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APPENDIX C

REGIONAL CONSIDERATIONS AND CHARACTERIZATION

The purpose of Appendix C is to provide a description of the general

topographic and climatic conditions which may affect telecommunications in

the sparsely netted DCS throughout the Republic of Turkey and the densely

netted DCS in parts of the Federal Republic of Germany and part of the

State of Hawaii.

Various modes of radio propagation are available for use by the DCS.

These modes may be characterized as:

Line-of-sight (Includes terrestrial, referred to as
LOS, and active platforms and satellites)

* Reflection (Includes passive devices such as platforms
and satellites)

* Diffraction (Over smooth earth, knife-edge, rounded
obstacles, and irregular terrain)

# Refraction (Ionospheric)

0 Scatter (Tropospheric and Ionospheric).

Each of these propagation modes is affected differently by operating

frequency, ground terrain characteristics, atmospheric structure, and

weather. Therefore, topographic and climatic conditions were collected

and used for alternative system designs for the various regions.

Regional considerations and characterization for each of the three

regions considered, namely, Turkey, Germany and Hawaii, is presented in

Sections C.1, C.2, and C.3 respectively. Supplements I and II provide a

synopsis of topographic and climatic considerations which may affect radio

propagation, with emphasis placed on the modes pertinent to and areas

highlighted by the DCS III Study, and Supplements III through VII contain

reprints of literature relevant to climatic considerations or the state of

com mercial telecommunication in the areas of interest mentioned above.

Sources of figures and tables, as well as a bibliographic listing of

all references applicable to Appendix C and Supplements I and II thereto

also are included in this document.
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C.1 TOPOGRAPHIC AND CLIMATIC CONDITIONS OF TURKEY

This section provides a general description of topographic and

climatic conditions of the Republic of Turkey. The information presented

here was used either as basis or reference for DCS III alternative system

designs.

C.1.1 Location and Political Boundaries

The Republic of Turkey is situated in the eastern Mediterranean region

with a land area of about 767,000 sq. km (296,000 sq. mi.), slightly

smaller than Texas and Louisiana combined. The Republic shares common

borders with Bulgaria and Greece to the northwest, the U.S.S.R. and Iran to

the east, and Iraq and Syria to the south. Turkey is adjacent to the Black

Sea to the north, the Mediterranean Sea to the south, and the Aegean Sea to

the west.

About three percent of Turkey's land is in Europe. This section,

known as Thrace, is separated from the Asian portion by the Bosporus

Strait, the Sea of Marmara, and the Dardanelles Strait. They are known

collectively as the Turkish Straits and connect the Black and Mediterranean

Seas. The Asian portion is known by a variety of names: Asia Minor,

Asiatic Turkey, the Anatolian Plateau, and Anatolia.

Internally, the Republic of Turkey is divided into 67 provinces. The

official designation of these divisions is "i" but the more traditional

term, "vilayet", is extensively used.

Figure C-1 shows the international boundaries, major cities,

railroads, roads, and international airports of the Republic of Turkey.

C.1.2 Population

Urban areas have experienced tremendous growth since 1950 as a result

of the movement of villagers to the cities. Today, about 65 percent of the

populace are villagers.

C-2
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Population is more dense along the coastal regions where climate and

soil conditions are more favorable to agriculture and in the western half

of the country. The most sparsely populated areas are the central

highlands and the eastern and southeastern mountain regions.

In 1970, the population totaled 35.7 million with an annual growth
rate of almost 2.7 percent. Based on this rate, the population is expected

to double by 1995. The relatively high growth rate is reflected in the age

structure with 80 percent under the age of 40 and over 40 percent under 15

years of age.

Istanbul, on the European side of the Bosporus Strait, is the most
populated city in Turkey. The capital city of Ankara, in central Turkey,

has the second largest population among Turkish cities.

C.1.3 Commercial Telecommunications

Supplied in Supplement VI.

C.1.4 General Topographic Conditions for the Sparsely Netted DCS

Except for a relatively small segment along the Syrian Border, which

is a continuation of the Arabian Platform, Turkey is part of the great
Alpine-Hymalayan mountain belt. The intensive folding and uplifting of the

mountain belt during the Tertiary Period of geographic history was

accompanied by strong volcanic activity and intrusions of igneous rock
material, followed by extensive faulting in the Quarternary (most recent)

Period. This faulting is still in progress, making Turkey one of the

ranking earthquake regions of the world.

The structural complexity is reflected in relief as well as drainage.

Wedged between two folded mountain ranges that converge in the east (the
Pontic Mountains along the Black Sea and the Taurus Mountains bounding the

Mediterranean Sea), the massif of central Turkey is structually a very

complex region composed of uplifted blocks and downfolded troughs covered
by recent deposits, that give the appearance of a plateau with rough

terrian.
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True lowland is confined to Thrace, extending along rivers that

discharge into the Aegean Sea or the Sea of Marmara, and to a few narrow

coastal strips along the Black and Mediterranean Sea coasts. Moderately

sloping land surface is limited almost entirely to Thrace and to the

hill-land of the Arabian Platform along the border with Syria.

Over 80 percent of the Turkish land surface is rough, broken, and

mountainous, and therefore oflimited agricultural value. Nearly 85 percent

of the country lies above 460 meters (1,500 ft.) and the median elevation

is 1,130 meters (3,700 ft.). These features are augmented in the eastern

part of the country where the Taurus and Pontic ranges converge into a

lofty mountain region with a median elevation of over 1,525 meters (5,000

ft.), reaching its highest elevation along the border wiht the Soviet Union

and Iran. Turkey's highest mountain peak is Mount Ararat at 6,087 meters

(19,966 ft.), situated near the location where the three countries meet.

Figure C-2 shows the major geographic features of Turkey.

C.1.5 General Climatic Conditions of the Sparcely Netted DCS

Turkey is a focal point of contrasting climates. The pressure systems

of all the adjacent regions affect the climate of the country, yet the

landforms are high enough to minimize the outside influences. The climate

is continental temperate, with some Mediterranean and maritime temperate

i nfl uences.

In the interior plateau, there is a wide range of temperature.

Winters are cold with January temperatures averaging -1°C (300 F), and frost

may occur more than 100 days during the year. Summers are warm, with high

daytime temperatures and cool nights. The mean for July, the warmest

month, lies between 20 - 230C (68 - 730 F). Between 254 and 432 millimeters

(10 and 17 in.) of rainfall are received annually on the plateau, the

precise amount depending on elevation. May is generally the wettest month,

and July and August are the driest months.

C-5



Flo clj

i i 
.-

z 0.

- 0-

C-6,



I c E

400

4L-

C-7-



Table C-1. Temperature, Relative Humidity, and Percipitation at
17 Turkish Locations

alm" 40-11N. 26*05-C 52 ft _____ _________

Period Temperature Mimi" hmity Pretar.
1632-193 Average Average Average

Average, b: of Average of Average MacIm. Me. of
daily bestlm low"~ A2embA@ eerValU monthl faill dabys with

each~ eac at sell 24 11 0.04 in
Miax. Mma. Moabk oan. Mitt. al hor or mor

January 4" 3 64 23 71 . 1 6 341 1 231 11February 3W 36 as 23 72 3 74 s- a,1 1I
March So 36 76 25s 1 IS 66s 24 Ii 6
April 66 45 33 3 H4 2 Us 2-4 1 5
Smay 73 52 60 41 5 6524 1
Juse 62 16 05 43S a 1. 4- -
July W7 6 3 6 16 470 U .2 3August 67 63 671 5 " 0 W" 069 2-2 2
September to 161 33 48 101 41 Is 149 411 3
October 72 si 35 41 36 32 so 63 4 1. 7
November 62 "6 76 23 37 11 75 3:3 1.7

December 32 39 67 24 Us 74 36 149 11

year "- 4-a -0 is1 lot - 1 66 2023 $12 as
Id.of years is is is to 1 is i 3 Is Is is

3ZMM ISMYR#4A) 30'271W. 27*15% SIt

%Period Temparalare Macave humoalty Prechretatlon

1890 1 Average Average ivrape
1934:13943 Average of ef Average of Average lanlumial No. of

dal ighest lovrea Abeolute observations monthly fall ft days with
each each at fail 24 h 0.04 in

Max___ #c. Uml mwAni mBacb Max. Mon. 0700 1400 1 or Mo"e

January IS 3 as U 73 12 " 62 4-4 3*3 10
Febrary 57 40 67 28 73 12 75 31 3.3 3*0 a
Mtarch 93 43 75 32 4 18 72 S2 20 !4
April 70 491 2 1 30 63 41 1-7 23

May W7 84 I 47 206 2? 6 45 1-3 1-7 4
June 67 63 1!7 5 105 30 S6 401 06 18July 32 63 101 61 108682 53 31 0-2 1:1 042
Augut 32 63 101 61 107 U32 7 37 0-2 17 0.5

September 6s 62 N 3 103 42 64 41 068 3.3 a
October 76 5: U 45 3 31 71 46 2-1 31 4
November 67 43 78 37 35 1 77 56 4 3:3 32 6
December IS 42 6a 21 7 20 77 64 438 4,9 1

Year 73 53 103 24 206232 6d 46J 23's 91 at

No. of Years 31 3 9 2 1 39 36 36 33 10 10 14 28 F 23

USAX 31'4&tN. 395Z 3022 ft _____

period Temperature Ptally bumlityl Preciliatioac at19112-1940,* Avenge, AvAveagg
Average of ef IAeneo Average, Maximum No. Of
daily jhighmesi lewest Abeoluste Ibevlic monthlly fell is days witb

M .. each each at fall '24k 9.134 is,
Max._min mooch month Max. Man, aD hacra o mr

dhfr~ei rokabvrhvu P" tent aba
January 42 23 53 11 64 4 73 3.1 1-3 It
February 45 29 37 is 65 6 76 2.8 1.5
March S1 32 44 13 79 7 63 2.6 Ii 6
April 43 39 77 25 3 22 63 1.3 071 6

stay U2 4? 34 s# 62 as 6o .? 240 7
is"e "553 90 43 67 31 53 06 14 3
July as 57 I5 43 "637 46 0.2 16
Augus s6 " 94 43 66 44 45 6-5 1.1 1

September To III so 41 as 22 43 0.5 2.4 2
October 63 46 60 34 61 24 61 1-4 1S 3
Hember 36 33 70 27 76 it 23 2-3 1-4 6

December 47 3 7 IS 64 .39 73 36 1*7 12

veer 63 43 I5 6 IF6- 0 63 122-1 *-0 71
Pe.ofYers 15 is is 1s Jos is 1 is 15s s IS-
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Table C-i Temperature, Relative Humidity, and Percipitation at
17 Turkish Locations (Continued)

ADA34A IsOl. 3IVE 32 It

Period Temperabure Relatve beft" Preocphata

"10611N Average Average IAverage2390.14 Average ot of Average of Average Usalm No. ofdaily hhst lVest Absolute oberwaune mothly al i days With
each each U ait 24 I 0.04 I

Max. Mim month month Mu. M1 0720 2430 1 or moe
degrees fahvrenhet W cent 8.hea

Jauary 17 3o .6 28 72 It 70 49 4"3 4-1 3
Yebrnaary 69 4] 69 30 71 20 70 47 4"0 2-7 7
March 16 45 .73 33 37 23 67 44 2"S 3*2 
Apr l 74 11 .8 40 13 32 72 46 2.6 26 1

misy 33 IS 16 111 06 45 12 45 2.0 2"6 4
June 89 6 100 57 109 49 74 47 0-7 1"7 2
July 13 32 s 3 64 206 57 74 46 02 3-4 0
Aufmat 94 12 101 I 109 s 75 44 02 7.2 07

September 01 66 99 57 100 12 0 39 07 215 1
October 64 IS 95 so 107 32 64 24 1-0 23 4
November 73 61 8 39 94 32 62 37 2:4 27 $
December 62 43 7, 22 80 24 69 so 3S 4"8 7

Year 77 55 204 2S 109 1 70 44 24-3 4-8 1
No. of year. 21 21 23 22 3 24 5 1 21 31 34

ANKARA 21-7'1, 32153 2825 it

Period Temperature Relatve b*mMt Peesploatim
191A-194 a Average Av0raale Avrag
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each each at 1al 4 It 0.04 in
_ M m. , ms n month Max. mia. 0700 1400 " me

Jamry 3 2 4 51 0 06-2 35 "3 04

Febreary 42 26 14 t0 34 -12 34 67 1-2 04 8
March 11 1 70 31 80 2 31 52 1-3 1-1 1
April 63 40 73 27 " 20 12 40 14 1.1 1

May 73 4 : 5 3S 34 33 W 31 24 14 I
June 79 53 92 44 Is i 3 44 24 2-4 14 1
July 36 9 Is 10 t00 44 57 21 01' 1.9 2
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October o 44 82 22 as 21 72 .7 0312 0"8 5
November S7 37 71 23 71 2 12 1.2 1.1 S
December 43 2o Is 14 63 -13 6 it 19 .7 9
Year 14 42 91 2 100 -13 U' 45 234 2.7 i

No. d pars 2 26 26 26 26 26 is i6 24 22

ANTALYA 36235qN 30"42-E 131 ft

Varied Temperature aelaivre haunidn Peckpitatlf
A931ra9e Avrg Aveag 00Aeaeo vrg al A veraoge
Ave01 a4 g Average Avera*• Aerae

daily I highest ioet Absolhte evmtwan moUthy tan in dy Waih
each each at ailt 24 b 0. 04 in

8_ _ . kin. mmth month hIss Min. all hour, or mo
degree, FQhrrkeh.. per Cent swtS

Januar7 S9 43 63 33 S 24 0 10-2 9-2 11
February 60 44 67 IS 72 24 69 64 3-3 0
March 64 46 73 37 $1 20 65 3-1 3-7 6
April 70 S1 11 43 81 238 67 1. 3.7 4

May To 60 $1 SI 102 43 It 13 417 S
Jase of 67 99 33 107 $3 64 - 21 1
Joly I3 73 06 66 1s 0 5 60 0-1 .-&7 0"2
August 12 72 104 Is 200 57 6 6-1 $0-3 0-4

September $7 67 I8 13 20g $1 19 0-6 2-5 1
October s0 so 2 111 102 46 64 2.1 5-9 4
November 71 U 82 43 97 232 4 4.7 1-2 1
December 62 46 69 36 73 29 70o 105 11.$ I1

Year 75 57 106 21 110 14 6 41.7 11- 16
no. of years 1 3 13 1 13 1i is i1 1t 19
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Table C-1. Temperature, Relative Humidity, and Percipitation at
17 Turkish Locations (Continued)

Z tRZU3UM 3h141. 41 "11"1: 8402 tt

Period Temperawre Relative humidity Press nm
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Year 53 33 I0 -14 83 -22 11 48 21-2 1-7 8

w4. of 36re S 16 26 16 1 6 130 1 8 26 Is 26

KAtS 400361K. 43"051E $741 ft
Period Tonspestaire telahuve humad ) Ptipah&u

163-149 iAverage Average Average
Average of of Average of Average Maimum No. of
day highest lowest Absolute observattos monbly tall m days wuth

| each each at tell 24 I 0.04 in
__._.__ sMa. month 111h ,lsU. U t. all hours or mose

I dex e F br.. -#fl iper C.1 iches I

Jamary I 21 I 36 42 41 -32 85 3.3 &S
FLonafy 26 3 31 *20 44 -35 66 1.1 3-3 7March 34 1 to -11 48 -29 71 1-1 0" 9
April so 28 61 13 75 - 70 1-7 VI 0

6ay 93 8 74 28 80 28 68 3-4 1-8 15
Jam 70 43 80 34 5 30 67 29 2-0 12
July 77 49 87 389 4 33 63 2.1 14 8
August 78 49 87 40 84 33 s0 2.2 2"8 7

Septfuher 71 40 83 31 30 24 62 1. 2 ' 1
Octber 8 "3 72 20 77 6 16 0I8 o7
y ~vemh, 44 23 so 8 70 .12 72 12 0"7
Decmlber 129 9 43 -14 52 311 7 3-0 071 7

Y*& r!2 27 18 -27 4 -.35 67 20* 28 38

Ko.dyears t 1 2 1 is t8 18 i8 Is is 38 i8

KASTA11OKU 41322 . 33°46E 25921t

Period Tempersare Rtelative humaidty Precipitation
1332-24 Awe AvergeI Average

Average of o Averaged' Average Mamxli., No. Of
daily highot liwest IAbsolute Goaeratios i mobJy fal in days With

each each at falu 4 It 0.04 is
Mes. "In. m td h Iob % lax. Mi. all hoursi mr

derres Fahrenheit per cel isches
Jamaurl 37 22 s0 S 58 -i s 79 3*0 0.8 6
Febrary 42 24 1 7 6 - 7 6 111 8 "
Nit h 0 2 08 19 s 82 68 1"2 3'8 S
ApL) 2 37 To 24 11 38 85 8-5 3-0 1
May 1 45 81 33 32 27 68 3"4 3-2 20

76 3 s 8 40 111 35 84 2-3 2-4
July 81 53 93 46 300 41 19 313 1-8 4
August 82 S3 34 44 zo0 34 so 1-1 1-2 8
Septembe 71 47 87 37 IN 32 GS 1-0 1-4 4
October So 41 80 30 ON it 72 13 3.4 9

ohvembet. 52 23 68 20 73 - 3 80 1.3 3. 6
December 41 t 4 14 -11 83 3-2 1- 6
year 6 t 8 31 0 00 - 70 114 1. I2

Nof year& to is is i8 to is Is to i t8
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Table C-1. Temperature, Relative Humidity, and Percipitation at
17 Turkish Locations (Continued)

KO(YA 3?'$1"j r2030't 3363 ft

Period Temperature Relative amidil Pmhpicasa193-10,11 Avel r'e" Av.e Aerage
Average of of Average of Average Masomnim No. of

daily highest louest I Absolute Observatios Imothl tal In i days with
each each & It fal1 24 I 0.04 in

Max. Man. mnonth mouth M 3ax. Mm. all hoars or more
dere~es Fshrr.krar' perv crelf ae

January 39 23 54 6 61 -19 6 1.4 1.1 7
February 44 25 8 10 67 - 9 72 1.3 4 S

7rch 52 29 69 16 78 3 62 11 1:3 5
April 62 38 7 2 26 67 20 $5 1:3 1 1 5

3ay 72 47 5 36 93 31 53 1-4 13 &
June 60 53 83 43 95 3 46 0-1 19 3
July 96 59 65 50 100 44 41 0,3 0-7 1
August 65 95 46 98 41 3. 01 -6 1

September 78 50 69 39 95 32 47 0.5 1"2 a
October 69 42 60 30 t9 17 18 1"3 3'2 4
November 56 34 71 19 78 - 2 70 3-4 1-7 4
December 43 27 67 12 66 -15 79 1*& 13

1Year 64 40 66 1 100 -19 1S 12 39 s0
No. ofyears 36 is 1 Ill 11 1 6 1 Is i6 3s

WA3LOUI 41*1774. 31619T 131 ft
Period

I180-1891 Temperature latl bumitda PrecipitatIon
1311.1914 Average Average I IAverage
139199 Average Of of Average of Average Haxiam We.0odaily highest tweet Absolute obs erations monthly fain days witheach each at gall 4h n 0.041

Max. Mam. month month Max. Mi. all hours _ Or mOw
degrees Fshrraheaf Di' textca

Janmary S0 38 6 27 72 20 so 2*9 2-0 s0
February It 36 68 26 77 20 72 2"6 3.1 s0
March 54 40 74 30 90 20 ?S 2-7 1-7 31
April 9 45 62 38 94 26 77 2-3 1- 0

May 67 53 65 44 99 36 79 1-8 2.1 a
June 74 60 69 69 95 46 75 1:$ 1-6 6
July 79 65 67 59 lo 11 73 1*5 3.6 4
August so 0 65 11 0 102 49 72 1-3 6 4

Sptember 75 62 65 52 94 44 74 1-4 30 6
October 69 96 96 46 95 36 75 3-2 -3 7
November 62 49 to 39 60 27 72 256 P15 a
December 55 43 69 32 6 66 2-4 34 9

Year 65 as 93 24 102 20 7 231 13- 2

Io. Of yeare 24 24 22 22 22 2 t9 27 It 10

SIDOP 420271. 35"01C 82 ft

Period Temperature Relative humidity PreCiplastio

A90r1e946 Average Average Average
Average 0f of Averaef Average Matikem No. of

daUy highest lowest Absolute observations monthly fall In days with
each echa I ttall 34IN 0.4In

USa. Mao J month mono Max. 6sul. 0700 1300 or m
degrees Fa@e*V~et per cfe. *ea

Janasry 46 37. 62 26 6S 21 81 72 3:3 13 13
FebrIsry 4 36 64 382 73 22 13 71 32 1*2 10
March 49 38 67 29 65 17 64 7i 3-9 1-4 10
April S 43 72 36 6032 Is 73 1. 6- 6
May 6 61 81 43 It 26 83 72 1-1 1-4 7
June 7r 66 11 51 67 35 76 69 1.6 I.1 S
July 795 87 "6 94 96 66 66 ]2 1.
Aeest 16 6 a5 0 11 4 72 4 1-? 2- 4

spember 74 61 62 52 61 44 TO 67 2-11 26 1
Octber 67 IS 0 46 65 33 83 70 3-I 94 9
November s0 46 72 39 77 30 94 71 4"1 1- 11
Deember It 42 67 II 72 23 82 73 4- 1 13
rear 63 50 68 24 so4 17 60 0 300

N of years 16 6 39 8 19 7 7 20 20 14
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Table C-1. Temperature, Relative Humidity, and Percipitation at
17 Turkish Locations (Continued)

SI.AS 39 *44N. 36 *56E 3888 fi

Perid Temperature Relative humuladyj Preipiatiom
1932-1945 Average Aveae Ave tg

Aversa of Average gi Average Maximom No. "a
dally eo s oest A a bserratuas mahy it days with

eacch a f,1 24. 0.04 t
MaX SMt month •t M . hours of more

aters Fkrenk-,a * ,E ral
Jamry 51 15 43 - 1 -24 77 l6 3-o 1o
February 34 16 46 2 16 -30 77 36 0-8 
March 43 25 6t 7 76 -11 72 4 0-8 6
April 8 35 73 22 is 17 e4 2-0 I4 6

May 67 42 76 31 as 22 61 23 1.5 6
June 74 46 18 31 64 31 $1, 22 1-3 S
July 61 so 91 42 98 37 53 03 0-7 1
August 82 50 63 41 7 38 52 0. 04 1

Sptmber 7s 44 87 33 93 27 54 0.8 1-8 a
October 5 3 77 27 4 6 62 14 3.1
November 83 33 66 &6 1 5 - 72 1"7 34 1
December 38 22 51 s 60 -22 76 2" 3' 6
Year 8 35 93 -1S 66 -s0 6s 4 21 78

No. c Fers t8 3s 3s 1 t8 -t U8 16 is is

TPABZON 41000". 39*431
" 

354 ft

Period Temperature Ralive h umtd Sy pretpuawmta
182.1646 Avea o Averae of Aveeve Maam No. of
319614 Average Of eg Averagea AeagMaium 1600

da
i l

y h uoesi lowest Ab olute ebervaumas mohly fau to days with
each each at fall 34h 0.04 in

Max. Mi. J oath mont h M x . oth, il h e Or wor.

U,,pees Fekrero*; p., crlt owhe
January 90 40 65 30 71 21 73 1.0 3"1 t0
February so 30 67 28 74 1 23 2-7 14 I
March 52 40 73 30 $1 22 75 28 10
April 8 46 82 37 69 31 77 32 14 9

May 66 5S o6 46 101 40 s0 1-7 2.6 8
June 73 92 82 55 02 So 79 1"4 1.4 8
July 78 67 64 62 91 52 7 1-8 2.4 7
Augsat 7/ 68 a6 62 101 54 I6 1.8 6

8eptember 74 62 82 84 t0 45 2-7 20 8
October 69 5 63 46 60 40 74 32 5"6 0
November 61 I1 77 41 61 32 74 4-0 6-7 0

De1ember 54 .3 t6 34 76 26 70 3*0 37 s0
Year 04 53 12 36 301 36 is 264 2-6 10

No. eo Yuars 34 14 it 16 17 37 14 1 to i6

UMYA 3WI07. 3846T 172 ft

Purtst Temperature Relive humidity Preeipd .if
132-1949 Average Average j Avenge

Average I o of Avrg of Average Maximum No. of
daily highest 1. 91 Aombla sbsertlum monthly fall to days with

e ach each tau 24 b I .04ti
max. Min. mosth month Max. Mon. all ht r or more

deavers Fhock IY l ¢es

January 48 34 57 23 63 is 7l 4"7 2-1 12
February U 36 62 25 6 30 67 .5 2.2 8
March 0 41 74 SO 84 22 60 2. 13 8
April 1 48 84 94 82 86 63 14 2.4 6

May 644 3s 48 s0 2 43 01 07 3
Jn s 67 104 67 to 47 26 0.1 03 0.4
July 102 74 log 64 115 411 26 <I 02 0"3
AuguSt 101 73 307 t5 3oo o 30 <0-1 <101 0

September IS 101 57 107 so 34 01 0"3 0",
October 0 17 61 45 6 5 45 0"6 22 8

Decembe IS s6 63 27 U 22 8 3-0 2,7 1
year 76 15 30o to 1is 10 46 173 3 7 63

No. Weams 15 13 is Is 3 i 35 1 i5 1 is
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Table C-1. Temperature, Relative Humidity, and Percipitation at
17 Turkish Locations (Concluded)

VANl 38-21%. 43-21 6 le 0UrIt

Period Temperature Ralative buirdT Pwdpwlidm
3941-3#4 Averase Average Average

Average of ef Average of Average Uaxima No. of
daily bighest lowest Abkolul Observatms RMy Sel Is days with

each each 1 1111 24 I 0.0464
Max. Mis. ZMOr, Woth Max. Min. aU hoaer or more

dalveus Fahr ve.t per ceat seokes
JaMn7 34 18 43 1 47 -11 73 2.2 1 .
Februaj7 3S 17 47 1 56 - 73 1" 1. 8
March 40 23 2 6 63 -4 71 20 0" 9
Apl 52 34 63 20 6 14 s9 2:3 09 0

May 8S 43 77 23 s0 26 s0 1"4 09 8
Just is so as 41 9 37 M 06 07 2
July 9, 57 91 49 93 45 45 0-2 0"7 1
August 93 57 91 49 95 41 41 0.1 0"3 1

September 7 49 87 42 91 39 43 0-3 0" 1
October 62 41 75 2s a I 1 2.0 1-4 7
November 52 23 6] V 67 3 o 3. 2. 7
ecem ber 26 22 49 9 6 5 - 70 5' 0"8

yu so 37 92 - 95 -11 61 - 1-5 11

No. of Year 1 9 10 10 10 t 30 s0 IO

ZONGI1,DA, 41"27"N. 148Z 1351"] I_ t_

Perf Temgwrabits Wastes, hunMity P'reeissiatie

of Of*Ave Ava erao AverAe Nveag
da111y high**f lowest bslt obuwmta Monthly alis days With

each oato ma a l 34 b 0.94*.
Ma. Min. mouth mUl iam Min. all Isue =on I o

*es f~e, refthst P " cow fachs,

4sm9s 46 45 24 s to To 5"7 1-4 is
February 49 31 3 27 To 37 To 3-1 14 12
March 49 29 ?1 2a s 24 7" 41 1-3 It
A9i 644 76 24 6423 so 1' 44 I

ay 65 62 51 42 40 1 7 1- 'l1
June 72 56 $1 105 49 as 2:1 3-7 1
J 76 62 57 99 4 8 28 I8 6
Ausat 6 42 a5 5 104 so 7: 26 2.7 6
eptembe 72 57 81 s0 87 4$ 79 3-3 2-6 1

Octber .47 5 go 44 ats so s0 6- 3-2 30
November 60 41 76 27 a3 32 so 6-0 2'4 12
December 53 40 69 2 76 15 7'0 6.2 1-6 14

Tes 62 49 94 22 10 19 71 46-4 4.0 110

No. d Yes, I 1 S 9 I 1
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Along the coastal regions, winters are mild and summers moderately

hot. Along the Black Sea, August is the hottest month with a mean

temperature of 220 C (720F). Along the Aegean Sea, August temperatures

often exceed 320 C (900 F). Winters generally contain the wettest months

on this coast. The western coastal areas do not experience frost, but in

the east snow may remain on the ground for as long as four months of the

year. Rainfall averages 508 - 762 millimeters (20 - 30 in.) annually along

the Aegean and Mediterranean Seas to over 2,540 millimeters (100 in.) along

the Black Sea, which is the only region of Turkey with a moisture surplus

throughout the year. Along the southern coasts the summers are very hot.

