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AN ALGORITHM TO GENERATE INPUT DATA FROM METEOROLOG!CAL AND
SPACE SHUTTLE OBSERVATIONS TO VALIDATE A CH“-CO MODEL

ABSTRACT

This research addressed objective procedures to analyze data from meteoro-
logical and Space Shuttle observations to validate a three-dimensibnal mode!
which descrjbes the transport and chemistry of carbon monoxide and methane in
the troposphere. These efforts will ultimately provide the knowledge needed
to understand the chemical dynamics of these species in the tropésphere. There
have been four aspects of this research: (1) Detailed evaluation of the varia-

tional calculus procedure, with the equation of continuity as a strong con-

straint, for adjustment of global tropospheric wind fields; (2) Reduction of
the National Meteorological Center (NMC) Data Tapes for data input to the OSTA-
!/MAPS Experiment; (3) Interpolation of the NMC Data for input to the CHy-CO
model; and (4) Temporal and spatial interpolation procedures of the C0 measure-

ments from the 0STA-1/MAPS Experiment to generate usable contours of the data.
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Each of these aspects is discussed in this report.

. .
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{NTRODUCT ION

Combined transport/chemistry models can be employed to analyze the circu-
lation of pollutants from their sources to sinks. Depending on the time scale ]

of the phenomena involved, these models can be broadly classified into urban,

regional, or global scale. Sulfur dioxide and particulates are examples of
pollutants that are important on urban scales, whereas the SOz-sulfate conver-

sion is representative of a problem of regional importance. Finally, carbcn
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monoxide is a species that has significant sources and sinks on a global scale.

This report describes research to develop an algorithm to process
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meteorological and CO observational data for model simulations that would be

: compared with CO concentrations obtained from measurements on Space Shuttle

; missions. In the future, data from National Meteorological Center tapes and

' CO observations from Space Shuttle experiments will be used to generate input
and comparison data for model simulations based on the procedures discussed in

this report.

OBJECTIVES OF RESEARCH

The overall objectives of this research can be summarized as follows:

a) Development of suitable spatial and temporal interpolation
and extrapolation procedures to provide representative
approximations of the discrete wind-field data which are
necessary for the model simulations; and

b) Development of representative three-dimensional CO data
from two-dimensional observations, and interpolation of
meteorological data for use in tropospheric species
transport models.

Most of the effort was expended on the first objective which, due to the size
of the system, p}oved to be an unwieldy problem. Nevertheless, some sugges=

tions relative to the second objective will be made.

.
.

DISCUSSION OF RESEARCH

The greatest emphasis during this research has dealt with the velocity J

field. This is most important since a mass-conservative wind field is essen-

tial to minimization of systematic numerical errors during integration of
turbulent transport equations. The approaches which have been evaluated in

the past to guarantee conservative wind fields will be briefly discussed. This
actually involves two separate problems: (a) Establishing a conservative wind

field from the observations generally available at 0:00 and 12:00 GMT; and
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(b) Interpolating between these observation periods (wind fields are required i
at approximately 1/2-hour intervals for many models) to establish representa-

tive ""best wind fields'" st intermediate times that are also conservative. The

thrust of our research in these areas will be discussed separately. The pre-

sentation has been divided into the following four sub-areas: (a) Spatial i
Adjustment of Data; (b) Temporal Interpolation of Meteorological Parameters; P
(c) Decoding the NMC Data Tape; and (d) Temporal and Spatial Interpolation of

CO Data.

Spatial Adjustment of Data

e .

A wind field that is free of errors and satisfies a particular set of
general relations is a very important input parameter for all kinds of meteoro-
logical models, whether these models are for weather forecasting or for atmos-
pheric transport studies. Unfortunately, such a wind field is not easily
provided. The observed wind field data, as available mainly from rawinsonde

measurements, contain observational errors and small scale effects, and as a

result, do not sétisfy general physical relations, say mass conservation or
other diagnostic relations applicable to a particular atmospheric model. Such
a wind field when input to model computations can lead to highly inaccurate
results with initial errors multiplied many fold. iIn order to overcome this,
it becomes an important and essential task to treat and adjust the observed
wind field data in such a way that the observed data are minimally adjusted.
But at the same time, the adjusted values should satisfy the physical relations
applicable to a particular atmospheric model. For example, a mass consistent
wind field is a must in the transport and diffusion atmospheric model. Thus,
for such models the observed wind fields are adjusted so as to satisfy the
mass conservation condition, i.e., the continuity equation,

Several methods of varying degrees of complexity have been investigated
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f to accomplish this mass conservation. The first and simplest is establishing j
: a vertical velocity component by numerically differencing the equation of con- |

tinuity* i
i

du , IV . W ‘

xtaytaz O (. l

Thus, from Equation (1) the vertical velocity is immediately calculated taking

w=a0at 2 =0 to initiute the calculation. This procedure has been used with
f completed initial simulations (Peters and Jouvanis, 1979 and Carmichael and
Peters, 1981). ‘ :
This procedure is very simple to use. However, due to errors in the re-
ported observed wind field, the calculated vertical velocity can be more repre-
sentative of '"noisy data" than of the actual vertical motions. As a result,
representativeness of the wind field may be sacrificed and not attained by
this simple method. The procedures discussed ne#t recognize that there are
observational errors and make allowarnce for such.

A technique employed in the past (Endlich, 1967 and Goodlin, 1976) uses a

point iterative method to adjust the observed wind field data so as to satisfy
the desired physical constraints. Goodin et al. (1980) recently used a hybrid
of the point iterative procedure with numerical satisfaction of the continuity
equation.

' A seemingly more general and powerful technique is that based on varia-

: tional calculus principles. This technique, which was first proposed by

i
i
H
{
1
!
H
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Sasaki (1958), allows the observed wind field data to be changed by a minimum
amount in a least squares sense, while at the same time, adjusted values satis-
fy the imposed physical conditions within numerical approximation errors.

Subsidiary conditions that are to be satisfied exactly are termed strong

* All of the development presented in this section will assume constant density
for simplicity. However, analysis using a varying density is an obvious and
straightforward extension and is being included in the actual analysis.




constraints, while conditions being imposed approximately are weak constraints.
This technique has been extended to a number of situations with various forms
of constraints. Washington and Duquet (1963) used the technique with the geo-
strophic approxiwation while Sasaki (1958) and Stephens (1970) applied the
balance equation as the dynamic constraint. Achtemeier (1975) extended the
technique with a number of constraints such as the momentum, energy, continuity,
and hydrostatic equations. Later work seems to lead to a more complex network

of non-linear equations that must be linearized before solving them. Recently,

Dickerson (1978) and Sherman (1978) used a variational technique-to adjust the
observed wind field in the San Francisco Bay area under the strong constraint
of the continuity equation.

Generally, the mathematical formulations of the variatiorai technique may
be described as follows. Let u®, v°, and w°® be the observed velocity components
of awind field, and u, v, and w be the corresponding modified adjusted values.
The difference between the observed and adjusted field may be expressed in a

least squares sense as

’ N
%%

u-mﬂ+a;w-vw2+%%w-wﬂ (2),

f B where Ay Gy and ag are weighting functions defined as the reciprocal of twice
the variance of the errors of observations for the respective observed compo-

; nents. The simplification of a; = a, has been used in the past on the basis

that the errors in the horizontal components should be comparable. In order to

obtain the modified values, u, v, and w, it is required that the adjustment

over space and time, subject to the satisfaction of the constraint equations,

be a minimum. An adjustment functional, therefore, may be expressed as

zz(v - v°)2 +a 2(w - w°) + vG, + AGzl dedv (3),

1

\ =/ [alz(u - u°)2 +a 3
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where G‘ is a weak constraint which is introduced into the functional through
the constant y. The strong constraint G2 is introduced through the Lagrangian
multiplier A. Equation (3) defines a variational problem in which a minimum
value of the integrand under the given constraints GI and 62 is being sought;
i.e, the first variation on | must vanish, §1 = 0. As a result, the associated
Euler-Lagrange equations along with the so-called natural boundary conditions
being inherited from the vo-iational formulation must be satisfied. For ex-
ample, a functional such as given in Equation (3) with the continuity equation
as the only strong constraint and no weak constraint yields the following
associated Euler-Lagrange equations along with natural boundary conditions

(sasaki, 1958).

u=u®+ 1273-)5 (4)
2a X
1
v=v°+—l—2%l (5)*
2 o Y
1
w=w 4+ lz-g}- | (6)
2o z
3
s 3u . dv _ w
Ix +'5; t3; = 0 (7)

The natural boundary conditions are
nxxdu = nyxév = nzléw =0 (8),

where 8u, §v, and 6w are the first variation of velocity components, and ns
ny, and n, are the outward positive unit normals in the subscripted directions.

