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Objective of the study: 
Laboratory and experimental research suggest that, like nearly all species, humans process 
visual and auditory cues in their surrounding environment as either threatening or non-
threatening, influencing their behavior, sympathetic and parasympathetic nervous activity, and 
perceived stress or recovery from stress. 1-4 Potentially harmful cues include signs of disorder 
(e.g., vacant lots)5-7, busy and noisy roads,8 and a lack of safe spaces for pursuing goals (e.g., 
parks).9 Potentially beneficial cues include signs of care and intentionality (e.g., well-maintained 
gardens), and green, vegetated spaces. These latter aspects of the built environment are 
believed to promote mental health and wellbeing.  

 Residential neighborhood greenness, for example, has repeatedly been associated with 
better mental health. Residential greenery has been found to predict lower levels of internalizing 
and externalizing problems among children (after adjustment for age, sex, maternal education, 
and neighborhood poverty),10 and positive mood11 in adults. Two theories offer potential 
mechanistic explanation for these found associations.12 1) Attention Restoration Theory posits 
that urban environments require “direct” attention (alertness) and therefore deplete cognitive 
resources.13 In contrast, natural environments require “indirect attention,” which is less effortful 
and allows direct attention resources to recover. 2) Stress Recovery Theory posits that safe 
natural environments are less threatening and therefore less arousing, leading to relaxation that 
allows for recovery from stress.14 There is considerable mental health evidence for both 
theories, including the often-cited experimental evidence that adults asked to walk through or 
view parks experience downregulation in arousal signals (e.g., cortisol, blood pressure) while 
the opposite is true for those asked to walk through or view urban environments.  

 The potential positive role of greenspaces for mental health across the lifecourse is a 
quickly growing area of global research.15 But this evidence base suffers currently from a lack of 
good, prospective, longitudinal studies that can approach causal inference and attempt to take 
into account socioeconomic confounding and selection effects.  



Only one study that we are aware of has followed individuals retrospectively across 
decades to examine later life mental health measures. This study was a large-scale 
epidemiologic study in Denmark that reported lower risk for a range of adult psychiatric 
disorders among children raised (before age 10) in neighborhoods with more greenery.15 
Children from the least green neighborhoods were 55% more likely to experience mental 
disorder than children from the most green neighborhoods. However, this study only followed up 
until age 28.  

While compelling, the Danish study has yet to be replicated, and there is a clear need for 
further longitudinal evidence into midlife. The proposed study will address existing gaps in the 
literature on neighborhood greenspace and mental health by turning to the New Zealand 
population to attempt to replicate reports from Denmark. 

 In a population-representative longitudinal birth cohort (the Dunedin Study), we will ask 
whether living in greener neighborhoods is predictive of better mental health in adulthood, 
accounting for a wide range of known risk factors for poor mental health that could be 
confounding the nature-health association, including poverty, a family history of poor mental 
health, and childhood mental health. We will also separately evaluate greenness in childhood 
versus in adulthood. Follow-up tests in the cohort study will also assess whether greenery-
mental health associations are moderated, at least in part, by disadvantage. 

 Attempts will be made to broaden the analyses to the full NZ population using parallel 
tests in the NZ-IDI. 
 
Data analysis methods1: 
Using the longitudinal Dunedin Study’s high-resolution information on mental health in 
adulthood: p-factor and subfactors (primary) and individual DSM 5 diagnoses (secondary), we 
will ask whether midlife mental health follows neighborhood greenness gradients. 

