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• m 1950-51 the C i t y of D a l l a s , w i t h the coopera t ion of the Texas Highway Depar tmen t 
and the U . S. B u r e a u of Pub l i c Roads, conducted an o r i g i n and des t ina t ion su rvey of 
Da l l a s County t r a f f i c . Us ing the f i nd ings of t h i s su rvey , showing zone to zone m o v e 
ment of a l l v e h i c u l a r t r i p s , t r a f f i c was a l loca ted to an e x i s t i n g m a j o r t ho roughfa re s y s 
t e m . The a l loca ted usage (based e n t i r e l y on o r i g i n and dest inat ion) when compared w i t h 
ac tua l usage, as d e t e r m i n e d f r o m ex i s t i ng t r a f f i c v o l u m e s , po in ted out de f i c i enc i e s i n 
the e x i s t i n g tho roughfa re sys t em. Considerable use was made of t h i s i n f o r m a t i o n i n 
p r o g r a m i n g c a p i t a l i m p r o v e m e n t p r o j e c t s . T h i s , i n i t s e l f , was an i m p r o v e m e n t ove r 
p r ev ious methods of f o r m u l a t i n g a c ap i t a l i m p r o v e m e n t p r o g r a m and a s su red the c i t y 
that c u r r e n t de f i c i enc i e s w e r e be ing g iven cons idera t ion . 

I n o r d e r to p l an p r o p e r l y f o r a highway sys t em that w o u l d be adequate f o r the f u t u r e , 
however , i t was necessary to expand the 1950-51 data to the h igher l e v e l of a f u t u r e 
date, g i v i n g cons ide ra t ion to such f a c t o r s as w o u l d have a d i r e c t b ea r i n g on the i n 
c reased t r a f f i c vo lumes to be expected. The yea r 1980 was selected, f o r i t was f e l t 
that t h i s date was about as f a r i n the f u t u r e as highway p lann ing cou ld be developed w i t h 
any degree of r e l i a b i l i t y . I n con junc t ion w i t h t h i s e^^ansion i t was decided to cons t ruc t 
t r a f f i c contour maps w h i c h w o u l d dep ic t g r a p h i c a l l y the t r a f f i c des i r e f o r the y e a r 1980. 
T h i s type of map had a l ready been expe r imen ted w i t h i n Sacramento, C a l i f o r n i a , ' and i t 
appeared f r o m r e s u l t s obtained t he re that such p resen ta t ion had some advantages ove r 
the s t r a igh t l i n e method of showing m a j o r t r a v e l des i r e l i ne s . 

Expans ion of the Data 

The 1950 popula t ion was known f o r each survey zone. I n add i t i on , the number of 
d w e l l i n g uni t s i n each zone was d e t e r m i n e d d u r i n g the t i m e the sample se lec t ion f o r the 
O - D su rvey was made. The an t i c ipa ted popula t ion of Da l l a s County f o r 1980 was de 
r i v e d by c a r e f u l l y extending the cu rve of the 1890-1950 popula t ion t r e n d as cha r t ed on 
s e m i - l o g g r a p h paper . 

The C i t y P l a n Depar tment d i s t r i b u t e d the p r o j e c t e d i n c r e m e n t of popula t ion inc rease 
f r o m 1952 to 1980 by zones, based on an t ic ipa ted popula t ion s h i f t s i n f luenced by f u t u r e 
w a t e r and sewer f a c i l i t i e s . F o r each zone the P l a n Depar tmen t computed the t o t a l 
d w e l l i n g un i t s an t i c ipa ted , based on zoning and deduct ing areas f o r schools , churches , 
p a r k s , shopping cen te r s , i n d u s t r i a l a reas , etc. 

T h e r e , 1980 popula t ion was des t r i bu t ed to each zone. The number of dwe l l i ngs es
t i m a t e d f o r each zone i n 1980 was computed on the bas i s of the average 3. 2 persons p e r 
d w e l l i n g u n i t i n 1980. 

V e h i c l e r e g i s t r a t i o n s ince 1910 was obtained f r o m the state highway depar tment s t a 
t i s t i c s f o r the state and county. Us ing t h i s data veh ic l e r e g i s t r a t i o n p e r thousand p o p u 
l a t i o n f o r bo th the state and the county was computed , graphed , and the cu rve extended 
to 1980. Thus , passenger v e h i c l e f o r e c a s t s beyond 1950 f o r both the state and the 
county w e r e d e r i v e d f r o m data obtained f r o m cu rves showing veh ic l e s p e r thousand 
popula t ion and a cu rve showing the popula t ion t r e n d . 

Fo recas t s of the number of t r u c k s f o r 1980 was computed us ing a c u r v e showing 
t r u c k s p e r thousand popula t ion as a percentage of t o t a l veh i c l e s p e r thousand popula t ion . 

Gasol ine consumpt ion was p r o j e c t e d on the bas is of s ta tewide ga l lons p e r v e h i c l e p e r 
yea r f r o m 1924 to 1952 (as obtained f r o m the "18 th B i e n n i a l R e p o r t " of the Texas H i g h 
way Depa r tmen t ) . No co^^)arable data f o r the county was ava i lab le . Gasol ine consump
t i o n f o r the state beyond 1952, was computed us ing the d e r i v e d m o t o r veh ic l e r e g i s t r a t i o n 

* Now Gene ra l Manager , Depar tmen t of T r a f f i c , L o s Angeles . 
* "Coord ina te Method of O r i g i n and Des t ina t ion A n a l y s i s . " K . A . M c L a c h l a n , P r o c e e d 
ings , Highway Research B o a r d , V o l 29, pp 349-367, 1949. 
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Figure 1. Population forecast for Texas. Figure 2. Population forecast for Dal las 
County. 

1 
Figure 3. Trend of passenger vehicle and 
truck reg i s trat ion per 1,000 population. 

Figure 4. Percentage of trucks per 1,000 
population to t o t a l v e h i c l e s per 1,000 

population. 

and the f i g u r e f r o m the cu rve i nd i ca t i ng 
the ga l lons p e r veh ic l e p e r yea r . 

