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ABSTRACT

This paper contains a program description of the
adiabatic version of the ECMWF grid point model.
The mathematical formulation is described in the
paper 'A Model for Medium Range Weather
Forecasting - Adiabatic Formulation' (BURRIDGE and
HASELER) - ECMWF Technical Note No. 4.

Inclusion of physics routines may lead to some
modifications to the code.

The program has been written to run on the CDC6600,
and there are some machine dependent features,
particularly automatic file handling from within
the program. These features are indicated later
in this documentation.

The program has been written using the Qlympus
programming system, described in 'ROBERTS - Computer
Physics Communications, 7, (1974)'. '




CHAPTER 1 - INTRODUCTION

1.1 Program structure

Read start data
set to locate
initial data

Set up
work files

Y

I1/0 programs § New time step - swap
read data from |___ . work files. Output
input work file| from last step is

to menmory } input to next step

\/ \
Call adiabatic and Write new data}
physics routines to

calculate values at file
next time step

to output Worki

Fig, 1.1.1 outlines the basic program flow. First the start
data set is read.to locate the input data. The start data set
contains a record pointing to the initial data, and a record
pointing to each forecast data set. Theoretically a run may
start from the data file located by any start data set record,
but in practice initial runs usually start from the first record,
while restart runs carry on from the last record.

Next the initial data is read and work files are generated.
There are 2 work files, one for input and one for output.

" They each have 1 record for each row of the finite difference
grid, containing 2 time levels of data + workspace.

INPUT WORK FILE RECORD

N T-1 T work space

~»
o

OUTPUT WORK TILE RECORD

T T+1 work space

[ -
¥

Fig., 1.1.2




These are needed because all the data for the finite
difference grid rows cannot be expected to fit in memory at
once. Instead, sufficient data to perform the calculations for
one row is read from the input work file into memory, and the
new values calculated for the next time step are written to
the output work file. The I/O subroutines scan from north to
south, organising the transfer of data between work files and
memory for each row's calculations. At the end of a time step,
the work files are swapped, so that the output from the last
time step becomes the input for the next step. The old input
file is then overwritten by data for the next time step.

The I/O subroutines call the subroutine LINEMS to control the
calculations. This calls the subroutine DYN to perform the
adiabatic parts of the calculation, and other routines to do

the physics. At specified times, forecast data sets are written
from LINEMS, and new records pointing to them are added to

the start data set. The time stepping scheme is alsc done in
LINEMS.

1.2__Documentation structure

In Chapter 2, the data structure is explained. Chapter 3
describes the different input / output schemes within the model.
Chapter 4 describes LINEMS, the subroutine which controls the
calculation. The adiabatic calculations, performed in subroutine
DYN, are described in Chapter 5. Chapter 6 describes the space
filter. Chapter 7 contains an explanation of how the start data
set is used, and how it may be created initially. Chapter 8
describes how to create an initial data set and then run the model
on the CDC6600. Chapter 9 contains tables for all the cormmon
blocks used by the program, explaining the meaning of all the

- common variables, how they are defined and where they may be
redefined. At the start of the chapter there is an index to the
common blocks. Chapter 10 contains flow diagrams for all the

- subroutines. Again there is an index at the beginning of the

chapter. : . e

1.3 Notation

The Olympus programming system enables the program code and
documentation to be cross-referenced. Olympus programs are split
into numbered sub-sections, appearing in the code as:- :
CL 2.2 : READ NEXT ROW

220 CONTINUE

--------

A reference to this part of the code in the documentation would
be given as:-

<2.2> read next row.




CHAPTER 2 - DATA STRUCTURE

The model has a staggered regular latitude/longitude grid,
with a sigma coordinate in the vertical. The variables

- surface geopotential (geopotential metres)

- surface pressure (Pa)

- temperature (OK)

- E - W velocity component (m/sec)

4 o = ' e
n w

- N - S velocity component (m/sec)
q - humidity mixing ratio (kg/kg)
are held in the initial data set and temporary work files, while

the following variables are derived and stored in the work
space in memory - '

Z - potential absolute vorticity
H - auxiliary potential
§ - vertical velocity

2.2 Horizontal distribution of wvariables
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Throughout this documentation, a 'row' of data will actually
mean the data at all longitude points at the latitude of the ¢
and U points, plus the data half a grid length to the north,
al the latitude of the v points.



The north pole is at the latitude of the ¢, and u points

of row 1, so that the v points for row 1 ar@ 'to the north

of the north pole'. They are preset to 0 and never used in the
calculations, but are stored for convenience so that all data
rows have the same format. The u values at the pole are not
true prognostic variables, but are derived from equations

(11) and (12) in Chapter 5, using values of v to the south
of the pole, At the pole, NLON (the number of longitude

points) identical values of ¢S, pS and g are stored.

The south pole is at the latitude of the ¢S and u points
of row MAXROW. As at the north pole, NLON Tdentical values

of ¢, p,, T and q are stored, and the u values are calculated,

The cOrresSponding v points, half a grid length to the north
of the south pole, contain velocities for that latitude.

G% o, = 0, o =20
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Data is stored in different ways for

(i) the permanent files on channel NDATA - the initial/restart

data set and data files from subseqﬁent write-up times
(that is time steps at which a forecast data file
is to be saved)

(ii) the temporary work files on channels NWKIN and NWKOUT

(iii) the work buffers in memory,




2.5 Permanent file

The permanent files are organised as sequential data sets.
The common blocks COMBAS, COMHKP and COMMAP are stored in
the first 3 records, followed by 1 record for each latitude
row of data, stored from north to south.

The row records are organised in the following order :-

s’ Psr T1v Too oon Tpmys Bpo - osUyppye Yio oo ¥nmye Qe

p——— PR —— Fa—— e s

InnEv
where ¢ = ¢, g, +vo dyron

i.e. surface geopotential for all longitude points at the given
latitude, stored eastwards from the Greenwich meridian

and Tk = T

k,1° Tk,27*** Tk, NLON
i.e, temperatures at level Xk for all the longitude points
at the given latitude,.

The vertical levels are stored from top ( k = 1 ) to bottom
( k = NLEV), ‘

2.6 Temporary work files

The work files are random access data sets, read and written
using routines which can proceed in parallel with CPU
processing., There is 1 record for each latitude row, ordered
from north to south. ZFEach row contains data at 2 time levels,
plus extra workspace at the end.

NWKIN - input work file

time time workspace
T-1 T

NWKOUT - output work file

time time workspace
T C T+l
Fig, 2.6.1

The data at a given time-~level is organised in the same way as
a row reccrd for the permanent files, i.e.

s Psr Ty = Iypmye YT ey Vi T Veey e 4107 dnney



9.7 Work buffer in memory

INPUT

1 N T , WOrk space

row NROW-1 #—L=

NROW

NROW+1

NROW+2 -~ read row-———m—emme———————

cuTPUT

Y g Trl _work _space ypowoi

write row

'NROW

There are 4 input and 2 output row buffers in core,

Fach row contsins data organised in the same way as a row record
of the temporary work files, with 2 time-levels and extra work
space, The dynamics require 3 rows of data and while these are
being processed, the 4th row is read in parallel from the input
work file,

Whilst a new output row is being generated, the previous row is
written in parallel to the output work file.




CHAPTER 3 - INPUT / OUTPUT

3.1 T/O between work files and memory

s o At e b e M S i St Rt ot Mt o e o M i Sk . e i M ot e B s A B ot i et b pim B

- At the start of an I/0 cycle, the input work file, on

channel NWKIN, contains data for times T-1 and T. Scanning
from north to south, this data is read into memory row by row,
new output buffers, containing data for times T and T+1 are
generated, and these are written to the output work file on
channel NWKOUT. At the end of the scan, the work files are
swapped, so that the old output file becomes the new input
file, and vice versa., On the next scan, the old input file
is overwritten with the new T+1, T+2 data,

3.2. Arrangement of data in memory

INPUT
TOow
NLINE1(1) NROW-1
NLINE1(2) ‘ NROW
NLINE1(3) NROW+1
NLINE1(4) -~£€8d_from NWKIN oo NROW+2
OUTPUT o
NLINE2(1) —----WEilte to NWKOUT ___________ NROW-1

NLINE2(2) ’ NROW

Fig, 3.2.1 shows the data layout in memory when the new values
for row NROW (the row counter) are being calculated. The dynamics
also require input data from the rows to the north (NROW-1)

and south (NROW+1)., In parallel with this computation, the next
input row (NROW+2) is read from NWKIN, and the previous output
row (NROW-1) is written to NWKOUT,

The array NLINE1l contains the displacements in blank common

of the beginning of the 4 input buffers, while NLINEZ contains
the start addresses of the 2 output buffers, NLINE1(2) always
points to the input row which is currently being updated,while
NLINEZ2(2) points to the output row in which the new values are
stored,



Cyclic buffering is used for the data. When the computation for
row NROW is complete, the program scans 1 row further south,
ready to compute the new values for row NROW+1, The input

buffer which contained NROW-1 data is overwritten by data for
row NROW+3, The input buffer pointers are swapped cyclically,
so that the old NLINE1(J) becomes the new NLINE1(J-1) (apart
from the old NLINE1(1) which becomes NLINE1(4)).

The output buffers are swapped in a similar fashion.

3.3 Subroutines

The I/0 scheme is handled by 4 subroutines.
(i) ©STEPON (see diagram 13) controls the I/0,

-<1.,1> STARTN is called to start the I/O at the northern
boundary for the first step only.

<1.2> NSSCAN is called to scan from north to south,
except at the boundaries.

<1.3> BDYIO is called to perform the I/O control at the
southern and northern boundaries. When the last step
has been completed, control returns from STEPON,
Otherwise the program returns to < 1.2 > to call
NSSCAN for the next time step.

(ii) STARTN (see diagram 14) starté the I/0 at the northern
boundary for the first step only.

INPUT : OUTPUT

¢~ BUFFERS ¢ 4¢——BUFFERS—8
dlsplacement from
start of blank _
common ° NBUFLN '~ NBUFLN%*2 NBUFLN*3 NBUFIN*4 NBUFLN*5S

¥ + i 1] ¥

buffer p01n&rs ‘% . %1 é

NLINEL (1) NLINE1(2) NLINE1(3) !

NLINE1(4) NLINE2(1) NLINE2(2)

<1.1> The 4 input and 2 output buffers are laid ouf at the

<1,2>% start of blank common. Their displacements from the
start are stored in the arrays NLINE1l and NLINE2
regpectively. Each buffer is of length NBUFLN, where

NBUFLN = 2 time levels of data. + extra work space.
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NBUFLN, from common COMIOC, is defined in subroutine INITAL
(for an initialisation) or RESUME (for a restart).

<2.1>

<2,.2>

<2.3>

<2.4>

The northern boundary row is read into the buffer
to which NLINE1(2) points. Set NROW=1,

The next row south, NROW=2, is read into the buffer
to which NLINE1(3) points.

The read for the next row south, NROW=3,-
into the buffer to which NLINE1(4) points, is
initialised, and then proceeds in parallel with the

~ computation,

-

LINEMS is called to control the arithmetic
calculations for the northern row and store the new
values in the buffer to which NLINE2(2) poiants.

Set NROW=NROW+1, '

(iii) NSSCAN (see diagram 15) scans from north to south,

<1.1 >

<1i.2 >

<1.3 >

<1.4 >

<J.5 >

If NROW = MAXROW-1, i.e. I/O scan has reached southern
boundary RETURN,

Swap input and output buffers cyclically

Initiate read of row NROW+2 into buffer to which
NLINE1(4) points.

Initiate write of row NROW-1 from buffer to which
NLINE2(1) points.,

Call LINEMS to control the arithmetic calculation.
for row NROW and store the new values in the buffer
to which NLINE2(2) points. Set NROW = NROW+1,

Go to <1.1>

(iv) BDYIO (see diagram 16) performs I/0 at the boundaries

<1.0 >

< 1,055

<1,1>
<1.2>

<1.3>

Set INROW = 1 -~ the number of the next row to be read.
This will be from the northern boundary for the next
time step, i.e. from work file NWKOUT, which will
become the next input file,

Set IOUTRW = NROW-1 ~ the number of the next row to be
written. This is still for the current time step, and
is near the southern boundary.

Check that the read for the southern boundary row has
finished.

Swap input and output. buffers cyclically.
Initiate read of row INROW from northern boundary.

Initiate write of row IOUTR¥ from southern boundary.



<1.4> Call LINEMS to control the arithmetic calculation
for row NROW,
Set INROW = INROW+1, set IOUTRW = IOUTRW+1,
set NROW = NROW+1,
If LINEMS was called for 1 row from southern boundary
go to <1.1>
If LINEMS was called for northern boundary, RETURN,

<1.5>> LINEMS has just been called for the southern boundary
row, Test if NSTEP = NSTOP, that is if the last step
has just been completed. If so, set NLEND = TRUE, to
signify a normal termination, and RETURN,

<1.6> Increment NSTEP, the step number. Set NROW = 1,
The next row to be updated will be at the northern
boundary. Swap NWKIN and NWKOUT, the work files, so
that the old output file becomes the new input file,
and vice versa.

<1.65> Test Switch 1, This is a CDC feature, whereby a logicsal
switch may be set externally and tested by the program.
Switch 1 is used as a signal to terminate the program-
prematurely. The switch is tested here at the end of
each time step., If it has been set, NSW = 1, unless the
next step would normally have been a write-up time, when
NSW = 2, LINEMS will then write to a permanent file on
the next time step, and terminate the run.

<1.7> Return to < 1.,1> to update the northern boundary row,

3.4 I/0 for permanent files

The model has been designed to handle its permanent files auto-
matically. The user must attach the start data set to his job
through the job control language, but all other files are attached,
made permanent or modified by Fortran callable subroutines from
within the program. These routines, specially written for the

CDC 6600, are not standard Fortran. Other installations may have
equivalent Macro instructions, Otherwise file and disk handling
would have toc be done through the job control language.

When the model starts an initial or restart run, it searches for
the appropriate start data set record (see para. 6.1). This
contains enough information to locate the initial data, and attach
it to the job. :

If NLMNT = TRUE in COMSDS, the data is on a private disk. On the
CDC 6600, a private disk has to be 'mounted', that is physically
loaded and 1oglc 11y connected to the job., In <2.1% of SUBROUTINES
INITAL or RESUME, if NLMNT = TRUE, the private disk is mounted by
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CALL MOUNT (IFAIL,NDMTSN,NDMTVS)

where IFAIL is preset to 1 and reset to 0 if the mount
is successful.