To calculate neighborhood greenness, we will use atmospherically corrected surface 
reflectance (SR) data obtained by the Landsat 4, 5 TM sensor, Landsat 7 ETM+ sensor, and 
Landsat 8 OLI/TIRS sensors. This SR image collection has a spatial resolution of 30-meter and 
a temporal resolution of 16-day. Following the approach established by Engemann et al., we 
selectively chose images during the vegetation growth season in New Zealand and Australia, 
typically spanning from December to the following February, to capture the most robust 
greenness pattern throughout the year. To mitigate the influence of cloud cover, we developed a 
JavaScript (JS)-based function to identify and mask out cloudy pixels in the Landsat images 
using the information stored in the Quality Assessment (QA_PIXEL) band. These bands contain 
satellite image quality statistics, including cloud mask information for the scene, and is 
presented as a bit-packed layer. Specifically, the 3rd index of this band serves as a cloud flag, 
with a value of 1 indicating high cloud confidence. Leveraging the JS-function, we generated a 

 
1 A key concern for the Dunedin Study is superficial analyses of data that simply identify differences or deficits 
between ethnic groups or other communities where inequities exist (e.g. persons with disabilities, Pasifika peoples, 
members of migrant and SOGIESC (Sexual Orientation, Gender Identify and Expression and Sexual Characteristics) 
communities).  The cumulative effect of these types of studies is stigmatising and not of benefit. Any research that 
identifies differences must (a) incorporate information on the broader context (e.g. historical or political factors); 
(b) where possible undertake additional analyses to examine the source of the difference/s, and (c) include policy 
recommendations for its resolution.    



collection of cloud-free SR datasets during the plant peak growth stage. Then we followed 
equation (1) to create the Normalized Difference Vegetation Index (NDVI) image, 

𝑁𝐷𝑉𝐼 = 	
𝑅	𝑛𝑖𝑟 − 𝑅	𝑟𝑒𝑑
𝑅	𝑛𝑖𝑟 + 𝑅	𝑟𝑒𝑑

	 (1) 

where Rnir represents the SR of near-infrared band, and Rred presents the SR of red band. NDVI 
always ranges from -1 to 1 with higher values indicating a higher level of vegetation health and 
density. 

To obtain the typical peak greenness pattern for a particular year, we will create a mean 
NDVI image by averaging all the NDVI images taken during the peak season. Subsequently, we 
will apply a mean filter to loop through the entire NDVI mean image using window sizes 
parameters employed by Engemann et al., e.g., 7*7 pixels and 31*31 pixels. This process will 
allow us to acquire the averaged neighborhood greenness within a 210*210 m and a 930*930 m 
square around study members’ home locations. Last, we will extract the NDVI values whenever 
residential home address data is present. Our exposures of interest will be NDVI: 1) cumulative 
lifetime age 3-45 years, 2) cumulative early childhood (age 3-11 years), and 3) cumulative 
adulthood (age 18-45 years). Depending on address missingness differences across waves, we 
may alter the childhood age range slightly to maximize data availability.  

Analyses will produce descriptive statistics on neighborhood greenness and mental 
health. Regression modeling will then involve two stages.  
 We will fit three main models. Models will employ an additive approach whereby initial 
models include only the exposure and outcome of interest, then covariates are added. Our 
primary outcomes of interest are p-factor and subfactors. If robust main effects with the p-factor 
are found, sensitivity tests will investigate disorder diagnoses to match the methods of 
Engelman et al (2019). 
 
Model 1:  
Dependent variable: P-factor (18-45y) and sub-factors 
Independent variable of interest: Lifetime greenness (3-45y) 
Potential confounders: sex, family socioeconomic status, family psychiatric history, and 
neighborhood disadvantage (3-45y).  
 

 
 
 



Model 2: 
Dependent variable: P-factor (18-45y) and sub-factors 
Independent variable of interest: Childhood greenness (3-11y) 
Potential confounders: sex, family socioeconomic status, family psychiatric history, and 
neighborhood disadvantage (3-11y).  
Potential mediator: Childhood INT/EXT (5-11y) 
Sensitivity analysis: To match Engemann et al., childhood greenness will also be evaluated via 
a shorter exposure time window as a sensitivity test (greenness from ages 9-11).   

