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PREFACE

The objective of the minefiela aetection project is to aetermine

tne effectiveness of remote sensing systems and other methods of de-

tecting ana identifying mines, minefielas, minelaying equipment, or

minelaying operations, ana to recommend continuing effort on the most

promising methoas.

Work under the project concernea witn each of the concepts to be
investigated is being performea in a sequence of four major tasks:

(1) identification and screening of promising techniques; (2) prelim-

inary systems analysis and definition of experimental or other data

acquisition systems; (3) acquisition of critical data througn exper-

iment, literature survey, or access to SCI (Sensitive Compartmented

Information); and (4) evaluation of conceptual systems for technical

performance anu military usefulness.

Dr. J. Roland Gonano monitorea the program for MERADCOM; Mr.

Henry McKenney was the ERIM Program Manager; and Mr. A. Lawson and

Mr. Yuji Morita assisted by Ms. M. Spencer collected, organized, and

aocumenteG the material in this report.
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I NTRODUCT ION

This report is intended to provide an overview of terrain and

land use features in West Germany with the intent of generally

aelineating ana characterizing in a gross sense areas which logically

could be used for the emplacement of anti-vehicular minefielas. The

primary invasion routes from the east, the Northern German Plain,

the Fulda Gap and the Hof-Nurnberg Corridor, are oescribed ana typi-

cal tanK-trafficable areas suitable for minefield employment are

selected. These typical areas are analyzed in terms of lano use,

vegetation, ana surface geometry. This analysis is particularly

oriented to the aevelopment of parameters useful in determining the

detectability of minefields by remote sensor systems.

1
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2
WEST GERMAN TERRAIN

The terrain of West Germany* is extremely diverse. Nuttonson [I]

calls out the "huge stretches of monotonous sands, marshes, bogs and

heathlanas, colorful wooded highlands of great aiversity and infinite

variety, beautiful mountain lakes, rivers and countless streams,

steep mountains and soft hills, intensively cultivated low-lying

plains, mountain valleys ana basins, thickly forestea and pastoral

uplanas, nigh ruggeo mountains, and deep river valleys".

The constraints on antitank-mine warfare and its detection are

aeterminea not oniy by the native terrain characteristics but also

by man's cultural activities which overlay or modify the terrain.

The construction of dams, canals, roads, cities arid villages, as well

as farming, forestry, surface and subsurface mining, and coastal re-

covery activities are among the most important cultural moaifiers.

Our principal interest is focused on three regions which might

be appropriate for armored attack routes out of the D.D.R. (East

Germany) into the B.R.D (West Germany), one in the Borae region of
the North German Plain, one in the Fulda, Kassel, Frankfurt A.M. re-

gion and one in the Hof-Nurnuerg region (Figure 1). These three in-

vasion routes into West Germany are referreo to in tnis report as

the North German Plain, the Fulda Gap and the Hof Corriaor, respec-

tively (Figures 2 dno 3). The terrain cnaracteristic of these routes

is generally aescribed in the following paragraphs as a preluae to

the celineation of areas in these invasion routes which are seemingly

suitable for the employment of minefielas by the invaders.

*Officiaily West Germany is namea tne Bundes Republik Deutschlanc
(6.R.D.) whicn is usually translatea as the Federal Republic of
Germany (F.R.G. or sometimes G.F.R.) as contrasted to Deutsches
Demokratiscn Republik (D.D.R.) or German Democratic Republic
(G.D.R.).
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2.l THE NORTH GERiAN PLAIN

Tne most northerly of tne tnree invasion routes is in the North

German Plain and is entered on the route from Helmstedt through

Hannover and on towards Ninden (Figure 2). This entire region is

uraineo by the Weser or its principal tributaries tne Leine, the

Fuhse and the Alier Rivers. Even with the extensive network of

aitches, it is not arained well enougn to dry out all of tne swamps

ana oogs in the area. Yet, especially on the nigh southern siue of

this route there is much fertile soil, predominantly loess, devoted

to farming.

Tne invasion route is assumed to oe anywnere along the frontier

north of GunsleDen out south of the Mittellana Canal. (First arrow

from top, Figure 1). Here we have grounu elevations whicn may

approach 100 m above sea level but soon the terrain Decomes very low

(elevations less tnan 30 m) and quite flat except on the extreme left

flank of the invasion route where the elevation and roughness in-

crease witn proximity to the central Iighlands. Immediately south

of Minden the northwest extension of the Wesergebirge provioes some

nigher ridges (generally running approximately from east ry south

toward west by north). Forested areas extend to the east and west

of Mincen southerly of the iittelland Canal. Extensive farmlanos

are located to the south of these forestec areas and would seem to

be a logical cnoice for tne invasion route through tnis region.

