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Technischer Bericht Nr. 155 

Erste Ergebnisse aus dem Meßprogramm X 4 des 

VLF-Atmospherics-Analysator Stationsnetzes 

Zusammeni'assung: 

In diesem Bericht werden erste Ergebnisse von Atmospherics-Messun
gen gezeigt, die während eines etwa einwöchigen Beobachtungszeit
raumes innerhalb des Fourth Intensification Interval der Interna
tional Commission on Atmospherics Electricity (ICAE) durchgefiihrt 
wurden. Die Ergebnisse werden in Form graphischer Übersichten prä
sentiert, die eine möglichst weitgehende Vorstellung vom Verhalten 
der beobachteten Atmosphericsparameter vermitteln sollen. 
Während des Beobachtungszeitraums wurden mit Hilfe von Peilungen 
und Messungen von Gruppenlaufzeitdifferenzen (GDD) und spektralen 
Amplitudenverhi ltnissen (SAR) Gewitter in Süd- und Mittelamerika, 
an der Ostküste Nordamerikas, auf -dem Nordatlantik, in West- und 
Äquatorial-Afrika, im Gebiet des Mittelmeeres, in Indonesien, auf 
dem Pazifik und im Gebiet des Indus geortet. 
Die Ergebnisse werden kurz kommentiert und z.T. mit Wetterkarten 
und Satellitenaufnahmen verglichen. Eine abschließende Wertung der 
vollständigen Ergebnisse dieses Meßprogramms bleibt späteren Ver
öffentlichungen vorbehalten. 
Der Bericht ist in englischer Sprache verfaßt, um den Meinungsaus
tausch mit ausländischen Fachkollegen zu erleichtern. 
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Tcchnical Report No.155 

li'irst Rcsul ts Obtainccl du:i;,ing the Pro~ram X 4 of tlle 

VL&, ... ~ttmosphe:r:i cs-Analyser Hetwork 

By G.he~rclt and R.Rnupach 

Summary: 

This renort shows first evaluations of atmospherics observations 
vrhich viere carried , out within the :B,ourth Int.ensification Interval 
X 4- of the Ten-Year Program of the Internc.tional Commission on 
Atmospherics Electricity (ICAE) during an observation period of 
about one week. The results are presented by graphical surveys 
which shall visualize the behaviour of the observed atmospherics 
pararneters as clear as pos~ible. 
Direction finding and records of the respective qroup Delay Dif
ferences (GDD) ß.lld the Spectral Amplitude Ratios (S.AR) during the 
observation period leq.d i;o kn.ovdedge of thunderstorms which were 
located in South- and Central ~erica, at the eastcoast of North 
America, on the Horth Atlantic, in the Vlest- and Equatorial Africa, 
in the area of the Mediterr(;l.llea.n, in Indone;:üa, on the Pacific and 
in the Indus regiQn. 
Sorne comments on the J?esults and compprisons with weather maps and 
satellite cloud photos are g;i.ve:p. 
Conclusions of the complete results of this observation program 
shall be published in the futu;re. 

Berlin-Charlottenburg 
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1. Introduction 

During the Fourth Intensification·Interval X 4 of the Atmospheric 
Electricity Ten-Year Program [1) the Atmospherics Analyser Net
work with stations in the USA, in Japan, in Argentina andin Ger
many changed the frequency of photographic records from the normal 
program ( one set of three photos every three hours) to continu
ous operation. In doing so, recordß in the GDD- andin the SAR
mode of operation were carried out\alternately with exposure 

' times of 10 minutes. Besides these ·records, atmospherics rates 
were measured as functions of the azimuth in the same manner as 
described by (2) and [3) • 
At present ( May 1972) , when this report is under preparation 
the amount of data obtained during this interval by the network 
is not completely evaluated. Nevertheless, it seems tobe suitable 
to present first results in order to discuss the potentialities 
of further evaluation work. 

2. Review of Available Data 

Table 1 shows the data which are at present available from the 
Intensification Interval. 

Station Photographie records Strip chart records 
of ,y, GDD, SAR of atmospherics rates 

Berlin 10.2.72 1600 GMT -
17.2.72 2400 GMT Complete 

San Miguel On mail Complete · 

Toyokawa 10.2.72 900 GMT - On mail 
15.2.72 2400 GMT 

Waldorf· Shortcomings of -Complete 
records 

Table 1 : Review on available data 
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In this report we mainly make use of the photographic records 
taken in Toyokawa andin Berlin and of the Berlin measurements 
of atmospherics rates as functions of the azimuth. These latter 
are stored on magnetic tape and therefore, the data processing 
is easily executed. 

3. A General Remark on the Ionospheric Conditions during the 
Observation Period 10. ~ 18.2.1272 

1 At the final examination of the re'sults of atmospherics observa-, 
tions during this part of the X 4 interval, it should be consid-
ered that the 10-day period from 10. - 19.2.1972 was a period 
with very strong solar flare activity. 
There were 15 partly strong solar flare effects at the VLF-range 
observed by the Heinrich-Hertz-Institut during these 10 days, 
compared with not a single one during the preceding 10-day period 
(4). Thus, it may be possible that some of the results of the 
intensified atmosphericsobservationsduring the X 4 interval are 
not representative for undisturbed ionospheric conditions •. 

4. Description of Data Processing 

The photographic records taken at Toyokawa and at Berlin were 
read by means of the Pencil Follower in just the same manner as 
described in detail by (5). Thus, the contents of every photo 
were described by the data of its clusters of light dots i.e. 
clusters consisting of data of ...,,- and GDD or SAR respectively. 
A cluster was charaoterized by the following data: 

a) Co-ordinates of the cluster center 
("Y = averaged direction of arrival, GDD = averaged GDD (Group 
Delay Difference) or SAR = av_eraged SAR (Spectral Amplitude 
Ratio), respectively.) 

b) A key number K1K2K3, where 
K1 characterizes the scattering range of "Y , 
K2 characterizes the scattering range of GDD or SAR, respec
tively, 
K3 characterizes the density of dots, i.e. the pulse rate of 
the respective cluster. 

At the present type of the Atmospherics Analyser, the GDD is 
measured between 8 and 6 kHz (GDD8_6 ), whereas the SAR measure
ments are executed between 9 and 5 kHz (SAR9_5). 
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It is experienced that photographic GDD- or SAR-records taken in 

short recording sequence show a very similar cluster configura
tion. Therefore, the next step of data processing was to assort 

the cluster data of the successive records by means of a Fortran 

program. These assorted data we call the data of cluster sequen
ces, and it may be assumed that in most of the cases the sequen
ces are connected to one and the same atmospherics source i.e. 
storm complex. A short description of the program and a list of 
the statements is given in the appendix. 

5. General Remarks on the Kind of Data Presentation 

One of the first results of the data processing of the films was 
the occurring of a rather great number of cluster sequences. On 
the average, there occured about 20 sequ./day at both the stations, 
Toyokawa and Berlin. The langest cluster sequence was lasting for 
43 hours, Whereas many sequences were shorter than 3 hours. 
Table 2 shows an example of the data of a cluster sequence. In 
this table, the GDD is given in µsec and the S.AR in dB ti!!!e.§. E_eg. 
It must be pointed out that in some cases a cluster sequence is 
obviously not caused by one and the same atmospherics source. 
For the development of an ideal assorting program, the diurnal 
variations of GDD and SAR and their mutual dependence must be 
known completely. At present, this is certainly not the case, 
and these variations and correlations are just the objects of 
investigation. Therefore, the mentioned computer program assorts 
mainly with respect to the directions of arrival, and there may 
remain cases which need interpretation by means of additional 
examination. 
Due to the great number of cluster sequences it is impossible to 
include all these data in form of tables in a report like this one. 
On the other hand, we wanted to avoid to present merely the pick 
of the bunch. Instead of this, we made an attempt to give an 
impression of the complexity of the atmospherics activity as a 
whole. For this purpose, we compiled surveys which contain many 
details of the measuring results on one and the same page. In 

the following sections, we will give some comments on some of 

these details. 
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6. Results of Direction Finding and of Measurements of Atmospherics 
Rates 

6.1. Results of Direction Finding in Berlin 

On the left side of the Bearing and Rates Surveys 1 and 2 the 
Berlin results of direction finding during the period of 10. -
17.2.1972 are plotted versus observation time. One these plots, 
measurementsbelonging to one and the same cluster sequence are 
connected by vertical lines, where~s the straying of,Y (K1 ) is 
indicated by horizontal lines which give a rather real impression 
of the straying of the bearing of the respective source. 
The number at every sequence enables the identification of the 
sequence in order tobe able to find the respective sequence of 
GDD or SAR on the surveys given in other sections of this report. 
Although the bearing surveys are merely based on the measurements 
of the directions of arrival,they give a good survey of the atmos
pherics activity on the whole as functions of the day-time and of 
the azimuth. 
The following results can be easily read from these plots: 
a) Generally, the bearings of the successive taken photographic 

records are indeed arranged in form of sequences which have 
a length of at least a few hours. 

b) There are a few sequences which last for more than one day. 
c) There is a considerable number of sequences which occur simul

tanously and which have low bearing .differences. In some of 
these cases two sequences with low straying unite themselves 
to a single one with a higher straying.(See cl.sequ. 56,58,59J) 

d) Generally, the straying of the center of the bearings within 
one and the same cluster is re_stricted to a few degrees. 

e) The influence of sunrise or sunset effects on the bearings 
seems tobe very low. The constancy of the bearings during the 
night hours is not considerably lower than during day-time. 

f) The accuracy of reading is sufficient to observe slow shiftings 
of the bearings of the sources. 

g) The bearings of the sequences are restricted on the range 
between south-east and north-west with the exception of ~ 

cl.sequ. 46/50 which were observed in the east. 
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The . statement mentioned under e) is somewhat contrary to the 
experiences we made at the observ:ations of VLF-transmitters. 
At these observations ( 16 and 60 kHz, paths length 500 - 1000 km) 

occurredconsiderable bearing errors in connectionwith great po
larisation ratios of the H field ellipse, especially during sun-
rise and sunsetand during the night (6). Since these errors are 
much lower at 16 kHz than at. 60 kHz, it maybe that the 1ow bea
ring errors shown by the surveys ~re due _to the low bearing 

. 1 

frequence of the Atmospherics Analyser (9 kHz) and due to the 
long propagation paths during . this observation interval. 
However, the constancy of thebearings during the night seems to 
be a hint, that the influence o.f the 'polarisation is low too. 

6.2. Atmospherics Rates as Functions of the Azimuth Measured in 
Berlin 

Since the bearing surveys give no impression of the intensity of 
the respective sources, on the right side of the surveys tables 
containing hourly measured atmospherics rates are given. 
At these measurements; the horizon is .divided into 30 sectors 
with a width of 12°. These sectors are sampled successively with 
a sampling time oftwo minutes so that the whole horizon is 
scanned once within one hour with a counting threshold of 
0.8 µ.V/Hz 0 m. 
At these tables, the tenuous vertical lines indicate the center 
of the respective sector with respect to the lower sc_ale. The 
rates belonging to the sector are given by the figures which are 
printed left of the respective center line. To obtain the real 
value of the rates in number/minute, the figures must be multi
plied by 10. Thus, for example a .figure 2 means a rate between 
20 - 30 pulses/minute. 
0ften, the determination of the pulse rate of a bearing sequence 
becomes difficult because one part of the pulses of the sequence 
may fall into one sector and the other part into another. 
In these cases the real pulse rate can be merely estimated. 
Nevertheless, the rates are a valuable supplement of the results 
of the photographic reco;rds. 
At some events, a pulse rate is indicated at the tables where no 
corresponding cluster sequence is shown by the bearing survey. 
This may be the case at corona effects or very short atmospherics 
activity which are neglected by the computer program. 
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Generally, the rates are rather low during this period, especially 
during day-time. Most of the rat~s are indicated tobe lower than 
3 i.e. lower than 40 pulses/minute. 
The highest rates were observed during the night 44/45 (13./14.2.) 
in WNW directions at which rates up to 220/minoccurred. This acti
vity was lasting till ncon cf day 46 with decreasing rates. 
At the end of the observations (evening of day 48) a pulse rate 
cf 130/min was measured in a west~rly sectcr. 

' 

6.3. Results of Direction Finding ~t Tcyokawa 

Since the ccpies of the strip chart recordings of the atmcspherics 
rates were sent by surface mail they were not available for this 
first presentation of the X 4 results. Therefore, the results cf 
the direction finding in Japan are given on one and the same sur
vey. Looking at these plcts it can be stated that in general the 
straying of the bearings is greater than at the Berlin bearings. 
The constancy of the bearings cf the successive measurements of 
the sequences seems tobe somewhat lower than in Berlin too. 
There may be several reasons for these effects: 
Firstly, the man made ncise at the Toyokawa station isconsiderably 
higher than at the field station at Berlin-Waid.mannslust. This is 
mainly the case for the magnetic field which is used fcr directicn 
finding. Secondly, theoscilloscope used in Tcyokawa is somewhat 
inconstant with respect to the vertical position of the calibra
ting corner dots. This may lead tc some strayings of the readings. 
Finally, it may be that the geographic distribution of the sources 
in Indonesia, which are the main sources for the Toyokawa station, 
is the cause of the greater straying cf the bearings. 
Besides the main activity in SW, some cther sequences were cb
served in W, in NW andin the east, whereas there were no sources 
observed in the north. The duraticn of the sequences is at Toyo
kawa very different too, but there are not so very long sequences 
as the long ones in Berlin. 

