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CHAPTER 1

INTENSITY AND PHASE SCINTILLATION MORPHOLOGY

INTRODUCTION

Radio waves traversing an irregular ionospheric medium are subject to spatial

modulations of phase which result in random fluctuations or scintillations of both

amplitude and phase of the signal received at the ground. Study of the

scintillations is of importance not only to applications involving use of the

transionospheric propagation channel but also to an understanding of the

processes responsible for the ionospheric irregularities.

In a previous report and else.here in the published literature, Kersley et al.

(1987 and 1988)1.2 have described scintillation observations in the auloral zone

over northern Europe and discussed results of long-term studies of scintillation

occurrence in that region. The current report concerns an extension of the

project to investigate scintillations and ionospheric irregularities (tom a site at a

sub-auroral latitude making observations in the vicinity of the ionospheric trough

and the scintillation boundary.

Full details of the NNSS system, the experimental arrangement and the signal

processing have been reported earlier 3 and will not be repeated here. The

1. Kersley L., Pryse S.E. and Wheadon N.S. Radio-wave scintillations and

ionospheric irregularities at high latitudes. Report AIOSR-85-(Il00. A -ccio For

University College of Wales, May 1987. NTIS CFA-.
DTIC TAt, '

2. Kersley L.. Pryse S.E. and Wheadon N.S. Amplitude and phase scintillation Ur d

at high latitudes over northern Europe. Radio Sci., 23, 320, 1988.

3. Kersley L. High-latitude scintillations using NNSS satellites. D.t ,r

AGARD Conf. Proc., CP-382, 2.7-1, 1985. 't ("Odes

STATEMENT "A" per Gloria Miller DiI sn.'' Idl

AFOSR/XOTD, Bldg. 410, Bolling AFB, DC
22632-6448 V A
TELECON 6/1/90 VG '



experiment was deployed at Lerwick in the Shetland Islands, UK (60.1ON. 1.2 0 \)

for this second phase of observations commencing in July 1987. To date

measurements have been obtained from mole than 13,500 satellite passes. The

average pass duration is around 11 minutes, giving a total of some 450,000 data

rec-, -h each record containing S4, n; and other paranleters characterising the

scintillation during a 20 second element of satellite pass.

This report discusses the basic occurrence morphology for scintillations based on the

first nine months of observations at Lerwick. The parameters considered have been

S4 for the 150 MHz signal characterising intensity scintillations and al for the

differential phase fluctuations between the 150 MHz signal and the 400 Nl-tz

reference after detrending with a 0.2 liz cut-off filter.

Before results are presented a brief description is given of plevious work on

sub-auroral scintillations in the vicinity of the boundary.

BACKGROUND

Early in the satellite eta it was appreciated that there was a region of scintillation

producing irregularities encompassing the auroral zone which often displayed a sharp

equatorwards boundary
4

. Studies of this so-called scintillation houndaiy were carried

4. Aarons J., Mullen J.P. and Basu S. The statistics of satellite scintillation at a

sub-auroral latitude. J. Geophys. Res., 08, 3159, 1963.



out by several workers in both northern and southern hemispheres. [he work

involved basic occurrence morphology including diurnal behaviour, response to

geomagnetic activity and relationship to or independence from the ionospheiic trough

(see for example references 5 to 14). Many of these early studies w.ere ho',eser

5. Beynon W.J.G. and Jones E.S.O. The scintillation of radio signals for the

Discoverer 36 satellite. J. Atmos. [err. l'hys. 26. 1175. 1964.

6. Kaiser A.B. and Preddev G.F. Observations of transitions in satellite

scintillation. J. Atmos. Terr. Phys., 30, 285, 1968.

7. Aarons J., Mullen J.P. and Whitney HE. The scinti!lation boUndary.

J. Geophys. Res., 69, 1785, 1969.

8. Frihagen J. Satellite scintillation at high latitudes and its possible relation to

precipitation of soft particles. J. Atmos. 'Ierr. Phys.. 31, 81, 1909.

9. Aarons J. The high latitude F-region irFegularity stI ucture during the October

30 to November 4. 1968, magnetic stoir. Radio Sci.. 5. 959, 197().

