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Zusammenfassung'

Im Herbst 1970 sind in den USA in Japan in Deutschland und in _
Argentinien vier Anlagen zur Registrierung der Atmospher1csak~
tivitit aufgebaut worden,die mit vom Helnrlch-Hertz-Instltut ‘
’entw1ckelten Atmospherlcs—Analysatoren ausgerustot sind. :
Es wird berlchtet uber erste Auswertungen photographischer Rep.
glstrlerungen_von Einfallswinkeln und Gruppenlaufzaltdlfferenzen
von Atmospherics zur Zeit der Jahreswende 4970/71 oy

Die Ergebnlsse werden mit von Ha r ¢ h(1971)errechneten Aus-
breltungsparametern vergllchen wobe1 sich eine Reflektlonsfak-
tor~Bezugshohe fur die Ionosphare von 86 km - erglbt. _

Als Quellen erhohter Atmospherlcsakt1v1tat wurden das’ Kusten-w-
‘vebiet sudlich des Golfes von Panama das Amazonasgebiet und das
1nord11che _Slidamerika, ein Geblet vor der- nlederkallﬁornlschen
‘Kuste ydas Gebiet der Hawall—Inseln der 1ndones1sche Raum sowie
,elnlge Bereiche ‘des Atlantlschen Ozeans und dle Umgebung des

] Mlttelmeeres ermlttelt.
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Technical Report No. 136'

Experiments in Global Localizing Sources of;AtﬁOSpherics

‘Activity by Measurements of the Directions of Arrival

and Group Delay Differences

by -G.Heydt

Abstract:

In the fall of 1970 four stations have beénlestablishéd to
obServe~the"atmosphericS'activity in the USA,in Japan,in
Germany and in Argehtina.These stations are equiped.ﬁith‘ht-
mospherics analyzers developed. by the Heinrich-Hertz-Institut.
| Thls report glves first results of evaluatlon of photographlc
,records of directlons of arrival and of group delay differences
of atmospherics recorded at the turn of the year 1970/71.
The'results are compared to the results of calculations for a
night time propagation model carried out by H a r't h (1971).
‘,This‘compaiison leads to an ionospheric refledtion reference
height of 86 km.
Sources of considerable atmospherlcs act1v1ty were 1ndlcated
at the ‘couastal area south of the gulf of Panama in the area
'of the Amazonas,in the northern Southamerica,in an- area in
‘front of the Californian penlnsula in the area of the islands
of Hawaii,in the area of Indonesia,in some areas of the Atlan-
tic and in the area of the Mediterranean Sea. <



v ~ﬂ' Introductiond'

~,In the fall of 4970 four 'stations have been establlshedrto ob-
Aserve statlstlcal parameters of the atmospherlcs act1v1ty 1n
_the USA in Japan 1n Germany and in Argentlna These statlons are
equiped w1th a new type of atmospherlcs analyzer developed by
Athe Helnrlch—Hertz-Instltut. ;
Joint measurements of the direction of arrlvalﬂy,the spectral
amplltude (. oA ),the spectral amplltude ratio ( SAR ) and the -
‘group delay difference ( GDD ) of atmospherics by photographic
records are. carrled out 1n & very similar manner as described
'in détail by Fr1s1us and Heydt 1968. (Thls reference is called A
in this report.) TR :
Besides these photographic records additional strip-chart records
of atmospherlcs rates as a functlon of the dlrectlon of arrival

. are carrled out at the stations.

This report presents first results of the evaluatlon and 1nter—'
pretation of photographlc records taken in the GDD mode of
‘operatlon of the atmospherics analyzers. ‘

2. Descrlptlon\of statlons

The follow1ng 1nstitutes are partlclpatlng in thls experlment

Office of Naval Research/Naval Research LabOratory, USA
Washington- DC, statlon located . 1n Waldorf near. Washlngton DC
38, 640 North, 77,01° West. S ‘

The Research Institute of Atmospherlcs of the Nagoya Un1vers1ty,
Japan, Toyokawa, 34, 83° North, 137, 36° East.‘

‘Observatorlo de FlSlca Cosmlca, San Mlguel Argentlna,
34,59° South, 58 80 West.-‘ -

Helnrlch—Herrz-Instltut fur Schw1ngungsforschung, Ber11n~Char-
- lottenburg ( West-Berlin ), station located in Berlln-Waldmanns—
lust, 52 62 North, 13, 13 East. '

‘Fig.1 shows the p051t10n of the four statlons on a world map.
’Each station is equlped with an atmospherlcs analyzer wmth an-
tenna system, osc1lloscope camera: and strip chart recorders.v'
Additionally the stations in San Mlguel and in Berlin have an
' ,analog digltal converter ‘and a magnetlc recorder to store the -2



data which are 51multaneously recorded by the strlp-chart re~

" - corders.

Fig.2 shows the antenna system set. up in‘Waldorf'USA consisting
of balanced crossed loops with an area of 1 m2 and 72 turns per
loop and a whip antenna with a length of 4.8 m. : '
Fig.3 shows the whole equlpment worklng in Berlln-Waldmannslust‘
51nce ‘Dec. 1970, ’

3. Descrlptlon of photographlc records

In the new type of the atmospherlcs analyzer three selectlve
channels are used for analyz1ng the atmospher1CS'

5 00 s 1 00 and 9.00 kHz., .

- Thus, the’ measurements of the spectral parameters are executed

. at the follow1ng frequen01es

Measurement of the spectral amplltude at 7 kHz ( SA7 ).
Measurement of spectral amplitude. ratio between spectral - ampll-
tudes at. 9 kHz and 5 kHz ( SAR9 -5 ). .
Measurement of group delay dlfference between 8 kHz and 6 xHz

( GDD8 6 ). , : ' '

The operating frequency of the dlrectlon flndlng unit is 9 kHz.
The spectral amplitude of an atmospheric has to be greater than
0.8 pV/HZom at 5 kHz to release the measuring circuits. If thep

- spectral amplltude of an atmospherlc exceeds 110. pV/Hz-m the '
instrument is overdrlven and the measurlng circuits w1ll be
blocked. | Y ‘

For taking photographlc records the y-input of a XY-oscllloscope
is fed to the output voltage of the directiom flndlng unit of

: the atmospherics analyzer The x—lnput of the- os01lloscope can
be connected as needed w1th one of .the output voltages of the
‘analyzer 1ndlcat1ng SA7,SAR9 5 or GDD8 6° - -

If an atmospherlc releases the measurlng process,a sen51tlzlng

_ pulse causes a light spot on the screen of the 0301lloscope-

. The wvertical position of this spot indicatesvthe direction of _
arrival of the atmospherlc while the horizomtal p051t10n glves ¢l
~the SA7 SAR9 5 or GDD8 6 respectlvely. _ , : 5o
A measurement of the dlstrlbutlon ‘of the atmospherlcs w1th re-~-
pispect to both dlrectlon of arrlval and GDD g o SAR9 5 or SA?ipu‘
- can be performed by photographlng the 0801lloscope sreen with
an exp051t10n time of several minutes.The photo collects light
fspots produced by some hundreds orithousands of atmospherlcs.,‘
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- Fig, 4 a-c glve examples of photos of that kind.

Compared with the photographlc records as described A8, reference

A the records‘taken by means of the new analyzer show some im-

- provements: " - R

‘a) The indication of SA7 and SAR9_5 is given-in decibel ( dB )
on a linear scale. ' ;

b) The dynamlc range of the new analyzer is 45 aB compared w1th
‘a range of about 30 dB of the former analyzer.

