
Research Question: -- "Did the Ontario Greenbelt Help
Improve Southern Ontario Surface Water Quality?"     

2. Identification

I consider PWQMN monitoring stations along watercourses in Southern Ontario. For each pair,
I identify upstream and downstream stations based on flow direction,  and explore their
relative spatial relationship with the Greenbelt  (see Figure). 
By focusing on the change in downstream minus upstream pollution before and after the
Greenbelt (2005), I control for time-invariant differences between locations, isolating ATE .
I assume the designation of the Greenbelt boundaries is exogenous to local water quality
conditions. While the Greenbelt’s overall location may be influenced by broad environmental
and land use considerations, we argue that the precise delineation of its boundaries is
unlikely to be systematically related to pre-existing differences
Additionally, I exploit the spatial discontinuity in the Greenbelt's coverage for surrounding
rivers and control for water system affiliation of each pair of stations. 
The corresponding DiD model  is below :

Data sources: Provincial (Stream) Water Quality Monitoring Network (PWQMN) data from
2000-2020, Ontario Integrated Hydrology Data, and Census Boundary Files.
PWQMN provides water quality measurements for BOD, Chromium, Lead, and Cadmium at
monitoring stations across Ontario (see summary statistics below).
Ontario Integrated Hydrology Data identifies watercourses intersecting monitoring stations in
PWQMN and upstream/downstream relationships.
Census Boundary Files link stations to census subdivisions, controlling for socioeconomic factors.

Summary statistics are below for BOD pollutants:
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4. Results

5. Robustness

The Ontario Greenbelt, established in 2005, is the world's largest protected greenbelt,
encompassing 2 million acres across Southern Ontario. It aims to curb urban sprawl,
protect ecologically sensitive areas, and maintain the balance between human
activities and the environment. 
This study is first to empirically examine the Ontario Greenbelt's impact on surface
water pollution using causal inference methods. It focus on key pollutants: Biological
Oxygen Demand (BOD), Chromium, Lead, and Cadmium.
Contributes a novel dataset combining high-resolution water quality monitoring data
with detailed information on watercourse characteristics and census boundaries.
I developed a highly original algorithm with ArcGIS & Python for processing Canadian
watercourse data, contributing to the creation of similar datasets.

The Greenbelt significantly reduced BOD levels in river segments with a higher share of the
protected area (Columns 1-2).

A 100 percentage point increase in Greenbelt share(that is, the whole segment is in the
greenbelt) is associated with a 12-15% decrease in BOD after implementation, holding other
factors constant.

Placebo tests using heavy metal pollutants (Chromium, Lead, Cadmium) show no consistent or
significant effects (Columns 3-8), supporting the causal interpretation.
The event study analysis estimated using the model below (see result in figure on the left)
suggests a persistent BOD reduction, with treatment effects stabilizing post-Greenbelt.

6. Key Findings
The Ontario Greenbelt has been effective in reducing organic pollution, as
measured by BOD, in the river segments within its boundaries.
The estimated treatment effects are substantial, statistically significant, and
robust to various specifications and sensitivity tests.
The results highlight the potential of land use planning policies, such as
greenbelts and urban growth boundaries, to generate significant
environmental benefits.
The findings contribute to the growing body of literature on the effectiveness
of urban containment policies in promoting sustainable development and
mitigating environmental challenges.
The study demonstrates the value of quasi-experimental methods and high-
resolution spatial data in evaluating the causal impacts of environmental
policies.

To ensure the reliability of
my findings, I am in the
process of finalizing and
reporting a series of
robustness checks.
So far, the results from
experiments are robust to
alternative
specifications, including
different fixed effects and
clustering of standard
errors at various levels.

Collaborate with municipalities and environmental science experts to
interpret the results and assess their implications for local water resource
management. 

Importantly, a more comprehensive explanation for results on heavy
metal will be provided. 
I expect stronger qualitative evidence to support causal claim. 

Explore the interactions between the Greenbelt and other drivers of
water quality, such as land use practices, wastewater treatment,
highway/construction waste and agricultural activities.
Investigate the potential treatment heterogeneity in the Greenbelt's
impact across different regions, watersheds, or land use types.
Compare the cost-effectiveness and distributional consequences of the
Greenbelt to alternative policy instruments for reducing water pollution.
Extend the analysis to assess the Greenbelt's broader environmental,
social, and economic impacts, such as its effects on biodiversity,
recreational opportunities, and farm productivity.

 I test for parallel trends in the pre-Greenbelt period using an event study
design, which broadly supports the identifying assumption.
Placebo tests using heavy metal pollutants further strengthen the
credibility of the causal interpretation.
The consistency of the findings across different specifications and tests
reinforces the validity of the estimated treatment effects.

While not perfect, the event study provides some evidence supporting the parallel trends
assumption -- the  pollution level between control and treatment were broadly similar before
the Greenbelt's implementation. 
The treatment effect appears to manifest around 3 years after the Greenbelt's
announcement. This delay could be attributed to the time needed for the policy to take effect
and influence land use patterns. This finding is consistent with the expectation that the
Greenbelt's impact on water quality would emerge gradually.

Placebo Tests
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