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Abstract

This paper examines the extent to which the activity of public and private waste-
management actors influences waste diversion intensity and non-COq greenhouse-gas
(GHG) emissions from biomass in Canada. We estimate (i) a Cobb-Douglas production
function to predict the value of public-sector output; (ii) event-study models explaining
total GHG emissions from biomass; and (iii) a pollution model explaining the intensity
of waste diversion and the resulting GHG emissions. The analysis uses a provincial
panel covering 2002-2018. The key variables capture capital expenditures, operating
expenditures, and operating revenues of municipalities and firms, as well as flows and
stocks of landfilled waste. Results from the event-study models (ii) show that municipal
capital expenditures in waste management are associated with a significant reduction
in GHG emissions at a +3-year horizon (a delayed effect), whereas firms’ capital is
not significant. Firms’ economic activity (revenues) is linked to a reduction in GHG
emissions in the following year according to the event-study estimates; however, the
pollution model (iii) indicates that a 1% increase in firms’ output raises waste diversion
intensity by 0.22%, while a 1% increase in predicted municipal output reduces it by
0.151%. GHG emissions respond strongly to new waste inflows and, more modestly, to
accumulated stocks, confirming the importance of addressing both inflows and stocks
simultaneously. Provincial heterogeneity suggests differentiated policies. Overall, the
findings argue for greater public investment (composting, recycling, landfill-gas capture)

in waste management.
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1. INTRODUCTION

Over the period 2002—-2022, the total amount of solid waste diverted increased from 212 to 254
kilograms (kg) per person, a rise of 20% (Environment and Climate Change Canada, 2024).
These are wastes diverted from landfill or incineration—that is, wastes that are recycled,
composted, or reused. Over the same period, the amount of solid waste disposed of in landfills
fell by 11%, from 768 to 684 kg per capita (Environment and Climate Change Canada, 2024).
These are wastes that are landfilled or incinerated. Under Target 12.5 of the Sustainable
Development Goals (SDGs), the UN aims to substantially reduce waste generation by 2030
through prevention, reduction, recycling, and reuse (UN, 2021). In its 2022-2026 Federal
Sustainable Development Strategy, the federal government seeks to contribute to this target
by aiming to reduce “the amount of waste that Canadians send to disposal from a baseline of
699 kilograms per person in 2014 to 490 kilograms per person by 2030 (a reduction of 30%)
and to 350 kilograms per person by 2040 (a reduction of 50%)” (Environment and Climate
Change Canada, 2022). Thus, according to these two government reports, the amount of
solid waste disposed of in landfills went from 699 kg per person in 2014 to 684 kg in 2022,
a decrease of about 2%. A substantial effort is therefore still required to reach the 30%
reduction target by 2030.

To achieve this objective, the actions to be undertaken are set out in (Environment
and Climate Change Canada, 2022, p. 137), in the following order of preference: (1) waste
prevention; (2) reuse; (3) refurbishment; (4) recycling; (5) energy recovery; (6) landfill. Waste
prevention, the top priority, can occur at the level of consumption—especially household
consumption—through strict avoidance or source reduction (Cox et al., 2010). Pricing
incentives can be used for this purpose. In some Canadian cities (notably in the West), there
are policies under which households pay according to the amount of waste they produce
(Kelleher Environmental Robins Environmental, 2009). However, influencing household
behavior remains difficult (Barr, 2007). By contrast, public actors have more levers over
the intensity with which consumption-generated waste is directed to landfills, by promoting
and investing in recycling (including composting) and energy recovery. Indeed, according
to (Circular Inovation Council, 2017), diverting waste from landfill and incineration can
be influenced “by regulations from all three levels of government (federal, provincial, and
municipal).” We can define the waste emission intensity as the amount of waste deposited in
landfills per dollar of goods consumed, since consumption is the economic activity that gives
rise to waste. According to integrated assessment models, some of which are presented by
(Nordhaus, 2013), emissions are proportional to the activities that generate them, with the
proportionality coefficient representing the intensity of pollution.

Moreover, reducing disposed waste would help decrease greenhouse gas (GHG) emissions
from biomass. Cutting the amount of organic waste sent to landfill—such as food scraps and

yard trimmings—plays a key role in mitigating climate change, a result also highlighted by
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(Castro et al., 2021), who show that waste management strategies can significantly reduce
GHG emissions, including fluorinated gases. When this waste decomposes underground
without oxygen, it produces methane (Environment and Changement Climatique Canada,
2023), a very potent greenhouse gas—much stronger than carbon dioxide (Environmental
Protection Agency, 2024). Today, landfills are one of the main sources of methane in Canada,
accounting for about 23% of national methane emissions (Environment and Changement
Climatique Canada, 2023). It is therefore possible to divert this waste from landfill by
valorizing it in other ways, for example through composting (Environmental Protection
Agency, 2025) or biogas recovery (Environmental Protection Agency, 2024). These solutions
not only reduce non-CO2 GHG emissions but also produce renewable energy or compost
useful for agriculture.

