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Energy Conservation Potential of Staggered Work Hours 

JAMES M. WITKOWSKI AND WILLIAM C. TAYLOR 

ReHorch was performed to evaluate the potential of staggered work hours to 
reduce work-trip fuel consumption and ,to evaluate the relation between the 
siu and location of the participating work force -and tho levol of fuel savings. 
The spatial organization of a hypothetical urban area was generated by using 
data from the literature and a computer simulation program designed to dis· 
tribute population and employment activities throu!llout tho urban area. By 
using this distribution and a defined transpor1ation nntwork, the program 
thon generated the work-trip travel pattern and computed the transportation 
fuel requirements for automobile work trips ond dally transit service. A base 
case wu generated and used as the basis for comparison of the alternative poli· 
cios. Several alternative temporal d istributions of work travel were used to 
simulate the effect of staggered-work-hour programs. Tests wore designed to 
determine the effect on the reduction in fuel consumption of tho magnitude 
and location of the work force participating in 1he slllggered·work-hour pro­
grams. Tho simulation results Indicated that stoggered·work·hou r programs 
can significantly reduce outomobilo work-trip gasoline consumption. The ef· 
foctivonen of tho staggered-work-hour policies WM shown 10 be Influenced by 
both the number of participants in the program and the distribution of the 
participants throu{tlout the urban aroa. Tho reduction in fuel consumption 
Increased with the number of participating work travelers. Tho reduction also 
Increased as the locations of the participating employment ccnte1s became 
more dispersed throughout the urban area. The staggered-work-hour programs 
also showod a strong negative influence on work-trip bus ridership. 

Evaluation of strategies to reduce automobile fuel 
consumption in urban areas is of particular interest 
to transportation planners because these trips con­
sume approximately 34 percent of the national total 
transportation energy <!l· These trips also account 
for approximately 98 percent of the fuel consumption 
for urban passenger travel and account for 92-95 
percent of the total veh.icle person trips (1). 

The objective of staggered- or flexible=work-hour 
programs is to shift work-trip travel away from the 
peak demand periods. The desired results are a 
reduction in peak highway and transit system load­
ing, improved transportation levels of service, and 
reductions in energy consumption and vehicle emis­
sions. 

The capabilities of planners to evaluate quanti­
tatively the potential benefits of transportation 
system management (TSM) actions with respect to 
transportation fuel consumption are limited. Each 
urban area exhibits its own particular character­
istics and needs. Confronted with the question of 
which action or combination of actions can be used 
to successfully reduce gasoline consumption for 
urban travel while maintaining an acceptable level 
of se·rvice, the transportation planner must often 
rely on national statistics for cities ambiguously 
described as small, medium, or large. Whether or 
not the policy actions actually yield the estimated 
reduction in fuel consumption depends on the charac­
teristics of the area being studied. 

Several studies (~-2_) have reviewed the potential 
of different TSM techniques to reduce urban conges­
tion and, subsequently, to reduce gasoline consump­
tion. In each of these studies, staggered work 
hours was determined to be an effective low-cost 
action to reduce congest ion and gasoline consump­
tion. 1\nother conclusion was that proper coordina­
tion of staggered work hours and ti::a·nsit supply 
strateg ies could improve the effectiveness of TSM 
actions (2,4). These studies did not define a rela­
tion between the size of the participating work 
force and the level of fuel consu·mpticn, nor did 
they indicate the magnitude of the temporal red is­
tdbution of the work trips required to effect a 
sig.nificant reduction in gasoline consumption. 

Only a few stud.ies <!-!> have attempted to deter-

mine the impact of staggered-work-hour programs by 
simulating the redistribution of work trips during 
the peak period. None of these attempted to relate 
the results to reductions in energy consumption. 

The .goal of this study was to improve the capa­
bilities of transportation planners to evaluate the 
short-term relation between specific TSM policies 
and fuel consumption for urban work trips. This 
would enable planners to assess more accurately the 
potential benefits of specific policies and aid in 
the selection of policies for implementation. It 
would also aid in planning for future energy contin­
gencies. 

