
Examination of Consistency in Signalized 
Intersection Capacity Charts of the 
Highway Capacity Manual 
Y. B. CHANG and DONAW S. BERRY, Department of Civil Engineering, 

Northwestern University 

Intersection capacity charts of the 1965 Highway Capacity Man
ual have been analyzed for consistency, giving major emphasis 
to actual vs expected differences in results when changes are 
made in parking conditions and in width of approach for one
way and two-way operation. Comparisons are also made with 
methods for computing capacity as developed in Great Britain 
and Australia. Findings indicate that the individual curves in 
the 1965 Manual are not entirely consistent with each other. 
Consistency would be improved by shifting two of the curves to 
different positions (two-way streets with parking and one-way 
streets with parking on both sides). Care should be taken when 
using the present curves to determine effects of such changes 
as prohibiting parking, changing from one-way to two-way oper
ation, or changing the lane markings on wide approaches. 

•CAPACITY CHARTS of the 1965 Highway Capacity Manual are based primarily on 
empirical data from 1,100 heavily traveled intersection approaches in the United States 
(1). This paper analyzes the curves shown on these charts from the standpoint of con
sistency between expected differences in capacity for changes in width of approach, 
parking vs no-parking conditions, and one-way vs two-way conditions. Expected dif
ferences are based in part on logical reasoning. Comparisons are also made with 
theory and results of capacity studies from England and Australia. 

Consistency among the different charts is important, since the Manual is frequently 
used to estimate possible changes in capacity and levels of service that may resultfrom 
such changes as widening, prohibiting parking, prohibiting turns, or establishing one-way 
streets. Unless the different charts are consistent, they will not provide realistic infor
mation on possible effects of such changes. 

BACKGROUND 

Analyses of the consistency of intersection capacity charts published in 1950 (2) and 
in 1958 (3) were made by Wattleworth (4). He analyzed capacity in terms of expected 
additional capacity as additional width fs provided by widening or by prohibiting parking. 

Figure 1 compares the 1965 capacity curve with 1950 and 1958 curves for two-way 
streets with no parking. In general, the shape of the 1950 curve is concave downward, 
and the approaches are less efficient for each additional increment of width. The major 
criticism of the 1950 curves was that the capacity values were too low in downtown 
areas, especially for two-way streets with parking. Across the country, many streets 
had been observed to carry higher volumes than had been considered possible by the 
charts. Traffic engineers in the Chicago area applied a factor of 1.4 to the capacity 
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Figure 1. Capacity curve of 1965 Manual com
pared with possible capacity curves of 1950 and 

1958. 
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Figure 2. Comparison of intersection capacity 
curve of the 1965Manual with British and Austra

lian values. 

derived from the 1950 curves. The Chicago Area Transportation Study (5) also had 
found inconsistencies in terms of the effect of street width and type of area on capacities. 

The general shape of the 1958 curve is concave upward. Wattleworth (4) pointed out 
that for wide approaches, the capacity volume was too high. According to-his calcula
tions, the slope of the curve for a wide two-way street exceeds the maximum possible 
slope. 

The 1965 Manual curve is concave upward also, but is closer to a straight line. For 
wide approaches it is a straight line, which means that the capacity is directly propor
tional to the width of the approach. The 1965 curve generally lies between the extremes 
of the 1950 and 1958 curves, in terms of both the shape and the capacity values. 

Figure 2 compares the Manual curve with the British and Australian capacity curves 
(6, 7) for two-way streets with no parking, 10 percent left turns, 10 percent right turns, 
and-5 percent trucks and through buses. The British and Australian curves were cor
rected for these percentages, using average values of 1.75 and 2.90 equivalent through
car units (TCU's) for right and left turns respectively. The British curve is a straight 
line except for the range in width of 10 to 17 feet, and yields higher capacity values than 
the other two curves. Moyer and Casey's discussion of Leong's paper (8) pointed out 
that the average length of car might have some effect on capacity at low- speeds, and re
ported average passenger car lengths of 13 feet in the United Kingdom, 15 feet in Austra
lia, and 17 .5 in the United States. It is possible that the narrower average width of cars 
in Britain also permits more lanes on wider streets. 