The climate of eastern Turkey is most extreme. Summers are hot and

extremely dry; winters are bitterly cold. Spring and autumn are both

subject to sudden hot and cold spells.

Figure C-3 shows the mean annual rainfall for Turkey. Table C-I shows

temperature, relative humidity, and precipitation information for seventeen

stations located throughout Turkey.

C.1.6 Natural Geographic Regions of Turkey

The topographic and climate conditions of the Republic of Turkey lend

themselves to divide the country into five natural geographic regions.

Each of these regions will be briefly discussed.

C.1.6.1 The Aegean Coastlands and Turkish Straits. The western portion of

the region consists mainly of rolling hill-land that is well suited for

agriculture, receiving a mean annual rainfall of 635 millimeters (25 in.).

The region includes the city of Istanbul and is densely populated. Its

land frontier with Bulgaria and Greece is an artificial one that has varied

considerably over the last century.
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The Bosporus Strait is 26 km (16 mi.) long and averages 1.6 km (1 mi.)

in width but narrows to less than 460 meters (1,500 ft.) in places. Both

banks rise steeply from the water and form a succession of cliffs, coves,

and nearly landlocked bays. Most of the shores are densely wooded and are

marked by numerous small towns and villages. The Dardanelles Strait is 40

km (25 mi.) long and increases in width toward the south. Unlike the

Bosporus, there are few settlements of any kind along the shores of the

Dardanelles, the region being used primarily for grazing.

The Aegean region in Asia has fertile soils and a typically

Mediterranean climate with mild, rainy winters and hot, dry summers. The

lowlands of the region contain about half of the country's agricultural

wealth in broad, cultivated valleys.

C.1.6.2 The Black Sea Region. The region has a steep and rocky coast, and

rivers cascade through gorges of the coastal ranges. A few larger rivers

that have cut back through the Pontic Mountains have tributaries that flow

in broad elevated basins. Access inland from the coast is limited to a few

narrow valleys, and the coast has therefore always been isolated from the

interior. The eastern part of the region is heavily forested.

The narrow coastal ribbon running between the cities of Zonguldak and

Rize is an area of concentrated cultivation. All available areas,

including mountain slopes wherever they are not too steep, are put to use.

The mild, damp climate favors commercial farming.

C.1.6.3 The Mediterranean Coastland. The plains of the Mediterranean

coast are rich in agricultural resources with fertile, humid soils and warm

climate. Summers are hot and droughts are not uncommon.

The plains around Adana in the east are largely reclaimed floodlands.

In the western part of the Mediterranean coastal region, rivers have not

cut valleys to the sea making inland movement restricted. The backland is

mainly karst and rises suddenly along the coast to elevations of 2,750

meters (9,000 ft.). There are few major cities along this coast, but the

triangular plain of Antalya is extensive enough to support the rapidly

growing city and port of the same name, which is an important trading

center.
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C.1.6.4 Anatolia. The plateau-like highlands of Anatolia are considered

the heartland of the country. Like the steppes of the Soviet Union, the

region varies in elevation from 610 - 1,220 meters (2,000 - 4,000 ft.) west

to east. It is arid and supports little plant or animal life. Wooded

areas are confined to the northwest and northeast, and cultivation is

restricted to the river valleys that are sufficiently wide. Although

irrigation is practiced wherever water is available, the deeply entrenched

river courses make it difficult to raise water to the surrounding

agricultural land. For the most part, the region is bare and monotonous

and is used for grazing.

Rainfall is limited and in Ankara amounts to less than 254 millimeters

(10 in.) annually. Overgrazing has caused soil erosion in the plateau, and

during the frequent duststorms of summer a fine yellow powder blows across

the plains. In bad years there are severe losses of stock. Locusts may

ravage the eastern area in April and May. An area of extreme heat and

virtually no rainfall in summer, the central plateau is cold in winter with

heavy, lasting snows and villages may be isolated by severe snowstorms.

A structural line, or fault, of major importance runs inland from the

Sea of Marmara in the general direction of Ankara. The fault underlies a

densely populated region that is a major transportation and communication

corridor. However, the most devastating earthquakes in recent years

occured in the eastern part of the country.

C.1.6.5 The Eastern Highlands. Eastern Turkey is rugged country with

higher elevations, a more severe climate, and more precipitation than the

central plateau. In the extreme east at Kars, winter temperatures have

been known to fall as low as -400C (-40'F).

From the highlands in the north, sometimes called "Turkey's Siberia",

to the mountains of Kurdistan in the south that descend toward the

Mesopotamian Plain in Iraq, vast stretches of this eastern region consist

only of wild or barren wasteland. Many of the peaks are extinct volcanoes

reaching abuot 3,000 - 4,400 meters (10,000 - 14,500 ft.) in height.

Fertile basins lie at the foot of the lofty ranges. Here are the
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headwaters of the Tigris and Euphrates. In the easternmost part of this

region, the surface consists of lava deposits, and the soil cover is often

thin or absent. Government efforts in the 1940s to resettle sections of

the thinly inhabited eastern highland region resulted in significant

population increases in some agricultural areas. Along the Murrat and

Tigris river valleys, rich alluvial soils containing decomposed lava make

possible intensive crop cultivation. The entire eastern third of Turkey,

however, remains sparsely settled. Its southeastern segment is inhabited

largely by nomadic and seminomadic tribesmen.

The northern mountains are covered with deciduous and coniferous

forests up to the timberline. In many areas of this region, the villagers

have cleared substantial tracts of forest land and have thus added to the

erosion problem. The government has sought to prevent further destruction

by resettling some of the mountain villages.

C.1.7 Vegetation and Soils

Both the natural vegetation and the cultivated crops are closely

related to climate. The constantly warm and moist coastal regions,

especially on the north coast, are forested unless they have been cleared

for cultivation. The coastal forests, which cover over 13 percent of the

land, are mainly on the mountain slopes facing the seas. because of the

climate, mixed evergreen, coniferous, and deciduous woodlands cover the

slopes along the north and southeast. Evergreen oaks generally grow on the

lower slopes up to 915 meters (3,000 ft.). Cedars, maple, juniper, fir,

and valonia oak are found at the higher elevations.

The mountain peaks near the Sea of Marmara and Izmir in the west have

humid grassland near the snowline. The landscape below the snowline is

covered by conifers, and below this the slopes are covered with broadleaf

trees that remain green year round. Broadleaf trees include the poplar,

sycamore, and mulberry. Along the west and southwest coastal regions,

shrubs and evergreens flourish, particularly on the thinner soils. Walnut

and poplar trees grow extensively in the damper areas, and cactus plants

flourish in the more arid areas of the coast. In the eastern highlands

mixed forests predomiinate, but the higher ridges and peaks have alpine

vegetation.
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In the drier interior of the plateau, steppe vegetation is conmon.
Typical vegetation is a combination of short grasses and bush, with lines

of stunted willow trees along the watercourses.

There are wide differences in the kinds of soils. In the narrow

coastal regions of the west, north and south, terra rossa is found. Formed

from limestone, it is strongly weathered and leached. Although this kind

of soil is low in humus content, it is enriched by iron and silica and is

fertile and suitable for vines and citrus crops. The high iron content
gives the terra rossa a red color that becomes yellowish in areas of higher

rainfall. Rich alluvium, with marl and clay, and some swampy or saline

patches prevail in the few delta areas.

Vast areas of the country are covered by gray-brown acidic soil,

occuring primarily in the mountain regions, which are stony and generally
lack cropping possibilities. Dense stands of deciduous and coniferous

trees grow on these soils in the higher elevations. Large areas of the

east and some parts of the central plateau are covered with hardened lava

and are almost entirely devoid of vegetation.

The interior plateau regions have brown and reddish-brown soils that

are deficient in nitrogen and phosphorus. Where the grass areas have been

removed, erosion has stripped off the hillside soils.

C.1.8 Available Topographic Maps of Turkey from the DoD

The Department of Defense has two series of topographic maps which
cover the Republic of Turkey, as printed by the Army Map Service, Corps of

Engineers. Also, city plans of three Turkish cities are available. These

maps are tabulated in Table C-2.

Although it is desirable to use maps scaled at 1:50,000 or larger for

path profiling purposes, the map coverages listed above are the largest
scale maps known to be available from the Department of Defense.
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Table C-2. Available Map Coverage of Turkey from the DoD

Area Series No. Scale

Federal Republic of Turkey 1404 1:500,000

Federal Republic of Turkey K 502 1:250,000

City Plans of:

Mersin K 911 1:5,000

Adana K 911 1:10,000

Iskenderun K 911 1:10,000

C.2 TOPOGRAPHIC AND CLIMATIC CONDITIONS OF GERMANY

This section presents a general description of topographic and

climatic conditions of the Federal Republic of Germany. The information

contained here was used either as basis or reference for DCS III

alternative system designs.

C.2.1 Location and Political Boundaries

Strategically located in north-central Europe, the Federal Republic of

Germany (F.R.G., West Geniiany) has an area of about 248,460 sq. km (95,930

sq. mi.), aDout the same size as the United Kingdom or the State of

Wyoming. Its northern and southern borders are relatively fixed by natural

topographic features, bounded un the north largely by the North and Baltic

Seas and on the south by the Rhine River, Baden (See Lake Constance), and

the Austrian Alps. Politically, it is bounded by Denmark to the north and

Switzerland and Austria to the south. Because the country is in the center

of the northern European Plain, its eastern and western borders do not

follow natural formations. It is bounded by the Netherlands, Belgium,

Luxembourg, and France to the west and by the German Democratic Republic

(G.D.R., East Germany) and Czechoslovakia to the east.
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Interoally, the F.R.G. consists of 10 states, or Lander. West Berlin

is located 177 km (110 mi.) inside of East Germany and is entirely

surrounded by its territory. Although not a part of the Federal Republic

and not governed by it, West Berlin has developed strong ties with West

Germany, and has been treated increasingly as the eleventh Land by tae

Federal Republic.

The portion of West Germany which is of particular interest to the DCS

is approximately bounded by 500 05' north latitude on the north, 490 north

latitude to the east and the French border to the west and the south, 70

15' east longitude on the west, and 80 45' east longitude on the east.

Figure C-4 is a map of West Germany indicating this region. A map of the

Rhine River is provided in Figure C-5 which also outlines the DCS area of

interest.

C.2.2 Population Centers

In West Germany there are two belts of high population density. One

is along or near the Rhine River (which includes the densely-netted DCS

area of interest) and the other is in the Borderland (which separates the

Northern Plains from the Central Uplands). The two meet at the Ruhr, a

tributary of the Rhine, which contains the largest concentration of big

cities and industries. Outside the Ruhr area, the high-density areas are

usually associated with a large number of towns and medium-sized cities

rather than big cities. The principal exceptions are the three great

metropolises: Bremen, Hamburg, and West Berlin. The former are both

seaports, and West Berlin has a unique political status.

C.2.3 Commercial Teleconmmunications

Supplied in Supplement VII.

C.2.4 Natural Topographic Regions of West Germany

Broadly speaking, the terrain in the Federal Republic of Germany rises

from the coastal lowlands in the north to the Alps along the southern

border. The country is generally flat in the north and hilly in the

central and western areas, rising in the southwest to more than 1,220
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meters (4,000 ft.) above sea level in the Black Forest. The highest

elevation is the Zugspitze in the Bavarian Alps at 2,970 meters (9,740 ft.)

above sea level. Three major topographic regions, like three east-west

bands, can be distinguished.

The North German Plain or Lowland occupies approximately the northern

third of West Germany and forms part of the European Plain extending from

northern France to the Ural Mountains of the Soviet Union. The West German

portion rises very gradually southward from the North the Baltic Seas.

Most of it is less than 90 meters (300 ft.) above sea level and only in a

few places does it exceed 180 meters (600 ft.). Along the southern edges

of the Plain, the rise in elevation to the Central Uplands is gradual in

most places. This threshold zone is a strip of land called the Borde or

Borderland. It curves northeast from Bonn to Hannover and then southeast

toward Leipzig in East Germany.

The Central Uplands of West Germany occupies the central third of the

country and is composed of rolling hills and mountain ranges interlaced

with innumberable valleys and gorges. The mountain ranges, separated

largely by river and stream valleys are rounded and of no great height.

Most of them are less than 1,000 meters (3,300 ft.) in elevation. This

region occupies the area east of the Rhine River in West Germany and north

of the Main River, up to the Borderland.

The southern third of the country is known as the Southern German

Uplands. The area lacks no one specific characteristic to distinguish it

from the Central Uplands. In its topography, it is rather similar to the

central region. Its mountains, however, are derived from different systems

from those in central Germany. Its mean elevation, even in plateau

regions, is considerably higher. The plateau region, sometimes called the

Bavarian Plateau, rises gradually from about 305 meters (1,000 ft.) at the

Danube River to about 915 meters (3,000 ft.) at the Alpine Foothills. The

Bavarian Alps, the most northern folds of the Alps, lie in a narrow belt

along the southern border of West Germany from Baden (See Lake Constance)

in the west to Salzburg, just inside East Germany, in the east.
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C.2.5 General Topographic Conditions for the Densely Netted DCS

The area of interest to the OCS is outlined in Figures C-4 and C-5.

The region is dominated by the Rhine River as it winds west from Mainz to

Bingen after having meandered north from Karlsruhe. This portion of the

Rhine lies in the northern part of the Upper Rhine Valley or Rift. (The

southern part of the Upper Rhine Rift extends from Basle in the south,

where the river comes from the east and turns northward, to Karlsruhe. It

is a natural frontier between France and West Germany between Basle to just

southwest of Karlsruhe.)

The northern part of the valley near Darmstadt is about 24 km (15 mi.)

wide and is about 40 km (25 mi.) wide at Karlsruhe, the transition taking

place near Mannheim. On the east band of the Rhine, Mannheim is one of the

busiest river ports and manufacturing towns in the entire Rhine Rift. The

valley is at about 100 meters (330 ft.) above sea level with little

variation in elevation throughout.

East of the valley, around and above Darmstadt, the land is at about

150 meters (490 ft.) and contains trees and low vegetation. Between

Darmstadt and Heidelberg, the land rises quickly from the Rhine Rift to

about 300 meters (980 ft.). This region contains the western part of the

heavily forested Odenwald. Between Heidelberg and Karlsruhe, there are

gently rolling hills which reach heights of 250 meters (820 ft.). The

soils east of the valley are rich and fertile, containing belts of

limestone and crystalline rocks.

To the west of the Rhine Rift in the area of interest, the region is

known as Palatinate (Pfalzerbergland). The terrain is quite hilly, and is

laced with rich coal seams and dense forests which extend in a southwest-

to-northeast direction. The most notable of these is Palatinate Forest

(Pzalzerwald), located northwest of Karlsruhe, with an average elevation of

about 460 meters (1,500 ft.). North and west of here, up to the Nahe

River, the area is slightly lower in elevation and forested areas are more

sparse. North of the Nahe, several dense forest regions are again found

and the land elevation again averages about 460 meters up to the Mosel

(Moselle) River where the area of interest ends.
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C.2.6 General Climatic Conditions for the Densely Netted DCS

The Federal Republic of Germany lies entirely in the temperate zone

and westerly winds prevail throughout. Although its southern'border is on

approximately the same latitude as the Canadian border of the western

United States, its climate is not as cold as that of the northwestern

United States because of the warning effect of the Gulf Stream. Except for

the Alpine Region on its southern border, the country does not experience

extreme climatic differences. Variations in pressure and temperature are

not extreme because the usual differences between a colder north and warmer

south are offset by higher land elevation in the south. However, the

climate is subject to quick variations when the warm westerly climate of

the Gulf Stream collides with the more extreme climate from northeastern

Europe.

The highest average monthly temperature 200C (680 F) occurs in the

Rhine-Main Plain and is slightly lower in the Rhine Valley. Spring comes

first to the Rhine Valley, it and the North Sea Coast having the longest

frost-free period of 7 months or more. The Rhine Rift is reported to have

the best climate in all of Germany, mainly because the spring comes earlier

and summers are longer.

The prevailing winds are influenced by depressions which come inland,

north from the Atlantic. They generally move from the south, west, or

northwest and rarely from the north or northeast. The windiest season is

early spring for the Rhine Rift. The spring and winter winds, known as

Fohn, are an important feature of south German weather. They occur when

warm winds, drawn across the Alps, lose moisture and descend on the German

side as dry currents warmed by compression during their descent. The low

pressures associated with the Fohn are reported to have a depressing

psychological effect upon the inhabitants.

Surface elevation and relief are the most important determinants in

amount of precipitation. The Central Uplands averages a yearly amount of

rainfall between 685 and 1,524 millimeters (27 - 60 in.) with the Rhine

Rift being near the lower limit. The maximum rainfall for this region

C-25



occurs in sunwner, July being the wettest month. Snow may begin falling in

October above 460 meters (1,500 ft.) and about a month later at lower

elevations. It occurs throughout the country into mid-April and into May

at the higher elevations. The least amount of snow occurs in the Rhine area

(and along the North Sea coast), which may receive rain instead.

Table C-3 is provided to show temperature, relative humidity,

precipitation, and sunshine values for locations in or near the DCS area of

interest.

C.2.7 Available Topographic Maps of West Germany from the DoD

The Department of Defense has a variety of topograhic maps which cover

West Germany, as printed by the Army Map Service, Corps of Engineers.

Table C-4 sho'.s the series and scales of these maps.

Table C-4. Available Topographic Maps of West Germany from the DoD

Series Scale

6401 1:500,000

M 501 1:250,000

M 642 1:100,000

M 745 1:50,000

M 841 1:25,000

Additionally, city plans of various large scales are available for a great

number of West German cities.

C.3 TOPOGRAPHIC AND CLIMATIC CONDITIONS OF HAWAII

The purpose of this section is to present a brief description of

topographic and climatic conditions of the state of Hawaii. The

information provided here was used either as a basis or reference for DCS

I1i alternative systems designs.

C- 26

7!

_____ ____ ___



Table C-3. Weather Conditions in or Near the OCS Area of
Interest in West Germany
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Table C-3. Weather Conditions in or Near the DCS Area of
Interest in West Germany (Concluded)
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C.3.1 Location and Distribution of the Hawaiian Islands

Officially admitted to the Union in 1959, Hawaii became the 50th State

with a land area of about 16,680 sq. km (6,440 sq. mi.), ranking it 47th in

size. Located approximately 3,540 km (2,200 mi.) southwest of San

Francisco and about a third of the way from San Francisco to Australia, it

is the only State which is not on the North American continent. Hawaii

consists of 124 small islets and 8 major islands which form an archipelago

strung out over 2,400 km (1,500 mi.) of the central Pacific Ocean. No

other land lies between Hawaii and the United States mainland. Figure C-6

shows the major islands of Hawaii.

The Hawaiian Islands are in a strategic position on shipping routes

between the Americas and Japan, China, the Philippines, and other southwest

Pacific areas. Hawaii's location has made it a valuable stopping-place for

trans-Pacific air routes. In addition to these obvious peacetime

advantages for ships and planes, the Hawaiian Islands provide an ideal

location from which control of the Central Pacific can be exercised in time

of war, Naval and air bases there were of prime importance during World

War II and have been vital links in U.S. Defense Plans since the end of

that war. Its military importance in the U.S. Defense system is considered

unmatched by any other area in the country.

The Hawaiian Islands include all islands in the chain which extends

from the small island of Kure, sometimes called Ocean Islands, in the

northwest to the Island of Hawaii, known as the "Big Island", in the

southwest, with the exception of the Midway Islands which are under the

administration of the U.S. Navy. All of the islands are actually the peaks

of a chain of mountains that rise from the Pacific Ocean floor. In

centuries past, they were built by volcanoes, inch by inch. There is still

some volcanic activity in a few peaks, but it is not very extensive.

C.3.1.1 The Leeward Islands. This chain of small islands, rocks, shoals,

and coral atolls extends for about 2,000 km (1,250 mi.) approximately

northwest of the Major Islands. Some of the islets are composed of lava

rock, some of coral and sand. The chain is bounded by the islands of Kure

at the western end and Nihoa in the east.
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Because the land mass of the combined Leeward Islands is only 8.3 sq.

km (3.2 sq. mi.), the animals and plants on these islets are potentially

more endangered than they would be on a larger land mass. For this reason

in 1909 President Theodore Roosevelt proclaimed the islands from Kure to

Nihoa the Hawaiian Islands Bird Reservation. It is known today as the

Hawaiian Islands Wildlife Refuge. All of the islands are uninhabited with

the exception of military installations on Kure, Midway, and French Frigate

Shoal.

C.3.1.2 The Major Islands. From west to east, the Major Islands are

Niihau, Kauai, Oahu, Molokai, Lanai, Kahoolawe, Maui, and Hawaii. Of

these, Oahu will be highlighted due to the densely-netted DCS locatioins on

this island. The island is centered about 210 30' north latitude and 1580

west longitude. A sketch of Oahu is given in Figure C-7.

C.3.2 Population

Hawaii ranks 40th among the United States in population with over

three-quarters of a million inhabitants. The eight islands positioned at

the eastern end of the archipelago are the center of population and

activity.

The State is obviously unevenly settled. The capital city, Honolulu,

on Oahu, has the largest population of any in the state with about 325,000

residents. It is the center of a metropolitan area which has over 80

percent of the Hawaiian Islands' population.

C.3.3 General Topographic Conditions for the Densely Netted DCS

The Hawaiian Islands may be characterized as having some coasts which

are low, sandy, and vulnerable to tidal waves, and some bold cliffs that

rise abruptly from the ocean. The sandy beaches lead to low vegetation and

flowering trees which quickly give way to rocky, mountainous volcanic

peaks.

Oahu Island is the third largest of the Hawaiian Islands (behind

Hawaii and Maui) with an area of over 1,550 sq. km (600 sq. mi.). The

island is marked by two important land elevations. The Koolau Range, at an
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average elevation of 610 meters (2,000 ft.) parallels the entire

northeastern coast. Its highest peak is konahuanui, reaching an elevation

of 946 meters (3,105 ft.). The Waianae Range is somewhat higher in

elevation and parallels the western coast. Mt. Kaala is its highest peak

at 1,228 meters (4,030 ft.). Both ranges are eroded with deep ravines and

gorges and are indented with bays. Few lakes and rivers characterize the

surface; streams are chiefly short mountain torrents. Vegetation is most

abundant on the northeastern side of the highlands. Between these ranges

is a large irrigated plateau at an elevation of about 240 - 305 meters (800

- 1,000 ft.) from the northwest coast to the sourthern coast. The plateau

consists of volcanic ash, gravel, vegetation, crumbling lava, and wind

blown sand and dust. Oxidation of iron causes a red soil and rock strata.

The iron content is insufficient for smelting, and there are no coal or oil

deposits on Oahu or any of the Hawaiian Islands.

In many ways, Oahu is the most important of the Hawaiian Islands.

Besides having most of the state's population, the island has an

international airport, the capital city of Honolulu, and Pearl Harbor on

its southern coast. Pearl Harbor, located about 9.5 km (6 mi.) west of

Honolulu, forms a landlocked harbor used by the United States as a naval

base and surrounds Ford Islands. Hickman Air Force Base rests on the east

side of the Pearl Harbor entrance.

C.3.4 General ClimaLic Conditions for the Densely Netted DCS

The maritime climate of Oahu is unusually pleasant for the tropics.

