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Foreword 

Increasing use is being made of numerical terrain data which can 
be applied to the designing and testing of military equipment and lo¬ 
gistical systems. Also, terrain information expressed in quantitative 

terms can be used to establish a simple l&Mforra code, or index, for 
describing world areas. 

Tills report deals with a landform code based on six dimensions of 
terrain. Techniques for taking these measurements are described, along 
with methods of recording and codifying the data. As more information 
is discovered about the inter-relationships of terrain dimensions, it 
will be possible to become more definitive in selecting dimensions for 

quantification; the present six factors will continue to be used along 
with any additional ones. 

Approved: 

AUSTIN HETfSCIffiL, Ph.D. 
Chief 

Environmental Protection Research 
.Division 

CARL L. WHITNEY, Lt. Col., QMC 
Commanding Officer 

QM R and E Center Laboratories 

DALE H. SIDLING, Ph.D 
Scientific Director 
QM Research & Engineering Command 

ii 

, u 3 I ! JIIRLHIIIIIII 

-* J- 

I „ u *~s -'K --4- 
¡•V-V-V-V-V-V-V- 

it >^-v • 

^ . ^. 
» ^ V 

iv“v' 

: rrru'.mrj jéirvVa 

“r" 

K ' 

•V *s 

» » . 

¿îlÂâààÉiàâHiiiâHÉdiiyiûÙ 



Contents 

Abstract 

h. 

5* 

Introduction 

Quantified terrain data 

a. Factoro selected fer quantification 

b. Techniques for measuring terrain factors 

(1) Grain' 

(2) Relief 

(3) Average elevation 

(¼) Elevation-relief ratio 

(5) Average slope 

(6) Slope direction changes 

c. Index of terrain 

Landforra classification 

a. Regional basis 

b. A quantitative system 

(1) Maintaining objectivity of the system 

(2) Grouping the samples 

(3) Landfonn regions map 

c. Comparison with qualitative systems 

Conclusion 

References 

iii 



L' '''■ ^ææza 

i ! 

•^J 

■:$ 
o 

Í J 

‘‘w’ -/ 

Abstract 

A landforn] clase if icatlon system based oc quantitati’/e terrain 
data has been devised, and tested in a part of Central Europe. Measure¬ 
ments for si>: terrain factors - grain, relief, average elevation. 

taken for’l?*'1 "T“0’ averaSe sloPe slope direction changes - were 
‘ freas within a larger area of over 100,000 square 

In ’ ü“p lnd!r“UQl samPles vere grouped into 25 homogeneous regions 
in accordance with the similarity of the above measurements. 

was fo„^P+nf C0ntral,EU1'Ope deliReatln3 t!‘es= 25 regions was drawn and 
soí Í =OII^are favorably with physiographic saps of the same area 

tf17,f 1X5111 qualltatlve inteipretatlons. The similarity of the 
qianuitatively-described landform regions with those described cualita- 
tively is further proof of the validity of quantitative terrain WÍals 
am. demonstrates the usefulness of earlier qualitative geographic work. 
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A QUANTITATIVE ÒTSTEM FOR. CLASSIFYING LANDFORi-iS 

1. Introduction 

rfumericaliy-expresGed terrain data are being used increasingly for 
geoiaorphic analysis- Because numbers can be manipulated more easily than 
words and carry a preciseness of definition that qualitative terminology 
lacks, quantitative analysis has increased the value of terrain studies 
for both theoretical, and practical purposes. A simple, but expressive, 
land form code, based on measurements made from topographic maps, is one 
application of quantified geomorphie data. Such a code permits accurate, 

concise descriptions of any part of the earth's surface and can serve as* 
a terrain index or form a system for classifying landforms. 

i.i*is redoro describes a quantitative system of landform classifica¬ 
tion and the techniques through which it evolved, e.r.d consists of two 

parts : (1) A discussion of the terrain features selected for quantifica¬ 
tion^ which would give an adequate description of the surface geometry 
(measurements of these features by themselves would comprise an index of 
terrain); (2) A system for grouping individual sample areas into homogene¬ 
ous regions according to similarity of the above measurement”. 

This classification system was devised and tested in that portion 
of Central Europe represented on World Aeronautical Chart 231, "Bohraer 
Forest ", covering the area bounded by W to 52° North latitude and 7° 

to 16° East longitude. Most of Germany and parts of France, Austria, and 
Czechoslovakia are included on this chart. The area is characterized by 
a great diversity of landforms and has been studied extensively by geog¬ 
raphers and geologists. 

