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characterize the current ionosphere.~~L�~~imulate a particular adaptive
te c hnique , data from a sequence of passes ~Lth.. Navy Navigation Satellite
Sv~~t t ’ i i i  sate llites are used to rep resent both ffw lu& -a l ionospheric measure-
rii&’nt and the su hsequc-nt  svsf ,-,ri fliea$urernen(.—~~vs t t ~n1at ic variations of the
ionosphere are u s t ’ f u l l v  predicted over a few hnui-s . l.ocal Ie1itur e~ that
have large geophysica l scale ~ t it’ . such as the nighttime trough and the
plasmapause enhancement of the ini’ l-latitude ionosphere, are tra , k,’ -t  I~sequent ial measurements and t ira r be mapped in space and local tiflie at ’ross
the entire sv5t enc  field of view during quiet gt-. .p lcv ’ -.u-al periods. During
disturbed periods , however , their ilvnaii. ic hehavin r may requi rt- more fre—
quent spec i f i ca t ion  and , in addition, very large features can CICVCl ic II  which
are slia rplv c o nf i  n e d  to small areas of tlw c civ t n’ a~p’ rt’g ion.
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Adaptive Mopping of Mid-Latitude Ionosphere

I. %\T RU1) l (~1IO~

\s  u i l v i g  tion and r i I r svstenl5 evolve, .hie rt ru iirement s for precision rang.

nieasurenients become more stringent. I v e it t i r i l l re - c l time algnrithr~s must be
developed to provide increased acCuracy in corrections for refract ive effects arising

fr ni; the ionosphere. h a l  t ive lv simple look-up tables of the expected median cor-

rection can he derived f ron; cl imato lognes of the principal ionospheric parameters.
l)epen-tent on only sn’oot f te ’ I  solar conditions, these tables c-an I~~ prepared several
months in advance, and w hen used, wi ll typically remove 50 to 7Fc percent of the

monthly rms refractive error. For more precise estimates of refract ive effects.
maps can be deve loped from climatology forthe entire system field of view . ‘~tored
in the system processor, these maps OI; I% be adapted 1w pert ‘ient local measure-
ment s to provide a real t ime correction that wi ll represent the response of the

ionosphere to current solar-terrestr ial c oti-lutions and even reflect local features,
in some cases (I)ul.ong et al’ . Wit h the adaptive techniques, the residt ,t l  refractive

error is dependent on the information within the local, measurement and the density
of measurement s in space and time. When the highest precision is required, tech-

niques have been developed for sophisticated systems to d irect ly measure the

(lieceived for publication 29 .tuly 1977~
1. Dul ong, I) . I) ., m d  \ llen, 11. S. ( 1976) Spec ification of Navigation and Radar

Errors Caused by the Ionosphere, COST~AR Symposium Proceedings, The
t eophvsical Vse cit SatellIte Beacon (Thservations. Boston University. 
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needed ref r:ictj~ e correction for the ionosphere .long the path to the ta rge t  (A l len
et aD. - This pape r will examine adaptive techniques, using Inc .5 re- c’s from
t he S;cu ’v Navi k ’  it iofl ~:cte llifr System (SN~~~I to i l lustrate some of 11ce prom - ,nicl
some of the problems .

2. T111 KI:FR -tcTI%I: (:oKKI:cI’Io ~

At (‘Ill” and higher ra t i o  frequencies If) t t ~~ physics for w i .  ref r, -tiv ,. ~ff~rt~c m  be greatly si nipl- (ned : the local electron density f l $5 t t n~ .‘ uc l~ va r i utc Ie  that
must be considered . Then the ray p~tt is approximate ! liv -~t r a c g ht line ~~~t ’~ a
first order correction for change in app;cren’ u- cui ge ( .~ I() A t c i e h  Is ‘tt rert lv propor-
tional to the electron content integrated along the s i c u i t  p.Ui Is ) .

k ’f ~ nds . 
( I I

\lillman3 has shown that from this a corr ec t m o m ran I,’ lulate for the f i rs t ‘r er
change in elevation angle. For targets in t t i e  upper ionosphere a ’ - I  •t  low el.- ‘Ion
angles the change in the cloy c t t on  -n g le ‘.~ K) is