2.2 FULDA GAP

Tne region of interest in tnis central highland area (middle

arrow, Figure 1) tends to be limited by Kassel in the north, the

kotnaargeoirge to the nortiwest, the Westerwald to the west, the

Taunus to the southwest, and the D.D.R. Dorder to the east (Figures 4

anc 5). This is a plateau of infertile nard rock whicri is Gominatea

y a number of higher ranges within it and which is sharply cissected

6
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2'ERIM RADAR AND OPTICS DIVISION

by a number of rivers. The slopes are saiu to be "crisscrossed" by

countless streams. After radiating outward to the Main River or

norttiwara toward confluences with the Weser River and thence to the

sea. It is this process which has made these highlanas easier to

traverse south to north than east to west.

The highest point in the central highlands, at about 1140 m, is

Brocken in the Harg Mountains immediately to tne northeast of our

ared of interest. But the Kassel-Fulad-Frankfurt region has the

wasserkuppe at 950 m and many others that rival it. WasserKuppe is

in the Rhon, a large tertiary volcanic mass which also has the Kreuz

and Nammersfeld peaks at 928 m, the Heiaelstein at 926 m, tthe

Eiernauck at 910 m, and the Stirnberg at 902 m.

If not the hignest, the Vogelsberg still tends to dominate ne-

cause of its central location. It forms the southwestern end, as

the Rhon fornis tne southeastern end, of the East Hessen Highland

(Osthessisches bergland). Like the Rhon it is the remains of a ter-

tiary volcanto. The central region, known as the Oberwald contains

the local high points of the Taufstein at 774 m, the Honeroas-K. at

763, the SiehenAhorn at 755, the Herchenhainer Hohe at 733, and the

Nessel-B. at 715 m.

Immediately to the north of the Vogelsberg is the Knullgebirge

and Homberger Highland. The Eisenberg peaks at 636 m and the Knull

Kopfenen itself is at 634 m.

The Fulaa-Werra-Berglana lies both to the north and east and it

has peaks over 700 m.

The Fuldatal region, that is the Fulda River valley, separates

the Rohn ana the Fulda-Werra-Berglano on the right-hand from the

Vogelsberg and the Knullgebirge and Homberger Highland on the left.

The Fulda and the rivers into wnich it empties determine a principal

nortri-soutn route tnrough the central highlands. From Bac Hersfela

thnrough Bebra, to Kassell ana on toward Hannover; also south through

Fuld a arid on towara Schweinfurt.

9
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A natural path from Bad Hersfeld to the soutnwest is offered by

tne large scale saddle between the nigh points of the Oberwald and

thoSe of the KnuilgeDirge and Homburger Highland. The route passes

Alsfeld and proceeas on toward Giessen. As Giessen is neared the

route must swing more to the south as it parallels the course of the

'etter River. The river keeps to the east of the Taunus Mountains

as it flows down to its meeting with tie Main at Frankfurt.

Unlike the relatively recent land masses we have been discussing,

tne Taunus Mountains are ancient; being formeu when old Devonianl beas

were forceo into aeep folus. Here, as in the other land about the

Rhine tnese folds run from west-southwest to east-northeast.

The other lana masses may lack folaing but they exhibit much

faulting; most nortnwest of Fuida and to the Southwest and soutneast

of Kassel.

Access frow. tile east to the natural routes we have described has

not been aefined quite so clearly by nature. One promising route

parallels tne Horsel River as it flows past Eisenacn down to the

Werra River. This route keeps you well to the north and west of the

enu of the Tnuringerwala. Once reaching the Werra, tne route follows

it to the west ana southwest (upstream) as far as Gerstungen. The

route then leaves tne river and continues more or less airectly to

Bau Hersfela. This route was the most attractive when autobanns were

being plannea ana it still is attractive. There are collateral

routes available, mostly to the north but some even to the south.

Consistent vitn the abundance cf tertiary volcanoes, nuch of the

terrain is aefinea by basaltic lava flows. Towara Eisenach ana

toward Hamburg these flows are interstratifiea witti lignitE fielCs

of some commercial value. Ana atop most of this rock is brown forest

soil with mountain brown forest soil above Vonelsberg and the Rho,.

winadlown silt from the terminal faces of glaciers, or loess,

has been deposited in trie Fulda Valley and in a region generally to

10
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the northwest of a line from Kassel to Frankfurt. Beyond this (to

the northwest) are found fluvioglacial aeposits (i.e., those depos-

iteu by a glacier out transportea further anc selectively cepositea

by melt water).

The natural wooas tend to ue mountain oeech and pine at the high-

est levels. As we aescena we note the addition of some upland oak.

In the lowest regions, near Frankfurt, we find some poorly drained

regions of ooreal forests.

When clearea, tne uplana regions, if suitable for any agricul-

tural pursuits, are usually limitea to meadows, ana milk cows abound.