From Equations (4) through (7), an expression for ) may be obtained as

* Note that a, =a, has been assumed.




3“2 2 3u° . W° . w®
G 5; + ;1 ) (9.

Equation (9) along with boundary conditions as given in Equation (8) can now be
solved fo- A’x,y,z),which in turn is used in Equations (4), (5), and (6) to
estimate the adjusted values of the velocity components.

The adjustment procedures under the continuity condition as a strong con-
straint, as described above, lead to working equations which are in principle

easy to apply. These procedures with Equations (3) through (8) have been

evaluated for small regions, such as the San Francisco Bay area, by Dickerson
(1978) and Sherman (1978). For the global wind field adjustment problem, the
validity of these procedures has yet to be completely evaluated. On the global
scale, it may be required that the wind field not only satisfy the continuity
‘ relation but also retain other observed kinematic properties. One of the im-

} portant kinematic properties of the wind is its vorticity. [In such cases

another constraint defining vorticity of the wind may be introduced into Equa-
tion (3) through a second Lagrange multiplier Ay Consider that it is required }
to retain only the vertical component of vorticity, ;;, estimated from the

observed velogcity components. Then the second constraint may be expressed as

v _du _ o _2v® _3u° 3v-v®) _ 3(u-u®) _ J

— O e 23 C = - e— or 0 (‘0)0
f ox 9y z X ay ax dy
; The functional as defined by Equation (3) with the continuity equation and

vorticity, Equation (10), as strong constraints leads to the following Euler-

Lagrange equations

9 A
1 1 1 2
us=u® + = - (11),
2 a 2 3x 2 o“2 oy
oA I
1 1 1 2
v=v"+ + - (12),
2 0‘12 y 2 a|2 X
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3
du , 3v . 3w :
a—x-"'-a—y-"'a—z-o (Ih),
A(v-v®) _ 3(u-u®) _
- L =0 (15),
with natural boundary conditions
nxkisu - ny}zdu =0 . (16),
n A 8v + nyAIGV =0 (17),
nzA16w =0 (18).

A1 and Az are the Lagrange multipliers for the continuity and vorticity con-

straints, respectively, and the following equations for A‘ and Az may be ob-

tained from Equations (11) through (15).

azx azx o 2 821
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3t t ) 3y Gt gyt ) (19),
ax’ oy g 9z
. 2, 2%,
ax 3y

Equations (19) and (20) along with the boundary conditions (Equations 16 - 18)
can be solved for ), and A, which can in turn be substituted in Equations (11)
to (13) to estimate the adjusted values of the velocity components.

This variational formulation is applicable to those cases in which only
the observed vertical component of the vorticity is to be retained. Similarly,
cases constraining all three components of vorticity may be formulated. Such
a formulation not only leads to more complicated equations which are more diffi-
cult to solve, but it also involves vorticity tems which require observed

values of the vertical velocity. In practive, the vertical velocities are




rarely measured at meteorological stations. Therefore, it leads to considerable

ticities.
Any or all of the fundamental equations describing the state of the atmo-

sphere could be used as constraints in a variational sense. However, only

i uncertainty and difficulty in calculating the observed x- and y-direction vor-
Achtemeier (1972) has attempted to treat the observed data so they satisfy

b

¢ the complete set of equations comprising the mathematical model for the atmo-

? sphere, and he did that based on the variational method. This is probably the
best approach in treating the limited experimental data obtained every twelve

hours, and 1f applied, it would yield sets of ''data" which, in terms of the

mathematical model used, consistently describe the state of the atmosphere at
discrete points in time.

p To summarize, the four procedures represented by (a) Equation (1) alone;
(b) Equations (4) through (9); (c) Equations (11) through (20); and (d) the
completely constrained formulation represent a comprehensive analysis of global
wind field adjustment procedures. Only Procedure (b) has been studied in this

research. The computer program to solve that set of equations is presented in

the Appendix. *, The program is written in SL/1 for use on the NASA LaRC STAR

| computer.

; Temporal Interpolation of Meteorological Farameters

; The preceding analyses deal with the meteorological configuration based
on observations at a specific time. Generally, observations are only available

every 12 hours while data describing the state of the atmosphere may be re-

quired at the intermediate time periods. As mentioned previously, transport
modeling efforts frequently require such information at 30 minute intervals.
In this section, a procedure to achieve this will be described. It is an ex-

tension of the mass-consistent wind field methodology presented in the previous 1




section. (These temporal interpolation studies may also be applicable to the
data reduction procedura for the MAPS instrument which requires the temperature
(to within 2°K) and water vapor profiles to determine the CO concentration.
Again, since the data are only available at 12-hour intervals, the projection
of these meteorological variables at the intermediate times at locations under
the Space Shuttle track are required. The procedure that is'suggested could
also be applied to those requirements.)

The variational formulation for spatial adjustment is applicable to the
observed data available at one time level. However, a similar férmulatlon may
be extended to any time level, and interpolation of data between two time

levels may be obtained in such a way that the interpnlated data satisfy the

given constraint(s). Consider that observed values of wind field data are given
for time levels tn and tn+l‘ 1t is required to estimate interpolated values

at time t where tn ct<t e tf linear interpolation between time levels is

assumed, then the functional in this case may be written as
t

. n+l
k= a2 - un? 4o - ve)2 4 032(\# - )2
Ve
n
. 3U L3V W
"+ A (3x + 3y + az)] dedv (21)
where
u-u (V] - u
Use—g  and ur e LD (22),
n n+l n

with simi'ar definitions for V and W. It can be shown that a simple transfor-
mation on the velocity components can reduce Equation (21) to a functional si~
milar to that of Equation (3) from which Euler-Lagrange equations and boundary
conditions are obtained which adjust the interpolated wind field so that the

zontinuity equation is automatically satisfied. Thus, the wind field proceeds

smoothly from the configuration at t to that at t 4+ CEaquation (21) and the
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associated conditions apply to linear temporal interpolation, but non-~1inear
interpolation schemes are readily handled. Finally, the additional constraint

of vorticity can also be incorporated.

Decoding the NMC Data Tape

The National Meteorological Center Data tape includes considerable data
that are not necessary for interpretatiocn of the OSTA-1/MAPS experimental data.
In addition, separate tapes are used for the Soutern and Northerm Hemispheres
and these data must be merged. Finally, the data must be decoded for use by
the MAPS Science Team. A substantial effort was expended in this phase of the
project.

Weather data tapes produced by the National Meteorological Center have
been coded in a binary format not easily utilized by most computer programming
Ianggages. for this reason, a preliminary procedure must be performed on the
data, to transform it into a standard EBCOIC furmat. (See the Appendix for a
description of the data on the NMC tape.) ODECODE is a PL/1 program which con-
verts the NMC binary data to their EBCDIC equivalents. The tape format Is also
modified so that only certain desired fields are processed and retained. A
program |Istln; of DECODE is also contained in the Appendix and has been de~
signed for use on the IBM 370 at the University of Kentucky.

DECODE works by manipulating PL/1 data structures. Data are read into a
structure of bit strings. Then, using & subroutine, the binary data are con-
verted, first to fixed binary numbers, then to EBCDIC characters for output to
tape. Conversions are done based on the equations given in Office Notes 84 and
184 from the National deteorological “enter (see the Appendix for copies of
these). A selection is made so that only the desired data are processed. All
included data are of type 8. Data are included for the following conditions:

1. Q =1, height with respect to mean sea level geopotertial




(st 12 levels),

2, Q =16, atmospheric temperature in degrees Kelvin (12

levels),

3. Q = 48, u-component of wind (12 levels),

4. Q = 49, v-component of wind (12 levels), and

S. Q = 88, relative humidity (6 levels).

A sort is then done to sequence the data in the proper order for meiging
into longer records. The input records contain all the data for 5,365 points
on a southern or northern hemispheric grid of 145 x 37. Two input records are
required to store all 10,730 of the global values for each time period of a

two time-period day, with 15 days making up a complete tape. Alternate data

values have been omitted, leaving 2 grids of 73 x 19, which corresponds to a

5° x 5° gridding. The output records contain data for 2,774 global points in
a west to east, south pole to north pole order, with the sort field values in-
cluded for identification purposes. In this manner, selected data from a full
time period can be contained in a single record. Data fields (and their for-

mats) included in the output records are

DATA-TYPE FQ14) type of surface;

ct F(14) value of surface levels;

Y F(14) year;

M F(14) month; \
0 F(14) day; i
| F{14) time period; ?
DATA(1337) F(9) data values from the southern grid; and 1
DAT2(1387) F(9) data values from the northern grid.