10. Aarons J. and Allen R.S. Scintillation boundary during quiet and disturbed

magnetic conditions. J. Geophys. Res., 76, 170, 1971.

11. Oksman J. and Tauriainen A. On annual movements of the scintillation

boundary of satellite signals. J. Atmos. Terr. Phys., 33, 1727, It7l.

12. Stuart G.F. Characteristics of the abrupt scintillation boundary. .1. Atrttrr. lei.

Phys., 34, 1455, 1972.

13. Kersley L., Jenkins D.B. and Edwards K.J. Relative movements of

mid-latitude trough and scintillation boundary. Nature Ph)s. Sci., 239, I1, 1972.

14. Kersley L., van Eyken A.P. and Edwards K.J. Ionospheric mid-latitude trough

and the abrupt scintillation boundary. Nature, 254, 312, 1975.
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carried out using signals in the lower VHF range and the scintillation, if quantified,

was described using simple forms of scintillation index based on depth of fading

criteria.

Observations from Millstone Hill, USA, using NNSS satellites to determine S, at

150 MHz were reported by Wand and Evans (1975)'5. They show A an equator-

wards motion of the scintillation boundary in response to magnetic activity which wass

especially marked in the midnight sector in winter and in the early rmorming sector

in summer. No strong correlation was found between scintillation boundary and

trough position even for cases of an abruk't boundary in agreement with the

Europen studies of Kersley et al. (1975)' 4

From quantitative measurements, using tile Wideband satellite, in Alaska, Rino and

Matthews (1980)'6 concluded that in the local midnight sector the bo1undary rinsed

on average from 650 dip latitude at K=0 to 550 a: K=7 while in the noning sector

the corresponding latitudes were 700 and 000 respectively.

15. Wand R.H. and Evans J.V. Morphology of ionospheric scintillation in tile

auroral zone. 1.E.S.75, NTIS CSCL 04/1 N75-30714, NRL, Washington D.C.,

1975.

16. Rino C.L. and Matthews S.J. On the morphology of auroral zone radio wave

scintillation. J. Geophys. Res., 85, 4139, 1980.



The most recent published work on the boundary is that of 1-ajkowicz (1092)' 1, for

150 MHz NNSS transmissions but not quantified in terms of the S. scintillation

parameter. He demonstrated that the response to magnetic activity in the southern

hemisphere was essentially similar to that in the north.

RESULTS

Scintillation morphology is described in terms of the percentage occuience above

specified threshold levels of S4 and (7,, for 150 MHz intensity and differential phase

respectively. Direct comparison is thus possible between the current observations and

those obtained earlier at the auroral site 1,- As in these earlier reports the

irregularity height has been taken to be 350 km.

The variation of intensity scintillation occurrence as a function of geomagnetic

latitude for several S, thresholds can be seen from the examples of Fig. 1.1 for an

equinoctial month (March) and a winter month (January). Data for satellite passes

within t 200 longitude were used. The general levels of occurrence are much less

than observed at the auroral location, though at first sight enhancements towards the

northern horizon and in the centre of the scan appear similar to the earlier

17. Hajkowicz L.A. Equatorwards limits of the southern scintillation oval

J. Atmos. Terr. Phys., 44, 539, 1982.

18. Kersley L., Pryse S.E. and Wheadon N.S. Radio-wave scintillations and

ionospheric irregularities at high latitudes, Report AFOSR-85-0190, University

College of Wales, May 1986.
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results. Closer examination, however, reveals that the central enhancement cannot

be identified with the geometrical effect which causes increased scintillation as the

ray path becomes aligned with the geomagnetic field or the Briggs-Parkin angle

minimises. The latitude for field alignment of the ray path in the F-region is 57.80

CGM for observations from Lerwick, however it can be seen that the observed

central peak maximises several degrees to the. south. The higher levels of

occurrence at equinox than in winter can also be noted. Indeed, in Fig. l.Ic for

April even greater occurrence levels afe found at central latitudes than in March and

it can be seen that the anticipated geometrical enhancement ihorut the fie!d aligned

latitude is beginning to play a role, at least for lower S4 thresholds, though the

other maximum to the south is stiii present. The inteipietation of these osersatjons

in terms of an irregularity distribution will be discussed later.