 
 
Model 3: 
Dependent variable: P-factor (18-45y) and sub-factors 
Independent variables of interest: Childhood greenness (3-11y), adult greenness (18-45y) 
Potential confounders: sex, family socioeconomic status, family psychiatric history, and 
neighborhood disadvantage (3-45y).  
Potential mediators: Childhood INT/EXT (5-11y), adult greenness (18-45y) 

 
 



Exploratory model: We will also fit an exploratory model to determine whether SES 
should be treated as a confounder or an effect modifier. 

 
Exploratory Model A:  
Dependent variable: P-factors (18-45y) and sub-factors 
Independent variable of interest: Lifetime greenness (3-45y) 
Potential confounders: sex, family psychiatric history  
Potential effect modifier: family socioeconomic status, neighborhood disadvantage (3-45y)  

 
 

 
 
Variables needed at which ages: 
Dunedin Study variables to be used will include: 

Exposure variables:  

- Neighborhood NDVI for the neighborhood in which Study Members were living at 
each phase for which residential information is present 

 

Cumulative 18-45y outcome variables: 

- p-factor and subfactors by age 45 (continuous variables) 
- individual DSM 5 diagnoses by age 45 (count variables) 

 

Additional variables (planned covariates, potential moderators, and effect modifiers): 

o Sex 
o Childhood family socioeconomic status  
o Family psychiatric history 
o Childhood INT/EXT 
o Cumulative area/neighborhood deprivation (NZDep) (ages 3-11years, 18-

45y, 3-45y)  
 

If possible, the NZ-IDI will also be utilized, with NZ-IDI variables analyzed on-site at the NZ 
Stats data use offices. These variables are excluded from the variable request component of 
this Dunedin Study-focused concept note. 



Significance of the Study (for theory, research methods or clinical practice): 
The proposed study will answer novel questions about the potential for early childhood and/or 
adult cumulative exposure to greenery and mental health in midlife. Such information will 
expand our capacity to investigate and consider nature-based interventions, opening a potential 
new avenue in disease prevention and potentially in disparities reduction. 

How the paper will contribute to Māori health advancement and/or equitable 
health outcomes2 
 
While this research will not involve analysis of specific ethnic groups separately, the importance 
of the findings may be particularly important for Māori health advancement.  
 
Following European contact in the 18th century and subsequent colonisation, the Māori population 
experienced rapid decline.16 It was not until the 20th century that the Māori population began to 
recover and, in the post-World War Two period, made the transition from a predominantly rural to 
an urban way of life. Māori living in urban environments have actively responded to the challenges 
they have faced and taken advantage of opportunities presented by the urban setting. In cities 
(and many other locations), mana whenua have built new social, health and economic institutions, 
engaged with local and central government, and managed and protected natural resources.17-19 
As further evidence of the importance of natural resources (such as green spaces), the Resource 
Management Act20 requires local government to engage with mana whenua in decisions about 
the management of natural and physical resources, particularly in terms of environmental 
protection and places of cultural significance. 
 
The detrimental effects of exposure to socio-economic disadvantage, particularly in cities, on 
health among Māori are well documented.21 However, there is a growing body of research that 
has identified variations in health outcomes between communities despite being exposed to 
similar levels of disadvantage.22-26 Evidence suggests that being able to respond to causes of 
socio-economic disparities or mitigate its impacts is positively associated with health and well-
being.27 Such evidence is consistent with a capabilities approach, which is concerned with 
people’s access to the freedoms and capabilities that enable them to be well, and highlights the 
importance of the social and physical environment as enabling people to lead valued lives. 
Factors that appear to mitigate against socio-economic disadvantage include access to quality 
housing,26,28  social support,26 quality employment opportunities,28 and access to healthy natural 
enviroments.25,29 Thus, dissemination of our findings to Māori media will be an important priority 
following analyses. We will seek guidance from Dr. Moana Theodore prior to dissemination. 

Further, we will work with the Māori Data Sovereignty Network to ensure appropriate transfer 
and use of our findings (raw data cannot be shared). 
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