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Transportation System Management Options for 

Downtown Curbside Pickup and Delivery of Freight 

PHI LIP A. HABIB 

In downtown areas, freight is picked up and delivered primarily at curbside, 
either on main streets or on minor cross streets and in alleys. Where excessive 
demands for freight exist on main arteries, surface traffic problems can become 
severe. This paper presents operational strategies that address this situation: 
curb-space management, signal-timing adjustments, signing of curb use and en· 
forcement, restriping of arterial, temporal control of curb lane, relocation of 
bus stops, control of turns, and land-use control. The tools for evaluation 
were developed in previous research and are only summarized here. The paper 
concludes by ranking strategies for effectiveness based on the severity of the 
traffic problems caused by pickups and deliveries on the arterial. 

In downtown areas, freight is picked up and de
livered primarily at curbside, either on main 
streets or on minor cross streets and in alleys. 
Due to the nature of the principal demand variables 
for downtown urban freight (primarily consumable 
products) , the freight generators usually front on 
the main pedestrian arteries (which usually are also 
the main vehicle arteries). In the downtown areas 
in which alleys parallel these main arteries, the 
problems created by conflicts between freight traf
fic and pedestrian traffic can be minimized. How
ever, when there are no spatial alternatives to 
solve a goods-movement problem, other measures be
come necessary. 

In this paper I present and evaluate selected 
low-cost operational (transportation system manage
ment, or TSM) strategies directed toward improving 
traffic conditions while recognizing the need to de
liver freight with little or no disruption in ser
vice. To date, traffic engineering measures for 
goods movement have met with limited success (in my 
opinion) mainly because of an underestimation of the 
pressure that carriers face to serve their customers 
efficiently. This paper is based on a project that 
developed techniques for predicting freight demand, 
for predicting when pickup-and-delivery (PUD) vehi
cles would double-park or park in a curbside moving 
lane, and for determining the impact of lane block
ages on arterial level of service. The project used 
these background capabilities to develop and evalu
ate TSM strategies for downtown arterial streets, 
and the results of the efforts of that phase are 
summarized in this paper. 

BASIC TOOLS FOR STRATEGY EVALUATION 

In an effort to be brief, this presentation may mis
lead the reader on the depth of the analysis done to 
develop the necessary tools for the strategy evalua
tion. These tools, which are not presented in de
tail, are 

1. Estimation of demand for curbside PUD trips, 
2. Determination of how the vehicles will park, 

and 
3. Determination of the impact of a lane block

age on arterial level of service. 

Tables 1 and 2 summarize, respectively, the 
weekly and daily generation equations and hourly ar
rival patterns of curbside PUD vehicles for various 
land uses. Figure 1 shows the probability of 
double-parking as a function of percentage of the 
blockface devoted to truck space (loading zones, hy
drant zones, bus stops, driveways). In addition, 

the research determined that, under random normal 
enforcement, 20-25 percent of PUD vehicles that ar
rive at a blockface will stop in a designated curb
side moving lane. Figure 2 was developed to show 
the relationship between number of double-parkers 
(or blockages of curbside moving lane), street traf
fic volume, and expected resultant arterial level of 
service. Figure 2 gives data for one-way streets 
(left) and two-way streets (right). With the basic 
information presented above (plus more not deemed 
necessary to include here), various strategies will 
be outlined and analyzed for effectiveness in subse
quent sections of this paper. 

TSM STRATEGIES FOR IMPROV,ING ARTERIAL FLOW 

First, it is necessary to define the objective of 
the analysis. For this type of analysis it appears 
that a specified level of service would be that ob
jective. The recognition that curbside goods move
ment is a problem related to traffic flow occurs 
when the state of the traffic on a street approaches 
or is at that street's capacity. An arterial with 
freely flowing traffic does not appear (to the traf
fic engineer) to represent a problem, even though 
there is some speed reduction due to lane block
ages. Therefore, the strategy objectives would be 
to obtain (a) an upper-limit service level C (C-D 
boundary) or (b) an upper-limit service level D (D-E 
boundary) on the arterial (see Figure 2). It is ev
ident that different cities have different objec
tives in traffic control management; many cities 
view the D-E border as unsatisfactory, whereas 
others consider it a realistic level of downtown 
congestion. Therefore, both the C-D and D-E bound
aries will be used as strategy objectives when ap
propriate, and the option will be available to the 
traffic engineer or planner to use one or the other 
as determined by local policy. The strategies ad
dressed include curb-space management, signing of 
curb use and enforcement of it, signal-timing ad
justments, temporal control of the curb lane, de
mand-reduction methods, and other traffic engineer
ing techniques. These strategies will be applied to 
specific blocks where goods-movement problems have 
been determined to exist. It should again be stated 
that goods-movement problems, though in some cases 
severe, are isolated, and solutions to these prob
lems should take this into account. 