I n o r d e r t o e:g)and the o r i g i n - d e s t i n a t i o n 
f i g u r e s to the 1980 l e v e l , i t was de te r 
mined that , i n add i t ion to the f a c t o r of i n 
crease occasioned by popula t ion increase 
" P , " t he re w o u l d be a constant f a c t o r " C " 
because of the h ighe r r a t e of v e h i c l e s p e r 
thousand popula t ion , as w e l l as i n the i n 
c reased gasol ine usage ( m i l e s ) p e r y e a r . 

T h u s , the f i n a l s ing le expansion f a c t o r 
" T " used f o r each zone was a combina t ion 
of the popula t ion f a c t o r , r ep re sen t ing the 
r a t i o of the p r e d i c t e d 1980 popula t ion to 
tha t of 1950, and the constant f a c t o r , r e 
p re sen t ing the inc reased veh ic le r e g i s t r a 
t i o n and gasol ine consumpt ion , T = (P) x 
(C). Separate " T " f a c t o r s f o r au tomobi les 
and t r u c k s w e r e computed. 
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Figure 5. Trend of gasoline consumption 
gallons per vehicle per year. 

I n a t t empt ing to use the popula t ion ex 
pans ion f a c t o r to conver t the number of 
t r i p s to o r f r o m any zone i n 1950 to the 
number of t r i p s i n 1980, i t was an t ic ipa ted 
the re w o u l d be a m a t h e m a t i c a l e r r o r i f 
the t r i p s f r o m O to D , and D to O w e r e 
combined to represen t " t r i p s between" 
zones. I f e:q)ansion f a c t o r s of both zones 
w e r e p r a c t i c a l l y equal and the number of 
veh ic l e s i n each d i r e c t i o n w e r e n e a r l y 
equal , they cou ld have been combined . 
However , i f the f a c t o r f o r one zone r e 
mained f a i r l y constant f r o m 1950 to 1980 
and the o the r zone had a v e r y l a r g e e x 
pans ion f a c t o r , i t w o u l d be m o r e d e s i r 
able to use the t r i p s f r o m O to D by app ly 
i n g the f a c t o r f o r the o r i g i n zone, and the 
t r ^ s f r o m O to O by us ing the f a c t o r f o r D . 

A tes t of a p p r o x i m a t e l y 100 zones was 
made and i t was f o u n d that because the 
number of t r i p s f r o m O to O cou ld be 
r a d i c a l l y d i f f e r e n t f r o m those f r o m O to 
O, and at the same t i m e when the f a c t o r s 
themselves w e r e r a d i c a l l y d i f f e r e n t , a 
m a t h e m a t i c a l e r r o r w o u l d p re sen t i t s e l f 
i f the t r i p s between zones w e r e combined . 

Some areas w h i c h w e r e r u r a l i n 1950 
w e r e e^^ected to be comple te ly populated 
i n 1980. I n these instances the popula t ion 
f a c t o r s ranged f r o m 5. 0 to 1,500. I t was be l i eved i m p r a c t i c a l to apply any f a c t o r f o r 
e^^ansion purposes i f the number w e r e 5. 0 o r l a r g e r . I n such instances i t seemed ap
p r o p r i a t e to s t u ^ s e v e r a l zones i n tha t gene ra l v i c i n i t y of the c i t y w h i c h i n 1950 w e r e 
f a i r l y w e l l developed and to use the gene ra l d i s t r i b u t i o n f r o m those areas as a guide 
t o w a r d the t r a v e l habi t s i n the new area. The t o t a l number of t r i p s out of that zone was 
based on the number of auto d r i v e r t r i p s p e r d w e l l i n g p e r day exper ienced i n the d e v e l 
oped a rea and those t o t a l t r i p s then d i s t r i b u t e d acco rd ing to the p a t t e r n of the developed 
area . 

Since the ob jec t ive of t h i s ana lys i s was to de t e rmine f u t u r e t r a f f i c usage on m a j o r 
thoooughfares and expressways , spec ia l a t t en t ion had to be g iven to loca t ions a n t i c i 
pa ted to become shopping v i l l a g e s , i n d u s t r i a l a reas , o r o ther genera to rs of t r a f f i c . 

A n ana lys i s was made of f o u r o u t l y i n g shopping v i l l a g e s and th ree i n d u s t r i a l areas 
to de t e rmine t h e i r zone of in f luence and v o l u m e of t r a f f i c a t t r ac t ed to each. The m a n 
ne r i n w h i c h these spec ia l genera to rs w e r e t r e a t e d and the methods used to ca lcu la te 
t h e i r e f f e c t on the o v e r - a l l t r a f f i c p a t t e r n i s thought to be beyond the scope of t h i s paper , 
and the r a t h e r i nvo lved p rocedure s used w i l l not be d i scussed here . 

M u c h of the ac tua l e ^ a n s i o n was accompl i shed by m a k i n g extensive use of I B M f a 
c i l i t i e s . 

P r e p a r a t i o n of D i r e c t i o n a l T r a f f i c Contour Maps 

The idea of contour maps p robab ly b r i n g s to m i n d the f a m i l i a r t opograph ica l type of 
map w h i c h shows the e levat ions of an a rea of land. I n t h i s type of map i t may p r o p e r l y 
be assumed that the e leva t ion of the l and l y i n g between two adjacent contour l i nes i s 
somewhere between t h e i r va lues . W i t h the t r a f f i c d e s i r e contour map , however , t h i s 
i s not qui te the case. Here a l l t e r m i n a l s o r zones a re reduced f r o m t w o - d i m e n s i o n a l 
areas to po in t s , and a l l veh ic le t r a v e l i s concent ra ted f r o m bands to s ing le l i nes c o n 
nec t ing these po in t s . T h u s , i t can be seen tha t t e chn ica l ly the area between adjacent 
des i r e l i nes o r between the adjacent contours cons t ruc ted f r o m poin ts a long these same 
d e s i r e l i n e s , ac tua l ly has no va lue and should be cons idered as ze ro . Consequently, 
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0*lieppln9 cinlar ^ 
• i n d u s t r i a l d n o ' ^ 

AREAS ANJTLYZED 
Figure 6. A preliminary major thoroughfare plan. 

whenever l i nes a re cons t ruc ted by i n t e r p o l a t i o n i n these " z e r o " a reas (a p rocedure 
necessary f o r p r o p e r p resen ta t ion) , i n t e rpo la t ed l i nes show only r e l a t i v e v o l u m e s and 
do not p e r m i t the measurement of ac tua l vo lumes . 