This research focused on the work-trip fuel­
conservation potential of staggered-work-hour pro­
grams. It was hypothesized that a potentially 
significant reduction in transportation fuel con­
sumption for the urban work trip would result from 
the implementation of a staggered-work-hour program. 

The level of effectiveness of alternative work 
schedules appears to be dependent on (a) the level 
of partic i pation in the work force, (b) the relative 
location of the participating employment centers, 
(c) the degree of coordination of transit scheduling 
with the work-hours program, and (d) the configura­
tion of the highway network. 

The effect of staggered work hours on work-trip 
fuel consumption is evaluated in this research with 
respect to both the size of the work force partici­
pating in the program and the location of this work 
force in the urban area. 

SIMULATION PRCX::ESS 

The primary requirements of the modeling system for 
this research we·re the following: 

1. The capability to simulate modal choice as a 
function of the elements of travel time and cost, 
such as in-vehicle travel time, walk time, and, for 
transit passengers, waiting time (for automobile 
travel, it was important that travel time be related 
to highway congestion levels) ; 

2. The capabili ty to estimate energy consumption 
for both automobile and transit travel; 

3. The capability to model the effects of stag­
gered work hours on highway congestion and mode 
choice (the model had to be capable of simulating 
work travel over several dist i nct time e lements so 
that the sensitivity of fuel consumption to the 
proportion of travelers during each time element 
could be tested). 

The modeling system used is shown schematically 
in Figure 1. This system was adapted from the MOD3 
modeling procedure used by Peskin and Schofer (9). 
MOD3 is a large-scale computer model that simulates 
the spatial development of an urban area, forecasts 
the passenger travel that takes place during a 
single day, and computes the energy consumption 
resulting from that travel. In effect, the model 
combines the elements of land use distribution, 
modal choice , and network assignment with an energy 
consumption module for work trips. Modal choice is 
estimated by using a binary logi t formulation. The 
details of the structure of MOD3 are contained i n 
t.he work by Peskin and Schofer (9). Details of the 
modifications to the program required for this re­
search are contained in an earlier report (10). 

The broken flow line in Figure l represents the 
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Figure 1. Basic requirements of modeling systems. 

Transportation 
System 

Land Use 
System 

,--------
' I 

Congestion 

Travel Patterns 

Trip Generation 

Trip 
Distribution 

Mode Choice 

Auto 
Travel 

Traffic 
Assignment 

Gasoline 
Consumption 

Transit 
Travel 

Diesel Fuel 
Consumption 

Total Energy Conswnption 

feedback mechanism necessary to evaluate the impacts 
of traffic congestion on modal choice, network as­
signment, and energy consumption. The capability to 
evaluate the impacts of congestion or reductions in 
congestion was the heart of the modeling system. It 
was assumed that the overall patterns of work-trip 
travel demand were fixed and were unaffected by 
fluctuations in the cost or time required for 
travel. The results were interpreted as reflecting 
the short-term impacts that might be experienced in 
a situation where changes in living patterns were 
not immediately possible. The impacts on work-trip 
travel were confined to mode and route selection. 

This research involved the simulation of the 
activity distribution and travel patterns for a 
hypothetical city. The overall evaluation procedure 
is shown schematically in Figure 2. The procedure 
consisted of the generation and evaluation of a base 
case and the evaluation of several staggered-work­
hour programs in relation to base-case energy con­
sumption. The dashed line in Figure 2 represents 
the feedback from policy evaluation to alternative 
policy selection. 

City Charac teristics 

A concentric ring design slightly elongated along 
two of the major travel corridors was selected as 
the structure of the hypothetical city. The 52-zone 
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Figure 2. Overall simulation procedure. 
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structure is shown in Figure 3. The four central 
zones represent a central business district (CBD) 
with a total area of 1 mile 2 • The CBD was sur­
rounded by four concent ric rings of development that 
had progressively i ncreasi ng zone sizes toward the 
pei: iphery. The total land ar ea was approximately 
100 miles 2 • Total population for the test area 
was 100 000 and total employment was 40 000. 

