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TURB: Turbulence Forecasting for 
Small/Medium and Large Aircraft 

Steven J. Nag I Ic 
WSFO Cleveland, OH

I . IntroductIon

This program was developed to provide Center Weather Service 
Unit (CWSU) meteorologists and FAA flIght service station 
personnel with a local product they can use to describe areas of 
significant turbulence.

The program takes upper air data from any raob site (Figure 
1), processes it, and generates a turbulence forecast for the area 
within a lOOnm radius of the raob site. This Information Is quite 
valuable to the CWSU meteorologists as their forecasts, 
meteorological Impact statements, and center weather advisories 
are used by the FAA for planning purposes and for the routing or 
rerouting of air traffic. The forecast product (Figure 2) gives 
the layers analyzed In thousands of feet, the wind shear per 
thousand feet, and the turbulence forecast for small/medlum 
aircraft and large aircraft. (Sn\a 11/med I urn size aircraft are 
those such as Cessnas, Pipers, Citations, Lear Jets, etc., while 
large aircraft are those such as the Boeing 700 series, McDonnel 
Douglas DC8/9's, and Air Force KC135's, C5's, B52's, etc.) A 
testing period of nine months yielded a mean verification of 
nearly 75%.

I I. Methodology and Software Structure

The program TURB Is Initiated by entering the command

RUN:TURB XXX XXX YYY/A

at an ADM. XXX Is the three letter station Identifier for any 
raob site (Figure 1), and YYY is the AFOS addressee (such as SDC 
for state distribution circuit; defaults to 000). An example 
might be

RUN:TURB FNT DAY PIT BUF TOL/A

These four raob sites cover Cleveland Center's airspace (Figure 
3), and are used In conjunction with other data In making Its 
turbulence forecast. Up to six raob sites may be entered on the 
command line.

When the command line Is entered the main program TURB.FR 
calls the subroutine TURBARG which checks the command line 
arguments for switches. The subroutine NDASIN then checks the 
station arguments XXX given on the command line with their



corresponding nodes CCC and WMO block numbers NNN to make sure 
each station Is a raob site. If any are not, an error message 
will be returned to the ADM. (Any station may be used for the 
addressee.)

Next, the subroutine SGLDEC is called to decode the TTBB and 
PPBB transmissions Into two RDOS files: one for temperatures and 
dew points (SOUNDING.T), and one for winds (SOUNDING.W). If the 
formats of these products are not correct SGLDEC will type out a 
flag message to that effect at the Dasher and exit that portion of 
the program. (It should be noted that the reason why the program 
is set up to decode the significant level reports and create Its 
own file is so that any WSO can request raob reports along an 
Intended flight path to get an entire turbulence profile and 
forecast. The TTBBD program used at most WSFO’s often may not 
contain the raob sites along an Intended flight path, especially 
If It Is cross-country.)

After the raob data Is decoded, the subroutine TURBULENCE is 
called. TURBULENCE utilizes the sounding data and other 
subroutines within Itself to determine the turbulence forecast 
for each layer of the significant levels. First the RDOS flies 
SOUNDING.T and SOUNDING.W are opened to access the decoded raob 
data. Then the header and the outp.ut file TURB are created by the 
subroutine HEADER.

A loop Is then Initiated to calculate the turbulence 
parameters. The subroutine PRSI NT Is called to Interpolate a 
given height In hundreds of feet to a pressure level in the U.S. 
Standard Atmosphere. INTRPOLATE Is then called to Interpolate 
between the pressure levels of the file SOUNDING.T to give the 
temperature and dew point at any given pressure level (PRSLVL). A 
temperature or dew point of -99 means that no Interpolation was 
possible or that the dew point was not measured at one of the 
levels necessary for the interpolation. In synoptic situations 
where the Interpolated station elevation Is greater than the first 
reported wind level, the subroutine COMPACT Is called to eliminate 
the lowest pressure level. (This often happens when there Is a 
deep surface low In the area.) The vector wind shear for each 
layer Is then computed by the subroutine COMSHR and rounded to an 
Integer by the subroutine fKRND. The variables for the Richardson 
number are computed and then the Richardson number Itself. After 
this, the nondlmenslonal variable CALPI2 Is calculated. This 
variable and the Richardson number are used to determine the 
turbulent Intensity of each layer by use of a series of 
conditional statements. (A more detailed discussion of the 
research and methods used to develop this program. Including the 
dervlatlon of CALPI2, may be found In the Appendix.) The program 
also checks to see If the raob data for Great Falls, MT, Lander, 
WY, or Denver, CO Is being analyzed. If so, then a series of 
conditional statements for mountain waves are run through at the 
end of the loop.
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After the program has looped through all the layers, the 
turbulence labels are assigned and the output Is stored In the 
output product cccTURB. If more than one station was run, the 
whole process begins again with the output stored In a separate 
version of cccTURB for each station. If for some reason the 
program aborts within the subroutine TURBULENCE, an error messaqe 
will be loaded Into the output product.

Figure 4 shows the relationship among the disk files, program 
files and Input/output data. Figure 5 gives an abbreviated form 
of the software structure and shows the flow of logic from the 
matn program to the subroutines. Many subroutines have been used 
in this program, some of which were adapted from John Jannuzzi 
(1980)•

The equations and algorithms used In developing this program 
may be found in Part A of the Appendix and In the program listinas 
section.

III. Cautions and Restrictions

Turbulence associated with convection (I.e., thunderstorms) 
Is not handled by this program.

The "PSBL MOUNTAIN WAVE" indication can occur on Iy for Great 
Falls MT, Lander, WY and Denver, CO.

This program uses only the data from the second transmission 
of a raob sounding (TTBB and PPBB) and not the mandatory levels. 
Generally, the Interpolated temperatures at the mandatory levels 
are quite close to the observed values.

Based upon the assumptions described In the Appendix, the 
forecasts are generally good for six hours and are valid for a 
100nm radius of the raob site. (Rapidly changing conditions may 
invalidate the forecasts more quickly.) So the 00Z forecast Is 
good until 06Z and the 12Z forecast until 18Z. As one can 
readily see, there are two periods when no forecast Is available: 
06Z-12Z and 18Z-00Z. The program output should only be used as a 
guide during these periods.

If the program falls for some reason, an error message will 
be either returned to the ADM, Dasher, or loaded Into the product 
output. Be sure all stations entered on the command line without 
a local switch are upper air stations. Check the significant 
level reports. Two spaces are required after the TTBB and PPBB, 
and each part should end with an equal (=) sign. Or, perhaps only 
a partial or Incomplete report was sent by the raob site.
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V. Program Information and Procedures for Installation and Execution

ERCP #44 
July 1988

TURB: Generation of Turbulence Forecasts

PART A;—INFORMATION AND INSTAI i ation

PROGRAM NAME: TURB AAL m;
REVISION NO.; 1.00

PURPOSE; TURB takes upper air data from the significant level TTBB and PPBB 
groups, processes It, and develops a turbulence profile of the atmosphere 
surrounding an upper air station.

PROGRAM INFORMATION:

Development Programmer:
Steven J. Nag I Ic 

Location: WSFO CLE 
Phone: (FTS) 942-4949 
Language: DG FORTRAN IV/5.57

Maintenance Programmer:
Steven J. Nag lie 

Location: WSFO CLE
Phone: (FTS) 942-4949 
Type: Standard

Save File Creation Dates:
Original Release/Version 1.00 07/05/88

Running Time: 1-2 minutes for six stations 

Disk Space:
Program 64 RDOS blocks
Data 7 RDOS blocks

PROGRAM REQUIREMENTS

Program FIles:

Name Disk Location Comments
TURB.SV APPL1

Data FIles:

Name
SOUND ING.T
SOUND ING.W
TURB

Disk Location
SYSZ
SYSZ
SYSZ

R/W
W/R
W/R
W

Commflntt;
decoded temps/dewpts
decoded winds
temporary output
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AFOS Products:

IQ 
cccSGLxxx 
cccTURB 

Action
Input
Output

Comments
up to six per run 
at least six versions 
should be In the database 
(one per raob site used)

LOAD LINE
RLDR/P TURB TURBULENCE COMSHR PRSINT INTRPOLATE MKRND COMPACT MPNDASIN 
MPSGLDEC TURBARG HEADER TURBREV <T0P BG UTIL F0RT>.LB TURB.LM/L

PROGRAM INSTALLATION

1. Install TURB.SV in APPL1 with a link from SYSZ.

2. Add sufficient copies of cccTURB to the database to accomodate all 
stations TURB will be run for.
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TURB: Generation of Turbulence Forecasts

EART B; EXECUTION AND ERROR conditions

PROGRAM NAME; TURB AAL. ID-
REVISION NO.; 1.00

PROGRAM EXECUTION;

The program Is executed by typing

RUN:TURB xxx Cxxx xxx xxx xxx xxxj Cyyy/A]

at an ADM (optional terms in brackets). The xxx's are the raob sites whose 
reports are to be analyzed (up to six per run) and yyy Is the optional 
addressee for the output (defaults to 000, local storage only). Each 
forecast Is stored in a separate version of cccTURB. For example,

RUN:TURB FNT DAY PIT BUF SDC/A

will generate turbulence forecasts for Flint, Dayton, Pittsburgh and Buffalo 
and transmit them on the SDC.

Successful completion is signaled by the alert light at the ADM.

ERROR CONDITIONS

Messages from ADM Mean. I no
STN XXX UNKN A non-upper-alr site was 

used for xxx In the command 
11 ne

Dasher Messages Meaning

CAN'T OPEN COM.CM Incorrect command line format

In addition, the following message Is stored In cccTURB If a station's data 
Is garbled or Incomplete:

DATA NOT LOADED BY SGLDECODER, CHECK THE 
SIGLEVEL REPORT FOR FORMAT, SPACING ERRORS,
ETC.. TWO SPACES ARE REQUIRED AFTER THE TTBB



AND PPBB...AND AN = SIGN IS NEEDED AFTER THE 
LAST DATA GROUP IN BOTH THE TTBB AND PPBB 
SECTIONS.