AE = (cot l’:01 ~~R/hl . 
(2 t

where Eo is the initial elevation angle. The princip le correction, ~~h, m a y  be
modeled from existing climatologies of ionospheric pa rameters (1 1.-we llyn a u - I  llentt .
Such a modeling shows that the median of the range correct ion Induced liv the icinos-
phere has greatest values Iust after midday , c t  the equuinoxes , for envn-tj t io ns at th.
max imum of the solar cycle. This correction, in meters , Is il lustrated in I- Igire I
for a representative radar, using 425 \IIlr along a slant pa t ! to a t1r~’v’ t wit h e lev- ,-
tion angle 5 deg and altitude 1000 km. These curves represent the twelve month
running mean sunspot number it the maxima of the last 20 cvc le~ of solar
activity when the peak i~~ of a cycle could range from 50 for a very quiet to 200 for
a very disturbed solar maximum. The fracti les of are the lower quartile, med-
ian,_ upper quartile, and upper decile 170, 100. 130, and 15 0 respectively) . ( (t he
2. Allen, R. S., DuLong. D. I),, Grossi. \I , I),, and K i t? , ~~, II. (f07t ~) Ionospheric

Range Error Correction in Precision Radar Systems by Adaptive I
~
rob in?of The Propagation Medium. AGA RD Conference Proceedings, PropagationLimitations o~ Navigation anti Positioning Syste ms , A nkara , Turkey, A GA RI)(‘P209.

3, \lillman, C. II. • and Reinsmith, C. \l. ( 1 1 7 4 )  An A nalysis of the IncoherentSc;itter- l’araday Rotation Technique for Ionospheric Propagation Erro r
Correction. General Electric Co. TN R74EMfl2.

4 . l.lewellyn, S. K., and Bent , IL B. ( 1973)  l)ocumentation and l)escription of theBent Ionospheric Model, —\ I-’~~Rl -T I i -73-O657.
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mapping of ii correction is iii Ic for the u- t i ’ .’ field of v ue ~ of a -‘ten using pram-

eters in the d in. d ‘ I c - v  th it  m - .-prt ’ sen’ - ,  t U c  - !!ie4llafl ioflOs; t .-’ri. .-o, il ltuofl$. when

it ‘is t*s ,~ l to correct real time range rneas(Ireulierit 5, t ,. r i~ monttil~ rm!~~
error o R )  is cl i~ ut !0 t~ ~~ percent of I c ~ t u l l e  ar~~ 

I - ~ tO t i  35 ( i.-I~~~-nt  of

nightt iznit ’  median - In.’ ., Il)ul.ong). ‘ I or thr m I • r i( I’c u ’~mr,’ , ,n  ~~*p4 rt .—d .~~ II it

the next solar m im ix i ii Unii mm m c  the P9 11 m ax.’ - ~s 300 - , r.’~ ill i -~~‘ in a • of about

70 meters, ‘v - s te i i s ~ ,-e Iimi1’ m r•e it comm n~ my ‘ r,~ l i i i’ r ,- f v  , ‘ ivc c it .- ,’ -

Icy using some b e  i t  iono s pher ic’ z . ‘ c ~~,e~
- ,’ii .- at to - I  ; ‘ - i n c  t m mm pm ,‘-lict iou. . in .m

in anner siniil.ir to that Ii’ -. i- hi- - ! h\ Itul on1~ et .1. I

K ~~~ I r i  ‘ I ~~~~

1 igc: re I. ‘cbon t h lc.’ U,’ .,~ 
) ‘iI~

,’ i o p - r u - , - t c ’ ’ n  - , ‘Ii l I e ,
f - c r c  i \llIi l i t -  c t i  tu ’I \e ;mr 5 0\  I - t i ’ -
I- t- m~et is t ~ 

- i-I, - t i - - :ingl.- , 100 kir ! ! c t :

p - i t - c ine t  I i ~ on 12 r- inm t h running me in
s u n— po t l~ 1 . -c . l-,-”r 0—m erit S t a  • -X p . ’ c -t r  I r
c i - c i - r ec - t io n  t c r  sol ‘- ‘‘ i-,xurnum c a i t l l i t 1 Of l -~. \‘

aver ii’t’ solar maxim um. ~ = - i i i . •‘~~p.-u - t . -  I
rnrr,’i t t o r t  i s near 100 mn I 1

~~’ ~~~ imoxe

1. 11.1.1 5TH v r is F II - I OF ~\ ~I)~rTI% E ~Iul )FI.