Curb-Space Management 

The basic question to be addressed is, for a given 
traffic-volume level, how much curb space should be 
allocated as available for PUD use (or rather not 
available for usual automobile parking). It should 
be noted that PUD vehicles will look for bus stops, 
hydrant zones, driveways, or any other available 
space to load or unload freight, and therefore the 
existence of such space generally does act as load
ing-zone space. For a given PUD demand and a given 
traffic-volume level, curb space would be needed in 
amounts necessary to reduce conflicts. The data 
used in this analysis are from Figures 1 and 2. 
These relate to the estimated percentage of double
parkers for various amounts of allocated PUD curb 
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space and the effects of these double-parkers on 
level of service of one-way and two-way arterial 
streets. Tables 3 and 4 show the results. 

The procedure followed in the development of 
Tables 3 and 4 is to 

1. Find the maximum number of double-parked PUD 
vehicles that can be tolerated for a specific traf
fic volume and level of service, 

2. Find the estimated number of vehicles that 
will double-park for various demands and curb-space 
allocations, and 

3. Select the curb space needed that reduces the 

Table 1. PUD demand equations. 

Land Use 

Office 
Residential 
Hotels 
Retail and prepared foods 
Light industry and warehousing 
Retail and service 

Equations for 

Weekly Generation 

WG = (0.80 X FA)+ 2.0 
WG = (0.15 X DU)+ 2.27 
WG = (0.30 x RU) - 12.0 
WG = (1.65 X FA)+ (1.21 x E) + 5.2 
WG = (1.28 X FA)+ (0.31 X E) + 11.96 
WG = (0.30 x E) + 8.2 
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number of double-parkers to the tolerable level. 

Tables 3 and 4 show that there are traffic-volume 
levels below which there need not be any designated 
PUD curb space to obtain a desired level of ser
vice--650 vehicles/h of green/ lane for level C and 
950 vehicles/h of green/lane for level D. These 
tables also show that one-way streets generally re
quire more total curb space than do two-way streets; 
this is primarily because of the different blockage 
patterns. , The tables further identify the no
solution (NS) conditions, where all space is allo
cated and the desired level of service is still not 

Daily Generation 

DG=(0.16 x FA)+0.4 
DG = (0.03 2 X DU)+ 0.45 
DG = (0.06 x RU) - 2.4 
DG = (0.33 X FA)+ (0. 242 X E) + 1.04 
DG = (0.26 x FA)+ (0.06 x E) + 2.4 
DG = (0.06 x E) + 1.6 

0.93 
0.94 
0.96 
0.25 
0.64 
0.74 

N 

48 
87 
11 
44 
31 

219 

Note: WG = weekly generation; DG z: mean daily generation; E "' employment; FA = floor area (m 2 OOOs); DU= dwelling unit; RU -= rental unit. 

Table 2. Hourly PUD arrival distribution, by percentages. Figure 1. Probability of double-parking by PUD vehicles. 

Land Use C, 
z 
S2 

Residen- Industry Retail a: 
< 

tial and and Ware- and 0.. 

