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PREFACE

The objective of the minefield detection project is to aetermine
the effectiveness of remote sensing systems and other methods of de-
tecting ana identifying mines, minefielas, minelaying equipment, or
minelaying operations, and to recommend continuing effort on the most
promising methoas.

Work uncer the project concernea witn each of the concepts to be
investigated is being performea in a sequence of four major tasks:
(1) igentification and screening of promising techriiques; (2) preiim-
inary systems anaiysis and definition of experimental or other data
acquisition systems; (3) acquisition of critical data througn exper-
iment, Titerature survey, or access to SCI (Sensitive Compartmented
Information); and (4) evaiuation of conceptual systems for technical
performance ang military usefulness.

Dr. J. Roland Gonano monitored the program for MERADCOM; Mr.
Henry McKenney was the ERIM Program Manager; and Mr. A. Lawson and
Mr. Yuli Morita assisted by Ms. M. Spencer colliected, organized, and
dgocumentea the material in this report.
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g INTRODUCTION

i
This report is intended to provide an overview of terrain and

land use features in West Germany with the intent of generaily
gelineating ana characterizing in a gross sense areas which logically
could be used for the emplacement of anti-vehicular minefields. The
primary invasion routes from the east, the Horthern German Plain,
the Fulda Gap and the Hof-Nurnberg Corridor, are gescribed anc typi-
cal tank-trafficable areas suitable for minefield employment are
selected. These typical areas are anaiyzed in terms of lana use,
vegetation, ana surface geometry. This analysis is particularly
oriented to the development of parameters useful in determining the
detectability of minefields by remote sensor systems.
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2
WEST GERMAN TERRAIN

The terrain of West Germany* is extremely diverse. Nuttonson [1]
calls out the "huge stretches of monotonous sands, marshes, bogs and
heathlands, colorful wooded highlands of great civersity and infinite
variety, beautiful mountain lakes, rivers and countless streams,
steep mountains and soft hills, intensively cultivated low-lying
plains, mountain valleys and basins, thickly forested and pastoral
uplands, nigh ruggeg mountains, and deep river valleys".

The constraints on antitank-mine warfare and its detection are
geterminea not oniy by the native terrain characteristics but also
by man's cultural activities which overlay or modify the terrain.
The construction of aams, canals, roacs, cities and villages, as well
as farming, forestry, surface and subsurface mining, and coastal re-
covery activities are among the most important cultural mogifiers.

Gur principal interest is focused on three regions which might
pe appropriate for armored attack routes out of the D.D.R. (East
Germany) into the B.R.D (West Germany), one in the Borde region of
the dorth German Plain, one in the Fulda, Kassel, Frankfurt A.M. re-
gion and one in the Hof-Nurnpberg region (Figure 1). These three in-
vasion routes into West Germany are referrea to in this report as
the North German Plain, the Fulda Gap and the Hof Corrigor, respec-
tively (Figures 2 dana 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 minefielus by the invaders.

*O7ficiaily West Germany is namea tne Bundes Republik Deutschlanc
{8.R.D.) whicn is usually translatea as the Federal Republic of
Germany (F.R.G. or sometimes G.F.R.) as contrasted to Deutsches
Demokratisch Repupbiik (D.D.R.) or German Democratic Republic
(6.D.R.).
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Figure 1. West Germany Showing Potential Invasion Routes
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2.1 THE NORTH GERMAN PLAIN

Tne most northerly of tne tnree invasion rout2s is in the North
German Plain and is enterea on the route from Helmstedt through
Hennover and on towards Minden (Figure ¢). This entire region is
Jdrainea by the Weser or its principal tributaries the Leine, the
Fuhse ana the Aller Rivers. Even with the extensive network of
gitches, it is not drained well enougn to dry out ail of tne swamps
ana ocgs in the area. Yet, especially on the nigh southern siue of
this route tnere is much fertile soil, predominantly loess, devoted
to farming.

Tne invasion route is assumed to ne anywnere along the frontier
north of Gunsleben oput south of the Mittelland Canal. (First arrow
from top, Figure 1}). Here we have ground elevations whicn may
approach 100 m above sea level but soon the terrain becomes very low
(elevations less tnan 30 m) and quite flat except on the extreme left
flank of the invasion route where the elevation ana rougnness in-
Crease with proximity to the central highlands. Immediately south

j of Minden the northwest extension of the Wesergebirge proviges some
} nigher ridges (generally running approximateiy from east oy soutn
{; towara west Dy north). Forested areas extend to the east and west
‘! of Minwen soutnerly of the Mittelland Canal. Extensive farmlanas

are located to the south of these forestec areas and woula seem to
be a logical choice for the invasion route through this region.