VI. Figures
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Figure 2. Sample Turbulence Forecast Product

'< CLETURB 
ETTAAGO KCLE

LAYER
UOOO'S FT)
SFC - 6

6 - 7
7-3 a - 9
9-1212 - 13

13 - 14
14 - 16 
16 - 19
19 - 20
20 - 22

26 - 2929 - 30
30 - 33
33 - 36 36 f 40 40 - 44 
44 - 48 
4a - 30 
30 - 33

DEN

turbulence data valid

SHEAR SML/MED ACFT 
TURBULENCE/1OOOFT) FORECAST1 SM - MO6 LT - MD2 SM - LT4 MO - SV3 MO - SV4 MO - SV4 PSBL MTN WAVE2 PSBL MTN WAVE1 SM - LT10 LT - MD9 LT - MO '13 LT - MO13 LT - MO7 LT - MO7 LT - MO7 LT - MO3 LT - MOa MD - SV17 LT - MO6 SM - LT9 LT - MO10 LT - MD

9/23 OZ

LAYER
(lOOO'S FT) SFC - 6
6- 77- 8a - 9 
9-12 12 - 13

13 - 1414 - 16 
16 - 19
19 - 20
20 - 22 
22 - 23 
23 - 26 
26 - 2929 - 30
30 - 33 
33 - 36 36 - 40 
40 - 44 
44 - 48 
48-30 30 - 33

LRQ ACFT 
TURBULENCE FORECAST SM - MO 
LT - MO SM - LT 
LT - MO 
MO - SV 
LT - MO 

PSBL MTN WAVE 
PSBL MTN WAVE SM - LT 

LT - MO 
LT - MO 
LT - MO 
LT - MO 
LT - MO LT - MD 
LT - MO 
LT - MO LT - MO 
LT - MO 
SM - LT LT - MO LT - MD
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Figure 3. Cleveland Center Airspace
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Figure 4. Program and Data Flow
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Figure 5: Software Structure and Load Line

Main Program 
TURB

Subrout Ines
TURBARG---------- >1 FCOM 

I COMCM

NDASIN---------- >1 FORKE

KSRCF

SGLDEC--------->1 NXBKF
I UNPACK 
I DFILW 
I CFILW 
I GCHN
I OPENN 
I WRS 
I RESET

TURBULENCE ->l OPEN
1 READR
1 CLOSE
1 HEADER ---------
1 1 OPEN
1 1 RDS
1 1 CLOSE
1 1 DATE
1 1 KFILL
1 1 UBNDEC
1 1 PACK
1 1 PRSINT
1 1 1NTRPOLATE
1 1 COMPACT
1 1 COMSHR
1 1 VKRND
1 1 FSTORE

CLOSE

FORKE

Load Line

RLDR/P TURB TURBULENCE COMSHR PRSINT INTRPOLATE MKRND COMPACT 
MPNDASIN MPSGLDEC TURBARG HEADER TURBREV <T0P BG UTIL F0RT>.LB 
TURB.LM/L
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Figure 6. Turbulence Study Results
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Figure 7. Mountain Wave Conditions
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VII. Appendix

The research for this project was performed In three phases: 
theoretical development of equations; data col lection and 
analysis; and program development, testing, and verification.

A. Theoretical Development of Equations: the Buckingham PI Theory

During the course of my graduate work I was introduced to a 
theory that was based upon dimensional analysis and took an 
objective approach to any given hypothesis. It's known as the 
Buckingham PI theory.

1. Theory

Buckingham Introduced his pi theory in early part of this 
century (Buckingham, 1914). The essential context of the theory 
Is as follows: "If an equation Is dimensionally homogeneous. It 
can be reduced to a relationship among a complete set of 
dimensionless products...A set of dimensionless products of given 
variables Is complete If each product In the set Is Independent of 
the others, and every other dimensionless product of variables 
Is a product of powers..." (Perry et. al., 1963).

The dependence of n quantities or variables Q , may be 
expressed In the form of n

(D '1 9, Qi q„ «ir
where 'TT [ represents the dimensionless pi groups, and 
I=1*2»3...p. In formulating a problem, this method requires the 
investigator to know beforehand how many dimensionless groups will 
constitute a complete set.

Langaar (1951) was the first to successfully perform a 
rigorous proof of the Buckingham PI theory. He subsequently 
showed that the number of dimensionless groups p, constituting a 
complete set for n quantities Qn, Is given by the equation

(2) p = n - m

Langaar has also shown that m, the number of restrictions on (1), 
Is equal to the number of primary (Independent) dimensions.

'Tfy If,,n ac corda nce worith  the theory, the p dimensionless groups 
nr3, ... can then be related by the general 

functional equation p

(3) <t> (T1,%,/yv...X) 3 0
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where the function <j) Is found empirically. Thus, any problem 
that can be described In terms of the n quantities Involved In the 
problem can alternately be described by the p pi groups. Usually, 
p Is much smaller than n, easing the number of Independent 
quantities to be correlated from laboratory or field experiments.

2. ApplIcatlon

The Intent here Is to apply the Buckingham PI theory to 
determine the complete set of dimensionless pi (*7f) groups related 
to atmospheric turbulence. Then, the functional relationships 
between these pi groups can be found empirically. These 
relationships, If properly formulated, can then be used to 
determine turbulent Intensity.

It should be noted that dimensional analysis Is simply a tool 
which helps the Investigator plan and/or correlate results of an 
experiment. The analysis usually reduces the number of 
experimental variables to be correlated, and often shows the best 
approach to the problem. However, It does not result directly In 
giving quantitative Information. The investigator must take the 
resulting pi groups and find correlations and functional 
relationships by researching along the lines of the theoretical 
aspects pertaining to the experiment at hand. If the results are 
at first poor, then the Investigator must be critical of the 
variables Initially used, hypothesize a new set of Important 
variables, and work out the new pi groups and subsequent 
correlations again. This process can be quite painstaking, but it 
Is an objective approach to the problem which has the properties 
(good or bad) of not forcing physical equations Into the problem.

In using the Buckingham PI theory one can follow an 
established set of procedures.

STEP—Q£J£: hypothesize what variables are Important to the 
problem. Initial consideration was given to dividing the 
atmosphere Into two parts, the planetary boundary layer (PBL) and 
the free atmosphere. Significant variables considered for the PBL 
were the surface stress Tg, the density p and the roughness 
length Zg. Interpolated roughness values were taken from Lee, 
Stull and Irvine (1979, Figure 11). Problems arose, however, in 
programming Interpolating schemes for and Zg for areas 
around the raob stations, especially In the Intermountain region. 
Even at the point sources of the raob stations themselves, the pi 
groups obtained gave poor results for the PBL. On the other hand, 
excellent results were obtained In the free atmosphere, and the 
resulting pi groups were adapted to the PBL where the results 
became quite good. By researching a complete set of variables 
considered to be Important to the turbulent Intensity of the 
atmosphere, a unique subset was resolved. In the final analysis, 
the group of variables that were found tojje most successful In 
describing turbulent intensity are g/0, m, Z, iv/^Z, and

18



^9/^Z, where g/6 Is^a buoyancy term, IVI Is the wind speed, 
Z Is the height (msl), ^VAZ Is the vector wind shear and ^0AZ 
Is the lapse rate. Hence we have

(4) (g/e, ivi, z, *vAz, ^eAz) =

where Is yet the undetermined function.

£IE£—TtiSli Find the dimensions of each of the variables In terms 
of the fundamental dimensions. The fundamental dimensions are 
length L, mass M, time T, temperature K, electric current A, and 
luminous Intensity I; the latter two, A and I, are not relevant to 
this problem. So the variables expressed In their dimensional 
components are

(5a-e) g/0 ~ (LT-2 K_1)

IVI ~ (LT"1)

Z ~ (L)

VvAZ ~ (LT'V1) = (T-1) 

be/lz ~(kl‘1)

STEP THREE: Count the number of fundamental dimensions that are 
Involved In the problem. Here we have the dimensions of L, T, and 

K giving us three dimensions.

-SIEP FOUR: Pick certain primary variables from the original group 
of variables, subject to the following restrlet tons: (1) all 
fundamental dimensions must be represented, (2) no dimensionless 
group must be possible from any combination of the primary 
variables, and (3) the number of primary variables must equal the 
number of fundamental dimensions, le., three In this case. Let's 
choose g/0, Z, and IVI as the primary variables. It should be 
noted that any of the variables In the set can be primary 
variables so long as they meet the preceding restrictions.

SIEP FIVE: ^Form equations for each of the remaining variables, 
^e/iZ and ^VAZ, as functions of the primary variables, where 
the number of equations (and pl groups) are equal to the number of 
variables (five) minus the number of dimensions (three). In this 
case we can expect two pl groups, hence two equations. These 
equations are

(6) ^eAz = (g/6)a (Z)b (IVI)C

(7) Vv/^Z = (g/e)d (Z)e (IVI)f

STEP SIX: Substitute the dimensions for the variables and solve 
for the exponents (powers) which yield a dimensionally consistent 
equation. Equation (6) will be used as an example.



or

}9AZ =

(KL-1) ■

(g/9)3 (Z)b (IVI)C 

= (LT'W (L)b (LT

(8) For K we have: 1 = -a
(9) For L we have: -1 = a + b + c
(10) For T we have: 0 = -2a -c

Solving (8) through (10), we find: a = -1, b = -2, c = 2, and (6) 
now becomes

(11) ^9AZ = (g/9)"1 (Z)~2(IVI)2

This method is again used to find the exponents of (7), which then 
becomes

(12) ^VAZ = (g/9)0 (Z)'1 (IVI)1 = IVI/Z

STEP__SE¥£M: The final step Is to solve for the dimensionless pi 
groups. By dividing either side of (11) by the other side one
obtains the resulting pi group

similarly, (12) yields

X- ('-?!)/(!)
According to Buckingham, the problem can now be described In 

terms of the two p! groups. However, his theory also states that 
the Initial pi groups can be linearly combined to form new pi 
groups. Keep In mind, though, that only two of the pi groups are 
Independent, and can be used In making correlation studies. So, 
by squaring TT2 and multiplying It times'^ , we have

(15) x- ®1(t ay
which Is the Richardson number. Thus, the resulting pi groups 
used In this study to correlate atmospheric turbulence are

Ccac**.) (*;)

B. Data Collection and Analysis

According to Buckingham one can now take the resulting pi 
groups and attempt to find a correlation with atmospheric 
turbulence. To accomplish this a short program was written to 
calculate the Richardson number and pl2 values for each
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significant level reported In the TTBB and PPBB raob 
transmissions. Pilot reports (PIREPs) of turbulence were 
collected from the Pacific Northwest and the Rocky Mountain region 
for a period of three months. The turbulence reports were color 
coded and plotted on a graph (Figure 6) with their corresponding 
Richardson numbers and p12 values. Since multiple colored graphs 
can not be reproduced with this paper various symbols were 
substituted. Most of the pilots reported turbulence as being 
smooth, light, light to moderate, moderate, moderate to severe, 
severe, and extreme. Only two reports of extreme turbulence were 
received. It was assumed that atmospheric conditions were nearly 
homogeneous within a lOOnm radius of a raob site six hours either 
side of the 00Z and 12Z runs. Thus, calculated pi values from 00Z 
were used for PIREPs received from 18Z to 06Z, and pi values from 
12Z were used for PIREPs received from 06Z to 18Z.

