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Abstract

Mean elevation and relative relief data were chosen from the 698 U.S.G.S.

topographic maps comprising the state of Indiana. These data were used in Syna-

graphic Computer Mapping to construct 1:1 million scale mean elevation and relief

maps of the state. The mean elevation map was divided into 5 zones : 333-502, 502-

672, 672-841, 841-1011, and 1011-1180 feet; whereas the relative relief map zones were

20-141, 141-262, 262-382, 382-503, and 503-624 feet. Production time necessary for

the two maps was only 70 man-hours.

Introduction

Small-scale maps depicting elevation and relief conditions of rela-

tively large areas long have been used in teaching geography and

geology, and as standard presentations in textbooks, atlases, wall

maps, and journal articles. Among the common graphic techniques

employed have been contour lines, altitude tints, black-and-white screen

patterns, physiographic symbols, hachure marks, and pictorial shading.

Regardless of technique, all such maps face a common problem;

significant differences or similarities of land surfaces are difficult

to portray because of the high degree of simplification required at

such a small scale. For example, Kingsbury (2) used a black-and-

white page size (8M2 x 11 inches) map of Indiana topography with

only five contour lines at 400, 600, 800, 1000, and 1200 feet above

sea level. While further contour lines on this map would have been

more desirable, they probably would have detracted seriously from the

reader's use of the map. Nevertheless, this contour interval is far

too large to portray anything but highly generalized elevation zones.

In a course in cartography at Indiana University, the use of com-

puter mapping was discussed. Among the programs considered was
Synagraphic Mapping, a computer program whose maps were produced

on an alpha-numeric printer rather than a line plotter.

Map output in the form of letters and numbers rather than

conventional lines, colors, or screen patterns offered the opportunity

of experimenting with distinct types of elevation and relief maps.

It was reasoned that small-scale Indiana maps with computer-made
patterns might create graphic products which were considerably more
meaningful and useful than those using conventional techniques.

Methods

Computer Program

Synagraphic Mapping or SYMAP is a computer program for

producing certain types of qualitative and quantitative distribution
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maps. Originally conceived in 1963, more recent improvements and

developments in the program have come from the Laboratory for

Computer Graphics, Graduate School of Design, Harvard University.

The program is written in Fortran IV and is available as a source

deck of approximately 5,000 cards or on tape.

Since SYMAP products come from the alpha-numeric printer,

overprinting of letter combinations were used to produce increasingly

darker patterns. Thus, the solid black areas on Figures 1 and 2 were

made by overprinting A, O, V, and X.

Five printer patterns and five data zones were used in both

sample maps. Increasingly darker printer patterns on a gradational

basis are used to show increasingly higher data zones. While the

program will accommodate ten data zones, our experimentation sug-

gests that five is about maximum. Beyond five data zones, the printer's

symbolization choice is insufficient to produce clear and distinctive

gradational zones.

In brief, these types of data are discovered and fed to the com-

puter on separate punched cards: 1) outline points delineating the

area to be mapped; 2) data point locations within the area (and

outside the area where they are to be used for calculations); 3)

data point values. All outline and data points are punched as X
and Y coordinates in tenths of inches from an upper-left origin

point; these are generally calculated from an existing selected base

map (1).

Each of the sample Indiana maps required 1,493 punched cards

—

97 for the outline of Indiana, 698 for the data point locations, and

698 for data point values. The mapping was accomplished by the

CDC 3400-3600 system at the Research Computing Center, Indiana

University.

Mapping

Mean elevation and relative relief were mapped in this study. Both

maps were based upon data obtained from the 698 published U.S.

Geological Survey 7V2 minute (1:24,000) topographic quadrangles for

Indiana.

The highest and lowest elevations were taken from each quad-

rangle map. These two elevation readings were averaged to derive

a mean elevation value. The difference between the highest and

lowest elevations constituted the relative relief within the area and

each topographic quadrangle.

For example, on the Columbus topographic quadrangle the high-

est elevation was 745 feet and the lowest was 585 feet. Therefore,

the mean elevation was 665 feet above sea level and the relative

relief was 160 feet.