The basic features of scintillation occurrence can be seen from the series of graphs

follows which have been obtained using the first ten months of obser ,ational dat.

In each case care must be taken to note the contour levels which, though specified

on each graph, do vary from plot to plot. Care nrrust also be exercised inr the

interpretation of the figures ,.ic,e to .!ic edges of the plots where edge effects in the

contouring routines may result in spurious detail or contouls which do not nap

accurately from edge to edge. However, in general, the database is so extensive

that the plots give a reliable guide to scintillation occurNence exceeding specified

threshold levels of the S. and a,, indices for intensity and phase respectively.

A discussion on choice of thresholds and in particular on the use of a value of 25"

for eri, for the conditions appiopiate to the present expetiment was included in an

earlier report r



An overview of scintillation occurrence at this sub-auroral location can Ie gained

from Fig. 1.2. This shows contours of percentage occurrence of intensity

scintillation with S, > 0.2 as a function of colected geomagnetic latitude bh m1onth

for the entire data set under consideration here. A polewaids noenlent of the

contours in the winter months can be seen adding confirmation to the seasonal

trends found in the earlier observations at Kiruna. The greatest occurrence was

towards the end of the observing period shown here, though discussion On %,hethel

this is a purely seasonal effect or that it contains a contribution hotn the gieatl'

increased solar activity in 1988 Moust await the analysis of subsequent olIver,,.la tior

The diurnal variations of scintillation occurrence for thre dice seasonat giouptrgs ,

shown in Figs. 1.3 and 1.4, for intensity scintillation with S, > 0.2 arid phase

scintillation with a, " 250, respectisely. A clear bundary w tl elUatol wards

motion in the night sector can be seen in all of the Iots. though differences in

both latitudinal extension and duration ate apparent in the diffelent seasons I igs

1.3 and 1 .4 contain data for all states of magnetic a~.usit Ir ai attempt t'' sho

effects of magnetic activity ott average beiaviour of scirrtillatior occur rrce ill thIl

sub-auroral region, the data were grouped into three ranges corresponding to low KI

(0, 1), medium Kp (2. 3) and high Kp (.4). [he corresponding dnthial variations

of intensity scintillation for the three seasons are shown in Figs. 1 .5 to 1 .7.

For the earlier auroral zone observations made at Kiruna it was possible to infer

that sheet-like irregularities played an important contribution in the scintillation

occurrence. This was done by plotting the observations as a function of geographic

latitude and longitude and comparing the occurrence distributions with those

anticipated from model studies incorporating irregularities with differing anisotropies.
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The saddle-like nature of the observed conditions as opposed to closed loops around

the position of the field line was taken to indicate the role of sheet-like

irregularities as opposed to field-aligned iods.

Plots of intensity scintillation occurrence (S4 > 0.2) at l etwick as a function of

geographic latitude and longitude are shown for autumn 1987 and spring 1988 in Fig.

I.8. It can be seen that, apart from ho:ion effects il the southern cornets, the

contours essentially follow the L-shells.

A general model of scintillation, based ott phase screet: theory, in which tile

irregularity size distribution is characterised by a power law spectral density function,

has been developed by Rino (1979)'9. I he use of this trodel to inestigate the

effects of observational geometry and irregularity artisot:opy il the earliel auioral

zone observations at Kiruna has been discussed by Kersley et al. (1987 and

1988)1 ,  
Similar techniques have been applied to the current sub-autoral

observations. Fig. 1.9 shows plots appropriate to Lerwick of the geotnetfical

multiplying factor, normalised to all overhead value of uttity, il tile modelled S.,

index as a function of azimuth and elevation for four different irtegularit)

anisotropies. These comprise field-aligned rods with axial ratios 3:1 and 8:1 and

L-shell confined sheets with ratios 3:3:1 and 8:8:1, Comparison of Fig. 1.9 with

the observations of Fig. 1.8 shows little similarity in the genetal form of the plots

regardless of the irregularity model chosen.