The most notable of Oahu's climatic features are the extremely equable

temperature conditions from day-to-day and season-to-season, the persistent

trade wind flow from the northeast, the sunniness of the leeward lowlands

in contrast to the persistent cloudiness over nearby crests, the remarkable

variability of rainfall over short distances, and infrequency of severe

storms.
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The Hawaiian chain lies roughly along 200 north latitude and displays

tropical to subtropical conditions as expected. At this latitude day
length varies only two and a half hours between the summer and winter

solstice. This relatively uniform amount of sunlight dictates the
temperatures do not vary much throughout the year at any particular

location. Another factor which tempers the climate is the effect of the

surrounding ocean. Like a vast insulator, the ocean moderates temperatures

near the coasts. (Only on the islands of Maui and Hawaii do large mountain

masses exert an effect which markedly counters the maritime influence.)
Table C-5 presents the average monthly and annual temperatures for 1947 to

1978 at Honolulu. The table also includes the long-term mean, maximum, and

minimum temperatures recorded for each month and annually. Table C-6

displays the weather station locations at Honolulu where weather data were

collected.

Wind and cloud cover modify the temperatures considerably as well as

topography. Deep, shady canyons can be cool while nearby ridges are warm

and steamy. Extremes in temperatures tend to occur mostly on leeward
coasts or leeward slopes of mountains, where the absence of trade winds
permits heat or cold to accumulate. Within the city limits of Honolulu

there are both warm and cool sections.

The pattern of trade winds tends to follow the sun. During the summer

months when the sun has moved north relative to the earth, the Hawaiian

Islands lie midway in the trade belt. During a typical summer month such
as August, trade winds come from north-northeast to east 90 percent of the
time and half the time they exceed 21 kilometers per hour (13 mph). As

these winds traverse vast stretches of the Pacific, they pick up

considerable moisture. This affects both cloud cover and rainfall.

Completely cloudless skies are quite rare at higher elevations. On the

average, it is reported that two-thirds of the sky is covered by clouds
during the daylight hours except for the leeward lowlands, where it is

generally sunny. Six of the major islands, instead of receiving 635
millimeters (25 in.) of rain per year as do the Leeward Islands, average

1,145 millimeters (45 in.) per year over the entire surface.
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Table C-5. Average Temperatures at Honolulu
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Although temperature on the average decreases with altitude, islands

tend to absorb heat, leading to the creation of inversion layers with

temperatures increasing slightly with altitude to about 1.5 - 2.1 km (5 - 7

thousand ft.), above which cool air lies. The warm (or hot) air below a

temperature inversion layer tends to be held between the cool air above and

the less warm air near the ground. In the Hawaiian Islands, an inversion

layer of this sort is reported to occur 50 to 70 percent of the time.

When a mountain summit lies above a temperature inversion layer and

trade winds force moist air up the windward side of the mountain mass, the

trade winds penetrate the cool air at the upper limit of the inversion

layer and condense into rainfall on the windward side of the mountain.

This phenomenon is demonstrated in Figure C-8a. A rounded mountain summit

near the inversion layer will condense rainfall on its windward side, and

this precipitation will continue onto the leeward side of the summit until

the clouds have lost all of their excess moisture, as in Figure C-8b.

The shape of a mountain range may alter the normal patterns described

above, such as on Oahu. The Koolau Mountains form a chain normal to the

prevailing direction of the trade winds. The windward side of this range

consists of a long, sharp cliff. When the trade winds reach this cliff,

they are forced upward suddenly and swiftly. So sudden is this updraft

that condensation triggered by the rise is carried ofer the summit and most

of it falls just on the leeward side of the summit, as in Figure C-8c.

Rainfall exceeds 6,350 millimeters (250 in. on the leeward side, while at

the base of the northeast cliff, amounts are 1,270 - 1,905 millimeters (50

- 75 in.) of rain per year. As rain showers build up over the Koolau

Mountains, they may be carried by strong trade winds far over the summit

areas. In Honolulu there are often a few very light showers in the

afternoon.
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Figure C-9 shows the extreme variability of rainfall (in./yr.) over

short distances. It should be noted that as the Koolau Mountains trigger

rain showers from the trade winds, rainfall decreases on the leeward side

and a "rain shadow" is created. The Waianae Mountains are shadowed by the

Koolaus and receive very little rainfall by comparison. Table C-7 shows

the monthly and annual amount of precipitation received at Honolulu from

1947 to 1978 along with the mean montly and annual amounts for this 32 year

period. Table C-8 and C-9 show the weather conditions at Honolulu for 1978

and long-term normal, mean, and extreme values.

Hurricanes and other severe storms are quite rare on Oahu. Strong

winds do occur at times in connection with storm systems moving through the

Islands, but seldom cause extensive damage. When the trade winds diminish

or give way to southerly winds, a situation known locally as "Kona weather"

or "Kona storms" occur, and the humidity may become oppressively high.

This is in marked contract to the persistently moderate humidity

experienced during even the warmest months due to the northeasterly trade

winds.

C.3.5 Available Topographic Maps of Hawaii from the DoD

The Department of Defense has two series of topographic maps which

cover the Major Islands of Hawaii, as printed by the Corps of Engineers,

Army Map Service. These maps are tabulated in Table C-1O:in

Table C-10. Available Topographic Maps of the Major Hawaiian Islands
from tne DoO

Series No. Scale

W 532 1:250,000

W 833 1:25,000

The latter series provides an excellent source for path profiling purposes.
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SUPPLEMENT I

SYNOPSIS OF TOPOGRAPHIC CONSIDERATIONS FOR THE DCS

1.1 GENERAL

When radio waves are propagated over the earth, the primary

topographic considerations for point-to-point services are the electrical

characteristics and the physical structure of the earth's surface along

the great circle path.

The electrical characteristics are especially important for the

propagation of radio waves near the surface of the earth (i.e., diffraction

modes and terrestrial line-of-sight (LOS) modes when ground reflections are

likely). For other modes it is prudent to consider the electrical

characteristics whenever ground reflections may occur.

The structural characteristics of the earth's surface are also

especially important for diffraction and LOS paths but are significant for

all other propagation modes because these characteristics include the

natural structures of terrain elevation and vegetation and of man-made

obstacles. The structural characteristics set the path geometry for

several modes of propagation and may cause radio waves to be diffracted or

attenuated.

1.2 ELECTRICAL CHARACTERISTICS OF THE SURFACE OF THE EARTH

The surface conductivity, a (mhos per meter, S/m), of the earth and

the permittivity, or ratio of the surface dielectric constant to that of

air, E, are important parameters when a radio wave is reflected or

diffracted by the surface of the earth. For LOS paths, these ground

parameters may be used to determine the magnitude of the theoretical

coefficient and phase shift for reflection of a plane wave from a smooth

plane surface; for diffraction paths, an estimate of the diffraction loss

is a function of these parameters. Their values are not merely determined

by the nature of the soil, but also by its moisture content and

temperature, by the radio operating frequency, and by the penetration depth

and lateral spread of the radio wave.
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If the values of conductivity and permitivity are not known and cannot

be measured, Figure 1-1 may be used to determine the approximate range of

values for seven different types of earth surfaces as a function of

frequency. As a note of caution, values outside of these ranges can occur.

If a rough estimate of these parameters is required, independent of

frequency, Table I-1 may be used as an approximation for values of surface

conductivity, a, and permittivity, E.

Table I-1. Typical Ground Parameters

Type of Surface 0-(S/m)

Poor Ground (Dry) 0.001 4

Average Ground 0. 005 15

Good Ground (Wet) 0.02 25

Sea Water 5.0 81

Fresh Water 0.01 81

Figure 1-2 is a map of Europe and parts of Asia which forms part of

the first stage in the presentation of a world atlas of ground

conductivities called for in pararagraph 4 of Decision 3-2 in Reports and

Recommendations of the CCIR, 1978. The map is subject to several

conditions; the most notable is that they are "limited in application, at

least for the time being, to the VLF part of the spectrum (i.e., up to 30

kHz)". From this figure it can be seen that all of Turkey is reported to

have a surface conductivity value of between 3 x 10-3 and 1 x 10-2 S/m with

the exception of Lake Van, which has a value of 4 S/m. The densely-netted

DCS in Germany is reported to have a value of I x 10-2 S/m. Unfortunately,

areas of interest in Hawaii have been deleted from the available figures.
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Figure 1-3 shows the penetration depth of radio waves, 6, as a

function of frequency for five types of earth surfaces. This parameter is

of particular importance when the upper ground layers are of lower

conductivity and the electromagnetic wave energy can penetrate more readily

to the lower layers. Examples of this are ice-covered lakes and ocean

areas. Examination of the figure will reveal that this parameter may be

neglected for higher operating frequencies.

1.3 TERRAIN ROUGHNESS CONSIDERATIONS

In addition to the parameters mentioned above which are important

factors for use in determining the effective reflection coefficient, the

terrain roughness factor, ah' is a significant factor for radio paths with

ground reflections. The terrain roughness factor is used to estimate

multipath fading and also to determine the proportion between the specular

(smooth) and diffused (scattered) components of a radio wave reflected from

the terrain.

The roughness factor is the root-mean-square deviation of the terrain

from an imagimary smooth curve representing the real terrain. For LOS, the

terrain roughness factor within the first Fresnel zone is of significant

importance for prediction of link performance. The first Fresnel zone is

defined as the first ellipsoid containing every point for which the sum of

the distances from that point to the two ends oc the path is exactly

one-helf wavelength longer than the direct end-to-end path. Neglecting

climatic effects, if no obstacles intercept the first Fresnel zone it may

be assumed that the transmission loss for the direct LOS path equals the

free space value.

1.4 CLUTTERED TERRAIN CONSIDERATIONS

The effects of diffraction and absorption by trees, hills, and manmadc

obstacles are often important, especially if a receiving installation is

low or is surrounded by obstacles. Absorption of radio energy is probably

the least important of these factors except in cases where the only path

for radio energy is directly through some building material or where a

radio path extends for a long distance through trees.
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Studies made at 3 GHz indicate that stone buildings and groups of

trees so dense that the sky cannot be seen through them should be regarded

as solid objects around which diffraction takes place. It is reported that

at 3 GHz the loss through a 23-centimeter-thick dry brick wall was 12 dB

and increased to 46 dB when the wall was thoroughly soaked with water. A

loss of 1.5 dB through a dry sash window and 3 dB through a wet one were

reported to be usual values. Studies also report that the only objects

encountered which showed a loss of less than 10 dB at 3 GHz were thin
screens of leafless branches, the trunk of a single tree at a distance

exceeding 30 meters (100 ft.), wood-framed windows, tile or slate roofs,
and the sides of light wooden huts. Field strengths obtained when a thick
belt of leafless trees was between transmitter and receiver were within 6
dB of those computed, assuming Fresnel diffraction over an obstacle slightly

lower than the trees. Loss through a thin screen of small trees rarely

exceeded 6 dB if the transmitting antenna could be seen through their

trunks. If sky could be seen through the trees, 15 dB was the greatest

expected loss.

One source states the empirical relationship for the rate of
attenuation directly through woods to be:

Aw = d (0.244 log f - 0.422), for f > 100 MHz (1)

where Aw is the absorption in dB through d meters of trees in full leaf

with the frequency, f, expressed in MHz.

The CCIR reports that in the 30-MHz to 3-GHz range, the average
additional attenuation through wooded terrain is given by Figure 1-4.

Considerable variation can be expected in these values due to the density

of the vegetation, the moisture content of the leaves, and the presence of

snow on the branches. An increase of 0.1 dB/m has been observed for the

higher-frequency part of the curve.

Other sources state that trees intercepting the first Fresnel zone in
the vertical plane tend to produce a loss of, close to 6 dB. In order to

minimize losses, it is suggested that LOS pahts should have better than

grazing clearance even under the most adverse atmospheric (refractive)

conditions.
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1.5 PATH GEOMETRY

Several figures have been included for the path geometry of several

propagation modes which are influenced by the terrain. Figures 1-5 through

1-7 provide the path geometries and associated symbols for the LOS,

diffraction, and troposcatter modes of radio propagation along the

great-circle path.
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SUPPLEMENT II

SYNOPSIS OF CLIMATIC CONSIDERATIONS FOR THE DCS

11.1 GENERAL

When radio waves are propagated horizontally or vertically through the

atmosphere, the primary climatic consideration is the structure of the

atmosphere within the troposphere. Tropospheric effects include the

bending of radio waves due to refraction, attenuation due to hydrometeors

(especially rainfall) and atmospheric gases, and scattering due to these

constituents.

For the bending of radio waves due to tropospheric refraction, two

models of the refractive gradient are presented. The linear model where

the refractive gradient is constant with height and the exponential model.

The fonner applies to propagation near the surface of the earth (i.e.,
terrestrial line-of-sight (LOS) and diffraction paths). The latter model
is more appropriate for tropospheric scatter paths where propagation occurs

at greater altitudes. For earth-space paths, the refractive gradient is

not as significant because propagation is generally in a more vertical

direction.

The attenuation and scattering due to tropospheric constituents is

significant for all radio propagation modes mentioned above. Methods of
predicting their effects are discussed in this supplement.

11.2 STRATIFICATION OF THE EARTH'S ATMOSPHERE

Many of the varied phenomena occurring in the total atmospheric

envelope of the earth can generally be grouped by type and altitude.
Strong correlations exist between the physical (and optical) properties and

altitude. This natural stratification of the atmosphere is illustrated in

Figure II-I, wherein the strata are actually spherical shells which

surround the earth. The interfaces, designated by the suffix "pause",
separating the strata are not sharply defined, particularly at higher

altitudes.
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Throughout much of the atmospheric envelope, air pressure and density

decrease nearly exponentially as altitude increases whereas temperature

generally decreases linearly. Because the main heat source for the lower

atmosphere is the sun-heated land-water surface, it is understandable why

normally the air is colder with increasing distance from that surface.

Within the troposphere, which extends from the earth's surface to an

altitude of about 17 km (10 mi.) over the equator and 9 km (6 mi.) at polar

regions, is the turbulent convective layer in which it is concentrated a

large percentage of the atmosphere's dust, water vapor, and clouds. Due to

the fact that these constituents are essential for weather-making

processes, nearly all of the weather phenomena occur in the troposphere.

The layer surrounding the troposphere is the tropopause. The altitude

of the summer tropopause is between 15 and 18 km (9 - 11 mi.) over the

equator and 8 - 10 km (5 - 6 mi.) at the poles. Figures 11-2 through 11-5

are world maps showing the mean altitude, in kilometers, of the tropopause

for the seasonal months of February, May, August, and November. A nominal

altitude of 11 km (7 mi.) may be assumed. The tropopause represents a

boundary separating the troposphere (or mixing layer), below which vertical

air movement is widespread from the stratosphere (or stratified layer) and

above which vertical movement is almost absent.

In the stratosphere, at heights between 24 and 50 km (15 - 31 mi.)

where the atmosphere's small amount of ozone is concentrated, temperature

rises with altitude. This is because a small fraction of the incoming

solar radiation is almost completely absorbed at the top of the ozone

layer. Thus, at an altitude of about 50 km (31 mi.), air temperature

reaches a second maximum - one which is nearly as high as that of the

surface. Although air density in the middle of the stratosphere at about

32 km (52 mi.) is only one-hundredth of its sea level value, manned

balloons have ascended to this altitude, which is the usual ceiling for

such vehicles. The stratosphere extends to the stratopause located at

about 50 km (31 mi.), where air density and pressure are one-thousandth of

their sea level values and the temperature is about 00C (320F).
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Above is the mesophere, extending from the stratopause up to 80 km (50

mi.) where the temperature has decreased to about -90°C (-130'F). Most of

the meteors that survive swift passage through the outer atmosphere are

completely vaporized in this region.

The next layer is the ionosphere, overlapping the upper mesophere and

extending to about 400 km (250 mi.). Lacking the protection of a sensative

layer overhead, the ionosphere is strongly irradiated by solar energy at

very short ultraviolet wavelengths and by electrons and protons in the

streaming solar winds. Many ionospheric molecules are thereby ionized and

dissociated, so that free electrons and atomic oxygen and nitrogen are

present. Spectacular auroral displays, or northern lights, occur when

bombardment by solar particles is severe. The ionosphere is marked by

several identifiable layers of electrons which provide refraction and

scattering of radio waves of certain wavelengths.

Above is the thermosphere with temperatures exceeding 1000 0C (1800'F)

and the exosphere, with the upper exosphere gradually merging into the

interplanetary environment.

11.3 TROPOSPHERIC REFRACTION CONSIDERATIONS

Light visually demonstrates how high-frequency radiant energy is

refracted (or bent) when it passes from one medium to another having a

different density, approaching the more dense medium at an angle other than

normal.

This effect may be realized for a radio wave propagating in a

horizontal direction as it passes through the troposphere when the

atmospheric density is reduced with altitude. (Actually, the atmospheric

density is a function of the atmospheric pressure, water vapor pressure,

and temperature.) When the top of the wavefront travels in a less dense

atmosphere than the bottom of the wavefront, the top travels faster than

the bottom, causing the radio wave to bend downward instead of propagating

in a straigL" line, thereby increasing the radio horizon.
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11.3.1 Refractive Index, Refractivity, and Refractive Gradient

A 1978 recommendation of the CCIR is that the atmospheric radio

refractive index, n, be given by the following formula:

n= 1 + (N x 10-6 ) (1)

where N is the radio refractivity expressed by

N 77.6 P+ 4810 ) (2)

where P = atmospheric pressure (mb)

e = water vapor pressure (mb)

T = absolute temperature (OK)

Near the ground, up to several hundred meters, the variation of radio

refractivity, N, with altitude, h, may be assumed to be linear (i.e., the

gradient N is constant). For higher altitudes, an exponential variation

of N with h is reported to be statistically more appropriate. The

empirical relationship that has been established between the mean value of

refractivity at the earth's surface, Ns, and the mean refractive gradient,

N, in the first kilometer above the surfaces,

N/km = -7.32 exp (0.005577 N S) (3)

A normal gradient is equivalent to a gradient of about -40 N-units/km over

a specified interval, usually assumed to be 100 meters (330 ft.).

For tropospheric scatter propagation, a correlation has been found

between the hourly median propagation loss and the monthly mean value of

surface refractivity at the altitude of the horizon obstacles. Therefore,

N may be used to characterize world climatic regions for the purpose of

estimating tropospheric scatter losses.

The sea-level value of refractivity, N0, may be used to eliminate a

height dependence. Worldwide mean values of N for February and August are

presented in Figures 11-6 and 11-7 respectively. Figure 11-8 shows the

worldwide minimum monthly values of N0 . The relation between N and N0 is

reported to have the form

Ns = N exp (-0.1057 h S) (4)
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where hs is the elevation of the surface of the earth above mean sea level,

in kilometers and No is taken from Figure 11-8. The latter figure

indicates that Turkey has a minimum monthly mean value of N ranging from

300 to 320 N-units, the area of interest in Germany has an approximate

value of 320 N-units, and 350-N units is the value for Hawaii. In the

northern temperature zones in such as Turkey and Germany field strengths

and values of Ns reach minimum values during winter afternoons.

11.3.2 Effective Earth Radius in an Exponential Atmosphere

The concept of the effective earth radius is to alter the radius of

the earth on path profiles so that radio waves which normally bend downward

in the atmosphere may be represented as radio rays by straight lines. The

effective earth radius, a, for an exponential atmosphere is given by the

expression

a = a0 [ - 0.04665 exp (0.005577 Ns)] -1 (5)

where a0 is the true earth radius in kilometers. Generally, 6370 km is

used as the true radius of the earth.

Most of the refraction of a radio wave takes place at low elevations,
so it is appropriate to determine N and hs (or Ns if that value is known)

for locations corresponding to the lowest elevation of the radio wave's

most important propagation path, normally the great-circle path.

11.3.3 The Effective Earth Radius Factor

If the gradient N is constant (i.e., a linear atmospheric model) a

radio wave will bend with a constant curvature. For this condition the

effective earth radius is given by the expression

a= ka 0  (6)

where ao is the true earth radius in kilometers and k is the effective
earth radius factor given by the expression

k=[I + a0  x i0o6] -1 (7)

with h in kilometers and other parameters as previously defined.
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The value of k defined above from measured parameters taken at a point

may not necessarily be the same for another point along the great-circle

path. Source statistical analysis is available to provide a cumulative

distribution of k for the path from the measured parameters defining k at a

point. The CCIR reports a curve of the minimum effective value of k as a

function of path length for a continental temperate climate, such as that

which is dominant in Germany and most of Turkey, exceeded for approximately

99.9 percent of the time. This curve is presented in Figure 11-9.

Paio length (kmn)

(Continental ternper~te climatec)

Figure 11-9. Minimum Effective "k" for 99.9 Percent of Time
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C. A. Samson has provided curves of the cumulative probability

distribution based on measured parameters of refractivity at a 100-meter

(330 ft.) altitude above the ground. The curves have dual scales to show

both the refractivity gradient in N-units/km and the effective earth radius

factor, k. The only station within Turkey used to obtain refractivity data

was located in Samsun. The resulting curve, shown in Figure 11-10, may be

representative of the Black Sea coastal region where a maritime climate is

dominant, but it is recommended that this curve not be used for other

region3 of the country. For Germany, several data-gathering stations were

located in or near the area of interest. Figures I-11 through 11-14

present curves for Bitburg, Gross Ruhrheim, Stuttgart, and Wiesbaden. A

curve available for Hanover has not been included because it is in a

different geographic region than the area of interest in Germany. Two

stations in Hawaii were used to collect weather data, one in Hilo on the

island of Hawaii and the other in Lihue on the island of Kauai. A curve

from the latter station is presented in Figure 11-15 because it is thought

to be more representative of the climatic conditions experienced in the

area of interest in Hawaii.

11.3.4 Variations in "k" and the Refractive Gradient

As defined by equation (7) above, the point value of k may be

determined by the vertical refractive gradient at that point. In usual

conditions the refractive gradient is negative, about -40 N-units/km, the

radio wave is bent toward the earth, and the radio horizon is increased.

This is reflected in the effective earth radius factor k = 4/3 and defines

the condition called normal gradient. Conditions resulting in k > 4/3 are

said to be superrefractive, with a larger than normal gradient (more

negative) causing the radio wave to be bent more downward than with a

normal gradient. This condition may be defined as having a gradient of -50

to -100 N-units/ki or more. The condition of subrefraction is an increase

in refractivity, N, with height (positive gradient) that causes the radio

wave to be bent upward. This results in k < 1 and is known as an

earth-bulge condition. It may result in a decrease of the available

clearance above the ground (or obstacles), with fading due to diffraction

loss by the earth-bulge.

CII-13



PERCENTr oF TrlE aATe Is NoT ExcuErE

99399 993991 H9 95 9001030 50 403020 1 5 2 1 3.2 .1.05 M0

- -- - - - - Cwwlativ Distribwn of the

-0 -a I- ' eevd Rod* Reif Octwily Groarmw

F ~ -may J7 - M
-. August iVV~1.

I..3

A 5. .2I.J1 2 5 10 2030 40 50 60 0 003095 139 KOK$ 99

PREN OF TME CANATE IS EXCEEDE

Samnsun, Turkey

410 N, 360 20' E 44 meters msl

Data: Radiosonde 0300Z (0500 LST): 5/53 - 11/15-53
0200Z (0400 LST): 11/16/53 - 2/57
OOOOZ (0200 LST): 5/57 - 11/60

Temperature (OF): January 50/38; July 79/65

Mean Dewpoint (OF): January 33; July 63

Precipitation (inches): Annual 29.1; November 3.50; August 1.30

Located in an agricultural and forested area on the south shore of the
Black Sea; Canik Mountains to the south. A relatively mild
predominantly maritime climate.

Figure 11-10. Refractivity Gradient and 'k' at Samsun, Turkey
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Bitburg, Germany (Federal Republic)

49-57 N. 06-31 E 374 meters msl

Data: Radiosonde 0300 and 1500Z (0300 and 1500 LST) 12/54 -

12/55
Temperature (0F): January 35/27; July 69/53

Mean Dewpoint (OF): January 27; July 53

Precipitation (inches): Annual 24.9; July 2.77; April 1.48

Located in rolling terrain of westert Germany, about 15 miles from
the Moselle River. A cool continental climate modified by frequent
exposure to maritime air masses.

Figure I-11. Refractive Gradient and "k" at Bitburg, West Germany
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Gross Rohrheim, Germany (Federal Republic)

49-43 N, 08-28 E 90 meters msl

Data: 60 meter gradients based on 3 hourly dry-
and wet-bulb temperature measurements on a
65-meter tower 20 km southwest of Darmstadt.
June - October 1966; May - October 1967

Analyzed by: Dr. L. Fehlhaber, Fermeldetechnisches

Zentral amt ,Darmstadt

Temperature (OF): January 38/19; July 75/56

Mean Dewpoint (OF): January 29; July 54

Precipitation (inches): Annual 25.0; July 2.80; February 1.58

Located in the Rhine Valley. A continental climate modified by
exposure to maritime air masses.

Figure 11-12. Refractivity Gradient and "k" at Gross Rohrheim,
West Germany
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STutetreran (Fe)ra Repulic) 8;Juy755

TMeatrewo (F): January 32; July 5/5

Precipitation (inches): Annual 26.5; June 3.30; February 1.30

Located in the valley of the Neckar River; woods, orchards, and
vineyards in vicinity. A continental climate modified by the exposure
to maritime air masses.

Figure 11-13. Refractivity Gradient and 'T' at Stuttgart, West
Germany
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Wiesbaden, Germany (Federal Republic)

50-03 N, 08-20 E 140 meters msl

Data: Radiosonde 0300 and 1500Z (0400 and 1600 LST) 8/50 -

5/57

Analyzed by: Stan Doran, Telecom, Inc., McClean, Virginia

Temperature (OF): January 37/28; July 74/57

Mean Dewpoint (OF) January 27; July 54

Precipitation (inches): Annual 18.5; August 2.52; April 0.91

Located on the north side of the Rhine Valley, just below the junction
of the Rhine with the Main River. A continental climate modified by
exposure to maritime air masses.