The Australian intersection capacity curve is a step function. It provides for higher 
capacity values when a wide approach is marked for a greater number of lanes. The 
average values of each curve are similar to those of the Manual curves except for the 
two-lane approach. The effect of lane width is indifferent for widths of 10 to 12 feet; 
the capacity then increases as lane widths exceed 12 feet and decreases as lane width 
decreases below 10 feet. 

The British and Australian methods are based on a combination of theory and field 
study. In both methods, a theoretical approach was first used to obtain the effect of 
opposing traffic on right turns for two-way streets (left turns in the United States). 
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~il}~.~ -~•)!) presented a formula for the through-car equivalents for right turns, Ert, 
a::; .LUHuw::;; 

E - 1.5 rr[r sg - qc + 4. 5 ] 
g {s - q} g 

(1) 

where q and s are values of the flow and the saturation flow for the opposing traffic in 
TCU's per hour, g and c are the green time and cycle time in seconds, respectively, and 
f is a function of the opposing flow (varying from 1.0 at low opposing flows to 0.45 at 
values of q = 800). 

Another theoretical approach by Miller (7, 9) is based on the probability, p , that no 
- - u vehicles are left in the queue, expressed as 

p
0 

= 1 - exp ( 1.58 -{sg 1
; x) (2) 

where xis the degree of saturation, qc/sg, ands is in TCU/sec. This relationship is 
shown in Figure 3. The probability of the queue being exhausted is related not only to 
the degree of saturation but also to the saturation flow. Load factor in the Highway 
Capacity Manual would generally correspond to 1 - p

0
• 

DEVELOPMENT OF THEORETICAL CURVES 

The development of theoretical curves for U.S. conditions is hampered by lack of 
adequate research data on effects on capacity of changes in parking, changes in approach 
widths, percent of turns and turn controls, and changes to one-way operation. However, 
the general shape and properties of the curves can be identified from logical reasoning 
and consideration of previous research. 

Basic Model 

The basic condition first examined was a signalized approach on a street with no 
parking, no turning vehicles , and no commercial vehicles. 
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The minimum width of a lane is related to 
the size and operational characteristics of 
vehicles. A one-lane approach with a mini
mum lane width of W feet will discharge a 
saturation flow of s vehicles per hour of 
green. If a multiple-lane approach consists 
of lanes of equal width, W, the saturation 
flow of the approach will be integral multiples 
of s and will be proportional to the number of 
lanes. 

The saturation flow of a lane should in
crease as its width increases because of 
easier maneuverability of vehicles, more 
comfortable feeling on the part of drivers, 
etc. However, there should be a maximum 
effective width of a lane beyond which the 
saturation flow of the lane does not increase. 
This maximum effective width of a lane is 
designated as W + W~ which has a saturation 
flow of s + s'. If it is assumed that the sat
uration flow is linearly proportional to the 
width of the lane, then the slope of the satu
ration flow line is s' /W' and the resulting 
basic model is as shown in Figure 4. 
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Figure 4. Basic mode I of saturation flow vs width 
of intersection approach. 

Figure 5. Expected relationships between ca
pacity and number of lanes on one-way streets 

as affected by turns and use of curb lanes. 

If s' is large enough for s' /W' to be equal to s/W, the saturation flow line becomes 
a single straight line that passes through the origin with a slope of s/W, as shown in 
Figure 4. The Manual curve corresponds to this type of intersection capacity model 
(Fig. 2). 

For approach widths of 10 to 15 feet, the British curve (Fig. 2) corresponds more 
nearly to the Australian curve, withs' /W' less than s/W. This conforms more nearly 
to the theoretical curves in Figure 4 for this range of approach widths. 