¢) The indication of negative values of the GDD is unique. ,

d) The zero and full scale poinﬁs of the deflection area of the
-oscilloscope screen are marked by corner'points on the photos.
' These points are important for data processing.-

Just as the former analyzer the new one allows automatlc opera—

tion of a surtable camera.So,a set of three photos as demon-

strated in fig.4 a-c is started at 0, 3, 6, 9, 12, 15, 18 and

'21 GMT at all stations with an exp031t10n tlme of. ﬂO oxr 5

mlnutes dependlng on the atmospherics rates._j

pAt 1°° GMT an -additional set of photos is started for checklng

“the’ performance of the equipment.In this operation mode the East-

West loop is short-01rcu1ted For this reason the llght spots

produced by atmospherlcs are concentrated in the south and north

~ ‘direction.

In addltlon‘to this checkmng of,the'direction finder unit two:'
different calibration‘pulses are fed into ‘the whip antenna input.
The one calibration pulse has a SAR9 B of O dB a GDD8 6 of O ps
and a SA,? of 15 dB. :

The other calibration pulse has a SAR9 5 of -6 dB a GDD8 6 of_

140 psec and a SA.7 of 20 dB. ,

The light spots caused by these callbratlon pulses are concen-'
trated on. two vertical lines,indicating zero points and sensi-~-.

'dt1V1ty of the measurerlng devices for the spectral parameters.
Flg. 5 a-c show a set of these callbratlon photos.- '

4, Data processing -

For the GDD and SAR mode of operation it is experienced that
the iight spots caused by atmospherics are clustered at.certain
ranges of the direction of arrival and the GDD or SAR respective-
_ly.Generally'these clusters. are attached to. atmospherics sourceS'
i.e. limited regions of storm activity. ' Lo
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‘So,a photographlc record taken in the GDD or SAR mode of ope»-
ration may be described by character1z1ng its clusters. :
A cluster may be_characterlzed,by the follow1ng values:

a)_Co—ordlnates of the centre of the cluster | \
('y average ‘direction of arrival, GDD = average GDD orq
SAR = average SAR ),

b) scattering range of 4, ‘

¢) scattering range of GDD or SAR,

d)»dens1ty of light spots.

So the flrst step in -data processing the photographlc records
is to characterlze the clusters by means of a pencil follower :
type PFIMK!1B manufactured by D-MAC Ltd. ' .
For this purpose the film containing the records is proaected :
on the readlng table of the pencil follower.: ' |
Thls readlng table contalns a XY servo system,A- c01l s1tuated‘
in the readlng pen radlates a AC-51gnal which is plcked up by
detecmon coils on the gantry below the reading surface. These
31gnals are fed to the servo ampllflers which drive the motors
in such a direction that the follower head below the surface
« always centres itself on the readlng pencil. '
" The X~ and Y-co-ordinates of the position of the- follower head -
‘i.e. the position of the readlng pen are digitized by encoders:
and by pressing a footsw1tch the readout of the co-ordinates |
'is stored on punched cards., _
At the begin of character1z1ng a. photo the reading pen must be
set manually at the three visible corner points of the photo.
to'state_the’position'of.the~projected photo in the XY-plane.
After storing the co-ordinates of the corner points by pressing
the footswitch the co-ordlnates of the cluster centres may be
stored in the same way. : .
A fixed address for datlng the photos and key numbers for cha—
racter1z1ng the scattterlng ranges and density of a cluster are
; punched by keystrokes on.a spe01al keyboard.

© At this time the data of about 1600 photos were converted 1nto

~data on punched cards at whlch a card contalns the data of up
to 4 clusters.‘ : ' ‘ : :
-Subsequently the data were . computed by a. computer CAE 90-40

) using a Fortran II program The data output of the computer is
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~obtainable in punched tape or magnetlc tape and in tabula.ed
form from the line: prlnter.

Table 1 shows an example of these data ycontaining - the data pro-
cessed from photographlc records of two days. .

The headlng line glves for each day the station key number K
the'year and the day number of observatlon and elght sequences :

. of the abbreviations PSI, PAR and K. PSI means the angle of. ar- .

rlvalfln degrees PAR the spectral parameter GDD or SAR and K
a key number characterlzlng the scatterlng ranges and the densi-
ty of spots. : R - N : ‘ :
Ihe data. obtalned from a 51ngle set of photographlc records .
are arranged in two immedlately succeedlng lines. ' '

The flrst number in the upper llne gives. the startlng tlme of
the . set Ain GMT Thls upper line presents the data obtained from

a record taken in. the GDD mode of operation.in up to elght se-
quences of data for PSI PAR.- GDD in Psec and K characuerlzlng
up to eight clusters. g % . ' .

- In the lower line the data for a SAR mode photo arelglven in.
Just the same manner except that PAR means now SAR in
dB_times_tgn; s ag : :

The data of the: clusters 1n both llnes are ordered to 1ncrea51ng
angle of arrlval._ ‘

The keylng of the statlon key number K 1s .the follow1ng

'KS = 4 means observ1ng statlon San Mlguel _

Ky = 2 neans observ1ng station Berlin-Waldmannslust
Ks % means observ1ng statlon>Waldorf
Ks._ 4 means observing statioanoyokawav

* The key‘number K which characterizes the single clusters con-
sists of three figures: Ve

K = K, K2 3

K characterlzes the scatterlng rance of PSI as follows

1
Soattering range,of PSI =”4'5°.;'K1;[-’

‘Kzloharacterizesithe scattering range ofi?AR'as follows;"

_ Scattering range‘of‘GDD, 62’psec ~5K2-

3 dB . K,

- Scattering range of SAR



" Station 2 ( Berlin-Wm )

g .

The key number K5 gives the density of spots:

0 means - Ba few spots

B R

X
K:‘é 1 means "cluster with weak density of spots"
K5 = 2 means "cluster with normal density of spots"
g = 3 means "cluster with strong density of spots"
5-5 4‘means'"cluster with very strong density of spots"
3 =5 means "cluster with extremelstrong dens1ty of spots"
g = 9 means "corona effect" ' ' :
A key number 999 means "no nluster measured"'

It must be p01nted out that the way. of estlmatlng the key num-
ber K by viewing the photos is a rather subjective one. I
However,testsexecuted by different persons estimating the key

- number showed'frequently a'good conformity of the the estimated .
key number for the same cluster.Dev1ations of the key numbers
were. restrlcted to one unit of K1, K2 or K5 '

5, Results

The first available'films from. the fOur'stations were'handled
in a way as descrlbed in chapter 4 and were converted in data
vready for ‘evaluation. ' A

The observatlon perlods of the fllms were T

16:11.1970 - 30.11.1970
30.12.1970 - 8.2. 1971

119,12.1970 - 1.2. 1971
9.12.1970 - 23.12.1970

~ Station 1 ( San Miguel )

‘Station 3 ( Waldorfr )
Statlon 4 Toyokawa. )

These observatlon perlods are not completely overlapplng The
main reason for this fact were drop outs of the photograph:.c
records. ' '

of course this amount of prepared data offers many potentlall—
ties for evalunation work A first step in this work 'is to collect
the positions of ‘all cluster centres for each statlon and, for
each observation time on a GDD - PEI. = plot. ~ ‘

This method, first executed by Frlslus and Heydt 1969 for GDD
-'measurements of the year 4967 recorded in Berlln allows a. good ‘
- survey on the. atmospherlcs act1v1ty 1n relatlon to the dlurnal '
occurrence of. atmospherlcs sources. ' o
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'On these plots a cluster centre is shown ‘in GDD - PSI co-ordi- “p
"'nates.The spot denszty is indicated by squares with a size '
proportlonal to the key “number K5 of the cluster concerned.
Pige 6= 3? show the GDD - PSI -plots derlved from the pre-
.pared data.

6. Interpretatlon :

6 1. Convertlng the GDD - PSI - plots into Map - plots:d

3Ev1dently the cluster centres show. a tendency of clusterlng /;'”'

- ;themselves at certain reglons on the GDD- - BSI —plots.v_; =5

Assumlng that these cluster of cluster centres ¢.ccc ) are |
‘attached- to reglons ofcnnsmderable storm act1v1ty on the globe‘.‘-‘
;1t is'a matter of- 1nterest to locate these centres. ‘ e LK
Former joint measurements w1th atmospherlcs analyzers on. the- .
‘fresearch vessel "Meteor" and 1n Berlln in 1969 p01nted at re-.

