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foreword 

P-flcise numerical definitions of terrain characteristics are needed 

in order that terrain information «ay be mathematlcally 

problems as the design of military equipaent and logistical «****“*• .“ 

present terrain analysis st«iy has been undertaken to attain this ©bj«* 

tive. 

Prior to establishing a numerical system for describing landscapes, 

the fundamental relationships existing among terrain 

understood. Also, methods must be developed for obtaining ^ 

Sata quickly, not only from existing maps but for areas «here graphie 
mapping is not available. A series of reports is proposed to furnish 

such information. 

This report, the first of the series, describes 

of six geoaorphic factors and introduces formulae for predicting three 

of them. 
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Chief ■ 
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Abstract 

-i. 

^ Based on a 200-case sample of United States topographie naps, a 

study tee'Üfotn made of the inter-relationships of six terrain factors: 

highest elevation, lowest elevation, relief, contour counts, slope 
direction changes, and hilltops. The rank method of correlation was used 

for this analysis. From the preliminary correlations, three factors 

(relief, contour counts, and slope direct.on changes) were found to be 
most significantly related. Further worl with these three factors 

resulted in a series of regression equatJ ns, both simple and multiple, 
to be used for predicting any of these t elements when pertinent 

data for it are lacking. 

The performance of two multiple regression equations to predict 

average slope from relief and from slope direction changes, were mapped. 

It was seen that average slqpe can be predicted within an error of 4¾ 
slope for three-fourths of the United States« The best predictions were 

made for the Coastal Plain and Interior lowlands, areas of low rolief« 
The poorest predictions were in the Appalachians, parts of the Northern 

Rockies, Cascades, Colorado Plateau, and Oaarlçs. 

iv 
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PREDICTIVE METHODS IM TCPOORAPHIC ANALYSIS: I, MJSF, SIAfE, 

AMD DISSECTION ON INCH-TO-TiîE-MIIE MAPS IN THE UNIT® STATES 

1. Pt^fpoae and scop» 

The Amy operates on the earth's surface and therefore ccnalderethe 
description of this surface to be of vital concern. Heretofore, 
has been described in qualitative terms - steep. r°u«h». 
which are subject to misinterpretation and are inadequate *°r marçr purposes. 
There is a need, then, for explicit description of terrain. Since the 
surface of the earth can be measured, quantitative descriptions of this 
surface are possible and will provide much needed information. 

Quantified terrain data can be applied to the development 
for the design and testing of military equipment. Also, this Knowledge 
can provide a uniform method for evaluating field performance 
ment systems with respect to terrain. Moreover, quantitative description 

of such factors as "relief" and "average slope" ^ l8 
studies of the environment such as meteorology anci trafficablLity. ^ ^ 
known, for instance, that the roughness of the earth 8 fJTj®®® 
the speed and direction of wind and that there is a relationship oatwe» 
si£€ of soil particle and angle of slope. 

To fulfill these many needs, a numerical system for describing land¬ 
scapes should be devised. This system should be simple, T«1 compete 
enough to carry an pertinent information. Adaptability to machine pro¬ 
cessing of these data, along with those on military equl^ent or otter 
environmental data, is also desirable. Such a simple 
system, or code, must be based upon a knowledge of the interrelationship 
among individual characteristics of the earth's surface. The task of 
supplying terrain information and designing a code would!» relatively 
simple if the earth were mapped entirely at an inch-to-the-mile æale ^ 
with a 20-foot contour interval. Unfortunately, the only maps available 
for much of the world are at a scale of 1:1,000,000 (15.8 miles to the 
inch) with a 1,000-foot contour interval. Thus, the lack ^ 
topographic maps complicates the task of collecting basic terrai« data. 

The research here described was undertaken to discover interrelation¬ 
ships among terrain elements and to demonstrate how prediction equations, 
which will help to overcome the limitations of inadequate map coverage, 
may be constructed, applied, and tested. In their present state^f 
development, the prediction methods have some military utility and, as 
more work is done, the applicability of the findings will become more 

precise. 



This report, the first of a series presenting the results of a con¬ 

tinuing terrain analysis study, will deal only with interrelationships of 
terrain factors and prediction methods, but the ultimate objective of a 

code was in mind, as the research proceeded. The paper is further limited 

to a consideration of those topographic characteristics which can be col¬ 

lectively called surface geometry. 

