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Visualisations

Every plot in this script was chosen to expose a specific pattern. The daily CO and NO2 time-series with LOESS smoothers showed a clear winter peak (~3.5 mg/m³ for CO) that summary statistics alone would miss. I coloured a Temperature vs CO scatterplot by season, which visually separated winter and summer clusters and confirmed the expected negative relationship. The brief asks for relationships between pollutants and weather variables (plural), so I added a second weather plot: Relative Humidity vs NO2 with a LOESS smoother. This revealed a non-linear association, NO2 rises with humidity up to about 60–70%, consistent with low-level inversions reducing vertical mixing.
The most informative plot was the hour-by-month CO heatmap. I built it with geom_tile() and a diverging colour scale centred on the median:
ggplot(hourly_monthly, aes(x = factor(Hour), y = factor(Month), fill = CO_mean)) +
geom_tile() + scale_fill_gradient2(low = "#2c7bb6", mid = "#ffffbf", high = "#d7191c",
midpoint = median(hourly_monthly$CO_mean))
It showed that rush-hour CO spikes are far more pronounced in winter, cold, stable air traps emissions near the ground. For the seasonal comparison I overlaid violins on boxplots. The violin layer revealed that winter’s NO2 distribution is not just shifted higher but also wider (SD 51.4 vs 39.4 in summer), suggesting episodic inversion-driven spikes on top of an elevated baseline, something the boxplot alone would hide.

Challenges and Things Learned

The CSV uses semicolons as separators and commas as decimal marks, standard in Italy, but if you don’t pass sep = ";" and dec = "," to read.csv(), every numeric column comes in as a character string. That’s the kind of bug that doesn’t throw an error; it silently gives you wrong numbers. I also found NMHC has over 90% missing data and excluded it, drawing conclusions from fewer than 1,000 valid rows out of 9,471 isn’t credible.
The most instructive part was the hypothesis test. My first attempt compared CO under high versus low humidity using a median split. The Wilcoxon test returned p = 0.92, completely non-significant. Rather than just reporting that, I thought about why: a crude median split washes out non-linear effects, and humidity confounds with temperature, season, and time of day. The brief suggests wind speed as the grouping variable, but this dataset has no direct wind measurement. I redesigned around rush-hour (7–9 AM, 17–19 PM) versus nighttime (1–5 AM) CO, a conditions-based comparison with a clearer causal mechanism. The result was highly significant (p < 2.2×10⁻¹⁶) with a large effect size (rank-biserial r = 0.75). Rush-hour median CO (2.7 mg/m³) was over three times nighttime levels (0.8 mg/m³), approaching the WHO 2021 guideline of 4 mg/m³ [2].
A broader lesson was about large-sample testing. With over 7,000 observations, Shapiro-Wilk rejected normality in every group. I came to understand that at this sample size the test flags trivially small deviations, a dataset can be “significantly non-normal” while looking bell-shaped on a histogram [5]. The test detects whether a deviation exists; the histogram tells you whether it matters. The same applied to correlation: all six Pearson p-values were below 2.2×10⁻¹⁶, but that’s inevitable at this sample size. The meaningful question is effect size, CO and benzene at r = 0.93 reflects their shared combustion origin, and running Spearman alongside confirmed the relationships are genuinely linear, not just monotonic [4].

Improvements for Future Work

If I were starting again, I’d add time-series decomposition (STL or ARIMA) to separate seasonal cycles from residual noise. I’d also investigate confounding in the rush-hour comparison, cold mornings both increase heating demand and create inversions, so a regression model with temperature and hour as covariates would disentangle these effects. Clustering daily pollution profiles (e.g., k-means) could identify distinct episode types rather than relying on pre-defined seasonal boundaries. All seasonal NO2 medians exceeded both the WHO 2021 guideline of 10 µg/m³ and the EU Directive limit of 40 µg/m³ [2], [3], which underlines why this kind of analysis matters beyond the academic exercise.

AI Usage Declaration

Generative AI (Gemini) was used solely to research statistical concepts (such as understanding the Kruskal-Wallis test and its assumptions) and to proofread the final reflection for grammatical accuracy. All code was written independently, and all decisions, interpretations, and scientific reasoning are my own.
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