2. celving ranges of the order of-10. 000 ¥m cn.nlght tlme condltlonsx

. Fr131us and ‘Heydt, 1971 ). So,it should be: useful to. seek on the o b
-GDD - PSI - plots. of drﬁbrent stations for: @CC whlch may be .
caused by the same centre of storm act1v1ty. o _4’f

. For this purpose. the plots of Berlln and Waldorf are most su1t~’
‘_}able because of ‘the length of overlapplng of thelr observatlon |
- periods.’ " " - : AT iy

Looklng at these plots we flnd two marked GCC on the plots for ;.;
0°° Gur: , o R L TRt i S N SV A A 7y

*hThe o i GMT Berlln plot ( Flg. 6 ) Shows ameng other clusters o

.va CCC with averaged values of - 315 psec for GDD and 275 for PSI.?'f

On the. corresponding Waldorf plot ( Fig. 44 ) a ccC with averagedoc
values of 125 psec for GDD and ’182o for PSI may be supposed _

. being caused by the - same centre of storm act1v1ty as the Berlln
.CCC mentioned before. ' . 3™ g '

Fig. 38 shows the cross. bearlng from Berllm and Waldorf us1ng
opper and lower limits for the bearlng of the two: CCC.

f.The sinusoldal line ‘on ‘the map gives the bcmndary between day

4andmn1gbt on the surface of the globe. =

a e e common. area of the two bearing- sectors has 1ts centre at
"::the ‘coastal .area of Columbia .south of the gulf of’ Panama.(;ﬁ'
. The distance of this centre to the rece1v1ng station in Berlin

‘,1s about 9.800 km, to the statlon in Waldorf 3900 km respectlvely.'d
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There are three hints for the two CCC being caused by the same \
vcentre of storm activity: ' v
" a) The ratio of the distances to the recelvang statlons is
nearly the same as the ratio of the received GDD.This is
“Jjust what one has to expect in the case of one mode’ propa-
‘gatlon.,_ : ' ' '
'b)dA correlatlon analy21s has been carried out with respect to,
. the key number K5 of 51ngle clusters belonglng to ‘the two
- CCC during the overlapplng period.For this purpose for each
day of the overlapplng period. the: presence of a clusaeu in
-the area of the CCC was stated. by a key nnmber K C= K3 + T
- If -there was a day with no cluster in the area of the CCC
this day was characterlzed by K +-0, The sequences { o ig K
derlved from records of Berlin and Waldorf Were correlated._ .
'The result was a correlatlons coefflclenx of +O 59,Con31der1ng;
':'the way of estimating the key number K5 thls result p01nts :
_-to a common origin of the two CCC _ ' . :
"~ ¢) A dlstance of 9. 800 km from She centre- of the storm actlvity
o to Berlln and an averaged ‘GDD of 315 psec glves a GDD coeffl-_‘
cient of 32 psec/Mm. | , s e
Fig.39 shows computatlons of GDD as a functlon of: dlstance
for a nlght time model of the ionosphere given by: Harth(19?ﬂ
It is ea51ly readable from thls dlagram that -a- GDD coefflclentu‘
of 32 psec/Mm is correspondlng to a reflection helght of about" ‘
86. km in the case of West-East propagation.This is a very rea- B
csonable value of the reflectlon helght.f- ' . '

| For other dlrectlons of arrlval we have to: cons1der the depen— o
dence of GDD on ae dlrectlon of proégtlon caused by the terre-
'strlal ‘magnetic field.Looking at Flg 59 we find at a dlstance _
of 3. OOO.km and at dlfferent dlrectlons of propagatlon dlfferent
values of GDD: . :

GDD; 000 km,H=85 km,N-S péth ™ 90" pasc...

2, S-N path .
-,GDD3 000 km,H= 85 Ym, W-E path = 109 paes

3 000 km H= 85 kn,E-W path- 60 pséc

So,to. consader this dependence we use ‘the follow1ng approxlmation"*
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of. course this equatlon is merely valid on one mode propagatlon 5 
condltlons. o . : ; o
;'Us1ng thls equatlon 1t is p0551b1e to produce "map plots" by
‘means of a calculator.type 9100 A ( Hewlett . Packard ) w1th
addltlonal plotter. = s W g S y
For ths purpose the.data of a cluster ( PSI, GDD K ) are enteredt
to the. spe01a1 programmed calculater by keystmkes.After that - '
the plotter pen moves to a- pos1tlon on the map computed corre-
spondlng to the night. time propagation model and draws a square"
the size of which is indicating the den31ty of llght spots of
‘the cluster... ; : : s G : '
Collectlng the data on the map 1n the same manner as on the . .
GDD-PSI. plots we get plots which are showing the p031t10ns of
_centres of storm act1v1ty on the world. map as. derlved from the
‘night time. propagatlon model.’;"' L '
- The two sinusoidal lines .on . the maps give the positlon of the _
boundary.between day.and.nlght on the surface of the,globe com-
puted and drawed'by the calculator system by means of another |
v SPBClal program.One 11ne gives the p051tlon of th1s boundary for ,f
- the: begln and the other line for the end of the observatlon ‘
- perlod. “4 ' ‘

: Bele Dlscu551on of map plots of Berlln records‘

.a) Map 9101; Q|°°GMT ( Fig.43 ) o Ewr szt
: This plot shows two main CCC:the strongest one in the area
of the Amazonas river, the other one in the northern South -
.Amerlca.mhe local time at these areas is about one- hour before :
-:sunset,but the main part of the two propagatlon pathes to
Berlin is on. night time condltlons."_ i . AN LT
,A.few cluster centres are 1nd1cated on the Atlantlc and in
the wicinity. of the Medlterrarean Sea. show1ng no marked ten- . .
kdenoy ‘of clustering. k. ' ;
) Map -plot 0°PGMT ( Fig.40 )
. This. plot shows the marked CCC belng dlscussed in 6 1. in .
. the area of the gulf of Panama where the local time is a-
bout one hour past sunset.' i
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.The CCC in the Amazonas area is‘almoSt'completely vanished

| Whereas the activity on the Atlantic and 1n the v1c1n1ty

of the Medlterrarean Sea 1s about the same as’ on the 21

' GMT plot.

c)

‘Map plot- BOOGMT <. Flg.41 \r

On thls plot we .see a lot. of cluster centres w1th Mo marked =
tendency of clusterlng themselves The amount of cluster cent-.'
res ' on the Atlantlc is somewhat surprlslna but it is. backed

.for . the Nbrthern Atlantic by ‘the records taken in Waldorf.
;A weak CCC is located in the area of the. Red Sea near the .

" Nubean . desert That seems to be not so very probable on . the ;

da)-

tother hand the nelghbourlng clLster centres at the coastal

‘area of the Medltrranean Sea are plaped very well w1th respectx
to. cllmatlc .experiences.. ' |
A few cluster centres with strong densztles are located at

the eastern coastal area of the USA If these cluster centree

‘are placed rlght on the map they must have been recorded by
‘the Waldorf station as nearby sources.It: should be .one of

the next. tasks to examlne these cases.

Map plot 6°°GMT (.Fig. 42 ) o S U e g

This plot is very similar to the 3°°GMT plot.It's interest—.
ing to see that the storm. actiVity is'clearly increased ‘
compared with the 3°°GMT plot.A new weak ccc is located 1n.‘

- the gulf of. Gulnea at ‘local sunrise.

6, 3. Dlscussion of map plots of Waldorf records .