The t-c’--d I t t - il c ’ r r i t r  w hen using an —1 cpt pd model, OIl . depends on the sp - -p

c nd time cn ie ren t’ of l i v  — f o  -d iv i-h f l 1rpc , - t c ~ ‘di ng to ’ -  - - f . - t i res  which occur

within the r r fit- Id of - p - c - , To cx i n t ’ l - ’ ti i i~ error , act ual l E t  - da t a w its ci).—

inc-I from o ! ’ sC ’v i 1 t j o~iS of \ \5’~ i ! p t l i ! e  ~‘r fou r day s in l)ecemher ~~~~ I ken

it I - in’t m u . t El • ant i ( n i ’  • - \ust ri a , and to tIn ree days in ( ictolcer 1 174 , f rom

11o7eman and Botilder in ( o lor :ido (1 citinge’- and Itartmannl . 6 These represent

~~. l)ulong, I), I) , ( 1 1177 1 Ue ’I - t i  if the I rmc-er ta intv  of Radar Range ( orrect ion.
AFGI - T R— 7 7  ~ln ~ 1-~~~ T — -

6 . 1 pit inger . B. , in-I II m rt mn annmi . C . K . I l °Th (  l ime and l atitude I)ependence of
Ionos pheric l i e  t i - - i t ( intent from the t i  TThi mT[~n of NNSS and AT~~- 6 Dat a,
C’ )~~~Vfl n~pos iilni Proi-~’. T ings , t he (;eophvs~c:c 1 l~~e of SateUItr- Beacon
I )1-cser~- - l ions , Boston I n i  ye rs it 

v . 0
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quiet int l disturbed periods of geomat ’ - me t i c - ac t iv i ty , r e — n e - !  tve ly, T!ic c t

w ere normalized to simultaneous Tl- t data reduced from single stat ion observa-
tions of the beacons of the ATS 6 satellite. liv converting the NNSS l:ita to radar
range cou’reet lon, the i ,’sm lts u - cit be used to adapt maps of ti-u- median range cor-
rection and the reduction iii refractive error c mi i  be examined,

In simulating a proc.’- ni~~C for adaptive modeling , data from the first in a
sequence of NN~~ pa i-m -mt ’ s ma~- be used to nori: .ulii’e the prediction of median r~mn~ e
correction to conform to the me t ~i - c I conditions at th it time. The scaling used along
the latitudinal intervals for t lm i s  pass wo mb - !  t ’ erm be used ti’ .iI:ipt t he n edi;un along
the path mt the time of thu next \ \  — pasu: . I’he ft rat pass m-,v c ,. considered .m

representa tion of a local ionospheric :: ,‘,c ’em renncent and the subsequent pas- e -  may

represent svst ,’i: rr:, ’~i-cmn - en ents , such mis a i-  i t  ir sys tem meas-:rm ng t he r.ngr 10

a tm rge t. The error O R ,  can lip compa r - .’ I ‘c~ t In.’ error -‘- I l  , to determine lit.’

effeetivenes—’ of the - f  : ‘ t i -  e modeling proc -c - 1 r’- , Ihi~ may ‘-e rem’ it.- I. using
each p m — s  to I :° lIt.- model and co n paring the p ie  t i c - I  mo - i s  i c ’ the -viapl.. -I mode l at

the ‘tme of sint isequient \ \~~~“ passes w ti: lii, ac t - r.t I I - _p rv:.fn i-cr is .
-‘oni.’ of the effects of using ii :s procedure t i  spu - c’if~’ r e f r - , c - t u y p  .-t rors in ‘lay-

time can he seen in I ug re 2 for the quiet m-r i 4 in Bor,’nl! er l~~7c . 1 1 :. upper ~~r’t

of cur~ es illustrite, on a lm -.g .mn ithmie S I -  i!, , t . -  range eor r c - - io ’ : ‘tnt !  ‘‘ .- system
wou ld have made along ‘he t rack of : m r i  \ \ - S  ;c. ’ m s Ii ’ 1240 I I on 12 I)eeembcr -~~~

determined from:
( it  t he \\‘-i-~ observ- ituons then -~,‘1v,’s , clotted line.
( 21 the original median pr . - dmt- - te - I  liv d i m  ilo ,’- , - !;cshecj I tip ,

(3) the n m ’  t i n  Sc - ml , ’ I by the prior N \— ~ puss t 1120 1 I , solid l:ne.
The lower set of c u r v e  - c r c  on m l inear scale I t t ! nepr.- -e mit t he a lc sat it,’ value of
the residual range error occurring:

(1) using the median fro m climatology , OR , h~~ied line,
2 1 using the adapted median, OIl . so i d line.

