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SOLON: Interactive Method for Evaluating and 

Improving Transit Route Performance 

YORGOSJ.STEPHANEDES 

ABSTRACT 

SOLON is an interactive microcomputer graphic method that addresses the proh
lems of transit scheduling and route efficiency and productivity improvement. 
It has three unique characteristics: First, it provides solutions at any speci
fied time or continuously through the life of a transport service by tracing 
the interactions among scheduling changes, route ridership, and service cost
effectiveness. Second, it explicitly treats time delays that hamper route per
formance. Third, its modules operate interactively or independently and can be 
modified by the user. Because it addresses transit problems at the route level, 
SOLON can facilitate management and funding decision making, by determining the 
viability of individual routes, and aid in selecting the best performance poli
cies. Further, because it assumes no previous computer knowledge, it can sub
stantially increase personnel training productivity. SOLON inputs include con
ventional socioeconomic and transportation data. Output performance indicators 
are provided by mode and for every time instant, subject to selected policies 
and exogenous fluctuations such as changes in energy cost, inflation, and unem
ployment. 

Declining subsidies, low ridership, and r1s1ng defi
cits are increasingly affecting management decisions 
in public transit operations. Although revenues from 
the gas tax bill may alleviate some transit fiscal 
problems temporarily, structural inefficiencies re
main and act to discount the added benefits. Cur
tailing services, a simple short-term solution, may 
spell the end of urban public transit in the long 
term. Service changes, applied selectively to indi
vidual routes, are emerging as one of the most fea
sible policy alternatives for improving the cost
effectiveness of public transportation operations. 

Transit managers can accomplish such improvements 
by selecting the best options from an extensive set 
of policy variables (e.g., fare, service frequency, 
number of stops, and route length). However, tradi
tional planning methods cannot deal effectively with 
this complex problem, especially because it is sub
ject to continuously changing constraints and often 
requires different solutions at different stages of 
development. To be sure, in real-world applications, 
strict optimality with respect to performance mea
sures is seldom required. On the other hand, there 
is a need for decision-making procedures that are 
systematic and that reflect trade-offs and simplifi
cations in the policy selection process. To beef
fective, such methods should be interactive and time 
sensitive and should be able to quickly sort through 
a great number of policy alternatives and advise the 
decision maker of the most desirable choice or 
choices given the stated evaluation criteria. Such 
are the capabilities of SOLON (selection of policy 
options interactively) , the interactive method pre
sented here. 

Although several quick-response planning methods 
have been developed, SOLON is the only interactive 
system that begins to address the time interactions 
between the major elements that give rise to changes 
in transit route performance. The method is rather 
straightforward and is distinguished by three unique 
characteristics: First, it provides solutions at any 
specified time or continuously through the life of a 

transport service by tracing the interactions be
tween scheduling changes, route ridership, and ser
vice cost-effectiveness. Second, it explicitly 
treats time delays (e.g., capital procurement and 
ridership} that hamper route performance. ~bird, its 
modules (demand, supply, and performance} operate 
interactively or independently and can be modified 
by the user. For instance, trip purpose (work or 
shopping} and market segments (by automobile owner
ship, transit availability, and so forth) may be 
selected; demand specifications can be updated; and 
management plans on fare, frequency, and other poli
cies may he proposed by the user or adopted from 
those suggested. SOLON addresses these problems at 
the route level, where management decisions are 
usually made. It, therefore, can facilitate manage
ment and funding decision making by assessing the 
viability of individual routes (or route sets) and 
aiding in the selection of the best performance pol
icies. 

Route performance evaluation and policy selection 
could, of course, be performed without use of an 
interactive graphics system. A dynamic methodology 
was initially developed by this author for evaluat
ing transport systems without the benefit of inter
active graphics (1-3). However, inclusion of the 
interactive and g;aphic capabilities creates sub
stantial savings in the time required to select a 
better set of policies. In addition, SOLON has been 
implemented in a way that allows easy access by de
cision makers with little or no computer experience. 
As a result, it enables experienced policy analysts 
to examine expected performance improvements in 
greater depth by experimenting with a wide range of 
plans and to fine tune selected policies before im
plementation. Further, it can substantially improve 
personnel training productivity as suggested by Twin 
Cities transit specialists who had hands-on experi
ence with one version of this method. Recommenda
tions for improvements, made hy these specialists, 
have been incorporated in the current version, which 
is being continually updated with data from Metro-
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politan Transit Commission (MTC) routes in the Twin 
Cities. 