Time Office Hotel Food housing Service w 
...J 
(II 

6:00-7:00 a.m. 0.1 0.4 2. 9 0.2 1.0 B 
7:00-8:00 a.m. 1.4 8.0 7.3 2.4 2.8 0 
8:00-9:00 a.m. 9. 6 12.2 11.8 14.0 7.7 w 
9:00-10:00 a.m. 14.4 18.7 19.4 15.4 16.5 ...J 

u 
10:00-11:00 a.m. 16.6 16.5 19.7 18.1 18.1 j: 

11 :00 a.m.-12:00 noon 13.4 13.4 15.3 12.4 14.6 w 
> 

12:00-1 :00 p.m. 11.0 8.7 7.6 8.6 11.0 Cl 
I :00-2 :00 p.m. 11.4 9.2 7.5 10.8 10.6 :::, 

0.. 
2:00-3:00 p.m. 11.9 7.0 4.3 10.0 10.4 ~ 3:00-4:00 p.m. 9.9 5.9 4.2 7.4 7.1 1f'. 
4:00-5:00 p.m. 0.3 0.5 0.2 

25 7 , 
PERCENT OF BLOCKFACE AVAILABLE FOR PIJD 

Figure 2. Relationship among number of double-parkers, street traffic volume, and expected arterial level of service. 
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Table 3. Percentage of curb space needed on both sides of a one-way arterial. 

Traffic Volume 
(vehicles/h of 
green/lane) 

700 

800 

900 

1000 

1100 

1200 

1300 

Level 
of 
Service 

cb 
ob 

C 
D 

C 
D 

C 
D 

C 
D 

C 
D 

C 
D 

PUD Demand (vehicles/h) per Block" 

10 20 30 40 50 60 70 

0 
0 

0 
0 

0 
0 

70 
0 

0 
0 

0 
0 

0 
0 

0 40 60 
0 0 0 

60 80 90 
0 0 0 

100 NS NS 
0 0 20 

0 
0 

10 20 
0 0 

70 80 90 
0 0 0 

100 100 NS 
0 0 0 

NS NS NS 
40 60 70 

100 NS NS NS NS 
0 30 60 80 90 

NS NS 
100 100 

NS NS NS NS NS 
50 80 100 NS NS 

NS NS 
NS NS 

NS NS 
NS NS 

NS 
NS 

NS NS 
NS NS 

NS 
NS 

NS 
NS 

Note: NS= no solution for conditions. 

a Both sides of street. bRepresents the upper limit of each level of service. 

Table 4. Percentage of curb space needed on one side of a two-way arterial . 

Traffic Volume Level PUD Demand (vehicles/h) per Block8 

(vehicles/h of of 
green/lane) Service 5 10 15 20 25 30 35 

700 Cb 0 0 0 0 0 10 30 
Db 0 0 0 0 0 0 0 

800 C 0 0 20 40 60 70 80 
D 0 0 0 0 0 0 0 

900 C 0 30 60 80 90 100 100 
D 0 0 0 0 0 0 0 

1000 C 0 60 80 90 100 100 NS 
D 0 0 0 0 0 10 20 

1100 C 70 100 NS NS NS NS NS 
D 0 0 10 30 50 60 70 

1200 C NS NS NS NS NS NS NS 
D 0 30 60 80 90 100 100 

1300 C NS NS NS NS NS NS NS 
D 70 100 NS NS NS NS NS 

Note: NS = no solution for conditions. 
80ne side of street, bRepresents the upper limit of each level of service. 

obtained. Under such no-solution scenarios, addi-
tional strategies must be considered. 

Example 

The field conditions are as follows. The estimated 
PUD traffic to the block from 9:00 to 10:00 a.m. is 
30 vehicles; the street is a one-way arterial that 
has three through lanes plus parking; the traffic 
volume is 1850 vehicles/h; arterial G/C = 0.55 
(where G = green time and C = cycle time); there is 
10 percent available PUD space on one side of the 
street; there is 30 percent available PUD space on 
the other side (due to a far-side bus stop); and the 
block length is 135 m. 

To determine the present ievel of service and t. 
find the curb-space PUD needs necessary to achieve 
service-level-D operation on the arterial during 
that period, take the following steps: 

1. Calculation of traffic volume in vehicles per 
hour of green per lane gives the following: 
(1850/3) x (1/0,55) = 1121 vehicles/h of green/lane. 

2. By assuming an even distribution of PUD de
mand on both sides of the street, the estimated num
ber of PUD double-parkers during the hour from Fig-

65 

ure 2 is 12. Also, from Figure 2 it is seen that 
for 12 double-parkers / h and 1121 vehicles/h of 
green/lane, the one-way arterial operates in the 
service-level-E range. 