2. Quantified terrain data 

a. Factors selected for quantification 

Six terrain factors were selected for quantification: 

(1)^ Grain - the size of area over which the other factors are 
to be measured. It is dependent on the spacing of major ridges and val¬ 
leys and thus indicates texture of topography. 

(2-- Heli— (°r iocal relief) - the vertical difference between 
the highest and the lowest elevations within the sample area. 

(3} Average elevation - average altitude of the surface above 
sea level. 
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vithin the(area~--tî0n'rellef ^1° " ^ortion °f ^Pland and lowland 

(5) Avercjre slope 
away from the horizontal. average angle at which the surface slopes 

encountereïïn rTerJfof °f rldSeS and Vall^s -gen 01 t*«.,».trse and thus a measure of dissection. 
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tor! wn! CLinß dlnensions for quantification, and. that these s^ fac¬ 
tors will continue to be used along with any additional ones. 

b. Techniques for mea.^urin^ terrain factors 

,. . r^eise measurements of the six factors were taken for in < ^ 

nautical Ch^rt^ir^B^a j1“1'251" nrea represented on World Aero- 
1-100 0C0 U S Armr v c f ^thareá ^om topographic maps of the 

Lt^vS ofls !TírfP ^rrCe¿ Cerltral Eurüpe Serle3' ^ a contour 
i ^25 meters- Although a few of the sheets are larser most of 

mues in the^f °f by 30 “lnutes of Atitude, o7ab0ut%“ 
shaped sample are¡sew!e lon^°^ ^ 35, mllGS ,lorth-south. Six circular- 
intersections of r t C °n eaG^ s^ee^' These were centered on 

apart north-sopth by I5 llllt apalTllllVetlT^ Grld 17 mÍle8 

s^lTlttTnrTTs fouÔwsrÍnS ÍndlVldUal facto- within the 

major ridgüanf^lL^mïn^ea ^ ÍS deteMined ^ the spacing of 
texture and can bè lï^d to ™od or son ,lndiCfion oi' topographic 
sidered as coarse or fi-o "o * °r SOil erain- Hence it can be con- 
with widelv snfrL ; ,Coarse-Grained" topography is associated 
d^senf ed L P If dralnage ways arld interfluves ; more finely- 
Rrain! " i I spflcln3 of these features may be temed "fire- 

EEr |=-°œsr:s ää r«¡r 
0n,ly I1“63 the °f grain provide a single piece of in¬ 

to to' adeaEEelyEeprescntlhflarge/lrefo? 'hLfi? is^^rt^^Arbi- 
.ary decisions concerning terrain sample size, such as 1 square’mile or 
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IO square miles, do not indicate the rccst suitable size area to study. 
A more logical approach is to let the earth itself determine how large 
a sample should be. An area which will contain a major ridge and valley 

will also contain the other smaller topographic features which are repre¬ 
sentative of that portion of the earth's surface. Thus, samples selected 
according to grain will give the analyst the optimum size area on which 
to take his measurements. This is particularly true when trying to de¬ 
limit "local relief." 

The diameter of a circle large enough to contain a major drainage 
divide and major valley is referred to as "grain size." The detailed 
method for calculating grain is as follows: 

1. Select a random point on a topographic map of the • 
area under consideration. 

2. Draw a series of concentric circles having diameter 
increments oí 1 mile. 

3. Determine the relief for each circle. 

h. Plot these values on graph paper with relief on the 

vertical axis and length of diameter on the horizon¬ 
tal axis. Draw a line to connect the points. 

5. It will be found that a "knick point"* occurs on the 

' line representing increase of relief with size of 
area, and from that point on, the line moves upward 
slowly. The length of the diameter indicated directly 
below the knick point is the grain of that area. 
(Fig. 2) 

I 

In some cases, the graphing of relief against diameter length of 
the circle on which relief is computed will give an uncertain value for 
grain size. If the analyst is not satisfied with the result he gets 

from measuring the grain from a single point, he should measure the 

grain from a number of different points within an area of apparent homo¬ 
geneity, and graph the average relief obtained for each increment of 
diameter against the appropriate diameter. This technique will produce 
a definite knick point so that no doubt remains as to grain size. At 

* Gutersohn, as referred to by Neuenschwander (3), found a definite 

relief. 
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Two areas ELsy have the same relief, grain oí* other features7 and. 
yet be quite dissimilar in appearance^due to their different ER's. 
Figure 3 illustrates three land surfaces, all having the same relief, 
but different EF1^ In 3a the ER is .90 and shows that in such cases the 
flatíand is located on divides, and valleys are likely to be steep. 