.2 FULDA GAP

Tne region of idnterest in this central highiang area (miagle
arrow, Figure 1) tends to be limited by Kassel in the north, the
rRotnaargenoirge to the northwest, the Westerwald to the west, the
Taunus to the southwest, and the D.D.R. porder to the east (Figures 4
anu 2). This is a plateau of infertile narcd rock whicn is cominated

oy a numper of higher ranges witnin it ana which is sharply dissected
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by a number of rivers. The slopes are saiu to be "crisscrossed" by
countless streams. After radiating outward to tne Main River or
northwara toward confluences with the Weser River and thence to the
sea. [t is thnis process which nas made these highlanas easier to
traverse south to north than east to west.

Tne hignest point in the central highlands, at about 1140 m, is
Brocken in the Harg Mountains immediately to tne northeast of our
area of interest. But the Kassel-Fulaa-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 ~ammersfela peaks at 928 m, the Heiaelstein at 926 m, the
Eiernauck at 910 m, ana the Stirnberg at 902 m.

I[f not the nignest, the Vogelsberg still tends to cominate pe-
cause of its central location. It forms the southwestern end, as
the Rhon forms tne southeastern end, of the East Hessen Highland
(Usthessisches Bergland). Like the Rhon it is the remains of a ter-
tiary volcano. The central region, known as the Oberwald contains
the local high points of the Taufstein at 774 m, the Honheroas-K. at
763, the SiehenAhorn at 755, the Herchenhainer Hohe at 733, ana the
Nessel-B. at 715 m.

Immeciately to the north of the Vogeisberg is the Knullgebirge
and Homperger Hignland. The Eisenberg peaks at 636 m and the Knull
Kopfenen itseif is at 634 m. '

The Fuiaca-Werra-Berglana lies poth 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-Bergland on the right-hana from the
Vogeisberg and the Knullgebirge and Homberger Highland on the left,
The Fulaa and the rivers into wnich it empties determine a principal
norti-south route tnrough the central highlands. From Bac Hersfeld
tnrough Bebra, to Kassell ana on toward Hannover; also south through
Fulde and on towara Schweinfurt,
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A natural path from Bao Hersfeld to the soutnwest is offered by
tne large scale saddle between tne nigh points of the (Oberwald and
those of the Knuilgepirge and Homburger Highland. The route passes
Alsfeld and proceeds on toward Giessen. As Giessen is neared the
route must swing more to the south as it parallels the course of the
wetter River. Tne river keeps to the east of the Taunus Mountains
as it flows down to its meeting with tre Main at Frankfurt,

Unlike the relatively recent land masses we have been discussing,
tne Taunus HMountains are ancient; peing formeu when old Devonian beds
were forcea into qeep folas. Here, as in the other land about the
Rnine tnese folds run from west-southwest to east-northeast.

The other lang masses may lack folaing but they exhipit much
faulting; most nortnwest of Fulda anc¢ to the southwest and soutneast
of Kassel.

Access from the =ast to the natural routes we have described has
not been definea quite so clearly by nature, One promising route
parailels tne Horsel River as it flows past Eiserach 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, the route follows
it to tne west ana southwest (upstream) as far as Gerstungen. The
route then leaves the river and continues more or less airectly to
Bau Hersfela. This route was the most attractive when autobanns were
peing plannead ang it still is attractive. There are collateral
routes available, mostly to the north but some even to the south.

Consistent witn the abundance cf tertiary volcanoes, nuch of the
terrain 1is qefined by basaltic lava flows. Towara Eisenach ang
toward Hamoburg these flows are interstratifiea with lignite fielcs
of some commercial value. And atop most of this rock is brown forest
so11 with mountain trown forest soil above Vogelsberg and the Rhon.

winapiown silt from the terminal faces of glaciers, or loess,
has been gdeposited in tne Fulda Valley arnd 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 ageposits (i.e., those depos-
ited by a glacier put transportea further anc selectively cepositea
by melt water).

The natural wooas tend to oe mountein peech and pine at the high-
est levels. As we descena we note tne addition of some upland oak.
In the lowest regions, near Frankfurt, we find some poorly drained
regions of ooreal forests.