The records are sorted by year, month, day, time period, type of surface, and

value of surface levels in descending order. The type of data is sorted in the

following order: 48, 49, 1, 16, 88.
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DECODE has been designed for maximum ease of utility by the end-user.
Only one modification must be made prior to submission of the job with a new
tape. JCL cards describing the input and output datasets must be prepared for
each run of the program. Input (the NMC tape) is defined as SYSUT1, illﬁs-

trated by the following example:

//SYSUT1 DD UNIT = 3400-5, VOL = SER = tape-number, DISP = (OLD,PASS),

1/ - DSN = name.of.dataset.on.tape,LABEL = (file~number,SL)

Output records may be sent to either disk or tape. However, the JCL for
tape is simpler to prepare since the output records are longer than a track
and therefore would require VBS records on disk. Be sure to specify a large
enough SPACE parameter when using disk. A sample JCL definition for output

on tape follows.

~. //GO.TAPE DD UNIT = 3400-5, VOL = SER = tape-number, DiSP = (,PASS),

/7 ncB

(RECFM = F,LRECL = 25050,BLKSIZE = 25050),

/7 DSN = name.of.dataset.on.tape,LABEL = (file~number,SL)

Based on partial tape runs done on the University of Kentucky Computing
Center's IBM 3]0/165 Hodel Il computer running 0S/MVT, a projected cost esti-
mate may be made with some degree of accuracy. Since a load module will be
used for the production runs, compilation costs for this projection can be
ignored. Processing only the 2 time periods of the first day took 55 CPU-
seconds of which 3 seconds can be attributed to compile time. Using the re-
maining 52 seconds of execution time, the approximate cost is $7.52 for de-
coding the first day. This is based on a $525 per hour charge (the discounted
rate for deferred priority). Multiplying by the 15 days on each tape makes
each tape cost about $113 to decode. It should be understood that this is only

an approximation, and the actual cost will depend on various circumstances at

- ik
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the time the job is run. Other computer installations use different charging

algorithms, so costs will vary even more if run on a different machine,

Interpolation of the NMC Data for OSTA-1/MAPS
The NMC data as decoded provide horizontal winds, temperature, and dew
point, all at the pressure levels of 1000, 850, 700, 500, 400, 300, 250, 200, 150,
é 100, 70, and 50 mb. An interpolation scheme was developed to represent these
data in an alternate form. This scheme provides interpolated values for a
5° Longlitude x 5° Latitude grid and a non-dimensional vertical coordinate

which has p = 0 at the surface and p = 1 at the tropopause. The data are

provided at p = 0, 0.0333, 0.0666, 0.10, 0.20, 0.40, 0.60, 0.80, and 1.0. This

; gridding provides a finer structure within the planetary boundary layer.

‘ With the data unpacked from the NMC tapes consistent with the requirements,
the data can then be interpolated for a geometric gridding. The mixing layer

: depth will also be calculated at each grid point and will use the 1-dimensional

!

planetary boundary layer model of Yamada and Mellor (1975). Those researchers

' have provided a version of their program which is being modified for the pre- C

sent purposes. ﬁ

I .

Tomporal @d Spatial Interpolation of (0 Data

-

The CO measurements from the 0STA-1/MAPS experiment on board the second

Space Shuttle flight will correspond to mid-troposphere concentrations below 4

r the orbit path. These data will be from 38°S Latitude to 38°N Latitude and }

represent variations in both space and time. Thus, it is necessary to inter- \

. polate the concentration-time-position data at the desired times. The following {
treatment would accomplish this. .

1) Transform the individual 1-second signals to correspond to |

non-overlapping, discrete orbiter track lengths of 10.37

VY




2)

3)

k)

nautical miles.

The information from Item (1) represents a concentration
at some time tk‘ and some position !j' The position is,
of course, expressible in terms of latitude and longitude.
In order to construct an entire concentration field at
some time tn' Iinterpolation in both space and time is
required using as much of the data as seems reasonable,
Define the following.

¢; = Concentration at time tn and position f

f?j = Weighting factor for temporal and spatial

interpolation scheme

rij = Distance between positions [ and [j
tkn = tk - tn
q = Total number of locations which are considered
to influence interpolated value
s = Total number of time intervals which are con-

sidered to influence the interpolated value.
« For the present case, s = q.

Then, the interpolated concentration is simply
s q
=t I f"‘,cg‘
k=l =1 4

If one considers all of the data, this could be simplified to

q

c? = 3 fgj cj

j=1

Now the crucial question is, What should be used for ftj?
There are a few papers on this topic for aerometric data,

and ore scheme used is an inverse square dependence for

(23).

(24).
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5)

to evaluate its effect.

scheduled for November, 1981.

Science Team.

spatial interpolation. Nobody has apparently reported both

spatial and temporal interpolation. Nevertheless, one plan
to start with is the inverse square dependence for both space

and time; i.e.,

-2 -2

OS ¥ Ckn

ij 9 _, s -2
Lor Dot
j=1 kal

In this manner, frj is of course normalized, Other weighting
schemes could be tried.

The procedure in Items (1) - (4) provides interpolated values
over a 10.37 nautical mile region. Since that is too much
data to handle reasonably, these values could be averaged over
1° x 1°, 2.5° x 2.5°, or 5° x 5° longitude-latitude intervals.
Then these data could be presented in digitized form as well
as contours.

Contours will be most helpful to see large

scale plumes.

: q

one may be able to take advantage of the data format, and calculate I

=1

just once.

CONCLUDING REMARKS

1/MAPS Experiment which will be aboard the second Space Shuttle flight

s [ v

(25)

This proceddre is easily coded, and the weighting function could be varied

Furthermore, several times could be done at once, and

-2
r "

The procedures discussed in this final report will be used to assist in

the analysis and interpretation of the CO observations obtained from the OSTA-

Specifically, DECODE will be used to provide
meteorological data from the NMC data tapes in a format useable by the MAPS

This will include u, v, T, and water vapor concentration data
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for the flight period in either a pressure coordinate or a dimensionless
terrain/tropopause following coordinate. In addition, an interpolation pro-
cedure for the OSTA-1/MAPS CO observation data has been proposed that includes
a spatial and temporal weighting function.

A considerable effort has been expended on objective analysis procedures
to establish global mass-conservative wind fields from the NMC data. The
variational calculus procedure with the equation of continuity as a strong
constraint has been coded and is in the final stages of evaluation. Novel ad-
justment procedures which incorporate vorticity preservation as an additional
strong constraint and temporal interpolation during adjustment have also been
presented. However, these procedures have not been evaluated. Research is
continuing in this overall area of wind field adjustment techniques (Kitada
et al., 1981).

.
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Each NWS data field is prefixed with a 384-bit label. The first 192
bits contain values which indicate the quantity, the surface or layer, and
the time of the data being labeled. The next 64 bits contain the initial
time, the number of data points, and generating code information. The re-
maining bits hold, among other things, scale factors partinent to packed data.

.Appendix C shows each entry and its location within the label.

All data fields can be thought of as some gquantity, Q on a horizontal

‘or quasi-horizontal surface § at some level of value L. If the quantity Q

is by its nature, a layer-defined quantity, the limits of the layer are

_given by -S-J. at I, and Sy at 1‘2 ' Code figure for Q and S are both given in

Table 1.

