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* Abstract " .-

Two major storms which brought heavy precipitation to:\'vidc sections of "Alberta in’
‘ May and July, 1986 are descnbed and 1llustrated by means of maps, satellite tmages and radar
scans. Both storms ongmated in cold lows from the North Pacific which, on reaching Alberta,
produced v:gorous lee cyclogenesxs at the surface. °

Though dtfferent in the 1mt1al development both storms subseqtzently pl:oduc‘ed

copxous amounts of rain and snow in Western: Albertat and lesser amounts, in the eastern

dtstncts ‘ ) (
On the basm of the evidence studted and presented, it is postulated that the heavy
prec1p1tatton was caused by synoptxc -scale, deep upsiope flow, generated_and maintained in

the easterly ctrculatxon to the north ot‘ the centre of the cold-low system
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1. INTRODUCTION, INSTRUMENTATION AND OBSERVATION

Tt

1.1 Introduction .

'{his study is converned> with two memorable' 1986 weather events: the late spring
snow storm in the Calgary area, and the heavy rairis'in July that caused extensivef’loodin_g”in
West-Central ‘Alberta, including ' the City ef Edmonton. The h-area of interest"of ‘this
investigation includes Alberta, Saskatchewan and, to a lesset extent Mé—rtitoba,x Where the
storms ultimateiy moved and dissipatttvl. | | | |

This chap er presents a descnptmn of instrumentation and the materials. used :
Satellite, Radar a&d weather stattons prowdmg cloud 1magery, prec1p1tatton scans and
conventional synopttc charts. ’I'he method by whtch data were selected and processed is gtven
in Chapter 2’apter 3 deals W1th the mtense spring :snow storm in the Calgary® egion. This

is f oliowed by the case study of the summer ram storm in Edmonton in Chapte/r 4. Fmally,

summary and conclusions are presented in- Chapter $.

1.2. Instrumentatton and observattou

The two maJor SOuUIces of data used in' this study are imagery obtained f rom. satellite 8
NOAA-9 (or NOAA-F), in ‘the series of the third- generatxon operational, polar orbttmg
envxronm_ental system, and conventtonal surfzee and upper-air data. Raddr, a supplementary

source of data w._as available only for the analysis of the July storm.

1.2.1 The NOAA Satellite System |
‘ Only a- general descnptton of the NOAA-9 Automanc Ptcture Transmxssmn (APT) 1s»‘
given here, masmuch as comprehensxve dxscussxons of the TIROS N/NOAA satelltte system
can be found in Sehwalb (1978), and Barnes & Smallwood (1982). - - |
| NOAA-9 was latmched on December 12, 1985 at 1042Z. Figure 1.1 shows the craft in

e

space and ‘Figure 1.2 shows the main parts of the satellite vehicle.



THE QUALITY OF THIS MICROFICHE
IS HEAVILY' DEPENDENT UPON THE
QUALITY OF THE THESIS SUBMITTED
FOR HICROFILMING. v

UNFORTUNATELY THE COLOURED
ILLUSTRATIONS OF THIS THESIS
CAN ONLY YIELD DIFFERENT TONES
OFGMY. '

{

LA QUALITE DE CETTE MICROFICHE
DEPEND GRANDEMENT DE LA QUALITE DE LA
THESES SOUMISE AU MICROFILMAGE. ‘fﬁr

' MALHEUREUSEMENT, LES DIFFERENTES

ILLUSTRATIONS EN COULEURS DE CETTE
THESES NE PBUVENT DONNER QUE DES
TEINTES DE GRIS. .
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"The polar orbiting'satellite is ;)laced in a snn-synchfonous orbit, i.e. the satellite
passes over nny given longitude dt the "same tin1e eech day. 'I‘his satcllite has a.period'of
approxxmately 102 mmutes with an mclmauon angle of about 99°. lt orbits at an average
he1ght of 865 0 km with a nodal Tegression of 25.51" i.e the satelhte shifts westward 25,51
degrees of lon}itude per. orbit at the equator. The NOAA-9 satellite was. launohed woh a
northbound equator crossing between 1400 and 1800 Local Solar Time LST). Figure 1.3

v shows the equator crossmg txme geometry of NOAA 9.

L

DESCENOI

NODE
- AM DESCENDING NODE ORBIT . PM ‘ASCENOING NOOE ORBIT
N
Figure 1.3 The equator crossing time geomtetry of NOAA-9.

NOAA-9 provides only infrared"imagery during the eafly moming (0600 through 1000 |
LST) when moving southbound, but both vxslble and infrared unagery dunng the afternoon
" (1400 through 1800 LST) when movmg northbound. . : T : » 2
1 The satelhte precesses at rate of about one degree per day, so that the orbn maintaing

a nearly constant orientation with respéct to. the Sun over the course of the year.. -



1. 2 2 Sntelllte Scanning

»~

S

The satellite cames on poard an Advanced Very High Rcsolunon Radiometer

(AVHRR)! 'mstrumem which provxdes 1mage data for the real time Automatic chture'

‘ Transmxssxon (APT) service. The mstrument senses radiation in rour spectral channels (see

Table 1.1). —_—

» - . @

" Table 11 NOAA-9 AVHRR Channel Characteristics.

?

Channel Resolution at ~~ Wavelength ~ Primary Use
- Subpoint (km) . (um) .
1 1 0.55 . 0.90 Daytime cloud and surface mapping
2 - 1 . 073-110  Sutface water ;hneanon |
3 1 3.55-393  Seasurface tempﬁature (SsT),
P, v " night time cloud mapping
4 1 ©10.5-11.5 Se; surface temperature, day/ night
| cIond niappingj
5 : 1= | 11.5 - 12.5, Sea surface ternpernture

r

AVHRR channels 1 and 2 can be used to discefn clouds, land-water boundaries, snow

~and ice. When dAta from the two channels are compared, an indication” of 1ce/snow ‘melt

inception is obtamed The data from channel 4 (Infrared wmdow) can be used to measure

cloud distribution day and night and to determine the temperature of the radxatmg surface

.Channels 3‘. 4 and 5 can be used to determine the sea surface temperature (SST). Examples of

imagery from AVHRR are given by Figs. 3.6 and 3.7.

.

. ‘!_‘}

TAVHRR or AVHRR/] indicates NOAA-9 if equipped with a four-channel

instrument, while AVHRR/2 indicates  that the satelhte is . eqipped thh a five-channel

mstrumcnt
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- The APT signal consists of any two of the AVHRR chgqnds: normally channels 2 -
‘and 4‘ are transmittet during the daylight portion of the orbit, and channels 3 and 4 during

the nigh\t‘]mfdon. In this study, channel 2 provides visible imagery during daylight ar\
\ - . . \{

channel 4 provides infrared imagery during both day and night. ' !

n;irror rotates at the.rate of 360 revolutions per minute. The pandwidth reductipn algorit , E
involves send{i'ﬁﬁ ‘one of every three scanlines 10 the APT transmitter, .th_ugkthe 'éffecta: 4 '
rotation of the APT signal is 120 scanlines per minuté or 2 scanlines pag 5%
AVHRR scanliné contains 2048 pixels per c.han'nel which samples radiation f roﬂ B5.
‘side of nadir’; for a satellite at a h’eil\ght of 865 km, the 55.4" nadir ang\l?’EGfTE'Sponds to
approxiinately 13.5° great-circle arc length on the earth's surface. For APT transmission the
2048 .1.)ixe‘is are reduced to 909, usihg the» algorithm summarized in,Talélc 1.2 and shown in

Figure 1.4. The geometric corrections are performed to maintain constant resolution along the
scanline. o , . /

Table 1.2 APT linearization regions.

Region 1 +16.9° from nadir : Average four contifious samples
Region 2 16.9° to 34.8" either side of nadir Average two samples; skip onév and repeat

Region 3 34.8" 10 43.8" either side of nadir - Average two samples

Region 4 © 43.8° 1o 48.8" either side of nadir Average 1 1/2 samples (%E:E%_Q)

R _
Region 5 48.8" to 55.4° either side of nadir  Retain original resolution
0 . \ .

*
Since the satellite regresses, (i.e. shifts westward) at the rate of 25.51 dcgrcés of “

~ longitude per orbit, there .is a two-degree longitude overlap between each two co_nsecutive

2N‘@dir is thekpoint' vertically below the satellite, and the nadir angle is the angle
measured at the satellite: between a specific axis or ray and the local vertical.



orbits at the equator. Since the scanline 'of the mirror is perpendicular to the satellite's path,

ns sweep combined with the motion of the satellite gives complete coveragc of the area in the
flcld of -view ol the radiometer. This coverage corresponds to an.arc length oLabom 27. 0‘

’

(2997 km) on the ground gt the equator, and increascs to approx‘lmately 55 degrees of

longitude at 50° N latitude.

———

AVERAGE
300 I~ 10¢ 328.8

ALONG LINE RESOLUTION (hem)
\

i

SUBPOINT
LINE SAMPLE NUMSER
200 1 | 1 —— 1 L ! 1 | I
900 200 700 00 500 400 300 200 100 °
nani:«no ZONE 8 ZONR4 | Z0NnE3 ZONE 2 2088 1 ZONE Y TONE 2 zone 3 | ZoNE4 ZONES ENO OF
] : LINE

LInNE

SUBSATELLITE POINY
e

.

ZONK | = AVERAGE OF 4 DATA POINTS

ZONEG 2 ~ AVERAGE OF 3 DATA POINTS

IONE 3 -~ AVERAGE OF 2 DATA POINTS

IONE 4 ~ AVERAGE OF 1 % DATA POINTS .
ZONE 8 - PULL RESOLUTION NO AVERAGING

Figure 1.4 . APT linearization regions and resolution. (after Schwalb, 1978)

1.2.3 Satellite Resolution

For a given altitude, the resolution of a:line-scan device, such as AVHRR, is a

-

function of the instantaneous field-of -view of the sens8r (spot size on the Earth). As the

"

sensor S-putward from ‘the satellite subpoint, the spot size on the sl{face of the Earth
S

xncreases in size.

o~

/

<



The NOAA- 9 AVEHRR has a field-of -view of 0.0013 radians. With this fieki-of -view.
and a satelhte hexght of 865 .km, the subpoint resolution is approximately 1.0 km and the
resolution at the edge of the data )swath is approx:matcly 4 km. » . ‘ A |

*  The University of Albcrta s satellite laboratory is equipped to receive th&gzl:g APT
signal and convert it to digital counts between O'and 255 at a digitizing rate of 3200 Hertz.
High counts co'rrespond to high reflectivity and low temperatare for the visible and inf rarcd
band respectivély. o )
The visible and infrared data are represented along a scan by one half sccogd or 1600
pixels. Only 1530 are saveg; of this 1400 contain infrared-and visible imagé data (700 for each,
«channel), 130 are telemetry- and synchronization data. The rem;ining 70 are for digitizing ¥

resynchronization and are not collected. An example of one scanline of APT data is given'in

Figure 1.5.

260

«Space view
2404 _ ' ONE SCAN OF NUAA -9
M APT DATA ORBITj 70438,

220 ’ . h¥

3

200 -

1804

«Synch. pulses

1601
140
120

1001 oAl r" |
| 80-:1“ | Te’le'mgry data ¥] \ 'WH\ N NV\H\NA(W\‘LM " \

DIGITAL VALUE

.60+

40 +

204 { #Space view '
{e=——teeee—— INFRARED . — s VISIBLE

0 - -r v = —  E—— - T v T —— -

0 200 400 600 800 1000 1200 1400 1600
POSITION IN DATA

L)

Figure 1.5 Example of one scanline of NOAA-9 APXI' data.

/ :
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1.2.4 Callbration of Infrared Data

‘ In order to calibrate the infrared data, it is necessary to relate the recorded APT signal

toAVHRR data. Calibration data are sent from the satellite with each scanline. There are 16

pieces of calibration data, each repeated over 8 lines, so that a total of 128 lines are needed to

receive all information (an example of 6uput data can be found in Appendix D). This is

known as a telemetry frame, as shown in Figure 1.6.

1

| APT VIDEQ LINE TIME |
| 0.8 SECOND I
p
. 1 1
2 ?
MINUTE MARKER & LINES
1 1] — (ZWHITE, 2 BLACK) 3
L} 4
s s
" w
g . . £ .
»® o
ONE - H Ll € ?
COMPLETE K CHANNEL - A . F CHANNEL - 8
[, M $1lo vI0€0 LINES s g g VIDEO .
FRAME 1% . ralkd y .
« -
§ 10 g 10
5 n X 1"
7 { 12
13 9 LINES 13
L) ' 14
11 18
18 18
\ ‘ —J J
TELEMETRY FRAME A TELEMETRY FRAME 8
-
MIs106% | MI=218% | wieazax | mca3dx | wmiesarx | meees2x -76.0% Me07.0%
WEOGE WEOGE weoGt WEDGE wEDGE WEDGE wEDGE WEOGE
[ 2 ) . s . ? s
one
’ s
CoMPLETE ' 2 3 ‘ $ ¢
TELEMETAY
FRAME
2€RO .
MOOULA- THEAM. THEAM, THERAM. THERM. PATCH BACK CHANNEL
TION TEMP. Teme. TEMe TEme. Teme, SCAN D WEDGE
Rerenenci ' H 3 [
Mi=0.0%
\. [ ] 10 H 12 13 4 1

*M1 + MODUL ATION iNOEX

Figure 1.6 APT frame format.(aftér Schwalb, 1978)

\
. ’

From this figure, the first 9 boxes consist of wedge values. Each wedge is assigned a

known digital count before the satellite is launched. Boxes 10, 11, 12 and 13 are digital counts

!
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from the radiometer viewing four Platimum Resistance “fhermometers (PRTs) embedded in iis
housing, which is designed to be a black body. Box 14 contains l:atch temperature, Box 15
counts for the sensor .viewing the black body and Box 16 contains channel identification.
By comparing digijal wedge values received on the ground to the expected values, itis
possible to relate ground-received digital c.ounts for cloud top temgperature and brightness to
. .

satellite measured counts. The relatiofiship between received digital counts and wedge levels is

shown in Figure 1.7.

{
240 /
,.
200 ' ’,,-‘
7
S 160
o
Q
. | ,/' e
< 120
e R .
= . ,,’ '
9; ' ‘ *
Q -,
i 80 .//xf
/.’
04 . -
- _© UOF A COUNT POR NOAA-9 ORBIT #7327 __
v "DIGITAL COUNT TRANSMITTED BY SATELLITE
0 v - - ' - > v
-0 2 4 6 © 8

WEDGE NUMBER

Figure 1.7 The relationship between received digital counts and wedge levels.
: ! .

The discrepancy between the two sets of data is due to the digital-analog-digital
conversion that takes place during the transfer of the data from satellite to the ground. A
cubic spline fit between these two data sets was performed by Subroutine ICSICU that is

| available from IMSL (International Mathematical and Statistical Libraries) at the University

of Alberta. The coefficients obtained from this procedure were then used to determine the

P2l



- temp_e}ures Once the

uaverage temperature of PRTs A second cubtc splrng frt was then performed in- order to fmd

the- recorded Umversrtyr of ~Alberta, drgrtal values correspondmg to the average PRT‘
hshrp between the onboard cahbratron wedge "level and those_.,‘
recorded at the Umversrty of Alberta 1s known, the ‘tnfrared data may be calrbrated to obtain
the temperature field, usmg the mfrared cahbratron techmque descnbed by Wreler( 1981) and
= ‘ qrepeated here in Appendlx A _ '

- ; : On thure 1 8, Case Study # 1, the plot of drgrtal counts versus temperature for 4

' drf f erent satelhte orbrts shows that the change m temperature dtfference over the range 200 K

v‘to 270° K is only about t 0 5 K. This is also supported by Case Study # 2 for 3 drfferent o

satellrte orbits (Fig. 1 .9). Hence a separate splme cur‘ﬁe is not neceSSary for each orbit.
R B .

~ »

@
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13 Radar - - -

‘ There are many different kinds of radar sySIems. The CWSR-81 '.System is a late
; model weather radar employed by the Atmospheric Environment Service (A.E.S) of Canada .
The Edmonton District radar is located at Carvel near Stony Plarn about 30, miles West of
Edm:\nton Alberta. The followmg summary is based on matenal abstracted from trammg

manuals (Bendell 1985) unpublrshed notes and manuscnpts (Smtth & Rogers 1970)

1.3.1 Fundamentals of Radar

Radar (Radro Detection And Rangmg) is based on the pnncrple that an

- electromagnettc wave is propagated through space at the speed of light, 2.998 x 10* m/sec,

and then that its energy is scattered and reflected by objects in the environment. Targets may »
be defined as anything that yvill reflect a detectable amount of .energy back to the antenna,
such as terrain (hills, mountams etc.), rain, snow, hail and sometimes drizzle. |

By means of ar antenna producmg a narrow beam in the manner of a searchhght one_» _
can.' scan w1th ‘the antenna for reflect signals, and determine the drrectxon and distance of the
reflectmg object. An elementary Radar system 1s‘shown in thure 1.10.

By measuring the time interval between the transmission of the 51gnal and the= .

_reception of the echoes’, the range (or distance) of the object can be calculated as follows:

"

-~
whese R is the range (m)

¢ is the speed of light (m)

At is the time interval sec)

1.3.2 Major Components of Radar
Figure 111 shows the main components of a radar system It consrsts of four -

subsystems: the transmitter, the antenna sgstem, the recetver and the processor and displays.

D

‘The scattered signals received from the targets are referred to as "echoes”.

Ty
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TRANSMITTER >
" RECEIVER <
v
’ . angle data I .
) DISP I_‘AY — ‘ from antenna mount
Figure 1.10 Aﬁ.elementary_liadar System.
-

ANTENNA |

I~ ~J~— DUPLEXER[~— | TRANSMITTER
| l PROCESSOR
| l
| — —] RECEIVER
l Wave guide : l

o

/

REMOTE DISPLAY
AND CONTROL

REMOTE DISPLAY

Figure 1.11 The main components of a Radar System.




The ‘transr_rritter produces pulses- of ehergy of the desired frequency_'and duration. It
‘consists. of‘. ; ‘power supply, a .synchronizer, a module for converting Alternating
Current (A.C) to Drrect Current (D.C), and a self -excited oscillator called a magherron_
Owhich produces the actual burst of microwave lenergy that is transmitted to the anten;e
system via a wave guide. | |

The antenna system focuses the energy and directs it to the appropriate azimuth and
elevation, and then receives and concentratee energy .reflected from targets. It° consists of a
: parabolond reﬂector a horn antenna and a fast-acting switch, called a duplexer, that " .

~ alternately connects the antenna to the transrmtter ‘and the receiver. ‘ y_

The returned energy from the antenna system is amplified and converted to a video
signal by the receiver analogous to the picture information contamed in an ordinary television
signal. The video srgnal is amplif 1ed before bemg fed to the display. The recerver consrsts of a
mixer, a non- lmear devrce usually a crystal diode, used to convert the Radio Frequency (RF)
echo to a lower frequen:cy, - called: Intermedlate Frequency (IF), an IF amplifier, and a |
detector to detect the shape of the signal and remove background noise.: “ |
| ' The retumed signal is autornaticelly corrected for range attenuation out to .23O km and
is ngen in units of dBZ. These mtensmes are converted mto 6 -precipitation levels m mm/hr'
using the empmcal equatxon of Marshallealmer (Srmth & Rogers 1970)

The Plan Position Indrcator (PPI) drsplays the locauon of the echoes retumed by
ground obJects and precxpxtauon The PPI display 1s an AED COLOWARE 767 Color
Graphics - Display Terminal and a hard copy output is produced by an Advanced Color
Technoiogy Chromajet ACT II color printer. ‘ -

The processor may allow for remote control of the antenne or may itself control the.
.antenna directly. It also processes the anéloéue video eignal from the receiver into a digitized :
mtensrty enhanced video signal, to be transmitted to the dxsplays

" An exampie of output of the CWSR g1 Radar System is shown in Frgure 1.12. T‘he
date. and time (UTC) are shown in the lower right corner. The actual time of the start of the

scar\ at the Radar site, the elevation angle of the antenna and the six Digital Video Integrator .: '
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and Processor (D.V.L.P) levels (see Table 1.3) representing the rate of precipitation in mm
+.per hour are in the upper left corner. The background reprcsenis the geographical features in
the aréa of coverage. The “range' rings mark 100-200 km disténccs in the.'short range, and

200-400 km in the long range; they are independent of thé background.

P ‘ v . '»'l : . T "_
* Figure 1.12 PPI radar scan on July 17, 1986, 1343Z at elevation 3'.
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Table 1.3 DVIP Precipitation Rate (mm/hr) Level.

-

DVIP Level - Summer ‘ ' B Winter'
- ‘ e o

1 <0 <10
2 - 2049 1.0-24
N | 5.0-13.9 2.5-6.9
s\ 14.0-399 | 7.0-199
5 " 40.0-99.9 | 20.0-49.9 \
6 a0 2500

1.3.3 Radar Wavelengths .

It is common practiée in rada-f meteorology to describe a ;adar in terms of its.
‘wavelength rather than its frequency. | |
#» - The wavelengths use;d in most r;dar systen;s fall .within the microwave portion of the
el'ectromagnet'ic spectrum, which extends' from less than one cm to 23 cm or about 30 to 1.3
GHz* in frequency. Radaf bands, range of wavelengths (A), and.frequencies f) are'listed in
- Table 1.4. : B . R .

The factors governing tl;e chdiée of wévelength to be used in a part'icular radar set are
many. They mclude considerations of sensitivity resoluuon requuements the nature of the

targets to be studxed and the effects of the mtervcmng atmosphere on the echo

“1 GHz is one billion Hertz, or 10’ Hz.
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Table 1.4  Radar bands, wavelengths, most ponular wavelengths and iheir primary uses.

)

R 4
l\lv_‘vm

Band X {cm) Most popular A f (GHz) Primary Use

a . (cm) '
i
L 15.00-30.00 23.00 1.3 " Air Trafic Control. )
S 7.50-1500 10000 3 Weather Surveillance. Terminal
' Air Tiaffic Control. '
3.75-7.50 5.00 i 6  Weather Surveillance.
2.40-3.75 \ . v3.oo' 10 Weather Surveillance - Ships.
K, 167-240 2.00 15 Weather Avoidance.
K L1167 - 100 30 Small Airciaft. |
K, 075113 . 086 35 Cloud Detection Research.

. Y

1.3.4 Beam Width
The antenna beam pattern shown in Figure 1.13 , consists of a "Main Lobe" along the

beam axis®, and a number of sma,ller lobes, called "Side Lobes The smaller lobe in direction

nearly opposite to the beam axis are often referred to as "Back Lobe". The angular width of V

the main lobe is called the beamwidih. It is usually defined as the angle between two

directions (in the principal plane) where the antenna gain function is one-half or 3dB less -

than its maximum value.
* 'The resolution capacity of a radar system is related to the concentration of the

trapsmitted power by the antenna into a narrow beam. The maximum concentration of cnergy

(Pmax) occurs along the beam axis As one moves perpendicularl}r away from the axis, the

energy level becomes less until a pomt is reached where encrgy level is one -half that measured

at the axis, called a half power point (—lnfx—)

The direcddn of the maximum gain is called the beam agds’.
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N '
FIRST SIDE LOBE AXIS

~ Figure 1.13 The Antenna Beam Width Pattern of a Radar System.

1.3.5 Characteristics of The CWSR-81 Radar Systexh

The Table 1.5 below gives some characteristics of the CWRS-81 radar system

.Table 1.5 Characteristics of The CWSR-81 system.

Transmitter Wavelength | | 53 cm

: Frequency N ' 5600 Mhz
. Peak Power ' . 250 KW
-~ ¢"  Pulse length : 2.0 usec
Pulse repetition frequency o : - 250 pps
Receiver Sensitivity ' -106 dBm
Dynamic range : 80 dB-
Sensitivity Time Control law r
_ Sensitivity Time Control range . 230 km-
Antenna Type ' , —Paraboloid -
Diameter - - ~ _ 37m
o Gain ‘ - 43dB 3
A " Beam width at 3 dB ' o
' Rotation ' 0-3-6 RPM

Elevation range ' 4-2' to '60°

-

%



1.4 ‘Conventional Surface and Upper-air Weather Maps
The weather maps used in this study are surface and upper-air maps. Both types are
Polar Stereoéraphic Secant Projection maps, true at 60° North..
The map .factor is defined as the ratio of image distance on the secant plane which
cuts the globe at 60° North, and aclual‘ earth distance. It i_s c’alculatcd by the following

formula:

Co= 1 + Sin 60"
: I+$in$

where ¢ is the lati_tude at a given point.

The‘ reduction scale of map or maﬁ scale is defined as the ratio of the distance on the
map at standard latitude 60° N to the corrésponding distance on the Eéfth.«

The tharts are issued by the Canadian Meteorological Centre (CMC).. and received at
thé University of Alberta on a facsimile recorder. The scale of the surf ac.e chart is
1:10,000,000 and that of the upper-air charts is 1:20,000,000. The charts \reccived igcludé
surface, 856-mb. ‘fOO-mb. 500-mb and 250-mb charts. The Alberta Weather Centre also issues

surface charts for the province of Alberta area at six -hour intervals.
. N 4

A



2. SELECTING AND ANALYSING DATA

21 lt;troduction )

Figure 2.1 shows the three Prairie Provinces. and British Columbia, and th_c ‘area
normally covered by two consecutive satellite passes of NOAA-9, which are being recorded
and processed on a regular, daily basis each afterfioon by the University of Alberta Satellite

Laboratory.

4
“®
L4

2.2 Source and treatment of Data

The analysis of data was carried out in the following order: Synoptic dgta are studied
first, next the Satellite data and then Radar video data whete available. Finhlly the three
sources of data are integrated and exammed in relation to each other T

To define the geographical area on facsimile maps produced by the Umversxty of
" Alberta Satellite Laboratory, Reinelt et al. (1975) calculate latitude and longitude' intersections
‘from known satellite orbital parameters. These in}{exy;gtions can be transferred directly to
satellite images in the form of fiducial marks, as shown in Figure 3.6. The equations used for
this calculation can be found in the Subroutine ITERA of program - SCANNING
(Appendix C). Townsites, landmarks, and other geographic features can be located by the

—
'same method.

2.2.1 Synoptic Data

a. The surface syrioptic_ charts compiled at 6-hour intervals from data collec\ted at
OOOOZ 0600Z, 1200Z and 1800Z were obtai‘ned from the Alberta Weather Centre.

b. The 1200Z 850-mb and 700-mb maps prepared by the Canadian Meteorological
Centre (CMC)| were used to examjne the patterns of warm alg cold air advection; vertical
motion and fronts in the lower and middle-levels of the étmospheré. |

c. The 500-mb maps at 12-hour intervals from CMC, contoured witl; isopleths of
height '.and absolute vorticity, were used as;. mid-lgvel indicators of the contribution by

vorticity advection to the vertical motion field.

21



s »

A :
/ : ‘9861 ‘AInf JO [Iejurel owwns AAeay 3y} pue ‘AR JO WIOIS MOUS guuds ay1 Jo £pnis Jo BAIR AY] [T B

/,/ i
/// )
d_ ; . N ' Ivl\\.\;tr.
. 14
1 “ ‘ \ ! / t
__ STILVLSAILIND \ o /
r I i ’
""'T"' ¢ !
- . -
Id YAYNYD LY \

«Euvm

@ *
qoo)exyseg \ \ NLOS

ot f

vaoinvw  YA¥hanoivasvs | viwagwy \ VIEWNI0D HSLLIYE 5o
a xl— k " é \ _‘ '

' 1

\\\\\ nww-- it T S

M anmctuﬁm._. E}Eﬁc\z

M.06 M.001 M.011




23

2.2.2 Storm tracks
For each of the two cases studied, the tracks and 12-hourly positions of the 500-mb

lows and upper troughs were plotted at 00Z and 12Z. Similiar charts were prepared for the

\ -

location and tracks of the surface lows.
On 500-mb charts, as shown in Figure 2.2, the symboi © indicates a low with at least
one closed height contour, or a major trouéh with the sygnbol positioned approxhnately at the
centre of the vorticity maximum. q ‘ |
On the surface chart, as shown in Figure .2.3. the centre of a low is also indicated by
the symbol ®. .A

! i

2.2.3 Satellite Data . R
The University of Alberta Satellite Laboratory records two NOAA-9 passes every\
afternoon. Data used in this study were recorded in May and July ¢ 1986.

The following four steps are nece\ssary to process the satellgmta:

a. By counting the number of tick marks in the margin of a facsimile map (left side
for VIS map, right side for IR map), the nug1ber of scans are determined by ane tick mark
equal to 10 scans

b. Since the orbital parameters are known, the number of scans to be skipped and th‘e
number of scans to be selected for analysis can be determined. The program READTAPE is
then run in order to produce the telemetry data for the Infrared as well as the Visible band.

- An example of one processed scan of data is shown in Figure 1.5 of Chapter 1.

c. The program SCANNING is then run in order to smooth, calibrate and convert the
digital counts.of th; infrared data to cloud-top temperature. The program aiso cor_lv;\r{ts the
visible band data to equivalens_brightness. | »

Programs READTAPE and SCANNING are modified version of programs used by
Wicler (1981). ‘

The calibration wedge levels, means and standard, deviations, the latitude and

longitude lines, the location of townsites are calculated by this program.
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Examples of the program Butput are given in Appendix D. .

d. The latitude-longitude data, the coordinates of townsites, on cither infrared or
visible data are used as input of program PL.FIELD,CL to produce either a cloud-top
temperature (i.e. isotherm) map (Fig. 3.26) or a map of  reflectivity isopleths (Fig. 3.27). It
will be noted that latitude and longitude lines are not straight because the linearization (see
Table 2.2) introducgs jumps in the map scale. Lines are straight within each linearization
region, but }z‘x discontinuity occurs at the regional boundaries.

\

2.2.4 Precipitation

Precipitation measurements are madé' and recorded at several different times of the
day, depending on the requirements of the agency collecting the data. For climatological
purposes, daily'precipitatiorx is. measured in 24-hour periods. For AES stations in Alberta, the
period in summer is from midnight to midnight Mountain Daylight Saving Time (MD"I(;).

In the Calgary storm, most of East Central Alberta area received only rain, but the.
higher ground to the west received snow, as did many southern districts (Fig. 2.5). The
precipitation pattern dogs show a topographic influence, especially in the area northwest of
Calgary. fable 2.1 lists the stations with 40 millimetres of pfecipitation (with water equivalent
for snow) or more over 48 hours on May 13 and 14, 1986. 'I"hc maximum amount of
precipitation (81.8 mm_) shown on this table was recdrded at Blindman station, located near
the headwaters of .the Blindman River northwest of Rimbey.