No attempt is made here to develop a theoretical saturation flow curve for each lane. 
Such a curve might be a straight line-in this case the slope should be less than s/W
or it might be a series of curves like the Australian curves shown in Figure 2. Instead, 
an attempt is made to further refine the general shape and properties of the line that 
connects the saturation flows for an entire approach composed of integral multiples of 
minimum width lanes (in the model, the straight line which passes through the origin 
with slope of s/W) by consideration of factors affecting capacity. 

For the convenience of examining the consistency in the Manual's charts, standard 
conditions are considered to be 10 percent left turns, 10 percent right turns, and no 
local transit buses or trucks. 

Capacity Curve for One-Way Streets With No Parking 

For one-way streets, the effects of right and left turns can be considered the same, 
with the through-car equivalent of each turning vehicle equal to E, where E > 1. Then 
the capacity for an n-lane approach with 10 percent left turns and 10 percent right turns 
is 

C = ns 
(0.2E + 0.8) 

(3) 

where s is the saturation flow of a lane. Hence, as long as E does not vary with street 
width, the capacity curve is a straight line, shown as the upper solid line in Figure 5. 
The exact location of this line will depend on whether E varies with street width and the 
extent to which pedestrians interfere with turning movements. 
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According to Australian research (7, 9 ), an additional loss in capacity results from 
reductions in carrying capacity of curh lanP.R. The lowest of the three curves in FigurP. 
5 takes into account the probable loss in capacity resulting from normal curb lanes being 
considered undesirable because of vehicles standing or stopping to load and unload pas
sengers. The exact position of this curve will vary, depending on the extent to which curb 
lanes on the right and left sides are used for loading, unloading, or standing. The slopes 
of the two solid lines should be the same for widths of more than two lanes. 

Capacity Curve for Two-Way Streets With No Parking 

The major additional factor to consider in characterizing the capacity curve for two
way streets is the effect of opposing traffic on left turns. The limiting condition occurs 
when the opposing flow is at capacity and the intersection is controlled by two-phase 
signals. Under these conditions, left turns can be made only during the change of the 
phase from green to yellow. With such a limiting condition, most two-way approaches 
of two or more lanes cannot accommodate 10 percent left turns. Thus, the volume of 
opposing traffic must be sufficiently low so that the through-car equivalent for left
turning vehicles, as computed by Eq. 1, will not be so high that left-turn capacity con
trols the capacity of the approach. 

The capacity for an n-lane approach with 10 percent left turns and 10 percent right 
turns can be expressed as 

ns 
C = 0. 1 (E 1 + Er) + 0.8 

(4) 

where s is saturation flow for a lane, and E1 and Er are through-car equivalents for a 
left and a right turn, respectively. 

The value of Er can be considered to be constant for different widths of streets (un
less there is substantial pedestrian interference or lack of exit capacity). However, 
the value of E1 may vary with approach width. Furthermore, more left turns must be 
made for wide approaches than for narrow ones, assuming left turns equal 10 percent 
of total approach volume. 

Miller (9) presents a table of Ert values (corresponding to E1 in the United States), 
in which E rt increases as street width increases. We applied these to two-way street 
approaches of increasing widths-as indicated by increasing saturation flows-taking 
into account that for 10 percent left turns, the number of left turns increases for the 
wider approaches. The Australian results indicate increasing effects of left turns as 
saturation flows increase (shown by changes in computed left-turn reduction factors in 
Tablel). In contrast, the Manual indicates that the effects of 10 percent left turns de
crease as street widths increase (Table 1). This difference warrants further study. 

From these analyses we can conclude that capacity for a two-way approach with left 
turns is less than that for one-way streets because E1 > Er, The other effects (pedes
trians, curb lane usage, etc.) should be the same as with one-way streets. Therefore, 
the theoretical two-way curve could be derived by substracting from the one-way curve 
the additional effects of opposing traffic on left turns. The resulting curve is shown in 
Figure 6. 