The f i r s t step i n the p r e p a r a t i o n of the contour map was the es tab l i shment of a r e g 
u l a r g r i d sy s t em ove r the e n t i r e survey a rea so that t r i p t e r m i n a l s cou ld be i d e n t i f i e d 
and so that r e g u l a r l y spaced po in t s a long the des i r e l i n e connect ing these t e r m i n a l s 
cou ld be d e r i v e d by use of the genera l f o r m u l a of the s t r a i g h t l i n e . 

B y se lec t ing po in t s a long the des i r e l i ne f r o m the f i r s t t e r m i n a l , each po in t be ing an 
add i t iona l whole i n c r e m e n t of va lue a long one ax i s o r coordinate i n the d i r e c t i o n of the 
o ther t e r m i n a l , the co r r e spond ing value of the o ther coordina te can be ca lcu la ted f o r 
each po in t . I t i s obvious that the r a t e of change i n the values of both coord ina tes f o r 
successive po in ts along the d e s i r e l i ne i s i n d i r e c t p r o p o r t i o n to the slope of the l i n e . 
Such computat ions w e r e accompl i shed r a p i d l y by use of mechanica l equipment . 

Select ion of the i dea l g r i d i n t e r v a l to be used i n the cons t ruc t i on of the g r i d map i s 
l a r g e l y dependent on the s ize of the a rea to w h i c h the e:q)anded data a r e intended to ap
p l y . A t the t i m e of the 1950-51 survey the Da l l a s m e t r o p o l i t a n area contained 215 sq 
m i , 24 percen t of the county ' s a rea and 84 percen t of the county ' s popula t ion . T h i s 215 
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sq m i was d i v i d e d in to 346 zones of w i d e l y v a r y i n g s izes and shapes ave rag ing 0 . 6 2 s q 
m i each. The r e m a i n i n g 680 sq m i of the county outs ide of the m e t r o p o l i t a n a rea was 
d iv ided in to 99 zones ave rag ing app rox ima te ly 6. 8 sq m i each. I n se l ec t ion of the g r i d 
i n t e r v a l i t mus t be r e m e m b e r e d that too s m a l l a g r i d i n t e r v a l , a l though g i v i n g g r e a t e r 
r e f i n e m e n t , g r e a t l y increases the number of I B M i n c r e m e n t c a r i s needed i n the d e s i r e 
l i ne computa t ion , poss ib ly beyond a l l p r a c t i c a l l i m i t s . F u r t h e r m o r e , i n v i e w of the 
f a c t tha t each of the zones had to be i d e n t i f i e d by a s ing le g r i d square (which i n every 
case was s m a l l e r than the zone i t represented) , some c o r r e l a t i o n had to be ma in ta ined 
between the two f o r reasons of d e s i r e l i ne accuracy . I t was someth ing of a handicap 
that , un l ike the Sacramento su rvey w h e r e the zones cons i s ted of the exact squares 
f o r m e d by the p r e - c o n s t r u c t e d coordinate l i n e s , the D a l l a s su rvey zones had been de
t e r m i n e d be fo re any poss ib le use of the data f o r a contour map had even been cons idered . 
However , any such disadvantage can be g r e a t l y reduced , by c a r e f u l se l ec t ion of the 
g r i d i n t e r v a l and of the g r i d square to r ep resen t each of the survey zones. 

A f t e r c o n s i d e r i n g a l l the p e r t i n e n t f a c t o r s , a V a - m i l e g r i d i n t e r v a l was decided o n as 
be ing the best poss ib le to s a t i s f y a l l r e q u i r e m e n t s f o r s u f f i c i e n t r e f i n e m e n t of the p l o t 
ted va lues , number of I B M i n c r e m e n t c a rds cons ide red des i r ab l e , and the r e l a t i o n to 
the s i ze of the zones to be r ^ r e s e n t e d by one each of the g r i d squares f o r m e d . The 
Da l l a s su rvey ana lys i s r e q u i r e d the use of 29 ,000 mas te r c a rds w h i c h a f t e r machine 
p roces s ing , r e s u l t e d i n the use of o v e r 500,000 i n c r e m e n t ca rds . 

Since i t seemed qui te l i k e l y tha t by 1980 the Da l l a s m e t r o p o l i t a n a rea w o u l d i n f a c t 
cons is t of the whole of D a l l a s County, t h i s e n t i r e a rea was se lec ted f o r ana lys i s . A l 
though the c o r r e l a t i o n between the s ize of the V s - m i l e g r i d i n t e r v a l se lec ted and the 6. 8 
sq m i average s ize of the e x t e r n a l o r county zones seemingly i s not good, the f a c t tha t 
86 .4 pe rcen t of the t o t a l of 862,223 t r i p s s tudied i n the o r i g i n a l su rvey w e r e made 
w h o l l y w i t h i n the m e t r o p o l i t a n area (where the average zone s ize was j u s t 0 .62 s q m i ) 
makes such a r e l a t i onsh ip less i m p o r t a n t . Just 12. 7 pe rcen t of the t o t a l t r i p s had one 
t e r m i n u s outs ide the m e t r o p o l i t a n a rea and only 0. 9 pe rcen t had bo th t e r m i n i t he re . I t 
i s f o r t u n a t e that of the e x t e r n a l zones, a l l of the m o r e populated ones (such as those 
enclos ing o r r ep re sen t ing the many s m a l l c o m m u n i t i e s s u r r o u n d i n g D a l l a s p r o p e r ) , 
w e r e apprec iab ly s m a l l e r than the average. 