In the July rain storm, Table 2.2 shows that the 24-hour maximum precipitation was
recorded at Carrqt Creek (104.5 mm) which -was the greatest amount reported in 42 years.
Figure 2.6 shows the isbhyets of 24-hour p}ecipitation for the July storm.

Two exaihples of radar scans of heavy precipitatiog, both recorded on Julyr 17[h, are

shown in Figures 2.7 and 2.8.
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Table 2.1  Stations with 40 mm of" precipitation (water eqﬁivalent) or :more over 48 hours,

. May 13 and 14, 1986_. (After Paruk, 1986) a

Station S ‘ o " "Amount (mm)
 -Big Valley : B o S . 46.4
‘Blindman : ' - R ._ - '81.8 .
. Brightview . , . o - 53.2
Cameron Falls,  » . - . \ 48.0
Camrose = -) “ 51.2
Camrose2 A 541 7
Cooking Lake Airport ST o ’ . o 50.6
Dakota.West . - L R e 670
Edmonton International Airport : #0408
Evan Thomas Creek = ™ , . o 46.1
Fallehtimber ' k 51.8
“ Gwynn S 69.4
Hailstone Butte Lookout _ 405
_-Huxley . : o 60.8
James River Headwaters . 45.4
KSituan T ) K o 50.0
Lacombe CDA - - )9 ‘ 54.4
Lavoy - - T ~ 45.4
. Madden - S 4.1
_ Markervillg. - e -57.6..
- Medicine Lodge o o S T 442
-~ Mirror - - . P - 58.4
© . Mossleigh I UREEI A A - 450
Ponoka South ' o S == 621
 Red Deer Airport o : : o 49
Rimbey . _ \ S . 62.6
Scalp Creek . : . e 187
Stettler North | > .+ 63.0
- Strathmore East = = " 1 : y ' R VY |
.- Sundre Garrington S : Lo ’ 45.9
-, Sundre South - i " 4T
© 7 Sylvan Lake . o T4
' Three Hills South - | S 508
" Trochu Equity : o ; 49.0
~ Trochu Town | _ e 49.6
Vulcan S : : : L 53.4.
Warwick - a S ' . 4.0
Wetaskiwin South ‘ o o 61.6

\
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T . '

. Table 22 24-hour precipitation amounts for July 17, 1986 and comparable 24-hour
L long—térm precipitation records. (Afier Paruk, 1987)

™

v .l’y ;“

Station 24-hour Record ° Actual 24-hour  Years of
Rainfall(mm) Rainfall (mm) Record
Banff R 53.1 - 4.2 91
" Brazeau 80.8 42.0. 43
Carrot Creek . , 73.4 104.5 42
Clearwater . 95.8 66.0 28
Edson (Airport) . 68.6 37.6 63
Jasper - - 86.6, 18.4 - 53
Lovett _ ' 94.2 63.0 41
Mayberne . 79.8 61.1 - 39
Obed " o 67.8 43.6 26 -
Red Deer ' 85.3 16.4 47
. Rocky Mountain House 76.7 72.0. 37
. Whitecourt - 90.6 72.0 43
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Figure 2.5

48-hour _ﬁiecipitation totals of the May, 1986, snow storm (from
13/1800Z to 15/1800Z). The isohyets are labelled in mm. (After A.E.S.

Edmonton precipitation analysis)
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Figure 2.6 24-hour precipitation totals of the July, 1986, rain storm (from 17/1800Z
belled in mm. (After A.E.S. Edmonton

to 18/1800Z). The isohyets are la

precipitation analysis)
.



Figure 2.7 Radar scan of heavy precipitation south and west of the Carvel site,
’ ‘ July 17, 1986 at 1240Z (06:40 MDT). -

Figure 2.8 Detail of radar scan of bands of heavy precipitation NW and SE of the

site, July 17, 1986 at 1938Z (13:38 MDT).



3. CASE STUDY #+4-THE SPRING SNOW STORM OF MAY, 1986

3.1 Introduction
The pufpose of this case study is‘to exdmine cloud patterns on satellite images and

correlate them with synoptic features such as lows, troughs and trowals as well as with the

 distribution of precipitation. vorticity -and vertical velocity. A tape qf radar data from this

storm was unfortunately erased before it could be obtained for this study.
3.2 Synoptic Description .-

3.2.1 May 13, 1986 . '

Figure 3.1 (May 12, 1986 (1200Z) shows ihe cold low centre at 521 decametres (dam)
over the Gulf of Alaska. By May 13, 0000Z, 12 hours later the low centre has fxlled to 524
dam and moved southeastward toward the coast of Brmsh Columbia (B C.), just north of
the Queen Charlottes, at about 17 knots (Fig. 3.2).

Twelve hours later (1200Z May 13), the 500-mb cold low had fllled to 526 dam.
(Fig. 3.3) and moved southeastward into Central B.C. at about 20 knots, while the vomcxty
centre decelerated to a mean speed of about 17 knots. A

Vlgorous posmve vorticity advecuon is occuring over southern B.C. and in the Lee of .
the Alberta Rockies.

The'SOO;;nb vorticity advection field can be estimated from the area of quadrilaterals
and parallelograms f(;ormed. by the interseeting height coniours and vorticity isopleths. The
smaller and more numerous the paralielograms, the stronger: the ‘vorticity advection is

A

likely to be. .

As the cold, unstable maritime air masses moved into central B.C. later in the day, a
new surface low centre of 995 mb developed over northern B.C. (not shown here) and began

movmg southeastward at about 15 knots. Fxgure 3.4 shows that the low subsequently fxlled

to 997 'mb, while a broad, deepenmg trough sprehd across most of Alberta, a forerunner of

)

3



impending Lee Cyclogenesis ..
By 12002 May 13, the low had deepened to 994 mb and moved from Gentral B. C to

Lesser Slave Lake and the Peace region. as seen in Figure 3.5. Slmultapeously..a second low

(994 mb) developed rapidly between Whitecourt and Red Deer. Both of these systems mo(zed

southeastw_ard at aboui 20 knots to the Coronation region by late in the day, where they

amalgamated into a single active low-(Fig. 3.9). |

Figures 3.6 and 3.7 are the inf;ared and visiole images..respectively, of orbit 7299 at

}

2047-2102Z on May 13,‘ 1986. .
In Figure 3.6 the Cumulonimbus (Cb) and Towering Cumulus (TCu) clouds have a
bright, white tone in area A. 'I’he cloud tops in area C a’i;e xiot high as those of the Cb atsA.‘
but the“einbedded convective cellsl‘e’re producing scattered showers in the Coronation district.n
| In\ihe visible image (Fig} 37), the cloud band consisting largely of Cb and TCu
clouds in area A has very white unif orfo tops. Altoeurr.xulus (Ac) appears white in area B due -
to its high reflectivity but, being middle cloﬁd. shows a mottled grey in the infrared images.
The light grey sh'ades joim’ng the bfighter masses of Cb. Cu and'Ao at C, D, E and F suggest
that thm Cirrostratus (Cs) cloud lies over the mid-level cloud. The cloud arc associated with
vorticity advection at the 500-mb level has a marked cyclonic curvature (A -C-D-E-F).

" The 1800Z surface chart (not reproduced here) shows overcast skies with light rain
showers at Jasper (WJA) and obscured sky condmons with light snow at Banff (WBA). At
Calgary (YYC), the surface pressure had dropped to 993. 9 mb, broken TCu and Ac fill most
of the sky, and the Radar shows Acc tops to 16,000 feet tO the northwest. Numerous showers

are bemg'rted by the stanon m southern B.C.

o
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Figure 3.6 Infrared Image of May 13, 1986 at 2047-2102Z, NOAA -9 orbit 7299. o
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. Figufé 37 Visible Image of May 13, 1986 at 2047-2102Z, NOAA-’9 orbit'7299.®
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©3.22 May 14, 1986 | |

| The 500-mb chart of May 14 00002 (an 3.8) drawn about 3-hours af ter the satellite
image was recorded;, shows the vortncnty centre over southern B.C. wnth 8 strong cyclonic
cu'culatlon over Washmgton Idaho and Montana, and rapld cold-air advectnon over southern
‘B.C. and Alberta.

. Located near Jasper the cold low has filled to 536 dam and moved southe«st at abautl'

24 knots, preceded by the vorticity maxurt)um at a‘hoqt‘ 27 knots ‘Since the trough is concave __

to the flow, southward transport of momer B aﬁ strengthemng of the westerlies at
the south end of ‘the trough, while mamtalmhg su'ong d-t.l‘fluence to the east.of the trough
line., ; B _ )
| By May 14,. at 12OOZ the 500-mb low had moved into southeastem of Alberta at
about 25 knots and fllled to 535 decametres over the Medtcme Hat area (Fig. 3.9) whilé the

associated vortitxty centre moved southeast at 26 knots. - o

The satellite 1mages of May 14, confxrm that mtense lee cyclogenesns has taken place .
¥ in southeastern Al rta On. the mfrared unage (Fxg 3.12), the well developed cloud splral
" includes seve‘rral very bright convective bands, indicative of very htgh and.c,_old cloud tops. The
vottex cen’tre C of the spiral, | 'an area of mottled grey, contains lower bands of middle cloud,
- better resolved in the visible lmage (Fig. 3.13) )

In this image, the section of the cloud spiral assocmted thh the cold front has a
well‘-defmed rear edge behind Wthh there is a clearing zone A. The forward edge of the
cloud mass is dtffuse South of area B, Cirrus (Ci) plumes trailing f rom the cloud spiral are
clearly visible. The hnes of Cu and TCu-at A that ‘curve toward the vortex centre, now an
.open cellular cloud field, have developed thhm the cold maritime air in the reglon of

cyclonic vorticity maximum at C. A}tocumulus (Ac) and Stratocumulus (Sc) are reported _m

W



'Q)’ s

@Wsurface‘obsc.rva’tion at B. 11;1 the visible irﬁage these clougls are ‘ve;):'bright and have a wavy
* structure, A |

The centre of ;he cloud vortex‘ coincides with the cexitre of the surface Eyclone at

1800Z, 3 hourszbefore the satellite pass »(r'xot shown here). This cloud~ structure is typical of =

well-develbpeck moving cy‘clorics (pres.;.ure at the centre was 996 mb) with speeds of about 25

© knots. A
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Figure 3.12 Infrared Image of May 14, 1986 at 2036-2051Z, /NOAA-9 orbit 7313.



49

-

Figure 3.13 Visible Image of May 14, 1986 at 2036-2051Z, NOAA-9 orbit 7313.'



“3.2.3 May‘l‘S. 1986 | !

The 500-mb map of May 15, 0000Z (about 3 hours after the satellite pass) shows the
southeastward shift of the vortex centre (Fig. 3..1¢}). The speed })r tue cold low has droppeu i':
to 14 'knots and the speed of the vorticity centre to 17 knots. The low is now centred in
southwestern Saskatchewan with a tilted trough NW-SE, and a strghg southerly circulation B
over Manitoba. ‘ | ?ﬂ

By May 15 (1200Z), the cold trough had drifted very slowly to the east (Fig. 3. 15') at
about 4 knots. It contmued to move toward northern Safkatchewan and had filled to 539
decametres by the aftemoon of May 15.

‘ The surface low has also moved into southern Saskatchewan at about 10 knots and
) had a central pressure of 995 mb by 0000Z May 15 (Fig. 3.16). During the next 12 hours it ‘i
continued northeastward, filling to 997 mb by the early morning of May 15, (Fig. 3.17). The
Sx&bn/e has now reached matunty and is beginning to dissipate (Figs. 3. 18 and 3.19). The
mam cloud band of the occlusion has shifted to northern Saskatchewan and northeastern
Manitoba. | .

Figure 3.18 shows the main branch of the spiral north northeast of the vorfcx centre, .
now located East of Regina. The cellular cloud pattern indicates cold air advection and
cyclonic flow in the lower ‘levels behind the cold front. The larger cumullform cloud elements
(A) represent a region of upward vertical motion in advance of the vomcuy centre,

The brightness from E to D in both marks a. band of Cirrostratus (Cs) and
Altostratus (As) with streamers of Ci over Hudson Bay. The dark grey area at F and H in the
infrared (Fig. 3.18), but bright in the visiblerpicture (Fig. 3.19), indicates broken low cioud,
such as Sc. The hght grey shades in the IR at C and G, but also bnght in the visible, consist
1argely of rmddle cloud (As and Ac) above a deck of St and Sc. : . s

Figure 3. 18 also shows a cellular cloud pattem of Cu at Bl that is lower than the Cu/

and TCu cloud at B2 whose elements are both larger and brighter. L
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Figure 3.18 Infrared Image of May 15, 1986 at 2025-2040Z, NOAA-9 orbit 7327.
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3.2.4 May 16, 1986 ; ’

Dunng the next 12 hours, the speed of the cold low dropped to to 5 knots, while the
,: vorttcrty centre weakened further and slowed. to 7 knots. The low reached Central Manitoba
. ,by the earl;ﬁ mormng of May 16 (an 3.20), had degenerated into a trough 12 hours later ‘
(Fig. 3.21) ,
- The surfa‘ce low reached the eastern border of Saskatchewan by 0000Z on May 16
(Fig. 3 22), and filled to 004 mb; it kroved to Central of Mamtoba by the early mormng on
May 16 (th 3. 23) at about 18 knots and soon thereafter lost its distinct, cyclonic character
" by bemg mcorporated mto an amorphous trough extending westward from Ontario.
L The vortex cloud of the drssrpatmg cydlone moved northeastward and was located _]USt’
east of Lake thmpeg 24 hourg agr (Frgs 3.24 and 3.25). .
‘The NW-SE extended ‘hg band is assmrated with-high C1 apparent by the uniform
brxght tone in both drsplays between between 53'N, 123°'W and 60'N, 127W in area A.
" On the visible nnage (Fig. 3.25), area Cis brighter than the surrounding cloud while »
‘in the IR (th 3.24) 1t i% darker, indicating the presence of Stratocumulus clouds
‘ Figure 3. 24 shows thak in areas G and H, cold hrgh clouds sharply contrast with- the
* warmer Sc The clouds ‘ln the area H are decayed Cb anvrls This is mdrcated by the gray -
| response in the visible and nearly whrte shade m the 1nfrared pictures. The Cb tops are very -
bnght in both dtsplays mdxcatrng an area of active thund.erstorms The medium gray shade in
: the mfrared ptcture (D E F) indicates the presefice of several cloud layers in these areas.
At G, the relanvely thin Ctrrus has a low albedo in the visible ptcture so there is very

N

low contrast between areas covered with thin Cirrus and clear areas.



58

- - - “

, _+,.335 PRI ;. [XZ JO S[EAId]UI 1€ SINO1U0D A1J[I0A € SIUI| PIyse( “S[BAI2IUI W (9 1€ SINOIU0D
1yB1ay [enuatodoad aie sauj PIOS "SIsA[eue A11oNI0A pue Y31y DD UMBIPIY "9861 91 Ae Z0000 10) dew qui-Q0§ 07" € N

€
3 ...“r




2

: *1-03S PRI QX7 JO S[eAIajul 1 $IN01U0D 113104 e muc__‘ payse(q "s[eaiaiuy w9 .w ﬂ:&:ou ,
Ew_o.___.m_.csoaoomozsc__u__om.m_a_«::%_:o;:«Ew_o:.oz“:;svox .82.EQZNSNZEG.AE:DE-SW:.nea_m

%

59

J ) .\\ﬂn.. H l\. ot it~ 3 nc.. y § .
. lw“l@r-.\\&}. 9 R Ao | W ! i
Y N\\ 2 NI AN
Tk R
\ { rAN :p_u..\,..; & <\
. M09L M08T

MOTL MOV



. Z0000 uou dew sisAjeuy 20ejIng 77 g Judiy

“S[eAI21U] QUI p 1B SIBQOS) [3A3]-BIS DMV UMEIPY "9861 ‘9T AW

’ .
| 3 _—
! _h - 1 | 4 \
| \hon.v [ Y A
¥ ot “\
- \
1 o s
! . e
\
] .Plﬂl .oz)
! /50@nt L
¢ h i d )
‘ -
N

wot . Ao




61 -

"S{AI2IUL QU p 1€ SIBQOS [943]- B35 DMV umeipay ‘9861 ‘91 ABN.Z00Z( Joj dew siskjeuy oum.tm.,m

v~

n.m@.m;mm
* S e
-
N.OS
N9



Figure 3.24 Infrared Image of May 16, 1986 at 2015-20302, NOAA -9 orbit 7341.
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Figure 3.25 Visible Image of May 16 1986 at 2015-2030Z, NOAA -9 orbit 7341, -
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3.3 Numerical Analysis and Graphical Display of Satellite Imagery
| To'help with the iﬁtérprctation 6f sétcllite-dcrived digital data displays of temperature

and brightness, such as Figures 3. 18 and 3.19, a few guidelines and gencral comments will be
useful, since they apply equally to similar plots in this chapter, and in the next

The isotherms have been plotted at the relatively large intervals of 20°C, rather than, .
say 5°C, for two reasons. First, the structure of a thermal field is so complicated, and the
gradients so tight near the edges of clouds, that any useful plot has to be of consi‘de,ra,,bie size,
perhaps .60x100 cm, if all the detail is to be resolved and shown to advantage. Consiﬁcﬁng the
size restrictions .ihat apply to thesis presentations, such large-scale plots would, at best; be
awkward to include and intégrate with the text. Making a virtue of nece_ssity not only removes
the size limitation, but justifies the ZO'C interval by providing a clearer view of the essential.
features of the thermal structure--- the second reason -- at least on the synoptic scale, and of v
meséscale features of the order of tens of kilometres. Moreover, a juqic.ious choice of
"principal” isotherms makes it-also possible to display the three basic cloud types in their
"natural”, a_sce'nding hicrafchy of elevation, namely as low, middle and high cloud.

Thoughv not exact, but of ’the right ordef, we' consider the following correspondences

to hold between iSotherms, cloud types and'cloud-top'heights:

oC .isotherni (black) Low cloud (St, Sc, Cu), etc.
Tops to 2500 m ASL.

-20°C isotherm (green) : Middle cloud (As, Ac, Ns).
Tops to =5000 m ASL.

.40°C isotherm (blue) High cloud (Ci, Cs) and TCu, Cb anvils.
Tops to =7500 m or higher

+20°C isotherm (red) - generally clear areas of warm ground,
S including at times patches of scattered cloud.

o

-

The J 0°C isotherm has a special significance in that it marks the 'freezing level, an

important quanmy to pllots and flight.dispatchers. ’I‘o be sure, the freczmg level could be

lower in cold air hidden beneath a cloud (or below inversions) and it could afi%o bc at ground



level in a region of melting snow.

Though less useful in meteorogical practice than isotherms, similar comments can be -

made about brightness isopleths, and equivalences established betw‘een brightness, cloud
reflectivity, and thickness, extent of cloud and albedo. But going by brightness alone, it may
be difficult to distinguish between:cloud and snow-covered ground, balthough recourse to an
IR plot will usually resolve any ambiguity _ v

~Cloud- free areas of low albedo such as fields and woodlands are easily distinguished
by low digital counts. Problems arise, however with clouds because of complications sych as
orientation of the cloud surfaces, angle and elevation of the sun, density and size of the
cloud, shadows g:as't by the clood, etc.

Since no absolute measurements. of brightness have been attempted, the
"rule-of -thumb" equivalences suggested below should be considered only vas relative but
practical estimates in aid of nephanalysis.

% DC (red) isopleth | : Light, thin, cloudmess broken or in patches
' and within the red isopleth, e.g. scattered to
broken St, Sc and Cu. Also thin, translucent

layers of As, Ci and Cs.

)

110 DC (black) isopleth Encloses all opaque cloudy areas, including
. ' broken Cumulus, and possibly snow,
130 (green) isopleth Solid covers of low, middie and hight cloud
) guigly and in layers. _
150 DC (blue) isopleth Heavy, thick cloud, e.g. Nimbostratus,

embedded or isolated convective turrets and
anvils of TCu and Cb.

Areas giving digital wcounts less “than 90 and ouside the 90 DC red isopleth are
essentially clear with at most icat_tered, tHin low cloud, such as St, Sc and Cu over open areas,
fields and woodlands. "

The problem of too many lines and complex detail may be overcome to some extent
by the 3-dimcnsi6ifal""'m. net” répresentation of a thermal surface. Though perhaps of

limited usefulness in practice, a few examples of pertinent thermal fields have l)een plotted

» .

4

=
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ustng this techmque Such 3-D dtsplays can be usel‘ul however, in providing not only spatlal
e

; contmmty. but ‘lso a direct, graphic view of the co‘?),tent of a large, dat*et They also draw

i
ention to the distribution and' location of extreme values of a property such as, in the

present case, of maxrmurn and minimum 'tj;nperatures in a thermal field.
o
33.1 MayV13, 1986
Figures 3.26 and 3.27 show the thermal field (isotherms) and brig‘htness isopleths
deduced from datagwithin the square areas outlined ln Figs. 3.18 and 3.19, respectively.
Both figures will be considered together; since they complement each other, Fig. 3.26 |

shows warm, rrlainly clear areas in Southern Alberta and West~central Saskatchewan, with
surface temperatures in excess of 20°C. Two small warm iclear pockets are also present NE of
Edmonton The clear areas, ar( wrrounded by large patches of low cloud, and by a
semi-circular arc of mrddle vloud a,nd= scattered shower clouds (TCu and Cb). But the main
storm clouds l*ave gathered over the Alberta Rockies, with very-cold, bright tops in excess of
l‘7500 m. n the Jasper aréa d\lJA) cloud -top temperatures below -55'C can be deduced from
the satclhte data Thl@ suggegts Cb tops which have reached or penetrated the tropopause level
ata helght of some 9- 10 km Though not shown in Fig. 3.26, smcc temperatures lower than
-40°C are not plotted thls 1s supported‘ Py the radlosondei ascent from Stony Plam (WSE),
(th w3, 29) about 30 mrl;s wlesaof tlle City of" Bdmontpn at 0000Z May 14, 1986 (near to
the nme of the sat’e'lhté pass) Wthh puts the trdpopause at about 9 km. It also shows
Aupper -air temperatugcs,, close to the satellrte denvedt temperatures (th 3.26) for cloud -tops
bétween ;l2 lkm antf 6 & km (about -30 C), mdrcatmg the presence of middle cloud,.
mterspersed wrth convecuve cells (th 3 18) Cloud-top tempcratures north Calgary (YYO)
reached xmmma of 35C Such temperatuies can be- found in Fig. 3.28, a 3-dimensional ‘
representauon of ﬂle area 49 53'N 107 115’W which covers a range from -35°C at cloud tops
to a maximum surface - ;emperature of 28°C north of Lethbndge (YQL) Such a maximum
may seem hrgh but it must be remembered that the satellite measures the temperatute of the?
rad_;attng surface, na.mely ground temperature, rather than air temperature at screen level.

-
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By 21002 (15 00 MDT) Jasper and Banff are reportrng hght snow from overcast v

- skies, and néar freezmg temperatures (2" C) Numerous showers have devel along the

’ leadrng edge of the cloudban? to the west (Pmcher Creek - Calgary -Red Deer Edmonton) and

the raxnshowers turned tq Snow at Calgary three hours latcr il
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' w1th scattered showers The: coldest gnd hrghest clou -tops wrth temperatures low
Lake Wrnmpeg Most of the heager and contmous precrpttauon 1s

.38- knOt northwesterly wmds
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332 May 14,1986 B B 2 JR

Figures 3.30 ‘and' 3.31 show the ‘visotherm's and bnghtness rsopleths for
2036Z (NOAA-9 orbit 7313‘). Both l‘igures show tlte bright, cold and well-developed comma
cloud curving from leethbridge tﬁafough the western Calgary and Red Deer regions and 'tlren
southeastwerd‘to Saskatchewan and Regina with tz vortex centre located at SI'N, 1OW.

Cumulonimous cells are embedded along the rear ejfge of the comma cloud. The “dry slot"

" marked by surface temperatures from 10C to 15 € contains stil several bands of Cu and TCu

are found in Central and Westem Alberta and in northem Saskatoon, NE of ¥

nb“ ‘, ¥ . y
TS M
‘ “-@t‘.ﬂ :

3 I

‘mg blowtn al®

Edmonton-Red “Deer - Lethbr% regroﬁ’ wrth SNow, §

The radiosonde released at 0000Z on Ma YRy Plain (Fig. 3.33 supports
4 ! ) ) . .
the. temperature and cloud structure in. the Edm (No regula
t‘ \

-ascents 1latie ffom Calgary) In the 750 to 600 xhb layer the temperat -dewpoint

depressron is zero, indicating compiete saturation and sqlid cloud to at least 4.5 km with

convective" tops lrkely to 8 krn The 3-D isotherm plot of Eig. : -mdrcates mihimum -

. cloud-top temperatur;s of -56.9°C at $6'N, 115W, and a maxrmum a dTC in northern'.

» K ‘;’, ‘*‘ "
Montana. ' o ' .f _ ' S
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- Figure 3.31 Brightness isopleths for May 14, 1986 3t 2036-2051Z, NOAA-9 orbit 7313, isopleth interval 20 counts. T
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‘a band from Saskatoon'to Regina. *

333 May 15,198 . .+ °
Figures 3 34 and 3.35 show the isotherm pattem and and brlglmless isopleths on 9

W
“'mid-afternoon, 15 May 1986, for the square areas outlined in the satellite images of Figs. 3.22

and 3.23, respctively. Comparing the spow opened-up cloud spiral with{ the tightly-wound

- spiral of the previous day, it is obvious that the system has passed maturity and is .

approachmg the end of its life cycle. *

The western loop lhrough Alberta and northern Montana still contams the brightest

- coldest and most active clouds. The snow has’ ended in western Alberta. but continues in

eastern areas from Lloydminster to Coronatlon and Medicine Hat. Snow is also fallmg in

: westcrn Saskatchewan between North Battleford and Swrft Current, with rain furfher east in’

A Y 2

-

7

Tge eastern branch .of - the spiral is breakmg up rapxdly over westem Ontarfo. The

[ )
"dry slot” over Mnmtoba has widened and become filled with scattered low and middle cloud

(Cu, Ac, Acc). Aftemoon temperatures in this warm sector are in the 15-20°C r'y
L A ] . g J . .
0-8 C in the cold air to the west. : : R '

o % ' . .
- The 3-D representanon of Fig. 3.36 of the smaller block ‘within 46-54'N, 100-114'W

~

shows the coldest cloud tops at -47.1°C, and a surface temperature maximum of 18.7°C.
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334 May16 W e

The drssrpatmg remajns. of the vortex, ‘now lo(:ated over southern Mamtoba consists

e

‘;ma;gly of cumulrform low cloud- (Sc Cu) Figures }‘37 and 3. 38 the thermal and bnghmess J

’ representanns of the area enclosed wnhm. the .squares on’ the satellrte rmages Figures 3. 24
and 3.25, respedtrvely, show that thls cloud is still organized rﬁto several bands, mterspersed

with numerous “Clear. breaks thrs is seen best in the bnghtness analysrs ol‘ Frg 3 25

N t ‘ The heavy masses: of “cloud are reduced to one la;ge complex’ grvmg snox to’ N'E

~

Mamtoba A smaller patch of mrddle cloud (Ac Acc) rs present in southern Saskatchewan:.
R

. The 3- D representatron of the area 48 56'N 91- 101'W sho\ws the hrghest and coldest
(- 47..1‘C cloud confrned to the southWest wrth surface temperatures near 20C in the
cloud-free areas, : L ,
- - = ,
bb , : —
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Figure 3,38 Brightiess isopleths for May 16, 1986 at 2015-2030Z, NOAA -9 orbit 7341, isopieth ilterval 20 coupts.
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: 4. CASE STUDY #2 : HEAVY RAIN STORM'OF JULY, 1986 -
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44 Introductron o | ? | ’ _

/\ Thrs ca e Study) examines the condmons leadmg to the mtensrfncauon of the cold fow
* that produced heavy rdinfall in’ Central Alberta m.'July. 1986 Cloud patterns on satellite
1mages synopttc maps and radar ‘scans are’ compared. and correlated and physical processes<
descnbed that resulted in excepttonally heavy precrprtanon over the North Saskatchewan Rlver

a4

Basin. E e L :

~ .

4.2 Synoptic Description *

421Julyl6 1986 R R -

B Figure ‘4.1 (July 16 1986 OOOOZ) shows the cold low ata central-;lepth of 559 dam, -
located near Pprt Angeles (Washrngton USA), with a long trough sloping northeastward. to
Edmonton and Ft. Churchrll The correspondmg surface map. (0000Z, late aftemoon not
reproduced here but similar to Fig. 4.3) shows that numerous Cb, TCu and showers have
develoyed over the interior of B.C. and in’ westem Alberta Durmg the next 12 hours the cold
low has moved to Central Washmgton at about 8 knots and deepened to 556 dam (th 4.2).

' The vomcrty centre moved at about 13 knots.

The July 16, 12OOZ surface map (Frg 4, 3) shows a meandermg S- shaped 1sobar‘
pattern B.C.-Alberta- Saskatchewan and two 1arge but inactive low-pressure cells over the
western  U.S. Though still early mormng, showery condrttons prevaxl in the Cold
Lalre Edmonton Jasper r@grons mdrcanng that the showers were due to’ causes other thap
sl‘rnple day-trme heatmg. This was borne out by events later in the day, when the precrprtatron
+ area spread north as far ‘as Peace River and Ft. ,Mchdurray, and south w Calgary and
| Cor_onatlon o e | | 1

N

The aftemoon’ satelhte 1mages Frgures 4 4 and 4.3, reveal a very comphcated and

\‘v

diverse cloud structure.
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, At D], the clouds are equally bright on both inf rared and visible images, indicative of
cold high cnoud whrch is composed largely of the anvrl 'tops of Cb embedded in a large
expanse of Qs Note the scalloped" westem edge of *thrs cloud mass (on the IR lmage)

7 clearly \mnmg individual convectrve cells whrch are drif ting northeaStward in the southerly

v

" How aloft (ses Fig. 46) S R .

