   ON  CLVNORICAL   PROJECTION  ONLY» 

PI02«PI«.S 
PI02T3-P|02*9. 
PIT2-PI«?, 
POTIB.H./PI 

C 
c 

00   ?20   l«l,|M 
00 220  J-I.JM 
NU«HORKl(J*n/OXUIJ) 
WVM0RK2IJ»II/0VV<JI 
IF   (NU   .EO,   0,   .AND.   NV   .FO.   0.1   MV«1. 
ANG>ATAM2(MlltMV) 
IF   IANG   .LT.   0.1   ANG«ANG*PIT2 

220     W0RR2IJ,n.»Mn0(ANG«P0Tl«*lR.,?fc,) 

00   UO   I-1,NL 
110     NAMEin«NAMELIII 

FIM»IM 
STAGJa.TRUE. 
STAGI-.TRUE. 

C 
«10     {MM-0.0 

MTMaO.O 
00  450   J.I.JM 
SUM-O.O 
00  420   I«I, |M 

420      $UMaSIIM*M()RK2lJtl I 
CLAT-AHSICnSUAKjii ( 
2M(JI>SUM/F|M 
WTM>MTM«CLAT 

430     /MM»2MM»7MIJ»»CLAT 
{MM«ZMM/MTM 
&PnL-2M(|| 
NPOL"ZM(JM» 

E 
OATA NAMFL/^MAP M|NO OIRFCTION 
OATA NL/IV 
RETURN 

C 
C 

ENO 

000137RO 
00013790 
00013R00 
00013R10 
00013020 
000|3R30 
00013840 
00013«SO 
00013*60 
0001 3«70 
00013AR0 
00013R90 
00013900 
00013910 
00013920 
00013930 
00013940 
000139S0 
00013960 
00013970 
00013980 
00013990 
00014000 
00014010 
00014020 
00014030 
00014040 
00OI4OS0 
00014060 
00014070 
00014080 
00014090 
00014100 
00014110 
00014120 
00014130 
00014140 
00014150 
00014160 
00014170 
0001*180 
00014190 
00014200 
OOOI42IO 
000142^0 
000142 30 
00014240 
00014250 
00014260 
000142 70 
00014280 
00014290 
00014300 
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i—iL 1  ■ I 

// 

c 
(. 

// OD 0ISP.0LD,0SN.NfS7?7.4B*.CON»inN 

LOGICAL  LfW, STAGJ, ST»r,I. ISL 
DIMENSION N«MFL(|3) 
LOGICAL LHLF 

110 

118 

LONG WAVF CnniING,  MAP TVPF 19 

F|M.|M 

STAGJ-.FALSF. 
CTAG|..FALSF. 

LHLF«   SURF   .IT. 
00   HO   l«l,NL 
NAMEd I.NAMFLI I » 
00   118   J.l.JM 
IMIJJ.o.O 

.i 

00 150 l>l,|M 
00 150 J-lfJM 
IF «LHLF» GO TO 1?5 

ACC-I«M|VT{J,|,?M 
*CC«ACC/100. 
GO TO 1*0 

125  ACC-lLHtVTIJ,!,?)) 
ACC-ACC/100. 

1*0     7MJJI-IM(J|*ACC 
150     WflMKPIj.n.ACC 

IMM.O, 
MTM.0.0 
00   158   J-I.JM 
WTM-WTM   ♦   AHS(DXVP(J|: 
/M(J|.2M|J)/F|M 
/MM.;MM*/M|J|»ABSrnxV.'M Jl 1 
;MM.7MM/HTH 
SPOL'/MU I 
NP(U";M(.)M) 

ISH 

OATA   NAMfL/'lflNr, 
0»IA   NL/IV 
«FTIIRN 

WAVF   MFATING   IN   LAVEHS   IDFG  CENT/OAV» 

0001*310 
000U3?0 
0001*330 
0001*3*0 
0001*350 
0001*360 
0001*370 
0001*380 
0001*390 
0001**00 
0001**10 
0001**?0 
0001**30 
0001***0 
0001**50 
0001**60 
0001**70 
0001**80 
0001**90 
0001*500 
0001*510 
0001*5?0 
0001*530 
0001*5*0 
0001*550 
0001*560 
0001*570 
0001*580 
0001*590 
0001*600 
000|*6|0 
0001*620 
0001*630 
0001*6*0 
0001*650 
0001*660 
0001*670 
0001*680 
0001*690 
0001*700 
0001*710 
0001*770 
0001*730 
000|*7*0 
0001*750 
0001*760 
0001*770 
0001*780 
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s    ■    " n    n I    ■    b 

//   00 
// 

110 

; IH 

us 

K0 
ISO 

IS» 

• WP20 
OISP>OLO<OSN>MES7?7.*BN.COMMnN 
Ü0     • 
COMHON   /COUT/   ZMUfcl.SURF.LfV.ISL.NANMm 
*HSO«HTI(lN  OF    ISOLATION,      MAP   TVPF   ?0 
LOGICAL     LEV.   STAGJ*   SI4r, I.    |SL 
OIMENSION   NAMELUII 
LOGICAL  LHLF 

FI Ma IM 
ST«GJ>.F«LSF. 
ST*6|o.F*LSF. 

LMLF»   SURF   .GT.   ,S 

00   110   IM.NL 
NAMFiri-NAMFLH) 

on ita j-i, 
ZMIJI-O. 

JM 

on i so l ■ i • i M 
DO   190   J-I.JM 
IF   ILHLF1   GO  TO   1?S 
«CC«ILH(TTIJ.I.1M 
*CC*«CC/100. 
GO   TO   1*0 
«CC-IRHITTUtltlll 
*CC*ACC/100. 
;M<JI>IM(JI«ACC 
MOMtUtltaiCC 

ZMM-O.O 
MTMaO.O 
00 1*8 J-l.JM 
MTMsHTM ♦ »HStOXVPI JM 
|M|JI>IM|JI/F|M 
ZMMaIMM«IM|JI*«HS(OXVPI JM 
ZMMaZMM/NTM 

SPOL-IMIll 
NPOL'ZMIJMI 

DAT« NAMH/'AHSORPTinN OF |t^6iftf|W IN lAVMS I DFG CtNT/OAYI 
HAU NL/13/ 
HFTURN 

MM 

0001<>790 
00014800 
00014810 
00014820 
00014830 
00014840 
000148 SO 
00014860 
00014870 
00014880 
00014890 
00014900 
00014910 
00014920 
00014910 
00014940 
OÜO149S0 
00014960 
00014970 
00014980 
00014990 
0001S000 
OOOISOIO 
0001S020 
OOOISOIO 
0001S040 
0001S0S0 
0001Sfl60 
0001S070 
0001S080 
oooisn9o 
000IS100 
0001S110 
000ISI20 
00015130 
onoisi40 
0001S1S0 
000ISI60 
0001M70 
0001*180 
0001*190 
0001*200 
0001*210 
0001*220 
0001*2 30 
0001*240 
0001*2*0 
0001*260 
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V    P P M I ■ f 
II 
II 

C 
c 
c 

00 OISP-nLD,DSN.MfS7?7.ABN.CnHM()N 
00  • 
LOGICAL  LEV, ST46J, ST4f,I, ISL 
COMMON /COUT/ IM« *6 ) , SUHf-,LF V , I SL .NANU n ) 
60UIW*Lf»(C6  ISURF.SIGL» 
DIMENSION NAMElim 

WIND SPEED, MAP TVPf 7\ 

|MM?«|M-2 
JMMlsJM-l 

C 

c 
c 

DO HO I«1,NL 
110  NAMFII l-NAMELd I 

C 
STA(iJ>.TIIUE. 
STAGI>.THUE. 

00 330 l-t.IM 
DO 330 J»?,JM 
N|NO-WOHK?|J,n**?»W(lRKl(J,n»»? 

13«  KORK2IJ,I».S0MT(W|Nf)( 
C 

E|M>|M 
IMM.O.O 
WtM»0.0 
00   «30   .!•?,,JM 
SUM.O.O 
01)   <>?0   l-LIM 

*?0      SUM«SI)M«wn«K2(J, | | 
CLAT»AHSanS».S*(LAT(J-| l*LAIt J)))) 
2M( J)aS(IM/E|M 
MTM«MTM*CLA1 

*30     IMM.7MM»/MJJ|»CLAt 
;MM«2MM/MTM 
SPOL»;««?) 
NPOL'/MIJM| 

OATA NAMEL/'MAGNIInOE 
OATA NL/13/ 
RETIIHN 

END 

Of- THE VEClim WINO (M/SKI •/ 

00015?70 
0001b?HO 
00015?<>0 
00015300 
00015310 
00015370 
00015330 
000153*0 
00015350 
00015360 
00015370 
00015380 
00015390 
00015*00 
00015410 
000154?Ü 
00015*30 
000154*0 
00015450 
00015460 
00015470 
00015480 
00015490 
00015500 
00015510 
000155?0 
00015530 
00015540 
00015550 
00015560 
00015570 
000155H0 
00015590 
00015600 
00015610 
000156?0 
00015630 
00015640 
00015650 
00015660 
00015670 
00015680 
00015690 
00015700 
00015710 
000157?0 
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// DODS
IS'"nLD'OSN"MES727.*«N.coMMnN 

DIMENSION NAMEL«13I 

SORFACE INSOLATION  MAP TYPE 22 

EIM- I M 
STAGJ».FALSE. 
STAGI«.FALSE. 

C 
DO 110 I.l.NL 

110  NAMEm.NAMELm 

DO 150 J-1,JM 
150  ZMUj.o.O 

C 
00  275   l-l.IM 
DO   275  J-1,JM 
«CC-ILH(SDIJ.IM 
*COACC/10. 
ZMCjj-ZMIJMACC 

275     wnRK2(J,n.ACC 

ZMM-0.0 
WTM-0.0 
DO   158   J-l.JM 
WTM-HTM   ♦   AHS(DXVP(jn 
IM|J)-ZM|J)/F|M 
2MM.|NM*ZM(J|*ABS(DXVP(J)) 
ZMM.IMM/WTM 
SPOL-ZMU» 
NPnL«ZM<JM» 

SA'JA N'tmr5""14" ,NSnLAT'^ ABSORPT.ON ,100 f.AL/CM^2/0Ay, 
RETURN 

ENO 

158 

00015730 
00015740 
00015750 
00015 760 
00015770 
00015780 
00015790 
00015800 
00015810 
00015820 
000158 30 
00015840 
00015850 
00015860 
000158 70 
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 
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»  B  K  0  U  T  t  N 
*     MAP 7-K          " ■" 00016150 

// 00 OISP = OLD,OSN=MES727.ABN.COMMON OOOUlfco 
//   00  * 00016170 

LOGICAL  LEV, STAG.I, STAGI, ISL 00016180 
COMMON /COUT/ ZMK6),SURF,LEV,ISL,NAMFM3) 00016«90 
EQUIVALENCE  (SURF,SIGL»    v''5I-'N«ME ( 13) 0001*100 
OIMENSION NAMEL(13» 00016210 

C     SURFACE AIR TEMPER4TUHE, MAP TYPE 23                               00016220 
C 00016230 

F I M= IM 000162«,; 
STAGJs.FALSE. 00016250 
STA6I=.FALSf. 00016260 

C 00016270 
00 110 I«1,NL 00016280 

110  NAME! DsNAMELdl 00016290 
C 00016300 

DO 220 I.1,IM 00016310 
00 220 J=1,JM 00016320 
TT<.= ILH(03TIJ,I )» 00016330 

220  WORK2<J,nrTT<(/10. - TICF 000163*0 
C 00016350 
«10  ZMMxO.o 00016360 

WTM=0.0 00016370 
DO *30 J=1,JM 00016380 
SUMrO.o 00016390 
DO <»20 1 = 1,IM 00016*00 

*20  SUM=SUM*WnRK2(J,I) 00016410 
CLAT*ABS(OXYP(J|) 00016420 
ZM(J).SUM/FIM 00016*30 
HTM.WTM*CLAT 00016*-'.0 

*30  ZMM=7MM+ZM(J)«CLAT 00016*50 
;MM«2MM/WTM 00016*60 
NPOL«ZM(JM) 00016*70 
SP0L«ZM(1) 00016*80 

i 00016*90 
DATA TICE/273.1/ 00016500 
DATA NAMEL/'SKRFACE AIR TEMPFRATURF IOFP r^n                     00016510 
DATA NL/I3/                 fB««IURe (DFG CENT)                  ,/ 00016520 

C 00016530 
RFTURN 000165*0 
BNO 00016550 

00016560 
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S     U    B Q    U J N    B 
• MAP2<» 

//   DD  f>ISP»nLD,DSN»MES727.ABN.COMMON 
//        00      • 

COMMON /COUT/ ZM(46),SURF,LEV,ISL.NAME(13) 
LOGICAL  LEV, STAGJ, STAG!, ISL 
DIMENSION NAMEL(13) 

;     GROUND TEMPERATURE «DEG CENTIGRADE»  MAP TYPE 24 
- 

FI Ma IM 
STAGJ«.FALSE. 
STAGI«.FALSE. 

oo no i = i,NL 
110  NAMEd )>NAMFL(I > 

00 150 J-1,JM 
150  ZM(J)«0.0 

DO 275 1=1,IM 
DO 275 J«1,JM 
ACC " GT(J,n - TICE 
2M(J)«2M(J)>ACC 

275  W0RK2(J,I)=ACC-.0001 

ZMM-0,0 
HTM«0.0 
DO 158 J=1,JM 
WTM»WTM + ABS(DXYP(J)) 
ZM(J»»ZM(JI/F1M 

158  ZMM»ZMM*ZM(J)*ABS(DXYP(JI) 
ZMM'ZMM/WTM 
SP0L=ZM(1I 
NPOL«ZM(JM) 

DATA TICE /273.1/ 
DATA NAMEL/'GROUND TEMPERATURE (DFG CENT) 
DATA NL/13/ 

: 
RETUR.v 
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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5  U  B OUT; 

// n00J
,S^OLD»DSNBMES727-*BN.COMMON 

C 
c 

LOGICAL  LEV, ST*GJ, STAGI, ISL 
DIMENSION NAMELU3I 

(13) 

110 

lift 

l?fi 

ISfi 

NETNES, MAP TYPE 25 

El Me IM 
IMM2.I«-? 
JMM1.JM-1 
STAGJ«.EALSE. 
STAGI..EALSE. 

00 110 I«1,NL 
NAME(n«NAMEL(n 

ZMM.0,0 
00 llfl J.lfjM 
IM«J».0,0 

00 128 I>1,IM 
DO 128 J.J.JM 
ACC-GW(JfI)Mo. 