OVERALL MODEL STRUCTURE 

The structure of SOLON can be analyzed at several 
levels of detail. At the most general level, it may 
be pictured as a simple demand-supply model (Figure 
1) with the transit route performance sector acting 
as a link between supply and demand. For instance, a 
transit frequency increase in the service supply 
sector results in waiting time reduction in the per
formance sector i as level of service improves, so 
does travel demand. In turn, as demand for and use 
of transit grow along a route, cost-effectiveness 
measures (e.g., load factor, operating ratio) im
prove and call for service adjustments. Following 
such adjustments (e.g., frequency, fare) in the sup
ply sector, performance measures are further modi
fied and the interactions continue full circle. 

Demographics 
Socioeconomics 

work 
trips 

Tr0vel Dom-and 

Evaluation 

MA: mode availability 
AA : auto availability 

LOS: level of service 

HU : highway use 

Highway 
Congestion 

HU 

Service 

Supply 

TU : transit use 

LOS 

PI : performance Indicators 
GS: government subsides 

FIGURE 1 SOLON structure. 

However, secvice d~ well as pricing adjustment:,:; 
are limited by government regulations. For example, 
it may be impossible to increase transit fares in 
order to clear the market at given levels of transit 
service supply. Further, many of the changes in 
transit route service (e.g., route length and fre
quency modifications), supply resources (e.g., 
equipment and funding acquisition), and travel pat
terns can be accomplished only over relatively long 
periods of time or at infrequent time intervals 
(1-3). Such substantial physical and information 
d-;i;;:ys to transit supply and demand changes, to
gether with regulatory restrictions, imply that a 
realistic model of transport supply-demand interac
tions should be able to treat the time dynamics of 
response to policy changes. SOLON achieves this by 
tracing the interactions shown in Figure 1 contin
uously through time. 

As demand and supply continue to interact, each 
pass through the performance sector determines a new 
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value for the set of efficiency, cost-effectiveness, 
and productivity indicators of that sector. The 
tables and plots of these indicators through the 
study period are the major products of SOLON and 
will be discussed in a later section. These perfor
mance records can facilitate the route evaluation 
process by assisting managers in assessing candidate 
operating policies and by advising funding agencies 
in making subsidy decisions on the basis of perfor
mance. 

MODEL COMPONENTS 

Tracing the demand-supply interactions through time 
is done on the basis of component equations housed 
within each of the four major SOLON modules shown in 
Figure 1. A summary of the contents of the modules 
(i.e., logic, empirical base, and data sources) is 
presented in thin section. Although this exposition 
is necessarily constrained by space, it should 
nevertheless expose the strengths and limitations of 
the methodology. The summary should further aid the 
reader to identify the assumptions and, therefore, 
the applicability of SOLON to specific decision
making and policy evaluation situations. 

Travel Demand Sector 

Estimating the expected demand for a planned transit 
service is essential to system managers before im
plementation of specific service policies along a 
route. In SOLON the demand model should be capable 
of estimating ridership as a function of time and 
level-of-service measures based on initial route 
conditions only (i.e., without the need for exten
sive time-series data for the entire policy evalua
tion period). In addition, it should take into 
account the information delay between the time a 
service policy is implemented and the time residents 
of the service area become aware of the new service. 
However, most existing demand models are static 
(i.e., they estimate demand when the transport sys
tem is at equilibrium). Further, the static approach 
overlooks delayed interactions between the demand 
and the other transportation sectors and cannot 
treat transient policy impacts. Such impacts are of 
particular importance to decision makers during 
periods in which conditions exogenous to the trans
portation system, having created a trend, suddenly 
undergo major changes and force the system away from 
equilibrium. 

Because of the limitations of the existing 
rnuUt=ls, a dynamic dernaLJd equation ww u dev~l~pcd that 
fulfills the requirements of a time-sensitive tech
niq•.1e s1-1ch "'' SOT..ON. Assuming, for the purposes of 
this discussion, that the trip generation and trip 
distribution stages are completed, the dynamic de
mand equation states that Pt+l• the estimated 
probability of selecting a given mode of travel, is 
a function of the current probability (Pt), the 
estimated equilibrium probability (Pel, and an 
information time constant (Tp): 

(1) 

The information time constant can be determined ex
perimentally and is generally longer in rural areas 
(2). The equilibrium probability is estimated by a 
disaggregate legit specification calibrated with 
data from the area of application. When SOLON is 
implemented, the suggested parameter values, which 
have been validated at several rural and urban 
routes (1-j), can be updated with a small data sam
ple (1)• Alternatively, any steady-state demand 
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model, such as ULOGIT (_§.>, or a simple regression 
equation could replace the existing specification. 
It should be noted that Equation l is based on the 
assumption that transportation demand, unless other
wise driven, behaves as a first-order system. Al
though this assumption is based on data from several 
systems (4), transportation operations may exist for 
which higher order effects are substantial. 