7. Results of GDD- and SAR-Measurements in Berlin 

7.1. General Remarks on the Location Surveys 

The Location Surveys upon which we will give some comments in 
the following sections consist of three different parts. 
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On the right side of the surveys, sequences of GDD-measurements 
are plotted versus observation time. In the middle part, maps 
are given containing storm locations which have been found by 
means of the GDD-measurements and by means of the bearing sequen
ces mentioned in the preceding sections. On the left side, sequen
ces of SAR-measurementß ~re plotted which correspond to the GDD
measurements given on the right side. 
Because it is impossible to draw all GDD-sequences of a day on 

1 

one and the same plot, the sequenqes have been assorted with re-
spect to their region of origin. Therefore, the sequences origi
nated at different regions are presented on different surveys. 
On the GDD-plots, the key number K3 which indicates the pulse 
rate is given as little squares, the size of which is proportional 
to K

3 
whereas the position of their center indicates the mean value 

of the GDD of the respective cluster. Tbe straying of the GDD (K2) 
is indicated by horizontal lines the length of which shall give 
an impression of a "halt-value" straying. 
Squares belonging to the sQe cluster sequence are connected OY 
vertical lines. Generally, the time intervals between successive 
GDD-measurements withi~ a sequence is 20 minutes. There are some 
cases where a sequence is not immediately continued at the next 
observation time. In these cases, the vertical line continues the 
sequence too. 
In order to facilit~te the distinction of different GDD-sequences, 
the surveys are printed in two colors. On the time scale of the 
GDD-plots the sunrise Qd the sunset at the receiving stations 
are indicated by red and black arrows,respectively. The time 
of occurence of solar flar~ effects at the VLF range observed by 
the Heinrich-Hertz-Institute is indicated by little stars on the 
time scale too. 
The locations on the maps are indicated by little circles which 
are connected by black line$ with the respective GDD-sequence. 
Figures close to these lines give the pulse rates which are taken 
from the Bearing and Rates Surveys. Generally, the highest rate 
which occured during tbe sequenqe is given. It must be pointed 
out that the rates may be sometimes a little bit doubtful because 
of the difficulty of the a~signing of the respective sequences 
to the sectors. 
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In some cases, the circles indicating the storm locations are 
greater ones. This means that the_ respective storm complex seems 
to have greater geographic dimensions which is indicated by 
greater straying of its bearings. 
The determination of the distance of the storm locations with 
respect to the receiving station was carried out by means of 
a one-mode propagation model in the same manner as described in 
detail by(5]. Generally, we made use of the night-time model 
(reflection height 86 km) for whicb lines of constant GDD have 
been plotted on the maps on the middle of the surveys. Nevertheless, 
in some cases we used a day-time model (reflection height 70 km) 

or we tried to find the most probable distance by interpolation 
in the case of mixed-path conditions. In order to reduce the in
fluence of the straying of the GDD centers,mean values of the GDD 
centers of one or two hours were used for the determination of 
the distances. In doing so, the contribution of clusters with 
K3 = 0 i.e. very weak sources (indicated as having no square in 
its GDD center on the GDD-plots) was hardly considered. 
It must be pointed out that these mean values of the GDD centers 
of the sequences were merely read by the viewer. However, it may 
be assumed that the results will not be considerably changed if 
mathematical averaging would be applied. 
The presentation of SAR sequences on the left side of the surveys 
is done in a way which is very similar to the GDD-plots mentioned 
above. 
Altogether, ten surveys have been compiled on which some comments 
are gi ven in the next sections. · 

.7.2. Comments on Location Survey 1 ( Atlantic, North America) 

7.2.1. Lightning Activity on the Central North Atlantic During 
the Days 41/42 ( 10. - 11.2.1972) 

At the begin of the intensified observatiozsin Berlin ( Day 41, 
1600 GMT), three cluster sequences were observed westerly of 
Berlin ( cl.sequ. 12,17,3, see also Bearing and Rates Survey 1). 

These sequences show a decreasing of their GDD until 1800 GMT 
whereupon the GDD remains at about 85 µsec. Since the propagation 
pathshavenight-time conditions then, the distance determination 

becomes possible by direct use of the map on the survey. 
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Thus, three sources were located on the central part of the North 
Atlantic. The Berlin weather map of this day shows a marked area 
of low pressure on the Atlantic between Newfou.ndland and Scotland 
which leads very cold air from eastern Canada to the Atlantic {7). 
The weather map containing the 1800 GMT storm locations and the 
ESSA 8 satellite cloud photo is shown by Fig.1 and Fig.2, respec
tively. At a comparison between the weather map or the cloud photo 
and the 1800 GMT storm locations t _he time diff erence of the obser
vations must be considered. 
During the night hours, the GDD readings of these sources look 
rather confuse. Probably, this is due to more distant western 
sources which occur in the same direction of arrival very often 
during the night(3) • Therefore, the GDD of the near and of the 
far activity were interpreted to cause one cluster with a GDD 
about in the middle of the two real values. At about 2200 GMT, 
one of the far sources could be observed separately being located 
in the northern South America (cl.sequ. 16). 
The far activity in western directions is vanished at about 1000 GMT 
of day 42 and an u.ndisturbed observation of the more near activity 
on the Atlantic becomes possible again until 2000 GMT, where 
this activity is finally vanished. During day-time, the GDD of 
this activity is higher than during the night hours. This is just 
what may be expected in accordance with the propagation theory. 
The weather map and the cloud photo of day 41 containing our storm 
location is shown by Fig.3 and Fig.4, respectively. The location 
looks quite reasonable altough no lightning activity is indicated 
by the weather map at the respective region. Probably, this is 
_due to the low number of observation points on the sea. 
0bviuously, the part of the sequence 32 after 2050 GMT does not 
belong to the activity mentioned above but it leads to a location 
in South America. Another short activity (cl.sequ.33) is located 
in Central America. 

7.2.2. A Short Activity at Newfoundland on Day 43 (12.2.1972) 

Between 2000 - 2300 GMT of day 43 the short sequence 57 is ob
served which leads to a storm location at the coastal region of 
Newfoundland. Since we got no weather map of this observation 
time, it is hard to decide whether there was a storm activity at 
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this region or not. The weather situation at 0600 GMT is given 
by the weather map Fig.5. 

z.2.3. A Streng Activity at the North American Coast Beginning 
at Day 44 (13.2.1972) 

The strengest atmospherics sources observed in Berlin during the 
X4 period occured during the night 44/45. 
The first observation of this event was recorded at 0140 GMT, 
day 44. This sequence (64) leads to a storm location southwesterly 
of Washington somewhat northern of the Gulfe of Mexico. Unfortu
nately, between 0500 - 0800 GMT some shortcomings occured in the 
camera system in Berlin and therefore, no resonable GDD- and SAR
measurements are available during this time interval. However, 
the weather map of 0600 GMT (Fig.6) shuws the center of a low 
pressure area very near to Waldorf and the results of atmosphe
rics rates measurements of t4e Waldorf station show that an 
atmospherics source traveled rather fast in northeastern directions 
passing near southerly of Waldorf. This is confirmed by the GDD
measurements before 0500 GMT and after 0800 GMT in Berlin, which 
show a clear deorease of the GDD 1.e. a decrease of the source 
distance with respect to Berlin. The higher values of GDD of the 
subsequent sequence 67 are due to the f•ct that the propagation 
path gets gradually under day-time cond~tions. 
At about 2100 GMT, the aotivity seems tobe splitted into two 
sources (cl.sequ. 83,80) situated easterly and northeasterly 
of Waldorf, respectively, These sources are very strong ones, 
producing rates up to 180 pulses/minute. The activity eastern of 
Waldorf is clearly shown by the Waldorf station, whereas the 
source in the northeast was not seen at Waldorf. This points 
to the problem of the "visibility" of single sources as functions 
of the distance and ot the azimuth. At present, there are several 
hints to the assumption that especially sources situated northerly 
( or southerly on the Southern Hemisphere) of a station of our 
network are hardly indicated by the Atmospherics Analyser. 
On the other ,hand, sourc~s with short distances i.e. a few hun
dred kilometer. in this direction are indicated by the instrument. 
Therefore,the lacking indication of more distant northern sources 
is obviously not due to an error of the direction finding unit 
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of the Atmospherics Analyser. Probably, this effect is due to 
exceptional high attenuation along these propagation paths. 
In the future, this problem shall be investigated by means of a 
location control program of the Institut für Meteorologie of the 
Freie Universität Berlin. 
During the night 44/45, the GDD values of the respective sequen
ces (98,83) are of remarkable constancy. The resulting locations 
are very near to the locations of day 44, 2100 GMT. The correspon
ding weather map (Fig.?) confirms the storm located easterly of 
Waldorf by lightning observations ( see arrows on Fig.7 ). In 
the area of the location northerly of Waldorf, a area of low 
pressure and with snowfall is indicated. It would be very important 
to know whether there are further meteorological informations 
about the possibility of lightning activity in this area for the 
d~ 45 ( 14.Feb.). 
At about 0700 GMT ( sunrise in Berlin) the values of GDD are 
increasing till about 1200 GMT due to the fact that the propaga
tion path gets gradually under day-time conditions. The end of 
this increasing occurs at just the time when the whole path is 
under daylight. ( In order to inform the reader of the shape of 
the boundary day - night on the globe, Fig.8 shows this boundary 
for 14. February, 0000 GMT. For other times, the curve must be 
shifted in longitudinal direction by 15°/hour. ) 
In the case of the SAR-measurements, a remarkable increasing is 
observed not before 0900 GMT, whereas the end of the increasing 
coincides with the end of the mixed-path conditions. The same 
behaviour is shown by the SAR-plots of the following day too. 
,At about 1300 GMT and 1430 GMT there occurred two solar flare 
effects which additionally caused marked increasings of the SAR. 
Beginning at the time of sunset in Berlin, a decreasing of the 
GDD occurs until 2000 G~T,whereupon the GDD of sequence 119 re
mains at about 175 psec i.e. somewhat lower than the night before. 
On the corresponding SAR-plot, a similar decreasing is shown at 
the same time. In contrast to the SAR behaviour of this source 
during the night before, the siR remains during the night 45/46 

at a rather constant level of about 3 dB. 
It may be stated that the diurnal variation of the GDD caused by 
this storm activity shows a good accordance to theoretical cal-
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culations 8 • Furthermore, the day/night ratio of the GDD of 
1.45 corresponds to the square& d.ay/night ratio of the assumed 
reflection heights of the ionosphere ( 85 km/ 70 km ) 2 • 
Generally, one would expect xhat the GDD remains at a constant 
level for a longer time during daylight. In fact, this is not 
the case due to the short duration of the daylight period during 
the winter and due to the circumstance that this long west-east 
propagation path is merely for a ~hort time on the whole under 
day-time conditions. 
The Berlin weather map of day 46 0600 GMT (Fig.9) shows the low 
pressure area mentioned above shifted further to the northeast. 
There are no lightning indications on the map in this area, prob
ably due to the wide-meshed meteorological observation station 
network. 
However, it is evident by the rates survey that the pulse rates 
of this storm complex received in Berlin are considerably lower 
during the night 45/46 compared to the rates of the night before. 
Accordingly, the rates received in Berlin during the day-time of 
day 46 became very low andin the evening the activity seems to 
be vanished. ( The short sequence 125 at about 2100 GMT might 
have caused by the storm complex mentioned above, although the 
location is somewhat more easterly on the Atlantic.) 
At the begin of the night 46/47, the interpretation of the GDD
measurements ( cl.sequ. 132,151 ) becomes somewhat difficult again. 
The high GDD values of the sequence 132 and the time of the de
crease of the GDD ( 2100 - 2300 GMT) point to a source which is 
more distant from Berlin than the Newfoundland region. On the 
.other hand, the GDD of the sequence 132 between 0000 - 0300 GMT 
and the subsequent sequence 151 point to a location at the New-

foundland region again. Fortunately, the Waldorf rate measurements 
enable us to solve the location problem. On these measurements, 
during 1700 - 2300 GMT a short activity is indicated southwestern 
of Waldorf, having a maximum at about 1900 GMT. Obviously, this 
activity becomes "visible" in Berlin when the propagation path 
gets more and more under night-time conditions. This activity 
is vanished at the begin of day 47 on the Waldorf record and 
therefore, the subsequent observations of the sequences 132 and 
151 indicate another source nearly in the same direction with 
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respect to Berli~. Thus, t~e sequence 132 leads to a location 
northern of Florida at day 46, where~s the rest of the sequence 
132 and the considerably long sequence 151 cause a location 
at day 47 nearly at the same region ( Newfoundland) as the day 
before. This source produced considerable pulse rates in Berlin 
up to 90 pulses/minute. The activity is continuedtillabout 
0900 GMT at day 48, showing very similar diurnal variations of the -- - ' 

GDD and SAR as the activity duting the deys 44 -46. The correspon-
ding weather maps of the day 47 and 48 ( Fig. 10 and 11 ) show 
a new low pressure ijystem at the Newfoundland area. 
However, the SAR-measurements of the nights 46/47 and 47/48 are 
rather inconstant and difficult to interprete. This may be due to 
the ionospheric conditions which were especially disturbed during 
the observation period or it ~ay be due to the complex storm situ
ation which shows more than one source in the propagation direction 
to Berlin. These other sources ( ol. sequ. 140,164,162,177) 
are located northern ot the Gulte of Mexico and have been indicated 
by the rates measured at Waldorf too. 

7.3. Comments on Location Surveys ~ and 4 ( Mediterranean, Amazonas 
:; ' 

Region 

7.3.1. The Activity at the Surroundings of the Mediterranean 
1 

During the observat~on period, rather low atmospherics rates were 
observed in Berlin co~ing from the Mediterranean region at every 
day except day 42. A discussio~ of the locations on the surveys 
will be given in connection ~ith the Mediterranean locations 
observed by the Toyokawa station. 

'7.3.2. The Activity at ~he
1
Amazonas Rrgion 

The main features of the observations of atmospherics coming 
f~om this region are: 
a) The activities are ot rather short duration, beginning at 

about 1900 GMT. 
b) The maximum of the rates occurs between 2000 - 2100 GMT. 
c) The rates com~ng from this region are rather low ( < 40/min) 

compared to the activity pf February 1971, where an average 
rate > 100/min waQ observed between 2000 - 2100 GMT (3) • 

d) Generally, the locations are situated at the mouth of the Ama

zonas. 
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A confirmation of the se locations would be possible by means of 

the results of the photographic r .ecords of the San Miguel station. 