In some soutnerly slopes, terraces may be cut for vineyarus. Most

upland is left wooded however.

Tht river vaileys are blessea withi more atia better soil anJ

miloer climate. In these regions agriculture may be pursuea

intensively.

2.3 THE HOF CORRIDOR

The terrain in which the Hof-Nurnberg routes are located is pre-

aominantly richly forested highlands. (Bottom arrow, Figure 1.) In

gqnerai, little soil overlays the rock. A notable exception borcers

the region to the southeast where a tongue of river-aepositea allu-

vial soil aescenas from .eiGen to tne Donau River around Regensbura.

Agricultural activities are not extensive. Grains preaominate among

tre crops and rye among the grains. A lesser amount of lana with

wheat is founa and the land's productivity tends to increase as we

move south towara the onau. The oat procuction is more common

toward the north of the region. Potato production is consiaeraole

with the heaviest concentration in the Weiuen-Donau riverine deposits

mentioned above and about the Main and its larger trioutaries to the

west. Sugar beet proGuction shows the same distribution but it is a

much less significant crop. The limited availability of meadow and

11
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pasture lana greatly restricts the amount of cattle wrich can be

supported. What tnere is increases in density toward the southwest

of this region.

To tl e inmealate nortn afld west of Regensourg there are pine anG

mixed pine forests. These seem to be associated with the previously

nntionea )luvial soil. The limited tlooO plain area about the Main

aria the Regnitz supports vegetation associated with moist broad-

leaveo forest land. The lana east of the Regnitz, south of the Main,

aria west of the line from N~rnberg to Kulmbach support oak forests.

Most of tne lano in this area, nowever, is coverec' witn mountain

oeech aria pine.

The general topographic nature of this terrain is oest visualizec

as a radiating pattern of mountainous areas and rivers (Figures 6

anc 7). At the center is the Fichtelgeoirge Range (about 50 km south

of Hof). The Naab River drains to its south-southwest. To the

scutnedst stretches the 66nmerwaia (Bohemian Plateau). The Eger

River drains to the east. To the northeast stretches the Erzgebirge.

Tre Saale River drains to the north. To the west-ncrtnwest stretches

the Tnuringer Wala (Thuringian uplanas). Finally, the Main Rivers

drains to tne west.

The Ficntelgebirge is an impressive mountain range roughly cen-

terea in tne triangle formed by the cities of Bayreutn (341 m),

Marktreawitz (-550 m), ana Munchcerg (533 m). The highest peak is

the Schneeberg at 1053 m. The OschenKopf is high at 1023 m and nu-

merous peaks exceec 800-m elevations. The principal nighways leading

soutn from Hof and bypassing the Fichtelgeoirge to the west toward

Bayreutn anG to the east toward Nvarktreawitz are generally at eleva-

tions well in excess of 500 m in this vicinity.

The 66hnerwaid (Boremian Plateau) impacts our area of interest

only at its extreme western edge. Here we nave some bordering ranges

or sucranges m.icn are terminatec by tne Naab River.

12
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Tne 6dyerischtr Wala (Bavarian Range) parallels tr.e Donau

(Danuoe) River and hence extends from the Naab to the east-southeast.

It iias peaks whicl- exceeu 1400 rn in neight. Unless thrusts are ex-

tended as far south as Regensburg this range will nave no impact on

an attack. ~just to the nortr' of tile Regen River, however, we en-

counter the Ober PTalzerwal d. This range parallels the Naab for most
OT its length essentially following the Czechoslovakian border. It

nds peaks exceeding 1000 m but 900-mi peaks are far more typical.
Tne Ooerpfilzerw.ald is very heavily foresteo and especially in tile

area east of Weiden, forestry is of great economic importance. At

tnie Extreme nortnern enu of 0berpfalzer~ald, nestlea in between it

and the Fichtelgebirge, lies the Steinwala. The Steinwalo is a small

rarye, about 15 km in length, but it ias several peaks about 800 m

an.o tne Platte rises to 940 m. This small range is inmmediately south
of ti'arK~rerwitz.

rrne Erzyeuirge lies generally to the east-nortnwest of the
F icn tel geo irge. It contains peaks above 1200 m out these are some

distance away insiae the DDR. The xestern extremity of this range

is the Elstergeoirge. This smaller subrange abuts the roaa from Selo

to Marktreawitz aria has several peaKs at about 700 m.

The Th~ringerwalo is a major range extenaing to the northwest

tromi The Fichtelbirge to Eisenacn. It lies principally in the D.D.R.

out its southern margin provides the terrain at the border ;na at

its southeastern erwj it terminates in the FranKenwala. This
Frankenwalo is within the 8.R.D.; its center being only about 20 Km

to tre nortrn'iest of mUrchoerg.

