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Economic Equilibrium Model for Pollution
Management and Resource Generation in a District:

A Block-Level Approach

Abstract

This paper develops an economic equilibrium model for pollution management
and resource generation within a district, segmented into blocks. The model uses
quadratic equations to derive equilibrium conditions at both block and district
levels. The analysis incorporates principles from Keynesian, welfare, and environ-
mental economics. The model is solved step by step, yielding collective equilibrium
conditions consistent with global environmental commitments.

1 Introduction

In the face of escalating environmental challenges, the need for sustainable development
has never been more critical. The intricate balance between economic growth and envi-
ronmental sustainability is at the heart of global debates today. Pollution management,
resource generation, and climate change mitigation have become integral to both national
policies and international commitments. However, while much focus has been given to
national-level policies, the importance of localized solutions, particularly at the district
and block levels, is often underappreciated. Addressing environmental and economic
concerns at these smaller scales can create impactful, tailored solutions that are more
responsive to local conditions. It is in this context that the present model – an economic
equilibrium model for pollution management and resource generation at the district level
– becomes highly relevant.

This model is designed to offer a comprehensive framework for managing pollution
and generating resources within a district, segmented into individual blocks. The seg-
mentation allows for a more granular approach, recognizing that pollution levels, resource
availability, and economic activities can vary significantly even within a single district.
By adopting a block-level approach, the model ensures that the unique characteristics
of each area are taken into account, leading to more accurate predictions and better
management strategies.

The model incorporates quadratic equations to derive equilibrium conditions at both
the block and district levels. These equations are rooted in established economic theories,
particularly from Keynesian, welfare, and environmental economics. The combination of
these three schools of thought allows for a holistic approach, addressing not only the
financial aspects of pollution management but also the social welfare and environmental
externalities associated with it. Keynesian economics, with its focus on public spending
and government intervention, provides the foundation for understanding how investments
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in pollution management and green technologies can stimulate economic stability. Welfare
economics brings in the dimension of optimizing social welfare, ensuring that the costs
and benefits of pollution control and resource generation are distributed equitably across
society. Finally, environmental economics helps integrate the externalities of pollution
into the model, ensuring that the true costs of environmental degradation are accounted
for.

The use of quadratic equations is particularly significant in this model because it
allows for a more realistic representation of the relationships between costs, revenues,
and resource generation. In real-world scenarios, the costs of managing pollution do not
increase linearly but tend to rise exponentially as more intensive efforts are required.
Similarly, the benefits or revenues from pollution management and green technology
investments often show diminishing returns. By using quadratic functions, the model
captures these non-linear dynamics, making it more applicable to real-world situations.

At the block level, the model evaluates the costs and revenues associated with pol-
lution management, as well as the costs and resources generated from investing in green
technology. Each block within a district is treated as a separate entity, allowing for tai-
lored solutions that reflect the specific conditions of that area. By solving the quadratic
equations for each block, the model identifies the equilibrium conditions – the point at
which the marginal cost of pollution management equals the marginal revenue generated
from it. This approach ensures that pollution is managed efficiently, with minimal waste
of resources.

Once the block-level equilibriums are established, the model integrates them to derive
district-level conditions. The integration of these block-level solutions ensures that the
district as a whole is moving toward an optimal balance between pollution management
and resource generation. Furthermore, the model includes a global commitment con-
straint, ensuring that the district’s total pollution levels are aligned with international
environmental standards and commitments.

This equilibrium model is particularly timely in light of global efforts to combat
climate change. With countries around the world making ambitious pledges to reduce
their carbon footprints, models like this offer practical solutions for achieving these goals
at the local level. By focusing on district and block-level dynamics, this model ensures
that pollution management strategies are both effective and sustainable, contributing to
broader environmental goals while also supporting local economic development.

