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Abstract: Climate-smart agriculture and sustainable rural livelihoods are central to strengthening climate resilience, food
security, biodiversity conservation, and sustainable development. Despite substantial investments by governments, development
agencies, banks, CSR programmes, and private investors, project appraisal largely relies on conventional indicators such as
IRR, NPV, BCR, and ROI, while carbon benefits are typically assessed separately, limiting their integration into investment
planning.

The Climate Smart Financial Model (CSFM) developed by Srivastava (2026) integrates climate vulnerability, governance, land
tenure, water availability, adaptive capacity, and agricultural productivity into financial sustainability assessment. This research
proposes a Carbon-Integrated Climate Smart Financial Model (CI-CSFM) that incorporates expected carbon revenue as an
endogenous investment variable. It uses methodology-specific ex-ante estimates of eligible/issuable tCO:e, expected carbon price,
and issuance probability, while treating verified or issued credits as subsequent realized revenue.

The CI-CSFM is a financial integration framework, not a carbon quantification methodology. Carbon reductions/removals are
quantified using applicable approved methodologies and project-specific data, then incorporated into financial appraisal. The
framework also integrates additionality, permanence, leakage, monitoring quality, and verification/issuance risk, and proposes
an Integrated Climate Investment Sustainability Index (ICISI) for comparative investment prioritization.

Keywords: Climate-Smart Finance, Carbon Revenue Integration, Sustainable Agriculture, Carbon Markets, Climate Investment
Sustainability Index (ICISI)

L. INTRODUCTION
Climate change threatens agricultural productivity and rural livelihoods through rising temperatures, altered rainfall, groundwater
depletion, land degradation, biodiversity loss, and extreme events. Agriculture contributes significantly to greenhouse gas emissions
but also offers major mitigation opportunities through agroforestry, restoration, conservation agriculture, improved land
management, and carbon sequestration. Voluntary carbon markets can provide an additional source of finance for sustainable
agricultural and rural development by monetizing eligible emission reductions and removals. However, conventional project
appraisal generally relies on NPV, IRR, BCR, and ROI, while carbon accounting is often conducted as a separate technical process
involving baseline establishment, monitoring, validation/verification and issuance. This separation may discourage investment in
financially marginal but potentially high-mitigation projects.
The Climate Smart Financial Model developed by Srivastava (2026) integrates financial, governance, land-tenure, climate, adaptive-
capacity, water, productivity, and investment-sequencing variables into financial sustainability assessment but excludes carbon
finance. The present study proposes a Carbon-Integrated Climate Smart Financial Model that brings the expected economic value of
eligible carbon outcomes into investment appraisal without replacing or modifying approved carbon accounting procedures.
In the proposed CI-CSFM, Carbon Revenue (CR) is treated as an endogenous investment variable because it is incorporated directly
into the financial decision framework. However, the underlying carbon quantity (tCO:e) is determined ex ante using the applicable
carbon accounting methodology and project-specific baseline, monitoring and field data. Thus, carbon revenue is endogenous to the
investment appraisal, while carbon quantification remains methodology-specific.
A critical distinction is made between ex-ante estimated carbon and verified/issued carbon. At the investment stage, the model uses
expected eligible/issuable tCO:ze, adjusted for the probability of successful issuance and the expected carbon price, to estimate
expected carbon revenue. After validation, verification and issuance, actual issued credits and realized market prices can be used for
subsequent revenue accounting. The CI-CSFM therefore does not claim to generate or verify carbon quantities independently.
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The CI-CSFM is consequently positioned as a financial and investment-integration framework, not as a standalone carbon

quantification methodology. It transfers the output of an applicable approved methodology into a structured investment appraisal

and decision process. This positioning is intended to preserve compatibility with recognized carbon standards while enabling carbon

finance to be considered earlier in project planning.

1. OBJECTIVES

The present investigation has the following objectives:

1) To extend the Climate Smart Financial Model by incorporating expected carbon revenue as an endogenous investment variable.

2) To establish a Voluntary Market-compatible carbon integration framework that utilizes methodology-specific tCO:e estimates
without modifying internationally accepted carbon accounting procedures.