Figure 3c represents an area with broad, open valleys and widely spaced, 
isolated hills; Z~_in this case is .20. Figure 3b indicates an inter¬ 
mediate case, ER -50, with sharp crests and deep valleys. 

•pie examples in Figure 3 typify the landscapes that are usually 
associated with these particular elevation-relief ratios. However, it 
would be possible no have landscapes with both flat summits and flat 

valleys yielding identical EIV s, but the proportion of upland and lowland 
would be the same as that in ¿ne cases illustrated. 

-LWJ 

distribution of sic 
ox t/iic cLu^xtr ci 

average slope. 

ge slope - As yet, no quick method has been devised 
.La needed to describe the statistical and spatial 
es within an area. Therefore, the only indication 
it lhe surf ace departs from tne horizontal is the 

A measure average slope is obtained by drawing traverses across 
the area in several directions, counting the number of contours which 

cross these traverses, and computing the slope tangent by the Wentworth 
equation (5); S can = I x H, where S tan is the'slope tangent: I is the 

335F . 
contour interval an feet; and M is the number of contours crossed per 

mile of random traverse. When traverses are confined to an area indi¬ 
cate^ by grain the resulting slope will he representative, as far 
as an average car. re representative. To compute the average slope of 

the terrain represented on World Aeronautical Chart 23I, the traverses 
along which the ccztours were counted were four diameters of circles 
drawn at grain size (east to west, northeast to southwest, north to 
south and northvezz to southeast). 

(C;) direction changes - Slope direction changes denote 
the dissection of an area and are another expression of topographic tex¬ 
ture. Whereas grezz connotes the spacing of the major ridges and valleys, 
slope direction charges indicate all the fluctuations of configuration * 
along a line of reriem traverse. If one were to walk: a straight compass 
course over tne surunce of the earth, a slope direction change would be 
encountered every time the route altered from an uphill to a downhill 
direction, or vice versa. On a topographic map, direction changes are 
identified at places along a line of random traverse where the traverse 
line cuts off locys of contour lines, crosses streams and crosses 
troughs lying tet-cen two ridges (Fig. 4) 

r-4 

T 







M 

*_ •-. -. ■- 

„nmo f°r tilis atu^ slope direction changes were measured along the 
same traverses used for counting contours* 

Index of terrain 

-tc+1 a 1 ■Rir„b1x tel,r«in factors discussed above constitute a real- 
he*veeín^X or.fcerrRln cornet eristics which indicates the distance 
«teñera? ^ ^f528 and valleye( the degree of dissection, the 
générai elation, the relief, the average slope, and the relative n~c- 
^l?-0n.05 uplaad and lowland vlthin an area. Similar data could be 
gathered for other areas, recorded by machine methods, and conveniently 
stored to be available-for reference at any time, lucre is no worn foí 

^ =p.?^.Ersro:iro” ~ii0“ 
«- - *«r is as follows* * —e vxo.ua.carúà 

EAM column number 1 2 3 4 

Terrain data 1-5 g 5 

5 6:7 8 
I 

i 2I1 8 

9 10 111 12 

1 £¡1 0 3 

'13 1¾ 

1 8 

15 16 

2 2 

17 19 

4 7 

Column Terrain Feature Unit of Measure 

-1-3: 

4: 

5-6: 

7-6: 

9-10 

•11-12: 

13-14: 

15-16: 

17-18: 

Identification of map sheet in the series 

Identification of sample on the sheet 

Physiographic province 

Average elevation 

Relief 

Grain 

Average slope 

(hundreds of feet) 

(hundreds of feet) 

(miles) 

(degrees) 

&lope direction changes (number per 10 miles of traverse) 