The gradients within the predicted median do not m ‘ i thos .- of the NNSS obe’ rv~t-
tions, cr eating la rge errors in some reglom ns , brat these are re !-~ced s ignc f ~c cnt1v

by the adapted prediction. Note, however , t hat using all of the information along
the 1120 pass predicts local features which are either c t , s e r m t  or - I m s p laced - i t  the
time of the next pass. Similar effects , observed during the ( c i-toher VK4 period
are shown in 1-’ igure t for the - I - i - - t ime  hours of 12 ( h’toher . l’he observed values
of radar range correct ion along the latitudinal track of consec ut ive \NS~ passes at
0~ 20, 1040 , and 1550 LT . so lid lines , rapidly hecon~e enh:inre-! wit h respect to the
predicted monthly median, dashed lines , for these local t imes . If all of the informa-
tion along the 0920 1T pass were used to an i le  the median in order to better pre-
dict the 1040 I.T ionosphere, and similarly the 1040 pas s were used to specify the
1550 ionosphere, two ef fects would occur. I-lrst , since the genera) enhancement

10
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persists over  several . i c l r -~, the -‘V ~~!t-!r t~ bias of prediction would be : “ t - n .-

Second, since maior 10c c ) features —‘. it h amp litude of about 10 percent - .‘ither
ni .ve- I in spare or have m h . c n m g e  I cha r- m m t e u -  - -~ ith t - i i .- . there is an - I lit c ,c um ~m ! error
th t m u i r  tu’ s smoothing iii v lie nit’ ,pi t ,-j.i rv itt th e - I i t - - .- modeling.

5o~~~~~- ‘ - I
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1-igure 2. \ !- ipt  ivy ’ \bodeling l’snng l) i ta From \ \~~Measurements. The f i r s t  pass 1 1120 l.T is in—”’ -1 to
sca le the predicted l-a ’itude va - - I , !t  “ of ‘t :r range
correction - i t  1120 l,T and tar - n the sca l e- !  v m t ues a’

predicted forwa rd to l2 1f l  I 1. The .‘n~ r-l it- ty’ of t ’ uy’
:il~s~~1 :!p error mus ing the adapted : ‘ l e t c  art is ~~i i’fli ft cant ly
less than using just the monthly r n e I ic n ,  \ o t u-  tha t
local fea tures along one pass do not m t i  - local f e a t - : re s
of the other li nt that both h:ivp a c o t t a -  s!r ’ ’’ ‘ i ’ : ’ : Ic
variat ion quite different from that of t h e  : n p- ! c- l n
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2 OCTOOER 1974
.1,

Li
PREDICTED
MEDIAN -

ioo - LOCAL TIME NP,ISS

~~~
GEOGRAPHIC LATITLIO€ , DEGREES

I- igure ~. 
( etier: cl  I mihancement of t I t- Il:cngr- ( orrections

I Iven’ a ‘\ ide I m t j t t i ! e  f lange on 12 t )ctoher 1 (174 The
Sv st en i la t i ( -  bias between prediction and otms e u ’v  t i l t  could
he removed by u I  intinig the median prediction with s in~tt1e
scaling f i i - t o r - ~~, I or- il features of :ihout 10 pe rre~:i
amplitude should lie f i ltered out if 1 t e  m 1I p t n o n ~. are spaced
an hour or t w o  i n:m ri

I)tnring the early morning hou rs of this enhanced day , (1 2 i i c t o t , r t  the ionos-

phere was  depressed below the expected median in some reg i a - i s , l- igmure 4 . Ilv

0400 t.T there was a deep trough in FI: centered nea r 4 u 1 \ ( eographic (L~ 4t nnI

a diffuse enhancement in the plasmapause region near 40°N I.~ 2. 7) . \ ‘  Oh4 f l  I -r

these had both moved southward about 2 - and the relative depth of the tro lL” ~: - I

decreased while the plasmapause enhancement had increased. t ic  smoot he- I  pre-

sence of these features may be discerned in the expected monthi- ,‘dians - I c — r i - c - I

from c limatology. Note t b- it the persistent depression of observ e- I  va l uies during

this night w a s  not carried into the sunlit hours; 1w 0920 1 T the o t i ’~n-v t i o r t s  were

almost - it the expected values. This is -onsistent w i h m  a prev :ia i i s  s I t  l-~ of the

tempora l variability of radar range error at a fixed station, in whic h i f w as  shown

that useful predictions could not he mtude across the sunlit terminators (flub ong t.

The early morning of 12 o ctober 1 . 7 4 , was a r c l : t i - . c- i qu iet period nrc - i  ,- - It ng

the magnetic disturbances that affected the major portion of the i )ctoher samnle,

The features observed during this period were : m l s o  c h u s e r -Pu l  for e h of lb. late

a ft ernoon thro ng h e ;m r lv morning periods if the quiet sample from l)ecemher 1075 .

In the late afternoons of each of flip I) ecemher days there is an u-~~~ - f lc .- b region

nea r 50 N 1~~3 . 5) that is a well developed , persis tent feat u nre . sb~u- uvn in the upper
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set of curves in E’igure 5. liv backtracking from 2000 LT in the central set cf

curves , w here the trough in FIX’ near 55 N ( 1~~ 5) can be identified each lay , this
feature in t he 1)ecember afternoon c u l l  be identified as a plasmapause enhancennent

of T I-~C. The lower set of c - i m m ’ v t ’ s  Iii I-’igure 5 show that bot h the plasmapause
enhancement and the t rough persist into the early Iuiorn ing hours , as w a s  also
observed in t’igure 5 for nhe October - la y .  

- - - - - -

PREDICTED 12 OCTOBE R 1 974
MEDIAN
LOCAL TIME