ZMIJ|.2M(J)+4CC 
wnRK2(J,I).ACC 

WTM«0.0 
DO 158 J.I.JM 
WTM.WTM ♦ ABS(OXYP(J>) 

7MM.ZMM»ZM<J)*ABSinxVP(jn 
ZMM.ZMM/WTM 
SPOL-ZMJU 
NP0L«2M(JM) 

SJt Vmi^^   WFTNfSS '^^EO IfRO TO TEN, 
RETURN 

END 

•/ 

00016990 
00017000 
00017010 
00017020 
00017030 
000170*0 
00017050 
00017060 
00017070 
00017080 
00017090 
00017100 
00017110 
00017120 
00017130 
0001 7K0 
00017150 
00017160 
00017170 
00017180 
00017190 
00017200 
00017210 
00017220 
000172 30 
00017240 
00017250 
00017260 
000172 70 
00017280 
00017290 
00017300 
00017310 
00017320 
00017330 
00017340 
00017350 
00017360 
0001'370 
00017380 
00017390 
00017400 
00017410 
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(I n    (i    T    i 

// no 
n 

c 
c 

r)iSP"nLn,nsN.MFS7?7,AHN.cnMMnN 
on    • 
COMMON /COOT/ ZM|<.6),SliRF,LFV,lM..NAMM m 
LOGICAL  LEV, STAGJ, STAr.I, ISL 
COMMON /FXCnM/CC(«6,72,4»,CPCl('.6.72) ,CPC3 ( <*6 . 7? I , 

• PRCLH(<>6,7?I .SRM<>6,7?) 
OIMFNSION NÄMF1 I U),NAM(-?( 13) .NAMMI 13) 

FIMmlM 
STAGJ».FALSF. 
STAGI..FALSF. 

110 

Iff) 

27S 

l^R 

K»? 
K«3 
K=4 

K-l 
IF (SimF.r,T.().5) 
IF (SURF.FQ.I.01 
IF (SURF.GT.1.0) 
00 110 I«1,NL 
NAME!I>>NAMF1(I) 
'.F (K.FO.?) NAMF»! )»NAMF?(n 
IF (K.FO.4) NAMFII)»NAMFMI) 
IF (K.FO.3) NAMFd )=NAMF3( I ) 

00 150 J»l,JM 
ZMtJ).0.0 

00 275 1-1,IN 
00 275 J«1,JM 
ACC«CC(J.I.K) 
IF (ACC.LT.O.O) ACC'O.O 
7MtJ)»ZM(J)+ACC 
W0RK2(J,I)»ACC 

7MM.0.0 
WTM.O.O 
00 15fl J«1,JM 
WTM>WTM ♦ AHS(OXYP(.H ) 
7M(J).ZM(J)/FIM 
7MM»7MM*ZM(JI^APJIIXYPIJ)) 
ZMM-ZMM/WTM 
SPOL^ZMd) 
NPOL«ZM(.)M) 

OATA NAMFl/'HIGM CLOUDINFSS 
OATA NAME2/»MI00LF CLOUOINFSS 
OATA NÄMF3/,Lnw CLOIIOINFSS 
IIATA NAMF'f/'Cl.OliniNFSS 
OATA NL/13/ 
RFTDRN 

•/ 
• / 

FNO 

00017*20 
00017*30 
00017**0 
00017*50 
00017*^0 
00017*70 
000l7*fl0 
00017*<»0 
00017500 
00017510 
00017520 
00017530 
000175*0 
00017550 
00017560 
00017570 
000175RO 
00017590 
0001T595 
00017600 
00017610 
00017620 
00017625 
00017630 
000176*0 
000176-JO 

00017660 
OOO17670 
00017680 
00017690 
00017 700 
00017705 
00017710 
00017 720 
00017730 
00017 7*0 
00017750 
00017760 
0001 ?77r, 
O0O177R0 
00017790 
oooi7fl()n 
()0017R10 
00017«20 
oooitmo 
nooi7«*o 
00017H50 
000 17860 
00017B6S 
00017H 70 
00017HH0 
nooi 7R')0 
000 17900 
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S     I) 
KAPTT  

n    ii    T i 

// rm tiiSP«nin,DSN«Mfs7?7.AhN.cnMMnN 
//        nn    • 

COMMON   /COin/   ;MI<>6)<SllRF,LFV.ISL .NAMf mi 
inr.iCAi    ifv,  ST«f,j. sTAr.i,   isi 
t-i'M! vauNi i-    (Sir.i .SURF i 
»I MENÜ ION   N4MM J|t| 

F|M>IM 

S14r.J..F«lSF. 
STAGI«.F*LSF. 

nn no I.I.NL 
NAMK t («NAMFl I I I 

00 ??0 J.l.JM 
00 220 I »1, IM 
WORK? 1.1, I l«PTROP*SIIRF*»M.I, I ) 

c 

c 

c 

110 
c 

??0 
r 

11R 
■0   lift  J«l, 
7M(j»«o.O 

JM 

?MM«0,0 
WTM.0,0 
00   * ?0   J « 1 , JM 
SOM«0.0 
CL»T»»HS(nxvP(j)I 
lift   4?0   l«t,|M 

4?0       ?.OMrSOM*WORK?( J, 1» 
7M( J)«SIIM/FIM 
WTM«WTM»CLA1 

«3(1  7MM«ZMM»;M{J)»CI AT 
;MM»üMM/MTM 
SP0L«ZM(1I 
NP0l«7M(JM) 

OATA   NAMFL/'PRFSSURF 
DATA   Nl/n/ 
RFUIRN 

FNI) 

Al    SIGMA   SMwtfti t '/ 

00017<»10 
000179/0 
00017930 
000179*0 
000i79S0 
000179f<0 
00017970 
000179R0 
00017990 
00018000 
0001A0I0 
000|BO?0 
0001R030 
OOf IR0«.() 
OOf1R0S0 
0001R060 
0001R070 
MtOltMQ 
00018090 
00018100 
00018110 
00018 120 
00018130 
0001*140 
00018 ISO 
000181MI 
00018 1 7(1 
000)8180 
00018190 
ooototoo 
oooia? 1(1 
0OOI0220 
00O18?3O 
00018?4() 
OOOlOfM 
000187f.O 
00018?70 
00018?8(l 
oooiotoo 
00018 300 
00018310 
000183?0 
0001« ^M 
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ii    B   <    n   ti    r    i 

(. 

•          M»M?« -^ 000181*0 

//   OU   niSP»nLn,llSM.MHS7?7.AHN.CIlXMiiN ooomho 

//           HI)     • 000 IB370 
CnmmnH /cnui/  IHI4*|«SlM#tilV«ISitlMMf>||f| MMItaiM 
UIGICIL     UV.   STAGJ,   STAf.I,    ISl Of^OlH^O 
l-OIIIWALFNO      (Sir.l.SUUM 0001««00 
CQtWM /f*C<m/cz^^,f„J?,l,t,cl>cl^*f>,^?.),^.(>c^^^.^>,^^), OOOIHMO 

MMfWI« WMHIItl SSlSJS 
00018**0 

000«^«fcO 
or «n «1*70 
000|H*HO 
0001«*90 
0001HS00 

sir.tl.sir.dl) OOOIRSIO 
sir.L?»sir,(L^l OOOIH5?O 
f.sir..|./(SIf.L?-sir.Ln OOOIH^O 
SHRFMT'SimF-MfRnP 00018^*0 
IF    (LFVI    SIUX.Str.L 00018SS0 

,„   .. »00 IBS«»« 
00   110    J»l,Nl ()0018S70 

110      NftME.M.NAMFLd) 000J8VB0 

..„   ,,„ . . 0001BS90 
" "• «•}«W 00018600 

on 2?o .MI.JM oooiBfcio 
IF    l.MJT.LFV)    S|r,x = silM   MI/P(.).I ) Of.OiafcPO 
^^...i.n ooo SMO 
M3«CPC3(J.I» 

??o    W()«K?(J,I |insir.«((sir.L?-sir,xi«Mi  ♦   (sir,x-sir,i.i I«M3) 

F|M>|M 

SUr.J..F4LSl-. 
ST»GI».F4LSH. 

on   11«   J«l,,IH 
II«      /M(J).0.0 

000186*0 
OOOlflfcbO 
Of, "«18660 
0001B670 
00018680 
00018690 
00018700 
00018710 
0001«7?0 
00018730 
000187*0 
000187^0 
00018760 
00018770 
00018780 
00018790 
00018800 
00018810 
000188?0 

SST«   HinV/}nUil   ****"*    H^T'^    •"•«   tWt#M»l •/   OOo|88R*ö 
Hf-TURN 

/MM.0.0 
WTM.0.0 
on *3o J«I,JM 
SUM.0.0 
CL*T.AHSM)XVP( Jl » 
on *2o i«i,IM 

*?0      SllM«SlJM*wnHt<?t.J. I I 
/MlJI«SOM/F|M 
WTM«WTM»CLAT 

*30     ;MM.7MM*ZM{J)*CL4T 
/MM.^MM/WT» 
SPDL'/MI1| 
MPnL=/M(JM) 

oomasso 
00018860 

IH« 000IHH70 
000 18880 
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u I 

c 

) 1(1 

no nisp.oiD,n<,K.MfS7?7.4HN.r.nMMm 
on    • 

lOfilCÄL     LtV.   ST«f,J,   ST*r.r,   ist 
fOltlVAtPNCF      ISIGL.SimFJ 

*       , »,«CLH»«6,7?|,S«l*(<,ft.7?) 
r-i*»e^rfiN MMHltti 

S1AGJ«.F4tS>. 
STAGU.f ALS»-. 

12»? 
srr,u«sir,fu» 
sir,L?«sin(L?» 
csiG»i./(si(.i.?-sir,tii 
St«'FMT«St«F-PTRnP 
If   UFVi  Sir.x.slGL 

on lin i-i.nt 
NA»f ( IMNAMFK || 

?^n 

lift 

I»"   ??0    !<|,|M 
on 2?o J«I,.)M 

IF  I.Nni.tfv) 
HI-O.O 

NtcMCiMf J«|| 
wn«K?(j,n.nsir,*((sir,i?-sir,)(i»Hi  ♦ 

Sir.x = simFM?/Kj.i i 

(Sir,x-sir,i i >*H^» 

on us j.i, 
7«(ji«o,n 

,)K 

z«««n.o 
wTM»o,n 
on *3o J.I,.IM 
SDM-O.O 

ciAT«AhS{nxvp(j(i 
on *?o I»i,IM 

4?n  SIIM»Sl)M+wnHK?(J,n 
/«(.»(■SltM/FIM 
WTM«MTW*CLAT 

<.1f)  7MM«;MW*?M(,I|«CL4T 
ZMMr/MM/WTM 
SPOLaflHI I 
M*fll«fMf JMI 

OATA   MAMfl/'LATFNt 
DATA   NL/ll/ 
RFTIIHN 

Fun 

HUTINf.    IN   LAVFH    (OFf,   rfNT/flAY) 

OOOIHRSO 
oooi«9nn 
noniB9in 
oonifl9?o 
00018930 
0001«9*0 
0001H9S0 
0001R9A0 
0001«970 
0001H9Bf) 
00OIB99O 
oomvono 
00019010 
00019020 
000190^0 
00019040 
000190^0 
000190A0 
00«)19070 
000190HO 
00019090 
00019100 
00019110 
ooni9i?-) 
000I'M 30 
00019140 
00019150 
OOOHQlfcO 
00019170 
00019180 
00019190 
00019200 
00019210 
00019220 
00019230 
00019240 
000192^0 
000192^0 
00019270 
O00192HO 
000192!}f> 

00019300 
00019310 
00019 320 

00019340 
seoitiM 
00014360 
00(1193 70 
ooai#Mo 
OOAItStfl 
00019*00 
000194 10 
000194?(l 
00019410 
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//   00 

J       |       H 
MAP 30 

0     I)     T      J 

c 

no 

Ifl0 

STt 

1SH 

0ISI»«nLn,l>SW»Mf S7?7.4»*M.tH»«PfiN 
DO      • 

COMMON /CHUT/ |M(4«,),Sll«f-,tfV,IVI.,NAM(-(n» 
inr.iCAL    LfV«   ST»GJ,  StMi«   ISL 
COMMON   /»;XCnM/CC(*6,7?,<.l,CPCUA*>tr?l,CCC3(i,h,7?), 

• PHCLM<<,6,7?I,S«<.(<.(S,7?I 
OIMFNSION   NAMFK m 

F|M«|M 
S1AGJ».F*LSF. 
STAGI-.FALSF, 

00   HO   l«l,NL 
NAME(I)«NAMH. (|) 

00   |50    I»» 
7M<J)S0.0 

JM 

00   ZT»   1 = 1,IM 
00   275   JM.JM 
ACC».01«SB*(J,I | 
/MtJ»«/M«J|*ACC 
mmitUtl i»«cc 

7MM«n.O 
WTMiO.O 
00   |M   J»l,JM 
MTMrwTM   ♦   AHS(OXVP(J)» 
7M(J).iM(JJ/FIM 
7MM»ZMM*ZM(J)»AHS(0XVM(J|) 

/MM-ZMM/WTM 
SP0L«/M(|| 
NPOL«ZM(JM) 

OATA   NAMFL/'SORFACF 
OATA   NL/13/ 
»f TORN 

FNO 

LONC-WAVF   CnOUNG    (100   f.AL/CM»»?/r)AY) 

00019<.*0 
00019450 
Onoi94>f>0 
nnni«)<,70 
nooi<34«o 
000194V0 
000»9500 
00019510 
000195?0 
000195 30 
00019540 
00019550 
00019560 
00019570 
000195«0 
00019590 
000l9(i»00 
000I9M0 
000|9f.?0 
000196 30 
000196*0 
00019650 
00019660 
00019670 
00ni96«0 
00019690 
00019700 
00019710 
00019720 
00019730 
000197*0 
00019750 
00019760 
00019770 
000197R0 
00019790 
00019B00 
00019H10 
00019H?0 
00019R30 
000198<I.O 
00019850 
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// 
// 

S      II      H O     n I 

l)(l   niSP«nil),l)SN.MFS7?7,*HH.f,(l»«M(lN 
no   • 

CIIWWIN   /COOT/   |M(<.ftl,SimF.LFV,lil .NAMMn» 
UICICA'.      IfV,   STAf.J,    IfMI«    1SL 
OmmN   /FXCliM/Cll<.6.7?,<.),CPCH<.ft.7?(,CPCH'.iS.??», 

• PRCLH(<.6,7?t .SK^U^,??! 
niMfusifu NAMiLim 

FtMi|M 
STAr,.»..F4tSF. 
STAr.|«.F«LSF. 