Any e r r o r i n d e s i r e l i ne a l ignment r e s u l t i n g f r o m r e l a t i n g a l l the t r i p s to o r f r o m a 
p a r t i c u l a r zone to one s ing le po in t w i t h i n tha t zone w i l l o c c u r w i t h a r e l a t i v e l y s m a l l 
percentage of the t o t a l t r i p s and a lways a t the e x t e r n a l o r county end of the l i n e where 
such e r r o r may be m o r e eas i ly t o l e r a t e d ; i f , i n f a c t , an e r r o r ac tua l ly does ex is t . B y 
way of e]q)lanation, each zone was i d e n t i f i e d by the g r i d square w i t h i n i t s boundar ies 
that mos t c lose ly represen ted e i t h e r the zone's geograph ica l o r f u t u r e popula t ion c e n t e r -
o f - g r a v i t y . Each g r i d square was a lways i d e n t i f i e d by the X and Y coord ina tes of the 
po in t a t the l o w e r l e f t - h a n d c o r n e r . 
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Figure 7. IBM card Type I , t r ip expansion and desire chart. 
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Somplc 
Desire 
Line 

X, Y, Xg Ya Xg-X, Yz- Y, TAN D I R 

1 2 8 3 5 1 -3 - . 3 3 1 

U 9 3 8 4 3 1 - f . 3 3 2 
I I I 4 2 6 1 2 - I - . 5 3 
IV 5 5 7 8 2 3 + .67 4 

IBM CARDS TO BE 
SORTED BY DIRECTION 

TAN>.4 

DIR. I DIR. 2 DIR.3 
Figure 8. Directional movements. 
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W i t h r e g a r d to the appropr ia teness of the g r i d i n t e r v a l selected, the manner i n w h i c h 
the f i n a l r e s u l t s w e r e tabula ted p r o v i d e d a densi ty po in t a long a l l X and Y coordina tes 
every s i x t h of a m i l e ; t h i s f o r an area tha t measured app rox ima te ly 30 by 30 m i was 
c e r t a i n l y s u f f i c i e n t l y r e f i n e d . 

T r i p t e r m i n a l s loca ted outside the l i m i t s of Da l l a s County w e r e cons idered as po in t s 
r i g h t at the county l i n e . These po in ts cons is ted of the ac tua l l oca t ion of the m a i n h i g h -

31 

Assume that the machine calculation of desire l i n e s gives the 

following actual solutions for the density points involved. 

X 
U.o 
U.U 
U.6 
5.0 

I 

31.0 
31.0 
31.0 
31.0 

Vehicles 
10 
2 
2 
6 

The figures below demonstrate three possible ways i n irtilch these 

solutions would appear as punched on IBM Increment cards and as plotted 

on a grid map. * 

Solutions rounded to 
the nearest whole 

increment valyie of X 

X T Vehicles 
U.O 31.0 10 
U.O 31.0 2 
5.0 31.0 2 
5.0 31.0 6 

B 

Solutions rounded to 
the nearest half-

increment value of I 

X 
U.O 
U.5 
U.5 
5.0 

X 
31.0 
31.0 
31.0 
31.0 

Vehicles 
10 
2 
2 
6 

30 

31 'IP <?' 1 

30-

3 1 - J ^ 

30-

Compromise: half-Increment 
values disregarded 

* Values of interpolated density points appear i n parentheses. 

Figure 9. 
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ways in to the county where they c r o s s e d the l i n e . E x t e r n a l t e r m i n a l s w e r e i d e n t i f i e d 
w i t h wh ichever highway c r o s s o v e r w o u l d mos t l o g i c a l l y be used i n go ing to o r c o m i n g 
f r o m the p a r t i c u l a r t e r m i n a l w i t h i n the county f o r the t r i p i n quest ion. Thus , on ly the 
p o r t i o n s of such t r i p s tha t l ay w i t h i n D a l l a s County w e r e cons idered f r o m the des i r e 
l i n e s tandpoint , because a l l t r i p ^ to o r f r o m outs ide the county w e r e l i m i t e d to c r o s s i n g 
the county l ine at p r e - d e t e r m i n e d po in t s . A l though t h i s caused some d i s t o r t i o n i n a l i g n 
ment o f the ac tua l t r i p des i re l i n e , the r e s u l t i n g channel ing of these t r i p s t h rough such 
c o n t r o l po in t s had the advantage of showing m o r e p l a i n l y the cumula t i ve e f f e c t of t h e i r 
r e l a t i v e l y f e w e r numbers . 

I n se l ec t ing the f o u r g e n e r a l d i r e c t i o n s in to w h i c h the t r i p s w e r e to be separa ted, 
the ac tua l a l ignment and layout of the m a j o r i t y of the m a j o r tho roughfa res w e r e cons id 
e r e d so tha t , i f pos s ib l e , the d e r i v e d contours w o u l d r u n p a r a l l e l to the appropr i a t e 
e x i s t i n g s t r ee t s i n the sys t em. I n Da l l a s n e a r l y every m a j o r s t r ee t r uns due n o r t h and 
south , east and w e s t , nor theas t and southwest , o r nor thwes t and southeast; t h e r e f o r e , 
these w e r e chosen as the f o u r p r i n c i p a l d i r e c t i o n s in to w h i c h to separate the t r i p s . 

F i g u r e 8 i l l u s t r a t e s the p r i n c i p a l d i r e c t i o n s se lec ted and the t r i p s that w o u l d be i n 
c luded o r ass igned to the r e spec t ive d i r e c t i o n s . 

