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Ceoni onitor , in addit  ion to a n a ly z i n g  ~e rLira1 and h~wksra t t i r dig ital  ionogram~ ,
digit I.: vs magnetomet e’r , ri om etc r , rad U)  ~0l an meter , ar id sa t e ll i te
scint i l la t ion data for t r ansmiss ion  to  the u s i n g  site . (‘ompression of the
digital  ionogram data and the other geophysical and ionosp her ic  data permits

~ t ransmission over a 600-1200 baud t e lecommunicat ions  link to the (HiS.
The GDS formats and displays the data for the remote observe r and analy zes
the data to call attention to distu rbances.~~ For each ionograrn , li nes are
printed summarizing the frequency extenP~f the observed echoes and the
variation with height or raimge of the echo al~ plitudes. As fur ther  data• arrive , lines are added to the printouts , res\ilting in t ime histories, so-
called “ ionospheric characteristics ” of laye~~heights , hackscatter
ranges and critical or top frequencies, In add4tion to showing regular
diurnal variations , the onset , type, and severity of ionospheric disturbances
can be determined from these characteristics. \To aid in the interpretation
of the characteristics, ionograms are reconstitu~ed ft om the ionospheric
dat a messages. These with displays of the other\geophysical and
ionospheric data create a comprehensive display tpr evaluation by the
observer.
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REMOTE IONOSPHERIC MONITORING

I.
Jur’gen Buchau and William N. Hall

Air Force Geophysics Laboratory, Hanscom AFB, MA 01731

Bodo W. Reinisch and Sheryl Smith

University of Lowell Center for Atmospheric Research , Lowell , MA 0185’r

ABSTRACT turbances can be determined from these
characteristics. To aid in the inter—

A program for the development of pretation of the characteristics,
automatic real-time monitoring of the ionograms are reconstituted from the

• ionosphere at a remote observing loca— ionospheric data messages . These with
tion is described. The Digisonde 12$ , displays of the other geophysicar and
a digital sounder in routine operation ionospheric data create a comprehen-
since 1970 , provides digital data suit— sive display for evaluation by the
able for online computer processing . observer.
Analytical methods for the detection of
ionospheric echoes and the deternmina- INTRODUCTION
tion of their virtual height, ampli-
tude, and range spread have been de- The high latitude ionosphere,
veloped . For real time application , strongly controlled by auroral parti-
these methods have been implemented in d c  precipitation and especially dis-
hardware using microprocessors . The turbed during auroral eubstorme ,
Geomonitor and Ceomonitor Display Sys- affects a variety of USAF and DOD sys-
tern (CBS ) provide the capacility to tens, as well as military and conner-
perform the monitoring at any desired cial ~o.snunications links operating in
site separated from the remote observ- this environment . To advise the var-
ing location. The Geomonitor , in addi- ious military users of prevailing con-
tion to analyzing vertical and back- ditions, the AF Air Weather Service

f scattar digital ionograms, digitizes (AWS) has monitored routinely the
• magnetometer, riometer, radio polarim- state of the local arctic ionosphere

eter, and satellite scintillation data and the onset of disturbances from
for transmission to the using site. various ground sites as among others

• Compression of the digital ionograrn Goose Bay, Labrador, Eielson AFB ,
data and the other geophysical and Alaska , Tromso , Norway. The reports
ionospheric data permits transmission are collected and evaluated by the AF

• over a 600-1200 baud telecommunica- Global Weather Central (AFGWC) and ad-
• tions link to the CBS. The GDS for- visories and warnings are being diB—

mats and displays the data for the re- sem.tnated routinely or on special re-
mote observer and analyzes the data to quest through the Space Environment

• call attention to disturbances. For Support System (SESS).
• ea ch ionogram, lines are printed sum-

• aerizing the frequency extent of the The monitoring of this environment
observed echoes and the variation with has for a long time been accomplished

• height or range of the echo amplitudes, by trained personnel through hourly re-
As further data arrive , lines are added ports from the various sites , using a
to the printouts, resulting in time limited selection of geophysical param-
histories, so-called “ionospheric char— eters . To automate the process of data
acteristics” of layer heights, back- analysis and data tra nsmission cape—
scatter ranges and critical or top fre- cially at remote sites , we have devel—
quencies. In addition to showing rsgu- op.d the Ceomonitor (Reinisch and
lax ’ diurnal variations, the onset, Smith , 1976) . This system extracts the
type , and severity of ionospheric dis— essentia l information from the digital