~~~ 2O~

T~~~TT~~~~~~~~~~I
GEOGRA PI-fiC I AT IT UD E, DEGREES

I-’igure 4 . — a n n ~u I t - c f  the I- f fect  of the l’rough on
1-lect ron I), nsj t v . Seen Ni-a r - I ’  N l atitude on
12 October bm7 4 , c u r ,  the b-:xpecteml Range Correction
for a 125 \1117 Radar. l’ry’c lit-t ions adapted for
t his feature were v a l i - t  c uver severiTl hours on
this night . Contrast t he general depression with
respect to t he predicted median to the general
enhancement seen the following morning (Figure 3)
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—1 NN SS ObSENVATI ON
LOCAL TIM E

P

GEOGRAPHIC LATITU DE , DEGREES

1- igure 5. - c n , , t t Le iii (‘ ru r t s c c ’ litj~~, I I c y , —  \\ lien t I c -
Ohsen’vat inmis c i t  NNS~-’ Showed t h u  it the }‘os it ioni t n t - I

l uaracter ist i i -s of the Trough Neui n t~Ft ’ N I at it i n le
ami d the I’Irisn, a t c u c t n s r  I- nl ia m ncenu tem it Ni-au’ 50 N
t u t t i t u n - I t ’  (‘ o n n l - l  It ’  !t, i I iu - l I- m i nt ,  l b o u r_ t o — I l i i u n n

m l I ) a v — t o — I I , c v . -\ I : c j c t e l  iri- - In - f i on is  s u l Ic i l
front t h e s o -  nl iseu~ - : t t  bu nt s ccaul i l  n’e hice t Int ’ t ’ rrom’
of n u t  tim. - e -ru rn c - I  ion by —u y ’vt-’ m u l  I I et t ’ u s

