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I ABSTRACT

I This technical note descr ibes a forecast model for the

thermal structure of the upper ocean developed for Fleet

I Numer ical Weather Central (FNWC ) by NORD1~ Code 322. Br ief

I discussions of the capabilities and limitations of the

model , its sof tware desiqn , and its impacts on and

I interfaces with the FNWC operational system are given .
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I. INTRODUCTION

A. PURPOSE OF THIS FUNCTIONAL DESCRIPTION

I This functional descr iption of the NORDA Hemispheric Mixed Layer Model
System (HMLMS) is written to provide:

I 1. A statement of the basic capabilities and limitations of the model.

I 2. A statement of the computer resources required .

3. A statement of the data fields required.

I 4. A descr iption of the basic function of each program module , the I/O file
structure, and the flow of program control and data through the system .

1 5. A basis for the development of system tests.

B. PROJ ECT REFERENCES

I 1. Clancy, B. M. (1979). A Model of Diurnal Variability of tne
Ocean—atmosphere System in the Undisturbed Trade Wind Regime . Tech .
Repor t SAI—79—807 —WA , Science Appl ications , Inc . ,  8400 Westpark Dr ive ,

I McLean , VA.

2. Jerlov , N. C. (1951). Optical Studies of Ocean Waters. Rept . of the

I Swedish Deep Sea Exp.,  Vol. 3, No. 1, p. 3—59 (Goteborg).

3. Martin , P. J. (1976). A Comparison of Three Diffusion Models of the
— Upper Mixed Layer of the Ocean. NRL Memorandum Report 3399, NavalI Research Laboratory, Washington , DC, 62 p.

4. Martin , P. J. and C. 0. Roberts (1977). An Estimate of the Impact of

I O’rEC Operation on the Vertical Distr ibution of Heat in the Gulf of
Mexico. Proc. of 4th OTEC Symposium , P. IV—26, C. Ioup. (ed 1).

I 5. Martin , P. J. and G. 0. Roberts (1978). Peak Current Profile Estimates
at Selected Sites for Ocean Thermal Energy Conversion. SAl Tech.
Report, Science Applications, Inc., 8400 Westpark Drive, McLean, VA.

I 6. Martin , P. 3. and 3. D. Thompson (1979). Formulation and Testing of a
Layer—Compatible Upper Ocean Mixed—layer Model. Paper submitted to
Journal of Physical Oceanography .

I 7. Mellor , G. L. and T. Yamada (1974). A Hierarchy of Turbulence Closure
Models for Planetary Boundary Layers. J. Atn~os. Sci., 31 , 1791—1806 .

I 8. Mellor , C. L. and P. A. Durbin ( 1975). The Structure and Dynamics of
the Ocean Surface Mixed Layer . 3. Phys. Oceanoq., 5, 718—725.

I 
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9. Pollard , P. T. and P. C. Millard (1970). Comparison Between Observed
and Simulated Wind—generated Inertial Oscillations . Deep Sea Res., 17,
813—821.

II. SYSTEM SUMMARY

A. BACKGROUND

The ever— increasing sophistication of the Navy ’s var ious underwater
detection systems has made knowledge ef the thermal structure of the upper ocean ot
pr ime importance to the Fleet. For example , the performance of both active and
passive sonar systems is closely linked to the depth of the upper mixed layer of ttw~ocean . Also , the decay of submar ine wakes in the upper ocean depends critically on
t~ e weak stratification of the mixed layer .

The thermal structure of the upper ocean is frequently and substantial],
modified by the passage of atmospheric disturbances. In addition , the d iurna l sol ar
heating cycle alters this structure in an important way. Presentl’i, however , the
Navy has no capability to forecast changes in the thermal structure of the upper
ocean and must rely on a daily analysis of very sparse data to construct a best
guess of the existing thermal field.