_ a)

Map plot 21°°GMT ( Fig.48' )

; On this plot most of the propagatlon pathes are on day time
Vcondltlons So the location of the cluster centres on the map

may be expected to be 1naccurate The 1nterest1ng fact on this
Plot is the completeabsence of cluster centres in the area of,v
the Amazonas considering ‘the strong Cccc. at 21°°GMT at thls L

vregaon on. the Berlin. plot This is obv1onsly due to dlfferent
'propagatlon condltlons at: the day and nlght._”
. This plot shows the marked CCC at the gulf of Panama a CCC

Map plot 0°°GMT ( Fig.44 )

”south oi the Callfornlan penlnsula a lot of cluster centres t:-

‘on the Atlantic and a few centres in the gulf of Mexlco.lg"“
' Map plot 3°°GMT (Fig.45 ) - ,

On this plot we see the CCC at the gulf of Panama notlceable
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-decreased whereas the -CCC south of the Callfornlan penln—
sula has about the same: act1v1ty as on the 0°°GMT plot.
‘:The act1v1ty on the Atlantic is lasting at whlch the number
of cluster centres on the Northern Atlantlc 1s con51derab1e
}hlgh compared with the number of cluster centres 1n the ,
same ‘area on the corresponding Berlin plot The reason for thls_
fact should be 1nvest1gated carefully. . N
A new CCC is located in the- area of the Hawallan 1slands where

the local time is just about sunset.:

d) Map plot 6°°GMT ( Fig.46 )

-~ Phis plot looks rather similar to the 3°°GMT plot. _
:The CCC at ‘the gulf of Panama and in fromt of the Callfornldn
penlnsula are - notlceable decreased.:‘ : '

e) Map plot 9°°GMT (. Fig.47 ) ey a2

- This plot looks qulte 51m11ar to- the 6°°GMT plot., -

6 4 Dlscus51on of map plots of Toyokawa records

The map plots derived from the Toyokawa records show only a. few
cluster centres due to the shortness of the observatlon perlod.
‘a) Map plot 9 OeMT ( Fig. 49 ) .
- Most of the cluster centres on thls plot are located 1n the
‘area of Indone31a where the local time is about one hour be—
_;fore ‘sunset.A few cluster centres are located in the northern‘
~ Pacific, ‘ ‘
'b) Map plot 12°°GMT ( vlg 50 ) e |
'~ This plot shows additional to the cluster centres mentloned
- -at the 9°°GMT plot some cluster centres south of India and
'a few in Africa. bs
c) Map plot 15°°GMT (' Fig.51 )
On this plot the activity in the area of Indone51a nearly
. completely vanished.A few cluster centres are located in the
.. Indian Ocean.and a few in Africa.The locating of storm ac-
. tivity in the northern Africa is rather doubtful.It should
be 1nvest1gated the pos31b111ty of bearlng errors of the
',statlcn in Toyokawa because a direction of about ten degrees
‘more to the North would locate the cluster centres at the
. southern coastal area of the Mediterrarean Sea which would
make them fitting to the Berlin records It needs more records
to make a. de01s1on on this thing.
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6.5. Discussion of a map plot derived from San Miguel records

Because of the shortnessof the observation period only the map
plot of 0°°GNT is shown (Fig.52).This plot is backing'the Ber-
‘1lin map plot of 0°°auT by'indicating cluster centres in the middle
and 1n the North of the continent of Southanerlca in’ an excellent
manner. : : : ' |
6.6. Summarlzlng the results of the map plots ( Fig. 55 )

I¥ooking at the map plots we have found two different types of

- storm activity. : .
Qne.type,show1ng.a marked tendency of clustering of the cluster
'centres,seems to have the maximum of activity at the hours short
before. and past sunSet This maximum of cluster ectivity has not
‘to, be the maximum of storm- act1v1ty because of the high attenua-
tion on day time propagatlon conditions.Examples of this type areA
‘the CCC incated in Southamerica.

The other type,for example the act1v1ty on the Atlantic,has a
flat maximum of cluster act1v1ty at the hours before sunrise.
There is a weak tendency of clusterlng of the cluster centres
at this areas. '
Generally it may be stated that the indica%ion of areas with
enhanced storm act1v1ty on the map plots is mostly in good con-
formity with climatic experiences. | |

It may be also stated that there are several ‘cases of map plots
S ) dlfferent statlons which are backlng each other. '

7. GDD - PST maps

To”facilitate the work of interpretation of GDD recOrds ,Maps

‘ contalnlng lines of constant PSI and GDD have been computed and
plotted nsing the nlght time propagatlon model with a reflec-
tionksign, of 86 km ( Fig.54 - 57 ).

There may be some effects which may reduce the accuracy of these,
maps,for example the magnetlc declination amd the. 1nconstancy

of the reflection height and of the directiom of propagation

-on the nropagation'path“HoWever,these effects will produce de-.
~viations of second order. P Sl | o

' Ii'must be polnted out that these maps are mot applicable for.
.shoxrt dlstances because - of the effects of multi—mode—propagatlon d
( see Fig. 39 Y ‘ '
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8. Conclusions

This attempt on'locating'sources of-atmospherics by means of -
measurements of the directions of arrival amnd of group delay
‘differences seems to be promlsing It should be continued

using records of other seasons with good overlapping of the
observation periods of the different statioms and extended to
SAR observations too.Succeeding in this work it would be possible
to develepe a technique of quantitative"controlling’the areas
of enhanced storm act1v1ty by a few observation statlons.
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Fig. 2 : Antenna system, set up in Waldorf , USA
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Fig. 4b : Photographic record SAR mode, 1.4.71, 310 GMT, Berlin‘_-WM
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e SA g
Fig. 4c: Photographic record SA mode, 1.4.71, 320_GMT, Berlin-Wm -



750 500 250 0 -250ps

A s

GOD g_¢
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Fig. 5b: Calibration, ‘SAR mode
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Fig. 5c¢ : Calibration, SA mode



2 .1571 35 PSI'PAR x PS] PAR K PSI PAR K PSI PAR K PS! PAR K_ PSI'PAR K PS1.PAR KPS| PAR K .

0 143 123 422 177 57 324 222 221 222 250 §15 422 250 347 222 274 275 321
. 182 120 331 170 38 430 224 144 {41 24& 47 332 250 176 331 276 88 331

3 138 96 211 153 99 310 167 73 221 249 107 333 250 338 332 273 266 321
138 96 232 154 28 331 169 44 231 249 45 343 250 165 332 274 77 331

6 $37 80 211 154 88 310 174 65 320 247 353 332 250 103 334 281 239 233
141 125 231 156 72 321 248 27 344 248 1463 332 282 66 233 St A gl

9 147 {C9 411 251 143 323
"147 135 421 249 95 243

Si12 140 121 11z 154 121 110 249 234 311
150 186 237 156 175 120 249 268 331

15 142 89 322 159 78 22C 242 165 122 256 135 321
140 42 331 159 36 230 241 &0 142 256 60 331

18 133 112 622 180 49 531 239 109 222 249 98 221
141 57 337 183 12 321 24C 28 232 248 24 232

232 257 329 333 262 359 322 274 135 231

21 147 115 721 183 96 32¢ 238 99 222 248 80
147 oL 631 237 31.232 249 5 232 250 118 343 273 396 342
2 1971 26 PS! PAR K PS] PAR K - PS] PAR K PS].PAR K PS] PAR K PSI PAR K PS] PAR K PS] PAR K.