Population and service employment were distrib­
uted among the zones by using MOD3. The following 
table gives some of the input data required to 
describe the base activity pattern for the study 
area: 

Item 
Persons working at home (%) 
Value of travel time for work trips ($) 
Price of gasoline per gallon ($) 
Automobile occupancy rate for work trips 

(persons/vehicle) 
Automobiles owned per household 
Parking cost per day ($) 

CBD 
Work trips 
Nonwork trips 

Ring 2 
work trips 
Nonwork trips 

Elsewhere 
Number of transit routes 
Peak-period transit frequency of service 

(buses/h) 
Transit bus trips per day on each route 
Transit fare ($) 
Transit transfer fare ($) 
Population/employment ratio 

Value 
2.3 
5.00 
1.00 
1.3 

1.3 

2.50 
1.00 

1.25 
.50 

0.00 
12 
3 

43 
0.35 
o.oo 
2.5 

Figure 4 shows the resultant employment distribution 
as generated by MOD3. 
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Figure 3. Zonal struc ture of simulated urban area. 
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Figure 4. Total emplo yment per zone for simulated 
urban area. 
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Figure 5. Highway and transit 
network for simulated urban 
area. 
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The highway network used in the simulation is 
shown in Figure S. The network was a grid pattern 
and consisted solely of arterial streets connecting 
zone centroids. Local streets were assumed to 
handle intra zonal trips and therefore are not de­
picted. The vast majority of the highway network 
consisted of two-way links; the exceptions were 
those one-way links connecting the CBD zones. Free­
way links were omitted from the city structure 
since, for cities of the size simulated, there are 
usually few, if any, freeway links used for intra­
urban travel, It was assumed that 90 percent of the 
specified link capacity was available for work trips 
during the peak period and that an average of SO 
percent of traffic-signal cycle time was green on 
each arterial. 

The transit network, also shown in Figure S, is 
representative of urban bus routes in U.S. cities in 
terms of route spacing and average link speeds. The 
focal point of the network was the CBD, and the net­
work was designed so that each zone had access to 
transit. All routes began and ended at the city 
periphery, Where possible, the use of multiple 
routes serving any single zone was avoided to en­
hance the capability of monitoring changes in inter­
zonal transit ridership that resulted from individ­
ual policy alternatives. 

Peak-Period Travel 

To facilitate the testing of staggeted-work-hour 
programs, the total evening peak travel period was 
segmented into five discrete time elements and the 
work-trip travel for each time element wa s simu-
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lated. '!'rip in terchanges were multiplied by a fac­
tor of two to represent motning and evening peak­
per iod travel. The sum of the energy consumed 
during these five time elements represented the 
total for both peak periods. 

The peak travel period was specified to have a 
length of 2.5 h and was divided in to fi ve half-hour 
periods. Half-hour time periods were selected for 
three basic reasons: 

l. Half- hour periods are adequate to describe 
the peaking characteristics of urban work trave l. 
Simulating more time periods of a shorter duration 
would have resulted in only a small increase in 
descr iptive capability at a substantial increase in 
computer costs. 

2 . O' Malley and Selinger (ll) stressed that a 
travel time period shift of at lea.st 30 min was 
necessary with a staggered-work-hour proqram to 
obtain a definite change in commuting habits. 

3 . The use of half-hour time periods eliminated 
the potential problem of vehicles from different 
time periods interacting on the ne t work. This con­
dition could not be accounted for by MOD3. 

The base-case temporal distribution of evening 
work travel is s hown in Figure 6 for computer run 
1. The general shape of the distribution is similar 
to the distributions found in studies of urban work 
trips (7,11), although the peak i ng characteristic of 
the base case is slightly less exaggerated than that 
found in the literature. It was found that load ing 
the simulated network with more than SO percent of 
the total work trips during a half-hour period re-
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Figure 6. Staggered·work·hour simulation runs. 