The numerical value of the level I. for the corrcsponding surface § is
composed of two numbers: an integer C and a pover of ten with the exponent °
E such that '

L=

L= Cx 10F,

Both C and E are signed integers (sign and magnitude). The space allocated
for C in the identifier is 20 bits which is large enough to accomodate the
binary equivalent of any 5-digit decimal integer. The convention vhich must
he followed in order to provide a unique bit configuratiou for any given

level is as follows:

(2) " C must be & S-Aigit decimal integer whose lead'mg digit
(the highest order digit) must be nonzero, unless Lis
4ero, . ’

AC‘nce c is determined, the value of the exponent E naturally follows such

that the resulting L will have its true .value in “the standard units given m -

_.;f Table 1. For-example, if L 1s 500 mb

C = 50000
E= -2
50000 x 10-2 = 500.00

or if L is 0.7 mb
C = T0000
E - =5
70000 x 10-5 = ,70000

Appendix B contains the hLexadecimal equivalénts of commcaly used values of C.

Table 1a gives the values for the marker K which is used
for identifying different spectrnl quantities.

" Table 2 gives the values for the murker t vwhich is used

for identi®ying fields involvin; time and explains how Fy
and Fr, are to be used for cacl value of t.
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': e Table 3 gives the values for the marker m which is used for

_';"' T identif 'nz fields involving layers.
, : Table 4 gives value to be used for the marker X, .In
: : general, this marker will be non=zero only for fields in

& guess file.

Table ha gives the values for the markers CM and CD which
identify climatological data..

Table 5 gives the values for the markerk K which identifies
the grid to vhich these data apply.

Table 5a gives the values for the markers KS which {rdi-
cates if the grid was derived from spectral or other
special methods.

L.

The initial hour I of the forecast (or the observation time on'which i
the analysis is based) is entered in accordance with the 2h-hour clock GMT .
to the nearest hours. For exemple: I = CO for midnight GMT and I = 12 for

noon GMI. Y is the year within the century. For example, for the year 1973,

Y - 73. M is the month of the year, and D is the day of the month.

" —

Table 6 gives the values for the marker R vhich 1dent1fies
the run within the cycle.

Table 7 pivcs the vo.lues for the marker G ascigned to the. o o
program which gecnerated the field. \ ' R

i
o Each datum point value Q on a surface 8 (Qs) is scaled according _ -
to the equation . _ _ . ' b

| =<Qs'-A>/2ﬂ" SN
1.7 Qo must be in the standerd units given in Table 1.

'l'he procedure followed for scaling is to scan the data to find the . '

- , m mum end minimum values of Qs. The value of A is set equal to [(Qs) max. - ?
I Qs) min.)/2. An integer n is then chosen such that 2" is the smallest value ,
f whid\satisﬁes the condition ([(Qs) max-A)/2®)<1. This procedure alléws max- ]
N inum accuracy to be maintained in pecking the data. ‘ ' : A R

, | The mid-range value A is placed in the 1dent1fiers as a IBM 360 rekl . .
number, {.e., 8-bit sign and exponent and 24-bit fraction. The scaling value ’
B is inserted as an IBM 360 half-word integer, i.e., 16-bit integer, 2's

A (o S
Caeyt

7 camplenent 1f negative. Mﬁ
:” : The scaled quantity Qs, an unnormalized fraction, is packed into 16 bits ’
w using 2's complement :I.f negative, _ :
e

t
i |
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; "' Procedures for Creating or Unpacking FGGE Level III Data Sets . F &
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General

PN Yo

The documentation for. FGCE Level III formats is described in Appendix 11,

FCCE International Data Management Plan, "Format for the International

Exchange of Level III Data Sets During the FGGE."

Purpose

This not. deccribea the basic steps needed for creating .or unpacking Level

— Y ——— i we

III data sets with the use of attached subroutine listings. These mb—
routinel were written for use on IBM 360 machines that have 32-bit words. ]

' : Some modifications may be necessary to utilize these routines on other R

-
ﬁ
-
i
.
b

"
3

oA

—

v * : ‘e
machines. ‘ . : 5 4

oy
:

'Levei IIT Tape Filel - _ sy 8

| Xadgricd e N v . e ~
R Filel  — TEST file — W i ‘ :

2405 v
.
3

- File 2° -~ TAPE HEADER file

Pile 3 ° — GCRID DESCRIPTOR file '

g + S———— = -« a0 S’

: () of P '
Files 4-n — LEVEL III DATA file(s) 'ﬁz&/ .y M&.M 7"“’7

S behAs il

—
-
-

LA - L Slos e o Ratel :
f% o To Create Level III Magnetic Tape T
1 The basic sequence of events in a computer program should be as follm‘. E
l; % assuming that the required analysis fields are available in an analysis
1‘_ . file and are ready for processing: | . :
| ‘3 \. A. Vrite the required TEST file on output tape (File 1).
5 ;{t ' B. Screen available analyses to determine first and last dates to be
N ) processed and written on the output tape. Prepare the documenta- ’ *
. 5 tion for the TAPE HEADER file with appropriate dates (File 2), ‘
5 and vrite it on the output tape (See example, Attachment 1).
! -
i

—— - — . 4B




'-.i':".'f,‘:' e .’c. Describe the grid(s) used for the Level III data (See example,

Attachment 1). Write GRID ‘DESCI‘!IPTOR file on output tape.

.‘3" D- Select an analysis fi;eld. from the analysis file, prepare the

: ‘ - neeessety unique identification words ( see Aeubroutine W3F132,
. At:t:echmenﬁ 2), scale and pack the data (see subroueine WBAiOO.
‘Attacl.iment 3), and wtite the pecked field in a LEVEL III DATA
"file on the output tape. | = 5

"' 24T Re Repeat D above for other fields for the given date/time.

-. Fs Write an end-of-file tape mark on the output tape.
; G. Repeat steps D, E, and F above for ;ny remaining datelt:imes. '
H. Teminate the output tape with at least two (2) consecutive

end-of—file tape marks.

P STt g Unpack Level III -Data

! ,;?{i‘: 4 ‘,ﬂ-:"rhe format required to read FGGE Level III data sets/is written in cilear
. text in the second file (TAPE HEADER) of each tape. The third file of ;

; i eacﬁ eape will contain :lnformation cenceming the arranganent ‘of the daea
. for the grid(s) used in the DATA file(s) that start with the fourth file. |
' A. Read a record from selected DATA flle. . . :
 B. | Determine if you desire to process and umpack the recerd. 3
Subroutine W3FI33 (Attachment 4) could be used to coavert the |

first 256 bits of the record identification to indisidual field
identifiers. '

C. If the field is desired, t!.2 packed data ‘(beginn:lng at bit 385)

¢an be unpacked and rescaled with the use of subroutine W3AIOl

(see Attachment 5). If not desired, repeat A and B above.

——r e —
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f " A sample FCRTRAN program to locate and unpack N. Hemisphere 700 mb heights,
atco : |

and tb print out some values over the United States, is given in Attachment

\ e, L 61_'DeaCtipt@pps_of built-in and intrinsic functions used in the various

1 w & B E e 3 4
..~ : subroutines are given in Attachment 7. ojery S S T Py S
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 APPEIDIX 1 :

. EXAMPIE -- TAPE HFADER FIIE
roas3Aoo317801020078010812 pred "
10780 FIXED LENGTH RECORDS (Bmcxsm nnconn sm)
20AL USE ( 100(27A4) ) FOR FULL RECORD ,

0123456769=:> /sruvwxxz : 2-JKIMNOPQB*) ,+ABCDEFGH ) ( <
9-TRACK, 800 BPI

o P -

BINARY, ODD PARITY _: ) ‘
IBM 360/195, 32 BITS/WORD, 8 BI'I‘S/BYTE ’a ot SERR e ﬁ
NATIONAL METEOROLOGICAL CENTER, KWS, NOAA, WASHINGTON, D. c., USA :
- ( 100(27a%) ) o :
HOUGH FUNCTION ANALYSIS METHOD, GLOBAL (FLATTERY)
FIRST GUESS COEFFICIENTS DERIVED FROM A 9-IAYER PRIMITIVE EQUATION A
FORECAST MODEL ON A 2.5 X 2.5 LATITUDE/LONGITUDE GRID. P
100. = (42640000) HEXADECIMAL FLOATING PQINT REPRESENTATION
-100. = (C2640000) HEXADECIMAL FLOATING POINT REPRESENTATION

" ANALYSIS FIEIDS NORMALLY PROVIDED:

. 12 IEVELS OF U- end V-WIND COMPONENTS, TEMPERATURES, AND HEIGITS I

(AT 1000, 850: 700, 500, Loo, 300, 250, 200, 150, 100, 70, AID 50 KB) ;
6 LEVELS OF RELATIVE mrum'm:s (AT 1000, 850, 700, 500, 40O, AND 300 MB);