When clearea, tne uplang regions, if suitable for any agricul-
tural pursuits, are usually limitea to meadows, ana milk cows abound.
In some soutnerly slopes, terrzces may be cut for vineyarus. Most
: upliand is left wooded however.

The river vaileys are blessed with more ana better soil and
milaer climate. In these regions agriculture may be pursuea
intensively.

¢.3 THE HOF CURRIDGR

The terrain in which the Hof-Nurnberg routes are located is pre-
dominantly richly forested nignlanas. (Bottom arrow, Figure 1.} In
general, little soil overlays the rock. A notable exception borcers

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

vial soil gescengs from heigen to tne Donau River aroung kegensburg.

Agricultural activities are not extensive. Grains predominate among

the crops and rye among the grains. A lesser amourt of lana with |
wheat 1s founa and the land's productivity tenas to increase as we
inove soutn towara the Uonau. The oat procuction is more common
towara the north of the region. Potato production is consigerable
with the neaviest concentration in the Weiden-Donau riverine deposits
mentioned avove and about the Main ana its larger trioutaries to the
west. Sugar peet proguction shows the same distrigution but it is @
much less significant crop. The Timited availability of meadow and

n
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pasture lanu greatly restricts the amount of cattle wnich can be
supported, What there is increases in density toward the southwest
of this region.

To the immegilate nortn and west of Regensourg there are pine ang
mixed pine forests. These seem to De associatea with the previously
mentionegd alluviel soil. The limited rlcoa plain area about the Main
ang the Regnitz supports vegetation associated with moist broad-
leavea forest lana. The lana east of the Regnitz, south of tne Main,
ana west of the line from Nurnberg to Kulmbach support oak forests.
Most of the lang in this area, nowever, is coverec¢ witn mountain
oeech anag pine.

The general topograpnic nature of this terrain is best visualizec
as a radiating pattern of mountainous areas ana rivers (Figures 6
anc 7). At the center is the Fichtelgetirge Range {about 50 km soutn
of Hof). Tne Naab River grains to its south-southwest. To the
scutneast stretches the bBohmerwaia (Bonemian Plateau). The Eger
kiver drains to the east. To the northeast stretches the Erzgebirge.
Trie Saale River drains tc the north. To the west-ncrthwest stretches
tne Tnuringer Wala (Thuringian uplanas). Finally, the Main Rivers
arains to tne west,

Tne Ficnteigebirge 1s an impressive mountain range roughly cen-
tered in the triangle formeo by the cities of Bayreutn (341 m),
Mark treawitz (~350 m), ang Mﬂhchcerg (533 m). The highest peak is
the Schneeberg at 1053 m. The Oschenkopf is high at 1023 m ana nu-
merous pecks exceec 800-m elevations. The principal nighways leading
soutn from Hof and bypassing the Fichtelgenirge to the west toward
Bayreutn and to tne east towara Marktreawitz are generally at eleva-
tions well 1n excess of 500 m in this vicinity.

The S0hmerwailc (Boremian Plateau) impacts our area cf interest
only at 1ts extreme western eage. Here we nave some bordering ranges
or sutranges wricn are terminatec by tne Naab Kiver.

12
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Tne Bayerischer Wala (Bavarian Range) paraliels tre Donau
(Danube) River and hence extends from the Naab to the east-southeast.
[t nas peaks which exceeu 1400 m in nheight. Unless thrusts are ex-
tended as far south as Regensburg this range will nave no impact on
an attack. Just to the nortr of the Regen River, however, we en-
counter the Oberpraizerwald. This range parallels tne Naab for most
or its lengtn essentially following the Czechoslovakian border. It
nds peaks exceeding 1000 m but 900-m peaks are far more typical.
The Uoerpfalzerwald is very neavily foresteo and especially in the
area east of Weiden, forestry is of great economic importance. At
the extreme northern enu of QOberpfalzerwald, nestlea in between it
and the Fichtelgebirge, lies the Steinwald. The Steinwala is a small
ranye, about 15 km in lengtn, but it nas several peaks about 800 m
ana tne Platte rises to 940 m. Tnis small range is immediately south
of rarkireawitz.

Tre Erzygepirge lies generaily to the east-northnwest of the
Ficntelgeoirge. It contains peaks apbove 1200 m out these are some
gistance away insiage tne DDR. The western extremity of this rancge
js the Elstergebirge. This smaller subrange abuts the roaa from Seid
to Marktreawitz ana has several peaks at about 700 m.