358 Indiana Academy of Science

""iritisiiit

333-502 FEET

n i. IlluuiMl n H Ml lllll I 1,11 il muhhh
..i mil i hi i.i.iu i i.i i

i i i m
ii nililuOillJO.JIJI'UUlljnuOllDD Ulli HH

. l. .ii ii:hi:ii:i ,, i dim, i i i i.
;

. i l i Mm
I M.MI UD.MilO Ii, IDDIM II;, I I.. , I I , I H«

'
i.l "Ml. I. ii I, '1,1111 Ii. I I I H*

'irr,,Of'D'll!DiVliiil MOOIllllMlluOu -I II Hrf
iMii.UlllOlJUll UlllOnilili )i„l lllll.lt. J!Hrt
Dl.l IIIDDD|.i)iJii,:d. U.-iiilli' ll.u.l.l I I 1 I HH
D ii.ldih;:. iDii. id.. ) kid,,,,, i, id. iii i i jmm-ih
i:,:..„, ' Ii. MiMUDinlUuHUUilu , II 1HH-4-H
Hi. i,i' HMD. I ..'nil III Ml. I. II I.i JHHH-IH

I,. 1 HI I...., I. ill,; )iin,i,i:|D-,:,.,i,l,, I'Mji 1 | i, |

d.id 1..J111MM1 mi inn. urn mum,Dm. null in i
I

„l I Ml 111 .I- lUlMinnnlDDDiDII MtMlU tll.l J 1 M '

,in: mi riMDiMiin minimi n mi Mini mi iiiiii innn l !

u nili.il.il> i. in); mi, mi, ii u I nmMll I I

502-672

(jnunniiiii u
uliniiDilui.u
uuuu3nnrn
11.11 HODIH I!

auooooooo

672-841

i : i^h:

' Hhl • WW
(HHhHHHHH

841-70?!

1011-1180

i .,i li Mini, i, inn. • Ml ii i i.i
, l

MiMU'Miilimiii: I Iimuim i l i , i

n. ini. i Mm ui i, ,..'.. i l.ii iii ,'111111111111 inuiDD iniituii'i tiinn i.i.i

luniunuiloCMiliMu'mill.iiuoi]..... . n. Mimuimouuijili Muilnuu.nj.

)

n nil uiMl ni i. ii in) ii -i n jru. ........ .1), in,),),! n. iin,,i in i , i i ,

I ill MUD II Ml Ml II Mi, I I. ill .... ........... ton I II MUD, Mill Ml" 1

inouoriDiinnCLcrc
uu iimduiiju,, jDor inn. . j.«.
iiiil.lii.ii).,i„ll,lll!liilCbl)G»t ....
Mil, M 11,111. Il.l.lllllll 111

II I, MM n IllilllJCnO.......
Mil tllllC,, IMM Mill 111. .......
' iihlill!liiiiiiiill'....l.t.»

if ...nnncnuou
. nliliiiMiiiiniMii
, Dii.n .iniiiiinnriii

|jhHHH^aensp
-iHHHHHHHHHHHHfi

HHUHH^HUHflHUmilOOMIIIfl
HHMHHHHrtHHflHeBBMDBSMHfi
HHHHHHHHHHHHHUggJJBM ..;.'-

HHH *HH WHH<H-1MB5JHH<,HHI=H=)
M ,-,.., ,^ ~ „,,-,. m-,-u,.-mm.:.>Mmm.M,.;

H-l-H-lH}9HHHHHHHHHflHHHHHHHH«flrtlHH«Hn
m-mm^SHHHHHH-tHHHHHhHMHHfMunnnnn
I vs-)-i <.hh-i <,hhhh «Prtwd«««mnnninnnn
lHHH-i-iHHHHMHH-iHH-,MMMWH««MM«ri,-|, i,-,rr,nr.

I .i-M -t M M lH.mH.1 i«*iii.»»';
.

::
.

!

'

. I

IV|t-IW^tHHlM«IWl,UUUUl Mti.iM 1 Mill
I i -i n-iH I ihhhmhhhhhmhi'hhh, if ,

il li|m ni

iHHHHHrtH lunnimnnnnonnnnnnnn
iwHWiii in tnn.i inniiirMntrnnn
rjiiDiiniiu juiinrinnnnnooiiocirnnn
l.iuuinMu Miiii!MiinDiinr,,)iiiiiii)iir)
i ii mm inn iriiiiKMiinnnnonnononn
) ii mi n in 1D tiinn loonionnirnon
) Mini in niinniiiiiinnnnf (inn

i innnnii'iii'irifi.jfMiinDiiiiiinnnnn

i iiMunniriniiniiijnnnnDnnnnnnnn
) I 'Hi I ' MlMDIIMllliin K'HIM
i juinrioii i,)i)DiM,iuni)nu()nrf nnn
liiiiiiniinnnnnnfinnriniisflnflornnn
l iniinn tn intnnu AnniKflfls*nnnn
l inonnnuHHHHttH«HflHfiHrtH.HPflnn
aaeaaaaaBaaaaaeafteftaBfleefleB