• 78 1. 0 ‘24 011
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f ionograms, supplied by the Digisonde the oval belt, d. Auroral E, a parti-
(Bibl et al, 1970; Bibl and Reinisch, ole produced thick E—layer belt coin—
197$), a digital ionosonde used for ciding with the oval in the night sec-
vertical incidence and backscatter’ tor and found just south of the oval in
soundings. Together with properly the noon sectors, and e. B region en-
formatted digitized data from other hancements , during substorms within the

• geophysical sensors messages are formed night sector, of the oval, and travel-
that can be sent to Air Force Global ing through sunrise around the oval

• Weather Central or to other user sites into the noon sector of the oval, where
as a final step to remotely monitor the they arrive in a region between 60° and
environment of interest. This remote 70° corrected geomagnetic (CC) latitude
monitoring capability is of special in- within .5 to 2 hours after the onset of
terest at high latitudes, since a.) the the substorm (Driatskiy, 1968; Elkins,
auroral effects routinely and severely 1972) and f. The polar cap ionosphere
disturb the ionospheric environment within the oval belt, with auroral, E-
making 2’e hour coverage and fast issue layer and F-region phenomena different
of warnings essential, b.) rapdily from those in the adjacent oval. The
rising manpower costs and the diff i- diameter of the auroral oval and the
culty to find qualified personnel auroral activity within the oval belt

• willing to work for extended periods at and the polar cap are under strong
these remote, high latitude stations control of the interplanetary and the
require automation as a cost effective earth magnetic field . The equatorward

• solution, edge of the midnight sector of the oval
is found at 70° (CG ) latitude under

GOOSE BAY OVAL MONITOR STATION quiet (Q:0) conditions and at 59° CC
latitude under very disturbed (Q=8)

Requirements for better specifica— conditions. All the described iono—
tions of the high latitude ionospheric spheric regimes and phenomena change
and auroral environment surfaced in the their locations and/or their intensi-
mid— to late sixties, as AF surveil— ties as the oval expands or contracts.
lance systems increased their accuracy
requirements, the use of an Over—the—
Horizon Backseatter System in these
disturbed regions began to be contem- ‘°‘ GOOSE BAY
plated and effects on trans-ionospheric
propagation started to become a major
concern. AFOL started a large air- OS

borne program to improve the under-
standing of the structure and dynamics
of the high latitude ionosphere.
Flights between 1967 and 1971 m di—

ionospheric phenomena. Airborne inves- ©cated that the auroral oval concept a
(Feldstein and Starkov , 1967) provided
a good ordering frame for various

tigations of initially the noon sector’
of the oval (Whalen et al, 1971) and
then the more disturbed and complicated
night sector (Buchau et al, 1972;
Wagner and Pike, 1972) led to a unified
picture of the structure of the high
latitude environment (Gassmann , 1972) • 

Q.3 OVAL
and suggested the feasibility of moni-
toring this environment from a few
selected points. To illustrate the Figure 1 shows the aur’oral oval in

a CC latitude-local time coordinateconcept , we show in Figure 1 the
auroral oval (shaded area) for average system. Goose Bay, located at 65° CC
magnetic conditions and the location of latitude, becomes an auroral oval sta-

tion from 22:30 to 03:30 CGLT. During• Goose Bay in relation to the oval in the other hours of darkness it is anhourly increments. Large scale iono-
spheric entities ordered by the auroral F-layer trough station while in daytime

it is between 500 to 1000 km to theoval are: a. The ~LIZ (F-layer i south of the equator’ward edge of theregularity zone, Pike, 1972) generally oval. While under the auroral oval,colocated with the oval belt, b. The vertical incidence soundings, andmidlatitude F-layer trough (Muldrew , riometer and magnetometer measurements1965) found south of the equatorward allow the assessment of the state ofboundnry of the night sector of the the auroral ionosphere and the deter-oval, c. Auroral Es, colocated with mination of the onset time and severity

4. _____________________ • • - ___________________
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of auroral disturbances. In the after- line has been accomplished requiring
noon and evening hours, backsoatter 2 seconds per frequency for a total of
soundings directed towards the oval 3 minutes 20 seconds for the ionogram
edge show strong irregularities which shown .
are associated with the aurora (Wagner

• and Pike, 1972) and thus permit the de- THE GEOMONITOR
termination of the oval diameter many