\ 1
Layers of ‘Ac, As. $c are ‘present below the hlgh cloud D1 (as reported by weather :

5 stattons) whlch appear asa moderate shade of gre /m~the IR (Frg 4, 4) Where not covered by
an u ) r: d k, such as at Bl- B2 B3, D2 and F. The light grey cellular pattem over the much
dacker at H. (northem Saskatchewan) mdrcates patches of Ac above a large expansé of

l \

‘ much lower cumuliform (Sc, Cu) cloud

aThe cloud me C1-C2-C3 marks the -incipient ‘head of‘ the comma cloud of the
'. developmg ;tom while the band of Cirrus Al-A2- B3 1s ‘associated with . wide- spread
- convectrve actwrty (‘gb Cu showers and thunderstorms) m southeastern B C and') the-
Peace River cour;try.,There are many small breaks betwe.en the' larger cloud, _complexes. hes_t

seen on the visible image as dark areas, because of their low albedo.
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Figure 4.5 Visible Image of July 16, 1986 at 2105-2121Z, NOAA-9 orbit 8202.

!



4.2,2 July 17, 1950 ‘ .

By July 17, 0000Z (Fig. 4.6, S00-mb chart) the cold low (now ﬁlled to 558 dam) g
the vorticity centre have movcd north-northeastward at about 10 knots

Twelve hours latcr (Fig. 4.7, 500-mb chart), the cold low has drifted northcastws
to the Washington-B.C.. border at about 7 knots, its central depth unchanged at 558 da
However, the vorticity Centre has increased its speed to 23 knots as it rotated cyclonically
the strong, southwesterly flow about the cold core.

The laie-aftemooh (0000Z) surface‘ map is much more organized than the p-;e\vx!

maps. Its most prominent feature is the long NW-SE trough, stretching from Central B.C.



&

of 12 km. The grey sfades C1-C2 in the tail; of the comma (IR, Fig. 4.10)Amdicate the top

surface of a lower layer of the-middle clouds, mostly As, but wifh highef turrets 5f“Acc

)%

visible near Cl. Both images also show thc; clearing zone D, an open area of low albedo

conmihfhg a curved band of Ac and TCu, and a scattering of lower cur'riu}if orm cloud.

. \ L
[
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 Figure 4.10 Infrared Image of July17; 1986 at 2054-2110Z, NOAA-9 orbit 8216.

<
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Figure 4.11 Visible Image of July 17, 1986 at 2054-2110Z, NOAA-9 orbit 8216.

- . - . . ’ . % ' ‘.
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423 July 18, 1986 k . o
During the next 12 ho:rs the cold low suddenly deepened to 552 dam, mtenstfymg as ‘
it crossed the Rocky Mountams nearlecher Creck at 29 knots, whrle the vortlctty centre
-lagged behind at 22 knots B‘y late afterpoon (OOOOZ July 10) the cold core has passed to the
east of Edmonton (Fig. 4.12). Contrr?umg eastward the cold core reached Saskatchewan by
early mommg (Fig. 4.13), the system has now entered the dissipating stage, frlling raprdly
and becoming absorbedl%o the major .long wave trough dominant in the Hudson Bay -Lake

Winmpe&ﬂ&on v«\" D ‘ ' "

The surﬂace maps for this perrod (Figs. 4. liimd 4, 15) reflect and closely follow the
- events in the upper arr ln phase with the cold-core mtensrfrcatxon the surface centre has
'reacpd maximum develpoment by 06002 July 18 (chart no; shown) but thereafter, though
grown in size, tﬁe low has entered a gurescent stage as it moved raprdly foward Hudson Bay

* The satellite images from the afternoon pass of NOAA-9 (Figs. Qﬁ and 4. 17) show
the weu@ced breakup of the ‘storm. The spreadmg canopy of the comma cloud is still
discernable over northern Manitoba and Hudson Bay, ending in a drffuse tail west of James
Bay. A large, 'ge;erallyiclear area, has opeaed up to the southwest

The small, crrcular dark area near E marks the eye of the aging cyclomc system The

. convoluted bright region C’-F in both images represents the remarns of the comma head cold,
high cloud of Cb tops and embedded, cells of Cb and Cu. | |
. Bright (and cold) cyclonic streamers of errug are vrsrble in the IR (Fig. 4. 16) over
northern Saskatchewan and eastern Alberta Below the errus (and “best ‘seen in the
visible-band unage Fig. 4 17) are numerous cellular masses of Sc, Cu, Cu’ and .Cb. This
conveh‘rve cloud developed in the northerly ﬂow of a cold, unstable air mass, the result of

cold-air advectron in the wake of the storm. : , ' . SR /\\

A
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Figure 4.17_Vjsible Image of July 18, 1986 at 2044-2059i, NOAA-9 orbit 8230.
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4.3 Numerical Analysis and Graphical Display of the July Storm
The equivalences introduced in Chapgcr 3 are still considered to be valid in July, even
tho;fgh the coﬁvectivc clouds in mid-summer are likely to be more numerous and build up to
greater altitudes. Most active Cbs reach or even penetrate the tropopausc which over
Edmonton (Stony Plain), before the arrival of the cold core, was located al a height of
11.2 km. Radiosondes sampling the cold core, such as at Vernon B.C. (see Fig. 4.21)
x - :

measured the tropopause at-8.5 km. ¢

-
*

Surface temperatures in the warm, largely clear areas would also be higher in July
than in May. This in turn ;.vould normally lead to higher dewpoints and increasing moisture in
'a warmer and convectively unstable air mass. These differences are important and have been
considered in the analysis of the July storm.

Hc@vy snow, not unknown in July, fel on the higher ground of the western f oothills, -
but on the Jopen prairie most of the prééfﬁitation come in the form of rain and occasional
sgeaks of hail. . *

4.3.1 July 16, 1986 S +

The thermal and brightness features within the squares outlined in the satellite imaécs
of Figures 44 and 4.5 have been analysed and plotted in Figures 4.18 and 4.19, respectively.

The area shown does not contain the cc;ld core itself, but a large complex of cloud,
coveﬁhg much of east-central Alberta and Saskatchewan. Thi; thick and very bright mass has
c!oud-topdtemperaturcs as ISW as -55°C, an indication that most of it extends right to the
tropopause level. Judging Ey the surface reports, the cloud complex was made up of a thick
layer of Ac and Acc. interspersed with numerous TCu aﬁd Cbs. Frequent showers and
thunderstorms were experienced in all districts throughout the day, wﬁh the heaviest rain in
the Edmonton - Whitecourt region, and snow m the foothills.

The isotherm and brightness ﬁattems also hint at the formation of the comma cloud.

The broad, warm sector in Saskatchewan (surface temperatures 25 - 28°C) narrows and curves

. ° A
westward toward Edmonton and Banff, indicating the presence of a southeasterly circulation

»
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in advance of the approachlng cold low and the mflux of warm moxst au‘ '

‘The. 3 D representatlon of the thermal field (an 4.20) shows the extent and texture

\ “of the cloud comblcx wnth many peaks pro;ectmg to the 55 C tropopause level Also shown

NEA Y i clearly is the steep clef " of the cloud bank (in the vxcxmty of the 114'W mendaan) and the

/

o steep descent to the lower deck of m@h warmer cloud to the west. The warmest surface air is

present m southern Saskatchewan thh maxxmum values as lngh as 28.8°C
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4.3.2 July 17, 1986 = S \
The now “classical” open spiral of the comma cloud is the dominant feature in

Figs. 4.22 and 4.23, the thermal and brightness plots of the.area .mar_ke’d on the respective
images of Fig. 4.10 and 4.11. The ;torm though still well organized and mature, has however
gone past the stage of maximum development when judged by the size of the precrprtatron
area. This i is shown better on the series of radar scans, presented in Section 4.4.

‘ The brightest, thickest and.coldest cloud extends in ‘a well-formed arc from the
coinma head SE of Calgary..to the west ’of Edmonton, then NE to the Cold Lake area and
-eastward . rgto Saskatchewan. The promrnent warm sector "diy slot""is parnculaufy well
defined in the brrghmess plot (Fig. 4 23) by the sharp edge of the clqud curving through
'Saskatchewan Digtinct bands of cumuliform cloud are visible in the northern and western rim
of the warm sector. o |

The IR-derived plot of 'Fig‘, 4,24 shows most of the spiral, including the extensive,

high bank of the main complex to the north and east topped by many peaks and turrets at

. temperatures lower than -55°C. The massrve cloud composmg the head of the comma is

e A

separated_ from 1t by a col, and hides from vrew the steep western bar  .f the warm-sector.
"As "mentioned earlier with' respect to tropopause heights, rig. 4.21: the 1200Z
radiosonde plot from Vemnon, B.C., is of interest in that it shows an ascent close to- the cold

~core. It willibe noted that, except for some mid-level moisture in the 750 - 700-mb layer, the

~air mass is very dry above 600 mb. This is an indication that the moisture flux feeding the

* . storm came from the southeast (i.e. Saskatchewan) rather than from the cold core,

i
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. 4.3.3 July 18, 1986

By 0000Z, July 18 (18:00 MDT July 17) the cold core had crossed the Rockies,
" slipped to the south of Edmonton, and-superimposed itself onto the surface low. Thereafter,
the combined system accelerated and moved rapidly across Saskatchewan, as the cold core
: began to weaken. Twenty-four hours later (0000Z, July 19) it had all but dissipated and been
absorbed into the long- wave trough over Mamtoba ;

The mid-afternoon July 18 advanced phase of the breakup is depicted in the thermal
and brightness plots of Fiﬂ. 4,26 and 4.27. The principal cloud mass has moved to lManitoba
and become associated with the long- wave trough To the west, the skies are filled with
broken clouds, most of it cumuli(orm which devéloped in the cool, unstable air left in the
wake of the storm. Many of these clouds have grown to the shower stage, and a few into
active thunderstorms. Only vestrges of Ac and Cs are Ie\ft behind, as reminders that the cold
low has truly passed. The sounding-from WSE (Fig. 4.26) on July 18, 00002 (close to the
time of the satellite pass 8216) indicates that cumulrform cloud (Fc Cu, Sc) is present in the
surface layer’ wrth tops#to‘zbout 1.3 km (840 mib). A thin stable inversion layer extends for
about 200 m above the unstable flayer. Two saturated layers are also present
between 670 650 mb and 620 - 600 mb. Thin broken decks of Ac and As are indicated with
bases, respectively, at 3400 and 4000 metres and each about 200 m thick. A Cs layer has its
base at 5.52km and top at 6.3 km. The cloud—top temperature of this layer is at about -18°C,
which is . close, to the satellite-derived temperature (about ‘-20'C). "The height ‘of the
tropopagse is about 10.4 km. Decreasing dewpoints are characteristic of subsidence- of the air ]
‘mass in at least two layers, namely 1.5 to 2;8 km, and 4.2 to 4.8 km. ’

Figure 4.28, the 3-D representation of the thermal field, provides a parting view of
what is left of the comma -- now an amorphous shape no longer as high and cold
(just -49.1°C) as 24 hours earliers. Descdgding westward and breaking up into an assortment
of cumulus and shower clouds which developed in the cooler air, it passes away as all storms

must.
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4 4 Radar Hlstory of the July Storm
ere most plctures the series of radar scans prescnted m the next pages pretty well
tell thetr own story. Only bnef oomments are therefore neoessary. a few generﬂ remarks and

' short referenoes to specrf ic details. Moreover -some: basre information o% the radar system has
-~ been’ given already in Chapter 1 and Chapter 2. ‘

For ease in companson all the: unages in the series have been scanned at elevatron
| '_ angles of 0 6' Because of technrcal problems m producmg hard | coples of the CRT drsplays.
some of the color. values are not as pure as they should be and some shrft m color hues lS\

> ."notrceahleaswell o S A_ : ;v | |

It rs also. tmportant to realize that the radar—at Carvel was unable to sample the entire

b

storm at maxrinum development, because of natural hrmts rmposed on the range by

topography. the dtstnbutlon of. the cloud and ram the operatmg power and elevatron angle of 2 vt,
the radar’beam among others Edson (ET) to the west and Verrmlhon (VG) to the east mark '0 ,‘}“’

k3
the practical worlung range for the July storm.

% .
- The mtensrty of the precrprtatron is dtsplayed as follows
L Yellow . . <20mm/hr
B ) co o YEe T '2,(’)’-4i9 "
© .13 ¢ Offwhitt =~ . 50-139"

4 . Pk 140 - 399"

The time of each scdn is noted on the 1mage and also in the frgure captron
. The first senes of four scans, Frgures 4 29 to 4.32, show the precxprtatron area in the |
. growth stage. \at approxurlhtely half - hour mtervals for the frrst three. and one hour between
the thrrd and fourth The most interesting feature in thrs set is the generation of a new oell :
SW of VG its: growth and subsequey( amalgamatron wrr.h the mam body o? precrprtatron Athe
net effect being a substantral expansion of the rain area to eastern Albe‘rta The heavrest |

. precrprtatron 18 generally fi allmg f;rom large cells to. the south and west of the radar srte
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Figure 4.29° Radar scan of July 17, 1986, 1012Z (04:12 MDT) at clevation angle 0.6

-
R ¢

 Figore 4.30 Radar scan of July 17, 1986, 1042Z (04:42 MDT) at elevation angle 0.6'.
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. Figure 4.32 Radar scan of Julfy 17, 1986, 1210Z (06:10 MDT) at elevation angle 0.6'.
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The second set of six scans (Fig. 4.33 to Fig. 4.38) records the extent of ths |
precipitation in the ‘morning. (7:11 - 11:36 MDT) when the low-pressure system was
approaching Edmonton from the south. At this seaée the siorm had attaieed full maturity and
the area ef fected by the storfn had reacked maximum size. Tﬁere is precipitation _l: ailing in all
qu_adfants beyoﬁd the range of detection of the beam at the elevation angles of 0.6", as
reported by weather stations outside the 200 km ring,. The reason that ihe ereas of intense
(L4) precipitation are confined' apparemly—te the inner 100 km circle is.a consequexfce of the
radar beam sampling the moré distant clouds at elevauons of 2 3. km above th'epground.
where the precipitation 1nten51ty is normally less. | | .

" Moderate to heavy rain .was falling"_ at Edmonton and the surrounc}igg disltricts to the
SW and SE throughout the period as the.sto'rm intensified.

The last print in this set (Fig. 4.38) recoxds the stage when the deepening eye of the
storm just passed Edmonton The heavy rain. band has shifted to the west of the radar site,
and the precipitation area in the SE sector has developed a bulge and is deqrcasmg rapidly as

the storm began to the accelerate and move eastward.

Lo
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- Figure 4.33 ‘Radar scan of July 17, 1986. 13132‘(07:13 MDT) at elevation angle 0.6".

 Figure 4.34 Radar scan of July 17, 1986, 1412Z (08:12 MDT) at elevation angle 0.6".
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Figure 4.35 Radar scan of July‘ 17, 1986, 1442Z (08:42 MDT) at elcszion angle 0.6.

/.

Figure 4.36 Radar scan of Jﬂuly 17, 1986, 15122 (09:12 MDT) at elevation ahgle 0.6°.
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Figure 4.38 | Radar scan of July 17, 1986, 17402 (11;40 MDT) at elevation angle 0.6".
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The last set of scans Figs. 4.39 to 4.42, close in time to the 22002 aftemoon satellitc -

- pass, (Figs. 4.4 and 4.5) provide a record of the weakening and brcakup of the storm system.
Two major rain bands slowly dissolve mto separate cells. The breakup proceeds from east to

west, in the direction opposug to the motion of the storm. This is as it should be, because the

warm humid air circulation to the north of the cold core is from the east, resulting in

continyous upslope flow west of thell::dmonton as well ds on the hxgher ground to the north

(3]

‘and south. The details of this mechanism will be described in the symhesxs .of Chapter 5.

by
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Figure 4.40 Radar scan of July 17, 1986, 2107Z (}5:07 MDT) at elevation angle 0.6'.
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ng_ure 4.41 Radar scan of July 17, 1986, 2236Z (16:36 MDT) at elevation angle 0.6".

P

Figure 4:42 Ra

scan of July 18, 1986, 0004Z (18:04 MDT) at elevation angle 0.6,

/
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5. DISCUSSION AND SYNTHESIS

»

Though always interesting to the( ‘metcorc;logist, neither the May nor the July storms
were ﬂexccptional as Alberta storms go. That both are n'cverthelcss noteworthy is due to the
' fac}' that, by coming at the 'w.;ong" time, they ;aused considerable Jsﬁrdship and heavy
financial losses to many people. Both produced copiéus amoynts of rain and snow, but not in
quantities that §et new records, except at a few forestry stations in the foothills which were

buried in snow ¢.g. 75 cm at Grave Flats (elevation 2074 m ASL) during the July storm..»and
' 4

3-metre deep snow drifts in southwestern Alberta in May | (Paruk 1986,:) 1987). Reference

B Ny

siquid be made to the tables of storm precipitation and thé‘ isohyet plot;\ of Cha;iier 2 for‘

most of the details. .

Any substantial _!ﬁowfall in May will cause problems for most people. Farmers with
seeding completed may welcome the extra moisture, but ranchers at calving time will not, and
neither will 'motdrists, gardenérs and frﬁh.growers. Heavy, wet snows in the spﬁng always
cause much more damage, especially to gardens, trees and power lines, than equal amounts of
dry snow m winter. On the other hand, rains in the gfowiﬁg season usually come at the right
time for most, and only at the wrong time for holidayers looking for Sun. /

Why then did thé 1986 July storm come at the wrong timé? Because the first two

weeks were quite wet ihxoughout West-Central Alberta, to the point that the grdund was

al;cady saturated, the catchments and storage basins full, and the rivers high, when the-storm -

struck and dumped the extra water masses which could not be stored, and then caused

wide-spread floogiing of the North Saskatchewan, The Athabasca, The Red Deer, and several

<
-

other rivgrs.
On the synoptic scale, and as an important contributor to the climate of Alberta, the

function of a cold low is twofold: generating a deep, easterly circulation of moist air north of

&

its centre, and increasing the instability of the atmosphere by rxfbving cold air aloft over the -

warm surface air. Without cold lows, the 'principal agents of wide-spread rains on the

»
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Western Prairie, Alberta would be much drier than it lS and climatologically an arid region It:
.

s fortunate that the heavy precipitation usyafly comes when it is most needed: in the early

A

stages of the growing season of June and July. -

Though similar in action and members of the same class of weather systems, every

coldlow is unique, and therefore difficult to predict with confidence.’Migrant’ pools of cold

air aloft (=500 mb) from the North Pacific, they behave erraticallyson reaching and moving

over land, as the tracks .of the’ two lows plotted in Figures 2.2 and 2.4 clearly show. They
have, in a sense, lives of their own: temporarily cut off from the r’n stream leng-wave
patten}./th_ey are indapendent. rotating cores of cold air with relatively long life spans
(5 - 10 days). This is a conaeqﬁe"nce of thefr sense of rotation, which ls cyclonic, a necessary...
-ccndition if such cores are to survive for more than a day or two. Rotating as they do, they
carry with them a large amount of cyclonic vorticity, usually concentrated in well-defined
vorticity centres. Posit}ve vorticity advection normally occurs to the east of such centres,
which makes them favourable locations f or the generation of surface lows.

Both of the cold-low systems analyeed in the previoge chaptere possessed these
characteristics, but yet they differed considerally .in their development to th‘e mature stage. It
may have been noted that, while cold- -core Lracks were plotted for both storms (Figs. 2 2
and 2.4) and the track\of the surface centre of the May storm,was plotted as well (Fig. 2.3)
no track chart was pref)}red for the July storm. The reason for the missing chart is simple:
there was nothmg compa.rable to plot, because there was no pre- exzstmg surface low as in the
May storm. Only later, after the cold core had generated its own surface low could there be a
tracle, two sections of which have been plotted on the surface maps of Figs.4.14 and 4.185.

| Both@ld lows afe s@lar in tﬁat they produced surface lows 'by the process of lee
cyclogenesis, and developed into major storms. But the May storm .was in essence a

redevelopment of an old Pacific storm, whereas the July storm was a local clevcloprpent

'
(=

without an antecedent surface low.
Havmg presented many pages of evidence, what may one deduce from them as to the

root cause the prmmpal mechanism respon31ble for the heavy precipitation?

1

| ; »
\ 5 3
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Any appreciable amount of wide-spread precipitation (as distinct from local
convective showers) requires the presence of 3 moisi ascending air mass in a syndptic-scaie
flow. In Alberta, any c_ircfxla_tion from the'hortheastcrly qi‘ladram will potentially lead to an
upslope agndition, as the aif mass is forced to move over the increasingly higher ground to the
west. This is a f rcquént occurrence with shallow flows close to the surface, which usually

- results in the forrllation of relatively thin layers 8f cloud (suc;h as St and Sc) in the foothills
and, over gently-slopin{tet‘rain as well,

A cold lov} and its associated surface low, oﬁce formed, also produce upslope
conditions in the easterly circulation to the north of the centre, but on a much larg;:r scale.
aqd throughout a much thicker layer, a process that Reinelf( 1970) has called "deep upslope”.
Such circulations, wpen continuing over a period of several hourg, will lift moist air to

" saturation and so res;ult in the formation of cloud. Conﬁnuing fora day or more, this proc‘ess“
will produce an extensive and very thnck layer of cloud which in time will become
convectively unstable as the heat of condensatxon is added to the ascending air. In the end, a '
‘ma]or storm will cover a wide area with connnous prempltanon mterrupted by periods of

heavy dowpours as bands and cells of embedded thunderhead Cbs sweep across the land.
/
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APPENDIX A .
Infrared Caﬁibration Technique.

Assume that the output Bf each channel (in counts) is a linear functlon of the sensed

radnance -Then, the relatronshrp between counts and radrances is:

N=GX +1

where N is the radiance of the target at count value X,

G and I are channe! gain and channel intercept respectrvely
The channel gam is calculated by :
Y Gzt | R ;
The channel intercept i.s calculated by: ' | g
I=Ng-G*Xyp o W

o TN

~where G. is'the channel gain in radiance per unit count,

N__, N, are the radiances of “space and of the internal target, respectively.

sp' ot ;
X b and X are the mean output count values, when the radiometer views ‘space, and
the internal target, respectively.” = _ ¢ ’

Q-

In reality, the Tesponse of the channei in thg 11 um r%ion is’ slightly nbn-linear due
»” .
the physrcal propertres of the detectors employed in' this channel. The coefficient of the

radiance of space can be found in Appendrx B. ,
The. Planck fuqctron 1s then: mtegrated wrth the spectral. response functron 6f the
radrometer and evaluated every two de‘gree mtervals m the range 200’1( 300'K This process

. o

g count value fo;t:eath?fé'mpérature The temperature of each pxxel is then found

e
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APPENDIX B
_ THE NOAA 9 Coefficnents
) % 1. Platlum Resistafice Thermometers (PRTs)
. aij - coefficients to convert PRT counts to temperature (K).
PRT ' Ao . a, : . a, a, 1
1 277.018 0.05128 .00 0.0 0.0 -
2 - 0.05128 0.0 0.0 0.0
3 . 0.05128 " 0.0 0.0 0.0
4 0.05128 .00 0.0 0.0 ,
~h A ‘T ®
2. Radiance of Space.
N p is the radiance of space inclucfing non-linearity correction A \
®  Channel Ns I-)('m\’ﬁl/_srh'i’cm")»
3 .00 N
4 -3.38¢ L
5 -2.313 R |

© 3. AVHRR/1 Channel 4.

The value of » (wave number), A» and 60 values of normalized response function ¢
for NOAA-9 used to determining the black body radfance are: -

139

0.53119E-9

» = 862.06885 cm™! CAv = 237812 | ‘ » 3
' 0.0 0.30603E-4 . 0.64563E-4 0.10523E-3 ~—0.17057E-3

0.37139E-3 0.85488E-3  0.17526E-2  0.2994TE-2 - 0.43718E-2

0.56739E-2 0.67844E-2 - 0.77153E-2 0.84881E -2 0.91222E-2

0.96298E -2 0.10022E-1 0.10310E-1 0.10525E-1 0:10708E-1

~0.10903E-1 0.11130E-1 0.11370E-1 - 0.11596E-1 0.11786E-1

0.11949E-1 - 0.12111E-1 0.12299E-1 0.12523E-1 0.12746E-1

0.12926E-1  0.13022E-1 0.13039E-1 - 0.13030E-1 0.13047E-1

0.13135E-1  0.13274E-1 0.13419E-1  0.13522E-1  0.13518E-1

.0.13274E-1 0.12640E -1 0.11466E-1 0.97239E-2 0.76698E-2

0.56031E-2 0.38225E-2 0.25039E-2 0.15835E -2 0.97002E-3 </

0.57192E-3-  0.31626E-3 0.16604E-3 - 0.88422E-4 0:50625E -4 )

0.27594E-4°  0.13455E-4 0.52455E+5 0.0
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" APPENDIX C . - (
'~ COMPUTER PROGRAMS

.iﬁttttttttttttt FILE READTAPE ®2xxxxxktxk k%% .

$SEMPTY -READ OK
$R *FORTG SPUNCH=-READ T=1

(o}

no0000000000

annn0n0n0NN00OO

v

OUTPUT UNIT 3°

PROGRAM FOR IDENTIFYING SATELLITE SCAN INFORMATION AND
CONVERTING MAG TAPE INFORMATION TO COMPUTER USEABEE FORM
_INPUT DATA 1S FORMAT FRE! DIVIDED BY COMMAS

INPUT UNIT 1 RAW TAPE DATA. IN ONE BYTE INTEGER FORM, 5

5 = PROGRAM PARAMETERS.

= RAW TAPE DATA IN ONE BYTE INTEGER FdRM
8' s TAPE DOCUMENTATION, TAPE DATA IN INTEGER FORM.
7 = TELEMETRY WEDGE LEVELS. (IF KOUT = 3)
= ONE SCAN DATA OF NOAA-9 APT (IF KOUT = 6)

.

REAL*S IROV(2) :
INTEGER BPS, SPB, NX(10) " gy
INTEGER*2 IA(4096) LREV /8/, LFHD /37 '

INTEGER*2 LEN, ISC(64), LL(18), DOC(52), NSC(12), ID(2512)
INTEGER*4 LRN ! ’
EQUIVALENCE (IA(1),DTXT,FL,LA) ’ T

'LOGICAL*lyFREE(i) 1'%/, FL(18). DTXT(SZ), LA(8192)

DATA YES1/'Y’/

DATA IROV/8HINFRARED, 8H V!SIBUE/
DATA ISC/IH SH!, 1H", tH#, 1HS , 1H%, 1H&, 1H/, 1H(, 1H) 1H* 1H+,

& 1H,, 1H-, Wi, 1M/, 1HO, 1HT, 1H2, 1H3, 1H4, 1HS, 1HB, 1H7, 1H8, 1H9q1H
& 1H; , 1H. | H'”1H> 1H?, 1H®, 1HA, 1HB, 1HC, 1HD, 1HE, 1HF, 1HG, 1HH, 1HI

& 1HJ, 1HK 1HL, 1HM, 1HN, 1HO, 1HP, 1HQ, 1HR, 1HS, 1HT, THU, 1HV, 1HW, 1HX,

19, m/ﬂﬂ1M1H/

& 1HY, 1H
CALL Méﬂﬂ(’ASSIGN 5~*SOURCE*’, 17)

10

20

" 70

180

- 90

CALL nes?nv(' 3 )
CALL DESTRY(’-6 *) .
CALL DES®RY(’-7 ')
CALL SETLIO(’3 !
CALL SETLIO( ‘6 ‘o
CALL SETLIO(’7 '

3 7).
6 )
77)

=

WRITE (5,10). :

FORMAT (1X, ‘IS THIS MAG FILE ? (Y/N) :')
READ ' (5,20) ANS1

FORMAT (A4)

‘WRITE (5,70)

FORMAT ( 1X}/INPUT NORBIT,ITYPE(IR=1,VIS=2) ,NFS NBS,NER, KUUT
READ (5,FREE) NORBIT, .ITYPE, NFS, NBS NBR, KO&T
WRITL (8,80) NORBIT, IROV(ITYPE) b

‘'FORMAT (‘+#x*x FILE', 15, 1X, A8, ' *xxxx/)
" NFS NUMBER OF FILES TO BE SKIPPED
NBS NUMBER OF BLOCKS TO BE. SKIPPED

=
NBR = NUMBER OF BLOCKS TO BE READ AND QUTPUTTED -
KOUT = 3 QUTPUTS UNFORMATTED BLOCKS. TO UNIT 3 :

- (FILE OR MAG TAPE FOR USE IN PROGRAM SCAN)
68 OUTPUTS FORMATTED BLOCKS TO UNIT 8

FOR UNIT 3 OUTPUT ONLY'

ITYPE = 1 OUTPUTS INFRARED DATA (THE TELEMETRY DATA. IS
OUTPUTTED TO UNIT 7 WITH OPTIONAL CALIBRATION)
= 2 OUTPUTS VISIBLE DATA (NO CALIBRATION REQUIRED)

WRITE (B 20) - )
FORMAT ('1' 10X, ‘INPUT PARAMETERS‘)

140

3

#*tt**t*t!***tt**t#***!*tt**#**!t*#*t*#******t**t**t*****!t*t**t***

")



84
85
-]}
87
88
89
70
71
72
73
74
75
76
77
78
79
80
81

83
84
85
86
. 87
88
89
90
91
92
93
94
95
98
97
98

100
101
102
103
104
105
,108
107
108
109
110
111
112
113
114
115

118 -
o117

118
119.
120

121
122
123
124
125
126
127
128
129
130
131
132
133
134
138

136

82

O 000600000 000

. C

-

WRITE (8,100) NFS, NBS, NBR, KOUT . : :
100 FORMAT (’0’, 4X, 'FILES SKIPPED =’/,I3, 4X, ’'BLOCKS SKIPPED =,
& - I3, 4X, ‘BLOCKS READ=‘, I4 K 4X, ’‘OUTPUT OPTION =/, 12)
IF (KOUT .EQ. 8) GO TO 120 .
¢ .
c unrt 3 : THERE ARE 800 SAMPLES PER CHANNEL(IR&VIS)
c . e
. . IF (ITYPE .EQ. 2) GO TO 108
1BGN = 0
WRITE (7,81) NORBIT .
81 FORMAT (‘*xxxx FILE’,15,’.TELEM *%xx%’)
GO 10 109 '

. c ‘ ! N ‘

108 IBGN = 800
109 WRITE (6,110) IROV(ITYPE)
110 FORMAT (’0‘, .4X, A8, ' INFORMATION TRANSFERRED TO UNIT 3’)
. GO TO 127 i .
120 WRITE (7,125) NORBIT
. 125\FORMAT (‘*xxxx ONE SCAN DATA OF NDAA-9 APT ORBITY IS5, ' sasxs’)
127 IF (AN51 .EQ. YES1)REWIND 1

SKIP TO FILE

_CALL SKIP(NFS, 0, 1, &480) ¢
READ AND INTERPRET FILE LABEL -
FILE IS IN ASCII, ST LOOP CONVERT TO EBCDIC CHARACTERS
2ND LOOP CONVERT 4 DIGITS TO BINARY NUMBER.
NOTE .... DIGITS ARE IN 8 LEFTMOST BITS OF INTEGERx2 VALUE
K SO MUST DIVIDE BY 256 TO MOVE TO 8 RIGHTMOST BITS.