As (Bogner et al., 2011) point out, methane generation in landfills is a long-term anaerobic
degradation process. Emissions thus come from both recently deposited waste and waste
accumulated over many years. This dynamic is captured by the LandGEM (Landfill Gas
Emissions Model), developed by the EPA and presented by (Krause & Thorneloe, 2024).
This model, based on a first-order decay equation, makes it possible to estimate methane
production and emissions while accounting for both historical and current inputs. LandGEM
is now widely used by operators and authorities to forecast air pollutant emissions from
landfills.

Understanding the factors that determine the intensity of waste emissions in landfills could
help better identify the levers available to public actors. According to integrated assessment
models of the economics of climate change, pollution is the product of economic activities,
as shown by the models presented by (Nordhaus, 2013). In these models, the amount of
pollution emitted is proportional to the economic activity that generates it. Applied to
waste management, this implies that consumption is a primary driver of emissions. However,
the production activity of actors in the biomass management sector—that is, their waste
treatment capacity—could influence the intensity of these emissions. The activity of these
actors is a combination of their equipment and investments, their operating resources (labor,
inputs, etc.), and their technological innovation.

Furthermore, understanding the relationship between waste disposed of in landfills and
the GHGs it emits could help assess the impact on global warming of government efforts to
reduce waste-related emissions. Accordingly, in this study we examine the impact of local
government activities—measured by their output in the waste treatment sector—on the
intensity of emissions in landfills. We also examine the relationship between waste emissions
and the GHG emissions they generate. The remainder of this document presents a brief
literature review on environmental degradation in relation to economic activity and on the
determinants of industrial pollution and environmental innovation (Section 2), an econometric
model to estimate the effects of interest (Section 3), the data and variables used (Section 4),

and the preliminary results (Section 5).
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2. LITERATURE REVIEW

2.1. Economic activity and environmental degradation

Existing studies recognize the link between economic activity and environmental degradation.
According to the Environmental Kuznets Curve (EKC), first introduced by (Grossman &
Krueger, 1991), there is an inverted-U relationship between economic growth and environmen-
tal degradation. The curve is named in reference to the work of (Kuznets, 1955, 1963), who
proposed an inverted-U relationship between income inequality and the level of income. This
relationship suggests that in the early stages of economic development, growth in a country’s
per-capita income is associated with an increase in per-capita pollution, which peaks when
the country reaches a middle-income level. Thereafter, as the country becomes developed and
technologically advanced, it increasingly adopts green technologies to combat environmental
degradation. As a result, income growth is accompanied by a decrease in environmental
degradation in these developed countries. Thus, under the EKC hypothesis, economic growth
is a cause of environmental degradation in the early stages of development but becomes part
of the solution at later stages, as developed countries have sufficient resources and technologies
to tackle the problem. (Stern, 2018; Stern et al., 1996) offer a critical analysis of the EKC.
(Stern et al., 1996) point out that some assumptions underlying the EKC are violated—most
notably, the absence of feedback from environmental quality to economic growth itself, and
the assumption that international trade has a neutral effect on environmental degradation.
They also note econometric problems in EKC studies. A study by (Stern, 2018) suggests
that “the true form of the relationship between emissions and income is probably monotonic,
but the curve shifts downward over time.”

While some studies examine the overall relationship between economic activity and
environmental degradation (Grossman & Krueger, 1991; Lee et al., 2016; Stern, 2018;
Stern et al., 1996), others proceed from the assumption that pollution is generated by
production rather than consumption (Lopez, 2017; Nordhaus, 2013; Selden & Song, 1995), or
develop models—generally overlapping-generations models—in which pollution is generated
by consumption activities (John & Pecchenino, 1994; John et al., 1995). On the production
side, a large literature explores the determinants of industrial pollution. These factors include
the presence of environmental regulations such as property rights (Coase, 1960, 1990) or
environmental taxes (Pigou, 1933); openness to international markets (Jiang et al., 2014); as
well as firm-level characteristics such as the education level of personnel (Jiang et al., 2014;
Weersink & Raymond, 2007) and firm size (Fang et al., 2020; Jiang et al., 2014).

