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            Abstract
Psychiatric morbidity is high in cities, so identifying potential modifiable urban protective factors is important. We show that exposure to urban green space improves well-being in naturally behaving male and female city dwellers, particularly in districts with higher psychiatric incidence and fewer green resources. Higher green-related affective benefit was related to lower prefrontal activity during negative-emotion processing, which suggests that urban green space exposure may compensate for reduced neural regulatory capacity.
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                    Fig. 1: Study methods and green spaceâ€“affective valence associations.[image: ]


Fig. 2: Relationship between individual affective gain from urban green space exposure and prefrontal cortex activation.[image: ]


Fig. 3: Relationship between urban green space affective gain, green space exposure and incidence of psychiatric disorders.[image: ]
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Supplementary Figure 1 Distribution of level-1 residuals.
The histogram depicts the distribution (y-axis shows the frequency) of level-1 (assessment-level) residuals (x-axis), which measure deviations from the conditional mean (conditional residuals) derived from our multilevel model (see Methods, section â€œMultilevel analysisâ€�) in the combined sample (discovery and replication study; n = 85 participants). Graphical inspection confirmed that there was no obvious deviation from normal distribution providing evidence that our multilevel model is suited to deal with the given data structure.


Supplementary Figure 2 Panel plots depicting the raw-data on subject-level including the estimated random slopes from the multilevel model.
Within-subject associations between green space density and affective valence for each individual: The x-axis shows the individual green space exposure centered on the subjectsâ€™ means (range: 0-100%). The y-axis depicts the individualsâ€™ affective valence ratings (range: 0-100). Individual slopes are derived from the random part of the multilevel model (see Methods, section â€œmultilevel analysisâ€�) depicting the individualsâ€™ within-subject effect of green space on affective valence for each of the participants (discovery and replication study; n = 85 participants). The individualsâ€™ raw data points and their random slope estimates are displayed in the same color, respectively. This figure illustrates that although we used a custom-developed sampling strategy (see Methods, section â€œe-diary sampling strategyâ€�), that is, a mixed time- and location-based sampling strategy which minimizes the shortcomings of traditional time-based strategies and increases the spatial coverage of assessments and data variability within individuals (Ebner-Priemer, U.W., Koudela, S., Mutz, G. & Kanning, M. Interactive Multimodal Ambulatory Monitoring to Investigate the Association between Physical Activity and Affect. Front Psychol 3 (2013); Dorn, H. et al. Incorporating land use in a spatiotemporal trigger for ecological momentary assessments. GI_Forum 2015 â€“ Geospatial Minds for Society 1 113â€“116 (2015); TÃ¶rnros, T. et al. A comparison of temporal and location-based sampling strategies for global positioning system-triggered electronic diaries. Geospat Health 11, 473 (2016)), the daily routines and main whereabouts (for example, at home, at work) of participants led to restricted variance in urban green space exposure across the study week. Thus, in a supportive analysis in the combined sample (discovery and replication study; n = 85 participants), we rank ordered the predictor green space exposure within participants and computed an additional multilevel model with exactly the same specifications as in our main model (see Methods, section â€œmultilevel analysisâ€�), but entered the rank ordered green space predictor into the analysis. Here we received only a marginally different effect of urban green space on valence (original green distribution: P = 0.0026; rank ordered green distribution: P = 0.0034; Supplementary Table 8), which further confirmed the robustness of our findings.


Supplementary Figure 3 Causal relation between green space exposure and affect.
Within-subject associations between green space exposure estimates and affective valence for two models with different causal assumptions: (1) green space exposure within the 5 minute time frame prior to the e-diary prompts predicting the following affective valence ratings (that is, model of our main analysis, standardized beta coefficient = 0.056, P = 0.003, left panel) vs. (2) affective valence ratings predicting the green space exposure within the 5 minute time frame following the e-diary prompts (that is, model with inverted causal logic, standardized beta coefficient = 0.017, P = 0.209, right panel). In model (2), all other elements of the model were kept constant with that of our main analysis (see Methods, section â€œmultilevel analysisâ€�). P-values for the beta coefficients are two-sided and derived from the t-statistics of the multilevel model. Dark gray lines illustrate the respective main effect for the estimated green space â€“ affective valence associations. Thus, our data depicted in Fig. 3 above support our hypothesis of a causal effect of urban green space exposure on affective valence in everyday life.
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