Looking at Figure 6 one can see there Is a distinct 
clustering of moderate to severe and severe PIREPs below the pi3, 
or Richardson number (Rl), value of .75. This Is In good 
agreement with Kennedy and Shapiro (1980) who found that RI values 
less than .7 In areas of strong vertical wind shear could be 
considered an empirical criterion for shear Induced turbulence. 
Theoretically It has been determined that a Rl value of less than 
or equal to .25 will allow dynamic turbulence to exist. However, 
Reed and Hardy (1972) suggest that the balloon-based observing 
systems are unable to resolve the highest values of I^V/>ZI, 
thereby Increasing the critical Richardson number (Rl ) to 
greater than .25 but less than 1.00. Keller (1981) alsocagrees 
with this. He states that the "ability of a rising balloon system 
to directly sense turbulent motions Is dependent on the 
sensitivity of the balloon system to turbulent motions above the 
noise level of the system and the vertical- resolution. Possible 
sources of system error Include 1) errors In tracking, 2) 
self-induced balloon motions, and 3) Imperfect balloon response."

Looking at Figure 6 again one can see that moderate through 
severe PIREPs are generally not observed left of the line
(17) RI = (Tf2 x .20833 x 104) - .2 

This line, and the IIne
(18) RI * .75 for^ > 4.6X10"4

are the upper limits for moderate through severe turbulence. This 
entire line C(17) and (18)3 will be designated Rl for this 
paper. Further analysis of the data found that IIgh? through 
moderate turbulence was most frequently observed when RI Is 
greater than RI , and less than or equal to 2.75. Smooth 
through light conditions were most frequently observed when Rl Is 
greater than 2.75.

Several other Important features of turbulence were 
discovered when analyzing the data. These were 1) the variations 
of PIREPs from smooth through moderate turbulence In and near the
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boundary layer during the early morning and mid to late afternoon 
hours, and 2) relatively high values of Rl were observed between 8 
and 20 thousand feet during periods of reported mountain wave 
activity.

The variations of turbulence conditions during the early 
morning hours can most likely be attributed to the development and 
dissipation of the nocturnal boundary layer Jet and temperature 
Inversion. Badner (1979) gives a good description of how this 
process works. The development of the nocturnal boundary layer 
jet and inversion most commonly occur under clear skies. Strong 
radlatlonal cooling at the surface allows the Inversion to set up 
and suppress mixing and momentum transfer from the large scale 
flow above the Inversion to the surface where the winds become 
light. The Inversion eliminates the effects of friction which 
allows a wind maximum to develop Just above it. It Is the strong 
vertical wind shear between the boundary layer Jet and the 
surface, and the change In static stability which give rise to 
small (<.75) Richardson numbers In the boundary layer under these 
synoptic conditions. As a result, the turbulence program would be 
predicting moderate through severe turbulence. However, during 
these synoptic conditions an equal distribution of smooth, light 
to moderate, and moderate turbulence conditions were observed by 
pilots flying In or up/down through the boundary layer. A 
plausible explanation could be that pilots who encountered 
moderate turbulence may have penetrated the Jet at or near Its 
time of peak strength. The pilots who reported smooth or light to 
moderate turbulence may have been flying through the boundary 
layer Just after or during the Jet's dissipation which occurs 
shortly after sunrise. As a result, the program looks at the wind 
and temperature profile In the boundary layer and will forecast 
turbulent conditions as smooth through moderate (SM-MD) If the 
appropriate conditions exist.

Similar variations of turbulence were observed in the 
boundary layer during the mid to late afternoon hours on mostly 
sunny days. Shortly after sunrise turbulent mixing begins. This 
causes the breakdown of the nocturnal temperature Inversion and 
hence, the rapid dissipation of the boundary layer Jet. The 
mixing process begins at the surface and grows upward, 
destabilizing each successive layer. Eventually, the once 
statically stable boundary layer becomes statically unstable and 
turbulence convection begins. This turbulence within the boundary 
layer Is usually felt as bumpy thermals of hot air known as 
convective plumes. As an aircraft flies through and between these 
convective plumes It will encounter variations of turbulence 
(SM-ND) due to the rising, sinking, and neutral vertical motions 
of the air. These conditions were usually observed on mostly 
sunny days when the winds within the boundary layer were less than 
25kts and RI was <.75. The turbulence program checks for these 
conditions and forecasts smooth through moderate turbulence within 
the boundary layer If they arise.
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One of the most Important aspects to come out of the analysis 
was the correlation of relatively high Richardson numbers with 
mountain wave Induced turbulence. Special attention was given to 
pilot reports of mountain wave turbulence over and along the east 
slopes of the Rockies from northern Montana to southern Colorado.

found that moderate to strong mid level winds blowing 
perpendicular, or nearly so, to the mountains would generate 
mountain waves above and below the average tops (about 14,000ft). 
It was observed that if the Richardson number was greater than 
3.00 and the wind direction was from 230 to 310 degrees blowing 
greater than 22kts, mountain waves were reported by aircraft In 
the vicinity of and downstream of the Great Fa I Is. Lander and 
Denver raob sites. The direction (230-310 deg) and the speed 
(>22kts) are In good agreement with Harrison (1957), George 
(I960), Clodman et. al. (1961), Calabrese (1966) and Sorenson 
(1976). The large Richardson numbers are In good agreement with 
Walltngton (1961) who found that the greatest vertical speeds In 
mountain waves are located at the Inflection points between the 
troughs and crests. Thus, the least vertical shear occurs at or 
near the Inflection points which would yield large Richardson 
numbers. Other authors such as Queney (i960), Lester and 
Flngerhut (1974), Klemp and Lilly (1975) and Hopkins (1977) have 
found that a stable layer (e. g.. Isothermal or subadlabatIc) 
exists at or near the mountain top level when mountain waves are 
observed. This stable layer often extends from the mountain tops 
to many kilometers downstream and Is most likely responsible for 
the large Richardson numbers being observed by the rawlnsondes. 
Such thermal stratification In conjunction with observed vertical 
wind shear has been connected with the development of short 
gravity waves of the Helmholtz type. These waves are recognized 
as an Intermediate stage between laminar flow and fully developed 
turbulence.

The amp IItudes of the mountain waves are another factor to 
consider since the waves vary In height. Harrison (1957) found 
the largest amplitudes at plus or minus 4000ft centered at the 
height of the mountain tops (14,000ft), while Wellington (1961) 
found the largest amplitudes to be plus or minus 6,000ft. Lester 
and Flngerhut (1974) observed that the entire vertical dimensions 
of mountain wave Induced turbulence ranged from a few meters above 
the surface to 3km. The Wellington values of +/- 6,000ft centered 
at 14,000ft were used in the turbulence program to define the 
mountain wave regime.

As a result of the above observations a series of conditional 
statements were Incorporated Into the turbulence program to detect 
mountain waves along the east slopes of the Rockies. If the above 
criteria are met, the program simply states "possible mountain 
wave" (PSBL MTN WAVE) In the turbulence forecast column. The 
reason It doesn’t give a specific forecast magnitude of turbulence 
Is because turbulent conditions can vary with respect to the 
locations of the aircraft to the mountain wave, l.e.. Is the 
aircraft In the crest or trough of the wave, or near the 
Inflection points, or above the crest or trough? Generally,



smooth to light conditions will prevail along a flight path 
through or near the Inflection points and the pilot will remark 
about up or down drafts. Moderate to severe conditions will be 
near the troughs and crests. According to Lee, Stull and Irvine 
(1979), the wind shear at the troughs and crests can be enhanced 
to the point where dynamic Instabilities and significant 
turbulence wiI I occur. Scorer (1967) and Nlcholls (1973) also 
concluded that the most favorable locations for a decrease In 
Richardson number are In the zones of uphill deceleration for 
forward shear (crests) and downhill deceleration for backward 
shear (troughs). Lester and Flngerhut (1974) have also found that 
pilots observed light, moderate, or severe turbulence over more 
than 90% of the total distance flown In the lower turbulence zone 
(LTZ). They define the LTZ as "a highly turbulent region of 
nearly neutral stability found Immediately to the lee of mountains 
between the ground and a elevated stable layer In which the wave 
motion Is occurring.n The main areas of severe turbulence were 
Just under the crests, while moderate turbulence was observed 
under the troughs. The only areas of extreme turbulence observed 
were In the upstream side of the rotor. Just beneath the rotor 
clouds, where the largest horizontal and vertical wind and 
temperature gradients were. The rotor clouds are located under 
the first crest to the lee of the mountains (Figure 7). According 
to Queney et. al. (1960) horizontal wavelengths can range from 5 
to 25km with the majority observed between 10 to 15km. Thus, as 
one can readily see the odds are small that a raw Insonde release 
from Great Falls, Lander or Denver will penetrate and observe a 
rotor. Even If one did, It might not survive the extreme 
turbulence, or because of the turbulence Inaccurate data could be 
transmitted. Therefore, because of the various reasons previously 
mentioned, "PSBL MTN WAVE" Is put into the turbulence forecast If 
the appropriate conditions are observed. It's simply meant to 
alert pilots that mountain wave activity may be occurring and to 
be cautious. The observance of either cap clouds, rotor clouds or 
lenticular clouds near the mountains can be a visual hint to 
pilots that mountain wave activity Is occurring. These clouds may 
or may not be observed, depending on the vertical distribution of 
humidity and stability conditions at the time.

C. Program Development, Testing and Verflcatlon

After the data collection and analysis were completed an 
Initial turbulence program was written to test and verify Its 
competency. The program was set up to decode the significant 
level raob transmissions and provide an output product. This 
product produced the altitudes, total vector wind shear, 
Richardson number, calculated values (CALPI2), and turbulence 
forecast for each layer. The original program was biased towards 
small and medlun size aircraft since they provided the vast 
majority of PIREPs. However, meteorologists at air route traffic 
control centers are primarily Interested In turbulent conditions 
that will affect large, mostly commercial Jet aircraft. So the 
program was tested for a six-month period. Pilot reports were



collected from all types of aircraft and separated Into categories 
of small/medlum and large aircraft according to their weight class 
and size given In Chapter 6 of the U. S. Dept, of Transportation 
FAA Contractions Manual. This was done to see how well the 
program would verify for each class of aircraft. The verification 
was performed on each turbulence forecast category of smooth 
through light (SM-LT), light through moderate (LT-MD), and 
moderate through severe (ND-SV) with an overall product average 
determined for each class of aircraft. The verification was 
performed by comparing PIREPs from 18Z-06Z for the 00Z runs, and 
06Z-18Z for the 12Z runs, with the forecasts. For example, a 
0132Z pilot report of light to moderate turbulence at 9,000ft 
within a lOOnm radius of Pittsburgh would be compared to the 
turbulence forecast given by the 00Z run for that altitude and 
recorded as either a hit or a miss. The word "through" should be 
noted In the forecast categories. That Is, a forecast of moderate 
through severe (MD-SV) means that turbulence may be either 
moderate, moderate to severe, or severe. This definition also 
holds for the other two categories (SM-LT AND LT-MD). The 
turbulence forecasts for small and medium size aircraft verified 
at 76$ and 77$ respectively, while the large aircraft verified at 
69$. The smooth through light category for the large aircraft had 
the poorest showing, verifying at only 63$. This figure may be 
biased as numerous PIREPs were received from large aircraft that 
gave winds and/or temperatures aloft without mentioning turbulence 
or lack of turbulence. That Is, they didn't indicate a "smooth 
ride even though they were probably having one. This was 
especially true during fair weather periods. If one would have 
assumed smooth conditions existed because of the lack of 
turbulence being mentioned, the SM-LT category would more likely 
have verified near 80$. Because of the lower verification 
percentage of the large aircraft the data was reanalyzed with 
Ri being lowered to a value of .50. This improved the 
verification for the large aircraft from 69$ to 74$. As a 
result, the current program uses an RI value of .75 for the 
small/medlum and .50 for large aircraft. Th?s Idea Is consistent 
with Queney et. al. (1960) and Turner et. al. (1981), who show 
that the degree of bumpiness experienced In an aircraft In a given 
state of turbulence varies widely according to the size, speed and 
characteristics of the particular aircraft. That Is, what may be 
moderate to severe turbulence to a Cessna may only be light to 
moderate to a Boeing class Jet.