• hours prior to the time, the oval moves In order to reduce the require-
over the station. In the early morning ments for tape , prepare the data for
and pre—midday hours, Goose Bay is automatic analysis and limit the amount
under the influence of the previously of data to be transferred .by data links
mentioned eastward drifting D-region to remote users , digital techniques of
enhancements associated with auroral echo recognition were developed and in-
substorms and monitoring of the exist- plemeflted in the Geomonitor. Micro—
ence of aur’oral disturbances in the processor controlled special electronic
midnight sector is possible for many circuits achieve the high speed re-

• hours. quired for the simultaneous processing
and display of the digital ionograms

Based on the evolving monitoring and the continuous data stream from
concepts the Air Force Geophysics Lab- various geophysical sensors.
oratory (AFGL) established in 1971 the
Goose Bay Ionospheric Observatory. The For the processing of the iono-
station was equipped with riometers, grams initially the noise level on each
magnetometers, satellite receivers for frequency is established. Strong
total electron content measurements, spread F or aurora]. Es echoes could
and a Digisonde 128 alternatingly con— lead to an overestimate of the noise
nected to two1 separate transmitting level, thus suppressing weaker echoes.
antennas for vertical incidence and To circumvent this problem the noise
backscatter soundings. The Digisonde level is determined separately for the
is a step frequency sounder with a 0.25 lower and the upper 6’4 height bins by
to 16 MHz frequency range. Phase calculating the amplitude distributions

• coding and coherent integration are for both ranges; the distribution which
used to increase the signal-to-noise peaks at a lower amplitude is used to
ratio. Envelope detection, i.e. power deterini.ne the noise level. The noise
integration, is applied for backscatter threshold is set at the positive half

S soundings, since scatter type ref 1cc- point of the distribution and only am-
tions or reflections from moving ion- plitudes larger than this level are
ization fronts result in random or con— considered as possible echoes. The
tinuous (Doppler shift) phase changes, noise threshold itself is recorded for
respectively, incompatible with a co— reference.
herent integration scheme .

The echo detection algorithm scans
The two logarithmically compressed the 128 height bins on each frequency

quadrature samples are integrated in and detects up to six echoes, two from
128 equidistantly spaced range bins the E-region (<156 km) and four from
(with selectable t~Z) determining the the F—region. The selection of echoes

• amplitude with 6 bit resolution and the is by average pulse amplitude, sepa—
phase with 3 bits. The data are re- r’ately for the two regions. For two
corded on digital magnetic tape and , different echoes to be recognized as
using an optically weighted font, are such they must be separated by a dip
printed out on paper . Using available in amplitude down to the noise thresh-
telecopier techniques the digital iono- old. The echo spread is an important
grams can be transmitted via telephone parameter in the assessment of the
line to amy other location for real degree of disturbances, and it strongly
time assessment of ionospheric condi— influences the determination of iono—
tions at Goose Bay. spheric parameters such as foE and

• foF2 . The Geomonitor determines and
Figure 2 shows in its left part a records, therefore, the spread of the

typical daytime ionogram obtained by main E and the main F echo.
the Goose Bay Digisonde . For each 1
MHz frequency band, shown between two The accurate heights of the lead-
frequency marks, 2160 characters of ing edges of all six echoes is deter-
amplitude,phase and housekeeping mi.ned by sliding a standard pulse along
(date—time-frequency , etc.) information an array of amplitudes with twice the
is recorded on magnetic tape. The resolution of the initial height steps .
presently standardized 0-10 MHz iono- The exact virtual height of the echo is
gram requires the storage of 21600 found at the position, where the aver-
characters. Transmission via telephone age deviation (Bevington, 1969) between
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GEOMONITOR IONOGRAM PROCESSING
Goose Bay, Canodo, 77-282

COMPLETE IONOGRAM RECONSTITUTED IONOGRAU(Noise Removed)
IIOO AST IIO7’ AST
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Figure 2. Geononitor tonogram Processing

standard pulse and (normalized) data is these parameters can be determined us-
a minimum. The double-resolution array ing minimum computational effort. The
is generated by linear amplitude inter— development of the techniques to be ap—
polation between two adjacent original plied is underway and will be concluded
height bins, within the near future.