In conclusion, this economic equilibrium model provides a novel and comprehensive
approach to pollution management and resource generation at the district level. By
incorporating principles from Keynesian, welfare, and environmental economics, and by
using quadratic equations to capture the non-linear relationships between costs, revenues,
and resources, the model offers a realistic and actionable framework for achieving sus-
tainable development. Through its focus on block-level solutions and its alignment with
global environmental commitments, this model has the potential to make a significant
contribution to the ongoing efforts to create a more sustainable and equitable world.

2 Theoretical Framework

The theoretical foundation of this economic equilibrium model draws from three major
schools of thought: Keynesian economics, welfare economics, and environmental eco-
nomics. These perspectives collectively guide the design of the model, which aims to
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balance the economic and environmental needs of a district, while also ensuring social
welfare. Each theoretical framework offers unique insights into how pollution manage-
ment and resource generation can be optimized at the block and district levels, providing
a robust and holistic approach to sustainable development.

Keynesian economics, which emphasizes government intervention and public spend-
ing to maintain economic stability, serves as the core economic theory underpinning the
model. In this context, pollution management and investments in green technology are
treated as forms of public expenditure, similar to Keynesian concepts of fiscal stimulus.
According to Keynesian principles, government spending can help stimulate economic
activity, especially in situations where private investments may be insufficient. By apply-
ing this theory to pollution management, the model views green technology investments
and pollution control efforts as catalysts for economic stability and growth. The Key-
nesian approach also informs the model’s focus on achieving equilibrium, a key concept
in Keynesian theory, where the economy reaches a balance between costs and revenues.
Here, the equilibrium is determined by the point where the marginal cost of pollution
management equals the marginal revenue generated from it.

Complementing the Keynesian perspective, welfare economics provides the framework
for evaluating the social benefits and costs associated with pollution management and
resource generation. Welfare economics focuses on maximizing social welfare, ensuring
that resources are allocated efficiently and equitably across society. The model incor-
porates welfare economic principles by considering both the economic costs of pollution
and the social benefits of cleaner environments and sustainable resource generation. It
aims to strike a balance between these two dimensions, ensuring that the total welfare of
society is maximized. In this model, pollution is seen not just as an economic cost but as
a social burden that must be managed in a way that benefits the entire population. The
inclusion of welfare economics ensures that the model is not solely focused on economic
efficiency but also takes into account broader social outcomes, such as health and quality
of life improvements stemming from reduced pollution.

Environmental economics, which addresses the externalities associated with environ-
mental degradation, is integral to the model’s focus on sustainability. Externalities refer
to the unintended side effects of economic activities, such as pollution, which often go
unaccounted for in traditional economic models. Environmental economics provides the
tools to internalize these externalities, meaning the model ensures that the true cost of
pollution, including its impact on health and the environment, is factored into decision-
making processes. By incorporating environmental economics, the model addresses both
the short-term and long-term effects of pollution on the district’s economy and society.
Additionally, this perspective helps in designing policies and investments that incen-
tivize the use of green technologies and renewable resources. These investments, while
potentially costly in the short term, are seen as necessary for achieving long-term sus-
tainability and aligning the district’s development trajectory with global environmental
commitments.

The combination of these three economic schools of thought—Keynesian, welfare,
and environmental—provides a comprehensive framework for the model. While Keyne-
sian economics guides the model’s approach to equilibrium and public investment, wel-
fare economics ensures that these investments benefit society as a whole. Environmental
economics, on the other hand, ensures that the negative externalities of pollution are mit-
igated and that sustainable practices are integrated into the district’s economic activities.
Together, these theoretical perspectives create a multidimensional model that addresses
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the economic, social, and environmental aspects of pollution management and resource
generation. This holistic approach ensures that the model is not only economically viable
but also socially equitable and environmentally sustainable.

3 Literature Review

The growing recognition of the interplay between economic growth and environmental
sustainability has led to a significant body of literature that explores how innovation and
policy can steer societies towards more sustainable practices. The current paper builds
upon this literature by introducing a model that incorporates endogenous and directed
technical change within a growth framework constrained by environmental factors. The
integration of ”dirty” and ”clean” inputs as essential components of production processes
highlights the complexity of achieving sustainable growth, a theme prevalent in contem-
porary economic discussions.