3. The review of Figure 2 indicates that only a 
modest improvement is needed from 12 to 8 double
parkers to reach the service-level-D border. Table 
3 shows that, for 30 PUD vehicles/h and 1121 vehi
cles/h of green/lane, the objective can be reached 
by providing 60 percent of curb space on both sides 
of the street for PUD use. Thus, to achieve this 
modest reduction in double-parkers, a sizeable 
amount of curb space is required. 

4. The allocation of this space should be done 
on the basis of demand, in which the downstream ends 
of the block take the highest priority, the upstream 
ends take second priority, and the midblock section 
takes the lowest priority for allocation of space. 
In providing curb space for goods movement, ensuring 
that a lane blockage does not occur on the down-
stream approach to the 
importance. Therefore 
there first for maximum 

intersection is of er i tical 
space should be allocated 

effectiveness (_;JJ. 

The example shown considers that there is about 
equal PUD demand on both sides of the street. If 
the PUD demand on one side is significantly higher 
than it is on the other side (more than 70 percent 
to 30 percent), the blockage pattern becomes similar 
to that of a two-way street and Table 4 would be 
more appropriate for analysis. In addition, the 
minimum-size curb-space allocation for PUD should be 
14.5 m, except at corners, at which the minimum al
location acceptable would be 10 m. 

The implementation of this curb-management strat
egy requires the acquisition of hourly PUD demand 
data either by using field observers or by using the 
generation equations and hourly arrival patterns de
veloped with this report. In addition, traffic vol
umes and signal splits should be known, as well as 
the use of existing curb space (whether or not it is 
available for PUD use). 

Signi ng of Curb Use and Enforcement 

The conventional method of rationing curb space for 
PUD use is to designate that space as a truck load
ing zone by means of the appropriate signing. In 
New York City, the sign would read NO STANDING 
EXCEPT TRUCKS LOADING AND UNLOADING. Most cities 
would have similar signing, whereas some other 
cities would allocate the curb space just as a load
ing zone (and not differentiate passengers from 
freight). The objective of such signing is to pro
vide curb space for the exclusive use of loading or 
unloading and to allow no parking for any other ve
hicles and no standing for any nonloading vehicles. 
There are two main problems with this type of sign
ing that contribute to arterial conflicts, es
pecially in off-peak traffic periods. First, the 
percentage of trucks in the total vehicle population 
is rising and is expected to continue to rise into 
the short-term future. The identification of a 
truck (except large ones) as a PUD vehicle is not 
obvious to a parking-enforcement agent, and non-PUD 
parking in the designated space will continue to oc
cur. Second, when a PUD vehicle stops in a truck 
loading zone or any other parking space not "pres
surized" by a parking meter or other such device, 
the total dwell time of the stop increases greatly 
(!), This increase is attributable only to the type 
of parking. Therefore, since there is increased 
time of occupancy, the loading zone is less ef
fective. 

An objective of curb-space management and control 
is to minimize the occupancy time of the designated 
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users and eliminate (if possible) the nondesigqated 
users. Elimination of all designated truck loading 
zones at a problem location appears to be a strategy 
capable of achieving the desired objective. Those 
areas intended for PUD use would be signed and con
trolled (enforced) as no-parking zones. PUD vehi
cles that are loading or unloading freight would be 
considered as standing (and therefore legally 
stopped), whereas all other vehicles would obviously 
be illegally stopped and subject to a summons. The 
table below summarizes the research findings with 
respect to PUD dwell time (11· The introduction of 
pressurized parking could reduce the mean dwell time 
in loading zones by about 30 percent and also reduce 
the non-PUD parking in those spaces. The combina
tion of these improvements would directly result in 
less PUD double-parking. (The legally curb-parked 
mode includes truck loading zones.) 

Mean Dwell Sample 
Parkin9 Mode Time (min) Size 
Double-parked in moving lane 11. 5 1398 
Curb-parked legally 19.5 5046 
Curb-parked illegally 13.8 1697 

'l'he proposed strategy would only be implemented 
in the highest-density areas, and conventional load
ing-zone signing would remain in other areas. This 
dual system of signing areas as intended no-parking 
zones or as designated loading zones has two advan
tages. First, drivers of PUD vehicles would be able 
to recognize the existence of the designated spaces 
(signed LOADING ZONE) and therefore be less likely 
to use the no-parking zones. The second advantage 
is that, when drivers need time for personal reasons 
(coffee break, lunch, telephoning the terminal, 
etc.), the likeliho.od that they will take this time 
at a no-parking zone would be less than it would in 
a loading zone. 