B. OBJECTIVES

The main objective of the RMU.IS is to provide FNWC with the capability tc
perform 72 hour forecasts of changes in the upper ocean therma l structure forced
direc tly by fluxes of heat, moisture , and momentum across the air—sea interface .
Fur thermore , the HMLMS can form the basis of a system , not descr ibed in this repor t,
whereby data input to the Ocean Thermal Structure Analysis can be supplemented by
model—predicted temperature profiles. This system , which is similar to the 24 hour
update cycle of the FNWC PE model , would put much more informa t ion into the analys is
program than is currently possible and tend to make the resulting analyzed fields
dynamically consistent with the atmospher ic forcing . This may significantly improve
the analyzed ocean thermal structure , particularly in data—sparse regions .

C. EXISTING METHODS AND PROCEDURES

FNWC currently has no capability to dynamically forecast changes in the
thermal structure of the upper ocean. Persistence or climatology provide the only
alternatives presently available.

D. PROPOSED METHODS AND PROCEDU RES

The HMtJ4S is a forecast model of the upper ocean which consists of
conservation equations for heat, salinity , and horizonta l momentum solved on the
standard FN~K2 Northern Hemisphere 63 x 63 Polar Stereographic Gr id with 17 levels in
the vertical . It is initialized and dr iven by data fields routinely available on
the FNWC System. In the present version of the model, qeostrophic currents and
hor izontal and vertica l advection of all quantities are assumed to be zero. 
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1. Thrbulence Parameterization

I The Level—2 turbulence closure theory of Mellor and Yamada (1974) is
used to par auleter ize the vertical eddy fluxes of heat, salinity , and momentum . This
turbulence parameterization model has been applied to the upper mixed layer of the
ocean with success by Mellor and Durbin (1975), Martin (1976), Martin and Roberts( (1977), Martin and Roberts (1978), Martin and Thompson (1979), and Clancy (1979).

2. Internal Wave Parameter ization

I The damping of inertial oscillations in the mixed layer due to downward
pr opagati on of internal wave energy is parame ter ized with a constant damping
coefficient in the manner suggested by Pollard and Millard (1970).

3. Solar Radiation Parameter izat ion

Absorption of solar radiation in the upper ocean is modeled usino the
‘lype I extinction profile for clear ocean water from Jerlov (1951).

4. Initial Conditions

a. Temperature

I The initial temperature field is taken from the most recent Ocean
Thermal Structure Analysis produced by the FNWC Operational System . The model can
accept input from either the Expanded Ocean Thermal Structure (EG~S) analys is system
or the older Ocean Thermal Structure (OTS) analysis system.

h. Salinity

I Salinity is carried in the model , since it makes an important
contr ibution to the density stratification in some regions and thereby affects the
vertical turbulent mixing . The initial salinity field is taken from monthly

I climatology rnain€ained at FNWC. In addition , an option exists in the model which
allows the salinity to be adjusted slightly from climatology in order to guarantee
that: (1) the initial density stratification below the Primary Layer Depth (PLD),

I pr ov ided by the Ocean Thermal Structure Analysis, does not fall below some
user—specified minimum value , and (2) the inital density stratification from the PLD
to the sur face is neutral . This option can be p ar t icu lar ly  advantageous in h igh
latitudes where anomalous salinity distr ibutions often allow strong temperature

I inversions to exist at the base of the mixed layer .

c. Momentum

I The horizontal momentum is ini t ial ly assumed zero below the PLD .
From the PLD to the sur face , the hor izontal momentum is ini t ia l ly  taken to vary

I linearly such that the vertically averaged f low in this region is equal to the
vertically averaged Ekman d r i f t , assuming zero stress at the PLD . This treatment
greatly reduces the amplitude of the inertial oscillations caused by the ini t ia l

1
I
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switching on of the wind stress and allows the various fields to adjust to one
another and the surface forcing much more rapidly than would be the case if the
initial flow field was set to zero everywhere.

5. Boundary Conditions

a. Upper Boundary Conditions

The upper boundary conditions for the differentia l equations are
supplied by the fluxes of heat, moisture . and momentum at the sea surface predicted
by the FNWC operational atmospheric models.

b. Lower Boundary t.onditions

Time—invariant lower boundary conditions on temperature , salin ity
and momentum are imposed at a depth of 500 m. The temperature here is determined by
linearly extrapolating the temperature predicted by the analysis program down to
this level. Similarly, the salinity at this depth is determined by downward
extrapolatier, of the salinity provided by the climatoloqical data base. Momentum is
set to zero at the lower boundary.

c .  Lateral Boundary Conditions

Since the hor izontal advection of all quantities is neglected in the
model , no lateral boundary conditions are required .