Endogenous and Directed Technical Change : The concept of endogenous tech-
nical change, as proposed by Acemoglu et al. (2012), suggests that technological innova-
tion is influenced by economic incentives rather than being an exogenous factor. Their
research emphasizes the significance of directing innovation towards cleaner technolo-
gies, thereby establishing a foundation for the current paper’s findings. When inputs
are sufficiently substitutable, the model shows that temporary taxes and subsidies can
effectively redirect innovation towards clean inputs, a crucial element for achieving sus-
tainable growth. This aligns with previous studies indicating that economic incentives are
essential for fostering an environment conducive to the development of green technologies.

Optimal Policy Framework : The analysis of optimal policy mechanisms reveals
that a combination of carbon taxes and research subsidies is critical for guiding innova-
tion without imposing excessive burdens on industries. The current paper argues that an
optimal policy approach should avoid over-reliance on carbon taxes, which could poten-
tially stifle economic activity. This nuanced understanding of policy instruments supports
earlier findings that advocate for a balanced approach, integrating both taxation and in-
centives to encourage innovation while managing environmental impacts.

For instance, research has shown that carbon taxes can effectively reduce emissions,
but when combined with subsidies for research and development, they can create a more
favorable environment for technological advancement. By strategically implementing
temporary taxes and subsidies, governments can stimulate the transition towards clean
technologies while minimizing economic disruptions. This perspective reinforces the idea
that effective policymaking requires a multifaceted approach that considers both envi-
ronmental and economic objectives.

The Cost of Delay in Intervention : The current paper also underscores the
costly implications of delaying interventions aimed at environmental sustainability. A
lack of timely action necessitates longer transition phases characterized by slower growth,
a finding that resonates with broader discussions in the literature. Delayed interventions
can lead to escalating environmental degradation, ultimately requiring more substantial
investments to reverse the damage. This theme is echoed in the analysis of the UNFCCC
and the challenges it faces in achieving transformative change (Hermwille et al., 2017).
Their findings suggest that a narrow focus on emission targets has proven ineffective in
fostering significant climate action, highlighting the need for proactive measures.
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Application to Stubble Burning in India : The role of government intervention
in addressing environmental challenges is further exemplified by the issue of stubble burn-
ing in Punjab and Haryana. In this context, the development of a Keynesian economic
model to analyze the equilibrium between stubble burning and alternative methods illus-
trates the importance of integrating government policies into environmental strategies.
By examining how fiscal and monetary policies can optimize social welfare and address
externalities associated with stubble burning, this research complements the current pa-
per’s findings on the significance of effective policy interventions.

International Climate Agreements and Structural Challenges : Furthermore,
the literature highlights the structural challenges faced by international climate agree-
ments, particularly the UNFCCC. The existing framework, which often emphasizes rigid
emission targets and a static division between industrialized and developing countries,
limits the effectiveness of global climate efforts. The current paper contributes to this
discourse by advocating for a broader set of policy rules that can facilitate more effective
climate protection activities. Recommendations for expanding the UNFCCC’s focus be-
yond emission targets and establishing complementary treaties are essential for enhancing
its impact. This approach aligns with the notion that flexible and inclusive frameworks
can better address the diverse needs of various nations in the fight against climate change.

The Role of Resource Management in Transition : The analysis of resource
management also plays a crucial role in the current paper’s findings. The use of ex-
haustible resources in the production of dirty inputs can provide the necessary impetus
for the transition to clean innovations. This perspective is supported by recent studies
that emphasize the importance of understanding the relationship between resource avail-
ability and technological change. By strategically managing resources, policymakers can
create incentives for innovation that facilitate the shift towards sustainable practices, re-
inforcing the need for a comprehensive understanding of the dynamics between resource
management and technological development.