The major disadvantage of the no-parking-zone 
concept is the fact that all PUD vehicles could be 
ticketed if the driver is not with or close to the 
vehicle. However, it is the mere existence of such 
an enforcement option (even though it may rarely be 
exercised) that produces the expected operational 
benefits. The reduction in non-PUD truck parking 
would also be a positive benefit of the enforcement 
option. 

A loading zone signed with no-parking signs would 
have at least 30 percent more capacity than a con-
-..,·ention~lly :;igncd true!{ lc~ding zone. For the 
ample used in the curb-management section, it was 
determined that 60 percent POD-available space was 
necessary to meet the level-of-service objective, a 
large increase over the existing 20 percent total. 
If the new 40 percent loading-zone space were to be 
signed with no-parking signs, only about 30 percent 
(40 percent divided by 1.3) would actually be neces
sary to achieve the desired objective. 

The implementation of such a strategy should have 
the highest priority on main streets in the central 
business district (CBD) and on blockfaces where ex
isting loading-zone space is fully used. The second 
priority would be in the CBD on cross streets where 
loading zones exist at the corners of a major arte
rial. The third priority would be on cross streets 
in the CBD where the curb space is designated for 
use by queued vehicles at loading docks. In all 
cases, the existence of conventionally signed, des
ignated loading zones must be maintained in non
critical areas. 

Si9nal-Timin9 Adjustments 

The friction because of traffic problems caused by 
PUD vehicles and pedestrian traffic on a block re-
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duces the intersection service volumes. For many 
arterials, there is a constant G/C, and for several 
intersections neither cross-street volume nor pedes
trian needs can support this uniformity. The oppor
tunity may therefore exist to increase arterial G/C 
in order to increase the service volume of a con
gested block or blocks to the level of upstream and 
downstream blocks. 

The target of this strategy would be to determine 
the required arterial green per cycle in order to 
achieve a desired level of service on a problem seg
ment. This level of service should logically be the 
same as that on the upstream blocks. The material 
developed in this research has consistently defined 
volume in vehicles per hour of green per lane. 
Therefore, the identification of a service volume at 
various levels of service can readily be translated 
into a G/C required if the actual traffic volume is 
known. 

Table 5 was prepared to show the traffic volume 
at upper service levels C and D for various totals 
of PUD curbside generation and the percentage of 
available curb space for PUD vehicles. The traffic 
engineer or planner can therefore use this table to 
find the necessary amount of arterial green phase 
necessary to accommodate the actual traffic volume 
on the street at the desired level of service. 

Example 

For the same base conditions presented in the curb
management example, the traffic engineer wishes to 
provide service-level-D operation through signaliza
tion. ~he previous analysis concluded that 1121 ve
hicles/h of green/lane operated at service level E. 
The average amount of the block available for PUD 
use is 20 percent (average of 10 and 30 percent). 

Table 5 shows that, for a demand of 30 PUD vehi
cles/hand 25 percent available PUD space, the ser
vice volume at service level Dis 1025 vehicles/h of 
green/lane. Therefore, for an actual volume of 1850 
vehicles/h on three through lanes (i.e., 617 vehi
cles/h of green/lane), the major-street green per 
cycle should be raised from 0.55 to 0.60 
(617 + 1025). In terms of solution scale, this 
G/C increase would be more attractive than an elabo
rate curb-space management plan. 

There are various combinations of curb-manage
ment, signing, and signal adjustments that can pro
duce the desired operating level of service. In or
~er to i~plement such a signal strategy; it is nec
essary to inventory (or calculate) PUD hourly de
mand, count main-street traffic, and determine what 
curb space is already available for PUD use. These 
basic inputs will allow the determination of a tar
get service volume from which the required split can 
be calculated. For computer-traffic-controlled sig
nal systems, programming signal splits for specific 
periods of the day is facilitated. 