2. gr?rt.9u« flanU&a&ga UmHaHong 

That order exists on the earth's surface was first demonstrated by 

John Playfair, a professor of mathematics at the University of Edinburgh. 

In 1802, Playfair published a commentary on Hutton's "Theory of the Earth" 

in which he (Playfair) stated: "Every river appears to consist of a »in 
trunk, fed from a variety of branches, each running in a valley propor¬ 

tioned to its size, and all of them together forming a system of vailles 

(sic)>communicating with one another, and having such a nice adjustment 

of their declivities that none of them Join the principal valley, either 
on too high or too low a level. "(6) This observation is known as 

"Playfair's Law" of concordant stream Junctions and, although expressed 

qualitatively, it has been the basis for recent hydrological investigations. 

A quantitative interpretation of Playfair's lew was undertaken by the 

hydrologist, R. E, Horton. In 19^5. Horton showed th&t stream channels 

develop according to definite hydrophysical laws. Thus he was able to 

express the composition of the stream system of a drainage basin quanti¬ 
tatively in terms of stream order, drainage density, bifurcation ratio, 

and stream-length ratio.0) Since that time, other hydrologists have 
elaborated upon and refined the basic concepts which Horton described. 

These first quantitative studies were concerned with stream systems. 
However, if stream systems have order, their interfluves, which have been 

shaped by them, must also exliibit order. Recently geologists and geog¬ 

raphers have turned to a quantitative interpretation of other elements of 

the earth's surface. In 1950. Strahler used statistical methods to test 

alternative hypotheses in geology.(?) Other studies by Strahler and his 

associates* have made it abundantly clear that the apparent disorder, 

which had previously been seen in the geometry of the earth's surface, is, 
in reality, order. 

From the above statements it should follow that randomly chosen units 
of the earth's surface should have mathematical relationships among their 

separate dimensions,) Also, it is likely that information about large aireas 

gathered from small-scale maps, would have a relationship to the smaller 

areas contained within them. If this is true, the possibility exists that 
by using regression relationships, predictions can be made about small 

areas which have not been mapped at topographic scale. 

* Working under Office of Naval Research Contract N6 ONR 271. 
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So far as is known, only three probing attempts have been made to 

discover whether it is possible to develop regression equations for pre¬ 

dicting terrain characteristics on randomly chosen parts of the earth* s 

surface. Peltier, in 1954, found that average slope is empirically 

related to, and varies directly with, the average local relief from one- 

square-milo areas. (5) The following year, another investigation shoved 

that regression equations tor predicting the relief on a square mile 

became increasingly more accurate as a set of terrain samples was divided 

and subdivided on the basis of natural vegetation type and geologic bed¬ 
rock, l10' A third study, one towards developing prediction equations, was 

made in 1956 when it was demonstrated that average slope on rather small 
areas (9 square kilometers) could be predicted through the use of data 
gathered from maps with scales of 1:250,000 and 1:1,000,000.(9/ These 

three studies were small in terms of the amount of data involved and 

their only purpose was to investigate the possibility of developing sta¬ 

tistical methods for predicting relief or average slope of randomly 

chosen small areas. 

The results of the works cited above were promising, and a much more 
ambitious project, Involving more data and much more extensive analysis 

was undertaken by the present authors. Means, modes, medians, and 
standard deviations of the terrain factors to be treated in this latest 

study have already been published. (H/ 

3. Present quantitative study 

a. Basic data 

The sample selected for study consists of a group of 204 US topo¬ 

graphic maps chosen at random from the Army Map Service index; these maps 

are at a scale of 1:62,500 or 1^50,000. These sheets represent every 

major physiographic province of the United States and include a wide 

variety of terrain features (Pig. l). 

From this sample, data were gathered for six terrain elements. These 

were: 

By area: 

Highest elevation within a sample unit. 

2. Lowest elevation within a sample unit. 
3. Relief (difference between the highest and lowest elevations 

of the sample unit) within a sample unit, 
4. Number of hilltops (individual heights of land as represented 

by a closed contour) within a sample unit. 

3 
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By traverse : 

5. Number of 20-foot contour crossings (contour counts) along 
a traverse within the sample unit» used as a measure of 
average slope. 

6. Number of valleys and divides encountered on the saue tra¬ 
verse, used as a measure of dissection and collectively 
referred to as slope direction changes. 