"luuooDuoocuun*.
JU30UU3UOOU30..
jouonrnuoaujo..
:oouug.....j.. .

innu300uu3C
... UI 11)01 Kli II II n II 11)1 111,

..iiniMil iiliiiiiiiin.il

iMMMUIIUlMuMUUlin,
.. ininnnooiC
• niinn MimnniM'iim

• MiMIMD'MU'l IHHHHH

t-lHHHi

I... ........... . !.;i,l l.lll.l .llmuilllHHHHHHHHHHHrtHHHHHWHHrt-H
II. .i I l M I,MM Hil|i|hHH«HfHHH*HH*taH^HHH^

.... ,., IIJill Di 11,11 MilDUDHHHHHHHHHHHHHHHHHHMH-l 111)
'. IMM Ml I til | I 1 I! II 'I ',,H.I»,HHnJ',H««,«,lU 11 11 I

.... 'HiOl.ll K I II Ml, 11 I II II ;, HHHHHHHHHHHHHHHHrtHrtH ]|J.) 11

.... ..1)1 Ml Ml Ml Hill I
II. 1. 1. 1 II II HHHHHHHHHHHHHHHHHHHHi). Mil 1 1

• Ml Ml Ml iV«HBMHHW*HHH*HHHHHHHHilll ID]
' !!.,, ,1.1 , 1 I i". DI !*!.'.«*', HHHH,HHH-.HHH t.M I I 1 1 I

III M, I I.I 111 I I Ml I II 11 IIIMIIHHHHHHHHHHHHHHHHHHHrt inn) Ml I

....... Ml, I HIM ',
I IIIIII MnHHHHHHHHHHHHHHHHHH 1)11 llll'll 1

...... ..D I IIMI MMMHHHHHHHHHHrtHHHHHHHauull'IIM 1.1 II
I ...... .,,,,111 Ml I

n )l'l I, II, I lMHHHHMHHHHHHHHHrtHHH.il II I. I'll I 1 M.) 1 I

. •.....'.. llll
I
I. I l|)l|,| I ;t .H. HMH'. HHH, HHHH', Hi, I till I I I 1

1 , 1 I I I I

......»..,MUM i I h.m.uhhHHHHHHHHHHHiI'MiM.) 11)1111)
• II III 1( 111,1 hHHHHHHHHHHHriHHHHIMDUllllillJl)!)") 10 14

• ' ...... I- .Mil :i l.i.nm.HHHHHHHHHHHHHHHH I il 1 1 III I ) I I '
1 1 M H -I

• .'.,,,, 1 ,1 I tUI lH.,MHH.',HHH,HHH'.HHUnti|II.Mllll MUD I I trt H H H ^ H '.H -| H <.HHHH '<»• '»*» WHfl <HH H <. HHH I
11 .....HHHHHHHHHHHHU Ml IIIUUII M I I MHHHHM-MH-M-IHH ,, J»»Sf HHAHflHSflSHfli

• Ml 11,1 I ill HHHHHHHHHHHHHII Ml II II Ml I I 1 , 1 I 1 1. HH rt rt -I -1 rt rt H-H HHH, u...I-.< M MHHHHHH«fW>«
••'....,

I ill, Ml ^I.BHhHHrt lllll MMIDMMIMI -I Hi -, -I HH -I -I H I ,|.|f I- HUHHIMDHMinl
........ Dili II I I II I IHHHHH MB- .lilli Ml I .1 1 U 1 1 I I i II 1 1 1 I 1 1 I H -) -) -t H H -) H H HH H - . . *I »'*».M h^.'HHHhH « (-HMJ
i, Illill 1 I 11 II IHHHHH', HI ID II II Ml 11 1.1.) till I, I tun III t'l I ) <HHrt "*)HH<HHHHH (.MJSBHH M3HH<.HHH<.flHHi
ffffffff llll, Mil I. Ill lll'l MMHHHHHH.iUIMUlMi ' I'll I U' li 11,1 I'D ) H Hi HH W IH I « I

I

... • . . . ,,. I I, I Ml. .11 Ml Jill II il I IHHDDIIII inn in I llll Ml HID M 1 Hill ) ) 1 ) ) I IHHH-lrtHHHHH»«««»rtHrtHHHaHHRHf>AHe
'•>»>•>> uul IMI I MM I ,11. IMUui 111! I I H 11,11 II Ii II i, n II 1.