'l'empocal Control of Curb Lane 

The need to provide additional lanes to ease peak
period traffic flow is apparent in most downtown 
areas. The need to provide curbside express bus 
lanes (or contraflow lanes) is also present in many 
larger cities (generally those that also have goods
movement problems). In those cities where alleys 
parallel the main arterials, provision of the curb 
lane for non-PUD operations is greatly facilitated. 
In cities where no alternate PUD stopping space ex
ists, the effectiveness of such a curb-lane strategy 
would be reduced, since all that is needed to dis
rupt flow is a single blockage per three-block seg
ment. The research on this project also showed a 
marked variation among cities in terms of compliance 
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Table 5. Traffic volume (vehicles per hour of green per lane) at service levels C 
and D on one· and two-way arterials. 

PUD Level 
Demand of 
(vehlcles/h) Service 

One-Way Arterials 

10 

20 

30 

40 

50 

60 

70 

cb 
Db 

C 
D 

C 
D 

C 
D 

C 
D 

C 
D 

C 
D 

Two-Way Arterials 

10 

15 

20 

30 

cb 
Db 

C 
D 

C 
D 

C 
D 

C 
D 

PUD Space Available" 

0 

900 
1125 

850 
1075 

775 
1000 
750 
975 

725 
975 

700 
950 

700 
925 

25% 50% 

925 1000 
1150 1175 

875 900 
1075 1100 

800 850 
1025 1050 

775 800 
1000 1025 

7 50 775 
1000 1000 

750 775 
975 1000 

725 750 
950 975 

75% 

1050 
1225 

950 
1150 

900 
1100 

850 
1075 

825 
1050 

800 
1025 

775 
1025 

100% 

1125 
1275 

1075 
1225 

1025 
1200 

975 
1175 

950 
1150 

925 
1125 

900 
1100 

975 1025 1075 1125 1175 
1250 1275 1300 1325 1350 

850 925 950 1025 1125 
1150 1200 1225 1275 1325 

800 825 875 975 1075 
1100 1125 1175 1225 1300 

750 775 825 925 1025 
1050 1075 1125 1200 1275 

700 725 775 850 975 
1000 1050 1075 1125 1250 

a Averages for both sides or one side of the street, depending on whether street 
is on1.~w;,y or lWO·way arterial, respectively. 

bR1ipresoots uµpor limit of each loval of service . 

with a no-stopping curb-lane control. 
The research has developed general guidelines for 

implementing a strategy for temporal displacement of 
the curb lane based on providing the carrier with 
the option of compliance without rendering the PUD 
process inefficient. These guidelines apply to 
cases in which no alley is available. 

1. Since traffic does not generally peak in both 
directions at the same time, PUD operations in the 
nonpeak traffic direction should be encouraged 
through the provision of loading zones. This would 
apply to alternate parallel one-way arterials or to 
alternate-direction two-way arterials. It should be 
noted that PUD activity is negligible after 3:00 
p.m. and therefore the morning peak period is the 
one to which the solution should be structured. 

2. In addition, for blockfaces that normally 
generate 5-10 PUD operations/h, 15 m of available 
curb loading space should be provided at the corners 
of each cross street. Normal enforcement of parking 
regulations would suffice. 

3. For blockfaces that normally generate more 
than 10 PUD operations/h during the strategy period, 
all above space requirements should be implemented, 
plus heavy enforcement (5-min coverage). 

4. For an arterial segment that has more than 20 
PUD operations/hon one or more blockfaces, the ef
fectiveness of the strategy would be such that it 
should generally not be considered for implementa
tion. 

PUD Demand-Reduction Methods 

The total number of possible conflicts between PUD 
traffic and pedestrians can also be reduced. This 
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would be either by reducing the amount of curbside 
PUD operations in a problem period or by reducing 
the traffic volume in that period. The method gen
erally available for PUD demand reduction is 
land-use control. 

Land-use control is generally a long-term solu
tion. On problem blocks, land use would be promoted 
that generated lower amounts of PUD trips, provided 
off-street loading for these trips, or both. For 
instance, the zoning of a warehousing section to 
permit loft residential dwelling would drastically 
reduce PUD demand on that block over time. Con
versely, the zoning of that warehousing block to re
tail or commercial uses would increase PUD demand. 
An office building reconstructed to provide off
street loading facilities should also reduce curb
side demand. The traffic planner should review zon
ing changes on principal arteries to evaluate their 
effect on PUD generation and curbside operations. 