TROPOPAUSE PRESSURE AND TEMPERATURE (MODEIED) 3 SNOW FIELD)
SEA SURFACE TEMPERATURE (FROM SATELLITE DATA); SEA 1EVEL PRESSURE.
mssmc ANALYSES° ~ NONE 3 SEI J %
o0 END OF mﬂ‘ -oooooooooo'oboboo'bo.-oo.tocoohiboo.ooo b 1N . Lo

2 . L R

m/ﬁ o

EXAMPIE -- GRID DESCRIPTOR FILE

- - e > . ot e Came N

GRID 029 . RECTANGLE

GEOGRAPHIC ‘ , M
RIGHT-HANDED :
GRIDLINES = 037, DELTAJ = 2.50, FIRSTPTw=(0.00N, 0.00E) -D,m
J=ALL, NI=145, DELTAI = 2.50 , v

oo ENDOFTE:XT .l‘...IQ...'.............'.....Q..‘

GRID 030 RECTANGLE \
GEOGRAPHIC
RIGHT-EANDED
GRIDLINES = 037, DELTAJ = 2.50, FIRSTPT=( $0.00S, 0.0CE)
J=ALL, NI=145, DELTAI = 2.50

LE R ] m OF Tm ..l....'..‘.............C..........
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WIFI32 Uu/
. / ‘. . Pack ID - |
(Modified for FGGE Level III) . : .
o FORTRAN H EXT +
IBM 360 :

NMC, DCA

" ‘PURPOSE:

Lo T convert an array of the 27 data field identifiers into an array of the

| {++ i first 8 identification words. (See Appendix 11, FGGE International Data

' P Management Plan, "Format for the International Exchange of Level III Data
: Sets During the FGGE."

% 5 usacn-

"' Callina Statement

. CALL W3FI32(KARRAY,PKDNT)
where; ‘
i, s . KARRAY = array containing the 27 data field identifiers

;
W s (INTEGER*4)". . |
? ot ey PRINT = array to receive the 8 identification words.

|

B NOTE 1 .'_"‘ . 5 - : s - : Ao e £
- (a) If any number n in (RARRAY(I),I=1,27) is erroneously large,
" W3FI32 will print:
: 'VALUE IN KARRAY(I)=n ID TOO LARGE TO PACK'
(b) If any number n in RARRAY(I) is erroneously negative,
W3FI32 will print:
. " "VALUE IN KARRAY(I)=n SHOULD NOT BE NEGATIVE'
(c) 1If either (a) or (b) occurs, that portion of the packed
% R R : word corresponding to KARRAY(I) will be set to binary
’.; Frlhal i e OnesSe

Examples

1. Suppose KARRAY(4)=30. Then W3FI22 will print "VALUE IN KARRAY(4)=30
' IS TOO LARGE TO PACK' and will place ones in the first 4 bits of
PRDNT(2) . .

To form PKDNT from the 27 data field identifers for 500 mb height frem
FMANL (limited-area fine mesh analysis file) dated 00Z March 15, 1974,
KARRAY should be initialized as follows: .

AL PAGE B
93,‘%‘3’0 QUALITY




: . 53 i i . .-. ._87_ i - ot _'.: ¥ . . _{
: .‘; 4 . d . ..:‘ . %n _‘J‘-&br:.'-,:_-’.:.:-,"‘;" .. - 4 ‘._‘ . ‘ .', k. o : ;‘ b
RARRAY IDENTIFIER ~ KARRAY IDENTIFIER KARRAY = IDENTIFIER
AR A SR : : _ ‘
(1)'1 A e E Y QL (10)=0 , F, (19)=0 i Unused
o (2)=8  -'v .- 81 ' ‘ (11)=0 N - (20)=1523 = - NW
A (3e0 i oy © (12)=0 c, S QUe74 .23 sl &
T o()=0 ot 7 7 (13)=0 E, S (22)=3 AR S g
. (5)=50000 G A (14)=0 CD o (23)=15 ) + S .
[ KOs Ts - Byt LT (R9)=0 B (24)=0 66
(7)=0 . . . m ‘ (16)=0 KS (25)=0 R
e (BYmO . A b X (17)=5 K (26)=19 G
55 (9)=0 i S2 (18)=0 Unused (27)=3021 J
‘ » "l'l;en the resulting PKDNT array would be as follows (in hexadecimal) :
o UPRDN. 1) 00100800 @ " (5) 00000005
. (2) 00C35082 (6) 000005F3
- (3) 009200000 (7) 4A030F00
% (4) 90000000 (8) 00130BCD
W, | I
L o gt — v e ~
N e it S & Pe - R e
k- A '
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| e DT T O L ittt DO IO OOQWEAOZ~ > \NMUN=Z ZTUNUNTOIUNL DO~ =

(N iad XX WLCOO~OIIWNZI=OF Il JJIJIZ~ttrmip=T W) =

_re—

e . A e e

P
o Lt e

————
I o, ot

b=ttt NINININ
b PO T I
0O ~UMNOD
IO OOOO
YD DDOD
*LwOOO~O
»>QuwoIVvoo

A2 - 3

<

XVDONOSDOO

DX < e00D0

QU= ~NNNN

O e oe e N\

~3 *UMIODD W
AMDOOOONL.

ANVDLIITDVODVLO

MM O OO0 L.O

=000V LO

L Z20~O~t~lLL OO

MMONO~COoLON

T\ OOooouLcwm
YWNNNNWN-—DO

Ww Jeeseel \Z O

Z2ZZONTONNNY W~

et DIODOONND N ~l]

At O

VALUE IN KARRAY(9912,9)=0y1119¢ 3S TOO LARGE TO PA |

) «EQ.0)GO TO 100

I2
Iv
ot

——ai—
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P o 4
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—l > (s daV AN
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X
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APPENDIX 3 .

-89-

.

gt

i
t
b
m
'

g T
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: g
. .

‘SUBROUTINE wW3AI00(REAL4,PACK,LABEL)

HP
d
ad

. .~y

 W3AIO

CALL W3AI00(REAL4sPACKyLABEL)

[,
P 4
ore +=t » OZW o
nN<Oor~I - < e L 4 - W
. OO0 a z UVw "k
xg Z w X J - e
OO0~ O w x o w
= O49O X I WJIZ IX e
Q W - O JO (o ¢ TR
el Z - . WwWao oJd
OZXWOS L - L] ClX
10200 o 9 TN~ - .
-dET < T4 —O e b=
ad=-w o Z L. = wz<«g
n Zunx O g - owx
o 2D Q! ) VRO =
XXNI > ox X g el owdga
oqQ~ <« 0 wZ w . | o |
= _ e W ¢ JIIN0 . an
) L L l® 4 OJOILS X o3 L]
o) MA OO~J W W woa -t
ow «swr WIO « T Ww \ xOw -4
Won *x0Z =W N> w O
X IT W N P 4 V=0 onw (=]
O JmeX W J<g oy )y-Z o =z
Sater - #%%% 3 gug X
D omt o Z = HJM Wi - Q,
WO D= ZO»0E DmZ2m —Z -
nbrumwnu o s NI J .= X qg a
x =Q. *oZX > gZl ITOX (7217 (7]
QVYOX o e L D0=Z DI  meQeed
=10 W s W~00 o L Lo - o -
- 00 NILZ =-NZLh 9049 I =~0 N
< . 4 YWO I~ LN O 0 0O 00N =E ~
=0 DO Ok WXl »~ o L (VY IS <
gO0L3W <H>-XNWD I el OWO QLI Z -t~
oxw @ AMOFF-J NISLD wxw Z2QZre e
O\ sX @ 1—2Za X Jd XOX o Wk -
$IANGCOY Zh W> Nvydd O49dQ Wed 50O -~ e
8 ~=Z2ZX w=O>I0 sNW> Qo d X=-axngs Z ~
d = O -0 Z o a o O oD A
q>»>Z40OWFP OXVINE= LIC (=] gD~ (NO Qe
waIw™ I ZWIXETE O > e =2Z0O a SOt <~
EXO~I=0 DDIVJ Qu-IIONOX 20w~ a~
X ¢ = OZTOUIAAX-IXXTXXLO~ WO wWr~3'ad o
. WDl WOXITWZUZIEOCW WL = CND -~
Q X~gqIOW 2WOXAr~k <l Nl V- =N ¢+ ~g

> X b=ra (Devee ce seoe o0 85 o0 oo W b= o~ e
<ANOH-Z- Nt = Mt =L =1y (ela) 47| ' ~-~l)<g
Q= DODD O~Mm ™M 0NM Mt (M= QOZJW O~
x2>1.J000 =18 1| ) 108 b= eqOXTX ‘34
Lol - 48] 4 o O oY oowo 2+-0a0 O W
-4 g -~ N ~e = win qa O
nn " - ool Z wNZ
g v VN nunvn QA Xre o~ xs w
e 4 -l O = k- | and od - wWHo (s 4 |
<O ™ O@mM@D M oD OMOD Xwe II< S2O>
w< q -l g JW>_J -dla =4
xa . J - o - M 2 > d=D
L- € ) N B I e\ =g 0 Al E L) w0
w [ CI oW W
o wo o o - oo Q- g o
w 2x  x- xox o w O w
T wo O O OO O Tuulc T
= o= x = =z X -QZa =

T QOUOUVVLVY

. — —_ . e — e A e e . S e 8. . . e

R R L r—

GET .&iJF¥OCOUNTy CONPUTE BYTES.