6. Ver tical Gr id

The ver tically stretched gr id consists of 17 levels between the surface
and 500 m depth . The depth of each of the levels is given in Table 1. Note that
high ver tical resolution (i.e., 5 m ) is provided near the surface. Note also that
every fixed level in the EOTS Analysis System is represented as a gr idpoint in the
model.

7. Numer ical Scheme

The parabolic conservation equations for heat , salinity and momentum are
solved by forward time differencing . The Coriolis terms and all vertical diffusion
(i.e., eddy flux ) terms are treated implicitly.

E. SUMMARY OF IMPROVEMENTS

The HMU4S will provide FNWC with a capability that it does not presently
have: the capability to produce 72 hour forecasts of changes in the thermal
structure of the upper ocean . The model will be useful for forecasting upper ocean
modification due to the passage of atmospheric high and low pressure areas and their
associated warm and cold fronts. In addition , it will successfully predict the
diurnal  variation in mixed layer depth and stratification due to solar heating .
Because of the reasons cited in section II. A , these products will be of value to
the Fleet .

4
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TABLE 1

I
VERTICAL GRID

GRIDPOINT NUMBER DEPTH ( ii’ )

I
1 2.5

I 2 7.5

. 1
I 5 25.0

6 32.5

I 7 40.0

:
P i 10 75.0

11 100.0

I 12 125.0

13 150.0

I 14 200.0

i 15 300.0

16 400.0

1 17 500.0

I
I
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F. SUMMARY OF IMPACTS

1. Eq~u pment Impact

No additional equipment is required for this project.

2. Software In~pacts

No changes in , or addi tions to , existing suppor t software are reouirec~
tor this project.

3. Organiza tional Impacts

Although the pr imary responsibility for performing the OPSCHKOUT and

~-PSLVAL procedures on, this system w ill be wi th FNWC personnel , NORDA Code 322 will
re nder whatever assistance is necessary to facilitate this process.

4. Operational Impacts

Because of the minima l amount of computer resources reouired (see
section III. A) and the routine availability of needed data fields (see section III.
B), the impact of this model on the operational system will be negligible.

5. Developmental Impacts

The bulk of the development work on this system has been completed . If
problems ar ise dur ing the OPSCHKOUT phase, it is anticipated that they can be solved
-V i a updates to the OPSPL file.

G. EXPECTED LIMITATIONS

It must be stressed that this model is capable of forecasting 2~~.Y 
the

changes in the upper ocean that are forced directly by fluxes of heat, moisture , and
momentum across the air—sea interface . Over most of the ocean , these fluxes do
control the time evolution of the upper ocean thermal structure on the 3—day time
scale. However , in western boundary currents , near strong oceanic fron ts, and in
reg ions of in tense upwelling , advective processes can make an important contr ibution
to , or perhaps even dominate , the time evolution of the upper ocean. In these
special regions , the model may not perform well.

Furthermore , it must be realized that the model predictions will be only as
good as the available data allow : if the initial conditions provided by the Ocean
Thermal Structure Analysis and the climatoloqical salinity data base are bad , then
the model forecast will be equally as bad . In addition , the model can pr oduce
realistic results only if the surface fluxes predicted by the FNWC atmospheric
models are realistic.

Fina l l y ,  it should be noted that the model will be limited by the lack of a
synoptic analysis for salinity . Thus, in regions where anomalous sa l ini ty

6 
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distr ibutions (i.e., those differ ing from climatology) make a significant
contr ibution to the density stratification , the model may not perform well.

I I I .  DETAILED CHARACTERISTICS

A. SPECIFIC PROCEDURES AND RESOURCE REQUIREMENTS

I The t-IMU~1S System consists of three major components: Program SETUP, Proqrarr
MAI N, and Pr ogr am PICTURE.