The smallest sample unit is a circle with an area of of a square 
mile, the mid-point of which is the center of the topographic sheet. 
Successive doublings of this unit produced sample circles with areas of 
5/8» li* 2^, 5» 10» 20, 40» 80, and l60* square miles, resulting in 10 
sample sizes. Two diameters were drawn in the cardinal directions 
through the mid-point of the concentric circles. These lines were used 
as traverses along which contours and slope direction changes were counted. 
The combined lengths of the two diameters for each circle are 1.2, 1.8, 

•| 2-5. 3.6, 5.1, 7.1, 10.1, 14.3, 20.2 and 28.5 miles (Fig. 2). 

Thus there were ten area sizes per sheet, with a total of 2,040 indi¬ 
vidual sample units to be considered. For each sample unit there were 
gathered the previously enumerated information on the six terrain ele¬ 
ments, making a total of 12,240 pieces of data for analysis. 

b. Preliminary analysis 

The first analysis of these data revealed an orderly progression 
in the change of value of individual measures with change in siie of area. 
The data also exhibited a strong skewness which all attempts failed to 
normalize. However, if several statistical distributions refuse to be 
normalized, they can be transformed into identica3. rectangular distribu¬ 
tions prior to analysis. This will assure that e.vtreme values within the 

I population do not exert an undue influence on any regression equation 
which may be developed. 

A quick analysis of twenty cases drawn from the total samples indi¬ 
cated the feasibility of using rank correlation metnods for ease of 
interpreting data. The relief values of these cases were ranked for 
each size of area, i.e., arranged in ascending order, of magnitude and 
assigned a value from 1 to 20, with the lowest value of relief becoming 
1 and the highest becoming 20. These rank values for each size of area 
were then correlated with those of every other size area. The coefficients 
of rank correlation showed an orderly change of value with change in area 
of samples, thus indicating the degree of success to be expected if relief 
of a large area is used to predict relief of a small area which lies at 
its center. 

* ^ the l60-square-mile samples had to be arranged as elipses to 
stay within the limits of the topographic map. 

‘V m 
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MESSENA. NEW YORK 

5/8 »q. «i. 2.5 

Highest Elevation - feet 2Ó0 
lowest Elevation - feet 220 

Relief - feet 40 

Hilltops 0 

Contour Counts 8 
Slope Direction Changes 4 

sq. ai. 

300 
220 
80 

3 
14 
6 

10 sq. ai. 

320 
320 

100 
12 
29 
12 

Figure 2. Portion of U.S.G.S, topographic map illustrating data- 
gathering technique. Highest and lowest elevations read to the 

nearest contour. When using a topographic sap for the gathering of 
data, interpretations are made for elevations both above highest 

contour and belcy lowest contour. 
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It was also shown that the values of the coefficients of correlation 
increased in an orderly fashion as the size of the independent variables 
approached the size of the dependent variable. This orderliness was so 
pronounced that for the purpose of future study, which would be done by 
rank correlation methods, it was deemed safe to eliminate half of the 
simple according to size of areas and concentrate only on the 5/8, 2$, 
10, 40, and 160-aquare-mile samples. 

4. Relationship among terrain elements 

a* Correlation by the rank method 

Rank correlation does not offer the only possible method for 
analyzing the data. Graphical curvilinear methods, for instance, would 
be applicable, and in some cases give more accurate results. However, 
such an approach is laborious and, when more than one iiKlependent variable 
is used, extremely slow. By adopting the rank correlation method, it is 
possible to put the data on punch cards and do much of the confutation 
on machines, thereby greatly shortening the task. Strictly speaking, for 

this work, the Pearsonian equation for correlation rr = -mJiJSLmmm was 
Mix2 • 

used with rank values substituted for absolute values instead of the usual 

equation for computing rank correlations rr = 1 - The 6 Ed2 
N(n2 - ï) 

Pearsonian formula is more readily applied to the confutations furnished 
by the EAM machines. When 200 paired values are used for a correlation, 
the results are so nearly the same that accuracy is not sacrificed. 
(Rank correlation of contour counts and slope direction changes on 5/8 
square miles: Pearsonian formula: r = .5193; rank formula: rr = .5228,) 

Simple correlations reveal the degree of interrelationship among indi¬ 
vidual factors and indicate which ones can be used to predict others. The 
degree of interrelationship is indicated by the end product of correlations, 
the value rr. This measure notes the significance between elements and 
can be evaluated from the charts or tables of reliability found in any 
standard statistics book. 