NDMTSN (from COMSDS) is a Hollerith Word‘containing the
private disk set name.

NDMTVS (from COMSDS) is a Hollerith word containing the
private disk VSN, :

On the CDC 6600, a permanent file is identified to the system
by the following parameters :- :

(i) a name

(ii) an identifier (ID) which gives the owner of the file
(iii) a cycle number

(iv) passwords, which restrict the use .of a file.

The file is connected logically to a job by a local file name or
logical unit number,

In <2,2> of INITAL or RESUME, the initial data file is attached
to the job by :

CALL ATTACH (IFAIL,NDATA,NDTFEFN,NDTCY,NDTPW)

where ITFAIL is preset to 1 and is reset to 0 if the
attach.is successful.

NDATA (from COMSDS) is the logical unit number

NDTFN(45 (from COMSDS) is a Hollerith array containing the
file name, right filled with blanks. :

NDTCY (from COMSDS) is the cycle number (NDTCY = 0 gives the
highest current.cycle number).

NDTPW (ii) (from COMSDS) is a Hollerith array containing the
ID, any passwords, any set name, etc.

In <2.5> the common blocks COMBAS, COMHKP and COMMAP are read from

the start of the initial data file in SUBROUTINE DATCOM,
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3.6 Tile handling for an initial run - SUBROUTINE INITAL

NDATA

I ‘ } : | N, : 'J
S | T "workspace > NWKIN

The initial data file, on unit NDATA, contains data at one

time level only, and the run starts from this with a forward

time step. The work files contain space for 2 time levels

+ extra work space. Row by row from north to south, a data

record is read from NDATA into the T-1 space of a buffer in core, then
this is copied into the T space and, together with some uninitialised
work space, the buffer is written to the input work file on unit
NWKIN,

Whereas an initial run starts with a forward time step from a
single time level of datas, a restart continues from a write-up
point with a leapfrog time step,which requires 2 adjacent time
levels of data. NDATA contains the data for T-1, and 2 files

on units NMIA and NM1B are created to hoid the time T data.

These are overwritten alternately, so that only the T data for the
last 2 write-ups is ever available,

If the user wished to make the program fully restartable from any
write-up point, the program could easily be modified so that time T
files were treated in the same way as T-1 files. Instead of over-
writing an earlier file, a new file would then be generated at

each write~up time. .

To create a permanent file on the CDC 6600 it is necessary to

(i) set up the permanent file parameters ( see para. 3.5)
(ii) 'request permanent file space'. This directs the file to
: a permanent file device - either a public disk or the user's
disk,
(iii) write to the file N

(iv) catalogue the file,

The 2 time T files are created in SUBROUTINE INITAL.
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- <4,0>

(i) The cycle numbers, NM1ACY and NMIBCY (from COMHKP),
are set to 0.

(ii) A file name is generated in NM1AFN(4) (from COMHKP) for
NM1A by CALL FILENM (NM1ATN, 0)

(iii) The passwords NM1APW(11) and NM1BPW(11), (from COMHKP) are
set to"NDTPW(11l), the passwords for the initial data.

(iv) CALL REQUEST (IFAIL,NM1A,NDREQ), requests permanent file
space for NM1A, :
where IFAIL is preset to 1 and reset to 0 for a successful

. request
NDREQ(10) (from COMSDS) is a Hollerith array containing
the request parameters:-

'¥*PF." for a public disk, or
'"¥PF,SN = ,...' for a private disk.

(i)  ENDFILE NM1A - this creates an empty file.
REWIND NM1A

(ii) CALL CATALOG (IFAIL,NMlA,NMiAFN,NMiACY,NMiAPW)~catalogues
file NM1A

<4 5>

(&N

CALL FILENM (NMiBFN,O)—generates a file name for NMIB in
NMIBFN(4) ( from COMHKP )

(ii) CALL REQUEST (IFAIL,NMI1B,NDREQ)- requests permanent file
space for NMIB

<4,7>
(1) ENDFILE NM1B - this creates an empty file
. REWIND NMIB

(ii) -CALL CATALOG (IFAIL,NM1B,NMIiBFN,NMIBCY,NMIBPW)-catalogues
file NMIB,

Finally, in subroutine INITAL, the permanent files are returned
(i.e. logically disconnected from the job) and, if a private dlgk
is being used, it is dismounted by

<6.6> CALL DSMOUNT(IFAIL,NDMTSN,NDMTVS).

This means that a model which may only write up once every few hours
does not need to have a disk mounted all the time.



3.7 File handling for a restart - SUBROUTINE RESUME

NDATA NMIA
\‘/ ,,,,,,,,,,,,
¥ { 4 1 y NWKIN
T-1 T
Fig. 3.7.1

As for an initialisation, the initial data on unit NDATA is
found from the start data set. SUBROUTINE DATCOM is called to
read the common blocks COMBAS,COMHKP and COMMAP from the start
of NDATA. There are parameters in COMHEHKP which enable the data
file containing the second time level of data to be attached by

(4.0 CALL ATTACH (IFAIL,NMiA,NMiAFN,NMiACY,NMlAPW)

Row by row, from north to south, a record is read Ifrom NDATA into
the T-1 part of a buffer in core, a record is read from NMIA into
the T part of the buffer, and the 2 time levels, together with
some uninitialised work space, are written to the input work
file, NWKIN. :

When all the data has been read, the permanent files are returned,
and, if a private disk is being used, it is dismounted.

T-1 : T ‘workSpace

At write-up times, data for 2 time levels are saved, The fully
time~filtered T-1 field is written to NDATA,while the unfiltered
T field is written to NMIA., Different strategies are adopted for
handling these 2 files., A new permanent file is created on
channel NDATA for each write-up, and it is these files which are
preserved to give a record of the run. The files NM1A and NMIB
are used solely to hold the second time level for restarts, and
are overwritten alternately. ‘




<2.0>

<2.05>
<2.1>
A<2°17>

<2.2>

<2.25>

<2.3
<2.4>

~16..

Write up if NSTEP = NWRITE + 1 or if switceh 1 (sec 3,4)
has been sct., It is data for step NWRITE which is
written lto NDATA and preserved.

If NIMNT = TRUE (i.e. a private disk is being used)
CALL MOUNT (IFAIL,NDMTSK,NDITVS)

Swap NMIA and NMIR, so that the time T file from the
last write-up butl one will be overwritten,

CALL ATTACH (IFAIL, Ny Nyl AFN, NMIACY,NM1 XPS/)
Attach the new Ni1lA Illo

REWIND NMIA
CALL ALTER (IFAIL,NM1A)

Reposition file NMI1A to overwrite it from the beginning.
'Alter' is a CDC feature which permits a sequentisl {ile
to be overwritten from its current position,

NREC = NRILC + 1

CALL DATCO:i (INM1A,2)
Update the current start data set record number before writii
conmmon blockskCOMBAS, COMHKP and COMMAP to the start of NI1A,
CALL REQUEST (IFAIL, ND \TA, NDREQ)

Request permanent file space for channel NDATA,

NSTEP = NSTEP - 1

CALY, DATCOM (NDATA,Z2)

NSTEP = NSTEP + 1

Write comuon blocks to the start of NDATA.,  The sten

number of the data is one less than the current step
number, SO NSTEP 1n COWNLP 1% adjusted accorainglv

: INPUT
NLINELI(L) - NROW~1
NLINEL(2) NROW
T30

NLINEL(3) 5=t et NROWH 1
NLINEL(4) —rmem e mmee

Fig. 3.8.2.

Away from the poles the second part of the time filter
F (T - 1) = £4(7 ~ 1) + ef(T) is done for row NROW+1,



CHAPTER 4 - SUBROUTINE LINEMS

LINEMS controls the arithmetic calculation. It calls

thezuﬁabdtﬂérouthmg and may call'physics routines, organises the:space
and time filters, writes data to the permanent Tiles and -
carries out the time stepping scheme.

Diagram 17 shows the detailed organisation of the subroutine,
but below are some additional explanations.

4.1 Time filter
The‘time filter used is

F(T) = £(T) + e{F(T - 1) = 2£(T) + £(T + 1)}

where T(T) indicates the fully time-filtered value.
This is performed in 2 parts.

NLINE1(1) NRCW-1 ' NLINE2(1)
NLINE1(2) I(T-1) £(T) NROW £X(T) NLINEZ(2)
NLINE1(3) NROW+1

NLINEI1C4) .~~~

Fig. 4.1.1

In <3.0> of LINEMS, the first part is calculated:-
TH(T) = €f(T - 1) + (1 - 2e) £(T)

This is performed for row NROW, and is how the data for time T
is moved into the output buffer. For the first few timesteps
(see fig. 4.1.3) the first part of the time filter is not done,
and data is copied in <3.1> from the T input buffer to the

T output buffer. (The surface geopotential field, which is not
modified, is always copied in <1.1> from the input buffer to
the T and T+1 fields in the output buffer).

The second part of the time filter is calculated in <1.5>

T(T - 1) = £%(T - 1) + ef(T)
This is actually done at the start of the next time step, and
it is done for row NROW+1, except at the northern boundary,

where it 1s also done for row NROW,

NROW-1

NROW

T(T-1) F£0) - NROW+1
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Fig. 4.1.3 shows which parts of the time filter are done
in the first steps (starting from step NSTART) for both
an initial and restart run.

Initial run restart run

Step Part 1 Part 2 Part 1 Parf 2
NSTART NQ No 7 Yes. No

NSTART+1 No No Yes Yes
NSTART+2 Yes No Yes " Yes
NSTART+3 Yes Yes Yes Yes

Fig. 4.1.3

This has been described in para. 3.8. It is done .in <2> of
LINEMS, after the 2nd part of the time filter has been
completed, so that fully time-filtered T-1 data is saved.

4.3 Dynamics

The dynamics subroutine, DYN, is called in <4> of LINEMS.
This generates tendencies in the T+1 output buffer for
row NROW and overwrites various fields in the 7T 1nnut
buffer for rows NROW and NROW-1.

INPUT - OUTPUT
NROW-1
NROW f(T—l): f(T){ _{f*(']f‘)‘L DYN%f‘(T)%
NROW+1

The space filter is described in Chapter 6. It is called in
<35> of LINEMS if NLSPFL = _,TRUE. , o .

The explicit timestep is done in <6> of LINEMS:

FOT + 1) = (T -~ 1) + 20t £ (T)
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where F(T-1) is the fully time-filtered value. The first
step of an initial run is done with the forward step:-

(T + 1) = £(T) + At £'(T)

u is not predicted at either pole, while v is not predicted
to the north of the north pole. In <6.1> and <6.2> the
tendencies for these fields are set to 0, so that they can
be treated in the same way as the other fields in <6.3>, the
loop which generates the T+1 fields.
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CHAPTER 5 - SUBROUTINE DYN~ the adiabatic calculation

The adiabatic calculations are done in a single, very large
subroutine. This description is split into different

sections

5.1 The equations are given, with each term numbered,
to simplify the later program description.

5.2 A diagram is given to show how the data is laid
out in memory initially, and how fields are
overwritten.

5.3 An explanation is given of all the field
displacement names used in the program.

5.4 An outline flow diagram is given, to show the
order in which different terms in the equations
are computed.

5.5 A written description of DYN is given, which cross-

references the detailed flow diagram, diag. 23,
in Chapter 10.




5.1 Equations

(1.1) (1.2) (1.3)
‘ A
ou 1 e - 1 = RT
— X2 _J,T m— renm—————— 4 — e a——— —
2t coso ‘_7\0089’“! acoseéx{@ + E} acosesk(gnps)
(1.4)
i —]
1 pPg0 Aju
—\ A o Iy (1
bg o
(2.1) (2.2) (2.3) ; .
=0
v T 1 =g RT
5T = ~IAU] - 36516+ B -~ o= Sg(anpy) -
(2.4)
5, 0
1 pSO AGV
e + Fy (2
Pg AGG )
(1.5)
where V = }Jg Y v-mass flux
(2.5)
U = 1"5;;}‘ u u-mass flux
(1.86) (1.7)
1 .——5 1 2 \e . . ‘
E = %(u + ose v cosft ) kinetic energy
(1.8) (1.9) (1.10)
4 = L—. {afcoss + 8y v - 8y ucos6l} vorticity
poacoss’
NLEV (1.11)
drpr = 0g + I RT, (A 4n0) geopotential
T T O L
NLEV (3.1) |
s 1 3 {6,U+ §4(Veosn)], (Ao), N¢:
ot acosh =1 '
(4.1, . (4.2)
psdk“’_% = (71{+% s _"__j. *****

ot acos Foq 163U + 8g(Veos®)}) (a o), (¢



(5.1). (5.2) (5.3)
T 1 1 YRR TTTTAET 0 Deo Agio
3t Pg {EEOSQ N COS@C{;BE )4“"“»;‘:““'3 ""'"J;, —
: A o
(5.4) v
- (293 4 q (5)
(5.5) (5.6)
kTw KT GoP 0 K A A
where & = o TES + ped ) + acons WUTT6, (Anpy) +
- (5.7)
~0 0
+ Veos8T 8y(4np )}
(6.1) (6.2) (6.3)
g :
— o= e 1 i A - B N ) o
t ‘I‘)‘S {aCO‘B8<UéAq + VCOS@SSQ )y A PSGAGq P+ 8 (8
Aga
Equations at poles
(7.1)
AP, NLEV NLON
atsvp -..z s1cN aﬁx z (Veos®) 4 ;1 (b 00, (7)
2=1 i=1 bz, 4
(7.2) (7.3)
D, & an) NUON \
Psblyy = = Tgay S = {SIGN.22 1 (Veose) I
s ot =1 i=1 B
(8)
where SIGN = -1 at North pole
= +J] at South pole
e = area of polar cap
= NLON.3ab)cos(§ - 42y 240 (7.4)
; (e.1) (9.2)
o NLON P ——— o
p 1, . ah) 79
TET o= - S {BIGN. =S 3 Veoss T + AsT
o pg e i=1 ( pod,i p-3,i) " Us Ci}iw_w
) L O
o}
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(9.4)
er kT K
‘her Rhan == —P ’ b + A
where ( ) ( P ) +- aTcoST. X
P-3
(9.5)
1 NLON .
X .. z \Y . C T X8 3 .
NLON toq p-3,190%%p-3 T poy 4¥%0(AnDg) 4 5
(10.1)
0 NLON
sTo = - —{SIGN.2A) N
ot s e T (Vg 40080, a4y g ) Y
i=1
(10.2)
—_— o
* s%pcdp F + 8

There is no u equation at the poles, but a zonal polar mass

flux, Up, used in the nearest v equation to the pole is
derived from '

Uy 543 = Up,i-gdx 2 ~§~ + SIGN.V, 4 ;cos8 ,.ahl =
1 NLON
= SIGN.W R 331 \p_%,icosep_%‘aAk
NLON -
and z U TQ

i=1 p,ity

The v equation (2) is valid at the nearest v p01nt to the

pole, if . (13.1)
0
1 1 . 2
E = - . %‘ \ . by
p © NLON "ycosb -, 2 By ) eosty
(13.2)
and Z = 7

Py, g p-%,1i+}

(10)
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0

10.
11.
12.
13.
14.

