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Figure 2.	 Transit Ridership and All Independent Variables for San Francisco
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Figure 3.	 Transit Ridership and All Independent Variables for San Jose

Lastly, Figure 4 shows transit ridership and its contributing factors for Sacramento. From 
2002 to 2013, Sacramento transit ridership increased by more than half a million. At the 
same time, service level and employment showed patterns similar to those found for 
San Jose. Real transit fare increased during the study period, with four sudden fare 
increases in November 2005, September 2006, February 2009, and November 2009. 
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III.  MODELS

The travelers’ demand for public transit is specified using UPT. The number of stations is 
used to represent the transit system network, and the level of employment is used to control 
for city characteristics. Transit service levels are captured in the form of VRM. Gasoline 
prices are also included because higher gasoline prices may increase transit ridership, but 
they may also slow down the overall economy, which might decrease transit ridership.

The data utilized in this study are time series data and therefore require time series analysis. 
In this section, two models are introduced to estimate fare elasticity of demand for public 
transit: the ARIMA model and the panel data model. First, the univariate ARIMA model for 
each transit system in our sample was estimated and the fare elasticities calculated. Next, 
analysis was carried out based on a panel of fours for transit systems from 2002:M1 to 
2013:M9, and the question of whether transit-ridership is more fare elastic than has been 
found in the ARIMA estimates was examined. In both analyses, natural logarithm of all 
variables (except Stations) were taken to model elasticity in a convenient fashion. 

THE ARIMA MODEL

The author applies the seasonal ARIMA (Autoregressive Integrated Moving Average) 
model to estimate the impact of various factors on public transit. The seasonal ARIMA 
model for each system is specified as follows:

𝑈𝑈𝑈𝑈𝑈𝑈𝑡𝑡 = 𝑐𝑐 + ∑ 𝛽𝛽𝑘𝑘

𝑘𝑘
∗ 𝑋𝑋𝑡𝑡

𝑘𝑘 + 𝑢𝑢𝑡𝑡 

where:

•	 UPTt is the transit ridership in the form of unlinked passenger trips in period t; 

•	 c is a constant term for the entire sample;

•	 𝛽𝛽𝑘𝑘   is the coefficient of the kth explanatory variable; 

•	 𝑋𝑋𝑡𝑡𝑘𝑘   is the kth explanatory variable in period t;

•	 𝑢𝑢𝑡𝑡  is the error term, assumed to follow 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴(𝑝𝑝, 𝑑𝑑, 𝑞𝑞)(𝑃𝑃, 𝐷𝐷, 𝑄𝑄)12 .

This time-series model not only allows for the inclusion of information from the past 
observations of a series, but also for the inclusion of other relevant information that helps 
determine the dependent variable. The investigator explicitly models the autocorrelation in 
the error series by means of a seasonal ARIMA. For example, if 𝑢𝑢𝑡𝑡  follows an ARIMA(1,1,1)
(1,1,1)12 model, using backshift notation, one can write:

(1 − 𝜙𝜙1 𝐵𝐵)(1 − Φ1𝐵𝐵12)(1 − 𝐵𝐵)(1 − 𝐵𝐵12)𝑢𝑢𝑡𝑡 = (1 + 𝜗𝜗1𝐵𝐵)(1 + Θ1𝐵𝐵12)𝑒𝑒𝑡𝑡 

where et is a white noise series.
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THE PANEL DATA MODEL

The standard panel model with i = 1, …,n and t = 1, …, T is:

𝑈𝑈𝑈𝑈𝑈𝑈𝑖𝑖𝑖𝑖 = 𝑐𝑐 + 𝛼𝛼𝑖𝑖 + ∑ 𝛽𝛽𝑘𝑘

𝑘𝑘
∗ 𝑋𝑋𝑖𝑖𝑖𝑖

𝑘𝑘 + 𝑢𝑢𝑖𝑖𝑖𝑖 

where:

•	 UPTit is the transit ridership in the form of unlinked passenger trips for system i in 
period t; 

•	 c is a constant term for the entire sample;

•	 𝛼𝛼𝑖𝑖  is individual specific effect for system i;

•	 𝛽𝛽𝑘𝑘   is the coefficient of the kth explanatory variable; 

•	 𝑋𝑋𝑖𝑖𝑖𝑖
𝑘𝑘   is the kth explanatory variable for system i and period t;

•	 𝑢𝑢𝑖𝑖𝑖𝑖  is the error term.