For this study of 200 cases (for ease of statistical manipulation, 
four of the original 204 samples, were discarded) an rr value of .1235 is 
required for the 5$ level of significance*, according to the F table of 
significance.'!' However, for one factor to be a good predictor of 
another, the rr value must be considerably higher. A useful indicator 
of prediction accuracy is the rr2 which will tell what percentage of total 
variance between two elements has been accounted for by the correlation. 
Thus an rr value of ,1235* although significant in that it probably did 
not occur by chance, accounts for only 2# of the total variance 

* This value of rr would occur only once in 20 times by chance. 
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TABUE I 

ixmncium or vm vxmMLm (») 
(for six ttnrmin Têcton vltkin oo^lo irmmm) 

llgiMt Lo««it Cootour 
EltvoUoo Pggtioo goliof gilltopo Count#_ 

5/8 apuoro mu* 

11 gh novation 
lov Hl^viition 
Bollof 
Hilltops 
Contour Counts 
Slops Dir Chsnfss 

.9799 -5507 
.... .*247 

.0526* .505^ 

.0386* .3663 

.2213 -9^72 
.2935 

2 1/2 8qur> Mil** 

Ugh Elsvstlon 
Lov Elsvstlon 
PvlllSf 
Hilltops 
Contour Counts 
Slope Dir Changes 

High Elsvstlon 
tov Elsvstlon 
Relief 
Hilltops 
Contour Counts 
Slope Dir Changes 

High Elevation 
Lov Elevation 
Relief 
Hilltops 
Contour Counts 
Slope Dir Changes 

.9619 .6277 
.*526 

.0716* .5235 

.0538* -360*» 

.2395 «9291 
.3559 

10 Square miss 

.9*»02 .1009 .073** -5357 
.*755 .0388* -3176 

.1967 .8911 
.3715 

*0 Square miss 

.9086 .7707 .1036* .5712 
,*969 .0656* .31W 
- .2025 .8632 

.3*71 

High Elevation 
Lov Elevation 
Relief 
Hilltops 
Contour Counts 
Slope Dir Changes 

160 Square Miles 

.8619 .8*6* .1381# .6079 
.5215 .1071* .31*3 

---- .1935 -8287 
.3029 

* not significant rr at 5* level (rr • -1235 required for eignifieance) 
# not aignifleant rr at 1* level (rr - .1525 required for significance) 

Slope 
Direction 

ChaagM 

.0782* 

.0*39* 

.3957 

.1*078 

.5193 

.1106* 

.0677* 

.3752 

.5268 

.5567 

.0305* 
-.0299* 

.266* 

.5327 
• 5332 

-.0238* 
-.0*66* 

.15*9 

.5006 

.*651 

-.0606* 
-.0555* 
.0671* 
.*239 
.*153 
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(.12352- .0152) *ii?brc,,ry.5 ôf’tS 
an rr of .92 mecount* for abouti of ^ ^ «laMnts ara ralatao, 

purposes# 

When each terrain characteristicia ^coîr^Utiona 
fiTe charactariatice within mch ***1« y* m 'tm n 
are found to ba significant (Tabla I). 

. , - T.M» I as well as other considerations, permitted 
A close study of Tabla I, as wexx »so tlo0f ^ hilltops fro« 

the elimination of highest elevation, Iowa ^tion high correla- 
further study. Higheat elevation a (Elevations correlate well 
tlons only with -chis tS^ffrence between 
with relief, since, by definition, r^ief J «hilltops" (defined 
highest elevation and ^los^ontiTur) is an important 
as any suasit represented ^ eliminated fro* further study, 
élément of the landscape, this itive ^ differences in con- 

Ä SS.Ä “ ä s »» ^.o. 
iuii.2. lop. 

l»t» »öl »Ith »Oh other »h.n »^l. »1 , .1... being oon- 
relatlonshlp. o£Unr».ln m. «hl. 1t 1. notö 
.iderö «re »Woly aliteront (1.0.0). ^nts' r.latl»öy 
that th. rr «I«» on «.oö»r ö» of 
little when correlated with the «lief and contour counts 

r5/B SÄ: r«Äi Æ 
BqU*rth!Sí’ ^^ôôi^r^i^rînd oui b. osod for prölotlng, 

«^tlo» of relief «d »lepe dilution ohnnge». 