Conclusion In conclusion, the literature review underscores the critical importance
of incorporating endogenous and directed technical change into growth models with en-
vironmental constraints. The combination of effective policy interventions, a nuanced
understanding of regional dynamics, and strategic resource management is essential for
promoting sustainable growth. The current paper contributes to this discourse by provid-
ing a comprehensive analysis of how temporary taxes, research subsidies, and government
intervention can redirect innovation towards cleaner technologies. As the global commu-
nity grapples with pressing environmental challenges, the need for innovative and effective
solutions remains urgent, highlighting the relevance of this research in shaping sustainable
economic policies.

4 Mathematical Model

4.1 Block-Level Analysis

Consider a district divided into n blocks. Each block i manages its pollution Pi and
resources Gi. The objective is to find the equilibrium for each block, which collectively
determines the district’s equilibrium.

5



4.1.1 Functions for Block i

• Cost of Pollution Management:

Ci(Pi) = αiP
2
i + βiPi (1)

Economic Interpretation: This quadratic cost function reflects increasing marginal
costs as pollution management efforts intensify.

• Revenue from Pollution Management:

Ri(Pi) = γiPi − δiP
2
i (2)

Economic Interpretation: The revenue function suggests diminishing returns from
pollution management activities, modeled as a quadratic equation.

• Expenditure on Green Technology:

Ei(Gi) = ηiG
2
i + θiGi (3)

Economic Interpretation: The expenditure on green technology is modeled as a
quadratic function, indicating rising costs with increased investment.

• Resources Generated from Green Technology:

Gi(Ri) = κiRi − λiR
2
i (4)

Economic Interpretation: Resources generated through green technology are sub-
ject to diminishing returns, modeled by this quadratic function.

4.1.2 Equilibrium Conditions Using Calculus

To determine equilibrium at the block level, we differentiate the cost, revenue, expendi-
ture, and resource functions with respect to Pi and Gi, setting these derivatives equal to
zero.

• Pollution Management Equilibrium:

dCi(Pi)

dPi

=
dRi(Pi)

dPi

(5)

2αiPi + βi = γi − 2δiPi (6)

Solving for P ∗
i :

P ∗
i =

γi − βi

2(αi + δi)
(7)

• Resource Generation Equilibrium:

dEi(Gi)

dGi

=
dGi(Ri)

dGi

(8)

2ηiGi + θi = κi − 2λiRi (9)

Solving for G∗
i :

G∗
i =

κi − θi
2(ηi + λi)

(10)
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4.2 District-Level Analysis Using Calculus

The district’s total pollution management and resource generation are obtained by inte-
grating the block-level functions across all blocks.

4.2.1 Total Functions for the District

• Total Pollution:

Ptotal =

∫ n

0

P ∗
i di (11)

Economic Interpretation: The total pollution represents the aggregate pollution
level across all blocks.

• Total Cost:

Ctotal =

∫ n

0

Ci(P
∗
i ) di (12)

Economic Interpretation: This is the district-wide cost of managing pollution.

• Total Revenue:

Rtotal =

∫ n

0

Ri(P
∗
i ) di (13)

Economic Interpretation: The total revenue reflects the district’s earnings from
pollution management.

• Total Expenditure on Green Technology:

Etotal =

∫ n

0

Ei(G
∗
i ) di (14)

Economic Interpretation: The total expenditure on green technology across the
district.

• Total Resources Generated:

Gtotal =

∫ n

0

Gi(R
∗
i ) di (15)

Economic Interpretation: The total resources generated by green technologies district-
wide.

4.2.2 District-Level Equilibrium Conditions

To achieve district-wide equilibrium, the derivatives of the total functions with respect
to Ptotal and Gtotal must be equalized:

• Pollution Management Collective Equilibrium:

dCtotal(Ptotal)

dPtotal

=
dRtotal(Ptotal)

dPtotal

(16)

Economic Interpretation: The marginal cost of pollution management across the
district must equal the marginal revenue generated.
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• Resource Generation Collective Equilibrium:

dEtotal(Gtotal)

dGtotal

=
dGtotal(Rtotal)

dGtotal

(17)

Economic Interpretation: The district-wide marginal expenditure on green technol-
ogy must equal the marginal resources generated.