Figure 11-14. Refractivity Gradient and "k" at Wiesbaden, West Germany
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Lihue. Kauai, Hawaii

210 59' N 1590 21 W 36 meters msl

Data: Radiosonde 0300 and 1500Z (1600 and 0400 LST): 1/51-
5/57
0000 and 1200Z (1300 and 0100 LST): 6/57-
12/57

Temperature (OF): January 78/64; July 83/72

Mean Dewpoint ( 0 F:January 63; July 68

Precipitation (inches): Annual 43.0; January 5.51; June 1.46

Located near the eastern shore of a mid-ocean island 53 km long and 40
km wide; in the trade wind belt. Mild maritime climate with small
diurnal and annual temperature ranges.

Figure 11-15. Refractivity Gradient and 'T' at Lihue, Kauai, Hawaii
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11.3.5 Clearance Criteria

In order to account for the variation of k and minimize diffraction

fading, a standard engineering practice is to establish conditional

clearance criteria.

The publication Engineering Considerations for Microwave Communication

Systems, 1975, states that in terms of the first Fresnel zone, F1 (defined
in A.3 of this report), the following are typical clearance criteria:

0 For "Heavy Route", Highest-Reliability Systems

t least 0.3 F1 at k = 2/3 and 1.0 F1 at k = 4/3,

whichever is greater. In areas of very difficult

propagation, it may be necessary also to ensure a
clearance of at least grazing at k = 1/2. (For 2-GHz

paths above 36 miles, substitute 0.6 F1 at k = 1.0.)

* For "Light-Route" Systems with Slightly Less Stringent
Reliability Requirements

At least 0.6 F1 + 10 feet at k = 1.0.

The publication Design Objectives for DCS LOS Digital Radio Links,

1977, suggests the following criteria:

* Antenna tower heights on each radio link shall be
determined such that the antennas are unobstructed and
have a clearance above path terrain and obstacles on
the link. The antenna beam path shall meet or exceed
the following conditions:

a. For space diversity systems, all top-to-bottom
antenna beam paths shall have a 0.3 Fresnel zone
clearance for k = 2/3, where k is the effective
earth's radius factor

b. For non-diversity radio links, the beam path
between the single antennas at each end of the
link shall have a 0.3 Fresnel zone clearance for k
= 2/3

co If year-round refractive index statistics are
available for the particular geographic area of
concern, all top-to-top antenna beam paths must
meet or exceed grazing conditions for 99.99
percent of the year.
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11.3.6 Ducting

Ducting is an intensified form of superrefraction (defined in B.3.4)

that tends to trap radio waves as though in a waveguide, greatly extending

the radio horizon. With a refractive gradient in excess of (more negative

than) -157 N-units/km, k becomes negative and radio energy may be refracted

to such a degree that it follows the curvature of the earth. If a radio

wave is elevated above a minimum angle, reported to range from less than

two degrees to less than one-half degree, the radio wave may penetrate or

escape the duct.

A duct may be "ground-based" with the ground serving as the ducting

base, or may be an "elevated duct." Elevated ducts are usually less

iiportant than ground-based ones for tropospheric propagation. The more

comon ground-based ducts may be caused by subsidence or be fomed by the

passage of a cold front over a warm, moist ground or body of water at any

time of the day or night, but tend to occur most often during clear, calm,

cool evenings and early mornings; they seldom occur during the afternoon

with its accompanying warmth, low humidity, atmospheric mixing, and air

turbulence.

Ducting is characterized by the thickness of the ducting layer and

trapping frequency. When the radio operating frequency exceeds the

trapping frequency, the mechanism of fading is associated with reflections

in the upper and lower bounds of the duct. If both antennas are located

above the duct and the bending of the radio wave occurs above it, the radio

path clearance may be referred to the top of the duct. With only

one antenna inside the duct or interception of the radio wave by it there

will be shadow zones resulting in a strong power fading. With both

antennas inside the duct, radio energy at frequencies above the trapping

frequency will be guided, resulting in a strong, steady received signal.

If economically feasible, in areas of frequent ducting the antenna

heights may be designed with enough clearance above the duct. Vertical

space diversity may be useful if one of the receive antennas is illuminated

while the other is in a shadow zone. Frequency diversity may not be useful

unless one of the frequencies is well below the trapping frequency.

CII-21
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Figures 11-16 through 11-27 snow the percent of time ground-based

ducts may occur for the seasonal months of February, May, August and

November for frequencies of 300 MHz, 1 GHz, and 3 GHz. The figures

indicate that trapping may occur 20 percent of the time in Turkey for all

three frequencies in August and 10 percent or less for all other months;

trapping may occur 2 percent of the time for all four seasonal months in

Germany but only during summer months at 3 GHz; trapping may occur for 5

percent of the time in Hawaii in August at 1 and 3 GHz and is less than

this value for all other conditions.

11.3.7 Climate Type Considerations

For scattering in the troposphere, statistical data have been

correlated with the annual mean value of Ns and the annual range of monthly

mean N for long-term power fading. Both the long-term median transmissions

loss and the variability about the long-term median loss are correlated

with measured data.

The nine types of climate based on measured data and classified by the

CCIR are listed in Table 1I-1 with a description of each type. Table 11-2

defines the location from which the measured data was collected.

Turkey's climate type is predominately temperate. However, due to

the contrasting climates found in Turkey, it is not obvious if the

appropriate classification for the country is continental temperate or

maritime temperate, overland. Turkey experiences prevailing winds which

traverse a large 'iand mass, and the terrain is rugged. Therefore, the

region more closely fits the classification of contineriaal temperate with

some Mediterranean and maritime temperate influences. The climate type
for the area of interest in Germany is clearly continental temperate with

some of the data for this climate type having been collected in West

Germany. For the area of interest in Hawaii, maritime teiperate is the

appropriate classification.
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Table II-1. CCIR Climate Types Summary

CCIR Climate Type Description

1. Equatorial Cresponds to the region between latitudes 10ON and
10 S. The climate is characterized by a slightly varying
high temperature and by monotonous heavy rains which
sustain a permanent humidity. The annual mean value of6
N, (refractivity at the surface of the earth = (n-1) 10
where n is the refractive index of the air) is about 360
N-units and the annual range of variation is 0 to 30
N-units.

2. Contintental Corresponds to the regions between latitudes 100 and 200.
Subtropical The climate is characterized by a dry winter and rainy

summer. There are marked daily and annual variations of
radio propagation conditions, with least attenuation in
the rainy season. Where the land area is dry, radio
ducts may be present for a considerable part of the year.
The annual mean value of N, is about 320 N-units and the
range of variation, throughout the year, of monthly mean
values of N, is 60 to 100 N-units.

3. Maritime Also corresponds to the regions latitudes 100 and 200 and
Subtropical is usually found on lowlands near to the sea. It is

strongly influenced by the monsoon. The summer monsoon,
which blows from sea to land, brings high humidity into
the lower layers of the atmosphere. Although the attenua-
tion of radio waves is relatively low at both the
beginning and end of the moonsoon season, during the
middle of the monsoon the atmosphere is uniformly humid
to great heights and the radio attenuation increases
considerably despite a very high value of N. There is an
annual mean N, of about 370 N-units with a range of
variation over the year of 30 to 60 N-units.
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Table I-1. CCIR Climate Types Summary (Cont.)

CCIR Climate Type Description

4. Desert Corresponds to two lend area; which are roughly situated
between latitudes 20 and 30 . Throughout the year there
are semi-arid conditions and extreme diurnal and seasonal
variations of temperature. This climate is very unfavor-
able for forward-scatter propagation, particularly in
summer. There is an annual mean value of N of about
280 N-units and throughout the year monthly mean valuesmay vary over a range of 20 to 80 N-units.

5. Mediter- Corresponds to regions in both hemispheres on fringe of
ranean desert zones, cose to 8he sea and lying between

latitudes of 30 and 40 . The climate is characterized
by a fairly high temperature, which is reduced by the
presence of the sea, and an almost complete absence of
rain in the summer. Radio-wave propagation conditions
vary considerably, particularly over the sea, where radio
ducts exist for a large percentage of the time in summer.

6. Continental Corresponds to regions between latitudes and 600. Such as
Temperate climate in a large land mass shows extremes of tempera-

ture and pronounced diurnal and seasonal changes in
propagation conditions may be expected to occur. The
western parts of continents are influenced strongly by
oceans, so that temperatures here vary more moderately
and rain may fall at any time during the year. In areas
progressively towards the east, temperature variations
increase and winter rain decreases. Propagation condi-
tions are most favourable in the summer and there is a
fairly high annual variation in these conditions. The
annual mean value of N , is about 320 N-units and monthly
mean values may vary b 20 to 40 N-units throughout the
year.

I
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Table II-l. CCIR Climate Types Summary (Concluded)

CCIR Climate Type Description

7a. Maritime Also corresponds to regions between of about 300 to 600

Temperate, where prevailing unobstructed by mountains, carry moist
Overland maritime air inland. Typical of such regions are the

United Kingdom, the west coast of North America and of
Europe and the northwestern coastal areas of Africa.
There is an annual mean value of N, of about 320 N-units,
with a rather small variation of monthly mean values over
the year of 20 to 30 N-units. Although the islands of
Japan lie within this range of latitudes, the climate is
somewhat different and shows a greater annual range of
monthly mean values of N about 60 N-units. The
prevailing winds in Japah have traversed a large land
mass and the terrain is rugged. Climate 6 is therefore
probably more appropriate to Japan than climate 7, but
duct propagation may be important in coastal and adjacent
oversea areas for as much as 5 percent of the time.

7b. Maritime Corresponds to coastal and oversea areas regions similar
Temperate, to those for climate 7a. The distinction made is that a
Oversea radio propagation path having both horizons on the sea is

considered to be an oversea path (even though the
terminals may be inland); otherwise climate 7a is
considered to apply. Radio ducts are quite common in
occurrence for a small fraction of the time between the
United Kingdom and the European continent and along the
west coasts of the United States of America and Mexico.

8. Polar Corresponds 8pproximately to the regions between
latitudes 60 and the poles. This climate is
characterized by relatively low temperatures and
relatively little precipitation.
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Table 11-2. Locations of Data Collection for CCIR Climate Types

Climate Type Data Collection Location

Type i: Equatorial Congo and Ivory Coast

Type 2: Continental Subtropical Sudan

Type 3: Maritime Subtropical West Coast of Africa

Type 4: Desert Sahara

Type 5: Mediterranean No curves available

Type 6: Continental Temperate France, Federal Republic of Germany,
and United States

Type 7a: Maritime Temperate, United Kingdom
Overl and

Type 7b: Maritime Temperate, United Kingdom
Oversea

Type 8: Polar No curves available
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11.3.8 Ray-Bending for Earth-Space Paths

The CCIR reports that in the case of earth-space propagation, errors

in the apparent elevation angle of a satellite due to refraction in the

troposphere decreases as the satellite moves from the horizon to the

zenith. Table 11-3 shows the average ray-bending for propagation through

the atmosphere. Elevation angle errors, , for paths of various elevation

angles, , are presented. For purposes of this table, Turkey and Germany

may be defined as having polar continental air and Hawaii as having

maritime air.

Table 11-3. Ray-Bending for Earth-Space Paths

Average Total Ray-Bending,

Elevation Polar Continental Tropical Maritime Day-to-Day
Angle (9) Air Air Variation in Ae

10 0.450 0.650 0.10 ms

20 0.320 0.470

0 0 040 0.210 0.27

100 0.100 0.140 0.0070 ms
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11.4 ATTENUATION BY RAINFALL AND OTHER HYDROMETEORS

All radio frequencies are subject to the effects of hydrometeors,

especially rain, which cause absorption and scattering of radio waves.

Precipitation attenuation may be negligible at wavelengths greater than 10

an (frequency less than 3 GHz) but must be considered at wavelengths less

than 10 cn. It has been reported that signal attenuation in excess of free

space in the range of 3 n to 30 an (10 - 100 GHz) is due mostly to rain as

compared to other atmospheric constituents.

The CCIR has examined the characteristics of rainfall from two points

of view: statistical characteristics of rainfall intensity at a point and

spatial characteristics. The CCIR has also examined attenuation and

scattering by hydrometeors.

11.4.1 Statistical Characteristics of Rainfall at a Point

It is suggested that experimental values of precipitation intensity be

used to determine the cumulative distribution. Because experimental data

are not available for some of the earth's regions and no single parameter

appears to provide a satisfactory method, the CCIR proposes to. continue

using a method baseJ on the concept of five rain-climate zones. As seen in

Figure 11-28, the zone which includes Turkey is Zone 5 except for the

region on the west side of the Turkish Straits known as Thrace, which is in

Zone 1. Zone 1 may also be used to characterize the rain climate of

Hawaii. The figure indicates that Zone 3 applies to Germany. From this an

estimate of cumulative distribution, identifying the percent of an average

year for which the rainfall rate is exceeded for these zones may be found

using Figure 11-29. As a note of caution, it is suggested that these

curves should only be used in the absence of specific information for any

location. Characteristic values of the parameters for the five rain

climate zones for 0.01 percent of time are given in Table 11-4.
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Figure 11-28. Rain-Climate Zones of the CCIR
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Figure 11-29. Percent of Average Year Rainfall Rate Is
Exceeded for Rain ClimatesJ
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Table 11-4. Characteristic Values of Parameters for CCIR Rain Climates
Zones (0.01 Percent of Time)

Rain Climate Zones

Parameter 1 2 3 4 5

Rainfall Rate, R (mm/hr) 75 55 37 26 14

Rain Cell Diameter, D (km) 2.5 2.8 3 3.4 4.5

Water vapour concentration, 10 5 2 2 2

p (g/m
3)

C.A. Samson has provided curves of rainfall-rate distributions with

data based on point rates averaged over one to five minutes, which can be

assumed to represent instantaneous rates for most applications. The only

stations used to collect rainfall data pertinent to this report are located

in or near the area of interest in Germany. Figures 11-30 through 11-33

present curves from Darmstadt, Freiburg, Karlsruhe, and Koblenz.

11.4.2 Spatial Characteristics of Rainfall

Measurements made in the United States indicate that convective

showers which produce heavy rainfall in temperate climates vary in size

during their existence and vary considerably over short distances within a

storm. It was found that these showers may reach a diameter of 15 - 20 km

(9 - 12 mi.), with an average size estimated at 8 km (5 mi.). The average

horizontal rain cell as a function of rain rate (mm/hr) is indicated in

Figure 11-34. Maximum rain-cell heights as a function of rain-climate

zone and percent of time are given in Table 11-5.
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Darmstadt, Germany

490 51' N, 080 41' N 281 meters msl

Data: Rainfall rate, 5-min averages, Sept. 70
Sept. 71

Source: Abel (1973)

Temperature (OF): January 38/29; July 75/56

Mean Dewpoint (OF): January 29; July 54

Precipitation (inches): Annual 25.0; July 2.80; February 1.58 Days
with thunderstorms 28

Located in the Rhine valley. A continental climate modified by
exposure to maritime air masses from 0 the Atlantic Ocean.

Figure 11-30. Rainfall-Rate Distribution for Darmstadt, West Germany
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Freib'urg, Germanyl

490 00' N. 070 51'E 286 meters msl

Data: Rainfall rate, 4-min averages, 1964 and 1965

Source: Sims and Jones (1973)

Temperature (0F) January 39/29; July 76/57

Precipitation (:nches): Annual 34.9; July 4.10; February 1.70 Test

period: 26.5 (1964); 77.7 (1965) Days with
to 21

Located on the west slope of the Black Forest, 16 km east of the Rhine
River. A continental climate modified by exposure to maritime airmasses from the Atlantic Ocean.

Figure II-31. Rainfall-Rate Distribution for Freiburg, West Germany
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Karlsruhe, Germany

490 01' N, 080 23' E 116 meters msl

Data: Rain rate, 2-min averages, Sept. 60 - Aug 65

Source: Zedler (1967)

Temperature (OF): January 38/29; July 75/57

Mean Dewpoint (OF): January 29; July 55

Precipitation (inches): Annual 29.8; August 3.07; February 1.73 Test
period 26.81 Days with thunderstorms 25

Located in the Rhine valley 6 km east of the river. A continental
climate modified by exposure to maritime air masses from the Atlantic
Ocean.

Figure 11-32. Rainfall-Rate Distribution for Karlsruhe, West Germany

CII-46



II

fil

D? I

I I I

I : It II

$0 20 J 450 X a M o j4001 RD

RAI% RATE IN mOW

Koblenz, Germany

50 0 21' N, 070 36' E 97 meters msl

Data: Rainfall rate, 4-min averages, 1970

Source- Sims and Jones (1973)

Precipitation (inches): Annual 26.85 Test period 24.3

Located on the Rhine River at the mouth of the Mosel River. A
continental climate modified by exposure to maritime air masses from

the Atlantic Ocean.

Figure H1-33. Rainfall-Rate Distribution for Koblenz, West Germany
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Rain rate (mm/h)

o Derived from attenuation measurements canied out in Japan (1968, 1969,1970): Cimate 2
* Derived from atsinuation measunments maied out in Malayma (1971,1972): Chate 1
o Derived from weather radar obervations caied out in Switzerland (1973): Ciamate 3
s Derived from rain pup. observations in France (1977): Cftat. 3

The measurements carried out in Japan and laysia are indirect, and we therefore subject to caution.

Figure 11-34. Average Rain Cell Sizes
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Table 11-5. Maximum Rain-Cell Heights for CCIR Rain-Climates Zones

Rain Cell Height (km)

Rain Climatic Zone 0.001% 0.01% 0.1%

1 15 11 7

2 11 7 5

3, 4,5 7 5 3

11.4.3 Attenuation and Scattering by Hydrometeors

The effects of hydrometeors are realized in two ways - attenuation

along the propagation path and scattering of radio waves in all directions

which can cause interference to other radio receivers.

Two figures are available to determine the attenuation coefficient due

to rainfall, YR (dB/km). Figure 11-35 is a logarithmic graph showing the

attenuation coefficient versus frequency for various rainfall rates. The

attenuation coefficient may also be found from the nomograph in Figure

11-36 by placing a straightedge at the appropriate outer scales of rain

rate and frequency and reading the value of attenuation coefficient from

the center scale. Both figures have been developed on the basis of

experimental data on raindrop size distribution (from Laws and Parsons) and

on the terminal velocity of raindrops (from Gunn and Kinzer) using an

empirical model for the value of refraction of water at 200 C (from Ray).
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Figure 11-36. Rain Attenuation Coefficient Nomograph
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For radio propagation within the troposphere, an estimate of the rain

attenuation may be calculated as the product of the attenuation

coefficient, YR (dB/km), the distance the radio wave travels through the

troposphere (km), and the distance reduction coefficient. This coefficient

may be found in Figure 11-37 for precipitation intensities and path lengths

of 50 km or less.

For earth-space paths, the attenuation coefficient, YR (dB/km), is

multiplied by the effective propagation path length through the rainstorm,

1 (km), found in Figure 11-38. The latter figure presents curves of

effective path lengths versus elevation angle for various rain rates and

was prepared from data collected in areas having temperate climates.

Three notable papers pertaining to rainfall attenuation are provided

in Supplements III,IV, and V.

Although rain is the dominant hydrometeor in the attenuation of radio

waves, the influence of clouds, fog, snow, and hail requires attention.

The attenuation coefficient due to clouds or fog, YC (dB/km), may be found

for small droplets generally less than 0.01 cm. It is the product of two

values - the specific attenuation coefficient, K1 (dB/km/(g/m3 ), and the

liquid water content of the cloud, M (g/m 3). The specific attenuation

coefficient may be found from Figure 11-39, where it is plotted against

frequency for various temperatures. It has been reported that the liquid

water content, M, generally ranges from 1 to 2.5 g/m3.

The effects of snow and hail are presently not well established. It

is reported that due to the difference in dielectric properties, ice clouds

give attenuations up to 35 GHz of about two orders of magnitude smaller

than water clouds of the same water content. At higher frequencies the

attenuation may be more significant.

With rain climate and percent of time as parameters, the greatest

heights at which rain scatter returns are expected to be significant are

as previously indicated in Table 11-5. The maximum rain scatter distances

as a function of frequency and transmission loss, in dB, for 0.01 percent of

the time are presented in Figures 11-40 through 11-42 for rain-climate

zones 1, 3, and 5 respectively. These zones are relevant to Turkey,

Germany, and Hawaii.
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Figure 11-37. Reduction Coefficient for Precipitation Intensities
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The scattering of radio waves by hydrometeors may cause a coupling

between radio waves transmitted by two antennas on the ground if the two

conditions that the patterns of radiation of the two antenna intercept a

coumon volume and precipitation occurs in this volume are satisfied.

11.5 CONSIDERATIONS OF ATMOSPHERIC GASES

The atmospheric attenuation of radio waves operating at frequencies

below about 10 GHz may not be significant. Absorption by both oxygen and

water vapor content in the atmosphere does become significant at that

frequency and above. Because of various molecular resonances, certain

peaks and troughs of attenuation exist. Frequencies of 60 and 120 GHz are

not recommended for long-distance propagation in the troposphere due to

oxygen, and it is similary not recommended to use 23 or 180 GHz due to

water vapor except in the case of very dry air.

For LOS paths, the expression for atmospheric attenuation, Aas (dB),

may be written as

Aa = (oo+ 7-5 Ywo) ro 
(8)

where Yoo and Ywo are the absorption coefficients (dB/km) for oxygen and

water vapor found in Figure 11-43, P is the water vapor concentration

(g/m 3 ) obtained from Figures 11-44 or 11-45, and ro is the path length

(km).

For toposcatter paths, the corresponding expression is

Aa Yoo ro + Yow rw (9)

where ro and rw are the equivalent absorption path lengths (km) for oxygen

and water vapor obtained from Figures 11-46 and 11-47 respectively, and for

earth-space paths is

Aa Y oo reo Yow rew (10)

where reo and rew are the effective distances (km) of the path through the

atmosphere as obtained from Figures 11-48 and 11-49 respectively.
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Figure 11-50 shows an estimate of the total one-way zenith attenuation

for frequencies between 1 and 300 GHz calculated for vertical radio paths

through a spherically-stratified, moderately humid atmosphere. Figure

11-51 shows the theoretical one-way attenuation for vertical radio paths

from the indicated heights to the top of the atmosphere for a frequency

range of 1 - 150 GHz and for a moderately humid atmosphere.

11.6 ATTENUATION AND USE OF THE SPECTRUM

In order to provide a general indication of the possibilities of using

wavelengths of a few millimeters or less for telecommunications, Figure

11-52 is presented to show the specific attenuation (dB/km) for a path near

the ground as a function of frequency. For comparison, the figure gives

the attenuation for three rain rates, fog, and atmospheric gases, is

presented only to give an order of magnitude of attenuation.
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OF SURFACE - POINT RAINFALL RATE
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Cumulative Time Statistics of Surface-Point
Rainfall Rates

PHILIP L. RICE AND NETTLE R. HOLMBERG

Abstract -Statistics on rainfall rates near and above the earth's surface 2) distributions for I 5-year averages with recording intervals
are needed in order to estimate the percentage of time of absorption, of 6, 12, and 24 11 for 22 of these stations 15 1 •
or scattering of radio waves that affect radio system design and electro- 3) accumulations of short-duration excessive precipitation
space management. The most useful averaging time for computing such
rates is on the order of t minor less. This paper extrapolates excessive for 1951 to 1960 for recording intervals of 5, 10, 15, 20, 30,
short-duration precipitation data to provide such statistics from data 45, 60, 80. 100, 120, and 180 min for 48 U.S. stations 161;
routinely reported by the National Weather Service. For the 8766 h 4) a U.S. map of the highest 5-mn rates expected in a two-
in an average year, and for a median or random location in any part of year period [71 ;
the world, the model described here estimates the fraction of time 5) maximum monthly rainfall accumulations and the average
during which t-minute average rainfall rates exceed any given value. annual number of thunderstorm days for the period 1931 to

1960 for 17 U.S. stations and 135 additional stations reported
1. INTRODUCTION by the World Meteorological Organiiation [81, [91.

T HE absorption and scattering of radio-wave energy by Some data that have recently become available for I -min and
rain at superhigh frequency (SHF) and higher frequencies 4-mam recording intervals are compared with calculated values

are fairly well understood [11, 121. To estimate the percent- in Section Ill.
age of time that such phenomena are important, the radio II. MATHEMATICAL MODEL
systems engineer needs predictions of the cumulative time
statistics of surface rainfall rates for particular areas of interest. The statistical model is based upon the sum of individual

This paper summarizes a large sample of surface rainfall exponential modes of rainfall rates, each with a characteristic

statistics. An earlier version is part of the "coordination average rate R. According to this descriptive analysis

distance" calculation procedures adopted in June J971 by the rainfall = Mode I rain + Mode 2 rain (!)
World Administrative Radio Conference on Space Telecom-
municationsas part of the International Radio Regulations 131. where the exponential distribution chosen to describe "Mode

The rainfall statistics summarized here are based upon the I rain" corresponds to a physical analysis of thunderstorms,following: while "Mode 2 rain," represented by the sum of two expo-

I) average year cumulative distributions of hourly rates for nential distributions, is simply all other rain. In temperate

the 10 years 1951 to 1960 and for a total of 63 stations, with climates it appears that only convective storms associated with

49 in the continental U.S. 14]; strong updrafts, high radar tops, hail aloft and usually with
thunder can produce the high rainfall rates identified by

Paper approved by the Associate Editor for Radio Communications Mode 1. Only the highest rates from excessive precipitation

of the IEEE Communications Society for publication without oral data were used to determine parameters for Mode 1, which ispresentation. Manuscript received May 31, 1973. This work was intended to represent a physical mechanism as well as a par-
supported by the Office of Telecommunications, Institute for Tele-
communication Sciences (OT/ITS), U S. Department of Commerce, and ticular mathematical form.
NASA as part of the technical basis for a June 1971 World Adminis- The average annual total rainfall depth M is the sum of con-
trative Radio Conference on Space Telecommunications.