Capacity Curves for Streets With Parking 

Parked vehicles reduce the width available for moving traffic, and passing drivers 
tend to shy away from the parked vehicles. This loss of effective approach width is 
assumed as constant, W", for all approaches. Loss of capacity due to parking turnover 
can be taken as C' for each line of parking. Thus, if the capacity curve for streets 
with no parking is expressed as 

C f (W) (5) 



TABLE 1 

EFFECT OF SATURATION FLOW AND OPPOSING FLOW ON CAPACITY REDUCTION FACTORS 
FOR 10 PERCENT LEFT TURNS ON TWO-WAY STREETS WITH NO PARKING 

Approach 
Volume 

Approach Reduction Factors 
Saturation Flow at Load 

No, of for Ente ring 
Opposing Factor ;:: 1, for 10 percent Left Turns 

Lanes and Opposing 
Flow, q, E,a 

vphg vphg Australia United States 
Directions, vphg 

Data Data 
Total 

Left 
Turns 

For Low Opposing Flow 

1 1,800 200 1.7 1, 682 168 0,93 0 .77 
2 3, 600 400 2.1 3,243 324 0,90 0.91 
3 5, 400 600 2.4 4,736 474 0,88 0,95 

For Higher Opposing Flow 

1 1,800 400 2.3 1,593 159 0,89 0 ,77 
2 3,600 800 3.1 2,970 297 0,83 0.91 
3 5,400 1,200 4 .lb 4,125 413 0.76 0.95c 

0
Based on Ert values fro m Appendix B, Austra lion Road Capacity Guide, for C = 60 and g/c = 0.6. 

bFroni corre .. pondence with Dr. Alon Miller. 
Cleft-turn ca pacity is exceeded, because q + LT > 1200. 
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where W is the width of an approach, then the capacity curve for streets with parking is 

C - f (W - W") - CI p -

The capacity curve for one-way streets with parking on both sides is 
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Figure 6. Expected relationships between ca
pacity and number of lanes for two-way vs one

way streets. 

Figure 7. Expected relationships between ca
pacity and number of lanes as affected by 

parking. 
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The resulting curves for streets with parking are shown in Figure 7. 

Service Volume Curves for Various Load Factors 

Because the load factor is the proportion of the number of loaded green intervals to 
total green intervals during the peak hour, it follows that flow is reduced below capacity 
when the load factor is below 1.0. Saturation flow is the flow at a load factor of 1.0. At 
first glance the ratio of the reduced flow to the saturation flow is likely to be the same 
for all approach widths. But Figure 3 and Eq. 2 indicate that (a) for a fixed p0 , the 
degree of saturation increases with increases in the saturation flow, and (b) the flow 
curve for load factors below 1.0 may be concave upward rather than a straight line. 
Other research (10, 11) indicates that further study is needed to identify shapes and 
relative positionsof the curves for load factors below 1.0. 

EXAMINATION OF CONSISTENCY 

Examination of consistency of the charts in the Manual is based on theoretical con
siderations developed in the preceding section. The first relationship examined is 
whether capacity should be related mainly to the width of approach regardless of the 
number of lanes of the approach. According to the Manual charts, a 60-foot approach 
would yield the same capacity if it is striped for either four, five, or six lanes. This 
is questionable, as has been pointed out in the previous section. However, the Manual 
does indicate in its Table 6.2 the optimum number of lanes for different ranges of width. 

Capacity Curves 

Five Manual curves showing capacity values for approaches in central business dis
tricts (CBD) are superimposed in Figure 8. Curve lN, for one-way streets with no 
parking, passes through the origin if extrapolated and is concave upward up to a 50-foot 
approach width, which corresponds to four to five lanes, and then becomes a straight 
line. In this respect, the curve fits well with the theoretical curve shown in Figure 5. 