I Program SETup, which accesses the necessary data fields, sorts them , and
writes the sorted fields on scratch Disk files for subsequent input to the forecast
m’~-~-~1, requires about 124 K8 words of CM. However , the program uses no ECS and

I x~-cutes only about 1.9 CP minutes on the SPC in preparation for a 72 hour forecast.

Program MAIN , which comprises the actual forecast model , uses only about 51
Kg wor ds of CM , no ECS, and executes about 8.4 CP minutes on the SPC for a 72 hour

I
Program PICTURE, which produces ZRANDIO records of selected model output

I fields for subsequent input to the standard F’NWC VARIMAP plotting package , requires
about 53 K8 words of CM , no ECS, and executes less than 0.2 CP minutes on the SPC.

The scratch disk space required by all of the components is well within the
FNWC mass storage limit.

I 
B. DATA REQUIREMENTS

1. Ocean Thermal Structure Data

I If the model is to be initialized with data from the OTS Analysis
System, the most recent version of the products listed in Table 2 must be available.
These quantities are routinely accessible on MASFNWC from the SPC.

I If the model is to be initialized with data from the EOTS Analysis
System, the most recent version of the products listed in Table 3 mus t be ava ila ble.
These quantities are not maintained on SPC . However , they can be easily restored
from the appropr iate G~SDUMP tape using standard FNWC Routine PSTRZIO.

2. Clirratolog ical Salinity Data

I The climatolog ical salinity fields for the appropr iate month listed in
Table 4 must be available to initialize the model. These fields are maintained on

I 
CLIMAST for the current month and are easily accessible from SPC.

3. Su r face Flux Data

I The products generated by the FNWC ~i os~”~ier ic models listed in Table 5
a~’e required to provide the surface forcing f. 

- ie model. All of these fields at
the designated forecast times are easily acc~~siole on MASFNWC from SPC.

‘ I
7
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TABLE 2

OCEAN THERMAL STRUCTURE DATA FIELDS REQUIRED 10

INITIALIZE THE MODEL FROM THE O’I’S ANALYSIS SYSTEM

DATA ENTRY FNWC CATALOG DEFINITION OF

NUMBER NUMBER DATA FIELD

1 838 Pr imary layer depth (PLD)

2 P32 Temperature at PLD

3 P39 Gradient 100 ft above PLD

4 P31 Thermocline gradient

5 P40 Gradient 100 ft below PLD

6 BlO Sea surface temperature

7 P14 Sur face to 200 ft gradient

8 P15 200 to 400 ft gradient

9 P16 400 to 600 f t gradien t

10 P17 600 to 800 ft grad ient

11 P18 800 to 1000 ft gradient

12 P19 1000 to 1200 f t  qradient

8

— 

---
: 

‘ _ i-_ __
~

_ ___ ___
~

_ _
~

_ _ • _ _
”

