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Overview

Focusing on adult members of German households, this paper investigates the determinants of public transit ridership with the aim of quantifying the effects of fuel prices, fares, person-level attributes, and characteristics of the transit system on transport counts over a five-day week. The reliance on individual data raises several conceptual and empirical issues, the most fundamental of which is the large proportion of zero values in transit counts. To accommodate this feature of the data, we employ modeling procedures referred to as zero-inflated models (ZIMs), which order observations into two latent regimes defined by whether the individual never uses public transport. Our estimates reveal fuel prices to have a positive and substantial influence on transit ridership, though there is no evidence for a statistically significant impact of the fare. Methodologically, ZIMs are seen to have superior predictive accuracy over the classical count data models, and thus may serve as the method of choice when the aim is to predict trip frequency for modes that a significant fraction of the population never uses.
Methods

The main data source used in this research is drawn from the German Mobility Panel (MOP 2010), an ongoing travel survey. The panel that is organized in waves, each comprising a group of households whose members are surveyed for a period of one week over each of three years. Our data set includes twelve waves of the panel, spanning 1996 through 2007, and is limited to adult individuals who are at least 18 years old. In total, our data set contains 8,577 individuals.

Slightly less than 75% of the adult individuals in the estimation sample do not use public transport systems during a given week and for whom the observation on transit counts is consequently recorded as zero. To accommodate this feature of a preponderance of zero counts in the data, we employ modeling procedures referred to as zero-inflated models (ZIMs). There are two common ZIMs, referred to as the zero-inflated Poisson (ZIP) and the zero-inflated negative binomial (ZINB) models, both of which are generalizations of the Poisson (PRM) and the negative binomial regression (NBRM) models, the classical count data models. 
Results

We estimate both the classical as well as the zero-inflated models and select the most appropriate approach by comparing the predicted probabilities for the range of public transit counts. While the existence of always-zero observations is ignored by both the PRM and NBRM, the special treatment of this feature by the ZIMs leads us to expect an improvement in the fit due to their employment. 
Indeed, the observed frequency for zero counts is perfectly reproduced by both the ZINB and ZIP models. Relative to the NBRM, the ZINBM also provides for a substantially better fit for a single count, whereas the predictions of the probabilities of 3, 4, and 5 counts are somewhat worse. Therefore, an ultimate decision on whether the ZINBM is superior to the NBR model requires a Vuong test, whose large positive value of 21.75 for the standard-normal distributed normal test statistic favors the ZINB model. Finally, the probability-by-probability comparison of the ZIPM and ZINBM is clearly in favor of the ZINBM.
Thus focusing on the coefficient estimates and the associated marginal effects of the ZINBM, we find a highly significant marginal effect of real fuel prices that suggests that a 1 Euro increase in fuel costs increases transit counts by 0.66 trips over the course of a 5-day week. The unreported corresponding elasticity estimate is of roughly the same magnitude at 0.7, but notably higher than the elasticity estimate of 0.4 presented by (Holmgren, 2007) based on US data. Fuel cost increases may thus be an effective instrument for encouraging transit ridership in Germany. 
The effect of the fare does not mirror that of fuel prices, with both estimates of the coefficient and the marginal effect of fare being statistically insignificant. This might be attributed to the fact that the majority of public transit users buy lump-sum tickets that allow for the unlimited use of the transit system during their validation period. To explore whether insignificant effects of the fare remain under alternative specifications, we estimated models that included interaction terms and calculated the interaction effects. These specifications accommodated the possibility of differential effects of fuel and fare prices by income level, residential location, and car availability (Litman, 2004). In all cases, the interaction effects were found to be statistically insignificant.

Conclusions

To our knowledge, this is the first study to parameterize the effects of fares and fuel prices, as well as socioeconomic and geographic determinants, on the basis of individual-level data. Although necessarily neglected in studies on the effects of fuel and fare prices using aggregated data, the discrete decision to occasionally or regularly use public transit system appears to be of particular relevance in the analysis of individual data, as fuel price peaks may trigger a reduction of car use, thereby fostering an occasionally, temporary, or even permanent switch to public transit.
We have addressed this issue by employing zero-inflated modeling approaches, which is particularly appropriate when the question at hand requires distinguishing between those who never use public transit from those who have some non-zero probability of a positive trip count. Our estimates suggest that a 1 Euro increase in fuel prices, for instance by more than doubling fuel taxes, increases transit use by almost 0.7 trips over a week, an effect that is statistically significant at the 1% level. Somewhat unexpectedly, we find that the effect of the fare, by contrast, is not significantly different from zero, even when allowing for differential effects according to residential location, car ownership, and the income of the household. Taken together, these findings suggest that fuel prices are a more effective lever than fares for influencing transit ridership.
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