Just at the day when these lines are written, the film arrived 

from San Ivligue l. A f irst review of this film generally confirmed 

the locations by means of the bearings. More detailed results 

are tobe expected when the film has been data processed. 

7.4. Location Surveys 5 and 6 ( Western Africa, Central America) 

7.4.1. The Activity at Western Afr~ca 

It ma~ be stated that at every day of the observation period 

lightning activity was observed at the surroundings of the Gulfe 

of Guinea. The begin of the corresponding atmospherics activity 

was observed in Berlin at about 1700 GMT. 

Generally, the activity is vanished at about 0000 GMT with the 

exception of the night 46/47, where the activity lasted until 

0900 GMT and showed rates up to 50 pulses/minute (cl.sequ.138,121). 

For the rest, the rates connected with the activity at this region 

are rather low. 

Because of the short duration of the activities it is difficult 

to determine the diurnal variation of the GDD and of the SAR by 

means of these observations. However, in the case of the lang last

ing activity of the night 4 6/47 there are some hints that the 

GDD and the SAR are increasing during night-time in contrast to 

the behaviour predicted by the simple one-mode propagation model. 

This azimuthal dependent effect becomes somewhat clearer visible 

on the Location Surveys 9 and 10 where the activity at Indonesia 

is shown with respect to the Toyokawa station. 

·7.4.2. The Activity at Central America 

The activity at Central America was located mainly at the sur

roundings of the Gulfe of Panama. It may be considered that at 

every day of the observation period lightning activity occurred 

at this region. ( The lacking activity at day 41 is probably 

due to covering of the respective part of the azimuth by nearer 

sources. See section 7.2.1. ) 

Generally, the begin of the activity at Central America was ob

served in Berlin at about 2200 GMT. The duration of the sequences 

is rather different but in general langer than those connected 
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with the Amazonas region. During the night-time, the GDD seems 
tobe at a rather constant level. 
The first review of the corresponding film recorded at San Miguel 
leads to the result that the activity at the Gulfe of Panama 
seems tobe "visible" to the San Miguel station too. 

8. Results of GDD- and SAR-Measurements at Toyokawa 

8.1. Comments on Location Surveys 7 and 8 ( Western and Eastern 
1 

Sources with Respect to Toyokawa) 

8.1.1. Same Activities Near to Toyokawa between the Days 42 and 46 

Begi~ing at about 2200 GMT at day 42 a sequence (30) is observed 
easterly of Toyokawa which points to a storm activity rather near 
to the station. At the day 44, the occurrence of negative SAR 
values hints to sources being very near ( a few hundred kilome
ters) to Toyokawa, whereas at the next two days two rather near 
sources were observed easterly and westerly of Toyokawa. 

8.1.2. Activity at Eguatorial Africa 

At three of the six days of the observation period, short sequen
ces (23,81,120+126) were observed with very high GDDvalues. The 
corresponding locations are situated at Equatorial Africa accor
ding to path-length of about 12.000 km. 

8.1.3. An Activity at the Indus Region during the Days 42 - 44 

Beginning at day 42, 1100 GMT a sequence (19, continued by 26) 
is observed which leads to a location at the Indus region. This 
activity vanished at the turn of the days 42/43 probably due to 
the increasing propagation attenuation during the . daylight period. 
At about 0900 GMT at day 43, the activity revives to considerable 
strength and endures until 0400 GMT at day 44. The GDD curve of 
these sequences (40,47,68,61) shows some hints on a normally 

shaped diurnal variation with higher GDD values under day-time 
condi tions. · 
It may be assumed that this source has caused the only easterly 
sequences 46/50 received in Berlin. Fig.12 shows a comparison 
between the results of locating by means of cross-bearing and 
by means of GDD. It may be stated that the point of intersection 
of the two bearings is nearly the same as the GDD location from 
the Toyokawa station, whereas the GDD location from Berlin comes 
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out considerably distant from the intersection point. This is 
another hint to the fact that the GDD locations are dubious in 
the case of east-west propagation during night-time. 
It is very interesting to see that this easterly source could 
be received in Berlin at a distance of about 6.000 km although 
the propagation attenuation in this direction is expected tobe 
high due to the presence of the terrestrial magnetic field. 
This may be caused by a very activ:_e source or by exceptional pro
pagation conditions. Therefore, it ,. is obvious that the "receiving 
range" of the Atmospherics Analyser is a function of the azimuthal 
an~ diurnal dependent propagation conditions and of the features 
of the sources, and it will be rather difficult to characterize 
the "receiving range" by one or two simple figures. 
At 14.20 GMT at day 43 a solar flare effect occurred which seems 
to have an influence on the SAR values measured at Toyokawa. The 
SAR curve of cl. sequ. 68 shows a clear long lasting increase 
although the whole propagation path Indus - Toyokawa was under 
night-time conditions. It may be that the rather uneven shape of 
the GDD curve during this night is likewise caused by disturbed 
ionospheric conditions. 

8.1.4. The Activity at the Mediterranean 

The Bearing Surveys 1 and 2 of the Toyokawa results show at every 
day of the observation period with the exception of day 42 rather 
long lasting sources northwesterly of Toyokawa. 
These sources have a high GDD which leads to locations at the 
surroundings of the Mediterranean. 
A review of the Berlin Bearing and Rates Surveys 1 and 2 gives 
·evidence of the fact that the Berlin station received atmosherics 
coming from sources southern and southeastern from Berlin at the 
same time as the northwestern sources occurred at Toyokawa. These 
sources were located by means of the Berlin GDD measurements at 
the Mediterranean too. ( See Location Surveys 3 and 4.) 
Likewise, in the case of the only day ( 42 ), where Berlin merely 
saw negligible activity at the Mediterranean, the Toyokawa station 
received nothing at all coming from northwestern directions. 
In order to visualize the "visibility" of these sources by both 
the stations, Fig. 13 - 17 show comparisons between the results 
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of cross bearing and of GDD locations for these cases. 
Generally, the GDD locations from. Toyokawa show a very good con
formity with the results of cross bearing. The appearing low 
deviations lead to distances which are a little bit too low. 
It is interesting to see that the locating in westerly directions 
seems to work convincingly in both the propagation conditions, 
land and sea paths. ( See section 7.2.3.). 
On the Fig. 13 - 17, the GDD locations from Berlin look quite 

\ 

reasonable although the reading ol, the GDD sequences is somewhat 
difficult due to the unknown diurnal variation in the southern 
and southeastern directions. An exact determination of the diurnal 
variation by means of these sources is hardly possible because of 
the fact that mostly there were several sources in this region 
at the same time. However, the weather maps of the days 41 - 48 
show that the storm activity at this region is connected with 
low pressure systems which traveled in west-east directions along 
this region. There are several confirmations of lightning activity 
on the weather maps and on the respective weather reports. The 
ESSA 8 cloud photos containing the Berlin storm locations are 
shown by Fig. 3, 5, 18 - 20, respectively. Finally, it should be 
remarked that in case of solar flare effects several interruptions 
of the sequences were observed. 

8.2. Comments on Location Surveys 9 and 10 ( Indonesia) 

The activity at the Indonesia region is the main activity at 
Toyokawa during this interval, and because of the embarrassing 
number of different sources it is very difficult to get a review 
of the behaviour of single sources. Thus, it is not possible to -- --'derive an exact shape of the diurnal variation of GDD and SAR 
from these plots. However, if one considers all these sources as 
one source complex, the diurnal variation of GDD shows some dif
ferences compared with the shape which is predicted by the simple 
one-mode propagation theory. The main differences occur during 
the night-time period, where the GDD generally is increasing from 

about 220 ,.usec up to 350 ,.usec. At the time of sunrise, the GDD 
decreases again to a level which is about the level during sunset. 
Therefore, the locations shown on the surveys were carried out 
for the period short after sunset, where the GDD shows a rather 
constant level. 
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9. Remarks on the Accuracy of Distance Determination 

It is of course an important matter of interest to getan idea 
of the accurcy which is attainable by means of the GDD locating 
technique. 0bviously, it is not suitable to characterize the 
precision of distance determination by some percentages because 
the GDD and its reading depend on several conditions. 
Firstly, the reading of the cente~ of GDD of the different clusters 
on the photos becomes somewhat precarious in the case of very 
weak or very strong density of light dots. Clusters with weak 
density ( K3 = 0) consist of a few dots and therefore, a "cluster 
center" is hardly to define. In the case of streng density of 
light dots, the clusters become overconcentrated on the photo, and 
their center is not readable with high precision. 
For the latter case, a digitizing of the output voltages of the 
Atmospherics Analyser with an on-line data storing on magnetic 
tape as developed by R.V. Anderson for the Waldorf station will 
be a valuable improvement and will certainly lead to more precise 
readings by means of Gauss fitting techniques. 
Secondly, variations of the GDD are tobe expected due to fluctu
ations of ionospheric parameters, especially during this observa
tion period, where a strong solar flare activity occurred. 
Likewise, the variation of the straying of the GDD may be caused 
by variations of ionospheric conditions. 
Thirdly, it may be that some still u.nknown features of the sources 
have influence on the GDD and on the straying of the GDD. 
Nevertheless, it may be stated that in the case of west-east pro
pagation the GDD curves look rather even, although the reading of 
·the photos was a "reading at the first sight" and was carried 
out by a person which is no expert on the field of atmospherics. 
In these cases, one can say that the average value of the GDD 
values of a few hours can be read with an accuracy of about 
! 10 psec i.e. ~ 300 km. 
It may be that an automatic determination of the GDD by means of 
digitizing devices and some refinements of the propagation models 
will lead to some improvements of the accuracy of the distance 
determination. 
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10. Conclusions 

The first results of the X 4 program of our network presented by 
this report show that this kind of intensified observations is 
very valuable for both, single source investigation and monitoring 
the global storm activity. The remaining data processing of the 
San Miguel film and of the atmospherics rates measured at Waldorf, 
Toyokawa and San Miguel will be carried on in order to present the 
data of this period as complete as possible. 

' 
It may be expected that intensive studies of the amount of data 
obtained during this period will produce interesting results on 
different fields. 
The results of the comments given by the preceding sections may 
be summarized as follows: 
a) The bearings of the single sources were of remarkable constancy 

and showed no considerable influence of sunrise or sunset 
effects. 

b) The GDD-behaviour in the case of west-east propagation shows 
a detailed conformity with the simple one-mode propagation 
theory and enables us to determinesource distances with an 
accuracy of about: 300 km. There have been found no consider
able deviations between land and sea path conditions. 

c) The ~DD-behaviour of other propagation directions seems to 
show some deviations from the expected behaviour in the case 
of night-time propagation which remain tobe explained in the 
future, perhaps on the occasion of another intensification 
period. 

d) The S.AR values show considerable deviations from the one-mode 
propagatioh theory as given by (8). Further, the S.AR curves 
often look rather uneven maybe due to the strong solar flare 
activity during the observation period. 

e) It is rather difficult to give some reliable statements on the 
global storm activity because it is not possible to control all 
regions of the globe by the four stations of our network. 
However, the activity at day 42 (11.2.1972) seems to have been 
lower than the activity of the other days of the observation 
period. ( See Location Surveys 1 - 10.) 

d) The results of comparisons between coinciding information de-
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rived from weather maps or satellite cloud photos and our 
GDD storm locations look quite. convincing at least for ourselves 
as non-experts in meteorology. 
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Fig.1 : Weather Map with GDD Storm Locations, Day 41 

Telefon OS11 (Berlin) 
Versand 76 90 788 
Wetterdienst 76 90 727 

8 32 85 18/19 
Fernschreiber 018 3188 

21--41 

Berliner Wetterkarte 
Amtsblatt des Instituts für Meteorologie 

Zentraleinrichtung 2 der Freien Universität Berlin 
1000 Berlin 33 ( Dahlem) . Podbielskiallee 62 

Postscheckkonto Berlin · West 22 808. Kasse der freien Universität 

IA 20146 Al 
Erscheint täglich 

Bezugspreis.S.-DM monatl. 
zuzügl. Postzustellgebühr 

Donnerstag, 10.2.1972 



16GMT 

ESSA 8, APT - Aufnanm 

1Q.~.1972 AuflageAund B 

Augrlchtung, Nord-Süd 

Mittler• Aughöhe, 1460 km 
Aufnahmeintervall, 352 Sekunden 

Das europäische Wetterbild 
für Meteorol~e der Freien Universität B«lin 
Meteorologische Satellitl!Oforschung 

Fig.2 : SateUite Cloud Photo with GDD Storm Locations, Oay 41 · 

Umlollf ,1.1.S7 ~ : 0'3 : 0\ ME'Z 
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Jtig.3 : Weather Map with G.DD Storm Locations, Day 4-2 

Telefon 0511 (Berlin) 
Versand 76 90 788 
Wetterdienst 76 90 727 

8 32 85 18/19 
Fernschreiber 018 3188 

21--42 

Berliner Wetterkarte 
Amtsblatt des Instituts für Meteorologie 

Zentraleinrichtung 2 der Freien Universität Berlin 
1000 Berlin 33 ( Oahlem) . Podbielskiallee 62 

Postscheckkonto Berlin -West 22 808. Kasse der freien ·Universität 

IA 20 146 Al 
Erscheint täglich 

Bezugspreis s.-DM monatl. 
zuzügl. Postzustellgebühr 

Freitag, 1,1 .2.1972 
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ESSA 8: APT - Aufnahmen 

11. 2. 1972 
Flugrichtung , Nord -süd 

Mittlere Flughöhe, 1460 km 
Aufnahmeintervall, 352 Sekunden 

Das europäische Wetterbild 
Institut für Meteore .ogie der Freien Universität Berlin 