The verification results may also be diminished (In a 
consistent manner) by the constraints of the raw Insonde system, 
Including the data processing. Reed and Hardy (1972) suggest that 
the balloon-based observing systems are unable to resolve the 
highest values of I^V/^ZI, thereby Increasing the critical 
Richardson number. Keller (1981) agrees by saying that "the 
ability of a rising balloon system to directly sense turbulent 
motions is, of course, dependent on the sensitivity of the balloon 
system to turbulent motions above the noise level of the system 
and the vertical resolution. Possible sources of system error 
include 1) errors In tracking, 2) self-induced balloon motions and



3) Imperfect balloon response." Keller also mentions that the
nature of the processing of the rawlnsonde data usually results In
values representative of layers 2 to 3 thousand feet thick. This
results In smoothing of the vertical wind structure and generally 
smaller shears.

The final and current turbulence program gives the layer I n
thousands of feet, the total vector wind shear In knots per 
thousand feet, and separate turbulence forecasts for both 
smalI/medium size aircraft and large aircraft. The program 
doesn't^ verify at 100$, but it can be used as a fairly reliable 
product and be quite useful to the aviation community.
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VIII. PROGRAM LISTINGS
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PROGRAM »MC: TURB.SV 1.00

WE** !?84 STEWN J. NAGLIC ZQB CUSU FTS:2W-81m 

IV 5.57 06 Ea IPSE 3230 POOS 4.17 

UM> LINE:
TIW TIWU.ENCE COMS* PRSINT IKTIWUTt «RN0 COMPACT* 

NMMSIK NPSGUJCC TURSAAS HE400 TOP.II UTIU.J FORT.1.0

PURPOSE!
TIRt.FR IS TW FI* FILE WICM CMIS VARIOUS SUBROUTIWS TO 
OBTAIN THE TURBULENCE FORECAST.

EXTERNALSl
TITOAR6 HOASIN KSICT SO. DEC UMMENCC FORK

CHANNELS! NOME

VARIABLES!
NSTA - ‘AJMER Of STATIONS REM 
ID - CURRENT STATION ID 
IDS - STATIONS ON COMMAND LINE 
IFILE - All. ID
INOOE • STATION NOOE
HR* • WO STATION HOC* AJMER

KREC - NET RECORD
I ADR - PROOUCT MORESSEE

C

C

DIMENSION 10(2),1FILE(5),1N0K(2),1IR*(2)
DIMNSION NREC<20),IA0R(2),IDS<4,2>
IFILE(I) •

TIRDARD IS TW FILE CONTAININD TW COMMAND LHC 
CALL TURSARBI IDS, IMR,NSTA)
DO 25 K » l.NSTA 
10(1) • I OSIN,1)
10(2) * I OSIN,2)

ASSIGN TW PROPER WOE NAM, CCC, TO TW STATION NAM, XXX. 
CALL NOASINdD,INOOE,HAM)
IF(I INCH 1) .ED. -1) GO TO 23 
IFILE(t) • INODE(1)
IFIIE(2> » IOR(IN0DE(2),123N) 
IFILE(A) » 10(1)

C
C
C

C

C
C

C
C

IF1LE(3> • I0D(ID(2),940N)
IFIU CONTAIND TM AfOS FILE NAM FOR TW RAOR TO Pf ANALT2ED
ie., cccseLxn.
NSDCF IS A SUKOUTIW USED TO RETRIFW AN AfOS PRODUCT FROM 
TW ORTA RASE AM IS FOUNO IN TW BACNSROUIB LIBRART M il 

CALL KSRCflIFILE,NKC.IER)
SSLIEC IS A SUBROUTINE Of TW DECOOIM PROBRAH SaDECOOERi IT 
IS CALLED AMD TW OECODED INFO IS PUT INTO FILES GOUNOIM.T 
AM SOUNOIM.lt ON OPO.

CALL SOLOECIIFILE.NREC)
TW PROBRAH TO CALQLATE TW TURMENCE PARAMTERS IS CALLED. 

CAU. TURBULENCE) 10,IMR)
IF AOOITIONAL STATIONS AM TO K ANALYZED, TW PROBRAH LOOPS 
8ACN TO Ofl THEN} IF NOT TW PROGRAM ENOS.

23 CONTINUE
THE At FAT IS TRIGGERS# AT TW INITIATING CONSOLE TO SIGMIFT THAT 
THE PROGRAM IS FINISWO.

CALL FORNCTURB'jIER)
STOP
ENO
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I

c

A

3UBR0UTIX TURBIJIENCE'IO.IAOR)

1PS4 STEVEN J. NAGLIC ZOO CWSU FTS:2??-914A 

FORT»*M iv 5.57 OS Eft IPSE S2M POOS 4.17

PURPOSE:
lIT,U:rS T* 5'U»I|* OATA AM SUBROUTIXS P1W1WT, 

INTRPOLATE, CONS*, C0*ACT, AM) IWRNO TO CALCUUTE TX RICHARDS*
IIH,’0*1**51"* VARIAXE CALPI2, UMICM DETERHIX TX 

’.RM.FHCE FORECAST FOR EACH LATER OF THE SIGNIFICANT IEVEL9.

EXTERNALS!
OPEN REAOR CLOSE 
INTRPOLATE compact

xabcr i*wec paci prsiwt 
COWHR WRNO aOSE FSTORE

CHANNELS:
soucins.h is opexd on fortran channel j 
S0UN0IN8.T IS OPEXD ON FORTRAN CHANNEL 7 
TIN» IS OPEXD ON FORTRAN CHANNEL 4

• "W.C3J

LAPEL • UWSU.ENT INTERS ITT LABELS USES IN OUTPUT
LEVEL - A SPECIFIC l.EXL IN TX ATHOSHPERE
1D1RN - HIND DIRECTION FROM SOWCINS.W
I0PEED - HIM SPEED FROM SOWN) I NO. H
FHESS - PRESSURE l CXI FROM SOUMMN^T
TE» - TEMPERATURE AT TX PRESSURE LEVEL FROM SOURDINE T

T- iSmSmST" ” M "Wiwi ™*
IAOR - PROOUCT ADDRESSEE
TXTAl/J - POTENTIAL TEWERATURES FOR LEVELS!J.J+l)
OZ - THICXXS8 BET SEEN TWO LEVELS
R»s* - HIM SHEAR BETWEEN THE LEVCLS(J,>1)
OVOZ2 - WIND SHEAR SQUARED
FIR* - RICHRROSON NUMBER
VBAR - WAN WIND SPEED FOM A LATER
ZBAN - XIGHT DIFFERENCE BETWEEN lEVELS(JfJM)
CALPI2 - NONDINENSIONIL VARIAM1 USED TO DETERMINE THE TURBULENT 

INTENSITT
0EFPI2 • DEFIXD PI VARUE CONRANTS TO TX CALCULATED (CALPI2) 

VALX TO OETERMIK TUROULENT INTENSITT

OIXNSIOi LEVEL! 70), IO!RN(70), I SPEED! 70) ,PRESS(70) ,1^(70)
OnejSIOM LAOEL(l2),IPRESS(7O),0€PR!70),IO(2)tIAOR!2),IHONR(O)

CALL 0PEN!5,>SOUNDINO.N,I2,IER,2)
CALL OPEN(7I,SOU*INO.T,I2IIERI2)
IM

READ DATA FNOH FILE SOUMOIND.T 
CALL REAONI7fS,l3TATN,t,IFR)
CAU REASRI7,1,IDATE,1,IER)
CALL REAON(7,2,ITIX,l,IER)
>1
CALL REA0RI7,J,|PRESS<l),ltIER)
IF(IER.EO.P) GO TO 10
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f^ss(n=nMniM>£ss(ii)
»i
CALL REA0R(?,J,rEW(!),2,IER>
J=J*2
CALL BtA0»(7,J,0fP«(|),2(1ER)
J=J*2 
l = IM 

GO TO 4
10 CALL CLOSE<7,1 El?)

C “CAOER AW OUTPUT FIIE 'TURD* ME CREATED 
CALL HEAO£R(IO,IDATE,ITINF,IAOR>

C PEAO OATA FROM TILE SOUWINS.K 
1=1 
>1

IT CALL REA0R(5,j,lEVEL(IU,IER>
IFdER.EQ.P) GO TO 50 
>JM
CALL PEA0R(5,J,1DIRN!I),1,1ER)
>JM
CALL REA0R(5,J,1SPEED!I>,1,IER>
>J*1
IF! ((IDIRKd )/5)*3) .ED. IDIRNd)) SO TO 23 
I SPEED!I) » 1 SPEED!I) ♦ 100 
IDIRKd) = IDIRKd) - 1 

25 1*1*1 
GO TO 1»

50 1=1-2
IFd .IT. 1) GO TO 210

C LOOP TO CALCULATE TUMULEW PARAMETERS 
00 200 >1,1
IFTLEVCLCJ*l> .ED. -1) SO TO 251 
L = l

C USWEC AW PRO ARE USED TO COAWTT DECIMAL INTEGERS TO ASCII 
C AW ARE FUR# |H T* UTIUTT LIBRARY UTIL.LI 

CALL UeWECUEAKJ), IVORS,L)
CALL PACMdWORK!4),3,1 WORK)
IF (J.EO.l) IKORId) > ‘SF*
IF (J.EO.l) IH0RN<2) < *C*

C INTERPOLATE T« WIGHTS OF TW SISLA KINDS TO PRESSURE WIGHTS 
CALI PRSIRr(LEWL<J),PRSlVL,PRFSS<l)> 

c INTERPOLATE AN ENVIRONMENTAL TEW FOR THE OESIRED PRESSURE LEVEL 
CALL INTRPOLATE!PRSlA,PRSSS,TlW,OCPt,TWlVl,OEHLA,n 
T)€TA1=( TNPl A*273.1A)*( (lOOO./PRSLVDM. 2SA)