TRANSFER LABEL DATA TO WORDS 1-8e-

) - p' "4

QZNNL0
(e L {=] <<g
oaVUMIan

10

FIND MAXy MIN OF DATAs COMPUTE A AND Ne

c
=l

C

RMAX = REAL4(1)

RMIN = MAX

DO 20 I=2.J

Ty e
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) STENVLA %

S g ks
3 . .. ' W3FI33
b g 4 Unpack ID
e d (Modified for FGGE Level III)
ot feen o - " FORTRAN H EXT +
-,s,_:it' SR L et . L. NMC,DCA

runroszo Sk

S convert an array of the first 8 -identification words into an array of
27 data field identifiers. (See Appendix 11, FGGE International Data
Management Plan, "Format for the International Exchange of Level III Data
Sets During the FGGE.")

e Calling Statement - o . SERRY o s B ey Sk i

CALL W3FI33(PKDNT,KARRAY)

-

where, ‘.:.-.ri-'

PKDNT == array containing the 8 identification words.
KARRAY = array to receive the 27 data field identifiers (INTEGER*&)

. 3 -

A Example
'}':_Suppose the 8 identification words for 500 mb height from FMANL ;92

. given (in hexadecimal)

?KDNT
(2) ooc35082

. (3) 00000000

(4) 00000000

(1) 00100800 °

(5) 00000005
(6) 000005F3
(7) 4A030F00
(8) .00130BCD

' Then the resulting KARRAY array would be as follows:

.

(limited-area fine mesh analysis file) dated 00Z March 15, 1974 are

IDENTIFIER

RARRAY IDENTIFIER RARRAY IDENTIFIER RARRAY
1)=1 Q (10)=0 F, (19)=0 Unused
()-8 - s, (11)=0 N (20)=1523 NW
(3)=0 Fy (12)=0 c, (21)=74 JJ
(4)=0 t (13)=0 E (22)=3 MM
(5)=50000 G (14)=0 cd (23)=15 Y
(6)=-2 E) (15)=0 o (24)=0 GG
(7)=0 m (16)=0 Ks (25)=0 R
(8)=0 X (17)=5 K (26)=19 G
(9)=0 Sy (18)=0 Unused (27)=3021 J

T T El e e e T e e e -~ -
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e and AFPENDIX 5
- aﬁ?~ , ;
£7 « SUBROUTINE w3AIO0l (PACKsREAL4LABEL) cone
\ 5 UNPACK AND FLOAT A FIELD OF PACKED DAI N_FGGE LEVEL l!% DATA
\ €, FORMAT ACCORDING TO SPECIFICATIONS ME' ID wORDS “OF  ThE
m g PACKED DATA. ALSO MOVE THE ID WORDS TO A LABEL ARRAY.
. ¢ ‘CALL: W3AI01 (PACKsREAL4yLABEL)
~. € \WHERE PACK s ApRAY OF 1D WORDS AND PACKED DATA 1O BE UNPACKED 4
e weala 2 e e ity TOCHECHIVE I USRENER DR BRI o KL
| € LABEL = A 12<WORU ARRAY INTO wHICH PHE IO WORDS WILL BE COPIED. -
i ¢ PaCK MUST CONTAIN THE FOLLOWING FIELDSeesee i L A
. € WORD "BTBITS 16-31: NUMBER OF DATA POINTS Jo
B |- C WORD BITS 16-31t EXCLUSIVE-OR_CHECKSUM OF REST_OF ARRA
Bl & BEA%EHSRDS. THUS CHECKSUM, OF ENTZRE ARRAY -SKOULD
17 "€ wORD 10 BITS .0-31% REAL94 DATA OFFSET VALUE A. -
f Co-0 & WORB 1Y BITR 18-3ld égrsggg;fvgu?rr VALUE Ny IN 2'S GOMPLEMENT FORM 3
- '8 WORD 13 BITS .0-15: DATUM 1 * "
T - BITS 16-31: DATUM 2 i iz
J C WORD. 14 BITS__0-15: DATUM 3
b e i -E. o ETC . ==== . :
i © " & THERE-WILL BE 12+(J+1)/2 FULLWORDS IN ARRAY PACKo AND J FULLHORDS IN T
| : :g ARRAY REAL4. _ A%
TR .fj R . . 8 % Le oo T- .
S g TECERSS LAY (1) PACK (1) 5 1A C2) i P ¥ il
i § -t " 3 UIVALENC “éaéf&(l 1 Ll 4 - ., b
B = € TRANSFER ID WORDS T0 LABEL. T

B DO 10 I=1+26 ) N , : . ;o
R LABEL(]I) = PACK(I) v &e ' e
R 10 CONTINUE - ) 4 y )

& GET HORD COUNTs As Ne .

NOQO‘

)
K
K
)

nn n
NP D

ACK
tuON = 24.9#(N=-15)

X E UNPACK. CONVERT REAL®4 DATA
k : ' DO 20 xn-l.

AEALQ(}) PACK(I*24)@TWON+A
.. 20 CONTINUE
- W RETURN
g ¢ END
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. Built-in Functions . ° Ce R P e
IV = LAND (a, b)

. whor;,i;h'nly be .a 1-.' 2-, or 4-byte logical integer expusflion. ; :
#+ ' The value of LAND is obtained by AND-ing the individual bits of the
atguments. The resulting value, IV, will be considered to be logical%4,

o . but may be used as an integer.

~ IV = LOR (a, b) ,

-

vhere a, b may be a 1-, 2-, or 4-byte logical or integer expression.
The value of LOR is obtained by OR-ing the individual bits of the arguments.
The teéulting value, IV, will be considered to be logical*4, but may be ‘

‘used as an integer.

0 = LOR (a, B) | :
'.\;hgre a, b may be a 1-, 2-, or 4-byte logical t:;t mtege;' expreuion. ~
" The value of LXOR 1s obtained by exclusive OR-ing theé individual bits of
the arguments. The resulting value, IV, will be considered to be logicalt4,

but may be used as an integer.

IV = SHFTL (J, K) T B

TV = SHFTR (J, K)
where J is a 4-byte variable,

K is the actual number of bits tc be siifted.

The values of SHFTL and SHFTR are obtained »y shifting the first
argument, J, left or right, respectively, the nuxer of bits specified
by the second argument, K. The resulting value, IV, will be considered

to be logical*4, but may be used as an integer.
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.7 IV = TBIT (A, K)

vhere A is a variable, 4-bytes or less,
K 1s the number assigned to the bit to be tested
The value.ot mrf is .TRUE. or .FALSE. depending whether bit positioxi
K of the variable A is O or OFF (ON=1, OFF=0). Bit 0 is the 1efcmos£ bit

of variable A. The result, IV, will be declared as log:lcal*.lo.

Intrinsic Functions . , IABS - Abso.lut:e Value, Integer !

" AMAX1 - Maximum, Real L = IABS(M) Sl
, .