The Thuringerwala is a major range extending to the northwest
from the Fichtelbirge to Eisenacn. It lies principally in the D.D.R.
put its southern margin provides the terrain at the border ang at
its  southeastern end it terminates in the Frankenwala. This
Frankenwala is within the B.R.D.; its center being only about 20 km
to trie northwest of minchoerg.

Tre Frankiscne Alb begins at the soutn of the Fichtelgebirge anc
reaches to the Donau River in the south. It is limited toward the
southwest 05y the Wornitz River which separates it from the
Scnwidbiscne Alb. On tne east the Naab River separates it from the
rangas assuciateo witn tne BOnmerwald. Tne Frankiscne Alb is com-
posed of a porous mesozoic rock with a general tilt such that the

15
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gentler uJip slopes stretch down toward the Donau in the south to
southeast direction, The steeper scarp slopes thus face towara the
nortn to northwest. Most of the drainage thus at least starts toward
the south to southeast even for trioutaries of the Main which will
cventually carry the water westward. This lancg mass is rather thor-
oughly dissected by the large number of tributaries involvea in its
arainage. The Frankiscne Alb is drainec on the east by the Naab and
its tributaries including the Fichtelnaab, Heiaenaab, and Vils into
the Jonau. The south is arainec into the Donau by the Schwarze
Laber, tne Altmunl, and the Wornitz. The west is drained by tribu-
taries of the Main River incluging the Roter Main and Regnitz and
its triputaries wnich include the Rauhe Ebrach, Aisch, Wiesent, Zenn,
Pegnitz, 8ivert, Rednitz, Schweczach, and Regat. The elevation
varies considerably, In the north, several peaks exceed 80C m, the
general elevation 1is around 500 m, and the lowest elevations are
reacned in relatively narrow river valleys such as that of the Roter
Main where Bayreutn is at an elevation of only 341 m.

Toward the south we tind Nurnberg on tne Regnitz at 330 m and
Regensourg 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
500 m (incluaing Poppberg at 657 m).

To the west of tne Bayreuth to Nurnberg road and enclosea by
tie loop of the Main River ana the Regnitz River is enotner portion
displaying great variapility. On the river at Bamberg the elevation
is only 262 m ang similariy at many otner points on the rivers and
tributaries similar elevations below 300 m are to be founa. Away
from the rivers the lana quickly rises to over 400 m and much of the
lana is above 500 m. Some peaks are found which exceed 500 m.

Note tnat the terrain founo witnin the Frankische Alb protably
pest typifies that found in the Hof-Nirnberg corridor. Some paths
to theé nest might te somewhat lower and more level; some to the nortr

16
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somewhat higner and rougher; but most of the patns are in this land
mass.

2.4 SOVIET SCENARIUS FCR THE EMPLOYMENT OF MINEFIELDS %

To appreciate how the Soviet invaaers might use minefielas in
connection with the West German terrain encountered along the three
invasion routes, we must consider Soviet mines of interest and the |
Soviet philosopny for tne use of these mines in minefields. The :
mines of concern are the anti-tank {AT) ana anti-vehicular (AV) mines
used by the Soviet Wwarsaw Pact Bloc. Several mine types are of spe-
cific interest, particularly the East German PM-60 and the Soviet
TM-30. Minefiela cheracteristics include a description of the in-
dividual mine and its distinguishing features, the use of the mine
in a minefield, the ococtrine, tactics anc methoas of minefield em-
ployment, the scenario for its use, ana the characteristics of tne
region wnere it is employec. Four scenarios nave been cefined as

i representative of Soviet use of minefielas. These scenarios are
typical examples of minefield goctrine, tactics, and methods of
Soviet use, togetner with typical equipments, time frames and areas
involvec. Some of the basic cnaracteristics of tne four scerarios

- \“;\“;_'

are given in Figure 8.