Curve 2N, for two-way streets with no parking, also passes through the origin if ex
trapolated and is concave upward to a two- to three-lane approach width, followed by a 

HCM CAPACITY CURVES 

§s 
0 
.::::: 
~ 5 10% LT 
n. 10% RT > 
LLJ 4 CBD 
~ 
::::> 
....J 

~ 3 

I 
(.) 

c3 2 
a::: 
n. 
n. 
<1'. I -

0 10 20 30 40 50 

WIDTH OF APPROACH, FT 

Figure 8. Mcnuc I curves for one-way and two
way streets as affected by parking. 

U} 6 

8 
0 
.::::: 5 
(.!) 
I n. 
> 
L.J4 
~ 

3 
§Z 3 

I 

~ 2 
a::: n. n. 
<1'. 

0 

HCM CAPACITY 
NO TURNS 

ONE-WAY- IN-IP 
TWO-WAY---2N-2P 

,. 
"v"' / 

10 20 30 40 50 
WIDTH OF APPROACH, FT 

Figure 9. Mcnua I curves for one-way and two
way streets, adjusted to no left turns. 



21 

straight line. This curve can be considered a fair fit when compared with the theoreti
cal curve of Figure 6. 

Curve lP, for one-way streets with parking on one side, intersects with the width
axis at a! point about 10 feet from the origin if extrapolated as might be expected. It is 
concave upward, followed by a straight line, conforming generally in shape with theory. 
Because the curve for one-way streets with parking on both sides is similar to that for 
one-side parking, it also agrees with the theoretical curve as to shape. However, the 
position of curve 2P, for two-way streets with parking, does not correspond with theory. 
It should have intersected, if extrapolated, with the width-axis at the same point as 
curve lP. 

One-Way vs Two-Way 

Theoretically, if no left turns are involved, there should be no differences between 
one-way and two-way street capacities for the same approach widths. 1 Figure 9 com
pares the curves for one-way and two-way streets, adjusted for no left turns according 
to Tables 6.4 and 6.5 in the Manual. For streets with no parking (lN and 2N), the dif
ference is not great. However, the capacity for one-way streets with parking on one 
side is as much as 22.5 percent greater than the capacity of two-way street approaches 
of similar widths with parking. This amounts to a 1,020 vphg difference for a 60-foot 
approach. 

Figure 8 can also be used to compare the one-way and two-way curves, with 10 per
cent left turns, for streets with no parking and for streets with parking on one side of 
each approach. The difference between curves lN and 2N for streets with no parking 
seems to be in accordance with expected differences as discussed earlie r. However , 
fo r appr oa ches with parking on one side, curves l P and 2P intersect at a width of 24 
feet. For approaches less than 24 feet wide, two- way capacity is greater than one- way 
capacity. For consistency, it would seem that these two "parking-on-one-side" curves 
in Figure 8 should bear the same relation to each other as for the one- and two-way 
curves (lN and 2N) for streets with no parking. 

Another problem relates to the curves showing the capacity of wide two-way streets 
with 10 percent left turns. As mentioned earlier, wide approaches cannot accommodate 
10 percent left turns if the opposing volume is heavy and there is a two-phase signal. 
If we compute the capacity of a 60-foot approach to a two- way street with no parking 
and with a separ a te left-turn lane of adequate length and assume 10 per cent left turns, 
10 percent r ight turns, and 5 percent h'ucks, the total opposing appr oach volume cannot 
be greate r than 723 vphg for 5,650 vphg to be discharged from the studied approach. 
This represents an extFeme unbalance in flow by direction. Apparently, both capacity 
and service-volume curves for wide two-way streets with 10 percent left turns are valid 
only if highly unbalanced flows are expected, or if the signal phasing provides for pro
tected left turns. Perhaps the basic curves should be shown for zero percent turns. 