The ehang. In the values of ^ ^¡^’J^sibíTtt« eonetmction 
change ln »1» ot ar» 1« fO/,ga«r a. to b..n,hö 
of graphs which shew what the oorrelatio F (Coefficients of 
sizls of area other than the five chose^been^used. 
Snk correlation, in relation to area, have <, 6.) For 

contour counts, and slope wel^relief^ 10 square miles 
example, one might want to.know how «ell Figure 3 select the 
correlates with relief on 80 ffc^uare «^l®8* 
line on the botte» of^h? C^t ^va ^cíTrepresents 10 square miles. 
Follow this line upward to the curve ¡ ^ correlation 

ÎÂÂ %£Z 5 relief on 80 «oar, öle. 
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1b «bout .9«*. Tbe olhar grmpha (Fi«8. 4. 5. «»d 6) will supply 
políted Inform lion regarding contour counts and slope direction changes 

in the saae Banner. 

The correlation coefficients for the three factors on all a11-®» 
area supply the basic information needed prior to the making of prediction 

formulae: The tables of rr (Tables I and II) indicate the significance 

of one factor to another. The numerical values of rr can be used for 
computing simple regression equations based on rank correlations. 

b. Predictions 

(1) Siiple regression equations. Regression Jetions wer* n 

computed to predict rank values for the following combinations of terrain 

factors on all sizes of area: 

1. Relief to relief 

2. Contour count;! to contour 

counts 

Table 

III 

IV 

3. Slope direction changes to 

slope direction changes 

4. Relief to contour counts 

5. Slope direction changes to 

contour counts 

VI 

VII 

Relief to slope direction changes has bcsn omitted because the 
correlation values indicated that not much of the variance in one factor 

can be attributed to differences in the other. 

The standard procedure of the least squares method of fit wasjj8®0 

to estimate the regression. T = a + b X, "T" 
constant, "b" the coefficient of regression, and X the^independent 

variable. With rank correlations, the computations forJh^® 
not complex, since "b" is identical to the rr values, and a is computad 

from the formula: a = „here "N" is the number of cases, 

and "rr" is the coefficient of rank correlation. 

The sample size for this study was 200, hence the regression formula 

for any factor in this study becomes: T * igOlKl - rl + rr X. Should 

one wish to devise regression equations from information taken Tr°m th3 
graphs of rr values (Figs. 3, 4, 5. and 6), this formula would be usea. 
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ln «upl. of U» .ppU«t.lon of t,l»» f^m^. foUo.=. 

^ ssnsinT^t ¿ 
s^Vfif 
■ilea, 1.691 feet is converted te a rank value, 
convert actual values of relief to i*ank values of 

5^5pb, for coor^l», .owrrio.jtor.^ ^ 

9?) ISotîtatSTir. md. in th. «,o.Uon .rd U» option ,ol»«i. 

T ■ 9.6078 + (.90^ * 175) 
T «= 9.6078 + 156.46 

T - 166.06 

S” SÄ. » -foot 
more than what actually occur». 

Simple regression equations to prtàxct 8^ea 
changes, and contour counts have been developed for the area»!*®® 

studied and It has baan shown that ^ltlon.1 *£ 
could be developed. With these equations one should be ableto mke 

fairly accurate estimates of these elements on any site ©f area wh 
information for only one of the factors is available. 

(2) Multiple regression equations. 

In the preceding section, relief.contour counts, and 

slope direction changes have been built individually into ®^e ^ 
gresaicn equations for predicting various combinations of these^ctorn. 

When a minimum of terrain information is available, the best Pjedic 1 

that can b« hoped for are obtained by using thase equations. 

additional information, however, the original fredi?^s caXl ® ^ 
through the development of multiple regression equations. 

Multiple regrtïssion is similar to simple regression. but makes use 

of moïe than one factor for predicting another. 
V« -»oeeible to determine all the iEportant elanents that constitute an 

individual piece of the land surface. All these eiements exc^tme 

could then be built into a multiple regression ^t^nt^i2ssi^¿ne. 
theoretically at least, give near perfect estimates 
However, at this stage of terrain research, all the contributing lae^ 

are not known; neither is adequate information available. 
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Figuro 7. For use in the prediction equations, actual values of relief 
on five sizes of area are converted to rank values of relief, or the 
reverse, by means of the nomograph. 
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Fitfure 8 For use in the prediction equations, actual number of contour 
Ä . All »W», of «S. ere coo. erted to rent n-ber of conte« 
counts, or the reverse, by means of the nomograph. 
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Figure 9* For use in the prediction equations, actual number of slope 
direction changes on five sizes of area are converted to rank number of 

slope direction changes, or the reverse, by means of the nomograph. 
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j .'Ofeiwes*»-**'*?*’'''!'' ¡«s^g»*SftS»«#«¥í .te 

íícSsü“ 
Mhlch°lndicat«d those eleiwnta that would beat i^>rwe the original pr®- 
dictions. 

ssâûâ“ââî*”Â"*^. 