Run Zone s Percent 
NO. Invo lved Partlclcation l 

1 l\Lr. Base C::ase --
Al ALL 60 .20 
A2 1-4 10 .10 
11 3 1-4 30 .125 
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A5 1-4 60 . 20 
A6 1-12 10 .10 
117 1-12 30 . 125 
All 1-12 50 .175 
A9 1-12 60 .20 
AlO 1-28 10 .10 
All 1-28 30 .125 
Al2 l -28 50 .175 
Al 3 1-28 6(1 .20 
Al4 1-48 10 . 10 
Al5 1-48 30 . 125 
Al6 1-48 50 . 175 
Al7 1-48 60 . 20 
Bl ALL NII 
B2 ALL NA 
BJ ALL NA 
B4 ALL NA 
BS ALL NA 
Cl 6 ' 10' 14' 

15 ,16 ,17, 
22, 23 ,24, 
25 ,30 ,31, 
32,3 3 ,39, 
40 ,41,42, 
43 ,4 9 , 51 10 .10 
8 , 12' 13 
18,19,20, 
21,26,27, 
28 ,34,35, 
36,37,38, 
44,45,46, 
47,48,50, 
52 10 . 10 
1,2,3, 
4,5,7, 
9 , 11 10 . 10 

NA Not Applicable 
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. 15 .45 .20 
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sulted in unrealistically high levels of congestion. 
The highway congestion index (HCI) was used as a 

measure of average network congestion. The HCI is 
the mean of all the congestion indices computed for 
each link of the network. The congestion index for 
each link is defined as the ratio of the link free­
flow travel speed to the link travel speed when 
adjusted by the link volume of traffic. As the 
level of congestion increases, so does the HCI. 

Policy Analysis 

Staggered-work-hour policies were designed to eval­
uate the relations between both the magnitude of the 
participating work force and the level of urban 
work-trip fuel consumption. These policies were 
divided into two groups: 

1. Group A--Shift travelers away from the peak 
half-hour in increments of 10, 30, 50, and 60 per­
cent of the peak half-hour demand and vary the zones 
involved; and 

2. Group B--Apply the total temporal dis tr ibu­
tion of work travel resulting from group A policies 
to all of the zones in the study area. 

Group A policies served a dual purpose. The 
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first was to evaluate the relation between the mag­
nitude of the partici pa ting work force and work-trip 
fuel consumption. The basic test structure was to 
shift work travelers away from the peak half-hour 
period incrementally and evaluate the change in fuel 
consumption resulting from the temporal shift. 
Trips were shifted to the time periods immediately 
adjacent to the peak half-hour in equal amounts 
until the adjacent time periods each contained 
approximately 20 percent of the work trips originat­
ing from the zones involved in the staggered-work­
hour program. Additional shifts from the peak half­
hour were made in equal amounts to the half-hour 
periods beginning one hour before and after the 
beginning of the peak half-hour period. For ex­
ample, as shown in Figure 6 for run A2, a total of 
10 percent of the peak half-hour trips originating 
from zones 1-4 were sh ifted to the adjacent time 
periods 2 and 4. Areawide, 49.4 percent of the 
total work tr ips still occurred du ri ng the peak 
half-hour for tb is run, where all zones except zones 
1-4 maintained the base temporal travel distribu­
tion. Similarly, for run A3, 30 percent of the work 
trips originating in zones 1-4 during the peak half­
hour were shifted to other time periods . This was 
continued until a uniform temporal distribution of 
work travel was created for the participating zones. 
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The second purpose of group A policies was to 
test the impact of the location of the participants 
on fuel consumption. ThP s i mulation began with only 
the CBD zones (zones 1-4) participating (runs A2-AS) 
and progressed outward from the CBD, adding adjacent 
rings of zones to the staggered-work-hour program in 
successive program runs, For example, in Figure 6, 
run AB involved the distribution of a total of SO 
percent of peak half-hour trips to other time peri­
ods for zones 1-12 (rings 1 and 2). Areawide, this 
resulted in 39 percent of the work trips being made 
during the peak half-hour compared with SO percent 
for the base case. 

The purpose of policy group B was to test the 
impact of c oncentr a ting the s t aggered-work-hour 
p r ogram in selec t ed zone s as oppos ed t o dispersing 
the same overall t empor al distributio n of trips over 
all zones. For five cases (runs Bl-BS), the overall 
temporal distribution of work travel that resulted 
from the staggered-work-hour simulations for se­
lected group A policies (runs A4, AS, AB, A9, and 
Al2) was applied to all zones , For exampl e, as 
shown in Figure 6, the overall temporal distribution 
for run BS is the same as that generated for run 
A4. For run BS, all zones had the travel distribu­
tion specified in Figure 6, whereas in run A4 all 
zones except zones 1-4 had the base temporal trip 
distribution shown for run 1. 