c 
c 
c 

f.ALl   MAP   ?? 
I>n   27^    |r|.|M 
HO  27%   J«l,JM 

?ib wn«Ki (J,l >«wn«K?M, n 
CALL   MAP   30 
on 2«o I-I.IM 
on ?«o j«i ,.IM 

?H0   WnBKHJ.I »-W(1WK1«J,I»-WJI«K2{J,I) 
CALL   MAP   15 
on 2«s  i-i, IM 

on 2RS J«I,,)M 

?«•> urmKiij.l ; = w<mKH.i,i)-n.i»wfmK?(.M i 
CALL   MAP   \H 
on ?<»n  i«i ,IM 
DO ?<>() J«I,.)M 

?■»()   WnRK?(J,I («WHBKKJ, I). 
on i%o J«I,JM 

isn    ZMiji.n.n 
on jor* t«i, i H 
on 3oo J«I,,IM 

300   7M(J|.?M(J)*WnRK?(J,I ) 
c 

/MM.O.O 
WTMcO.O 
on I%H J«I,JHI 
WTMcHTM ♦ AHSIOXYPCJI» 
7M(Jlr;M(JJ/FIM 

ISH  /MMr/MM*»W(J)«AHS(f)X¥P(J) ( 
7MM=7MM/WTM 

SPnL=?M(1) 
NPnL=7M(JM) 
Oil   HO    l = l,Nl 

110      NAMK I (rNAM^LM I 

-O.SHO»W{mK?(J,I( 

O/UA   NAMFL/'SUBFAfF 
OATA   NL/13/ 
BFTUBN 

FNII 

HFAT HALANfh ( 1 Of) C A| /r M» * ;>/DA Y t '/ 

ooni<»«fco 
00019«70 
00019RH0 
00019890 
00019900 
00019910 
0O019920 
00019930 
000199*0 
000199SO 
00019960 
00019970 
000199R0 
000)9990 
000?0000 
00020010 
00020020 
00020030 
000200<(0 
00020050 
00020060 
00020070 
000200R0 
00020090 
00020100 
000201 iO 
00020120 
00020130 
00020 K.0 
000201 SO 
00020160 
00020170 
000201H0 
00020190 
00020200 
00020210 
00020220 
000202 30 
000202M1 
00020250 
00020260 
00020270 
ooo202«n 
00020290 
00020^00 
00020310 
00020320 
00070110 
00020140 
00020 3 50 
00020 360 
00020370 
000203X0 
00020190 
00020400 
000?OMO 
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/• 
// 
// 

C 

c 

S      t)      H      H      n     I)      T       IN 
• cnMM 

00  OISP-OlOtnSN»MES72 7.AHN.CnMMHN 
00 • 

FOUIVALFNCE    (KKK.XXX) 
LOGICAL    ICF,   LANO,   DCFAK,   SNOM, KFV 

in 

CnMMON   /EXCnM/CC(«6t7?,«|,CPCH'.6.7?),CMr'J(46,72), 
♦ PR':LM(^,7?),SR4(«.<S,72I 

THANS(X)»l,/{l.»1.75*X««.4 16) 
TRSW(X|.1.-.271*X»»,303 

JMMI.JM-l 
|MM2«|M-2 
JMM2.JM-2 
IH«|M/2*1 
FIM«IM 
tltlattftfll 
Sir,3.SK(2I 
Dsir,«sir,3-sir,i 

r.HM»30. 
DTCSxFLOATINCD^OT 
HCNV»0TC3/Tr.NV 
CLM»5flO./.24 
P10K-1000.**KAPA 
CTI.,005 
CTI0«B.6<.F4*CTI 
HICF«3no, 
TICF=273,1 

PM«PSL-PT«OP 
CnF»GHAV*100./(0.5*PM»10aO.*0.2AI 
CnFl.C0F«0TC3/(2<..*3600. I 
^CALFIJ^COEMOO. 
TSP0«nAV/0TC3 
SCALEP»TSPD*.»>«(10./GRAVI»100. 
CnNRA0«lR0./P| 
CNRX«CnNRA0«.01 
FSOEOY-SOFOY 

SNnHN.(60.-15,*CnS<.q8A3*(FS0Fn¥-?<,.66Hl/CI)NH40n/CnNRAn 
SNnws»-60./cnNRAn 

SURFACE WINO MAGNITIIOE 

00 10 laltfi 
on io J=2,JM 
US»2.»(SIG3«lHJ,I,2)-SIf,l*ll(J,I ,1M*0.7 
"S«2.*(Sir,3»V{JtI ,2)-SIGl»V(J,I ,1) )*<).7 
FD( J,I l>!i;S«liS ♦ vS«VS 
WMAGlrS0RT(.5*tF0(2,n*FD(?,IHn ) 
WMAr,JM = SORT(.S*(Fn(JM,n+K)tJM,|H) ) I 

00020420 
00020430 
000P0440 
000204S0 
ooo204^o 
00020470 
000204RU 
00020490 
00020500 
00020510 
00020520 
00020530 
00020540 
00020550 
00020560 
00020570 
000205RO 
00020590 
00020600 
00020610 
00020620 
00020630 
00020640 
00020650 
00020660 
00020670 
000206flO 
00020690 
00020700 
00020710 
00020720 
00020730 
00020740 
00020750 
00020760 
00020770 
00020780 
00020790 
00020H00 
00020010 
00020B20 
00020B30 
00020B40 
00020850 
00020860 
00020870 
00020880 
000^0890 
00020900 
00020910 
00020920 
00020930 
00020940 
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RAOUTIflN   CONSTANTS 

so>2fiRn./RsnisT 
ALC1-.7 
«LC?*.6 
itCt««* 
STBnri.i71E-7 
FFVC1-65.3 
tFVC?«65.3 
FFVC3-7.6 
CPART«.5»1.3071F7 
ROT ■ TOFÜ4Y/ROTPf«»?.0*PI 

HEATING LOOP 

DO   370   I»1,IM 
1M1«M0D(l«|MM?,IM)+1 
IPl.MfllK I ,IM|4l 
FIM1-I-1 
MAC0S«C0S0*COS(RnT+FIMl*nLnN) 
Ü0 360 J=1,JM 
COSZ-SINL (JI»SINI)*CfiSL( JI»MAt;MS 

SURFACF CONDITION 

T(iOO = TOPOG( J, I ) 
OCeAN«TGOO.r,T. 1. 
ICF«TG00.LF.-9.9FS 
LAND».NOT.)ICF.OH.OCfAN) 
SNOW = LAN().AND.(LAT( Jj.GF.SNDWN.flH.I ATI.I). I F. SNOWS) 
LANO=LAND.ANO..NOT. SNOW 
IF (.NOT.OCFAN) 777=VPHI4(J,1)/GHAV 
DRAG COFFFICIFNT 
IF {J    .FO. 1) WMAG^WMAGl 
IF (J .FO. ,IM) WMAG^WMAGJM 
IF I J.NF.l.ANO.J.NF.JM) WMAr, = SüH T ( .?S» ( FO (.), I ) ♦FfK J* 1 , n 

X  »FOfJ, IMn*FO( J+l, IM1 ) ) ) 
CO ■ .002 
IF I.NOT.OCFAN) CO=CD*0.006*277/SOOO. 
IF (OCFAN) CD « AMINK ( 1.0+.07*WMÄr,)*.001,.nn?S) 
CS « C0*100. 
CS4 ■ .?^*CS*?<».*3600. 
FK1 « CD*(10.*GHAV)/(DSIG«PM) 

00n20<J^0 
00020960 
00020970 
00020980 
00020990 
00021000 
0002J010 
00021020 
00021030 
000210*0 
00021050 
00021060 
00021070 
000210R0 
00021090 
00021100 
00021110 
00021120 
00021130 
000211*0 
0002115( 
00021160 
00021170 
000211H0 
00021190 
00021200 
00021210 
00021220 
000212 30 
000212*0 
00021190 
00021260 
00021270 
000212HO 
00021290 
00021300 
00021310 
00021320 
00021330 
000,' 1 3*0 
000213SO 
00021360 
00021370 
00021380 
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C 

C PRFSStJHFS 

C 

c 

c 

oooai390 
000?1400 
000?14|0 
()002i<.?() 
00{II14M 

SP»P(J,II 
CIILMRsPM/SP 
P4iSP«PT>)np 
P-.K^^^KAPÄ 000?U<,0 

PLl.Sir,l»SP*PIP(lP onopl^n 
PL2».5»SP*PTR(M O00?l<,60 

PL^sir,?.sP*PT«nP '""^ 470 

PL1K.PL1**K^A 000?1<.H0 
Pl?K.PL3»*KAPA 000?1^0 
PL?K.PL?^KAPA 00021S00 
PTBK«PTHnP«»KAPA 222'!!'!.? 
nPLK=PL3K-PLlK 000?1S?0 

000?1S30 

C TFMMFRATIJRES   ANO   TFST   NM   0« V-AOIÄHAT ! C    IMSTAMUTV OOollMft 

TJ.T( I    I    I I 000?1S60 
TUTM'   *> noo?is70 
rNLiIn/ffiU ooo?isflo ,ML1  T1"alK OOOZtffQ 

ono?ihoo 
000?1 ftio 

TML3=T3/PL3K 
IF (THL1 .GT. TML3) GO TO 310 
m.(Tl*T3l/(PLlK*PL3K) SOOIIIM 

T3-XXl*PL3t( 
THL1»TI/PLIK 
THL3»T3/PL3K 

00021*10 
000?lft40 
000?lftSO 
000?l(ShO 
oon?ift7o 

C                 NOftTMl   VA«,AHLFS 000?lftRO 

310     lit»tf>«OMtRt*ttt-tifl.O/Tti ooo?15oö 
FS3.10.0»*(H./.0S1-?3S3.0/T3) 000? 7.0 
PICB = .1*PLI '»fjoiinn 

000?1720 
nOO?1730 
000?1740 

P3CB=.I*PL3 
P'tCB-.MP* 
OSl..«S??»fcSl/(PlCH-FSn 000?17sn 
OS3..ft2?«FS3/(P3CB-FS3) nnnj I2n 
r.AMi.CLH«0Sl«541fl./Tl*.? nnnilriS 
r,AM3 = CLH»(JS3»',41R./T3**? 000? 7H0 
03R=03(J,!» 000?17HO 
RH3 = 03R/f)S3 nOO?1790 

C                                     '3 000?1HOO 

C               TFMPFRATORF   FXTR APOL AT IHN   ANf)   I NT FRPHLAT KIN   FOR   RADIATION 000?'«™ 

ATFM.(THL3-TH(.1)/0PLK oÖo?!fl40 
HTFM=(THLl«PL3K-TML3«PLlK»/f)PLK nnnfl.io 
TTRnP=(ATFM«PTRK+BTFM)*PTRK nnn,   o2n 
T?a(ATFM*PL?K.BTFM,*PL?K omllllO 
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C 
C              MflUNt   TeMPFBATll«^   AND   Wt-TMfSS 0001IMO 
C 000?1R90 

Tf,-TGO() nnn?i9oo 
WFT=I.O oon?i9in 
IF  (.Nni.noAM    TG=(;TIJ,I) 0()n?i9?n 
IF    (LANO)      WMsGvH J, I )    " 00M?1930 

r- onn?i9<.n 
C         LAHGF   SCALF   PR KC I PI T A T IftN 000?19'i{) 
c non?i9^o 

P»fC=0, OOO?1970 
IF (OSR.LF.OS^I G'l in 1060 0002l9flO 
PRFO(03«-OS3)/( 1. ♦GAM 3 I 000? 1990 
t3 = T3-fCLH»PRf:f, 000??000 
THL3«T3/PL3K 0002?010 
03« = 03R-PRFr. 00022()?0 

c 00022030 
C   CDNVFCTKIN 00022()<.0 
(. 0()n2?0')0 
H'^n TFTAlrTHLl^PlOK 00022060 

THA3 = THL3»P10K 00022070 
SS3 = TFTA3«P<,K/P10K 000220HO 
SS2 = SS3 ♦ 0.5«(TFTA1-THA3)«PL?K/PIOK 00022090 
SSI r SS2 ♦ 0.5*(T(-TA1-TMA3)«.PL?K/P1()K 00022100 
HH3 = SS3 ♦ CLH»03R              L/K/PKm 00022110 
HH3S = SS3 ♦ CLH*0S3 00022120 
HH1S = SSI + r,LH*OSl 00022130 

r- 00022 MO 
C   MIODIF LFVFL CflNVFCTHIN 000221SO 
C 00022160 

CI = 0. 00022170 
CJ » 0. 00022 1 HO 
FX = HH3 - HH1S 00022190 
IF (FX.LF.O.)  GO TD lOlSS 00022200 
G|   =   «CNV*FX/(2.+r4Ml) 00022210 

61   =   Cl*(l.+GAMnMSS2-SS3)/tFX+(l.+r,AMnHSSl-SS2)) ZT'."™ I                                                                                                                             ■ '    i Tvi    >■>/' ) ) 00022230 

C         PRFPARATKIN   FOR   A1R-FARTH    INTFRAdlflN 000222AO 
c 00022250 

106S   713   =   2000. 000222(SO 
W1N0F=2.0 + WMA(1 00022270 
ORftW=Cn*WINOF 000222HO 
HlV = FI)//|. 3«WMAG/10. 000 22 2 90 

00022300 
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C 
c 
c 
c 

nETFRHINATIflN DF SDRFACf TFMPFRATOKF 

C 
C 
C 

1070 RH4»2.»WET«RH3/(WET*RH3( 
EG»10.*»(«.«051-2353./TG) 
EG« AMINl(EG,P4Cfi/1.662) 
0G«,622*eG/(P<>CB-FG) 
DQG»5'il8.*QG/TG»«2 
HHG«TG+CLH*C)G*WET 
EüR.EDV/(EOV*nRAWI 
HHA=E0R*HH3*(l.-enR)«HHG 
GAMG»CLH«DOG 
T*»(HH4-RH4«(CLH*0G-GAMr,*TG) )/( 1 .-fRH^ + GAMG ) 
IF (T<.«P10K/P<.K.r-T.TFTA3) T<. = TFTA3«P<.K/P10K 
04=RHA»(ÜG+nOG*(T4-TG)) 
HM«»TA*CLH*0^ 

PENETRATING AND LOW-LFVFL CDNVFCTION 

PCI«0. 
PC3-0. 
FX«0. 
IF (HH*. .LF. HH3S) 
IF (HH3 ,GT. HHIS» 
EX ■ HH4-HH3S 
HH^P » HH4 
HHA * HH3S 
IF (HH4P .LT. HHIS» 
PTA » 1. 
TEMPI » ETA*((HH3S-HHlS)/(l.+GAMn+SSl-SS?) 
TEMP2 = FTA*(SS2-SS3) + (SS3-T'.) 
TEMP » FDR«TEMPl + (l.+f,AM3)«TFMP2 
IF (TEMP ,LT. .001) TFMP=.OOI 
CONVP   =   RCNV*FX/TFMP 
PCI   »   CnNVP*TFMPl 
PC3   =   CONVP   ♦   TEMP2 