Tne FrilKiscrie Alt) begins at the south, of the Fichtelgebirge ant;

reaches to the Donau River in the south. It is limited toward the
southwest a.)y the Wrnitz River which separates it from, the

Scnwaoiscne Alb. On the east the Naab River se~parates it from the

ram-yes asciateo with tne Bbnmerwalo. The Fr.~nkiscne Alb is com-

posed of a porous mesozoic rock with a general tilt such that the

15
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gentler uip slopes stretch down toward the Donau in the south to

southeast direction. The steeper scarp slopes thus face toward the

rnortni to northwest. Most of the drainage thus at least starts toward

the south to southeast even for trioutaries of the Main which will

eventuaIly carry tne water westward. This lana mass is rather thor-

ougnly dissected by the large number of tributaries involved in its

drainage. The FrkKiscne Alb is draineti on tne east by the Naab and

its tributaries including the Fichtelnaab, Heiaenaab, and Vils into

ttie Jonau. The south is arainec into the Donau by the Scnwarze

Laer, tne Altmunl, and tne Wornitz. The west is drained by tribu-

taries of the Main River including the Roter Main and Regnitz and

its tributaries which include the Rauhe Ebracn, Aisch, Wiesent, Zenn,

Pegnitz, Biuert, Rednitz, Schwaczach, and Regat. The elevation

varies considerably. In the north, several peaks exceed 800 m, the

general elevation is around 500 m, and the lowest elevations are

reacneu in relatively narrow river valleys such as that of the Roter

Main where Bayreuth is at an elevation of only 341 M.

Toward the south we find Nirnberg on tne Regnitz at 330 m and
Regensburg on the Donau at 322 m. The terrain in between rises con-

siderably with much of the lana above 500 m and several peaks above

600 m (incluaing Poppberg at 657 m).

To tihe west of the Bayreuth to Nurnberg road and encloseo by

ti;e loop of the Main River ano the Regnitz River is another portion

displaying great variability. On the river at Bamberg the elevation

is only 262 m and similarly at many other points on the rivers and

tributaries similar elevations below 300 m are to be found. Away

from the rivers the land quickly rises to over 400 m and much of tne

lana is above 500 m. Some peaks are found which exceed 500 m.

Note tnat the terrain founo within the Fr'nkiscrie Alb probably

oest typifies that found in the Hof-N~rnberg corridor. Some paths

tJ toe 'test mioht e somewhat lower and more level; some to the north

16
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somewhat nigner and rougher; but most of the patns are in this land

mass.

2.4 SOVIET SCENARIOS FOR THE EIPLOYMENT OF MINEFIELDS

To appreciate how the Soviet invaaers might use minefielas in

connection wit:i Lne West German terrain encountered along the three

invasion routes, we must consider Soviet mines of interest and the

Soviet philosophy for the use of these mines in minefields. The

mines of concern are the anti-tank (AT) ano anti-vehicular (AV) mines

used by the Soviet Warsaw Pact Bloc. Several mine types are of spe-

cific interest, particularly the East German PM-60 ana the Soviet

TM-46. Minefiela cnaracteristics include a description of the in-

aiviaual mine ana its distinguishing features, the use of the mine

in a minefield, the ooctrine, tactics anc metnous of minefield em-

ployment, the scenario for its use, ana the characteristics of the
region where it is employee. Four scenarios nave been cefined as

representative of Soviet use of minefielas. These scenarios are

typical examplts of minefield aoctrine, tactics, and methods of

Soviet use, togetner with typical equipments, time frames and areas

involvec. Some of the basic cnaracteristics of the four scenarios

are given in Figure 8.

The general features of tnese scenarios which reflect importantly

in this study are summarized as follows:

1. Tnese scenarios occur only in tank-trafficaDle terrain.

2. They are extensive in area. The smallest minefield (Scenario

C) is 0.5 hectare in area, the largest (Scenario B) is 15

hectares in area.

3. Inuivioual minefields may extend to one km in length.

As a consequence of the scenarios we may restrict our considera-

tion to zhose acas in West Germany along the invasion routes whicti

meet the trafficaoility, areal ano size constraints of the scenarios.
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2.5 DESCkIPTION OF AREAS SUITABLE FOR MINIEFIELD USE BY INVADERS

Considering the trafficaoility, areal and size constraints im-

poseu by tne four scenarios together witn the terrain features of

the invasion routes, it is logical to categorize the terrain along

tne invasion routes in terms of lard use. Certain land usaae is

compatiule with the four scenarios, other land usage is not. For

example, farmland is generally tank-trafficaole and fielo sizes are

such that one or more fields can accommodate minefield lengths and

areas characterizea in the minefield scenarios. On the other hand,

forests are usually tank trafficaole only on access roads and trails

wnere minefields such as those delineated by the scenarios are gen-

erally not warranted nor possiDle. Since land-usage information is

available for West Germany and a reasonable watch can be established

Detween it and potential occurrence of invader minefielas, land usage

will De explored as an indicator of typical areas here invader mine-

fields may be expected.