14
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As further illustration of what niay be encountered, consider the field of view
of a hypotheticaL radar situated at 8O ’W. Long. , 40°N. Lat., (Figure 6) . The range
correct ion along a latitudinal swath near the wester n horizon can be determined
front NNSS passes observed at Boulder , Colora do, as shown in t he samp le from
October 1974 . In actual sys tem use , these would reflect the increase in slant
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I”igure 6. Coverage Diagram of a Hypothetical Radar That Illustrates the
Need to Determine How Data From One Part of the Field of View May Best
he l sed to Adapt Predictions for the Remaining Portion. Cont inuous
measurements of total electron content derived from ATS-3 observations
a long the Erastern seaboard (‘an be compared to NNSS observations made
at mid-continent
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t hickness of the ionosphere IS elevation angle decreased , but here it is convenient
to s t iv  with equivalent vert ical  va lues to be consistent with the reduced NNSS data .
Now the quest ion that arises is whether adapted features can he mapped across the
entire field of view . ( ‘ sing single station 1 IX’ measurements obtained using the
\ Iii-’ beacon on t he AT S-3 geostat ionery sa tellite at Narssarssuaq, Greenland;
Goos e Ha , l abrador; h amilton. Massac husetts: and Kennedy Space Flight (‘enter.
1- lorida, It is possible to construct a similar latitudinal swath near t he eastern
horizon of the radar. The features of this swath can then be compared with the
NNSS data near the western horizon. -‘i compa rison of the data in I. va!u~ and local
t ime for 3 sequential nighttime passes on 12 ( letoher 1974 , a quiet per iod, and
3 sequential daytime p- ca ses on 1 3 1  )ctober 1 1174 , a magnetica lly disturbed period.
are displayed in l-’igures 7 and 8. respec tively . Ufl the quiet night, the sequence of
deve lopment of the trough in local t ime near tIne eastern horizon and its character
and pos ition in I. value are reproduced near the western horizon, It is then possible
to conclude that it would have been useful to map it over the whole field of view , in
contrast , during the disturbed day a large enhancement of the ionosphere developed
over the eastern portion of the radar field of v iew , hut no similar feature occurred
in the western portion. .-\ t  1100 I T  on 13 October, TE(’ uct Goose Hay was already
higher than at adjacent latitudes, h(y 1 200 l.T F1- ( ’  at Hamilton and Goose Bay
increased slightly. but at N:mrssarss uaq it increased significantly. At 1500 IT  TEC
at Narssarssuaq had decreased to the value observed at 1(00 CT: at Hamilton there
was a further decrease , while at Goose Hay there was an extreme enhancement. (In
the western horizon of the radar there was an increase nea r 1200 1,1’ in the northern
coverage of the NNSS passes that agrees with the enhancement seen at that local
t ime at Nuirssa rss uaq, hut nothing in the western data is comparable to the malor
enhancement observed at Goose Bay. l)ur ing such greatly di sturbed periods adaptive
modeling would he of most use to a system hut this examp le suggests that extensive
mapping of local features in either latitude or longitude should not he undertaken
wit hout sufficient knowledge of thei r spatial and temporal characteristics.
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h- igure 7 . h)eve lopnnent of the Tn’ough \ Irung the
I-~aste rn Seaboard, Deterntineul I- ram , - \TS -3
Observation at Narssa rss uaq, I nose Hay ,
liant ilton , m u l l Kennedy (N , ( , h i , and K)
Compared Wi th  t he I)ev elopmntent Over the Mid —
(‘ontinent as Determine d Front NNSS Observations .
F’or t his quiet night , large features may he mtiappeul

ml local t ime ant I nuiagnetic c-n O r- l i n u um t es  over the
entire radar field of ~- i ew
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Figure 8. Same Coverages as Figure 7 , For this
daytime sample there was a very large enhancement
of t he ionosphere at high latitudes that was confined
to the eastern segment of the field of v iew . 1)uring
such periods , features cou ld not be adapted across
t he entire field of v iew
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-‘t c ’t unal observat ions made with the Navy Navigation Satellite Systems ( NNSS )

sate llites have been used to test a technique which would adapt maps predicting
ionospheric refractive effects over the field of radar or navigation systems . In
this adaptive technique each NNSS pass is usemi to scale local features into the
monthly nieclian maps . h- ach adapted map is then used to predict the local behavior
of t he refraction correction and the results compared wi th  ensuing \NSS passes ,

Systemat ic changes which represent the Iailv response of the local ionosphere
to so lar-terrestrial conditions , suc h as the gemieral enhancement seen over the
Boulder region on 12 October lIi74 , are use fully predicted by t his technique hut
w ith the restriction that a prediction should not he carr ied across either sunlit
term inator as this could increase error.

During quiet geomagnetic periods , t hose local features w i th  lar~ne geophysical
sca le size and a consistent identification in climatology, such as the nt i m. : tn t t i i  e
trough and t he plasmapause enhancement , seen so persistently in the 10- 13 Decennber
TEC observations front l-urope , may be profitably tracked by local measuremen t s
and indeed n,~av be usefully extended over the field of t-ie~~ . I)urirng the -Iavtin ie s on— p
local features n t u a v  he as larce in aniplituile hut so transitory in .- It l u i r space or t in te
that they are not observed on subsequent passes , In this -uise i t  is better to snuonth

t hese unknown features prior to adapting the ntedian maps .
A s is we ll known, dur ing disturbed geontiagnetic conditions sI n, c local ~v: ct I in -es

may be very dynamic . Therefore, they t i t tns t he closely i-cpe c - i r i t i in the adaptive
technique iluring such periods . Moreover , very  large changes in the ionosphere

can occur in c onstrained port ions of the coverage area , su m - h as the intense enhance-
ment observed on 13 October U174 over the eastern m.’eahoard of North A nIe r i ca  but
not at the mid-continent stations . Suc h features must he carefully def ined in space
and time and can not be extended beyond the region of observation.

18
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