19. Rino C.L. A power law phase screen model for ionospheic scintillation.

1. Weak Scatter. Radio Sci._ 14, 1135, 1979.
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DISCUSSION AND CONCLUSIONS

Interpretation of the scintillation measurements in terms of irregularity behaviour must

be treated with caution due to the geometrical influences on the observations.

However it is possible to draw certain limited conclusions from tile restricted data set

of the initial observations at Lerwick presented here. The most impcrtant of these

relates to the apparent absence of a marked field-aligned or L-shell confined

enhancement in much of the data, as evidenced for example in Figs. I.I and I .8.

It is clear from the diurnal plots that for much of the tinv tie iiregularity legion

does not take in the field-aligned latitude, tile boundary being well polewards of the

station. However, even when the boundary is far enough south it Would appear that

a field-aligned enhancement is present in only a minority of the data. Further

analysis is required to verify this point, but the initial results would appear to

suggest that the axial ratios of the irregularities is not large near the boundary. For

example, the model studies of Fig. 1.9 show that the enhancement in S4 is only

20% for rod-like irregularities with axial ratio 3:1. It is apparent from the data

that there is an additional enhancement close to the edge of the boundary geneiall)

at a latitude a few degrees equatorwards of the field-aligned latitude. This

cbser'.ation apcars to indicate a discrete region of irregularities close to tile

boundary. It is possible that this region is linked to electron density gradients

equatorwards of the trough minimum. Indeed, in studies using observations of the

BE-B satellite Jenkins (1971)20 showed evidence for the scintillation boundary south

of the trough minimum. Investigations using HF radars, which will be reviewed in

the next chapter, provide further evidence for two discrete regions of irregularities.

20. Jenkins D.B. Some beacon satellite studies of the ionosphere. M.Sc. Thesis,

University of Wales, 1971.



The results presented here provide the first overview of the initial scintillation

observations from the sub-auroral location. It is clear that several new features of

interest have been raised which will be subject to further study as the investigation

pioceeds.
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CHAPTER 2

BOUNDARIES FOR SCINTILLATION AND AURORAL BACKSCATTER

INTRODUCTION

Irregularities in the F-layer cause scintillation on tiansionospheric propagating signals.

The effect of irregularities is also manifest as direct scatter of [IF signals using

obliquely radiating antennas. Indeed for such systems under certain conditions,

strong backscattered signals are observed wxhich appear at a constant apparent range

over a wide frequency band.

Using an oblique-incidence, swept-frequency sounder, Moller (1964)1 observed

high-frequency backscatter from field-aligned irregularity sheets or 'lIF curtains', lie

detected two latitudinal regions for such curtains, one at the equatorvXards edge of

the auroral oval and the other on the poleward wall of the ionospheric trough.

MOller and Tauriainen (1975)2 reported IIF backscatter and scintillations occurring

along the northern wall of the trough. Subsequently Oksnran and Tarniainen (1979)

found HF curtains on both sides of the trough minimum, xith essentially similar

1. Moller H.G. Backscatter obseivations at Lindau-Ilarz sith variable frequency

directed to the auroral zone. Arctic Communications, 13. la-ndmark. ed.,

Agardograph 78, pp 177-188, The MacMillan Co., N.Y., 1964.

2. Moller H.G. and Tauriainen A. Observations of intense irregularities il the

polar F-region by HF backscatter and satellite scintillation measurefieits.

J. Atmos. Terr. Phys., 37, 161, 1975.

3. Oksman J. and Tauriainen A. On the relative location of the TEC trough and

HF backscatter curtains. COSPAR Proc., 12, 1978.



results being reported by Turunen and Oksman (1979)1 and Oksman et al. (1979) .

More recently, Nekrasov et al. (1982) s 
found two bands of spread F, one centred

around 680 and the other near 600 geomagnetic latitude.

On an oblique incidence backscatter ionogram the slant F or 'auroial' trace is a

manifestation of direct backscatter from field-aligned irregularities. Moller (1974)1

has discussed the form of such traces and has shown that for a radar location at a

sufficiently low latitude where it is possible to achieve iay olthogonality with the

geomagnetic field at F-region altitudes, the ionogram tiace appears as a constant

range extension to higher frequencies. In this circumstance the backscatter occurs

from irregularities with scale size transverse to the magnetic field of half the radar

wavelength, which for an -IF radar would be typically about 10n.