Elevation-relief ratio /? ,, 
(2-digit percent) 
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An observer investigating this particular card could, ia addition 
to locating the sample in the Vosges Mountains, determine that the 
general altitude of the land is 1,000 feet, local relief is 1,600 feet 
major ridges and valleyo are 3 miles apart (grain), average slope is * 
18 , a change of slope direction is encountered 22 times in 3.0 miles of 
cross-country traverse (in other words, 3.1 ridges and 11 valleys will be 
crossed), and that the elevation-relief ratio is (that is, the pro¬ 
portion of hilltops to valley bottoms is about equal, with slightly more 
of the surface comprising valleys)# 

In contrast to the above quantitative description, a qualitative 
account of the seme sample might read: "The area lies at high eleva¬ 
tions in the Vosges Mountains of France. It is greatly dissected with 
steep slopes and narrow valleys and has strong local relief." 

3- Land.form classification 

a. Regional basis 

Geography is often studied on a regional basis whereby dif¬ 
ferent areas of the world are grouped Into homogeneous units according 
to similarity of vegetation types, climate, soils, landforms, political 
units, economic traits or some other unifying characteristic. Physiog¬ 
raphers also divide the earth into physiographic provinces, regions 
which exhibit similarity of topographic features. In the past, these 
regions have usually been described in qualitative terms.* However, it 
is possible to group areas into homogeneous landform regions according 
to quantitative measures derived solely from topographic næos. This was 
done for the area of Central Europe represented on World Aeronautical 
Chart 231. The six terrain characteristics described in the first part 
of this report were the criteria for establishing regional boundaries. 

b. A quantitative system 

(1) Maiftfrainirp; objectivity of the system - Each of the 413 
samples cited above was located, and its terrain data recorded, on an 
overlay of World Aeronautical Chart 231- The chart vas then put aside 
so that the analyst was confronted with only a sheet of tracing naper 
marked with 413 dots and an index of six terrain factors accompanying 
each dot. With this information alone, bo’.mdáries were to be drawn 
grouping all samples which exhibited similar topography# 

With the exception of Hammond (l) who devised a quantitative classi¬ 
fication of landforms for use in drawing small-scale landform maps. 
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It vöb anticipated that during the grouping process., samples 
would be found to agree with one another in some features but not in 
others. For instance, it might happen that two samples would agree in 
slope and grain, but relief would be radically different. Vtould these 
two cases belong together or should they be separated? To maintain the 
objectivity of the grouping system, a "relative importance" was attached 
to each of the nix factors. It must be remembered that every individual 
terrain factor is an important contribution to the differences existing 
among landscapes, but some factors make more significant contributions 
to these differences than others. It Is the combination of all factors 
which distinguishes one area from another, for dften certain single di¬ 
mensions may be identical for widely contrasted landscapes. Another 
consideration, when weighing che relative values of factors, is the .-.•re¬ 
liability of measurements. A measurement based on a single random point 
may produce an extreme or accidental case, whereas measurements involving 
many points or lengthy traverses become more reliable. Evaluation of 
these facta led to the selection of significant values as a guide for 
grouping as follows: 

1. 

3. 

h. 

Average Slope - considered the ieoiuro most likely to 
rtj sT,lneuiBh one area from another; measurements 
taken on traverses in all directions were re¬ 
garded as very reliable. (Significance value: 

6) 

Grain - the basis of sample size and a feature 
which also greatly distinguishes one area from 
another. (Significance value: 5) 

Average elevation -. less significant than either 
of the above, since it is possible to have both 
plains and mountains lying at the same elevation. 
However, it was considered a reliable measure, 
since a number of random points went into the 
calculation. (Significance value: b) 

Slope direction changes - the accuracy of this 
measure would be limited by contour interval and 
precision of drafting, hence*it Is placed lower 
on the scale. (Significance value: ^3) 

Relief - the most accidental measure^since it is 
based on a single random point. For individual 
samples it vas considered of minor importance. 
(Significance value: -.2) 
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6. Elevation-relief ratio - derived In part fron a 
relief value, it too is subject to variation and 
thus least likely to represent an individual 
sample. (Significance value: l) 

Thus, if two adjacent samples were alike according to all six dimen¬ 

sions of the classification system, they would be similar at a total sig¬ 
nificance value of 21(6 + 5 + ^ + 3 + 2 + 1 = 21). If they vera alike 

only with regard to slope and grain (6 + 5), the significance value would 

be 11. 