Meteorologische Satellitenforschung 

Umlauf \t.t.70 (2)- 08 : S4 : \\ 

Umlauf 14471 ( 2J- 10: 48: 43 MEZ 

Fig.4 Satellite Cloud Photo with G DD Storm Locations, Day 42 



Fig.5 

Telefon 0511 (Berlin) 
Versand 76 90 788 
Wetterdienst 76 90 727 

8 32 85 18/19 
Fernschreiber 018 3188 

21-43 

Weather Map with GDD Storm Locations, Day 43 

Berliner Wetterkarte 
Amtsblatt des Instituts für Meteorologie 

Zentraleinrichtung 2 der Freien Universität Berlin 
1000 Berlin 33 ( Oahlem) . Podbielskiallee 62 

Postscheckkonto Berlin · West 22 808 . Kasse der Freien ·Universität 

IA 20 146 Al 
Erscheint täglich 

Bezugspreis 5. · DM monatl. 
zuzügl. Postzustellgebühr 

Sonnabend, 12.2.1972 



Fig.6: Weather Map with GDD Storm Locations, Day 44 

Telefon 0511 (Berlin) 
Versand 76 90 788 
Wetterdienst 76 90 7 27 

8 32 85 18/19 
Fernschreiber 018 3188 

21-44 

Berliner Wetterkarte 
Amtsblatt des Instituts für Meteorologie 

Zentraleinrichtung 2 der Freien Universität Berlin 
1 000 Berlin 33 ( Dahlem) , Podbielsk iallee 62 

Postscheckkonto Berlin · West 22 808 , Kasse der Freien Universität 

IA 20 146 Al 
Erscheint täglich 

Bezugspreis 5. - DM monatl. 
zuzügl. Postzustellgebühr 

Sonntag, 13.2.1972 



Fig.7 Weather Map with GDD Storm Locations, Day 45 

Telefon 0511 (Berlin) 
Versand 76 90 788 
Wetterdienst 76 90 727 

8 32 85 18/19 
Fernschreiber 018 3188 

21 ◄5 

Berliner Wetterkarte 
Amtsblatt des Instituts für Meteorologie 

Zentraleinrichtung 2 der Freien Universität Berlin 
1 000 Berlin 33 ( Dahlem ) . Podbielskiallee 62 

Postscheckkonto Berlin -West 22 808 , Kasse der Freien Universität 

Höhenwetterkarte 'für 500 mb und 
24stdg. Bod.endruck~nderung (OWD) von 1 U 

IA 20 146 Al 
Erscheint täglich 

BezugspreisS.-DM monatl. 
zuzügl. Postzustellgebühr 

Montag, 14.2.1972 
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Fig. 8 : Boundary bctwccn Day and Night, 14.2.1972, 0000 GMT 



Fig . 9: Weather Map with GDD St orm Locations, Day 46 

Telefon 0S11 (Berlin) 
Versend 76 90 788 
Wetterdienst 76 90 7 27 

8 32 85 18/19 
Fernschreiber 018 3188 

21-46 

Berliner Wetterkarte 
Amtsblatt des Instituts für Meteorologie 

Zentraleinrichtung 2 der Freien Universität Berlin 
1000 Berlin 33 ( Dahlem) , Podbielskiallee 62 

Postscheckkonto Berlin-West 22 808 , Kasse der Freien Universität 

IA 20 146 Al 
Erscheint täglich 

Bezugspreis 5. • DM monetl. 
zuzügl. Postzustellgebühr 

Dienstag, 15,2.1972 



Fig.10: Weather Map with GDD Storm Locations , Day 47 

Telefon OS11 (Berlin) 
Verund 76 90 788 
Wetterdienst 76 90 727 

8 32 85 18/19 
Fernschreiber 018 3188 

21-47 

Berliner Wetterkarte 
Amtsblatt des Instituts für Meteorologie 

Zentraleinrichtung 2 der Freien Universität Berlin 
1000 Berlin 33 ( Dahlem) . Podbielskiallee 62 

Postscheckkonto Berlin- West 22 808 , Kasse der Freien -Universität 

IA 20 146 Al 
Erscheint täglich 

Bezugspreis S. - DM mon11tl. 
zuzügl. Postzustellgebühr 

Mittwoch, 16.2.1972 



Fig. 11 : Weather Map with GDD Storm Locations , Day i.Hj 

Telefon 0511 (Berlin) 
Versand 76 90 788 
Wetterdienst 76 90 727 

8 32 85 18/19 
Fernschreiber 018 3188 

21--48 

Berliner Wetterkarte 
Amtsblatt des Instituts für Meteorologie 

Zentraleinrichtung 2 der Freien Universität Berlin 
1000 Berlin 33 ( Dahlem), Podbielskiallee 62 

Postscheckkonto Berlin -West 22 808 , Kasse der Freien ·Universität 

IA 20 146 Al 
Erscheint täglich 

Bezugspreis 5. • DM monatl. 
zuzügl. Postzustellgebühr 

Donnerstag, 17. 2. 1972 
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Fig.12 : Cross Bearing and GDD Locations, 12.2.1972, about 1430 GMT 
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Fig. 14 : Cross Bearing and GDD Locations, 12.2.1972, about 1900 GMT 
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Fig.16 : Cross Bearing and GDD Locations, ~4, 2. 1972, about 2000 GMT 



80 . -~ ·-J..- 80 

''l' 
1 1 1 ,- ~ ;> 
1 - "--- .,,_"'t::'. 

1 - - . 

lO 1 l 1 ! 1) .,".r · /Y I 1--1 ~ 1 1 l~I 1 
1 40 1 

20 1 l~ !O : 
. i 

' 1 1/ 1 /1 \ l \j ~ j"),,_ 1 ~ r- 1 1 1 - ·k20 1 

0 0 

. 20·-. · ,. 20 ·. 

lO 40 

60 " 60 
610 __ 12R _ JP 1 _,_ - 2·0 

- - 1 - - - ~ - - - J81Q_J§Q __ 1410 __ 

Fig.17 : Cross Bearing and GDD Locations. 15.2.1972. about· 1800 GMT 



v-,,,. 
o<-, 

/" 
"6>.s 

r,,/ 
' 

u 'nlo11 f ,, 

'-s<-r <), 
. '' . 8, APT - Aufnahmen · 3s : ~7 ESSA 

12.2.1972 Auflage A und B 

Flugrichtung , Nord-Süd 
Mittlere Flughöhe, 1460 km 
Aufnahmeintervall , 352 Sekunden 

Das europäische Wetterbild 
Institut für Meteorologie der Freien Universität Berlin 

Meteorologische Satellitenforschung 

,.,~~ 

Fig.18 : Satellite Cloud Photo with GDD Storm Locations, Day 43 
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Das europäische Wetterbild 
Inst i tut für Meteorologie der Freien Universität Ber lin 

Meteorologische Satell iten forschung 
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ESSA 8: APT - Aufnahmen 

13. 2. 1972 Auflage A und B 

Flugrichtung , Nord ----süd 
Mittlere Flughöhe, 1460 km 
Aufnahmeintervall , 352 Sekunden 

Umlauf 14496 ( 2 J - 10 : 36 : 06 MEZ 

Fig.19 : Satellite Cloud Photo with GDD Storm Locations, Day 44 
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Fig. 20 : Satellite Cloud Photo with GD D Storm LocationsJ Day 45 
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Appendix: Fresentation of the Assorting Frograms 

In section 2., a short description was given of the characterizing 
the contents of the photographic records by reading the data of 
cluster centers by means of the Fencil Follower. These data were 
stored on punched cards and after that.the atmospherics parameters 
were calculated by means of a program which considers scale factors 
and the calibration points on the .photos. A special subroutine of 
this :orogram is called TWIN. This '. subroutine matches the cluster 

' 
data of a GDD record and those of the subse quent SAR record. 
These matched data are the input data of a further program called 
STORY which assorts the data to form growing sequences. Within this 
program, six subroutines are used called QUART, PSITOL, CALCQ, I'iiEAN, 
CHANGE, and DECIDE. 
At the first call of the subroutine QUART two sets of input data 
are matched in a very similar kind as the program TWIN matches the 
GDD and SAR cluster data. In doing so, it is possible that one and 
the same data set is fitted to more than one 1~UART set due to the 
experience that it is impossible to decide "at the first sight" 
which of the available data are the best fitting ones. 
The subroutines PSITOL and CALCQ within the subroutine QUART con
trol this matching function by considering the bearings and the 
key numbers K1 , K2 , and K

3
• To improve this function, these subrou

tines are changing the conditions for the fitting due to the fact 
that the matching of clusters with very weak or very strong densi
ties of dots or with high straying of the bearing needs higher 
tolerances. 
The subroutine MEAN is used to calculate mean values of the data 
·of the last six records which are already assorted to the end of 
the . growing sequences and of the new data set which is tobe assor
ted. These mean values are used by the subroutine QUART called 
for the second time for the matching so that interruptions of the 
sequences due to random straying of single data are avoided. 
The subroutine CHANGE is used to inhibit that one set of data con
tinues more than one sequence for the case that the mean values of 
more than one sequence are fi tting to this data set. 
Finally, the subroutine DECIDE controls the begin of new sequences 
so that data sets without corresponding data on the next records 



- II~ 

are prevented to start a new sequence. 
In the case that a sequence is not continued by matched data for 
more than one hour, the data of the whole sequence are printed by 
the line printer in a t~ble with up to three columns in a way as 
shown by Table 2. 
On the following pages, lists of the statements of the afore-men
tioned programs are giv~n. 



1 SUBReUTJ~E TWIN CIDG1,1,n2,IJSl,IDS2,I DAGl, IDAG2,!)ASl,?DAS?., 
2 1IAl,,.ARMJ 
3 C TWIN 6RDNET SAR.HERDE GDD.HERDEN z~. 
4 DI"1ENS18N IDG1 C8J I IDG2 CSJ, I~S1 C8J, !D52 C8J 
5 Dl~ENS?8N IDAG1C8J,IDAG2C8),IDAS1C8J,I DA S2C8J 
6 DI~ENSI6N KNZC8J,MZC8] 
7 NDlF' • 0 
8 NR ~ECK a 0 
9 NRUCK, 0 

10 D6 1 , N • 118 
11 1 KNZCNJ,0 
12 N•O 
13 10 N•"J+l 
14 IF CN 11 8) 11,11,40 
15 11 IF' CIDG1CNJ+1J 12,35,12 
16 12 IFCIDG2CNl/1000•999J 13,36,13 
17 13 IF CJDG2CNJ/1000•0J 1~,36,1'+ 
18 1'+ K3G • IDG2(Nl/1000•CIDG2CNJ/10000]•10 
19 IF'tK3G • 9] 15,36,15 
20 15 KZ~AX•O 
21 ITRMAX,0 
22 M•O 
23 20 M~M+l 
24 IF CM•8J 21,21126 
25 21 IGl • IDG1CNJ 
26 t G2 • I DG2 CNJ 
21 JS1 ! IDS1C~J 
28 IS2 " l0S2 CMl 
29 CA~L PSIT6~ CIG1,IG2,IS1,IS2,KPSIJ 
30 IF' cKPSI•ll 20,22,20 
31 22 CA~L KCALC CIG1,IG2,IS1,IS2,KRJ 
32 I~ (KR•KZMAXJ 20,20,23 
33 23 KZ~AX • KR 
34 ITRMAX • M 
35 Gere 20 
36 35 ND?F • NDIF + 1 
37 36 IDAGlCNJ • 0 
38 IDAG2 CNJ • !DG2 CN) • CIDG2 CNJ /1000] *10 00 
39 Gere 10 
40 26 IF' CKZMAX+OJ 27128,27 
'+l 27 IDAGlCNJ • IDG1CN) 
42 tDAG2 CNJ • IDG2 CN) 
'+3 IDASlCNJ , !DS1CITRMAXJ 
'+4 IDAS2CNJ • IDS2CITRMAX) 
'+5 GB T8 29 
46 28 I DAGlCN) • IDGlCN) 
'+? IDAG2CN) • IDG2CNJ 
'+8 IDASl(NJ • 0 
49 I DAS2(N) • TDS2CNJ~cros2cNJ/1000J•l0 00 
50 \JRJE CK • NRUECK + 1 
51 2 9 KNZCN J • ITRMAX 
52 G8T 9 10 
53 511 N~U CK • NRUCK + 1 
54 I ~ (NRUECK • NRUCK) 51,~9,59 
55 51 IDASl [MJ • 0 
56 IDA S2 c-~J • tCS2 Cl'-'J • CI1G2 c~J /l000J •l0 'J0 
57 GBT e 59 
ss '+O oe 41 , ~ • 1,B 
59 41 MZC\J) • J 



60 N • 0 
61 42 N • N+l 
62 IF CN•8J 43,43,SO 
63 '+3 K • 0 
64 '+'+ K • K+1 
65 JF" CK • 8l 45,45,'+2 
66 45 I F (KNZ CNJ " KJ 44,461 44 
67 46 MZ CKJ • 1 
68 Gere 42 
69 50 IA~ARM • 0 
70 NREST ~ 0 
71 M 111 0 
72 59 M ~ M + l 
73 IF (M • 8J 52,52, 100 
7'+ 52 IF CIDS1 CMl + 1J 53,511,53 
75 53 ?F (IDS2(MJ/1000 • 999J 54,512,54 
76 512 De 513 MUI< • 1,8 
77 IDASlCMUKJ • 0 
78 513 IDAS2 CMUKl • IDS2 CMUKl „ CIDS2 CMUKJ /1000) •1000 
79 Gere 59 
80 54 IF CIDS2CMJ/1000+0J 55,51,55 
81 55 K3S ~ IDS2(Ml/1000" ClDS2(MJ/10000J•lO 
82 IF CK3S ~ 9J 56,51156 
83 56 I~CMZCMJ ♦ Ol 59,57159 
84 57 NMAX • 8 • NOIF+NREST 
85 1~ CNMAX • 8J 58,99,99 
86 58 IOAGl(NMAX+ll • 0 
87 l0AG2 CNMAX + lJ 111 1DG2 CMJ • CIDG2 CMJ /1000) •1000 
88 lDAS1 (NMAX ♦ lJ • IDSl CMJ 
89 lDAS2 CNMAX+ll • IDS~CMJ 
90 NREST • NREST+l 
91 IDS1CNMAX+1) • 1 
92 IDS2(NMAX+1J • 10000 
93 MZ CNMAX+lJ • 1 
9'+ Gere 59 
95 99 IA~ARM • 1 
96 100 RETURN 
97 END 