" LEN = LENGTH OF ANY BLOCK .
LRN = INTERNAL COUNTER FOR DATA INPUT

130 CALL READ(FL, LEN, O, LRN, 1, &190)

0O 140 L = 1, LEN N : ‘ -
ID(L) = IBYTE(FL(L)) T
INDEX = ID(L) - 3t
- IF (INDEX .LT. 1) INDEX = 1
IF (INDEX +GT. 64) INDEX = 1
LL(L) = ISC(INDEX) : : -
140 CONTINUE t »

IF (ANS1 .NE. YES1) GO TO 170 )
NPASS=0 - :
DO 145 L = 1, 4
INDEX = L + 1 .
IF (MOD(L,2)-.EQ. O) INDEX = L - 1
INDEX = (LL(INDEX) - ISC(17))/256
IF (INDEX .GE. O .AND. INDEX .LE. 9) NPASS= 10tNPASS + INDEX
145 CONTINUE -

N

C
PRDGRAM'CHECKS FOR CORRECT PASS NUMBER.
c PROGRAM WILL SEARCH TAPE UNTIL IT IS FGGND
c
WRITE(S,FREE) NPASS
IF (NPASS - . NORBIT) 160, 170, 150
150 CALL CNTRL('BSF 2/, LREV, 1, RET)
180 CALL CNTRL(’FSF’, LFVD i, RET)
GO TO 130
170 WRITE (8, 180)(LL(K) K 1,4),LL(2),LL(1),LL(4),LL(3),LEN, LRN
180 FORMAT (‘0/, 4X, 'FILE LABEL=’ 4A1 4X ’ORBIT ‘, 4A1, 4aX,

& 'LENGTﬁE', I3, 4X, ‘LRNz’, IS)

c R , , .
C READ AND INTERPRET FILE DOCUMENTATION
c : . :

210 CALL READ(DTXT, LEN, O, LRN, 1, &250)
c ' _ o
c I0(J) = OUTPUT IN INTEGER FORM (UNIT 8)
c SPB = NUMBER OF SCANS PER DATA BLOCK
c BPS = NUMBER OF BYTES PER SCAN
c ' =R_SC




' | . | ' ’ 142

137 ID(1) = JBYTE(DTXT(1))

138 ID(2) = IBYTE(DTXT(2))

139 ID(3) = JBYTE(DTXT(3)) ‘ ‘ ~

140 ID(4) = IBYTE(DTXT(4)) . : :

141 - BPS = ID(1) + ID(2) . “ 0 -

142 . SPB.= ID(3) + ID(4)

143 c - 1 :

144 - po 220 L = 8, LEN 0

148 ID(L) = IBYTE(DTXT(L)) L

146 - INDEX = ID(L) - 31

147 IF (INDEX .LT. 1) INDEX = 1

148 . IF (INDEX .GT. 64) INDEX = 1

149 - DOC(L) = ISC(INDEX)

150 220 CONTINUE ' .
s 181 WRITE (6,230) (DOC(K),K=5,LEN), LEN, LRN

182 . 230 FORN.T ('o' 4X, 'DOCUMENTATION :’, 48A1, 4X, ‘LENGTH=', I3,

153 & /LRN=’, I5) :

154 WRITE (8, 240) BPS, SPB

188 240 FORMAT (’0’, 4X, 1S,’ BYTES PER SCAN’,4X,12,’ SCAN PER BLOCK”)

158 c

157 c LDR = LENGTH OF DATA RECORD (ONE SCAN)

158 c (BPS BYTES PLUS TWO BYTES CONTAINING SCAN NUMBER)

159 c LDB = LENGTH OF DATA BLOCK (SPB SCANS) o

180 c L "

181 LDR = BPS + 2

182 _ LDB = SRB * LDR ,

163 NS = LDR / 2 ° = .

184 " G0 TO 270 : ¢

185" c - . "

168 250 WRITE (8,260) £
N 187 260 FORMAT (’0’, 4X,® s+ ERROR IN oocumenrArroﬁIinur sxx7)

168 c :

189 C SKIP NBS BLOCKS OF DATA .

170 c ' . .

171 270 CALL SKIP(O, NBS, 1, &540)

172 ISCAN = SPB * NBS ‘

173 . _ MINSC = ISCAN

174 NSOUT = O

175 ¢ _

178 _C READ AND CONVERT NBR BLOCKS OF DATA

177 c NSOUT = NUMBER OF SCANS OUTPUTTED

178 c '

179 : 0O 440 KK =.1, NBR

180 NBCNT = NBS + KK

181 ° C

182 = . C READ ONE. BLOCK OF DATA AND CHECK TO SEE IF BLOCK LENGTH CORRECT

183 C (BLOCKS OF INCORRECT LENGTH ARE NOT OUTPUTTED) ,

1a; c NSC(N)= TWO BYTE NUMBER OF SCAN OUTPUTTED

18 c: . . : '

188 CALL READ(IA, LEN, O, LRN, 1, 3460)

187 . IF (LEN .NE. LDB) GO TO 420 ,

188 DO 330 N = 1, SPB

189 . IX'= (N -1) % NS+ 1

190 . NSC(N) = IA(IX)

191 - ¢

::g gscnecx TO SEE IF SCAN NUMEBR connscr (MISSED SCANS ARE NOTTED)

194 . IF (NSC(N) .EQ. ISCAN) GO TO 320

188 IF (NSC(N) - ISCAN .GT. 1) GO TO 290

198 - WRITE (8,280) ISCAN

197 280 FORMAT (‘0’, 4X, 'MISSED SCAN =/, IS5)

198 . GO TO 310 :

199 290 ° NSS = NSC(N) - 1 , . .

200 WRITE (8,300) ISCAN, NSS : K .

201 300 FORMAT (‘0’, 4X, 'SCAMS’, IS5, ’ TO’, 15, ' MISSED’)

202 310 ISCAN = NSC(N)

203 . 320 ISCAN = ISCAN + 1

204 330 CONTINUE &

208 IF (KOUT .EQ. 3) 6o 10 370

2086 - C . ,

ggz g UNIT 8 DATA OUTPUT, WRITE BLOCK DOCUMENTATION. ’



. _ o e

v

209 \ WRITE (8,340) LEN, LRN, (NSC(N),N=1,SPB)
210 340 .. FORMAT (’0‘, 4X, ’‘DATA BLOCK LENGTH=‘, 15, 4X, ‘LRN=', 18,
211 & - - 4X, 'SCANS’, 1018) _ . 4
212 c .
213 C WRJITE OUT ONE BLOCK OF DATA. -
214 c . C
218 IF (KK .NE. NBR) GO TO 440
216 DO 360 1 = 1, SPB :
217 IF (I .NE. SPB) GO TO 380
218 NJ = (I - 1) = LDR -
219 - DO 350 J = 1, LDR NP :
220 ID(J) = IBYTE(LA(U + NJ)) .
1 350  CONTINUE . , -
//%22 c » B ‘
223 € OUTPUT ONE SCAN OF DATA — . :
;228 C : v
225 , WRITE (7,400) I, J, ID(1), ID(2) ;
226 WRITE . (7,400) (1D(J),dJ=3,LDR)
227 NSOUT = NSOUT + ¢
228 380 CONTINUE -
229 GO TO 440 .
230 : ‘ -
231 c o /
232 C UNIT 3 DATA OUTPUT ‘
.233 c
234 370 DO 410 I = 1, SPB
235 _JB = 3.+ (I - 1) * LDR + IBGN
238 JE = UB + 759 :
237 ' WRITE (3) NSC(I), (LA(J),J=uJB,JE) .
238 c - . S ‘ .
239 c LA(J) = OUTPUT IN ONE BYTE, FORM (UNIT 3) : o
240 :
241 - NSOUT = NSOUT + 1
242 "~ IF (ITYPE .EQ. 2) GO TO 410
243 " JB = JB + 735
244 , LJE = JB + 19
245 % KKK = 0 -
246 DO 390 NNN = JB, JE
247 KKK = KKK + 1
248 = NX( ) = I!YTE(LA(NNN))
249 330 . CONTI
250 IF, (KK . LT 5 .0R. KK .GT: 60) GO TD 410
251 ' MRITE (7,400) (NX(KKK).KKK=1,20) -
252 400 FORMAT (2014) |
283 ° 410  CONTINUE : :
254 GO TO 440 : ' ) _a
255 c : :
258, 420 WRITE (86,430) NBCNT, LDB, LEN, LDR, BPS, SPB
257 430 FORMAT (‘O’, 4X, ‘*** ERROR IN LENGTH OF DATA BLOCK’, 15,
258 & © xxx/ // 4X, ‘LDB=’, 17, 4X, ‘LEN=’, 18, 4X,
259 & . ‘LDR=/, 6, 4X, ’BPS=’, IB, 4X, ‘SPB=’, 13)
260 ~  _ 440 CONTINUE : ' ;
281 ¢ _
262 C PRINT OUTPUT PARAMETERS
263 c MAXSC = LAST SCAN OUTPUTTED
264 c MINSC = FIRST SCAN OUTPUTTED
2865 ~ C - :
2868 MAXSC = NSC(SPB)
287 WRITE (8,450) MINSC, MAXSC, NSOUT A )
268 450 FORMAT (‘0’, 4X, “FIRST SCAN OUTPUTTED =/, 15, 4X,’LAST SCAN',
269 : a ’ nupurrsn=', IS5, 4X, /NUMBER OF SCAN OUTPUTTED =/, 15)
270 IF (KOUT .EQ. 3), END FILE 3 . . -
I

271 GC TO S80

. | & |



272 Cttt‘tttntttat-ttt:-anunu::ntt:utttttttttta:tyttttt:tmn-:annnt*t

273 C ERROR '‘DEFAULT STATEMENTS '
274 c
278 190 WRITE (8,200) NORBIT / '
270 200 FORMAT (/0’, 4X, ‘++¥ CAN NOT FIND PASS WITH LABEL’, IS, < sxx')
217 GO TO S60 .
278 . 480 WRITE (8,470) NBCNT _
279 470 FORMAT (‘0’,4X,’sxx ERROR IN RECORD INPUT AT BLOCK', IS, *xx)’
280 " GO TO 880 .
281 480 WRITE (8,490)
282 480 FORMAT (/0’, 4X, ‘x+x ERROR ON FILE SKIP #x%/)
283 . GO TO 860 ‘ :
284 - 500 WRITE (8,510) h 2
288 510 FORMAT (‘0’, 4X, ‘+%x ERROR ON FIRST FILE RETURN *#x/)
288 GO TO 580 . » .
287 . 520 WRITE (8,530) » A
288 830 FORMAT (’0’, 4X,  '+xx ERROR ON SECOND FILE RETURN #%%’)
289 GO TO 380 _ .
290 ¢ 8540 WRITE (8,5%50) . ;
291 5850 FORMAT (’0O’, 4X, ‘sxx ERROR ON DATA BLOCK SKIP *xx')
292 580 STOP '
293 END
204 . ¢
295 € CONVERT ONE BYTE NUMBER INTO TWO BYTE INTEGER
2908 ¢ R
. 292 FUNCTION IBYTE(NUM)
298 . . LOGICAL*1 NUM, INT(2)
299 : _ INTEGER*2 I 70/
300 EQUIVALENCE (I, INT)
301 ' INT(2) = NUM
302 . IBYTE = 1
303 RETURN
304 END
305 c )
308 C CONVERTS ONE BYTE NUMBER TO TWO BYTE MULTIPLE OF 255
307 c : : ‘
308 .. FUNCTION JUBYTE(NUM)
309 ! LOGICAL*1 NUM, INT(2)
310 , INTECER*2 1 /0/ *
311 . EQUIVALENCE (I,INT)
312 INT(1) = NUM
313 JBYTE 4 I
314 RETURN
315 _ END
318 $ENDFILE .

317 . $IF RC>4 $SOURCE PREVIOUS
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0

C
c
C
c
c
c
c
c
C
c
c
c
c
c
c
€
¥o

SPUNCH=~-SC3 'T=2 ’

TO CONVERT NOAA-9 TAPE INFORMATION TO A GRIDDED DATA

FILED, QGENERATE GRID POINT LOCATION OF LATITUDE AND LONGITUDE -
LINES FOR USE IN CALCOMP PLOTTIN9 ROUTINES.

CALL SMOOTHING AND CALIBRATION SUBROUTINE WHEN NECESSARY.
INPUT FROM (UNITS 1,2 AND 3: LATITUDE - LONGITUDE COORDINATES OF

OUTLINES TO BE COMPUTED
UNIT 4 : RAW VALUES OF SATELLITE INFORMATION.

PRODUCE BY PROGRAM READTAPE
UNIT 8 : PROGRAM PARAMETERS
UNIT 7 : TELEM DATA

*OUTPUT TO UNIT e :PRQGRAM PARAMETERS, CALCULATED VALUES,

AND ERROR STATEMENTS
UNIT 9 :WEDGE LEVELS AND CALIBRATION DATA FOR PLOTTING
UNIT 10 :OUTPUT OF TELEMETRY WEDGE LEVELS

C UNIT ‘11 :GRID COORDINATES OF LATITUDE AND LONGITUDE LINES
: UNIT 13 :OUTPUT OF DAJA FIELD

e " UNIT 15 :POSTING OF NORTH POLE AND OTHER LOCATIONS

c ‘ ' UNIT 16 :GRID COORDINATKS OF OUTLINES :

c *t*f*‘***!***#*#**ttﬁ**#**#*t**’## *t*#**#tt**ﬁ*ttt#tgtt‘*t#!t!ttt

c

C 1/. INPUT TYPE AND INCREMENTS ‘ ‘

C ITYPE = 0 NO INPUT DATA FROM UNIT 3. USED TO CHECK POSITIONS OR

c OUTPUT LAT-LON LINES ONLY

c | = 1 IR DATA FROM FILE SOURCE

C. = 2 VISIBLE DATA FROM FILE SOURCE

C BSCAN = SCAN NUMBER TO BEGIN.PROCESSING

C ESCAN = SCAN NUMBER TO END PROCESSING

C KB - = FIRST POSITION TO BE PROCESSED

C KE = LAST POSITION TO BE PROCESSED

C SMFACT= MAP SCALING FACTOR(1:10,000,000 INPUTTED AS 10E8)

C#***t“****!*t******!**t**#tt**t*ti*t*#t#t!ttttt*tt*#ttttttttgtttt

c .

c 2 d‘pITAL DATA

c Noaaxfh NUMBER OF ORBIT

C NYEAR = YEAR OF ORBIT P

C NMO = MONTH OF ORBIT 7

C NDAY = DAY OF ORBIT

C GRID = NUMBER OF SCANS BETWEEN LAST EQUATOR CROSSING

c AND FIRST ARRIVAL OF SATELLITE

ct******t****t’*t*:t#t**#tt*t*tt*t*ttttttt#ttt*tlt!tttttttt*ttttltt

RORBIT=

RMIN
RSEC
RQ

TN D H WU U

QWO

c
c
C.
C
c
(>
c
c
c
C
c
c
>
C RLON
C
C
c
C
c
c
c
c

/
3/. ORBITAL DATA FOR .REFERENCE ORBIT

NUMBER OF REFRENCE ORBIT

RHR = HOUR OF REFRENCE ORBIT (Z)

"MINUTE OF REFERENCE ORBIT

SECOND OF REFERENCE ORBIT _

QUADRANT OF REFERENCE ORBIT EQUATOR CROSSING

,0(5) O TO 90 DEGREES LONGITUDE WEST

1 (6) 90 TO 180 DEGREES LONGITUDES WEST

2 (7) 90 TO 180 DEGREES LONGITUDES EAST

3:(8) 0 TO 90 DEGREES LONGITUDES EAST -

2,3 ARE QUADRANTS FOR NORTHERN HEMISPHERE

,7.8 ARE QUADRANTS FOR SOUTHERN HEMISPHERE

LONGITUDE OF REFERENCE ORBIT EQUATOR CROSSING.

RQ AND RLONG ARE CODED VALUES READ DIRECTLY FROM T-BUS.
THE PROGRAM CALCULATES RLONGC FROM THESE -VALUES BY
ASSUMING RIGHT ASCENSION OF THE ORBIT, THAT 1S, LONGITUDES
IS TAKEN TO BE POSITIVE TO EAST AND NEGATIVE TO WEST
(THESE PARAMETERS WERE OBTAINED FROM T-BUS AND

T-BUS CODE ASSUMES O TO 180 DEGREES EAST AND WEST)

*tt**t#8*1!*&*’**3*“*.*3**"‘*t?ttttttt*tt.’*tttt!ttttt‘!tttllt'l’&!

C 4/. SATELLITE PARAMETERS
C PERIOD -= ORBITAL PERIOOD(IN MINUTES
C REGRES = LONGITUDENAL SPLACEMENT PER ORBIT IN DEG LONG TO WEST

o

us

‘y



73
74
78
78
77
78
79
80
81
82
83
84
85

a7
88
89
90
91
92
93 \

98
98
97

1007
101
102
103
104.
108
108
107
108
1089
110
111
12
113
114
118
118
117
118
119
120
121
122
123
124
128
128
127
128
1294
130’
131
132
133
134
138
138

‘137

138
139
140

. 141

142
143

00aA0Aa0O0O00000

146

*

.
c (REGRESSION)
C HEIGHT = MEIGHT OF SATELLITE AT FIRST SCAN IN KM

C ORINCL = INCLINATION OF SATELLITE AT FIRST SCAN IN DEGREES
C SSPP « SATELLITE SUB-POINT PIXEL NUMBER (NADIR POINT IN SCAN)

'c'.‘t‘lt!‘tlltltl“"!‘t“‘tltt!ttti‘f“l*ttIt*‘t‘!ttt*tltt*‘*tltit

c
C 8/. DATA INPUT PARAMETERS (NOT REQUIRED IF ITYPE-O)

C LSMOOT= O NO SMOOTHING IS DONE

c = { 'SMOOTHING IS CARRIED oum
C LCALIB= 0 NO CALIBRATION IS DONE
C = { CALIBRATION IS CARRIED OUT

c‘t“lltttttt#t‘t.t‘tt#ttttt‘ﬂllt‘t‘tttttttlt#*tlttttt’t*ttti*ttti#

C
C 6/. CHECKING PARAMETERS
C CHECKt1 = O FIRST LAT-LON LINES ARE NOT COMPUTED

c = 1 FIRST LAT-LON LINES ARE COMPUTED
cNouUT Y » O NO OUTLINES, ARE COMPUTED -

"¢ = 1, 2 O0R 3 ONE, TWO OR THREE QUTLINES ARE COMPUTED
C ) (MAX 3 OUTLINES ALLOWED) N
T T T I T T s R T R RS S22 d;
c .

C 7/. OQUTLINE TYPE (NOT REQUIRED IF 0UT1=20)

C EACH OUTLINE REQUIRES A SEPARATE OQUT2 PARAMETER.

C 0UT2 = {1 INPUTTED POINTS OUTPUTTED TO UNIT 8. CALCULATED GRID
POINT LOCATIONS OUTPUTTED TO UNIT 16

= 2 NO OUTPUT OF INPUTTED POINTS. CALCULATED GRID POINT

, LOCATIONS QUTPUTTED TO UNIT 16

MAXIMUM AND MINIMUM ROW AND COLUMN OF GRID LOCATIONS
CALCULATED AND OUTPUTTED.

= 3 NO OUTPUT OF INPUTTED POINTS. MAXIMUM AND MINIMUM ROW
AND COLUMN OF GRID LOCATIONS CALCULATED AND QUTPUTTED.

= 4 INPUTTED POINTS OUTPUTTED TO. UNIT 6. CALCULATED GRID

. POINT LOCATIONS OUTPUTTED TO UNIT 15 FOR POSTING

= 5 INPUTTED POINTS WITHIN GRID FIELD QUTPUTTED TO UNI v
CALCULATED GRID POINT LOCATIONS OUTPUTTED TO UNIT 6

LENGTH OF OUTPUT (NUMBER OF COLUMNS) IS GIVEN BY PARAMETER MAXSC.
MAXIMUM LENGTH IS 600 SCANS.

WIDTH OF OUTPUT (NUMBER OF ROWS) IS GIVEN BY IPOS (AND XPOS). '
MAXIMUM WIDTH IS 401 POSITIONS, WHICH CORRESPONDS
TO SLIGHTLY LESS THAN ONE HALF THE SCAN WIDTH.

C SIZE OF QUTPUT IS GIVEN B8Y MTMAT ( MAXSC+IPOS )

cttttttttttttttttttttittttttttttttttt’t#‘ltlt#tttttttt***t*tttt‘txt P

OaOaNO0aO0O0000000

c
C 8/. LATITUDE AND LONGITUDE INCREMENTS (NOT REQUIRED IF CHECK1=0)

C LAINCR = INCREMENT FOR LATITUDE LINES (IN DEGREES)

C LOINCR = INCREMENT FOR LONGIUDE LINES (IN DEGREES)

C CHECK2 = SECOND LATITUDE-LONGITUDE CHECKING PARAMETER

c = O DEFAULT VALUES FOR LATITUDE AND LONGITUDE PLOTTING USED
C/{/’), = 1 VALUES FOR LATITUDE AND LONGITUDE PLOTTING MUST BE INPUTTED.
C/THE DEFAULT VALUES ARE LATITUDES FROM O TO -90 -DEGREES “NORTH,

C LONGITUDES FROM O TO 380 DEGREES EAST. POINTS ARE CALCULATED FOR

C EVERY LATITUDE-LONGITUDE INTERSECTION, BUT IF THE OQUTPUTTED AREA

C IS SMALL, MOST OF THESE POINTS ARE NOT USED. THEREFORE, JUDICIOUS

C CHOICE OF LATITUDE AND LONGITUDE PARAMETERS LEADS T0 GREAT TIME SAVING.

[ 22 2222 222 22222222222 32222 222 2 22 222222 222 RS2 2 )

8/. LATITUDE AND LONGITUDE PLOTTING VALUES.

.(NOT REQUIRED IF CHECK{1=0 OR CHECK2:=0)

LABGN = LATITUDE TG BEGIN PLOTTTING .

LAEND = LATITUDE TO END PLOPTTING

LOBGN = LONGITUDE TO BEGIN PLOTTING

LOEND = LONGITUDE TO END PLOTTING T
LHEM = 1 LONGITUDE INPUTTES AS DEGREES EAST

2 LONGITUDE INPUTTES AS DEGREES WEST
LATITUDES* ARE EXPRESSED IN DEGREES NORTH
LONGITUDES ARE EXPRESSED IN DEGREES EAST OR WEST
A MAXIMUM OF 500 POINTS ALLOWED FOR EACH LINE

(222222 222 222 2R 222 23 2222 22 R 22 SRR R R 222 22 R R R R E R E L



144
148
146
147
148
149
150

. 181

152
183
154
155
158
57
158
159
180
181
182
163
184
188
188
187
168
189
170
171
172
173
174,
175~
178
177
178
179
180
181
182
183
184
185
188
187
. 188
189
190
191
192
193
194
195
198
197
198
199
200
201
202
203
204
205
208
207
208
209
210
211
212
213
214

- 147

»

C 10/. SMOOTHING PARAMETERS (NOT REQUIREDD IF ITYPE=O OR LSMOOT=0)

ctt&litlitll!‘ttlt‘tttt‘i!!ttttt‘ii‘!!t!!‘ttlti“.t.lttt.‘l!""i‘i ,
c : L~y
C 11/. CALIBRATION PARAMETERS (NOT REQUIREDD. IF ITYPES DR LEALIB=O) Q”
Cilt“l‘tt‘l“!ttttl!tttlt‘ttttl‘.ttl‘t!‘li!tttt.tl‘ll‘.tt"ltrll‘.

DIMENSION FNAME( 15), SCAN(B00), POSN(800)

LOGICAL*1 FREE(1) /"’/ LA(760) LONAME (200,20) ¢

INTEGER RORBIT,RQ,RHR,RMIN,RSEC,CHECK 1, CHECK2,0UT1,0UT2(3)

INTEGER*2 HSCAN BSCAN ESC

REAL LAINCR, Lochn SLAT(200), SLONG(200) \,,

REAL*8 IROV, POSI, IR, VISIBPL, BLANK .

REAL*8 QUAD, EAST, WEST, HERD, NORTH, SOUTH, POLE, MONTH(12)

COMMON /TFIELD/ TEMP(401t,800)

COMMON /CORREC/ CORR{(401,800)

COMMON ./SFIELD/ STEMP(401 800)

COMMON. /CONSTO/ RRL, R, PI, PIB2, SB, XKB, C4, C5

COMMON /CONSTS/ RTSC HEIGHT, SSPP, SRPM, SINCL, CINCL
. >

DATA POSI /‘PQSITION’/, IR //INFRARED’/, VISIBL /’ VISIBLE'/,
& EAST /' EAST '/, WEST /'’ WEST ‘/. NORTH /’ NORTH '/,
& SOUTH /’ SOUTH '/, POLE /’ AT POLE’/

DATA MONTH /'’ JANUARY’, ‘FEBRUARY’, ~ MARCH'’ . ’ APRIL,
& 7 MAY’, JUNE', JULY', ’ AUGU%T’ 'SEPTEMBR,
& ‘ OCTOBER’, ‘NOVEMBER', ‘DECEMBER’/

DATA MZERO /0/, ZERO /0.0/, YES /'Y’/, STOP /‘ST'/, STO1 /' '/

CALL DESTRY(‘-8 ‘)

CALL DESTRY('-11 /)

CALL DESTRY(’-13 ‘) 5
CALL DESTRY(’-18 ‘)

CALL FTNCMD( 'ASSIGN 8=-8', 11) . '
CALL FTNCMD( ‘ASSIGN t1=-11’  13) X
CALL FTNCMD(’ASSIGN 13=-13’/, 13) .
CALL FYNCMD( 'ASSIGN' 18=-18', 13)

PI = 3.1415927

R = 6367.85

PIB2 = PI / 2.0 : C .
SRPM = 380.0
ESRPM = 120.0
LHEM = 2.

SRPM = SCAN RATE OF SATELLITE IN REVOLUTIONS PER MINUTE
(ONE REVOLUTION = ONE SCAN) P
ESRPM= EFFECTIVE SRPM . :

o000

-READ (8, FREE) ITYPE, BSCAN, ESCAN, KB, KE, SMFACT

READ (8,FREE) NORBIT, NYEAR, NMO, NDAY, GRID

READ (8,FREE) RORBIT, RHR, RMIN, RSEC, RQ, RLONG

READ (8,FREE) PERIOD, REGRES, HEIGHT, ORINCL, SSPP
READ,(8,FREE) LSMOOT, LCALIB, CHECK1, OUT1, (OUT2(I),I=1,0UT1)
IF (CHECK? .EQ. 0) GO TO 130

READ (8,FREE) LAINCR, LOINCR, CHECK2

IF (CHECKZ .EQ. 0) GO TO -.120

READ (8,FREE) LABGN, LAEND, LOBGN, LOEND

c . .
C CONVERT LONGITUDE TO DEGREES EAST AND CONVERT BEGINNING AND ENDI
C LATITUDES AND LONGITUDES TO VALUES USED IN LOOPS
c .
IF (LAEND .LT. LABGN) GO TO 50 L
GQ TO 70 . S
c
50 WRITE (8,60) : ’
60 FORMAT ('O‘, ‘*** ERROR LATITUDE TO BEGIN PLOTTING ',
& /GREATER THAN LATITUDE TO END PLOTTING ##+’)
LAST = LAEND
‘ LAEND = LABGN
, LABGN = LAST
c

70 LABGN = LABGN * 10 + 10



218
218
217
218
219
220
221
222
223
224
228
226
227
228
229
230
231
232
233
234
238
238
237
238
239
240
241
242
243
- 244
245
248
247
248
249
250
281
252
253
254
255
256
257
258
259
260
281

282. .

., 283
264
285

2688

267
288
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284

28s

LAEND * LAEND * 10 + 10
IF (LOEND .LT. LOBGN) GO TO 80
GO TO 100 "
c ‘gf

&

80 WRITE (6,90) /
90 FORMAT ('O’, ‘*+#+ ERROR LONGITUDE TO BEGIN PLOTTING ',

s /GREATER THAN LONGITUDE TO END PLOTTING *#s') .
* LOST = LOEND
LOEND = LOBGN
LOBGN = LOST
100 IF (LHEM .NE. 2) GO TO 110
LOST = LQEND ‘
' LOEND = 380 - LODBGN
LOBG:; = 380 - LOST
110 LOBGN = LOBGN * 10 + 10
LOEND = LOEND * 10 + 10
GO TO 130

120 LABGN = 10
LAEND = 810
LOBGN = 10
LOEND = 3810

Crx+ DETERMINE OUTPUT TYPE 3=’

“130 IROV = POSI ;
IF (ITYPE .EQ. 1) IROV = IR
IF (ITYPE .EQ. 2) IROV = VISIBL - F .
Cx++ CALCULATE PROGRAM CONSTANTS FROM INPUT PARAMETERS ==

IF (RQ.EQ.0 .OR. RQ.EQ.S) RLONGC = 360. - RLONG :
IF ((RQ.EQ.1 .OR. RQ.EQ.6) .AND. RLONG.GE.90.) RLONGC = 360.-RLONG
IF ((RQ.EQ.1 .OR. RQ.EQ.B6) .AND. RLONG.LT.90.)

BRLONGC = 380. - RLONG - 100. .
IF ((RQ .EQ. 2 .OR. RQ .EQ. 7) .AND. RLONG .LT. 90.)