Parking vs No Parking 

Essentially there should be no differences, in terms of the shape of the curves, be
tween Manual curves for streets with parking and with no parking. The curves should 
coincide by a parallel shifting, either vertically or horizontally. The Manual curves 
shown in Figure 8 are in general conformity with this principle. 

Differences in capacity between the curves for parking on one side of a one-way 
street (curve lP) and no parking (curve lN) vary from 830 vphg at 30 feet to 700 vphg 
at 50 feet of approach width, as shown in Figure 8. Removing parking from a street 
that formerly allowed parking on one side is equivalent to adding from 8 to 6 feet of 
street width, according to these Manual curves. However, the differences in going from 

1For streets with no left turns, the capacity of one-way streets could be less than for a two-way ap
proach of the same width, because the one-way street has two curb lanes. However, the left curb lane 
is less likely to be blocked by loading and unloading than is the right curb lane. 
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Figure 10. Positioning of manual curves to im
prove consistency for average conditions for 

trucks and turns in CBD. 

parking on both sides (lPB) to parking on one 
side (lP) yields values of capacity additions 
of less than :mu vphg. Logically, the capacity 
additions by changing from parking on two 
sides to parking on one side should be the 
same as in changing from parking on one side 
to no parking on either side of a one-way 
street. Apparently, one of the three curves 
for one-way streets should be shifted if the 
three one-way curves are to be consistent 
with each other. 

The differences in capacity between the 
curves for parking (2P) and no parking (2N) 
on two-way approaches in Figure 8 should 
also be similar to the differences in elimi
nating parking on one side of a one-way 
street, as shown in Figure 7. However, the 
added capacity from prohibiting parking on 
two-way streets is greater than expected, 
increasing as much as 1, 100 vphg green on 
a 50-foot approach. One or both of these 
curves apparently needs repositioning. 

Fringe Areas 

Discrepancy in capacity values between one-
way and two-way streets is even greater when 

fringe-area adjustment factors are applied to the curves shown in Figure 8. The curve 
for two-way streets with parking is shifted upward due to the 1.25 adjustment factor, 
whereas the curves for one-way streets with parking remain as shown in Figure 8. 

Improving Consistency 

Consistency of the Manual capacity curves would be improved if curve 2P (two-way 
s treets with pa r king ) were pos itioned just below curve lP (one - way s treets with parking), 
as is shown by Figure 10. Curve lPB (one-way streets with parking on both sides) would 
be more consistent with others if it were approximately 700 vphg below curve lP. The 
exact position of each curve cannot be specified from this preliminary study. 

Further study should be given to analyzing relative positions of these curves, taking 
into account the original date and the consistency factors discussed in this paper. 

Level of Service Curves 

An attempt was made to examine consistency of the Manual curves for load factors 
less than 1.0 (12). These involve studies of bulk queuing and studies of probability of 
clearing queues. May and Pratt (10) have also studied these differences by computer 
simulation. Studies in these areas are continuing. 

CONCLUSIONS 

1. The examination of consistency of the intersection capacity curve of the 1965 
Highway Capacity Manual has revealed some inconsistencies that could produce mis
leading results when using the Manual to determine possible effects of prohibiting park
ing or changing from two-way to one-way streets. 

2. The relationships between the Manual's intersection capacity curves for different 
widths of one-way vs two-way conditions and parking vs no parking should be examined 
carefully, and adjustment made to improve consistency in capacity values. Specific 
points indicated from this study for CBD conditions include the following: (a) curves 
derived for two-way streets with parking and for one-way streets with parking on one 
side should be identical for zero percent left turns, whereas they differ considerably; 
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similar curves for the no-parking condition on one- and two-way streets are practically 
identical, as expected; (b) the capacity curve for one-way streets with parking on both 
sides appears to yield values too high, as compared with other one-way street curves; 
and (c) effects of parking do not seem to be consistent on one- and two-way streets; the 
Manual curve for two-way streets with parking appears to require adjustment in slope, 
as shown by the dashed line in Figure 10. 