3) To develop an Integrated Climate Smart Financial Sustainability Algorithm capable of evaluating commercial financial
performance together with expected carbon revenue at the investment stage.

4) To formulate a mathematical decision-support framework integrating governance, adaptive capacity, climate resilience, carbon
permanence, additionality, and financial sustainability.

5) To demonstrate the applicability of the proposed framework for sustainable agriculture, agroforestry, forest restoration,
renewable energy, waste management, and rural livelihood projects.

1. CONCEPTUAL FRAMEWORK

The proposed Carbon-Integrated Climate Smart Financial Model (CI-CSFM) extends the existing Climate Smart Financial Model

by introducing a Carbon Performance and Revenue pathway that operates alongside the financial sustainability algorithm.

The conceptual structure consists of five interacting components:

1) Financial Assessment Module, evaluating conventional project economics including investment cost, operating expenditure,
projected commercial revenues, costs, and financial sustainability.

2) Climate Smart Assessment Module, incorporating governance quality, climate vulnerability, land tenure, water availability,
adaptive capacity, agricultural productivity, and institutional readiness.

3) Carbon Accounting Interface Module, receiving carbon estimates generated under the applicable internationally accepted
carbon accounting methodology. This module does not itself perform or replace methodology-specific carbon quantification.

4) Carbon Revenue Module, converting expected eligible/issuable tCO:e into expected net carbon revenue considering expected
carbon price, probability of successful issuance, and, where applicable, carbon-development, MRV, validation, verification and
issuance costs.

5) Integrated Investment Decision Module, combining the financial appraisal with the expected carbon value to assess investment
feasibility, additionality implications, sustainability and comparative investment attractiveness.

Unlike conventional systems in which carbon accounting may be considered after investment decisions, the proposed framework

incorporates the potential economic value of carbon during project planning. This early integration is intended to improve

investment prioritization and reduce uncertainty associated with project development. The framework remains methodology-neutral:
the carbon quantity is supplied by the applicable carbon methodology and is not generated by the CI-CSFM itself.

V. MATHEMATICAL DEVELOPMENT OF THE CARBON-INTEGRATED CLIMATE SMART FINANCIAL
MODEL
The original Climate Smart Financial Model expresses Financial Sustainability (FS) as a function of multiple climate-smart
investment variables:
FS=f(FDI,C,G,L, W,Y)

where:
e FDI = Financial Development Investment,
e C = Climate Resilience Index,
e G = Governance Index,
e L =Land Tenure Security,
e W = Water Resource Availability,
e Y = Agricultural Productivity.
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The function f (-) represents the functional form of the original CSFM and is not re-estimated in the present paper. Its exact
specification, weighting and units remain those established in the original CSFM work.

The present study extends this formulation by introducing Carbon Revenue (CR) as an endogenous investment variable:
FS*=f(FDI,C,G, L, W, Y, CR)

where FS* denotes Carbon-Integrated Financial Sustainability and CR denotes expected net carbon revenue incorporated into the
financial appraisal. The use of “endogenous” here refers to the fact that carbon revenue is directly incorporated into the investment
decision framework; it does not mean that the CI-CSFM independently determines the underlying carbon quantity.

Carbon Revenue is estimated at the ex-ante investment stage as:
CR. = E(tCO2¢) x PC. x PV — CC

where:
o CR. = expected net carbon revenue over the appraisal period,
o E(tCO:e) = expected eligible/issuable carbon quantity estimated under the applicable methodology,
e PC. = expected carbon-credit market price,
e PV = probability of successful validation/verification and issuance, as applicable to the appraisal stage,
e CC =relevant carbon-development, MRV, validation, verification, issuance and other directly attributable carbon
transaction costs included in the appraisal.
For a multi-year project, the annual expected net carbon cash flows should be discounted over the relevant project period. A
generalized formulation is:
CR. = % [(E(tCOze); x PCe,i X PV — CCy) / (1+1) 1]

where r is the applicable discount rate and t denotes the project year. This formulation is used where the carbon programme
produces staged or recurring carbon outcomes.