5 Solving the Model

5.1 Step-by-Step Solution Approach

1. Block-Level Equilibrium Solution:

• Solve the quadratic equations derived from the first-order conditions for each
block to find P ∗

i and G∗
i .

• Example (solving for P ∗
i ):

P ∗
i =

γi − βi

2(αi + δi)
(18)

This solution directly follows from solving the first-order condition of the
quadratic function.

2. District-Level Integration:

• Integrate the block-level solutions across all blocks to find the total district-
level quantities:

Ptotal =

∫ n

0

P ∗
i di, Gtotal =

∫ n

0

G∗
i di (19)

• For polynomial functions, these integrals can be solved analytically.

3. Global Commitment Constraint Check:

• Verify that the district’s total pollution meets global standards:

Ptotal ≤
Πdistrict

Ω
×District’s Population (20)

• Adjust P ∗
i values if necessary to satisfy this constraint.

4. Verification of District-Level Equilibrium:

• Differentiate the total cost and revenue functions with respect to Ptotal and
confirm equality:

dCtotal(Ptotal)

dPtotal

=
dRtotal(Ptotal)

dPtotal

(21)

• Similarly, confirm the resource generation equilibrium:

dEtotal(Gtotal)

dGtotal

=
dGtotal(Rtotal)

dGtotal

(22)
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6 Conclusion and Interpretation of the Model

The economic equilibrium model developed for pollution management and resource gener-
ation at the district level offers a comprehensive framework for addressing the intertwined
challenges of environmental sustainability and economic growth. Through the applica-
tion of quadratic equations and principles from Keynesian, welfare, and environmental
economics, the model provides a step-by-step approach to deriving equilibrium condi-
tions at both block and district levels. By integrating these components, it ensures that
the district’s pollution levels are minimized while maximizing the benefits of resource
generation, all within the context of global environmental commitments.

6.1 Key Insights from the Model

The core strength of the model lies in its ability to balance economic costs and revenues,
considering both the financial and environmental aspects of pollution management. At its
heart, the model addresses the rising costs of pollution control and the diminishing returns
from green technology investments. By doing so, it offers an actionable solution for
managing environmental challenges without compromising economic stability. Moreover,
the block-level approach enables localized decision-making, ensuring that pollution and
resource generation are tailored to the unique conditions of each block, which collectively
drive district-wide equilibrium.

The model’s step-by-step solution involves deriving equilibrium conditions at the block
level and then integrating these results to achieve district-level equilibrium. This process
ensures that the district’s total pollution is managed efficiently, with costs minimized
and revenues maximized. Furthermore, the global commitment constraint ensures that
the district remains aligned with broader environmental goals, reflecting the increasing
importance of local action in achieving global climate targets.

6.2 Interpretation of the Key Equations

Cost of Pollution Management:

Ci(Pi) = αiP
2
i + βiPi

This equation represents the cost of managing pollution at the block level, where Pi is
the pollution managed by block i. The function is quadratic, reflecting that as efforts to
reduce pollution increase, the marginal costs rise—initial pollution management might
be easy, but further reductions become more expensive.

Economic Interpretation: The quadratic term αiP
2
i captures the increasing marginal

cost, meaning that as pollution control efforts intensify, the cost per unit of pollution man-
aged grows. The linear term βiPi represents the fixed costs associated with managing
pollution, independent of scale.

Revenue from Pollution Management:

Ri(Pi) = γiPi − δiP
2
i

This equation defines the revenue generated from managing pollution. Similar to the
cost function, this equation is quadratic, but it shows diminishing returns. As pollu-
tion management increases, the revenue from managing an additional unit of pollution
decreases.

9



Economic Interpretation: The quadratic term −δiP
2
i indicates diminishing returns

from pollution management. While initial efforts may yield significant revenue, further
pollution control generates lower returns. The linear term γiPi reflects the direct revenue
gain from managing pollution, with γi acting as a scaling factor that depends on the
efficiency of pollution control efforts.