2.2.  Determinants of landfilled waste and the GHGs emitted by this biomass

The actions that determine the level of solid waste sent to landfills are discussed and ranked

by order of desirability in (Environment and Climate Change Canada, 2022). An action
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is more desirable the fewer additional costs it entails. Thus, the most preferred action is
to prevent and reduce waste—for example, by consuming fewer goods that generate waste.
Next come the reuse of worn but still functional goods and the repair of damaged goods
for reuse. Although more costly than reuse and repair, refurbishment also helps reduce the
amount of worn goods that end up as solid waste. Other actions over which actors in the
waste-management sector have greater control include recycling residual materials (including

composting) and recovering energy (e.g., biogas extracted from organic waste).

Figure 1: Waste management hierarchy
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Source: Environment and Climate Change Canada, 2022, p. 137

Thus, waste is generated by the consumption of goods (household final consumption,
intermediate consumption, and consumption of producers’ physical capital), but the capacity
to recycle, compost, and extract energy from biomass on the part of waste-treatment actors
gives them the power to influence the share of residual materials generated by consump-
tion that ends up in landfills. Since this waste generates GHGs—mainly non-COs gases
such as methane (Environement et Changement Climatique Canada, 2023; Environmental
Protection Agency, 2024)—reducing the intensity of landfilled waste by recovering value
through recycling, composting, or biogas extraction will limit the intensity of those GHG
emissions (Environmental Protection Agency, 2024, 2025). (Pardo et al., 2015) also argue
that waste-management strategies significantly affect the GHGs emitted by this waste.

Although households (in their final consumption) or firms (in their intermediate or fixed-
capital consumption) are the ones to prevent or reduce waste, public authorities can create
incentive measures such as pricing policies. The literature distinguishes between direct and
indirect pricing. Direct pricing means charging waste generators directly for treatment fees.
These fees can be a flat amount or an amount proportional to the quantity of waste generated,
known as Pay As You Throw (PAYT). Indirect pricing consists of levying an amount on the
local government’s tax base to manage waste. According to (Kelleher Environmental Robins

Environmental, 2009), in cities in Western Canada, the direct pricing system is widely used
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by municipalities. In cities in Eastern Canada, by contrast, the indirect system predominates.

Most municipalities therefore fund waste management through their tax base.

2.3. Contribution

Our work is very close to (Lee et al., 2016), who estimate Granger causality between economic
growth and environmental degradation—that is, the Environmental Kuznets Curve (EKC)
relationship. They assess the effect of GDP per capita on the amount of municipal solid waste
(MSW) per capita; the effect of total MSW volume on greenhouse gas (GHG) emissions;
and the effects of diverted waste on GHG emissions. Following (Stern, 2018), we consider
that a measure of environmental degradation—given by the amount of landfilled waste—is
monotonically increasing with economic activity, which we capture via GDP. Following the
models described by (Nordhaus, 2013), we assume this relationship is proportional and
heterogeneous. In other words, the level of pollution is proportional to the economic activity
that generates it, with a heterogeneous proportionality coefficient. Accordingly, we consider
that the level of landfilled waste in a province is proportional to that province’s GDP. The
proportionality coefficient is heterogeneous and varies over time and across provinces. Unlike
(Lee et al., 2016), we therefore consider a monotonic and proportional relationship between
landfilled waste and GDP. For a given province, this proportionality coefficient is given by
the ratio of the amount of landfilled waste to that province’s GDP. It is interpreted as a
pollution-emission intensity, following (Nordhaus, 2013). One contribution of this work is to
estimate the relationship between this emission intensity and the level of activity of actors in
the waste-management sector. Particular attention will be paid to public actors, namely local
governments. In addition, following (Lee et al., 2016), we aim to estimate the relationship

between the level of landfilled waste and the level of non-CO,; GHG emissions it generates.

3. MODEL

3.1. Production function

We aim to study the impact of the activity or production capacities of public and private
actors in the waste-management sector on the intensity of waste emissions and on non-COq
GHG emissions from biomass. Production activities are represented by operating revenues as
monetary indicators of output values. The operating revenue of a representative private firm

in province ¢ at time t is given by a Cobb—Douglas production function:

Log(Rth) =a+ac Log(KZ{) + ap Log(OZJ;) + ay Log(Y;;) + Log(As) (1)

Assuming that local governments have the same production function as private firms, the

counterfactual gross revenue that a representative local government in province ¢ at time ¢
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would have if it sold its output on the market is:

Log(RY,) = &+ ac Log(K3) + ap Log(0%,) + ay Log(Yit) + Log(Ax) (2)

where Kj; = K7, | + C}} is the cumulative amount of capital expenditures by the actor
in group s € {f, g}, representing the physical capital stock. C% is the amount of capital
expenditure in period ¢; O3, is the amount of operating (i.e., current) expenditure; Y;; is GDP
per capita in province i, representing the stock of waste generated by the province’s overall
economic activity. This generated waste constitutes an input for actors in the waste-treatment
sector. Using GDP per capita rather than total GDP controls for size effects. A;; is an index

composed of the level of technology and market prices for output.