The ex-ante equation must not be interpreted as using verified credits together with a verification probability. Before verification
and issuance, the model uses forecast/expected eligible carbon quantities and an issuance probability. After verification and
issuance, realized carbon revenue can instead be calculated from actual issued credits and the realized transaction price, subject to
the applicable contractual and market conditions.

Carbon quantification is not performed by the CI-CSFM. The quantity is obtained from the applicable methodology-specific carbon
accounting procedure:

tCO2e = Methodology-specific carbon quantification function (project-specific baseline and monitoring data)

The methodology specifies the relevant calculation procedures, baseline/scenario parameters, emission factors, monitoring
requirements, uncertainty treatment and other applicable requirements. Thus, the applicable carbon methodology is an external
methodological input to the CI-CSFM rather than a numerical coefficient multiplied by field observations.

The overall investment return should be expressed only on a consistent monetary and time basis. Where RC and CR represent
monetary returns over the same period, an integrated return can be represented as:

IR=RC + CR.

where IR is Integrated Investment Return, RC is Commercial Return expressed on the same monetary/time basis as CR., and CR. is
expected net carbon revenue. If RC is instead represented by NPV, ROI, IRR or another normalized indicator, carbon revenue
should not be added directly to it. In such cases, the appropriate approach is to incorporate the expected carbon cash flows into the
same financial model and calculate the resulting integrated NPV, IRR, ROI or other common financial indicator. This avoids
dimensional inconsistency.
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V. CARBON INTEGRATION MATRIX
The integration framework does not replace existing carbon accounting methodologies. Instead, it links the output generated by the
applicable methodology to the financial model. The following matrix illustrates the methodology-neutral interface.

Project Category Applicable Carbon Estimated Carbon Variable | Financial Integration
Methodology

Agroforestry Applicable Voluntary Biomass Carbon Expected Carbon Revenue
Market ARR/ALM
methodology

Forest Conservation Applicable REDD+ Avoided Emissions Expected Carbon Revenue
methodology

Soil Restoration Applicable Agricultural Soil Organic Carbon Expected Carbon Revenue

Land Management
methodology

Rice Cultivation Applicable Methane CHa Reduction Expected Carbon Revenue
Reduction methodology

Livestock Management Applicable Livestock Methane Reduction Expected Carbon Revenue
methodology

Renewable Energy Applicable Renewable CO: Reduction Expected Carbon Revenue
Energy methodology

Waste Management Applicable Waste CHa+ Avoidance Expected Carbon Revenue

methodology

The precise methodology, baseline, monitoring parameters, eligibility conditions and carbon calculation procedure must be
determined separately for each project. The CI-CSFM only integrates the resulting methodology-specific carbon estimate into
financial appraisal.

VI. ADDITIONALITY ASSESSMENT FRAMEWORK
Additionality is a fundamental principle of carbon market integrity. Carbon credits may be generated only where the relevant carbon
standard and methodology establish that the claimed emission reductions or removals meet the applicable additionality
requirements. Financial additionality is one possible component of such an assessment.
The proposed CI-CSFM embeds a financial-additionality screening function into the investment algorithm. The three cases are
retained, but carbon-finance-induced financial viability is not treated as proof of overall carbon-credit additionality. Instead, it
provides evidence that carbon finance may be financially decisive, subject to methodology-specific additionality requirements,
including applicable regulatory, technological, common-practice and baseline considerations.
Case I: Commercially Viable Project
If the project's commercial financial indicator meets the selected viability threshold without carbon revenue:
Flo>T F then the project is commercially viable without carbon finance and financial additionality attributable to carbon finance is
assessed as 0 for the CI-CSFM screening purpose.
Case Il: Carbon-Dependent Project
If the project is commercially non-viable without carbon revenue but becomes viable after inclusion of expected net carbon revenue:
Flo<T Fand Fl: > T F then carbon finance changes project viability and financial additionality is assessed as 1 for the CI-CSFM
screening purpose, subject to methodology-specific carbon additionality tests.
Case Il1: Non-Viable Project
If the project remains below the selected viability threshold even after inclusion of expected carbon revenue:
Fl: <T_F then the project remains financially non-viable and should either be redesigned or excluded from investment.
Here Flo represents the selected financial viability indicator before carbon revenue, Fl; represents the corresponding indicator after
inclusion of expected carbon revenue, and T_F is the applicable viability threshold. The specific financial indicator and threshold
should be selected consistently with the project appraisal methodology.
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This integrated approach enables investors to identify projects where carbon finance substantially improves economic feasibility
while maintaining a clear distinction between financial additionality screening and formal carbon-credit additionality determination.