26—

BLle vt s e i by i S o e i G Yoo

Displacements in blank common are stored in local variables,
whose names usually end with 1, 2 or 3 to indicate whether
the data is for the northern row (row 1), central row (row 2)

or southern row (row 3).

IT12

-t
e
o]
W

Pt
g
{0
DN

IPT2

IPT1

IRPT1

IT3

IT2

IVTZ

IVT1

103

102

IUFLXZ2

ITLNPZ

Below there is an explanation of
‘the fields whose displacements were numbered in diag. 5.2.
The notation I

i3k is used where i = 1, 2 or 3 is the row nurber
H b
j = longitude point number
k = level number
surface geopotential ¢ .
82,3
surface nressure psB'j
b .

AR Tt PS .
2,3

2xN/S pressure
mean

1y "

reciprocal N/S
pressure mean

temperature

1

u velocity

11

u mass flux
» (2npg)

Rx mean Tx -
odd

v velocity

T2,3,x,

Vs 3 x(Ty 5.1~ T3,5,x

Vo 3.1, 50 ~ T2, 3,%)

Us 3,k

Us 5.k

Uy 5 x = 2(PSy 3708y yu1y¥9, 5.k

7256 (T, 5 k" Ta, 5,10 FOPSy 57

- RHPSB,j)

. |
5256 T1, 3 kT, 5,100 FPPSy 57

K 4 5

- 0
fupsg j)

3

v P
3,3,k



17,

18,

19,

20,
21,
22.

23.

24,

25.

26.

27.

Iva

IVFLX3

IVFLXZ2

IGQ2
IvQ2

IVQl

IKE

ILNPS3

ITLNPS2
IDLNPT
IDLNPL

IUZ2
IUZ1
TH2
IH1

173

-7

v velocity

v mass flux

1t 1 tt

4xkinetic energy
of level

log surface
pressure

11 1
Ae(zn ps)
Ax(ﬁn ps)

vorticity x u flux

1 11

auxiliary potential

it 1Y

1 -
o X vorticity

2,3,k
v = mmimmmw(vs +
3,j,k = 2cost_g PSg 5
PS3,50Vs, 5,k
\
Vo 5.5 © ?ESE@;E(p81,3+
+Ds A .
PSg,57V2, 3,k
93,3,k
92,3,k
'

3,5,k 5,k793, 5,k

VZ)J ;k(q}*:j:k—qz’j:k)

2 . Z

s, L (u L tul . +
i%jp 2,5'\%2,3,k Y2,3-1,k

L1 )
"Tose 5 0%0va2, 5,k

VZV




34.

35,

36.

37.

38.

39,

40.

41,

1722

IPSIG2

IPSIGHL

IPL3
IPL2
IRPL2

IPSMN

IRPS

% x vorticity

w

— A0

1 .
5otV

ko
640

- 1
2,

3 (psgq
1
2(p82

1/(ps

1,, 1
/{COSGuZ“E(pSZ,j+1+pS2,j) 4

+ % 3 3 L
coseug.i(p53’3+1+P 373)}

;
T /ps,

2,§+1,k '2,3,k
coseu1

{u, .
1,3,k

j,kcoseuz}

3

. 4tpPSs, .
,5+1'P%3,5)
3417752, 5)

+
2,3+1" 7%, 5

»J

} -



5.4

CALL STATS
! statistics

i
i
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SUBROUTINE DYN - OUTLINE

FLOW DIAGRAM

<

Initialise displacements
of fields

§<2> Store constants
local variables

Bt e o e < e B

Nt

PN
P

3.0 :\_
~
/ > N

. , e e w,._.,w.—/ o ‘;
NLSTAT///

ek \/

|

i JK=1
_top level

i

<3 1> Save A u and A 5V
?

I
g (eqn. 1 4 and 2.4) J

-

\:/

<4>
of

f i —

{
i
Add northern part §
_?Q] {egn.2.1) to v ;
S § S

RV
Calculate southern

<5
: vorticity S

A . No

7 JEK=NLE v? S
"‘\4 ////,
7. Yes

1<6> Calculate 4 x @ for all
levels from bottom to top

bottom level

" next

s ,‘\

vertical level

SN




S

Update statistics .
and print values |

~e

R
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I<7> Add klnetlc energy to ¢ and
! accumulate KE for
statistics

)
i
i
i
i
i

-
I

ey

JK = JK + 1
next vertical level

[

Pl . No
e TKFNLEV 2 S S e e
. -

-\\\ g
j/ Yes ~- bottom level

.

e

true o
s LT N
5 .. NLSTAT?

~.

J, false

P

i

|
i
i
i

<10

L o< ;

3 JK=1
I -top level
T

B U SOV

1 <8/ Calculate U2 and
{ V3 mass fluxes

i
! !

. S B T

!
!

e e e e

<9> Calculate mass flux
and vorticity products,
{egn. 1.1 and 2.1)

NG

6 {@fE} and g 6 (@ + E)

aco%@

(eqn. 1.2 and 2.2)

1
ECost oS Uéxj
and 6.1)

acosfps
((:,\3_1'1 - 5 1

A
Uﬁxi and

{

e b

L IR =JK + 1
| next vertical level

e
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//*\‘

LB )
t\T//YES

Y bottom level

~ Polar

row? Yes

et

N = i

§<13.1>1Ca%culate part of g ? <14.1> Ca%cuiagéméégéwng
. pso (eqn. 4.2) g ’ pso  (egn.7.3)

RP i

: v
s SR — R
i <13.3> KT Odps + ps& } f <i4.2> -

i
i

[T
H

| <33.5> 3ps
| ot

|

(egqn. 3.1)

H
g
i

| (egqn. 4.1)

i
!
!
!

o “.._.h.,cg\fu

- e
<13.7> Complete psU calculation

KT 09ps
C.

i : (egn. 9.4)

S

-6>  complete psO

; calculation
| |
i)

O

;
et s

L,
(eqn,7.2ﬁ

SIS




-—«32'—< N ‘ ‘ ’ " ) ) - - - P
(e
Yo

€

JK=1 i
top level i
4 :
| < Emmm—

<15.5> : é
1 =X
TooooRT ﬁx(lnps)
(egqn. 1.3)

-
g
1

N \; / f.,___.,,‘_.*._..,,_._w_..*.»,,..._ e e e s,
.. B L I . — | JK 5 JK + 1 !

<15.7> « 5
i o 8 N
neosh VeosOT Ve(ﬂnps

next vertical level

< &

<15.7>, }
ERT Ge(ﬁnpg) i

H

i

(egn. 2.3)

e \\ No H
<f/ S S |
‘E\J K=NLEV? / s . T

JK=1 %
top 1

JK = JK + 1
] § next vertical level

-y




/”\\

\?/

K==1 ;
1

wi

e —C
. : ]
acosl.p vCoseéef

(egn. 5?2) {

<18> 1 |

et T 0 i
acggU;pS Vcos@ﬁeq |

(egn. 6.2)

T SV AN 1

<19.3>

"“"&y""—“f““"'"ﬁi&m-w
- —A
g ApSO A Gu
—\
Pg
(egn.

AOU
1.4)

1
R

<19.4>

P .. No
< JKSNLEV? e

RETUEN

JK = JK + 1

§ next vertical

e

!
i
i
H
l

level’
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5.9 Description of SUBROUTINE DYN

This subroutine description cross-references the code, and
complenents the detailed flow diagram, diag,.23 in Chanter 10.

<1> Initialise displacements of fields. See
para. 5.2, for the layout of the fields,
and para. 5.3 for an explanation of the
contents of each of the fields.

<2> Store constants in local variables, see
para. 9.3 for an explanation of the constants
in COMMAP'.

<3.05> CALL STATS if NLSTAT = _TRUE.. SUBROUTINE
STATS uses data from the time T input buffer,
so it has to be called at the start of DYN,
before any of the fields which it needs have
been overwritten.

Start a vertical loop for JK = 1 to NLEV. 1ILEV gives the
displacement from the start of a field of the data for level
JK.

<3.1> Tor non-polar rows, except at the top level,
store Agu in IDUDSG and Agv in IDVDSG where:

AW = Uy g1, 0x T Y2 JL,JR-1

BsV = Vo g1,3x T V2,JL,IK-1
(egn. 1.4 and 2.4)

<3.2> At south pole, store Agv in IDVDSG (egn. 2.4).

<4.,1> TFig.5.4.1 shows the finite difference operators
used to evaluate the rotation terms

’Eégg[?VcosQ] (eqn. 1.1) and [ZU] (eqn. 2.1).
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o 2,3+1 2,3+1
//
™~ //U
~ 7 2,3+1
PN
yd N

[y

; .
V3,541 %3441

[/U[ is calculated from the average over the solid triangles
of the product of the U mass flux with the mean vorticity
for the triangle,

(2.1) (2.1.1)
S0 20,5 = 210y 51508y 5y * 29,51 " P9 )
(2.1.2)
U538 g T By 5oy P 2y )
(2.1.3)
* U2,j~1'%(Z2,j~1 Y3 5.1 T g 5y s
(2.1.4)
+ Uz,j'%(zz,j + ZB,j~1 + Zg’j)}~

|?Vcosef is calculated from the average over the dashed triangles
of the product of the V mass flux with the mean vorticity for
the triangle.

(1.1.1)
S0 :?VC@SQ]zyj = %{Vz’ucose 2'%(Z2,3~1 % Zz’ + ZS,J) F
(1.1.2)
Vo 4100’9v2'%<22,j% Zog g41 T %3 50 7
(1;1.3)
* Vg 36658v3'%<z?,jmi Tlg g T lg )t
(1.1.4)
PV x+;oqovu i(:z ; + g? 5 + 23)3{1)}
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To calculate all these terms at once would require 3 rows of
Z and 2 rows of U. Instead, terms (2.1.1) and (2.1.2) are
calculated in the previous call to DYN and stored in the

field IUZIS,SO that 21 and U1 are not aneeded.

In <4.1> the terms in IUZ1 are accumulated into %%.
<H> Calculate % x southern vorticitv, and store in IZ3.
<5.1> %xqept at south pole, calculate
g X{SAV - ée(ucose)} (egqn. 1.9 and 1.10)
I ,
12351, 08 = 657 V3,JL+1,J8 ~ V3,JL,JK°
1
6ae (Vg g1, gx®CS8yn ~ Us g1, gx©S%y3)

<5.2> Save surface pressure means at first level, since
they only have to be calculated once for all the

levels,

Etnorth pole, set PSS, = PSg,
T O = NG
liLaJL IPu21

<5.25> Except at south pole, save ﬁk in IPL3 and —t——  in
3 2pgaosh
TPL3.. = 3(p + P ) “
I S3,0L  ®3,JL41
] ' -2 =)
IPSMN ;= 1/{(:036112.1332)’JL + COSBuBPSS,JL}

<5.3> Except at south pole, add l x coriolis force to 173,
' and divide by mean surface pressure. (eqn. 1.8)
1Z23

BSMI 1
= N . % 1.
gu, g = IPSMEG (1235 gi * 5 T2 cosbig)

<5.4> At the north pole, set the 'ghost
vorticity', % a grid length to the
'north of the north nole', equal to
the genuine vorticity % grid length
to the south of the pole (egn. 13.2)

1722 IZ3

“JL,JK  TTCJL,JK
‘ghost vorticity! Z
? N 2,JL
, ’UQ,JL
north pole .
\Y% . Z

3,35 3,0L
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<5,5>'Similar1y, set up ghost vorticities at the
south pole:

- T
12351 9 = 12241, 5%

<6~ Integrate hydrostatic equation, and store
4 x ¢ in IH2 (egn. 1.11)

Integrating the hydrostatic equation from
the surface gives ¢ at levels Ok“% ¢ at
levels o, is found by taking a weighted
average of the adjacent values. ‘

o )
NLEV-3/2 ¢NLEV~-3/2
Y —_— o
; "NLEV- e e e YN T B
Oyrmy—, NLBV-1 NLEV-1
O 1 U 1
NLEV-% — NIEV—~%
T . — ¢
: . NLE ) o - T TTTNLEV
TnLEy’ v : NEEY
o =1 ‘ o]
s
surface

<6.1> Bottom level:

2 - I3
ONLEV-3 = 20 + 2RTy o 6(0n0) o
Loyppy = ONLEV). 20 + BONLEV). 200 o o

a(JK) and B(JK) are weighting factors which can
account for the position of level Oy relative
to o and ©

k+3
<6.2> Middle levels:

= oa ¢ RT V(Lo
2¢JK—% ?¢JK+% + 2RT A(Sno)

. g

TR
<6.3> Top level:

b o= 2 oot 26(1) x (b, + BRT.A{Sno
4(‘{)1 !4(&-(1.)g¢)1ﬂ:_% £ ‘ér(‘./ X kéj\"{r‘% (»r:i_{ oAb )1)

k-3* We have chosen o(JK = g(JK) = 1.




