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1. Introduction 3. Data 5. Robustness

o o o . : . e To ensure the reliability of
Research Question: -- "' Did the Ontario Greenbelt Help e Data sources: Provincial (Stream) Water Quality Monitoring Network (PWQMN) data from N _ : my findings, [ am in t}z
. o 2000-2020, Ontario Integrated Hydrology Data, and Census Boundary Files. ~* ’
Improve Southern Ontario Surface Water Quality?'" - . ’ . . ’ rocess of finalizing and
Thp Ortario Greenbele. establiched i 20051f + e Qt X Jt, 1 ol e PWQMN provides water quality measurements for BOD, Chromium, Lead, and Cadmium at - lrgeporting - series o?
e The Ontario Greenbelt, established in is the world's largest protected greenbe .. : : . 2 ! '
’ ’ 5°5LP 5 ’ monitoring stations across Ontario (see summary statistics below). 2 -F4-1--- t
encompassing 2 million acres across Southern Ontario. It aims to curb urban sprawl, : . : . . . . . . < R robustness checks.
coct ecolowicall s dmaintain the bal between h e Ontario Integrated Hydrology Data identifies watercourses intersecting monitoring stations in ; e So far the results from
rotect ecologically sensitive areas, and maintain the balance between human : , e ;
P ‘e sy . 0 PWQMN and upstream/downstream relationships. g .
activities and the environment. L . T . . . : experiments are robust to
: : . . . : . e Census Boundary Files link stations to census subdivisions, controlling for socioeconomic factors. £ :
o This study is first to empirically examine the Ontario Greenbelt's impact on surface 8 | alternative
water pollution using causal inference methods. It focus on key pollutants: Biological | Summary statistics are below tor BOD pollutants: specifications, including
Oxygen Demand (BOD), Chromium, Lead, and Cadmium. Control Treatment af | | | | difterentfixed effects and
: L : : . Mi M N M SD Mi M s _ :
e Contributes a novel dataset combining high-resolution water quality monitoring data N Mean 5D - = - ;ﬂ 1:; ‘° : s : 0| clustering of standard
: o1 : .. . US Pollut; L 906  1.32 1.37 15 14 3156  1.49 1.55 . . :
with detailed information on watercourse characteristics and census boundaries. DS Pollution EEE,’;L% 006 139 159 1 202 3156  1.48 1.54 1 18.2 errors at various levels.
1 101 1 : : : [ Differences in Log(Pollutions)| 906 0.07 0.68 -2.833213 3.828641 3156  -0.00 0.80 -3.367296  4.043051 . . .
» [ developed a highly ong.m al. algorithm Wlt.h ArCG.IS & Python for processing Canadian Log(Pollution_US) 906  -0.04 0.76  -1.89712 2.639057 3156  0.08 0.78  -1.609438 2.901422 e Itestfor parallel trends in the pre-Greenbelt period using an event study
watercourse data, contnbutmg to the creation of similar datasets. ;ugt(lggutinn_DS} ggg g.g; g.zg -2.3[:]2585 3.0[]:?683 g}gg g.gi E.E -2.3%2585 2.90;1 422 design, which broadly supports the identifying assumption.
| tsville - ' ' ' ' .
S % .‘ . [ Share of River in GB 906  0.00 0.00 0 0 3156 1.00 0.04 0593062 1 e Placebo tests using heavy metal pollutants further strengthen the
Do hacernive s length of River in GB 906  0.00 0.00 0 0 3156 2613.16 1297.78 148.3676  5640.176 o ere , ,
M e G Y [River Length 006 320474 1298.44 1338.018 5957.169 3156 2619.09 1294.88 1030.809  5640.176 credibility of the causal interpretation.
'q.n.nu : o y X Observations 906 3156 e The consistency of the findings across different specifications and tests

' .%m, oy & reinforces the validity of the estimated treatment eftects.
Ty 4. Results -
0 ‘ !E "‘%del' 60 Key Flndlngs

Table 5: Greenbelt Policy Impact on Pollutants

(1) (2) (3) (4) (5) (6) (7) (8) . LI o . .
“’"" BOD Basic  BODFE | Chromium Basic Chromium FE Lead Basic  Lead FE  Cadmium Basic Cadmium FE o The Ontario Greenbelt has been effective infreducing organic po]lutlonl, as
[“Share of GB | 1,590 1,698 0.0220 AT 0.00961 1.723° 0.0131 17387 : : SN :
v (0.0555) (1.216-10) (0.0349) (0.0130) (0.0282) (0.0114) (0.0170) (0.0139) measured by BOD, in the river segments within its boundaries.
- i*:pm;; 3 S 0276+ 0,308 0630 07 0996 1,022 J0.884" 10.908" ¢ The estimated treatment effects are substantial, statistically significant, an
% ° 09" oy (0.0531) (0.0362) (0.337) (0.371) (0.281) (0.315) (0.428) (0.449)

Detront ¢ []

robust to various specifications and sensitivity tests.