SRLONGC = RLONG + 100.
IF ((RQ.EQ.2 .OR. RQ.EQ.7) .AND. RLONG.GE.90.) RLONGC = . RLONG -
IF (RQ.EQ.3 .OR. RQ.EQ.8) RLONGC = RLONG: o

C**+ CALCULATE LONGITUDE OF LAST EQUATOR CROSSING *#x .
RL = RLONGC - (NORBIT-RORBIT) * REGRES TN
RL = AMOD(RL, 360.0) - ‘

Y IF (RL .LT. 0.0) RL = RL + 360.0 :
RRL = RL * PI / 180.0 ~

Cxxx CONVERT TO EAST-WEST LONGITUDE FOR OUTPUT ONLY ***t
" QUAD = EAST wr R

RLOUT = RL 3
IF (180.0 - RL) 140, 150, 160
140 QUAD = WEST
RLOUT = 3680.0 - RL
GO TO 180 . ) .
.450- QUAD = BLANK :
C*sx DETERMINE TIME AT FIRST OUTPUTTED SChhkOF QRBIT ***
160 RTIME = RHR * B0 + RMIN + RSEC / 60.0° M .
STIME = RTIME :+ (NORBIT-RORBIT)+PERIOD +
SHR = AMOD(STIME, 1440.0) . .
IF (SHR .LT. 0.0) SHR = SHR + 1440.0
NHR = SHR / 80.0 ) .
TIMIN = SHR.- NHR * 60.0
NMIN = TIMIN )
SSEC = TIMIN - NMIN
NSEC = SSEC * 80.0
XKB = FLOAT(KB)
Cx+x DETERMINE GRID LENGTH, WIDTH AND SIZE OF
IPOS = (KE - KB) + 1 . s
XPQS = FLOAT(IPOS)
MAXSC = ESCAN - BSCAN + 1
IF (ITYPE .EQ. 0) GO TO 170
IF (MAXSC .GT. 600) GO TO 1080
IF._ (IPOS .GT. 401) GO TO 1100
2 MAXSC * IPOS
RTMAT = MTMAT / 1000:0°
'SCAMIN = 0.0
POSMIN = 0.0
C I

L
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288 . C DETERMINE NUMBER OF SCANCS PER RADIANT OF ORBIT AND

287 C CONVERT BSCAN AND ESCAN'TO RADIAN ANGLES °

288 c .

289 170 RTSC = PERIOD * ESRPM / (Pl = 2.0)

280 (SB = (BSCAN + GRID) / RTSC .

291 s: =. (ESCAN + GRID) /.RTSC

202 Csssx DETERMINE LIMITS FOR POSITIONS AND SCANS OF LAT-LON LINES s+
293 DPOS = 0.080 = XPOS

294 .PB1 = 1.0 - DPOS

295 PB2 = PB1 - 2.0 * DPOS

296 PEY =-XPOS + DPOS + 1

297 PE2 = PE1 + 2 * DPOS

298 DSCAN = 0.050 * (SE - SB)

298 SB1 = SB - DSCAN

300 SB2 = SBY1 - 2.0 * DSCAN

301 SB3 = SB2 - 2.0 * DSCAN

302 . SE1. = SE + DSCAN

303 SE2 = SE1 + 2.0 * DSCAN

304 SE3 = SE2 + 2.0 * DSCAN

305 Cx+x DETERMINE SATELLITE HEADING **=*

308 HEAD = POLE .

307 ‘ IF (SB.LT.PIB2 .AND. SE.LT.PIB2) HEAD = NORTH

308 IF (5B.GT.P!B2 .AND. SE.GT.PIB2) HEAD = SOUTH

309 c ]

310 C DETERMINE SCALING PACTORS (IN GRID UNITS PER INCH)

311 C THES§ FACTORS DUE TO THE FACT THAT PIXELS ARE NOT SQUARE

312 c .

313 SMFACT = SMFACT * 1E-8

314 DISTP = 4.28 5

315 DISTS = 3.31 K

318 C3 = 2.5%

317 C#+s C3 = CONVERSION FACTOR CM TO INCHES *t+

318 SCALP = SMFACT * 10.0 * C3 / DISTP

319 SCALS = SMFACT * 10.0 * C3 / DISTS

320 Cx+x DETERMINE IF OUTPUT WIDTH IS WIDE s#x=

321 IF (XPOS/SCALP .GT. 32.0) GO TO 1100 ,

322 ° Cxx* SATELLITE -INCLINATION #*#x :

323 180 RINC = ORINCL * PI / 180.0 ; "

324 SINCL = SIN(RINC) 2% ' g .
325 CINCL = COS(RINC) ° T ”
326 C*s+ PRINT INPUT DATA AND PRECIMINARY CALCULATIONS xxe

327 ~ WRITE (B,190) IROV,NORBIT,MONTH{(NMO), NDAY,NYEAR, NHR,NMIN NSEC
328 190 FORMAT (‘1’, /, 5X, A8, INFORMATION FROM ORBIT’, 18, ’ OF ',
329 & 'SATELLITE NOAA-9 ON ‘. A8,.I3, IS, /, SX,

330 & ‘TIME OF FIRST SCAN’, 13, ':7, 12, *:/, 12, ' Z', /)
331 - c :

332 WRETE (8,200)-HEAD, GRID, RLOUT, QUAD, RORBIT

333 200 FORMAT (/, 5X, ‘SATELLITE HEADING IS ‘, A8, //, 5X, F8.1,
334 & " SCANS PASSED SINCE SATELLITE LAST CROSSED EQUATOR’, /
335 a /, 5X, ‘AT LONGITUDE’, F7.2, ' DEGREES’, A8, ///, 5X,
338 & 'REFERENCE ORBIT’, 18, //) ‘

337 c ] :

338 WRITE (8,210) RLONGC, RHR, RMIN, RSEC

339 210 FORMAT (SX, 'CROSSED EQUATOR AT LONGITUDE',F7.2,’ DEGREES EAST’
340 & . , X, ‘AT TIME’, I3, ’:*, 12, /:’, 12, ' 2, //)
,1 c - . P . £
352 WRITE (8,220) PERIOD, REGRES, HEIGHT, R, ORINCL, SRPM

343 220 FORMAT (5X, ‘ORBITAL PERIOD =‘, F10.5, ’ MIN’, //, BX,

344 a / LONGI TUDNAL REMENT =/, F8.2,' DEGREES TO wesr' //
345 & 5X, ‘HEIGHT OF SATELLITE AT EQUATOR =/, F8.0, ' KM’
346 & ‘RADIUS’/ ‘ OF EARTH =’/ FB.0, ’ KM’,=//, 5X,

. 347-.‘§&\ a /ORBITAL INCLINATION =’, F7.2, ‘ DEG’, SX,

348 VGl /SCANNING RATE =’, F4.0, ' SCANS PER MINUTE’)

349 '¢ —~ : . :

350 - WRITE (8,230) BSCAN, ESCAN, KB, KE, SSPP ;

351 230 FORMAT (‘-’, /S5X, ‘SCANNING BEGINS AT’, 15,/ AND ENDS AT’ IS,/
352 8 /. 5X, ‘OUPUT TAKES UP’, 14, ' TO', 14,

353 a3 / OF AVAILABLE WIDTH’, //, 5X, _

354 & 'SATELLITE SUBPOINT PIXEL NUMBER :=‘, F7.2, //)

35 - C ‘
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ase WRITE (6,240). nxsrs SCALS DISTP, SCALP, SMFACT .
387 | 240 FORMAT (5K~ ‘'DISTANCE BETWEEN SCANS =’, F5.2, ’ KW/, /7, S,
388 . .. & ‘SGALING =/% 1PE11.4, ’ GRID UNITS PER INCH IN X DIRECTION’ ,
359 _ & /. 5X, ‘DISTANCE BETWEEN POINTS =',OPFS.2, ‘' KM', //, .
360 & /SCALING @/, 1PE11.4, ' GRIP UNITS PER INCH IN Y nxascr:on'
381 .- & //, BX, 'MAP SCALE'= 1'1E\OPF5 2, / MILLION’) _
362 c - - .
363 If (ITYPE .EQ. 0) Go To 430 N
34  C -
385 . C INPUT LOOP FOR DATA FIELD
) 388 C READ AND !NPUT SCANS BETWEEN BSCAN AND' ESCAN . Lo
387 c
368 - C HSCAN:' NUMBER OF SCANS SINCE FIRST ARRIVAL OF SATELLITE SIGNAL,
369  C - FROM PROGRAM TAPEREAD. IT IS READ DIRECTLY FROM UNIT 3 FOR EACH
370 £  SCAN. IF SCAN NUMBER CORRESPONDING WITH BSCAN IS NOT AVAILABLE
371 “C -~ FROM UNIT 3, PROGRAM WILL BEGIN READING FIRST SCAN AVAILABLE.
372  C MIF ESCAN IS LARGER THAN THE LAST SCAN TRANSFERRED BY PROGRAM
73, C  TAPEREAD TO UNIT 3, AN END OF FILE MARK WILLE BE-ENCOUNTERED.
374 C . BOTH CASES RESULT . IN. PROGRAM FAILURE .
,375° ' C -
,‘3;g-- “970 READ (4,END=1260) HSCAN, LA .
**, IF (HSCAN .LT. BSCAN) GO TD 270 (\‘ 4,
378 " 1F (HSCAN .GT. ESCAN) GO TO 290 - _ :
(. 379 ' . ) - MSCAN = HSCAN - BSCAN + 1. n ~
°380 . ICNT'= 0 . : : : .
381 . DO 280 UP = KB, KE : . S
382 ..~ ICNT % ICNT ‘+ 1 S 4 <o
383’ © DATUM = FLOAT(IBYTE(LA(JP)))
384 _ " IF (DATUM .LT. 1.0) DATUM = 1.0E35 ‘ 1 -
' 385 : " TEMPPICNT,MSCAN) = DATUM R S -
388 . - 280 CONTINUE _ .
387 "~ IF (ICNT .NE. IPOS) GO TO 1140
. 388 ., . GO TO 270 4
,.389 ' 290 IF (MAXSC - MSCAN) 300, 320, 300, ,
380 300 WRITE (8,310) MSCAN S
, 381 ' 310 FORMAT (’0’, ’*sx ERROR INCORRECT DATA LENGTH ', 5X, I7,
392 < L@ - ' SCANS IN QUTPUT #*t’) . ,
393 . IF (MSCAN -.GF. 600) GO T0 1280 J ¥
394 - - MAXSC = MSCAN
395 . 320 WRITE (8,330) , ' A,
398 330 FORMAT (’-/, /, 10X, ‘RATA FYELD PARAMETERS’) :
397 Cx%* SMOOTHING OF DATA FIELD * a
" Y398 ~ 1IF (LSMOOT .EQ. 0) GO TO ¥40
v 398 CALL’ SMOOTH(MAXSC IPOS)
400 © .GO TO 380 :
q01° 340 WRITE (6,350)
402 -+ 350 ﬂiﬂMAT (’-*, 14X, ’NO SMOOTHING OF DATA FIELD USED’)
403 C##+s, CALIBRATION OF DATA FIELD #*# _ .
. 404  ° 386.IF (ITYPE .EQ. 1) GO TO 385 . :
., 408 G0 TO 370 . - R
408 '365 IF (LCALIB .EQ. ) GO TO 370 , :
- 407 . CALL CALIBR(MAXSC, IPOS) : e o A4
. 408 GO TO 390 . R 3 ,
. 408. 370 WRITE (86,380)
- 410~ 380 FORMAT (’-’, 14X, ’NO CALIBRATION OF DATA FIELD usen') -
411 Cxx WRITE CALIBRATED FIELD TO UNRT 13 xx+ .
CLar2 380 WRITE (13) .IPO§, MAXSC
. 413 ‘DO 400 JJ = 1, MAXSC -
<t 814 400 WRITE (13) (TEMP(II,JJ),iI=1,IPOS) .
' 418 . . Cs*+ CHECK DATA FIELD FOR MAX AN MIN VALUES *%x s
4“8 TMIN = §00.0 . \.
. 417, TMAX = -5Q0.0 ' ! '
418Y, ' Cxxx FIND MAXIMUM. AND MINIMUM OF DATA FIELD **x
T ST- R DO 410 JJ = 1, MAXSC :
420 , ' DO 410 II = 1, IPOS . ‘
. 21 . IF (TEMP(II,JJ) .LT. TMIN) TMIN = TEMP(II,ud)
' 422 ol IF (JEMP(II,JJ) .GT. TMAX) TMAX = TEMP(II,Jd)
423 ¢  410-CONRINUE - e
o 424 WRITE (8,420) MAXSC, IPOS, RTMAT, TMIN, TMAX °
428 420 FQRMAT (=%, 7/, 5X. ’GRID nznewsxons "COLUMNS 1 TO’, IS5, 5X,
« 428 & WS 1 T0’, 15, //, 5X, 'GRID SIZE =’, F6.2, 'K ELEMENTS’..
427 8. //N\BX, 'EXTREME-VALUES OF DATA FIELD’. /, 5X, -
428 & -/ MINKMUM =/, FB 1, SX, ‘MAXIMUM =/, F@.1)

R S R -
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430 IF (CHECK1 .EQ. 0) GO.TO 840
Cxxx DETERMINE INCREMENTS FOR FINDING LATITUDE AND' LONGITUDE CURVES b
LALAT = LAINCR * 10 + 0.8 ‘ .
IF (LALAT .LT. 1) LALAT‘iw ‘ :
LOLAT = LAINCR * 2 + 0.50 )
IF (LOLAT .LT. 1) LOLAT = 1 . .
LOLON = LOINCR * 10 + 0.50 :

IF (LOLON .LT. 1) LOLON = 1§ .Y

LALON = LOINCR * " _+ 0.50 y . T

IF (LALON .LT. 1) DALON = 1

WRITE (B8,440) LAINCR, LOINCR : . . . \\\
440 FORMAT (’-/, 10X, LATITUDE - LON}IE PARAMETERS*, ///, SX, :

'LATIfUDE LINES GENERATEDF) RY ‘", F6.1, ' DEGREES’, 4X,
‘600 POINTS ALLOWED :FOR EACH LINE', //, 5X, .
-'LONGITUDE LINES GENER TED EVERY’, F5.1, ' DEGREES',4X,
’500 POINTS ALLOWED FOR EACH LINE() s *

4 ' 1
OUTLINES AND LATITUDE, LONGITUDE LINE 'COMPUTATIONS .(THE FOLLOWING
MAY BE SIGNIFICANTLY SIMPLIFIED BY RESTRICTING THE INPUT OUTPUT OPTIONS.

)

oo @ 0

o000

:

_CALL EQNS(REGRES), : ‘ -
WRITE (6,450) . e
450 FORMAT (’-/, 14X, LATITUDE-LONGITUDE LINES OUTPUTTED TO UNIT 11/)
'KCHECK = 0.
Ct++ DETERMINE POINTS FOR LATITUDE LINES *3
WRITE (8,460)
480 FORMAT (0’, 7X, ‘LATITUDE LINES’, /) v
Cex* INCREMENT LATITUDE LINES.TO BE FOUND *+s :
DO 530 LAT = LABGN, LAEND, LALAT
ALAT = (LAT - 10) / 10.0

)

LLAT = IFIX(ALAT) - - : . ’ N

LOLATA LOLAT

ONLY ONE-FIFTH:NUMBER OF POINTS USED-IN 4
LATITUDE LINES NORTH OF 80 DEGREES, o

0000

IF (ALAT .GT’ 80.0) LOLATA = S,¢ LOLAT
IF (ALAT .GT. 90.0) GO TO 540
MM =1
Ct++ INCREMENT LONGITUDE ANTERSECTIONS TO: DETERMINE EACH LATITUDE LINE =+
CALL ITERL(ALAT) ‘
DO 480 LONG = LOBGN, LOEND, LOLATA : C,
BLONG = (LONG - 10) / 10.0Q .. ' - :ﬁ/
GALL ITERA(BLONG, SCAN(MM), POSN(MM);’ MCHECK, SB1, SB2,

IF (MCHECK .EQ. 1) GO TO 470 e .
IF (MM .EQ. 1) GO TO 480 - .
KCHECK = KCHECK + 1

"GO _TO 490 ’ . =

470 IF (SCAN(MM) .LT. SCAMIN) SCAMIN = SCAN(MM) )

. IF (SCAN(MM) .GT. SCAMAX) SCAMAX = SCAN(MM) : R
IF (POSN(MM) LT. POSMIN) POSMIN = POSN(MM)

. IF (POSN(MM) .GT. POSMAX) POSMAX = POSN(MM)

MM = MM+ 1 » ] AR
480 'CONTINUE - : s
490 MM = MM - 1

" IF (MM .LE.>2) GO TO 530
Crex OUTPOT LATITUDE LINE SEGMENT x:+
WRITE (8,500) ALAT, MM e A
500 FORMAT .(’ /, SX, 'LATITUDE =/, F5.1, ' DEGREES NORTH’, BX,
& " 'POINTS IN LATITUDE LINE =/, 14) o
WRITE (11,510) MM, MZERO, LLAT
510 FORMAT (314)
, WRITE (11,520) (SCAN(I), POSN(T).T=1,MM)
520  FORMAT (2F7.2) :
KCHECK = KCHECK + 1 - s
530 CONTINUE . '
GO TO 560 .-

'Csxx DETERMINE POINTS FOR LONGITUDE LINES *ss
540 WRITE (8, P
550 FORMAT (707, ’sse ERROR ., BND VALUE FOR FINAL LATITUDE LINE’,

. ' LARGER THAN 90, nsensss ) )

“+.5
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502

803
504
505
5086

‘807

808
509

510 . -

511
812
513

- 814

515
516
517

518’

519
520
821
522
523
524
8525
526

. 827

528

. B29

§30
531

- 832

533
534
535

538

537

538

5§39

540

541
542
543

. 544
‘545
546 .

547
548
549
550
551
552
553
554
5585
5568
557
858
559

- 580

581

. 582

583
584
5685
56868

587

588
889
570

571 '
572 .

573

580 WRITE (8,570) .

870 FORMAT (’0’, 7X, 4LONGITU LINES’ /I , ‘
Cs+s INCREMENT LOMGITUDE LINES, 0 BE FOUND *3x A
DO 820 LONG = LOBGN, LOEND, LOLON o \ f
ALONG = (LONG - 10) £' 10.0 . . . ,

s LLONG = IFIX(ALONG) % f , , .
IF (ALONG .GT. 380.0) GO 7O yao
‘VLONG = ALONG / (2. O*LOLON) - IFIX(ALONG/(2 0+LOLON))
MMo= 1

C+»+ INCREMENT LATITUDE INTERSECTIONS TO DETERMINE EACH LONGITUDE LINE sx#:

DO 590 LAT = LABGN, LAEND, LALON
BLAT = (LAT ~ 10) / 10. 0

c .’4 (

\

»

c

c

C EXTEND ONLY EVERY SECONU‘LONGITUDE LINE PAST 85 'DEGREES NORTH
€ TO AVOID CROWDING {

c _ ‘ ,
IF (BLAT .GT. 85. .AND. VLONG .GT. 0.1) GO TO 620
CALL ITERL(BLAT) -
CALL ITERA(ALONG, SCAN(MM), POSN(MM), MCHECK, .SB2, SB3,
& SE2, SE3, PB2, PE2) .o ’
' IF (MCHECK .EQ. 1) 66 To s80 =
IF (MM _EQ. 1).G0 TO 590 ‘
"KCHECK = KCHECK + 1.~ - _ o .
.. GO TO 800 . ‘ ’ ’
580 -  IF (SCAN(MM) .LT. SCAMIN)-SCAMIN = SCAN(MM)
. © IF (SCAN(MM) .GT. SCAMAX) SCAMAX = SCAN(MM) °
_IF (POSN(MM) .LT. POSMIN) POSMIN = POSBH(MM)
IF (POSN(MM) .GT. POSMAX) POSMAX = POSN(MM)
) MM = MM + 1 oy
. 590  CONTINUE Y '
600 . MM = MM - % ) .
b IF (MM .LE. 2) GO TO 620
< OUTPUT LONGITUDE LINE SEGMENT . E .
C(ONLY ONE SEGMENT POSSIBLE FOR EACH LONGITUDE LINE) -
c .
WRITE (8,6810) ALONG, MM
810 FORMAT (’ ’, BX, ’LONGITUDE =/, F6.1, '’ DEGREES EAST’, 5X,
& 'POINTS IN LONGITUDE LINE =’ I4)

4 - WRITE (11,510) MM, MZERD, LLONG
' WRITE (11,520) (SCAN(I) POSN(I),I=1 M)
azo CONTINUE ‘

" WRITZ (8,830) KCHECK, SCAMIN, SCAMAX, ‘POSMIN, POSMAX
630 FQRMAT (‘0‘, 7X, I4w’ LATITUDE-LONGITUDE LINES OUTPUTTED TO ',

& ‘UNIT 117, 7/, 5X, ‘LAT LON- LINES FORM BOX: COLUMNS',
& FS§.0, ' T0’, F5.0, ' ROWS’, F5.0,.' TO’, FS.O)
GO ‘'TO 660 . .
6840 WRITE (6, 850)
850 FORMAT ('- /, 10X, ‘NO LAT E LONGITUDE LINES GENERATED )
Cx*+ DETERMINE GRID COORDINATES 0 UTTED LAT-LON POINIS kEx

eao F.(OUT1 .EQ. 0) GO T0 1000 e
WWRITE (8,670) o o
670 FORMAT (’-/, /," 10X, ’OUTLINE PARAMETERS 1A S

c
CALL EQNS(REGRES)
DC- 9980 LUNIT = 1, OUT1 : . ,
IF (LUNIT ..GT. 3) GO TO 1180 N ’
WRITE (6,890) LUNIT :
890 FORMAT (’/ *, 14X, ‘LAT-LON POINTS FRUM UNIT’, I3, /) :
IF (OUT2(LUNIT) .LT. 1 .OR. OUT2(LUNIT) .GT. 5) GO TO 1220
« ' | READ (LUNIT,700) (FNAME(I),I=1, 15) - S
700 "FORMAT (15A4) - ‘ ’ .
’ {II'O : ’ B .
L (MM =0 ; . R -
|KCHECK = O g .
C+*x INPUT LOQP.-FOR LAT-LON OUTLINE INTERSECTIONS %
710 |11 = II + 1
Tm‘m+1 ' H B . '
MCHECK = 0 ’ S
. READ  (LUNIT,71S, END=850, ERR= 1200) XLAT, XLON (LONAMESII,J),J=1,20)
715 FORMAT(FB 2,1X, FG.2, 4X, 20A|)

‘/D..
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574 C XLAT = LATITUDE coonoxnnte OF POINT (IN DEGREES AND MINUTES) ,

275' c XLON = LONGITUDE COORDINATE OF POINT (IN oeansss AND MINUTES) °.

76 -

877 . c CONVERT DEGREES AND MINUTES O DECIMAL DEGREES :s/

578 c '

579 ' . SLAT(II) = IFIX(XLAT) + ((XLAT - IFIX(XLAT))*100./80.)

$80 . SLONG(II) = IFIX(XLON) + ((XLON - IFIX(XLON))*100./80.Y

581 "o, IF_(LHEM..EQ. 2) SLONG(II) & 380.0 - SLONG(IX)

582 i YGAEL ITERL(SLAT(II)) )

583 . *CALL ITERA(SLONG(II),-SCAN(MM), POSN(MM), MCHECK, SB2, SB3,
584 " & ..« SE2,SE3, PB2, PE2) » :

585 . : IF‘CMCHECK EQ.1 .OR. _MM.LE:1) GO TO 710 ‘ » :

~. 588 - IF (OUT2(LUNIT) .EQ. 3)-GO TO 930 S .

587 C*sx OUTPUT OUTLINE SEGMENT #ax . . : : '

588 . KCHECK = KCHECK + 1

589 MM = MM - t . .

590 " IF (OUT2(LUNIT) -‘§) 720 750, 780

591 . 720 WRETE (6,730) MM

92 . 730  FORMAT -(/0‘, .4X, 14, ' GRID COORDINATE POINTS OF QUTLINE’ ]

593 & ’ TRANSFERRED TO UNIT 16/) &

594 ' WRITE (16,740) MM . .

595 ' 740  FORMAT (14) :

596 . . WRTTE (16,745) (SCAN(I),POSN(1),(LONAME(I, u) J=1, 20) 1-1 MM )

597 . 745  FORMAT (2F7.2,1X,20A1) o s

598 . _ GO, TO 820 . -

' 599 750 WRITE (6,760) MM

600 | 760 FORMAT(‘0‘,4X,14,’ GRID COORDINATE 'POINTS conrAxuen IN UNIT’
.+ 801 & . , ' 16, OUTPUT AREA TRANSFERRED TO UNIT 15 FOR POSTING' )

602 WRITE (15,770) (SCAN(L),POSN(I),ZERO,I=1,MM)

. 803 770 . FORMAT (3F7.2) . : k ; o
804 - GO TO 820 “ ; _ .

605 ,780  WRITE (86,790) . ‘u s
606 790 © FORMAT (’0‘, 4X, ‘INPUTTED POINTS’, /)

807 WRITE (8,800) (SLAT(I),SLONG(I), I=1, MM) .
808 800  FORMAT (* 8(F7 2,F7.2,3X)) :

609 ' WRITE (6,810). " X

810 . 810 FEORMAT (’0O’; 4X, 'GRID COORDINA*ES’, /).

" 811 » "~ WRITE (6,800) (SCAN(I) POSN(I),1= 1 MM)

© 812 820 MM = 0 - - _
813 - *°GO TO 710 o
614 Cxxx END OF OUTLINE FILE GO ON %+t .

© 81%’ - 850 II = I@ - 1}
816 . - IF (MCHECK.EQ.0 .AND. MM.LE.1) .GO TO 900
817 KCHECK ,= KCHECK + 1 -
618 : IF (OUT2(LUNIT) - 4) 880, 870, 890
619 860° IF.(OUT2(LUNIT) .EQ. 3) GO TO 900
820 . MM = MM - 1
821 WRITE (6,730) MM
822 ~ WRITE (16,740) MM
823 WRITE (16,745) (SCAN(1), POSN(I) (LONAME(I,J),J= 1,20) 1= 1 MM

824 IF (OUT2(LUNIT) - . 2) 880, 900, 900 ,

° 825 870 WRITE (8,760) MM | S .
826 - WRITE (18,770) (SCAN(II'POSN(I) ZERO, 1= 1,MM) . ’ .
a27 880 WRITE (8,790) e s
628 . . WRITE (8,800) (SLAT(X),SLONG(I),I=1,II) .

629 . GO TO 950 . : < i
630 890  WRITE (8,790) . . : ,
831 WRITE (B.800)«(SLAT(I) SLONG(I),I=1,MM) Cw o
‘632 WRITE (6,810) : 3 S
833 - © " WRITE..(8,800) (SCAN(I) POSN(I), I=1, MM) = ’ -

s 834 GO TO 950 - R
.835 c
638 . C DETERMINE ﬁAxIMUM ANﬁ MIN&"UM SCAN AND . POSITION VALUES
637 C OF LAT-LON INTERSECTIONvw;THIQ$EXTENDED LIMITS OF GRID
638 c
833 . 900 SCAMIN = 1.0E30°/f% = .
840 . +SCAMAX ‘2’ «1. oeao@m g

\ 841 POSMIN = 1.0E30 .

. 842 , POSMAX'='—1 OE30 ) g

T, 843 , DO.910 JI = 1, MM P R
844 : IF (SCAN(JI) .LT. SCAMIN} SCAMIN 2" SCAN(JI) S N

845 . IF (SCAN(JI) .GT. SCAMAX) AMAX ‘= 'SCAN(JI)

@y , ' . l.ﬂ-f
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. . - o
t : :
1F (ABSN(JI) .LT. POSMIN) POSMIN = POSN(JI)
IF (POSN(JI) .GT. POSMAX) POSMAX = POSN(JI)
210 CONTINUE
WRITE (8,920) SCAMIN SCAMAX, POSMIN, POSMAX
920 FORMAT (’0’,4X, 'OUTLINE OCCUPIES BOX CONTAINING SCANS“,FS. 0,
L& ! TO' FS 0, 4X, ’AND POSITIONS’, F5.0, " T0', F5 0)
.~ GD TO 850 :
830 WRITE (6,840) : . )
940 FORMAT (’0’ ’*xx ERROR OUTLINE EXCEEDS LIMITQOF DATA FIELD =*x')
950 IF (KCHECK .EQ. 0) GO TO 1240
IF (0UT2(LUNIT) EQ.1 .OR. OUT2(LUNIT).EQ.2)WRITE(SG, 960)
960 FORMAT (’07,4X,’GRID POINT POSITIONS OF OUTLINE TRANSFERRED’,
& . ! TO UNIT 167)
1F: (0UT2(LUNIT) .EQ. 3 .OR. OUT2(LUNIT) .EQ. 5) GO TO 970
870 WRITE (8,980) : N .
980  FORMAT (’O') )
990 CONTINUE |
1000 STOP *
c . - ' .
C EXXEXXXXEXXXKEEREE - ERRQR‘DEFAULT-STATEMENTS EXEXXXEREXXRREKREE
C , ’ . ' .
1080 WRITE (8,1070)
1070 FORMAT (’0’, ‘*x* ERROR INVALIC PARAMETERS FOR" WIDTH 05'
& o ! OUTPUTTED FIELD *xx') . Y
GO TQ 12804 : .

1080 WRIJE (8, 1090) MAXSC . - ’
;1080 FORMAT (’O’,’#x+ ERROR  OUTPUT TOO LONG’,5X, 16,/ SCANS IN’,
;L . * QUTPUT, FORMAT ALLOWS ONLY 8O0 SCANS *#2/) .
GO TO 1280 :
“1100 WRITE (8,1110) .IPOS : v o '
1110 FORMAT (0’ ’sxx ERROR = OUTPUT TOO WIDE‘,5X, 16, 'POSITIONS',
& IN'OUTPUT. FORMAT ALLOWS ONLY 401 POSITIONS #*s/)’
GO TO 1280 ,
1140 WRITE (8,1150) HSCAN L
1150 FORMAT, (’0’, /+++ ERROR  INCORRECT DATA LENGTH FOR SCAN', 16, *x*x7)
GO TO-1280 » ,
1160 WRITE (8, 1170) : ,
1170 FORMAT (’O‘, /*xx ERROR END VALUE FOR FINAL LONGITUDE LINE’,

a ' LARGER THAN 360 DEGREES **+')
GO TO 1280 , . ‘
1180 WRITE (8,1190) ‘ ,
‘190 FORMAT (‘0¢, “sx2 ERROR “TOO MANY OUTPUT UNITS CALLED FOR', <
& .+ QUTLINE PROCEDURE 'x*f) o
G0 TO 1280 - s
1200 WRITE (6, 1210) LUNIT b oo
1210 FORMAT (’0’, ’**+ ERROR IN UNIT’, I2, ’ READ **x’) i 9
TO 1280 . ' AR
1220°WRITE (8,1236) QUTZ(LUNIT) ' !
1230 "FORMAT ( 0, ‘++x ERROR OUTLINE TYPE OUT2 INCORRECTLY”,
& ' \SPECIFIED AS’, 18, ' =ix/)
GO 'TO 1280,

1240 WRITE (8,1250) ' -
' 1250 FORMAT, (/0" , ‘ss= ERROR _ FAILURE IN OUTLINE PROCEDURE. NO’,
& .’ POINTS FOUND WITHIN GRID LIMITS wxs+’)
GO TO 1280 ’
1260 WRITE (8, 1270) - . )
1270 FORMAT (’Qf, ’+** ERROR END OF FILE ON UNIT 4 xx+’)
STOP 89 .- - ‘ .
1280 'STOP._ -
" END L

c .
C« CONVERT 0N§ BYTE NUMBER INTO TWO BYTE INTEGER
c .