Short-term land-use control for PUD should con
centrate on removing food establishments (retail and 
prepared) from principal arteries that have PUD
related congestion. The PUD arrival patterns and 
demand rates associated with this land use put it in 
direct conflict with the morning peak traffic pe
riod. It would be a land-use objective to not allow 
retail food establishments (supermarkets and drug
stores) on principal arterials unless they are ac
cessible from the rear. It would also be a land-use 
objective to restrict prepared-foods establishments 
on congested blocks unless access is available from 
a side street. 

If the traffic planner can determine the expected 
reduction in PUD demand over time (during problem 
periods), the basic tables and figures presented in 
this paper will allow estimation of level-of-service 
changes. 

Other Traffic Engineering Strategies 

Three traffic engineering strategies are presented 
in this section: reduce arterial traffic, provide 
wider parking lanes, and relocate bus stops. Each 
is presented with a short description and a brief 
effectiveness evaluation. 

Reduce Arterial Traffic 

One option to reduce traffic-pedestrian conflicts on 
arterials is to reduce the number of vehicles with
out changing the goods-flow process. This can be 
done by diverting vehicles to parallel arterials by 
controlling turns in critical periods. That is, ve
hicles would be allowed to turn off but not onto the 
arterial in a problem segment. This technique, it 
is estimated, could reduce volume by 10-15 percent 
throughout the problem area. Figure 2 shows that 
such a reduction in volume can translate into real 
changes in level of service on the arterial. This 
traffic-reduction measure can be implemented inde
pendent of all strategies and therefore compound 
benefits. In the example being used throughout this 
paper, in order to achieve service-level-D opera
tion, control of turns to reduce traffic from 1850 
vehicles/h to 1780 vehicles/h ( 4 percent reduction) 
would be required. The traffic engineer would de
termine the method of achieving this reduction. 

Provide Wider Parking Lanes 

The lane striping on arterials could be used to dif
fuse traffic-pedestrian conflicts by increasing the 
size of one or both curb lanes to accommodate both 
the parked automobile and the double-parked PUD ve
hicle. Due to the fact that fewer than 1 in 20 PUD 
vehicles are tractor-trailers in the CBD, a 5-m curb 
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lane can acconunodate an automobile and an effi
ciently double-parked PUD vehicle. The increase in 
curb-lane width would be 2 m. It would be very rare 
to find an arterial wide enough so that 4 m {enough 
for two double-parking curb lanes) could be sub
tracted from the width of the through lanes without 
reducing the number of these lanes. However, it 
does appear feasible to provide the wider curb lane 
on one side of the arterial, the side that generates 
most of the PUD demand. For a two-way arterial, it 
would be the side that peaks in the morning. The 
following example shows the effectiveness of such a 
double-parking curb lane on one side of an arterial: 

Suppose that there is an 18-m-wide one-way arte
rial with three through lanes and two parking lanes 
and each lane is 3.60 m. PUD demand in 1 h is 30 
vehicles to both blockfaces, split 60-40 percent (18 
on one side and 12 on the other), 20 percent of both 
blockfaces is available for PUD operations, and the 
volume is 1121 vehicles/h of green/lane. The prob
lem is to find the existing level of service and re
sultant level of service of a double-parking lane. 

Since this example is the same as that being used 
throughout this paper, the existing arterial oper
ates at service level E. The proposed restriping 
plan would call for a 5-m double-parking curb lane, 
three 3.35-m travel lanes, and a 3.25-m parking 
lane. The 5-m lane would logically be placed on the 
side of the street with the 18-PUD/h demand. There
fore, the problem would now be reduced to having 12 
PUD vehicles operate on one side of an arterial and 
no blockages on the other side {blockage pattern of 
a two-way arterial). Figure 2 shows that for a vol
ume of 1121 vehicles/h of green/lane and five 
double-parkers per hour (12 PUD x 0.41; see Figure 
1) the arterial would operate at service level D. 
Further, Table 4 shows that for a two-way arterial 
generating 12 PUD/h and at 1121 vehicles/h of 
green/lane, no curb space is needed to achieve ser
vice level D. Therefore, if that level of service 
is the strategy objective and if the 20 percent 
available PUD space is really a dedicated truck 
loading zone, as a part of implementing this strat
egy that dedicated space could be turned over to 
curbside automobile parking. 