_ 
~~~~~



- 
- -

I
TABLE 3

I OCEAN THERMA L STRUCTURE DATA FIELDS REQUIRED ~IO

INITIALIZE THE MODEL FROM THE EOTS ANALYSIS SYSTEM

DATA ENTRY FNWC CATALOG DEFINITIO N OF

I NU MBER NUMBER DATA FIELD

I 1 AM Pr imary layer depth (PU))

2 MB Temperature at PLD

3 MC Gradient 25 m above PLD

1 4 MD Gradient 12.5 ir below PLD

5 ME Gradient between 12.5 and 2’- ~

I below PLD

I 
6 AAF Gradient between 25 and 50 m

below PLD

I 7 MI Sea surface temperature

8 AAQ Sur face to 25 in gradien t

I 9 MR 25 to 50 m gradient

10 MS 50 to 75 in gradient

I 11 MT 75 to 100 in grad ient

I 12 MU 100 to 125 in gradient

13 MV 125 to 150 in gradient

1 14 MW 150 to 200 m gradient

15 MX 200 to 250 in gradient

I 16 MY 250 to 300 m grad ient

17 AAZ 300 to 400 in gradient

I
ii  
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TABLE 4

CLIMATOL X~ICAL SALINITY DATA FIELDS

REQUIRED ‘10 INITIALIZE THE MODEL

DATA ENTRY FNWC CATALOG DEFINITION OF

NUMBER NUMBER DATA FIELD

• — 1 S0000 ? Sa l ini ty at sur face

2 S0025 ? Salini ty at 25 m depth

3 S0050 ? Sal inity at 50 m depth

4 S0100 ? Salinity at iüü in depth

5 S0150 ? Salin ity at 150 m depth

6 S0200 ? Sa l i n i ty a t 200 m depth

7 S0400 ? Salinity at 400 m depth

? = A, B, C,...L for month = Jan., Feb., March ,... Dec.

10 .,
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TABLE 5

I
DATA FIELDS REQUIRED TO PROVIDE THE

I SURFACE FLUXES FOR THE MODEL

I TAU

DATA ENTRY FNWC CATALOG DEFINITION OF ( Forecas t

NUMBER NUMBER DATA FIELD Time in Hours )

1 A35 Boundary layer wind *

speed (PB L model)

1 2 A36 Boundary layer wind *

direction ( PBL model )

J I 3 All Solar radiation f lux *

I (PE model )

4 A18 Total heat f lux *

I (PE model)

5 A52 Evaporative heat *

flu x (PE model)

6 A62 Precipi tation **I (PE model)

I * = 0, 6 , 12, 18, 24, 30 , 36, 42, 48 , 54, 60 , 66 , 72

** = 12, 24 , 36, 48 , 60 , 72

‘ I
I

I I
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C. SYSTEM FUNCTIONS AND I/O FILE STRUCTURE

The basic function of each program module and the I/O file structure aro
given below. A schematic diagram of the flow of proqram control and data is
given in Figure 1.

1.

This program and its associated subroutines access the required dato
fields on the FNWC System , and produce three sorted data tiles (on scratch Disk
t ile units 11, 12, and 13) for subsequent input to the forecast model .

The first logical record on unit 11 contains 7 words of
miscellaneous data to be passed to the forecast model. The remaining ISEI\
logical records on unit 11 contain the Ocean Thermal Structure Data at each sea
qr idpoint in the 63 x 63 gr id, where ISEA is the total number of sea gridpoints .
iThie number of words on each of these logical records will be either 12 or 17,
depending on whether the data is taken from the ors Analysis System or the LOTS
Analysis System (see Tables 2 and 3). The order of the data entries in each
logical record will be the same as given in either Table 2 or Table 3.

The file on unit 12 contains ISLA logical records, with each record
containing the climatoloçjical salinity data at a sea point in the 63 x 63 gr id .
Each record contains 7 words of data arranged in the order shown in Table 4.

Unit 13 contains ISEA groups of 13 logical records in each qroup for
a total of ISEA*13 logical records. The Nth record in the Kth group contains
the sur face flux data at the Kth sea point in the 63 x 63 gr id for TAO (i.e.
forecast time in hours) equal to 6* (N—l). Thus, for example, the 18th logical
record on unit 13 contains the surface flux data at the second sea qridpoint for
TAU=24. Each of these logical records contains 6 data entr ies arranged in the
order shown in Table 6. The components of the surface wind stress (US ,VS) are
determined using a bulk aerodynamic drag coefficient . The net surface heat flux
is given by the difference between the total heat flux (A18) and the solar
radiation flux (All).

The total number of sea gridpoints ISEA , varies from week to week
with the extent of the ice coverage. In sweeping through the 63 x 63 gr id , the
column index is always assumed to vary more rapidly than the row index.

a. Subroutine OLREAD

This routine reads ZRANDIO formatted data fields from MASFNWC.

b. Subroutine DUNWRT

This routine wri tes scratch Disk files necessary for temporary
storage.

c. Subroutine DUMLOAD

This routine writes scratch Disk files necessary for temporary
storage .

_ •
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l MASFNW C OCEAN THERMAL STRUCTURE DAT A PROGRAM
TU~~AE1tUYD~iA SETUP

I _SORT ED THERMAL DATA (UNIT 11)
SCRATCHI Disk — 

SORT ED SAUNITY DATA (UNIT 12)

• FILE SORTED SURFACE FLUX DATA (UNIT 13)

II ( ISORT ED THERMAL OATA (UNIT th~~~~~~~~~

I I
LS~~~~~ P~IAJ~~!Ith — — 

PROGRAM

I SCRATCH MODEL FORECAST FIELDS (UNIT 17)
DISK ~~ 

-

i \~~~FILE
} 

_ _ _ _ _ _ _

4 MODEL FORECAST FIELDS (UNIT 17)

I PROGRAM 
_ _ _ _ _ _ _ _ _ _

I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
PICTURE 

~ 
T

I * 
~~~~~~~~INT!J