There are two common assumptions usually made about the individual specific effect, 
the random effects assumption and the fixed effects assumption. If 𝛼𝛼𝑖𝑖  is unobserved and 
correlated with one of the independent variables, one would use a fixed-effect model 
to solve the problem of omitted variable bias. If 𝛼𝛼𝑖𝑖  is uncorrelated with the independent 
variables, then a random-effect model would be more efficient than a fixed-effect model.
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IV.  RESULTS

THE ARIMA MODEL RESULTS

Table 6.	 ARIMA Model Results
Variable SF SJ SAC LA

ARIMA(1, 0, 2) 
(1, 0, 1)12

ARIMA(1,0,0)
(1,0,1)12

ARIMA(3,0,2) ARIMA(2, 0, 0)
(1,0,0)12

Real transit fare (ln) 0.040
(0.109)

-0.463*
(0.200)

-0.151
(0.183)

-0.436*
(0.238)

Real gasoline price (ln) -0.034
(0.057)

0.080
(0.066)

-0.032
(0.063)

0.074
(0.073)

Service level (ln(VRM)) -0.067
(0.074)

0.190*
(0.082)

0.777*
(0.120)

1.095*
(0.048)

Employment (ln) -1.243*
(0.445)

1.292*
(0.421)

0.359
(0.601)

-0.986*
(0.631)

Stations 0.002
(0.002)

0.024*
(0.005)

0.002
(0.005)

-0.005*
(0.003)

AR1 0.525*
(0.141)

0.695*
(0.069)

1.722*
(0.180)

0.401*
(0.081)

AR2 -1.218*
(0.228)

0.267*
(0.086)

AR3 0.422*
(0.107)

MA1 0.043
(0.127)

-1.315*
(0.188)

MA2 0.351*
(0.123)

0.600*
(0.155)

SAR1 0.867*
(0.071)

0.816*
(0.120)

0.231*
(0.091)

SMA1 -0.458*
(0.151)

-0.466*
(0.208)

Intercept 1.251*
(0.098)

-1.045*
(0.347)

1.173*
(0.333)

3.380*
(0.966)

Log-likelihood 202.59 211.65 159.53 179.29
AIC -381.18 -403.31 -295.05 -338.58

* Represents statistical significance at the 5% level.
Numbers in parentheses are standard errors.
Dependent variable: logarithm of transit ridership (UPT in millions).

Table 6 shows the results for four California transit systems after applying different seasonal 
ARIMA models with the same set of independent factors.1 There are five components of 
the model, capturing the underlying data-generating process. The components are: the 
autoregressive (AR) components, the moving average (MA) components, the seasonal 
autoregressive (SAR) components, the seasonal moving average (SMA) components, 
and a set of independent variables that help explain transit ridership. The results on 
autoregressive components show the impact of lagged ridership is particularly great, 
and the seasonal components indicate seasonal effects are also important for all three 
geographies except for Sacramento.
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Across all four regions, people are not very sensitive to fare changes. Transit fares 
have a negative and significant effect on ridership in Los Angeles and San Jose, a 
negative and insignificant effect in Sacramento, and a positive and insignificant effect in 
San Francisco. The fare elasticities are 0.04 for San Francisco, -0.456 for San Jose, 
-0.155 for Sacramento, and -0.721 for Los Angeles. The fare elasticity in Los Angeles, for 
example, indicates that for every 1 percent increase in fare, we would expect the transit 
ridership to decrease by 0.721 percent. Fare elasticities in San Jose and Los Angeles 
are consistent with previous studies in which fare elasticities generally fall between -0.20 
and -0.90 (McLeod et al. 1991; Litman 2004; Chen, Varley and Chen 2011). However, the 
elasticities for San Francisco (0.04) and Sacramento (-0.155) are insignificant. The results 
indicate that there is no immediate effect on transit ridership from fare changes. However, 
there may exist a lagged relationship between ridership and fare, as evidenced by the 
significant autoregressive components.

Economic theory predicts that people will drive less when gasoline prices rise. But driving 
less does not necessarily mean taking public transit more. This is confirmed by our findings 
that changes in gasoline prices have no contemporaneous effect on transit ridership. 
Figures 1-4 show that gasoline prices have been quite volatile during the sample period. 
Prices increased sharply until June 2008, declined, and then rose again until 2013. But the 
timing of transit’s rise and decline is not amenable to a gasoline price explanation. Thus, it 
is reasonable to think that gasoline prices have an insignificant impact on transit demand. 