101 CALL PRSlNT!LEVCL(J*l),PtSLA,PRESS! l>)
lFIPRSLA.OE.PRESSd)) CAU COWACTOl.l,LEVEL,IDIRN.1SFEE0,*101) 
CAa INTRPAATEIPRSLA,PRESS,TEW,0EPR,TWLVL,0ENUI,1)
IF! J.ED.l )SFC*2R. 3*( TEW! 1H273.2)»(AL 09! 1013/PRESS(1)))N3.371000
SFCLA » SFC • 1000
IF(J.ED.l) TYPE 'STN SURFACE ELEVATION («) . *,SFaA

M- 1SP£EB(>‘> 19IMMJ) .ED. IDIRNOD)
1 GO TO 147

COWUTE KWSM PER 1000 FT FOR S1BLAS 
CAa COHSM(LEWL,10IRR, (SPEED, J,KWSM,ANNOSM)

ROUNO KWSM TO NEAREST 1NTER8CR 
CAa IKRMIKWSM, IUNOSH)

COWUTE VARIAILES FOR TW RICHARDSON NUWER 
THETA2»(TWLA*273.tA),((1000./PRSLA)**.28A) 
T)€TAIh(THETAl»THETA2)/2.0 
DTWTA.TWTA2-THETA1
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IF'J .EO. 1) 0Z=((LEWI (JM)-SFC)/3.28)* 1004 
IF'J .EO. 1) GO TO in 
DZ="LEVCL(J«|)-LtWL( J)>/3.2808394IMOOO.

113 IF'J ,E0. 1) UMKHR ; AMWSHR/'LEWl (JM> . sfC)
OVOZ2=< (VM0SHR«3. 2808394) /1442.34) «2 
IF'OVOZ2 .EO. 0.) 50 TO 114 
u*ui>«*sr 

C LABEL'?)*1™1 
L4SEL(3)»,LT*
LA8EL(4)**M0*
Li«L<3)»*SV 
LA8EL(4>*‘- •

C COMPUTE THE RICHARDS'* Wl 
RWJM."6/THETAM>A<0THETA/DZ))/DU022 

COWUTE TIC VWIMIES FOP THE NOMOINEWONAL GROUP CALPI2 
IF'J .EO. l> LEVEL'J) » SFC 
V8AR*'1SPEED<J) ♦ ISPEE0(J*l>)/2.
Z8W*<( LEVEL'J) * LEWUJH)>/2.)»1004.

C COMPUTE CALPI2
CALP12* (VO W/ZBM)/VNDSHR 
PIMALPI2/U.0C-O4)

C TYPE ’RMUR » PI? • ',812,' J . •)
114 LEVEL2*LEVEL(J*1)

CKCK GREAT FALLS, MT...LAMOER, MT...AM OCMVER, CO FOR POSSIM.E 
C MUNTAIM IMVE WTIVIH.

IF"ISTATM.E0.773.0R.ISTATII.E8.374.0R.ISTATR.E0.444).AM.(IEVGLIJ)
1 .GE.8.AM.LEVEL2.LE.20).AM.(R1RJR.8T.J.).AM.( 1SPEED<J).BE.22
2 .AW.ISPEEO'J+l).SE.72).AM."II)IAM<J).LE.J10.AW.IDIAR<J+l).LE.
3 310).AM.' IOIRM'JI.GE.230.AM. I01RN'JM) .SE.230))) SO TO 144 
IF(R1Ut.GT.2.73.0R.IIR©SR.EO.O> «RITTU,il7) lURKl),IVORR'2),

1 LEVEL2,IMM»,!WGI(t>,IU0RK(2),LEVGL2 
IF(RIA*.BT.2.73.aR.IVMW.EO.O> GO TO 200
IF'IVtR)« .*. 0) MRITE'4,114) IMRKm,IMRI(2),LEVEl2,

1 IVMOSH
IF(RMUR.LE.-.20) GO TO ISO 

CHECK FOR 80UN0ART LATER PLUME ACTIVITT.
IF(J.LE.4.A».R)MUE..73.AM0.ISPEED<J).LT.23.W0.1SPGED<JM)

1 -LT.33) GO TO 144
114 F0RMAT</tV<12>\SX,A?,Al,* . •,12,0,12,2)
117 FORMAT'/II,’(12)*,SX,A2,A1(' - \12,gX,12,8V* - LT\JX,A2,A1,

1 - ,I?,4X,'SR - LTM
C l OOP TO OETERMIRI TUROUUMCE FORCAST FOR SMIL (K<0) AMO 
C LARGE (1*1) AIRCRAFT.

00 140 K«0,1
IF(K.E0.4.AM.IMM.8T..73.AM.RMII.LE.2.73) »1TE(4,130)LWEU3).

1 LAGELI4) ,LA0EL(4) ’
IF(K.£B.1.AM.R1UI.8T..30.AM.IBUI.L£.2.73) «ITEt4f132)ll«I(n. 

t IWK<2>,L£WL2,IABEL(3),LABEU4>,LABEL(4) 
IF(K.EB.0.AM.RIRII.LE..73.AMO.R1AJM.GT.-.2O.AM.CALPI?.8E.4.AE-O4)

1 «1TE(4,130) LA0EI.(4),I.AREU4),LA0EUS)
lF<K.EB.1.4M.RtRM.LE..S4.AM.RNUH.6T.*.20.AM.CAlPI?.BE.1.4C-44)

1 WITE(A,13?> IH0RK(1),IU0R*(2),LEVEL2,LA(EL(4),LA0EU4),LA0EL(3) 
IF'K.E0.0.AM.RMM.LE..73.AM.RMUl.ST.-.20.AM.CALPI?.LT.4.4£-O4)

1 GO TO 122
IF'K.EQ.l. AM. RMM.LE..34. AMR.RMH.GT.-. 20. AM0.CALPI7.LT.3.4E-44)

1 GO TO 122 
GO TO 144

122 DEFP1XRMUM ♦ .201/2.0033E43
IF(«.EB.0.AM.CALPI2.GE.0EFPI2) MRlTEt4,130) LWEU4I,LA8EU4>,

1 LAOEL'S)
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IF'K.EO.l .AW.CM.PI2.GF.OCFP12) MtlTE'i.1371 lUOMt 1), IVORK2)
! LEV€L2,L»P€L1 «> ,LA€l€L'6) ,l.A6fi_'5)
ir(K.EO.O.«O.C*ln:,U.DtFH2) ur|TC(6,130) LAKL(3).LMCL(i)

1 IABEU4) ’
IP'K.EO.l.AM>.CALP!2.LT.0CFPI2) «ITE<4,13?) IUOM( 1), IUORK<2>.

1 IEVE12,LA8€U3>,L48EI(4),IA8FI.(4)
130 F»H4T<9X,4?,IX,42,A2,Z)
132 FQf»4T<4I,42,41,' - ',12,41,42,U.*2,42)
MO COmiKUE
M2 F0KK4T<9T,47,ll,4?,42,5I,42,41,' - ',12,41,42,IX,42,42)

GO TO 200
1M «ITE(4,145) iyORK(l),n«SX(2),lEVa2,ltfN09t,lWW(l),!WRK(2), 

l LEVE12 ’
M5 F0RK4T</IX,'<12)',5X,4?,41,' - ',12,81,12,51,'PS*. HTK IP4UE',

1 21,42,41,' - ',I2,3X,'PSBL DTK IPAYE')
GO TO 200

M4 ® HE (4,142)1 48EI11) flA8EU4),lA(*tU4), IWORKI1), IK0M(2),LEVE1.2 
1 L48EU1) ,i.48EI.(4) ,i.48EU4)

GO TO 200
M7 IE<*U » LFOElOt)

WITE(4,149) IMM(1),1WRK(2),LE9C12,IUORXI1 ),MI0M(7),LEVCL2 
149 FORHATI/IX,'<12)',51,42,41,' - ',12,«,•*•,«,•» - IT',51,42,41, 

1' - ',I?,4X,’$X - LT')
GO TO 200

1^ *ITE(4,142) L4Kl(4),l4*a(4),14«n.t5),l«0«<l),|imi2),LEVQ.2,
1 LAOEU4>,l.ABFUA),UO£U3>

200 C0NT1KUC 
00 TO 250 

210 KRITEI4.215)
FW« 4ESS4CC 10400 IKTO OUTPUT FILE TIM 

215 FQOK4T(/lX,'(12)',/tX,'(12>',20X,'04T4 HOT L040Q IT SaOCCOOO'
1 /ll,'<12)',20X,'0€Ql TW S10LE9EL REPWT F0r,/lXf'<12)'.2OX.’
2 'FOOWT, SPACING EWOM, ETC..',/IX,'<12>',2*1,'TOO SP4CEJ ME I 
3E0UWED 4nEV,/lX,'(12)',20l,'T)« TTM m PPW....4M 4N • ',/« 
4,'<12)',201,'SIGH IS KEDO 4FTO THE L4ST',/U,'(12>',20I,'04T4 0 
5«a» IK BOTH T* TTW,/1X,'<12)',20X,'4« PPtt SECTIONS.')

250 WITE(4,33J>
333 FORK4T</1X,'<12)','<203>')

CALL aOSE(5,IE»)
CPU. aOSEI4,IEII)
CALL FSTOdl 'TIM',0,IEI)
HETURK 
END
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-UPROOTIW COHSIATLEVEI ,IOIRN,ISPEEOfJ.VNOSHR.AUNOSHR) c
JA*J«Y 1990 JOHN JANMJ7ZI ROX VSFO FTS:4J3-J611 

FORTRAN IV I.S7 06 EdIPSE S230 ROOS 6.17 

F"JRPOSE>
C*®* IS * 50WWJTU* VMICH, GIVEN A LEVEl J, CONFUTES T* 
VECTOR VINO SHEAR 8ETVEEN LEVFUJ) AND lEVELIJM).