Expenditure on Green Technology:

Ei(Gi) = ηiG
2
i + θiGi

This equation represents the costs associated with investing in green technologies for
resource generation. The quadratic nature of the function reflects that initial investments
are relatively cheaper, but as investments scale up, the costs rise significantly.

Economic Interpretation: The quadratic term ηiG
2
i illustrates the increasing marginal

costs of green technology investments. As more resources are allocated, the cost of further
investment increases. The linear term θiGi captures the fixed costs of investing in green
technology, independent of the scale of the investment.

Resources Generated from Green Technology:

Gi(Ri) = κiRi − λiR
2
i

This equation shows how green technology investments translate into resource generation.
The quadratic term represents diminishing returns, where further investments in green
technology lead to lower additional resource generation.

Economic Interpretation: The term λiR
2
i signifies the diminishing returns from

green technology investments, meaning that while initial investments may generate sig-
nificant resources, additional investments yield progressively lower gains. The linear term
κiRi reflects the initial resource generation directly proportional to the revenue generated
from green technologies.

Block-Level Pollution Management Equilibrium:

2αiPi + βi = γi − 2δiPi

Solving this first-order condition gives the block-level equilibrium for pollution manage-
ment:

P ∗
i =

γi − βi

2(αi + δi)

Economic Interpretation: This equation defines the equilibrium level of pollution that
each block should manage. It balances the marginal cost of managing an additional unit of
pollution with the marginal revenue generated. The equilibrium level, P ∗

i , is influenced
by the coefficients αi and δi, which determine the cost and revenue structure for each
block.

Block-Level Resource Generation Equilibrium:

2ηiGi + θi = κi − 2λiRi

Solving this first-order condition gives the equilibrium for resource generation:

G∗
i =

κi − θi
2(ηi + λi)

Economic Interpretation: This equation captures the balance between the costs of
investing in green technology and the resources generated from these investments. The
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equilibrium, G∗
i , ensures that the marginal cost of investment equals the marginal resource

gain, optimizing the block’s green technology investments.
District-Level Analysis: The block-level results are integrated across the entire

district to calculate total district-wide pollution, costs, and revenues. For example, the
total pollution for the district is given by:

Ptotal =

∫ n

0

P ∗
i di

Similarly, total costs, revenues, and resources generated can be derived through integra-
tion of the block-level functions.

Economic Interpretation: This step aggregates the individual block-level outcomes
to provide a comprehensive view of the district’s pollution management and resource gen-
eration efforts. By integrating over all blocks, the model ensures that district-wide poli-
cies reflect the sum of local efforts, allowing for coordinated and effective environmental
management.

District-Level Equilibrium Conditions: For the district to achieve equilibrium,
the derivatives of the total functions must satisfy the following conditions:

dCtotal

dPtotal

=
dRtotal

dPtotal

and
dEtotal

dGtotal

=
dGtotal

dRtotal

Economic Interpretation: These conditions ensure that, at the district level, the
marginal cost of pollution management equals the marginal revenue, and the marginal
expenditure on green technology equals the marginal resources generated. Achieving this
balance ensures that the district operates efficiently, minimizing costs and maximizing
benefits across all blocks.

6.3 Conclusion and Future Directions

The model presents a scalable and flexible framework for addressing pollution manage-
ment and resource generation in a district. Its ability to incorporate block-specific data
makes it adaptable to diverse local conditions, while its focus on equilibrium ensures that
economic and environmental goals are balanced effectively. The inclusion of welfare and
environmental economics principles ensures that the model goes beyond purely financial
concerns to address broader social and environmental impacts.

Future work could extend this model by incorporating dynamic elements, such as
time-dependent changes in pollution levels, technological advances in green technologies,
or population growth. Additionally, integrating behavioral economics could help account
for individual and institutional responses to environmental policies, further enhancing
the model’s practical applications.

This model offers a pathway for districts to achieve sustainable development in line
with global environmental commitments, while simultaneously promoting local economic
stability.
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