The authors are with the Office of Telecommunications, Institute for tributions M, and M 2 from the two modes:
Telecommunication Sciences, U.S. Department of Commerce, Boul-
der, Colo. 80302. M=MI +M 2 mm (2)
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and the ratio of "thunderstorm rain," M, to total rain Al is and the annual average Mode I and Mode 2 rates RII and R 2 ,
defined as are very nearly equal to 33.333 and 1.75505 mm/h, respec-

0 = M1 /M. (3) iively, for t = 1. Then (4) may be written as

The number of hours of rainy t-min periods for which a T, (R) = M {0.030 exp (- 0.03 R) + 0.2 (1 - 3) [exp (-0.258R)
surface point rainfall rate R is exceeded is the sun of contri- + 1-
butions from the two modes: .86exp(- 1.63R)]} h. (10)

T2(R) = Tjtqjr(R) + T 2tq 2t(R) h (4) Fig. I shows T,(R)/M plotted versus R with the parameter
03. Figs. 2 and 3 are world maps of M and 1, respectively.

so that T,(R)/87.66 is the percentage of an average year duiring Fig. 4 shows average year cumulative distributions T,(R)
which t-nain average rainfall rates exceed R imr/h.' The data versus R for t = 1, 5, 30, 60, 360, and 1440 min (I day) for
show that the average annual clock t-min rainfall rate for each M = 1000 mm (40 in) and 0 = 0. 125.
of the modes is fairly constant. On the other hand, the total When 0 and M are fixed, as they are for any single station,
number of rainy t-min periods for each mode is relatively much then observed long-term cumulative distributions usually show
more variable from year to year and between stations or the nearly linear relationship between high values of R and
climate regions. Rainfall climates defined by Barry and low values of T, (R) that is illustrated in Fig. 1. One of these
Chorley [101 for the United States were found to correspond empirically determined straight lines extrapolated downwards
very well with observed regional variations of tile parameter 3, to R = 0 completely determines the Mode I parameters 0 and
defined by (3) as the ratio of "thunderstorm" or convective Rt.
rainfall Ml to the total annual rainfall M. In order to use Fig. 1 for estimating T, (R), given R, or for

The average annual totals of t-min periods of Mode I and estimating R, given T, (R), it is necessary first to refer to Figs.
Mode 2 rainfall are Tir and T2 expressed in hours. Tile 2 and 3 to obtain M a..! 03, respectively, for the point or area
average annual Mode 1 and Mode 2 rainfall rates are therefore of interest. If R is known, then T, (R)/M is read from Fig. I

Rmt M, IT,, mm/h (5) for the appropriate value of 3, and is multiplied by M in order
to estimate T, (R). If T, (R) is known, or calculated as 87.66

=R2t M2 
/ T21 mm/h. (6) times the percentage of an average year for which R is ex-

It should be worthwhile to note that M, and M 2 are not ceeded, then T, (R) is first divided by M before R is read
functions of t, since the amount of rainfall collected over a from Fig. I for the appropriate value of 3.
long period of time does not dependon the short-term record- The next section compares data with values of R or R(T)
ing interval t. But the total number of hours Tit or T 2t of read from Fig. I as a function of T, IM and 13, assuming that M
rainy t-min intervals (collecting at least 0.01 in or 0.254 mm and a are obtained from Figs. 2 and 3.
of rain per interval) will depend on t. 11. COMPARISON WrTH DATA

The factors qlt(R) and q2t(R) in (4) are the complements
of cumulative time probabilities. That is, each factor is the Table I lists information about eight of the recording loca-
time that a rate R is exceeded by Mode I or Mode 2 rain, ations for which long-term cumulative distributions T,(R) and
divided by the total number of hours Ti, or T 2, that there is T4 (R) are now available [I 11-[131, and Table I compares
more than 0.254 mm of rain in a t-min period, estimated and observed values of rainfall rate R for T, (R)/8766

This paper is concerned with estimating cumulative time or T4 (R)/8766 equal to 0.001 percent of an average year
distributions of clock-minute rates. For the more general (5 min) and 0.01 percent of an average year (53 min).
case where t> I min, one more prediction parameter is Fig. 4 shows that estimates of R for t = I and t = 4 are nearly
required than the two that have been defined as M and 0. This equal. The estimated values R(0.001 percent) and R(0.01 per-
additional parameter is the number of hours D in DI24 rainy cent) in columns 5 and 7 of Table II, corresponding to the
days. The formulas proposed here for qr(R) and q2,(R) recording locations listed in Table I, were all obtained from
assume that the number of rainy days in an average year is Fig. I, or by extrapolation of its curves. As this figure shows,

all clock-minute rates above 40 mm/i are Mode I rates if 3
D/24 = I + M/8 rainy days (7) exceeds 0.02, or 2 percent. Accordingly, the second term

where D is in hours and M is in millimeters. This relation (7) of (10) may be ignored for these data, and R as a function of
has been found good, on the average, for continental U.S. T, may be expressed explicitly as
stations. For t = I, the more general formulas are almost R = [In (0.03 OMT,)1/0.03 (1
independent of D, so that
qt(R) = exp (- R/R 1 ,) (8) in termsofthe natural logarithm of OM/T,. For R >40 mm/h,

the unique and remarkable set of data reported [II agrees

q2t(R) = 0.35 exp (- 0.453074 R/R 2 ) with the model (10) or (I I) if 13 =0.035 rather than 0.07,

+ 0.65 exp(- 2.857143 R/R 21 ) (9) which is the value read from Fig. 3. There are almost 16
million min in 30 years, counting minutes when it does not

Following the U.S. National Weather Service, I -h average rates bcgin rain. The highest I -min average rainfall rate reported I I I I for
"on the hour" and are called clock-hour rates. Extending this on- 1940 to 1970 at Montsouris, Paris, France is R = 260 m/h.
vention, a dock-min rate is (60i) times the depth of water collected
in a smntje rain gauge dmwing a continuous f-min period "by the clock." The average annual rainfall for 1940 to 1970 at St. Maur, near
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Fig. 4 Average year cumulative time distributions Tt(R).

Poisson distribution of randomly light rainfall within ordinary years 1951 to 1960 and for any fixed t is 8.4 mm/h. This is
heavy storms. The observed exponential distribution of T, calculated for the 48 U.S. stations for which excessive pre-
for a fixed R, as expressed by (I I), is consistent with the cipitation data wcre analyzed, and for all of the six collection
assumption of a Poisson distribution of durations for rates intervals t = 10, 15, 20, 30, 45, and 60 min. The standard
less than R 1161 . deviation of the data from year to year for I 30 min and

The standdrd error of prediction associated with (I I) depends 10 randomly selected stations varies from 10 to 30 mmitfi, and
upon what (I1I) is used for, as well as what it is based on. The the corresponding pooled standard deviation is 21.5 mm/h.
root-mean-square deviation of the median observed R for the For the same 10 selected stations, the standard error due to
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TABLE I propagation mechanisms (including diffraction, ducting, and
RAIN GAUGE LOCATIONS AND RECORDING P.RIODS various types of scattering) are dominant contributors to the

1. Montsouris, Paris, France, 48.8°N, 2.5F 111 system noise temperature. This procedure is usually realistic
(30 years, 1940-1970 exc!ert 1956) whenever the total time occupied by unwanted signal events

2. Franklin, N.C., 35.0'N, 83.5 W (121 is short compared to the time block during which service must
(2-1/3 years, Dec. 1960-Apr. 1962)

3. West Concord, Mass., 42.50 N, 71.3'W 1131 be provided.
(2 years, 1962 and 1963)

4. Pleiku, S. Vietnam, 14.0 N, 108.0°E 1121
(1-1/2 years, 1963 and 1965) IV. CONCLUSIONS

5. DaNang, S. Vietnam, 16.10 N, 108.20 E 1121
(1 year, Jan. 1963-Feb. 1964) A model for tie calculation of cumulative time statistics of

6. Saigon, S. Vietnam, 10.8°N, 106.7'E 1121 point rainfall in the United States has been derived from a
( 1 year, Jan. 1964-Dec. 1964)

7. Coral Gables, Miami, Fla., 25.7°N, 80.3'W 1121 broad data base. It provides estimates of the percentage of an
(1 year, Aug. 1957-Aug. 1958) average year that I-ain average surface rainfall rates exceed

8. Island Beach, N. J., 39.9'N, 74.1°W 1121
(1 year, May 1961-May 1962) any given value R. Relationships between R and the volume

reflectivity and absorptivity of rain make it possible to estimate
the accumulated time of interference from hydrometeor

TABLE AN scattering or absorption near the earth's surface, in terms of
DATA__ANDCALCULATIONS_ a given volume average of R exceeded for a given percentage

M ( R(0.001 percent) R(0.01 percent) of an average year [11, [21.
t (Fig. 2) (Fig. 3) Estimated Observed Estimated Observed The methods used for the selection, interpolation, and ex-

1. 1 890 0.07 103 64 30 _ trapolation of available data emphasize high rain rates, as well
2. 1 1270 0.32 164 171 88 68 as heavily populated areas where radio interference problems
3. 1 960 0.10 118 120 39 53 and surface rainfall data tend to be concentrated. More
4. 4 1780 0.40 190 174 112 94
5. 4 1650 0.42 183 142 105 94 general interference probability estimates will require an ex-
6. 4 2030 0.45 192 210a 118 110 amination of the dependence of these cumulative time statis-
7. 1 1520 0.70 197 189 118 120
8. 1 1080 0.12 123 119 48 52 tics on area and height above the earth's surface, including

aExtrapolated: for T4 (R)/8766 = 0.002 percent, calculated and ob- specific allowances for area and height resolution, as well as
served values are 167 and 190 mm/h, respectively, regional and time resolution.

variations of MI = OM, read from Figs. 2 and 3, and then com- ACKNOWLEDGMENT
pared with values determined directly from (11) and data for The authors are particularly grateful for insights into the
R, is I1 mm/h. Then if (11) is used to estimate R for a nature of rain phenomena and sources of data supplied by
random station year, rather than for an average year and F. J. Altman, Dr. P. M. Austin, Dr. R. K. Crane, Dr. D. C.
median station (such that half of all observed values are ex- Hogg, C. A. Samson, and W. I. Thompson, Ill, as well as for
pected to be less and half greater than the estimated R), the the many days of conscientious and patiently constructive
total standard error is criticism of earlier versions of this paper by Dr. E. L. Crow.

OR = (8.42 + 21.52 + 112)1/2 = 26 mm/li (14) It is not practical to mention the hundreds of contributors
to the Weather Radar Conferences and scientific journals

provided that only Mode I (R > 40 mm/h) is involved, whose studies profoundly influenced the development of the
Suppose, for instance, that M= 1000 mm and 0 = 0.2 ac- model, nor more than a few of the CCIR' workers whose

cording to Figs. 2 and 3. Fig. I estimates that 70 mm/h will quick appreciation of both its faults and its virtues were a
be exceeded for 60 min in an average year. Then two thirds great help. Particular thanks should go to Dr. J. A. Saxton of
of all rates for random station years will lie between 44 and the United Kingdom, International Chairman of CCIR Study
96 mm/h. Group 5 (Tropospheric Propagation), P. Misme of France,

The electrospace planner or system engineer who is interested Chairman of an Interim Working Party on Radio Meteorology,
in an average year and a median location could hope for a and to Dr. J. A. Lane of the United Kingdom and Dr. B. C.
standard error less than 10 mm/h if the estimates of M and 3 Blevis of Canada.
were sufficiently reliable. For any radio link, a minimum M. Coyle and C. Moncure of OT/ITS kept up with a tre-
acceptable wanted-to-unwanted signal ratio is required for an mendous volume of data analysis and computer programming
acceptable grade of service. Service probability has been over the period of a year, and H. J. Allacher is responsible for
defined [ 171 as the probability that this ratio is exceeded for the analysis and synthesis of data for I = 360. 720, and 1440
some minimum acceptable fraction of a given "time block," min.
assumed here to be all of the hours of every day in an average
year. REFERENCES

It is usually reasonable to assume that during any given Ill R. K. Crane. "Propagation phenomena affecting satellite corn-
minute the dominant unwanted signal in a radio system comes munication systems operating in the centimeter and millimeter
from a single source, either internal or external to the system. wavelength bands," Proc. IEEE, vol. 59. pp. 173-188, Feb. 1971.

To estimate cumulative time of interference, then, one can add
the numbers of minutes during which different sources and International Radio Consultative Committee.

C111-5



121 L. T. Gusler and D. C. Hogg, "Some calculations on coupling physics and Space Environments, Air Force Surveys in Geophys-
between satellite-communications and terrestrial radio-relay sys- ics, No. 212, Office of Aerospace Res., U.S. Air Force Cambridge
tems due to scattering by rain," Bell Syst. Tech. J., vol. 49, pp. Res. Lab., Bedford, Mass., AFCRL-69-0487, Nov. 1969.
1491-1511, 1970. 1161 W. Feller, An Introduction to Probability Theory and Its Appli.

131 lnternationalTelecommunications Union, Final Acts of the World cations, vol. I and 2, 3rd ed. New York: Wiley, 1968.
Administrative Radio Conference for Space Telecommunications, (171 P. L. Rice, A. G. Longley, K. A. Norton, and A. P. Barsia,
Geneva, Switzerland, Ann. 18 (App. 28), June 1971. "Transmission loss predictions for tropospheric communication

141 U.S. Weather Bureau, 1951 to 1961 annual reports such as Cli- circuits," NBS Tech. Note 101, vol. I and i1 revised), 1967.
matological Data, National Summary, Annual 1961, vol. 12, no.
13, U.S. Dep. Commerce, Asheville, N. C., 1962.
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Estimating Year-to-Year Variability of Rainfall

for Microwave Applications

H. T. DOUGHERTY AND E. J. DUTTON

Abstract-Recent progress is reported for extensions of the Rice-
Holmbers rainfall-prediction model. This extension provides for the
year-to-year variation expected for rainfall and is required to permit
any useful comparison of predicted with observed rainfall (or predicted
with observed microwave attenuation due to rainfall). The results are
illustrated for Europe.

1. INTRODUCTION

In 1973, Rice and Holmberg [ 1] presented a worldwide
rainfall prediction model. The model is designed specifically
for telecommunication applications and consists of distribu-

tions of t-minute (t = 1, 5, 30, etc.) point-rainfall rates

predicted from historical meteorological data. This prediction
model contains three basic parameters: M, the annual rainfall

in millimeters; 3, the ratio of thunderstorm rain to total rain;
and D, the annual number of days for which precipitation
>0.25 mm. By relating D to the annual rainfall M and provid-

Paper approved by the Editor for Radio Communication of the
IEEE Communications Society for publication without oral presenta-
tion. Manuscript received October 12, 1977; revised March 23, 1978.

The authors are with the Institute for Telecommunication Sciences,
National Telecommunications and Information Administration,
Boulder, CO 80303.
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ing global maps of the two parameters M and 0, Rice and "''

Holmberg extended their rain-rate prediction worldwide. This
rainfall prediction modeling was provided for an average year
based upon information extracted from (for some locations)
up to 30 years of climatological data. However, one of the
most striking aspects of rainfall is its variability, in both space
and time. The purpose of this letter is to report on progress
in extending the Rice-Holmberg model by estimating the
spatial and temporal (year-to-year) variability of rainfall.

11. SPATIAL VARIATION OF RAINFALL

Of course, the spatial variability has been described in a
crude fashion by a division of the world into rainfall zones,
based partially upon the Rice-Holmberg worldwide mapping
of M and f. For example, Europe was characterized by three L

rainfall zones [2]. Recently more detailed mappings of the
three basic parameters (M, 0, and D) were developed for
Europe, and rainfall zones were defined as depicted in Fig. I
[3] (4). Figure 2 shows their corresponding predicted (t =Figure 1. Ten European rainfall climatic zones.

1 min) rain-rate distributions. However, these climatological
rainfall zones are geared to conditions more related to agricul-
ture than to telecommunications. Although there tends to 13r77
be some uniformity of average annual precipitation, M,
throughout a zone, this is less true for 0 and the resulting rain- ZON 7

fall rate. Detailed mappings of M, 0, and D determined from
249 European locations permit a much more detailed presenta-
tion of the spatial variation of rainfall than does the zonal 9
concept. This is illustrated in Fig. 3 by the contours of t = 1

min rainfall rate (R 1 in mm/h) expected for 0.1% of an
average year in Europe. These contours were drawn from the
data obtained at the 249 station locations. Figure 4 is for -  

\

0.01% of an average year; a similar mapping is available for Z

1.0% of an average year in Europe [31. -

Z

Il1. YEAR-TO- YEAR VARIATION IN RAINFALL \ \

With the rapid extension of communication systems to 8 \
EHF, both terrestrial and satellite telecommunications have d 6

experienced the impact of the year-to-year variability of
rainfall and its attenuation of microwaves (61 [7]. Until very ,III
recently, however, this temporal variability had not been 0 LL0 JAi10.001 .01 .1 i l

treated, although it can be determined from estimates of the PERCENT T, P (R), ORDINATE IS EXCEEDED

year-to-year variation in rainfall data for rainfall zones and
locations throughout the world. For example, in the process of Figure 2. Estimated distribution of rainfall rates for one-minute

determining rainfall distributions for the ten rainfall zones of periods, PI(R), for the European rainfall climatic zones.

Europe, it was necessary to also examine the monthly rainfall
data for the 249 stations from 1952 through 1972. By regres- powers of the variable R differ from the three ranges of R
sion analysis, it was subsequently found that the number of values of interest [31. The three ranges of R are those for
rainy days, D, may be expressed [31 in terms of M and 0. which the rainfall is heavy or primarily convective, very light
Further, the year-to-year variation of M and 0 were determined or primarily stratiform, and moderate or mixed convective and
for each zone and approximated by normal distributions [5]. stratiform. The associated coefficients were determined by

The mathematical formulation of the Rice-Holmberg regression analysis so that the modified form produces
distribution is that of Tt(R), the cumulative time [or the minimal change in predicted values and is exact for rainfall
percent of time Pt(R)], for which a given t-minute rainfall rate values of 30 mm/h or more. The standard deviation of the
rate Rt is exceeded during an average year. That is, Pt(R) is predicted rainfall rate at a point can therefore be expressed
an explicit function of Rt. As such, it can be awkward to is terms of the average-year values and year-to-year standard
assess the variation of R t in terms of the variations of M and deviations of M and P determined from rainfall data at stations
P. However, it is relatively straightforward for the inverted in the vicinity of the point of interest [51.
relationship, i.e., when Rt(P) is a function of Pt. For the As an example of this process, Table I lists the standard
purposes of variational analysis only, it was therefore con- deviations SR 1'(P) for the temporal and spatial variation (year-
venient to substantially reduce the mathematical complexity to-year and by stations within a zone) of t = I min rainfall
of the Rice-Holmberg distribution. The tri-exponential form of rates RI (P) for specified percentages P (,R) of any year and
the Rice-Hoimberg distribution has been approximated by for each of the ten European zones. Note that these standard
three alternate exponential forms whose coefficients and deviations range from 9 to 45% of their corresponding average-
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Figure 3. Spatial distribution of 1-min rainfall rates, R 1 in mm/h, Figure 4. Spatial distribution of 1-min rainfall rates, R1 in nun/h,
expected for 0.1% of an average year in Europe. expected for 0.0 1% of an average year in Europe.

TABLE I
ESTIMATED DEVIATIONS SR?(P), SPATIAL AND TEMPORAL, OF

t = 1 MIN ZONAL RAINFALL RATES RI(P) FOR SPECIFIED
PERCENTAGES Pl(R) OF ANY YEAR

Pl (P) = 1% P 1 (R)=0.1% P1 (R)=0.01%

European Rainfall i (IS) SI (1%) n.1(0.1%) Sl (0.1%) Vi (0.01%) R(0.011)

Climatic Zone mw/hr rm/hr ru/hr rmt/hr rm/hr mm/hr

1 2.3 0.2 7.1 1.8 17.3 4.3

2 3.4 0.4 10.7 3.1 27.6 7.5

3 2.8 0.3 8.6 2.8 21.6 6.5
4 2.8 0.3 10.1 3.q 33.2 11.1

5 2.3 n.2 8.2 3.0 26.6 7.8

6 4.1 0.8 14.8 6.6 56.6 17.4

7 7.8 2.9 25.4 8.5 95.6 14.9

8 3.0 0.4 11.6 5.0 48.5 15.0

9 3.4 0.4 12.3 5.0 45.5 8.2

10 2.8 0.3 10.3 3.5 30.F 10.2

year rainfall rate. For each zone, the R I (P) values for PI (R) the rainfall rate. For example, Figs. 3 and 4 are such determin-

1, 0. 1, and 0.01% are three points on the zonal distribution of ations of the rainfall rates predicted, respectively, for 0.1 and
rainfall rates for an average year (as in Fig. 2). We assume that 0.01% of an average year. Then, the corresponding standard
the year-to-year variation is normally distributed. For each deviations of the temporal variation can be mapped, as in Figs.

percentage PI(R), the corresponding SRI'(P) is proportional 5 and 6. Actually, these temporal standard deviations also
to the value 1.645 SRI'(P) which must be added to and contain a slight element of spatial uncertainty, as a result of

subtracted from RA(P) to determine the range within which approximations in the evaluation procedure [5].
will fall 90% of rainfall rates observed for P percent of any

year at some point within the zone. From zone 4 in Table I, IV. CONCLUSION
the rainfall rate exceeded fo r 0.01% of an average year, 33.2
mm/h, would correspond to a specific attenuation at IS GHz The usefulness of the Rice-Holmberg rainfall prediction
of 1.9 dB/km (21. For only 5% of the years would the rainfall model has recently been extended by the detailed mappings
exceed 33.2 + 1.645(11.1) -51.5 mm/h, but the specific of M, 0, and D now available for Europe 13] and in prepara-
attenuation at IS GHz would exceed 4.5 dB/km. Although the tion for the U.S.A. [5]. However, this note indicates the
expected 0.01% rainfall is 55% higher for 5% of the years than further development of that model by estimating the expected
for the average year, the corresponding 15 GHz specific atten- year-to-year variation in Europe. That is, although Figs. I to
uation is increased by 150%. Further, the effective path length 4 provide the Rice-Holmberg rainfall rate predictions for an
through the rainfall is likely to exceed a few kilometers [21. average year in Europe, Table I or Figs. 5 and 6 provide the

As an alternative to the zonal approach, most of the spatial basis for determining the confidence limits of that prediction,
variation can be eliminated by determining contour maps of the intervals within which a specified percentage of observa-
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Figure 5. Spatial distribution of the standard deviation, SRI in mm/h Figure 6. Spatial distribution of the standard deviation, SR1 in mm/h
for the year-to-year variation of 1-min rainfall rates expected for for the year-to-year variation of 1-min rainfall rates expected for
0.1% of an average year. 0.01% of an average year.

tions would be expected to fall. We now finally have the of CCIR XIII Plenary Assembly, Geneva 1974, PB 244005,

means of comparing predicted and observed rainfall data. This NTIS, Springfield, VA 22151.
comparison is necessary to complete the Rice-Holmberg model; [31 Dutton, E. J., H. T. Dougherty, and R. F. Martin, Jr., "Prediction

of European rainfall and link performance coefficients at 8 to 30
i.e., to determine the prediction error, an essential ingredient GHz", AD/A-000804 (U.S. Nail. Tech. Information Service,

of any prediction model. Similarly, we now have data for Springfield, VA 22151), 1974.

determining the year-to-year variation in microwave attenua- [4] Goode, J. P., Goode's World Atlas (E. B. Espenshade, Editor),

tion and in the rainfall reflectivity that is so significant for Rand McNally Co., Chicago, Ill., 1957.
microwave interference potential [81. That will provide the [5 Dutton, E. J., "Earth-space attenuation prediction procedures

a iat 4 to 6 GHz", Office of Telecommunications Report, OTR
basis for a subsequent comparison of predicted and observed 77-123, 1977.
attenuation and reflectivity. (6 6 Davies, P. G., "Radiometer measurements of atmospheric attenua-

tion at 19 and 37 Gliz along sun-earth paths", Proc. lEE, 120,
159-164. 1973.

171 Wilson, R. W., and W. L. Mammel, "Results from the three-radio-
meter path-diversity experiment", Conference on Propagation of

REFERENCES Radio Waves At Frequencies Above 10 GHz, lEE Conference

Publication No. 98, April, 1973.
[I I Rice, P. L., and N. R. Holmberg, "Cumulative Time Statistics of 181 Hubbard, R. W., J. A. Hull, P. L. Rice, and P. I. Wells, "An Experi-

Surface-Point Rainfall Rates", IEEE Trans. on Communications, mental Study of the Temporal Statistics of Radio Signals Scattered
CraM-21, No. 10, 1131-1136, October, 1973. by Rain", Office of Telecommunications Report, OTR 73-15,

(2) CCIR, Report 563 of Propagation In Non-Ionized Media, Vol. V AD/N74-12845 (NTIS, Springfield, VA 22151), 1973.
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Year-to-Year Variability of Rainfall for
Microwave Applications in the U.S.A.

E. J. DUTTON AND H. T. DOUGHERTY

Abstract-Further extensions of the Rice-Holmberg rainfall predic-
tion model are reported. These extensions describe the variation of
rainfall with location in the U.S.A., as well as the standard deviation
of their year-to-year variation. Application to the prediction of micro-
wave signal attenuation by rainfall, and the comparison with observed
data are illustrated.

1. INTRODUCTION

The prediction of microwave attenuation, etc., due to rain-

fall has become a concern to the telecommunications industry

in the U.S.A. This results from the various impacts of rainfall

(attenuation, depolarization, interference, etc.) upon terres-
trial and satellite microwave system performance.

Paper approved by the Editor for Radio Communication of the
IEEE Communications Society for publication without oral presenta-
tion. Manuscript received June 8, 1978; revised November 14, 1978.