3.2. Event Studies

As part of this study on the relationship between the activity of local governments (municipal-
ities) in the waste-treatment sector and environmental degradation, we begin by estimating an
event-study model. The goal is to examine the relationship between investment expenditures,
the level of activity (given by the value of output) of actors in the waste-management sector,
and the level of GHGs emitted by landfilled waste. We estimate this model separately for
public and private actors. The event-study model (ES) is an econometric framework for
estimating treatment effects when the treatment variable is continuous and varies across
the observed units (provinces) and over time. The ES model we use here is inspired by
(Freyaldenhoven et al., 2021) and is a generalization of the Differences-in-Differences (DiD)
method. It is a linear model with dynamic treatment effects. Under this model, the pollution

generated by landfilled waste in region ¢ during year ¢ is given by:

M
Log(GHG:) = a; + % + XuA+ Y Buzipm + Cit + €t
-G

Where Log(GHG,;) represents the logarithm of a pollution variable, namely the quantity
of GHGs (excluding CO;) emitted by biomass—that is, by the amount of waste landfilled.
a; is a region fixed effect and 7, is a time fixed effect. C}; is an unobservable variable
potentially correlated with the treatment (policy) variable z;. If they are correlated, then z;
is endogenous. X;; denotes a set of control variables, which differs depending on the policy

variables.

e When z;, denotes the logarithm of local governments’ capital expenditures, X;; includes
the logarithms of local governments’ operating expenditures and firms’ operating

revenues.

e When z;; denotes the logarithm of firms’ capital expenditures, X, includes the loga-

rithms of firms’ operating expenditures and local governments’ operating revenues.
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e When z;; denotes the logarithm of local governments’ operating revenues, X;; includes

the logarithm of firms’ operating revenues.

e When z;; denotes the logarithm of firms’ operating revenues, X;; includes the logarithm

of local governments’ operating revenues.

In each of the above cases, X;; also includes, in logarithms, the stock of past landfilled
waste and GDP. GDP is a proxy for the amount of new waste generated by the economic
activity of province ¢ during period ¢. Dynamic treatment effects are captured by the term
Z]YG BmZit—m- Thus, pollution in region ¢ at year ¢ is affected only by values of the policy
variable taken at most G years before t or at most M years after ¢, with G > 0, M > 0.
Hence, values realized in past years have lagged effects, whereas values realized in future
years have anticipation effects.

To estimate and directly visualize the cumulative effects (denoted J), we can rewrite the

model equation as:

M-—1
LOg(GHGZ't> = Q4 + Yt + Xz/t)‘ + Z 5k AZi,t_k + 5M Zit—M + 5—G—1(1 — Zi,t—i—G) + Cit + €t (3)
k=—G

k represents the delay between the year when the treatment variable changes and the
year when the effect on pollution is observed. If k is negative, it is an anticipation (or
announcement) effect. If k is positive, it is a lagged effect. [y gives an isolated effect, whereas

0 represents a cumulative effect:

;

0 ifk<-—-G
k
> Bum H-G<k<M
o =1, (4)
M
> B ifk>M
\m=—0G

Let G =5 and M = 1. In other words, we allow for a lagged effect of up to five years and
an anticipation effect of up to one year. The estimates of these d; are presented in Figure 3
and Table 3.

3.3. Biomass pollution model

Moreover, the amount of landfilled waste generates a quantity of non-COy GHGs. The stock
of past waste and new waste have different effects but interact, because newly deposited
waste warms existing waste and accelerates the chemical processes that generate GHGs such

as methane. To account for this interaction, we choose a Cobb-Douglas function:
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Log(eit) =7 + yw Log(Wi1—1) + 7w Log(wit) + 7 + Y& + € (5)

where e;; is the amount of non-COy GHGs per capita emitted in province ¢ during period
t; w; is the amount of waste per capita landfilled during period ¢; W;;_; is the total amount
of waste per capita landfilled in the past up to period ¢t — 1; and #; and #; represent province
and time fixed effects.