1076 UaU-EX/d.+HH^GAMG» 
04»(HH«-T4)/CLH 

1077 RD'faPACH/IRGAS^T'») 
CSE''=CS<.«Rf)^WINnF 
CFVA«CS*Rn<(*WINDF 

GO TO 1077 
GO TO 107 7 

GO TO 107ft 

00022310 
00022320 
00022330 
00022340 
00022350 
00022360 
00022370 
000223BO 
00022390 
00022*00 
00022410 
00022420 
00022430 
00022440 
00022450 
P0022460 
00022470 
000224H0 
00022490 
00022500 
00022510 
00022520 
00022530 
00022540 
00022550 
00022560 
00022570 
000225R0 
00022590 
00022600 
00022610 
00022620 
00022630 
00022640 
00022650 
00022660 
00022670 
00022680 
00022690 
00022700 
00022710 
C0O2272O 
00022730 
00022740 
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C 
C 
C 

C 
C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

CLnuniNess 

iCLni)n=i 
CL"0. 
CL1«0. 
CL2»0. 
CL3=0. 
CLT=n. 
CL=AMINl(-l.3+2.6*RH3,l.) 
IF   (Cl.GT.O..nR.PCl.r,T.O.)   CL1=CL 
IF   (PRFC.GT.O..ANr).CLl.EO.O. )   CL2 = 1, 
IF   (EX.GT.0..ANn.PCI.F0.O.)   CL3=CL 

♦ •»*♦ 

* 

* 

CL1 

♦ * 

CL? CL3 

CL=AMAX1(CL1,CL?,CL3) 
IF    (CL   .GF.    1.)    ICLnU0«3 
IF   (CL   .LT.    1.    .AND.   CL    , GT.   0»)    ICLDUOuZ 

iCLn()n=i CLFAR,  iCLmin-. 
LONG   WAVE   RAniATIDN 

?   PARTLY   CLDIIDY»    ICLniin=3   OVERCAST 

1080   03RB=AMAX1(03R,l.E-5) 
VAK = 2,+ALnG( 1 .71RRE-6/03Rh)/ALnr,( 120./PL3) 
TEMls,00102*PL3»*2*03RH/VAK 
TEf<2 = TEMl*(P4/PL3)»«VAK 
EEV3-TEM2-TFM1 
EFV2»TEM2-TEMl*(PL2/PL3)«*VAK 
FFVl = TEM2-TEMl*(PLI/PL3)««VAi; 
EEVT = TEM2-TEMl«(PTRnP/PL3)**V/iK 
EFV0=TEM2-TEM1*( 120./PL3 I **VA'', + 2. 52hE-^ 
HLT«STBn»TTRnP*«A 
HLl=STRn«Tl**A 
BL2«STBn*T2*«'. 
BL3 = STB()*T3**A 
BL'» = STBn»Tr,**4 

00022750 
00022760 
00022770 
00022780 
00022790 
00022800 
00022810 
0002/:820 
00022830 
00022840 
00022850 
0002?3ft0 
00022870 
00022880 
00022890 
00022900 
00022910 
00022920 
00022930 
000229A0 
00022950 
00022960 
00022970 
00022980 
00022990 
00023000 
00023010 
00023020 
00023030 
00023040 
000230SO 
0002 3060 
00023070 
00023080 
00023090 
00023100 
00023110 
00023120 
00023130 
00023140 
00023150 
00023160 
00023170 
00023180 
00023190 
00023200 
0002 3210 
00023220 
00023230 
00023240 
00023250 
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?000 

2004 

tN 

0 
c 
c 

LONG   WAVE   RADIATION 
ROOD. 
R2C=0. 
R4C=0. 
URT=BLT*TRANS(EFVO-FFVT) 
l)R2=BL2*TRANS(EFV0-EFV2» 
GO   TO   (1090,1090,2000),    ICLHOO 

1090   R00=0.82*(()RT+(BL4-HLT)«(1.+TKANS(FFVT()/?.) 
R20»0.736*|UR?+(RLA-RL2)*( 1.♦TRANS(FFV2))/2.) 
R40 = BL*«(0.6*S0RT(TRANS (FFVO) )-0.1) 
IF    ( ICLHIID   .EO.    1)   GO   TO   201S 
IF   (CL2   .L6.   0.)   GO   TO   2004 
CLT=CL2 
ROC=0.fl2«(URT+(BL2-RLT)*(l.+TRANS(FFVT-FFV?)I/2.»*CLT 
R2C = 0.73b   IJR2*CLT 
R2C=.5*R2C 
GO   TO   2006 
IE (CL3 .LE. 0.) GO TO 2006 
CLT=CL3 
ROC=0.fl2*(URT+(BL3-BLT)*(1. + TRANS(EFVT-FFV3 ))/?.|*CLT 
R2C=0.736«(IIR2+(RL3-BL2)*(1.+TRANS(FFV2-FFV3))/?.)«CLT 

2006 IF (CL1 .LE. 0.1 GO TO 2010 
CLM=AMAX1(CLT-CL1,0.) 

PRESENT VERSION, CLM ANO THIS TFM ARF ALWAYS ZFRO 
TEM=0, 
IF   (CLT   .GT.   0.001)   TEM=CLM/CLT 
R0C = 0.82*(URT+(BL1-BLT)*( 1. + TRANS(EFVT-FFVI))/?.)»CL1 + H0C«TEM 
R2C=R2C*TEM 

R*C=0.fl5*(.25+.75*TRANS(FFV3))*(HL4-BI 3)#CL 
R0=R0C+(1.-CL)«R00 
R2=R2C*(1.-CL)*R20 
R4=R4C*(1.-CL)*R40 
0IRA0»4.*STB0«TG*»3 

SURFACE ALBEDO 

IE (CnsZ .LE. .01) GO TO 340 
SC0SZ=S0*C0SZ 
ALS=.07 
IF (OCEAN) GO TO 335 
ALS=.l4 
IF (LAT(J) .LT. SNOHN) 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«(l. + (r.LAT-10.)««2)/( (CL AT-30. )*'.:+( r I ÄT-10,»**2) 
GO TO 335 
IF (LAND) GO TO 335 
CLAT=0.0 

ALS=.4»(l.+((CLAT-5.)**2))/((CLAT-4S.)*»2*((CLAT-5.)»«2)) 

2010 
2015 

327 

328 

330 

00023260 
00023270 
00023280 
00023290 
00023300 
00023310 
00023320 
00023330 
00023340 
00023350 
00023360 
00023370 
00023380 
00023390 
00023400 
0002 3410 
00023420 
00023430 
00023440 
00023450 
00023460 
00023470 
00023480 
00023490 
00023500 
00023510 
00023520 
00023530 
00023540 
00023550 
00023560 
00023570 
00023580 
00023590 
00023600 
00023610 
00023620 
00023630 
00023640 
00023650 
00023660 
00023670 
00023680 
00023690 
00023700 
00023710 
00023720 
00023730 
00023740 
00023750 
00023760 
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C 

C MILAR   RADIATION 00023770 
C 00023780 

336    4
SA

Lf^:is
N^;;"^5--^^Lnr,io(cnsZ/cnLMR,, ^023790 

SS=SC0S7-SA 00023810 

ASOT=SA*T«SW((FFVO-FFVT)/CnSZ) 00023820 
AS2T=SA«TRSW({EFV0-FFV2)/C(1SZ) 00023830 
FS2C = 0. "wuo«.» 000238^0 
FS^C=0. 00023850 
S^C=0. 00023860 
r.fl   TO   (336,336,337),    ICLOUO 00023870 

C        CLFAH 00023880 
336     FS20=AS2T 00023890 

FS40=SA*TRSW(FFV0/CnSZ) 00023900 
S*0«(l.-AiS)*(PS40+(l.-ALA0)/(l   -ÄLA0W4I «! I««« I 00023910 
IF   HCLtlUD   .FO.   1)   GO   TH   34 AL A(,*ÄLS ) *SS) 00023920 

C LARSE   SCALF   CLOUD 00023930 
3*7      IF   (CL2    .LF.   0.)   60   T(l   33H 00023940 

CLT=CL2 000239S0 
FS2C=AS2T*CLT 00023960 

F^^F^^SsJ?^^"0-""'^^1 —-V"-F-" MOWII 
ALAC=ALC2+ALA()-ALC2«ALA0 0002 3990 

GnC=Tn1^LS,*,TEMS/,1--ALC?*ALS, + ,1--ALfiC^'1--A^C*ALS.*SS..CLT      oSlZ 
C        LOW   LFVFL   CLDIID 00024020 

Si«       IF    (CL3   .LF.    0.)   GO   TO   339 00024030 
CLT=CL3 00024040 
FS2C=AS2T«CLT 00024050 
IFMU=(EFV0-FFV3)/CnS; 00024060 

TEMS=SA«(1.-ALC3)«TRSW(TFM(I+1.66«(FFVC3+FFV3)) "0024070 
FS4C-(TEMS+ALC3*SA*TRSW(TEMun*CLT 00024080 
ALAC = ALr.3 + ALAO-ALC3*ALAO 00024090 

339      IF    (CL1    .LE.   0.)   60   TO   341 00024120 
CLM=AMAX1(CLT-CL1,0.) 00024130 

C '«eJ«6SENT   VERSION,   CLM   AN..   THIS   TFM   ARE   ALWAYS   n*n OOoltlto 

IF    (CLT    .GT.   0.»    TFM=CLM/CLT 00024160 
TEMU=(FFVO-FFVl)/CnSZ 00024170 
TFMB = ALCl«TRSW(TFMU)*SA*r.Ll 000241 HO 
FS2C = SA*tl.-ALCl)*TRSW{TFMU+1.66*FFVCl)*CLl+TFMH + F^f»Tl:M 00024190 
TFMS = SA*(1.-ALC1)*TRSW(TEM,I+      66*(FFvr UFFU 00024200 
FS4C = TFMS«CLl + TFMR + FS4r*TFM 'FhV(. 1+FFV3 I ) 00024210 
ALAC = ALC.1+ALA0-AIC1*ALA0 00024220 
S4C=(1.-ALS)«(TFMS/(I.-ALC1*ÄLS) 000242 30 

X   ♦   (l.-ALÄC)/n.-ftLAC»ALS)*SS)*CLUS4CnEM nnnltltn 000242 SO 
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C   MEAN CONDITION 0002^260 
341  FS2 = FS2C+(1.-CL)«FS20 00v024270 

FS4=FS4C+(l.-CL)*FS40 00024280 
S4=S4C+(1.-CL)*S40 00024290 
AS1=AS0T-FS2 00024300 
AS3-FS2-FS4 00024310 
r,n in 345 00024320 

340  S4an.O 00024330 
AS3a0.0 00024340 
ASI»0,0 00024350 
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C 
C        COMPUTATION   OF   GROUND   TEMPERATURF 

34b     T6R=TG 
IF   (OCEAN)   GO   TO   3*7 
HRAOBS^-R* 
TEM«ö. 
IF   (ICE.AND.ZZZ.LT.O.U   TEM=CTin/HICF 
Al«CSEN*(T4+CLH«(0*+WET»IDOG*TG-or,M I 
A2«BRA0M.*PL4 + TEM*TICF 
Bl-CSEN«(l.*CLH*OOG*WFT) 
B2«DIRAD+TEM 
TGR«(AI*A?)/(B1+B2I 
IF (LAND.OR.TGR.LT.TICF) 
TGR=TICE 

3*6  OR*=DIRAD*(TGR-TG) 
R4=R<i. + DRA 

R2»R2*.B*(l.-CL)«TRANS(EFy2)*l)R4 
RO*RO*.B*( l.-CL)*TRANS(FFVT)*tiR4 

3A7 CONTINUE 

GD TO 3Aft 

c 
c 

SENSIBLE HEAT (LV/DAY) ANO EVAPORATION (GM/CM**?/SEC I 

E4 = CEV««(WfcT*(0G + n0G<'(TGR-TGI)-04l 
F4=CSEN*(TG«-TA) 
FK=R04*FK1«WINDF 

TOTAL HEATING ANO MOISTURE BUDGFT 

ON=ICl*C3+PCI*PC3)/CLH+PRFC-2.*E4*DTC3*GRAV/(SP«in.) 
IF «.NOT.LAND) GO TO 350 
RUNOFF=0. 

IF (ON.GT.O, .AND. WET.LT.I.) RI)N0FF=.5»WFT 
IF (ON,GT.O. .AND. WFT.GF.l.) RUNOFF»I. 

WET  «  GW(J,I) + (l.-RUNC)FF)«0N*5.*SP/GRAV/r/WM 
IF (WET.GT.l. I  WET •= 1. 
IF (WET.LT.O.I WFT = 0. 