The general features of these scenarios which reflect importantly
in this study are summarized as follows:

i, Tnese scenarios occur only in tank-trafficable 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. Inagivigual minefieids may extend to one km in length,
¥ g

As a consequence of the scenarios we may restrict our considera-
tion to those acas in West Germany along the invasion routes which
meet the trafficability, areal ana size constraints of the scenarios.
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2.5 DESCKIPTION OF AREAS SUITABLE FOR MINEFIELD USE BY INVADERS

Considering the trafficability, areal and size constraints im-
poses by the fTour scenarios together with the terrain features of
the invasion routes, it is logical to categorize the terrain along i
trne invasion routes in terms of land use. Certain land usage is 1

compatinle with the four scenarios, other land usage is not. For
example, farmland is gernerally tank-trafficable and fiela sizes are
such that one or more fields can accommodate minefield lengths and
areas characterizec in tne minefield scerarios. On the other hand, 1
forests are usually tank trafficaole only on access roads ana trails
where minefields such as those delineated Ly the scerarios are gen-
erally not warrantea nor possiple. Since land-usage information is
available for West Germany and a reasonable match can be established
Detween it and potential occurrence of invader minefielas, land usage
will pe explorec as an indicator of typical areas where invader mine-

fielas may be expected.

Figure 9 presents tne pattern of Tand usage for West Germany in
a gross sense. The forest and farmlana areas are depictea. In addi- i
tion tne farmliand is subaivigea into areas of permanent pasture;

mixed cropiand and pasture; wheat ana sugar beets; potatoes, rye and
barley; market garuening; vineyards and nops. The three invasion
routes of concern in this study are also delineatea in this figure.

The North German Plain invasion route (upper arrow) generally
traverses farmland where wheat and sugar beets are main crops.

Trie Fulae Gap invasion route (midcle arrow) generaily traverses
farmiands principaily devoted to permanent pasture and mixed cropland
ang pasture in the northeastern portion of the invasion route and
wneat anc sugar beets in the soutnwestern portion.

The Hof Corriaor invasion route (lower arrow) generally traverses

farmianas principally gevotea to permanent pasture and mixed cropland
and pasture for the main portion of the rcute. In the vicinity of
f Nurnberg the main farmland crops are potatoes, rye and barley.
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Gther important lanc usage factors are of concern in determining
potential minefiela locations: (1) cropping operations are usually
conductec on lowlanas or gently sioping areas wnich are trafficable
for the machinery used in cropland farming operations, (2) generally
pasturage is conaucted on steeper slopes oOr poorer scils where crop-
ping operations are more difficult, (3) forest areas are generally
regions wnere the terrain is too cifficult for farsing operations or
where soil or other conditions are not conducive to cropping or
pasturage, (4) generally urban areas are not appropriate to the four
scenarios selected as being representative of Soviet use of mine-
fielas, (5) existing main traffic routes provide convenient means
for invasion forces ana the usage of these routes will probacly en-
tail protective minefields to hinder efforts to deny use of these
routes.

In adgition, it must pe consicdered tnat minefieids are only one
of many types of barriers used on the opattlefield. These barriers
may be classed as natural or artificial. We may zxpect tre Soviets
to take advantage of natural barriers in their military operations
an¢ to augment them with artificial carriers 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 and swamps may be trafficable in northern re-
giuns auring winter time.) These natural varriers tend to proscride
the choice of 1nvasion routes. In addition to natural parriers there
are man-macde barriers which may afrect choice of invasicn routes ard
the consequent use of minefielas. Examples of such artificial bar-
riers are cams, canais, Jitcnes, cities and villages, mining opera-
tions, and military barriers (which incluge minefields;.

Terrain siope, regularity and so1l characteristics ere factors
which are typicaily inherent to lang use considerations. We may
consiuer tnat if tnese factors are acceptatle for mechanizec farming
operations that they are also acceptaple for military venicular
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transit. Consequently we may consiger all farmlancs as areas poten-
tially suitaole for the location of invauer minefielas.

Tacle 1 categerizes West German land use. [t shows the extent
of farmiand ang thereby provides insight into the overall percentage
of lana useful for potential invacer minefield sites. About 32 per-
cent of the lana is arable and another 21 percent is meadow Or grass-
land. If the non-agricultural lana is excluged from the total,

roughly 60 percent of the land may be expectea to be tank-trafficable
ana tneretore eligible as potential sites for minefielas.




e a2
e

TABLE 1
WEST GERMANY LAND USE*

Use Hectares Percent
Arable Land 7,890,000 31.9
Meadows/Grasslands 5,212,000 211
Market Gardens, Gardens 516,000 2.
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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DELINEATION OF TYPICAL‘iREAS REPRESENTATIVE OF
MINEF IELD-SUITABLE AREAS

A broaa cnaracterization of west German terrain along potential
invesion routes from the warsaw Pact couniries into West Germany was
given in the previous section. General guiaelines were also provided
for placing tnis characterizetion into the context of anti-tank and
anti-vehicular minefield operations as practiced by the Soviet/Warsaw
Pact armes forces. In tnis secticn the tnree invasion routes will
Ce examinea in more detail with the objective of delineating typical
areas representative of minefielud suitable areas (from tre Soviet/
warsaw Pact stangpoint) along the three invasion routes.