The amount of new waste landfilled in a province is proportional to the amount of waste
generated by the province’s overall economic activity. Thus, we consider it proportional
to the province’s GDP. This proportion is a geometric combination (i.e., a Cobb—Douglas
function) of the waste-treatment capacities of firms and local governments. These waste-
treatment capacities are given by the market value of the output of the relevant actors in the
waste-management sector. The relationship that determines the intensity of landfilled waste

is therefore:

Log(wit/Yis) = B + B; Log(NLRL) + B, Log(NGR%,) + B + By + eir (6)

where w;; /Yy, is the amount of landfilled waste per dollar of GDP in province i during
period t. w; /Yy thus represents the landfilling intensity of waste generated by the province’s
overall economic activity. RZJ; is the market value of output for the representative firm, and
N} is the number of firms. RY, is the market value of output for the representative local
government, and N, is the number of local governments (i.e., the number of municipalities).
B; and 3, represent province and time fixed effects. Note that equation 6 is inspired by the
notion of emissions intensity in integrated assessment models such as the RICE/DICE models
described by (Nordhaus, 2013). In those models, pollution is proportional to the level of
the activity that generates it, with the proportionality coefficient depending on pollution
intensity and the abatement rate. The difference from the RICE/DICE models lies in the
origin of pollution and in how pollution intensity is determined. In our case, waste emissions
come from household consumption activities and overall industrial production, not solely
from industrial production. Moreover, while effective pollution intensity is heterogeneous in
our analysis as in the RICE/DICE models, in those models this heterogeneity is determined
by firms’ choices of abatement rates. In our analysis, it is determined exogenously by the
activity of the actors who manage and treat waste, rather than by the choices of all the actors

who generate this pollution.



Ecole Nationale d’Administration Publique « ENAP e Septembre 2025

4. DATA

4.1. Data Sources and Presentation of Variables

To study the impact of activities by public and private actors in Canada’s waste management
industry, we use the following datasets available through the Government of Canada’s open
data portal: (1) characteristics of firms in the waste management industry; (2) characteristics
of local governments in the waste management industry; (3) disposed waste, by source; (4)
population; (5) provincial and territorial GHG emissions by Canadian economic sector.

These data vary across Canadian provinces and over time. After merging them and
selecting the information specific to the waste management industry, we obtain 17 annual
periods covering 2002 to 2018.

For a region ¢ and a year ¢, we can obtain the following information for the waste

management industry:

e The size of the region’s population (P);
e The quantity of disposed waste (w);
e The quantity of GHGs emitted by biomass (e);

e Average investment per firm (C7), given by the ratio of firms’ total capital expenditures

to the number of firms;

e Average investment per local government (CY), given by the ratio of local governments’

total capital expenditures to the number of municipalities;

e Average operating expenditures per firm (O7), given by the ratio of firms’ total operating

expenditures to the number of firms;

e Average operating expenditures per local government (OY), given by the ratio of local

governments’ total operating expenditures to the number of municipalities;
e The number of firms (NY);

e The number of municipalities (NY).

Four provinces, namely New Brunswick, Nunavut, Yukon, and the Northwest Territories
are excluded because they lack sufficient data on the variables of interest. Originally, the
data collected on firm characteristics and on local government characteristics in the waste
management industry were biennial, covering the years 2000, 2002, 2004, 2006, ..., 2018,
2020, 2022. Information for the odd years was obtained by taking the average of the two
adjacent even years. After this initial processing, some variables of interest still have missing

values, mainly due to:

10
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e non-disclosure of certain information that did not meet anonymity and confidentiality

criteria;
e and the absence of certain observations in some provinces.

Where possible, these missing values were filled, for each variable in each province, using
the observed values from the closest periods. Provinces where this was not possible—for

example, due to a complete lack of observations—were excluded.

4.2. Data Description

Table 1 describes the variables used. In the sample, the per-capita quantity of disposed waste
averages 732 kg and ranges from 378 kg per capita to 839 kg per capita. The per-capita
quantity of greenhouse gases averages 825 kg COs-eq and ranges from 466 to 1390 kg COs-eq
per capita. Moreover, investment by a firm in the waste management sector averages 210K
CAD, which is not far from the average investment by a local government (a municipality),
at 199K CAD. By contrast, the dispersion of these capital expenditures across regions and
years is much larger for public actors (standard deviation = 182K CAD) compared with
firms (standard deviation = 102K CAD). As for operating expenditures, they average 2.955M
CAD per firm and 1.266M CAD per municipality. The resources acquired through these
expenditures generated operating revenue of 3.608M CAD per firm. This average value of a
firm’s output ranges from 1.028M to 7.832M CAD depending on the province and period.
Because the goods and services provided by local governments are generally non-market,
the market value of their output is unobservable. Instead, we observe revenues collected by
these public actors, which reflect only a portion of the revenue they would receive if they
offered market goods. This partially observed revenue ranges from 890K to 3.224M CAD per

municipality depending on the province and the year observed.