I t i s obvious tha t w i t h a l l the o r i g i n - d e s t i n a t i o n zone combina t ions i nvo lved i n the 
s tudy, t r i p a l ignmen t cou ld f a l l in to any of the 360 degrees of the compass . I n a s s ign 
i n g the w i d e l y v a r i e d d e s i r e l i n e s to the p r o p e r gene ra l d i r e c t i o n , t h e r e f o r e , devia t ions 
iq> to a p p r o x i m a t e l y 22y2 degrees to e i t he r s ide of each of these p r i n c i p a l d i r e c t i o n s 
w e r e inc luded . The l i nes of these dev ia t ion l i m i t s f o r m the boundar ies of cones w i t h i n 
each of w h i c h a l l t r i p s lopes o r a l ignments tha t f a l l a r e c l a s s i f i e d as hav ing the same 
d i r e c t i o n as the center l i n e of the cone. 

I n o r d e r f o r the I B M machine to d e t e r m i n e how many i n c r e m e n t c a r d s w o u l d be need
ed and to compute the slope of each d e s i r e l i n e , i t had f i r s t t o ob ta in the m a t h e m a t i c a l 
d i f f e r e n c e between the X coordina tes at each t e r m i n a l of the l i n e as w e l l as the d i f f e r 
ence between the two Y coord ina tes . T h i s was done f o r each combina t ion by a lways 
s u b t r a c t i n g a l g e b r a i c a l l y the f i r s t t e r m i n a l ' s coordinates f r o m those of the second t e r 
m i n a l (the f i r s t and second t e r m i n a l s may be r e f e r r e d to as the o r i g i n and des t ina t ion 
r e spec t ive ly a l though ac tua l ly each may be e i the r o r bo th , s ince v o l u m e s a re t w o - w a y — 
hav ing been combined , a f t e r expansion, f r o m the o r i g i n a l su rvey data i n w h i c h v o l u m e s 
w e r e e ^ r e s s e d as one-way) . 

T o f i n d as many po in t s a long the d e s i r e l i n e as poss ib l e , the ax i s was chosen, e i the r 
X o r Y , w h i c h w o u l d g ive the g r ea t e r number of whole i n c r e m e n t s , and then , us ing each 
of these whole i n c r e m e n t s , the co r r e spond ing value of the o ther coord ina te was c a l c u 
la ted . I n the machine p r o c e d u r e used to compute the tangent, the s m a l l e r absolute 
number of the two coord ina te d i f f e r e n c e s was a lways d i v i d e d by the l a r g e r , g i v i n g a 
tangent tha t was based on e i the r the X o r the Y coord ina te s e r v i n g as the "s ide a d j a 
cen t . " The I B M machine au toma t i ca l l y c l a s s i f i e d those l i n e s w i t h a tangent of less than 
0 . 4 in to d i r e c t i o n s n o r t h - s o u t h o r eas t -wes t , depending upon w h i c h o r i g i n and des t ina
t i o n coordina te d i f f e r e n c e , e i the r the X o r the Y , had been d iv ided by the o the r i n c o m 
p u t i n g the tangent. The d e s i r e l i nes w i t h tangents of m o r e than 0 .4 w e r e d i v i d e d in to 
d i r e c t i o n s nor thwes t -southeas t , o r nor theas t -southwest so le ly on the bas is of the a lge 
b r a i c s i g n of the tangent. Tangents w i t h a negative s i g n ind ica ted a nor thwes t -southeas t 
d i r e c t i o n ( F i g u r e 8). T r i p s w h i c h r a n e i t he r absolute ly no r th - sou th o r eas t -west and 
w h i c h w o u l d t h e r e f o r e have a tangent of ze ro w e r e machine s o r t e d beforehand and c l a s 
s i f i e d . 

A l though the use of a tangent of 0 . 4 as the l i n e of d e m a r c a t i o n r e s u l t e d i n d i r e c t i o n 
cones of unequal scope, the v a r i a t i o n was not cons ide red i m p o r t a n t . I t w i l l be noted 
tha t the no r th - sou th and eas t -wes t d i r e c t i o n s a l low a d ivergence i n d e s i r e l i n e a l i g n 
ment of 21 deg 48 m i n to e i t he r side of the center l i n e , whereas the diagonal d i r e c t i o n s 
a l l ow a d ivergence of 23 deg 12 m i n . 

I n o r d e r not to o v e r l o o k any poss ib le m a j o r d e s i r e movement w i t h a slope i n the 
v i c i n i t y of 0 . 4 , the f i n i s h e d maps mus t be examined i n p a i r s and the v o l u m e s a long the 
p e r q i h e r i e s of adjacent d i r e c t i o n a l cones combined . Due to the layout of the Da l l a s 
s t r e e t s y s t e m and the choice of d i r e c t i o n d i v i s i o n , t he re appeared to be no s i g n i f i c a n t 
d e s i r e v o l u m e sha red by any two maps. 
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The advantages of separate d i r e c t i o n a l contour maps ove r a s ing le compos i te non-
d i r e c t i o n a l map a re s eve ra l . P r i n c i p a l l y the p l o t t e d rou tes a re much m o r e m e a n i n g f u l 
i n tha t not only a r e a reas of h igh d e s i r e d e n s i ^ loca ted , but also the r e l a t i v e i m p o r 
tance of the v a r i o u s spec i f i c d i r e c t i o n s of t r a v e l that go to make up such areas a re at 
once made c l e a r and ava i lab le f o r easy c o m p a r i s o n w i t h one another. Obvious ly maps 
showing spec i f i c d i r e c t i o n of t r a v e l d e s i r e i n any a rea may be m o r e r e a d i l y r e l a t e d to 
the s t r ee t s w i t h the app rop r i a t e a l ignment to c a r r y the t r a f f i c so represented . F u r t h e r 
m o r e , i n the case of a t ho roughfa re c o m m e r c i a l l y w e l l developed f o r a cons iderab le 
d is tance , the use of the d i r e c t i o n a l type maps c l e a r l y shows how much of the des i r e 
densi ty i s due exc lu s ive ly to t r a v e l along o r p a r a l l e l to the tho roughfa re i t s e l f . On the 
o ther hand, a contour r i d g e a long such a s t r i n g development on a composi te map w o u l d 
include t r a v e l to o r f r o m adjacent zones, w h i c h i n in t e rchang i i^ ; at a r i g h t angle to the 
ax i s of the contour r i d g e , tends to b u i l d up the r i d g e i n a m i s l e a d i n g manner . S m a l l , 
poss ib ly n o n - c o n f o r m i n g t r a f f i c f l o w s w h i c h m i g h t go undetected on a composi te map 
o f t e n become r e a d i l y apparent on the i n d i v i d u a l d i r e c t i o n a l maps. 

