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absorption,5
AFD (averagefade duration),91
aircraftplatform,8
Amoroso,F., 109, 115
antennas

crosseddroopingdipole, 78, 84
diversityspacing,55
gain patterneffects,34, 51, 52
high versuslow gain, 52, 54
low gain, 78
quarterwave,85
separation(diversity),51, 56

ATS-6 (measurementswith), 70, 79
attenuation (mobile)

angledependence,19–27
crosspolarizationeffects,52–53
diversityoperation,55-60
EmpiricalRoadside Shadowing(ERS)

model, 16–27
fade duration,40-46
frequency(efkcts of), 27
high-gainversuslowgainantennas,52-

54
investigationsfrom differentcountries,

61-73
INMARSAT (with), 4, 15,24,26,63
JapaneseETS-V (with), 2, 4, 11, 15,

16, 23, 26,40,63, 72
L-Band (measurementsat), 15

L-BandversusUHF,25, 28
line-of-sight,34-39
MARECS A (with), 68
MARECS-B2 (with), 4, 15,66
modeling,74–114
non-fadeduration,46, 47
phasefluctuations,48-50
roadsidetrees,15-33
season(effectsof), 28, 29
side of road (effectsof), 29–33
time-series,16-18
UHF (measurementsat), 15

attenuation (static)
bare trees(effectsof), 12
BurrOak, 9
CalleryPear,9, 12, 13
canopy,6
coefficients,7-9, 11
elevationangle (efkcts of), 12, 14
frequencyscaling,11
full foliage (effectsof), 12
groveof trees,7
grovepath length,6
Holly,9
individualtrees,5-14
L-Band, 15
NorwayMaple, 9
path length,6-8
Pin Oak, 9
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pine grove,9 v

Sassafras,9
Scotch Pine, 9
seasonaleffects(static case), 11
singletree, 7
static, 5-14
summer,12
trees(full foliage), 8
tree types, 8, 9
UHF, 15
White Pine, 9
winter,12

Australiancampaign,15,16,23,40,41,56,
86

averagefade duration(AFD), 91
balloons (stratospheric),71
bandwidth,3
Barts,R. M., 97, 115
Belgium(measurementsin), 68, 69
Bell, T. E., 3, 115
Big ThompsonCanyon(measurementsin),

35
BoulderCanyon(measurementsin), 35
Brewsterangle,78
Bundrock,A., 1,27,63-65, 115
Burr Oak, 9
Butterworth,J. S., 1,6,8,63,66-68, 115
CalleryPear, 9, 12
campaigns,4
Canada(cumulativedistributions),63,66-

68
canopyshadowing,20, 42
CCIR; 1986a

Report 1008,78, 116
Report 1007,87, 116

CCIR: 1986b
Report 263-6,77, 116

cellularcommunications,2, 3, 12
CentralLimit Theorem,88
Central Maryland (measurementsin), 8,

15,40
Chapman,C. W., seeLaGrone,A. H., 108,

117
circularpolarization,7, 77,
Clarke,R. H., 110, 116
Colorado (measurementsin), 15
co-polarization,52
crosseddroopingdipole, 78, 84
crosspolarization,52, 53
cumulative distributions

Canada(fade measurementsin), 63
canyons(fade measurementsin), 35
England (fade measurementsin), 68,

70
EmpiricalRoadside ShadowingModel

(ERS), 16-27
fade durations,41
Japan (fade measurementsin), 72
joint (diversitygain), 56, 57
modelingof, 86-102
non-fadedurations,46
phasefluctuations,48,49
rural/farmland(fademeasurements),67,

68
rural/forested(fademeasurements),67,

68
seasonaleff6cts (fade measurements),

29
suburban(fade measurements),67, 68
roadsidetrees(fademeasurements),38
UnitedStates(measurementsin), 4,16-

27,71,79-85
Cygan, D., 100, 116 -

Davies,K., 77, 116
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dmiduoustrees,19,28
delayspread,114
density functions

lognormal,89
Nakagami-Rice,87
Rayleigh,75,86,88,90

Denver(measurementsin), 71
diffusescattering,76
digitalfiltering,41
dipole (crosseddrooping), 78
distribution fits

exponential(fade), 39, 43
logarithmic(fade), 17
lognormal(fade duration),45
polynomial(phase), 50
powerfits (fade,non-fadeduration)36,