Table 1: Descriptive Statistics

Variable n mean sd min 25% median 75% max
P 119 4636558.105 4197869.496 934763.250 1115495.250 3724157.000 7601463.250 14297687.000
N7 119 213.987 163.598 26.000 49.750 246.000 282.750 561.000
N9 119 437.571 365.478 50.000 137.000 354.000 782.000 1134.000
e 119 824.633 287.063 465.516 546.138 699.112 1062.823 1389.928
w 119 732.537 188.540 378.420 657.507 759.112 838.689 1157.608
RS 119 3608.185 1403.044 1028.368 2521.262 3509.086 4545.709 7832.413
RSt 119 960.324 889.908 11.879 306.476 640.560 1404.340 3224.346
of 119 2955.146 1116.389 920.218 2112.239 2789.500 3676.431 5991.925
09 119 1265.756 984.940 22.215 435.418 1175.556 2118.475 3112.056
ct 119 209.720 102.493 71.447 127.430 180.157 276.627 571.442
(4 119 198.622 182.305 3.669 41.863 143.905 330.135 785.241

Notes P province population; N: number of firms in the province operating in the waste management sector; NJ:
number of municipalities in the province; e: quantity of non-CO2 GHGs per capita emitted by waste (in kg CO2 equivalents);
w: quantity of waste per capita deposited in landfills (in kg); Rf: operating revenue per firm (thousands of USD); RI{QTt:
observed share of operating revenue per municipality (thousands of USD); O9: operating expenditures per firm (thousands of
dollars); O operating expenditures per municipality (thousands of dollars); Cf: capital expenditures per firm (thousands

of dollars); C9: capital expenditures per municipality (thousands of dollars).

11
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5. RESULTS

5.1. Production Function and Prediction of Local Government Output

The estimation of the production function is given in Table 2. The estimated parameter
values of the production function are ap = 0.894, ac = 0.160, ay = 0.213. Thus, a 1%
increase in a firm’s capital stock, a 1% increase in the firm’s operating expenditures, and a
1% increase in the province’s GDP per capita raise that firm’s output by 0.894%, 0.16%, and
0.213%, respectively. The other coefficients shown in the table are year fixed effects (with
2002 as the reference) and province fixed effects (with AB = “Alberta” as the reference). In
addition, Figure 2 shows the output value of an average local government predicted from its
capital expenditures and operating expenditures, using the firms’ production function and
innovations (i.e., estimated residuals). The figure also shows the value of the portion of these
revenues that is observed in the data. We can see that the predicted revenues are higher than

the partially observed revenues.

Figure 2: Predicted local government revenue vs. partially observed revenue (in thousands of

USD)
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scatter points.

5.2.  Event Studies

The estimation results for the event-study equations are given in Table 3 and Figure 3.

According to the top-left panel of Figure 3, local governments’ total capital expenditures

12
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Table 2: OLS estimates of production function

Variable Estimates p-value
Constante 0.157 0.548
Log(O7) 0.894 0.000
Log(K7) 0.160 0.000
Log(Y) 0.213 0.047
Effets fixes des provinces (Reference=AB)
BC 0.162 0.001
MB 0.161 0.004
NS 0.050 0.499
ON -0.009 0.860
QC 0.092 0.131
SK 0.004 0.881
Effets fizes des annees (Reference=2002)

2003 -0.122 0.000
2004 -0.200 0.000
2005 -0.237 0.000
2006 -0.263 0.000
2007 -0.282 0.000
2008 -0.317 0.000
2009 -0.313 0.000
2010 -0.322 0.000
2011 -0.335 0.000
2012 -0.342 0.000
2013 -0.352 0.000
2014 -0.357 0.000
2015 -0.367 0.000
2016 -0.380 0.000
2017 -0.380 0.000
2018 -0.378 0.000

Notes The dependent variable is the logarithm of a firm’s operating
revenue. Log(Of), Log(Kf), and Log(Y) denote, respectively, the logarithm
of: the firm’s operating expenditures, the firm’s capital stock (i.e., current
and past capital expenditures), and the GDP of the firm’s province (GDP is
treated as a proxy for the amount of waste generated by consumption, which
is used as an input by waste-treatment actors).
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Figure 3: Cumulative effects
function of lags k

of the treatment variables on the quantity of GHGs, as a
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in year t (corresponding to Event Year = 0) in the waste management industry appear to
be associated with a decrease in non-CO, GHG emissions in future years, at least from the
third year onward. Thus, 1% more spending by local governments in year ¢ reduces non-COq
GHG emissions from biomass by 0.116% in year ¢ + 3, i.e., in the third year after the increase
in expenditures. By contrast, firms’ total capital expenditures generally have negative but
statistically insignificant effects. Moreover, local governments’ revenues (predicted using the
firms’ production function) have negative but statistically insignificant effects, while firms’
observed total revenues have statistically significant future effects, at least for year t 4+ 1, i.e.,
the year following the increase in revenues. Thus, 1% more in the value of firms’ output in
year t is associated with a 0.821% decrease in emissions in the following year ¢t + 1. In other
words, a 1% increase in firms’ level of activity or productive capacity in year ¢ is associated
with a 0.821% decrease in emissions in year t + 1.