<7>

<7.1>

<7.2>

where

<8>

Add kinetic energy to geopotential to form
auxiliary potential in IH2. Except at

poles . ~§A 1 5 .’ _
KE = 3(u” + —=— vTcost ) (eqn. 1.6 and 1.7)
cost

o - A 2
MH2n,0x T Mg, 0x T eost, V3, gL,08 t 686, 2,IL,JK

, 1. 9 2
025y, gk = 20825y g * Yo gp,0x ¥ W 2,01-1,JK)

) 1 1 NLON
At poles KE = mrmm-s cos@ T 3ve ., g cos6_ . (eqn.13.1)

~3JL=1 P7¥» P~z

If NLSTAT = TRUE accumulate kinetic energy statistics
in STKE, where

. 1 NLEV
STRE = —ymxnow. (2 (A0 gp
NION I cosx(J) JK=1
J=1
MAXREOW-1 NLON -iw—«-k
}L cosx{(J) & Pe (JL,J){3u +
J=2 JL=1 JL,JK,d
6 NLON 9
12 } + cosx(1) £ ps(JL,L)v St
+ "c""a"ge v COQG(}L; JI{, J JL“}., - JIJ’ JK., 2
NLON o _
+ cosy(WAYROW) §L 1p (JL,MAXROW) Vv JL,JK,MAXROW«}

i

cosx{(d) cos (latitude of u points in row J), except at poles

1 . . . i
= i X cos (latitude of v points in row 2) at north

pole

4

% % cos (latitude of v points in row MAXROW) at

south pole

it

Save surface pressure means and mass fluxes,

All terms involving u, and Vo have now been calculated,
so that they can now % overwriulen by

=4 & i.e. TUFLX2
U arn,ax = PS8y g1 * P8y gre1)Vp g7, gx oo IUF

+ PSS, . : i.e. IVIFLXS3
o JT ) CO@%VB i.e. I X3

., gx 088y = 2 (DS, 4y ,JL,JK



<8.3> At the poles, U, is derived from the relations

A
oU , 3(VeesB) _ 17 13(VcosB) R
S T T 36 dA (eqn. 11)
o
an
Udx = 0 (egn. 12)
o
<9> The rotation terms |ZU] and [ZVcos] are evaluated.

See <4> gbove for a full description of these terms.

In <9.1> the southern part of [ZU] is calculated (the

northern part was added in <4>). In <9.2> and <9.3>
AVCOQ§7 is evaluated. In <9.4> the northern part of
72U for the rext row is stored in IUZ2.

o

<10> Except at poles, evaluate —~1-~3x($g+ E) (egqn. 1.2)

acost
= 2 (1m2 ~ T1H2 )
acosb g EIL+1, JK JL,JK

B
Except at north pole, evaluate §BQ(¢G + E) (ean. 2.2)
a4 v X

1 . .
= 9 o HE
s (255, gx ~ S50 gx)
i i 1 A
<12> Except at poles, evaluate ~mm§5Lok (egn. 5.1)
B 1 1 '
B §Eoseu2§XX<U2,JL,JK(Tz,JL+1,JK - Fz,JL,JK)
o A
4 Ua)\
ST
35T 9T
{,‘w___w,m/\.w SU— ;r‘""m"’w”“/‘\“" N
Yrr-t Ysner Yo Yon Tonad
U a1, 0% o, 0k~ T g1t a0 )
i ' iy A - - - ‘ R 1 ””””””” R o '
<12.1> Except at poles, evaluate “ﬂgﬁ“@q)“ (egn. 6.1)
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W
@]

!

<13> Integrate continuity equation at internal rows.
At top level of model,o, = 0 and p. G, = 0.
) 2

Oy = o= = e e ‘“Oiz 0, pséé = 0
T g e ; Ty

043~ — — — — _ _ . DPg0q

Og T

<13.1> Solve Eqgn. 4), from top to bottom

IPg IPg
G + O T = S e
(Pg 9t Jxey - (PO T OGO

1 , ,
- achE{SAU + 66\Vcose)}k(A0(G))k

£13.2% At the bottom, with psé = 0 and ¢ = 1, this gives
8Pg
eqn. 3) for -——
(eq ) v

<i3.2> At the same time, find (egn. 9.4)

KT Ipg ° KTy 4 Py 5
S » s > ~ - e e
"6£'<“§%“ tpgd ) = 5 51a (k) (05~ * P4y

0P
+ B(k) (Gg{” + psé>k+%}

We have chosen a(k) = p(k) = 1.
Ipg epg

7 EY ' == 5 -4 . - ] S
<13.3> Pg k+3% (pso R >k+% Ok+%8t

<14> Integrate continuity eguation at poles.
Thig is similar to <13>, except for
IPg Bps
g + Ox7 == g
(p ot iy = Y T 0T iy
., NLON
- sIen. 28y .
e GreqtVeost) 4 g 11 (0500 (eqn
s " aj‘ ,)L A

where SIGN = -1
y

1t north pole
4
£

t south pole

8)



€ = area of polar cap

_ all wr T 46, al®
~‘NLON. 5= cos(y - ) ime
‘ *?EA du
<15> Except at poles, add aéé§§6>(2nps) to g;(eqn. 1.3)
K =A A 3T
and 535§§Ul SA(anS) to 39t (eqn. 5.6)

All termsrinvolving U, have now been completed, so that
this field can be ovefwritten by aT §q(Lnpy) in ITLNP2.

=0
<15.6> Except at the north pole, add ”Eé §,(2np,) to %%(eqn.Z.B)
Except at both woles. add K __Veos T0g (Znp )e to o8
‘ , B > acost v s 3t
(egn. 5.7)
2 K NIJON
<i6> At the poles, add ——— e w0
’ 3 Vecost N ;
acgsep_%‘NLONgI:j( cosBT SQ(PPpS))pM%;JL
2T
to 5T (egn. 9.5)
y —— 8T
<i7> Add pSUAOl to 5T (egn. 5.3)
[ W
AOO .
i} B JTK=2
"""""""""""""""""" P80y g
(AGO)JK—if R S
- - POk
(AOG)JK R,
e — B e -~

BT*I TR STIT JE~1 & (T
Feord i, Jle=—- L = RS g 4 - ) . . - A . .o
EETat gEe et Ps gn,0x e an, o
-4
- T ) P
T2, JL, IR~ 20N oY .
P GRS '<‘17 )Jiiwi
i ~ T
[¢ 2% AN U oL . s -
and wvJdL,JK = 20U JE - v oo (T . S
E}J?:,- * 3“!‘J }'(::bz’c}ixﬁzji ( é),rj];, -jl.\
T 1
Yo v a4 )L et
};,JI,JSJ}) Z> ,ji/ r} ~




4D

PSS
<17.2> Add p 044 to %% (eqn. 6.3).

A ©
o

<18> A1l terms involving T2 and PN have now been
computed, so they can now be overwritten by the
fluxes

it

N .
VT2 \00863 AB(T)

=V cosh - T

3,JL,JK vaTa g1, 0%

and IVQ@z = VS’JL’JKCOSG

3. JL, JK

w3l g1, 0% ~ 93,01, 0%

6 _ 1 1,

1 -
= 7 <
acoseuzzae‘ﬁcose)2,JL,JK:*

<18.2> Add ————= VcosB§,.T
acost 0

; - N
*(Ty 51,98 ~ T2,01,3%’

t (Veos®g g1, kT, g1, 0x -

Ts a1,,0x))

i -1 : Sh— aq -
Add EYrT) Vaos@@eq to 5% (eqn. 6.2).

) 2
. - . 2T a( N
<18.25>Up till now, Pg-5% and psgﬁ,have been calculated.

ot
- . oT og
Divide by pg to get PR and T
T YT
SIGN. 2 NLON

' 0
; . - 1 < - .07
<18.4> At poles, add NLON.aAB.cosép 1§Lmin~%’JLcosei p—%,JL
-3 JL=

to o (egn. 9.1).

ot
.\ e e Exe!
Add a similar term to 5%.

<19> - Except at poles, add —,-————>— {0

,% (egqn. 1.4).
v [¢]
i pS

o ‘ . 3v
<19.4> Except at south pole, add —,——p——— 10O 5T (eqn. 2.4).
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CHAPTER 6 -~ THE SPACE FILTER

The space operator I(8) = §'QLA(6) ¢ is used to filter

the tendencies of all the model's ﬁ@pfndent variables.
§ is a finite Fourier transform operator and ¢ -1 its

inverse. ﬁ = diag {Ai(e),e.gAw(G)} where Ak(e) is the

reduction factor for the k Fourier mode. Let
FJ = FJ(B) be the grid point values of a particular

field at equally spaced grid points around the latitude

circle 0(J = 1 corresponds to the Greenwich meridian).
Then NLON
A
4 = O i ¥ 2 i 3 ¥ - 2 [
Fi= = +FZ {A 1 cos (k(J~ Diton) + Besin(k(I- Dron)?

J =1 ...., NLON

where
F oy, T ¢
2
and

'1 o o 2 s
Z means a factor of % in the last term.

The Fourier coefficients Ak and B, are given by

k
NLON
2 S NLON
Ay * RTOW J%l F;cos (k(J- 1)qu“) for k=0, =5
and
NLON .\
2 ; - NLON PN
Bk = RTOR >)i i‘ 111”{(3 l)ﬁ*z*“{;”) for k= 1,0.‘.3( A 1),
NLON £ )
The filtered field (3F)J is given by
. Ay 2y | on . V2T L
(fF)J = 2 7 Ak(e){ Cos(k 1>'? - ) B, 81n (k{J- i%ﬁ@%}
) 1{:—:1 AL
NLON
bt
= T+ Jt (hw(e}«i){ﬁkcos{k(Jmiﬁngﬁ) B sin(k(J




Define for 4 =

SR
}J =

where FNLON+1

‘Then

=
i

where

2
and E

1

3

(Fy

(FJ

"
=

24
o]

b

NLON

R + 1 (NILON is assumed to be
divisible by 4)
+ T ) + (F
NLON+2-~J NLON+2WJ + FNLON )
2 Al R |
2
T NLON+2-T) - (F F )
) ¢ NLON NLON
+2-J -+J
2 2
- Pyrows2-3) * (Fyrow TNrow, )
S 9 +J
2 2
- Fyrowso-g) - (FNLON+2 . FNLON+J)
) bl
2 2
1
2
= X 2n
+ 4 Zj' A, cos(k(JI~1 )srumm )
Kig o K NLOR
NLON
(5= ~1) ,
4 N A cos(k(Jml)qmﬂw\
L 3 y,
K12 k NCOR
NLON _y,
4y Bksin(k(Jwi)ﬁ%%ﬁ)
k=1,2 N T
NLON
4 §3 B osin(k@ -1)mo0)
k=2, 2 k NLON
\ J
means a sum for k = 2 step 2 to &%;ﬁ
—
means a sum for k = 1 step 2 to E%gﬁml



Making use
have

of symmetries

£, = ?o(J}F§“

and antisymmetries we

N”OY
A = e Z F++cos(k(J~1)m§£w) even
k NLON 21 J h NLON
NLON
g +1
A — m%m z” e .é’h
k NTOR oLy FJ cos(k(J- 1>NLON) odd
NLON , ¢
. 2 & -+ om
By = RGN le FJ sin(k(J~ 1}NLON> odd
NLON+1
B == __.w%w,. %H A 2m ’\
k RO 124 1‘;’ Slﬂ(k(J 1,N TR/ . even
1 :
where Z means a factor of ¥ in the first and last
terms.
Finally
m e ettt - -
4rJ = (EJ : TJ ) + (FJ + TJ )
4T I e L~ —
NLON+2~J = (}J + }J Y - (IJ + EJ )
++ e - e
4Ty 00 = Fy - Fy) - Ty = Fp
A s |
2
AT
NLON ) _ .{ﬁ"f‘ ;+—-— —t o
gt = (Fy - Ty - (Fy = Fp)
JT J
g=1,.. ) Non
6.2 _Program Formulation
Define
4t 4
= P YR
fJ ﬁo(o)lj
£77 = po(I)TLT
J R |
f§+ = Po(J)F

(6.2.

Yord
i




o

where
0T }
Po(1) = Po(RR + 1) = 1//2
J
Po(J) = 1; J = 2, ..~
Define functions
N /mﬁfm 27
C(J:L) = PO(J) fNLO“—COu(Ii(J l)h”mN)
S(J:k) = Po(J) /mt@ﬁSIH(k(J i)NfON)
for k = 1,..0,V%?§ 1
.o NLON, _ 1 / 2
C(meif") M/% Po(J) j=tsmeos (k(J- 1),\T ON>
1 pony LZ
Vo
NLGH,
S(J:'W«Z“}'} = 0,
We have NL.ON
. 2
£, = 42 _C(J,0) +4 ] a C(J,K)
¢ =2, 2
NLON
o
£ = 4 ) 2,C(J,k)
k=1,2
NLON
s 4 ) b, S(JI,k)
J k=1,62 k
NLON
2
f.7 = 4 )} b, _S(J,k)
J =5 2 &
with
NLON,, ,
{ -
a, = ) £, C(J,%) k even # 0
- J=1
NILOH .,
4“ **** T ;
a, = ) 0T, k) k odd

(6.2,2)

(/chjﬂ"(})



NLON |,
- A
bk - z

;

J=1

NLON

“NLOR,
~% 1

)

i

a
e}

J=1

1

27780, %) k odd
| (6.2.3)
fE"S(J,k) k even

AL
IJ C(J,0)

If wave number k is to be filtered by-a reduction
factor kk then

St

:§+= f}+ + (Xk - 1)4akC(J,k)‘ k even

4

fj”z f}“ + (A, - 1)42,C(7,K) k oda

I}
B

4

(6.2.4)

(RP - 1)4b, S(J,k) Xk odd
(% - 1)4b,8(J,k) k even

N.B, Filtering is performed for wave numbers
B k.. to Ky Anre ’
Tmin NION®
Definition of kk
cos(8) 1 . a(f
}\7<e> - \YJ T i f cos(8) _ 1 s < i
. B S WAIAN N 7
cos(6 sin(—5- cO=(0 i (e
(6, (—5=) (6,) sin(=5~)
— e COB(0) -1 -
=1 i . BAN “ 4
COS(@G) 31n(w§w)
Ak o= 2 m/NLOW
N.B. No filtering takes place equatorwards of %0




~4 8-

Tinally, unfolding the data gives:

A - 1 et o - -—w+.~v,--‘w“
Py gpgryy [y +i50 + (£ )}
_ 1 T R b e
yLow+o-g = gpocyy (g Ly ) - (Ty +f;0)
. ' (6.2.6)

FT I T et ot A e

Moy = avoqny (U -y ) - Uy -1,
g m e (e LTy

nLon, - T ape(dy (g Ty 3

5

6.3 SUBROUTINE INTPLT (P Co5¢, KX, KY, KMINP, KMINV)

i e 4t ok e St i _f....,_e.—.uw.g..._.-,.-...m.p.....,._\ v Bt R e e v Ry A B e Bt e amn e i s € s

Where PCOSQ = cos(eol, with the space filter applied
polewards of 1 vtitude 8

KX

il

number of longitude points

il

KY number of latitude rows

KMINP(KY) = smallest wavenumbers to be filtered
at p_, T, u and g rows

KMINV(XKY) smallest wavenumbers to be

filtered at v rows.

i

Subroutine INIFLT (see diag. 21) is called once on the
first timestep from LINEMS to initialise constants for the
space fllter. The functions S(J,k) and C(J,k) (see

2.2) are setl up in the array CS in common COMFLZ, and
constants fLrom common COMIL1 are initialised.

kmjn’ the smallest wavenumber to be Tfiltered, is

determined for each row. The array KMINV(KY ) contains the

values of kan at the latitudes Qi the v polnun, while

KMINP(KY) contains values of kmir at the latitudes of the
uei

Pg s T, u and g points,

6.4 _SUBROUTINE FII ‘R_(PTACT, KMIN, KBASE, }TLﬂb)

Where PTFACT =




~49e

Subroutine FILTER (see diag. 22) is called from LINEMS
to filter the tendency fields. Each call may filter
KFLDS adjacent fields in blank common at the same
latitude. 3ince the v points at a given row are at a
different latitude to the other fields, there are

3 calls to FILTER for each row:-

1) filter Dy > T and u

2) filter g (at same latitude, but not
adjacent to u)

3) filter v,

In FILTER, the data is folded twice (eqn. 6.2.1) and
the fourier coefficients are calculated (egn. 6.2.3).
Cecefficients for wavenumbers greater than or eqgual to
KMIN are modified, and the data is unfolded to give
the new filtered values.