_A-AMAXl(xl.xz,...,xn) ~ where L and M are Integer *4 . 3

where A and X are real #*4

SIGN - ) ,
 AMIN1 - Minimum, Real y . Y=SIGN(X,,X,) | o
| A-ml(xl,xz...,,xn). ) | R - where X and :- are ;Real *1.. )
where A and X are Real *4 " Y=(sign of X,). [xll Nt

MAX0 - Maximum, Integer
L=MAXO0 (Ml, Myyeee ’Mn)

- where L and M are Integer *4

Mi’NO - Minimum, Integer
D-MINO(MI,MZ, cee ,Mn)

where L and M and Integer *4
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' ( '7 )) | I\latumnl Ocenni&. and ATrADGRNUTIE AUttt =
’\:;‘)ﬁ ENVIRONMENTAL DATA SERVICE
a Naticnal Climatic Center
Federal Duilding SR NS
Asheville, H. C. 28801 \\ 3
Septenber 18, 1978 05231(17136) /5D
TO: Mr. Beck
- NASA
Langiey Research Center ' : .
Hampton, VA 23665
f ( '-} W ‘\ )
< \ \
\kl r\\ \ X . )
FROM: (¢ ZRichayd Mo Davis, Uhief ——— 6712 ~0LOR
Computer Products Branch =
>

SUBJECT: Tape Dumps (Your Telcon 9/8/78)
-\

Enclosed are hex tape dumps of the first and last five‘records from

the NMC global and N. Hemisphere tapes for April 1-15, 1978.
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VA,

*/

DECODE Program Listing

/% (SUBRG,STRG,STRZ,STZE,FOFL,OFL) 1%/
DECODN: /% TO NMPACK NASA WEATHER TAPE #/

PROCEDIRE
OPTIONS (MATIN) 3

This program rejuires no special control cards to decode

all FGGE level I1I data packed on a National Meteoronlogical
Center weather tape, Proper JCL cards must be included,
however, SYSUTY1 and SYSUT2 are the DDnames for the input

and output datasets respectively. If only a part of the

data is desicred, some program modification will be necessary.
The basic conversion subroutines may remain unchanged.

See the writeup, UNPACKING ®GAE LEVEL IIT DATASETS IN
INTERNATIOVAL BXCHANGE FORMATS, for further information,

DECPROG-UKC132




neL O
08
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
19
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
08

0%

RECIN ALIGNED,
PARTY,
DATA_TYPE BIT(12),

TYPF_S1 BIT(12),
TINEY BYIT(®),
MARKERT  BIT(4),
b BIT(20),
BSIGN AIT (1),
El BIT(7) .
MARKER2 BIT(4),
XMAKKER  BIT(Y) .,
TYPF_S2 BIT(12),
TINE2 BIT(Y) .,
MARKER3  BIT (W),
c?2 BIT(20),
BSIGN2 BIT(Y),
B2 BIT(7),
ch BIT(8),
M BIT(8),
XS BIT(9),
K BIT(8),
UNUSED BIT (W),
RN BIT(12),
NN BIT(16),
Y BIT(8),
M BYT(®) .,
D BIT(8),
1 BIT(Y),
RYARKER  BIT(R),
G BIT(%),
J DIT(V0),
B BIT(1h),
2 BIT(10),
A . BIT(32),
UNUSEN2  BIT(1h),
N BIT(16),
UNUSEDY BIT(32),
DATA (5365)BIT(16),
XX BIT(10);

NECPROG-UKCIZ2
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Using Deccde

/% STRUCTURE FOR INPUT PFECORDS %/

/% RECETVES BINARY DIGITS FOR ¢/
/% CONVERSION TO DECINMAL */




WL TR RSN

DCL 01
05
10
10
10
10
10
10
10
10
10
10

N

g o

10
10
10
10
10
10
10
10
10
10
10

10
10
10
10
19
10

10
10
10
10

0%

DECPROG~-
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TEMDPREC UNALIGNED,

PART1,

DATA_TYPE FIXED BINARY(31),

TYPE_S1
TIME1N
MARKER1
Cc1
BSIGN
E1
MARKER2
XMARKER
TYPE_S2
TIME2
MARKER3
Cc2
BSIGN2
E2

Cch

CcM

KS

X
UNUSED
RN

NA

Y

M

D

X
RMARKER
G

J

B

2

A .
UNUSED2
N
UNUSED3

FIXED BINARY(31),
FIXED BINARY (31),
FIXED BINARY (21),
FIXED BINARY (31),
FIXFED BINARY (31),
FIXED BINARY (15),
FIYED BINARY(31),
FIXED BINARY (31),
FIXED BINARY (31),
FIXED BINARY (31),
FIXED BINARY (31),
FIXED BINARY (31),
FTXED BINARY(31),
FIXED BINARY (15),
FIXED BINARY (31),
FIXED BINARY(31),
FIXED BINARY (31),
FTXED BINARY (31),
FIXED BINARY (31),
FIXED BINARY (31),
FIXED BINARY (31),
FIXED BTNARY(31),
FIXED BINATY (31),
FIXED BINARY (31),
FIXFD BINARY(31),
FIXED BINARY (31),
FIXED BINARY (31),
FIXED BINARY(31),
FIXED BINARY’31),
FIXED BINARY (15),
FLOAT,

FIXED BINARY (31),
FIXED BINARY(31),
FIXED BIMARY (31),

DATA(1387) FIXED BINARY (15),

XX

UKC332

FIXED BINARY(31);

Jsing Decode

/% STRUCTURE TO RECEIVE */
/% NUMBERS AFTER CONVERSION */




-103-
Using Decodle

DCL 01 QUTPEC UNALIGNED, /% STRUCTURE RETURNED BY =/
05 PARTI1, /% SORT */
10 DATA_TYPE CHAR(14),
10 C1 CHAR(14),
10 K CHAR(14),
10 v CHAPR (14),
10 M CHAR(4),
10 1 CHAR (14),
10 I CHAR (14),
05 DATA(1337) CHAR (9) ;

DCL 01 WRITEREC ({NALIGNED, /¥ STRUCTURE TO WRITE CUT */
05 PARTI1, /% TO TAPE AFTER SORT */
10 DATA_TYPFE CHAR(4), /¥ WITH DATA CONSOLIDATED */
10 C1 CHAR(14), /% FROM 2 RECORDS INTO 1 */
10 Y CHAR (14),
10 M CHAR(14), /¥ ONE OUTPUT RECORD IS */
10 D CHAR {14), /% NOW TWO TIME PERIODS */
10 I CHAX {14), /% (ONE DAY) OF DATA */

05 DATA(1387) CHAR(9),
05 DAT2(1387) CHAR(9) ;

DECPROG-UKC332
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Using Decoie
DCL SYSUT1 FILE RECORD INPUT, /% INPUT TAPE TFILE x/
SYsur2 FILE RECORD oUOTPODT, /% SORTED OUTPUT FILE */
SYSPRINT FILE STREAM OUTPUT; /% PRINT FILE */
DCL (=OF,BADQ) BIT (1), /% FLAGS *)
(11,3J9,33J,KK,
LIMIT,
REC_NUMBER) FIXED BIN(15) INIT(1),
BLKS FIXZD BIN(31), Vi USED FOR COUNTERS %/
RETCODR FIXED BIN(31,0); /¥ RETURN CODE FROM PLISRT*/
DCL (UNSPEC,
PLIRFETC,
PLISRTD,
STRING,
FLOOR) BUILTIN; /¥ PLI FUNCTIONS */

ON OVERFLOW BEGIN;
PUT SXIDP(4) EDIT('***%%x%x OVERFLOW FRROR ENCOUNTERED #%%&xx?)

(A) 3

PUT SKIP(2) FEDIT('#*%%x%x%x%x RETURN OUTPUT TO BOB CROVO **k%k%x%x')
(A) 3

PUT SKIP (2) EDIT('®%*%%x FOR DEBUGGING kEkkkEx?)
(A) 3

STOP;

END;

EQF = '0°'B;

ON E¥DFILF (SYSUT1) EOF = '1'B;

READ FILT(SYSUT1) TINTO(RRCIN); /% READ 1ST RECCRD (HEADER LABEL) IXNTO
STRUCTURE RECIN TO THROW AWAY */
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BIs_LOOP: /% NUMBER OF TIME PERIODS TO TRANSLATE*/
DO BLKS=1 TO 100000 UNTIL(EOF) ;/%* FOR ACTUAL PRODUCTION RUNS */
/% DO BLKS = 1 TO 2 */ /% FOR DEBUGGING #*/

READ_LOOP:

/%
Read remaining records into structure RECIN and do conversion from
binary to decimal by making the assignment from the binary structure
(RECIN) to the fixed binary (31) structure (TEMPREC) by name.
Finally, convert structure to character representation for output
to tape in character structure OUTREC.