A variation of the staggered-work-hour policies 
was des igned to coord i na t e the staggered-work-hour 
shift a long selected t ransit corridors. This is 
policy group C. The purpose of th is variation was 
to enha nce the influence of the transit system on 
work travelers involved in the variable-work-hour 
program. 

For run Cl, 10 percent of the travelers originat­
ing in the zones along the five transit routes that 
traverse a general east-west direction were shifted 
from time period 3 (the peak half-hour) to time 
period 2, The same percentage of travelers origi­
nating in zones along the five transit routes that 
traverse a general north-south direction were 
shifted from time period 3 to time period 4. Zones 
that had transit routes along both major corridors 
(zones 1-4, S, 7, 9, and 11) were given a S percent 
shift of peak half-hour travelers to both time 
periods 2 and 4. This run is also described in 
Figure 6. The policy structure described for run Cl 
was also used in later experiments as a basis for 
comparing the results of combined staggered-work­
hour and transit policies. 

POLICY EFFECTS ON FUEL CONSUMPTION 

The total work-trip energy calculation contained 
data on transit fuel consumption for an entire day's 
travel. Since transit energy consumption is com­
puted by MOD3 as a daily total, the contribution of 
transit energy consumption from each individual time 
element cannot be specified. However, this is not a 
major drawbac k in the analysis because the daily 
transit e nergy consumption was only 3 percent of the 
combined energy consumption for daily transit and 
automobile work trips. 

The results of the simulation of the staggered­
work-hour programs on automobile work-trip and daily 
transit energy consumption (hereafter referred to as 
total energy consumption) are shown in Figure 7. 
The results show that there is a strong relation 
between the percentage of work travelers shifting 
away from the peak half-hour period and the per­
centage decrease in tot al energy consumption. The 
smooth curve shown was manually fitted to the data 
and represents the approximate relation between 
work-trip travel-time shift and potential e nergy 
savings. This relation asymptot i cally approac hes a 
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12.2 per c e nt energy sav i ngs f o r work tr a vel at the 
point where the temporai distribu tion of wor k travel 
is un iform over the l e ng th of t he peak period . 

The curve in Figure 7 indicates that the poten­
tial for energy savings from staggered-work-hour 
programs appears h i gher than the l percent sav i ngs 
indicated by previ ou s research (3). For example , a 
10 percent shift o f wor k travelers away fr om the 
peak ha lf-hour res ulted i n a 4 perce n t savings in 
ene rgy . A 10 percent shift appears to be a r eal­
istic goal for such a program based on earlier 
studies (6,11). 

The r~ults also indicate that a greater savings 
in energy can be realized t hrough a s t aggered-work­
hour progi: am that cove r s a dispe rsed area of influ­
ence r ather than be i ng concen t r ated in a small 
area. For example , in Figu r e 7, t he da t a points 
marked by the symbol "+" represent g roup B poli­
cies. Group B polic i es have the same cotal number 
of participants in the staggered-work-hour program 
as specific group A policies. However, group B 
policies are applied to the entire urban area 
whereas those in group A are concentrated. In four 
of five simulations, the citywide program resulted 
in a greater reduction in energy consumption than 
the associated program in a more concentrated area. 
The magnitllde of the difference between the group A 
and grollp B policies decreases as the total area of 
participation for group A policies increases. 

The influence of a dispersed program compared 
with a concentrated program is more clearly shown in 
Figure B. Here, t he cu r ves r epresent t he trend of 
energy cons umptio n ve r sus perc e ntage of trave ler 
shift for ea ch succe s sive ring o f zones added to the 
program. As successive rings of zones were included 
in the staggered-work-hour program, the trend was 
for a greater reduction in energy use for a given 
percentage shift in travelers from the peak half­
hour. This difference became less pronounced as a 
larger percentage of travelers participated in the 
program. Howe ver , t here was v i r tually no c hange in 
energy consumpt i on wi th incre<ised participatio n in 
staggered work hours when the program was concen­
trated in the CBD (ring 1). 