All or some elements of the demand sector can he 
activated by the user, depending on the nature of 
the application. For instance, a modal split speci
fication for work trips should be employed for rush
hour applications. Other equations available in this 
sector include a joint generation/distribution / 
modal-split shopping specification based on concepts 
presented in Stephanedes (2) and Adler and Ben-Akiva 
(]) and specifications d~veloped particularly for 
area residents without a car, with one car, with two 
or more cars, and with or without transit access. 
Although the choice of specification or specifica
tions is made by the user, each equation takes into 
account the results from other sector elements as 
appropriate; for example, the shopping trips equa
tion is a function of automobile availability, which 
is estimated by the work trip equation. 

The data needs of the demand specifications in
clude conventional demographic , socioeconomic , and 
trip inf oana t ion traditionally r e quired by logit 
models (e . g., household i ncome, automobiles per 
household, workers per household, trip distance, 
travel time, waiting time, and cost). Most of the 
data are entered when the method is initialized. At 
that time, the user has the option of entering addi
tional data or elementary formulas generating such 
data for the simulation period; however, such infor
mation is not necessary. For example, forecasts of 
the price of gasoline and inflation and unemployment 
rates can be entered for each month of the study 
period if these are expected to change; further, 
formulas that forecast such changes for the evalua
tion period could be directly incorporated in SOLON. 
The second kind of data needed by the demand sector 
is created internally in the highway and transit 
route performance sectors at every time instant of 
the simulation. 

Transit Route Performance .Sector 

Efficiency, effectiveness, productivity, and quality 
indicators describing the route performance are 
needed by the supply and demand sectors for estimat
ing service and ridership decisions, respectively, 
during simulation. The time records of these indica
tors for the study period are also needed for policy 
evaluation and funding decisions as mentioned ear-
1 ier. Although there exist a large number of indica
tors that could be calculated with information from 
the demand and supply sectors, only a set of reason
able size is initially available to the user. The 
indicators included in this set have been selected 
on the basis of earlier work by Fielding and others 
( 2, 8-11) who sought to identify the measures that 
can - best be employed to evaluate transit perfor
mance. To be sure, the user can easily create addi
tional indicators using the components generated by 
SOLON (for a set selected by a typical urban user in 
the Twin Cities, see Table 1) . Similarly, the user 
can work with a smaller set that is generated auto
matically at the end of an evaluation and never turn 
to the SOLON library for additional information; 
such a small set could, for instance, be adequate 
for performing a preliminary evaluation of a rural 
transit route. 

Performance indicators are determined on the 
basis of identities, assumptions, and simple alge-
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TABLE 1 Selected SOLON Library Performance Indicators 

Condition To Be Measured Indi cator Type 

Absolute Measurements 

Demand 
Absolute ridership Ridership Output 
Absolute demand Demand per time period Impact 

Survivability of system Years in operation Effectiveness 
Quality of services 

Frequency Average headway and on-
time arrival Quality 

Travel time Average speed Quality 
Supply of services Vehicle-miles and route- Output 

(quant ity of service) miles 

Comparative Measurements 

Demand (relative) Passenger trip modal split Effectiveness 
Passenger trips/capita / 

time period Effectiveness 
Passenger trips/capita/time 

period after service im-
provement compared to 
before Impact 

Survivability of system Operating ratio Cost-effectiveness 
Quality of services 

Level of service Trip time compared to 
auto mobile Quality 

Cos t of service Fare compared to 
automobile out-of-
po cket cost Quality 

Fare/mile Quality 
Comfort Seat-miles/passenger-

mile Quality 
Supply of services Frequency compared to 

desired frequency Output 
Vehicle utilization Vehicle-miles/vehicle Efficiency 

Vehicle-hours/vehicle Efficiency 
Vehicle-hours/ve hicle/ 

service-hour Efficiency 
Cost per produced unit Cost/vehicle-mile Efficiency 

Cost/vehicle-hour Efficiency 
Utilization of service Passengers/vehicle-hour Cost-effectiveness 