VII. INTEGRATED CLIMATE INVESTMENT SUSTAINABILITY INDEX (ICISI)
Financial sustainability alone cannot adequately represent long-term project success. Sustainable development depends upon
economic viability, environmental performance, institutional capacity, governance quality, social acceptance, and climate resilience.
To address these multidimensional considerations, the present research proposes an Integrated Climate Investment Sustainability
Index (ICISI).
ICISI is a normalized multi-criteria decision index for comparative investment prioritization; it is not itself a measure of financial
profitability, nor does it measure carbon-credit quality or replace carbon-standard eligibility and verification.

The generalized formulation is:
ICISI = wiFS; + w2CR,, + w3CS, + waGy + wsRi + WeAy + WPy + wsl,
where:

e FS, =normalized Financial Sustainability Index,

e CR, =normalized Carbon Revenue Index,

e CS, =normalized Climate Smartness Score,

e G, =normalized Governance Index,

e R, =normalized Climate Resilience Index,

e A, =normalized Adaptive Capacity Index,

e P, =normalized Permanence Score,

e L, =positive-direction normalized Leakage Performance Score, derived so that a higher score represents better

performance/lower leakage risk,

e Wi—-Ws = normalized weighting coefficients.
All component variables must be normalized to a common scale before aggregation. This is necessary because financial values such
as carbon revenue may be expressed in monetary units whereas governance, resilience and other indicators may be dimensionless
scores. The normalization procedure should be specified consistently for the selected application.

The weighting coefficients satisfy:

Yefwi=1,w>0

The weighting coefficients may be determined using Analytic Hierarchy Process (AHP), Delphi Technique, Principal Component
Analysis, Multi-Criteria Decision Analysis (MCDA), or expert consultation depending upon project requirements. The ICISI
provides a standardized comparative measure for prioritizing diverse projects across agriculture, forestry, ecosystem restoration,
renewable energy, and sustainable livelihood sectors.

VIIl.  PROPOSED INVESTMENT DECISION ALGORITHM

The Carbon-Integrated Climate Smart Financial Model may be represented through the following sequential algorithm:

1) Step 1: Collect baseline information: climate conditions, governance, land tenure, water availability, livelihood status,
agricultural productivity and other relevant project information.

2) Step 2: Estimate Financial Sustainability using the functional form of the original CSFM and establish the selected financial
viability indicator and threshold.

3) Step 3: Screen carbon eligibility and select the applicable carbon methodology according to project type, applicable standard
and project circumstances. Eligibility, baseline, additionality, leakage and monitoring requirements should be considered at this
stage.

4) Step 4: Establish the baseline and project scenario in accordance with the selected carbon methodology.

5) Step 5: Estimate eligible/issuable tCO:e using the methodology-specific equations, parameters and field/monitoring
observations prescribed under the applicable carbon accounting standard.

6) Step 6: Estimate expected net carbon revenue using expected tCO:e, expected carbon price, probability of successful issuance
and relevant carbon-development/MRV/verification/issuance costs.
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7) Step 7: Estimate Carbon-Integrated Financial Sustainability and, where applicable, the corresponding integrated NPV, IRR,
ROI or other common financial indicator.

8) Step 8: Evaluate financial additionality by determining whether carbon finance changes project viability, while separately
recognizing that formal carbon-credit additionality remains subject to methodology-specific requirements.

9) Step 9: Normalize the relevant indicators, calculate ICISI using the selected weights, and document assumptions and
uncertainty.