For some months during 1987/8 an HF radar system was opeiated fon1 tile south of

England radiating essentially northwards. The resulting oblique-incidence wide-sweep

4. Turunen T. and Oksman J. On the relative location of the plasntapause arid

the HF backscatter curtains. J. Atmos. Terr. Phys., 41, 345, 1979.

5. Oksman J., Moiler H.G. and Greenwald R. Comparisons between strong HF

backscatter and VHF radar aurora. Radio Sci., 14. 1121, 1979.

6. Nekrasov B.Y., Shirochkov A.V. and Shumilov ).A. Inmestigation of the

irregular structure of the polar ionosphere using oblique incidence soundings.

J. Atmos. Terr. Phys., 44, 769, 1982.

7. MOller H.G. Backscatter results from Lindau-ll. The movement of curtains of

intense irregularities in the polar F-layer. J. Almos. Terr. Phys., .16, 1487,

1974.



backscatter ionograms show auroral trace features from which in) principle it is

possible to estimate the range and thus location of (tie equator wamils edge of the I II:

backscatter curtain for l1in scale irregularities.

Scintillations of VHF signals are a imanifestation of hiegular tics of scale sire ill the

sub-kilometre regimne- The HiF radar and the scintillation tec huiques thuis provide

complementary methods for observing ii tegulam ties im trko diffememit scale si/C

regimes. In particular simrultancotis obse',atioms of thme equator ail.ds edge of tlie Il

backscatter curtain and the scintillation Lxmundar y not onlty ina provide Vvrdlellkc mi

irregularity behaviour, but also ntay provide infoi natiomi onl the usefulness of satelilie

transmlissions to the interpretationm of 1IFpm ~Opagatfiil coiditiorm It 'A,ts to tlics

enmds that a study was made of thie hac ksca tter iomtog anri s anrd (tlie sc iit i t ioni dat a

base in a comparison of bounrdary locatiorts



ANALYSIS OF I-F BACKSCATTER IONOGRAMS

The data base of backscatter iorrograrins. covsering tire ~er id 23 lDeceirrber I 997 in

26 August 1988. was examined for examiples showing an al loral trace [ihe time

delay of the lower edge of the auroral backscatier trace. expressed as .a one-%a.

group path was determiined in each case lihe iorrrngrariis for thre surillii irinnirtirs

were more complicated than those obtained earlier, sr thatI in somie ilsiarices

identification of an 'autoral' trace waS diffiLult. In par tic flar . it is possible that

the results for May hiase been conitamrirnted by) a cruripooren associarcnl %kil

sporadic-E rather than an F-laiyer scatter rrecharism. ] it re oliiei suiririr

nroinths care was taken to eliminate this compornernr froir thre data swt

In calculating the latitude of the irregular itjes kosing lr'MtIci te illlnirg

assumptions were trade

a) It was assured that tire ionospheric scattering canrr hm a heigt 4 .100 kill

b) Although nmost of the obsersations were fii radar dijivciour fliglrll l Ill vaccis

or to the west of true north, it was assurried tirat anll il'sersain %cin ill tire

true north direction arid that tire radio %ises irin tiranlled aloing stirigirt -brie

paths.

c) The receiver arid transnmitter were assumed to he at 51.4o N latitude



ANALYSIS OF SCINTILLATION DATA

T he S,~ scintillation idex, obtained from the I SUM I I t ra sriiio n was plot ted

for ail NNSS passes at times close to those wkhenl auroral backscattcr 'Aas obsersed.

Passes showing a scititillation boundary, using ain S, thieshold oif 01.2, xe, e ideniired

and the timie and latituide of the boundary noted. [or the initial arillsrs thie

boundary was taken to occur at thie highest latitud~e at w ii,.l thre 1 idex fell rub,,

0.2 when coming frot the north.

RESULTS

1. Initial Analysis

a) 1IF auroral backscatter bouitdary.