1 II M I 11 I I 1 I 1 HH HHHHHHmHH8(W(»mWflfHlflfl
..'... ..'M. ,11 in I II. II Mi It I'll, in-Ill mill I I IUIIII lllll II 111 III I'M I t 1 ) ) !HHH",HHHH<

- Ill UCi IMIJjIII Ml llll MDDt . . . ill 111 I II lill II II 11 iriDDIlDCll) 1 , . .

hi 111,1 I'M ,; 1,1 - I- III 111. ... .UI III I, lilii'i. Ill , I I ID I I 1 ,1 1 I 11 MHH HHHHHHHHHHHHHII 'II I ill I, Ii Ml PS«
• . I llll I ||,1, II Mi. lllll til..,' ..I ID till ID ti Ml 1,1- I 11 t 1 I 1 1 I 1 Ml i-M '.HHHrt «WrtHBM ll 1(111 1(1(1(1 imOd

I
I IMI I. Ml, Ml IliulMi ml,, lllll'lll 111,1,1,1, | JU I I ) | 11 I I.) Mi-

ll" I DM II I I lllll It I II Ml HllUt II III. I 11 tl H 1. 1 lilil ).] t '
I 1 11 1 1 30 39 <

• ' Hi: I III I
"111 Mi I I .11 I, II II Ml I Ill Mill I llll I.i 1 11 1 I- 1 M I lHHHHHHrtHHHH«H«Hf

i.nno3nnnn
sriiinnrnnn
HOnnnpnnn

. llll tlllllltllllil HI I'll Hl'l.llll.lll lllllll 11)11 1 »

.mil uii'-u MiMiMuiiunuiiuiMiiiMu.) inn l
....

..iiijiiiini uuiiiiiMuiiiM iiinnuiiiinj.im....

.. iiliiuiiihummmuu n mi iiiiminnii) . » .

.

..iiCiiMMDuiiui.'M'iniiiMiiiMD i.innoiiii.....
t.D till ill t Ml, lUUUlDDIMll Ml Mil | 1 I 1 ) .,>..
». n.,D. Illlll lllllllll I lilDDiMIIIMnil I Mil....

> ;, ijiiir
; i'! iiiiiniiniiii iniiD mi!

"I Mini I lllijllll. . llllMUUuniMll 1

> . ii j i in 1 1 ii iii 3 mi. ? . ni D3 nnn 3 in )' )3 )u

i iiinnn 3HH«<.HfiH3nnn3iinn3.
1 1 lUUlDllHHHHHHHHIMDIIIIDIin...
I ) )IMIinui)HHHHHI"'lllini)l)llfMllll. . •

innii'i iiii in i
iiii) Ml ).

>. lllllllll. 1,1-1 1. Ill lllll.
..... iiiiiii), Mini juu ].

• .,'H)i)ii)Dii i mm 1 1.

M'DD 10:10111) KM')").

iiinnnDii I'MiiD.iiiiiiiniiiinnnn.
i i iniiuu mini tiinn ti-Dii iiinii ion
• 1 iWI Mil IIIIMIMIIIMIMIMUI

.'.1)11111,1.,' .....'Illlll lUlliltlM III3V1 i tl )>
' > > Mil!"!, HMD imilOililllil 111 1 I HI ) I I 1 I 1.
. . HMD , II HI, Jll.l, mill lllll, II jilullil 1,11 II I 1

i niiiD.) tiHin innn iiinii tanu3nnn.
..lnnnnnnnnnnnnonnon.non
.. innnu.f ..unnnniincnn.
o:nnr).. nooooo

Mill l.lllillMDIIII lll.lHHDil.) 1:1 I

l )u..-u lUtnuiMtiiun t.inu idhHH". lllll
.11,1. .11DIM ,11111(1 111 DHHHH 111)1
. i in. iiii ii ii in, i inn muiiiM iii i inn Mill

.,'.. iiino. MD ,!,:> ii ni I in 1,1 1 I 11 11 i

, ' . . ill Ml Jilullillllillil'lilU in i i ) l l ) •

I ".lllllllll, liMlMuiMlMiliimMil MUD I Ml i

, . . . M'.iUuuiiiJ'MDUDDiMDD'Mll ll-llll'l"
li uiiniiiiiinijiiimiiiiuiMuiiuiiouu i Ml.