CHAPTER 7 - THE START DATA SET

7.1 General description

initial 2nd write-up
data data file
A A
recoxrd lirecoxrd 2 recoxrd 3
|
4

Ist write-up
datafile

Fig. 7.1.1

Each start data set record consists of the common block

COMSDS, which contains sufficient information for the program
e a data set plus certain run control infor
An initial run starts with the start data set containing
oniy, pointing to the initial data. At each subseguent wr
up ti UV, a new data file is created, znd a new record

A

to locazt

added to the stari data set, noﬁnfinv to it. At a
default procedure in JBﬂﬁUTIm DS ig to read the

or the start data Sei, and to continue from the  lat

up tTime.

hecord aescrlniion

The contents of a start data set record can be divided into

saveral different categories :-

7.2 T17@ bﬁﬁdllnm

All the subroutines described in this section were specially

for the ECMVWEF CDC 6600.
i) The initisl/restart data file is internally ati
CALL ATTACH (ITATL ,NDATA,NDTEFN,NDTCY,NDTPW)

where

TFATL (local wvariabl i 0. return code

RDTCY
NDTRY

UL WL g

LGIDE Tae data

mation,

is
restart,

-
4.

recorad
ite-

the

last record

est write-

tached

by

writte

3

s



ii) Permanent file space for write-up data sets is requested
by
CALL REQUEST (IFAIL,NDATA,NDREQ)

where NDREQ (10) = hollerith array, containing the reguest
parameters ( eq. "*¥PF, SN = DSET14.")

(MR
[
et

St

A private disk is mounted by

CALL MOUNT (IFAIL,NDMTSN,NDMTVS)

where NDMTSN = hollerith string containing set name of file
NDMTVS = hollerith string containing VSN of disk.

The logical variable NLMNT = ,TRUE, if a

D
to be used and JFALSE., if datas is to be k

rivate disk is
ept on puplic disks.

7.3 Run control

i) TWODT = 2 x time step in seconds. For a leap frog scheme
f(T+1) = £(T-1) + TWODT x 3f(T)
T

ii) NSTOP = final

step number. Bouavgo the time filter is completed
on T-1 data, NST
e
t

TOP is dincreased to 1 more than requegted by the
3 will then perform the last part of time
che remainder of the calculation on ihe last

user. The mod
filter, bhut no
extra time step.

iii) NWTIME{(200) contains the step numbers at which data is to be
written up. NWPTR points to the current element of NWTIME, and
NWRITE (from COMIOC) is set to NWTIME (NWPTR). As in (1L)
above, the data at step N is not actually written up until
step N+1, so that in subroutine LINEMS, write-up times are
found by comparing NWRITE with NSTEP-1.

¢

At a write-up time, NWPTR is incremented by 1 in subroutine SDS,
and there is a test to see if the next element of NWTIME is a valid
step number. If not, NWRITE and NWPTR are set to ~1 and not
modified again.

]

iv) NRECRD - the gtart data set record number. 3y setting NREC
in the namelist REST, the user may start from any record

ct the start data set in subroutine SDS, over~riding the
1

default values of the first record (for an initial run)
or the last record (for a re &taru}

a Jovvtld time step, may sta
R run,

levels




@)
N
|

v) NSW - the switch flag.In this CDC feature, hy setting
SWITCH 1, the program can be made to write up at the next
timestep and f£inish, NSW = 0 if the switch has not been set:
NSW = 1 if the switch has been set, but it is not a usual
write-up time, NSW.= 2 if the switch is set at a write-up
time, when NWPTR and NWRITE will have to be updated
normally.

7 4 P111°r{1

i) EPS ~ this is used in the time filter :-

£(T) = £(T) + EPS x {f(T-1) ~ 2£(T) + £(T+1)}

b

ii) NLSPFL = ,TRUE. if there is to be spatial filtering, and

LFALSE, otherwise,

1ii) CTHC = COS (8 ) where Go is the latitude at which spatial
filtering begins, i.e. ¥Filtering is done to the north of
iatitude 0 in the northern hemisphere, and to the south
of latitude MGO in the southern hemisphere.

7=5 Malk 1p° a start d set

a) To make a start data set
I (

(KIN,ROUT,XSDS)

where KIN = input channel
KOUT = output channel for nprinted 1 ages

; NeS!
KSDS = channel to which start data set

Subroutine MAKESD presets the variables of COMSDS, according to
fig., 7.5.1. Real and integer variables may be ov erwladén by
ln)uf to nameliist STARTD on cha*ﬂcl KIN, while hollerith variables
such as file names and passwords are read from channel KIN,

3 <

Tne necessary control cards for the CDC 6600 are described in
~y O 7
£

Valuesg of CL@SDb variables

Variable ieaning Preset value Reset value

NRECRD start data set
record number 1 -

al/re—

0 input to n

17 Y
UJ,/

Y
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Variable Meaning Preset value Reset Value
NWPTR pointer to
current element -1 It NWTIWF(1)> 0,
of NWIIME NWP = 1
NSTOP step number of
D numt 0 If a value of NSTOP
last step . . )
> 0 is input to
namelist STARTD, then
NSTOP = N3TOP+1
TWODT 2 x time step TWODT = 2 x DTIME,
(secs) where DTIME = 0
initially, but may bhe
reset by STARTD
EPS constant for 0 input to nazmelist
time filter STARTD
CTHO cos{start lati- 1 CTHO = cos(THETAOxa)
tude for space where o is a degree %o
filter) . radian conversion
factor.
THETAC = O, initielly,
but may be reset by
STARTD
NLSPFL v . L ,
' CALSE input to namelist
NSW switch flag 0 -
NDTEFN name of initial . , \ J—
- DU _t / blanks input to chanpnel KIN
regtart data . n AR
; in format 4A10
file
NDTPW passwords of blanks input to channel KIN
initial/restart in format 11A10
data file This must contain at
least 'ID = EWsxoot, ', and
may alsoc contain SN,
VSN,MR etc. information.
NLMNT NLMNT = [TRUE, - JFALSE, input to namelist STARTD
pr;v z disk
g o i,; . -
pur7if disks
only




Bl

Variables Meaning Preget Value Reset Value
NDMTSN set name for
private blank if NLMNT = TRUE,
disk NDMTSN and NDMTVS must
be input to channel KIN
in format 2A10.
NDMTVS VSN of private blank
disk

7.6 A typical card deck (CDC scope)

EWJC3,
FINCA)
MAP (PART)
REQUIS
ATTA

3

1 1000,
LIBRARY, GLTB.
LGO.,
CfT!uuG,fAPElj MYSDS,ID = EWJC3,

/g
8/9

PROGRAHM

AM A (OUTRPUT,TAPEG = OUTPUTL,
IN = b

our 6

ISPS = 1

CALIL MAKESD (I@ T0UT, ISDS)
STOP

EWND

TAPE5 = INPUT,TAPE1)



Fig.

>

Arguments

7.5.2

.
o

%

: CEI O~-"“S (’LH‘E"I‘AO)

g e

.

<u28> SUBROUTINE MAKESD (KIN,KOUT,

Create start Gaia set.

KIN - input channel

KOUT -~ channel for printed o ufput messages

KSDS -~ channel to which start data set is

;

f . (1.1) set default values

N

to override pre

¥
g (1.2) read namelist STAR
|

T

values

i

e S
pVint namell- S

fa—

LY

s
/
/
\
/ -
/ ayf_.
= D
\\ ¥

?Mwmm@om\

Twonm“o (Ra%E

i

Yes R

written.




56—

. nsTOp=NSTOP+1 | Yes ;nggﬁ\\\\

e et g s e e e el

\Z{/ \/I\é

b

{
1

I <1.3> read initial Jdata

f file name and passwords
|

i

R T T U

i
H

h{ : <1.5> g
AN
PN parameters for
7 NLMNT \?\\ permanent file on
publi

P g SY—

“orue o o E alse *

; [7<1.6> write COMSDS
- ' to channel XSDS

! - e e e R
| i
§ 1
W N
; i
]
{
i

RETURN



CHAPTER 8§ -~ RUNNING THEI MODEL

8.1 Creating an initial data set

The initial data set should have common blocks COMBAS, COMHKP
and COMMAP as the first 3 records, followed by 1 recor for
each latitude row of data, ordered from north to south. Two
subroutines have been provided, one to make the constants,
map factors and other information, COMMAP, and the other to
create the initial data set.

8.2 lap factors

A map factor data set, the common block COMMAP, can be created

by
CALL MAPFAC (KMAP,EPRINT,KLEV,EN)

where

= channel to which CC is written

= printed cutput channel

= pumber of er*lﬁal levels

= grid resoiution ( eg. 24 = N2Z4 etc.)
This “iﬁe is not generalised at the moment. The dimengi
in F( A iimensions of the lccal variasbles and the data
st i@ﬂedt giving the o(k) and o(k+%) levels are set for 9 Ilen
and N24, QOWGVG“, the executable part of the code is general,

8.3 Initial Q“fq

The initial data set can be created by

CALL MAKEDT (EMAP EDTIN,XRD,KWRITE,KDTOUT)

where

data set
point data

ons

i

vels,




=
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The subroutine initialiges COMRAS to the same values as are
set in subroutine BASIC. COMHEKP is initialised as described
in para. 8.7. The namelist INIDAT on channel KRD allows
NOREC (the number of latitude rows), NLON (the number of
longitude points), NLEV (the number of vertical levels)
and NCOM (the number of common blocks at the start of the
data set) to be reset . COMMAP is read from channel KMAP,
The initial data set is then created in the form described
in para. 8.1 on channel EKDTOUT,

<u 29 > SUBROUTINE MAKEDT (KMAP,KDTIN, KRD,KWRITE, KDTOUT )

Cireate GEMINI initial data set

Arguments: {MAP channel number of

map factor data set
KDTIN - ¢hannel number of

input grid point data
KERD - card ipput channel

-~ line printer outnut channel

- gemini initial data set
written to channel KDTOUT

H
i
i

: (1.1) dnitialise COMBAS to same
11t values as does SUBROUTINE BASK

ise COMHKP Q




<u29> (contd. 1) (’M\

§ (1.5) CALL WRITBF(KDTOUT,~~~)
© | write COMBAS to channel KDTOUT _
;
AR e 1
| CALL CHKRBF (KDTOUT, IFAIL) ;
~wait for completion of write |

i

Y

| CALL WRITBF (KDTOUT,~--)
| write COMBKP to KDTOUT

¥

| CALL CHKBF (KDTOUT, IFAIL)
' wair for completion of write

! CALL WRITBF (KDTOUT, ——~)
| write COMMAP to KDTOUT

(2.0) 3 = 1,

o e e e e e e

{
CALL CHEKBF (XDTOUT, IFAIL) : !
wait for ceompleticn of previous
write to KDTOUT , , o

read Jth row of data from KDTIN

-

4

z(j1) = @ |
reset GFDL-derived - ves ¢

geopotential toc ¢ | e - |
Lover ses ; T T ; |

ey

P o

SRTRES




\
e

(2.2 caLL XTQ%WB“ (RDTQUT, =neee)
write 5th row of data to KDTOUT
U O R i e e e e e e s

’ No -

T -

L
L
Yes

e - : e
i (2.3) CALL CHKBF (KDTOUT,IFAIL) |
swait for completion of last write

e
. RETURN i
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8.4 Running the model on the CDC 6800

Below is an example of a typical card deck, with some explanations.