One of the most common measures for service level is vehicle revenue miles (VRM). 
VRM captures the distance that vehicles travel while in revenue service. Hertz (2015) and 
Harrison (2017), both of whom measure service as VRM, find service decline can lead to 
falling ridership. On the other hand, reverse causality also exists as more transit riders can 
potentially increase service (Alam, Nixon and Zhang 2015). 

While VRM rise across all three metropolitan areas (SJ, SAC and LA) as in Figures 6-8, 
they have experienced a significant drop in SF in 2006, 2008 and 2009 (Figure 5). During 
those periods, service decline has been accompanied by higher transit ridership, making 
the coefficient on VRM for SF negative. In other periods, expanding service is in concert 
with increasing ridership. The combined effect of VRM on ridership in SF is therefore 
inconclusive, thus leading to an insignificant effect of VRM.

Previous findings on service elasticities generally lie between 0.3 and 1.14 (Rose 1986; 
Litman, 2004; Taylor et al. 2009, Chen, Varley and Chen 2011). Our estimates for SAC 
and LA are consistent with the range, but the estimate for SJ is slightly lower. The relative 
low elasticity in SJ may be associated with the specific geographic context, in which the 
extensive transit service already offered in the area may leave less room for ridership 
growth (Chen, Varley and Chan 2011).
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Figure 5.	 VRM in San Francisco
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Figure 6.	 VRM in San Jose
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Figure 7.	 VRM in Sacramento
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Figure 8.	 VRM in Los Angeles

Employment is found to be a significant factor in determining transit ridership, in line with 
the previous findings (McLeod et al. 1991; Taylor et al. 2009; Chen, Varley and Chen 
2011). In particular, increased employment reduces ridership in Los Angeles and San 
Francisco but increases ridership in San Jose and Sacramento. The effect is significant 
for all systems except for Sacramento. 

Previous studies show that employment elasticities are usually positive, within the range 
of 1.04–1.75 (McLeod et al. 1991; Taylor et al. 2009). Our negative employment elasticities 
could potentially result from spatial characteristics (i.e. population density) and income 
effect that were not considered in the analysis. For instance, employment growth arising 
from population growth may be occurring only in low-density areas which are not served 
by public transit. In addition, employment growth due to income growth in the area is found 
to result in less use of public transit (McLeod et al. 1991).

The network variable (number of stations) has a positive effect on transit demand for all 
geographies except LA. The positive effect is expected, as increase in number of stations 
would attract more housing, construction and people to move near transit stations, thus 
leading to higher transit demand. The negative effect for LA is not entirely surprising. For 
example, an increase in the number of stations in an area where there are already a lot 
of stations in close proximity will increase travel time for existing riders and may actually 
discourage large increase in transit ridership. The insignificant effect in San Jose may 
indicate that San Jose’s transit system is saturated in stations, thus leaving less room for 
increase in transit use.
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THE PANEL MODEL RESULTS

Table 7.	 Panel Data Model Results

Variable
Pooled OLS

(1)
Fixed Effect

(2)
Random Effect

(3)
Real Transit Fare (ln) -0.475*

(0.066)
-0.307*
(0.061)

-0.302*
(0.100)

Real Gasoline Price (ln) 0.434*
(0.081)

0.114
(0.061)

0.298*
(0.070)

Service Level (ln(VRM)) 1.073*
(0.056)

0.643*
(0.074)

0.946*
(0.046)

Employment (ln) 0.205*
(0.049)

-0.014
(0.221)

0.191*
(0.060)

Stations -0.018*
(0.001)

0.005*
(0.002)

-0.011*
(0.001)

Intercept 2.172*
(0.140)

-1.762*
(0.107)

Entity Fixed Effects
LA 1.130
SAC 0.753
SF 1.776
SJ 0.409
Adjusted R2 0.921 0.741 0.783
Number of Transit Systems (n) 4 4 4
Number of Time
 Periods (T)

141 141 141

Total Number of Observation (N) 564 564 564

* Represents statistical significance at the 5% level.
Numbers in the parenthesis are Driscoll and Kraay’s (1998) robust standard errors for panel models with cross-
sectional and serial correlation.
Dependent variable: logarithm of transit ridership (UPT in millions).