Thus, depending on the variables used to represent the scale of activities of local govern-
ments or firms—or their waste-management capacities—we find possible links with future
reductions in non-CO, GHGs from landfilled biomass. As an implication of these links,
public authorities would be more effective in the long term when they invest in capital
(infrastructure, equipment), whereas firms influence emissions more through their economic
performance. This may reflect differences in objectives (public service vs. profit). To better
understand the impact of these different actors’ activities, we will use a model that specifies

both the intensity of biomass landfilling and the air pollution arising from that biomass.

5.3. Pollution

The estimates of equations 5 and 6 are presented in Table 4. Based on the estimation results,
there is clear evidence of an interaction between the stock of waste accumulated in the past and
the amount of new waste in their effects on the quantity of non-CO, greenhouse gases emitted
by landfilled waste, because the coefficients of the two variables (P; x w;) and (P,_1 * W;_4)
are statistically significant at the 5% level. This statistical significance constitutes evidence
of a significant linear relationship between (e;) and (P, % wy), (P—1 * W;_1), and thus of a
significant log-log (Cobb-Douglas) relationship between e; and P, x wy, P_1 % Wy_1. A 1%
increase in past stocks of landfilled waste leads to a 0.069% increase in current non-CQO,
GHG emissions from landfills. In addition, a 1% increase in the current amount of newly
landfilled waste leads to a 1.083% increase in current non-CO, GHG emissions from landfills.
These results imply that reduction policies should target not only lowering incoming waste
flows but also managing or remediating legacy stocks. This justifies investments in biogas
solutions, methane capture, or source reduction.

Estimating province fixed effects (with AB = “Alberta” as the reference) allows a compar-
ison across provinces of the Cobb—Douglas relationship between non-COy GHG emissions and
landfilled waste. Provinces NS (“Nova Scotia”), SK (“Saskatchewan”), and M B (“Manitoba”)
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Table 3: Regression coefficients (dx’s) of equation 3 for several event studies

Variable

Study 1

Study 2

Study 3

Study 4

Coef

p-value

Coef p-value

Coef p-value

Coef  p-value

A(NCY)

A(NCy)
A(NCY )
A(NCY )
A(NCY )
A(NCY )

(NC_g)
(NC41)

0.008
-0.038
-0.072
-0.116

-0.14

-0.13
-0.157

0.023

0.835
0.259
0.177
0.009
0.104
0.074
0.084
0.373

0.084
-0.783

0.581
0.031

1.193
-0.159

0.276
0.668

-0.087
-0.038
-0.044
-0.046
-0.019
-0.041

0.051
-0.044

0.373
0.616
0.664
0.667
0.839
0.757
0.598
0.504

-0.139 0.769

-0.275
1.075
-0.417

0.029
0.488
0.471

0.081
-0.278
-0.115

-0.54
-0.277
-0.337 0.173

0.05 0.756
-0.043 0.91

0.78
0.186
0.598
0.193
0.263

0.008 0.981

1.85 0.001
0.012 0.985

-0.754 0.277
-0.821 0
-0.493 0.279
-0.623 0.081
-0.13 0.534
-0.302 0.325
0.096 0.742
-0.79 0.184

-0.151
-0.735
-0.436

0.325
0.537
0.372

Notes Province and year fixed effects were included but are omitted from the table.
Study 1 represents the effect of the logarithm of local governments’ capital expenditures ((C{)) on the logarithm of GHG

emissions ((e¢)). Study 2 represents the effect of the logarithm of firms’ capital expenditures ((C'tf)) Study 3 represents
the effect of the logarithm of the monetary value of local governments’ output ((C7)). Study 4 represents the effect of the

logarithm of the monetary value of firms’ output ((th))

NX? denotes the total value of X across all N®* members of group s = {f, g}. For example, th denotes the amount of

capital expenditures per firm in the province and N Cgc = Ntf X th denotes the total amount of these expenditures for the

Ntf firms in the province. Likewise, Cf denotes the amount of capital expenditures per local government (municipality)
in the province and N Cf = th X C’f denotes the total amount of these expenditures for the th local governments in the
province. PW;_1 = P_1 x W;_1 denotes the total accumulated quantity of waste landfilled during prior periods, where
Wy_1 is the cumulative per-capita amount and P;_1 is the population. PY; = P; X Y; denotes the province’s total GDP,
where P; is the population and Y; is GDP per capita.
A(Xi—r) = (Xit—r) — (Xt—r—1) is the difference in (X) between its value in period ¢t — r and its value in period ¢ — r — 1.
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Table 4: SUR Estimates for Emission and Waste Equations (%)