A number cf 100 nectare 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 urbanizea were excluded since generally urban
areas are not appropriate to the four scenarios selected as being
representative of Soviet use of minefielas. The areas were also
examinea for uegree of fcrestation. None were fourc to be completely
forestea. The number of areas surviving this initial screening is
gcemed sufficient to provide reasonable confidence that the areas
are representative of the region along the invasion routes. It is
intanded that itnese representative areas will be further analyzed in
terms of their features which may affect minefield getection.

3.1 HOKTH GERMAN PLAIN

The first invasion route, the route tnrough the North Germen
Plain extenas tnrough the province of Nieversachsen into the province
of Norarnein - Westfalen (Figure 1). Along this route sixtz2en 100
nectare (1 sq km) typical areas were selected and examined in detail
Lo note tne presence, lengtn anc/or area of both natural and man-made
objects such as rivers, creeks, roads, swamps, woods, buildings,
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farms, origges, etc. An anailysis was mace of these areas to indicate
the number or densities of these objects in order to obtain insight
regarding now mucn of tne lana is used fcr a given purpose. Table 2
synopsizes this analysis. I[f we examine the average of the 100 hec-
tare areds analyzes along the North German Plain invasion route, we
fina that it generally coincides with area 6 cf Table 2. On this

sasis, it seems iugical that area © is reasonably representative of
the typical area along the North German Plain invasion route wherein
the invacer mignt locate nis minefields.

In the gevelopment of Table 2 a listing was made of characteris-
tic natural anc man-mage teatures which seemingly coula affect the
location and disposition of invader anti-tank minefields. The occur-
rence anaG extent of these features are listed for each of the sixteen
representative areas.

i An analysis of Taple 2 inagicates that approximately 65 percent
of the total area of the sixteen selected 100 hectare areas is tank-
trafricaple (definec as farmland anc open land; scrub anc¢ pasture;
and meadowlana). The average slope of the selectea areas is approx-
1mately 2 percent, the average minimum altitude is 63 m; the average
maximum altituge is 103 m. The area of the average wooded portion
of the selected areas is approximately 14 hectares. Swamps anc bogs
average almost 13 hectares. Note that one selected area (area 12)
consists entireiy of peat anc ocg land.

Baseu on an examination of Table 2, the 100 hectare area 6
; aprears to pe reascnably representative of the Nortn Germar Plain
invasion route.

5.2 FULDA GAP

An examination of the Hessen map, Figure 4, shows that there are
a large number of small towns and villages distributed throughout
tre countrysiae. A large number of secondary roads, particularly
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unimproved ones connect these viilages and primary roads together.
From Table 3, it can be seen that on tne average almost 8 km of sec-
Ondary roads can bDe expected to exist in [ sa. km. The large number
of road intersections ingicate that many alternate routes are possi-
ble between most points without resorting to cross-country travel.
Gullies appear to pe only several hunared meters in length and aver-
age lengtn is about 200 m. Man-made embankments may prove to be more
of an impediment to cross country travel than gullies since their
totai length is three and one-half times the total for the gullies.

Trafficapility on mucn of the lana should be good. The sampled
areas appear to de well drained and swamplang 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, 12, 14,
and 15 where woods accupy 57 to 93 percent of each square kilometer
area. OUn the other rang, 8 of tne 16 sampled areas have small stancs
of woods or none at all and the remaining 3 areas nave intermediate
starics. In otner words, consicerabie open areas exist in which
vehicles can maneuver.

Anotner way of obtaining a “"feei" of the cnaracter of the land
is to examine farm sizes. The number of farms and their sizes in
ressen ftor tne years 1950, 19560, and 1970 are given in Table 4. The
same data have been plotted in Figure 10 in terms of percentage of
total farm area. Tne striking factor is the small size of the aver-
age farm. That there has been a consolidation of farms from 1950 to
1970 is evident both in terms of numbers and area. It is likely that

tnere has peen further consolidation since 1970 and that the average

farm size nas increased.

