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Table 1

OPERATIONAL AND PLANNED MST/ST/IS RADARS (NOVEMBER 1903)

min,pulee antenna
faci}’ mods ht./long. freq. | sve,power width duty cyela lp.rtur! basm widthlconfiguretion| wode stonrabllity statys ref,
deg, MHy kW Mo (nl.‘i (afr.)m
Arecibo/Pusrto -lco 15, ST 19N 6T 430 120 1 [ 50000 0.179 | clec.dlah (i]:} 209(w) op (1)
. f - nsT ' 46.8 1 1 2 50000 1,70 . 08 " cs
Suckland Pack/Australia (m)sT 355,138 54,1 0.4 7 0.7 1500 3.20 PAC ,PAY o0, SA 159( 1} (op) {1
thungL1/Tetwen (m)sr 25M 1 21E 52 4 1 2 2500 59 PAY 08,54 150(2) ca (3)
ciscar/ 15,57 70N {67N) | 933.5 750 ? 12.% 520 0.6° | 3cire.diaren D8 80°{w),trlatet, op (a0}
Rorth Scandinavie 18,57 196 (27€) | 224 600 2 12.5 3300 | 0.69,1.79 cyl, dleh co 309,609, 200(m) ca {an)
Cquatorisl Pacific ST {3x) {0,150c) | 49,8 0.2 5 (2) (5000) (59) PAC 08 159(2) el/ce (s)
India nsT - 45-55 60 1 2,5 20000 b PAC o8 209(2) pl (s)
Jicemarca/Puty nsT, IS 125,729 49.9 200 (1) s 80000 1.08 PAC 08, SA 19(m} op {7}
LSLET/France 3 43N, SE 47,8 1 2 1.7 3x2000 5@ PAC o8 159(1) < {8}
Rillstone Mill/USA 15,5T 43N, 72w 440 b L1} 2 1.6 1640 19 cizc.dish 08 <80%(m}) op (9}
n/ depan AsT,(19) | 3sN,136€ 46.5 50 1 5 8330 1.6° PAY 08,54 30%(w) {op) {10)
Purnr, StatefUsa ST (Ix) 41N, 7609 48-50 t 4 2 2500 s° PAC 08 15%(2) pl {1)
Platteville/usa ST (ax) 40N, 105W | 49,8 1 & 1.7 2000 5o PAC ob 159(2) opfry | {12)
Poker Flatfusa nsT 65N, 147 49,9 120 2 2 400060 1,40 PAC o8 15%{2) opfet | (13)
PROUST /T rance st 45M,2C 938 t~10) (u‘z) :gg')’ 2 dishas ) blatatic (p1) | (&)
Sondre Stroafjord/Gresnlend | 1S,ST 6, 51 1290 100 {1) ) 420 0.50 clrc.dish pa $0°(m) op {15)
SOUSY/Gernany AsST 528,10€ 53.5 24 1 4 3200 50 PAY 08,54 12.5%(m) op (16n)
* [uorvey NST 698, 16E 53,5 ] 1 4 €800 3 BAY oB | 4,00(2),5.6° ap | {16n)
Sunset/UsA ST 40M,106¥ | 40,5 16 1 2.5 (16) 2200 | 4,4%,4.8° PAC 08 60%(2,n) op (1n}
tnlted Xingdom asT - ~50 12 1 s 5200 3.6 Pay o8 59,109(2) '3 (19)
Urbene/usa nsT 40N, B84 40,9 [ 10 1 2000 (<30} Pap oe  |1.50(1),2.5°(2) op {v9)
-1&" IS = Lincoherent scatter (th-r-mph-n. may include mssosphars) statust op a pparstional
RST » sssoaphare,stratosphers, tropasphars opfrt = routine opacstion (continuous)
5T = stratosphare,troposphace ce « under construction
atenne) pl s planned
configurations PA = phessd arcey ; h .4}
PAC = phased srray, cosxlsel-collinear dipoles refas (:Z)H;:::;n:):g(ﬂ,!s?ea:).:.;k;u‘::::lf?‘l::::n(‘ira::-::yt);
::[': : p:::c: ety :1;::1.- ES) Ko.hy*’t (7} wWoodman snd Guillbn, 19}4. Woodaan and Feclayth
phessd srrey, Yagis (8} Crachett); (9) Restogit); (10) katatly (1) Patars*)y
wodes 08 » Doppler beam swinging (12) Strsuch et al., 1983, Styaucht)) (11) B-inl-y st al., 1980,
SA = spaced antenna {intsrferometer) Balalay ot el.*)) (14} Glasst (zﬂ)u-tklm* 1 (16a) Ruug" l: al.,
o 1978; (16b) Czechowsky st el.*}; (1 Creen at sl,, 1975, Green*?)
tteerability: :go i; = zenith angle 15° in 2 orthoganal plsnes {and zenith) {18) Hall*); (19) Réyrvik and co..t‘

