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Chapter 7

Investigations from Different
Countries

The resultsdescribedhereprovidea samplingof measuredcumulativefade distributionsfor
LMSSgeometriespertainingto significantexperimentsin variouscountries.We emphasize
distributionsassociatedwith rural and suburbanregionsas opposed to measurementsin
urbanenvironments.

In comparingthe resultsof the differentinvestigations,the readershouldbe cognizant
of the fact that the variousexperimentswereconductedat a varietyof elevationsanglesand
bearingsto the source. The diversegeographicregions(e.g., wooded, forest, rural, moun-
tainous,highways)also have associatedwith them dissimilarconditionsof foliage density
along the propagationpath, and variabledistancesbetweenvehicle and foliage line. The
distributionsshown have been replotted consistentwith the scalesconsideredpreviously;
namely,the fade (in dB) along the abscissaand the percentageof distancealong the ordi-
nate. Table 7.1 representsa summaryof nominalfade valuesat the l~o and 10~olevelsfor
the variousinvestigations.It is apparentfrom the wide varianceof fades in this table that
elevationangle and geographicregionplay importantroles in the determinationof LMSS
attenuation.
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Investigationsfrom DifferentCountries 62

Table 7.1: Comparisonof LBand fade levels at 1% and 10% probabilitiesderived from
cumulative distributions in different countries.

Fade (dB)
Country Elev. (deg) 1% 10% Reference

Australia: Bundrock[1988]
case 1 30 16.7 10.8
case 2 45 13.5 8.8
case 3 60 11.3 7.1

Australia: Vogelet al. [1991](Fig. 3.6)
case 1 51 12.2 4.0
case 2 40 - 6.1

Belgium 26 20.3 7.3 Jongejanset al. [1986]
Canada: Butterworth [1984a]

Suburban 19 11 3.5
Rural/Forest 19 20 8
Rural/Farmland 19 21 10.5

England 40 9 5.6 Rendudiintalaet al. [1990]
Japan 46 6.3 2.0 Saruwatariet al. [1989]
UnitedStates: Vogel and Goldhirsh[1990]

case 1 20 25.9 15.3
case 2 30 21.5 11.0
case 3 45 14.8 6.1
case4 60 8.2 3.4
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7.1 Measurements in Australia
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7.2 Measurements In Canada
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Figure7.1: Cumulativefade distributionsat variouselevationanglesderivedby Bundrock
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and Harvey[1988]for MelbourneAustraliaat 1.55 GHz for a tree lined road havinga 85Y0
tree incidence.
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Figure7.2: Cumulativefadedistributionsat UHF,L-Band,andS-Bandderivedby Bundrock
and Harvey[1988]for MelbourneAustraliaat an elevationangleof 45°.
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Figure7.3: Cumulativefade distributionat UHF(870MHz) in Ottawa,Ontario,Canadade-
rivedfromhelicoptermeasurementsin a ruralregion(35% woodland) IButterworth,1984b].
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Figure7.4: Cumulativefade distributionat L-Band (l.5GHz) in Ottawa,Ontario,
derivedfrom MARECS Asatellite me=urementsin ruralandsuburb~ regionsat
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7 PROSAT Experiment-Bel~ium 68
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35%of the land area.

In Figure 7.4 are shown three distributionsobtained from the MARECS A satellite
transmissionsat 1.5GHzfora 19°elevationforsuburban,rural/forested,andrural/farmland.
Butterworthcharacterizedtheseregionsas follows:

Suburban- “an older suburbanresidentialarea consistingmainly of one and
two-storeysingle-familydwellings.”

Rural/Forested- “consistingof hilly terraincoveredwith immaturetimber of
mixed species,interspersedwith occasionalclearedareas. The route followeda
seriesof paved provincialhighwayswith one lane for each traffic directionand
with gravelshoulders.”

Rural/Farmland-“area consistingof almostentirelyof flat,open fields. About
5% of this route ran throughoccasionalwooded areas. The roads were paved
countyroads with one lanefor eachtrafficdirectionand with gravelshoulders.”

—

7.3 PROSAT Experiment-Belgium

The PROSAT Experimentwas institutedby the EuropeanSpace Agency (ESA) with the
objective to acceleratethe developmentof LMSSin Europe IJongejanset al., 1986]. This
experimentinvolvedsevenESA memberstates;namelyBelgium,FederalRepublic of Ger-
many,France,Italy, Spain,UnitedKingdomand Norway.The MARECS B-2 satellitewas
usedas the transmitterplatformwheretransmissionswereexecutedat L-Band (1.5 GHz).

In Figure7.5 is shownthe cumulativedistributionfor Belgiumobtainedin January1984
in a rural area. The area (Ardennes)was hilly and the roadsidewas lined with bare trees
IJongejanet al., 1986].

7.4 Measurements Performed in England

In Figure 7.6 are cumulativefade distributionsobtained in Englandin typical, rural, tree
shadowedenvironmentswhereall the treeshad full leaf cover ~nduchintala et al., 1990;
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Figure 7.5: Fade distributionfor a ruralregionat 1.5 GHz derivedfrom measurementsin
Belgiumin January1984 IJongejanet al., 1986].

n



I

,:

7.4MeasurementsPerformed in England 70

10

A

1

2
e-
8-
7-

6-

6-

4-

a-

2-

*-
8-
?-

6-

6-

4-

3-

2-

Figure 7.6: Fade
differentelevation

o

~ 40 deg
~ 60 deg
~ 80 deg

I I I I I I I I I I I I I I I I T I I I I I I I I I I I 1
1 2 3 4 5 6 ‘7 8 9 10 11 12 13 14 15

FadeDepth (dB)

distributions(L-Band) for tree shadowedenvironmentsin England for
angles~duchintala et al., 1990;Smithet al., 1990].
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Figure7.7: Fade distributionsat L-Band for two expresswaysand an ‘old road” in Japan
[Saruwatariand Ryuko, 1989].
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