i TO VARIMAP STOP

I Figure 1. Schematic diagram showing flow of program control (— -
~) and data (— .--

~~)• throuqh the system.

I
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TABLE 6

- - DERIVED SURFACE FLUX FIELDS INPUT TO THE MODEL

DATA ENTRY MODEL VARIABLE DEFINITION

NUMBER NAME

1 US E—W component of surface wind stress

2 VS N—S component of sur face wind stress

3 (P Sur face solar radiation flux

4 TS Ne t surface heat f l u x  (sum of surface

latent, sensible , and infrared)

5 QE Surface latent heat flux

6 PE Precipitation

14 
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I
2. Program MAIN

This pr ogram is the dr iver of the forecast model . It in i t i a l i zes
constants, coordinates the flow of data into and out of the model , and controls
the numer ical integration procedure.

a. Subroutine TSET

This routine initializes certain parameters to specific values ,
depending on whether the Ocean Thermal Structure Data is taken from the UFS
Analysis System or the ECTS Analysis System.

b. Subroutine LOCAL

This routine controls the ini t ial izat ion of all quantit ies that
v~~~’ from point to point in the 63 x 63 gr id .

c. Subroutine TINITL

This routine reads the Ocean Thermal Structure data from unit 11
and initializes the vertical temperature profiles . The f i le  s t ructure  for the
:~ata on unit 11 is given in section III. C. 1.

d. Subroutine SINITL

This routine reads the climatoloqical salinity data from unit 12
and initializes the vertical salinity profile. The file structure for the data
on unit 12 is given in section III. C. 1.

e. Subroutine UVINITL

This routine initializes the vertical momentum profile such that
the flow , ver t ica l ly  averaged from the sur face to the PLD , is equal to the
vertically averaged Ekman d r i f t .

f. Subroutine SFLUX

This routine reads the surface f lux data from unit  13 and stores
them for interpolation in t ime . The f i le  structur e for the data on unit 13 is
gi ven in section III .  C. 1.

q. Subroutine EDDYCO

This routine calculates the vertical profiles of the eddy
dif fus ion coefficients for heat , salinity , and momentum.

h. Subroutine ~~~DEN

• This routine calculates the density of sea water at atmospher ic
pressure as a function of temperature and salinity .

15
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i. Subroutine FDS1

This routine per forms the f in i t e  difference update for each time
step.

j. Subroutine TRIDIA

This rou tine solves a system of linear equations, for which the
matr ix of the coefficients is tn —diagonal , as required by the impl icit finite
ditference scheme.

k. Subroutine PENDIA

This routine solves a system of linear equations, for which the
matr ix ot t~~e coefficients is penta—diagonal, as required by the impl icit finite
d i ’  ~en~e scheme .

1. Subroutine FIANNIN

This routine applies a Hannin smoother to the vertical profile
or the eddy diffusion coefficients in order to increase the stability of the
nu:~er icol scheme .

m. Subroutine SFNE1~

This routine updates the surface fluxes every time step by
interoolatinq between the values stored at 6 hour intervals and read by
Subroutine SFLIJX. The components of the surface wind stress (US, VS), the
~ur face latent heat flux (OE), and the Ilet surface heat f l u x  (TS , i.e. the sum
of - he sur face latent , sensible , and inf rared  hea t fluxes ) are in ter pola ted
li nearly in time . The surface solar radiation flux (QP ) is set proportional to
-‘e local zenith angle of the sun , which varies sinusoidally in space and tirre .