, N24,9 levels with space filtering
EWJCS3, T2000. from 45° takes about 20 secs/time
FTN(A) A step

MAP (PART)

REQUEST ,TAPE10 %V?W:EJ"_ Putting the work files on different
REQUES T TAPELL [%VSN= disks reduces 1/0 contention,

ATTACH, ;APT%Q YS S,ID FUJCB¢ Start data set -~ not HR=1, since

it is written to as well as read from

ATTACH,GLIB,GEMINILIB,
ID=EWJC3, MP~1

LIBRARY (GLIB)

LGO. The run will create Z Toy+l datsa
AUDIT, ID=0WJC3, files + 1 file for each write-up
time. Try and keep track of them alll

Main program should declare tapes,
and define the size of blank comumon
COMMON B(55296)
CALL MASTER
STOP
END
7/ o,
SREST Mey reset NLRES(restart)and NI
3 start data set record Wum'“l}
4 data cards with up to 50 characters
1 on each, J“?Llliﬁg the run

ENEWRD
LETYY T A P -, -
R%}b: 15, rrameters may be redeflined
&
e
.
{-E/r; /
: /
4

o
W
e
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CHAPTER 9 - COMMON BLOCKS

Below is an index for all the common blocks

SECTION NAME ' PAGE

Fed

Ci.1 COMBAS
- C1.9 COMDDP
C3.1 COMMAP
C3.3 COMSTA
C4.1 COMIOC
C4.2 COMNDX
C4.3 COMHKP
C4.4 COMBDS
C5.1 COMDBC

a

© M NG G W N

fd
o

C3.4 COMFL
C3.5 COMFL2

(SN o o BN BN BN B o BN I (e BN e

o
ok
e
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CHAPTER 10 - FLOW DIAGRAMS

Below is an index to all the flow diagrams

Diagram ‘ Name Page
1 Cutline Flow Diagram 83
2  GEMINI 85
3 MASTER | 86
4 BASIC 87
5 MODIFY | 88
6 SDS 89
7 COTROL, 92
8 . INITAL , 04
9 RESUME 98

10 DATINI 102
11 DATCOM 103
12 FILENM 104
13 STEPON 105
14 : STARTN 106
15 NSSCAN 107
16 ' BDYIO 108
17 LINEMS 111
18 "~ COPYBC 122
19 LINT 123
20 - LIN2 | 124
21 INIFLT 195
22 FILTER . 130

23 DYN 138
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Diagram 2 PROGRAM GEMINIT Main program

Declare fortran unit numbers

(a)

(1) } define length of blank
common

;
i
j
|
i
|
;
|
%
!
!

—

CALL MASTER

(see diag. 3)

(a) Fortran unit numbers:

TAPES = INPUT

TAPEG = QUTPUT

TAPE7 = punched card output
A1)

TAPE105 = temporary work files

TAPE11

TAPE20 = initial/restart data, then write-up data

N .

TAPEZI} = T+1 data files

TAPE22

TADPE30 = start data set

(b) Length of blank common:

See data structure section. Blank common contains
4 input and 2 output buffers, with 2 time-levels
of data + workspace in each buffer. ’
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Diagram 3 ~ <0.0> SUBROUTINE MASTER

(1.1) CALL JOBTIM (ALTIME)

store allocated job time in COMBAS

start run

variable ALTIME

.

CALL SECOND (STIME)

store start time in COMBAS variable
STIME

(1.2) CALL BASIC

initialise basic parameters
(see diag. 4)

Y

(1.3) CALL DAYTIM

print date and time

(1.4) CALL COTROL

control the run
(see diag. 7)

RETURN

=~ CALL TIMCPU

extract job time




Diagram 4

=87~

<0.1> SUBROUTINE BASIC set basic varameters

(1.1) Initialise common

block COMBAS

(1.2) Initialise common

block COMDDP

;
(1.3) Print run heading
messages
/
(1.4) CALL MODIFY

modify basic parameters

{see diag. 5)

l RETURN




N . »7;""
iagram B

<Q.2>

=
J.‘;ri ]

MQDIF modify basic parameters

(“(1‘1) Re
L

(a) ad namelist /REST/
‘ P
.
false //// true
Lnltlallsatlon NLR g restart

A (i

| i
(b) I s

(1.4) IREC = NREC 1(1.2) IREC = -999 (b)
|
{
i Yes.
.
~
CcALL sps (. IREC, .. ..)

I
read record IR?C of
start data set

[see diag. 6]

i

CALL SDS (.., IREC,.v,..) NREC

IREC -999; read last
recoxrd of start data
set

[see diag. 6j

CALL SDS{..,IREC,..;.}

read record NREC of
start data set

print message to say
this is an initial run

RETURN

PR

see diag. éj

print message to say this is

a restart of an earlier run

RETURN

(a) Namelist /REST/ may reset variables NLRES and NREC from
common COMBAS,
If NLRES = FALSE (the default value, preset in BASIC), the
run is an initialisation.
If NLRES = TRUE, the run is a restart from an earlier run.
(b) NREC is the record number of the start data set which is
to be read. It is preset to 1 in BASIC.

unless NREC has been

read first record of start data set,

reset in /REST/, when record

read last record of start data set unless NREC

(i) Initialisation:
NREC is read.
(ii) Restart:
has been

reset in /REST/, when record NREC is read.




e

Diagram 6 <1.8> SUBROUTINE SDS (KLEDGE,RKREC,KERR,KCALL)

Read or write start data set record

Arguments:~ KLEDGE: Tortran unit number of start data set.
KREC: - Start data set record number to be
read
“KREC = -999: read last record.
(Dummy paraneter for writes)
KERR: Error return code.
KERR = 1: successful call for

subroutine

KERR 2: record KREC not on file

i

i

1: write next record at end
of start data set

KCALL: KCALIL

KCALL = 2: read record KRIC

{1.0) KERR=1

Yes
KCALL=1?

write record

No read record
start looking for record

KREC at start of file
No

Rewind KLEDGE } o

Yes} read last

{

L Y record : ‘
| A O
O, =
A




5 I (1.1) xread record

t from start data set

{

nd of
file?

ﬁ/ Yes

No
4&7—999? ey ]

KERR = 2

record KREC not\
on file

Last record Yes
found Y
(1.5)
backspace KLEDGE RETURN
| L
\il
read record from
start data set
i
| Y
NREC = NRECRD
Set NREC to record number of
last start data set record
Ne
e
N
7
N




SOl

Diagram 6 (contd.2)

Yes

/

© No more write-up
Increment pointer to

times
next write-up time before-
writing to start daig///gﬂ\\\\\ Yes
set | ¢ NSW=1? & KCALL=17?
% : No )
: . \\\ ////
»rRun halted Ny
| NWPTR=NWPTR+1 Yes | Dy Switchmot T .
at proper No| Pointer to next write~up
i ¥§;§e up time correctly set when
i reading start data set 3
e > \
WTIME(NWPT wffﬁi-- 5
>NSFOP “No more write-up i
times R
No 2.2 ]
4’ NWPTR=-1 J
(2.1) : :
NWRITE = NWIIME (NWPTR)
set NWRITE to next write-up | R 7
time gNWRITEz—l I
- & o s
™~
No P (3. O)\\

N KCALL=1?
read

write record
Y

{ (3.1)
ALTER KLEDGE

NSW=@
[ﬂset switch flag to off

v
v NRECRD = NREC
set start data set record
i number to NREC
RETURN i

write record to
start data set

EXTEND KLEDGE

/

e

RETURN l




Diagram 7 <0.3> SUBROUTINE COTROL control the run

false //////&\\\\\\ true
) NLRES ™,

S
initial run restart’of an
/// earlier run

(1.1) CALL LABRUN (1.7) CALL LABRUN
label run label run
/
(1.2) CALL CLEAR (1.2)car1, CLEAR
clear common variables clear common variables
4
L
i (1.3) CALL PRESET 1(1.7) CALL RESUME °
} set default values - define restart conditions

{see diag. 9)

H

L < 4 s it s e

Y
L
l (1.4) CALL DATA
f define data specific to run (1.4) CALL DATA
: read any new data
i, needed
Y .
(1.5) CALL AUXVAL ' %

set auxiliary values

(1.5) cALL AUXVAL
set auxiliary values

(1.6) CALL INITAL S
define initial conditions

3
A

(see diag. 8)
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Diagram 7 (contdl)

)

(1.8) CALI, START
start the run

CALL OUTPUT (1)
initial output

~

!false

(2.1) CALL STEPON

step on calculation
(see diag. 13)

(3.1) CALL OUTPUT(2)

periodic output

(4.1) CALL TESEND
test for end of run

l

] true

run not complete

RETURN

(4.2) CALL ENDRUN
terminate run

4

- NLEND =ty
\\\\\\\/////;ﬁn complete

CALL OUTPUT (3)
final output




e

pzamarn 8 ‘<1.6> SUBRCUTINE INITAL define initial conditions

o (1.1) CALL DATINI

initialise common varxiables
(see diag. 10)

(1.2) save some COMBAS l
variables i
}
N
CALL MOUNT (...) true (2.1)
mount private disk data files Onx\\\f%MNT?
private disk
\T/%alse
5 v

files on public disks

H

(2.2) CALL ATTACH(..,NDATA, ..)

attach initial data file, time To

/

(2.5) CALL DATCOM(NDATA, 1)

of initial data file

1
| read common blocks from start
i
]

Y

NSTART = NSTEP
set NSTART to initial step number

}

(3.1) calculate length of
extra work field:-

NYTRWK = 2 scalar + 2 vector fields

CALL WRITEF {(...,NWKOUT,..)

open and structure output work file,
channel NWKOUT

G

(3.2) CALL WRITEF (...,NWKIN,..)
open input work file, channel NWKIN




Diagram 8 (contd.l)

Y

\. (4.0) NMIACY = (§, NMIBCY = ¢

Tot+l data files will be catalogued
with lowest available cycle numbers

t L - %

CALL FILENM (NM1AFN,®)

generate file name for first To+l
data file (see diag. 12)

Y

Il

NMI1APW (J) NDTPW (J)

NM1BPW {J) NDTPW(J)j
give To+! data files same passwords
(including ID) as initial To data file

J=1,...,11

CALL REQUEST (IFAIL, NMIA, NDREQ)

regquest permanent file space for
lst To+l data file

\d

é.2) ENDFILE NM1A

REWIND NM1A l

- CALL: CATALOG (,NM1A, ...)

catalogue lst To+l data file




Diagram 8 (contd., 2)

+

(4.5) CALL FILENM (NM1B, %)

generate file name for 2nd To+1
data file (see diag. 12)

CALL REQUEST (IFAIL, NMIB, NDREQ)

request permanent file space for
Z2nd Toil data file

(4.7) ENDFILE NMIB

NS

H
H
H
:
¥

REWIND NM1B §

Y
CALL CATALOG (...,NMIB,...)
catalogue2nd TO+1 data file

|
O

Sty o e




Diagram 8 (contd. 3 )

B

z (5.0) J=1

A2

(5.1) CALL READBF (NDATA, BUFFER, LREC)

read To data for row J from channel
NDATA into time T-1 buffer space

s
i

J=J + 1
increment row number

CALL CHKBF (NDATA, IERR)
wait for completion of read

Y

(5.2) CALL COPYBC (... )

copy data from T-1 to T space
in input buffer

N

input work file

(5.3) CALL WRITEF (.., NWKIN, ...)

write 2 time levels of data to

No

J=NOREC?

(6.0) restore saved COMBAS variables

4,

(6.3) CALL RETURN (IFATL, NDATA)
return initial data file

\r

(6.4) CALL RETURN (IFAIL, NM1A)
return lst To+l data file

Y

(6.5) CALL RETURN (IFAIL, NMI1IRB)
return 2nd To+l data file

NLMNT? . false

true

~

RETURN ‘

(6.6) CALL DSMOUNT (... )
dismount private disk

— N
| RETURwa

S
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Diagram 9 <1,.7> SUBROUTINE RESUME define restart conditions

initialise common variables

!
(1.1) CALL DATINI i
(see diag. 10) z

i

(1.2) Save some COMBAS variables

(2.1)
CALL MOUNT (...) e tXE NLMNTo\\\>
. : a3 e
mount private disk files on *\\\\\
private disk

. false
files on public disks

Y ,

b

(2.2) c¢ALL ATTACH (..., NDATA,...)

attach restart data file, time To

#,

(2.5) CALL DATCOM {(NDATA, 1)

read common blocks from start
of Ty data file (see diag. 11)

NSTEP = NSTEP + |

previous runs terminated at step
NSTEP+1, with T, data at step NSTEP
i .
N4
|
NSTART = NSTEP
set NSTART to initial step number

\

(3.1) calculate length of extra work
space

NXTRWK = 2 scalar + 2 vector fields




rDiagram 9 (contd. 1)
VR

A

a7

calculate length of work buffer
NBUFLN = 2 time levels of data
+ NXTRWK

CALL WRITEF (e e, NWKOUT, ...)

open and structure output work file,
channel NWKOUT

g

L

B (

(3.2) caLn WRITEF (eu.,NWKIN,,,Q)
open input work file, channel NWXKIN

v

(4.0) CALL ATTACH (...,NMIA,...)
attach To+1 data file

%/

(4.3) CALL READRBRPE (NMiA,IBUF,ILEN)
read COMBAS from To+1 file

\

CALL CHKBF (NM1A,IERR)

wait for completion of read

e

i
1,
X

~7(4.4) "\\
" Does To+1 filex No

contain data for °
e,

‘ right time? A/x#”

4'Yes

Print error message saying

To+l data not found

e

R

¥

’ CALL ENDRUN

[
\/

STOP

]
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. CALL READBF (NMI1A,IRUF,1) g
read next common block {

wait for completion of read

CALL CHKBF (NM1A,IERR) %

M,

\\\\\\ﬁf/f//
QrYes

{ (5.0).J=1 ]

(5.1) CALL READBF (NDATA,BUFFER,LREC)

read To data for row J into
T-1 buffer space

Ny
3

CALL CHKBF (NDATA,IERR)
wait for completion of read

{
¥

{(5.2) CALL READBF (NMiA,BUFFER(Il),LREC)
read To+l data for row J into T buffer

%

J = J+1 ‘ i
read next common ; %
block | :
-
= \
4 J=NCOM?
7
s
space
7 = a4l |

CALL CHKBF (NMI1A,IERR)
wait for completion of read

)
\’ﬁr

U G S s 1 B S B G R

(5.3) CALYL WRITEF(..,NWKIN,...)
write 2 time levels to record J
of input work file, channel NWKIN

éf

o 5 NORE\ C
\

i




Diagram 9 (contd.3)

o

N

1]
i (6.1) restore saved COMBAS variables

, (6.3) CALL RETURN (IFAIL, NDATA)
1 return to data file

}

l (6.4) CALL RETURN (IFAIL, NMIA)

return To+l data file

|

_~(6:5)
NLMNT?

e

’ true
[

CALL DSMOUNT (...) {
dismount private disk )
i

false e
RETURN

e A S e s st

/

L RETURN |

j




Dizagram 10 i

S ad T

3D

common

Do %

complete time filter P STOP
{ = esei///:>

NSTOP = NSTOP-+1 Mo
e \ )
&~
Yes
— — - THETAQ \T>
§ <\\\£eseti//
CTH@ = COS (THETA®) \\{/
| \r No
> !
N
Y
»E_S s NWPTR
{ N \\ reset? -~
NWRITE = NWI'IME (NWPTR) \\\\f////
‘No

~

N

RETURN

10 'Sflf\UTIL. ATINI initialise
Vaflab]eu
(1.4) Preset some common variables 5
i
(2.0) read namelist /NEWRUN/ to reset
variables defined
a) in 81 of DATINI
b) in start data set
c¢) in common blocks COMBAS
or COMDDP, or preset in BASIC
| set auxiliary values’
N
_Yes DTIME \\\
E ~ \\\ reset? ,/
& //’
THODT = 2%*DIIME ~,
J !
N
] S Y o
i
extra time step at end to ///\\\
Yes .
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Diagram 11 <1.,9> SUBROUTINE DATCOM (kDA’A' KCALL)

2

read or write common blocks

channel number of data

Arguments: KDATA
KCALL=1 - read common blocks

« KCALL=2 -~ write common blocks

(3.1) write message saying
KCALL invalid

2

l CALL ENDRUN |

. 4
/////;? tSTOP
=R -
» read common bloc Efiii/i///wrlte common’blocxs \% .
’ 1
,E (2.1) CALL CHKBF (KDATA,IERR) (1.1) CALL CHKBF (KDATA, IERR)
check unit KDATA is ready 1 check unit KDATA is ready
) .
, , ? |
i |
| CALL READBF (KDATA, ) CALL WRITBF (KDATA,...) {
| yeag compas write COMBAS 1
i LA L X
| i "’ i
i ‘jr’ A (;
f AT |
| (2.2) CALL CHKBF(KDATA, IERR) (1.2) CALL CHKBF (KDATA, IERR)
i wait for completion of read wait for completion of write ;
. , _ A

CALL WRITBF (KDATA,...)