10) Step 10: Rank projects. Projects having the highest ICISI receive the highest investment priority, subject to eligibility,
safeguards, financing constraints and other decision criteria.

IX. MONITORING, REPORTING AND VERIFICATION (MRV)
An effective MRV framework is fundamental for ensuring the credibility of carbon outcomes used in the proposed financial model.
Since expected carbon revenue is incorporated into investment appraisal, the reliability of the underlying carbon estimates becomes
important for financial decision-making.
The MRV framework should include:
1) Baseline assessment.
2) Periodic field measurements.
3) Remote sensing and GIS monitoring.
4) Biomass inventories.
5) Soil sampling.
6) Water resource monitoring.
7) Farmer and community participation.
8) Independent third-party validation/verification as required by the applicable carbon standard.
9) Digital record management.
10) Long-term monitoring of permanence and leakage.
The concept framework further recommends development of a GIS-enabled decision-support platform integrating CSFM screening,
spatial carbon stock mapping, baseline and scenario modelling, methodology applicability screening, ex-ante tCO:e estimation,
MRV data capture, and investor dashboards displaying financial and expected carbon returns. Any automated methodology
selection or carbon estimation function must remain subordinate to the requirements of the applicable carbon standard and
methodology.

X. PILOT VALIDATION FRAMEWORK
The proposed framework may be validated using two or three representative ecological regions; namely: A. Nagaland / B.
Arunachal Pradesh / C. Jharkhand in India.

XI. RESULTS AND DISCUSSION

The Carbon-Integrated Climate Smart Financial Model extends the Climate Smart Financial Model by integrating the expected
economic value of eligible carbon outcomes into investment appraisal. Its principal conceptual contribution is to treat potential
carbon value as an economic investment variable while preserving the separation between financial integration and carbon
quantification. The framework does not claim that the CI-CSFM itself produces or verifies carbon quantities. Rather, methodology-
specific carbon accounting generates an ex-ante estimate of eligible/issuable tCOze, which is transferred into the CI-CSFM.
Expected carbon revenue is then calculated using the expected quantity, expected price, issuance probability and relevant carbon-
related costs. Once credits are actually verified and issued, realized quantities and prices can be used for subsequent revenue
accounting. The methodology-neutral framework can interface with carbon outcomes associated with biomass accumulation, soil
organic carbon enhancement, methane reduction, renewable energy substitution, forest conservation, waste management and other
eligible activities, subject to the applicable standard and methodology. It enables comparison of financial performance with and
without carbon finance and provides a structured basis for screening projects whose financial viability may depend materially on
carbon income.The additionality module improves the investment-screening logic by distinguishing three situations: commercially
viable projects without carbon finance, projects whose viability changes because of carbon finance, and projects that remain non-
viable even after carbon revenue is included. Importantly, carbon-finance-induced financial viability is treated as evidence of
financial additionality for investment screening, not as proof of overall carbon-credit additionality.
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The ICISI extends the framework from a single financial dimension to comparative multi-criteria investment prioritization. Because
its components differ in units and scale, normalization is necessary before aggregation, and the weights must sum to one. The index
therefore provides a comparative decision-support score rather than a substitute for conventional profitability indicators or formal
carbon-credit assessment.

The framework may also support digital monitoring through GIS, remote sensing, Al, loT, cloud computing and other digital MRV
tools. Such technologies may improve data capture, transparency and transaction efficiency, but their application does not remove
the need to comply with the requirements of the applicable carbon standard, methodology and independent verification process.

As the present study is a conceptual and mathematical framework rather than an empirically validated model, its practical
effectiveness, predictive performance and investment-ranking reliability require field validation. The proposed pilot regions provide
a basis for testing the framework across different ecological, institutional and socioeconomic conditions.

XII. POLICY IMPLICATIONS

1) The model supports climate finance policy, investment planning, and sustainable development by bringing potential carbon
value into early-stage project appraisal.

2) It provides a structured interface through which governments, financial institutions and development agencies can consider the
carbon-market potential of agriculture, forestry, watershed and livelihood projects without replacing recognized carbon
accounting procedures.