Figure 9 presents tne pattern of land usage for West Germany in

a gross sense. The forest and farmland areas are depicted. In addi-

tion t'ie farmland is subaivioeo into areas of permanent pasture;

mixed cropland and pasture; wheat ano sugar beets; potatoes, rye and

barley; marKet garuening; vineyards and rops. The three invasion

routes of concern in this study are also delineated in this figure.

The North German Plain invasion route (upper arrow) generally

traverses farmland where wheat and sugar beets are main crops.

Tr-E Fulaa Gap invasion route (miuole arrow) generally traverses

farmlands principally devoted to permanent pasture and mixed cropland

an, pasture in, the northeastern portion of the invasion route and

wheat anc sugar beets in the soutnwestern portion.

The Hof Corrioor invasion route (lower arrow) generally traverses

farmlands principally devoted to permanent pasture and mixed cropland

anu pasture for the main portion of the route. In tne vicinity of

Nurnoerg the main farmland crops are potatoes, rye and barley.

19



K-

) 'lj/' ~

I

.1

V

20



HannovetLAND USE

Ms"fihl~tv lwates E17 Matl

W ake in Ild AtelA e

Cologne I ei

9"M

I, VxI

FIUF 9.IA ESTGRINm N S

SC~b~~h~f I21



ERIM RADAR AND OPTICS DIVISION

Other important la n usage factors are of concern in determining

potential minefiela locations: (I) cropping operations are usually

conuuctec on lowlands or gently sloping areas wnicn are trafficaDle

for the machinery used in cropland farming operations, (2) generally

pasturage is conaucLed on steeper slopes or poorer soils where crop-

ping operations are more difficult, (3) forest areas are generally

regions where tne terrain is too cifficult for farring ooerations or

where soil or other conditions are not conducive to cropping or

pasturage, (4) generally urDan areas are not appropriate to the four

scenarios selected as oeing representative of Soviet use of mine-

fieias, (5) existing main traffic routes provide convenient means

for invasion forces ana the usage of these routes will probaoly en-

tail protective ninefielas to hinder efforts to deny use of 0nese

routes.

In aucition, it must oe considered tnat minefields are only one

of many types of barriers used on the oattlefield. These barriers

may be classea as natural or artificial. We may expect tre Soviets

to take advantage of natural barriers in their military operations

anG to augment tem with artificial L arriers if this seems acvanta-
geous to them. Examples of natural barriers are mountains, seas,

lakes, rivers, creeks, forests, steep declivities, ana swamps.

(Lakes, rivers, creeks ana swamps may be trafficaole in northern re-

gions curing winter time.) These natural oarriers tend to proscrioe

the choice of invasion routes. In addition to natural barriers there

are man-made barriers which may affect choice of invasion routes ard

the consequent use of minefielos. Examples of such artificial bar-

riers are Gams, canais, jiicnes, cities and villages, mining opera-

tions, an6 military barriers (which include minefields).

Terrain sliope, regularity and soil characteristics are factors

which are typically inherent to land use considerations. We may

consiuer that if these factors are acceptatle for mechanizec farming

operations that they are also acceptable for military venicular

23
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transit. Consequently we may consider all farmianos as areas poten-

tially suitable for the location of invauer minefielas.

Table I categorizes West German land use. It snows the extent

of farmland ana thereby provides insight into the overall percentage

of lanu useful for potential invaoer minefield sites. About 32 per-

cent of the lana is arable and another 21 percent is meadow or grass-

lana. If tne non-agricultural lana is excluaed from the total,

roughly 60 percent of the land may be expectea to be tank-trafficable

ania tnerefore eligible as potential sites for minefielias.

24



TABLE 1
WEST GERMANY LAND USE*

Use Hectares Percent

Arable Land 7,890,000 31.9

Meadows/Grasslands 5,212,000 21.1

Market Gardens, Gardens 516,000 2.1

Fruit Trees, Vines, Bushes 152,000 0.6

Rough Grazing Land 682,000 2.8

Woods and Forest 7,109,000 28.7

Non-Agricultural Land 3,173,000 12.8

Totals 24,734,000 100.0

* World Atlas of Agriculture, Volume 1, Europe.
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3
DELINEATION OF TYPICAL AREAS REPRESENTATIVE OF

MINEF IELD-SUITABLE AREAS

A Droad characterization of West German terrain along potential

invasion routes from the Aarsaw Pact countries into West Germany was

given in the previous section. General guidelines were also providea

for placing tnis characterization into the context of anti-tank and

anti-vehicular minefield operations as practiced oy the Soviet/Warsaw

Pact armei forces. In tnis section tre tnree invasion routes w:ill

Le examined in more detail with the objective of delineating typical

areas reoresentative of minefiela suitable areas (from tre Soviet/

Warsaw Pact standpoint) along the three invasion routes.