.,'... tillllllillllMllll.D iimuiuu JU t'l 1 1 I I I

,......oi)ii... ..in ii inn 1 1 m ii im j ...
............... ..uuoiiuiKiiiiiniin i

MEAN ELEVATION
Figure 1. Mean elevation map of Indiana produced by the Synagraphic Mapping

Technique.
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Figure 2. Relative relief map of Indiana produced by the Synagraphic Mapping

Technique,
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Results

The base map used for the final product was the 1:1,000,000 scale

Index to Topographic Maps of Indiana published by the U.S. Geo-
logical Survey (4). In its original size, each of the 698 topographic
quadrangles appears as approximately 0.42 inch x 0.54 inch. Each
is a rectangle of 24 computer printer symbols. Data point locations

for each map are approximately centered in this printed rectangle.

The samples presented here are reduced approximately 66% from
their original computer printing.

The map depicting the mean elevation data for Indiana was
divided into five separate zones (Fig. 1). Each zone contains 20%
of the absolute value range. Since data extremes are 333 feet and

1180 feet, the absolute value range is 847 feet. The range of the

lowest classification is from 333 to 502 feet. The range of the next

group is from 502 to 672 feet. The progression continues until the

darkest pattern or highest zone contains the top 20% of the absolute

value range.

Relative relief in the state is shown by Figure 2. It was con-

structed using the same five symbols to represent five separate data

classes. Here too, each zone contains 20% of the absolute value

range. The extremes for this map are 20 feet and 624 feet or an

absolute value range of 604 feet. The range of the lowest zone is

20 to 141 feet, the second zone, 141 to 262 feet, and so forth as shown
by the map legend. Since the two lowest zones contain nearly %
of all data values plotted, there is less than 262 feet of relative relief

in 75% of Indiana.

Data point locations are shown on the maps as numbers repre-

senting the symbol classes into which they fall. Thus, on the relative

relief map, the Columbus quadrangle which falls in the range of

141 to 262 feet is placed in the second absolute value class. Centered

in this quadrangle location on the computer map is a number "2."

The production time necessary to achieve the final results was
approximately 70 man-hours: 33 hours for data collection, 11 hours

for tabulation and calculation, and 26 hours in transferring data to

computer cards.

Discussion

Although the compilation work is laborious, the SYMAP pro-

gram is extremely useful for experimenting with different versions

of the same map or different approaches to the same problem. The
ability of the program to manipulate data and produce, as a result,

radically different graphic portrayals may well be the program's

greatest asset. Once the initial map information is available on

punched computer cards, a change of a single card, or at most, five

cards, will yield quite differently appearing maps.

While the maps illustrated divide the data into classes based

upon percent of value range, a single card change can produce maps
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which divide the data into classes based upon the number of data

point locations. Another simple change in cards can establish any desired

numerical value zones. Thus, the relative relief map (Fig. 2) with

extremes of 20 and 624 feet, can be made with these or any other

desired zones: 0-100, 100-200, 200-300, 300-400, 400 and above.

While our examples placed 20% of the data in each of the

5 zones, any percentage may be placed in any of up to 10 zones.

Further, if it is desired, high values, or low values, or any part of

the values may be eliminated from the map produced. Again, any

of these changes can be affected by quick and simple card changes.

Experimentation possibilities using the same data appear almost end-

less.

This graphic technique is far more accurate than conventional

means. Detail is essential in most maps, and SYMAP offers this

accuracy of detail. For example, Figure 2 depicts quite accurately

the "Knobs" area around New Albany, the Brownstown Hills, and

the morainal area of northern Indiana.

Data of many types may be used in synagraphic mapping. Al-

though mean elevation and relative relief were chosen here to com-

municate the usefulness of SYMAP, other quantitative data, such

as population density or distribution, works equally well with the

program.

Synagraphic mapping is a relatively new approach in graphically

portraying old problems. The technique offers the user unusual com-
puter printer patterns. It also allows the user to manipulate the

data and observe the results in a short period of time.
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