,GRAM Al,.LBCATIB~ 

>UMMY IDG1 DUMMY IDG2 C'UMMY 10s1 DUMMY IDS2 
)U"1MY IDAG1 DUMMY IDAG2 DUMMY IDAS1 DUMMY IDAS2 
)0026 KNZ 00036 MZ 00046 NDIF 00047 NRUECi< 
)0050 NRUCK 00051 N 00052 K3G 00053 KZ"1AX 
)005'+ ITRMAX 00055 M 00056 IGl 00057 IG2 
)0060 1s1 00061 1S2 00062 KPSI 00063 KR 
)0064 1( DUMMY IALARM 00065 NREST 00066 MUI( 
)006? K3S 00010 N~AX 00071 rwlN 

~PR6GRAMS RECUIRED 

1S I TBL KCALC 
: END 



1 JBB HEYDT, RAUPACH 
, ,JOB HEYDT, RAUPACH 
,ASSIGN S3!DF'1Y,SJ•CR, 
,REWINO BB • 
F'6RTRAN B9, ~9• 

H~J TEL~Ff.~ 2~32, 3895 
HHJ TELF.FS~ 2~32, 3895 

BO•DF"1Y, LB•LPlV,~J•~FlY, 

t 1 1 t 

• • • • 

1 c-----------------------HAJPTPR9G~A~M STe~v--~-----------------------
2 c--•--seqrJERE~ veN HER~~ATE~ ~AC~ ZEITVERLAUF' DER DATE~ EINZEL~ER HE~ 
3 TYPE 3999 
'+ 3999 FBRMAT ($ BITTE L6CHSTREIF'E~ I~ PP 8EREITSTELLLN $) 

5 PAUSE 
6 DIMENSIBN 
7 DI~ENSISN 
8 DI~ENSieN 
9 DIMENSI~N 

10 DJMENSI9N 
11 DIMENSISN 
12 DIMENSISN 
13 DIMENSISN 
1'+ C•••••NULLSETZEN 
15 lSTBP ! 0 
16 N~ESS • 0 
17 ISUAL • 0 
18 NRST6R • 0 

~FUC1SJ,~GAG(1SJ,~E\JD(1SJ,NASTB~C15J,IN1(15,150] 
JN2C15,150J,IG1VC1SJ,IG2VC15J,IS1VC15J,IS2VCt5J 
JG1 C15J, IG2 C15J, ISl C15J, JS2 ClSJ, JGQ1 V ClSJ, IGQ2V C15J · 
JSQlV (15J, ISQ2V (15), IGQ1 (15J, IGQ2 Cl~), ISQl ClSJ 
I SQ2 t 15) 1 l(t\l(;Z C15 l, P1G 1 Cl 5J, J ~G2 ( 15J , I MS l Cl 5 J , I MS2 C 15l 
IMSG1[15l,JMSG2C15J,JMSS1C15J,IMSS2[15J,KDBC15J 
irn t15), IQ2[15), IQ3 (loJ, J)4 (15J, JCJS (15], IQ6 (lSJ 
IQ7(15J1IQS(15],KNSZC15J,IKNSZC15l 
DER RECHENSPEICHER U, DATENSPEICHER••·•·•••·•~-•-•••• 

19 D~ 11 N • 1115 
20 NFU (NJ , 6 
21 NGAG [NJ • 0 
22 NE"JD CN) • 0 
23 1 NASTBR(NJ ~ 0 
24 C9NTINUE 
25 DB 31 N • 1115 
26 o~ 2, M • 1,1so 
27 lN1 CN,M) • 0 
28 · 2 IN2CN,Ml • 0 
29 3 C9NTINUE 
30 C••··• EINLESE"J ENDTERMIN ~ TAG•lOO + TERMIN~R,-•~•···•••••··••••••~••• 
31 READ4, JEND 
32 4 F6~MATCI~l . 
33 C••••• EINLESEN DER DATEN VßM LBCHSTREIFEN ALS F( NR,HR )•••••••••••••• 
34 10 ACCEPT TAPE 11, 111 12 
35 11 F6RMATC2I6J 
36 C••••· ABFRAGE~ AUF ZEITS[RIE --•••••·•••·••·•••··•••··••·•··•••••••••• 
37 IFCll/1000 • 999) 20, 900• 20 
38 900 NR• 12/100000 
39 MR, !2/1000 ~ NR*100 
40 KD = 12 • CI2/1000J•1000 ~ 500 
41 MHX • 11 • (11/lOOOJ•lJOO 
~2 M • 0 
43 N ~ 0 
44 ITERM ~ MHX/10 
45 C•·•••AUSGABE DER IM SPEICHER VERB~IEBENEN STBRIES••·•••••••••••••••••• 
46 IF' CKD•lOO + I TERM • IENDJ 10, 9000, 10 
47 9000 NSTAR • 0 
48 ISTBP • 1 
49 9010 NSTBR • NST~R + 1 
SO IF'CNSTeR • 15J 9011, 9011, 910 
51 9011 IFCNGAG(\JST~RJ • 1) 3010, 9012, 9010 
52 9012 GBTA 44 
53 910 PRJ\JT 911, JSUAL 
54 911 Fe~~AT (ll ANZAHL JE~ UEßf~SCHREITUNGEN ~EI SUB• QUAQTl,2••113) 



55 G0TB 999 
56 C•• ••• Z~ISCHE~SP EICHERN CER DATEN FUER OUART-••••••••••••••••••••••••• 
57 20 IF CNMESS • 0 J 26, 21, 26 
58 2 1 IF" (N • NR ) 2 2, 24, 24 
59 22 N ~ N + 1 
60 IGlVCNJ = Il 
61 IG2V(NJ :a 12 
62 Gere 10 
63 2 4 M: M + l 
64+ IS1VCMJ ~ 11 
65 IS2V(M) :a 12 
66 IF CM „ MR ) 10, 25, 25 
67 2 5 NMESS = l 
68 KDV • KD 
69 N • 0 
70 M = 0 
71 G9TB 10 
72 26 IF(N • NR ] 27, 29, 29 
73 2 7 N ~ N + 1 
74 ISl (NJ "' Il 
75 I G2 CNJ :; I 2 
76 G9T8 lÖ 
77 29 M ~ M + 1 
78 lSl(MJ !J I 1 
79 IS2CMJ ~ I 2 
ao lFCM • MR] 10, 30, 30 
81 30 NMESS ! 0 
82 M ~ 0 
83 N :a 0 
84 C-••• • QUART BRDNE T DIE TWINeDATEN EINANDER ZU--~~~---·•··•••••••••~---• 
85 CAL~ QUART CIGlV,IG2v,rs1v,1s2v,IG1,IG2,IS1,IS2,IGQlV,IGQ2V, 
86 1ISQ1V,ISQ2V,IGQ1,IGG2,ISQ1,ISQ2,IALARM,KNQZJ 
87 D8 725 , N = 1, 15 
88 IG1VCNJ :11 0 
89 I G2V CN) • 0 
90 IS1VCN) :a 0 
91 I S2V(NJ = 0 
92 IG1(NJ • 0 
93 I G2 (N) • 0 
94 ISltN) • 0 
95 725 I S2 CNJ • 0 
96 Na; 0 
97 ISUAL, I SUAL + IALARM 
98 C•••• • DURCHSCHN ITTSDATEN AUS QUARTDATEN BILDEN--~~---•••••••••••••••••• 
99 NHDD s O 

100 40 NHDD • NH DO + 1 
101 C•••• • BEREITSTE LLEN DER tINGANGSDATE~ FUER MEAN••••·••••••••••••••••••• 
102 NGVVl , 0 
103 N1VV2 • 0 
104 NSVV1 ~ 0 
105 NSVV2 :a O 
106 NGVl • !GQ lV( NHDD) 
107 "JGV2 • IGC2 VCNHDDJ 
108 NSVl • !SQl VC NHDDJ 
109 NSV2 ~ !SQ2V(N HODJ 
110 ~Gl • IGQ l(NHDD) 
111 "JG2 • IG02 (NHDDJ 
112 "4S1 • ISQ l ( t\ HDDJ 
113 NS2 • I SQ? CN HDDJ 
114 CALL ~EAN(~G VVt,NGVV2,~SVV1,~SVV2,\GV1,NGY2,NSV1,~SV2,~G11NG2• 



115 1NS1,~S2,~ MG 1,NMG2,N~S1,NMS2) 
116 P-1G l (NHD D) • N!'1G1 
117 I MG2 (NHD D) • NMG2 
118 I"1S1 CNHD D) • NMS1 
119 l '1S2 CNHD D~ i= NMS2 
120 IF" (NH DD - 15) 40, 41, 41 
121 C••••• DURCH SCYN I TTSDATEN AUS ST8RYE~DEN BIL DEN•-••••••••·••••••••••••• 
122 ~1 NSTBR • 0 
123 42 NSTBR • ~STBR + 1 
124 NFUL ~ NF U(NST8RJ 
125 C•••-• BEREI TSTELLE N DER EINGANGSDATEN FUE R ~E AN••·•••••·•••••••••••••• 
126 M3VV1 ~ !N l(NSTSR, NFU~ w 5J 
127 MGVV2 = IN 2CNSTeR, NFUL • 5J 
128 MSVV1 & !N l(NSTBR, NFUL. 4] 
129 MSVV2 & IN 2(NSTeR, NFUL • 4~ 
130 MGVl = IN1( NSTBR, NFUL • 3] 
131 MGV2 ~ IN2CN STBR, NFUL • 3] 
132 MSV1 ; INlt NSTBR, NFUL • 2) 
133 ~sv2 ~ IN2 CNSTBR, NFUL ~ 2) 
134 M31 • IN lCNSTBR, NFUL • lJ 
135 MG2 • IN2 (NS TBR, NFU~ • lJ 
136 MSl F !Nl(NS TBR, NFULJ 
137 MS2 • I~ 2CN STBR, NFU~J 
138 CAL~ ME ANCM GVV11MGVV2,MSVV1,MSVV2, MGV1,MG V21MSVl1MSV2,MG1,~G2, 
139 1MS1,MS2,MM G1 jMMG2,MMS11MMS2J 
140 I~SG1C NSTßR) ~ MMG1 
141 I~SG2CNST8R J a MMG2 
142 IMSS1CNS TORJ ~ MMSl 
143 IMSS2CNS TOR) • M~S2 
144 C•-•-•TEST, OB DIE LETZTEN SECHS IM STBR YBEREICH ABGEPEICHERTEN 
145 C•••- -HERDDATEN KE INEN INHALT HABEN. AUSGA BEKRITERIUM 1• •••-•••••••••• 
146 K~EAN • MM G211000 + MHS2/1000 
147 IF (KMEA \J • 0) 45, 43, 45 
1'+8 43 I F' (NGAG CN SieR) • Ol 44, 45, 44 
149 44 NRSTeR s NR ST8R ♦ 1 
150 NGAG CNSr eR ) • 0 
151 500 CßNTJNUE 
152 c---- ---------- ---- -•--AUSGABE DER DAT EN EINER STeRv----------------··· 
153 C----• DRUCKEN DE R UEBERSCHRIFT ••••••• •-•---• -•--•-•••-•••••••••••••• 
154 PRINT 501 
155 501 F8R MAT ($1$,4 X,SC~USTER SEQUENCIES ßF SPE CTRAL ATMBSPHE~ICS•PARAME 
156 1ERS, FIT TED WITH RESPECT re PSI,KKK ,GDD ANO SAR$J 
157 MHB = CIN2CNST8R,7) " (IN2CNST6R,7J/ 10 00 l•l000J/30 
158 IF' CMHB • OJ '+01, 401, 400 
159 401 MHB = CIN2 (NST8R,9J • CIN2(NST8R,9J/1 000) •1000)/30 
160 400 PRI NT 4000 
161 4000 FBR~AT C5X, $STATJBN: BERLIN• WAID MANNSLUST, 52•62 NBRTH, 13•13 E 
162 1ST$) 
163 c----- D!ESES Fe RMA T BEI ANDERER STATI8 N ALS WAIDM ANNSLUST AENDERN----~-
164 PRINT 5 021 NR STBR, KDBCNSTBR),MHB 
165 502 F8R~ATC5x ,tC~USTER SEQUENCY N8e:S,!3 ,$• TI ME eF BEGJ~: DAY$,I3, 
166 1$,1972,S,! 3, S GMTSl 
167 NF • ~F U(~S T8R) 
168 MHE ~ MH X/3 0 • 1 
169 IF(MHE • 1) 5030, 5031, 5031 
170 5030 MHE w 23 
171 5031 PqJNT 50 3, KDV, ~H(, ~ASTA~(NST8RJ 
172 503 F~~~AT (5X,t TIME Br END: DAYS,I3,$, 197 ? ,t,I3,S GMT, ceNTINVATlON 1 
173 lF CLUST ER SEQ • Nee:t,I3) 
17~ PRf ~T 5 04 