Table 7 displays the estimated results based on three panel models: pooled Ordinary Least 
Squares (OLS), fixed effects and random effects. Column (1) displays the ordinary least 
squares estimates based on the full sample of 564 observations, ignoring unobserved 
heterogeneity. The inclusion of “one-way” fixed effects in Column (2) in which dummy 
variables are specified for each transit system allows unknown cross-sectional effect to 
be explained through the fixed effects’ coefficients and reduces any remaining omitted 
variable bias (Stock and Watson 2007). 

It is of interest to examine whether fixed effects are jointly significant associated with 
transit ridership. This is done by comparing the pooled-OLS model and the fixed-effect 
model through an F-statistic. The resulting statistic is significant, with a value of F(3, 555) 
=251.56, indicating there is substantial variation among transit systems in the sample. 
Thus, the use of fixed effects is supported in the model estimation.



Mineta Transportat ion Inst i tute

14
Results

A comparison of the regression coefficients in columns (2) and (3) shows that fixed- and 
random-effects methods yield rather similar results for fare elasticity. A selection between 
these two models concerns the exogeneity of the explanatory variables. Therefore, a 
Hausman test was employed to compare fixed-effect and random-effect models. The 
Hausman test is designed to detect violation of the random-effects modeling assumption 
that the independent variables are uncorrelated with the individual effects. Our finding that 
is taken as evidence that there is correlation between the covariates and the unit effects. 
Thus the random-effects model is rejected in favor of the use of the fixed-effect model, and 
the subsequent analysis is based on the estimates from the fixed-effect model. 

According to Column (2), fare, service level and number of stations all show expected signs 
and are all statistically significant at 5% level. Gasoline price is found to have a positive yet 
insignificant effect on transit ridership. Employment’s impact is negative and statistically 
insignificant, which is in line with previous finding as in Winston and Maheshri (2007). 
The association between transit use and employment is not always strong. In summary, 
we have found that fare reductions, increased service level, and network coverage are 
associated with increased transit ridership.

In particular, fare elasticity is estimated to be -0.3, which is lower (in absolute value) than 
the fare elasticities found in ARIMA models for Los Angeles and San Jose. Additionally, 
the service level elasticity is found to be 0.643, which is lower than those for Sacramento 
and Los Angeles, but higher than that for San Jose, in comparison to the ARIMA estimates 
on page 9.
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V.  CONCLUSION

In order to improve transit demand modeling, the investigator employed a method of 
Internet search, collecting historical monthly fare records from 2002 to 2013 for four major 
transit systems in California. By using more precise, more recent, and monthly data, the 
author’s analysis results in more accurate fare elasticity estimates, which would thus 
be more suitable for drawing out policy recommendations. Based on the data set, the 
investigator utilizes a seasonal ARIMA model combined with a set of explanatory variables 
to estimate the fare elasticity for each transit system. In addition, three different panel data 
models are applied to calculate fare and service level elasticities. 

The seasonal ARIMA model results indicate that fare, service level, employment and 
number of stations all have a significant impact on transit ridership in San Jose and 
Los Angeles. In San Francisco, higher employment levels are associated with lower 
ridership. In Sacramento, service expansion is accompanied by higher ridership.

The panel model results show that transit demand in California is in general very inelastic, 
more so than the fare elasticities found in the ARIMA analysis. We also find that there are 
significant differences in transit ridership across transit systems as indicated by system-
specific fixed effects. Service level and number of stations are found to have a positive and 
statistically significant impact on California transit ridership. This suggests that an increase 
in service development could potentially promote transit use.

This study shows that there are significant factors that determine transit demand in 
California and points out that any ridership promotion policy may have a variation of impact 
across transit systems. The study sheds some light as to the source of those variations, 
which might help policymakers draw out system-specific policies that will be more suitable 
in increasing transit ridership.
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ACRONYMS AND ABBREVIATIONS

AIC Akaike Information Criterion
AR Autoregressive
ARIMA Autoregressive Integrated Moving Average
CPI Consumer Price Index
LA Los Angeles
MA Moving Average
OLS Ordinary Least Squares
SAC Sacramento
SAR Seasonal Autoregressive
SF San Francisco
SJ San Jose
SMA Seasonal Moving Average
UPT Unlinked Passenger Trips
VRM Vehicles Revenue Miles



Mineta Transportat ion Inst i tute

17

ENDNOTES

1.	 Mean value in Table 1 is calculated as an average of all observations for each variable 
across four cities over the specified time span.
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