1hc- amplitude of this flux is allowed to vary l inearly in time (to account tor
changes in cloud cover) such that the resultino curve passes throuqh all of the
points supplied at 6 hour intervals by the FNWC atmospher ic models. The sur face
prec ipi tation (PE ) repr esen ts accumula ted ra in fa l l  over the previou s 12 hours
and is available only at 12 hour intervals. It is used to determine a
time—averaged precipitation rate for each of these 12 hour per iods. Thus, for
each success ive 12 hour per iod of the forecast , the model sees a constant
precipitation rate.

n. Subroutine ZENITH

This routine calculates the zenith angle of the sun , for
interpolation of the solar flux by SFNEW , as a function of latitude , long itude ,
hour of the day, and day of the year .

o. Subroutine PRNTDA

This ro utine pr ints the predicted fields on the l ine pr inter at
selected t ime intervals at selected points in the 63 x 63 qr id .

16 
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I p. Subroutine SAVE

This routine writes the forecast fields of interest onto unit 17
(a scratch Disk file) for subsequent input to program PICTURE. The first
logical record on uni t  17 contains 12 words of miscellaneous data and is wri t ten
by program MAIN. The remainder of unit  17 is writ ten by subroutine SAVE and

I 
consists of 3969 groups of (72/ISAVE +1) logical records in each group for a
total of 3969* (72/ISAVE + 1) logical records. Here ISAVE is the user—specified
time in hours between saves of the forecast fields and 3969 is the total number
of points in the 63 x 63 grid . The Nth record in the Kth group contains the

I forecast fields , at the Kth point in the gr id for TAU ( i .e . ,  forecast time in
hours) equal to (N_ l)*ISAVE. Thus , for example , if ISAVE=l2, the 11th logical
record on unit 17 contains the forecast data at the second gr idpoint for TPIJ=24

I (recall that the f i r s t  logical record on the f i le  contains miscellaneous d a t a ) .
Each of the records containing forecast data have 18 data entr ies arranged in
the order shown in Table 7. Dummy data is stored at land points in the grid .
Output of additional fields ( density for example ) can be accomplished by aI tr ivial modification of the program.

3. Program PICTURE

I This program and its associated subroutines access the model
forecast fields written on unit 17 by program MAIN and produce
VARIMAP—compatible ZRANDIO records of selected fields (or differences ofI selected fields between two forecast times) on file ZYOX1W2 .

a. Subroutine TREAD

I This routine reads the data off unit 17 and selects the field
(or difference of two f i elds ) of interest. File structure for the data on unit

I 17 is gi ven in section I I I . C .2 .p .

b. Subroutine LAND

I This routine assigns dummy values to a field at land gridpoints
such that , when it is plotted using land/sea discr imination , the contours of the
field will cut across the coastline in a smooth and consistent fashion.

I c. Subroutine CREATE

This routine writes a ZRANDIO record (complete with standard 20I word header information ) of a 63 x 63 field on file ZYOX1W2 .

D. MATHEMATICAL ACCURACY

I The CYBER 170 60—bit/word floating point hardware is more than
suf f icient to handle all calculations .

I E. TIMING

Timing information for the major pr ogram components is given in section
III. A.

17
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TABLE ~

SAVED DATA FIELDS WRITrEN ON UNIT 17 FOR

SUBSEQUENT INPUT 10 PROGRAM PICTURE

DATA ENTRY DEFINIT ION OF FIELD

NUMBER

1 MIXED LAYER DEPTH (CM )

TEMPERATURE AT LEVEL 1 (°C)

3 TEMPERATURE PT LEVEL 2 (°C)

4 ‘rF MPER ’\TUPL ~‘r LEVEL 3 (°C )