The authors are with the Institute for Telecommunication Sciences,
National Telecommunications and Information Administration, U.S.
Department of Commerce, Boulder, CO 80303.
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In 1973, Rice and Holmberg [1 ] presented a world-wide . ' I
rainfall prediction model designed specifically for telecom- | Z -
munications applications. It can predict probability distribu-
tions, Pt(R), of t-min duration (t = 1, 5, 30, etc.) point- . ,
rainfall rates, R, determined from the available historical
meteorological data. Since then, the model has been extendedby modification, principally to accommodate the significance J, C3 "
of chronological data on additional rainfall parameters and, to a

lesser degree, to permit its inversion to determine the 1-min
(approximately instantaneous) rainfall rate, RI(P), predicted 90
for a given P percent of a year 121-15]. At present, the ,j !.; ift
modified model still contains the three basic parameters M, D,
and #. The parameters, M, the average annual rainfall in milli- 4,
meters, and D, the average annual number of days for which .
the precipitation equals or exceeds 0.25 mm, are both deter-
mined directly from recorded data. The average annual ratio, Figure 1. Contours of R1 (%), the t 1 min rainfall rates in mm/h
0, of thunderstorm rain to total rain is a derived quantity predicted for 1.0 percent of an average year in the U.S.A.
determined from the data on Mm, the greatest monthly
precipitation (in millimeters) observed in 30 yr, and U, the
average annual number of days with thunderstorms [4].
Consequently, the resulting model is for an average year.

One of the most striking features of rainfall, however, is its - 1.
variability with both location and time. This variability has . ,
already been described for Europe [31, [5]. The purpose of / _ . .

this letter is to describe the variation with location of rainfall .
rates in the U.S.A. (the conterminous U.S., Alaska, and -

Hawaii) for an average year and, further, to describe its tern-
poral variation (i.e., from year-to-year).

II. VARIATION WITH LOCATION

To a degree, the spatial variation has been described in a --

crude fashion by the division of the world into rainfall zones, ,- " , "

based partially upon the Rice-Holmberg worldwide mapping - -.
of M and P. For example, Europe had been characterized by Figure 2. Contours of R (0.1%), the t I min rainfall rates in mm/h
three rainfall zones 16], but subsequently, more detailed predicted for 0.1 percent of an average year in the U.S.A.
mappings of the three rainfall parameters (M, (, and D) permit-
ted the definition of 10 European rainfall zones [3]. Since
then, detailed mappings of the rainfall parameters also permit-
ted the definition of 19 rainfall zones for the U.S.A. [4].

Although these zones demonstrate the variety of rainfall -

conditions encountered in the U.S.A., a finer detail may be
required for localized site selection. A more direct evaluation

for specific locations can be obtained from a detailed mapping
of the rainfall parameters themselves (M, Mm, etc.). This has
now been done for the U.S.A. based upon 30 yr of meteoro-
logical data from 305 first-order U.S.Weather-Service stations
14]. The resulting mappings (M, Mm, etc.) for the U.S.A. have
been incorporated into a computer program (4] for the modi- ______

fied Rice-Holmberg model to determine rainfall rate predic-
tions for the U.S.A. These results are illustrated in Figures 1,
2, and 3 by the contours of t = I min rainfall rate, Ri(P) in
mm/h, expected for P = 1,0.1, and 0.01 percent of an average . ......._-_-______ ____',_.___-_
year in the U.S.A. For example, Fig. I indicates that a rainfall Figure 3. Contours ofR1 (0.0l%), the I mi rainfall rates in mm/h
rate of about R I (M) = 2.6 mm/h would be expected for a predicted for 0.01 percent of an average year in the U.S.A.
cumulative total of 1% of an average year (87.7 h/yr) in
Washington, DC. Figure 2 indicates a rainfall rate of about
R 1 (0.1%) = 14 mm/h would be expected for a cumulative
total of 0.1% of an average year (about 8.8 h/yr) in Washing- 111. YEAR-TO-YEAR VARIABILITY
ton, DC. Figure 3 indicates that a rainfall rate RI(0.01%) = 76 At SHF, both terrestrial and satellite operational systems
mm/h would be exceeded for a total of 0.01% of an average have experienced a highly variable impact of rainfall on
year (a cumulative total of about 53 min/yr) in Washington, system performance. As a result, the average annual rainfall
DC. rate variation with location depicted in Figs. 1, 2, and 3 is, in
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Figure 4. Contours of SR (1%), the standard deviation in mm/h of the Figure 6. Contours of SR1 (0.0%), the standard deviation in mm/l of
year-to-year variation in the t = I min rainfall rate, R1 (l%), for 1 the year-to-year variation in the t = I min rainfall rate,R 1 (0.01%),
percent of all hours of a year. for 0.01 percent of all hours of a year.

7 can add the values ±1.645 SRl(P) to the average value (such as

R I (P) for any location in Figures 1, 2, or 3). This determines

" ,the range within which 90% of the rainfall rates observed at

- ~ , that location should fall for P percent of any year.

IV. PREDICTION AND OBSERVATION

Of course, our primary interest in rainfall is in its impact
""+ for telecommunication system performance. Recently, com-

, , puter programs have been developed which incorporate the

Rice-Holmberg rain prediction model, but go further to com-
pute its impat .(attenuation, reflectivity, etc.) and variance

:[+. +?/' ' ""--' + ' - .for terrestrial or satellite systems 14), 17]. These include the
____,_, total atmospheric effects of the ubiquitous clear air (gaseous

atmosphere), the commonly encountered non-precipitating

Figure 5. Contours of SRI (0.1%), the standard deviation in mm/h of clouds, and the much-less-frequent occurrence of storm
the year-to-year variation in the t = 1 min rainfall rate, R1 (0.1%), clouds and rainfall. The computer program for an earth/satellite
for 0.1 percent of all hours of a year. path [71 has been applied to the path between Rosman, NC,

and ATS-6 satellite. The resulting predictions for transmission
frequencies of 20 and 30 GHz, respectively, are shown in Figs.
7 and 8. In each figure, the central curve, numbered I, is the

itself, inadequate for system design and performance predic- the prediction for an average year. The two curves numbered
lion. A further requirement is a measure of the temporal 2 are the (90%) bounds within which the annual attenuation

variation (the year-to-year changes) of rainfall rates, particu- distributions for 9 out of 10 yr are expected to fall. The pair
larly at the higher rainfall rates. Therefore, we have deter- of curves numbered 3 are the (99%) bounds within which the

mined standard deviations of annual rainfall rates from the 30 attenuation distributions for 99 out of 100 yr are expected to

yr of meteorological data at the 305 U.S. Weather-Service sta- fall.
tions. For the t = I min rainfall rate R 10%) that is mapped in Available for comparison are the observational data re-

Fig. 1, the standard deviation Sn1(1%) of the year-to-year corded from the ATS-6 millimeter wave propagation experi-

variation is mapped in Fig. 4. For the rainfall rate R 1 (0.1%) ment. That ATS-6 data report contained an extremely useful

mapped in Fig. 2, the standard deviation SRI(0.1%) of the data-processing technique for combining attenuation data for

year-to-year variation is mapped in Fig. 5. Similarly, for the part of a year and rainfall data for a full year which permitted

rainfall rate R 1 (0.0l%) mapped in Fig. 3, the standard devia- extrapolation to an annual distribution of attenuation data

tion Si,(O.Ol%) is mapped in Fig. 6. At Washington, DC, for [8]. The reported data curves for 20 and 30 GHz data have

example, where R 1 (l%) = 2.6 mm/h, the SRl(l%) = 0.65 been superimposed upon the corresponding predictions of

mm/h; where Rl(0.1%) 14 mm/h, the SR1( 0 .1 %) - 3.8 Figs. 7 and 8. Although this agreement between independ-

mm/h; where the Rt(O.0i%) = 76 mm/h, the SR(0.Ol%) - ently predicted and observed data is most gratifying, many

12 mm/h. Actually, these temporal standard deviations also more such comparisons will have to be made before one can

contain a slight contribution due to locational uncertainty as a determine prediction error. Note that the observational data

result of approximations in the mapping procedures to develop curve falls outside the range for the predicted level for values

contours from 305 distributed data-source locations, of P > 0.7 5%. This may be due to the observational curve
By assuming a normal distribution [71 of rainfall rates, we being an extrapolation of attenuation due only to rainfall,
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Figure 7. Comparison of the 20 GHz earth-space attenuation distribu- Figure 8. Comparison of the 30 GHz earth-space attenuation distribu-
tions between the ATS-6 satellite and Rosman, NC. The smooth tions between the ATS-6 satellite and Rosman, NC. The smooth
curves are the Dutton-Dougherty predictions: 1 is for an average curves are the Dutton-Dougherty predictions: I is for an average
year, 2 are the bounds for 9 out of 10 yr, 3 are the bounds for 99 year, 2 are the bounds for 9 out of 10 yr, 3 is for 99 out of 100 yr.
out of 100 yr. The broken-line plot is the reported ATS-6 processed The broken-line plot is the reported ATS-6 processed observed data.
observed data.

systems requires more emphasis to be placed on worst-month
whereas the prediction curves are for attenuation due to the and other-than-annual prediction techniques [91.
total atmosphere. At these frequencies, the distinction is
negligible for the higher rainfall rates, but becomes noticeable REFERENCES

for the lighter rainfall rates (P > 1%). 1. P. L. Rice and N. R. Holmberg, "Cumulative Time Statist-cs of
Surface Point-Rainfall Rates", IEEE Trans. on Communications.
COM-21, No. 10, 1131-1136, October 1973.

V. CONCLUSION 2. E. J. Dutton and H. T. Dougherty, "Modeling the Effects of Clouds
and Rain Upon Satellite-to-Ground System Performance", OTR
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rates in the U.S. for 1.0, 0.1, and 0.01 percent of an average 4. E. J. Dutton, "Prediction Variability in the U.S.A. for Microwave
year and the corresponding standard deviaions of the year-to- Terrestrial System Design", OTR 77-134 (NTIS, Springfield, VA.22151), November 1977.
year variation. Further, the impact upon system performance 5. H. T. Dougherty and E. J. Dutton, "Estimating Year-to-YearVari-
predictability has been illustrated by a prediction of earth/ ability of Rainfall for Microwave Applications", IEEE 7)'ans. on
satellite attenuation at 20 and 30 GHz. The agreement with Communications, COM-26, No. 8, 1321-1324, August 1978.
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Present State and Future of Telecommunications in Turkey
GUNSEL BAYRAKTAR ANi) HUSEYIN ABUT, MEMBER. IEEE

Abstract-The public telecommunication network of Turkey is dustry satisfying the market demand; and 3) fulfill the demands
briefly discussed in this paper. The existing telephone, telegraph,data, for communication systems and devices through local sources.
and other related services are summarized, and future trends in some of
these services are indicated. These trends suggest that capital invest-
ments on the telecommunication services must be at least doubled in 11. TODAY'S TELEPHONE NETWORK
order that the standards in the country compete with those of the
world averages. Finally, some of the research in communications is A well-established measure of the telephone services in a
cited, country is the telephone density q defined by the number of

main subscribers per 100 inhabitants. Table I shows the rate of
growth of the telephone services over the years 1955-1974 in

1. INTRODUCTION Turkey [ ], [3]. If we glance at the figures in the table, we
see that the telephone density is increasing at a rate of about

T URKEY is a developing country of 776 000 km2 with a 10 percent. Since there is a commonly accepted regression

population of 40 million, a gross national product per between the telephone density q and the gross national pro-
capita of approximately 6000 TL (equivalent of U.S. $400) duct (GNP) per capita [4], [5], it would be worthwhile to
and 598 954 main telephone subscribers according to 1974 compare these values with those of the world standards. Fig. 1
statistics [1]. shows the relationships between the telephone density and

The General Directorate of P.T.T. is the authority for the GNP per capita using 1971 price indices for Turkey. In the
setting up and the operation of all public telecommunication same figure, a similar relation using the averages of 70 devel-
facilities in the country. In addition to telephone and tele- oped and developing member-countries of ITU for the years
graph services, the necessary channels for the Turkish TV and 1964-1968 is also plotted.
some military networks are supplied by the P.T.T. administra- The telephone density in Turkey with a U.S. $400 GNP in
tion. A brief overview of the present status and of the trends in the early seventies is around 1.5 percent, whereas an average
the development of telecommunications in the country will be value for the developed and developing countries in 1964-
presented in the following sections. 1968 was above 2.1 percent. Thus, there is a gap of 0.6 per-

The development rate of Turkey has been about 7-10 per- cent between the national network at present and the world
cent yearly during the first thirteen years of the planned average of 1964-1968. This rather pronounced gap must be
development period of 1963-1995.1 The programmed devel- closed by allocating more funds to the telephone industry
opment plan forecasts that the country will reach the investments.
standards of the social welfare and industrialization of the The network is by no means satisfying the demand. The
Western European countries by the end of 1995 [2]. The number of people waiting for the extension of telephone ser-
importance of this last date lies in the fact that Turkey will vices is increasing drastically every year. This trend is shown in
become a full-fledged member -f the European Economic Table II. However, the delays and shortcomings in extending
Community (EEC) in 1995.2 Hence, the country should services to potential customers are increasing at a smaller rate
accomplish her development systematically and rapidly so that every year, which is a somewhat promising indication for
the transition to membership in the EEC can be an easy one. future trends.

The existing telecommunication facilities should be in-
creased greatly, in parallel with improvements in social and III. TELEGRAPH AND DATA SERVICES
economic welfare. New services employing modem digital
systems must be extensively established to catch up with the The telegraph network is complete country-wide, intercon-
world standards. To achieve this, it has been decided in the necting the towns and cities in Turkey. But the telex network
Third Five-Year-Plan to: I) increase the investments in tele- is continually taking the place of the classical telegraph net-
communications services; 2) have a national electronics in- work throughout the country. There were 3950 telex

terminals in 1974. During the same year, there were about
1200 potential subscribers. The ratio of potential customers to

Manuscript received November 13, 1975; revised January 26, 1976. the existing ones is more than 0.3.
G. Bayraktar is with the Technical University of Istanbul, Istanbul, Data transmission facilities are not provided by the P.T.T.

Turkey. administration at present. The rate of growth of this service is
H. Abut is with Bojazi9i University, Bebek, Istanbul, Turkey.
'First Five-Year Plan period: 1963-1967; Second Five-Year Plan not clear as there are no previous statistics available for refer-

period: 1968-1972; Third Five-Year Plan period: 1973-1977; planned ence. Nevertheless, data communication systems research is
development period: 1963-1995. underway at a few institutions.

' Turkey has been accepted as a candidate to membership in the
EEC with a 25-year transition period according to an agreement signed A very limited number of facsimile transmission networks
in 1970 in Ankara. exists among the big cities. But the customers, mainly the
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TABLE I TABLE i

TELEPHONE DENSITY IN TURKEY OVER THE YEARS 1955-1974 UNSATISFIED DEMANDS IN TELEPHONE SERVICES OVER THE
.... ........ PERIOD OF 1968-1974

0'l .4 5. 0,01"
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0,:. . ,,* .. TABLE Ill
,, ... EXPECTED DEMAND FOR TELEPHONE SERVICES FOR THE

PERIOD OF 1972- 1995
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V.... P00001 
974. 0 Pn6.n33.' 
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3t 

,09*0

// 11 7l 6 30487 *O 2.3?

2 ?7 Do .OD"1 4 434 po 31.* 36963 40 9 660 29 0 6.

10.0 - --9, 6- - 8 198 4* 11.9
5 6 2 179) 0 432 OD 16.0

7.0 - . - "

.0 - ./ TABLE IV

/ EXPECTED GROWTH IN TELEX TERMINALS
3.0 - - E.r t lng tab[ t oP [lating v.4rly 1-1. 1n

9.ars l.oel OubsCribers 7.7.. T7.0.30470 tO.. 64. OP 7.*.a 7*.l0,t3,$

1972 473 462 39 ------

1977 960 OD0 6729 14.0

1962 7964960o 1309 34.
1967 3 549 ODD 24840 13.7

0. 992 6 726 000 47090 13.6

1995 9 877 ooo 69140 13.7

0.3 telex network is summarized in Table IV. It is clear that the
number of requested telex terminals is being doubled every

0.2 . .. five years.
In order to achieve the figures given in Tables III and IV,

the investments in the telecommunications industry must be,
.100 200 30 500 700 1000 2060 300 on the average, 3.4 percent of the total investments using the

GNP per capita with 1971 U.S. o011ar 1971 prices for the period of 1977-1995. However, the pro-
Fig. 1. Relationship of telephone density to GNP per capita. (a) grammed investment allocation for the year of 1977 is only

Curve for the existing telephone services. (b) Curve for the average
of member countries of ITU. (c) Projections of the expected poten- 0.357 of the GNP, or equivalent to 1.6 percent of the total
tial telephone density, capital investments. The last figure is less than half of the

required amount. Therefore, a higher percentage must be
press, are responsible for the total terminal equipment, leaving allocated to this industry in the Five-Year Plans starting in
only the necessary channel allocation to the P.T.T. people. 1978.

The Turkish Radio and Television Organization (TRT) is The second major and decisive factor in the future of tele-
using the P.T.T. radio-links, with all the necessary connections communication-services trends would be the solution of the
being provided by the P.T.T. servicemen, technical personnel problem. In almost all of the developing

P.T.T. renders also special network services among the countries, this factor is inseparable from the previous one, the
various military installations of the national, NATO, and increase in investment allocations in order to carry on the
CENTO organizations. development plans systematically and rapidly. We feel that the

technical personnel problem in Turkey is one which can be

IV. FUTURE TRENDS IN TELECOMMUNICATION dealt with some hope of success. Once the personnel are better
SERVICES paid, this problem will be solved almost completely because

nearly all of the technical staff employed in the telecom.
A measure for the future trends of expectations from the munication services are graduates of the national technical

telephone services is the relationship between the potential institutions.
telephone density and the GNP per capita. The potential tele- The percentage of students in the electrical engineering
phone density is defined by the sum of the total telephone department of Turkish universities constitutes almost 2 per.
subscribers ind the customers waiting for telephone instal- cent of the total higher education enrollment which is around
lations per 100 people for a given year. Table Ill shows this 200 000 [6]. Since the early sixties the demand for electrical
rend over the period 1972-1995. The expected growth in the engineering studies is increasing at a much higher rate than the
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capacity-increases in the schools. Therefore, every year a high but even that would not be sufficient to meet the poten-
smaller percentage of the demand is being satisfied by means tial demands. On the other hand, research in communications
of a selection process through the Turkish Universities En- is significant. In conclusion, Turkey must allocate more funds
trance Examinations. for telecommunication investments and support more research

On the other hand, the staffing problem of the institutions projects in order to cope with world standards.
is a stagnant one due to the underpayment of the civil serv-
ants. This, in return, has caused a considerable brain-drain to
the Western European countries, U.S.A., Canada, and even REFERENCES

Australia. [1] 1974 P. T. T. Statistics, General Directorate of P.T.T., Republic of
It is obvious that Turkey will need a young technical cadre Turkey, Ankara, Turkey, 1975.

[2] The New Strategy and Development Plan, Third Five- Years, 1973-
available for designing, enlarging, establishing, maintaining, 77 (in Turkish), State Planning Organization, Republic of Turkey,
and managing the future telecommunication services. To fulfill publication DPT 1272, Ankara, Turkey, 1973.
these requirements, the Third Five-Year Plan includes the 131 E. Kinayyigit, "Telephone services and Turkey" (in Turkish),

P.T.T. Res. Lab. Publications, Istanbul, Turkey, 1973.
following suggestions to the government for taking the nec- (41 Economic Studies at the National Level in the Field of Telecom-
essary measures: 1) to increase the number of academic staff; munications, ITU Publications, 1968.
2) to extend the possibilities and the capacities of the educa- [5] $. Altay, D. Yarangiimeli, S. Ak9aharman, and T. Tun9sav, The

Estimation of Telecommunication Necessities in Turkey up to
tional institutions; and 3) to end the brain-drain from the 1995 (in Turkish), General Directoriate of P.T.T., Ankara, Turkey,
country. 1975.

16) The Statistics of Ministry of Education-1974 (in Turkish), Re-
public of Turkey, Ministry of Education Publications, Ankara,

V. COMMUNICATIONS RESEARCH IN TURKEY Turkey, 1975.

The institutions where theoretical and experimental
research is being carried out in communications are the Elec-
tronics Research Unit of the Marmara Research Institute, the *
P.T.T. Research Laboratories, and the electrical engineering
departments of the universities.

At the Marmara Research Institute of the Turkish Scientific Giinsel Bayraktar received the M.S. and Ph.D.
and Technical Research Council, 1) theoretical and experi- degrees in electrical engineering from the
mental work on modems employing FSK and DPSK systems Technical University of Istanbul, Istanbul,

Turkey in 1961 and 1973, respectively.
for the audio channels is being carried out, 2) a prototype of After graduation, she joined the Technical
32-channel PCM system for short-haul trunks is being devel- University of Istanbul and currently she is
oped, and 3) studies on digital filters are underway. active as an Assistant Professor in the Tele-

At the P.T.T. Research Laboratories, 1) development work communications Department there.

of high channel capacity FDM equipment and high speed tele-
graph systems for the national network is being carried on and
2) a 24-channel VHF and a 60-channel UHF radio systems are
under study.

In the universities, theoretical and experimental investiga-
tions are being carried out. Some of these projects are partially
financed by the Turkish Scientific and Technical Research
Council. But these funds are incomparably meager with Hiiseyin Abut (S'70-M'74) was born in Ak-
respect to those in the developed countries, and hence the hisar, Turkey, on November 20, 1945. He

received the B.S. degree in electrical engineer-
number of technical papers appearing in the international ing from Robert College, Istanbul, Turkey, in
journals on the subject is very limited. The other shortcoming 1963 and the M.S. and Ph.D. degrees, both in
in research is connected with the staffing problem of the electrical engineering, from North Carolina

State University, Raleigh, in 1970 and 1972,
Universities. Since the departments are understaffed, the exist- respectively.
ing personnel have very limited time to divert from their daily " - From 1)69 to 1972 he was a Research

course work to research. The authors believe that distributing Assistant in the Department of Electrical
Engineering at NCSU, engaged in the digital

more funds to fundamental research in communications holds source encoding team of the project THEMIS. During the period of
much more promise for the future than the existing state of December 1972 to October 1973 he worked for the Marmara Research
affairs. Institute of the Turkish Scientific and Technical Research Council

where his projects were the development of PCM and DATACOMM
systems for the Turkish Post Office (P.T.T.). Since 1973 he has been an

VI. CONCLUSIONS Assistant Professor of Applied Mathematics and Information Theory at
Bogazigi University (formerly Robert Coller,-' Bebek. Istanbul,
Turkey. His current interests are in the areas of rate distortion func-

The telecommunication services in Turkey are far below the tions, data communications, zero-crossing properties of digital data
world standards. The expected rate of growth is tremendously signals, and applied numerical analysis.
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Present State and Trends of Public Communications in the
Federal Republic of Germany

RONALD DINGELDEY

Absftact--The introduction gives an account of the historical I. INTRODUCTION
developmmnt of telecommunicat ons in Germany (Federal Republic
of Germany), the legal status of the Deutsche Bundespost, its rela- A. Historical Background
tiemahip with the German telecommunication industry, and the
status of the broadcastig orgnizatins. HE FORMER Deutsche Reichspost and the PTT

On the bais of the preent state of the art, the future trends in .Administrations of the individual German IAnder,switching and trunisson as well as in cable and radio engineeringare desredf respectively, as the institutions responsible for public

Of specal weight are the new data and telephone switching 8y,- telecommunications, started at an early stage with the
toma and the requirements for future broad-band services. Research utilization of the technical facilities available at that
and development are concentrated on these projects, allowance time. Based on the trials made by Reis and Bell, the first
having to be made for the present state of the networks in the telephone connections were set up in Berlin in 1877. After
Federal Republic of Germany. rapid progress in the manual telephone service the first

automatic local exchange was installed at Hildesheim inManuscript received November 6, 1973. 1908 A further milestone is the year 1923: in the area
The author is with the Fernmeldetechnisches Zentralamt (FTZ of

the Deutsche Bundeepost), Darmstadt, Germany. of Weilheim (Upper Bavaria) the first subscriber trunk
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dialling (STD) network group of the world was put into l)eutsche Bundespojst and the industry. Thus the Adminis-
operation. Here, field trials were made with automatic-call tration usually leaves it to the industry to develop equip-
metering and coin-box telephones for STD calls. The fully ment and technical facilities. In general, there is no placing
automatic operation in the entire network of the Federal of specific development orders. The design specifications
Republic of Germany called, however, for a transmission are, however, laid down by the Fernmeldetechnisches
plan based upon four-wire through connection in all Zentralamt (FTZ) of the )eutsche Bundespost, fre-
transit exchanges. The technical prerequisites were pro- quently on the basis of the results of research projects
vided in 1955 by the introduction of the eight-wiper carried out by the latter. In this connection allowance
Edelmetalldrehwihler (EMD) motor switch. is made for international reconmmendations issued by the

As far as television i, concerned, it is noteworthy that competent bodies. The FTZ keeps its eye on the develop-
as early as 1936 television broadcasting was introduced ments carried out by the industry and influences them, if
to a limited extent on the occasion of the Olympic (lames. required. Thus it is ensured that the operational require-
For this purpose use was made of Nipkow's method. After ments are taken into account from the very beginning. To
an interruption caused by the war, a public television ensure reliable operation and reduce the number of types,
program was not emitted in the Federal Republic of the FTZ also influences the choice of components. In the
Germany until 1952. The first color television broadcasts ease of large-size equipment field trials are performed in
were taken up in 1967 according to the PAL system pro- addition to type approval tests before final approval is

posed by Bruch. given.
The former Reichspost also took an active part in the As far as the switching and transmission equipment is

development of the Teletype service, an important step concerned, the Deutsche Bundespost asks all suppliers to
being the establishment of the public teleprinter exchange provide systems of uniform design. This enables the inter-
(Telex) network in 1939. The technical facilities were change of equipment made by different manufacturers.
more or less the same as those used for telephony. Therefore, the industry is required to jointly specify
B. Legal Status of the Deutsche Bundespost in matching interfaces for the equipment modules.