To predict relief an. 
Congelation^ 
i> rT¿ 

Fron 
i. Slope direction changes! 

p. Contour counts J 

.3079 
2. Relief | sq miles .gg .6172 

.0949 

.6172 

.7829 

The three factors used in all possible combinations produce the corre, 
latlons listed below. 

To predict relief on *>/8 square aile^lsÜAlPA? mgS£ãA2alí 

Correlation, 
*> rg2 

From 

Relief and slope 
direction changes 
Contour counts and slope 
direction changes 
Contour counts and relief 
Contour counts, slope di¬ 
rection charges, and relief. 

I60 sq miles 

.8262 

.8872 

.8897 

.8899 

.6827 

.7871 

.7916 

.7919 

The rr-'s of the simple regression show that slope direction changes 
„> lSr^ .il.3. a,*, proctor °f 
very poor: relief as a predictor of ^relief is good, and Contour counts 

best predictor of relief. The correlation coefficients oí tfes 
multiple regression equations indicate that estiaates can be 

Ä « SSloiors. thl. 
no siimificant improvement ovar the simple regreeslon eq . 
“nÍS coSnts Sne. Although ^^^foth^ 
not a good predictor of relief, when added to either of the other two 
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factors It helps to throve the e*ti*ete. (Rolief 'uy Heelf account* 
for only 61.T2Í variance; in cwbination with slope direction changea. 
68.27S* of Uio variance is accounted for.) 

ilie other series of equations predicts contour counts on 5/ö-squaro- 
■ile sanples from l60-squ*re-aile information. The system used above ia 
followed : 

Tn nrodlet contour counts on 5/8 square mUeg (gUgiLff mr?gal8il2; 

Correlation 

El_E¿ 

From 
1. Slope direction changes 
2. Relief 
3. Contour counts 

.4141 .1718 
I60 sq miles .7245 .5249 

.8955 -8219 

To predict contour counts on 5/8 square Bile" (multiple mrMgtaß2! 

Correlation 
a_)/_ 

From 
5. 
6. 

7. 

Relief and slope direction 
changes 
Relief and contour counts 
Slope direction change* 
and contour counts 
Relief, slope directiori 
changes, and contour counts 

1$0 *q miles 

.8119 

.8960 

.8967 

.8967 

.6591 

.8029 

.8041 

.8041 

These samples demonstrate the improvement in some estimates «mde pos¬ 
sible by use of multiple regression aquations. They also show that a 
count of contours along a random traverse (Equation V can, by itsexf, 
yield nearly as good an estimate when used alone as when used in combina¬ 
tion with other data. 

Although "contour counts", which may be converted directly into 
average slope, is one of the most discriminating of terms describing 
surface geometry, it is, at the same time, the most difficult informa¬ 
tion to obtain fov many parts of the world. Multiple regression equa¬ 
tions for predicting contour counts from relief and slope direction 
changes (Equation 4} on unit areas would have practical use on many 
foreign maps which show ridge lines, valleys, and spot elevations, but 
no contours. The principle would be applicable also to tho analysis of 
aerial photographs from which average slope readings are more difficult 
to obtain than relief values and slope direction changes. 

a 
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Equations fon ÔTlÍST' 
ti on changas aro preaantad in Tabla Vlli. ««nan tna rr „étions. 
VIII aro cooparad with siiailar casas of Sotanea, 
it is obvious how «uch the astijsatas hava 
whan pradicting contour counts on l60 square adías frm ra PP® wnan proux«,*.«* v ^.-q, •■w e-—. r*Hef alone, rr is only 
direction changes, rr is .9038¡ praaic-xng xroc 
.72^5 (Tabla II). 