Passengers/vehicle-mile Cost-effectiveness 
Passengers/seat-mi le Cost-effectiveness 
Passenger-miles/venicle-

mile Cost-effectiveness 
Cost per consumed Cost/passenger-trip Cost-effectiveness 
output unit Cost/passenger-mile Cost-effictiveness 

Subsidy Subsidy 
Per passenger trip Co st-effectiveness 
Per vehicle-mile Cost-effectiveness 
Per vehicle-hour Cost-effectiveness 

Diversion from other Percentage of trips Impact 
modes diverted from other 

modes 

braic equations calibrated in the area of applica
tion. For instance, headway in minutes is estimated 
from frequency in vehicles per hour on the basis of 
the identity: 

HEAD = 60/FREQ (2) 

As another example, bus highway time along a route 
is determined by adding the stop time per transit 
trip (STIME) to the automobile highway time. In 
turn, STIME is a function of DAT, deceleration and 
acceleration time; STOP, the average number of stops 
experienced by a typical rider; DIST, the average 
trip length of a typical rider; STPR, stop time per 
rider getting on or off; and RPBM, rider per bus 
mile: 

STIME = (DAT) (STOP) + (DIST) (2°STPR) (RPBM) (3) 

The values for the parameters of Equation 3 are rec
ommended by SOLON from previous urban and rural mea
surements and are supplemented with information 
entered by the user. "Riders per bus mile" is deter
mined internally at every time instant of the evalu-
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ation period from values generated by the demand and 
supply sectors. 

As a third example, the operating ratio is de-

estimates in the demand s ector, divided b y operating 
cost. Previous experience with SOLON and its prede
cessor, TRANSIT (12) , has indicated that most sys
tems break the opei;.ting cost down to a variable and 
a fixed unit cost component, b1 and bz, respec
tively: 

OCOST = bl (FREQ) + bz (4) 

where b1 i~ in dollara per round trip times houri. 
per week and b2 is in dollars per week; a third 
variable component, based on the number of route 
buses, can be added in Equation 4 if necessary. 
Route values for the b1 and bz parameters are 
usually available from transit operations or can be 
determined from routinely recorded information on 
9ds, u~i, ga Lagiug, rna~otcoaoca, nag~~, 
and other cost components. 

· ....................... ,.. 
•11,;;;,u.1.<.4 1, .._. ,;;.:: I 

Service Supply Sector 

Using information from the route performance sector 
regarding key performance indicators such as load 
factor, operating ratio, and net revenue, the service 
supply sector determines the transit frequency that 
is necessary to keep the route within certain per
formance guidelines. These guidelines are declared 
by the SOLON user during initialization and are es
sential to the policy evaluation and decision-making 
process. 

The guidelines reflect management's objectives 
and constraints and are usually expressed in terms 
of performance measures. For instance, most transit 
managers would not make a frequency change while the 
load factor remained within a range they consicler 
acceptable. Further, frequency changes cannot be 
implemented unless the route performance fulfills 
certain constraints. A set of basic guidelines that 
depend on the load factor, operating ratio, and 
available capital has been designed with data from 
conversations with experienced managers (l-il and is 
included in SOLON. The user can then indicate the 
specific threshold values of the performance con
straints as well as the desired frequency modifica
tion at those values. Alternatively, the user can 
override the proposed guidelines and enter others 
that are more appropriate to the application at hand. 

The service sector employs the information on thP
current state of the route available from the per
formance sector to determine the estimated frequency 
(FREQt+li as a func.;tion or Cu t:reut 
a management time (Tf) , and the 
~a.effi cient TJ : 

FREQt+l = FREQt + (U) (FREQt)/TF 

e - --·· - - - ·• IT':'lnT':'I" \ ~.Lc4 u.:uwy ,..:nu'lc!tl, 

frequency control 

(5) 

where U reflects the performance guidelines dis
cussed previously and is usually a function of the 
load factor, the operating ratio, and the available 
capital; namely, revenue, employees, and rolling 
stock (see Figure 2 for an illustration of U from a 
suburban route in the Twin Cities). The new fre
quency value is then fed back to the route perfor
mance sector where it is employed in the estimation 
of the performance measures and level of service, 
which, in turn, determine the demand estimate at the 
next time instant. 

Highway Congestion Sector 

Transit travel time and demand for transit are in
fluenced by the level of service supplied by the 
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FIGURE 2 Sample SOLON policy input. 

highway sector. This influence is substantially 
stronger in urban areas, where congestion effects 
are more likely. In addition, the differential ef
fect of congestion on mode choice may be consider
able where bus preferential treatment allows buses 
to avoid congestion areas. 