Finally, to investigate the dy- For verification of proper per-
namic height variations of the iono- formance of the algorithms the collated
spheric layers, the Geomonitor calcu— ionograms described above are recast
lates the so-called integrated into the forma t of a regular Digisonde
heights. For each of the 128 height- ionogram and presented on various die-
bins the amplitudes are summed over all plays. Shown in the right section of
frequencies and normalized. This pre- Figure 2 is such a “reconstituted”
sentation was especially developed for ionogram, taken 7 minutes after the one
use in the presentation of ionospheric on the left, which is an unprocessed
characteristics to be discussed later. “cleaned” ionogram with amplitudes

smaller than the noise level (see
• The comp lement of data , with the above) removed . The example is typical
• addition of the gain setting on each for the performance of the presently

frequency and the housekeeping informs- used algorithms. The high quality of
tion, for a standardized total of 128 the reconstituted ionogram is evident,
frequencies, is collated or formatted minor problems as raggedness of the
into one digital record of 23’eO charac- spread width will be corrected by re—
ters, a reduction to about 10% of the fining the respective algorithms.
original data. Evaluations have shown,
that the chosen parameters and the num- Sandwiched between the collated
ber of echoes adequately depict an or- ionograms are the so-called “Geophysi—
iginal ionogram for all routine and cal Data ” , also packaged in a 23’eO
most special investigation purposes character long record representing 5
even under very disturbed conditions. minutes of data. Analog signals from
The data are in a format perfectl y the three magnetometer channels , two
suited for further processing, as the riometers, satellite signals for’ Total
online determination of critical fre- Electron Content (TEC) and amplitude
quencies, the minimum frequency, layer’ scintillation measurements are digi—

• heights and true height analysis. All tized and recorded. Additional analog

as

_ _ _ _ _ _ _ _ _  
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data up t o a  total of 15 can be added dance ionograas. Each ionogrsm pro-
as required . Digitization rates pres— duces one line in each characteristic.
ently used are 2 Hz for two scintilla-
tion channels and 0.1 Hz for the re- The height or range characteristic
nam ing 13 channels, is produced by simply printing out the

128 characters available in each iono-
In its present operation the Geo- gram record, which result from the sum-

monitor produce. every five minutes nation of amplitude, over all frequ.n-
one record of geophysical data and ~~~~ 

cies for each height bin separately.
record. for two ionograms of various Since the ionogram traces are almost
types (vertical , backscatter , coherent horizontal at the minimum heights of
or power’ integration) as selected at the respective layers , the summation
the Digisonde. Reduced operation as , results in large numbers at these
for example, quarter hourly ionograms heights . Similar properties of ob-
only is readily possible. The data lique, oval associated backscatter

• load of 3 x 231e0 or 7020 characters/S echoes, result in strong integrated
rein can be handled by available 600- amplitudes at the range of these
1200 baud telecommunications links, echoes. Range or height changes with

tine are thus visible at a glance in
DATA PRESENTATI ON this characteristic.

An important requirement for the The F-layer characteristic is ob-
analysis of multi-dimensional data tam ed by sequentially printing the
under all conditions, but especially largest of the four F-echoes amplitudes
important for real t ime applications , into the respective frequency bin . The
is intelligent presentation that re- presentation thus obtained is an ampli-
veals the characteristics of the data tude and frequency vs. tine history
set. In the case of ionogram observa- and, as time progresses, reflects the
tion, it is the original ionogram it- changes of upper and lower limit of the
self that gives the scientist the most frequency band reflected from the F—
detailed answer in regard to the momen- layer: The lower l imit is generally a
tary conditions of the ionosphere. it function of occulation by the lower E-
does not show, however, the time devel- layer or of enhanced absorption. The

• opment of the ionospheric parameters, upper limit and its time variation is
i.e. the diurnal variations and dis- in daytime a direct measure of the foF2
turbances, unless a sequence of iono— (the Digisonde uses circularly polar—
grams is studied simultaneously. ized antennas that suppress the extra-
Analog methods to present characteris- ordinary component). Spread-F condi-
tic ionospheric parameters as a func— tions routinely observed at night at