(3) Porforaanco of th»LbqVftt4cfiä 

To test ti»a effectiveness of the equations, aside fJ^eir 
theoretical value a a indicate.! 'jjr the 
unit areas ware predicted b/ using the multiple regression equations 
presented in Table VIII. The predicted rank cou"^ ^J^^êïted 
nressed as an actual number of contour counts wnich were then convert« 
to a slope tangent by means of the Wentworth equation: 

Tan. = contour counta_Eg£J*U? ^ <?on^°W 

The difference between the predicted and actual slopes was mapped for 
fwo SreLs " sample Site (5/8 and 160 square miles) in terns of 

percent slope i^j-gs. 10 and 11). 

In general the equations perforo well in areas of low relief such 

“ *^h“*^^%or,rSÎÛ 

°.fûofa.'^ôr'SeliÏwuaîi-Sf: 5/8!«,care-mU. 
sables, the same areal pattem of errors occurs. 

However, if one were to decide that a prediction error of 
tolerable, it could be concluded that the equations used to 

. o» 10 anfi it are adequate for predicting average slope 
S’^^r^c^/^Sccuree!..^»^^^!. 
Of 200 topographic maps adequately represents the country as a wh . 

(4) Samnle adequacy 

The question might well have arisen in the reader's mind 

tea Sôâer'r«lSrk0ôfd4Ïlca°aïï9Sé of 
^rArr>*A If this sample does not adequately represent the -ariat. 
v^eS'of tÄtÄtea. then the findings apply to the saaçl. 
specifically, and only generally to the rest of the country. 
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•* MM»M O« t«MTH*« 

{«*.*<!»,* 4$h»'* » »«*** * •“'•^ ■•*•■ • **ll »-Mf'«» í* 

Figure 10. Mapped differences between the actual nuaber of contour 

counts on 5/8 square mile and the predicted number (converted to £ 

slope), as derived from a multiple regression equation (Table VIII), 

indicate theareal distribution of the equation's effectiveness. 

KAfOAMAIKt Or MUtTtnt «MUCUIM 1QUA7K>C 

COHtOM count i r lea/«) * míi íilki * Mutier« DeicTOfí';í;H#.woii, 

íigvre li* Happed differences between the actual number of contour 

counts on 160 square miles and the predicted number (converted to £ 
slope), as derived from a multiple regression equation (Table VIII)t 
indicate the areal distribution of the equation's effectiveness. 
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It Is not planned to give a final and definitiv« arsawar to this query 
sine« the possibility exists that the saeple eey be adequate in sew 
respects and inadequate In others (i.e.. adéquats with retard to averew 
slope on 160 square Biles, but not adequate with regard to relief on 5/8 
square Biles). However, it is possible to obUin a first impression of 
the sample's adequacy. 

It may be safely assuwd that a saaple satisfactorily represents the 
population from which it la drawn if it wets these testes (1) essen- 
tially the sane wans and standard deviations are obtained «hen the saeple 
has been randomly divided into two equal groups and (2) a regression 
equation based on one half of the sanpi* shows the sane performance 
characteristics in both halves. 

When these tests '-ere performed, it was found that the means and 
standard deviations o. the two sub-groups of the sample and the perior- 
mance of the prediction equations were similar. (See Appendix.) Thus, 
it nay be said that the sample is adequate in that it represents a sta¬ 
tistical distribution of the »population of all of the possible 16C-square- 
mile units in the United States. In other words, the nomograph ö* 
showing the ranking of the two hundred 160-square-mils 
to contour counts (indicating average slope) would ohow little difference 
fros a chart based on every 160-aquare-mile area in the country. 

The adequacy of this 200-case sample to represent +-he temin popula, 
tion of the United States should not be confused uith the accuracy of 
predictions based on it. It has already been noted (Figs. 10 and 11) 
that predictions of average slope are not reliable in areas of rugh 
relief. Better estimates of avorag* slope in these areas may require a 
closer network of samples and additional data concerning such factors as 
natural vegetation and bedrock. 

5. Conclusions 

This repart has been written at a stage in terrain research where 
it is convenient to take stock of the work accomplished to date, woals 
for future study, and methods for achieving them, can be formulated on 
the basis of the findings published in this report. 