Log(GHG) (5)  Log(‘z57) (6)

GDP
Variable Coef p-value  Coef p-value
Constante -1.794 0.497  5.789 0.000
Log(N{ * R]) 0.22  0.002
Log(N{ * RY) -0.151  0.003
Log(P; * wy) 1.083 0

log(P—1 * Wiy 0.069 0.018
Provinces’ fived effects (Reference=AB)

BC 0.064 0.188 -0.012 0.55
MB 0.558 0.001  0.349 0.000
NS 0.757 0.008 -0.057 0.569
ON -0.364 0.002 -0.016 0.791
QC -0.257 0 0.224 0.000
SK 0.683 0 0.052 0.609
Years’ fized effects (Reference=2002)

2003 -1.492 0.017 -0.012 0.667
2004 -1.565 0.015 -0.04 0.168
2005 -1.624 0.013  -0.07 0.023
2006 -1.651 0.013  -0.09 0.006
2007 -1.709 0.011 0 0.999
2008 -1.718 0.011  0.021 0.571
2009 -1.757 0.01  0.075 0.061
2010 -1.764 0.01  0.036 0.399
2011 -1.771 0.01 -0.019 0.657
2012 -1.772 0.011 -0.045 0.328
2013 -1.772 0.011 -0.085 0.074
2014 -1.772 0.011  -0.12 0.017
2015 -1.777 0.011 -0.126 0.013
2016 -1.755 0.013 -0.141 0.006
2017 -1.771 0.012 -0.178 0.001
2018 -1.783 0.012 -0.202 0.000

Notes (a): SUR means Seemingly Unrelated Regressions
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show a stronger impact of landfilled waste than AB (“Alberta”) and BC' (“British Columbia”).
By contrast, ON (“Ontario”) and QC' (“Quebec”) show a weaker impact than AB and BC.
National policies should therefore be adapted to regional realities, taking into account local
specificities in treatment technology, climate, or the regulatory framework. Provinces with
higher sensitivity could be targeted for focused efforts. Moreover, the estimated time fixed
effects show a lower impact of landfilled waste on non-CO, GHGs in all years relative to
2002; this gap becomes smaller over time.

Furthermore, the results also show evidence of a log—log (Cobb—Douglas) relationship
between the output of public and private actors in the waste-treatment sector and the
amount of landfilled waste per Canadian dollar of GDP. However, we observe an increasing
relationship with firms’ output value (given by their total operating revenues) and a decreasing
relationship with the predicted output value of local government. Specifically, a 1% increase
in firms’ output leads to a 0.22% increase in the intensity of landfilling, while a 1% increase
in municipalities’ predicted output leads to a 0.151% decrease in landfilling intensity. Thus,
the private model appears to generate more landfilled waste per dollar of output, possibly
due to less stringent practices or a business model less focused on waste reduction. This
suggests that the public model may be more sustainable in terms of waste management, at

(134

least in its direct environmental effects.

6. CONCLUSION

In this study, we combined econometric methods to analyze the differing impacts of public and
private actors in the waste management sector on non-COy GHG emissions from landfilled
waste. We used two complementary approaches: an event study to capture the dynamic
effects of investments and revenues on pollution, and a semi-structural model inspired by the
Cobb-Douglas production framework to model the interactions among production (by actors
in the waste management sector), landfilling of waste, and emissions. The results highlight
several important stylized facts. First, local governments’ capital expenditures have a delayed
but significant effect in reducing emissions, whereas private firms’ capital expenditures have
no statistically significant effect. Second, private firms’ economic activity is associated with a
reduction in GHG emissions the following year, while municipalities’ activity has no significant
direct effect—even though their investments improve conditions over the medium term. Our
findings also show that the quantity of GHGs emitted is strongly influenced by both new waste
and accumulated stocks, confirming the importance of accounting for dynamic interactions in
emission-reduction policies. In addition, landfilling intensity varies with the type of actor: it
increases with the output of private firms but decreases with the output of local governments,
suggesting that the latter may pursue a more sustainable approach to waste management.
Finally, the regional disparities observed in the effects of landfilled waste on emissions point

to the need for province-specific environmental policies that take local technical capacities
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and socio-economic contexts into account. Overall, our analyses suggest that the role of local
governments in waste treatment is not limited to serving as an alternative to the private
sector; it is potentially a crucial lever for reducing the sector’s carbon intensity. This argues
for greater recognition of their role in environmental governance and for targeted support to

strengthen their investment capacity.
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