%/

/* PLISRTD calls GETREC 116 times before starting to sort records.
After sort, PUTREC is used to write to tape. Fields to be sorted
are YEAR, MONTH, DAY, TIME PERIOD, Q, C Descending, and K (grid),
also Descending.

*/

CALL PLTSRTD(

' SORT FIELDS=(43,56,CH,A,1,14,CH,A,15,14,CH,D,29,14,CH,D)"*,
' RECORD TYPE=F,LENGTH=(12581) °,
200000,RETCODE,GETREC, PUTREC, *"', *AP') ;

IF RETCODR~=0 THEN DO; PUT DATA(RETCODE); /% BAD SORT */
CALL PLIRFTC (RETCODE) ;
STOD;
END;
/% <<<C<K< THE FOLLOWING STMT IS FOR DEBUGGING ONLY >>>>>>> */

PUT SKIP SDIT (' HAVING REZTURNED FROM PLISRTD WITH RETCODE = ',RETCODE,
' RETURN TO TOP OF LOOP AFTER READING DUMMY RECORD') (A,F(12,3),4);
¥ {<<<KK< REMOVE THE PRECELING STMT FOR ACTUAL RUNS>>>>>>> */

READ FILE(SYSUT1) INTO(RECIN); /% READ 1ST RECORD (HEADER LABEL) INTO
STRUCTURE RECIN TO THROW AWAY */

END; /% OF BIG_LOOP #*/

POT SKIP(8) ENIT(**#+%¢¢ YORMAL FROGRAM TERMINATION **sx&x!)
(COL(10) ,A);

PUT SXIP(9) EDIT(*#9*e¢¢ ' BLKS, ' RECORDS PROCESSED #s%&#ss?)
(COL(10) ,A) ;

S112P;
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GETREC: /* GETREC READS 116 RECORDS BEFORE #/
/% CALLING PLIRETC(8) FOR PLISRTD #/

PROCEDURE RETURNS (CHAR(12581));

DCL KNT FIXED BIN(15) STATIC INIT (1);

READ: IF KNT = 117 THEN DO; KNT = 1;
REC_NUMBER = 13
CALT PLIRETC (8) ;/*LAST RECORD TO SORT#*/
RETURN (STRING (OUTREC) ) ;

END;
BADQ = CONVERT;
KNT = KNT + 1;
ITF BADD THEN GOTOD READ; /% SKIP THIS RECORD */
CALL PLTRETC(12): /% NEED MORE RECORDS ¢0OR SORT #*/

RETURY(STRING (QUTREC)) ;
END; /% OF GETREC %/

PUTREC:
PR2CEDURE (STRUCT) ; /% STRUCT DEF ON OUTREC MAY BE BETTER */
DCL STRUCT CHAR(12581);
DCL Q FIXED BIN(31); /¢ USED AS TEMPORARY VARIABLE v/

DCL NEWCALL BIT(1) STATIC INIT('1°'B);
STRING (OUTREC) = STRUCT;
Q = OUTREC.CATA_TYPE,
Q = 48 * (0=1) + 49 * (Q=2) + 16 * (0=3) + (0=4) ¢ 88 * (Q=5);
(NOSTRZ) :OUTREC. DATA_TYPE = Q3
IF NEWCALL THEN DO; NEWCALL = '0'B;
REC_NUMBER = REC_NUMBER ¢ 13
WRITEREC = OUTREC, BY NAME;
FND;
ELSE DO; NEWCALL = '1'B;
WRITEREC.DAT2 = OUTREC.DATA;

. WRITE FILE(SYSUT2) PRCM(WRITEREC) ;
. END;
CALL PRINT; /% FOR DE3NUGGING ONLY--BEST REMGVE ON RUN #/

CALL PLIRETC(Y) ;
END; /% OF PUTREC %/
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CONVERT: /% CONVERT TAPE DATA TO DECIMAL NUMBERS %/
PROCEDURE RETURNS (BIT(1)): ,* 1 FOR FAILURE, 0 FOR SUCCESS %/
DCL O FIXED B3IN (31); /* O IS USED AS TEMPORARY VAR %/

RFAD FILE(SYSUT1) INTO(RECIN); /% READ RECORD INTO
STRUCTURE RECIN */
(NOSTRZ) ¢
TEMPREC.PARTI=RECIN,PART1, BY NAME;/* CONVERT FROM BINARY TO */

/% DECIMAL BY ASSIGNHENT */
IF (TEMPREC.TYPE_S1 ~= 3) THEN

RETURN('1'B) ; VA, TEST FOR DESIRED S */
Q = TEMPREC.DATA_TYPE; .
Q = (0=U8) + 2 * (Q=49) + 3 * (0=16) + 4 * (0=1) + S * (Q=88);

IF (0 = 0) THEN RETURN('1'B); % TEST FOR DESIRED Q'S %/
TEMPREC.DATA_TYPE = 0Q;

TEMPREC.XX = RECIN.XX:
UNSPEC (TEMPREC. Z) RECIN. Z; /¥ TRANSLATE DATA INTO */
UNSPEC(TEMPREC. A) RECING.AS /% THE CORRECT FORM. */

IF (RECIN.BSIGN = '1'B) THEN /% GIVE EXPONENT E1 CORRECT SIGN #/

. TEMPREC.F1 = = (TEMPREC.E1);

IF (RECIN.B3IGN2 = '1'8) THEN y% GIVE FXPONENT E2 CORRECT SIGN %/
TEMPREC.FE2 = - (TEMPREC.E2);

TEMPREC,C1 = FLOOR((TEMPRRC.C1 * (10 *& TEXPREC.E1)) + .5):

KK = 0;

nnJJ = 1 T0O 37 BY 2; /¥ TRANSLATE ONLY ALTERNATE ARRAY %/
JJJ = (JJ - 1 ) *= 1S,

DO II = % TO 145 BY 2; /% VALUES INTO DECIMAL VALUES */

KK = KK % 1;
UNSPEC (TEMPREC,.DATA (KK)) = RECIN.,DATA(JJJ ¢ II);
TEMPRREC. DATA (KK) =
TEMPREC.A ¢ (TUMPREC.DATA (KK)* (2%% (TEMPREC.N-15))) ;
END;
FMD;
(NOSTR?Z) :
OUWTREC = TEMPREC, DBY NAME;/*CONVERT TO CHARACTER FOR EBCDIC OUTPUT*/

RETURN('0'B) ;

END; /% OF COMVERT #/
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PRINT: /% OUTPUT CONVERTED VALUES %/
PROCEDURE;

Vi
OUTPUT THE RESULT OF THE CCNVERSION, GIVING THE
NECTSSARY VARIABLES AND THE VALUES ASSOCIATED WITH THENM,

-/

PUT PAGE;

PUT SXIP FEDIT ('RECORD NUMBER == ') (COL (1) ,A)
(REC_NUMBER) (F(7));

PNT SKXIP EDIT ('Q =',OUTREC.DATA_TYPE) (A,F(6))
(*C1 = ,0UTREC.CY) (X (24) ,A,F(6))
('K =',00TR3C.X) (X(24) ,A,F(5)) 3

PUT SKIP EDIT ('Y =',0UTREC.Y) (A, F(6))
('™ =',0"TREC.M) (X (24) ,A,F(6))
(*D =',0UTREC.D) (X (24) ,A,7(6))
(*I =',NUTREC, I) (X (24) ,A,F(6))

PNT SKTP (4) EDIT('=-======== > PAYA FROM RECORD G ')

(COL(38),A)
PUT SKIP(2):
/‘
Dutput data entries along with the array subscripts, for
refarence2., The following LIMIT may be from 1 to 1387.
A miltiple of S is preferred.

./
LIMIT = 225; -
nD KK = 1 T™ LIMIT BY S5;

PUT SKIP EDIT (' (',KX,*' - ',KKel4,%),
OUTREC.DATA (KK) ,OUTREC.DATA (XX+1),
OUTREC.DATA (KK¢2) ,0NTREC. DATA (KK+3) ,OUTREC. DATA (KK #4))
(COL (1) ,A,F(5),A,F(5),A,5 (A, X(2))):
FND;
RETURN;
END; /% OF PRINT %/

END; /% 07 DECODE #/
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