175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 

504 FBqMA T ($0$J 
PRINT 505 

505 FBRMAT CSX,$GMT PSI G~O SAR KKK$111X~$GMT PSI GDD SAR KKK$,1l 
1,$G~T PSI GDD SAR KKKSJ 

PRINT 506 
506 FBRMAT ($ $l 

C -----•--~•-•AUSDRUCKEN DER MESSWERTE IN DREI K~LUMNEN•••••••••••• 
IF"U :s NFU(NST8RJ 
JFCISTBP • Ol 9921 992, 998 

992 IFCIFU. 138J 993, 994, 994 
993 IFCIFU • 132J 9971 998, 998 
997 IFU ~ IFU • 4 

GBTe 998 
994 IFU = 138 
998 IF'CIFU - 50l 511, 511, 510 
511 NP= 0 
512 IPG1 ~ IN1tNST6R, NP• 7J/1000 

IPG2? IN1(NSTeR, NP+ 7) • CINl(NSTBR, NP+ 7J/1000J*1000 • 25C 
IPG3 = IN2CNSTBR, NP~ 7J /1000 

IFCIPG3 • 0l 5000, 5001, 5000 
5001 IPG2 = 0 
5000 IPS1 = INltNSTBR, NP+ 8)/1000 

IPS2 =tIN1(NST6R, NP+ 8] • CINlCNSTBR, NP+ 8J/1000J*1000 • 250J 
1*12/25 

IPS3 e IN2[NSTBR, NP+ 8]/1000 
IF'CIPS3 ~ Ol 5002, 5003, 5002 

5003 l PS2 :s 0 
5002 MHP ~ CIN2CNSTBR, NP• 7J ~ CIN2CNSTBR, NP+ 7l/1000J•1000J/30 

NHP = CIN2[NSTBR, NP+ 7J • CIN2CNSTBR, NP+ 7)/1000l*1000J/10 
!FCNHP • 0J 6009, 6050, 6010 

6050 IFCIPG3 • OJ 6009, 6009, 6010 
6009 GBTB 6016 
6010 NHP ~ NHP ~ C3*MHPJ 

IFCNHP ~ OJ 6016, 6011, 6012 
6011 MHZ~ 1 
6012 IFCNHP • 1J 5024, 6013, 6014 
6013 MHZ i 3 
6014 IFCNHP • 2) 5024, 6015, 6016 
6015 MHZ:; 5 

Gere so24 
6016 MHZ= 0 . 
5024 PRINT 513, MHP, MHZ, lPGl~ IPG2, IPG3 

513 FSRMAT (5X,I21$/$1I1,2x,13,1x,13,sx,I3) 
PRINT 514, lPS1, IPS2, IPS3 

514 FBRMAT C11X,13,~X,I3,1X,I3l 
NP ii NP+ 2 

515 lF'CNP „ (IF'U • 6JJ 512, 516, 516 . 
C••••-ENDE DER KBLUMNE 1•••••••••••••••-•-••••••----•··••••••••••·••••• 

510 IFCJFU • 94 J 517, 517, 530 
517 NP• 44 
518 IPGl ~ I~l(NSTBR, NP• ~7)/1000 

!PG2 • INl CNSTBR, NP • 37) • ClNl CNST9R1 ,\IP • 37Jll000]*1000•250 
?PG3 • IN2tNSTBR, NP• 37)/1000 

5005 
5004 

5007 

IFCIPG3 • Ol 5004, 5005, 5004 
!PG2 • 0 

!PG4 -~ IN1 (NSTBR, ~P+ 7)/1000 
IPGt; 11 I\J1 (NSTBR, NP + 7) "." (l'Jl CNST8R, 
JPG6 • I\J2CNST6R, NP +7]/1000 
1rc1PG6 - C) 5006, 5007~ 5~06 
IP35 11 ü 

~ 0 + 7J/100CJ•1000 • 250 



235 
236 
237 
238 
239 
240 
241 
2'+2 
2'+3 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
25lf. 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 
273 
27'+ 
275 
276 
277 
278 
279 
280 
281 
282 
283 
284 
285 
286 
287 
288 
289 
290 
291 
292 
293 
29~ 

5006 IPS1 ~ INl(NSTBR, NP~ 36)/1000 
IPS2 ~C!NlCNSTeR, NP• 36J ~ [INl(NSTeR, NP - 36J/lOOOJ*1000 p; 

1250)•12/25 
IPS3, IN2CNSTBR, NP• 36)/1000 

IFCIPS3 • 0) 5008, 500~, 5008 
5009 IPS2 • 0 
5008 JPS4 ! INlCNSTBR, NP+ BJ/1000 

!PS5 =CIN1CNSTBR, NP ♦ 8) • CIN1CNST8R, NP+ 8l/lOOOJ*1000 • 250 
1•12/25 

IPS6 ~ IN2CNSTBR, NP+ 8)/1000 
IFCIPS6 ~ OJ 50101 5011, 5010 

5011 IPS5 = 0 
5010 MHP = ClN2(NSTeR, NP• 37J ~ CIN2CNSTBR, NP• 37l/1000l*1000)/30 

NHP III tIN2 CNSTBR, NP • 37] " CIN2 CNSTBR, NP „ 3'/J /1000l *1000l /.1.0 
IFC~HP • 0) 6007, 60601 p008 

6060 IPCJPG3 • 0) 6007, 6007, 6008 
6007 GBT9 6023 
6008 NHP, NHP ~ (3*MHPJ 
6017 IFtNHP • OJ 6023, 6018, 6019 
6018 Mf.!Z ~ i 
6019 IFCNHP ~ 1l 6123, 6020, 6021 
6020 MHZ~ 3 
6021 IFCNHP • 2J 6123, 6022, 6023 
6022 MHZ! 5 

GBT6 6123 
6Q23 MHZ, O 
6123 MHPP ~CIN2CNSTBR, 

NHPP ;CJN2CNSTBR, 
IFCNHPP ~ OJ 6005, 

6070 IFCIPG6 ~ OJ 6005, 
6005 GBTß 6029 

NP + 7J • CI N2 CNSTSR, NP 
NP+ 7J • tlN2CNSTBR, NP 
6070, 6006 
6005, 6006 

6006 NHPP ~· NHP~ • [3•MHPPJ 
JF(NHPP • OJ 6029, 6024, 6025 

6024 MHZZ ~ 1 , 
6025 IFCNHPP ~ 1l 6129, 6026, 60~7 
6026 MHZZ 11 3 
6027 lFtNHPP • 2] 6129, 6028, 6029 
6028 MHZZ 111 5 

GaTe 6129 
6029 MHZZ 3' 0 

+ 7l/1000l*1000J/30; 
+ 7l/1000J•1000l/10'. 

)' 

6129 PRINT 519, MHP, MHZ~ IPGl, !PG2, IPG3, MHPP, M~ZZ, JPG4, IPGS,IPG 
519 FSRMAT C5X,I21$/$1l1,2X,I311X,13,5X,I3,11X,i2,$/$1ll12X,I311X,I3, 

1 X, I 3J 
PRINT 520, IPSl, IPS2, IPS3, 1PS4, IPS5, IfS6 

520 FSR~AT c11x,I3,5X,l3,1X,I3,17X,I3,5X,I3,1X,I3) 
NP• NP+ 2 . 

521 IFCNP • CIFU • 6JJ 518, 522, 522 
522 NP• NP• 44 

IFU :lf 50 
GBTB 515 

C•••••ENDE DER KBLUMNE 
530 NP c, 88 

. 531 IPGl II IN1 CNSTBR, NP • 81 ) /1000 

., .. 

IPG2 • IN1CNST6R, NP~ 81) • CINl(NSTßR, NP• 81 l/1000J•1000•?5 
IPG3 • IN2[NSTBR, NP• 81 ]/1000 
IFCIPG3 • 0) 50121 ~013, 5012 

5013 IPG2 • 0 
5012 IPG4 • IN1CNST6R, 

IP15 • IN1CNSTBR, 
IPG6 • IN2[~ST6R, 

NP• 37)/1000 
NP • 37) • ClNl [NSTB~, ~P " ::!7]/1OOOl•1O0O •· ~.5 
NP „ '37) /1000 :: 



295 
296 
297 
298 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 
318 
319 
320 
321 
322 
323 
324 
325 
326 
327 
328 
329 
330 
331 
332 
333 
334 
335 
336 
337 
338 
339 
340 
341 
342 
343 
344 
345 
346 
347 
348 
349 
350 
351 
352 
353 
354 

IFCIPG6 • 0) 5014, 5015, 5014 
5015 IPGS • 0 
5014 IPG7 • I~1(NSTßq, NP+ 7J/1000 

IPG8 • IN1CNST6R, NP+ 7J • · CINlCNSTeR, NP+ 7J/lOOOJ*1000 • 250 
IPG9 • 1N2(~STßR, NP i 1)/1000 
IFCIPG9 • OJ 5016, 5017, 5016 

5017 IP38 ~ 0 
5016 IPSl ? I~1C~STBR, NP• 90)/1000 

IPS2 =CIN1CNSTSR, NP• go) • [lNlCNsre~, NP• 80J/ioooJ•1000 • ~SC 
U •12/25 

IPS3 ~ 1N2CNST8R, NP• 80)/1000 
IF(IPS3 • Ol 5018, 5019~ 5018 

5019 IPS2 • 0 
5018 IPS4 • IN1[NSTBR, NP• 36]/1000 

IPS5 ~tIN1CNSTBRi NP• 361 • · tINl[NSTBR, NP w 36J/1000J•lOOO • ~50 
1l •12/25 

JPS6 ~ IN2CNSTBR, NP• 39)/1000 
lFCIPS6 • OJ 5020, 5021, 5020 

5021 IPSS • 0 . 
5020 IPS7 • JN1CNSTBR, NP+ 83/1000 

IPS8 111tINl(NST8R, NP+ 8].;. CINlCNSTBR, NP+ 8J/1000J•1000 • 250] 
1•12/25 

IPS9 • IN2CNSTBR, NP+ 8)/1000 
JFCIPS9 ~ O] 5022, 5023, ,022 

5023 IPS8 • 0 . 
5022 MHP, CIN2CNSTBR, NP• stJ ~ [IN2CNSTBR, NP~ 81J/1000J•1000J/ao 

NHP ~ CIN2CNSTBR, NP• 81] • CIN2[NST8R, NP• 81J/1000l~1000l/1~ 
1 F' CNHP " Ol 7000, 6080,, 6004 . 

6080 lF[IPG3 • Ol 7000, 70001 6004 
7000 GBTB 6036 
6004 NHP ~ NHP e t3•MHPl 

IFC~HP ~ OJ 6036, 60$1, 6032 
6031 MHZ, 1 
6032 lFtNHP • lJ 6136, 60331 6034 
6033 MHZ~ 3 
6034 IFt NHP ~ 2] 6J36, 6035, 6036 
6035 MHZ= 5 

GßTB 6136 . 
6036 MHZ~ 0 
6136 MHPP • CIN2CNSTBRi N~ • 37) • CIN2CNST8R, NP• 37l/1000l•lOOOJ/3b 

NHPP = CIN2 CNSTBR,· NP • 371 • CIN2 CNSTBR, NP • 37l /1000l *1000] /1b 
IF'tNHPP • O] 6002, 6090, 6003 

6090 IF'CIPG6 • 0] 6002, 6002, 6003 
6002 GBT9 6043 
6003 NHPP • NHPP • C3•MHPPJ 

IFCNHPP • 0] 6043, 60381 6039 
6038 MHZZ • 1 
6039 IFCNHPP • ll 6143, 6040, ~041 
6040 MHZZ • 3 
6041 IFCNHPP • 2] 6143, 6042, 6043 
6042 MHZZ • 5 