. FUNCTION IBYTE(NUM)
LOGICAL*1 NUM, INT(2)
" INTEGER*2 I /0/
EQUIVALENCE (I, INT)

“ INT(2) = NUM ‘ : . . -

~ IBYTE "= 1 . : Lo o S
RETURN : ’ S
END
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723
724
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c _ A . e
c ‘tt#*#“tlt!#*it#tt“#lt#?*ﬂt‘t‘#*“t‘tl*ttttﬁitl‘t“ttti“.‘!ltii
c
SUBROUTINE ITERA(ALONG, SCAN, POSN, MCHECK, SBA, SBAA,
& SEA, SEAA, POSB, POSE)
c
C SUBROUTINE FOR DETERMINING IF LAT - LON INTERSECTION IS
C WITHIN EXTENDED LIMITS OF GRID, AND FOR DETERMINING - - ‘
C EXACT LOCATION IF IT IS = :
c 0y
C.ALAT = LATITUDE OF LAT - LON INTERSECTION
C ALONG = LONGITUDE OF LAT - LON INTERSECTION
C MCHECK = O POINT OUTSIDE EXTENDED LIMITS OF GRID
" * .+ = 1 POINT INSIDE EXTENDED LIMITS OF GRID
C SBA = EXTENDED SCAN TO BEGIN QUTPUT
C SBAA = OVER EXTENDED ‘SCAN TO BEGIN OUTPUT. (FIRST CHECK ONLY)
C SEA = EXTENDED SCAN TO END OUTPUT
C SEAA = OVER EXTENDED SCAN TO END QUTPUT (FIRST CHECK ONLY)
. C POSB = EXTENDED POSITION TO BEGIN OUTRUT
C POSE = EXTENDED POSITION TO END OUTPUT
C SCAN ~ = SCAN LOCATION OF ITH POINT IN LINE :
C POSN = POSITION LOCATION OF ITH POINT IN LINE
.C '
C APT GEOMETRIC CORRECTION DATA
C

COMMON/ CONSTO/ RRL, R,  PI, PIB2, SB, XKB, C4, CS X
COMMON/ CONSTS/ RTSC, HEIGHT, ZDRP, SRPM, SI, CI
DIMENSION XNR(4), XAV(S) .

LOGICAL*1 FREE(1)/’'x’/ :

DATA XNR/312.0, 330.0, 166.0, 93.0/ .

DATA XAV/4.0, 3.0, 2.0, 1.5, 1.0/}‘

c -
MCHECK = ©
, THETA ‘= RRL ‘- (ALONG * PI/18O 0)
.C . .
'Xi = SI * SLAT + SIN(THETA - TPL x SP) * (- CI) = CLAT
X2 = 'COS(THETA - TPL * SP) * CLAT :
SNT = ATAN2(X1, X2) N

IF(SNT.LT.0.0 .AND.SP.GT.PIB2) SNT = SNT + (PI * 2.0)
IF(SNT.GE.SBAA .AND. SNT.LE.SEAA) GO TO 10

SP = SNT

RETURN . :

C+** ITERATE TO FIND SATELLITE PATH LENGTH FROM EQUATOR »xx
.10 DO 20 J =1, 10 _ 4
ST = THETA - TPL * SNT .

" CT = COS(ST)
. ST = SIN(ST)
- CSNT = COS(SNT)
SSNT = SIN(SNT)
X1 = CLAT * (SSNT+CT + CI*CSNT*ST) - SI * SLAT + CSNT
X2 -= CLAT # ((1.-TPLXCI)*CSNT#CT + (TPL-CI)*SSNT+ST)+SI+SLAT+SSNT
SP = SNT - X1/X2
Cix* SIN(EARTH ARC LENGTH FROM SUBPOINT) xx+*
ST = SIN(THETA - TPL*SPy * SI * CLAT + CI * SLAT
Cx*x CHECK TO SEE IF NADIR ANGLE > FALSE HORIZON #*+
IF(ABS(ST) .GT, SGH) RETURN
IF(ABS(SNT - SP) .LT. 1E-8) GO TO ‘40
SNT = SP . S
20 CONTINUE
WRITE(S, 30) ALAT, ALONG
30 FORMAT(M ,’**** ERROR NO CONVERGENCE TO POINT AT LATITUDE’,
" & F7.1, ‘ AND LONGITUDE’, F7.1, ' DEGREES #3#%') U
RETURN , S T
c g PR R
40 IF(SNT .LT. SBA .OR. SNT .GT. SEA) RETURN
Cxxx CALCULATE SENSOR NADIR ANGLE (FROM SUBPOINT) ANGLE AT EARTH'S CENTER s
X3 = R * ST o2
X4 = HEIGHT + R * (1.0 - SQRT(1.0 - ST+ST))
Y = ATAN(X3/X4)

i«

(o4 B ) ) i
C NOAA-9 - : DATA POSITION ALONG. AVHRR SCAN. 40000HZ @ BSCANS/SEC
C FIND (4180HZ) APT POSITION FROM AVERAGE'»;THHRR DATA CONVERT St
C'T0°3200Hz DIGITIZE RATWING%CS) e . S
: . o d) -,] .
- . R < AN



- 780°
791
792
793
784

- 788
798
797

© 798 .

799
800,
801
802 .
803
804
805
808
807
808
809
810
811
812
813
814
815
818’
817
818
819
820
821
822
823
824
825
828
827
828 .
-829
830
. 1831
832
- 833
834
835
838
837
. 838,
839
840
- 841
842
843
844
845
846
847 -
- 848
849
850
851
8s2
883
"85‘
‘858

. 887
888
859
860
861
862

. C RESTRICT © < IPOS < 700 = (2 # ZDRP): e

- o ‘ v ‘

C DIGF » DIGITIZING FREQUENCY OF SATELLITE IN DATA VALUES PER SECOND
_C C4 = CONVERSION FACTOR (AHVRR RADIAN SCAN ANGLE TO DATA VALUE

C POSITION). THE ZERO DEGREE REFERENCE FOR SATELLITE IS

c 7 DIRECTLY ABOVE THE SUBPOINT AT DATA VALUE SSPP. SCANNING IS

NOAA A-9 SATELLITES. EACH DATA REEORD (EITHER IR OR VISIBLE
DATA) CONTAINS 699 DATA VALUES (PLUS SCAN NUMBER). MIDPOINT

' @ ' RESTRICTED TO WITHIN 54’ OF SATELLITE SUBPOINT FOR TIROS-N/

> " IS AT DATA VALUE SSPP.. THEREFORE, ALL VALUES MEASURED FROM
C ZERO DEGREE 'REFERENCE ARE CONVERTED TO DATA VALUE POSITIONS
< BY MULTIPLYING BY C4 AND ADDING SSPP.

c C4 1S INITIALIZED IN ‘ENTRY EQNS’ IN ITERA
c : ' : ’

Y = C4 * ABS(Y)

IF(Y .GT. 1035.0) RETURN
SNT = 0.0 '

pOSOJ =1, 4

SGN = XNR(J) ‘
IF(Y .LT. SGN) GO TO 80
SNT = SNT + SGN / XAV(J) '~

Y =Y - SGN
50 CONTINUE )
J8§
80 Y = SNT + Y / XAV(J) ,
. IF(ST .LT. 0.0) Y= -Y . ’
C+s*x NOAA-9 : CALCULATE POSITION FOR DIGITIZING FREQUENCY #x¢

'SCAN = (SP - SB) * RTSC + 1.0. ‘ . .
"POSN = Y, * C5 + ZDRP - XKB X
IF(POSN.LT.POSB .OR. POSN.GT.POSE) RETURN

fo MCHECK = 1

Vg

v c,surrx)«il = SMOOTHING PARAME

RETURN

(o] .
*. ENTRY EQNS(REGRES)
Cex* HORIZON ANGLE *++
. TPL /= REGRES / 360.0 ‘
Cxxx SIN(HORIZON EARTH ARC) *xx :
SGH = SIN(15.0 * PI/180.0)
‘C4 = 40000.0 /. (8.0 * 2.0 * PI)
CS = 3200.0 / 4160.0
AA = R + HEIGHT <
RETURN, o
Cx*x CHANGE GEODETIC LATITUDE TO GEOCENTRIC *%
ENTRY ITERL(ALAT) ’
SP = ALAT * PI/180.0
TANSP 2 TAN(SP)
TEM = 1.0 + 43.02466 / AA
IF(ALAT .LT. 90.0) SP = ATAN(TANSP/TEM)
CLAT' = COS(SP)
SLAT = SIN(SP)
Ces+ CHANGE IN EARTH 'S RADIUS VERY SMALLOFACTOR. *+s
R = 8367.65 + 10.738 -x,C0S(2.0 * SP) .
HEIGHT = AA - R
RETURN
END ] . \

c
C *3#**t**!*t#"*t*****t*!*****ttt**xt**t*tt***t*********t***t******
c

' SUBROUTINE SMOOTH(MAXSC IPOS) C SR

c -

c SUBROUTINE T0 SMOOTH AND ELIMINATE-NOISE FROM DATA FIELD
c - s,

b LOGICAL+*1 FREE(1) /'*'/
. 'REAL RESID(B0O), BS(80), SMT(10)
LD/ TEMP(404:800)
/ CORR(401,800)"
. FYELD/ STEMP(401,600)
Ct R e .

- quUT DATA . "a , o SR .
C'NSMT = Ndﬁu:n pF snoofuxue"opznnrzons T0 BE CARRXED ouv*
c = .~ ON GRID FIELD BEFDRE OUTPUT .
.FOR EACH ogﬁpArxougf‘

’ag Tt Wt
2 3 i ’ [0 e

w L




883

884
885
868
887
868
889
870
871

.872

87!
‘~e7§
87

873
874
' 875

879
880
881
882
883
884
885

887
888
888
890
891
892
893

894

897

898

. 899
. 900

wo1
802
903

)

904 -
- 905

906
207
908
809
210
911
912
913
914
915
916
917
218
918

920 .-

921

922

.. 923

924
925
926
827
928
828

930
‘931 .

932

- 933

934

1938

~C REPLACE PREV’IOUS SCAN IN CASE OF CONTAMINATION . .

C MAXSC = NUMBER o'm.ums IN DATA F!ELD
C IPOS * NUMBER OF ROWS IN DATA FIELD
C TEMP(I1,J) = DATA VALUE AT EACH POINT (I, J) '

READ(& FREE) NSMT, (SMT(I),I=1, NSMT)
WRIIE (8,10)
, 10 FORMAT (/-/, 14X, ‘SMOOTHING PARAMETERS ) \
Ct+*x BEGIN SMOOTHING LDOP rxx
no 200 KK = 1, NSMT
SM = SMT(KK) + 1.0
SMT4 = SMT(KK) / 4.0
SMT3 = SMT(KK) / 3.0
. SMT2 = SMT(KK) / 2.0
1POSZ = IPOS -
MAXSC2 = MAXSC - 1
Csxxx TWO POINTS SMOOTHING IS USED AT CORNERS OF GRID #xx
CORR(1,1). s SMT2 * (TEMP(2,1) + TEMP(1,2)) ’
CORR( 1, MAYMC) = SMT2 * (TEMP(2,MAXSC) + TEMP(1 MAXSC2))
CORR(IPOSY1) = SMT2 * (TEMP(IPQOS2,1) + TEMP(IPOS,2))
CORR( IPOS,MAXSC) =SMT2* (TEMP®IPOS2,MAXSC)+TEMP( IPOS,MAXSC2))
Cx»x THREE POINI‘SMOOT NG IS USED ON SIDES OF GRID 3% -
DO 20 U 's 2, MAXSC2 ?
CORR(t,U) = SMT3 = (TEMP(1,J-1)+TEMP(2,J)+TEMP(1, u+1))
CORR(IPOS,J) = SMT3 = (TEMP(IPOS J-1)+TEMP(IPOS2. J)+TEMP (IPOS, u+1))
20  CONTINUE B . , i

C
DO/ 30 J = 2, IPOS2
- CQRR(I, 1) = 'SMT3 = {TEMP(I+1,1)+TEMP(I, 2)+TEMP(I-1 1))
CORR(Y, MAXSC) = SMT3 (TEMP(I+1 MAXSC)+TEMP(I MAXSC2)+TEMP(I 1,.MAXSC))
30 © CONTINUE" .

/Cxxx FOUR POINT S“OOTHING IS USED IN INTERIOR OF GRID &=*=

DO 40 U = 2, MAXSC2
00 40 I = 2, 1POS2 -
CORR(I,J) = SMT4x (TEMP(I+1,J)+TEMP (I, J+1)+TEMP(I-1,U)+TEMP(I,U-1))
40  CONTINUE :
c
C SMOOTHING CORRECTION IS APPLIED TO EACH GRID POINT AND THE DIFFERENCES
C BETWEEN ORIGINAL AND SMOOTHED TEMPEQATURE FIELDS IS FOUND
C .
KOUNT = O
S 0.0 . _
DO 60 J = 1, MAXSC - -
SUM = 0.0
'D0 S0 I = 1, IPOS
STEMP(I,J) = (TEMP(I,J) + CORR(I,J)) / SM
OT = ABS(TEMP(I,J) - STEMP(I,J))
SUM = SUM + DT
50 CONTINUE
Ctx* RESID IS THE MEAN DIFFERENCE BETWEEN FIELDS ++s
RESID(J) = SUM:/ IPOS
_ S =S + RESID(V)
60  CONTINUE

¢

C .
C COMPUTE THE MEAN AND STANDARD DEVIATION OF SMOOTH VS. ORIGINAL FIELDS
C IN ORDER TO DISTINGUISH NOISE, AND OBSERVE THE EFFECTS OF SMOOTHING
c .
$sSQ = 0.0
'  AVE = § / MAXSC
.00 70 U = 1, MAXSC
4 S8Q = SSQ + (RESID(J) - AVE) (RESID") - AVE)
70, CONTINUE
" STDEV = SQRT(SSQ/(MAXSC - 1))
ERRP2 = AVE + STDEV -
ERRM2 = AVE - STDEV
Cx:x FIRST SMOOTHING USED TO ELEMINATE NOISE **%
IF (KK .GT. 1) GO TO 120 ' !
D0 110 J. = 2, MAXSC2 :
T IF (RESID(J).GT.ERRM2 .AND. RESID(J).LT. Ennez) GO TO 9o
KOUNT = KOUNT % 1
BS(KDUNT} =y
c .
c REPLACE BAD 'SCAN HITH THE AVERAGE OF SCAN-2, AND SCAN-3



936
937
938
939
240

941

942
943
944
248
948
947

948 -

949
980
951
982
953
‘954
955
958
. 987
958
959
980
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962
283
$64
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970
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873
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993
994
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996
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1000
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1002
1003
1004
1005

1008

11007

p’

i

Cc
c

REPLACE NEXT SCAN IN CASE OF ONTAMINATION

DO 80 IX = 1, IPOS
TEMP(I1,J - 1) s (STEMP(IXI,J - 3)+STEMP(II,J-2))/2 s
TEMP(11,4) = (STEMP(II,J - 3)+STEMP(II,J-2))/2 3
TEMP(II,J + 1) = (STEMP(II,J - 3)+STEMP(II J-2))/2

80 . CONTINUE o
J s J+t

: GO YO 110 N

20 DO 100 1 = 1, IPOS .

100 TEMP(I ,J) = STEMPlI J)

110 » CONTINUE

f GO TQ 140 ~

120 DO 130 J = 1, MAXSC.
‘DO 130 I = 1, IPOS

130 TEMP(I,J) = STEMP(I,J)
WRITE (8,150) KK, SMT(KK)
GO TO 200

* 140  WRITE (8,150) KK, SMT(KK)

180 FORMAT (‘0’, 4X, /SMOOTHING OPERATION NUMBER', 15, 5X.

&. : ’SMOOTHING PARAMETER .= ’, F6.2)

S WRITE (8, 180) AVE, STDEV

180 FORMAT (’0‘, 4X, 'MEAN OF .FIELD DIFFERENCES =’, F8.3, //,
& SX, ’STANDARD DEVIATION’, 9X, ‘=’, F8.3)

"WRITE. (8, 170) MAXSC ’

170 FORMAT (‘0’, 4X, ‘NUMBER OF SCANS IN WINDOW =’, 18)

. WRITE (8, 180) KOUNT
180 FORMAT (/0’,4X,’SCAN LINES REJECTED DUE TO SYNCH PROBLEM !
IF (KOUNT .GT O) WRITE (6,190) (BS(J),J=1,KOUNT) '

© 190 FORMAT (‘0O‘,4X, ‘SCAN LINES REJECTED =', §X,10(3F6.0,/.31X))

0000000600000000 Ao ONOO0O0O000 OO0

200 CONTINUE
RETURN.
END

****#*‘t#t*********#********t****i**t*t******t*****#**************

SUBﬁOUTINE CALIBR(MAXSC‘EIPOS)

THIS SUBROUTINE IS USED TO DETERMINE AVERAGE DATA VALUES OF
CALIBRATION LEVELS AND CALIBRATE THE INFRARED DATA OBTAINED
FROM 'NOAA-9.THE ONBOARD COMPUTER IS CALLED A MANIPULATION
INFORMATION PROCESSOR QR MIRP FOR SHORT. A DIGITAL COUNT FROM
MIRP IS WHAT IS CONVERTED TO AN ANALOG SIGNAL AND TRANSMITTED
TO APT STATIONS. THE PROBLEM INVOLVED IN CALIBRATING THE
INFRARED DATA 1S DETERMINING THE RELATIONSHIP BETWEEN '

THE U OF A DIGITAL COUNT AND THE MIRP DIGITAL COUNT.

INPUT UNIT 7 = TELEMETRY WEDGE LEVELS DAIA
: FROM OUTPUT OF PROGRAM READTAPE.

_OUTPUT UNIT 9 - = WEDGE LEVEL AND CALIBRATION DATA FOR" PQOTTING

PROGRAM PL.WEDGE AND PL.CALIBR.
(SEE ‘APPENDICES C.5 AND C.8)

10 = CALIBRATION WEDGE LEVELS, MEAN AND STANDARD
.DEVTATION VALUES

DETERMINE RELATION BETWEEN U OF A DIGITAL VALUE AND B.B. TEMP.
THE FIRST 9 VALUES IN UOFA ARE WEDGE LEVELS VALUES
THE LAST 5 VALUES IN-UOFA ARE BLACK BODY THEB%%STER

OBTAIN COEFFICIENTS FROM CUBIC SPLINE Y=F(X) CMIRBi=- F(UOFA)
OBTAIN COEFFICIENTS FROM CUBIC SPLINE Y=F(X) UOFA'§= F(CMIRP)’

INTEGER - TELM(1BO), WEDGE : ®,

LOGICAL*{ FREE(1) /’=x‘/ R 4

REAL MEAN(18), T(52), CA(52), CMR(52), IN BPAR(4) /4%0.0/, +
8 CUTOM(8,3), CMTOU(8,3), TUOFA(S), minp(s) UOFA( 14),

=

"ﬁ; CMIRP(9)/0., 31., 83., 95.,.127., 159., 191., ?23., 255./

158.

.14)

N "
fazn
- N . o s“

LY

_. AVERAGES AND SPACE VIEW. 7] '
CUTOM = COEFFICIENTS OF THE CUBIC SPLINE FITTING U 0 MIRP DATA-
CMTOU = EOEFFICIENTS OF THE CUBIC SPLINE FITTING, MI g}b UOFA DATA
TUOFA = DATA VALUES CORRESPONDING TO oM @» i N
“TMIRP = MIRP DATA VALUES FROM THERMISTERS 3‘&@ J



. o 159

1008 COMMON /TFLELD/' TEMP(401,800)

1008 CALL DESTRY('-9' ')

1010 CALL DESTRY(‘-10 )

1011 CALL FTNCMD( ‘ASSIGN 9=-9/, 11) :

1012 CALL FTNCMD(‘ASSIGN 10=-10‘, 13) <
1013 _ ‘

1014 READ(7,30) NOBIT

ER S - 2
[A}
o -
-

1018 FORMAT(11X,14) s

1018 " WRITE (10,34) NOBIT

1017 "% 34 FORMAT (‘*xs%% FILE' 15,6’ WEDGE *er%t’)

1018 ; WRITE (10,35) NOBIY

1019 . 35 FORMAT (’-‘, 10X, *TELEMETRY WEDGE LEVELS FOR ORBIT NUMBER',I%5)

1020 i DO 70 WEDGE = 1, 16

1021 - Tp =.0.0 o
" 1022 , SUM = 0.0 - i

1023 READ (7,FREE) (TELM(I).I=1,180)

1024 OO 40 I = 1, 160

to25° . SUM = SUM } TELM(I)

1026, ' . 40 CONTINUE

1027 - i MEAN(WEDGE) = SUM / 180.

1028 ° i 00 80 K = 1, 160 ;
1029 W TD = TD + (TELM(k) - MEAN(WEDGE)) a2 L
1030 ?fﬁo CONTINUE - _ _ o

1031 STDEV .= SQRT(TD/159 0) \‘~\\h‘.

1032 Cx*x ,OUTPUT CALIBRATION WEDGE LEVELS ANS AND STANDARD DEVIATIONS **#

1033 WRITE (10,80) WEDGE, MEAN(WEDGE), STDEV

1034 80 FORMAT (‘-‘, 5X, 'WEDGE NUMBER’, 13, 4X, 'MEAN’, F7.2, AX,

1035 & ‘STD DEVIATION', F7.2)

1036 70 CONTINUE : _

1037 c e

1038 C DUMP THEMISTER AVERAGES AND SPACE VIEW INTP PROPER ARRAY POSITIONS IN UOFA.

1039 *© ¢ .

1040 UOFA(1) = MEAN(S)

1041 UOFA(14) = MEAN(15)

1042 ' K %,

1043 DO 801 = 1, 8

1044 K=K+ 1 :

1045 80 UOFA(K) = MEAN(I)

1046 DO 90 I = 10, 13

1047 90 UQFA(I) = MEAN(I)

1048 c : : :

1049 C WRITE UOFA, CMIRP, DATA LEVELS AND TEMPERATURES TQ UNIT 9 FOR

1050 C USE IN PLOTTING PROGRAM , r

1051 c /

1052 WRITE (9, 95) NOBIT

1053 95 FORMAT(/****x FILE’, IS, ’.WED-CAL *ssx%’)

- 1054 ‘DO 100 I = 1, 9 .
- 1055 _ 100 WRITE (9,110) UOFA(I), CMIRP(I) P

1056 110 FORMAT (2F8 S :

1057 c

1058 NCAL”

1059 IER = o

1080 . .

1081 C NCAL = NUMBER OF CALIBRATION LEVELS USED

1082 C TER = ERROR IN AMSL ROUTINE FOR CUBIC SPLINES

1083 C N :

1084 . ICSICU(UOFA, CMIRP, 9, BPAR, CUTOM, 8, IER)

1085 ICSICU(CMIRP, UOFA, 8, BPAR, CMTOU, 8, IER)

1086 K=0 ,

1067 .00 120 J = 10, 14

1068 K=K+ 1 -

1069 TUOFA(K) = UOFA(J)

1070 120 CONTINUE

1071 c

1072 ~ C EVALUATE CUBIC'SPLINE TO OBTAIN CMIRP COUNT RELATING T0

1073 C RADIOMETER HOUSING TEMPERATURE.

1078  C -

1075 CALL ICSEVU(UOFA, CMIRP, 9, CUTOM, 8, TUOFA, TMIRP, S, IER)

1078 c

1077 C CONVERT TMIRP TO TEMPERATURE. UQOFA RECORDS 8 BIT NUMBERS, FACTOR

1078 C OF 4 IN THE FOLLOWING EQUATIONS IS CONVERTING BACK TO ORIGINAL

1079 C T0 10 BIT 'NUMBERS . X

1080 c



1081 . T1 = 277.018 + 4 * 0.0%128 * TMIRP(1)
1082 T2 = 278.750 + 4 * 0.05128 * TMIRP(2)

1083 T3 = 276.862 + 4 * 0.05128 * TMIRP(3)

1084 T4 2 278.848 + 4 * 0.08128 * TMIRP(4)

1088 c

1086 C TAKE AVERAGE OF PRT TEMP'S _

1087 C TBB IS THE ACTUAL TEMPERATURE OF THE RADIOMETER HOUSING.

1088 c b

1089 TBB = (T1 + T2 + T3 + T4) * 0.25 - ﬁ\\\
1080 * CALL PLANCK(TBB, QN)

1091 c : .

1092 € TO ACCOUNT FOR NON-LINEARITIES ASSUME THE RADIANCE

1093  ‘C OF SPACE = -3.384, CMSP = 250.0 (SEE APPENDIX B)

1094 ¢ '
1095 . SP = -3.384 ,

1088 CMSP = 250.0 ‘ .
1097 c .

1088 C FROM N = GxCM + IN

10989 c .. :

1100 "G = (SP - QN) /' (CMSP - TMIRP(5))

1101 IN = SP - G x CMSP » .
1102 c _

1103 C NOW WORK BACKWARDS - FIND N FOR EVERY TWO-DEGREE INTERVALS
1104 C FROM -73 TO 30 DEGREES C

1108 c 4

1108 J=o.

1107 DO 130 K = 200, 304, 2

1108 J =y +,

1109 T(J),

1110 v CALL PLANCK(T(J), aN)

1111 CMR(J) = (N - IN) / G

1112 130 CONTINUE

1113 ¢ .

1114 c

1118 C EVALUATE CUBIC ‘SPLINE CONVERTING cua(u) To GoFA COUNT FOR
1118 C LINEAR INTERPOLATION.

1117 c : _

1118 CALL ICSEVU(CMIRP, UOFA, 9, CMTOU, 8, CMR, CA, 52, IER)
1119 c :

1120 WRITE (9, 140)

1121 140 FORMAT (’*s*sx DATA FOR CALIBRATION CURVES BEGIN sxxxx’)
1122 DO 150 I = 1, NCAL, 2 .
1123 150 WRITE (9,110) CA(I), T(I)

1123 c , :

1128 c CA(x) T(I) = DATA VALUES AND CORRESPONDING TEMPERATURE VALUES
1128 c FOR EACH CALIBRATION LEVEL (IN PAIRS)

1127 c

1128 WRITE (8, 180) (CA(IY/T(I) I=1,NCAL,S) . ' :
1129 180 FORMAT (-, 14X, ‘CALIBRATION PARAMETERS’,//,5X, ‘CALIBRATION ’,
1130 8 ’CURVATURE: DATA LEVELS TEMPERATURES (IN DEG K)’,//,
1131 8 70(31X,F8.2,14X,F7.2,/)) . .
1132 c

1133 C CALIBRATE EACH GRID POINT
1134 C MAXSC = NUMBER OF COLUMS IN DATA FIELD
1135 C IPOS = NUMBER OF ROWS IN DATA FIELD
1138 C TEMP(I,J) = DATA VALUE AT EACH POINT(I,u)

1137 c

1138 DO 190 J .= 1, MAXSC

1139 Do 190 1 = 1. 1POS

1140 c .

1141 C SET VALUES QUTSIDE OF TEMP RANGE TO EXTREME VALUES OF TEMPERATURE
1142 C RANGE. (IMPLEMENTED INFREQUENTLY)

1143 c .

1144 - IF (TEMP(I,J) .GT. CA(1)) TEMP(I,J) = CA(1)"

1145 + IF (TEMP(I,J) .LT. CA(NCAL)) TEMP(I,u) = CA(NCAL)

1146 . * DO 170K = {1, 51

1147 © IF (TEMP(I,J).LT.CA(K) .AND. TEMP(I,J).GE.CA(K+1)) GO TO 180
1148 170  CONTINUE

1149 - Ctxs PERFORM LINEAR INTERPOLATION »xx

1150 180 DUM = (TEMP(I,J) - CA(K + 1)) / (CA(K) - CAK + 1))

1181 . - DUMZ = - DUM *‘/\T/(K) - T(K + 1)) + T(K)

. l (N



1152
1153
1154
1188
1158
1187
1158
1189
1160
. 1181
1162
1163

1164

1185
1166
1167
1168
1169
1170
1171
1172
1173
1174
1175
1176
1177
1178
1179
1180
1181
1182
1183
1184
- 1185
1188
1187
1188
1189
1180
1191
1192

.

Ce++ CONVERT TO DEGREE C x¢»
*  TEMP(I,J) = DUM2 - 273.18
190 CONTINUE

RETURN
END
C
SUBROUTINE PLANCK(TEMK, QN)
DIMENSION PHI(60)
c

C THIS SECTION DETERMINES THE RADIANCE OF BLACK BODY WITH
BAND (ALL CONSTANTS WERE

C TEMPERATURE T IN THE 11 MICRON
C OBTAINED FROM NOAA-9 WRITE UP,
c .

DATA PHI /0.0, 0.30803E-4,
& 0.37139E-3, 0.85488E-3,
& 0.5B8739E-2, 0.87844E-2,
& 0:96298E-2, 0.10022E-t,
& 0.10903E-1, O.11130E-t,
& 0.11948E-1, 0.12111E-1,
& 0.12928E-1, 0.13022E-t,
& 0.13135E-1, 0.13274E-1,,
& 0.13274E-1, 0.12840E-1,
& 0.58031E-2, 0.38225E-2,
& - 0.57192E-3, 0.31828E-3,
& 0.27594E-4, O.13455E-4,

c

[
V = 862.06885
DV = 2,37812
QN = 0.0
Cx+xx CALCULATE PLANCK FUNCTION x*
DO 10 I = 1, 60
V=V + DV

PLANK = (1.19106S9E-5+(V*+3)) / (EXP(1.

SEE APPENDIX B)

0.

x

P

B84583E-4,

0.17528E-2,
0.77153€-2,
0. 10310E-1,
0.11370E-1,
0.12299E-1,
0.
0
0
0
0

13039E-1,

. 13419E-1,
~11486E-1,
. 25039E-2,
. 16604E-3,
0.