One other preliminary consideration, before actual grouping took 
place, was to divide the values of the various factors into classes. 
Class intervals were selected in accordance with the range and distribu¬ 
tion of the various values. The following classes were appropriate for 
the Central European data. However, data from another area having a dif¬ 

ferent range and distribution of values, might more logically be divided 

into different intervals. 

AVV *.r-E 

SLOPE 

Class intervals for 6 terrain factors - Central European, data 

GRAIN ELEVATION DIRECTION RELIEF 
SLOPE 
DIRECTION 
CHANGES 

E7ATI0N- 
RELILF 
RATIO 

(degrees) 

0-3 

b-7 

8-11 

over 12 

(miles) 

2-k 

5-7 

8-10 

11-13 

over 14- 

(feet) 

0-500 

600-1100 

1200-1700 

over l800 

(*) 

0-9 

10-19 

20-29 

over 30 

(feet) 

100-500 

600-1000 

1100-1500 

over 1600 

(percent) 

0-9 

IO-19 

20-29 

30-39 

Ao-49 

50-59 

60-69 

70-79 

* Number per ten miles of traverse 
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(2) Grouping the samplea - Vn,-0 a^„„-. ,,. 
ever three or more Agacent samples agreed ao aeline«ed vhen- 

elevatioa (significance value: 15). "ihirtv-on- average 
were distinguished In this way. whan located on hoEDSene°UE areas 

was found that these cores were coincident with n— pos’;'a(:ialc MaP» ifc 

«o™,,»«.. v.,B„ SSS*¿;sopT.s: 
va«.Ä“S .i«««™*. 
analogous core areas. The EE^>lea vere “ttached to 

Placement with uhe appr^ria^f core couíd hn 7^/* that 
•i»,., o, .v.i Scii““4 S,42S “ tt= ““í* 

Sample A Ilea hetween Ccrcs J ^ II 

Core I Sample A 

Slope 
Grain 
Av, Elev. 

0 - 
a 

Significance: 

Sample A is joined to Core I 

3 (6) 
10 (5) 
11 
rn) 

- 3 
- 8 
5 

Core II 

4-7 
8 - 10 (5) 
6 - n 

. /•=* 
vp; 

Sample B lies Between Cores III ard iy 

—Sample b Core IV 

Slope 
Grain 
Av. Elev. 
oTgriff ic anc e 

over 12 (6) 

5 - 7 
over 18 (4) 
m 

13 — 
3 — 

19 

Sample B is Joined to Core IV 

over 12 (6) 
2 - 4 (5) 

12 - 17 

(11) 

There were cases, however vh^n 
factors before conclusively deciding where a Û^1 olx 
a case might be: • aC^> ^S-ttly belonged. Sud 

Sample C lies between Cores V and 7T 

Slope 
Grain 
Av. Elev. 
SI. Dir. Ch. 
Relief 
ER 
Signii’icance: 

Core V 

0 - 3 (6) 
8-10 

12 - I? (4) 
0 - 9 (3) 
6 - 10 (2) 

20 - 29 

(15) 

Sample C Core VI 

- 2 
11 
13 
8 
6 

34 

(6) • 0 - 3 

5 - 7 
is - 17 (4) 
ic - 19 

ó - 10 (2) 
30 - 39 (1) 

^137 
Sample C is joined to Core V 
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When the grouping of samples was completed, 25 distinct regions 

were delineated Some of the original core areas coalesced to rover a 
larger area. Three regions were deliniteâ, not on the basis of a core 

sïate&Mhert0? Q dissimilarity with surrounding regions. These were the 

^L^ntd LrLÄnLS.the tranSitiC" - — - 

•«r --- mmmiñ âtkí ~r sr 

doíbtCcíi°r lintl0n tbe M- A clo3er -twork of»eswo^ano 
judge ^st Where t reUa^e ^ 'n listing map, but it is difficult to 
judge oust where a demarcation would actually occur between two unlike 
sompie points 20 miles apart. The six terrain factors ItTo !vernged 1er 
ecch region and the mean values cf these recorded. (Table I and Fig. 5) 

c* Comparison with qualitative systems 

G oV..-\'g«. ^ 4» -« i r- 

» , , — w,-vI regions compares favorably with r>r^' 
viousiy-drawn physiographic maps of the area. (Fig. 6) ^becJs ^f 