In SOLON the effects of congestion are treated by 
estimating the highway travel time for varying high
way characteristics via simple delay curves that can 
be updated by the user. In large urban areas, delay 
curves can be prepared off-line using simulation 
[e.g., the freeway priority entry control model 
FREQ6 (13)]. In simple corridor applications the 
same information can be prepared with limited field 
traffic measurements. In rural areas, where conges
tion is often not a problem, constant highway times 
can be used at different times of day and, there
fore, this sector is not needed. 

APPLICATION: POLICY EVALUATION AND SELECTION 

The basic process for evaluating and selecting route 
performance policies using SOLON is now illustrated 
through application of the dynamic method to peak
period work trips on bus Route 35, Burnsville-Min
neapolis, a radial route along a corridor south of 
the Minneapolis central business district. This 
route is characterized by local stops at the two 
ends of the trip and virtually no stops in the 
middle portion, which makes use of freeway I-35W ~ 
Census data on Burnsville and traffic information on 
I-35W were readily available to the project team in 
the course of t he study. 

Data initialization is the first step in applying 
the policy selection method. The data requirement!=; 
include conventional demographic, socioeconomic, and 
trip information, readily available to transport 
planners. Most of these data are required by the 
logit specifications that are built in SOLON. [The 
statistical properties and data needs of legit are 
well documented (5,14-17) and not restated here.] 
Additional data, a~~iated with the dynamic nature 
of the method, include Tp and TF, the informa
tion and management time constants, respectively, 
and the initial values of ridership and frequency. A 
summary of data initialization, with values from the 
Burnsville application, is shown in Figure 3. 

Performance guidelines, indicating how transit 
service should be modified in response to perfor
mance changes, must next be declared by the user. In 
this application, for instance, the Metropolitan 
Transit Commission (MTC) of the Twin Ci ties follows 
a policy that states that there should be no fre
quency change for round-trip load factors in the 0.3 
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SOLON here! 

For some of the input values that follow hit RETURN 
if [DEFAULT] value is desired, else enter the desired value. 

Ul ••• Round-trip transit fare, cents -
U2 ••• Round-trip drive cost, cents -
Al ••• Management implementation delay, wks 
A2 ••• Ridership infonnation delay, wks 

Are you happy with this input -
n 
Please enter the correct values now -

Ul ••• Round-trip transit fare, cents -
U2 ••• Round-trip drive cost, cents - -
Al ••• Mana~ement implementation delay, wks -
A2 ••• Ridership infonnation delay, wks 

Are you happy with this input - -
y 

XlINIT ••• J nitial value of ridership, rtrips/wk - -
X2INIT ••• Initial value of frequency, bus/h- - - - -
MINF ••••• Minimum value of frequency allowed, bus/h
DTl •••••• Management conference interval, wks- - -
DT ••••••• Value of time step for computing, wks-
DTP ••••.• Value of time step for printing, wks - -
LEN •••••• Time length of simulation period, wks- -

Are you happy with this input - - - - - - - - -
y 

- - - - -

You have an option to enter the input to the logit equation 
or else default values will be assumed. 

[200] 
[225] 
[3. 0) 
[3.0) 

(y/n) 

[200) 
[225) 
[3.0) 
[3.D] 

(y/n) 

[1000) 
[1.0) 
[DJ 
[5.DJ 
[O. l j 
[5.0 
[60] 

(y/n) 

425 

4.0 

WPOP ••• Total origin work population 
SERM ••• Fraction of origin served by 
PPH., •• Origin people per household
AALD ••• Autos available per licensed 

- - - - - - - - [13600) 
transit -

driver-

- - - - - - [0.16) 
- - - - - - - - [4.12] 

DAYS ••• Days/wk system operates- - - - - - - - - - - - -
DIST, •• One-way trip length, mi- - - - - - - -
NSTOP •• # Stops experiencedin aver. 1-way trip 
TWLKT .. Transit round-trip walk time, min-
ADVTT •• Auto out-of-veh rtrip travel time, min -

Are you happy with this input - - -
y 

FIGURE 3 Sample SOLON data initialization. 