A plot of boundary latitude as a fnctionl Of urt1isJI time fiall 1tle MIl I

available is shown~ in Fig. 2.1.1 lie aserage latitudre huri 115 data poinits is

60.40 N with a standlard deviationt of 3 lo ]li[e cr0 respridirig plot esclidimig

the data for Miay w-hicht could bie conitamiinna ted by rn-atirrral iretrruns sloNi ~

(Fig. 2.2) that for this data set of 216 points, the aserage latitude is hI lo N

with a standard dleviation of 3.00. tUhiarging the ;iirtrrd heiplht rrf Ilic. r.

scatter irregularities to 350 kin arid still exc ludirug the Mla dfata ildcd

Fig. 2.3. H ere the a serage latitude was% found to IVe0 (i)o riN %%11 it3 aSta rri'ld~t

deviation of 3.1"
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b) Scintillation boundary

The latitude of the scintillation boundary as a function of universal time is

plotted in Fig. 2.4 using all 87 data points. The average position was found

to be 68.90 N with a standard deviation of 3,70 .  
Corresponding plots for

low, medium and high ranges of Kp proved inconclusive, although it should be

noted that each grouping comprised a statistically small number of points.

c) Comparisons of boundaries

(i) The results already presented show that there is a significant difference of

about 80 between the equatorwards boundary for [IF amoral backlcatter and

that for scintillation, with the latter being found at higher latitudes. A scatter

plot giving corresponding positions of the two boundaries observed simultaneously

is shown in Fig. 2.5. For this, from the scintillation boundaries found within

± I hour of an [IF ionogranm showing an auroral trace the one clciest in time

has been plotted. The computer program used for this procedure results in

some scintillation boundary positions being used for two or more adjacent

ionograms so that the total data set comprises 107 points. The nean

boundary positions are found to be separated by about 80 latitude while the

standard deviations are only around 30 . 
A similar result can be seen in

Fig. 2.6 where tire time separation has been reduced to ± 30 min. Wilh a

restriction in time between the boundaries of only ± 15 min the data set is

reduced to 40 points (Fig. 2.7). However, the scintillation boundary still

remains on average 70 higher in latitude than that for the radar observations, a

difference much greater than the standard deviation of about 30.
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(ii) th le boolldtaly Positions Withinl t I Floor were aiso cllil'led dilecti. wkith

a scintillation b"ouniiday b~eing pil ed with orik olle Il- iulnogi aio., that being tile

one closest in timie. 'Iblis ICesulted in 59 pails of boorldaijes. For eC1h pai

the difference between the latitudes oIf tile sI.intilaitiorr i'oiii1iaiy insi FtP: ladti

boundary was deterinted, aid plotted as a fCu ltito of t ilic (Fig. 2 8). 1l i

ag iniidicates a diffeicrice ofabout 8" latitude 'etweveli tile tw I'A o iiais

with thle scitiilation boulidarv being ioweic thril tile Illt ladal bollriv 00 11 on

two occasion~s.

2. Modified Analysis

Ill thle inii.: anlys)is descl best lh~fe thle sCinililti~lll I'Allulitil% 110~'101 ll as ltnfIiit

in termis of the highesti latitude at wich S t ell bel-ow the 0.2 tiiiesiluoh en(

coning front thle northl. iF is clear flclin tile tesults that thic is a1 diffelence of

som 70 or 80 in latituide betwecen the positioin of this oiudalr s and that sibser sd

by the FtPF radar . It is also of significance tiat tile 1latitldv oif tile hokliodail s on