52455€-5,

C INITIAL VALUE OF V IS V = 8B62.06885

QN = QN + PLANK x PHI(I) * DV

10 CONTINUE

RETURN

END .
$ENDFILE
$IF RC>4 $SOURCE PREVIOUS

/

00000000000 S

. 10823E-3,
.29947E-2,
.84881E-2,
. 108525E-1,
.11898E-1,
. 12823E-~1,
. 13030E-1,
. 13522E-1,
.97239€-2,
. 15838E-2,
.88422E-4,
.53118€-9,

. 17087€-3,
.43718E-2,
.91222E-2,
. 10708E-1,
.11788E-1,
12748E-1, .
. 13047E-1,"
S13818E-1,
. 7T6898E-2,
.97002E-3,
.50828E-4,
.0/

438833*V/TEMK) - 1)
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_$EMPTY -PL.F 0K
‘$R ¢FORTG SPUNCH=-PL.F Tst

. €
C PROGRAM PLOTS EITHER CLOUD TOP TEMPERATURE OR

[ I . I SR QP
QOVONPRBWNQOODIRRDWN -

sETREBIRR UL SN FILE PL.FIELD. CL EETELEERRT A EE KL

¢ REFLECTIVITY CONTOURS IN 2-DIMENSIONS

¢ ' ~

DIMENSION FIELD(600,400),CVAL(50),THICK(3)
COMMON /PASS/ XMIN, YMIN, XMAX, YMAX
LOGICAL*t FREE(1)/'*'/, NAME(12), SQUARE/Z9F/

' REAL NQ/'N -/
INTEGER I0OP(8)/1, 1, o, 1, 1,0, 1, 1/
. REAL VOP(B)/4*O -1, 0 2+0. 0, 0.025/

CALL FTNCMD{ ‘ASSIGN 5='MSOURCE*’, 18)
CALL DESTRY(’-8FIELD ')
CALL SETLIO(’® ', ’-9FIELD ')

READ IN DATA FROM UNIT 13

aoa

READ( 13) IPOS, MAXSC

WRITE(8, FREE) IPOS. MAXSC

D0-1071 = 1, MAXSC :

READ(13) (FIELD(I, J), J = 1, IPQS)

10 - CONTINUE
: SCALS

SCALP

XSIZE

YSIZE

XMIN=O.

XMAX=XSIZE

YMIN=0O.

YMAX=YSIZE

76.737
59348

MAXSC/SCALS
IPOS/SCALP -

CALCULATE SCALING FACTOR, HEIGHT OF CONTOUR VALUE
AND PAGESIZE SCALE (21.5 X 13.5 CM)
(THE MAXIMUM WIDTH OF CALCOMP PLOTTER IS 76.0 CM)

[2 s Xe N e Nyl

FAC = 78.0/YSIZE

'IF (FAC .GT. 50.0) FAC = 50.0

VOP(8) = 0.80/FAC

HI = 0.85/FAC _

CALMS1 = AMIN1(21.50/(YSIZE+FAC), 13.50/(XSIZE*FAC))
CALMS2 = AMIN1(21.50/(YSIZE+*FAC),27.00/(XSIZE*FAC))

WRITE (B8, 35) XSIZE, YSIZE, FAC, CALMS1, CALMS2

35 FORMAT (’ THE PLOT 1IS’,F6.2,' X',F6.2,’ CM, FACTOR='yF6.2,

& -/ PAGESIZE SCALE=’,2F7.4 )

WRITE (6,20)

20 FORMAT('ENTER MIN, MAX AND INTERVAL CONTOUR VALUES’)
READ (S,FREE) AMIN, AMAX, CINT
WRITE (6,25)

25 FORMAT(‘ENTER THICK CONTOUR VALUES (3 VALUES)’)
READ (S,FREE) THICK1,6THICK2, K THICK3
THICK(1) = THICK1
THICK(2) = THICK2
JHICK(3) = THICK3

CALL .PLOTS
‘ CALL XLIMIT(200.0)
CALL FACTOR(FAC)
CALL PLOT(0.2, 0.2, -3)
NC = IFIX( (AMAX-AMIN)/CINT)+1
CSET = AMIN
D0 30 X = 1, NC
CVAL(I) = CSET
CSET = CSET+CINT
30 CONTINUE
CALL CONTUR (XSIZE, YSIZE FIELD.600, MAXSC,IPOS, .
8 CVAL ,NC, 10P_VOP, THICR ).
c o
C PLOT CLTY'LOCATIONS FROM UNIT 186.
c




73
74
78
76
77
78
78
80,
81
82
83
84
8s
8e

88

49

80

91

92

93

84

9s

96

97

88

99
100"
107

e

102 .

103
104

jos8
W07,

"My v

112

137,
. 138
i 139
140
141
142
143

40

45

Cerxx
Crrx

80

54
55

568

8. o
g
3, . .

READ (16, wnze END=S4) MM - ,
DO SO I » 1, MM
READ (18, 4%) XP, YP, (NAME(J),J = 1,12) ’
FORMAT(2F7.2, 1X, 12A1) ’
ay XP = XP/SCALS
~ YP = YP/SCALP
IF (XP.LT.0.0 .OR. XP.GT.XSIZE) GO TO 50
IF (YP.LT.0.0 .OR. YP.GT.YSIZE) GO TO S0 -
CALL PALPHA (‘'GREEK.1 ', 0)
CALL PSYM (XP, YP, HI, SQUARE,-90.0, 1)
CALL PALPHA (‘SANSERIF.2 ', 0)
CALL PSYM (XP, .YP-HI, HI, NAME,-90.0, 12)
CONTINUE -
GO TO 40

WRITE (8, 55)
FORMAT (’PLOT LATITUDE - LONGITUDE LINES 7 (Y/N)’)
READ (5, 58) ANS2 ’
FORMAT (A4)

IF (ANS2 .EQ. NO) GO TO 80

c
C DRAW LAT-LON LINES FROM UNIT 11

c

v

.60 READ (11, 85, END=80) NPTS, MZERD, LATLON
£.85 FORMAT (314)

D0 80 I = 1, NPTS
READ (11, FREE) XL, YL
. XL = XL/SCALS
¥ 'YL = YL/SCALP .
»¢ IF (I .EQ. 1) CALL PLOT2 (XL, YL, 3)
IF (I .NE. 1) CALL PLOT2 (XL, YL, 2)

' 90 CONTINUE -

VF*C'

GO TO 60

[ TERMINATING PLOT

- . 80 CALL PLOT (0.0, 0.0, 999)

42
40

44

3

3
4
4
i

sToP o ! J

END : ; : ,

sqegpurzne CONTUR(XSIZE. YSIZE 2P, IDIMX, MN, °
4 N CVALS ,NC, I0P, VOP, THICK)

MODIFIED Bv CHI‘NGUYEN ON JUAN, 1987 TO FIT WITH

» THE SAJELLI?E DATA FOR UAN 28,1977 VERSION.

COMMON/ COMG31/ TOUR,IRP,JRP, ISP, USP,NX,NY, EXPN, CONHT "
COMMON/ CSMgss/ BUF {40003 ) , IPBUF . NDEC, SCLX, SCLY , ZM, FWRITE
LOGICAL F - -
DATA TOL/1.0E-10/

VAL % VALL
DIMENSION CVALS(1) TOP( 1), VOP(1).ZP(IDIMX, 1), THICK(1)
ZMAX = -1.0E75 )

ZMIN = 1.0E75 e ’

.00 40 J 5 1,N

D042 I = 1, M .
IF(ZP(1,J) .LT. ZMIN) ZMIN

= ZP(1,J)

IF(ZP(I,J) .GT, Zgﬁx) ZMAX = ZP(1,J) .
CONTINUE .
*CONTINUE ‘
ZMAXK = ZMAX o
IMINK = ZMIN * : . e
NS = NC+1 . )
CI = (ZMAX-ZMIN)/NS+0.99999
NS = NS-1
IF(NS .EQ. 0) GO TO 150
ZIMAX = ZMAX-C1
IVC = NC-NS+1
IF (I0P(2).NE.1) GO TO 47 . Y

ZMAX = CVALS(IVC)
IF(ZMAX LE.ZMAXK .AND. ZMAX.GE . ZMINK ) GO TO. 48

163



[

EE]

:v.v‘ : ’é\v‘l. -

, A Y
8 ‘ .
d . % : . .
144 . wﬂITE(a 805) ZMAX
145 905 .  FORMAT(23HO-WARNING-CONTOUR VALUE,GS.3, 14HDOES NOT. EX!ST)
148 V" GO TO 44 ‘ .
. 147 47 . CVALS(I C)_= IMAX E T, ' e
148 © GO TO i ‘ o S}
149 Y] IPEN=1. Lo
150 IF (ZMAX.GE:. (THICK(1) TOL).AND.ZMAX.LE . (THICK(1)-TOL))IPEN=2
181 IF (ZMAX.GE. (THICK(2)-TOL).AND.ZMAX LE.(THICK(2)-TOL))IPEN=3
152 - IF (ZMAX.GE. (THICK(3)-TOL).AND_ZMAX. LE\(THICK(S)JTDL))IPEN=4 c\\k
183« , CALL NEWPEN(IPEN) =~ °
_'154 49 CALL AUX099 (XSIZE,YSIZE, z#,InIMx M.N, ZMAX, TOP, VOP)
155 " GO TO 44 ‘ ‘
156 150 IF(IOP(3§ {NE.1 .OR. IPBOF.EQ.3) G0 T0 so . A )
157 80:  IF(IQP(1).NE.1) GO TO 89 . ‘ . 4,
158 CALL PEN(A) o
159 CALL PLOT (0:0,0.0,3) *~
160 CALL PLOT (XSIZE,0.0,2) . '
18% CALL PLOT (XSIZE, vsIzE 2) Coe
162 CALL PLOT (0.0.YSIZE,2) o
. 183 _ CALL PLOT (0.0,0.0. 2) -
., 184 99~ RETURN | . , -
DTS END 0 0 C SRR
166 c AR ~
167 . fsusROUTINE Auxoas(xsxze YSIZE, zp IDIMX NXX,NYY, TOURR, 1dP, VOP)
188 " C- - i e
,wq,-clcoruroua,P ODTING OF A, GRID
170 c
171 c . xp = ARRAY OF X VALUES - SINGLE BIMENSION
172 - = .ARRAY OF Y VALUES - SINGLE DIMENION,
473 c zp ’ DpUBLE DIMENSION ARRAY{IDIMX BY ..... ) CONTAINING THE .
174 , C- - Z VALUES (Z = F(X, Y)\_ TO BE 'CONTOURED. _ R
175 C. NX, NY, = THE CONTOURING GRIDIS 'NX LONG BY NY WIDE . . Yol
178 € I.E. THE GRID MAY BE SMALLER THAN THE ARRAY WHICH CONTAINS .
177 °C . ‘VAL’.IS AN INDICATOR FOR PLOTTING NUMBERS QN THE LINES.
178 C .IF ABS(VAL) .LT. 1.0E-75 THEN. NO NUMBERS ARE PUOTTED
‘179 c IF NEGATIVE NEGATIVE VALues ON THE GRID ARE NOT PLOTTED AT ALL.
180 ¢ . 3
18.1 C: CVAL IS THE VALUE OF THE“NuMaER TO BE PLACED ON THE CONTOUR
182 - C: - NDC = NUMBER OF DECIMAL PLACES OF NUMBERS ON CONTOURS
183 .C.IF NDC = -1 THEN NUMBERS: WILL BE PLOTTED WITHOUT DECIMAL
184 . C . T o Lo
185 .. ¢  DIMENSION XP(600), YP(800), 7P(IDIMX ,1)*, T0P€1), VOP(1)
188 -, COMMON/ COMO31/ TOUR, IRP,JURP,ISP,JSP,NX,NY, EXPN, CONHT
187, COMMON/  COMO32/ IPEN,VAL,XVAL,SEP,PLACE,PQS,DSEP, DSEP2, SEPSQ
. 188 . COMMON/ COMO33/. Bur(qpooa) 1PBUF Nosc SCLX, sch M, FWRITE INIT.
189 & ,CENTR, SMOOT ‘
190 LoeICAL FWRITE, INIT ,CENTR, smoor PLACE POS. -
191, INIT = . FALSE. — R L
192 GAP . CONHT ‘ T I
. 193 . ZM = 999.0 - ! S A
.. 194, IPBUF =3 . - e . L -
195 .+ .FWRITE = .FALSE. S ‘ . =
196 - IF(I0P(3) NQr 1) FNRITE = .TRUE. . , :
127 S VALL = 1.0E-78 . PR I . S
198 IF(IOP(4) .EQ. 2) VALL = 30 ~ - . -, = i

. 198 IE(10P(4) .EQ. 3) VALL = VOP(4) ¢ ' .. . -7 B

. 200 GENTR = .FAL - : : S o
201 IF(IOP(4) .NE, 1) G 703 -
202 - CENTR = _TRUE. ‘ .

203 - - VALL ¥ 1. og 75 T c»( : S I S
204 3 NDC. = 2 o I . S 4
208° < 1 IF(I0P(5) .EQ.71) NDC: = VoP(5) : S
208 GIF(NDC GT 5) NOC = 5 - K o

207 “1F(10P(8)" 1) VALL = -VALL - . e
208, - CVAL "= TOURR_ ey : S . .
: 209 - at L SMORT T 'FALSE e ‘ Ll &
5210 - IFUI0P(7). - 1) %SmooT = .TRUE. . . )
18, 1 '007 BRI “l.. ) B
12 o xF(IOP(a) 1) 'CONHT = VOP(8) N : "
., 213 \Do B0 I' = 1 Nxx_ R , : e
"214 < XP(I) = I-1 ., S SR SR :
218 “fso'. CONTINUE N S ;

. 164°
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‘.‘ .
. . -
216 : DO 52 J = 1, NYY: -
, 217 YP(J). = u-1 A 3 ‘ , - . "Q\ L .
218 - B2 . CONTINUE ! &) ‘ .
219 . SCLX = XSIZE/(NXX*1) : : . S
1220 - . SCLY = YSIZE/(NYY-1) . T
‘ 221 VAL = VALL.. ° S :
222 TOUR g TOURR . . \
223 © - NX = ﬁ&v"' - com
c224 NY = NY ‘ ’
225 Cx*+ INITIALIZE FOR PLACING NUMBERS ‘ON “THE CONTOURS' +++
226 . PLACE = .FALSE.
227 . SEP = ABS(VAL)
228 SEPSQ = SEP**2 s : o
., 229 . IF (SEP .LT. 1.0E-75) GO TO 195 =~ ° ‘ a
230 . EXPN = 999.0 ‘
231, " . NDEC = NDC o S : 8 : -
232 PLACE = .TRUE. = e : : ’ . SN
233 . TEMP = AMAX1(0.0, FLOAT(NDEC)) ‘ : o
234 IF(ABS(CVAL)+.000001 .LT. 10, *#( TEMP)) GO TO 190
235 Ce++ CVAL IS THE NMMBER TO BE PLACED ON' THE CONTOURS *x+ : .
236 XVAL = CVAL . . ‘
237 Cexx CALCULATE TH BER OF DIGITS IN THE NUMBER t*#b _ V TR
238 TEMP, = INT(ALOG1O(ABS(CVAL))) + 1.0 &, : * N
239 - Cx*x ADD PLACES FOR .DECIMAL PT. AND DIGITS. AFfER osc;ﬂy PT: It »  SECE PR
240 ‘ TEMP = TEMP+1,0+NDEC ' . ’ Q-bf4” .
| 281y Cx*+ IF MORE THAN 6 DIGITS USE THE OTHER METHOD #x+ R ) A ‘ R
242 . IF(TEMP .GT. 8.0) GO TO 190 R
243 TEMP2 = TEMP i ' o : e
264 © IF(TEMP .GT. 1.0) GO TO: 191 : - : o
€. 245 - TEMP2 = NDEC+2
. 248 C++ THE WIDTH OF THE NUMBER IN PLOT INCHES xxx - :
Jy-a 247, 191 DSEP = TEMP2*CONHT v Coar T -
. ™ 248 . .IF®(CVAL .GT. 0.0) GO TO 195 _ . L. : ~ ‘
. 249 1 GO TO 1935 - : o R . ) T
250 Cxxx WE PLOT THE NUMBER IN EXPONENTIAL FORM %% S
254 190 - CONTINUE = " » . . . _ .
. 382 - " XVAL = 0.0 . ' . _— '
.+ 283%-. . - .DSEP = CONHT® . .
Lt 254 IF (CVAL .EQ..Q.0) GO TO 195
265 - . TEMP = ALOG10(ABS(CVAL) ) ) :
258 EXPN = FLOAT(INT(TEMP)) o S 4 ]
257 . . TEMP = TEMP-EXPN . L oy ’ K
- 2588 % . igM(TEMP .GE.0.0 ”GO o 189 ‘ PR L :
- 259, P eEMR. s TEMP4+1teQt % g _ . e v ¢ .
260 * ;%p =< EXPN- 15 V&% SR 'tf « S 4 '
2619 WAL = 106D lik E $o S .
R 262, 4 : r?DEC =,2 \ : v ) . i v : S
4. 263° -TEMP = NDEC+ e T . : , .
288 . BIF(EXPN .LT. O 0) ;xsup—”rremp41 RS .
265 ’ - IF(ABS(EXPN).GE,10.0) ITEMP- = ITEMP+1 ' - ’ L ey
266 DSEP =. ITEMP*CONHT i ‘ L
287 ., IF {CVAL .GT. 10.0) GO 70195 +
268 193 ' .XVAL: = -XVAL . T e R :
- 269 1935 DSEP = DSEP + CONHT , , : R SRR
270 195 CONTINUE L - , T o . M
271 e DSEP2: =’ DSEP+GAP BRI e S
272 7 ' pPOS'= " FALSE. - o Lo . : o _ ' .
273 - TF (VAL -GE,.0.0) POS 2 TRUE S S N .
1274 €. ‘ e o
.275 . ' C - THIS SUBROUTINE INITIALIZES. AND CONDUCTS ‘THE SEARCH : v
276 - Cx**+ FIR.ST CLEAR AL L SWI Tﬂgﬂﬂﬂgﬂa’éf. i =
277 . “ITEMP(= AUXO9B(NX, NY, -1) : R : ;
C*** 'S E A :}c H FOR A BOTTOM EDGE CONTO YR S
JRP &/ * ‘ ) Lt ' " ) Tk o I,, '
- _ TUSPLE 4 B I T Al s
28 L DY =2, NX T T, o N T R s
S L rr (ZP(1, 1) .LE. TOUR) GO.TO 1 - el \ S .
\-f-" - R BN & _»1 . } e . e - . I .
s -.284 . IF(ZP(J, 1) .GT, TDUR)%GQfT0»1 LT
. ..288 7. g IRP = 1 L o R
S 28 . ¢ T Y ' . R
* . 287 . - - CALL AUX098 (xoxnx XP, vp zp) S
288 o CONT!NUE : . e » I




- e

-

1%

»
289 . . Cer* SEARCH THE RIGHT EDGE *+2 A
290 ISP = NX . o e
291 IRP = NX - g\\\u
292 D0 18 I ' 2, NY/' , - C
293 IF (zptux, I) .LE. TOUR) GO TO 15 -
294- J =1 -1 .
298 IF (ZP(NX,.J) .GT,.TOUR) GO TO 15
298 JSP = V .
297 7 JURP = 1 :
298, cALL AUX0986 (IDIMX, XP, YP, ZP) .
299 15 CONT INUE : o
300 ‘Cxxx SEARCH.THE TOP EDGE **+
301 | ITEMP = NX -1 .
302 ‘ JRP " = NY |
303 NN‘ JSP "= NY , oo .
304 ¥ D0 2 I =1, ITEMP
308 - II = NX - I ‘
308 . ‘IF (ZP(II, NY) .LE. "TOUR) GO TO 2 el
307 J =11+ 1 S o
308 IF (ZP(J, NY) .GT. TOUR) GO TO 2 -
309 IRP = II .
310 ISP = J
311 CALL AUX098 (xoxmx XxP, vp zp) N
312’ ‘2 -CONTINUE - . . )
. 313 Ci** SEARCH FO R A LEFT EDG E CONTOUR *#xx
314 JTEMP = NY. - 1 :
318 IRP = 1 . “
318 ISP = 1 = - .
317 DO 25 I = 1, JTEMP o :
318 . II ='NY - 1 '
319 IF (ZP(1, .II)_ .LE. TOUR) GO TO .25
320. J =11 + 1 . |
321 IF (ZP(1, J) .GT. TOUR) GO TO 25
322 . JRP = 11 ; ;
323 JSP = W ;
324 S CALL" AUXOQS (IDIMX, XP, YP, ZP) :
325 25 - CONTINUE o . »
326 Cr+s SEARCH TH E RE 5T o F THE ARRAY *=z3 : >
327 DO 30 I = 2, JTEMP" : : " e : :
328 DO 26 J = 2, NX : ﬁh' R
3§g JWosJ -1 ' T
3 . sIF (ZP(J, 1) .LE. TOUR)GO TO 26 #.° »
33 IF (ZP(JJ, I) .GT. TOUR) GO TO -26°
332 IF (AUX098(J, I, 0) .EQ. 1) GO TO 26
333 IRP =. J. ~ ‘ \ \
334 ISP = W \ : :
338 JrRP =1~ o Ty s
336 . JSP. = I’ - 3 -
337 . CALL AUXOSE (IDIMX, XP, YP, ZP) ) .
. 338 'CONTINUE
339 CONT INUE
340 ) . IPEN-z 3
341 . Cxx* DUMMY CALL TO GET BUFFER PLOTTED OR WRITTEN ex* .
342 CALL AUX097 (0.0,0.0,1.0,0.0,0.0, 0. 0) . 4
343" INIT = .FALSE. . .
‘344 RETURN ° - , ‘ . .
345 “END. ‘ , .
" 348 »«_S> , ' , i
347 - SUBROUTINE Auxoék (NNX, XP, YP, ZP) .
348, .. - " COMMON/ COMO31/ TOUR, IIRP,JURP, 1ISP,JJSP NX,NY,CONHT . $
349 couuou/ COMO32/ IPEN VAL.uVAL SEP, PUACE, POS, DSEP, DSEP2 : ©
350 .. . C - ,
351 c- TOUR “THE couToua VALUE . ) \ Lot Jfff
3%2 € ° IRP, JRP = REFERENCE POINT ' . v ; ' v
383 c. xsp _JsP = POINT WE ARE CONTOURING TO . .
354 c we 'J& ‘ 5y . R ‘ .
3ss5 : ;otususxon xP(:) YB(2), ZP(NNX, 2) : R - °
358 ' DIMENSION :T(s) uT(8) . - o 2 A ‘
. 387 - . DATAIT. 7 O, 4,70, 8, 0, -1, ~1,w9 / ’ .
358 "DATA T /-1, 's 0, -1,/9,71,0, 0,1/ ¥ , >
359 LOGICAL DTEST(9) R et ¢
380 . DATA” DTEST 7 .FALSE., .TRUE., .FALSE., .TRUE., :FALSE., ,
381 & .TRUE., FALSE., .TRUE., .FALSE. . _ A -/ ' a0

B



) ‘ 161@‘ i
. 1
,;"‘ . . 'l. .
\2 IRP = IXRR . = o T s
383 JRP = JJRP S S .
|4 ISP = IISP o RPNV
365 JSP = JUSP ‘
368 IPEN = +3 : .
387 GO T0S5 ot
368 C+*x* SWITCH PO INTS *» .
<1 95  IRP = IN oo
370 ... JRP = JN :
371 5 CONTINUE
372 CALL AUX097 (XP(IRP), YP(JRP), ZP(IRP, JRP), L e
© 373 X & XP(ISP), YP(JSP), ZP{ISP, JUSP)) T
374 C+++ FIND, THE NEXT POINT TO CHECK THROUGH A TABLE LOOKUP vek .
375 LOCATE = 3*{JRP - USP) + IRP - ISP+ s
376 Cx*x IN, UN = THE NEW PQINT =x= ’
377 : IN. = ISP + IT(LOCATE)
378 UN = USP + JT(LOCATE)
379° . C*** TEST FOR AN EDGE *x )
380 3 IF (IN.GT.NX .OR. IN.LT.1 .OR. UN.GT.NY :OR. UN.LT.1) RETURN
381 C##+ IT MAY BE A DI AGONAL ##»
382 © 7 IF (LOCATE:.NE. 8) GO TO 60 _
383 IF (AUXO98(IRP, JRP, +1) .EQ. 1) RETURN ' T
. 384 86, ' IF (DTEST(LOCATE)) GO T0 97 7 . )
385 "C¥*+ DETERMINE IF IT ‘IS A CONTOUR OR SWITCH PorNTS rxx = L
388 ZPP.= ZP(IN; UN). ‘ : : :
387 : IF (ZPP. .GT. TOUR) GO’ 70 85 :
388 ) ISP = JIN . : o . .
389 . JSP = UN A ‘ Ceon . __—
390 GO TO 5 ,
391 Crs» DIAGONALS GET SPEGIAL TRE A ? MENT ++¢ .
392 Cx*+ CALCULMRE THE HEIGHT AND LOCATION OF THE MIDPQINT rex s
303 7  CON ; s _
3g94. vX RPY + XP(IN))%0.5

395 \ vY PJURP) + YP(UN))*0.5

396 3£ (JRP - UN) + IRP - IN + §

397 INN =/1N + IT(LOCATE) . _

398 JNN + JT(LOCATE): :

389 4 \ HTM-£/(ZP(IRP,JRP) + ZP(ISP,JSP) + ZP(IN,UN) + ZP(INN,JUNN))/4.0 .
400 & TM..GT. TOUR) GO.TO 975

DPOINT LESS THAN CONTOUR **+
ALL. AUX097  (XP(IRP), YP(URP), ZP(IRP, JRP), VX, VY., HTM)
F {ZP(INN, JNN) .GT. TOUR) GO TO 9715

WRNOFF SHARP:-RIGHT *x+ : g 6
5P = INN . e B
v = JNN . . Ty
- 407 - GONTO § . : _
408 - 8715 GUNTINUE : o
409 : ““CALL AUXOS7 ~(XP(INN), YP(UNN); ZP(INN, JUNN}, VX, VY, HTM)
410 - IF (ZP(IN, JN) .GT. TOUR) GO TO 9716
411 Cts++* CONTINUE STRAIGHT THROUGH v**aw .
412 .. IRP = INN .
- 413 . URP = UNN. ) : o R
414 o ISPROIN R v : FE
415 - ‘JSP = oM. o o ‘ ’ L .o
418 ' GO TO 5*. : -
417  C**x WIDE L,EF E u RN s : o
418 9718 CONTINUE o : )
419 CALL fuxos7 (XP(IN) YP(UN), ZP(IN, JN), VX, VY, HTM)
. 420 . Go TO'9
421 Cx+= MIDPOINT GREATER THAN CONTO UR 2
422 975  CONTIRUE S :
423 7. CALL AUX087 (VX, VY, HTM, xp(xsp) YP(USP), ZP(ISP, JSP)) ’
424  C*+x IT MAY BE A SHARP LEFT TURN #*s -
425 "' IF (ZP(IN, JN) .GT. TOUR) GO TO 95 : . e
428 ¥ CALL AUXOS7 (VX, VY, HTM, XP(IN), YP(uUN), ZP(IN, JN)) . . .
427 IF (ZP(INN, LJUNN) .GT." TOUR) GO TO 97q S
v 828 C**+x WIDE RIGHT TURN s n S
"'429. . . CALL AUX097 (VX, VY, HTM, xp«xuu) ¥P(JNN)”‘ZP(INN, UNND) o
. 430 S\ ISP = INN _ ‘ " A
SRR ©- T B JSP = uNNj . o S : : -
432 .. GO TO : ‘ o ' F-
433 ‘Ct2t ¢ O N UE STRAIGHT THROUGH s+

. 434 + 976 ISP = o
~ . o &



. f Ly . ’ .
Ce - . \‘ . T . ) . . , po—

o e 16

v o . 3 ‘ ”Q;., 1 .
a3s . Jsp » JHE SRR

438 IRP = INN :
437 . ) JRP = UNN ‘ .
438 | @@ TO S5 ’
439 ' END .
440 c ~ ' ‘ ' : s .
441 FUNCTION AUX088 (NI, NJ, IND)
442 c - 4 : : . ‘
443 c -CAUTION - C .
444 c THIS SUBROUTINE HAS THE TWO MACHINE DEPENDANT —
448 C FUNCTION SUBPROGRAMS ’‘AND’ AND ‘OR’ .  IT MAY NOT
. 448  AC  RUN PROPERLY ON MACHINES OTHER THAN THE IBM 360/67.
, 447 c '
448 DIMENSION TARRAY(40000), IMASK(32) '
449 . DATA IMASK /Zt, Z2, 24, 28, 210, Z20, 240, z80, * | .
450 & 2100, Z200, Z400, 2800, Z1000, 22000, Z4000, -: .
451 & 28000, Z10000, 220000, 240000, 280000, .
452 & 2100000, 2200000, 2400000, Z80000O, Y
4583 “ . & 21000000, 22000000, 24000000, ZBOOO00O, .
454 & 210000000, 220000000, 'Z45000000, ZBOO00000 / .
455 ‘ EQUIVALENCE (TEMP, ITEMP) SR . :
458 L ~o . . o
s "*«.’t'/ IF IND = -1 THEN CLEAR THE A o e
488 ] 0 THEN CHECK THE FLAG on? S
© ‘489 € . '+t THEN CHECK THE FLAG AN }sT IT T0 1 . .
3 1480 |+ G ‘ . , < P
8 ‘481 . »XF (IND .NE. (-1)) GO TO-1 o ! : - '
4062 3 DO 190 I = 1, 4oooo o o : : 4
P 483 | 0. IARRAY(I) . : :
484 NN,..I’ o ‘ ) : .
, 485 - “AUX 20 : _
4e8 RETORN' &/ . : : 7 h
. 467 S CONTINUE 1 :
488 - IPOS = - ( ; 1), * Nrg-+ L) S ' B
489 .+~ IWORD = IPOS 432 . .. o o .
470 . IBIT = xpost IWORD *.32 Foigs _ ‘
471 . - IWORD = IWORD + 1 » :
. 472 TEMP- (}ND(IARRM(WURDU IMASK(‘!.IBIT)) e e
. 473 ) AUX098 = 1 N E
N 474 : IF (IND .EQ. O) GO TO 20 3 K™ \ o
475 - - IF (ITEMP .NE. O) RETURN ‘ . % 3 » o
—_— 478 . AUX098- = 0 _— : : &
477 © TEMP = OR(IARRAY(IWORD), IMASK(IBIT)) 4 ., R
- 478" . IARRAY(IWORD) = ITEMP ‘ ' ' . T
- 479 RETURN ’ Vo 5 ' )
‘ 480 200 CONTINUE - e L
481 I¥ (ITEMP' .EQ. O) AUX098 = 0 R SRS
482 " RETURN - . ‘ . AR T
483 . END . . N L :
g 484 C v o T SR |
T 488 SUBROUTINE AUX097 (XRR, YRR, HR, XSS, YSS, HS) ' ' ‘
488 " COMMON / COMO32/“4PEN, VAL, XVAL szn PLACE, POS, DSEP, DSEP2, SEFSQ  °
487 LOGICAL' PLACE, POS,NUMIN
. 488 COMMON/ COMO31/ TOUR,IRP,JRP, ISP, JSP,NX, NY, EXFY, CONHT e
489 ., COMMON/ COMO33/ aur(aooos) rpaur' NDEC,SGLX,SCLY , ZM, FWRITE, INIT ©
- . _— & ,CENTR,SMODT ° .
41 7y DIMENSION XPLTN(? YPLTN(2), BUF2(40000) . e
4927 ' _ " ' LOGICAL FWRITE, - INIT, CENTR, SMOOT
493 © EQUIVALENCE (BUF(4), BUF2(1))
494 DATA NUMIN/ .FALSE. / . '
495 AF (POS -.OR. HS .NE.1.0E35) GO TO 100 : L
498 IPEN = 43 . !
497 - RETURN. = ‘ Lo
498 - 100 - CONTINUE L _ . g ,
© 499 - . XR. = XRR - _ _ : '
800. YR = YRR - - _— : o ¢ e
801 . XS = XS§ . , L = v o .
-502 ", YS = YSS i oo o .
. B03. . Gawe L:NE 2 INTERPOLATION FOR THE - CDNTOUR ey | A\ :
804 - XR -’ XS o i i
. %08 ; -nov-xn-vs . 3 L P T
508 FRAC = (HR - TOUR) / (HR.- HS) R R L
- %07 XPLOT = XR = FRAC¥DDX - s ' ¢ S - ' S



508 ‘ YPLOT = YR - FRAC*DDY Y O

509 IF(IPEN.EQ.3 .AND. INIT) GO tO 20

'810 10 IPBUF * IPBUF+2

511, ° - IF(IPBUF .LE."40001) GO TO 30 : -

512 WRITE(S,103) - S 2

813 . 103 FORMAT(’ONO. OF POINTS IN com‘oua excseos 40000 ) :

514, - RETURN - Y e

515 .30 . BUF(IPBUF-1) = XPLOT . , ‘ S RO ‘

516 . ‘N BUF(IPBUF) = YPLOT o C

517 INIT = . TRUE. ' ' o o

518 . IPEN = 2 . . AR
‘519 : OTOUR = TOUR » v ' C
520 . OXVAL .= XVRAL . S » .. -

521 RETURN. s

522 20  BUF(1) = #OUR : . - .
523 BUF(2) = XVAL ° _ \ :
524, © ICSM = & IPBUF-3)/2 . -. ' N
525 _ BUF(3) = ICSM .