...,. MANAGEMENT POLICY 

[0.64) 

[5.0) 
[15) 
[15) m~ 
(y/n) 

to 0.5 range; below this r ange , frequency should 
decrease whereas above it (i.e., when there are 
standees ), it should increase. To be sure, there 
exist an infinite number of candidate policies to 
deal with similar situations; see Stephanedes et al. 
(!) for a more detailed discussion . A visual display 
and hard copies of the policy are produced at this 
stage and can be used to facilitate communication 
among decision makers. The SOLON user can update 
this poLicy, if desired, at a later stage after the 
performance evaluation results have been reviewed. 
The management policy from the Burnsville applica
tion is shown in Figure 4. An illustration of this 
policy, which corresponds to control U of Equation 
5, is shown in Figure 2. 

*** 
*** 

This is the transit management policy which *** 
detennines frequency changes in tenns of changes*** 

Pollowing initialization, SOLON begins operation 
by computing the initial values of the route perfor
mance indicators . Load factor , operating ratio, and 
net revenue are key indicators in this application 
because they dete rmine the service frequency modifi
cations. If the load factor (LF) e xceeds the maximum 
value (LFmax> allowed by the size of the transit 
vehicles, then LF = LFmax and SOLON signals the 
need for more service. I f LF is below LPmin• the 
minimum value allowed by the operating ratio con
straints, SOLON signals that present service condi
tions should be reevaluated. Fulfillment of addi
tional performance criteria, critical to service 
change decisions, may also be similarly determined. 

-"** *** 
*** 

in the load factor, assuming maximun net *** 
cost per passenger trip R $1.50. The policy *** 
1s sunmarized as a graph of *** 
frequency change vs. load factor *** 

*** You must determine four points on this graph. *** 

1. 

2. 

3. 

4. 

When buses are empty ••• 
Frequency should change by (buses/hr) 

When buses are(% full) - - - - - - - - -
Frequency should change by (buses/hr) - - - - - -

When buses are(% full) - - - - - - - -
Frequency should change by (buses/hr) -

When buses are(% full) - - - - - - - -
Frequency should change by (buses/hr) 

[-1.0] 

[30J 
[OJ 

[SOJ 
[DJ 

[100) 
[0.5) 

Are you happy with this input - - - (y /n) 
y 
A plot of your management policy is being prepared. 

FIGURE 4 Transit route service policy input. 
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SOLON performance evaluation is here! 

Please select up to 5 indicators from SOLOM library. 
?Xl 
?X2 
?HEAD 
?LF 
?OR 

t ime ridership freq ue ncy headway 1 oad operating 
(weeks) _(rtr i ps/wk) __ (buses/hourl (minutes)_ factor _ratio_ 

0 1000 1 .0 60 1 .o 0.30 
5 1180 1.5 40 0.80 0.35 

10 1410 1.8 ::l::l 0.80 0.41 
15 1650 2. 1 29 0.80 0.48 
20 1880 2.4 25 0,80 0.54 
25 2110 2.7 22 0.80 0.60 
30 2250 3.0 20 0.77 0.63 
35 2350 3.3 1s o. 74 o.65 
40 2410 3.5 17 0.70 0.66 
45 2440 3.7 16 0.67 0.67 
50 l4/U j.~ 15 G.ti5 G.6i' 
55 2480 4.0 15 0.63 0.67 
60 2490 4. 1 15 0 . 63 D.67 

*** press RETURN to continue*** 

FIGURE 5 Sample rnute performance printout. 

LL 
1.0 ..J 

fare 1$ J 

0 
u .. 

0.6 LL 

"ti .. 
0 _, 

0.2 

0 20 40 

A B C 

2 2 3 

60 

weeks 

The next step is activated only at regular time 
intervals (lJTl), the length of which is controlled 
by the user (Figure 3). DTl indicates the points in 
time when transit management makes service change 
decisions. If current resources are adequate, fre
quency change is initiated on the basis of the state 
of the performance indicators determined previously. 
Owing to implementation time delays, the frequency 
change initiated in this step can only be imple
mented after a period of time. This is necessary as 
a result of regulations or because of needed adjust
ments in the rolling stock and the number of avail
able drivers. In extreme cases, when the available 
transit vehicles are not sufficient for satisfying 
the needed service improvements, additional capital 
(Rd) is desired; in this case vehicles may be 
ordered or drivers may be hired, or both. In such an 
event, order and acquisition delays intervene and 
service change decisions may be implemented more 
than a year after the process is initiated. At the 
same time, depreciating vehicles are retired and 
create the need for additional equipment orders. 

FIGURE 6 Load factor versus time for three 
different policies. 