47
diversitygain, 56,58,60
diversityimprovementfactor, 56,59
diversityoperation,55-60
Doppler

shift,41, 48, 76, 92
spectrum,78, 110, 11

droopingdipole, 110
durations(fade), 40,41,44,45
elevationangle(attenuationeffectsof), 12,

16,20, 80
empiricalregressionmodels,78-86
EmpiricalRoadsideShadowingmodel (ERS),

16-27,63,71,85
England(measurementsin), 68,70
ESA (EuropeanSpaceAgency), 68
ETS-V (measurementswith), 2, 4, 11, 15,

16, 23,26,40,63, 72
Eucalyptustree,23,63
experimentalcampaigns,4, 61–73
experimentalparameters,4, 10, 24, 55

extremeshadowing,42
fade

bursts,86
durations,23,40,40-46
frequencyscaling(static case), 11
median,8
non-fkdedurations,46, 47
reduction,31, 29, 58
time-series,17, 18

fade state transitionmodels, 100-102
Faradayrotation, 77
Flock, W. L., 1, 77, 78, 116
fluctuations(signallevel), 106
foliage,8, 12
follow-onefforts,113
frequency

reuse, 52, 53
scaling(dynamiccase), 27
scalingfactor, 11
scaling(static case), 11

Fkesnelregion,7, 76, 78
Gaussianprocesses,92
geographicregions,61
geometric-analyticmodels,103-114
geostationarysatellites,2,4,11,15,16,23,

24,26,40,63,67,68, 72
Gilbert-Elliot model, 100
Goldhirsh and Vogel,6,7, 12,29, 116
Goldhirsh,J. seeVogelet al., 7,15,16,118
ground reflectedwaves,77, 78
groveof trees,5-7
Harvey,R., see Bundrock, A., 27, 63-65,

115
Haseet al., 15,40,48, 116
Hase,Y., seeVogel et al., 15, 16, 118
helicopter (measurements with), 2, 7, 15,

16
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Hess, G. C., 1,70,79, 116
high versuslow gain antennas,52, 54
Hedge,D. B., 58, 116
Holly,19
Hong,U. S., seeVogel,W. J., 71,103,108,

118
Huck,R. W., 63, 116
INMARSATPacific (measurementswith),

2, 15,26,63
investigations(differentcountries),61-73
ionosphere,77, 114
isolation,52, 78, 84
Jakes,W. C., 74,92, 117
Jones,W. W., seeAmoroso,F. 109, 115
Jongejanset al., 1, 117
Japan(cumulativedistributions),72
JapaneseETS-V, 15, 16,26,40,72
joint probabilities,56,57
Jones,W. W., seeAmoroso,F., 109, 115
Jongejanset al., 1,68,117
K factor, 87
Kagohara, M., see Yoshikawa,M., 6, 11,

108, 117
LaGrone,A. H., 108, 117
lanediversity,29
largescale-smallscalemodel, 79-86
LBand (measurementsat), 15
LBand versusUHF, 11,27, 28
Lee,w. c. Y., 74, 117
levelcrossingrate (LCR), 91
line-of-sight,7,34-39
LMSSscenarios,6
lognormalfade distribution,41,75,44,86,

89
LognormalShadowingModel, 95
Loo, c.,49,90,91, 117
Loo’s distributionmodel, 90-92 -

Lutz, E. W., 93, 117
MARECS A (measurements with), 63
MARECS-B2 (measurements with), 15,16,

66
maritime, 3
Markov model, 100
Markov transitions, 102
mobile attenuation, 15–33
Maryland (measurements in) 8, 15,40
Matt, E. E., see Butterworth, J. S., 63,115
measurements in