E In 1950, the three smallest farn categories occupied 56.3 percent
; of tne land ana the next two categories, 10-20 hectares, and 20-50
; neciares, 36.4 percent. By 1970, the first three categories occupied
? only 30.3 percent of the land ana the next two categories 62.6 per-
| cer.t, Tne number ana sizes of those ftarms larger than 50 hectares
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dic not cnange appreciably over the two Gecades and tne land occupiea

by large farms accounts for under 3 percent of the total area farmed
boti in 1920 ana 1970. 1In other worcs, farms exceeding 50 hectares
in size are rare; most are under 15 hectares.

The large number of small farms indicate tnat there may be many
fences and hedges. The large number of seconagary roads are also re-
gquired to provice ready access to tnese farms.

An analysis of Table 3 indicates that slightiy over 70 percent
0T tne total area of tne sixteen selectea 100 nectare areas is tank-
trafficable. The average slope of the selected areas is approxi-
mately 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 nectares, the area of
the average farmland portion of the selected areas is approximately
40.1 nectares.

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

e vy e M

rcute.

..,_
-

Tnat 70 to 30 percent of the land in the Fulda area is tank-

»‘4.

trafficable is supported from the map analysis above and by an exam-
ination of sixteen photograpns each representing an area slightly
larger than 1 km square and with the squares randomly distributead in

tne Fuluz area. These pnotographs are available in a report con-
cerned with the getection of armor [2]. An examination of these
pnotographs indicates that about 80 percent of tne total area appears
tank-trafficanle.

3.3 THE HOF CORRIDCR

The Hof Corriagor invasion route lies in tre province of Bayern.
As in the Fulda Gap invasion route there are a large number of towns ¢
ang villages sistrioutec tnroughout the invasion route. These towns
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anu villages are generally connectead by primary roads augmentec by a ;
large number of secondary roads., Since this invasion route encom-

pesses extensive fermlands, thne seconaary roads proviae access to

them.

Trafricability 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, wnere wcocs occupy 46 to 93 percent of each square kilometer
area. On the other hana, 10 of the 16 sampled areas have only small
stanas of wcods or none at all. Accoruingly, considerable open areas
exist in which vehicles can maneuver.

In many respects the Hof invasion route resembles the Fulga in-
vasion route ana this is reflectea in the similarity of the charac-
teristics refiectea in Tables 3 and 5.

An analysis of Table 5 ingicates that slightly over 70 percent

L gty T g T

~

ov the total area of tne sixteen selectec 100 hectare areas is tank-
trafficanle. The average slope of the selectea areas is approxi-
mately & percent; tne average minimum altituge is 434 m; the average

5,

maximum altitude is 500 m. The area of the overall wooded portion
of tne selectea areas is approximately 27 hectares, the area of the
average farmland portion of the selected areas 1is approximately 72
nectares.

Based on an examination of Table 5 the 100 hectare areas number
10 ana 13 appear to be reasonably representative of the Hof Corridor
invasion route.
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4
ANALYSIS OF TYPICAL AREAS IN TERMS QF FACTORS
AFFECTING MINEFIELD DETECTION

Une of the major terrain related factors affecting remote mine-
ficlu vetection perforrmance 1s sensor accessipility. Sensor accessi-
bility as usea in this report refers to the feasibility of observing
a target without interference from intarvening materiais or struc-
tures. Tne principal terrain related factors affecting sensor acces-
sibility are topography and vegetation. These factors are generally
giscussed in Reference 3.

another major terrain relatec factor affecting remote minefiela
getection is the apparent contrast to the sensor existing bDetween
the target and the background. In our particular case tre backgrourd
is tnat whicn is to be expectea along the three invasion routes of
interest.

A tnirg terrain related aspect affecting remote minefield detec-
tion system performance is the effect of topography and vegetation
o tne overali remote minefielu detection system. For example, ter-
rain can greatly influence fliight regimes ana electronic lines of
signt, These aspects are specifically discussea in References 4 andg

5.

Consideration of these factors will vpe specitically appliea to
some of the typical areas representative of the three invasion routes
wnicn were selected in Section 3. Tre resultant impiications affect-
ing remote minefieid detection will also pe aiscussed.

f{n tne application of tnese factors to the typical asreas the
following guigelines nave been establisnea as reasonably in con-
scnance witn the four scenarios envisionec for tne invasion routes
Into west CGermany. Typically minefielas occur in tank-trafficable
areas ang because Of tneir extent are typically located in open areas
or fielags. wupen fieias include crop land, pasture, meadows and I1ow
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open areas sucCh as scrub. Bogs anu marsnes are consiuered as unsuit-
able sites tvor minefielas. Densely forestea areas with high vegeta-
tion are also considered as unsuitable sites for minefielids.