If additional capital is needed, orders (R0 ) 

are placed according to the following plan: 

0 d 
"t+l - "t ;;.t '") 

As Equation 6 suggests, the orders are determined by 
desired capital (Rd) but take into account exist
ing capital (R) i that is, existing number of buses 
and all previous orders that have not yet arrived 
because of the capital arrival delay (p). Meanwhile, 

(7) 

An account of existing capital is kept, where R is 
estimated as the sum of Rt, current capital, and 
R

0
t , the capital ordered p weeks earlier and arriv-
-p 

ing now. Further, assuming a capital lifetime of L 
weeks, the appropriate amount of capital (Rt/L) is 
depreciated from this sum. 

Following the change in transit service, the 
route performance measures (and highway levels of 
service if needed) are determined and the demand is 
estimated. A record of the ridership, frequency, and 
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FIGURE 7 Operating ratio versus time for three 
different policies. 
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other performance indicators is kept in the form of 
tables and plots. These are then available to the 
user interactively beginning with time zero (i.e., 
the time SOLON is initialized) and ending with the 
end of the time horizon or any other instant speci
fied by the user. In this application, the route 
performance is summarized in the printout sample 
(Figure 5) and in the plots shown by Line A in Fig
ures 6 and 7, which illustrate the progress of load 
factor and operating ratio, respectively. The print
out and the plots labeled "base case" represent the 
route performance under the policies initially pro
posed by the user. 

Having inspected the selected printouts and plots 
of route performance indicators for the base policy, 
the user can indicate policy modifications and com
pare the resulting route performance against the 
base case. To illustrate this option, two such 
policy modifications have been included in Figures 6 
and 7 along with the base case results. In this ex
ample, policy C succeeds in increasing the operating 
ratio so that it enters the desired region (i.e., 
becomes greater than O. 9) while the load factor re
mains within acceptable levels. The overplotting can 
continue and the user can evaluate additional poli
cies until he is confident that one or more of the 
policies are superior and should be selected . A typ
ical SOLON session in the Twin Ci ties application 
lasted 10 to 20 min before the user could make such 
a selection. This time length may, of course, vary 
depending on the complexity of the scenarios to be 
evaluated. 

As a final step of the SOLON process, time con
tours are presented that indicate the time required 
for the route being evaluated to reach t~e desired 
performance conditions, for any combination of ini
tial conditions. For instance, the user can deter
mine how long it will take for a specific route to 
reach and remain within a set of performance con
straints. This evaluation option is available for 
any policy selected at the end of overplotting in 
the previous stage . An illustration of this option 
with respect to the "base case" policy and policies 
B and C is shown in Figure 8. In that figure, the 
initial values of the base policy (A) are, load fac
tor (at t = 0) = 1.0 and operating ratio (at t = 
0) = 0.30 as previously computed and shown in Fig-

u. 
..J 

7 

ures 5: 6, Line A: and 7, Line A. Similarly, the ini
tial values of load factor and operating ratio for 
the other two policies were shown in Figures 6, 
Lines Band C, and 7, Lines Band c, respectively. As 
the data in Figure 8 indicate, the base policy (A) 
cannot guide the route to the desired conditions 
(i.e., to load factor ~0 . 4 and operating ratio 

~O. 9) • Policy B, selected by the user after gain-
ing some insights with SOLON, would also fail al
though it is substantially better than the initial 
"naive" policy. The third policy, selected after the 
user had some additional practice, is effective and 
is expected to lead the system to the desired region 
in approximately 25 weeks, in agreement with Figure 
7, Line C. 

From this application it can be seen that the 
number of policies that could be evaluated at once 
with respect to a pair of indicators, such as·,load 
factor and operating ratio, using Figure 8 covers 
the whole two-dimensional space and is, therefore, 
infinite . Thus , this figure can result in substan
tial time savings if the uset only seeks to ascer
tain the degree of success (or failure) expected 
from a wide range of policies. Together, Figures 5- 8 
provide information that can substantially facili
tate the policy selection process. 

SOLON USES AND LIMITATIONS 

SOLON has been applied to several transit routes in 
the Twin Cities (a validation example with Burns
ville data is shown in Figure 9) and has confirmed 
the benefits expected to be derived from the use of 
systematic interactive planning methods. Further, 
users of the software experimental versions have 
made a number of helpful recommendations for im
provements: incorporation of these in the current 
system has made it more responsive to the complex 
problems of the transportation practitioner. 