Australia, 63
Belgium, 69
Big Thompson Canyon, 35
Boulder Canyon, 35
Canada, 8,63,92
Colorado, 15
Denver, 71
England, 70
Japan, 72
Maryland, 8, 15,40
New Mexico, 15
Texas, 15

median fade level, 8
mobile van, 10, 35, 55
models

cumulative distributions see cumulative
distributions

empirical regression fits, 78-86
Empirical Roadside Shadowing Model

(ERS), 16-27,63,85
fade-state transitions, 100-102
geometric-analytic, 75, 103-114
Hess, 79-84
large scalesmall scale (LS-SS), 79-85
Lognormal Shadowing, 95, 96
Loo’s distribution, 90-92
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multipleobject scattering,109-112
probabilitydistribution,75, 86-102
SimplifiedLognormal,97
singleobject, 103-108
Total Shadowing,93-95

modelingfor LMSS,74-114
moderateshadowing,42
mountain(multipatheffects),34-37
multipath

canyons,35
elevationangledependence,38
mountains,34-37
roadsidetrees,34, 37-39
scattering,5, 7
power,88

multipleobject models,109–112
Nakagami-Ricedensityfunction,87
NewMexico (measurementsin), 15
non-fadedurations,40, 46
NorwayMaple,9
Ottawa,Canada (measurements in), 8
overhanging tree canopies, 42
Papoulis, A., 87, 88, 117
path length, 6-8, 12
percentage of optical shadowing (POS), 19
phase fluctuations, 48-50
phase shifts, 16-18,40,41, 106, 107
Pin Oak, 8,9
Pine grove, 9
point scatterer, 103
polarization

circular, 7, 77, 78
l?aradayrotation, 77
frequency re-use, 52,53

probability distributions see cumulative dis-
tributions

probability distribution models, 86-102

PROSAT, 66
Rayleighdistribution,75,86,88,90
receiver(characteristicsof), 7, 10, 55
recommendations,113
Reed, H. R., 78,117
references,115-118
remotelypilotedaircraft(measurementswith)

2,7,8
Renduchintalaet al., 1,70, 117
Riceandensityfunction, 75,86-88,92
roadsidetrees,seeattenuation(mobile)
Russel,C. M. seeReed, H. R., 78, 117
Ryuko, H., seeSaruwatari,T., 72, 117
samplingrate, 8
samplesize,8
Saruwatari,T., 72, 117
Sassasafrastree, 9
scattering

diffuse,76
ground,76
multiple,5
multipath,7
tree canopies5, 37
treetrunks,5

scintillations,114
ScotchPine, 9
seasonalefects (on attenuation),12,28,29
shadowing,7, 16, 20, 19, 42, 45, 86
signalfluctuations,106
SimplifiedLognormdShadowingmodel,97-

100
singleobject models, 103-108
singletree attenuation,7, 9
Smith,H., 70,118
Smith,W. T., 95, 118
spacediversity,55
specularreflection,77, 78
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speed of van, 41
static attenuation, 5-14
static attenuation coefficient, 7
stratospheric balloons (measurements with)

2, 15, 71
Stutzman, W. L., see Smith, W. T., , 95,

118
suburban-ruralmeasurements, 81
summer attenuation, 28
Texas (measurements in), 77
The Johns Hopkins University, 1
The University of Texas, 1, 71
time-series of fades, 16, 17
time-series of phases, 17, 18
total electroncontent(TEC), 77
Total Shadowingmodel, 93-95
transmittercharacteristics,7, 8, 10, 16, 25
Tkees

bare (attenuationof), 12
branches(attenuationof), 12
Burr Oak, 9
canopies5, 20, 42
CalleryPear, 9, 12, 13
dimensions,8, 12
Eucalyptus,23
grove of, 5
Holly,9
modeling,108
NorwayMaple, 9
Pin Oak, 8
Sassafras,9
Scotch Pine, 9
trunks,5 .
types (attenuation),8, 9
White Pine, 9

troposphericeffects,114
UHF (measurementsat), 15

Ulaby et al., 6, 11, 118
United States (measurements in), 4, 16-27,

71, 79-85
urban measurements, 79–85
utility poles, 20, 106
validation of ERS model, 23,25,26
Vishakantaiah, P., 109, 118
Vogel, W. J. see Vishakantaiah, P., 109,

118
Vogel and Goldhirsh, 7, 15, 118
Vogel and Hong, 71, 103, 108, 118
Vogel et al., 15, 16,23,40, 118
Wakana, H., 102, 118 —

Wallops Island, VA. (measurements in), 8
WARC 1987,3
Weissburger, M. A., 6, 119
White Pine, 9
winter attenuation, 28
Yoshikawa, M., 6, 11, 108, 119
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