
“[A] gravel road [...] separates [Onieda Nation of the Thames] 
near London, Ont., from the neighbouring township of 
Southwold. On [Oneida's] side of the road, virtually no one 
trusts the drinking water that flows from the Thames River to 
their homes. […] On the other side of the gravel road, the 
township of Southwold draws its water from Lake Erie and is 
fed by a treatment system that received a $176-million 
upgrade last year.” 

Keogh, Swyers, Hargreaves, Perkins and Cribb, 2019
Global News
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Ongoing Research

How does networking and 
state capacity affect the 
delivery of clean drinking 
water in the USA?

• With Jamie Naylor

Source: Ohio Environmental Protection Agency



Source: Figure produced by the authors using Tableau Public v2021©, a Census subdivision shapefile (StaDsDcs 
Canada 2019), Neegan Burnside (2011), Stager (2011) and municipal documents/contacts.

Water Sharing Arrangements (WSAs) in Ontario (2009/10)





First Nations & Drinking Water Concerns

• Longstanding1

• In Canada 1-in-8 First Nations communities are under boil water 
advisory at any given time.

• Rate of water-borne infections in First Nations communities is 
26x the national average.

1. Baijius and Patrick 2019



Variation in Water Supply in Ontario First Nations and 
Municipalities (2009-2010)



Primary Research Ques/ons

• Do Water Sharing Arrangements influence drinking water 
quality outcomes for the recipient systems? 

• Does the Water Sharing Arrangement effect depend on 
whether the recipient system is a First Nation water system, 
or a municipal water system?



Contribu)ons to the Literature

1. Twenty-year literature review of the AJAE finds few (if any) 
examples of research on the performance of municipal water 
systems:

1. Brox, Kumar and Stollery (2003) estimate marginal willingness to pay for 
improved residential water quality. 

1. Griffin and Mjelde (2000) investigate the use of contingent valuation 
methods to assess the value of municipal system reliability.

2. Lipka and Deaton (2015)

3. State capacity: 
Acemogulu, Garica-Jimeno, and Robinson (AER 2015)



State Capacity

• Acemoglu, Garcia-Jimeno and Robinson (2015) 

State capacity as the presence of ”…state functionaries and agencies…” and 
aspect of the ”…insfrastructural power” of the state.



Acemoglu et al. (2015): State Capacity
Conceptual Model

• 𝑝! = 𝑘!𝑠! + Φ𝑠!𝑵!(δ)s + 𝛾 𝑵!(δ)s + ui

The effect of a jurisdicBons own state capacity.

The effect of a neighbor’s state capacity on i’s own state capacity.

The spillover effect of a neighbor’s state capacity on performance.

Networking effect of Provincial municipalities
available to the FN through a WSA.  



Canadian Guidelines 
for Drinking Water 

Quality

Provincial/Territorial 
Water Quality 

Standards

Municipalities First Nations

Federal
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Local

Protocol for Safe 
Drinking Water for First 
Nations Communities

Differences in STATE CAPACITY: 
Governance of Drinking Water in 

Municipalities and First Nations Communities in Canada

Source: authors. 

WSA



Major Hypotheses:

Acemoglu et al. (2015)

1. 𝑝! = 𝑘!𝑠! + Φ𝑠!𝑵!(δ)s + 𝛾 𝑵!(δ)s + ui

➕

2. 𝐷𝑊𝐴! =   α 𝐹𝑁 + + 𝛾 (FN*WSA)+ β WSA …..+ ui



Identification Concerns: Selection Bias & OMV’s

Performance of 
water system j in 

community i

A categorical variable 
capturing whether a 

water system is 
supplied through a 

WSA

Vector of community 
characteristics (e.g., 
population density, 

regional income)

Vector of water system 
characteristics (e.g., 
scale, source water 

supply, scale)

Error term



Bivariate Probit Model

1. 𝑝!,# = 𝛽𝑊𝑆𝐴!,# + 𝜃𝑥′! + 𝛼𝑧′!,# + 𝑢!,# , 𝑝!,# = 1[𝐷𝑊𝐴∗ > 0]
2. 𝑊𝑆𝐴!,#

∗ = 𝛾𝑥′′! + 𝜇𝑧′′!,# + 𝑣!,#, 𝑊𝑆𝐴!,# = 1 𝑊𝑆𝐴∗ > 0

Cov (𝑢, 𝑣)≠ 0
𝜌 = Cov (𝑢, 𝑣)

! Monfardini and Radice (2006):
! Failure to reject null that 𝜌=0 means models should be independently estimated .