A number of 100 hectare areas were randomly selected along the

tnree invasion routes from the Soviet Bloc into West Germany. These

areas were examinec for urbanization and those areas which appeared

to be over 25 percent urbanized were excluded since generally urban

areas are not appropriate to th four scenarios selected as being

representative of Soviet use of minefielas. The areas were also

examTineu for uegree of forestation. None were fount to be completely

foresteo. The number of areas surviving this initial screening is

urkemea sufficient to provide reasonable confidence that the areas

are representative of the region along the invasion routes. It is

intenoea that Lnese representative areas will be further analyzec in

terms of their features which may affect minefield oetection.

3.1 NORTH GERiMAN PLAIN

The first invasion route, the route tnrough the North German

Plain extends tnrough the province of Nieuersachsen into the province

of Norornein - Westfalen (Figure 1). Along this route sixteen 100

nectare (1 sq KM) typical areas were selectea and examined in detail

to note tne presence, lengtn ano/or area of both natural and man-maae

objects such as rivers, creeks, roaus, swamps, woods, buildings,
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farms, uriuges, etc. Art analysis was mane of these areas to indicate

the number or densities of these objects in order to obtain insight

regaraing now irucn of the Idna is used for a given purpose. Table 2

synopsizes this analysis. If we examine the average of the 100 hec-

tare areds analyzeu along the North German Plain invasion route, we

fina that it generally coincides with area 6 of Table 2. On this

aasis, it seems logical that area 6 is reasonably representative of

the typical area along the North German Plain invasion route wherein

tt)e invaoer might locate his minefields.

In the aevelopment of Table 2 a listing was made of characteris-

tic natural and man-mace features whicn seemingly coula affect the

location and disposition of invader anti-tank minefields. The occur-

rence ar extent of these features are listed for eacn of the sixteen

representative areas.

An analysis of Table 2 indicates that approximately 65 percent

of the total area of the sixteen selected 100 hectare areas is tank-

Crafficaole (aefinec as farmlana anc open land; scrub ane pasture;

ara meadowlana). The average slope of the selected areas is approx-

imately 2 percent, the average minimum altitude is 53 m; the average

maximum altituae is 103 m. The area of the average wooded portion

of tne selectee areas is approximately 14 hectares. Swamps and bogs

average almost 13 hectares. Note that one selected area (area 13)

consists entirely of peat ano Dog land.

Baseu on an examination of Table 2, the 100 hectare area 6

appears to De reasonably representative of the North Germar Plain

invasion route.

3.2 FULDA GAP

An examination of the Hessen map, Figure 4, shows that there are

a large number of small towns ana villages distributed throughout

ti.t countrysiae. A large number of secondary roads, particularly
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unimproved ones connect these vii]ages ard primary roads together.
From Table 3, it can be seen that on the average almost 8 km of sec-

onudry roads can oe expected to exist in i sq. km. The large number

of road intersections indicate that many alternate routes are possi-

ble between most points without resorting to cross-country travel.

Gullies appear to De only several hundred meters in length and aver-

age lengtn is about 200 m. Man-maoe embankments may prove to be .more

of an impediment to cross country travel than gullies since their

total length is three, and one-half times the total for the gullies.

Trafficaoility on much of the lana should be good. The sampled

areas appear to oe well arainea and swampland represents orly a very

small percentage of the total area. Wooas represent a significant

percentage of some of the areas, for example, areas 4, 11, 13, la,

and 15 where woods occupy 57 to 93 percent of each square kilometer

area. On the other hand, 8 of tne 16 sampled areas have small stands

of woods or none at all and the remaining 3 areas nave intermediate

s t nGs. In otner worcis, consicerabie open areas exist in wnich

vehicles can maneuver.

Anotner way of obtaining a "feel" of the cnaracter of the land

is to exair.ine farm sizes. The number of farms and their sizes in
Hessen for tne years 1950, 1960, and 1970 are given in Taole 4. The

same data have been plotted in Figure 10 in terms of percentage of
total farm area. The strikina factor is the small size of tne aver-

age farm. That there has been a consolidation of farms from 1950 to

19 O is eviuent both in terms of numbers and area. It is likely that

tnere has been further consolidation since 1970 and that the average

farm size has increasea.