Figure 10. Direct ional contour map showing 1980 t r a f f i c desire 
northeast-southwest direct ion. 
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No a t t empt was made to r e s t r i c t the contour maps except as to d i r e c t i o n . The maps 
w e r e not b r o k e n down to show se lec ted t r i p s acco rd ing to length o r to v e h i c l e type . The 
dens i t ies shown rep resen t c a r s and t r u c k s combined and a re f o r a l l 0 - D combina t ions 
r ega rd l e s s of length . 

I t should be made c l e a r tha t any extensive o r e x t r e m e d e c i m a l i z a t i o n , except i n the 
case of the e:q)ansion f a c t o r s , i s comple t e ly unnecessary. One d e c i m a l p lace i s a l m o s t 
a lways m o r e than s u f f i c i e n t . F u r t h e r m o r e , unusual ly s m a l l t r ^ pa t t e rns , o u t - o f -
state t r i p s , t r i p s f r o m o ther than i m m e d i a t e l y adjacent count ies , e t c . , should be t h r o w n 
out f r o m the s t a r t as inconsequent ia l and t i m e and c a r d was t ing . The f o r e g o i n g w i l l be 
unders tood when i t i s r e a l i z e d tha t i n p l o t t i n g the f i n a l contours on the maps , po in t v a l 
ues w e r e rounded to the neares t 500 whole veh ic l e s and values of l e ss than 2 ,000 v e h i 
c l e s w e r e deleted a l toge ther , except where they w e r e needed f o r i n t e r p o l a t i o n i n c o n 
junc t i on w i t h adjacent po in ts w i t h h igher va lues . Cons ide r ing the e x t r e m e range of po in t 
va lues tha t appear on any one map and the p r a c t i c a l l i m i t to the number of contour bands 
tha t may be used i n v i e w of the s ize of the map and the spacing between po in t s , i t can be 
seen why any g r e a t e r r e f i n e m e n t i s i m p r a c t i c a l , i f not imposs ib l e . 

The manner i n w h i c h the I B M r e s u l t s a r e tabula ted i s e x t r e m e l y i m p o r t a n t and upon 
i t depends whether the p l o t t i n g of the po in t va lues on the b lank map ( t rans lucent paper 
o v e r l a y i n g the g r i d map) w i l l be d i f f i c u l t o r r e l a t i v e l y easy. F o r purposes of t r a n s p o s 
i n g the v o l u m e dens i t ies f r o m the tab to the map, i t i s f a r be t t e r to have comple t e ly 
separate tabs f o r each d i r e c t i o n and f o r the t o t a l . 

I t was necessary , i n a r r i v i n g at the p r o p e r contour i n t e r v a l to be used, to examine 
the ex t r emes i n densi ty of each of the f o u r d i r e c t i o n s . F o r purposes of eas ie r c o m p a r 
i son of the f o u r d i r e c t i o n a l maps w i t h each o the r , the same contour i n t e r v a l s w e r e used 
on a l l . 

The se lec t ion of i n t e r v a l s was d i f f i c u l t cons ide r ing the ex t r emes i n values of the 
po in ts on f o u r maps. I n f a c t , the d i f f e r e n c e s between va lues i n d i f f e r e n t areas on ju s t 
one map made the choice d i f f i c u l t . I t i s p robab le that no one p a r t i c u l a r set of contour 
interval ' s can se rve a l l a reas of a l l f o u r d i r e c t i o n a l maps . The i n t e r v a l s should be 
s m a l l enough to g ive a reasonably f i n e set of l i ne s , bu t not so s m a l l as to make i t d i f f i 
c u l t to d i s t i ngu i sh between the many in t e rpo la t ed po in t s that mus t be p l o t t e d on the map 
b e f o r e the d r a w i n g of the contour l ines can begin . 

Contour l i n e s w e r e cons t ruc ted f o r the f o l l o w i n g v o l u m e dens i t ies i n un i t s of 1,000 
veh ic les : 2, 3, 4 , 5, 6, 8, 10, 15, and 20. The r e s u l t i n g contour bands w e r e then 
c o l o r e d , s t a r t i n g w i t h y e l l o w f o r the 2 , 0 0 0 - 3 , 0 0 0 range and us ing g radua l ly d a r k e r 
shades of c o l o r f o r each succeeding band. B l a c k was used to r ep resen t va lues of 20,000 
veh ic l e s and ove r . The combina t ion of contour l i n e s p lu s c o l o r made unmis takable and 
c r y s t a l c l e a r the l oca t ion and in tens i ty of the m a j o r d e s i r e l i nes . I t bea r s repea t ing 
tha t measurement of ac tua l vo lumes i s not p e r m i t t e d . 

I n s o l v i n g f o r the co r re spond ing coordina te values of the po in ts a long the des i r e l i n e 
f o r each whole i n c r e m e n t of X o r Y , answers w e r e rounded to the neares t ha l f i n c r e 
ment of the d e r i v e d coord ina te . A l though th i s p rocedure d i d not increase the number of 
i n c r e m e n t ca rds used, i t d i d g r e a t l y increase the amount of s o r t i n g needed to l i s t the 
r e s u l t s . I t a lso r e s u l t e d i n the map having f r o m two to f o u r t i m e s as many densi ty 
po in t s on i t as i t w o u l d have had i f the answers had been rounded to the neares t whole 
i n c r e m e n t instead. The p rocedure f o l l o w e d was w o r t h the e x t r a s o r t i n g , etc. because 
of the g r ea t e r accuracy obtained. 