EXTERNALS: NONE

CHANNELS: NOW

VARIAK.ES>
LEVEL - A SPECIFIC LEVEL IN THE ATNOSPTOE 
I0IRR • VIM) DIRECTION FRON S0UN0I6.V 
1 SPEED - UIW SPEED FRON SOUNOIN6.V 
VteSNR - CALCULATED VECTOR VINO SHEM

OINENSION LEVEL<70>,IDI1N<70),ISPEED<70) 
AOIR«IOIRN<J)*.OI74S32f 
80 IR» 101RNTJM I*.01745320 
COSJ»(SIN(AOIR))*fLOAT(ISPEED(J>)
COSN*(SIN(DO IR))*FL0AT(ISPEED(J*l))
IF' COS J .LT. 0.0 .ANO. COSK .ST. O-Ol’-OO TO IN
IF<COSK .LT. 0.0 .AND. COSJ .ST. 0.01 SO TO IN
DSPOl’ARSICOSJ-COSR)
GO TO 140
ospoi«aw<cosj>4aos<cosk)
SW1«OSPOI
SINXCOSIAOIR) )4FL0AT( 1 SPEED! J)) 
SII«»(COS(DOIR))4fLOAT(ISPEED(JH»
IFISINJ .LT. 0.0 .AN). SINN .ST. 0.01 GO TO IN
IFISIKt .LT. 0.0 .AM). SINJ .ST. 0.0) SO TO IN
OSPOT^ARSISINJ-SURO 
GO TO 160
OSPOT-AWISIIJIWWISIIK)
SW?«OSPD2
AVNOS»«»SORT( (SW1M2) 4 (SHR7”3))
I0IRR2>IDIRN(J*l)
ISPEED2»ISPEEDOI>
IFU.LE.4) TYPE 'IOIRN<J)*,IOIRN(J)(,!SPEED!J>,,ISPEED(J), 

l •IOIRN(JM),,IOIR»?,,ISPEED(J*1),,ISPEED2 
REDUCES THE V1NDSNEAR TO A VALUE PER 1000 FT 
WOS*» AUN09K/(FLOA T (LEVEL (J* 1)-LEVEL (J)))
IFU.LE.A1 TYPE 'AVNDSHT.AlMDSHt.'VNOSMr.VNOSHI
RETURN
END

c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

no
no

ISO
160
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SUPROUTI* PRSIMTdHT.PRRLA.SFCPRS)
C
C JM»UA*Y 1790 JOHN J4MRI7ZI »0X HSFO FTS-.423-34U 
C
c FORTRMI IV 1.37 06 ECl1PS£ 5230 POOS 4.17 
c
c PURPOSE:
c THIS SIWOUTINC INTERP0L4TES 4 GIAN HEIGHT IN HUNOREOS OF FEET 
c TO 4 PRESSURE LEAL IN T* U.S. 5T4M04R0 4THOSPWRE.
c
c EXTERNAS: NOME
c
c CHRNNElSl NOIC
c
c V4RI40LES:
c IHT - PCIGHT FROM SOUKHNO.N 
c PRSIIN. - INTERP0L4TE0 PRESSURE LEVEL 
c SFCPRS - SURF4a PRESSURE
c
c
c
c

OIRENSIOM I INTI 10)
TYPE ’IHT',IHT 
I INTI 11=04 
IINT<2>*32 
IINT<3)*44 
IINT(4)»RR 
IINT(S)*130 
IINT(4)»184 
I1NT(7)«23*
1INT(8)«300 
IINTIf1*384 
I INTdO>*332 
ILA»IHT*H 
TYPE 'ILAMLA
IFdLA .LT. IlNTdl) PRSLA * SFCPR8 
IFdLA .IT. 11 NT < 1)) GO TO 458 
00 423 IJ*2,10 
IJMl«IJ-l
IFdLA .GE. UNTdJH GO TO 423 
4*flORTdLA)-flORTdINTdJ«)> 
B»aO*T (II NT (I J))-FLORT d 1 NT d JH1)) 
4*(4/8)M00.0
9*1100.-d FI OOTdJHl) >*100.0)
PRSLA*8-4

C TYPE 'PRSINT PRSUA’,PRSLA 
GO TO 430

423 COHTINUI
430 RETURN 

EDO
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3!*MWT1* INTRPOIATE'PRSIA,PRESS,TEMP,DEPR,TNPLA,PEAA,IPART) 

C JAIRJARY 1790 JOHN JANNU7Z1 90* VSFO FTS:!23-34ll

C FORTRAN IV 5.57 DG SCI IPSE S230 POOS 4.17 

C PURPOSE:
c this suproutiie interpolates betheen pressure levels * the file
C S«J»INO.T T0 GIVE the TEMPERATURE ANO OEHPOINT AT ANT GIVEN
c PRESSURE LEVEL (PRSIVU. A TEMPERATURE OR DEN POINT Of -99 MEANS
C THAT NO INTERPOLATION NAS POSSIBLE OR THAT THE OEITOINT NAS NOT 
C "CASl*EO AT OK Of TIE LEALS NECESSARY FOR TIE INTERPOLATION.
C IF IPART IS 1, ONLY TIE TEMPERATURE INTERPOLATION IS PERFORNEO.

C EXTERNALS: NONE
C
C CHANNELS: NONE
C
C VARIABLES:
C PRSLA - INTERPOLATES PRESSURE LEVEL
C PRESS - PRESSURE LEVELS FRON SOUNDING.!
C TEMP - TEMPERATURE FRON SOUNDING.!
C OEPR - OEN POINT DEPRESSION FRON SOUNOIM.T
C TMPLA - INTTRPOLATEO TEMPERATURE FROM S01MIN6.N
C DEAA - INTERPOLATED OEN POINT FRON S0UR0IN6.N
C 
C 
C
c

D1IENSI0N PRESS(70),TE)*(70),0£PR<70),Y<3),X(3)
C SEAROCS FOR TIC PRES LAS ON BOTH SIDES Of TIE DESIRES LA

J*1
C TYPE 'PRESS*1)',PRESS!t)

IFIPRSLA .GT. PRESS!1)1 SO TO 70 
IFIPRSLA .EO. PRESS!D) GO TO 50 
PRESS1*PRESS(1)
DO 20 1*2,30 
>1

C TYPE 'PRESS!J>\PRESS!J)
IFIPRSLA .EO. PRESS!I)) GO TO 50
IFIPRS.A .GT. PRESS! 1) .AND. PRSLA .LT. PRESS1) GO TO 40
PRESS1*PRESS(I)
IF!I .EO. 30) SO TO 70 

20 CONTINUE
C INTERPOLATES FOR TIE TE*

40 T(1)*((7.1P0-(PRESS1,,.2057))»720.71)
T!2)*!<7.19i-(PRESS<J)*«.2057)>*720.71)
X(n*((<TElKJ-l)*70.0>*25.0)*500.0>
X!2)*((!TEIKJ)*70.0)*25.0)*500.0)
IFU*!2>-H1» .EO. 0.0) I(2)*I(2)*.l 
SL0PE*(T(2)-T(1))/(I(2)-X(1))
Y<3)*!(7.194-<PRSLA**.2057))*720.?1>
X(3)*((Y13)-Y(2))/S10PE)*I<2)
TWLA*!(X(3)-500.0)725.0) -70.0 
IFIIPRRT .El. 1) GO TO 55
IF(OEPR!J-l) .EO. -1 .OR. OCPR(J) .EQ. -1) 0CHLA*-99 
IF'OEAA .EO. -90) SO TO 100 

C INTERPOLATES FOR THE OEHPOINT
X! 1)*((<TE]KJ-IH)CPR(J-U *70.0)*25.01*500.0)
X(2)*(((TE IE!J)-0EPR(J)*70.01*25.0)*500.0)
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!F'(X!2)-t!!it ,E0. 0.0) II!)=ii:i,,| 
3U0Pt=(Y«2)-T(l))/»X(2»-X<l)) 
*(3>=MY(3) -YC))/3L0Pt)M(3)
DE4.Vl*((X< 3)-300.01/73.0)-70 0 
GO TO i jo 

GO TWLA=TENP<J>
" IFI1PANT .ED. 1) 0EAA»-W 

1FUPART ,EO. 1) GO TO 100 
0€AA»TENF<J)-OEP*<J)
GO TO 100 

70 rmA=TEi»(i) 
oe«iA»TE«p<n-ocptu)

100 RETURN
EXO

SUBROUTINE WRMTRIMT.IBINT)
c
c JAtworr \r» jow jamujzi pox hsfo ftsh73-3*u
c
C FORTRAN IV J.37 00 ECLIPSE S230 ROOS *.17
C
C PURPOSE!
C THIS SUROUTINE ROUMS OFF * POSITIVE OR NEGATIVE DEM. HU» 
C TO A* INTEROER VALUE BETVEER i.EVELIJ) AM LEVEKJM).

C EXTERNALS! NOME
C
C CHANNELS! NOME
C
C VARIABLES!
C BINT - A REM VAN I MU TO BE ROUNOED 
C IBINT - THE INTEROER VERSION OF BINT
C
c
c
c

IBINT.IF1XIB1NT)
OCC’ANSIIBINT-IINT)
IF(BINT .IT. 0.0) GO TO 30 
IFTOEC .a. 0.3) IBINTMBINTM 
00 TO 30• IFIOEC .BE. 0.5) IBINT‘IBMT-1 

s RETURN



SU9R0UTI* COKP«CT(J.I,LE‘/El,lOIRt*,ISPEE0.1RTN)
c
C JAAJART 1990 JOHN JANNU7ZI POX VSFO FTS:«73-3All 
C
C FORTRAN 19 3.57 08 EC1IPSE S730 POOS 4.17 
C
C PURPOSE:

IMIS Sl*tflUT|NE EllNINATES It* 10VEST PRSm in SITUATIONS Vt€RE 
C r* INTERPOLATED STATION ELEVATION IS GREATER TUAN THE FIRST 
C REPORTED VINO LEVEL.
C
C EXTERNALS: NONE
C
C CHANNELS: NOW
C
C V4fHAA.ES:
C LEVEL - A SPECIFIC LEVEL IN THE ATNOSPHERE
C IDIRN - VINO DIRECTION FRON SOUNOIS.V
C 1 SPEED - VINO SPEEO FRON SOUMING.V
C
C
C
C

OINCNSION LEVEL!70),I0IRNI7O),1SPEE0!70)
C TTPE 'J * J,’l = I,'LEVEL * LEVEL

OO 100 K - J,l 
L » «»1
LEVEL (TO * LEWUL)
IDIRN(N) > IOIRN(L)
1 SPEED!N) » ISPEED(L)

100 CONTINUE
LEVCMIM) » -1

C TYPE *J * I,'LEVEL * *,LEVEL
RETURN IRTN 
ENO
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SUEiROUTINE NOAS1N(IO,INOOC,!W1H>
c
c
c 1790 JOHN JANWJ77I m VSFO FTS-423-3411

c "mEI* ?T J0>* J*""uni "»■"« BT 
-WIT*!* R. PEROUTKA AtC STEVEII J. HAGUC

c
c C®T**N lv 5.57 OS ECLIPSE 3230 POOS 4.17
c
c
c

«
HIS

 
 

»
SUBROUTINE N GIVE

c HAKE a*E l,IT”
 CHECKS TVC STATIO  PRGUNENTS 

c
 s  ™A RAOD  SITE. IF A WNAJPOER*  -Alt M STATB

N 

 IO<«S
ON T>* 

N IS ENTE 2TS
CDlfWO

c RED 
NITHOJT A SNITCH, THEN AN ERROR *SSAGE IS RETURNED TO n« AON

c
c EXTERNALS!
c FORKE
c
r CHANNELS! NONE 
c
c VARIABLES!
c 10 - CURRENT STATION ID
c INOOC - STATION NOOC
c IIR* - STATION UNO HOCK WINDER
c
c