"0 142 88 421 248 115 231 277 282 333 310 286 211
148 53 44y 248 24 341 P79 37 333 309 95 231

32 143 103 311 1695 76 321 136 65 321 243 -115.320 279 289 133 306 282 2%
50 74 231 148 37 341 186 23 241 244 103 380 307 {50 12l

(vl
e

fes]
o]

&7 420 176 65 421 241 254 141 253 345 120 280 370 120 277 302 222 302 305 221
149 76 33¢c 176 23 430 241 107 151 254 192 140 . 262 182 140 273 119 143 © 303 135 22¢

9 161 98 421 274 252 230 30% 313 120
160 96 431 276 124 221 331 144 140

12 148 112 320 167 101 121 237 127 120
148 122 330 169 &3 231 239 86 331

15 123 104 211 152 101 21! 163 85 211 237 131 211
123 113 131 150 64 230 1s5 68 232 238 68 231

18 123 858 322 147 68 421 169 68 522 231 106 S22 242 363 320 273 219 220
121 29 332 ‘146 25 431 165 4 431 231 2 332 248 181 140 274 103 32¢

zl 143 106 421 3170 79 321 285 371 130 229 128 311 248346 323 267 320 323 271 146C 222 - 301 255 211
W7

48 331 168 6 321 225 169 140 245 156 233 2664 115 432. 269 10 332 300.133 131

Table 1: Result of data processing of photographic records of two days -



360° e

—_—
g
e
_—
pead

] . . . . .- ) E)—J.'" ‘. -UD, . °' ? | |
- o] BT © S ] . +

FTf s ot AL £ Oify i o Lw
; A C O Be®m B -
] ! [4 -. § o i l-‘l. V. LR (I .

T

. i . g: A ; f .. .. ’ L
Y‘T'm.‘ — e , et 5

-
4 Cl. .. . L

1 o 'I * r
. « eollg L o T
b

.

T

....- gu.v_ . . ! . . g | E .’

i L
] -

Dc . . i J ' . * l ' ‘ N
-100 S0 +100 +200 300 400 " 500
' 'GDD fysec) —*

Fig. 6 : GDD - Y - plot, Berlin, 30.12.70 - 8.2.71, 0°° GMT

360' . '. ! 1 Il » N N g " : N

- ] . . UD .E;- '. .'. :
] J.o el A ;
§ @ ke e _f1 8 ~

200 T - Bk~ g _VV

. 1 . .p o ‘ . " U.vc.,: o L [ 8

] fé;»~j»" e ‘ R r

. w ' i a o . 'j i o

: o S .. S e, . . ..,_ o . :L__
Y180 . e R NN B .

v e o . ;-- o . 3

b : » a - i

p . « ® r

43 F '.', (iu . d -

1 - . ’ ) ‘ - r
g()'— ! e _E

S +100 4200 +300 1400

GDD [psec] ——

X
o
o—
-,
na
(=3
S

' Fig. 7 :GDD - Y- plot, Berlin, 30.12.70 —-8.2.71, 3°° GMT-



360'-' ! 1 1 [l _{ ‘1' v| ‘ N
% ~
4 i
] 'fw ’ ug’q’difsli: .o | :
@ ] l ) L g o, . : . ® . -
210 ' i+ S o T i -W
“ ' 0. ° * .‘ic.'. - -'@'!a'.'..." i
i e . B, e R i
. _‘ " d . -.’ '.['] » 'p_l’ * i a o
. y 4 . L IR L LT A :
| ] i, A M [
¥ 1ew T - =S
1 J = 0 L : .
B i ! f;*ij s ' b
g o ot B
‘ 90': T . T i :E
el _ LA T, i _ i e
-100 0 . +100 " 4200 €300 . - 400 +500
' Vol oDD Tpseels e '
Fig. 8':GDD~ Y - plot , Berlin, 30.12.70 - 8,2,71, 6°° GMT
| 359'3' ' e —: - : !
1‘ N . ’:u _l’,I::B-pc : 3
¢ ,2_70.- o ' 1K} I - g »—-v:»lw ¢
; ; o Fand . i o "] e ’ |-
*T L Ea e e v S
] | L
b ! &
x4 5 fi
90' ‘. !‘ W .r
5 ‘A ' "..
n.‘ é . T T LS T (] Y T N

+100

>R
GDP fpsec) e

_ Fig. 9 :GDD - ¥ - piot, Berlin, 30.12.70 - 8,2,71, 9°° GMT .

w00

£500




e T : ; —t
: e -
1 : ;
E | g
:1{ .c : » .l . ’
M e 3 et -W
' ,} a | -
YT 180" e e s
L e |
-
. ) o
"n.- l- .1‘. T ‘,‘,: 5 | K

~100 R R

[ +100

+200

+300

GDD [psec] = —*

w00

Fig. 10: GDD - ¥ - plot, Berlin, 30.12.70 - 8.2.71, 12°° GMT

N
*500

360t

T

4 ! L
. » L
: . L I
200" chaoaflte :
-t § o -
2 . o L
i . . o -
i , L.
',Y' . 130"1"""”'*""'“""""";“ Rl Pt N 5
1 f B -
j H .U;U. . }. £
. 2 | 0 :;. :b' -
1 A . :
1 'i * o
) : a
1 ' :
e ] L
' i X
b
n'. 4 : ‘ T T L
0

4100

] 200

300

GDDfpsec] e

“%hoo

Tig. 11: GDD - ¥ - plot, Bexlin, 30.12.70 - 8,271, 15%9 GMT

4500



360

W

1 '
e b
i L
j ' - =T . B [
20 et - :
- .I n e b
4 ! 61 . o . ¥ '...“':l.l:".' L
L ] ! .o _ . . i
; - . o ‘ 2 o
] * e ) . |
S E d « 0,0 -sq. 3
¢ e e a, s %] Cs 3
S 1‘ o }- .
L TR S o L st -5
] . al i : r
’ T v ar ﬂ' : r
4 ¢« apom]o v k . SO
- L] 3 -
. a i X
s« Qe . b
90 f E
o - :’
- o
o. 1 T T | . L1 """N":
0 +300

Fig. 12 : GDD - ¥ - plot, Berlin, 30,12.70 - 8,2.71, 18°° GMT

4100 -

+200

GDD [psec] ——»

+400

360"

i

'YT 180°

80

' 1 [ A
: L4 g e+ . »-
. “ole [ 2N U » -
1 .:, « a ’ ) ) U; o L
j 3 CRa 3&6{%{; - 3 1y W ‘
e o oo N 5 - o i
] .9 L -
j . & . . :.' " * :
: e N v' ‘. b . * *a . i
-1 . " . % -
e o s
i' :gp * »
4 LI ;E U'D !:' .. a * :
: i :
: fme
! ”1
™ " ; T " ) s -t " T ! N
=100 0 +100 +200 +300 “+400 +500

© BDD [usec]

S——

Fig. 13 : GDD - Y - plot, Bexlin, 30.12.70 - 8.2, 71, 21°° GMT




3B

i ' -
s :1' i N i
R A T e Ty !
R i i n[i.ggf’;m o g
‘ : »I : Um a et . :
Y1 180 . Pk ER ' S
Sy s v -
L : v i ‘.b . " * i
a ;- Lo ]
| . a 9y :
4 ] . P
. q . {.
gn g "ﬂﬂfh - ‘E
. U'-ﬂ':"a" '., i: ‘
0 - . : = r [ 1N

-100 ' 0 +100 . - +200 4300 o400 +400 .
GDD [psec] —=

Fig. 14 : GDD - ¥ - plot, Waldorf,19.12, 70 - 12,71, 0°° GMT

L o EEIE MR (T ~tmrt-N

' N -Bqu'.u"'- : _ Wi
210.r v . : " 3 ..‘. ED :ﬂ .l b .. . ‘ i ; : : '—W

B TS U TS T G B T 1

. . e Bl med s | o .
: fp e, 4 ;
- ] a ‘e

. ! 1

. e l IU".‘ s . ; J : :
YT"” e e L ,_ worE

: A . X

: a3

40 j . ...'.' "p . b ’
90, _‘ ‘ I o ,'5_'_.—:-'(?.!? ro @ . E

' | o ST . . [

] j

-1 -

-100

O =:nm

$100 . +200 .. +300 +400 . *500 -
GDD fpsec] ——+ S

. Pig. 15 : GDD - ¥ - plot, Waldorf, 19.12.70 - 1,2,71, 39° GMT -



360 .