= aultiple position out to 150 zenith angl

» [and zenith)

+) « tn1 Bowntil (1984), Handbook for MAP 9,
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MST RADARS ARE CAPABLE TO OBSERVE:

(1) Reflectivity Structure:

(a) morphology of furbulence.
e.g., intensity, intermittency, thickness_
and anisotropy

(b) stability index (coherency = 30/3z),
e.g., air mass mixing zones, inversion layers
and tropopause

(2) Velocity Field:

(a) mean horizontal and vertical velocities U,V,W,
e.g., winds and convective processes

(b) fluctuating (oscillating) velocities u',v',w',
e.g., gravity waves and turbulence
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Evidence for Partial Reflection of VHF Radar Signals

1. Assuming pure volume scattering, it is dedugcd from the observed high
radar echo power that the mean refractive index structure constant C? in several

cases must be 1-2 orders of magnitude larger than currently accepted values  Evidence for Partial Reflection of VHF Radar Signals
or another mechanism than scattering has to be considered.

2. The correlation times of radar signals often are up to minutes in contrary 6. The amplitude distributions of strong tropospheric radar echoes cannot
to expected correlation times of a few seconds when assuming turbulence scatter- be fitted to a Rayleigh distribution which would be expected for turbulence
ing. scattering. A better fit is possible when assuming that the signals contain a

constant, partially reflected part. Phase distributions are not random (i.e. phases |
3. The radar echo power is proportional to the correlation time which is equally distributed between 0 and 2 x), but also indicate consistent contributions
just opposite to turbulence theory. from partial reflection.

4. The intensity variations of radar echoes often are quasi-periodic (periods 7. Doppler spectra of strong radar echoes do not fit to a Gaussian shap
of some ten seconds). This can be explained by interference or focussing due Which is anticipated if one assumes turbulence velocities to be normally distrib-
to reflection at thin layers or patches of enhanced humidity or temperature Uted. High resolution spectra indicate strong spikes superimposed on Gaussian
variations which are influenced by atmospheric waves. shaped spectra which must be caused by partial reflection.

5. Peak radar echoes are much weaker (up to 20 dB) and not as structured 8. The radar echo power P often is found not to be
when swinging the radar beam from the vertical to off-vertical (12.5° zenith Proportional to the antenna area A which is expected for
angle). This points to reflection at vertical incidence into rough, horizontally turbulence scattering. A better fit is obtained if P AKX
st‘ratiﬁed layers. with 1<k <2, which is expected if the signal contains

The layers are estimated not to exceed a few ten meters in vertical extent. SOntributions from partial reflections.
The vertical gradient of refractive index has to be about 10~ "m~*. The horizontal

dimension of the stratified layers must be at least several 100 m. 9. The spatial coherence of the echo pattern on the
ground often is much greater than expected for turbulence
scattering.

20 21



Conclusion

It appears reasonable that partial reflection also should be considered to
explain VHF radar signals (at quasi-vertical beam pointing) from the strato-
sphere and mesosphere. According to considerations on transhorizon propaga-
tion (Beckman and Spizzichino, 1963), the most appropriate mechanism respon-
sible for VHF radar echoes from the troposphere, stratosphere and mesosphere
is proposed to be a composition of (1) specular (partial) reflection at rather
stable stratified layers, (2) diffusive reflection at rough layers and (3) scattering
from turbulence.

Since partial or diffusive reflection often appears to occur, VHF radar sys-
tems, due to the longer wavelengths, are more favorable than higher frequency
radars to detect these layers in the atmosphere and to make use of the strong
radar echoes to investigate the dynamics of the lower and middle atmosphere.
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