! Filippini, Greene, Kumar and Martinez-Cruz (2018)



Iden/fica/on Concern:
FN Varia/on in State Capacity

• First Nations Land Management Act (FNLMA) as Proxy



Cross Sectional Data: 2009/10

• 710 water systems in the province of Ontario 
• 145 First Nations water systems
• 565 municipal water systems

• Characteristics of host communities (census subdivisions: 
First Nations reserves/communities and municipalities)



Water System and Water Quality Data Community 
Characteristics
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Data (2009-2010):

Image Sources: h*ps://bit.ly/2MmprcJ; h*ps://bit.ly/2CHfYZt
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Historical effort to get data
• There is a lack of available water provision and quality data in 

Canadian Provinces
• Neegan Burnside (2011) 
• Shortage of data from government agencies:

! Ontario Ministry of the Environment ConservaBon and Parks (MOECP)
! Environment and Climate Change Canada (ECCC)
! Public Health Ontario (referred us back to MOECP)



Historical effort to get data
• 414 municipalities were contacted over the course of 22 months to request 

water system documents that would allow us to construct needed variables 
to characterize municipal water supply in 2009-10



How we archive





Summary Data



Summary of DWA Prevalence for WSA and non-WSA Water 
Systems – All Data, Municipal Systems, First NaDons Systems

All Water Systems 
(N=710)

Municipal Water 
Systems (N=565)

First NaCons Water 
Systems (N=145)



WSAs Reduce Likelihood of Drinking Water Advisory for 
!"#$%&'(%")*$&

(i.e. “WSA Effect” is Negative)

1. 𝐷𝑊𝐴!,# = 𝛽 𝑊𝑆𝐴!,# + 𝜃𝑥′! + 𝛼𝑧′!,# + 𝑢!,# ,

2. 𝑊𝑆𝐴!,#
∗ = 𝛾𝑥′′! + 𝜇𝑧′′!,# + 𝑣!,#,

-



Marginal Effect of WSA – Probit and Biprobit Estimates



Probit and Biprobit Es/ma/on Results



Probit and Biprobit Estimation Results



FNLMA: OMV Sensitivity
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Run for WS in LPM of FN Regression: Robustness Value

Unobserved confounders (orthogonal to the covariates) that explain 
more than 22.73 percent of the residual variance of both the 
treatment and the outcome are strong enough to bring the point 
estimate to 0 (a bias of 100 percent of the original estimate).



Major Hypotheses: Grouping Mun & FN

Acemoglu et al. (2015)

1. 𝑝! = 𝑘!𝑠! + Φ𝑠!𝑵!(δ)s + 𝛾 𝑵!(δ)s + ui

➕

2. 𝐷𝑊𝐴! =   α 𝐹𝑁 + + 𝛾 (FN*WSA)+ β WSA …..+ ui



Marginal Effect of WSA in Probit Model – First 
Nations and Municipalities



Probit Es/ma/on Results with Interac/on Effect



Results Summary

• WSAs are associated with a significant reduction in the likelihood 
of Drinking Water Advisory for First Nations water systems

• The WSA effect is not found for municipalities. 

• The main results are consistent across probit and biprobit model 
estimations 



Implica/ons

• Policy:
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I am happy to answer any questions!



FNLMA



Distance Dummies full Bivariate: FN



Feasible Difference: Sensi/vity





Joint Biprobit Estimation (with interaction effect)



Correlation Matrix