] : _.
i .l . a__i ' :vé,@q'ﬁ‘,’ S . i y
Eh _JJ e e G e A el i qt e ) o- Lo
4 : . 2 7 . .ip . . b )
] | akd . i
R ! . | . '
. : . * .c : ‘g . -
YT 1B s s a ' :'_- . S
N 1 - e % :
: . . * -
o - L ] | . q . }.
30 : --'h e = E
4 [ 3 "g'i ’l -. . : ‘
0' i T T T . i ; . - v'-‘ N
~100 0 - 0100 +200 4300 i | e

Fig. 16 : GDD - ¥ - plot, Waldorf , 19,12.70 - 1.2.71; 6°° GMT

360" :

- GDD [psec]

P e~ 3

1 ] 1. 1 N
-1 a ) ' .'“unuqu' [
: . a; : s
H L P R
] * orop ° ) [
J D a . o. b
”fT 180"~ e e -5
,: ! ‘% ‘ 0 :
gD e . ‘:?c#.:n O E ‘
-4 .0 = ":5:1 »“ ¥
U‘ T l 14 T l g \J g y ) N
-100 0 +100 - +200 _ 1300 1400 +500

GDD [usec)

" Fig. 17 : GDD - ¥ - plot, Waldorf, -19.12,70 - 1.2,71,9°° GMT




360,— ..' i) it ' I} v. 1 _' : $ , N
a [
; . ¢ a Rt ' g
Aie S o e 5 — W
- ] s [¢] ) .‘:f%‘n:’ o [ﬂF o, ¢ ay [
: . cge B ;
| K cre i
§ wr (ra. | , B
Y| 180 e = S
. - D . 5
! “ [
I e b2
E ! a. "
n’ T 1 T T ‘ . ! " i ’ N

-100 0 +100 1200 +300 - 1400 500
GDD [psec) —— ’

Fig. 18 : GDD - ¥ = plot , Waldorf, 19.12.70 - 1.2.71, 12°° GMT

360’ 1 ! . 1 1 - ‘ (] ) ‘ 3 i - N

[ T P
~T

1
T

1
-
.
. @
"

- o i .. 0... . g
i e A _ —tW

T T SO S -
a 3
a

'YT 1] —— v-m:-.‘...___._._é...-..' o —— - S

R g Gl e

B0 e ‘ .. —+E

®e
. . L.
.
B | e
- L ] b
4 -
J -
N -

T T - i T - l. N o
+100 - 42069 ' +300 1400 +500 .
GDD [psec) —= '

O-=

=100

© Fig, 19: GDD - ¥ - plot, Waldorf, 19,12.70 - 1.2.71, 15°° GMT



360"

210°

x

¥ L { TR SO U W T W |

“rT mn'j

00 :

 Fig. 20 : GDD - ¥ - plot, Waldorf, 19.12.70.~ 1.2.71, 18°° GMT

i = -
d .
W
. a L
¢, B . L
. o s R L
i a 4 % [ v d »
4 ' w13 !
] o "
. L ] .
Wigicn ia PR P
-a, e}
SUTUE i
ca " e s "
1 O o o -
- . =
1 Lot . v :,
D%t Ot L
T ~E.
.m e ° Fo
T Y " N

© 4100

+200

+300

6DD [psec] —=

1400

+500

360°

210

'YT 180°

1 ' i 3 N
] a .
: = gu) - W
: a : o du '-“ :: *le o :
] @ “. 0 ‘ I
] ’ ;. ‘a [
3 Du_' _:'. ='QL. r S
: . a.u.. . . i -
. g 0 X
1 ** g8 !
: D'-O " [ ] :
. 9,9 ‘Pe
T " E
; | ¥ o'y ; I
] -
g -
1 [N
y 1 T . T g - ™ 9 "r“N
=100 0 +100 +200 +300 +400 ~+500

80"

GDD.[psec] ——

Fig.'21: GDD - Y - plot, Waldorf, 19,12.70 = 1,2.71, 21°° GMT




N

Ww

m-

360° : . ! -
1 . T
h -
2] . -
t S ’
o IR L L .
o . o’ i .
i - E
] [
ﬂ‘ ' T ; T ' R r ’ ) I
" ~100 +100 +200 +300 1400 +500
: GDD [psec] —* '
. ' ¢, B . 00.
Fig. 22 : GDD ~ ¥ - plot, Tyokawa, 9,12.70 - 23.12.70, 0 GMT .
360‘ ; I .1 ] i 3 N
] i
210 ~W
: a4l :
Y1 180 " :
] ,4 r
] o X
90’ Ny
: | 3
0] —— r ] : e : I
-100 +100 $200 303 400 +500
, .

" Fig. 23 : GDD - ¥ - plot, Toyokawa , 9,12.70- 23.12,70,-3°° GMT

GDD [p sec]




36“‘ y . i 4 . ) 3 1 :Nﬂ
. i [
210'; F - - W
- % . ) ® :
] - a s
’YT L e e S e - -5
e . ke
0. i Lame T oo : 1 : " T . T T 7 I N
-100° - 0 ?lOO ) 4200 +300 ' f/oOO ' +500

GDD fpsec] —

Fig. 24 : GDD - ¥ - plot, Toyokawa, 9.12.70 - 23.12.70, 6°° GMT

360—1— L - - "l 1 - l'.‘" " 1N

2 B _w

i oo’ !
] 51:9 Uﬂé%u" r

: ; o %g.g E i
< i 0 LI . T o

: ”t’Ttau" - — | -5

: | i g
4 { .
4 " l L
] . I -

90" ' P

0' ] i l' . T : ] : : 4 i - e T 3 N y
-100- (. +100 - +200 +300 400 +500

GDD [psec] ——= : o

Fig. 25 : GDD - ¥ - plot, Toyokawa , 9.12,70 - 23.12.70, 900 GMT



1 —

00 e g e W

4 s -
1 ’ ap o - .
i & .. UDU 1
! o o . -
B o i
[ BN o L] - .
: b a o, e 3
> ) 2 . -
'YT R . _ g
. :
4 1 -
] oo !
< ﬁ L '. :
J d . . :

] a D: v " L
1 :
:] s a e
() T } T U A i T -~ N
. =100 0 +100 T 4200 +300 1400 «500

GDD [psec}] ——*

Fig. 26 :. GDD - ¥ - plot, Toyokawa , 9.12.70 - 23.12.70 12°° aMT

S u gy e we = % % =y : *N

: ‘ "E;..' ] :
210 PR -w
1 : o . . . .'- o
- ' n ‘ u L ]
L ) U- . " L

P =
=
=

N 11
1
t
e
L)
a
a
-
T
w

T T ror ot

©w
=
m

7 . o b
-
~ RS

u' . 1‘ ‘I T ‘l 8 | . \ N
+100 0 .00 | +200 300 400 - 4500
. . GDD [psec]  ———e !

Fig. 27 : GDD - ¥ - plot, Toyokawa ,-9.12.70 - 23.,12.70, 15°° GMT



360°
210"

'T'T 180°

90°

1 1 ] ) 1 lt N
: w
: L] " .U : & .' ’ -
, sl r
- _ S . -5
- i -

; : E
o _-ﬂ . b -_

T ¢ T d T T N

+100 - 1200 +300

=100

B GDD .[ysecl —.

400

n A 1 JO0
Fig. 28 : GDD - Y - plot, Toyokawa , 9.12.70 ~ 23.12,70, 18  GMT

360°

210°

YT 180 "

90—

+500

g 1 I _J [ 3 N
] ' . i
! N . e w
. a s e G
| . @ ol e a * . ¢ [
. ! . a . "
= - ; ) . - S
- E
L Y =4 T T N
=100 +100 4200 +400 - . +500

GDD [psec].