T h e i m m e d i a t e e f f ec t of us ing hal f i nc r emen t s was to l e v e l some of the peak values 
r e s t i n g on g r i d l i n e c ros s ings of whole coord ina tes and to place p a r t of such amounts on 
the h a l f - w a y poin ts between such h ighs , thereby p r o d u c i n g a map of m o r e p r e c i s e l y l o 
cated and m o r e c o r r e c t l y va lued densi ty po in t s . I t should be r e a l i z e d that whole values 
of X and Y had a much be t t e r chance of be ing r e g i s t e r e d than h a l f - w a y va lues . T w o 
reasons f o r t h i s a r e the f o l l o w i n g : 

1. The f a c t tha t eve ry zone was i d e n t i f i e d by coord ina tes of whole X and Y va lues 
guaranteed these po in t s a heav ie r r e g i s t r a t i o n s i m p l y because any o r i g i n o r des t ina t ion 
i n v o l v i n g a p a r t i c u l a r zone had to begin o r t e r m i n a t e on the i d e n t i f y i n g coord ina tes , 
thus g i v i n g emphasis to such p o i n t at the e^spense of su r round ing po in t s — whole i n c r e 
ment as w e l l as ha l f . 
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Figure 11. Block type directional contour map showing 1980 t r a f f i c 
desire - northeast-southwest direction. 

2. I n the machine method used, whole i nc remen t s of e i t he r X o r Y along the t r i p 
pa th w e r e a r b i t r a r i l y se lected i n s o l v i n g f o r the o ther coordina te va lue . These d e r i v e d 
va lues had about an even chance of be ing rounded to e i the r a ha l f o r a whole i nc r emen t . 
Thus , the cumula t i ve e f f e c t of t h i s was gene ra l ly to g ive whole values of X and Y the 
advantage over ha l f va lues i n the f i n a l c o m p i l a t i o n . 

A s ment ioned b e f o r e , the use of the hal f i n c r e m e n t po in t value tends to l o w e r s l i g h t l y 
the amounts that w o u l d have been r e g i s t e r e d on one of the adjacent whole i n c r e m e n t 
po in t s , thereby f l a t t e n i n g some of the peaks and c r e a t i n g a m o r e even and m o r e accu
ra te d i s t r i b u t i o n of the t r a v e l paths. A s t h i s i s be ing done, a new p r o b l e m i s c rea ted: 
the f o r m a t i o n of low spots o r v a l l e y s of low dens i t i e s ; i . e . , the r e l a t i v e l y l o w e r va lued 
h a l f - i n c r e m e n t spots between two usua l ly h igher whole i n c r e m e n t po in t s . I f these ha l f 
i n c r e m e n t spots a re used i n the i n t e r p o l a t i o n , the i n t e r p o l a t i o n i s made except iona l ly 
d i f f i c u l t because s e v e r a l contour l ines w o u l d have to be i n s e r t e d to w o r k down to the low 
spot f r o m one h igh , and s e v e r a l m o r e on the o ther s ide to w o r k back up to the o ther 
h ighe r va lued spot. T h i s produces innumerab le abrupt and e x t r e m e l y a w k w a r d f l u c t u a 
t ions . The added d i f f i c u l t y i n having to cons t ruc t these contour l i n e s i n ha l f the r e g u l a r 
space makes the s i t ua t i on even w o r s e . 
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I f h a l f - i n c r e m e n t s had not been used, i n t e r p o l a t i o n w o u l d have to have been made 
between adjacent whole i n c r e m e n t po in t s , thus pass ing th rough the a rea represen ted by 
a po t en t i a l h a l f - i n c r e m e n t va lue ( F i g u r e 9) . T h i s f a c t demons t ra tes tha t except f o r 
us ing h a l f - i n c r e m e n t va lues to ob ta in g r e a t e r accuracy , these spots cou ld be cons idered 
as l i av ing a g r e a t e r va lue — the va lue obtained by i n t e r p o l a t i n g between the whole i n c r e 
ment po in t s . W i t h t h i s i n m i n d , i t can be seen tha t i t i s p r o p e r to d i s r e g a r d these low 
h a l f - i n c r e m e n t po in t s whenever i t i s advantageous, e i the r f o r e l i m i n a t i n g abr iq i t f l u c 
tua t ion o r f o r eas ie r i n t e r p o l a t i n g . The use of the h a l f - i n c r e m e n t s has f u l l y s e r v e d i t s 
purpose m e r e l y i n sp read ing out the t r a v e l paths and i n a d j u s t i n g the h igh peaks of 
whole i n c r e m e n t po in ts to l o w e r , m o r e r e a l i s t i c f i g u r e s . I n o ther w o r d s , d u r i n g the 
ac tua l i n t e r p o l a t i n g , the r e l a t i v e l y l o w e r h a l f - i n c r e m e n t va lues may be comple te ly d i s 
r e g a r d e d under the above desc r ibed cond i t ions , and no e r r o r w i l l r e s u l t . 

P r e p a r a t i o n of B l o c k Type Contour Maps 

The p r e p a r a t i o n of " b l o c k " contour maps was an a t tempt to show m o r e than ju s t the 
c o m p a r a t i v e d e s i r e dens i t ies of v a r i o u s p a r t s of the map. I t i s i m p o s s i b l e to obta in 
ac tua l d e s i r e v o l u m e s f r o m a r e g u l a r contour map due to the necessary i n t r o d u c t i o n of 
the e x t r a i n t e rpo l a t ed l i nes r e q u i r e d by the se lected contour i n t e r v a l s . The i n t e rpo l a t ed 
l i n e s i n themse lves do not r ep resen t ac tua l t r a f f i c , but se rve only as t r a n s i t i o n l i n e s 
between those l ines connect ing the o r i g i n a l l y p l o t t e d po in t s . A n y add i t iona l contour 
l i n e s , such as those cons t ruc ted by i n t e r p o l a t i n g between poin ts of sha rp ly d i f f e r e n t 
v o l u m e s , in t roduce non-ex i s ten t , e r roneous v o l u m e s . 