The anomaly of the relation between staggered­
work-hour participation and energy use for the CBD 
can best be explained by the fact that the majority 
of the simulated woi:k trips to these zones were 
relatively shor t in length (genei:ally only to the 
second or thit:d ring) and were r o u-ted over only a 
few highway links. In add i t i on, the highway links 
within the CBD were relat i ve ly uncongested . The 
combination of short trips and uncongested links 
resulted in no change in energy consumption. This 
result is consistent with the literatllre, which sug­
gests that the effect of a conce ntr a ted program on 
congestio n is lost within approx i mately 2 miles of 
the program location (B,12). 

Similar results wer~ obtained when congestion was 
treated as the dependent variable. All staggered­
work-hour programs tested had a direct impact on 
highway congestion except those policies concen­
trated in the CBD zones, as shown in Figure 9. The 
percentage reduction in conge s tion resulting from 
staggered-work-hour policies i nc r e a s ed as the pro­
gram became more d ispersed and included more zones, 
The maximum decrease in mean ne twork congestion 
(based on the HCI) was approximately 44 peccent. 

The relation betwee n highway congestion and 
energy cons umption gene r ated by the simulation is 
shown in Equat ion 1. •.rhis regression rela tion ex­
hibits a strong linear tendency, resulting in an 
r 2 value of 0. 97 (using the data from all of the 
simulation runs): 

y = 0.20 + 0.27x (l) 
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Figure 7. Impact of staggered-work-hour 
policies on total energy consumption. 

Figure 8. Impact of staggered-work-hour 
policies on total energy consumption by 
location of participating zones. 
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where 9 is the estimate of the percentage reduction 
in totcil energy consumption and x is the percentage 
decrease i n the weighted mean HCI. The maximum 
reduction in energy consumption was approximately 12 
percent for a reduction of 44 percent in the HCI. 

The reduction in the HCI would have resulted in 
an even greater decrease in energy consumption had a 
modal shift to automobile travel not occurred as a 
result of the decrease in network congestion . The 
relation between the Irercentage change i n bus rider­
ship and the percentage change in the HCI generated 
by all of the simula tion runs can be expressed by 
the following linear regression equation: 

y = - 0.65 + 0.2Jx (2) 

where y is the percentage change in bus ridership and 
x is the percentage change in the weighted mean HCI. 

(CBD) 

15 

• 
• Group A policies 

-t Indicates policy applied 
to entire urban area (Group B) 

0 

Indicates policy concentrated 
along transit routes (Group C) 

Indicates uniform temporal 
distribution 

0 

Percent Shift of Work Travelers 
from Peak Half Hour Period 

+ 

0 

20 2 

Group A policies 

Indicates policy applied 
to entire urban area (Group B) 

Indicates policy concentrated 
along transit routes (Group C) 

Indicates uniform temporal 
distribution 

Percent .shift of Work Travelers 
from the Peak Half Hour Period 

7 

The regression analysis resulted in an r 2 value 
of 0 .91 , which indicates good linear correlation. 
This result indicates that a decrease in congestion 
due to the implementat ion of a staggered-work-hour 
program would have a negative impact on work-trip 
bus ridership unless steps were taken to deter the 
modal shift. The possibility still exists that dur­
ing an energy shortage transit ridership would in­
crease even with the implementation of a staggered­
work-hour program. Under conditions of normal fuel 
availability, this does not appear likely. 

Automobile work tr~ps were affected by the reduc­
tion in congestion resulting from the staggered work 
hours. The parameters most affected by the stag­
gered-work-hour policies were automobile work-trip 
time and speed. Figu~e 10 shows the relation be­
tween the percentage of work travel shifted dur inq 
the peak half-hou.c period and the decrease in auto­
mobile work-trip travel time. The family of curves 
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again suggests that concentrating these programs in 
a small area (the CBD) is less effecti ve than a more 
dlspersed approach. There is a diRtinr.t advantage 
in reduced work-trip tr a vel time through the imple­
mentation of staggered-work-hour programs. The 
amount of the decrease in travel time depends on 
both the location of the program and the number of 
participants. 