5 TEMPLRATURE AT LEVEL 4 (°C )

6 TEMPERATURE AT LEVEL 5 1°C )

7 TEMPERATURE AT LEVEL 6 1°C )

8 TEMPERATURE AT LEVEL 7 1°C)

9 TEMPERATURE AT LEVEL 8 (°C )

10 TEMPERATURE PT LEVEL 9 (°C )

11 TEMPERATURE AT LEVEL 10 (°C )

12 TEMP ERATURE AT LEVEL 11 (°C )

13 TEMPE RATURE AT LEVEL 12 (0C )

14 TEMPERATU RE AT LEVEL 13 (°C )

15 TEMPERATURE AT LEVEL 14 (°C )

16 TEMPERATURE AT LEVEL 15 (°C )

17 TEMPERATURE AT LEVEL 16 (°C )

18 INIT IAL PRIMARY LAYER DEPTH (CM )

18



I F. INPUT/OUTPUT

The standard FN%’JC data fields accessed by the system are discussed in

I section III. B and summarized in Tables 2—5. The flow of data through the
system is illustrated by Figure 1, and the model—generated file structure is
di scussed in sections I I I .  C. 1 and I I I . C .2 . ( p ) .

I G. DATA STORAGE

Data storage requirements are given in section III. A.

1 H. FAILURE CONTINGENCIES

I If required data fields are missing, program SE~FUP displays an
appropr iate message to the operator , and a list of missing fields and associated
information is pr inted on the line printer in standard format. Because of itc

low CP time requirements, restart capability is not currently maintained in the

I system. This could be added to la ter versions , however , if it is found
desirable.

I IV.ENVIRONMENT

A. EQUIPMENT ENVIRONMENT

I The following hardware is required by the HML!IS system:

1. CYBER 175 mainf rame computer

1 2. Rotating mass storage to hold required data files

I 3. A Var ian plotter

B. SUPPORT SOEThAPE ENVIRONMENT

I The following support software is required :

1. FNWC Library  ( FNNCLIB)

1 2. Standard CDC Mathematical Function Library

I 3. Standard CDC System Library

C. INTERFACES

I The HMU4S interfaces with the operational system in the manner outlined
in sections III.C. 18 and III .C .  3 and schematically illustrated by Figure 1.
All I/O of fields to the operational data base is done using standard FNWC

- 

I routines ZRANDIO and CLIMRD.

D. SECURITY

The only possible security consideration relating to this system is the
use of Ocean Thermal Structure Analyses that are produced , in part , from
classified data . This should pose no problem, however , since the analysis —

i 19
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process removes the identity of the input data an~ the HMUIS operates completely
within the confines of the FN U ( ’ computer environment.

V. COST RACIORS

This system was developed largely within the FN~C computer system . Becausi-
of adequate mactim e tin e availability , computer resource-s ~cre not a limitin otactor . A prototype version et the model using durruny data sets was developed ( f l
the CDC 6600 at Eqliri /\ir Force Base , at a total cost of about S2R . Total man
years expended in this effort wa~ 0.75 MY.

The model is expected to take about 10.5 CP min/72 hr forecast on the C-;~w-r
175 (see section III. I’). Since it is the first ocean forecast model installr~aon the system , no comparison can be made as to cost effectiveness.

VI. DEVELOPMENTAL PLAN

The following documentation will be produced by 15 June 1979 in suppor t id
Lb~s project:

User ‘ s Manual

Computer Operator ‘s Manual

Program Maintenance Manual

Each of these manuals will be written in a f l ex ib l e  forma t so that revised
documentation can be incorporated if necessary. Pdditiona l technical repor ts
and sc ient i f ic  ar t ic les  on forecast evaluation studies of the system will also
be for thcoming .

This system is t~e f i r s t  in a h ie ra rchy  of models that  w i l l  be delivered tc
FN~.C by NORDA Code 322. The second product , to be delivered 15 Auqust 1979 ,
will be an extension of the present system that will include a simplified
treatm ent of advective processes. One or both of these models will eventually
be interfaced wi th  the Ocean Thermal S t ruc ture  Pna lys i s  System in a 24 hour
update cycle as discussed br iefly in section II. 13. F i n a l l y ,  hydrodynamica l ar
combined hydrodynamical—therirodynamical models to be run on the PEPS upgrade
computer w i l l  be delivered by NORDA at later dates to provide FNWC with a
steadily improving capability to analyze and forecast the oceanic environment• throughout the 1980’ s.
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