C0NN0N/JD1/ISTATN(2001,N0(TOD),INK 7001,INSG(4)
OlltNSION I0<2),IN00E(2),INUN(7)
DATA ISTATN/"AND 801 BIS LND 6JT OEN SDH STF SM SLE RFR INN

1 Tlfi WC ELY ORA Ull OK OAN W8 SIC RAN HON Ilf ONA OOC TOR
. QNC ANA at NAf SEN ODD ORT VCT IRO INI STC GRD RIA SLO UW
3 LIT JAN LCH 8VE SSN FNT K All PNN OAT FIT AO CW NTS I AO
A NAL SNA SSO HAT CIL AMR AH-CHS ADD IN PI I ETN CAR V

c
data mrm eoi us ere oen oen gtf gtf la* poi pox rhx

1 PHX PW) MN) RNO SEA SEA SfO SFO SLCFSD FSO OHA ONA TOR TOR: ONC LBD LID LID FTN FTN SAT SAT SAT NSR NSR WE M £ £

3 LIT JAN ICN ICN ARD AND WJF AL1 PNN CLE PIT PHL IOS CRN UDC
A «C ICR RDU ROU INN ATI ATL CR£ Ml NIA NIA HIA PNN V

DATA INI/‘3*5 411 74A 574 474 AND 74D 775 T?0 *04 507 374

1 J7A 5«3 48* 3D7 7T7 7D5 AR3 3»3 57? 442 45A 5*2 353 451 45*
* 3,1 341 270 744 744 747 7*» 255 250 747 451 435 532 433 34?
3 340 235 240 232 734 437 329 311 40* 420 520 407 404 425 403
4 402 327 317 304 770 311 213 20D 220 210 203 201 712 V

c
c
c ERROI HESSADE RETUDNED TO AON 

OATA INSG/'STN XXX UNO'/
ID(2)«IAAO(ID(2),177400*) 
10(21*10R(10(2),040*)
N*0
00 30 >1,141,2 
JR1*>1
IF(IOIl) .ED. ISTATNIJ) .AND. 10(2) .ED. 1STATN1JR1)) N»J 
1F(N .ED. J) GO TO 53 

50 CONTINUE
INSDI3) • 10(1)
INS9<4) • 10(2)
10(2) • 10(2) - 401
INUH(l) • -1
CALL FORNEI10,INSS,IER)
Rtmw

35 NRl*N*l
INOOE(l)*ND(N)
INQDE(2)*N0(NRt)
INOOE(2)*IAM)<INOOE(2),177440N)
IMUN(l) * NN(N)
1NUN(2) * NH(NRl)
IN(J)<2) * IAN0(IWJH(2),1774O0N)
IO(2)*IO(2)-040N
RETURN
END
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SUBROUTINE 30.DECUF11E.KRK>
C
C JAIRMRY '.490 JOHN JANMJ7ZI *OX HSFO HS:A23-3411
C NOTE: THIS PROGRAM MS HOOIFIEO BT NATTHEH ». PEROUTXA
c
C FORTRAN IV 5.57 OS EClIRSE S230 POOS 4.17
C
C PURPOSE:
C THIS SXROUTUC Of CODES TIC TTS8 AND PRR8 PAO* TRANSMISSIONS INTO
C TVO ROOS FILES) ONE FOB TENPERATUBES ANO OEHPOINTS, AM (DC FOB
C NINOS. IF Tl« FORMAT IN TIE FILE IS NOT CORRECT, IT NHL TYRE OUT
C A FLA6 MESSAGE TO THAT EFFECT AT THE DASHER AM EXIT THAT PORTION
C OF TIE PROGRAM.
C SPLITS THE 'HOROS' OF TIE AFOS FILE NON STORED IN 'RA08.B8' INTO 
C TIE TUO BYTE COMPONENTS AM PUTS EACH BTTE ASCII CHARACTER INTO
C SEPARATE WORDS OF A HEN ARRAT NAMED • I ARRAY*.
C
C EXTERNALS:
C ROOT MXWF UNPACK DFILW CFILN
C OPENN GCHN HRS RESET
C
C CHANNELS: MNE
C
C VARIABLES:
C IFILE - PIL It
C KREC - NET RECORD
C ITENR - TEABERATURE AT LEVEL N
C IOERB - OEH POINT DEPRESSION AT LEVEL N
C IOIR • HIM OIRECTIOR AT LEVEL *
C ISPEED - HIM SPEED AT LEVEL N
C
C
C
C

01IEH510B IARRAY(512>,IOATA<1024>,1PRFSS<70>,TEHR(70),DEPR(70) 
OIIENSIW ILVU70>,10IR<70),lS»>EED<70),IFILE<5>,KltEC(20>
CALL ROWT!0,IDATA,IER>
00 2 1=1,128

2 IARRATU ) = IOATAI11 
Ml

3 CALL NXBKFIIOATA.IER)
IFUER .NE. 1 .OR. N .ED. 4) BO TO 4 
DO 4 1=1,12*
K«(NR12»)M-<(D-1>»2)

4 1ARRAT(K)=IDATA(1*2)
MMl
GO TO 3

4 CALL URPACX<tARRAY,1024,IOATA)
Ml

C N IS A CHARACTER POINTER USED TO GUIDE US 1WU TIC ARRAT UDATA* 
Ml

C STRIR8 SEARCH FOR ^•^••SRACE*
X 50 1=1,500
IF (IOATAU).IC.1O2R.0R.I0ATAIH11,IC.103t.OR.IDATA(I*2).lC.AON) 

1MT0 50 
N • 1 ♦ 3 
GOTO 40 

50 CONTINUE 
X TO 215

44 IF (lOATA(N) .EB.404X) N * N ♦ l
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C ASSIGNS THE DATE, TIME, ANO STATION NUMBER.
MP1=N»1
NPM*0
MP3=N*J
IDATC=( 10*<IDATA'N)-4fl))♦' IDATA<NP|]-48)-50 
1TTN€*( 10«< 10ATA<NR2)-48) >*( lt>ATA( W>3)-«8>
H=N*fl

NP1=N*I

ISTATIMI9O4<IMTA<N)-4l)>*<l0*'l0ATA<NPl)-49))»(t0ATA<NP2)-48)

N«N*4
M*1
ipoint*o
HP?9*N*20

C STRING SEARCH FDR GROUP.
DO 70 l=M,NP20 
IP!*IM
IFU IDATA<I)-4G) .£B. IPOINT .MB. (1DATA<IP1)-4I) .£0. 1POIMT)

1GO TO 80 
N»N*l

70 CONTINUE 
50 TO 215

C ASSIGNS T* FUESSURE AT THIS LEVEL.
90 N*N*2 

NP1*N*1 
NP2’N42
IF(IDATA(N) .EB. 057*) N-N-l 
IF(IDATAIN) .EB. 057*) GO TO 73
IPN£SS(H)»(100*( IDATA(N)-40))»(10*( lOATA(NRl)-AO) )♦( I DATA (INC)-48) 

C STRING SEARCH FOR THE FIRST INTEGER! 0 THRU ♦.
73 *»N»1 

NP10*N*t»
00 75 I*N,NP10 
DO 7* I J»«,9
IF(IOATAU) .EB. 057*) IW**3 
IF(IOATAII) .EB. 057*) GO TO »1 
IF<<IOATA<l)-4») .£8. |J) GO TO 95

74 CONTINUE 
N*N*l

75 CONTINUE 
GO TO 213

C ASSIGNS THE TEMPERATURE AND OEH POINT DEPRESSION AT THIS LEVEL.
95 NPl»«*l 

NP2*N*2
I TENP*< <I0ATA(N)-40H10«)*< (IDATAINPl )-«0)*10)M 10*TA(NP2)-A0)
llSISN*(ITEW/2)*2
IFIITEMP .*. MSISM) ITEW«-ITEI*
TE19(M)*(FLOAT(ITEMP)/10.0)
N»N*3
)*t»N*t
IFUOATA(N) .EB. 057*) OEP«(N)-1.0 
IFIIOATA(R) ,E0. 057*) SO TO 9!
IOEPRX10*1IDATA(N)-NO))♦(IDATAINPl)-AO)
oeprini^loatiioepr)
IF<DEPR<R) .IE. 50) OEPR(H)--(OEPR(N)/10.0)
IF(OEP*(M) .GE. 55.0) 0SPR<N)*OEP*<N>-38.0 

C CWC* FOR AN SIGN DCN0TIN8 THE END OF THE RAOR.
91 INN*2

IFUOATA(N) .EB. 073R) SO TO 213 
C STRING SEARCH FOR THE FIRST INTEGER) 0 TWU 9.
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VP'.O'NMO 
OO ?3 l=*,MPt1 
DO *4 IJ=0,9
1F'dDATA(l)-48) .EO. U) GO TO 75

’«com inis
N=N*1

n CONTINUE 
GO TO 215

C CKO* TO SEE IF THIS IS TW NEXT LEWI GROUP OR IF IT IS
C TW E» OF TIC 'TT80' SECTION OF THE RAOO) THE 51515 GROUP.

n IPOINTdPOINTM
IF(IPOINT .EO. 10) IPOINTM
NP1=NM
NP2-N*2
NP3=N*3
NP4=N*4
IFMOATAIN) .EO. 045K .MR). lOATA(NPl) .EO. 041K .MR).

1IMT»(IP2) ,EQ. 0451 .MR). IOATAINP3) .EQ. 041K .MR). IMT*<MP4> 
1.E0. 045)0 GO TO 215
IF<(!MTA(N)-4I) IPOINT .MR). dt>ATA<NPl)-4«) .NE. IP01RT)

1GO TO 215
N*N*1

C RECYCLES TWU THE LOOT TO ASSIGN VALUES AT TW NO PRESSWE LEWI. 
GO TO 90

C STAIW SEARCH FOR THE NINO SECTION OF TW RAOR) '8"B*
C 'SPACE'-SPACE'.

215 ISAVEMI 
" * 1 
NP30«N«10 
OO 200 l»N,NP30
IFdOATAd) .NE. 102K) GO TO 204 
1P1*IM
IFdOATAdPl) .NE. 102K1 GO TO 204 
IPM *2
!F<IDATAI1P2) .NE. OACR) GO TO 204 
!P3=U3
IF(IDATAIIP3) .NE. OAOR) GO TO 204
N*|*4
GO TO 201

204 IWH1
200 CONTINUE 

GO TO 300
C STUN* SEARCH FOR TW 9EGIWIN0 OF TT* FIRST GROUP SPEC1FYIN#
C TW NINO I.EWLSj A 'SPACE'•»•.