Figure 9. Impact of staggered-work-hour 
policies on highway congestion. 
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The relation between the reduction in mean auto­
mobile work-trip travel time and the savings in 
energy resulting from the simulated staggered-work­
hour programs is as follows: 

y = 0.02 + 0.74x (3) 

where y is the percentage decrease in total energy 

35 °' u .... :z: Rings 1, 2, and 3 

Figure 10. Impact of staggorcd-work-hour 
policies on automobile work-trip travel 
time. 
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consumption work trips and x is the percentage de­
crease in mean automobile work-trip travel time. 
The r 2 value for this relation was 0.96. 

SUMMARY 

For the activity pattern simulated by this research, 
it has been shown that staggered-work-hour programs 
can reduce highway network congestion and hence 
reduce automobile work-trip energy consumption. The 
reduction in total energy consumption (automobile 
work trips plus daily transit} was a maximum of 
approximately 12 percent with a uniform temporal 
distribution of work trips . A more realistic goal 
of a 4 percent reduction in total energy could be 
achieved with only a 10 percent shift in work 
travelers away from the peak period, 

However, the effectiveness of a variable-work­
hour program also depended on the location of the 
program. It has been shown through simulation that 
concentrating the program in a small area, such as 
the CBD , was less effective (approximately 85 per­
cent} in reducing energy consumption than a program 
that i nvolved the same number of travelers wo·rking 
at locations that were evenly dispersed over the 
urban area. This result is consistent with other 
research efforts (8,12) that have indicated that the 
effectiveness of a staggered-work-hour program was 
lost within approx.imately 2 miles of the workplace. 

under the conditions simulated, staggered-work­
hour programs had a negative impact on work-trip 
transit ridership. Tbe decrease in congestion 
during the peak half-hour period resulted in a pro­
portional decrease in automobile travel time, which 
in turn resulted in a modal shift to the a utomo­
bile. A 10 percent shift in travelers from the peak 
half-hour resulted in a 12-17 percent change in the 
HCI, depending on the location of the staggered­
work-hour program. This resulted in a 2-3 percent 
decrease in work-trip bus ridership. The maximum 
decrease in transit ridership was approximately 9 
percent as a result of the uniform temporal distri­
bution of work travel. 

This research study involved several limitations 
that may ~ estrict the application of the results. 
The limitations stem primarily from the simulation 
technique and its scope of application, Details of 
these limitations are contained in earlier reports 
(9 ,10). 
- A hypothetical urban structure was used for the 

simulation. The shape and size of the area simu­
lated may have had an impact on policy effective­
ness. This possibility was not investigated in the 
study. Whether or not the policies tested would be 
more or less effective for a larger urban area, or 
in an area that had a different spatial distribution 
of population and employment, is unknown. 

The relation between policy effectiveness and 
alternative transportation infrastructures also 
remains to be investigated. Changes in the highway 
network structure or the addition of expressways may 
alter policy effectiveness. This may also be true 
for alterations in the transit network structure, 
such as changes in route configuration or the addi­
tion of a rapid transit system. Changes in transit 
supply and efforts to coordinate supply changes with 
the staggered-work-hour program could also affect 
the results. 

The algorithm for transit fuel consumption did 
not explicitly consider the number of transit stops 
per mile or the effect of highway congestion on 
transit speed. These considerations could alter 
work-trip modal choice, although the direction of 
this impact is unknown. 
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Planning for energy contingencies is a complex 
process. The evaluation of many policy alternatives 
is necessary for each individual urban area, The 
results of this research indicated that staggered­
work-hour programs could be a valuable tool in 
reducing work-trip energy demand and should be given 
consideration as an operationally inexpensive method 
of reducing gasoline consumption. 

The high potential for energy savings through 
implementation of staggered work hours indicated by 
this study sugges ts that fur thee research should be 
done to expand on these results. This should be 
done with the objective of answei: ing the questions 
raised by the limitations of the research, to 
further expand the mo(leling system, and to test 
other TSM policy alternatives individually and in 
combination. 
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