Conference Proceedings International Conference on Sustainable Development Goals- Challenges, Issues
& Practices by TMIMT- College of Management, Teerthanker Mahaveer University, Moradabad 24th &
25th April 2026. TMIMT International Journal (ISSN: 2348-988X)

Climate Modeling and Evidence-Based Policy for Sustainable Development

Saurabh Prakash Singh
MBA Student
Teerthanker Mahaveer Institute of Management & Technology
Teerthanker Mahaveer University
Moradabad Uttar Pradesh (244001)

Abstract

Climate change presents complex and interconnected risks to economic growth, environmental
stability, and social well-being, threatening the achievement of the Sustainable Development Goals
(SDGs). Evidence-based policy formulation is increasingly dependent on climate modeling to
assess future climate scenarios, evaluate risks, and design adaptive and mitigation strategies. The
research problem addressed in this study is the gap between advanced climate modeling outputs
and their effective integration into sustainable development policymaking. The study adopts a
systematic review and secondary data analysis approach, utilizing datasets from the
Intergovernmental Panel on Climate Change (IPCC), World Bank Climate Data, and United
Nations SDG indicators. The sample consists of global climate models (GCMs), regional climate
models (RCMs), and national policy case studies. Analytical techniques include trend analysis,
scenario comparison, and policy mapping. Key findings indicate that climate models significantly
enhance the accuracy of long-term development planning by informing risk-sensitive investments,
disaster preparedness, and emissions reduction strategies. However, limitations persist due to
uncertainty, data accessibility, and institutional capacity gaps. The study concludes that integrating
climate modeling into evidence-based policymaking is essential for achieving sustainable

development and strengthening resilience under climate uncertainty.

Keywords: Climate modeling, evidence-based policy, sustainable development, SDGs, climate

scenarios, decision-making.
1. Introduction

Climate change has emerged as a defining challenge for sustainable development in the twenty-
first century. Rising global temperatures, increased frequency of extreme weather events, sea-level

rise, and ecosystem degradation directly threaten progress toward multiple Sustainable
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Development Goals (SDGs), including poverty eradication (SDG 1), food security (SDG 2), health
(SDG 3), and climate action (SDG 13) (United Nations, 2015).

Evidence-based policy refers to the systematic use of the best available scientific data, models,
and empirical research in public decision-making. In the context of climate change, climate models
quantitative representations of Earth’s climate system—play a central role in projecting future
climatic conditions and assessing socio-economic impacts. These models inform policymakers
about potential risks and trade-offs, enabling the design of adaptive and mitigation strategies

aligned with sustainable development objectives.

Despite advances in climate science, the translation of climate modeling outputs into actionable
policy remains uneven across regions. Developing countries, in particular, face challenges related
to data gaps, limited technical expertise, and institutional constraints. This research examines how
climate modeling supports evidence-based policy formulation and evaluates its contribution to

sustainable development planning.
2. Literature Review
2.1 Climate Modeling and Sustainable Development

Climate models are essential tools for understanding future climate trajectories under different
greenhouse gas emission scenarios. According to the IPCC (2023), global mean surface
temperature has already increased by approximately 1.1°C above pre-industrial levels, with
projections indicating warming between 1.5°C and 4.0°C by 2100 depending on emission

pathways.

Studies show that climate modeling supports sustainable development by enabling policymakers
to anticipate climate risks and align development strategies accordingly (Dessai et al., 2009).
Integrated Assessment Models (IAMs) link climate systems with economic and social variables,

making them particularly relevant for SDG-oriented planning.
2.2 Evidence-Based Policy and Climate Governance

Evidence-based policymaking enhances transparency, accountability, and policy effectiveness.

World Bank (2022) research demonstrates that countries using climate-informed development
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planning experience 20-30% lower economic losses from climate-related disasters compared to

those without such frameworks.

However, uncertainties in climate projections and difficulties in interpreting probabilistic

outcomes often hinder policy uptake (Cash et al., 2003).
2.3 Research Gap

While extensive literature exists on climate modeling and climate policy independently, limited
studies systematically examine how climate modeling directly informs evidence-based
sustainable development policy across multiple SDGs. Furthermore, the gap between scientific

outputs and policy implementation remains underexplored in developing economies.
2.4 Problem Statement

There is insufficient integration of climate modeling outputs into evidence-based policymaking

for sustainable development, limiting the effectiveness of climate-responsive policies.
2.5 Research Questions

e How does climate modeling contribute to evidence-based policy formulation for

sustainable development?
e What are the key challenges in translating climate model outputs into policy action?
e How can climate modeling better support SDG-aligned decision-making?
3. Research Methodology
3.1 Research Objectives
e To analyze the role of climate modeling in evidence-based policy formulation.
e To assess how climate models support sustainable development planning.

e To identify barriers and opportunities for integrating climate modeling into policy

processes.

3.2 Hypotheses
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e HI1: Climate modeling significantly improves the quality of evidence-based policy

decisions for sustainable development.

e H2: Countries utilizing climate-informed planning demonstrate higher resilience to climate

risks.
3.3 Research Design

The study employs a descriptive and analytical research design based on secondary data and

document analysis.
3.4 Sample and Sampling Technique
The sample includes:
e [PCC Assessment Reports
e World Bank climate policy datasets
e UN SDG progress reports
e Purposive sampling was used to select authoritative and policy-relevant sources.
3.5 Data Collection Method

Secondary data were collected from international databases, peer-reviewed journals, and

institutional reports.

3.6 Measurement Instruments
e Climate indicators (temperature, emissions, disaster frequency)
e SDG performance indicators
e Policy documents and climate strategies

3.7 Variables and Operationalization

Variable Operational Definition

Climate modeling Use of GCMs, RCMs, and scenario projections
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Evidence-based policy Policy decisions informed by scientific data

Sustainable development | Progress across economic, social, and environmental SDGs

3.8 Data Analysis Technique

Trend analysis, scenario comparison, and qualitative policy mapping were applied.
3.9 Ethical Considerations

All data sources were publicly available and cited following APA ethical standards.
4. Data Analysis and Results

Climate model projections show that under a high-emission scenario (SSP5-8.5), global GDP
losses could reach 10-18% by 2050 (IPCC, 2023). Countries integrating climate projections into
national development plans—such as climate-resilient infrastructure investments—demonstrated

reduced vulnerability to climate shocks.

Hypothesis testing based on comparative analysis supports H1 and H2, indicating a positive

relationship between climate-informed policymaking and sustainable development outcomes.
5. Findings and Discussion
The findings confirm that climate modeling strengthens evidence-based policymaking by:

e Enhancing risk assessment and long-term planning

o Supporting climate-resilient infrastructure development

e Informing emissions reduction pathways aligned with SDGs

However, challenges such as uncertainty communication, technical capacity gaps, and limited

stakeholder engagement reduce policy effectiveness.
6. Conclusion
6.1 Summary of Findings

Climate modeling plays a critical role in supporting evidence-based policy for sustainable

development by providing scientifically grounded projections and risk assessments.
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6.2 Theoretical Implications

The study reinforces systems-based and integrated development theories linking climate science

with socio-economic planning.
6.3 Practical and Policy Implications

Governments should institutionalize climate modeling in national planning, budgeting, and SDG

monitoring frameworks.

6.4 Limitations

Reliance on secondary data and model uncertainty limits predictive precision.
6.5 Future Scope

Future research should focus on localized climate models and participatory policymaking

approaches.
6.6 Recommendations

o Strengthen national climate modeling capacity

o Improve science—policy communication

o Integrate climate data into SDG monitoring systems
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