526 - IF(FWRITE) WRITE(8) IPBUF, (BUF(I), B;![J.u)h 1. IPBUF, 2)

527 : “N_= -IPBUR~3 , ) X -

528 . IPBUF 5 3 , o / MY Y IR .
529 NH = N/2. T / ;
- 830, IC =3 ° : R R o . o
531 c*nﬁ;ouuvmo 2 STATEMENTS NECESSARY ;T ; VIDE IN SMOOTH RTN. vsx
532 ® DO 1002 I = 1,N,2 e SR .

. 533 xm.om z BUFZ(I) >

8 534‘\’ ' T 242 LBUE3 ) g .. o . ‘

. 83§ Csxx CAL - ) BUTINE IF USER SUPPLIES IT ##+ . :
536 = C#+ O . Y ROUTINE =*x . . _ e :
537 . SR XP\.0T2, YPLOT2) . P \ /
- 538 ' Cxxx PATCH 70 PLUSESENNER ON THE CONTOURS - WUC *t+ 2
539 - . ' JREMRRSEY GO TO 1000 '

540 'C*++ START OF % N ‘& txx
¢ 541 (19 : ' -
542 o AT X+ (XPLOT2-XST). . & * ‘ °
, 543 : LY+ ®YPLOT2-YST) : :
4544 SQ1. (ﬂxwmuu(ovwmuz
. % %545 Cex ARE WE ALREADY SPACING FOR THE- LABEL ... 42x
: 546 : IF (NUMIN) GO TO 950 : E
5477  C*»% SHOULD WE PLOT THE LABEL ... #+% o -
. 5A8 C#++ ARE WE PLOTTING CENTERED NUMBERS ON CONTQURS +:» . : .
549 . IF(CENTR) GO TO 910 Lo
550 Ct++ ARE WE /SEP’ UNITS FROM mmsn PLOTTED r+2 - _ .
551 o IF(SQ1 .LT. SEPSQ) 0 , X
852 C*++ OR ‘SEP’ UNITS FROM THE PI ER.PLOTTED #+= y .
553 : ' DISTX = SCLX*(XPLOT2GXFST)- . . ey
554, S . DISTY = SCLY*(YPLOT2-%¢ST) = "
555 :\‘,f 4 xr((oxsrxnzmxsna*z) .LT. SEPSR)'GO TO 1000
' 558 GO TO 940 * " ?p
557 910 IF(I .LT. NH) oo 1o 1000 .
558, - Cx** THE FIRST NUMBER ON EACH CONTOUR IS fﬂ/Ep FOR CHECKING *++
559° 1 '_NUMIN = TRUE. _ , . o
5607 - - GO TO 992 - : : N A
-y 53; ' 900 ©  CONTINUE . pioTs ¢ : - o o .
. 582N - XEST = Pmn | : S
: 563%“" o, YFST = ¥PLOT2Z - S ' e

S84 ' \Ckxs START A NEW NUMBER x: ‘ ' , . )

, 585 ' 940 - CONTINUE ‘ , o
. 588 . e IF(.NOT.CENTR)’ NUMIN = .TRUE. : e ‘
' 587 942 % XST = XPLOT2_ .- ‘ - . ._ : " “
568 N YST = YPLOTZ ' = : . . :
seg, - - . o »xr(suoor) ICSM = -25 . -
570 - . , Lo . ) - .
7\\ 571" ’c:u I$ THE g PACE BIG ENC/UGH xxx’ SRR | L ..
... 872 . com:ms T B v -3 5
. 573 -, -’.': - 7. 8Q2 .= SQRT(‘SQH o e . v S
574 . 9. - IF(CENTR) GO TO 852 ' . - R
g75 4  IF(I;.LT. (N-1)) GO TOO 952 * . "o . . . .
. 578 Gess THIS PATH PREVENTS GARS AT END OF CONTOUR LINE oxke - i
-' ”5771» | ) !c=2 o . ‘o < . . .o . . )
578 . GO TO 1001 . S . , S

» 579 gs2 . IF(SQZ LT DSEP2) GU'TO 1002

i



380

S¢
882
883

' 888

Bsc:

87 -
3‘308
889
590
891
592
593,

590

597

' %98

599

800

- 801

3 803
S, -804
80s

8086

807

Io 808
ijib 809
810
811

s 812
813

. .814
. 815
818
817’

. . 818
819

. 4 820
? 821

. 822

‘ 823
824

825

828

827
- 828
629

830 -

831
832
833

@34
8is

538
837
838

8349 -’

840
. 841

« . 842

o - 843
e 844

848 -

848
v 848

849 -
850 -

esy

802 -

847’

110

XPLYN(1) = SCLX*XPLOT
YPLTN(1) = SCLY*YPLO
' IF(IC.NE.2) GD T0-1004 &
IF(I .EQ.. (N-1)) ICSM ¥ =25

— S 170
'0; ” o . .
SINANG = DYNUM/SQ2 : e e
cosnuo = DXNUM/SQ2 - BT voi
W . O o ‘
xuonuu = 180.0/3, 14159*ARSIN(SINAN&) -
IF(DXNUM, .GT. 0.0) GO TO 110 ) ,
ISW = 2 S o _—
% ANGNUM = -ANGNUM _ B S
" COSANG =,-COSANG .. L ' :
SINANG = ~SINANG - Y ‘
XPLTN(ISW) = XST #§CLX o .
ISW3 * 3-1ISW: e '
XPLTN(ISW3) = XPLOTZ #SCLX : R
YPLTN(ISW) = VST #SCLY ° _
YPLTN(ISW3) = YPLOT2 *SCLY » ECA
GAP = (SQ2-DSEP)/2.0 ~ ‘ .
IE (XVAL .LT. 0.0) GAP = GAP+(CONHT/2 0)
XN¥= XPLTN@N ) +GAP*COSANG+CONHT/2.0* SINANG
YN = YPLTNL1)+GAP*SINANG-CONHT/2.0%COSANG .
CALL NUMBE] xu, YN, CONHT, XVAL, ANGNUM, NDEC) .
IF(EXPN .EQ. 999,0) GO TO 976 ' N R
, ¢ CALL SWMaoL <z ZM, CONHT, 1HE, ANGNUM, 1)
" CALL NUMBER (zﬂ% ZM, connr EXPN ANGNUM, -1)
IC =3 . “
. .CALL PLOT (XPLTN(ISN3) ¥PLTN(ISN3) ~1C) .
NUMIN = .FALSE. . N
. NH = N ' ""_ ¢ .. .
IF(.NQT. SMOOT) GO T0 \] -

Crex FOLLOWING LINES PREVENTS PROBLEM WITﬁDSMOOTH WITH IDENTICAL PO!NTS L LI

1005

2000

[
2001

2002

100{

1001
’1008
1002
”

1007

i - oM o ’ i i

ABTX = ABS( (XPLOT2-0SMX)*SCLX) - ,

ABTY = ABS((YPLOT2-0SMY)*SCLY) _ o

IF(ABTX .ig. .00%0.QR.ABTY .LT. .0020) GOs TO“2001 8

IF (ICSMO.EQ.0 .AND® ICSM.EQ.25) GO T0«41008
-4  CALL SMOOTH (XPLTN(1), YPLTN(1), ICSM) e

© 'OSMX a2 XPLOT2 - - L, I .
. OSMY ‘= YPLOT2 . A . . ;
. GO TO 2002 ’ .

CALL PLOT: (SCLX*DSMX, SCLYtOSMY Y2y

CALL PLOY (XPLTN(1), YPLTN(1), 2)

OSMX = XPLOTZ - °*¢ . .

OSMY = YPLOT2 Ch o

ICSM = 0 - . B

GO TO 2000 . ' :
ICSMO = ICSM . . 4
., ICSM = -2 :
co’ro 1008 - . _ : : ” "

ICSM = O : B2 SR

CALL PLOT (XPLTN(i) YPLTN(1)‘ 3) : -

‘GO TO 2000 .

CALL PLOT (SCLX*XPLOT2 SCLY*YPLOT2.‘IC)

- IC £ 42
CONTINUE é@ :
IF(IPEN .NE. 3) GO T 1097 »
IPBUF = 5 - .
GO TO 30 , : A : B .
IPEN = +2, ‘ o : X ) ,
RETURN ' s : - R
END L o g ’ '. N " " ’ .

) " S . . - 63 ;
‘susnourxus CONTTR (XPLOT2 YPLOT2)' : _— B Y
RETURN L R
go S T e ,
SUBROUTINE PLOT2(XT, YT, IC) _ Y . -
COMMON /PASS/ XMIN, YMIN XMAX, YMAX = - . . )
LOGICAL*1 INIT/.FALSE./,IN - Ry o .
X=XT . . . R ) @
Y=YT . ‘ - : o
IF(INIT) GO To 10 9 , o



17

¢ CALL WHERE(XOLD,YOLD, FCT)
. -INfTa.TRUE.
10 CONTINUE o
"XKEEP=X Ea -
. YKEEP=Y,
CALL CLIP$(XOLD,YOLD,X,Y,XMIN, XMAX, -VNIN YMAX IN) v
IF (.NOT.IN) GO TO 20 y
CALL PLOT(XOLD,YOLD,3) S R
o CALL PLOT(X,Y,1C) : R |
' 20 XOLDXKEEP S
. YOLDsYKEEP ' *
663 “RETURN o :
664 END . - - , : -
865 $ENDFILE . , ~ “
888 SIF RC>4 $SOURCE Qﬁevxoes oy




172

{

] (22232332 RS 2 2] FILE PL.JFIELDF s*xssrsskxasasx . B
2 $EMPTY -PL.3F OK . {
3 $R *FORTG SPUNCH=-PL.3F T22 . : ©
4 c o .
5 C PROGRAM PLOTS CLGUD 10P TEMPERATURES IN 3-DIMENSIONS.
8- ¢ )
7 DIMENSION FIELD1(400, 600), FIELD(300, 400)
8 LOGICAL*1 FREE(1)/'*'/
9 CALL FTNCMD(’ASSIGN 52*MSOURCE+/, 18)
10 CALL DESTRY(‘-93FIELD ) B ~
11 " CALL SETLIO(’S J 4, 7-83FIELD 1)
.12 c :
13 C READ IN DATA FROM UNIT 13 , :
14 & C : !
15 READ(13) IPO, MA' ,, .
. 18 g ' WRITE(S,FREE) IPO, MA '
17& L' WRITE(SB, 5) ' ‘
18 "2,7- '8 FDRMAT(’ENTER IPOBGN, IPOEND, ISKIP, MAXSGN, MAXEND, MSKIP’)
19 READ(5,FREE) IPOBGN, IPOEND, ISKIP, MAXBGN, MAXEND MSKIP
20 LY & (IPOEND GT.1PO .OR. MAXEND.GT.MA) GO TO 99 ‘
L2y fee . Y S
32 o it 100 10 1 = 1, WA i o C o
3 Mﬁ Reno(w) (FIELDI(I, U), = 1, IPO) B
“’m' 10 ol INUE,
v ﬁ!mm w " 100.0 -
“" * TEMMAX = -100.0° < O
_‘ 3 ~ I1 = ¢
w DO 30 I = .MAXBGN, MAXEND, MSKIP
JU = 1 .
. % Do 20 U = IPOBGN, IPOEND, ISKIP ,
v}{( FIELD(1I, JJ) = $IELDI(I, J) :
:m. -~k - TEMMIN = AMIN1(FIELD(II, JJ), TEMMIN)
33 ’,,i TEMMAX = AMAX1(FIELD(II, JJ), TEMMAX)
s 34sce T R ESE : S
: ' 20 * .-CONTINUE : .
o ngq*’ LI IT= I1 + 1 ’ \
: -~ 30 CONTINUE:. - _ N
IPO§r= JU - 1. S N
-39 ! 4 MAXSC = II - 1 ° s
¢ :
A IEEE " WRITE(8,35)
' ‘- 35  FORMAT(/ENTER XLOMIN, XLOMAX, - YLAMIN, YLAMAX')
al - READ(S,FREE) XLOMIN, XLOMAX, YLAMIN, YLAMAX
Yol 07 | ZMAX = (AINT(TEMMAX/10. 0)+1.0)%10.0
R ) Pyt s “IMIN = (AINT(TEMMIN/10.0)-1.0)*10.0 e
et ,,.,? ZSTP ‘= 10.0, ’
e A - WRITE(8,37) IPOS? MAXSC,. TEMMIN TEMMAX, ZMIN, ZMAX
o 434.,., 877 ‘rognar('rpos-'. 13,/ MAXSC=’,13 /. TEMMIN=',6 £6.2,
v 49" 'MMMAX=', FGn2,/ ZMIN=', ‘F6.2.' o ZMAX=", FB.2) .
. 50 c. o " :
, 51 . '>cAu: DSPOEV( 'PLOTTER ')’ N
PR+ I &:! CALL PAGE(11.0, 8.5) '
~w 5 B34~ V' CALL NOBRDR : ‘ )
. 84 XSIZE = 8.50
. 58 YSIZE = 5.50 ° .
., 58 . CALL 'AREA2D(XSIZE, YSIZE) :
87 * CAkL. SCMPLX . "
58, ° . CALL 'INTAXS ~
59 - . CALL' ZAXANG{ -90.0)
80 - CALL HEIGHT(0.12) -
81, - CALL XTICKS(2) _
82 CALL YTICKS(2) '
.83 © CALL ZTICKS(2) *
/- 84 . GALL XINAME (' LONGI TUDE (IN .DEGREE W)$’, 100)
s CALL Y3NAME(‘LATITUDE (IN DEGREE N)$’, 100)
s 88 CALL Z3NAME (‘TEMPERATURE (IN DEGREE C)s' 100)
67 CALL BLSUR. ° , :
68 - XVO = 12.0 S . C s
89 YVO = 8.0 : »
70 - Vo = 8.0
71, CALL VOLM3D(XVO, YVO, ZVO) ‘ .
1800., 700.) o

72

CALL VUABS (1200.,



‘

-
L

73 CALL GRAF3D(XLOMIN, 2.0, XLOMAX, YLAMAX, -2.0, YLAMIN,

74 : & © ZMAX, -ZSTP, ZMIN)
.75 c ‘
78 C DRAW WORKBOX OUTLINE 'IN ABSOLUTE WORKBOX UNITS
77 c
78 CALL VECTR3(XVO, 0., ZVO, XVO, YVO, ZVO, 0020)
79 CALL VECTR3(XVO, YVO, 2ZVO, 0., YVD, ZVO, 0020)
80 CALL VECTR3(XVO, YVO, O., XVO, YVO, ZVO, 0020)
81. c
2. % ¢ PLOT SURFACE OF CLOUD TOP TEMPERATURE IN 3 oxmansroNs
83 (o ;o
. 84" ‘ealL AT (MAXSC, 1P0S)
;=85 © DO 40 I'= 1, MAXSC
86 - YLAf = ((YLAMAX- YLAMIN)/MAXSC) % (I- 11+ YLAMIN
7 00 50 J/= 1, IPOS 4
8 ‘ ® xLo = ((XLOMAX- XLOMIN)/IPOSM.J n+x OMIN C
89 . 2ZM = FIELD(I, J)
90 ' CALL GETMAT(XLO YLA, ZM. 1. O)
91 50 CONTINUE ‘
- 92 . 40  CONTINUE
83 @ . CALL ENDMAT(FIELD, 0) -
94 > CALL SURMAT(FIELD, 1, MAXSC, 1, IPOS, O):
95 c :
968 . C WRITE QUT MAX. AND MIN. TEMPERATURES IN A BOX
a7 c : :
98 CALL HEIGHT(0.08)
99 ., CALL MIXALF(‘INSTRU’)
100 ' CALL MESSAG('MAX. TEMPERATURE = $',100,XSIZE-2.40,YSIZE-0.30)
101 CALL REALNO(TEMMAX, 1, ‘ABUT’, ‘ABUT’)
102 . CALly MESSAG(’(EH.5)O(EXHX) C$’, 100,” 'ABUT’, ‘ABUT')
. 103 CALL MESSAG( ‘MIN. TEMPERATURE = $/,100,XSIZE-2.40,YSIZE-0.50)
104 - CALL REALNO(TEMMIN, f, ’ABUT’, ‘ABUT’)
. 108 . CALL MESSAG(’(EH.5)0(EXHX) C$’, 100, 'ABUT’, ‘ABUT’)
: 108 CALL BLREC(XSIZE 2.50, YSIZE-0.6, 2.40, 0.50, O. 02)
107 c >
108 . C PLOT SUBPOT ON, FLOOR OF WORKBOX :
109 o . .
110 . CALL GRFITI(0., 0., 0., Xv0, 0., O., o.. vvo 0.)
111 o CALL AREA2D(XVO, YVO) ¢
112 ' “ CALL GRAF(XLOMIN 2.0, XLOMAX YLAMAX, -2. Q YLAMIN)
113 ‘  CALL GRID(t, 1) @ -
114 . CALL END3GR(O) . : N
© 115 c . ,
118 C PLOT SUBPLOT -ON RIGHT SIDE WALL
117 c . ‘
118 CALL QRFIYI(O0., O., 0., O., YvVO, Q., O., O., ZVO) .
119 . ‘CALL AREA2D(YVO, 2VO) ' - ‘
120 . CALL GRAF(YLAMAX, -2.0, YLAMIN, ZMAX, -ZSTP, ZMIN)
121 © CALL GRID(1, 1) ‘ , = .
122 CALL END3GR(0) ' '
. 123 Co
124 ' PLOT SUBPLOT ON BACK WALL OF worFBOX
125 c N % '
126 : CALL GRFITI(O0., 0., 0.,XV0, 0., 0., 0., 0., ZVO)
127 'CALL AREA2D(XVO, ZVO)
128 CALL GRAF(XLOMIN, 2.0, XLOMAX, -ZMAX,,-ZSTP, ZMIN)
129 CALL GRID(1, 1) A . i
130 CALL EMP3GR(O) ,
131 c .
132 C TERMINATE PLOT
133 c , ° ‘
134 CALL FRAME s
138 . CALL DONEPL
136 89  STOP .
137 END )
138 $ENDFILE : -
139 SIF RC>4w§50URCE PREVIOUS
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Sy

segxdnannnsnnss FILE BAT.READ »*#52sae2saxss

$R *BATCH SCARDS=+SOURCE*

$SIG * PRIN=D 9TP=3 T=30 ROUTE=CNTR RETURN'TORY
MOUNT 92 QTP »T9* WRITE=NO SIZE=32767 POSN=»Bx
$R READ3.D 1=xT1x
Y

7327,1,5,98,81,3,

$TRUNCATE -3
$TRUNCATE -4
$TRUNCATE -7

$RENAME -3 7327.IR
$RENAME -4 7327.0URED.I

$RENAME -7 7327. TELEM

i .
-‘7’ M

&

* =

.

. sxxxsxexsxxxsxs FILE BAT.SCAN8216 ttttttttt#t#ﬂtt

$R tBATCH SCARDS =+ SOURCE * '
$SIG * PRIO=D T=30 ROUTE=CNTR RETURN=TORY
$R SCAN3.0+*IMSLLIB 8=+SOURCE* #4=8216.IR 7=8216.TELEM 1=CITY T=20

1 .890
8218 1888
8185 18
102.0803 25.51
1 -1

4 5 o
49 . 6t
2 0.78

$TRUNCATE -8 OK
$TRUNCATE -8 0K
$TRUNCATE -10 OK
$TRUNCATE -11 OK

STRUNCATE -13 OK

$TRUNCATE -16 OK

880 237 s9 10E8
07 17 S
01 82 . 8.28
849.0 . 98.999 37 -
1 1 R
s - Hdo ’
0.75 ‘
Y
)
A

SRENAME -8 8218.0UT. I‘(

- SRENAME -9 8218.WED-C ,
* $RENAME -10 8216.WEDGE J

$RENAME -11 8218.LATLON
$RENAME -13 8218.TEMP
$SRENAME -18 8216.pOST

-

]
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KERAERARRER AN FILE 7299.0UT.IR ttttttltlttttl; ']

INFRARED INFORMATION FROM ORBIT 7299 OF SATELLITE NOAA-9 ON MAY 13,1988
TIME OF FIRST SCAN 20:43: 7 2 '
SATELLITE HEADING IS NORTH

1101.0 SCANS PASSED SINCE SATELLITE LAST CROSSED EQUATOR o T
AT LONGITUDE -88.29 DEGREES WEST ‘,owap

L

REFERENCE ORBIT 7282

CROSSED EQUATOR AT LONGITUDE 345.38 DEGREES EASF— —AF TIME 15:42:%68 2
ORBITAL PERIOD = .102.08121 MIN )
LONGITUDONAL INCREMENT = 25.51 DEGREES TO WEST T LT tA
HEIGHT OF SATELLITE AT EQUATOR = 885. KM /“ADIUS OF EARTH = 8368. KM ;-fn
ORBITAL INCLINATION = 99.00 DEG SCANNING "RATE =360. SCANS PER MINUTE. o
SCANNING BEGINS AT 830 AND ENDS AT 870

QUPUT TAKES UP 375 TO 801 OF AVAILABLE WIDTH

SATELLITE SUBPOINT PIXEL NUMBER = 373.00

DISTANCE BETWEEN SCANS = 3.31 KM

"SCALING = 7.8737E+01 GRID UNITS PER INCH IN X DIRECTION

DISTANCE BETWEEN POINTS = 4,28 KM
SCALING = 5.9346E+01 GRID UNITS PER INCH IN Y DIRECTION
MAP SCALE = 1:10.00 MILLION

DATA,FIELD PARAMETERS
. *  SMOOTHING PARAMETERS

SMOOTHING OPERATION NUMBER 1 SMOOTHING PARAMETER =  0.75
MEAN OF FIELD DIFRERENCES =  1.431 , ,
STANDARD DEVIATI = . 5,965
NUMBER OF SCANS xN‘WxNoow a 241
SCAN LINES REUECTE® DUE TO SYNCH PROBLEM = 0
SMOOTHING OPERATLON NUMBER . 2 SMOOTHING PARAMETER = 0.7% :
CALIBRATION PARAMETERS -
CALIBRATION CURVATURE: DATA LEVELS TEMPERATURES (IN DEG K)
~ - 231.45 . 200.00 .
' 225.80 . 210.00
.218.73 - 220.00
.. " 209.98 . 230.00
: 199. 15 240.00
. 185.84 250.00
170.15 ) 280.00
152.49 © 270.00 .
133.24 - % 280.00 ~
1124@8 ‘ 290.00
- .89, . . 300.00 . A
. - . L 4
GRID DIMENSIONS : COLUMNS 1 TO 241 ROWS. ¥ TO 227 .
GRID SIZE = 54.71K ELEMENTS ’
EXTREME VALUES OF DATA FIELD
MINIMUM = -51.1 MAXIMUM = 28.8
_LATITUDE-LONGITUDE PARAMETERS | ’ , -

“ &

LATISUDE LINES GENERATED EVERY 4.0 DEGREES 500 POINL;EQCLOHED FOR EACH LINE
LONGITUDE L INES GENERATED EVERY 5.0 DEGREES 500 POI ALLOWED FOR EACH LINI
' LATITUDE-LONGITUDE LINES QUTPUTTED TO UN{T 11

LATITUDE LINES ‘ L
49.0 DEGREES NORTH POINTS IN LATITUDE LINE =

LATITUDE =

LATITUDE = 5B.0 DEGREES NORTH POINTS IN LATITUDE LINE. =

LATITYDE = S7. a-oeeases NORTH .- PQ{?TS IN LATITUDE TLINE 0= -,
’t U" & .

. LONGITUDE LINES R e TR
LONGITUDE = 240.0 DEGREES EAST - PO!NTS !N 'LONGITUDE LINE ., 107ehy-
LONGITUDE = 245,Q;DEGREES EAST j; POINTS IN LONGITUOE LINE =] 5 oo
LONGITUDE = 250. ‘DEGREES EAST -~ POINTS IN LONGITUDE LINE =
LONGITUDE ‘= 255. g DEGREES EAST .. . 'POINTS IN LONGITUDE LINE;-' 49.~ - 4

10 LATITUDE-LONGITUDE anss ourpurrsn TO UNIT 11 . -
LAT LON LINES FORM BOX: COLUMNS zs T0 277 Rows -29. TO 288,
OUTLINE PAnAnszRs

) R T
, o .

N



uh7ﬂ
T8 LAT-LON POINTS FROM UNIT 1
77; 9 GRID COORDINATE POINTS OF OUTLINE TRANSFERRED TO UNIJ 18
78  INPUTTED POINTS :
79 .° . B3.58 246.83 52,27 246,20 51.08 245,92 49.70 247.22°
80 $0.05 249.33 52.88 241.92  51.17 244.43 82,12 253.37
81 80.42 285.3%
82 GRID POINT POSITIONS DF OUTLINE TRANSFERRED TO UNIT 18"
1 sessx FILE 7209 .WED-CAL t3xxx ;
2 22.04 0.0
.3 51,85 31,00
4 81.44 63.00
5 . "i111.20 98,00
~8 . 140.83 127.00
7 Y 171.17 159,00
. 8 201.57 191,00
® 228.77 223.00 . ¥ - \qu
. 10 254 .49 255700 )
11 ssx2x DATA FOR CALIBRATION CURVES BEGIN s+xs
12 231.45 200,00
13 229.34 204,00 ,
FL v 227.03 208.00
15 , 224.5%0.. 212,00
18 W, 221.74 216,00 .
47° L 218.73 220.00
18 %" 215.48 224.00 -
19 , 211.89 228,00
, 20 208.00 232.00
21 203.77 236.00
22 198.15 240.00 9 g
23 * 194.13 244,00
24 ¢ 188.70 248,00 .
Yoy 2% 182088 - 252,00 <4
s, 28 1%4.89 256.00
27 170.15 260.00
28 183.30° 264,00
29 158.18 268,00
30 148.76 272.00
31 141.11 278,00
32 (g 133.24 280.00 't
33 ¥125.13 284,00/ .
34 . 118.71 288,00
3s 107.92 292.00
— ©38--—— 98.73. 296,00
37 89.168 300.00 o . ,
1 ttlttttt’t!"tt‘t FILE 7313.WEDGE EXEEXXXEXERNRES
2 TELEMETRY WEDGE LEVELS FOR ORBIT NUMBER 7313
3 WEUGE NUMBER 1 - MEAN 50.84 STD DEVIATION 0.71 '
s 4 .WEDGE NUMBER 2 MEAN - 81 R4 STD DEVIATION -0.60
D 1 5‘ " WEDGE NUMBER 3. .., ', 112‘\1: $TD DEVIATION 0.38
=T s 1,,uemm ‘NUMBER/ 4 ‘ P 4,99 . SID DEYIATION = 0.69
ﬂt ,7 WEDGE NUMBER '8 49.,\ sm,nevurxw ' 0.94,
% Thi - 8- . WEDGE NUMBER K mmo .01":»" STD -DEVIATION" 1.08
W2ET ¢ s WEDGE. Num‘g % nem:gzo 14~ STD QEVIATION . 1.18
i 10+ WEDGE NUMs 1284 15 STD DEVIATION . 0.93
, 11 WEDGE NUMBER 9 22.08 STD DEVIATION 0.72
v 12 WEDGE NUMBER 10 $2.10 - STD DEVIATION 0.60
13, . WEDGE NUMBER 11 92.84.  STD DEVIATION 0.42
14 WEDGE NUMBER 12 92.09 STD DEVIATION 0.39
15 WEDGE NUMBER 13 93. 91 STD DEVIATION - 0.70
: .18 " WEDGE 14 132720 - STD DEVIATION 0.78
17 WEDGE NUMsEEF T8 107. 31 STD DEVJATION .53
18 WEDGE NUMBEW 18 142.87 STD DEVIATION 0.77