• tion of time, like the critical fre- Goose Bay make the upper limit a more
quencies of E and F—region and the complicated parameter of the degree of
layer heights, were developed in the F-region disturbance.
fifties (Nakata et al, 1953; Bibl,
1956). Since 1969 Digisondes have pro— The E—layer characteristic shown
duced digital ionograms and we have de- in the lowest panel is obtained in an
veloped computerized techniques to gen- identical fashion by printing the
crate digital characteristics. Use of larger amplitude of the two E—echoes
microprocessor technology in the Geo- into the respective frequency bin. The
monitor has made it possible in Goose upper limit of the band of strong am-
Bay to print out digital ionospheric plitudes is equal to foE in those time
characteristics in real time. To cx- sectors, where the cosinusoidal time
tend the usefulness of the display variation shows the solar zenith angle
techniques to other users, a Geomoni— control of the E-ionization. At other
tor Display System which i.e close to times, sharp spikes or deviations from
completion , can take the Geomonitor a amooth daytime E—ionization indicate
data stream , as arriving via any suit— the presence of Es with f tEs > foE.

able data link, and present these data
in the form of characteristics, and as The daily variations of foF2, foE ,
reconstituted iomograma at any remote h ’F and backscatter characteristics for
site. the Goose Bay ionosphere are evident on

these hard copy tine histories. Corn—
Figure 3 is a typical example of parison with variations of the previous

three selected characteristics. Shown days and with easily produced average
on top are the integrated heights and curves allows the assessment of current
ranges derived from backscatter iono- trends as for example enhanced or de-
grams , below , the F-region characteris— pressed foF2 .  The range of auroral
tic and at the very bottom the E-region backecatter at a given hour in the
characteristic of the vertical m ci- afternoon ar evening can be converted

as

—1
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Figure 3. Goose Bay Ionospheric Characteristics

into a specific Q—value. Well estab— lack of ionospheric echoes. Under
lished knowledge of oval continuity these conditions the measurements most
(Buchau et al, 1970) and the prediction important to the preparation of advi—
of the circumpolar location of discrete sories are the riometer and the nag-
auroral forms (Meng , 1977) from a 10— netOmeter measurements.
cally established Q—value makes these
backscatter range determinations a pow— 

- 
The following discussion of the

erful measurement. The “anchor point” possible real time use of the Geomoni-
technique of using a one-point measure- tor and Display System in support of
ment to predict the whole oval has been an Over-the-Horizon Backscatter Radar
developed by Gassmann (1973) and is at (0TH) System operating in this environ—
present successfully used at AFCWC with nent demonstrates the approach. The
satellite auroral images providing the discussion also shows on examples the
input parameter QE’ the equatorward signatures of specific events and the
oval boundary. Of special importance value of the data compression and char-
is the ability, to interpret various acteristic presentation to the investi—
types of signatures in the characteris- gatlon of ionospheric phenomena in
tics as evidence of auroral oval and general.
ionospheric disturbances. Examples of
such signatures are increased minimum Let us consider the 0TH radar lo-
frequency resulting from an increase in cated at a midlatitude location with
D—region electron density, the time Goose Bay within the surveillance area.
history of such an increase, the exist- (This is actually the situation of the
ence of total absorption, sporadic E planned ‘4l’eL CONUS 0TH-B Experimental
events, strong spread F occurrence, the Radar System, which is scheduled to
sudden depression of foF2, and the start tests in 1980 and which will re--
early appearance or’ the rapid advance ceive Goose Bay Ionospheric Data.)
of backscatter fronts. The latitude dependent ionospheric f em-

~ures associated with the auroral iono-The parallel display of properly spher e such as the F-layer trou gh and
formatted Geophysical Data provides in- the trough wall location , and the time
8ight into the nature of the disturb— dependent disturbances, such as ab—
ance from different points of view and sorption and sporadic E all have strong
has to be made an integral part of the impacts on the propagation situation.
assessment of the event prior to issu— Limitation of coverage, multipath to
ing of an event report. As the dis- one target and azimuth/range errors due
turbance grows in intensity, iono— to the large gradients are but a few of
spheric characteristics become more the related problems.
difficult to interpret either due to
the general lack of clear patterns Assume a station like GBIO with a
found especially during magnetic Geomonitor connected by a communication
storms or due to the strong increase in link to the Geomonitor Display System
auroral absorption resulting in total located in the radar system operations

100
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center. The GDS then provides a com-
prehensive ionospheric and geophysical 

GEOMONITORdata display for use by the radar’s
ionospheric forecaster. The forecaster RE NST1TU1E0 IONOGRAM
assists the radar operators in the fre— 77-2 66 1307 A ST
quency management and in determining
whether and how the radar is being af-
fected by natural disturbances over - I
part or all of the surveillance area.
He also estimates the probability of ,.the disturbance subsiding or continu-
ing. Figure 4 shows a vertical inci-
dence reconstituted ionograza from GBIO
at 1000 local time on day 286. An ab-
sorption condition exists and only
fragments of echoes from the usual day- - i 