Gere 6143 
6043 MHZZ • 0 
6143 M~PPP • CI~2[NST6R,NP + 7) • CIN2C~STBR, NP+ 7l/100Ql•1000l/30 

~HPPP a CIN2CNST6~1NP ~ 7J • tIN2[NST9R, ~P + 7)/1000]•1000]/10 
IF[NHPPP • OJ 60001 7001, 6001 

7001 IFCIPG9 ~ O] 6000, 6000, 60C1 
6000 Gere 6049 
6001 \HPPP • ~HPPP ~ [3•~H~PPJ 

Jr(~HPPP • Ol 6049, 60~4, 6045 



355 6044 MHZZZ = 1 
356 6045 IF(NHPPP • ll 6149, 6046, 6047 
35? 6046 MHZZZ ~ 3 
358 6047 IFC~HPPP ~ 2J 6149, 6048, 6049 
359 6048 MHZZZ c 5 
360 GBTB 6149 
361 6049 MHZZZ = 0 
362 6149 PRINT 532,MHP,MHZ,lPG1,IPG21JPG3,MHPP,~HZZ,iPG4,IPG5,IPG6,MHPPP,HH 
363 1ZZZ,IPG7,IPG8,IPG9 
364 532 FBRMAT C5X,J21$/$1l1,2X,I3,1X,I3,5X,I3,11X,I2,S/$,Jl,2X,I3,1X,I3,5 
365 1X,I3,11X,l2,$/$,Jl,2X,I3,1X1t3,5X,I3l 
366 PRINT 533,IPS11IPS2,IPS3,IPS4,lPS5,IPS6,IPS7,IPS8,IPS9 
367 533 _FBRMAT C11X,I3,5X,I3,1X,I3117X,I3,5X,I3,1X,I3,17X,I3,SX,I3,1X,I3l 
368 NP• NP+ 2 
369 IFCNP ~ CIFU • 6)J 531, 534, 534 
370 534 NP• NP• 44 
371 IrU = 94, 
372 GBTe 521 . . . 
373 c-----ENDE DER KeLUMNE 3•~--~-~-------~----~-----~---~-~---~-~-·······~--
374 516 CBNTINUE 
375 Cm••~"R6TE KARTE A~S EINFUEGEMARKE PVNCH,R6UTINEI ANFANG 
376 C••·-----•-•·•·••AUSGABE DER MESSWERTE AUF LSCHSTREIFEN••••••••••~•••~•• 
377 JFU = NFUCNSTBR) 
378 IFCIFU • 132) 995, 996, 996 
379 995 IFU i IFU • 8 
380 996 MHBP = MHB * 10000 + NRSTBR 
381 KDBP • KDB[NST8RJ + 500 
382 PUNCH TAPE 550, KDBP, M4BP 
383 550 F6RMAT [$999$1 13, I 6J 
384 NP~ 5 
385 551 NP• NP+ 2 
386 PUNCH TAPE 552, INlCNSTBR, NPJ, IN?.CNSTBR, NPJ 
38 7 552 FBRMA T C2 I 6J 
388 PUNCH TAPE 552, IN1CNSTBR, NP+ lJ, IN2tNSTBR, NP+ 1J 
389 !F(NP ~ IFUJ 551, 553, 553 
390 553 KDVP = KDV + 500 
391 PUNCH TAPE 554, KDVP, MHE 
392 55'+ FSRt--!AT ($990$, I 3, t 2, $7221 $) 
393 c--•-•DIESES FeRMAT MUSS BEI ANDERER STATIBN ALS WM GEAENDERT WERDEN 
394 C•••••RBTE KARTE A~S EINFUEGEMARKE PUNCH•R6UTiNE: ENDE 
395 IFCISTBP • 1J 5555, 9010, ~010 
396 5555 DB 555, NP• 11 150 
397 l N 1 (NSTBR, NPJ • 0 
398 lN2CNSTeR, NPJ • 0 
399 555 C9NTINUE 
400 NFU(NSTBRl • 6 
401 NASTBRCNSTORJ • 0 
402 c--•--SPEtCHER~ DER NUMMER (NRSTBRJ EINER PBRTZUSETZENDEN STe~v-----~---
403 tPCNENDCNSTBRJ • lJ 5?7, 556, 557 
404 556 NENDCNSTBR) • 0 
405 NASTeRCNSTORJ • NRSTBR 
406 GBTB 600 
'+07 557 NASTBR(NSTORJ ~ 0 
408 45 IF(NSTOR • 15) 42, 50, 50 
409 C QUART 2 STELLT FEST, WELCHE MEANDATEN QUART1 ZU DEN MEA~DATEN DER 
410 C STBRYENDEN PASSEN 
411 50 CA~L QUART CIMSG1,I~SG2,IMSS1,IMSS2,t~G1,lMG2,IMS1,IMS2,IQ1,tQ2,IQ 
412 13, IQ4, IQ5, lG6, IQ7, Ica, lAL, IKNSZ) 
~13 CALL CHA'4GE CI KNSZ, KNSZJ 
414 I S ~ A L • t S U AL + I AL 



415 NSTBR • 0 
416 51 NSTBR • ~STBR + l 
417 NOUART: ~1 
418 52 NGUART a NQUART + 1 
419 1F[KNSZC~ST8R] • NQUART) 53,i54, 53 
420 53 IFCNQUART ~ 15) 52, 55, 55 
421 55 l~[NSTBR " 15] 511 10, 10 
422 54 l F (NQUART • 0] 571 56, ·· 57 
423 56 IFCNGAGCNSTBRJ • Ol 609, 55, 609 
424 57 IF(NGAGCNSTBRJ ~ OJ 58, 601 58 
425 60 IDEC1 ? IGQ2VCNQUARTJ 
426 IDEC2 ~ ISQ2VCNQUARTJ · 
427 IDEC3, IGQ2CNQUARTJ 
428 IDEC4 • ISQ2CNGUARTJ 
429 CA~L DECIDE CIDEC1, IDEC2, IDEC3, IDEC4, KDECl 
430 lFCKDEC w Ol 61, 55, 61 
431 61 NGAG [NSTBRJ • 1 
432 C•••~·AUSGABEKRITERIUM 2 : ALLE 132 SPEICHERZLLEN EINER STBRY SE~EGT••• 
433 58 IFCNFUCNSTBR~ ~ 136] 600, 600, 59 
434 59 NENDCNSTBRJ 1.1 1 
435 NRSTBR • NRSTBR + 1 
436 G6T6 500 
437 600 IFCNFUCNSTBRJ • 6J 601, 6021 601 
438 602 KDBCNSTBRJ • KDV 
439 Gere 601 
440 609 IFU ~. NFUCNST8RJ 
441 615 IN1 tNSTeR, IF'U + ll ~ 0 
442 lN2 CNSTBR, IF'U + ll a. 0 
4'+3 INl CNSTBR, IFU + 2] :s 0 
444 IN2CNSTeR, IFU + 2J • 0 
445 IN1CNSTBR, IF'U + 3J ~ 0 
446 l N2 CNST8R1 I F'U • 3l :s 0 
44 7 IN l CNSTBR, I FU + 4l 1.1 0 
448 I N2 (NST6R, I FU + 4] • 0 
449 G0T8 610 
450 601 I~U, NFUCNSTeRJ 
451 INl(NSTeR, IFU + 1l III IGGiVtNQUAFHJ 
452 I N2 CNSTeR, I FU + 1 l • I GQ2V CNQUARTJ 
453 IN1CNSTBR, IFU • 2J • lSQlVCNQUARTJ 
454 I N2 CNST6R, I FU + 2l ;J l SQ2V CNQUARTl 

. 455 l N 1 CNSTBR, I FU + 3J = I GCH (NQUARTJ 
456 I N2 CNSTeR, I FU + 3] ~ I GQ2 CNQUARTJ 
457 JNt CNSTBR, IFU + 4l • ISQl (NQUARTJ 
458 IN2 cNSTeR, IF'U + 4J • ISQ2 CNQUART) 
459 610 NFUCNSTBRl • NFUCNSTBR] + 4 
460 GBTB 55 
461 999 CA~L EXIT 
462 END 

IGRAM ALL8CAT1B~ 

)0011 NF\J 00030 NGAG 00047 NEND 00066 NASTß~ 
)0105 INl 04417 IN2 10731 IGlV 10750 IG2V 
.0767 ISlV 11006 IS?V 11025 IG1 11044 IG2 
1063 1s1 11102 1S2 111i?1 IG01V 11140 IGQ2V 
1157 1sa1v 11176 1SQ2V 11215 yGQl 11234 IGQ2 
1253 JSQl 11272 ISG2 11311 KNCZ 11330 JMG1 
1347 JMG2 11366 J"-1S1 11405 t~S2 11424 l""SG1 
14'+3 IMSG2 11462 ' !MSS1 11501 1~ss2 11520 KOB 



11537 IG1 11556 IQ2 11575 JQ3 11614 IQ4 
11633 IQS 11652 IQ6 11671 tG7 11710 IQ8 
11727 KNSZ 11746 IKNSZ 11765 IST8P 11766 NMESS 
11767 ISUAL 11770 NRSTBR 11771 \,J 11772 M 
11773 IEND 11774 I 1 11775 I2 11776 NR 
11777 MR 12000 KO 12001 MHX 12002 ITERM I 
12003 NSTßR 12004 KOV 12005 IALAR~ 12006 NHDD 
12007 NGVV1 12010 N3VV2 12011 NSVVl 12012 NSVV2 
12013 NGV1 12014 NG\/2 12015 NSV1 12016 NSV2 
12017 NG1 12020 NG2 12021 NSl 12022 N52 
12023 NMG1 12024 N~G2 12025 NMS1 12026 NMS2 
12027 NFU(.. 12030 MGVVl 12031 HGVV2 12032 MSVV1 
12033 MSVV2 12034 HGV1 12035 MGV2 12036 MSVl 
12037 MSV2 12040 MG1 12041 MG?. 12042 MS1 
12043 MS2 12044 HMG1 12045 MMG2 12046 MMSl 
12047 MMS2 12050 KMEAN 12051 r,-.HB 12052 NF .. 
12053 MHE 12054 IFU 12055 NP 12056 IPGl 
12057 IPG2 12060 lPG3 12061 JPS1 12062 IPS2 
12063 IPS3 · 12064 HHP 12065 NHP 12066 MHZ .. 
12067 IPG'+ 12070 IPGS 12071 IPG~ 12072 1PS4 
12073 JPSS 12074 IPS6 12075 MHPP 12076 NHPP 
12077 MHZZ 12100 IPC37 12101 IPG8 12102 IPG9 
12103 IPS7 12104 IPS8 12105 IPS9 12106 MHPPP 
1210? NHPPP 12110 MHZZZ 12111 MHBP 12112 KOBP 
12113 KDVP 12114 IAL. 12115 NQUART 12116 IDEC1 
12117 IDEC2 12120 IDEC3 12121 IDECI+ 12122 KDEC 

JBPRBGRAMS REQUIRED 

QUART MEAN CHANGE · OECIOE EXIT 
~E END 



1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

•15 
16 
17 
18 
19 
20 

, 21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
'+4 
'+5 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 

SUBRBUTJ~E QUART (IDAGV1,IDAGV2,IDASV1,IDASV2,IDAG1,IDAG2,lDAS11l 
1AS2,IDIGV1,JDIGV2,1DISV1,ID!SV2,IDIG1,IDIG2,iDIS1,IDI52,IA~ARM1KN 
2J \ 

DIMENSIBN IDAGV1C15J,IDAGV2Cl5J,IDASV1(15J,iOASV2C15J,?DAG1(15J,I 
1AG2 (15J, IDAS1 tlSJ, lDAS2 C15J, IDIGV1 C15l, IDIGV2 C15J, IDISV1 C15l, lDIS 
22 ( 15 J, I O IG 1 Cl 5), I D I G2 C 15J, I D I S1 Cl 5 J , I DIS 2 C 15), KNZ C 15~ , '-1 Z C 1 SJ 

c-----QUART BRDNET TWIN•PAERCHEN EINANDER zu--------~--------··-·--·~-
NDIF' • 0 
DB 1, N ~ 1, 15 

1 KNZ CNJ • 0 
N 111 0 

10 N • N + 1 
IF'CN • 15) 13, 13, 40 

13 KKV; IDAGV2CN)/t000 + IDASV2(~J/1000 
IF'CKKV • 0)15,35,15 

35 IDIGV1 CN) i: 0 
IOIGV2 (NJ ;: tDAGV2 CNJ ., (JDAGV2 CN) /1000) •1000 
IDISVl ~N) = 0 
IDISV2(NJ =!! IDASV2(NJ „ CJDASV2CNJ/1000)*1000 
GBTB 10 

1S ITRHAX w 0 
KZHAX • 0 
M ; 0 

20 M ~ M + 1 
J F CM • 15 l 211 21, 2 6 '.; 

21 IPSIVl i: IDAGVltN)/1000 
IPSIV2 ~ IDASVlCNJ/1000 
IPSil ~ JDAGl(M)/1000 
IPSI2 a IDAS1CMJ/1000 
!FCIDAGV2CNJ/1000 • Ol 81,82,81 

82 IPSIV, IPSIV2 
GBTB 85 

81 IF'tloASV2CNJ/1000 • OJ 83,84,83 
84 JPSIV; IPSIVl 

GBTB 85 
83 IPSIV ;; CIPSIV1 + IPSIV2l / 2 
85 IFCIDAG2CMJ/1000 • 0) 86187186 
'87 IPSI . iir IPSJ2 

GBTB 90 
86 IFCIDAS2CMJ/l000 • 0) 88•89,88 
89 IPSI • IPSil 

GBTB 90 
88 tPSJ • CJPSil + IPSI2l/2 
90 1D31 • IPSIV*1000 

IDGV2 • IDAGV2CNJ 
IDS1 • IPSI*1000 
IDS2 • IDAS2 CMJ 
CALL PSITBL CIDG1,IDGV2,IDS1,!DS?.,KPSIJ 
IF'CKPSI „ 1) 20,22120 

22 ID3V1 • IDAGVl(NJ 
1osv1 „ IDASVl CN) 
IDSV2 • IDASV2(N) 
IDGl • IDAG1 CM) 
IDG2 • IDAG2(Hl 
l D 5 1 • I :) A S 1 CM l 
CALL CALCQ CIDGVt,1DGV2,tOSV1,tDSV2,IDG11IDG2,IDS1,IDS2,KRl 
IFCKR .. -<ZMAXJ 20,20,23 

23 KZ'1AX • l<R 
ITR~AX • M 

1 
i 



60 GBTB 20 
61 26 lF Cl<ZMAX • 0) 27,28,27 
62 28 IDIG1 (NJ 11: 0 
63 IDIG2CNJ II IDAG2CNJ • CIDAG2CN)/1000l*1000 
64 IDIS1C~J i:a 0 
65 ID!S2CNJ ti IDAS2(NJ " ClDAS2(NJ/1000)*1000 
66 Gere 29 
67 27 IDIGl (NJ : IDAG1 CITRMAXJ 
68 IDIG2(N) u IDAG2CITRMAXJ 
69 ·IDISl CNJ II IDASl [ITRMAXJ 
70 I D I S2 CNJ it I DAS2 CI TRMA XJ 
71 29 IDIGVl CNJ : IDAGV1 (Nl 
72 ID?GV2CNJ : IDAGV2CNJ 
73 IDlSV1CNJ:. IDASVlCNJ 
74 IDISV2CNJ _ IDASV2CN) 
75 KNZ (N) ;: I TRMAX 
76 Gere 10 
71 40 DB 41 , N; 1, 15 
78 41 MZ(N) :; 0 
79 N =r 0 
80 42 N? N + 1 
81 lFCN • 15l 43, 43, 50 
82 43 K ~ 0 
83 44 K q K + 1 
84 lFCK • 15l 45,45,42 
85 45 t F' CKNZ CNJ " KJ 44, 46, 44 
86 46 MZ CKJ ~ 1 
87 Gere '+2 
88 50 IALARM ~ 0 
89 N ;J 0 
90 NREST = 0 
91 M;: 0 
92 51 Mi:, M + l 
93 I~CM • 15) 52,52,100 
9'+ 52 tFC"1Z[M) • OJ 51, 56, 51 
95 56 KK ~ IDAG2(M)/1000 + IDAS2(MJ/l000 
96 IF'CKK p 0J 57, 59, 57 
97 57 CBNTINUE 
98 80 N • N + 1 
99 KKV 3 IDIGV2CNl/1000 + IDISV2CNJ/1000 

100 I~CKKV" 0) 95, 581 95 
101 58 IDIG1 CNJ ~ IDAG1 CM) 
102 IDIG2CN) 11 IDAG2("'1] 
103 ID!S1 CNJ 11 IDAS1 CMJ 
104· IDIS2CNJ i:, IDAS2(MJ 

. 105 MZ(MJ, 1 
106 KNl CNJ • M 
101 Gere 51 
108 59 IFCKNZCMJ a OJ 51,559, 51 
109 559 I D I Gl CMJ Q 0 
110 IDIG2(MJ II IDAG2("1) .. CIDAG2CM)/1000)•1000 
111 IDISl(M) u 0 
112 IDtS2CMJ i: IDAS?.("1] "CIDAS2CMJ/lOOOJ•1000 
113 G~TB 51 
11~ 95 I~CN ° 15J 80, 99, 99 
115 99 IALARM m 1 
116 100 ceNTINuE 
117 RETURN 
118 EN'.) 