In 1950, the three smallest farm categories occupied 56.3 percent

of the land ana the next two categories, 10-20 hectares, and 20-50
necLares, 36.4 percent. By 1970, the first three categories occupieci

only 30.3 percent of the land ana the next two categories 62.6 per-

cei.t. The number ana sizes of those farms larger than 50 hectares
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dic not cnange appreciably over the two decades and the land occupied

by large farms accounts for under 8 percent of the total area farmed

but-i in 19:0 and 1970. In other woras, farms exceeding 50 nectares

in size are rare; most are under 15 hectares.

The I.arge number of smal farms indicate that there may be many

fences and hedges. The large number of seconoary roads are also re-

quirej to proviae ready access to these farms.

An analysis of Table 3 indicates that slightly over 70 percent

or Lne total area of tne sixteen selected 100 hectare areas is tank-

trafficaole. The average slope of the selected areas is approxi-

inately 12 percent, the average minimum altitude is 201 m; the average

maximum altitude is 308 m. The area of the average wooded portion

of the selected areas is approximately 30.8 hectares, the area of
the average farmland portion of the selected areas is approximately

40.1 hectares.

Basec on an examination of Table 3 the 100 hectare areas 6 ane
10 appear to be reasonably representative of the Fulda Gap invasion

rcute.

Trat 70 to 80 percent of the land in the Fulda area is tank-
trafficaDle is supported from the map analysis above and by an exam-

ination of sixteen photographs each representing an area slightly

larger than 1 km square and with the squares randomly distributed in

tie Fulua area. These photographs are available in a report con-

cerned with the detection of armor [2]. An examination of tnese

pnotographs indicates that about 80 percent of the total area appears

tanK-trafficaole.

3.3 THE HOF CORRIDOR

The Hof Corridor invasion route lies in tre province of Bayern.

As in the Fulda Gap invasion route there are a large number of towns

dO villages ;istrioutec tnroughout the invasion route. These towns
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an( villages are generally connecteu by primary roads augmenteG by a

large number of secondary roads. Since this invasion route encom-

passes extensive farmlanas, the seconaary roads provide access to

th em.

TrafTicatility on much of the land should be goou since the sam-

plea areas appear to be well drained and swampland represents only a

very small percentage. Woods represent a significant percentage of

some of the areas, for example, randomly selectea areas 2, 6, 8, and

11, wnert woocs occupy 46 to 93 percent of each square kilometer

area. On the other hand, 10 of the 16 sampled areas have only small

stanas of weoas or none at all. Accordingly, consioerable open areas

exist in which vehicles can maneuver.

In many respects the Hof invasion route resembles the Fuloa in-

vasion route ana this is reflectea in the similarity of the charac-

teristics reflecteo in Tables 3 and 5.

An analysis of Table 5 indicates that slightly over 70 percent

of tne total area of tne sixteen selectee 100 hectare areas is tank-
trafticaole. The average slope of the selected areas is approxi-

mately 6 percent; trie average minimum altitude is 434 m; the average

maximum altitude is 500 m. The area of the overall wooded portion
of the selected areas is approximately 27 hectares, the area of the

average farmland portion of the selectea areas is approximately 72
nectares.

Based on an examination of Table 5 the 100 hectare areas number
l ana 13 appear to be reasonably representative of the Hof Corridor

invasion route.
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4
ANALYSIS OF TYPICAL AREAS IN TERMS OF FACTORS

AFFECTING MINEFIELD DETECTION

One of the major terrain related factors affecting remote mine-

filu duetection perfori:;ance is sensor accessiuility. Sensor accessi-

Dility as usea in this report refers to the feasibility of observing

a target witnout interference from intervening materials or struc-

tures. The principal terrain related factors affecting sensor acces-

sibility are topography and vegetation. These factors are generally

discussed in Reference 3.

Afnother major terrain relateG factor affecting remote minefiel

aetection is the apparent contrast to the sensor existing between

the target and the background. In our particular case the backgrourd

is that which is to be expectea along the three invasion routes of

interest.

A tniru terrain related aspect affecting remote minefield detec-

tion system performance is the effect of topography and vegetation

in tre overali remote minefiela detection system. For example, ter-

rain can greatly influence flight regimes and electronic lines of

sigt. These aspects are specifically discussec in References 4 ano

Consideration of these factors will oe specifically applied to

some of the typical areas representative of the three invasion routes

wnicn were selected in Section 3. Tt;e resultant implications affect-

ing remote minefield detection will also De aiscussed.

In tne application of tnese factors to the typical areas che

following guidelines nave been estaDlisiiea as reasonably in con-

scnance wit' the four scenarios ervisionec for tne invasion routes

into West Germany. Typically minefielas occur in tanK-trafficable

ireas ano because of tnemr extent are typically located in oper areas

or fieios. upen fielas include crop land, pasture, meadows and low
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open; areas sucn as scruL. Bogs an marsnes are consiuereo as unsuit-

able sites for minefielos. Densely forested areas with high vegeta-

tion are also considerea as unsuitable sites for mirnefields.