Considering tnese guiaelines, the general relationship between
terrain features and remote minefiela detection factors appear as
illustrated by Table 6. Sensory access ana background factors are
cvpicaily linkea to the vegetaticn 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 tney are
relatively insensitive to slope. System factors are typically linked
to, major terrain teatures which car affect flight regimes or mask
lines of sight (optical or electronic). Accorgingly system factors
are strongly linkeu to altituce, slope and the existence of high
vegetation such as forested areas.

An examination of the area typical of the North German Pilain
(area 6) in terms of these relationships reveals that lana usage for
Crops and pasture cowmprises about 77 percent of the total area.
Accordingly this area is available tor potentiai minefield sites and
tnis area plus tne area of the roads is aveailanle for tank traffic.
Crops typical of the North German Plain invasion route are primarily
wheet anao sugar peets (see Figure 9). These crops will be the prin-
cipal determinants of sensory access to minefielas located along this
invasion route. Further thnese same vegetational covers will be a
major ageterminant of the backgrouna to be expected. The average
si10ope (0.8 percent) ana peak slopes (3.0 percent) ana range of 3lti-
tuges to be expected indicate that terrain slope will not be a major
ractor influencing remote minefield detection along this invasion
route,.

A similar examination of the Fulda Gap invasion route and its
typical 100 hectare area 10 ingicates that about 6 percent of the
ireq is cropland andg pastura. Main crops are wheat and sugar beets
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TABLE 6.
GENERAL RELATIONSHIPS BETHEEN TERRAIN FEATURES AND REMOTE

MINEFIELD DETECTION FACTORS

Terrain Features

Land Usage
Crops
Pasture
Scrub
Forest
Other

ltitudes
Minimum
Maximum

Slopes
Minimum
Maximum
Average

Remote Minefield Detection Factors

Sensory
Access

Background

System
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(see Figure 9). Adaitionally a significant portion of the farmland
is devoted to pasture. In this area sensory access to minefields
ana minefiela background will be principally ceterminea by these
three vegetational covers -— wheat, sugar beets, and pasture. The
average slope (13 percent) and peak slope (50 percent) are signifi-
cantly aifferent from those of the North German Plain. The rugged-
ness of this terrain will distinctly Timit tank trafficabpility and
the consequent choice of sites for minefields. The range of ground
gievations from 220 to 311 m combineu with the range of slopes ex-
pected will affect flight regimes ana electronic lines of signt.

Examination of the Hof Corridor and its typical 100 hectare area
10 indicates that about 65 percent of the area is cropland and pas-
ture. Main crops are potatoes, rye and barley. There is a signifi-
cant portion of the farmland devotea to permanent pasture. In addi-
tion there are smail areas cevoted to market gargening. In this area
sensory access to minefields 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 intermediate to those of the North German
Plain and tne Fulda Gap. Although the minimum aititude (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
1ines ot sight may be less than in tne Fulda area.
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5
FINDINGS AND RECOMMENDATIONS

The previous discussion leads to the following findings and
recommenaations,

5.1 TANK-TRAFFICABLE AREAS

Tank-trafficable areas in the North German Plain, Fulda Gap anc
Hof Corrigor invasion routes range from 65 percent to about 80 per-
cent of the total invasion route area respectively. Most of the
tank-trafficable area 1is farmland suitable for the siting of
minefielas.

5.2 KEY FACTORS IN MINEFIELD DETECTION

Key factors in the remote detection of minefielas are sensor
accessinility, contrast oetween target and background ana the effect
of topography anc vegetation on remote minefield getection system
parameters.

VB 5.3 VEGETATION COVER

?' For the farmland area the principal determinants of sensor acces-

' s1Dility and contrast are the vegetative cover. The vegetative cover
is principally farm crops anc pasture. Major farm crops are wheat,
sugar pbeets, potatoes, rye, and barley. Test arrays should include
these crops ana pasture for tne determination of sensor dccessibility
and target contrast.

5.4 TOPOGRAPHY

Topegraphy ranges from flatlands in the North German Plain to
forestea mountains with intervening farmland valleys in the Fulda
Gap, wita Hof Corrigor being intermeagiate to these extremes. The
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slopes &nu range of altitudes can rce 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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