1 SUBRBUTI~E PSITe~ (JDG1,IDG2,IDS1,IDS2,KJ 
2 K1•JDG2/100000 1 

3 K3~IDG2/l0O0•CIDG2/10000l•10 ' 
'+ IF' CK3„0) t,2,1 ' 
5 1 IF CK3a1) 3,2,3 
6 2 K3=3 
7 3 ITBL=2•K3•2+K1 
8 IPSIG•IDGl/1000 
9 ·IPSIS•IDSl/1000 

10 IDIF=IPSIG•JPSIS 
11 IF CIDIF~Ol 4,5,5 
12 4 IDIFa 9 lDIF 
13 S IF' CIDIF•ITBL.l 6,6,7 
14 6 K=l 
15 GBT8 8 
16 7 Ks0 
17 8 RETURN 
18 END 

tGRAM ALL6CA TI BN 

t001'+ K1 
10017 IPSIG 
10021 I D Ir.-

END 

DUMMY IDG2 
Dt;MMY !DQl 
DUMMY K 

00015 K3 
00020 IPSIS 
00022 pstret.. 

00016 ITBL 
DUMMY 10S1 

,., 1 



1 SUB~BUTI~E CALCQ CIDGV1,IOGV2,IDSV1,IDSV2,IDG1,IOG2,IDS1,IOS2,Kl 
2 C••-~·CALCQ BILDET KENNGRBESSE K AUS DEN DATEN ZWElER UEBER TWIN GELAUFE 
3 C•••••NER ~ERDDATE~-•~•••-••••~••••••••••••••••••-••~•~•••••••~•••••~••~ 
- IPSIV1 • IDGVl/1000 
5 IPSIV2 ~ IDSVl/1000 
6 IPSil ~ IDG1/1000 
? IPSI2 = 1D51/1000 
8 IGDD1 :i IDGVl • CIDGV1/1000l*1000 
9 IGDD2; IDGl • CIOG1/1000)*10QO 

10 ISAR1 ~ IDSVl •CIDSVl/1000)*1000 
11 ISAR2 = IDSl • c10s1110001•1000 
12 lG ~ ABSCIGDD1 • IGOD2l 
13 lS ~ ABSCISAR1 • ISA~2J 
1- lFCIDGV2;1-00O • 0J 1~2,1 
15 2 IPSIV ~ IPSIV2 
16 KlV ~ 2*CIDSV2/1Q0000l 
17 K3V ~ 2*CIDSVZ/1000 • CIDSV2/10000l*10J 
18 IG• 30 
19 GBT6 5 
20 1 IFCIDSV2/l000 • OJ 3,4,3 
21 ~ IPSIV? tPSIV1 
22 KlV ~ 2*CIDGV2/10000QJ 
23 K3V • 2*[IDGV2/1000 • CIDGV2/10000J*10J 
24 1s. 3o 
25 GBT8 5 
26 3 IPSIV; CIPSIV1 + lPSIV2)/2 
27 KlV; lDGV2/l00000 + IDSV2/100000 
28 K3V = IDGV2/l000 • CIDGV2/10000J•10 + IDSV2/1000 -c1osv2110000}•10 
29 5 IFCIDG2/1000 •OJ 617,6 
30 7 IPSI = IPSI2 
31 Kl a 2*CIDS2/100000J . 
32 K3 ~ 2*CIDS2/1000 • CIOS2/10000J•10j 
33 IG~ 30 
34 Gere 10 
35 6 IFCIDS2/1000 ~ Ol B,9,a 
36 9 I PSI • I PSI 1 
37 K1 • 2*CIDG2/100000J 
38 K2 • 2*CIDG2/1000 • · ClDG2/10000l•10~ 
39 IS ~ 30 
40 Gere 10 
41 8 IPSI II CIPSil + IPSI2]/2 
42 Kl • IDG2/100000 ·+ 1DS2/100000 
43 K3, IDG2/l000 • CIDG2/10000J•10 + IDS2/1000 • CIDS2/10000l•t0 
44 10 IFCK1 -oJ 11,12,11 
45 12 KNEN • 400 
46 GBTB 13 
47 11 KNEN•Kl + K1V . 
48 13 NENR•ABSCK1V•K1)+A8SCK3V•K~l+CABSCIPSIV•IPSjJJ•2/KNEN+lG/15+lS/30 
49 IFt NENR • 0 J 14,15,14 
50 15 K ~ 200 
51 GBTB 16 
52 ·14 K • 200/~ENR 
53 16 CBNTINUE 
54 RETURN 
55 END 



1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
11 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 

_ 45 
46 
47 
'+8 
49 
so 
51 
52 
53 
54 
55 
56 
57 
58 
59 

SUSReUTI~E ~EANCIGVV1,IGVV2,tSVV1,ISVV?,tGV11IGV?.1ISVl1lSV2,tG11l( 
12,IS1,IS2,MG1,MG2,MS1,~S2) · 

c--•-•MEAN BILDET MITTELWERTE AUS 'PARA~ETERN UND KEN~G~eESSE~---~--~·-·· 
NG ~ 0 ' 
NS• 0 
N II O 
IPSISU • 0 
IGM • 0 
ISM 11 0 
KG1 • 0 
KG2 "0 
KG3;? 0 
KSl :s 0 
KS2; 0 
KS3:;; 0 
IFtIGVV21l000 • 0l 1,2,1 

1 N " N + 1 
IPSISU ~ IGVVl/1000 
NG • NG+l 
IGM • IGVVl • CIGVV1/1000J•1000 
KG1 , JGVV2/100000 
KG2 ~ lGVV2/10000 ~ CIGVV2/100000l*10 
KG3 ~ lGVV2/1000 • CtGVV2/10000)*10 

2 IFCISVV2/1000 • 0J 3,4,3 
3 N ~ N + 1 . . 

IPSISU • IPSISU + ISVVl/1000 
NS• NS+ 1 
ISM ~ ISVV1 • CISVV1/1000J•1000 
KS1 ! ISVV2/100000 
KS2 ~ ISVV2/10000 • CISVV2/100000J•10 
KS3 ■ ISVV2/l000 • CISVV2/10000J•10 

4 IF(IGV2/1000 • 0) 5,6,5 
5 N ~ N + 1 

IPSISU ~ IPSISU + IGVl/1000 
NG • NG + 1 
IG~~ IGM + IGV1 • CJGVl/i000J•lOOO 
KGt a KG1 + IGV2/100000 
KG2 ~- KG2 + IGV2/10000 • tIGV2/100000J•10 
KG3 = KG3 + JGV2/1000 ~ CtGV2/10000]•10 

6 IFCISV2/1000 • OJ 7~8,7 
7N1:,1N+1 

IPSISU = IPSISU + ISVl/1000 
NS• NS+ 1 
ISM • ISM + 1sv1 • [ISV111000)*l000 
KSt ~ KS1 + 1sv2110000O 
KS2 • KS2 + ISV2/10000 • c1sv2J100000J•10 
KS3, KS3 + ISV2/1000 ~ (ISV2/10000J•10 

8 IFCIG2/1000 • Ol 9,10,9 
9 N • N + 1 

IPSJSU • JPSISU + IGl/1000 
NG • NG + 1 
IG~ • IG~ + IG1· • (IG1/1000l•1000 
KGl , KGl + IG2/100000 
KG2 • KG2 + IG2/10000 • CIG2/100000J•10 
KG3 • KG3 + IG2/1000 • CtG2/l0000J•10 

10 IF(IS2/1000 • 0J 11,12,11 
11 N • N + 1 

IPStSU • IP~ISU + 1S1/1000 
NS• NS+ 1 



60 I S'1 ;I I S'1 + 1S1 ~ c1s111000J•lOOO 
61 KS1 ! KS1 • 1s21100000 
62 KS2 = KS2 + 1s2110000 - CI S 2/ 1 O O O O o J • 1 O 
63 KS3 • KS3 • 1S2/1000 • CI S211OOOOl•10 
64 12 !FCNG • OJ 13,14,13 
65 13 1 ·G'1 • IGM/\JG 
66 KGl =!:' KGl/NG 
67 KG2" KG2/NG 
68 KG3 • KG3/NG 
69 · G8TB 15 
70 14 IG"1 1111 0 
71 KG1 ; 0 
72 KG2 ~ 0 
73 KG3 w 0 
74 15 I F" CNS " OJ 16,17,16 
75 16 ISM • !SM/NS 
76 KSl :i KSl/NS 
77 KS2" KS2/NS 
78 KS3 ;s KS3/NS 
79 Gere 18 
80 17 ISM" 0 
81 KS1 :;: 0 
82 KS2, 0 
83 KS3, 0 
84 18 I F CN • OJ 19,20,19 
85 19 JPSJSU 111 IPSlSU/N 
86 Gere 21 
87 20 IPSI$U • 0 
88 21 MG1 :i IPSISU*lOOO + IGH 
89 MG2 i KG1*100000 + KG2•ioooo + KG3*1000 
90 MS1 ' IPSISU*1000 + ISM 
91 MS2 ~ KS1*100000 + KS2•10000 + KS3*1000 
92 RETURN 
93 END 

3GRAM Al,.LBCATIBN 

)0044 MEAN 00045 NG 00046 NS 00047 N 
)0050 IPSJSU 00051 ?GM 00052 JSM 00053 KG1 
)005'+ KG2 00055 KG3 00056 KS1 00057 KS2 
)0060 KS3 DUMMY IGVV2 DUMMY IGVVl DUMMY ISVV2 
lUHHY 1svv1 DUMMY IGV2 DUMMY IGV1 DUMMY 1SV2 
1UMMY 1sv1 DUMMY IG2 DUMMY IG1 DUMMY 1S2 
>UMMY 1s1 DUMMY MG1 DUMMY MG2 DUMMY MS1 
1UMMY MS2 
: END 



1 SU9~AUTINE CHANGE CI~~sz, KNSZJ 
2 DI'1ENSI81'4 !l<"JSZtlS~, 1<t-,1SZC15l 
3 C•·•·•CHANGE LSESCHT DßPPELZU~~DNUNGEN IN IKNSZ • ZEILE••••~•••••-••••• 
4 10 l"ICHANG • 0 . . . . 
5 20 NCHANG·= NCHA~G +. 1 
6 N :; 0 
7 LBE~CH = 0 
8 30 Na N + 1 
9 . IFCIKNSZCNJ ~ NCMANG] ~1, 50, 41 

10 '+1 IF CN " lSl 30, 42, 4?. · 
11 42 IF(NCHANG ~ 15] 20, 100, 100 
12 So IF(N • 15l 60, 60, 70 
13 60 LBESCH • L8ESCH + 1 
14 tF(LßESCH ~ 2] 30, 8Qi 80 
15 80 IKNSZCNJ • 0 
16 · LBESCH = · -1- ·· · - · · . 
11 Gere 30 
18 70 IFCNCHANG • 15J 20~ 100i 100 
19 100 D9 101, N = 1, 15 
20 101 KNSZCNJ = IKNSZCN] 
21 C8NTINUE 
22 RETURN 
23 END 

}GRAM AL.l„eCA TI 6N 

)UMMY IKNSZ 
)0006 LBESCH 
: END 

DUHMY KNSZ 
00007 CHANGE 

0000'+ NCHANG 00005 N 



1 lDfGv2,tQl5V2,IOlG2,l01S2,K l 
2 ·C•••-~DECIDE ~NTSCHEIDET~ ~B D~TENSATZ WUERO:G IST~ ~INE~ ßT~RVAijrANG 

· .-- 3 ,· C•~-• • •B I.LDEN~••,•-~ · ...... -~-. :~_,. ·• _ _._.., · ... ~-. • -~ ~- ~ - ~ • ~ ~- ~-- -... •~ •"' -~ - .~-,. •.; ~•·•• .... ..... a ~• .. . 
4 · K3GV2 . • _. · I O IGV2l1 ooo . ~/ C t p IG.V2/10000) • 10 
5.· K3SV2 11 IDJSV2/1QOC .. :~_·.: ctÖI$V~/1000.0J•lC . 

-- ~- ·K332 • ·IOlG2/10QO .-~•· tlDl32/l0000)•10 · -· 
1 · · K3S2 " IOl:S211900, • . Clill$2/10000J •10 
a K3SUM • <30V2 ·,. ,<)S_v~--·• 1<~G2 + K3S2 _ 

·. 9 . I F'. C K 3 SV M ; • 2 l . 1·, 2, ~ . .. 
10 f K • 0 
11 GBTB 3 
12 -· --- 2 K ·• l . 

,13 . 3Ce~TINLJE 
14 RE~~RN . 
15 . E'f) -.. 

· .,_ .-:_,": .'· ·.' 

0001'4 K3GV2 
00016 K3G2 
00020 K3SUH · 

➔E .; ENQ -/ 

' ·_ I . 

DUMMY I 01c;v2.,\ · · oOois K3Sv2 . _ 
DUMMY J OlG2 -.· · - 00617 i(~52 
DUMMV K ' 0002{ OECIQE 

: ou~~v In I sv2 
DU~MY . IOIS? 

• . J 

1 , 



\ 

·, 