Considering tnese guicelines, the general relationship between

terrain features and remote minefiela detection factors appear as

illustrated by Table 6. Sensory access ana background factors are

typicclly linkeo to the vegetation characteristic of farmlands (crops

anG pasture) and low scrub. Sensory access is aiso associated with

terrain slope although some sensors can be used so that they are

relatively insensitive to slope. System factors are typically linked

to. major terrain features which car, affect flight regimes or mask
lines of sight (optical or electronic). Accordingly system factors

are strongly linKeu to altituce, slope and the existence of hiqn

vegetation such as forested areas.

An examination of the area typical of the North German Plain

(area 6) in terms of these relationships reveals that lana usage for
crops ano pasture comprises about 77 percent of the total area.

kccordingly this area is available tor potential minefield sites and

tnis drea plus tne area of tne roads is availaole for tank traffic.

Crops typical of the North German Plain invasion route are primarily

wnvedt an sugar Deets (see Figure 9). These crops will be the prin-

cipal determinants of sensory access to minefielas locatea along this

invasion route. Further these same vegetational covers will be a

major aeterminant of the backgrouna to be expected. The average

siopt (0.8 percent) ana peak slopes (3.0 percent) ana range of alti-

tuoes to be expected indicate tnat terrain slope will not be a major

factor influencing remote minefield detection along this invasion

route.

A similar examination of tne Fulda Gap invasion route and its

typical 100 hectare area 10 inaicates that about b percent of the
area is croplan anc; pasture. Main crops are wheat and sugar beets
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TABLE 6.

GENERAL RELATIONSHIPS BETW-EEN TERRAIN FEATURES AND REMOTE
MINEFIELD DETECTION FACTORS

Remote Hinefield Detection Factors
Terrain Features

Sensory
Access Background System

Land Usage

Crops X X

Pasture X X

Scrub X X

Forest X

Other

Al titudes

Minimum X

Maximum X

Slopes

Minimum X X

Maximum X X

Average X X
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(see Figure 9). Additionally a significant portion of the farmland

is devoted to pasture. In this area sensory access to minefields

ana minefiela oacKground will be principally aetermineo by these

three vegetational covers -- wheat, sugar beets, and pasture. The

average slope (13 percent) and peak slope (50 percent) are signifi-

cantly different from those of the North German Plain. The rugged-

ness of tnis terrain will distinctly limit tank trafficaoility and

the consequent choice of sites for minefields. The range of ground

eievations from 220 to 311 m combineo with the range of slopes ex-

pected will affect flight regimes and electronic lines of sight.

Examination of the Hof Corridor and its typical 100 hectare erea

10 indicates that about 65 percent of the area is cropland and pas-

ture. Main crops are potatoes, rye and tarley. There is a signifi-

cant portion of the farmland devoted to permanent pasture. In addi-

tion there are small areas aevotea to market garoening. In this area

sensory access to minefielas and minefiela background will be prin-

cipally determined by these four major vegetational covers - pota-

toes, rye, barley, and pasture. The average slope (7.5 percent) and

peak slope (25 percent) are intermeuiate to those of the North German

Plain and tne Fulda Gap. Although the minimum altitude (308 m) and

maximum altitude (375 m) are highest of the three invasion routes,

it is expected that overall effect on flight regimes and electronic

linEs ot sight may oe less than in tne Fulda area.
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5
FINDINGS AND RECOMMENDATIONS

The previous discussion leads to the following findings and

recommenat ions.

5. I TANK-TRAFFICABLE AREAS

Tan-trafficable areas in the North German Plain, Fulda Gap anc

Hof Corrioor invasion routes range from 65 percent to about 80 per-

cent of tne total invasion route area respectively. Most of the

tank-trafficable area is farmland suitable for the siting of

minefiels.

5.2 KEY FACTORS IN NINEFIELD DETECTION

Key factors in the remote detection of minefielas are sensor

accessioility, contrast oetween target and oackground ano the effect

of topography ano vegetation on remote minefield detection system

piarameters.

5.3 VEGETATION COVER

For the farmland area the principal determinants of sensor acces-

slility and contrast are the vegetative cover. The vegetative cover

is principally farm crops and pasture. Major farm crops are wheat,

sugar Deets, potatoes, rye, ana barley. Test arrays should include

tnese crops ana pasture for tne determination of sensor accessibility

and target contrast.

5.4 TOPOGRAPHY

Topography ranges from flatlanas in tne North German Plain to

forestea mountains with intervening farmlana valleys in the Fulda

Gap, viti Hof Corriaor being intermeaiate to these extremes. The
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slopes ano range :f altitudes can te expected to influence flight

regimes and electronic lines of sight and other remote minefield de-

tection system parameters dependent on specific circumstances.
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