As for switching systems, an adequate allocation of
Telecommunications tasks among the firms often helps to save unnecessary

The legal regulations for the setting up and operation development expenses. Since the Deutsche Bundespost

of telecommunication installations were provided in always wants to purchase the equipment from several
1892/1928 by the Telecommunication Installation Law. manufacturers, it binds the developing firm to grant
According to this law, the right to set up and operate manufacturing permits.
telecommunication installations is granted to the Reich, In the field of transmission, a uniform design is re-
today to the Federal Republic, and is, as a rule, exercised quested, especially for planning reasons. Here, too, the
by the Minister of Posts and Telecommunications, i.e., FTZ draws up relevant specifications in cooperation with
the Deutsche Bundespost either sets up and operates the the industry. The industry is also charged with the instal-
installations itself or it grants a license to do so. Certain lation of all facilities.
groups of users, e.g., transportation companies, need no In order to reduce the number of cable types, so-called
license for the setting up and operation of their own tele- cable concepts have been drawn up. They resulted from
communication equipments in connection with their own discussions between the Deutsche Bundespost and the
lines for the requirements of their internal service only. cable firms which joined to form a pooling association to

As early as 1899 the Telegraph Lines Law granted the clarify technical questions of common interest and to
then PTT Administration the right of way, allowing free ensure a rational utilization of their capacities. This asso-
utilization of public ways for the installation of its lines. ciation acts as negotiator with the Deutsche Bundespost.
Thus it has been possible to establish an efficient public The reduced number of cable types and the agreement
network, and lines to be used for nonpublic purposes have on dates for manufr '-'ng changes are to enable an
generally been provided out of this pool and leased by the economically resona. ransition from paper-insulated
respective user. To avoid disturbances the equipment to plastic-insul ieh..
connected to leased lines has to meet the requirements The instal!. a of lonp,-distance cables is exclusively
issued by the Deutsche Bundespost. carried out by the Deutsche Fernkabelgesellschaft

In order to prevent interference to telecommunication (DFKG). The Deutsche Bundespost controls the ac-
services caused by HF equipment, a law was enacted tivities of the DFKG by appropriate planning measures.
which allows the specification and control of admissible D. Status of the Broadcasting Organizations
limits of radio interference' (law concerning the operation
of HF equipment). This law is also exercised by the In the Federal Republic of Germany the Ander govern-

Deutsche Bundespost. ments are responsible for the organization of broadcasting
programs. For this purpose, the Ander founded nine

C. Relationship Between the German Telecommnication public broadcasting corporations, viz., the Bayerischer
Industry and the Deutsche Bundespost Rundfunk, Hessischer Rundfunk, Norddeutscher Rund-

The status of the German telecommunication industry funk, Radio Bremen, Silddeutscher Rundfunk, Sender
is characterized by the allocation of specific tasks to the Freies Berlin, Saarlindischer Rundfunk, Sadwestfunk,
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Westdeutscher Rundfunk, and the Zweites Deutsches code subdivided into nine to ten inain-excbange areas, a
Fernsehen. double main-exchange area being assigned to big city

By federal law two organizations were set up which emit regions. The main exchanges belonging to these areas are
sound programs only, i.e., the Deutschlandfunk, whose z'onnected with the superior central exchange via a star-
programs are intended for all of Germany and the Euro- shaped network and with adjacent main exchanges via di-
pean continent, and the Deutsche Welle, whose broadcasts rect routes. The second level of the hierarchy thus has a
are emitted to the extra-European countries, mixed structure. The network structure of the third level

Up to the end of the Second World War in 1945, the of the hierarchy is similar, here the third digit of the code
PTT Administration was responsible for all technical corresponds to the nodal exchanges. A purely star-shaped
matters concerning the transmission of sound and tele- network structure exists only on the fourth level, where
vision programs. The programs were taken over at the the fourth digit of the code designates the so-called ter-
broadcasters' studios, transmitted over adequate circuits minal exchanges which are available in each local-exchange
to the transmitting stations from where they were radiated. area. Each long-distance call is initiated in a terminal

After the Second World War, i.e., up to the pronounce- exchange by the trunk prefix "0," passed on to another
ment of the Karlsruhe TV decision (decision of the Fed- terminal exchange after dialing the wanted trunk code,
eral Constitutional Court of February 28, 1961), the and completed by dialing the subscriber number in the
lAnder broadcasting organizations erected and operated respective local-exchange area.
the transmitting stations for the sound programs and the The configurations of the Telex and Datex networks
first television program. The Karlsruhe decision confirmed are similar to those of the telephone network; they have,
the Deutsche Bundespost's fundamental right to set up however, less network levels. The Telex network is the
and operate broadcasting transmitters, public Teletype network operating at 50 Bd, whereas

On account of the above-mentioned decision, the fur- the Datex network is a separate switched network for
ther extension and operation of the sound-broadcasting data and Teletype transmissions at speeds of up to 200
transmitter networks established up to that time-here Bd. The public telegraph traffic is handled over the Gentex
special mention should be made of the new transmitter network (switched telegraph network) which comprises
networks in the VHF range--and the television trans- two levels. It is intended to computerize this network.
mitter networks for the first TV program were left to the
Lander broadcasting organizations. F. Population and Subscriber Density

From that date the Deutsche Bundespost has set up
and operated the sound broadcasting transmitters of the Between 1960 and 1970 the population of the Federal
Deutchlandfunk and the Deutsche Welle as well as the Republic of Germany increased from 6 to 61.8 million.
transmitters for the second and third television programs. During the same period the hiumber of telephone main

stations rose from 3.3 to 8.8 million and the main station
E. Structure of the Country and Network Configuration density from 5.9 to 14.2 stations per 100 inhabitants. In

The configuration of the public telecommunication the years from 1968 to 1970 there was an extremely strong
network in the Federal Republic of Germany was mainly increase in the demand for telephone main stations. After
marked by the division of Germany after the war, the the economic situation had returned to normal and the
population density, and the economic development. At fees had been adapted to the increasing costs in 1972, the
present, the network covers ten IAnder and Berlin (West) rise in the demand leveled off.
with a total area of about 248 000 km. The Federal The number of main stations, the installation of which
Republic of Germany more or less is a uniformly popu- was not possible within four weeks, declined after the
lated area with some highly developed regions of industrial peak in April 1971 from 656 000 to 381 000 at the end
concentration. A network was set up where emphasis was of 1972. In the meantime, it is possible to satisfy 66 percent
laid on telephony. It connects the most remote places of all applications within three months and 75 percent
and allows STD at both the national and international within six months. The main reason for the delay in
levels. For the automation of the national telephone installing telephone stations is to an increasing extent to be
system it was sufficient to apply a decadic numbering seen in the shortage of subscriber lines. This trend is to
scheme which allows an open numbering of all local net- be counteracted by effective measures such as the use of
works with four digits. For this purpose the Bundepost line concentrators. Shared lines make up 16.3 percent
network was subdivided into eight central-exchange areas, of the main stations; in accordance with the new legal
the eight central exchanges being located in the cities of provisions they are only provided for a limited period
Berlin (West), Hamburg, Hannover, Dfisseldorf, Frank- until sufficient technical facilities for main stations are
furt, Stuttgart, Munich, and Nuirnberg. They are inter- available. A further reduction in the percentage of shared
connected by a meshed long-distance network via cable and lines is thus to be expected.
radio-relay links- The central-exchange area of Berlin At the end of 1972 about 10.6 million telephone main
(West) is connected with the other parts of the network via stations, 5.5 million telephone extensions, 93000 Telex
special radio-relay links. Apart from Berlin (West), each stations, and about 1000 Datex stations were operated in
central-exchange area is according to the second digit of the the Federal Republic of Germany for a population of
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62.4 million. For about 10 years the annual increase in to converse with thw computer system and inform tile
the demand for main stations will be well above one system of his wishes. Already in the phase of introduction,
million. With a further rise in the number of population subscriber-controlled transfer to the absent subscriber
the Deutsche Bundespost expects a decline in the net service, abbreviated dialing, automatic alarm call service,
demand to one million and less not before 1985. In con- and keyphone data transmission will be possible. Further
sideration of the calculated growth rate for private tele- facilities may be introduced at a later date.
phone stations (including the shared lines of the house- In its structure the EWS 1 system is subdivided into
holds) and for business telephone stations the demand three levels (peripheral level, partly centralized control
follows a logistic function with a saturation density of level, central control level), which are separated by
about 55 telephone main stations per 100 inhabitants. The interfaces allowing the connection of various types of
expected annual increase in the number of Telex stations peripheral equipment. Through-connection of the speech
is about 7 percent. channels is performed at the peripheral level which com-

prises mainly the switching network, including the asso-
II. SWITCHING TECHNIQUES AND ciated control unit and the switching circuits. The ex-

TERMINAL EQUIPMENT change of signals between the EWS exchanges is effected
A. EMD Technique bY equipment of the partly centralized control level via

common signaling channels which are separated from the
In the Deutsche Bundespost telephone network the speech path. The central control level is composed of the.

EMD technique (precious-metal motor switch) is applied processor with the pertinent program and data stores.
in several versions. For the local traffic the direct-control They also exist in pairs.
two-wire system 55v and for the long-distance traffic the At the peripheral level it is possible that switching
indirect-control four-wire system 62 are used as standard networks in the two-wire space-division multiplex design
techniques. All requirements of the national and inter- (for local traffic), in the four-wire space-division multiplex
national long-distance services are met by the STD system. design (for long-distance traffic), and in the PCM time-
All routing and zoning functions are performed in the division multiplex design are used in parallel. All switching
nodal exchanges of the long-distance network. By separat- networks receive their marker instructions trom the same
ing the functions of the long-distance traffic from those central control unit. Thus the system can also be intro-
of the local traffic, the uncomplicated local system has duced in rural areas if a central control unit processes
enabled the maintenance costs in the local exchange area both local and long-distance traffic and if small inde-
to be kept at a low level. For both versions of the system, pendent local exchanges have to be remotely controlled. By
test equipment is being developed which allows the data the use of PCM switching networks the system can also
of all essential switching elements to be recorded auto- satisfy the future requirements of integrated networks.
matically. This test equipment is mainly connected at The EWS I program system uses a machine-oriented
night and runs according to a given program. It supplies language (EWS 1 assembler language). By utilizing special
information about the location and type of possible faults addressing procedures, programs and data blocks can
via output devices. This allows the tranFrtion to corrective easily be adapted to the operational requirements (en-
maintenance. The quality of a connection is checked by largements, modification of facilities). A field trial with
automatic test call equipment and manual traffic observa- three exchanges was started in 1973. The system will be
tion sets. As soon as the given values are exceeded, remedial gradually integrated into the existing telephone network
measures can be taken on the operational or the planning beginning in 1975.
side. C. Electronic Data Switching System and Data
B. Stored-Program Control-Switching System EWS Transmission

In the last decades the Deutsche Bundespost gradually The electronic data switching system (EDS), a fully
automated its telephone service. With the introduction electronic computer-controlled switching system, is to
of the stored-program control-switching system EWS 1 replace, within a decade, the existing electromechanical
it will be possible to extend this automation beyond the telegraph switching system TW 39, i.e., the entire Telex
pure switching functions to the operational services. In and Datex services will be integrated into the new system.
the EWS 1 system the switching functions are controlled At the beginning of 1973 the installation of the first EDS
by a central control unit consisting of a pair of computers exchange of the future network was started.
working in parallel for reasons of reliabiitty. The central The Telex network with almost 100 000 subscribers
control units can, in turn, interwork with other data- and a growtl rate, which suggests a doubling of this
processing systems via data circuits, take over the tasks figure within ten years, will provide the economic basis
of the operational services (e.g., telephone maintenance for higher speed data services and additional facilities
service), and relieve the switching system. which can also be realized with the EDS system. The risk

The efficient, programmable central control unit of the of wrong planning due to uncertain forecasts on future
EWS I system allows the introduction of new subscriber requirements to be met by data services will thus be con-
facilities. Keyboard dialing will enable the subscriber siderably reduced.
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The siti-hing prii'iple i. basIt4 on a code and spexed 3plplii':t il- t *4e.. Ol1 1 it ii'lul sets with earth button,
trailsparuit '*...... ,.'irit-i& 'hilg niethui in the nlnl- visihl , sigial, *l.'iual hook .. it clh, and extendablh e(quiva-
synchr,,Ii. t, in vi. n1 1 lul tiplvx, %%hre t hr tugh Ilit n4t ,,rk ,r iv ,r. t.*i i. iade of special-tYipe

(.nlit ll1i r f,.r.,rit.u bit bY bit, lint oiilY \ flei telepioii 'vt.s. ' g.. % ith inrliporated charge oiter aid
a p.dartl r.v, . hi- hw--n receiv.d. The connection if a speciial kiv 1,,r bloc'king outgoing calls. A ltudspeaking

suita~lih hin .-t1r4:-in a n i k u llt, ti, the ('111 r l] tinit allw s tell-hl o i., %ith . ii .. , s %itch i g for the suppressioli of
an iptitlmizat|11 .4 Owi- .- tvni hr the switclhing principle acoustic feedback and with anm electrnic bell, is abtut ti

applied. In its prunt v.,,mvept the peripheral equipnelt be introdhiced. Ior tlie fitire .i.trinii switcing svsteiln
of the switihing ;rii.1.11 .r i- atlapted t1, the asynichrinoius a piush-buttom tehephol, is heing developed ill cootipratin

transmission i.e, i.e.. it is alltve all suited for 'lex with the teleini niati i inistr'. It will he operated

and 1)atex servicEs. According to (('iT T inciniiel ida- according to t he (('ITT imiltifreivne. inthod and
tion X.I. the signaling rates (if 2.4 and 9.6 kbit s ar will, aniing otthers, be fitted whil a device preventing
to be transmitted ini a synthrnous oide. I)urin ig a eriod the tonfusion i poles and providing lightning prteclin
of transition the data terminal equipnment operating at firoscillatorand transist,,rcapsul. Tl'ht I)eutscht Buntits-
these speeds (it is intended to introduce these services pi-st is beginning tio gather experience witl, different t ypes
about 1976) will obtain the chock from the data circuit- tf telephone sets with incorporated high-speed key sender
terminating unit. Code transparency is achieved by njeans to be used in private branch exchanges I'BX
of a scrambler which is alst assigned tt the data circuit- In public telephtne stations ti l )etitshe Bundespist
terminating equipment. In this case, the exchange does uses mainly cuin-box telvph,,its for thi lial traffic as
not make any differentiation between synchronous and well as for national and interw:itional subscriber dialing.
asynchronous data. Later on, the asynchronous line- In 1972 the long-distanict tom-bix telephton 57. alsi
termination unit will be conplemented by a synchronous called European cin-bIox t-;A1iit. was introduced fir
line-termination unit which, in the first phase, switches subscriber dialing in Europe.
envelopes for speeds of up to 4S kbit/s. Thus it will be For the new tlectronic switching systen! a standard
possible to obtain a separate synchronous network parallel ctin-box telephone with push-buttiui dialling is under de-
to the present asynchronous speed-transparent network. velopment, which is intended fir wi rldwide ttnniectiin
Both netwoiks will, however, be integrated into (one About one third of all telephone stations in the Federal
switching system. l{epul)lic of Germany are coninected to PBX's which are

Similar to the practice applied in the Tt.ex and l)atex available with intercommunicatioin facilities, manual or
services, the closed user groups will be integrated into) automatic switchboards in various sizes. They may be
the digital network. From the operatiinal point of vie Bundespost owned, subscriber owned, or privattly owned.
the user groups can be compared with the present private Within the scope of the valid regulations they may offer
networks, but they differ in their technical layout. Unlike a numlber of different facilities and are thus adaptable
the private networks, the terminationat of the user groups to various requirements. The PBX's may be supplied as
are not interconnected by circuits separated from the selector, crossbar. or relay systems. Trials are not nlv
public network, but by subscriber lines like all others being made with systems equipped with electronic control
of the general user group. At each transmission rate the of relay switching networks, but also with systems having
general user group is that group within which all users electronic crosspoints and those with time-division multi-
can communicate without restriction. For instance, the plex switching equipment.
general user group operating at 50 Bd is the Telex net- It is admissible to connect additional equipment, such
work. Terminations of a specific user group differ from as modems for different transmission speeds, facsimile
those of the general user group in so far as, on account machines, and dialing aids, to the main stations and
of a certain indication in the switching processor, cnnec- extensions of the public telephone network.
tions are admissible only within their own group and to Further development in this field is characterized by
the general user group. But there is no access to other an adaptation to the continuously changing wishes of
user groups and from the general user group. the customers, the extension of the services offered, and an

D. Telephone Terminal Equipment easier and more convenient handling of the apparatus.

In order to satisfy the manifold wishes of the customers E. Data Terminal Equipment in the Telephone Network

in the field of subscriber equipment, the Deutsche Bundes- and Data Transmission

post has always strongly encouraged the initiative of In 1965 the Deutsche Bundespost introduced data
private industry. Thus it has been possible to offer a transmission in the entire telephone network. This was a
wide range of products and services, especially with necessary prerequisite for the development of remote data
regard to telephone sets, private branch exchanges, and processing. At this time, there are more than 5700 modems
the design of accessory equipment. At present the well- connected to the public switched network. In 1972 the
tried type. 61 telephone set is made available to customers growth rate was about 60 percent.
in five different colors as desk and wall sets. For different Postal-owned modems for serial and transparent data
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transmiissioin in the pulic ,;%%itchevd nitwork arte offered PCA( '7 S 4, the next higher ini the hierarchy the repeater
for the following speedls spacitig for this cable is about 4 kini for J)( 2I 120 and

I up11 to 2M-bit, s fuill-duplex. accordiing to (V(ITTl abiout 2 kinl for lP( ' 4S..
Rcoiii it ti* n V.21 Parallel to t his practice--oriented planing and develop-

2' ijit4 A). 20btsbafdl~x icodii to iieit, liuneroils otlier investigations are carried out, e.g.,
CCIT teomdto n VA12X -hi 23.l-upe .iu t le ut ilizati (if (-4xist ii g symtri c andii coaxinil (-ahICs

3 with interchiange circuits aLccordinig toj (VT 1(,N idu n ihcpciyPMtasiso ytm

Reomnio V.-1 vhrid s ' sti nis.
Hilt iiiiilii~liti~ti ~.4.As fo r cairrier t ransi iiission Iiilie, developmnit of a 60-

As far as iata--ollection s Nstins are ctinceniid, niodeitis \lz i,.\.stein fo)r 101 (M teipitie chianniels or a eorre-
are- offered for parallel data~ transissioni withI 20t -t0 sp tiding ilhililtr of vide-o chianniels has recetitlv been
(iharacters s. TIhe liew. EV I ti'lipjilti s\%itciig s stei taken li. The first sstiiis of this tYVl( Will piresumnably
will also allotw a tvlte of simple data traniini.ioni( he le put into opetrationi iii 1975. The high-frequency stability
so -called ke 'yph)11411 dat a t rzoitsnissi n. (of I X It) 1 (if liehi fudamnttal o scil lator reqhui red fo r

Extenlsive' in vest igation4s1 inidicat ed thI at dlat a t rail- Ihet ass iat id tlixhIilat io n stagres will hi' ensured by' a
mssion in the nat ionial switch 'ed nto 4trk and inii i st nei 11e- dllirs i i t wo rk whoise mi asteir oscillator
internat ioinal conniiectionls is 114 ssibli' at evt 'ti higher st 'it s 1iiist h avie a I t g-tciii stability' of I X 10'- at least. The
when pihase noidulation1 is aplt~lied. Tlherieftore. th li'Bunde hs- iest ab lishmt (i f thIiis tiet work has al read ' been put in
post is going to initroduce a uli deni iperatitig at 24(W hianid. Iliii ionlunt ion with the 60-\l Hz system. pirobhlems
bit s in the synchronous niodi iii coinformlity with, ('(L1"I' fc bkroad-htimd c un.nct4n TV tranlsmissionl have
Rieciimmendatioin V.26, Altierniative B. Addl 't iiinal devices alsot been, stuiedc~. These itnvestigations have been e-x-
such as automatic-calling units are ttffered for all above- tended tot the existing 12-M lHz system (V 2700 = four-
mntjioned motdems. wvire, 2700 chatnnels(1.

Ini additionit, for rivat e inet wo rks pin t-tio-po init con(i- B ' the intit roduct ionu of inaster-gri u p systems in (-i ii-
nections leased lines) tif o rdittar ' and special qualit , finity with CCITT P'lanl A and the proivisiotn iif the
(CCITT Recommeindationt M~.102) are pri vit(i ftr iiecessarv'N carrier equipmett the netwoirk configuration

aplirtived subscriber-owned moderns. SuchI liia. all,% %%".ill nit 1id il yIteconoe clearer hut alsot simpler aiid more
the full utilizatiuon iot the t ranismission capacit 'y oif thle econiomicial niainlY at the interface bietwieen the supra-
telephonme channel at speeds u l) to 9600 lit, s. Up~ to nowj\, regioniial andI re-giontal Itong-distatice ntoirks.
more than 5000 telephonite circuits have been leasedI. Ani essiritial feature oif all G ermani carrie r sy' stemis is

Signaling rates of up to 4S to 64 kbit s (ai be achiievied thle apptliiatio n 1)iv the maniufacturers of statidard-design
oil group links and will iti future also be oibtainied ont direct ptrinceiples fior all types 4 f equiptment . The develoipment
PCNI contnectionis. EtiTirts are bteing miade to pirovide thei of the latest design 71R, which miakes list- if semnicondiiuctors
required types of niodemy. anid inltegratedI circuits, has resulted in suhbstantil simlpli-

The above services coimplement the plantned 111(14- fications and imipro vements itn carrier t ransmnission: reduc-
pendent EDS data ntetwiork which is to ('arrY tmo st ot the tioi iof the deviation(is itt the specified oiverall lo ss lv

* ~future (data traffic. pl v iiig fulfl.\ elect ronic level cttl ; itterchangealiit Y
of equipment moade by different mnanufacturers; raptid

Ill. TRANSM ISSION TECH NIQUES fault indication bY a uniform signaling mithodi itt the forml

* A.I~reentStat ut Freueny-Diisiio .~uhip~cimi, at/ tf central monito ring and supiervisionl.
A. resnt tat ofFreueny-iviionJfutillcxn~lapi oIi adduitio n tii these technical and operational merits.

Time-Division Multipicing Systems the application tif the new design also vields cotnsiderable

As far as time-division miattiptexing JITDM trans- ecionomic( advantages which manifest thlemlselves ill sub1-
missin systems are conicerned, the lCI(' transmission stantial savings in space and costs. Fur instance, with a
system PCM\ 30 is at present used to an increasing extent rack width of 600 turn, the channel capacity iif 600 chan-
on the lower network levels. This system operates at a tis obtainied with the 711 design cati be quitntupled as com-
rate of 2.048 Mbit/s and makes use largel 'y of the latest ptared to the type 7 system with 120 channels. This meanis
componients and circuitry ( I.I, IC)t. Frtom 197.5 a inew a reductlitt in costs iof about 20 percent. Similar savings
systemn generation will be availabile Which is based oni the call alsot he expected for other carrier equipmet.
experience gained with the present systenis. TIbis new B. Sund Pror/ 'f' T'ransmiissioni Networtk
system will be conistruicted according to the standard .it iiftYlh

design 71t which is also applied to the carrier systems. The lDeutschev Bundespost operates extensive sound-
Moreotver, a multiplex sy' stem whilich combinies 4 X prigranm and television-transmissionu networks for the

2.048- to 8.448Mbit/s systemns (including housekeeping broadcasting oirganizatiotns. There are 'ide differences
information) shall be niade available as lPCN tranismission in tlu netwotrk structures acc'ording to their application,
system PCM 120 beginning in 1975. A new symmetric the number and length of posmsible transmission links, and
cable was developed for this system (and also foir systemi the state oif the art, at the time the network was installed.
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In any case, the Deutsche Bundespost does its best to picture transmission for private purposes (e.g., industrial
make the integration of the broadcasting networks into television), and high-speed data transmission. The laying
the remaining telecommunication network as economical of one single cable having, for instance, one coaxial con-
as possible. In addition to the audio-frequency (AF) ductor for cable television and a number of screened quad
sound-program transmission system used for short circuits units for the other broad-band services, is to allow a
set'up on quads and specially screened wires of long- particularly economical construction of a broad-band
distance cables, the technique of setting up sound-program network. Realistic conceptions exist already for cable
channels on carrier systems has )een widely adopted. Part television pr per, for which two test networks are under
of the 10-kHz systems have for some years been replaced construction.
by 15-kHz carrier systems. These systems are, for instance, The Bundespost cable television network shall be super-
being used in the ARD' network for the exchange of imposed on the telephone network and have a star-shaped
programs. This is a star-shaped network, its switching configuration in the local exchange area. This means the
center (star point) being located at Frankfurt. At this shared use of the mounting points and (able routes of
point the sound-program circuits are automatically inter- the telephone network. It is, however, not intended to
connected in a special IF switching matrix by means of a accommodate the interface between the Deutsche Bundes-
small computer. For the time being, this small computer post and the subscriber in the subscriber's residence, but
is operated by personnel of the l)eutsche Bundespost. At rather to provide only one interface for one house
the end of this year (1973) it will, however, be connected (premises). These plans are based on financial considera-
to a large computer of the AR), which can perform the tions and the fact that there is already a large number of
coordinating and control functions. In future, the super- so-called community antenna installations which are also
vision and operation of the sound-program circuits will be to be used for cable television.
considerably facilitated by the new automatic measuring The experimental cable television installations are SO
set for sound-program circuits. designed as to allow the high-quality transmission of

As far as TV transmission is concerned, large networks twelve television programs and a similar number of sound-
have been provided for the exchange of programs of the broadcasting programs (in stereophonic quality) from
ARD, the European Broadcasting Union (EBU), and a transmitting station (head station) to the subscriber
for the distribution links to the transmitters. In these over a distance of up to about 5 ki. Since adjacent chan-
networks, large distances are generally bridged by radio- nel reception in television sets is not yet possible in the
relay links, whereas the shorter connections from a studio Federal Republic of Germany, a frequency range from
to a local switching point of the Deutsche Bundespost about 40-300 MHz (Band I. Band I1, Band III. the range
are established on cable links. For this purpose, use is between Bands IT and III, and the range above Band III
made of the local transmission system TV 21. The future to about 300 MHz) will be required. Band II up to 104
use of the 12-MHz and 60-MHz systems for all types of MHz is intended to be used for sound broadcasting.
TV circuits is under discussion. The above-mentioned experimental cable television

Since the Olympic Games in 1972 the FM TV 1300 R installations are provided on the lowest network level. The
outside broadcast equipment, which is fully color capable, technical specifications of the cable television installations
has increasingly been used for outside broadcast links to are to enable the interconnection of these installations
be set up at short notice. to form larger networks at a later date, possibly by making

For the operation of international TV circuits increasing use of wcll-known systems (e.g., TV radio-relay links,
use is being made of a semiconductor-equipped video 12-MHz or 60-MHz transmission systems). It is just this
switching matrix (e.g., with 10 inputs and 10 outputs) fact which is decisive for the Deutsche Bundespost By
which ran also be remotely controlled. drawing up standards for television coverage by wire, the

For the smnoth exchange of television programs within different designs of community antennas which prevent the
Europe a trans(coder is available for the conversion from interconnection of these installations in a large network
SECAM into IPAL. F, worldwide exchange of pro- for technical and financial reasons will be avoided.
grams an electprs)Jti-i, Mdards converter has been
providd at the Raisting earth station to convert from D. Picture Telephony

525-lifi NTS(' into 625-line PAl, and vice versa. By the development of picture telephony it has for

( .able Television some years been possible for two people to see each other
while talking together and so to enliven the conversation

Th, l).ut.he luridspost ,side"rs cable television by facial expressions and gestures and, above all, to make
to be part ;i tme wide fild of broad-band communications, it more realistic. This new facility has to be dearly paid
It inild,.s not onlY the actual (listribution of television for by a higher technical complexity than that needed
programis, but also .rvictes whih require a broader trans- for conventional telephony. The transmission of the video
mi.sion irod thn teheph,,iy, viz., picture telphony, signal only requires a bandwidth 300 times as wide as that

AR) stands fo)r Arwitmgemeinaehafi der 6ffentlich-rechtlichen necessary for a speech channel proper. In order to make
IRundfinkanstalten in der BRI) which in an alliance of the chartered
hr,)lriviting rorimratont in the Federal Republic of (ermany. this new service as economical as possible, both the
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Deutsche Bundespost and the potential users demanded system will be available in a sufficient number of local
already at an early" stagge to enable, in addition to the networks of tli eight central exchange areas.
actual picture call between two persons or groups of
persons, the transmission of displayed data (typewritten IV. CABLE SYSTEMS
tests, drawings. pictures) and the connection of the pic- .4. Present Cable Systems and Supervision Methods
ture phone to external comluter and storage units (use
of the picture phone as data-display device). First, general To meet the Deutsche Bundespost's high demand for
enquiries indicated that in view of these facilities the future local cables, a concept was drawn up in 1970 which intends

picture telephone users will, above all, come from the the use of plastic-insulated wires and plastic-sheathed

sectors of industry, commerce, and transport. [polyvinyl chloride ( PVC) and polyethylene (PE) ]
The great activities displayed by the United States of cables in addition to the conventioal type of local cable.