Several potential applications of the interactive 
method have been suggested. For the transit route 
manager, being able to anticipate ridership and 
other performance indicators in response to selected 
service policies before policy implementation is a 
most valuable asset. This was especially appreciated 
in cases involving long implementation delays such 
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as discontinuing service and laying off personnel. A 
recent movement of city suburbs toward opting out of 
the metropolitan transit system and beginning their 
own services has presented a different kind of ap
plication in which decentralized route service re
places the old provider, In this case SOLON can be 
employed to determine the benefits, if any, of the 
contemplated change and to estimate the v 1ao1L1cy 
and expected performance o f the proposed se·rvice. 
Meanwhile, all questions dealing with financing 
transit deficits are of special interest to the 
transit administrator s of the local department of 
transportation. Such issues are especially relevant 
in light of the recent discussions on the possibil
ity of reducing, restructuring, or discontinuing 
service on selected routes on the basis of perfor
mance. Answers to such problems can be provided 
through use of SOLON as a performance monitoring and 
evaluation tool. 

When implementing the performance evaluation 
strategies and the method developed in this work, it 
should be clear that the dynamic analysis described 
her e has addressed a particular set of questions on 
a particular type of transport service. The ques
tions addressed relate to ongoing policy making, and 
the type of service implied is one that may change 
in response to the strategies being implemented. The 
chosen application was commuter service in a metro
politan area that sought to improve the route oper
a ting ratio under a load factor constrainti fare and 
frequency were the major controls available to man
agement. However, other SOLON versions can address 
different type s cf s e!'vice ; 0bjecti,.,es i cons tr iEI int.A, 
and controls, in urban or rural areas, in a similar 
f~shinn. For instance , a simple version that is 
designed to assist transit plans for rural routes is 
now being implemented in a small town in northwest
ern Minnesota. New versions, which will also relax 
certain simplifying assumptions currently made by 
the method (e.g., assumptions on carpool occupancy 
and route transfers), are under development. All 
current versions are being implemented in microcom
puter PASCAL, APPLE-II, or IBM-PC and operate with 
8-64K RAM. 

CONCLUSIONS 

SOLON is an interactive microcomputer graphic method 
that addresses the problems of transit scheduling 
and route efficiency and productivity improvement. 
It has three unique characteristics: First, it pro
v ides s olutions at any specified t ime or contin
uously through the life of a transport service by 

tracing the interactions between scheduling changes, 
route ridership, and service cost-effectiveness. 
Second, it explicitly treats time delays that hamper 
route performance. Finally, its modules operate in
teractively or independently and can be modified by 
the user. 

By addressing the transit problems at the route 
l evel, SOL.ON can facilitate m,:1n ,:1 g RmAnt and funding 
decision making by determining the viability of in
dividual routes and aid in selecting the best per
formance policies. Further, because it assumes no 
previous computer knowledge , it can substantially 
increase personnel training productivity. 
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System and Route Optimization Model for 

Minimizing Urban Transit Operating Deficits 

JASON C. YU and UPMANU LALL 

ABSTRACT 

U.S. transit operators are faced with escalating operating deficits along with 
growing opposition to the inctease in taxes required to offset them. This fi
nancial situation has created an immediate need to restructure inefficient and 
underproductive transit operations. In response to this need, this study devel
oped an analytical framework to help control transit operating deficits. A bi
level optimization model based on nonlinear programming was developed at system 
and route levels of detail. The model postulates that transit operators could 
reach a feasible solution for minimizing operating deficits through modifica
tions of current fare and service policies. The model has an economic framework 
(through the specification of appropriate cost and revenue functions) and 
solves for optimality through system supply-demand equilibrium. Solutions of 
the optimization model will provide transit operators with specific operating 
guidelines for minimizing deficits subject to resource and policy constraints. 
The nonlinear optimization model is solved using a large-scale (sparse matrix) 
successive linear programming algorithm. The model was implemented on a micro
computer and was tested with a real-world application to establish its practi
cality and usefulness. 

The financial status of most urban transit proper
ties in the United States is at best bleak. During 
the past decade, total operating deficits rose more 
than $4.5 billion, and the problem is likely to get 
worse. The underlying causes of operating deficits 
are escalation in transit operating costs, rapid 

service expansion, and operators' decisions to re
duce fare levels. In the past, deficits have been 
met primarily by government subsidies, with a sig
nificant share coming from federal sources. However, 
as part of the Reagan administration's Program for 
Economic Recovery, federal operating assistance to 