3) Public investments can be prioritized using integrated sustainability scores, subject to appropriate normalization, weights,
safeguards and eligibility criteria.

4) Limited public and private funds may be directed toward projects with stronger combined economic, environmental, social and
climate characteristics.

5) Expected carbon-revenue integration may improve project bankability where carbon finance is sufficiently material and
credible.

6) The model can support blended finance involving governments, development banks, climate funds, CSR programmes and
private investors.

7) The framework aligns with Environmental, Social, and Governance (ESG) principles through its consideration of governance,
land tenure, climate resilience, permanence, leakage and adaptive capacity.

8) Early carbon planning may reduce avoidable transaction costs and improve the feasibility of small projects, although actual
transaction-cost reductions require empirical testing.

9) Integrated MRV platforms can support digital governance and improve transparency.

10) Remote sensing, GIS, artificial intelligence, cloud computing and other digital systems may improve monitoring and
information management, while remaining subject to applicable verification requirements.

XIIl.  CONCLUSIONS
The present paper proposes a Carbon-Integrated Climate Smart Financial Model (CI-CSFM) that extends Srivastava's Climate
Smart Financial Model by directly incorporating expected carbon revenue into investment decision-making. The framework
recognizes that climate-smart agriculture, agroforestry, ecosystem restoration, sustainable livelihoods, renewable energy, waste
management and related interventions may generate both conventional financial returns and eligible carbon assets.
A key contribution is the methodology-neutral Carbon Integration Module. The framework does not introduce a new carbon
accounting method and does not independently quantify or verify carbon reductions/removals. Instead, it uses the output of an
applicable internationally accepted carbon methodology, based on project-specific baseline and monitoring data, and integrates the
resulting ex-ante carbon estimate into financial appraisal.
The paper also develops mathematical formulations that combine financial sustainability and expected carbon revenue, while
incorporating governance, adaptive capacity, permanence, leakage, climate resilience and additionality into an Integrated Climate
Investment Sustainability Index. The ICISI is explicitly defined as a normalized multi-criteria decision index for comparative
investment prioritization, rather than a profitability or carbon-credit quality measure.
The distinction between ex-ante expected carbon and post-verification issued credits strengthens the financial logic of the
framework. Expected eligible/issuable tCO:e, expected carbon price and issuance probability are used for investment appraisal;
verified/issued credits and realized prices are subsequently relevant for realized revenue accounting.
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The additionality framework identifies projects for which carbon finance may be financially decisive, but it does not equate
financial additionality with overall carbon-credit additionality. Formal additionality remains subject to the requirements of the
applicable carbon standard and methodology.

The proposed CI-CSFM provides a structured and potentially applicable framework for governments, development agencies,
financial institutions, climate funds, CSR programmes, multilateral organizations and carbon-market participants. Its potential
contribution is to connect climate-smart investment screening with carbon-finance considerations at the planning stage. However, its
empirical effectiveness, parameterization, weighting system, carbon-revenue uncertainty and investment-ranking performance
require validation through field pilots before claims of scientific robustness or general financial effectiveness can be made.

Future research should therefore validate the model across diverse ecological regions and project types, including the proposed pilot
contexts in Nagaland, Arunachal Pradesh and Jharkhand. Integration with GIS, remote sensing, artificial intelligence and digital
MRV platforms may further improve its efficiency and scalability, subject to the requirements of applicable carbon standards and
methodologies.

REFERENCES

[1] Aggarwal P. K., Vyas S., Thornton P. K., Campbell B. M., and Kropff M. J., “Importance of considering climate change impacts on agriculture in developing
countries in the twenty-first century,” Global Food Security, vol. 1, no. 2, pp. 71-76, 2012. DOI: 10.1016/j.gfs.2012.10.001.

[2] Ajatasatru A., Prabhu V., Deb Pal B., et al., “Economy-wide impact of climate-smart agriculture in India: A SAM framework,” Journal of Economic Structures,
vol. 13, art. no. 4, 2024.

[3] Alfaro L., Chanda A., Kalemli-Ozcan S., and Sayek S., “FDI and economic growth,” Journal of International Economics, 2004.