4300

—

Fig. 29 : GDD - ¥ - plot, Toyokawa, 9.12.70 - 23.12.70, 21°° GMT



Fig. 31 :GDD - ¥ - plot, San Miguel, 16.11.70 - 30.11.70 3°° GMT

360 IR %a
: -‘G‘FU’ Y
] Q ' I
] - :
200 -W
. 'YT L e +s
]
0] | £
: a B
, of ook * L
B 5-'" T ) T ( T N
-100 0 4100 +200 +300 *400 +500
GOD [psec] —=
Fig. 30 : GDD - ¥ - plot; San Miguel, 16.11.70 - 30, 11.70, 0°° GMT
360" ey : - N
| a . q L
i D a L
200 , -
SO %
YT 180" : -S
: [ | :
80 ; E
1 ! a r
] o g | . F
0. I » : T - T N
-100 0 +100 €200 +300 +400 \ +500
GDD [psec] —



" 366

) :Dua 1 - 8. s N
: 8] . v . :
210" L w
] a . . L
: i . - Ll :
"rT 100~ -S
90+ { £
| C
) [
[
.4 - L
U i LI : ¥ s ( . N
-100 0 +100 +200 +300 4400 +500
GDD fusecl] ——*
' . : 0
Fig. 32 : GDD - Y - plot, San Miguel, 16.11.70 ~ 30.11,70, 6 O_GMT
360 ' o) : ' -N
" o o] R i
210 W
v ; | :
Y T'IBU_' = 5
S Y .
50 — -E
r T o | : ) i N )
. =100 0 +100 «200 . +300 +400 +500 -
' - GDD [psec)] ——= -

Fig. 33 : GDD -

- plot, San Miguel, 16.11.70 - 30,11.70, 990 GMT



360t s : e e

: D ' : e 4 .
20 ' . ~ - -w

| ;
”rT 180° :s
8y 1 - - E
0 | E { . 'u ; ¥ .' i : T T . ! N

-100 0 +100 .+200 +300 +400 +500

: GDD [pysecl —— '
Fig. 34 : GDD - ¥ - plot, San Miguel, 16.11.70 - 30.11.70, 12°° GMT
360‘ e 1 1 : 1 (] L : N
20— - } W

i a . ‘ . s ' : 8

7 i

1 r

F U T
T

90 - e T » E

T i T 1

1 ¥ )
=100 _ 0 +100 +200 - +300 - +400 +500 -
. GDD fpsec] ——=

. Fig. 35: GDD ~'¥ - plot, San Miguel, 16.11.70 - 30,11.70, 15°°GMT




Fig. 37 : GDD - ¥ - plot, San Miguel, 16:11.70 - 30.11. 70, 21°° GMT

360° i ' -N
]
: Qe :
270 : W
a q L
] ; [
- YT 180" -5
. ; -
o0 : _ &,
Z 4 e '
y 5. X
] o -
. a . I
ﬂ \ L T (0 7 N
~100 0 . +100 +200 | +300 2 +400 +500
~ GDD fusec] ——= :
" s : 3 o )
Fig. 36 : GDD - ¥ - plot, San Miguel, 16.11.70 - 30.11.70, 18°° GMT
© 3604 . : : .
] ' J & !
- u :
270
] : -
YT 180"~ -
] a [
80 : -
; i
1 e L
EL a's | C
. 0; ! (i : E?nq" Y " '-
=100 0. +100 +200 +300 +400 +500
' GCD [psec) ——= |



80
20"
40

50

4.,.20

L0
60

_80
| 20

200k

Fig.38: Bearing of the two C C C, 000 G M T

/‘h
£



-1: W-E propagation

0=+1 : E-W propagation

0: N~ S propagation

0:S~- N propagation

I
' . - L
| a7 o
!lr ‘ == \'/./
d I P " b .
100 i{lr _I\\ E /:3::::-'//_7'-_ . +1 |
AT AN callin —_— || a-=
oL “tn\\ | i
l 5 ) J'I’JWI/ H = 80km n =
R ,
0 \‘: Nl \J.l
b 1 \'\ .
J Il I/
MY i
) H = 85km-
b B =05
! -
i %e
il .
1)
Y t‘ e
{1 | pr
s o e -
| . ..//_}.,-,.. ; ) -
i . 3 + 1f- " -_|
e ,ﬁ AT @//—
' O 17 i (2
& IRy
) . ;' ,\{I‘
." LT H = 90km
0
|1
N
N
A
100 -
h
y
RiRE! GDD.7/2
B P Bl I _13 et €
0 1 2 3 4x107km-
DISTANCE ' =

Fig. 39 : GDD as a function of distance, night time model Harth, 1971}

*



L

10D

—
<

14D

| 20

. . 20-_:: B

60

13

| _1p_ 120 _10p_ _ 8!

- 160

Fig.40: G D D- Map-plot, night conditions (&'g=c° , H=86 km) Berlin, 30,12.70-8,2,71 0% G M T



80 | | sl s DAL T . 80 - sl

355;;}&«:" :

I

} a4t :
S Y -/\-\..“__,\4 x%& e
._N.~.4% e e e =
i n )

LI

.
P
Vo s

¢

-
P
A A

' Y :
. L p y
) / # P ' L N
). ," o) % .
. = ¥ g I .
& S .
; ) LN .
. / ’ : . '\\ 5
; % \,
.
\ ) % "
: e . \, "
A R .

| /
0207 0_/20 _40_.6D__ 80 100_12D_ 140 16D _ 180 16D 140" 120 10

et

(J /1
i
‘

Fig.41: GD D - Map-plot, night conditions (g=00, H=86 km) Berlin, 30, 12, 70-6. 2,71 39 G M T

[ T T AF iy i Rt o BN CAunay AEhe N N |
l —




o
1}7;
—
L~

N\

R R T )

b\

Q& 1
PR _ ,

Nl _ 2 VAR :

“ . S - _AS/ ¢

o - “OMV M= o o © _ O\M.“ _
159) “67 3 n/.v 2 \5 D" B

S i e, 1o

D

%

P

. »0’

Wi

(

Ky

o
25

|

. —(
ot H
) 4r. > Ly e, :
: N ‘L 0/. e ! - X
¢ ; S b .O 9. / O, Y
ois b N / :
. 1

o

o 'Y * *
2 @

* ) i *
so.q o7 b
b o .

§ - P 3

o W

8

8080 .40

op

I

&

e

3 20 '

40

0

 Fig.42: GDD - Map-pio_t, night conditions (& g=00 , H=86 km) Berlin, 30.12. 70-8, 2,71 6°° G M T




]
/rf)
l&ﬁ[}

T
|
|
|

.-"1 é:&f“

v v
L of

T 2w o & 1
[y 84
., I
| [;
78

Lt
!

7
A

P

e

e

")1(:\/

Bl

L

o

Q//

(N

(@}
e o)
3

~ Fig.43: G D D - Map-plot, night cbnditions (b g=00 , H=86 km) Berlin, 30. 12. 70-8, 2. 71 2100

GMT




i =1 L
a;
STa

80

) PRGN T § .
q. 20~ w
. P i 5
s Vi F '10

Lol

180

T

~ Fig. 44:GDD-~ fl'\/blap-plqt,Ani_g'hf conditiéns (G g=00 ,-H=86 km) Waldoff, 19.12.70-1.2,71 00 G M T Y



‘8-

80

.....

T

»
p

b | |
e ;
|4
o

>

(
"

]

1

=001, H=86 km) Waldorf, 19, 12,70-1.2. 71 300 G M T

© Fig.45: G D D ~Map-plot, night conditions ((5 g



L D 009 TL°3 .YH..E_‘..NH_.mH ‘JI0pTEM (I 98=K * oonm‘,@ ) mqox%q.oo.unmwn JoﬁnmmE o Q aon "ww.mwm
= i ) 2 . : . ) )

ol

A
.
3

~

D

.