~~
•

time layers are seen . More information 
U 

-

I I Iis available from the characteristics $0in Figure 3. They show no absorption FREQUENCy MH zon this day prior to the event onset
and during the previous night. Such Figure 5. Geomonitor
time history is indicative of a local— Reconstituted Ionogram
ized absorption event drifting around 77—286 1307 AST
from a nightside aux’oral substorm, and
it is likely to be of short duration. in the rapid changes in the Es top fre-
The ionospheric forecaster would advise quency. This suggests that diaturbed
the operators to this effect. Looking conditions will continue with the re-
at the characteristics at later times sulting disturbing effects on the radar
that day , we see that the absorption system. The ionospheric forecaster
did indeed diminish, disappearing corn- would advise the operator on expected
plete].y in 2 or 3 hours .- The ionogram future problems. This would permit en-
(Figt.re 5) shortly afterward at 1307 hancement of other available means of
local time on day 286 shows the cx— surveillance if extended outages could
pected daytime ionospheric layers m di— not be tolerated . The characteristics
cating normal radar system Operation. later in the day continue to show corn-

• plete absorption as was inferred above.
GEOMONITOR During short periods, when the absorp-

tion subsides, foF2 can be determinedRECONSTITUTE D IONOGRAM as 5.5 )~Iz , compared to 6.8 MHz on day
77-286 000 AST 286 at the same time . This depression

soc. • 
. 

• supports the assessment of a continuing
disturbance, and aids the frequency

I management during times when propaga-
tion is possible.

~~400 
U 

The ionogram in Figure 7 shows a
typical late afternoon ionosphere at

- ‘.‘ ,
. • 1637 AST on day 287 with an foF2 of

8.7 ?-fiiz. HF propagation would be by
• F-layer modes . Examination of the.1

• , I~ • • 
.
~ :~ 

backscatter ionogram rmnge characteris—
• - • 

________________ tic shows that echoes which are associ—
I I I 1 I I I I I I ated with the auroral oval have been5 10

FREQUENCY, MHZ present as early as 1530 AST with de-
creasing range throughout the next
hours. This indicates that the auroralFigure 4. Geomonitor

Reconstituted lonogram oval was expanded and that the observa-
77—286 1000 AST tory and thus the 0TH coverage area

• - would rotate under the oval early in
The vertical incidence ionogram at the evening . The ionogram at 1800 AST

0930 local tine’ on day 292 is quite ill Figure B verifies the prediction.
similar to Figure 4, showing complete The Es layer is well developed, the
absorption. The characteristics in presence of an Es multiple indicates

tha t absorption is not strong. ThusFigure 6 show that the E layer echoes for selected azimuths , HF propagationhad been absorbed throughout the morn-
ing , and that absorption had occurred would be by £ layer modes only. Knowl-
per iodically during the previous night; edge that the propagation has changed
a high level of disturbance is evident from F—layer to E.-layer modes is impor-
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Figure 6. Goose Bay Ionospheric Characteristics, disturbed period

tant in interpreting the range of tar—
GEOMONITOR gets in the surveillance area. The

RECONSTITUTED IONOGRAM characteristics show that the Es event
77-2 87 637 AST 

continued for several hours. Figure 9
shows that the Es reached 10 MHz at

600 ’ - 
2052  AST allowing for the use of rather

- - high surveillance frequencies but pro-
- 

- 
I viding only short (<2200 kin) range

• ! •
, coverage in the general direction of

~~4OO - I 
Goo se Bay.

~~ 200 - 
M I I 

GEOMONITOR
I ‘ 

- RECONSTITUTE D IONOGRAN

I 
‘ 

77-2 87 20 52 AST

• I I I I I I  I 
— 600 - ‘

5 $0 I j , ,~ ‘

FREQUENCY . MHz - 
,I - -

Figure 7. Geomonitor I 
• W- - 

-

Reconstituted lonogram I I 
I

7 7 — 2 8 7  1637 AST - 
- 

I

~ zoo - “ r i  LJ~’
GEOMONITOR • 

I~~~ ,I IIT~
Il 

~
RECONSTITUTE D IONOGRAM 2 - t - I - - - I.