America, Japan, and France in the field of videophonic During a longer period of transition the local cable having

communications has also induced the telecommunication a lead or corrugated steel sheath and paper-insulated

industry in the Federal Republic of Germany to make star-III2 quads made up in layers will be replaced by a

further studies and efforts in this direction. Thus a de- local cable with paper, foamed PE, or solid PE insulated
velopment was resumed in the Federal Republic of Ger- star-Ill quads made up in units and having a multilayer

many which had been initiated as early as March 1, 1936 sheath. In the case of the multilayer sheath a longitudinally

with the first picture phone connection in the world be- feed-in overlapping aluminium foil of 0.2 mm is welded
tween Berlin and Leipzig. with a PE sheath without any cavities. The aluminium

After a period of development which began in 1967 the foil serves as a moisture carrier and as an electric screen.

first automatic picture telephone call was made between The five star-Ill quads in the basic unit are marked with
the FTZ at Darmstadt and Siemens AG in Munich over the colors red reference quad). green. grey, yellow, and

a distance of 400 km. The experimental installation white, the wires being additionally marked by rings. The
operated with a frame of 50 Hz, a video bandwidth of maximum number of pairs for cables with 0.4-mm con-
0.8 MHz, and had a resolution of 225 lines. The field ductors is 2000 and that for cables with 0.6-mm conductors
trials showed that a face-to-face transmission and the is 1200. The nominal line attenuation at 800 Hz is 0.91
representation of simple drawings were possible, but that dB/km for 0.6-mm conductors. Balancing of the capaci-
the picture quality was not sufficient for the transmission tance unbalance is not intended for this type of cable.

of typewritten documents. For this reason, the new experi- Normally, local cables are connected to air pressurization

mental network established in the autumn of 1973 between systems. An important feature in the supervision of cable
the Federal Ministry of Posts and Telecommunications systems was the development of the multilayer-sheathed
at Bonn, the FTZ at )armstadt, and Siemens A(; in cable providing protection against the longitudinal pene-
Munich will use new picture telephone equipment which tration of water. This protection. at present applied to

corresponds to the planned international standards specify- the local cables in the distribution network, was achieved
ing 267 lines, a line frequency of S kHz, and a transmission by filling the cable cavities with petroleum jell\.
bandwidth of 1 MHz. In the long-distance network (if the l)eutsche Bundes-

In order to achieve a better picture quality, the use of post. the cables with star quads and stroflex air-space

broad-band transmission systems (e.g., 5 MHz and more) insulation, which, no\adays, still form part (if this net-

or special storage devices are taken into consideration. On "ork. have been replaced )y coaxial cables of 2.6 9.5 0.25
the local network level the picture telephone signals are nm and 1.2 4.4 0.1-S nm. At present. use is made of two

generally transmitted over six pairs; in each direction standard types f cable, i.e.. type KxFk 14f with 4 coaxial
two of them are used for the video signal %nd one for the pairs of 2.6 9.5 0.25 mm and type KxFk 32c with 12
speech signal. The video signal is connected through coaxial pairs of 2.5 9.5 0.25 mam.
parallel to the sound signal in a special four-wire switching In the regional network, the l)eutsche Bundespost uses
network. N;, decision has vet been reached on the trans- cables with different twisting elements (loaded 1)M' star
mission mode "sound in vision" because of considerably quads, unloaded I)M star quads for carrier system Z
greater expenses for the subscriber station and the test 12 (Z 12 = two-wire, 12 channels) and coaxial pairs of
system as well as the extensive modifications to lbe made 1.2/4.4/0.18 mm for carrier system V 300). Here, special
in the electronic switching system EWS. For long-distance mention should be made of the following cable types:
picture telephone transmissions in the analog mode it is KxFk Sm with 4 coaxial pairs of 2.1/4.4/0.18 mm and
possible to use the conventional carrier systems set up KxFk 9a with 6 coaxial pairs of 1.2/4.4/0.18 mm and
on coaxial pairs and radio-relay links. The use of PCM KxFk 24f with 12 coaxial pairs of 1.2/4.4/0.18 mm.
on these two transmission media is also considered feasible. The maximum number of telephone channels set up on
As far as switching is concerned, picture telephony is to cables of type KxFk 32c designed in 1971 has increasod
rely on the EWS I system which is considered suitable for 'Star-quad twisting without phantom utilization for subscriber
this purpose. Thus the earliest date for the introduction cables.

a DM stands for Dieselhorst-Martin, i.e., multiple-twin twisting
of this service will be 1980, since up to then the EWS I with phantom utilization.
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to 64 800. At this time, this cable, which has a repeater types (0.6/2.8-rumn coaxial pairs; syvmmetric pairs and
spacing of 4.65 kmn, is used for the carrier systemn V 2700 star quads with 0.9-ini conductors) are suited for PICM
up to 12 MIHz. The prerequisites for an easy conversion transmission systems (PCNM 120 and PCNI 480) and for
of these cable links to the carrier system V 10 800 with a analog lbroad-band services (up too 5 MHz). The results
repeater spacing of 1.55 ki, which c-an be utilized up to of the investigations of cable lengths, some of which were
60 MHz, have been given by the provision of empty connected to form entire regenerative repeater Sections,
underground repeater casings. By these mneasures the indicated that for an admissible bit error rate <lI" and
transmission capacit 'y of the main arteries of the lonmg- for an undisturbed transmission a far-end crosstalk value
distance network approach the lower capacity limit of of a1 - a _ 28 dil and a near-enni crosstalk value of
waveguide cables. Although the latter are being developed, a,, j= 106 dB /repeater section are required at the Nyquist
their practical use by the Deutsche Bundespost is still frequency of the l1CM systemn. These requirements are
uncertain because of economic considerations. The annual met by cables with 0.6/2.8-mmn coaxial pairs as well as,
enlargement of the network by .500 line-km of coaxial by those with symnmetric' twisted elenments. Preference was
cables (type KxFk 32c) provides a good basis for the given to the latter because of the high crosstalk attenua-
high-speed data transmission to be expected in the future. tion in the video frequencY band up to ) NlHz, its easy
The CCITT Recommendations on the electrical charac- installation, and relatively' low cable costs. With this cable
teristics of coaxial pairs are observed by the Deutsche five symmetric twisted elements (pairs or quads) each
Bundespost. For instance, the admissible deviations of are combined to form one unit surrounded by a screen.
the characteristic impedance of coaxial pairs over a cable This screen. which ensures a high near-end crosstalk
length and in the joints are kept so low that the cables attenuation a,, consists of two overlapping copper foils
can be mounted without considering the direction of wound counterclockwise with a p~lastic tape in hotweei.
laying. Since the inner conductor of armiored, lead-sheathed Together with two additional PE threads a symmetric
coaxial cables was found to 1)e wavy, all coaxial cable,, are pair is twisted to formi a "pseudoquad." Since within a
provided with corrugated steel sheaths. This practice was unit five such pseudoquads have the same dimensions
adopted in 1971. As the corrugated steel sheath needs an as five real high-qualityN star quads. the latter will be
outer PE sheath as a protection against corrosion, an advantageous for a rational utilization oif the cable cross
8-mm galvanized iron wire is laid approximately 20 cin section. The near-end crosstalk attenuation beti% een thle
above buried cables for reasons of lightning p~rotection. In pairs made up as Ilseudolluads is the samne as that between
areas with extremel 'y strong atmospheric discharges use the side circuits ini the adjacent star q~uads and is suite'd
is m-ade of a three-layer cable sheath grounded over the for transmissions bY P'M svstein 45,0. Becausi' of the
entire (-able length (co nsisting of an inner conductive coupling between the two side circuits tif a quad it is onl 'y
layer of 2 layers of 0.2-inin copper tape, a 0.4-nio coirru- I1 issible to use 1100 sideO circuit fi r PC(NI 4S0 t ratsismi Inls.
gated steel sheath. and an trinored bead sheath W; Uan whereas the o t her one is tip loe uised fi r 11('N systemn 120
outer iconductive la * er. With a view to a futuore integrated o r analog liroad-band services up to i 5 MIHz. As the
broad-hand cable iieto'tWrk in the Federal Rtepublic of costs for a unit of s n vioetric pairs ;)seud(liiuads) tre
G errnan.N. cables are, at prei''nt . beinrg deop(1ed a id apprioxinmatelY thi' sarieo as tliiose fi r star q uads (do uleo
tested which arte also suit abihi fo r thei tramnsrmission of the rinher (If pairs), the D eutsche' lundespo ist decided
television sign~als. This is itiotivatv'd bY the deisire' to to) use units i f liigh-quoalitY star quadls in cables to be
ensure that customeiirs in shadow regiioins art' pi'ivide'd piriovided for digital arid analog bo d-banol t ransmissio ns.
with all te'levisionr progKramns availalei tixla\ tuid to lie- At present., an SO pair PCM'N cabile is hieing muarufact urett.
abli' ti, offer addit iornal pro grarms to ititeri'stedl por.-i ois. It It 'oinsists (if i'ight units i if five' star quadls ieachi 0.9-nirin
is intt'ndol to puse' thi' v. .Ai tYpo' Kxl t t 2.6 9.5, 0.25 mim onrductoir. It alliows t he t ransmnisson of uip tip 12 000
co m plying with thi' rele'varnt CU'( 'I f standard foir cale l' C~NI tolehon ciii'hanneils iii booth Ii iriectionirs. F~urt her
television in the' freiquenciy range fromi 44) tip 3MN NIlz i'al'types with 20 anil 44)pairs. IpossiblY f or thli'bramohing

on the riepi'ater-equippo-d A and B levelIs o f t he bri ind-liaiii of l'( 'Nciirc'uits, are plamno'di
riit works. O n t hi' C arid 1) levels uip tip the BkumodeSis ost
handing-ovi'r point low-priced, meotalliic single-tub' i'oaxial V. RADIO( ENI IN EER I
caleos are' provided. The iy ar' proitecite'd against th .4.' *Nound and 7'eJpr'sion Ilroailcasting
longitudinal pe'riitrat ion of water andl have a line' at-
ti'nuatii of 6 dB/' i00n or 9 dIfl m0 n atr 300 NI Hz. In the' Federal liegublic of GermanY about 140 AN!

B Nw C~efirDiorialTraxmssiptsound briiadi'asting t rarismitti'rs are opo'rated in the LF,
II Vni (ablefor ~iqial Tansm.'rs,,iNI F, and HFI range's and abouit 280 I"NI transmitters in

F'or tie'hruical anil ei'omonrn reasons thie pri'sent-day thi' VHF range. About 250 basic transmitte'r and about
symi'tric' and1 coaxial pair c-able% are not suitable for the A00 fill-in stations (transposers) are set up for television
transrlis;ion of information flw of 8 and 34 Mbit/s. purpo~ses. The adopted standards and sstems are listed
Therefore, it wa investigated whether the new cable in the following table.
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The sound broadcasting transmitters of the IAnder Radiotelephone Service-are provided for the public
broadcasting organizations operating in the MF and land mobile service in the Federal Republic of Germany.
VHF ranges supply the population in the individual Another network, the so-called network B, which allows
Lnder with three different sound programs. The HF STD in both directions, is under construction and is to

transmitters of the Deutsche Welle give a comprehensive cover the total area of the Federal Republic of Germany
picture of the political, cultural, and economic life in the by around 1975. At the beginning of 1974 a one-way radio
Federal Republic of Germany to the listeners in overseas service, the so-called European Paging Service, will be
countries. The transmitters of the Deutschlandfunk opened. A selective calling system (3o) is used in the A
complement the number of the programs offered in the networks. Like the A networks, network B has been set
neighboring countries and the Federal Republic itself, up in the 2-m range. Thirty-six duplex telephone channels
The present television networks allow the television with a 20-kilz spacing are available for this network. The
programs of the ARD and the Zweites Deutsches Fern- mobile stations are called on a calling channel common
sehen to be received by more than 96 percent of the popula- to all radio traffic areas on which the station in the vehicle
tion including Berlin (West) and the regional third pro- automatically returns after a conversation. An error-
grams by almost 94 percent. detecting pulse-code method is used for the selective call

The frequency ranges available for the transmission of and the transmission of dialing information.
broadcasting programs are fully utilized by the existing The establishment of a further network with 70 chan-
and planned sound and television broadcasting transmitter nels (network C) in the 450-MHz range is scheduled for
networks. Since 1960 the Deutsche Bundespost has, 1977. The technique will differ only slightly from that
therefore, investigated the possibility of a terrestrial used for network B, but at present considerations are being
broadcast coverage in the frequency range between 11.7 made as to whether large calling areas can be formed for
and 12.5 GHz, which was equally allocated to fixed, selective calling to the vehicle. Furthermore, it is being
mobile, and broadcasting services at the Administrative investigated as to whether it is possible to set up extremely
Radio Conference held at Geneva in 1959. For this pur- frequency-economical cellular networks where calls can be
pose, one experimental and one test network with four switched over to adjacent radio traffic areas.
television transmitters and 100 down-converters have The International Rhine Radiotelephone Service is a
been established in Berlin (West). At the same tin, mobile VHF radiotelephone service for shipping on the
studies are being made of the possibility of distributing Rhine and on some waterways of the Rhine basin. At this
further sound and television programs via satellite or time, abL)ut 5300 national and foreign ship stations take
cable. part in this service. It is based oin international arrange-

Standards and systens in the Federal Republic of ments reached in 1970 (Regional Agreement concerning
Germany are listed below: the Radiotelephone Service for the Rhine).

In order to cope with the increasing volume of traffic

1. sound broadcasting in the Rhine Radiotelephone Service. the channel spacing
will, up to 1983, be gradually decreased from 50 kHz

a) MF and IF: double sideband A.M mainly 9-kHz to 25 kHz to obtain further channels.
channel spacing. The selective calling system re'onmmend4hI by the ('('II

b) VHF: FM; ±7Y5-kflz frequency deviation; pre- for use in the int,.rnational maritime mobile radio service
emphasis .50 AiS; channel spacing :0 kHz. Tihe was introduced at the Ibeinning of 1973- Th ('Eli]" is
rniore recent transmitters are suitable for stereo- going to specify a suitable coding system for dialling
phonic transmission according to the F(' stand- purposes enabling the intr(duction of STI) in this manual
ard (pilot t4aie . service.

The European l'age:nig Service is an international public
2. Television b~roadcasting lmobile one-way radio service, whose syst,.m parameters

a) Bands I and Ill (VHF): standard B (vestigial are, laid down in CEI'T Recommendation T/R 6. It offers
sideband AM for picture. FM for sound); 62, the possibility of transmitting a limited number of c'ode
lines, vision-t-sound carrier spacing 5.5 MHz, signals from a telephone station to a land mobile station.
channel spacing 7 MHz. In the Federal Republic of Gerniany about 200 000 sub-

[I Bands IV/V (VHF): standard (; This standard 4cribers can take part in this service. If there is a sufficient
and standard B differ only in the channel spacing, increase in the number of subscribers, this service may
which here is 8 MHz. later on be complemented by regional pageing networks.

C. Radio-Relay Systems
B. Mobile Radio Services The radio-relay network of the Federal Republic of

At present, for manually operated networks--networks Germany is closely meshed. The total length of all radio-
A l, A2, A3, amid the network for the International Rhine relay links is about 78.500 kin, about 45 190 km being
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used for carrier systems and 33 310 km for television missions will at first be made at a bit rate of 8.448 Mbit/s,
systems. Over a length of 14 460 km it is possible to corresponding to 120 telephone channels. Experimental
transmit simultaneously the sound signal accompanying transmissions at about 34 Mbit/s corresponding to 400

a television signal over the same radio-relay system. A telephone channels are to follow. Moreover, it is investi-
total of 1870 transmitters and receivers are operated in gated how the 20-GHz range can be utilized for the trans.-
the 401 radio stations. In the regional and supraregional mission of signals having a very broad bandwidth. A
long-distance networks the various radio-relay systems digital radio-relay system for transmissions at about 500
are used for the simultaneous transmission of 12, 120, MIbit/s would allow more than 7500 telephone channels

300, 900 (960), or 1800 telephone calls or of the television to be provided on one single 11 I channel.
picture--mostly together with the accompanying sound
signal. D. Communication-Satellite Services

1) Most of the equipment is operated in the supra- From the very beginning, the Deutsche Bundespost has
regional long-distance network. At the repeater stations taken an active part in the commercial utilization of corn-

the signal coming from the receiver is through connected reunication satellites. Today, three antenna installations
to the following transmitter at the I F level. Demodulation are operated at the Raisting earth station (Upper Bavaria)
and renewed modulation are not required. This equip- within the INTELSAT system. By means of these installa-
ment, which is suitable for the transmission of 300 tele- tions, which satisfy the INTELSAT standards (figure of
phone calls or more, is operated in the frequency ranges merit G/T = 40.7 dB/K), telephone and television com-
around 2, 4, and 6 GHz. munications are at present established with 19 countries

2) In the regional long-distance network, equipment for ithin the regions of the Atlantic and Indian Oceans.
the transmission of 120 telephone calls is operated in At this time, another antenna installation having a
the 7-GHz range. In the repeater stations the signal is figure of merit G/7' = 31.5 dB/K is under construction
through connected in the baseband, i.e., it is demodulated at Raisting for the Franco-German communication-
and modulated again. Transmitter and modulator form a satellite project SYMPHONIE. With this installation the
unit as do receiver and demodulator. The final stage of Deutsche Bundespost is going to take part in the test
the transmitter is equipped with a klystron. program with the SYMPHONIE satellites; the main objective

At present, most of the radio-relay equipment works of these experiments is the testing of new transmit-
with tubes. The equipment of system FM 300/2600 is the sion methods for communication-satellite services. The
first being fully transistorized. They are of a standard Deutsche Bundespost also participates in the design and
design which allows the interchange of units made by construction of the SYMvPHoN. satellites by sending
different manufacturers. In system FM 180(-TV/6200 experts to the project group. formed by the administra-
a traveling-wave tube is only used in the final transmitter tions concerned. Studies on a transsonder model are made
stage. in preparation for the future e'xlm-rine'ntal use of the

The television outside broadcast radio-relay equipment satellites in orbit.
FM TV/130(O R was put into operation just in time for Further studies and investigations deal with future
the Olympic Games held in Munich. It is also, fully% tran- satellite systems. Here, special mentio n sh,,ul be made
sistorized and works in the 13-GHz range. The equipment of the project of a Euroelsan cmmunication satellite
of all new systems is of the standard (iesign 711 mentioned which is planned by the FII() in colperati,,n with the
in the previous sections. ('EPT Administrations and the EBI' B y means ef this

Integrated circuits will to an increasing extent be used .Wtellite system, which is intended toe ols.rate in theI I-
in future equipment. l)ue to advances made in the field 14-(;Hz range, it will be possiblh to, establish telephone
of power transistors, it will be possible to produce equip- and television eommunications between majo r European
ment of low power input. Improvements are also being cities from about 1980. As far as the Federal Republic
made with regard to the power input of equipment having of Germany is concern(d, future earth stations may be
a traveling-wave tube in the final transmitter stage. The lecated at Frankfurt. and later on at Hamburg and
efficiency of the modern traveling-wave tube of German MIunich.
make is between :5 and 40 percent. Owing to the decreased In addition, further studies are made on direct TV
heat dissipation, the equipment dimensions are consider- broadcasts frori satellites in the 12-(;Hz range. For the
ably smaller. area of the Federal Republic ,,f (;ermany planning is

In the coming years. new equipment will be introduced based on a capacity of 3 5 television channels. Parabolic-
for 2700-channel working in the 6-(Hz range and feor reflector antennas having a diameter of about 75 cm are
1800-channel working or TV transmissions in the I I-GHz to serve for reception. Such a satellite system could be
range. These developments will be based on the latest implemented by about 1980. Furthermore, the Deutsche
technological knowledge. To utilize the 15- and 20-GHz Bundespost collaborates in preparatory work for a mart-
ranges, it is intended to start experimental digital trans- time satellite system and observes the development of
missions in the near future. In the 15-GHz range trans- further projects for application satellites.
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Ronald Dingeldey was born in Alsbach/ meldetechnische Zentralamt, where he was involved in studies of
Bergetrae, Germany, in 1930. He received velocity-modulated tubes. In 1961 he became Assistant Head of the
the diploma in electrical engineering from section responsible for satellite communications at the FTZ and
the Darmstadt Technical University, Darm- cooperated in the Raisting project. From 1964 to 1968 he was a
stadt, Germany, in 1955. From 1959 to 1960 member of the satellite communication section of the Federal
he was a student at the Physical Institute at Ministry of Posts and Telecommunications, where he made prepara-
the University of Hull, Hull, Yorks., England, tions for the first "INTELSAT agreement." His activities at the
as a scholar of the British Council. Ministry include the years between 1968 and 1972, during which

d In the years 1956 to 1957 he participated time he was the Head of the section for telephone switching and
in the preparatory service of the Deutsche terminal instruments. In 1973 he became President of the FTZ.
Bundespost at the Frankfurt Regional Direc- Mr. Dingeldey is a member of the German Electrical Engineers'

torate. Subsequently, he was employed for four years at the Fern- Association and has been Assistant Chairman since 1973.
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SOURCE OF FIGURES FOR APPENDIX C AND SUPPLEMENTS I AND 11*

Figure No. Source (Bibliography No.) Page(s) from Source

C-I 30 2
C-2 16 58
C-3 16 66
C-4 8 2
C-5 20 10-11
C-6 11 Unpaged
C-7 12 68
C-8 12 70
C-9 12 76

1-1 19 47
1-2 19 65
1-3 19 48
1-4 19 55
I-5 22 5.5
1-6 22 7.11, 7.13, 8.2
1-7 22 6.8

11-1 15 63
11-2 2 117
11-3 2 118
11-4 2 118
11-5 2 119
11-6 19 71
11-7 19 72
11-8 22 4.3
11-9 19 90
11-10 24 116
11-11 23 38
11-12 23 60
11-13 23 107

11-14 23 120
I I15 24 79

11-16 22 10.22
22 10.23

11-17 2102
11-18 22 10.24

11-19 22 10.25

11-20 22 10.18

11-21 22 10.19

11-22 22 10.20

*Figures have been borrowed freely from the sources indicated.
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SOURCE OF FIGURES (Continued)

Figure No. Source (Bibliography No.) Page(s) from Source

11-23 22 10.21
11-24 22 10.14
11-25 22 10.15
11-27 22 10.16
11-28 22 10.17
11-29 19 84
11-30 19 83
11-31 24 139
11-32 24 141
11-33 24 143
11-34 24 144
11-35 19 85
11-36 19 108
11-37 19 109
11-38 18 79
II39 19 224
11-40 19 111
11-41 19 273
11-42 19 275
11-43 19 277
11-44 19 98
11-45 19 80
11-46 19 81
11-46 19 255
11-47 1 5
11-48 19 256
11-49 19 260
II-50 19 260

11-51 19 99

11-52 19 100
19 101
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SOURCE OF TABLES FOR APPENDIX C AND SUPPLEMENTS I AND II*

Table No. Source (Bibliography No.) Page(s) from Source

C-1 27 25-38
C-2 N/A N/A
C-3 28 41-49
C-4 N/A N/A
C-5 13 3
C-6 13 4
C-7 13 3
C-8 13 2
C-9 13 2
C-1O N/A N/A

I-1 14 8

I-1 18 74-75
11-2 19 201
11-3 19 91
11-4 19 272
11-5 19 271

*Tables have been borrowed freely from the sources indicated.
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