Ny~ -

RO, S S

A

P

N2

T
5 =
.

P

7

~

TN

AR

54

51\\

I~

%}.\
{
]

'
'

7

L

|



T
y
i
b

|
I
‘r\\
o
1

)
f
/
|
)
UV
Oy
]

%vg
dr» O

/
//
AN

40.

‘J—{"
/1)
. ?
A
|
<\
Ty

g o
°i0 .

120

N
—
T
T L
SR

o

-

N

O

N 40

N

4o 6b__8p. 1001

=

"‘.\:, | ) g = §7 N -
\\ 1 80 5\5 1 . / - *

it
D
=
[8)
N
ik
)
()
%
o

4/
4L
P
.,

Fig.47: G D.D - Map-plot, night conditions (5 g=

Zfi(‘
|

oo, H=86km) Waldorf, 19. 12,7¢-1.2.71 9°°GM T




LD g0T8 TL°Z°I-0L°ZT 6T ‘II0PTEM Achowum.oo,u_w

\Qv SUoO1}1pU0D E.qu Joﬁn@mﬁ - a Q D "mw..mwh :

|

—
(@)

=77




A st 8 A ' |
Awuﬁw.. r\r % N\ D //nu_
s Qﬂ\ \.?m_ / ¥
v 1

ey \ & —

/
hilws w

.80

-“

N\M
=

- Map-plot, night conditions ( (5’ g=o00, H=86 km) Toyokawa, 9.12, 70-23.12.70 990 G M T.

] S 4 . 2
. Fc, %& ﬁ%&wu u\&\ Am.,ww A@(\\ /u 8. w
wo,.m@ nwm%url v | /D_ .
A T A , _ ,
@mﬂ ! \\, "
\S .\..WE & - S _
LAY aEN = R RN
Ep 11
-+ s < .
: : . 3 =y
‘NENEEREE R

60

Fig.49: GD D

/)
£

& |
1



e 2pe L 80

60.

%' i

-/ ‘[‘

g

P .
.___...._);\\}:té________
: A
/

L 40

fcﬁ»
;
“A

Tt
=5

O

(5

b

Ul

o

(a»]

N

t A
S5

%)

val

]

-
s
=

<

csk/?,,f{
S

N
4

(PZe

D_ L0160 180 16014

T

40_6/0-_ 80 10

- T~

few)

[ L

Fig.50: G D D - Mep-plot, night conditions ( 6 g=00, H=86 km) Toyokawa, 9.12. 70-23,12.70 1200 GMT '




g

T T T
ufw.a. _~._ Ay mw ;% ; Rﬂ«r\ﬂ,\ . i
A %.J. v 15 ! !
: m.ckm\mrﬁ.v_ MR, Pl . e
. gV N . Sl
N P
& i AR, ;
: r/%ﬂ ! \\\ ol m
R . r/U/\IWW | ,\A\W/..I:I/ ,nu_ FN
. Sl . L,
- TN
k SSin, w_ m
, . i~ ; !
4 o [’ X i Rqn)
S , m , N - ST ,muu % 3 M\/
V . o . w g . i Ol i
uu // —— g = o m_ ) b
\ ; ; / !
=% p - .:..-u. O_ - - -
"\ ,..\\‘T. - kn/ . /r m" s
ot i m/!
h i /«Q 7
%, ¢ “% it
\
N/\MLNHwM\LP * N.\N.rﬁ.\w\\lj O m.w_.
INE i —
/\wﬂW\\H & ,%m.. fo \ . AM.
R oS 7? S Zh ~ D“

N g

L g

R~

. v/ q° .
¢ L . . =
Ch A
e 7Ty
. o _
.w_ wh S ol i
] [~ \\..\..A.v\.m * (
y all o v p/ %w‘.,\ x..,--,u _ ST\
o & r
ﬂ ; \5.94.“ \ . \J 9 )
/.ar , %&. - . et N“ .
~ PN ) L] oy d .
W\M« -.zﬁ\ 1 \%\lf.x , R
- [an]]
S T G
: _ o ;
s )
S D ORI
., 1o \

, : : .M, \\ 0
NNy, AV g \ g o, 7
Sy == AN A== i o I ¢ QO
R L o)
| Rl Y o
/ , \\/ ' 4 d
. Mg s o'
3 L, N ' mV.-: Af
T !III.I:III/!UI,I ; 5 \W .
s S !
2] sy v ba ] . O 3.
T I
o) B == = O O o '
o : < Nl e 2l o P

Fig.51: GO~ Map+plot2- night conditions ( G g=00, H=86 km) Toyokawa, 9.12.70-23.12.70 1500 G M T




' L N D 000 0°TI0€-0L TI 9T ‘[onSUY ueg (uny 9g=H * co=3¢)) suonpuod Jydu .uoﬁ...%z ” Q, an ."mmy_wu/

SO FEVSUI (NP RS IS TSN e 9t RS W ?z..?\jln..-ﬁwhww\; ot ek e o
08”00 g T e Toer T qe T O ger ol dg 087 p06e 0 |
. . , | = 09
N k.
)
e _ ﬂ 07
R 0
L .
4 . 0Z 1
| .
P L
) 0%




i o S e
B G W Wy

. e

I R D O A e W = o P N YA T R S S
o GTT@arToer T der an T dargor ds a5 0f7 ™ 62 (o RN 0 VN < - e TR "/ R /O ]

?fﬂgty;{-a.:..l'f
I

— e —

- MUNMA
0
i\v
i 374
1
b
Vi

-
b

e v Oy %l e B M
,. i S "3 YN ] .
Om ’ | : % @ . =

R
) Ané
?é%;

YT

~§
L}Q. 1
NG
p
A
®
L

V)
4
‘@
../3
&
B



‘ | uriaeg (uny 98=H ‘ co=3 Q) m;_e@noo JySu ‘dery - dh ; a .n D 5881
—1 1 V..Allll_ “ 008t | B M .
\“K\\_W/V ] PUM R

\
N
A

>

o
)l‘/ )

iR
: N
N

AAX
”) 7T
1177 ]

2 [/ |
P ¢ Y-
A \.

-
/“

B
“%{‘\f

o 8 ”%: }[ <
e

5% NN
TS

b2
; S

s § \ = ; ’
—>'\$;Jk : > N L g
e
bR Ny S

™~

5\5

N EYE '
P S - |
& ) e
A
o
a1 ]

5‘170 é\@/
A

5
2

7
. Eﬂ_{} = OV :
09:% % s%8%1
54

.

%

—

(e
o
LA

X
B S0
\w)y;\
| o
v C
L O
1

o
N e o]




JXOPTEM (U] 9g= ¢

=3 ) mqoﬁv_soo EwE&mS -d - Q ao:g .m_.w

ooy -

N,
ln/ -
\

- - A

.
-~ 2
D i

> e ¥
1 Ry,

N

P [? TR

=

—

4
s ¢
o

e

-,

§ AN
~




08!

eaesoL0], (U] 98=H ¢ 00=8 Q) SUONIPUOS 1YBI ‘du ~ dy - @ G D 198" H1d




. [onSuN wes (uny wmum‘.,..,oo.um 9) mnowﬁ.vnoo B ‘e - (h - @ G D 148511

4 L]
Py . — =
L :
hi s e § d
i e

/
s

{/
h\—

Pl Y

Eny
&/

‘.
oy ,’// %
e -‘./4 )
/1
il

i
LY
7

i

. J_-— (
\ Lad
-

-

~
|-
p—"

oot 0
e

N
o st e

DO\ 1‘\{\ Sa
{
<

A
o

)
3
g

T A
B

—

i

. 1
\
P L St m—
I\
. .
5‘/._ -
" A -
\
/ .
NN, / b
7
N ¥ i
\ y ¥
.y
.

3
)

a\

J A%

.
!
i
!
1



gy