3. Adjustment factors for fringe-area conditions appear to need revision. 
4. Further research on effects on capacity aIJd level of service for changes in widths, 

lane markings, parking, turns, and opposing flows is desirable to quantify values that 
can be used as consistency restraints in preparing the next editions of the signalized 
intersection chapter of the Highway Capacity Manual. 

5. The Australian approach of analyzing intersection capacity by studying character
istics of flow by lane seems to have advantages. 
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Discussion 
ALAN J. MILLER, Institute of Highway and Traffic Research, University of N.S. W., 
Australia-I approach this paper with considerable trepidation. 1 am terrified that 
Messrs. Chang and Berry may apply the same treatment to our Australian capacity 
guide! 

This paper points to the importance of having a logical and systematic model for in
tersection capacities. Not only does this avoid most of the dangers of inconsistencies, 
but it aids comprehension and enables the user of the Manual to make better judgments 
in the case of complex, irregular intersections. 
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Chapter six, on at-grade intersections, is possibly the weakest part of the Highway 
Cn.pncity M nmm.1; bused as it is mainly on rlata 0oll1:1cterl in Hl!'i!'i ancl Hl!'ifl , ! cloubt if 
there has been much increase in capacities since then, but there has been a considerable 
refinement in models for intersection capacity, and the operating characteristics of sig
nalized intersections are much better understood now. It is hardly surprising that there 
are inconsistencies in the Highway Capacity Manual. The relevant question is, "How 
important are they?" 

The answer to this question depends on the use of the Manual and the accuracy of 
prediction required from it. For a new intersection or in a computer assignment of 
traffic in a network, the predictions of traffic demand are often so crude that a very 
rough estimate of capacity is adequate. 

The situation requiring accuracy is in the modification of an existing intersection to 
squeeze just a little more capacity from it. Here I do not think users can have much 
confidence in the Highway Capacity Manual. It tells us that we cannot increase the ca
pacity by striping more lanes in the same approach width; it does not tell us the effect 
of banning parking for various distances on the approach and exit sides of intersections; 
and Chang and Berry have questioned whether it tells us correctly the effect of turning 
vehicles. In addition, our experience in Australia has suggested that the effects of local 
buses (Figures 6.11 to 6.14 of the Manual) are too large except in the CBD. Since the 
striping of lane, control of parking, banning or phasing of turns, and location of bus stops 
are four of the principal tools of the local traffic engineer, I feel that Chapter 6 of the 
Highway Capacity Manual largely fails to meet his needs. 

Lest I appear to be advertising our Aussie guide, let me add that it is mute on the 
effect of bus stops, and on a few other factors that I will not mention, in case Messrs. 
Chang and Berry turn their attentions "down under". 

Professor Berry sent me a copy of Table 1 in advance of the rest of the paper. I 
had not attempted to convert our "through-car equivalent" method into the "reduction 
factors" of the Highway Capacity Manual and I was interested to see the results. At first 
one might expect that the effect of left-turners would be greatest for single-lane ap
proaches where one left-turner stops everything, whereas on a three-lane approach, 
two of the lanes continue moving. The explanation of why Table 1 shows the opposite is 
in two parts. First, it is the percentage of left-turners that is fixed, not the number. 
This means that the single lane is moving for most of the time, whereas on a three-lane 
approach, one lane will consist almost entirely of left- turners. The second reason is 
that the amount of opposing traffic has been increased in proportion to the number of 
lanes. This means that, after the queue of opposing vehicles has cleared, the left
turners on a single-lane approach will have a good chance of finding a gap, whereas on 
the three-lane approach, left-turners will often have to wait until the change of phase 
before they can make their turns. 

Y. B. CHANG and DONALD S. BERRY, Closure-We appreciate the comments of Dr. 
Miller, as well as the assistance he provided earlier in the planning of this study. 