ïnc:aPtoSwhfchPhiC PfVlnT =re ea3lly d^tingiisLd L «"e subpioi- 
inces to which he refers, but does not demarcate, are obvious. Also 

El 2^¾ —: 
coarse sample net which was used. ^ 

iP=nwwbHe I:!:.Ehows the eeneric cc^parison of these two qualitatively 
described systems with the regionalization tased on the quantitative 

yo em- The quantitatively-described regions have been named in accord 
anee wi^h accepted terminology. For the additional regions distin 

applied the neW SyEtem' °ther «tio- hav¿ been 

Conclusion 

A quantitative system for realistically describing landforms has 
been proposed, and it has been derenst^ted ^ha4* ■‘-h-'r t-vQtr.m , 
to Identity homogeneous landfom regionsÍ ^ehnloues ?o obtain ll.Ti 
numerical terrain data, have been dfvised; the ob^ctívÍty and "c—6 

°ó ÄTSÄ“orf" ^ °r “* « i 

^10 El“ilaJity of the ^titetively-deseribed landform regions 
wiith those based on qualitative criteria is further evidence of the 
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Figuro 6 
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1. 

lobée le 

Baltic Plain 
Münster Basin 
Cologne Basin 
Leipzig Basin 

Slate Mountains 
Huns niele 
T'iuaus 
»csterwalil 
Stelgervald 

table ir 

C0ÎGÂ3ISÛS OF LEGIONS, OEYLHIC TERMS 

Qll^-ITATr/E 

Van VitlkenburK 

1. - Munster Main 
2. Hurz Foreland 
3. Srticonlan Iv'vlarvi 

Southern Moraine Zone 
5» Saxoninn Upland 
6. Sudeteo Foreland 

7. Western Rhine Upland 

Q. Eastern Rhine IJblnnd 

QUAKTITATT/S 

1. Munster Plain 

2- Saxoninn Lc^wlanu 

3- Saxonion Uplajij 

h. Slate Mountains 

3. Highlands of Central 

Ilarz Mountains a. 
Thuringlen Basin ló. 
Thuringißn Forest n. 
Hessian Highlenis 12. 

Harz MountsIns 
Thuring inn Benin 
ThuringJan Forest 
Hessian Depression 

Harz Mountains 
Ïîï’.iringlen Basin 
Thurlnglon Forest 
Hessian Lovlsnd 
Heasi'-.n Unland 

a. Paris Basin 

13« Palatinate Upland 10. 
11. 

Palatinate Upland 
HanrHt Juntei ns 

5- Vosges 

Rhine Cr.iben 

7. Black Forest 
Odenwald 

IH. Vosges 

15. Upper Rhine Valley 

iC. Blftok Forest 
17- 01envoid 

12. 

13- 

II». 

Vosges 

Rhine Graben 

Black Forest 

Bovcrinn Flateau 
Basin of Bavaria 
Gvpbinn Jure. 
Franconian Juro 

Frankenhohe-Steig. 
ervaid 

13. Alpine Foreland 
19. Jura Upland 

20. Triunsle repression 

15- E-ivarian Basin 
1’ • ovr.bii-a Jura 
17- Fmnzonian Jura 
13. Jura Uplands 
19. Fra nkenhohe -St c ig er-*a Id 
20. Ma in-Neckar Bisin 

9- Bohenlan Massive 
Sucetes 
Erzgebirge 
Bohemian Forest 
Bohemian Basin 

21. Sudctes 
2?. Erz Mountains 
2j. Bîhcsjian Forest 
21». Dohexian Big In 
Sp. Bahemir.n Plateau 

21. 
22. 
2J. 
24. 

Súdete3 
Erzgebirge 
Bvhe.xian Forest 
B-'hexien Bz'in 

'5• Bsherzicn Plateau 

19 
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validity of quantitativ« analysis and demonstrates the use fuir1 Cr-s of 

earlier géographie vork. Even though geographic elements are now being 
expressed in numerical terms, the work that has been done on a qualita¬ 
tive basis should not he overlooked. The feasibility of delineating 
landform regions by quantitative measures supports the theory that a few 
randomly chosen samples from homogeneous areas, already identified by 
physiographers, will produce adequate information about the region es a 
whole. 

Although this system of classifying landforms has been applied to 
Central Europe, all tne methods and techniques described could be ap¬ 
plied to other areas of the world as veil- 
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