350 CONTINUE 

351  H1=(ASI+R2-R0)*C0E1*CÜLMR+C1+PC1 
H3 = US3+R4-R2*FA)«COFl'»COLMR+C3 + PC3 + PRFC*CLH 
H(Jil.l l«0.5«(HI+H3) 
TFMP=0.5»(H1-H3) 

SURFACE FRICTION 

352 
355 

CONTINUE 
CONTINUE 

35H CONTINUF 

00024360 
00024370 
000243B0 
00024390 
00024400 
00024410 
00024420 
00024430 
00024AM) 
00024450 
00024460 
00024470 
00024480 
00024490 
00024500 
00024510 
00024520 
00024530 
00024540 
00024550 
00024560 
00024570 
00024580 
00024590 
00024600 
00024610 
00024620 
00024630 
00024640 
00024650 
00024660 
00024670 
00024680 
00024690 
00024700 
00024710 
00024720 
00024730 
000247A0 
00024750 
00024760 
00024770 
00024780 
00024790 
00024800 
00024810 
00024820 
00024H30 
00024840 
00024850 
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C 00024860 
C   PACK H1R OUTPUT 00024870 
C 0002AHH0 

WW=0.0 00024890 
CC(Jt1.1)=CL1 00024900 
CC(JfI,2)=CL2 00024910 
CC(J,If3)=CL3 00024920 
CC(J,I,4)=r.l. 0002492 5 
CPC1 ( J, I ) = (CH-PC1 )*0AY/nTC3 000249 30 
CPC3(J,I ) = (C3 + Pr,3l«nAY/l)TC3 00024940 
CPCl(J,n=Cl+PCl 00024950 
CPf.3(J,n=C3 + PC3 00024960 
PRCLH(J.I)=PP,FC*CLH«0AY/I)TC3 00024970 
SR4(J.I)=R4 00024980 
SCALt = SCALI;n«CnLM« 00024990 
KKK=IPK(IFIX(AS1«SCALF),IFIX(AS3*SCALF)) 0©025000 
TT(J,I,1)=XXX 00025010 
KKK»IPK(IFIX( (R2-R0)«SCALF),IF1X((R4-R2 1#SCALF) ) 0002'5020 
VT(J,I ,2) = XXX 0002 50™ 
KKK=IPK(IFIX(F4),IFIX(E4«100.«3600.«24.)) 00025040 
TT(Jtl f2 )=XXX 00025050 
KKK = IPK( IFIX(T4*10. ),IFIX(PRFC*SCALFP«SP) ) OOO250hO 
03T(JfI)=XXX 00025070 
KKK = IPKnFIX(EX*10.),IFIX((Cl+r.3 + PCl+PC3)«SP*SCALFP/CLH)) 00025080 
t'T(J»I»2)=XXX 000 25090 
KKK = IPK(!FIX(Hl*100.*DAy/DTC3),IFIX(H3'>100.«l1AY/nTC3)) 00025100 
PT(J,n=XXX 00025110 
KKK = IPK(IFIX(S4/10. ),IFIX(WW*100. ) ) OOOPSlPn 
SD(J,n=XXX ' 

360  CDNTIMIF 
370  CDNTINilF 
375 CONTINUE 
377 CnNTINDF 
380 CONTINDF 
390 CONTINUE 

400  RFTIIRN 
FND 

00025 no 
00025140 
00025150 
00025160 
00025170 
00025180 
00025190 
00025200 
"0025210 
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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 
Symbol 

ALAC 

ALAO 

ALC1 

ALC2 

ALC3 

ALP 

Meaning 

AX * 10 , horizontal momentum diffusion coefficient 
(zero in present version) 

c'ac m %    + ao ~ ac ao'  albedo of cloudy atmosphere 

Units 

2  -1 m sec 

ALPH(8) 

ALPHA 

ALS 

AM0NTH(3) 

APHEL 

for Raylelgh scattering 

ao, albedo of clear sky for Rayleigh scattering 

ac ' albedo of type 1 (penetrating convective) 
cloud, "0.7 

«  , albedo of type 2 (middle-level overcast) 
2 

cloud, "0.6 

ac , albedo of type 3 (low-level convective) 

cloud, - 0.6 

(m/n - l)/8, longitudinal smoothing parameter 

identification parameter (not used) 

(1) FXC0*(P(J,I)+(p(j-i,i))*(FD(j>I)+FD(J_1>I)) 
Coriolis force parameter 

(2) ALP/FHM, longitudinal smoothing weighting 
factor 

ag, surface albedo (0.07 for ocean, 0.1A for 
bare land, a defined function of latitude 
for ice and snow) 

name of month 

aplhelion, 1 July (= 183.0) 

2 . m mb 

Program 
Location 

13570 
INPUT 

10650 
C0MP 3 

10A50 
COMP 3 

7610 
COMP 3 

7620 
COMP 3 

7630 
COMP 3 

6920 
AVRX 

day 

5160 
COMP 2 

6950 
AVRX 

10290-10410 
COMP 3 

13110 
INPUT 
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FORTRAN 
Symbol 

ASOT 

AS1 

Meaning 

ST, flux at tropopause of solar radiation 
subject to absorption 

A , Insolation absor 
(- 0 if cos ;; < 0 

absorbed by upper layer 
01) 

AS2T 

AS3 

ATEM 

„A ' 

AX 

AXU(J) 

AXV(J) 

AYU(J) 

AYV(J) 

Al 

(S2) , flux at level 2 of solar radiation 
subject to absorption (- FS20) 

A», insolation absorbed by lower layer 
(- 0 if cos c ^ 0.01) 

(93 - 91)/(p3 - p^ , temperature interpolation 

parameter 

horizontal momentum diffusion coefficient 
(- 0 in present version) 

A(DXU(J)/300 km)4'3, zonal momentum 
diffusion coefficient (not used) 

A(DXP(J)/300 km)4/3, zonal momentum 
diffusion coefficient (not used) 

A(DYU(J)/300 km)4'3, meridional momentum 
diffusion coefficient (not used) 

A(DYP(J)/300 km)^3, meridional momentum 
diffusion coefficient (not used) 

K( q4 + WET | Tg 
dqs(V       l\^ 

dT 

ground temperature parameter 

Units 

ly day 

ly day 

ly day 

ly day 

deg(mb) 

2  -1 
m sec 

2  -1 
m sec 

2  -1 
m sec 

2  -1 
m sec 

2  -1 
in sec 

ly day 

-2K 

Program 
Location 

10480 
COM? 3 

10950 
C0MP 3 

10490 
COM? 3 

10960 
COM? 3 

8490 
CGMP 3 

13380 
INPUT 

14800 
MAGFAC 

14810 
MAGFAC 

14820 
MAGFAC 

14830 
MAGFAC 

11090 
COMP 3 
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FORTRAN 
Symbol 

A2 

BC0MN 
(67040) 

BIT 

BLANK 

BLT 

BL1 

BL2 

BL3 

BLA 

BRAD 

Meaning 

A  .  ?- 

BTEM 

Bl 

S4 " R^ + 4aT„ + BTo, ground temperature parameter 

common block (see Chapter VII, Subsection A.3) 

control parameter (not used) 

logical variable control 

4 
oTT, long-wave radiation parameter at tropcpause 

aT^, long-wave radiation parameter at level 1 

A 
oT2, long-wave radiation parameter at level 2 

4 
aT3, long-wave radiation parameter at level 3 

4 
oT , long-wave radiation parameter at ground level 

S4 ~ R4» ground radiation balance (uncorrected 

for T ) 
g 

^91P3 ~ 83pl^p3 " Pp» temperature Interpolation 

parameter 

c
r(l 

+ >K WET), ground temperature parameter 

Units 

-1 ly day 

(various) 

Program 
Location 

11100 
COMP 3 

0140 
COMMON 

ly day 

ly day 

ly day 

ly day 

ly day 

ly day 

deg(mb) 

ly day deg 

9860 
COMP 3 

9870 
COMP 3 

9880 
COMP 3 

9890 
COMP 3 

9900 
COMP 3 

11060 
COMP 3 

8500 
COMP 3 

11110 
COMP 3 
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FORTRAN 
Symbol 

B2 

Meaning 

,  3  "^ *** 
4aT + B, ground temperature parameter (B ■ 0 

unless over ice) 

C(K) equivalence array   (see  Chapter VII,  Subsection A.3) 

CD 

CENTIG 

CEVA 

CHECK 

CL 

CLAT 

CLH 

CLKSW 

CLM 

CLT 

CD,  surface drag coefficient 

identification  for sea-surface  temperature 

100 c
DPAMV

el    * 
G)»  surface evaporation 

parameter 

data control parameter  (not used) 

max(CLl,  CL2,  CL3),  fraction of sky covered 
by cloud 

degrees poleward of snowline,  used  in surface 
albedo calculation  (cp -SN0WN,SN(JWS-cp )*C^NRAD 

for  (northern,  southern)  hemisphere 

L/c  ,  latent heat  to specific heat  ratio 
P 
(- 580/.24) 

Input identification 

max(CLT - CL1,0), cloud parameter (not used) 

0,CL2 or CL3, cloud parameter (not used) 

Units 

ly day deg 

(various) 

-2   -1 
g cm sec 

deg lat 

deg 

Program 
Location 

11120 
COMP 3 

0430 
COMMON 

7970-7980 
COMP 3 

9390 
COMP 3 

9700 
COMP 3 

10330, 10360 
COMP 3 

7300 
COMP 3 

10130 
COMP 3 

10030 
COMP 3 
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FORTRAN 
Symbol Meaning 

CL1 

CL2 

CL3 

CNRX 

CNST 

C0E1 

C#E2 

C0E3 

C0EA 

CQim 

inln(-1.3 + 2.6RH3, 1), fraction of sky covered by 
type 1 (penetrative convectlve) cloud 

fraction of sky covered by type 2 (large-scale 
condensation) cloud (either 0 or 1) 

mln(-1.3 + 2.6RH3, 1), fraction of sky covered by 
type 3 (low-level convectlve) cloud 

O.O1*C0NRAD. unit conversion factor (not used) 

GRAV*30.A8*HCST. unit conversion factor for surface 
elevation 

Units 

deg/radlan 

C0E 200g/cp(po - pT)103, heat  capacity of 1/2 unit 

column 

-1 

(1) C0E*DTC3/2<i*36OO, unit conversion factor for 
heating terms 

(2) a1Tra1/2T] + (c^/A^) • [ ^/p/ - (p^/j, 

level 1 geopotentlal parameter 

Va3/2T3+ tOph^V   '   [(P3/P0)
K - (P^f], 

level 1 geopotentlal parameter 

Val/2T1 " ^ph'^   '   [(P3/po)' " ^iVl. 
level 3 geopotentlal parameter 

Va3/2T3 " ^pe3MT3) * t(P3/po)< " (Pl/Po^J- 
level 3 geopotentlal parameter 

VP0 - PT)/(Pa - PT), column mass ratio (also 

redefined in 11530, COMP 3 with average 

PS " ?!> 

deg ly 

deg day ly 

2  -2, -1 m sec deg 

2  -2, -1 in sec deg 

2  -2,, -1 m sec deg 

2 -2,,    -1 m sec deg 

Program 
Location 

9500 
COMP 3 

9510 
COMP 3 

9520 
COMP 3 

74A0 
COMP 3 

16200, 16270 
INIT 2 

7380 
COMP 3 

7390 
COMP 3 

5360 
COMP 2 

5370 
COMP 2 

5A00 
COMP 2 

5A10 
COMP 2 

8060 
COMP 3 



-373- 

FORTRAN 
Symbol 

C0NRAD 

C0NV(J,I) 

C0NVM 

Meaning 

C0NVP 

C0SD 

C0SL(J) 

C0SZ 

CPART 

CS 

CSEN 

CS4 

180/PI, unit conversion factor 

C0NVM, mass convergence at level 1 

•(nin/2)V • TTV, net mass convergence Into cell 
surrounding TT point (defined for poles In 
4560, 4580 COMP 1) 

^4 ' h3^t(TTr)  , penetrating convection 

parametei 

cos ?, cosine of solar declination 

cos f., cosine of latitude 

cos ^, cosine of solar zenith angle 

0.5*1.3071*10', a constant (not used) 

10 C , unit conversion factor 

Cr " 10 CpCnp^s^ +  G) DAY' surface sensible 
heat flux parameter 

10 CvCD  DAY, surface sensible heat flux parameter 

Units 

deg/radlan 

2  -1 v m sec mb 

2  "I u m sec mb 

cm m 

Program 
Location 

ly day deg 

-1  ,  -1 cm m cal g 

deg sec day 

7430 
COMP 3 

4220 
COMP 1 

4180-4210 
COMP 1 

9300 
COMP 3 

15540 
SDET 

14960 
INSDET 

7800 
COMP 3 

7690 
COMP 3 

7990 
COMP 3 

9380 
0MP 3 

8000 
COMP 3 



-374- 

FORTRAN 
Symbol Meaning Units 

Program 
Location 

CTI 

CTID 

CXXX(800) 

Cl 

Cl(800) 

C3 

DAY 

DAYPYR 

DCLK 

DEC 

DECMAX 

DEFF 

thermal conductivity of ice (■ 0.005) 

thermal conductivity of ice (= 432) 

data control parameter (not used) 

(AT )  - (h - h*)(2 + y.)ml5&tf  level 1 
CM    J   i     l 

temperature change due to mid-level 
convective latent heating 

array identification 

(AT )  = (AT )  (1 + y  )(W2) 
CM     1 CM     1 

[(h3 - h*) + (1 + Y^aR/2)]"1 

level-3 temperature change due to mid-level 
convective latent heating 

hours  in day  (= 24),  or sec in day   (■  86,400) 

days  in year  (= 365) 

logical variable for day counter SDEDY 

(23.5PI/180)cos[2PI(DY-173.0)/365] , solar 
declination 

23.5PI/180, maximum solar declination 

n " Ay, equatorial meridional mesh length 

ly sec cm deg 

ly day cm deg 

7320 
COMP 3 

7330 
COMP 3 

deg 

deg 

hr, sec 

day 

radians 

radians 

8870 
COMP 3 

8880 
COMP 3 

13420, 13650 
INPUT 

13070 
INPUT 

15050 
INSDET 

15510 
SDET 

13080 
INPUT 

6880 
AVRX 



■375- 

FORTRAN 
Symbol 

DELTAP 

DIRAD 

DIST 

DLAT 

DLIC 

DL(JN 

DPLK 

DQG 

DRAT 

DRAW 

DM 

DSIG 

Meaning 

correction for atmospheric mass  loss   (= PSF - ZMM) 

4aT   ,   long-wave radiation parameter at  ground 

(DY -  183.0)/365,  day of year parameter 

A<P,  north/south grid-point  separation   (= A deg) 
(changed to radians  in  13590,   INPUT) 

input   card  identification   (not  used) 

AX ■  2PI/72,  east/west grid-point separation 
(-  5 deg) 

< K 
P3 " Pl 

_2 
^«1»^»^«  = Y c /L, approximate change of q e s  8 g     g P s 

dqs(T ) 
with temperature, —■ 

n/m, grid scale ratio 

CD(|v |  + G), surface wind drag parameter 

<ü(jr(T  - T ) - R _ R = c. , surface long-wave 
g gr   g    4   4   4 ■ 
radiation parameter 

B» • a.j model sigma Increment (- 1/2) 

Units 

mb 

ly day deg 

deg 

radians 

(mb)' 

deg 

m sec 

ly day 

Program 
Location 

1430 
GMP 

10230 
COMP 3 

15450 
SDET 

13360 
INPUT 

13610 
INPUT 

8160 
COMP 3 

9040 
COMP 3 

6900 
AVRX 

8940 
COMP 3 

11160 
COMP 3 

7250 
COMP 3 



-376- 

FORTRAN 
Symbol Meaning Uni ts 

Program 
Location 

DT 

DTC3 

DTM 

DXP(J) 

DXU(J) 

DXV(J,I) 

DXYP(J) 

DY 

DYP(J) 

DYU(J) 

DYV(J,I) 

ECCW 

At in sec  (- 360) 

5At,  time interval between heating steps in 
COMP 3   (- T800) 