CALL READBF (KDATA,...) .
write COMHXP

read COMHKP

H

.

(2.3) CALL CHKBF (KDATA, IERR) (1.3) CALL CHKBF (KDATA, IERR) i

wait for completion of read wait for completion of write

r

CALL READBF (KDATA,...)
read COMMAP

2

CALL WRITBF (KDATA, ...)
write COMMAP

USRS

R B _ Y

CALL CHRBIF (KDATA, IERR) { CALL CHKBF (KDATA, LERR)

i wait for completion of read

Y

RETURN . : \g/

A At

RFTURN

wait for completion of write

[ —————
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Diagram 12 <2.14> SUBROUTINE FILENM (KFN, KSTEP)

generate unique permanent file name

Arguments: KFN(4) - Hollerith characters for namc, fil
to right with blanks
KSTEP - step number to be included in name
(1.1) CALL DATE (IDATE)
extract daté as DD/mm/YY
N
DECODE
store integer day, month, year
in ITEMPD{3)
i
Y
(1.2) CALL TIME (ITIME) k
extract time as HH.MM.SS E
Y
DECODE
store integer hour, minute,
second in ITEMPT (3)

evgo

N

{(1.3) insert leading zeros into
‘ step number, XSTEP, and
store in ISTEP (5)

v

(1.4) ENCODE

store step number, time
and date in filename,
KFN (4)

RETURN

file created at 10521.4Bam on 12/2/77 at step
KSTEP=38 would have the name
GEMINISTEP@GZP38X10X21X43X12X02X77




Diagram 13 <2,1> SUBROUTINE STEDPON

Advance calculation

(1.1)

CALL STARTN
start I/0 at northern boundary

{see diag. 14)

(1.2)

N

CALL NSSCAN
1/0 away from boundaries

(see diag. 15)

(1.3)

CALL BDYIO
I/0 at boundaries

(see diag. 16)

.,

NLEND

\false




SUBRCUTINE STARTN  Start I/0 at-
northern boundary

N A B
Diagram 14 <

/
]
vV

(1.1) Initialise displacements in blank common
of 4 input buffers.
Each buffer is of length NBUFLN,
with start addresses held in NLINE1 (4)

Y

(1.2) 1Initialise displacements in blank cocmmon
of 2 output buffers, held in
NLINEZ2 (2)

«

Ly T ARG S 5 oy st e

NROW = .1
row number [

v

(2.1) read data for northern row from input
workfile, channel NWKIN, into buffer
starting at NLINEI1(2)

(2.2) read data for 1 row to south from
NWKIN into buffer starting at
NLINEL (3)

/

(2.3) start to read data for 2 rows to south
from NWKIN into buffer starting at
NLINE1 (4)

(2.4) CALL LINEMS
perform calculations on northern row

(see diag. 17)

S

NROW = NROW + 1

increment row number

RETURN




Diagram 15

<2,8>

SUBROUTINE NSSCAN

107~

I/0 away from

boundaries

/71 D\\\\ Yes

NROW=

\\&ff?ﬁ;&>//
o
4/No

~

(1.2) swap input buffers
cyclically by changing
pointers in NLINEIL

PO b s b

swap output buffers

“cyclically by changing

pointers in NLINEZ2

%

B e A ot

start to read row NROW+2
from NWKIN to buffer to
which NLINEL (4) points

Y

(1.4)

start to write row NROW-1
to NWKOUT from buffer to
which NLINE2 (1) points

(1.5)

CALL LINEMS

perform calculations-on row NROW

{see diag. 16)

\

AN

NROW = NROW-+1

|I———

RETURN

SRp
i
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Diagram 16 <2.12> SUBROUTINE BDYIO

(1.0) INROW = 1 n
next row to be read

e ——

IOUTRW = NROW-1
next row to be written

é

T A d

IWKIN = NWKIN

work file from which data is
to be read

e S

IWKOUT = NWKOUT

work filekto which data is
to be written

7

(1.05) check row NROW
has been read successfully

=
v

-

I/0 at boundaries
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Diagram 16 (contd.1)

(1.1) swap input buffers
. cyclically
-

|

swap output buffers cyclically

|

(1.2) start to read row INROW

from IWKIN to buffer to which
NLINE1 (4) points

N (1.3) start to write row IOUTRW

to IWKOUT from buffer to which
NLINEZ2 (1) points

o ot PO Ao

1

(1.4) CALL LINEMS
perform calculation on row NROW

(see diag. 17)

% —

INROW = INROW+1

1

RN S—— IOUTRW IOUTRW+1

. R

NROW = NROW+1 i

i

g o
H PE
‘f‘w I\]RC)\ NO
Yes d d , 3,
O Comomowz > ©
- e -
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Diagram 16 (contd.2)

Yes
> N NLEND = .TRUE.
NSTOP? last step
completed
4 Mo N/
/ )
(1.6) NSTEP = NSTEP + 1 | RETURN

increment step number

swap NWKIN and NWKOUT ) {

(1.65) CALL SSWTCH (1,I)

test switch 1 to see if

operators wish to terminate
run

P No
B - = 17
\*// switch not set ///

Y Yes

NSW = 1
set switch flag

|

: , Mo /NSTEP:\
B D NWRITE+1?
not write~up time ////

-
Yes

NSW = 2

<:’\\ switch set at a
B

/ write-up time

e
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Diagram 18

SUBROUTINE COPYBC (KDISA, KDISB, KNO)

Arguments:

KDISA:

KDISB:

KNO

copy data in blank common
displacement in blank common of first
element to be copied :
displacement in blank common of first
element of area into which data is to

be copied

number of words to be copied

Assign subroutins arguments to local
‘variables

IDISA = KDISA, etc.

CALL MOVLEV (BUFFER(IDISA), BUFFER(IDISB), INO)

where Buffer (1} is the first element of blank

common

RETURN

|
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Diagram 19 <2.16> SUBROUTINE LIN1(KDISA, KDISB, KDISC, PB, KNO)

linear combination of 2 arrays in blank
common: C = A + PB X B

Arguments: KDISA: displacement in blank common of first
element of A

KDISB: displacement in blank common of first
element of B

KDISC: displacement in blank common of first
element of C

PB . constant such that C(J) = A(J)+PBXB(J)

KNO : length of arrays

Assign subroutine arguments to
local varisbles:

IDISA = KDISA, etc.

BUFFER (IDISC+J) = BUFFER (IDISA-J)
[T
! J = J41 _y S +PB X BUFFER (IDISCHJ) )

H

(where BUFFER (1) is the first element
of blank common)

B
!
1

PN

No . .
o o J = INO? ~
~.
\,l/
| Yes
N
RETURN
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Diagram 20 <Z.17> SUBROUTINE LINZ(KDISA, KDISB, KDISC, PA,PB,KNO)

linear combination of 2 arrays in blank
common: C = PAXA+PBxB

Arguments: KDISA: displacement in blank common of first
element of A ‘

KDISB: displacement in blank common of first
element of B

KDISC: displacement in blank common of first
element of C

PA ¢ constant multiplying array A
. PB : 1! ‘ 1t 1 B

KNO : length of arrays

Assign subroutine arguments to local
! variables:

IDISA = KDISA, etc,

(; S

BUFFER (IDISC + J) = ¥A x BUFFER(IDISA + J)

+ BB X BUFFER (IDISB + J) (a)

(a)

BUFFER(1) is the first element of blank common
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Diagram 21 <2,19> SUBROUTINE INIFLT (PCOSQ, KX, XY,
KMINP, KMINV)

initialisation for space filter

cos(8 ), where the space filter is to be
applied polewards of latitude 60

where PCOS®

i

KX

il

number of longitude points

KY number of latitude rows

il

KMINP(KY) = kpip, lowest filtered wavenumber, for
temperature rows

KMINV(KY) k for v-velocity rows

min’

P

ey

<9,1> Print error message

x divisible
by 47

Yes Y

~

CALL ENDRUN

1.2 Set scalar variables P

STOP

5 50 T b e

5
i

, 1 B
FR=TK+1 § SK(JK) = ~/SIN(JK.=)

e

initialise array SK from COMFLI

SRUINTSRRENLES Sy




Diagram 21 (contd, 1) é//

JK2

JK2+1

~f

e

N

ECS (1,J0X,JK2)

S(JX,K) for ¥ odd

2
Viﬁszn Qz*szxi) * (anl)*A%

N

. ECS(2,0X,J0K2)

i

i

H

C{JI¥,K) for x odd

2 e 5 .
végcos gZ*JK2—1) * (Jk-l)*A@

JX = J¥+1

2

ECS (3,J%,JK2) -

i

2
Yol
ViSIN

o,

E2RTR2% (IX~1) *Ak}

e

S(J%,;K) for K even

4

‘ 2 i .
ECS (4,9%,0K2) = /Zcos {2*JK2*(JX««1)*AA}
\

\

= C(JX,K) for K even

U 4
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Diagram 21 (contd. 2)

B

Y

<1

33>

JX = 1

v

JX

i

JX+1

e

i

Y

i

KX “

ECS (3,9%,7) = o°

XX

ECS (4,3%,==)

4

KX
= Ecs(4,Jx,75)

151,34> JK2 = 1

N

hd

!JV =

|

{ [

N,
4

NI i 1 7k ettt g

ECS IV, 1,JK2)

_ 1
Sz

* ECS(JV,1,JK2)

N

NAY

Jv+1

JK2

= JK2+1

>

KX
ECS(Jv,jf +1,JK2) = Loy ECS(JveE§
V2

4

+1,JK2)

Yes

~

!

A

No



" Diagram 21 (contd. 3)

©

§
v/

A 3 ! A e T 0 A5 e S Pt 5t -

Find smallest wavenumber to be filtered
at each latitude, Do not filter wavenumbers
larger than %%

<1.4> KMINP (1) = KMINV(1) = 52 44

2

do not filter at north pole

JY = 2
i
%
, KX
KMINP (JY) = KMINV(JY) = = + 1

default: no filter at row JY

[
H

§
11
&
!
i
3
i
¢
i
t
i
¥
H

e . e ;
ZRP = SIN{(JY~1) % AD) ., memieee
a ) ) 35050 ;
= COS (latitude of temperature points)
Cos (6 )
o
§
i »
ZRV = SIN{IY~ §) -AB) i.—mk-—*
7 3 PCOSO
= COS (latitude of V pecints)
cos (6 )
©
D




)

P

Diagram 21 (contd. 4)

KMINP (JY) =JK !
K=largest wavenumber z
such that i

;
i

KMINV(JY):JK
largest wavenumber to 2
filtered at latitude]

of v points ;

JY = Jv+l ,
next row .
[ox = 1]
N <+
V3
//
RKMEYP (7).
cos(lat)
) ; .,éi
B, No cos ( o) sin(JK.28)
neft wavonember &
1 CERVASK (IK) ,;?4//452;;;;§§<£
<1z 5+l
A {be
No
.
Y
& wam
S 2
Y

KMINP (KY)
do not filter Pgr

5 L

T, u or g at south pole

N

L

3

RETURN ’

OO
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Diagram 22 <2,18> SUBROUTINE FILTER (PFACT,KMIN,KBASE , KFLDS)

spatial filter

where PFACT

il

cos (latitude)/cos(6_) where the space
filter is to be applied polewards of
latitude 80

- KMIN = largest wavenumber to be filtered at —
this latitude.
KBASE = displacement in blank common of data to
be filtered.
KFLDS = number of fields to be filtered.

<1i.1> Yes T
KMIN>NX ? RETURN

N
4
2

£

No

<1.2> set local variables

A

{ R . No A" Is Yes ¥ .
| OPp Z-FRLSE. |- \\gfif\odd? 7 - ODD = .TRUE. |
B / |

N
/

IN= Yes

\\\ifiwi///// LAST = .TRUE.
4

I>LAST = ,FALSE,

Y

H

<2> fold data twice

S




Diagram 22 (contd,

1)

F(NX+2) = 7}2 F(X+1)

i

Y

1
F(NX+4) :/7 F (NX+4)

i

[<292> J=2

~

©)

v focmnr

0

LT

J=2 %
oy \/ |
s
"‘.""'
N 2.1 F(45(TJ-1)+2) = fJ
1
T . 6.2.1
F=g1 % (see egn )
v
13
4 ) oy
PP (T~ = £
: J |
: i
AN
No
<
N
i
1 A+
}.?‘(2)?/2 fi
7
y
1 .",.z._.
F(4)7§— f1
-




Diagram 22 (contd. 2)

J=J+1 |
N

-
S

*
[

1
-
~
e
-
h
tHh

-

I F(4,(J-1)43) = f_
|

No //ﬁéﬁgz??