<301 III scales was found to tie close ill the legionl whieie a1 geolliti callltacslet

inl scintillation alising 11(111 tire fieldt aliginmient olf tile ir iIl:1irties wkiiild he

expected. "I1115 it wrinilsi be allticiplaled that stlli-WiOHMetl ii egutarities at a latituide

close to where the Il b'ouirrsiary was olisri sid wkoldt he illole likely to he riailifest

as scintillatiron. llr~keter. it w\hllt apical (1111l111eV S~ht plestltet Illm rini

irregUla1rities of tise siller scale were plesrirt i sllhhicirtit ilgiilde to be ntetecled

by the tecihniqlues. FI thle ablowe atralssis anir RI itlilv d uefinitionr of s(ilrtilftioni

bo~undary, based on a thi esliold ciosssirrg ft rit tire ri ll, flad[ InCeir rrset .Ilt an

atItemrpt to vet ifv the results tite a nat sis wasv r C patert no\w de filnirg tire s utiai

boundary to occur at tire luowest latitude at vbiClu tire S. iiuLIe inisClased aba0%e 0t.2
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when Corning from11 tlre South. In 29 of tile 59 cases5 a tIif felent t hou i d~li lorca tin

wvas found using this ciiteiion. Fig. 2.9 shows these cases i li the latitude

d iffe rencre between this newly -defined se ittil I a iOl honilldal M10n thle H F ad

bound I y plotted as a (rInC Lion Of Li inc of daIt Call i1% owie Seeni thn foi tile

sub-set of the data theic is little Sigiiificaot1 difleieiire I'erUsrii the biooiidail

positions. For the moean difference tile srInill-3tioo i'iiiiid~lii occurs a 'out 3o

equatoiwards of that deteriiied i's rue i'arkscattiil (hijil1. iesriIC ti lers tel(I ii

bars encompass the ',osition of corincidence. I Iuiwe%(.ci it siOldl be notedthI irt foi

tile remiaining half of( the data (30 out of 50 ollwesatlisi Ilthe sci 1 illat ion homids

was foundI( Siglrificanltls pIOlewaids, Of thle IIl: h,1CkNCrattI( hl'ilai 5 .

CONCLUSIONS

The equatni wards hcrrrrdary for <30 III scale ii regularitirs ol,\ei ned lr tile Ill:

backscalter technique Iranq heci found to occur a10oind 00ol grrgpi iltitudeh. III

about half of the cases wkrer c there was a close pros ciiiiity ill tunle ireteer thle

satellite pass and the radar ohser satiOris it wals founld tha3t thereC %krs little sigrnifir.Arrt

difference between the positions of the two houridan ies- ' lie i esults suggested that

thle Scintillation boundr,1y wasI Inaigiiially equtatOor I ward t that for tile anruoral1

backscatter. That is rlie longer-lived Iai ger scale lsurlr-kiluorletr ci in egulali Lie'.

responsihle for Vill: sciltillatioil where foirldu to be :it 'ililsl lirwl littinirs til III

shorter terin smrall %cale (<30 Ilii) structureCs Causinrg atJnual1 hat kscattei. I lhe

observation of the scintillation hoiudais ini thiis iegiorn iiiay be toosistein t With tie

results on scintillation mnor phiotogy gi sc Ii I (iamptc r I of liiis me 'ort 'Atier e tter e

were ctedr indications of a discrete legioni of ii regular ties to tire south of l-el ick

which was detached frm tire irregulairity cnrtirruum at atiloral latitudes.
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To our knowledge, the only other study of scintillation and HF backscatter was that

reported by Moller and Tauriainen (1975) 2 . Their observations were for the auroral

zone but separated in longitude by some 200. The results for 65 cases studied

indicated a median difference in latitude for the two boundaries close to zero with a

quartile range of less than ± 1.50. It can also be noted that the median latitudinal

width of the regions of scintillation studied was only some 40. However, there are

indications (see for example Fig. 2 of the paper) that the observations were

contaminated significantly by geometrical effects, the work having been carried out

before the enhancements due to observational and irregularity georneiry, which are c'

particular importance in the auroral zone, were quantified. Thus, while good

agreement was found between the irregularity positions located by the two techniques

we believe that this result should be treated with caution because of the particular

circumstances of the observations, even though it provides confirmation for the

coincidence found in about half the cases studied in the present work.

It is important to note that in the remaining half of the current data set the

boundary latitudes were separated by 70 to 80, so that in these cases the scintillation

technique does not provide a reliable indicator of possible effects on the radar. In

an explanation of these examples further study would need to be done of radar

performance and of signal ray paths since effects of ionisation gradients may have

been causing signal returns which masked backscatter at a greater range and were

themselves interpreted as arising from irregularities.