The idea of the b lock map i s to avo id the m i s l e a d i n g in t e rpo la t i ons and make each 
g r i d square a separate a rea f o r study w i t h i t s co r r e spond ing d e s i r e v o l u m e comple te 
and independent of adjacent squares , w i t h no ove r l app ing . A t the same t i m e , a s e m 
blance of con tou r ing i s s t i l l p r e s e r v e d by appropr i a t e c o l o r i n g of the squares acco rd ing 
to t h e i r vo lumes and a p r e - d e t e r m i n e d scale of contour i n t e r v a l s . 

Because the coord ina te po in ts w e r e se lec ted so as to r ep resen t the a rea of the g r i d 
square i m m e d i a t e l y above and to the r i g h t , the cons t ruc t i on of a b l o c k map i s eas i ly 
accompl i shed . The only d i f f i c u l t y a r i s e s out of the h a l f - i n c r e m e n t po in t s , w h i c h i f e x 
panded to f o r m squares , w o u l d c rea te a map of ove r l app ing squares . T h i s p r o b l e m 
was handled by e l i m i n a t i n g a l l h a l f - i n c r e m e n t po in t s i n advance by s p l i t t i n g the va lues 
of each evenly between the two i m m e d i a t e l y adjacent whole i n c r e m e n t po in ts a long the 
m a i n coord ina te l i n e on w h i c h a l l t h r ee lay . 

Use of D i r e c t i o n a l Contour Maps 

The d i r e c t i o n a l contour maps made i n Da l l a s depic t 1980 t r a v e l des i r e only . C o n 
ven t i ona l d e s i r e l i n e c h a r t s w e r e used i n the r e p o r t that was pub l i shed i n 1951 a f t e r 
c o m p l e t i o n of an o r ^ i n and des t ina t ion su rvey . I t was f e l t tha t the convent ional cha r t s 
d i sp layed t r a v e l d e s i r e adequately to s a t i s f y needs at that t i m e . 

I n 1951, Da l l a s had one expressway that was w e l l on the way to comple t i on . Other 
expressways w e r e contempla ted , but v e r y l i t t l e ac tua l p lann ing based on a f a c t u a l study 
of t r a v e l habi ts had been done at that t i m e . Consequently, i t was be l i eved tha t 1980 
t r a v e l d e s i r e should be g iven p r i m e cons ide ra t i on i n se lec t ing f u t u r e e3q)ressway l o c a 
t ions . 

When the idea of contour maps was f i r s t conceived, about a l l tha t was expected of 
t h e m was to f u r n i s h a m o r e p r e c i s e means of se l ec t ing new esqpressway routes . The 
maps have been comple ted f o r some t i m e now, and i t i s be l i eved that t h i s end has been 
succes s fu l l y achieved. A l s o , the s i ze of the maps , t h e i r d i s t i n c t i v e c o l o r i n g , and the 
v e r y apparent way i n w h i c h they show m a j o r t r a v e l d e s i r e make t h e m e f f ec t i ve as a 
means f o r p r e s e n t i n g t h i s type of i n f o r m a t i o n to those in t e r e s t ed i n expressway d e v e l 
opment . 

The 1980 d e s i r e t r a f f i c obta ined by e}q>anding 1950 data i s be ing ass igned to a p r o 
posed m a j o r t ho roughfa re and expressway sys t em. The cons iderab le s ize of t h i s p r o j 
ec t was r e a l i z e d at the outset and the p o s s i b i l i t y of m a k i n g ass ignment f r o m the b l o c k 
type d i r e c t i o n a l contour maps was cons idered . I t was hoped tha t a v e r y subs tan t ia l 
amount of t i m e m i g h t be saved by so doing. 
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A s e ^ l a i n e d p r e v i o u s l y i n t h i s paper , ac tua l d e s i r e t r a f f i c v o l u m e s a r e shown on 
the b l o c k maps. I n v i e w of t h i s f a c t , i t looked as though t h i s t r a f f i c m i g h t be t r a n s 
f e r r e d to appropr i a t e s t r ee t sec t ions thus ach iev ing the ob jec t ives of t r a f f i c ass ignment . 
C l o s e r inspec t ion , though, demons t ra ted tha t t h i s cou ld not be done w i t h a s a t i s f a c t o r y 
degree of accuracy . The n o r t h - s o u t h and eas t -wes t d i r e c t i o n s d i d not p resen t an i n 
surmountab le obstacle due to the abundance of t ho roughfa re s f a l l i n g in to these exact 
a l ignments . The o the r two d i r e c t i o n s d i d not p resen t such f a v o r a b l e p o s s i b i l i t i e s . I n 
some cases, i t w o u l d have been necessary to ass ign a l l t r a f f i c to the s ing le r a d i a l s t r e e t 
f a l l i n g i n t h i s a l ignment . I f t h i s w e r e to be done, some way w o u l d have to be f o u n d to 
measure the amount of t r a f f i c u s ing d i f f e r e n t l y a l igned s t r ee t s to get onto the r a d i a l . 
T h i s p r o b l e m was appra i sed f r o m eve ry angle but no p r o c e d u r e m e r i t i n g conf idence was 
devised. T h e r e f o r e the idea of ass igning t r a f f i c f r o m b l o c k - t y p e contour maps was 
abandoned and convent ional type of t r a f f i c ass ignment was made on the bas i s of t i m e 
saved. 

I n conc lus ion , the development of b l o c k o r a rea contours does p e r m i t some measure 
of d e s i r e v o l u m e s . The u t i l i t y of t h i s type of p resen ta t ion , however , has not been s u f 
f i c i e n t l y esqplored to pass judgment on i t s p o t e n t i a l va lue i n ac tua l ly ass ign ing v o l u m e s 
t o p roposed t ho roughfa r e s , but i t does suggest a f i e l d f o r f u r t h e r ataOy. 