At in min  (- 6) 

m ■ a'jX cos 9., east/west distance between ir 
*   • (or u ) points 

m - aAUcos 'f. + cos V1_1)/2, east/west distance 

between u,v (or v ) points 

zonal distance between ir points (- DXP) 

mn, area of grid cell around * point (defined 
for polar points in 14680, 14690 MAGFAC) 

t, day counter (- SDEDY) 

n - (V.., - 9._1)a/2, north/south distance 

between u,v (or v ) grid points (defined 
for polar points in 14640, 14650 MAGFAC) 

n ■ a(9. - V. ,), north/south distance between 

v (or u ) grid points 

meridional distance between u,v points (• DYP) 

orbital eccentricity (- 0.0178) 

sec 

sec 

min 

m 

day 

13560 
INPUT 

7280 
COMP 3 

13340 
INPUT 

14570 
MAGFAC 

14610 
M/.GFAC 

14670 
MAGFAC 

14530 
SDET 

14630 
MAGFAC 

14540 
MAGFAC 

13120 
INPUT 



-377- 

FORTRAN 
Symbol 

ED 

EDR 

EDV 

EFVC1 

EFVC2 

EFVC3 

EFVT 

Meaning 

constant used in air/ground Interaction (- 10.0) 

(|Vgr/2000)[iVsr/2000 + CD(|Vs|
7' + g)]' , 

wind speed weighting factor 

|V8| /2000, air/ground interaction parameter 

u^ , effective water vapor for type 1 clouds (- 65.3) 

uc ' effectlve water vapor for type 2 clouds (- 65.3) 

u , effective water vapor for type 3 clouds (- 7.6) 
3 

EFVO 

u^ - P^q3g-1(2 ♦ K)-1[(p4/p3)2+K - (pT/P3)
2+K

], 

effective water vapor in air column below 
tropopause 

ul m P^K"1^ + W^CCP^,)1^ - (i20/p3)
2+K] 

+ 2.526 x io"5, 

effective water vapor in entire atmospheric column 

Units 

m 

m sec 
-1 

g cm 
-2 

g cm 

g cm 

-2 

g cm 
-2 

g cm 

Program 
Location 

13400 
INPUT 

9060 
COMP 3 

8950 
COMP 3 

7660 
COMP 3 

7670 
COMP 3 

7680 
COMP 3 

9840 
COMP 3 

9850 
COMP 3 

EFV1 .* _ 2      -1 ,2+K .2+K, ■l - P3q3g (2 + K) A[(p4/P3)^ - frj/f,)"*!, 

effective water vapor in air column below level 1 

g cm 

EFV2 2  -1, 
k-l. 2+K u2 - P3q3g  (2 ♦ ^^((p^/p^^ _ (p2/p3)^

K]. 

effective water vapor In air column below level 2 

g cm 

9830 
COMP 3 

9820 
COMP 3 



-378- 

FORTRAN 
Symbol 

EFV3 

EG 

EQNX 

ESI 

ES 3 

ETA 

EVENT 

EVNTH 

EX 

Meaning 

U3 " P^g"^2 + K)~1[(pA/p3)
2+K - 1], 

EXP1 

E4 

effective water vapor In air column below level 3 

e
s(
T )i saturation vapor pressure at ground 

temperature 

equinox, 22 June (- 173.0) 

CgCTj)» saturation vapor pressure at level 1 

e
a(
T3)» saturation vapor pressure at level 3 

entralnment factor (- 1) 

program control parameter 

data control parameter (not used) 

(1) h3 " ^ " HH3 - HH1S 

-   a/cp)[q3 - q^T^]  - LRcp/L. 

stability parameter for middle-level convection 

(2) h
4 " ^3 - HH4 - HH3S, 

stability parameter for low-level  convection 

empirical coefficient - 4/3 

Units 

g cm 

cb 

day 

cb 

cb 

deg 

deg 

E - % CD('Vs'    + G)(qg " V«  8urface evaporati 
rate 

on 

Program 
Location 

9810 
COMP 3 

9020 
COMP 3 

13100 
INPUT 

835C 
COMP 3 

8360 
COMP 3 

9250 
COMP 3 

-2  -1 
g cm sec 

8850 
COMP 3 

9210 
COMP 3 

14780 
MAGFAC 

11240 
COMP 3 



-379- 

PORTRAN 
Symbol Meaning Units 

Program 
Location 

F(J) f - -2n  3(cos 9.)/3<P, Corlolls parameter (defined for 

poles In 14740-14750 MAGFAC) 

-1 
sec 14710-147 

MAGFAC 

PAH logical variable for temperature Input ~ ~ 

FAREN Identification for sea-surface temperature ~ ~ 

FD(J.I) (1) n ■ mmr, area-weighted pressure (about IT point) 

2 
(2) V , square of surface wind speed 

s 

(3) F - mnf - u 3m/3yi weighted Corlolls force 
(at -rr-polnts) 

m mb 

2  -2 
m sec 

2  -1 
m sec 

2560 
COMP 1 

7550 
COMP 3 

5070-5120 
COMP 2 

FDU n - average mmr at u,v point'i (defln#d for polar 
caps In 2650-2660 COMP 1) 

2 . 
m mb 2640 

COMP 1 

PEET Identification for topographic height ~ ~ 

PIM IM, maximum number of longitudinal grid points (= 72) ~ ~ 

PIM1 I-l"l-l, longitudinal grid-point variable ~ — 

FJ J«J, longitudinal grid-point index — ~ 

FJE J index for equator (« 23^) — 14460 
MAGFAC 

FJM JM, maximum number of latitudinal grid points (- 46) — — 

FK p4CDg(|^/ + G)(a3 " Ol)'1(p0 " 
PT)"1' 

surface friction parameter 

sec"1 11260 
COMP 3 



•38r- 

FORTRAN 
Symbol 

FK1 

FL 

FLUX 

Meaning 

8CD^03 ~ 0l^  ^po " PT^ *  surface friction parameter 

2MOD(K,2)+l, Indicator for u,v data at levels 1 and 3 

... *    * 
(1) u At, v At, mass flu-* parameters 

(2) -u At/4, -v Ät/4, 'nass flux parameters at level 1 

(3) 5u ^t/4, 5v At/4, mass flux parameters at level 3 

(4) various momentum flux parameters 

FLUXQ   FLUX*Q3M (and other definitions), moisture flux 
parameters 

FLUXT FLUX*(T(J,I,L)+T(J,IP1,L)) 
(and other definitions),  temperature advectlon 
parameters 

FLUXU   FLUX*(U(J,I,L)+U(J,IM1,L)) 
(and other definitions), u-momentum advectlon 
parameters 

FUIXV   FLUX* (V( J, I, L)-t-V( J, IM1 ,L) ) 
(and other definitions), v-momentum advectlon 
parameters 

FM   FMX*10~ , a constant 

FMX 

FNM 

constant (- 0.2) 

NM, the integer part of DRAT 

Units 

2 -1 cm g 

Program 
Location 

2 . m mb 

2 . m mb 

m mb 

2 . m mb 

2 . m mb 

m mb deg 

2  "I w m sec mb 

2  "I u m sec mb 

8010 
COMP 3 

12350 
COMP 4 

3310, 3520 
COMP 1 

3390, 3610 
COMP 1 

3610, 3620 
COMP 1 

3830, 3910, 
3980. 4050 

COMP 1 

3480, 3660 
COMP 1 

3320-3580 
COMP 1 

3840-4060 
COMP 1 

3870-4090 
COMP  1 

13610 
INPUT 

13400 
INPUT 

6940 
AVRX 



-381- 

FORTRAN 
Symbol 

FSDEDY 

FS2 

FS2C 

FS20 

FS4 

FS4C 

FSAO 

FXC0 

Meaning 

t, day of year (- SDEDY) 

A        / A \" A 
S2 + CL ac (SCT ) ' t0tal flux of o at level 2 

(^lus reflected flux from type 1 cloud top) 

(1) AS2T*CLT, clear sky flux at level 2, times 
type 2 or 3 cloudiness 

^CLJCS*)".^^)" 

flux of S at level 2 (plus flux reflected 

from cloud top) times type 1 cloudiness 

(Sj) , flux of S at level 2 for clear sky 

S4 + CL ac (sJT j , total flux of S^ at level 4 

(plus reflected flux from cloud top) 

CL [(sj) + ac fijj \"\ ,  flux of S^ reaching 

level A (plus flux reflected from cloud top) 

A ' A 
(S^) , flux of S at level 4 for clear sky 

(1) TEXC0/2, time-step factor for advection 
(other definitions in 3770, 5030 COM? 1) 

(2) DT/4, time-step factor for pressure force 

(3) At/8c , time-step factor in thermodynamlc 

energy equation 

Units 

day 

ly day 

ly day 

ly day 
-1 

ly day 

ly day 

-1 

ly day 

ly day 
-1 

sec 

sec 

-2     K m    sec deg 

Program 
Location 

7A50 
COM? 3 

10920 
COMP 3 

10620, 10710 
COMP 3 

10850 
COMP 3 

10550 
COMP 3 

10930 
COMP 3 

10640, 10740, 
10870 

COMP 3 

10560 
COMP 3 

3270, 4710 
COMP 1 

5470 
COMP 2 

6100 
COMP 2 



-382- 

PORTRAN 
Symbol 

FX(#1 

FA 

GAMG 

GAM1 

GAM3 

GT(J.I) 

GW(J,I) 

GWM 

H(J,I.l) 

Meaning 

(1) TEXC0/24, time-step factor for advection 

(2) DT/2, time-step factor for pressure force 

(3) At/Ac , time-step factor in thermodynamic 

energy equation 

F - Cr(T - T^), surface sensible heat flux 

Yg - ^/Cp^Be^gCT)
1' • latent heat parameter 

Yl " ^L/cp)Beqs^Tl)Tl ' latent heat Parameter 

Y3 " (L/cp)Beqs(T3)T3 ' latent heat Parameter 

GRAV    g, acceleration of gravity (- 9.81) 

T , ground temperature (- T  after radiation 
■ gr 

correction) 

GW - WET, ground wetness (0 r GW < 1) 

ground water mass (- 30) 

(1) (HI + H3)/2, average heating 

(2) (HI + H3)inn/2, area-weighted average heating 

[Note: H(J,I,2) not used.] 

Units 

sec 

sec 

-2  3 
m sec deg 

ly day 

Program 
Location 

3780 
COMP 1 

3480 
COMP 2 

6110 
COMP 2 

m sec 

deg 

-2 
g cm 

deg 

deg m 

11250 
COMP 3 

9080 
COMP 3 

8420 
COMP 3 

8 A 30 
COMP 3 

13A20 
INPUT 

11200 
COMP 

11360 
COMP 

7270 
COMP 

1U50 
COMP 

11870 
COMP 



r 

-383- 

FORTRAN 
Symbol 

HAC0S 

HCST 

HEIGHT(J) 

HHG 

HH1S 

HH3 

Meaning 

mr- 

HHA 

HH4P 

cos d cos  (t + A),  solar zenith angle parameter 

unit  conversion  factor for surface elevation 

(- 1 if height  In  102  ft) 

surface height data 

T    +  (L/c )q    WET,  ground equivalent  temperature 

hl -  V'sV    +  (91 - e3)(P2/po)< +  (L/%\<Tl^ 
level 1 stability parameter 

h3 " 93(ps/po)K +  a/c
P
)<'3' 

level 3 stability parameter 

level  3 stability parameter 

(1) h,,   low-level  temperature  parameter 

(2) h4 - T4 +  (L/cp)q4, 

level 4 stability parameter 
* 

(3) h.j, level 3 stability parameter 

h^ - HH4, level '4 stability parameter 

Units 

h ft, dm 

deg 

deg 

deg 

HICE    effective ice thickness (- 300) 

deg 

deg 

deg 

deg 

deg 

cm 

Program 
Location 

7780 
COM? 3 

16200, 16260 
INIT 2 

16310 
INIT 2 

9050 
COM? 3 

8790 
COM? 3 

8770 
COMP 3 

8780 
COMP 3 

9070 
COMP 

92 30 
COMP 

9252 
COMP 

9220 
COMP 

7340 
COMP 



-384- 

FORTRAN 
Symbol 

HRGAS 

HSCL 

HI 

H3 

IC(800) 

Meaning Units 

R/2, one-half the dry air gas constant 

unit Indicator for surface height 

Hl " (A1 + R2 " R0)(2g/Trc )5At + (AT )  + (AT)  , 
P CM     1 CP 

total heating at level 1 (over 5At Interval) 

2      -2J    -1 m sec    deg 

CM 

H3 B   (A3 + R4  ~ R2 "^ rH2g/nc  )5At +  (AT,) 

+  (AT  )       +  (AT,)     , 
CP J LS 

total heating at  level  3  (over 5At  Interval) 

1,  longitude grid-point  Index 
(I ■  1 is  X - 0 at 180 deg W) 

Integer array  (- C) 

ICE ice-cover location indicator 

IC1(800) array identification  (alternate to C) 

ICL0UD 

ID 

cloud parameter (- 1 for clear, - 2 for partly 
cloudy, ■ 3 for overcast) 

identification on input data card 

IDAY    day number (- TAU/R0TPER) 

IH    IM/2 + 1, longitudinal grid-point parameter (- 

deg 

deg 

37) 

Program 
Location 

4990 
COMP 2 

16240 
INIT 2 

11430 
COMP 3 

11440 
COMP 3 

7860 
COMP 3 

9430, 9710, 
9720 

COMP 3 

0500 
CONTROL 



-385- 

FORTRAN 
Program Meaning Units 

Program 
Location 

IHALF(2) two half words that form IWD 

IL    (1) card Identifier for topography 

(2) left half word in packed data 

(3) index counter 

16320 
INIT 2 

ILEV level Identification parameter (not used) 

ILH entry point for left half word in IPKWD 

IL1 

IL2 

IL3 

temporary Identification of topography cards 

IM maximum number of east/west grid points (- 72) 

IMM2 IM - 2, longitudinal grid-point index 

IM1 I - 1, longitudinal grid-point Index 

INÜ identification for card reader input 

IPKWD pack data word (argument for ILH, IRH) 

IP1 I + 1, longitudinal grid-point index 

IR right half word in packed daM 

IRH entry point for right half word In IPKWD 

ISINT control parameter (not used) 

IWD word containing two half words 



-386- 

FORTRAN Program 
Symbol Meaning Units Location 

J J, latitudinal grid-point index ~ ~ 

JDYACC variable for day of month determination ~ 15350 
SDET 

JE JM/2 + 1, latitudinal grid-point index (- 24) 6870 
AVRX 

JL index counter ~ ~ 

JM 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/c , thennodynamic 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 _,_ ~ 



-387- 

FORTRAN 
Symbol 

Kl 

K2 

LAND 

LAT(J) 

LDAY 

LT? 