Post GB=1 |x IShare of GB -0.124** -0.147 0.162 0.222 0.00692 -0.00602 -0.0523 -0.0190 . . . . . .
2 d . f. o (0.0121) (0.0101) (0.295) (0.336) (0.194) (0.235) (0.219) (0.266) » The results highlight the potential of land use planning policies, such as
I t t . . . River Length 0.0000953***  -0.000272*** 0.0000837*** -0.0000942*** 0.000104*  -0.0000895"** 0.0000831"" -0.0000783*** 1 1 1
° e n I I C a I o n River Direction (0.000000997)  (1.49e-14) (0.0000226) (0.00000949)  (0.0000417)  (0.00000833)  (0.0000283)  (0.00000976) greenbelts and urban grOWth boundaries, to generate Slgnlficant
. D: > Observations 3,042 4,018 2,172 2,172 1,397 1,397 2,241 2,241 :
Le n g(tgetl:\\;\l[\éeerhsﬁé gﬁg tDLSe N gt h R-squared Overall 0.158 0.341 0.074 0.202 0.074 0.114 0.079 0.101 enwronmental beneﬁts.
Time Fixed Effects Yes Yes Yes Yes Yes Yes Yes Yes . . 1 1 .
; Timo Pixed Bifocts e s Ye Yes ve: ves ve: Yes e The findings contribute to the growing body of literature on the eftectiveness
Standard errors in parentheses of urban containment policies in promoting sustainable development and
Standard errors clustered at the water session level (us_sessionname) are reported in parentheses. _
" P <0.05,* p <00 p<0.001 mitigating environmental challenges.
Upstream 2R . . . . . e The study demonstrates the value of quasi-experimental methods and high-
Station m Station e The Greenbelt significantly reduced BOD levels in river segments with a higher share of the . y . . . d P i _ 5
(US) (DS) resolution spatial data in evaluating the causal impacts of environmental
: protected area (Columns 1-2). s
. : : . olicies.
Greenbelt Area o A100 percentage point increase in Greenbelt share(that is, the whole segment is in the P 7 N ext St ens
N v i greenbelt) is associated with a[12-15% decrease in BOD|after implementation, holding other * p

GB_length: River Se Ggmen tien oth factors constant. e Collaborate with municipalities and environmental science experts to

that /s inside Greenkelt e Placebo testsusing heavy metal pollutants (Chromium, Lead, Cadmium) show no consistent or interpret the results and assess their implications for local water resource
Share of GB = Length/ QMBMW significant effects (Columns 3-8), supporting the causal interpretation. management.

I consider PWQMN monitoring stations along watercourses in Southern Ontario. For each pair,| © The event study analysis estimated usmfg the model below (see res.u.lt.m figure on the left) o Importa.ntly, a mo.re comprehensive explanation for results on heavy

Iidentify upstream and downstream stations based on flow direction, and explore their suggests a persistent BOD reduction, with treatment eftects stabilizing post-Greenbelt. metal will be provided.

. . . . . . 2020 1 1 1 1
| relative spatial relationship with the Greenbelt |(see Figure). A(BODY; {— o+ S 5, (GBShard x Year)ist + [River Longthil+ plosDs o ] eXpeCt. Strong.er qualitative evidence to support Causa.l claim.

e By focusing on the change in{downstream minus upstream pollution|before and afterthe j=2000 (2) o Explore the interactions between the Greenbelt and other drivers of

Greenbelt (2005), I control for time-invariant differences between locations, isolating ATE . + A ionNames i 7y;5ubroutelDi + u Yeart + ¢4 X Monthi, t + €, water quality, such as land use practices, wastewater treatment,
e [assume the de31gnat1on of the Greenbelt boundarles 1S exogenous to local water qgali’t”y e While not D erfect, the event stu dy provi des some evidence supporting the par allel trends highway /construction waste and agricultural activities.

. . . ,
..... assumption -- the pollution level between control and treatment were broadly similar before | ¢ Investigate the potential treatment heterogeneity in the Greenbelt's

““““““ the Greenbelt's implementation. impact across different regions, watersheds, or land use types.

*

““““ e The treatment effect appears to manifest around 3 years after the Greenbelt's e Compare the cost-effectiveness and distributional consequences of the

*
‘$

Greenbelt to alternative policy instruments for reducing water pollution.

I'IVGI'S and COIltI'Ol for |Vvater System aj_ﬁhatlon Of each Dan: @f “S’tatlons announcement. ThiS delay COUld be attribUted o the time needed fOI‘ the pOlicy to take effeCt d h 1 h b 1 \ b d 1
: : TR : : .. : : : e Exten nalysi reen r Ir environmen
o The corresponding DiD model isbelow: .~ and influence land use patterns. This finding is consistent with the expectation that the t.e the analys > t(? assess the Gree 1o° ts broade (CRVITORE @,
[AIn(BOD).|= a + B|GB shares, |+ BiPost GB,,+ fs (GB Share|{ Post Gb);. Greenbelt's impact on water quality would emerge gradually. social, a.nd economic 1m.p.acts, such as its effects on biodiversity,
+ B4River Length, |+ 35CSD; + )\TISessmnName2 +yiSubroutelD; + pi: Year: + ¢s x Monthi  + € recreational opportunities, and farm productivity.
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