7 77-287 1800 A S T

us: - - • I FREQUENCY, MHz
• I S $ - ,- 

• - I Figure 9. Ge. monitor
- I - Reconstituted lonogram

~~4O0 - 
,
~~ g ~~~ 

• 

7 7 — 2 8 7  2052 AST

- Another type of behavior of the
-, , • • ionospheric features associated with

• ‘ • the auroral ovals occurred on the night
~~2O0 

• of day 286. The backscatter range
- I • characteristic showed that the oval

• 1~ I - - - - stayed well poleward of GBIO throughout
the night. The ionogram at 2345 MT in

S $0 Figure 10 showed the off-vertical
FREQUENC’ . MHZ echoes from the oval appearing in the

vertical ionogx.am display . The foF2 at
Figur e 8 Geomonitor this time was approximately 2 MHz , in-
Reconstituted Ionograa dicating GBIO and thus a large part of

77—287 1800 AS’r the coverage area was in the midlati-



tude ionospheric trough. Knowledge interpretation by an observer. The
that the auroral oval stayed poleward usefulness to an 0TH system has been
of Goose Bay and that GBIO was under— shown on selected samples. Quiet day
neath the trough is informative in curves for the various geophysical data
evaluating the ionosphere effecting the and thresholds for minimum frequency
radar surveillance area equatorward of and Es-events can be used in the Geo-
Goose Bay. The reconstituted ionogram monitor and the Display System to m i -
at this time would be very important tiate alarms when deviations of pre—
input to the coordinate conversion con- determined magnitude occur.
ducted by the radar to convert az~~- ~thand range information into target
ground coordinates , dependent on the
reflecting height of the ray path. AURORAL OVAL AND IONOSPHERIC SUBSTORM MON I TOR ING

GEOMONITOR
RECONSTITUTED IONOGRAM 

IONO$ONDC IONOSPHERIC
7 7- 286  2345  A S T  CHARACTERISTICS

600 - 
- MASaET0N~~TCN •WMoNI1OR ECONST1TUTEO

N I OMITER THEN DATA

400 I ICINTILLATIONI 
SEOMON I TOR 

ATTENTION

TOTAL ELECTRON

200 - ‘ U • TO USER SYSTE M

- 

~
. • -

. ‘ ! ‘ I
I I 

to
FREQUENCY. MHz Figure 11. Schematic presentation of

data requir ements , data flow and dis-
• Figure 10. Geornonitor play for remote oval monitoring .

Reconstituted lonogram
77-286 2345 AST The addition of two more monitor

- 
sites, one in the European Arctic and

Notice the contrast in the size of one in Alaska could provide inputs into
the auroral oval on days 286 and 287. AWS-SESS resulting in a 24 hour contin—
On 286 it remained polewari of GBIO all uous coveL’age of all high latitude dis—
night, indicating a Q index value of 0. turbances and the continuous determina-
On 287 it arrived overhead at 1800, tion of the location of the boundary
consistent with a Q index of 8. between F-layer trough and auroral

ovaL Together with the sporadic DMSP
SUMMARY satellite auroral images , complete and

continuous understanding of the state
We have described an approach to of this important section of our en--

the remote monitorin8 of the high lati— vironment can be achieved . The U. S.
tude ionosphere, which is summarized in Army employs an instrument (Automatic
Figure 11. Digital vertical incidence lonogran Collator) similar to the Geo-
and backscatter ionograms are reduced monitor for their Digisonde operation
in the Geomonitor by extracting ampli— in Fort Monmouth , N.J. (F. Gorman , pri-
tude, height and spread of the iono- vate communication). This system could
spheric echoes. The algorithm works offer the possibility of a mid-latitude
remarkably well even under disturbed ex, ansion of the arctic network.
conditions during an auroral event.
Properly formatted digitized magnetom- ACKNOWLEDGEMENTS
eter, riometer and satellite propaga-
tion data and the processed ionospheric The technical support by Messrs. J. B.
data are stored on tape, or for real Waaramaa and R. W. Gowell during the
time use, are transmitted over a suit- establishment of the Goose Bay Oval
able medium capacity data link to any Monitor capability is thankfully ac-
desired user site. Here a Geomonitor j

~ owledged.
Display System separates the data, pre-
sents them as characteristics or time
histories of various ionospheric param-
eters and of the geophysical data for
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