LYR 

MARK 

MAPGEN 

MAPLST 
(3,40) 

MAXDAY 

Meaning 

2K, Identifier for u. or v1 

2K + 1, Identifier for u or v. 

level indicator (L - 1 for level 1, L - 2 for 
level 3) 

land location indicator 

9., latitude of grid point 

t, day numbering origin (= 0) 

variable input/output identification (not used) 

year (if reset from input) 

logical KEY function argument 

MARK 1, control number in topography deck 
(■ 0 if deck not read) 

map generation identification 

map list identification (not used) 

DAYPYR + 10  , maximum allowed day in year 
(- 365.01) 

Units 

radians 

day 

year 

Program 
Location 

11550 
COMP 3 

11560 
COMP 3 

7870 
COMP 3 

14A90 
MAGFAC 

15010 
INSDET 

150A0 
INSDET 

day 

13680 
INPUT 

15280 
SDET 



-388- 

FORTRAN 
Symbol 

METER 

MNTHDY 

M0NTH(12) 

MRCH 

MTP 

NCYCLE 

NC3 

NM 

N0(i)UT 

NP0L 

NS 

NSTEP 

0CEAN 

0FF 

Meaning 

identification for topographic height 

identification for day of month 

days in each month (beginning with January) 

identifier for steps in time Integration 
(- 1, 2, 3. or 4) 

variable identification for printed output 

logical variable in KEYS array 

control parameter for MRCH (- 5) 

number of time steps between uses of subroutine 
COMP 3 (- 5) 

Integer part of DRAT 

map generation output parameter 

zonal mean at north pole 

control parameter for time Integration 

control parameter for time integration 

ocean location indicator 

solar declination control parameter 

Units 

day 

day 

(various) 

Program 
Location 

1920, 
2120-2U0 

STEP 

13340 
INPUT 

13340 
INPUT 

6930 
AVRX 

2110 
STEP 

0280 
CONTROL 

7850 
COMP 3 



-389- 

FORTRAN 
Symbol 

P.J.D 

PASS2 

PB1 

PB2 

PB3 

PEA 

PCI 

PC3 

PHI(J,I) 

PHIA 

Meaning 

Ps - PT. surface pressure parameter 

data control parameter (not used) 

(1) C0NV(1,I), parameter for south pole mass 
convergence 

(2) QT(1,I,L), parameter for south pole 
calculations 

(1) CONVCJMjI), parameter for north pole mass 
convergence 

(2) QT(JM,I,L), parameter for north pole 
calculations 

PV(1,I), parameter for trnth pole mass convergence     m sec^mb 

PV(JM,I), parameter for north pole mass convergence 

(AT^)  - (h^ - h,j)T.5At/TT , level 1 temperature 

change due to penetrating convection 

(AT3)  - (h^ - h3)T25At/TT , level 3 temperature 

change due to penetrating convection 

(1) ^. or f,, level 1 or 3 geopotentlal 

(2) a^na^  or Oo11«-, pressure gradient parameter 

(^ - VPHIA(J,I), surface geopotentlal (- 0 If ocean) 

Units 

mb 

2  "I w m sec mb 

(various) 

2  -1 u m sec mb 

(various) 

2  -1 . 
m sec mb 

deg 

deg 

2  -2 
m sec 

2  -2 
m sec 

2  -2 
m sec 

Program 
Location 

A320-4A10 
COMP 1 

6450-6500 
COMP 2 

A330-AA20 
COMP 1 

6A60-6510 
COMP 2 

A3A0-AA30 
COMP  1 

A350-AAA0 
COMP 1 

9310 
COMP 3 

9320 
COMP 3 

5380, 5A20 
COMP 2 

5760 
COMP 2 

5300 
COMP 2 



•390- 

FORTRAN 
Symbol Meaning Units 

Program 
Location 

PI constant ■ ■ 3.1415926 -- 13040 
INPUT 

PIT(J.I) -(im/2)[7-Tr(V1+V3)]-CaNV(J,I)+PV(J.I). 

net column mass  convergence   (- w  tendency) 

2      -1 L m sec    mb 4520 
COMP   1 

PK1 Pj, upper-level pressure to kappa power (mb)" 4600 
COMP  1 

PK3 p.,  lower-level pressure  to kappa power (mb)' 4610 
COMP   1 

PL1 p.  ■ PT + O.TT,  level  1 pressure mb 4580 
COMP   1 

PL1K p  ,  upper-level pressure  to kappa power (mb)' 8120 
COMP  3 

PL2 p, ■ PT + Tt/2,  level 2 pressure mb 8100 
COMP   3 

PUK p-, middle-level pressure to kappa power (mb)' 8140 
COMP   3 

PL 3 p. - p- + c.n,  level  3 pressure mb 4590 
COMP   1 

PL3K p!:,   lower-level  pressure  to kappa power (mb)" 8130 
COMP   3 

PM p    - p..  standard  tropospherlc pressure depth  (■  800) mb 7370 
COMP   3 

i  -1 

PREC 

level  3 moisture  change due to  large-scale 
condensation 

8650 
COMP  3 



-391- 

FORXRAN 
Symbol 

PSF 

PSL 

PTU.I) 

PTRK 

PTR^P 

PU(J,I) 

PV(J,I) 

PICB 

PIOK 

Meaning 

reference global mean surface preacure   (- 984) 

P0.  reference sea-level pressure  (• 1000) 

i + it PIT/mn,  updated -  value 

Units 

p_, tropopause pressure (•  200) 

(1) u - n-u, zonal mass flux (at u points) 

(2) TEMP 1, provisional pressure gradient parameter 

(3) TEMP, provisional term in energy equation 
(other provisional definition in 6270 COMP 2, 
12320 COMP 4) 

* * 
(1) v ■ nrv, meridional mass flux (at v points) 

(2) C0NVM, mass convergence at level 2 

(3) polar IT equivalent (various definitions) 
(other definitions in COMP 4) 

p./lO, level 1 pressure in centibars 

mb 

(mb)' 

mb 

m sec mb 

2        "I w m sec mb 

m sec mb 

cb 

(mb) 

Location 

1430 
GMP. 

13480 
INPUT 

13460 
INPUT 

4540 
COMP 1 

8150 
COMP 3 

13460 
INPUT 

2      -1 
m sec    mb 2780-2890 

COMP   1 
2      -2 L m sec    mb 5560 

COMP 2 

sec'deg 6190 
COMP  2 

2910-2940 
COMP 1 

4230 
COMP 1 

3050-3170 
COMP   1 

8370 
COMP   3 

7310 
COMP   3 



-392- 

FORTRAN 
Symbol 

P3CB 

P4 

P4CB 

P4K 

Q(J,I.K) 

QD(J,I,9) 

QC 

QN 

QS1 

QS3 

QT(J,I.K) 

qrtr 
(J.I.20) 

Meaning 

p./lO. level 3 pressure In centibars 

PA " P • • ♦ PT» surface pressure 

p,/lQ. surface pressure in  centibars 

equivalence array (K - 1, 2, ... 9; see 
Chapter VII. Subsection A.3) 

array Identification (alternate to QT) 

q (T ), ground-level saturation mixing ratio 

Aq., total level 3 mixing ratio change due to 

convection, condensation, evaporation 

q (T ), level 1 saturation mixing ratio 

q (T ), level 3 saturation mixing ratio 

equivalence array for temporary variables 
(K - 1, 2, ... 8; see Chapter VII„ 
Subsection A.3) 

equivalence array (see Chapter VII, Subsection A.3) 

Units 

cb 

mb 

cb 

(mb) 

(various) 

Program 
Location 

(various) 

(various) 

8380 
COMP  3 

8070 
COMP 3 

8390 
COMP  3 

8080 
COMP  3 

2060 
STEP 

9030 
CCMP 3 

11300 
COMP  3 

8400 
COMP  3 

M10 
COMP  3 

2070 
STEP 

0U0 
COMMON 



-393- 

FORTRAM 
Symbol 

Q3(J,I) 

Q3M 

Q3R 

Q3RB 

Q3T(J,I) 

Q4 

RAD 

RCNV 

RESET 

RCAS 

RH3 

Meaning 

q3,  l«val 3 mixing ratio 

level   3 moisture parameter 

^5 ■ CAq.)     ,  level  3 mixing ratio after large-scale 
LS 

condenratlon 

■•»(ij!  10    ), provision to Insure q,  > 10 

q^Il, pressure-area-weighted level 3 mixing ratio 

(also moisture flux at  3710,  3720 COMP 1) 

(1) M« (TJ ♦  (c  /L)Y  (T.   - T )], 
•    8 P R    4 g  " 

level 4 moisture parameter 

(2) q, -q.d,)  ♦   («VP./P/  -T4](cp/L). 
level 4 mixing ratio 

a, earth's  radius  (- 6375)   (redefined In m In 
13640,   INPUT) 

DTC3/TCNV,  -  5At/T     -   1/2 
r 

day and year control parameter 

R, gas constant for dry air (■ 287) 

RH 3 " q3^q«^1V, relatlve humidity at level 3 

Units 

2 . 
m mb 

km 

2. -1  -2 
m dcg sec 

Program 
Location 

3410, 
COMP 

3660 
1 

8680 
CCHP 3 

9770 
COMP 3 

2570 
COMP 1 

9110 
COMP 3 

9350 
COMP 3 

13420 
INPUT 

7290 
COMP 3 

13440 
INPUT 

8450 
COMP 3 



•394- 

FORTRAN 
Symbol 

RM 

R0T 

RdTPER 

R04 

RSDIST 

RSETSW 

RUN0FF 

RO 

Meaning 

ROC 

R00 

RH^ - 2RK3 • GW(RH3 + CW)
-1, ground-level humidity 

measure 

t - t • 2PI/24 hr, hour of day (converted to 
radians) 

period of solar rotation (- 24.0) 

»I ■ P8<RT4)~ . «Ir density at level 4 (surface) 

square of the normalized earth/sun distance 

input Identification 

WET/2, fraction of rainfall which runs off 

(1) R , long-^vave radiation parameter at tropopnuse 

(2) R - R + 0,8(1 - CL)(R. - R,) • T(U ). 
0    0 4    11       o 

net upward long-wave radiative flux at 
tropopause 

R"CL, cloudy sky part of long-wave radiative flux 

at tropopause, times cloudiness (separately 
defined for cloud types 1, 2, ^) 

R', clear sky part of long-wave radiative flux at 

tropopause 

Units 

radians 

hr 

g cm 

ly day 

ly day 

-1 

ly day 

ly day 

Program 
Location 

9000 
COMP 3 

7700 
COMP 3 

13090 
INPUT 

9370 
COMP 3 

15520 
SDET 

11340 
COMP 3 

10200 
COMP 3 

11190 
COMP 3 

10040, 10100, 
10170 

COMT 3 

9980 
COMP 3 



-395- 

FORTRAN 
Symbol 

R2 

Meaning 

(1) R2,  long-wave radiation paraneter at level 2 

(2) R2-R2 + 0.«a  -CL)(R4-R4)   .  T(u*)t 

net upward long-wave radiative flux at 
level 2 

Unit« 

ly day 

ly day" 

R2C 

R20 

RA 

Rj'CL, cloudy sky long-wave radiative fl ux at 
level  2.   times  cloudlneas   (separately defined 
for cloud types  1,  2,   3) 

R^.  clear sky part  of long-wave  radiative  flux ly day"1 

at  lewsl  2 

ly day 

ong- 

R4C 

(1) R^, long-wave radiation parameter at 

level 4 

(2) R
A ■ *« + oTR(Tgr " Tg)' "et "Pward 1 

wave radiative flux at lovel 4 (surface) 

Rjr'CL, cloudy sky long-wave radiative flux at 

level 4 (ground), times cloudiness 

ly day' 

R^O   l^, dear sky part of long-wave radiative flux 

at level 4 (ground) 

SA 

SCALE 

SCALEP 

So - 0.349 So cos I,  part of incoming solar 

radiation subject to absorption 

scale factor for laver radiative heating 

scale factor for laver latent heating 

ly day 

ly diy 

ly Jay" 

-1 

-1 
ly day 

deg ly 

mn day  mb 

Program 
location 

10210 
COMP 3 

11180 
COM? 3 

10050, 10010, 
10180 

COMP 3 

9990 
COMP 3 

10220 
COMP 3 

11170 
COMP 3 

10190 
COMP 3 

10000 
COMP 3 

10460 
COMP 3 

11680 
COMP 3 

7420 
COMP 3 



•396- 

FORTRAN 
Symbol 

SCALEU 

SC0SZ 

SD(J,I) 

Meaning Units 

UQ/c )(2g/i),  scale factor for column heat 

capacity 

So C08 ^ toCm^  »olar radiation at top of 

atmosphere 

(imi/2)tV • ,("v3 - Vj)] - CONV(J,I) - PV(J,I), 

net mass convergence (- | - 2mnwo) 

SDF.DY   day counter starting from origin LDAY 

SDU 

SEAS0N 

SIG1 

SIG3 

SIGC0 

SIND 

SINL(J) 

SINT 

S , four-point average mass convergence 

(DY-173.0)/365, time parameter In solar 
declination 

o1, upper-level a  value (■ 1/A) 

a , lower-level a value (- 3/4) 

FL/2, level designator 

sin r,,  sine of solar decllnatl 

sin 9., sine of latitude 

control parameter (not used) 

on 

deg ly -1 

-1 

Program 
Location 

ly day 

m sec mb 

day 

3  -2 . 
m sec mb 

7400 
COMP 3 

10280 
COMP 3 

4530 
COMP 1 

15030 
INSDET 

4750 
COMP 1 

15440 
SDET 

7230 
COMP 3 

7240 
COMP 3 

12360 
COMP 4 

15530 
SDET 

14950 
INSDET 



•397- 

FORTRAN 
Symbol 

SN(J,I) 

Meaning 
Units 

SN0W 

SNftft 

SN0WS 

SP 

SP0L 

SS 

SSI 

SS2 

bS3 

STAG I 

STAGJ 

Identification for VT(1,1,2) 

designator for snow-covered land 

snowline In northern hemisphere (varies US' 
about 60 deg N) 

snowline In southern hemisphere (- 60 deg S) 

P(J,I) - IT, surface pressure parameter 

tonal mean at south pole 

S 
So - 0.651So cos {, part of Incoming solar 

radiation subject to scattering 

VPsV* + ft| - WP./. convectlve 
stability parameter 

VPs/po),f +I tei - 93)^2/P0)^. convectlve 
stability parameter 

VPS
7
^*' 

convectlve stability paramet ei 

logical variable for zonal map staggering 

logical variable for meridional map staggering 

STB0 o, Stefan-Boltzman constant 

radians 

radians 

mb 

(various) 

ly day"1 

deg 

deg 

deg 

ly day" dag 

Program 
Location 

7880 
COM? 3 

7460 
C0MP 3 

7470 
COMP 3 

8050 
COMP 3 

10470 
COMP 3 

8760 
COMP 3 

8750 
COMP 3 

8740 
COMP 3 

7650 
COMP 3 



-■598- 

FORTRAN 
Symbol 

SO 

S4 

sue 

S40 

T(J,I,L) 

TAUC 

TAUD 

TAUK 

TAU11 

TAUI 

TAUID 

Meaning 

I . solar constant (modified for earth/sun 

distance) 

S - (1 - a)S, + CL S", total flux of short- 
8 Kg 
wave radiation absorbed by the ground 

S", cloudy sky part of short-wave radiation 

absorbed by the ground (defined separately 
for cloud types 1, 2, 3) 

S', clear sky part of short-wave radiation 

absorbed bv the ground 

level 1 or level 3 temperature (also for 
temperature after heating and smoothing 
in 1U70, 11980, COMP 3); L - 1 denotes 
T , L ■ 2 denotes T. 