Again, the orderliness of the earth's surface has been demonstrated, 
this time by the conversion of terrain data to a rectangular distribu- 
tion prior to analysis and the presentation of the results on graphs and 
charts. More details of the pattern and order which exist among land- 
form features will be revealed through extended analysis of thase same 
data. Furthermore, the technique of conversion employed here provides a 
relatively quick and easy means to manipulate quantified terrain informa' 
tion. i! 
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With th* correlation aró subaoquant analysis of six ta ft* in factor«, 

•oas of th» relationships wdsting aacn* geoaorphir al«MnU hare btm 
discovorod. Noreovar, as andaratanding of th«s« relationships has com 
abmt, it has been possible to devise regression equations for predicting 
various terrain »laments where pertinent data nay be lacking. A series 

of regression equations has been fomulated for predicting relief and 

average slope. Haps of the perfomance of these equations have pointed 

out those areas not likely to require further study (insofar as relief 

and average slope are concerned) as well as other areas which will recuire 
further study. 

The prediction equations presented here apply only to the continental 

"nited States. Other areas of the world are also orderly, but their 

order diff*rs fro« that of the Onitad States to the saw degree as do 

the structural «ataríais and the physical processes which have shaped 

the». However, the san» techniques of sampling and data analysis used 
to study the United States ccn be applied to other regions. 
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PROOr OP SAMPLE ADSQßAnr 

Th« muçjI* mc divided Into two groupe of 100 c«ms *aeh bgr cllcnfing 
dldnUrostol co-worker« to chuffU the d*U cent« end divide the« Into 
two piles, labeled Ûroups I end IX. The eeens end standard deviations of 
these two groups, along with <-hose of the total Maple, are as follows: 

[Mean nuaber* 
S Sri 
; 

SmsiJ. ,51¾¾. 11 
542.16 531.36 

Standard deviation 559.6? 5^5.10 

[Mean .1132 .1109 

Total 

Average slope 
tangent [Standard deviation .1169 .1096 

536.76 

538.07 

.1121 

.1121 

•Mean nuaber of 20-foot contour counts along 2 diaeeters cf a 
160-aquare-aile circle. 

Th« data of Group I transformed into a rectangular distribution by 
the ranking eethod already demonstrated, produced the following regres¬ 
sion equation for predicting conto’ir counts on I60 square alles fron 
slope direction changes and relief on 16C square miles: T * -9.0955 * 
.8137 Xi + .3664 % where "-9.0955^is a constant, "Xi" is rank value of 
relief, and "X2" is rank value of slope direction changes. (It will be 
seen that this equation is nearly identical to the equation developed 
for the sam* purpose from the 200-case sasple: T = -I6.676I + .8045 Xj + 
.3614 X2 (Table VIII). The Xj and X2 values of the new equation differ 
very little from the first. The value for "a" is about half, since 100 
rather than 200 samples are rred, ) When this equation is used to predict 
the contour counts which ought to be present, and the prediction compared 
to the actual number of contour counts, a further comparison of the two 
halves of the sample is possible (Table IX). 

Table IX is a tabulation cf errors by magnitude, whether plus or 
minus. Because of the relatively wide range of errors, their comparison 
is best made by the use of a cumulative curve chart of errors. This is 
done in Figure 12, based on the data from Table IX, Except at the ends 
of the distributio»:, the distribution of errors is similar in both groups 
Underestimates greater than 25ji slope and overestimates greater than 
involve only 10 of the 200 cases. Either the symbol f1+n, indicating 
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.S55 
•rror# tu ürwp ï, or Mm zyokol mom. iaàíemUm mrror* in Sroiip IZ, 
could! b* uMd •» (ttldM far drtulat • aaocah 11m to rapraoanl lho 41»- 
tritwtian of «rrora ln olthor or hath mu^»1oo. Ao would bo «^octod, 
tho fr»«toot oryora occurrod in ihn mm (oocrtriiieal location as did 
iho orrora napr '*! In Fifuro U. Both sandln Oráufva I and IX aahlblt 
tho aam diatrioution of orrora and aro btaaod toward undorprodietlon. 
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TABU XX 
um tum 

*o 0*oapa 0f 100 Cmm 

KSmÑF laMiaü'*« SÄE 
of 

Cmo« 

A 
3 
3 
2 
6 

1^ 
n 
l4 

k 
5 
4 
1 
2 

¿a*’ 

Nsao error 

Standard 
deflation of error 

of 
CaMf 
“T" 

8 

11 

15 
1« 
21 
23 
29 
43 
57 
68 
82 
86 
91 
95 
96 
98 

100 

3-99 

5-63 

30 
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1 
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22 
11 
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Of 

CaM« 
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