Supplementary Information

Evaluation of the Impact of Low Emission Zone and Heavy
Traffic Ban in Munich (Germany) on the Reduction of PMy,
in Ambient Air

Figure S1. Seasonal variation of PM10 concentration at Prinzregentenstrasse.
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Figure S2. Mean temporal multiplicative effect of the measures on weekdays.
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Figure S2. Cont.
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Table S1. Multiplicative effects of the linearly modelled confounding covariates at
Prinzregentenstrasse and Lothstrasse.

Intercept 9.759 9.090 10.428 <0.001
log(PMyo) reference station 1.381 1.366 1.397 <0.001
public holidays 0.868 0.817 0.919 <0.001

Intercept 2.708 2.582 2.834 <0.001
log(PMyy) reference station 1.972 1.956 1.988 <0.001
public holidays 0.874 0.839 0.909 <0.001

Modelling of Day-specific Effects

Day-specific effects are examined using the area between the smooth effect with and without
measures. For this purpose, a linear combination CB of the effect coefficients g and an adequate
matrix C containing linear constraints was built for each season.

The construction of the constraint matrix C is explained in the following. The hypothesis for testing
is, that the areas between the smooth effect curves fs(hour) and Bsy + fsm(hour) and
Pw + fw(hour) and Bwwm + fivm (hour) , respectively, are not equal to zero for a certain day. We will
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show in the following, that this hypothesis can be written as a linear hypothesis on the parameter

vector B = (Bo, B1, B2, Bsm» Bw,» ﬁWM,ﬁfS,BfSM,ﬁfW,BfWM,[}fwd)T. Let A3 denote the area under the
smooth effect curve for season s, s € {S,W}, without measures and day d and ASM the area for the
same season and day but with measures.

The statistical null hypotheses can be formalized as Hy: ASM — A5 =0, with s € {S,W} .
Some transformations for the left side yield with K as the number of degrees of freedom of the smooth
hour effect and B as the P-spline basis functions:
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the hyotheses can be written as Hy: €SB = 0, with s € {S, W}. The test statistics TS and T" are given

Sp W
by TS = cP zand TV = P = Which are asymptotically normal distributed.
CSBCS cWBcwW

Comparison of Different Modelling Approaches

Model choice may greatly influence the inference on the effectiveness of air quality measures.
Alternative modelling strategies including the model type, the type of the effect and the predictor set
are discussed in the following.

Morfeld et al. [1] proposed a regression analysis design on the concentration differences between
the year after the introduction of measures and the previous year. The analysis of differences
complicates the adjustment for confounding variables, particularly the wind direction and categorical
factors like an indicator for public holidays. Allowing for the measurements before the introductions of
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the LEZ from the reference station introduces collinearity with the baseline values of the focused
station, because the measurements of both stations are highly correlated. Moreover, the power of the
model will be insufficient, because the variability of the effect will be overestimated since the
concentration differences were modeled as outcome [2]. The planned analysis will involve data from
several German cities. Indeed, the effect of the measures is allowed to vary between the different
cities, but the confounding factors are postulated to have equal effects in each city.
Especially considering the reference station, differing effects should be assumed.

The model suggested by Morfeld et al. [1] assumes an additive impact of the predictors on the PMyg
mass concentration. Using additive effects (eq. 1 without taking the logarithm of the PMj
concentrations) in our model, we estimated a reduction of 3.90 pg/m® (13.84%, p-value: <0.001) in
summer and 0.50 pg/m®(1.71%, p-value = 0.372) in winter at Prinzregentenstrasse (Lothstrasse: 0.33
Lg/m®, 1.34%, p-value = 0.285 in summer and 0.75 pg/m® 2.71%, p-value = 0.016 in winter).
The effects are lower than our results obtained by using logarithmic PM;o concentrations in the model.
However, an additive structure does not fit the assumption of conditional normality of the
highly-skewed response variable. Moreover, we presume a percentage change of the vehicle fleet and
thus, of the PM;o mass concentration.

Involving the measurements of the reference station allows for the complex, largely unknown effect
of the weather conditions. Sensitivity analyses for the model of the Prinzregentenstrasse station
showed only a slight amelioration of the model fit and only minor changes of the measures’ effect,
if weather conditions (precipitation, temperature, relative humidity, wind speed) were also considered
in the model.

Moreover, traffic intensity is a major predictor for the PM;o concentration [3]. Since the measures
directly influenced traffic intensity, the models in our study did not account for this factor.

Due to a three-month transitional period, in which violations were not fined, the measures did not
continuously operate from one day to the other. Therefore, the transformation process is not reflected
by the model.
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