TAU   time in hr 

Units 

input identification (not used) 

frequency of recalculation of solar declination 
(- 24) 

day of integration end 

frequency of history tape storage (- 6) 

TAUID • 24 + TAUIH, starting time (in hr) 

starting time 

ly day 

ly day 

ly day 

Program 
Location 

ly day 

deg 

-1 

hr 

hr 

dav, hr 

hr 

hr 

day 

7610 
COMP 3 

10940 
COMP 3 

10660, 10760, 
10890 

COMP 3 

10570 
COMP 3 

8280 
COMP 3 

13310 
INPUT 

13310, 13320 
INPUT 

13310 
INPUT 

13290 
INPUT 

13730 
INPUT 



■399- 

FORTRAN 
Symbol 

TAUIH 

TAU0 

TAUX 

TBAR 

TCNV 

TD(J,I) 

TDBAR 

TDSM 

TEM 

TEMB 

TEMP 

Meaning 

hour of starten? time 

oucpur interval (■ 24) 

starting time parameter 

(T. + T.)/2, average temperature 

relaxation time for cumulus convection (- 3600) 

(T - T.)/2Tt, vertical temperature (lapse-rate) 

parameter 

smoothed value of TD 

weighted TD parameter 

B, coniluction coefficient for ice (also defined 
as cloudiness parameters in COMP 3 but not 
used) 

short-wave radiative flux reflected from type 1 
cloud top 

(1) intermediate parameter in thermodynamic 
energy conversion calculation 

(2) T, penetrating convection parameter 

(3) (HI - H3)/2, heating parameter 

Units 

hr 

hr 

hr 

deg 

sec 

deg mb 

deg mb 

deg 

ly day deg 

ly day 

2 
sec^deg 

deg 

deg 

Program 
Location 

13740 
INPUT 

13310 
INPUT 

13700 
INPUT 

12830 
COMP 4 

13400 
INPUT 

12740 
COMP 4 

12790 
COMP 4 

12820 
COMP 4 

11080 
COMP 3 

10840 
COMP 3 

6160-6340 
COMP  2 

9280 
COMP 3 

11460 
COMP 3 



-400- 

FORTRAN 
Symbol 

TEMP 

TEMPI 

TEMP 2 

TEMS 

TEMSCL 

TEMU 

TEM1 

TEM2 

TETAM 

Meaning 

(4) vertical wind shear (u - u, or v - v ) 
13    13 

«A 
(5) H , averaged heating 

(1) Intermediate parameter In pressure gradient 
calculation 

(2) T, - (h! ,-1 'I -  v"3 - h1)(l + YI)-
1
 + LR/2, 

penetrating convection parameter 

(1) Intermediate parameter In pressure gradient 
calculation 

(2) T2 - e3(p4/po)
K - T4 + LR/2, 

penetrating convection parameter 

,A •' 
(S^) , flux of So reaching level A through 

clouds (defined separately for cloud types 1. 
?, 3) ^r   , 

sea-surface temperature unit Indicator 

(u» " ui or "3) sec Ct parameter for transmission 

of So through type 1 or type 3 clouds 

P3('3^2 + K^  8 . water vapor parameter 

Units 

m sec 

deg 

-1 

J      -2 u m sec mb 

deg 

m sec mb 

deg 

ly day 

g cm 

-1-1 2+K 
P3q3(2 + K) g (pA/p3)  , water vapor parameter 

92Po ' te,nPerature parameter 

g cm 

g cm 

deg mb 

Program 
Location 

11570 
COMP 3 

11930-11950 
COMP 3 

5550, 5810 
COMP 2 

9260 
COMP 3 

5570, 5830 
COMP 2 

9270 
COMP 3 

10630, 10730, 
10860 

COMP 3 

15910 
INIT 2 

10720, 10830 
COMP 3 

9790 
COMP 3 

9800 
COMP 3 

4620 
COMP 1 



-401- 

FORTRAN 
Symbol 

TETA1 

TETA3 

TEXCO 

TG 

TGR 

TGOO 

THL1 

THL3 

THRP 

TICE 

T0FDAY 

Meaning 

6., level 1 potential temperature 

6 , level 3 potential temperature 

DT, time step (- 360) (also defined as DT/2 in 
2480 COMP 1, 4970 COMP 2 for advective terms) 

T , ground temperature (original) 

(1) T  - T if ocean, T  - T if ice 
gr   g       ' gr   o 

or snov and T  > T 
gr   o 

(2) T r - (Al + A2)/(B1 + B2), ground temperature 

(revised) 

T0P0G, ocean surface temperature or surface 
geopotential 

S.p , level 1 temperature parameter 

6 p , level 3 temperature parameter 

time In days and fractions (- TAU/24) 

T , melting point of ice (- 273.1) 

t ■ time of day counter (Greenwich hours) 

Units 
Program 
Location 

deg K 8720 
COMP 3 

deg K 8730 
COMP 3 

sec 2470 
COMP 1 

4960 
COMP 2 

deg K 8560 
COMP 3 

deg K 11040 
COMP 3 

deg K 11130 
COMP 3 

deg or 
2  -2 

m sec 

7840 
COMP 3 

deg mb 8220 
COMP 3 

deg mb 8230 
COMP 3 

day 1970 
STEP 

deg K 7350 
COMP 3 

hr 14120 
INPUT 



-402- 

FORTRAN 
Symbol 

T0P0G(J,I) 

TRANS(X) 

TREADY 

TRST 

TRSW(X) 

TS(J,I) 

TSPD 

TT(J.I,L) 

TTR(?P 

Tl 

T2 

Meaning 

surface topography Indicator 

T(X) - (1 + 1.75x '  )  , slab transmission 
function for long-wave radiation 
/    *      -2 
(x - u in g cm ) 

integration control parameter (not used) 

tape output control parameter 

,      f. _,.  0.303 
i - u.z/ix ,   transmission  function  for 

short-wave radiation   (x - u    in  g cm"2) 

identification for UT(1,1,2) 

DAY/DTC3,  number of source   (COM?  3)   calculations 
per day  (- 48) 

(1) T, temperature 

(2) Til,  prfissure-area-weighted temperature 

T
T 

or To» tropopause temperature (extrapolated 

from T. and T In p space 

T1, level 1 temperature (redefined If convective 

adjustment occurs) 

Tj, level 2 temperature 

Units 

deg or 
2  -2 

m sec 

deg K 

m deg rub 

deg K 

deg K 

deg K 

Program 
Location 

16090 
INIT 2 

7150 
COMP 3 

7160 
COMP 3 

7410 
COMP 3 

1960 
STEP 

2620 
COMP 1 

8510 
COMP 3 

8200, 8280 
COMP 3 

8520 
COMP 3 



-A03- 

FORTRAN 
Symbol 

T3 

TU 

U(J,I,L) 

URT 

UR2 

US 

UTd.I.l) 

UT(J,1.L) 

V(J,I,L) 

VAD 

Meaning 

T , level 3 temperature (redefined if convectlve 

adjustment or large-scale condensation occurs 
in 8660, COMP 3) 

T , air temperature at level 4 (redefined if 

convection occurs in 9340, COMP 3) 

u, zonal wind speed (L - 1 designates u , L - 2 

designates u ) 

4 / *   *K oT T^ - u_), total long-wave flux at tropopause 

from atmosphere above tropopause 

4  *   * 
aT2T(uoo - u-), total long-wave flux at level 2 

from atmosphere above level 2 

u - 0.7(3u3 - u1)/2, surface zonal wind speed 

provisional variable during zonal smoothing 

(1) ull , pressure-area-weighted zonal wind speed 

(2) uü, value after Coriolls force calculation 

v, meridional wind speed (L ■ 1 designates v , 

L ■ 2 designates v.) 

TEXCO S u-.v /2, vertical advection of 

u,v momentum 

Units 

deg K 

deg K 

m sec 

ly day 

ly day 

m sec 

3 u   "I m rab sec 

m mb sec 

m sec mb 

Program 
Location 

8210, 8270 
COMP 3 

9090 
COMP 3 

9950 
COMP 3 

9960 
COMP 3 

7530 
COMP 3 

7000 
AVRX 

2670 
COMP 1 

3170 
COMP 2 

4780, 4810 
COMP 1 



-404- 

FORTRAH 
Syabol 

VAX 

VIVA 

VICEYV 

VM1 

VM2 

Meaning 

2 ■*■ K, parameter for effective water amount 

VPHU(J,I) 

VPK1 

VPK3 

VPS1 

VPS3 

data control parameter (not used) 

name of labeled coaaon block (KEYS) 

polar maea flux parameters (varloua definitions) 

polar mesa flux parameters (various definitiona) 

Unite 

c4, surface (level 4) geopotential (» 0 if ocean) 

(pj/Pj) . level 1 geopotential parameter 

VS 

VT(J.I,L) 

(P3/PJ) > level 3 geopotential parameter 

0ltt^pl' level 1 Preaaure gradient parameter 

a^w/p^, level 3 pressure gradient parameter 

v^ ■ 0.7(3v3 - v1)/2, aurface meridional wind 
apeed 

(1) vn , pressure-area-weighted meridional wind 
speed 

(2) vn, value after Coriolis force calculation 

Program 
Location 

9780 
COM? 3 

— 2990-3120 
COM? 1 

__ 3000-3210 
COM? 1 

m2..c-2 1570 
VPHU 

mm 5330 
COM? 2 

__ 5340 
COM? 2 

^^ 5310 
COMP 2 

—— 5320 
COMP 2 

0 see' 7540 
COM? 3 

m'sec^mb 2680 
COMP 1 

.'sec^mb 5190 
COMP 2 



-405- 

FORTRAN 
Symbol Meaning Unit« 

W(J6I)   temporary variable for H, PV, PHI, QT 

WET 

WIMDF 

UMAC 

UNAGJM 

WMAG1 

W#IU(1(J,I)I 
W«IUC2(J.I)f 

WTM 

WW 

XUBL(9) 

XLEV 

XXI 

CW, ground vetneaa (tcaled 0 to 1) 

lval + G,  surface wind speed with gustlness 

correction (G - 2.0 m sec"1) 

I"* i w 
v
tl . «urface wind speed (root-mean-square value) 

IVgl | surface wind speed for north pole 

!vgl . surface wind speed for south pole 

temporary array In map routines 

'mn!, area weighting factor magnitude 

2innr\ vertical velocity measure 

Input character identification 

level Identification parameter (not used) 

(Tj ♦ T3)/(P1 ♦ Pj), convectlve adjustment 
parameter 

(various) 

m sec 

tt sec 

n. sec 

-1 

-1 m sec 

(various) 

m mb hr 

deg mb 

Prograa 
Location 

11360 
COMP 3 

8930 
COMP 3 

7940-7950 
COMP 3 

7570 
COMP 3 

7560 
COMP 3 

1760 
MAPGEN 

1370, 1400 
GMP 

11670 
COMP 3 

8250 
COMP 3 



r 
-A06- 

FORTRAN 
Symbol Meaning Unit« 

Progr«» 
Location 

XXX 

ZL3 

ZM(J) 

ZMM 

ZM0NTH(3,12) 

ZZZ 

packed data location (- KKK) 

average height of level 3 (- 2000) 

zonal mean at latitude 9 
i 

global mean 

names of months 

♦g/gt height of surface (level 4) (- 0 if ocean) 

(various) 

(various) 

11700 
COMP 3 

8920 
COMP 3 

1360 
CMP 

1420 
CMP 

7900 
COMP 3 



-407- 

REFERENCES 

Arakawa, A., "Nimerlcal simulation of large-scale atmospheric motions " 
in Numerioal Solution of Field Problem in Continuum Phyeio», 
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 Proo.  WMO/IVGG Sympo- 
eim on Numerioal Weather Prediction in Tokyot  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. Soc,  36: 350-354, 1955. 

Charney, J. G., et al., "The feasibility of a global observation and 
Analysis Experiment," Nat. Acad. Sei./Nat. Res. Council Publi- 
cation 1290, Washington, D. C., 1966. 

Cressman, G. P., "Improved terrain effects in barotropic forecasts," 
Monthly Weather Rev. t  88: 327-342, 1960. 

Dietrich, G., General Ooeanography,  translated by F. Ostapoff. Inter- 
science, New York, 1963. 

Jastjfow, R., and M. Halem, "Simulation stjdies related to GARP," Bull. 
Amer. Meteorol. Soo.,  51: 490-513, 1970. 

Joseph, J. H., "Calculation of radiative heating in numerical general 
circulation models," Tech. Rep. No. 1, Numerioal 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, Numerioal 
Simulation of Weather and Climate,  Department of Meteorology, 
University of California at Los Angeles, 1969. 

Langlois. W. E., and H. C. W. Kwok, Numerioal Simulation of Weather 
and Climate.    Part TIT.    Hyper fine Grid with Improved Hudrologi- 
oal 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.  Atmoe.  Soi. ,  26: 1167-1190 
1969. * 



-408- 

Manabe, S., and F. Möller, "On the radiative equilibrium and heat 
balance of the atnosphere," Monthly Weather Rev..  89: 503-5?2, 
1961. 

Mints, Y., "Very long-term global integration of the primitive equa- 
tiona of atmospheric motion," in WHO Teoh. Note  No. 66. pp. 141-167. 
1965. 

Mints, Y., "Very long-term globul integration of the primitive equa- 
tions of atmospheric motion: an experiment in climate simulation," 
in Meteorologioal Monographet  No. 30, pp. 20-36, 1968 [a revision 
of Mintz's WMO Teoh. 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," Prooeedinge of Sympoeium on Atnoepherio Oaone, 
Oxford,  IUGG Monograph No. 3, Paris, 1960. 

Posey, J. W., and P. F. Clapp, "Global distribution of normal surface 
albedo," Geofiaioa International,  Mexico, pp. 33-48, 1964. 

Sverdrup, H. U., Ooeanography for Meteorologiete,  Prentice-Hall, New 
York, 1943 [see Chart I]. 