N
\\\Etes
£

| F() = F(3) = 0

i
v
Y

F (NX+1) =¢7§F(Nx+1), g

\jr/
F(NX+3) =]i%F(NX+3)

I

H
i

| <3> Fourier filtering

g <3.1> filter wavenumber
} KMIN when KMIN is even

ZBEVN

fl

= 5 fSTS(J,KMIN)
J=1
(see egqn. 6.2.3)

ZAEVN =

AKPIN g

= % f_.C(J,KMIN) i
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Diagram 22 (contd., 3)

ZBEVN = ZBEVN -4 » (PFACT. SK(IC)~-1)

{J=J%1

S S 8

= A (A — » . 2
b Qo™ 1) "Pyypy (80 6 4)
with 3 - Cos(iat§ 1 (eqn.6.2.5)
- T . AX
KMIN  cos (0 ) &in (KMIN.=5)
At
| ZAEVN = ZAEVN:4.(PFACT+SK(IC)-1)
3 - 4. 1)
g Y O™ Pruan
v
Po=1 |
. ,
~KMIN
4 . . . i
X £ = £ 40 Ou o =1 vy wC (T KMIN)

filter wavenumber KMIN Ffourier component

e

b & b J VT
KMIN D bKMIN S (J, KMIN)




Diagram 22 (contd. 4)

G

Y

i IC=IC+1

/.
Y

<3 2> filter wavenumbers IC(odd) and IC + 1 (even)

PrTS—

= ¥ f;TS(J,IC)
J=1
{see egn, 6.2.3)

i

ZA0DD

i

it
o’
M
('}
-+
[aere

ZBEVN

..é,..

i

_—
| ZAEVN
—++
;7 -ClT,IC+1)

A

ZBODD-4 . (PFACT- SK (1C) ~1)
A1) - bro

S|

ZBODD

i

(see egns., 6.2.4 and 6.2.5)

¥ —

VA RS b R o ik \?’
f ZAODD = ZAODD 4 (PFACTXSK (I(.,) -1}
= 4 (A —1) ar

IcC

e Y
ZBEVN = ZBEVN- 4 {(PFACT bK(LC+1)~l)
45 (AIC+1 1)-a

fi

IC+1
| B N
: § ZAEVN = ZAEVN. 4. (PFACT. SK(TC+1)-1) 7
, - 4°{A¢c D a1~+1 g
e i N;ﬁb |

A
)
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Diagram 22 (contd. 5)
@
=1
. N
i ~1c I
£ = £ 4 40 O ~1)+b._.S(J,TC) i
A ) J 1C IC §
s e, } filter wavenumber IC fourier component 2
lJ = J-H! S , , i
I v
—ic - ]
=T s f — ° e
£ = £, 4 \AIC 1) a;."¢(3,10)
/A\\m\
~ NX
No ///1J=-+f?\\
< 4 >
Yes
i J=1
et e s N g
/ & o =
~IC+1
£ = £ 4 4. ~11 <3 Y5 TO+
PN J g Aoy By T8I, ICH)
filter wavenumber IC+] fourier component
% ~IC+1 ‘
+ ++
§ f = f £ - s & +
§ J g t4 (A1c+1 1) &l C{(J,1C+1)
1 | /;J\\
Y No g = ¥+1? \>
‘\\ /
\\\f’f
éiYes
| 1C = 10+2 ]
*www,.wm,w.,a,_ k]
N
AN
(/faf‘f NX,) No
0




6)

Diagram 22 (contd.

i
t

} <4> unfold data

’
Vg

e A g A

P NF, = 2 {(f++4f

)+ (£ +f“>}

!
?
s 1 (see egn. 6.2.6) }
s _ ) ;

',._‘.NM_,A.M..M_.%

La~="g1! s

BRI §

REFERERS

( )E|NLO'\}’+2-—J~ 211-{( +E ) - (f_++f'__"__»)«.]l.‘.,,,_

H

D e
<

o,

st Mt

| " P_(I)xF «

NLON+2-—J 7 (£ -
é i 5 4 J J
3 = 41 \;f

H

by s st e

T
= {(& ~f
1 J

(TxF P -
(£ ~f. )}

NLON+J

eemmsescessasein |
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Diagram 22 (contd. 7)

P N .§
’ = £ + (£, +f :
CFy = g2 L) v (e, ) |
S T’ i
\To
1 ++ — —
b T o= 2.V2 L(fy, 4 -
i NX i° NX L, TEL ) (£ +£ )} i
i R AT STl ST
7
e .
[P A g -+ ]
AR RE {(s SET) - (5 £ ) {
7 1 ]
\f"
F_ -+ + - *!
3NX = =V2, {7 +- e o i
+ N frx - (£ +f |
K = BB+ BX 41 NX+1)} ?
S S e}
A
] , .
z . ICOUNT = ICOUNT + 1 f
| number of fields filtered {

L

ICOUNT
<KFLDS?
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Diagram 23 SUBROUTINE DYN - detailed flow diagram

1
<1> Mitialise displacements )
of fields !

|

i

e . &
<2> Store constants in
local variables

fH—

Y

N
e
N — true /;/<3.05>\\

. ! ) -
| CALL STATS, i \\\\NLSTAT? ’
l statistics | : “\\

v J false
!
]
1

i )

JK = 1
ILEV = 0 .
top level T

P N g
\\ )

Yes N
e e e e e esig NROW:l?//J
Northern T e
boundary e
No

—— 7 gx=120N
top level S e

\; //
No

Yes “Wrow =“_No
MAXROW? A
\\

<

i Southern
N/

i boundary
/ 8 v

|<3.2>5ave Agv
(egqn. 2.4)

l %§T13M§£§éwzgﬁwzﬁ§“bm”‘mﬁ
{v Agv ;
- (egn. 1.4 and 2.4) . E

S . S

S S e & ¥

i

L

?<4.1}_Aﬂd nogthern part
of [zU] to & (eqn. 2.1)

;
i
i
]
;
|
;
[ SO -
{
e
7
- e ey e S - - S,
7 s
{
;
e >\
i R
.”/
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Diagram 23 (contd. 1) e
/ N
t B
“ /
N
\iE“
S 5
: /\
<5,1> §,v - 5 {(ucost) 5 - N I i
X No <5.0> <5.5> Set ghcst‘ vort:cﬂy
for southern rom vorL1c1ty,, & NROW= o Yes”ﬁw*”'beyond couth pole', 123,
egqn. 1.9 and 1.10) | MAXROW ¢ ! = ,
eq | / | to 122 (eqn. 13.2)
////Y ‘ !
\72>\\ No, %
/ JK =17 > —_— |
\\\\//
é Yes
- \
< NROW=1? N\\No
@ Yes % f
o
Save Py for row 2 at | ;
i noxrthern boundary % j
. — { i \/
<5, 25) Save pk for row 3
i
and A_ S g
pSCOSGAe ;
I
v
1, /-. -
;‘ —7
<5.3> add coriolis term }
to vorticity (egn.1.8) |
’ |
<5.4> Set 'ghost' vorticity l
<i NROW=1?>\_Yes, 'beyond north pole', IZ2, s
to IZ3 (egn. 13.2) |
%
’ No !
Y f
| <5.6> ILEV=TLEV+NLON '5
A = ;
TN w '{ JK =JK + 1 T
/-—4 TT IO I\O\ i : A
(IKENLEV St next vertical level TS
o | e
: Yes
\E'/

<&> Integrate hydrostatic equation from
bottom to top, and stere 4 % ¢ in IH2
(egn. 1.11)

N
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Diagram.EB (contd. 2)

<7.0> JK=1,

Yes

7.3>21~§v o

__4Xz"1
SUM= "NLON

A

A “’“"!

.2

IH2$%(IH2+ZSUM) !
13.1)
- ,
,)(
//'<7 4>\
NLSTAT

(ean.

false
\\»

e

-
Ny

. true
3
ZKE=ZKE + (A O) x Z1
accumulate KE over levels

!
~
i
z
i

s e e —

1
STKE=STKE + >cosb ps
477w 2
P 5
accumulate KE over rows

. ZKE

ILEV=OWW

N
H
;

¥

; . e
<7.1> IH2=IH2+= V- cosh
COS

u2

{egqn. 1.7)

\i',

IKE V cosB

cosh 0?2

iklnetlc energy forxr Qtatl%thS

PR 1

IH2=5(IH2+2U2 )

1.6)

{egn.

N

.

- P
\\(Yes

X 1
| STKE = STKE.—— |
5 NLONZCOS@u |
lnormalise E Yows j
L ]

v B
| N
%STTE = STKE + STPE |
lﬁotal energy = KEIPE |
| IR N !

Y. z’

' pljnt for step!

%taLlStLCu

L

4

<7.6>

ILEV = ILEVHNLON

(" NLSTAT?
\\\\//
Y 3 true

<7.26> ZKE=ZKE+A O0__ T IKE
0 JKJL JL,,JK

;
l
{
i
|
; accumulate KB over levels
i

No

_WWWQWW,/ JK=NLEV?™ >

\/

[ e SO R

1
STRE=STKE + =%KE x cosb :
4 u2 !

rows

accunulate XKE over

T

b
!

i

i

¥
g ?: ~ s - —
H _ - i
POJE=JK + 1 ‘

T next vertical level
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Diagram 23 (contd. 3) “p

<8> JK'=1, ILEV=0

i H
{ top level |,
i

| e ()
Yes ///;;ow\\\> -
—e \\\\\XR@:;//

!NO

<8.03> ctore 4n (ps,) in ILNPSB{

'«<8.1> Store fIn (ps,) ! Yes //,///b7>\ No [T
in ILNPSZ2 2 “-%%:i<g NROW=17 . ' <8 15> Store 1/p in IRPS |
\ R e e e e
Y : \\\\/// T
Ftore l/ps in IRPS % ’Store 2p in TPT2 |
v ' - T w"_r—mw"“““'
o —0 T iSfOlO A (xnn ) ln—ig;;}L o
!Store 2pg in IPT2 } il K“ |
WMKJ IR
%Store AG(anS) in IDLNPT 1§E9£? A}(Rnpq) in IDLNPT |

¥ | ; -

N

N P <" B <.
_ Yes //:;:;;\\\\g?
4 NROWzlﬁ/// > ;
/ I
; ‘ e N
u=p ru, |
<8.25> V_= p “cosf Y5 ‘ 2 s 2 i

Jr=1 PT2rJL
NLOE
¥
<B8.4> U = 0 g N
2,0 |
28
Uy 557 Yy gp” 1~SIGN,M£§{VPM%,JL~ZE)
(egn. 11}
, A e
i B JLON i
©.5> Y2,017%2, 017 by Y2 |
! (egqn. 12) NL.ON j
L N




Diagram 23 (contd. 4) L

p—

Yes <Q.0>-

e <‘; NROW=1? >

\\\ No

P S
!
:<9.1> AdAd southern part of

i—]zﬂ to g—% (eqn. 2.1)

\/

“NROW= “._ Yes

<. MAXROW? f"r:-—~—-*~-->-~w_«_A-_.KM__W.,_“,A

\\\\,~
«,ho
<9.2> Add northern part of
ag
St (egn. 1.1)

\k
-

;ZVcosel to

<9.3> Add southern part of ?
— - du f
lZVcosG! to =x— %
- - ot
N
[ !
. <9.4> save northern part of :
r%ﬂ for next row of IUZZ

T NROW=1?

No

b 1 -0 :
§<10.0> rad - 'E".Séeék{cb + E}

éw_,” ) to gE (egn. 1.2)

i

\/

Add - = 6 (@ + E) |

%to %g (eqn. 2.2)
. t

I \V -

//22.0>\

— ~._ Yes

< NROW= 5
S\ MAXROW? /
M f

LN Cﬁ?l
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Diagram 23 (contd.
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’ /,k
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J

\\A.,,/
1
Y
Y S

i
<15.0> ILEV=0, JK=1 |
top level j

e

i

I
|
i
|

N Y

e o< e £ e b

/ NROW=  NYes oo

- MAXROW?/ )
\(NO '

Y B
//. \\\\
e ™.

Yes .
e

z
i
§

o e

i <15.4> Store .
i acos

< NROW=1? =

,'//

Mo
oV

-~-R =0
15.8 Add —g T 66 (ans)

ov
to 5% (egn. 2.3)

2
5 T Siﬁnps)

.in ZTEMP

-
T

—

-RT

5> ——ee 23

<15.5> Add —==50, ( ‘?s)
oT .

to 5T (egqn. 1.3)

Rr—

e S
uT GK( nps)

acosB

§
to §I (egn. 5.6) ,
ot i

S hd

1

i

JK = JK + 1
i next vertical level
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\\_,‘//
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' - |
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. Diagram 23 (contd.8) ) < M
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‘ﬁ.a:&—w«&—:—b:;“v:“-'-'~‘~:—;-”~?‘-"v'~’~-'~d7W»——":’ = e & L <169 O> Add tO g‘{
<15.7> . f :
|
K -0 NT,ON
' R84 ——— Veos T 8. (4p ) | 2k NLON
I acosf ) s | e —---—i (VrosST 8 \an )
| T ! acosd _L.NLONJ 1 8 s’ p-k,
} to (eqn' 5.7) { P L"‘“ :
N {egn. 9.5)
i IIHMNF \F/
A Lo v
i Adga —~T SB(an ) to 5T .
! {eqn. 2.3)
T
T
~ 7 s i
96.2> ILEV=ILEV+NLON J
A
/\
J S
B JK=NLE;>>
\\‘\
Y% Yes
e e N .
iYes <1703
| set 2o g ar €7 NROW=17 ™
1 ot AN, Fs
top level | + No
b i
§
& MAXROW” >
;! \\\ d
N v S
P T T T ~'“"T
<17.07> ILFV-—NLON - JK=2 ;
R — < r
! —C ]
| ~P 0A TT - i
[<17.1> adad m-z&m to o g A
i G - -~
o ot
{egn. 5.3)
\/ B T |
~~~~~~~~ I JK = JK + 1

OAq
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R

{
H
{
!
:
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ot
‘ (egn. 6.3) i
|
R R S
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