The implementation of such a double-parking lane 
strategy would produce more-effective results if the 
PUD demand is consistently biased toward one side of 
the arterial and would be rendered ineffective with 
radical shifting of PUD demand from one side to the 
other uve.r- the fJiublern ar. Ler. .ic:11 oeymeut. Ther.e[ur.e, 

a careful inventory of PUD demand should be a pre
requisite to considering this strategy. 

Relocate Bus Stops 

Bus stops are generally placed every three or four 
blocks on an arterial. The placement of these bus 
stops is usually on the far side of an intersection, 
since this results in shorter lengths of required 
curb space. The use of bus stops for PUD operations 
is an ongoing process in downtown areas today. 
Therefore, the question becomes whether a· bus-stop 
location can be coordinated with PUD curb-space 
needs. Research {l,ll has clearly shown that elimi
nation of the downstream approach-lane double-parker 
would provide markedly higher benefits than reducing 
double-parking elsewhere on the blockface. There
fore the ideal placement for a bus stop from the PUD 
perspective would be at the near side of an inter
section. 

It can be argued that planning bus-stop space for 
PUD use is not good practice. However, because this 
bus-stop space is now being used in some areas and 
because the value of such space lessens in off-peak 
periods {when PUD operations peak), then in order to 
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make better transportation use of existing facili
ties, near-side bus stops must be considered on ar
terials when PUD problems arise. In order to lessen 
the interference with right-turning traffic, near
side bus stops should be coordinated with the 
one-way pattern (if it exists) of the cross streets. 

The quantitative effect of near-side versus far
side bus stops cannot be determined here because of 
the many non-PUD dependent variables, which include 
enforcement of bus-stop parking regulations, dif
ference in bus drivers' habits in stopping at curb
side (which may cause traffic interference), fre
quency of bus service, as well as the PUD variables 
such as demand and other available curb space. It 
is evident, however, that near-side bus stops will 
lower the probability of the PUD blockages that most 
adversely affect traffic operations, and therefore 
implementation of such a strategy would be benefi
cial to improving speed and level of service. 

RANKING OF TSM STRATEGIES 

It is clear that the specific problem situation in 
the field will dictate the most-effective strategy. 
The basic information provided in this paper allows 
the traffic engineer or planner to evaluate alterna
tive options for improvement. The strategies pre
sented in this paper are all of very low capital in
tensity, and the selection of a strategy would not 
generally be influenced by cost. 

The research has pointed out that strategies that 
tolerate normal PUD characteristics are more effec
tive than those that try to alter these characteris
tics. In the curb-management example, it was shown 
that excessive spatial requirements were necessary 
to achieve the level-of-service objective, whereas 
subsequent strategies achieved the objective in a 
more-efficient way. The following is a general 
ranking of strategies. The ranking is based on the 
expected effectiveness of the strategy under normal 
downtown conditions. However, field conditions 
should dictate to the traffic engineer which strat
egy is most effective. The ranking is segregated by 
severity of the problem; however, combinations of 
the various strategies are highly reconunended. 

Moderate PUD Problems 
Change signal timing 
Provide no-parking 

signing 
Provide double-

parking lane 
Control turns 
Relocate bus stops 
Manage curb space 

Severe PUD Problems 
Provide double-parking lane 
Control turns 
Manage curb space 
Provide no-parking signing 
Relocate bus stops 
Change signal timing 

The development and evaluation of strategies by 
local planners and engineers will be tailored to 
specific cities and specific problem sites. The 
data, from which the findings were developed, showed 
that goods-movement problems are not the same in 
different parts of the country. The development 
density of the specific CBD as well as the charac
teristics of the arterial grid system are the prin
cipal differences. Other differences include traf
fic enforcement, PUD driver habits, and adherence to 
enforcement. The material presented in this paper 
is a first step toward understanding and improving 
the PUD problem; this can markedly improve the sur
face transportation system in the CBD. 
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