201 NP10-N+50
DO 205 l>N,ITtO 
IPl«M
IFdOATAd) .NE. OAOR) SO TO 20R 
IFd IDATAdPl )-48) .NE. »> SO TO 200 
GO TO 207 

200 N-Nd
205 CONTINUE 

GO TO 300
C ASSIGNS TW wrt LEWL OF NINOS GIVEN (IT CHECKS FOR •/•
C FOR NISSINt LEVELS).

207 IWK2 
4>l«tHl 
MP3*N*3

00 210 1=NP1,NP3
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IF!I0ATA1I) .*. 057V) ILLS.' N).<n»i 10*TA<N)-«8)>»< IDATAI I)-4«) 
IFIIDATAI I) .NE. 057*1 iUNM 

no CONTINUE
C “S3IGHS Tl* U!MOS At THE A6CVE DETERMINED LEVELS.

N=N*4
N=N-1
50 OCO ll=NN,N 
MHO=N*IO 
DO 211 hN.NPlO 
DO 212 1J=0,9
IF'IlOATA(l)-Ag) .EB. IJ) GO TO 214 

212 CONTINUE 
N=N*1

211 CONTINUE 
GO TO 300 

214 NPHNM 
NAJ»N*2 
NP3*N»3 
NR4*N*4
IDI«<m*<U0ATA<N)-4S)*10O>*<(I0ATAINFl)-4|)M0IMl0ATAINP2)-4O)

ISPEEO!II )*(11DATAINP3)-48>*10)*<IDATA(NF4)-4|I
N=N*5

220 CONTINUE
C CHECKS FOR ENB OF FILE) •**.

IFIIDATAIN) .EO. 075KI GO TO 300 
C CWC* FOO *XT -v GROUT AMO NAMES SURE THAT ALL THE 
C CHARACTERS IN T* GROUT ME INTEGERS ON A */*.

NC10«N*10 
DO 230 l»N,NT10
IF((IOATA(l)-40) .NE. 9) 00 TO 220 ’•
OO 232 IIJM.4 
DO 231 IJ»0,10 
JI*IIJ*I
IF((IDATA(Jl)-40) .EO. IJ .OR. IOATAIJI) .EB. 057K)

1 GO TO 232
IFIIJ .EB. 19) 00 TO 300

231 CONTI INK
232 CONTINUE 

GO TO 235
229 N»N*1
230 CONTINUE

C RECTOES TWU THE LOOT TO ASSIGN TW NINOS AT THE NEXT LEVELS.
235 n*h*i 

N»N-1 
GO TO 207

C MITES THE OECOOfO TEWERATURE 1NF0RHATI0H INTO AM ROM FILE
C NANEO 'SOUWINS.T' AMO TIN OECOOED NINO INFORMATION INTI M ADOS
C FILE NAME# 'SOIMINS.N'.

300 CAU OFILHI'SOUMOINO.T',IER)
CALL CFILHI'SOUNOINO.T',2,IER)
CAU OFILHCSOUMOINO.N*, IER)
CAU CFILUl'SOUMOINO.U'.B.lER)
CAU GCWIIOO»,IER)
CAU OFENMaCW/SOUWlNI.T.O.IER)
CAU NRSILCHN, ISTATf,2. IER)
CAU NRS(LO«,IOATE,2,IER)
CALL «S(LCHI,ITtlC,2,IER)
00 310 Ul.ISAME
IFUPWSSd) .IT. IOC) IFKESSm.IPRESS(l) ♦ 1000 
CAU NRSILCHN,IPRESSIl),2,IER)



call VRSaCHN.TENPMl,«,|ER)
CALL VRS'lCHN,DF.PRU),4,IER)

310 CONTINUE
CALL GCHNIKCHN.IER) 

CALL OPENNIKCHN.'SOUNOING.V.O.IER)
CALL WRSIKCMN,1STAT»,2,1E#>
CALL VRSIKCHN,I0ATE.2,IER)
CALL «$(KCWMT|K£,:,tER)
IF IH.EQ.l) GOTO 330 
00 300 1=1,N
CALL *S(KOOUUAU),2.IER) 
CALL VRSIKCHN,IOIRII),2,IER) 

CALL VRSIKCHN,1SPEE0U),2,IER)
320 CONTINUE 

CALL RESET 
RETURN 
EMO

c SUBROUTINE TURMRGI IDS, I A0R,NSTA1

C N0KH8ER tRSA NATTKN R. PEROUTKA CLE WO FTS:»42-4V4»

C FORTRAN IV 5.J7 0« ECLIPSE S230 ROOS 4.17

C PURPOSE l
C THIS SIDROUTIK CHECKS THE COMMA* LINE FOR ARMCNTS AMD
C SN1TCVES. TIE AOORESSEE IS SET AT '000' SO Tt* PRODUCT NHL
C RENA1N INAOJSE UMESS A SPECIFIC AOORESSEE IS GIVEN IE.,
C 30C/A FOR STATE DISTRIBUTION CIRCUIT OR HI/A FOR STATION XXX.

C EXTERNALS*
C FCON CONCH 
C
C CHANNELS*
C CONCH IS OPEHED ON ROOS CHANNEL CHAN
C
C UARIARLES:
C IOS - STATIONS ON COARMNO UK
C IAOR • PROOUCT AOORESSEE 
C NSTA - NUNCER OF STATIONS REAO 
C
C
C
c

INTEGER OAT<10),9A<2),CHAN,1AOR(?),IOS<4,2)
C FCON OPOAI THE FILE CON.C*

CALL FCON!CHAN,IER)
IFUER.EO.ll GO TO 10*
TTPE 'CAi'T OPEN CON.CH’
STOP

190 NSTA • 0
lAOR(l) • ‘00’
IA0RI2) * ’0*
00 SOO 1=1,8

C CON.CH IS TK FILE OEKRATED »T THE COMMA* UK IRI1CH HOLOI 
C TK CONNAA* UK IKORMTUM.

CALL COACH(CHAN,OAT,N,SIA,IER)
IFUER.K.l) GO TO 400 
IFU.EQ.l) GO TO MO 
IF(.NOT.ISNSET(SU,‘A*)) GO TO 200 
lAOR(l) = OAT(l)
IA0RI2) = IANO(DAT!2),1774001)

GO TO 500
200 NSTA = NSTA ♦ 1

lOSOASTA.l) = OAT (1)
I0S(NSTA,2) = IANO<OAT<2),177400R) 

500 CONTINUE 
600 RETURN 

ENO
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SUBROUTINE hEAOER'.IO.IOATE.ITIHE.IAOR)

C WVENBER 1994 STEVEN J. NACUC 308 CVSU PTS:29?-8144 
c NATTHEV R. PFROUTKA TIE VSFO FT3:R42-«9«?

C FORTRAN IV 1.57 OS ECLIPSE 5230 POOS 4.17
C
C PURPOSE)
C THIS SIBROUTI* BUILDS THE HE40ER FBI THE OUTPUT FILE TURB.

C EXTERNALS:
C GCW OPEN ROS CLOSE OATE KFIU.
C
C CHANNELS:
c SKEL IS OPENED ON RDOS CHANNEL 1C TO RETRIEVE WOE 10
C TIR8 IS OPENED ON FORTRAN CHANNEL 4 FOR OUTPUT
C
C VAR I ARLES 1
C 10 - CURRENT STATION 10
C 1A0R - PRODUCT WORE3SEE
C
C
C

OIIENSION NSTAI2),N0(3),IPIL(5),IA0RI2),10(2)
KSTAI2) * 0 
CALL GORMIC.IER)
CALL OPEN!1C,'SKEL*,0,IER)
I « 3
CALL ROS(IC,KSTA,I,IER)
CALL CLOSE!1C,IER) '
CALL OATEINO.IER)
IPIL(l) * 'TU*
IPIL(2) « *R8*
CALL 0PEM<4,'TLRt*,2,lER,R0)
CALL KEILLUPIL.IER)
WITE(4,10)UP1l(l),IM,S>,(IA0R(l),l«l,2)

10 FaRNAmx,4A2,Al,A2,Al,«(,(377)*),,(5),I2)
VRITE(4,11) H ST A

11 FO*NAT(ll,*(303><2OO>*,/lX,*TTAAON K*,A2,A1)
VRITEI4.30) ID

30 F0NNAT(/lI,*<12)\/tX,*(12)\33X,A2,Al>
HRITE(4,S0) NO(I>,IOATE,IUI*

50 F0RNAT</1I,'(12)',/IX,'<12)',l?X,'TURBULENCE 0A1A VALID*,2X, 
1I2.V.12,* *,12,*2*)
NRITE(4,57)

S7 F0RNAT(/1X,*U2>*,/IX, *(12>*,2PX,'SH/NE0 AffT\l5X,'LR8 ACFT*) 
*!TE(4,60>

40 F0RNRT</lX,*<12>*,7*,*LAYER*,gX,'S*Ar,3VTUR8t*.ENCE*,5*,
1'LATER*,31,'TURBULENCE’)
HR1TE14.70)

70 FORHAT(/lIf*<12>*,«I,*UOOO'S m\2X,*(KT/1000rT)*,JX, 
rFORECAsr.n.’uooo's m*,jx,’forecast*)
RETU8I
ENR
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NOAA SCIENTIFIC AND TECHNICAL PUBLICATIONS
Tkr National Octanie and Atmospheric Administration wm established as part of the Department of • 

Commerce oa October 3. 1970. The mission responsibilities of NOAA are to assess the socioeconomic impact 
of natural and technological changes in the environment and to monitor and predict the state of the solid 
Earth, the oceans and their living resources, the atmosphere, and the space environment of the Earth.

The major components of NOAA regularly produce various types of scientific and technical informa
tion in the following kinds of publications: A

PROFESSIONAL PAPERS—Important defini
tive research results, major techniques, and special 
investigations.

CONTRACT AND GRANT REPORTS—Reports 
prepared by contractors or grantees under NOAA 
sponsorship.

ATLAS—Presentation of analysed data generally 
in the form of maps showing distribution of rain
fall. chemical and physical conditions of oceans and 
atmosphere, distribution of fishes and marine 
nrmTw«i« ionospheric conditions, etc.

TECHNICAL SERVICE PUBLICATIONS—Re
ports containing data, observations, instructions, 
ete. A partial listing includes data serials; predic
tion and outlook periodicals; technical manuals, 
training papers, planning reports, and information 
serials; and miscellaneous technical publications.
TECHNICAL REPORTS—Journal quality with 
extensive details, mathematical developments, or 
data listings.
TECHNICAL MEMORANDUMS—Reports of
preliminary, partial, or negative research or tech
nology results, interim instructions, and the like.

d

Information on availability of NOAA publications can ba obtained from:

NATIONAL TECHNICAL INFORMATION SERVICE 
U. S. DEPARTMENT OF COMMERCE 

9285 PORT ROYAL ROAO 
SPRINGFIELD, VA 22161
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