[4] Altieri M. A., Nicholls C. I., Henao A., and Lana M. A., “Agroecology and climate resilience,” Agronomy for Sustainable Development, vol. 38, no. 3, 2018.

[5] Arellano M. and Bond S., “Some tests of specification for panel data: Monte Carlo evidence and an application to employment equations,” Review of
Economic Studies, vol. 58, no. 2, pp. 277-297, 1991.

[6] Barbier E. B., “Poverty, development, and environment,” Environment and Development Economics, vol. 15, no. 6, pp. 635-660, 2010.

[7]1 Barnett B. J. and Mahul O., “Weather index insurance for agriculture and rural areas in lower-income countries,” American Journal of Agricultural Economics,
vol. 89, no. 5, pp. 1241-1247, 2007.

[8] Baron R. M. and Kenny D. A., “The moderator-mediator variable distinction in social psychological research: Conceptual, strategic, and statistical
considerations,” Journal of Personality and Social Psychology, vol. 51, no. 6, pp. 1173-1182, 1986.

[9] BénéC., etal., “Resilience in food systems,” Global Food Security, 2016.

[10] Bhardwaj D., Bhattacharjee S., and Raj S., “Climate-Smart Agriculture towards Triple Win,” MANAGE Discussion Paper No. 5, 2018.

[11] Binswanger-Mkhize H. P. and McCalla A. F., “Agricultural and rural development in Africa,” International Fund for Agricultural Development (IFAD), 2010.

[12] Blundell R. and Bond S., “Initial conditions and moment restrictions in dynamic panel data models,” Journal of Econometrics, vol. 87, no. 1, pp. 115-143,
1998.

[13] Borras S. M., etal., “Global land grabbing,” Journal of Peasant Studies, vol. 38, no. 2, pp. 209-216, 2011.

[14] Burke M., Hsiang S., and Miguel E., “Global non-linear effect of temperature on economic production,” Nature, vol. 527, pp. 235-239, 2015.

[15] Campbell B. M., et al., “Sustainable intensification,” Current Opinion in Environmental Sustainability, vol. 8, pp. 39-43, 2014.

[16] Carter M. R., Little P. D., Mogues T., and Negatu W., “Poverty traps and natural disasters in Ethiopia and Honduras,” Journal of Development Studies, vol. 43,
no. 5, pp. 835-856, 2007.

[17] Cissé J. D. and Barrett C. B., “Estimating development resilience,” World Development, vol. 105, pp. 152-168, 2018.

[18] Companies Act, 2013, Government of India, Ministry of Corporate Affairs, India, 2013.

[19] Corong E. L., Hertel T. W., McDougall R., Tsigas M. E., and van der Mensbrugghe D., “The Standard GT AP Model, version 7,” Journal of Global Economic
Analysis, vol. 2, no. 1, pp. 1-119, 2017.

[20] Deininger K., Land Policies for Growth and Poverty Reduction, World Bank and Oxford University Press, 2003.

[21] De Schutter O., “How not to think of land-grabbing,” Journal of Peasant Studies, vol. 38, no. 2, pp. 249-279, 2011.

[22] Dell M., Jones B., and Olken B., “Temperature shocks and economic growth,” American Economic Review, vol. 102, no. 6, pp. 2629-2656, 2012.

[23] Demena B. A. and Afesorgbor S. K., “FDI and environmental emissions,” Energy Policy, vol. 138, 2020.

[24] Duflo E., et al., “Randomization toolkit,” in Handbook of Development Economics, 2007.

[25] Elkington J., Cannibals with Forks: The Triple Bottom Line of 21st Century Business, Capstone Publishing, 1997.

[26] Ellis F., Rural Livelihoods and Diversity in Developing Countries, Oxford University Press, 2001.

[27] Food and Agriculture Organization (FAQ), Rome Declaration on World Food Security and World Food Summit Plan of Action, Rome, 1996.

[28] Food and Agriculture Organization (FAQ), Climate Change and Food Security: A Framework Document, Rome, 2008.

[29] Food and Agriculture Organization (FAQ), Climate-Smart Agriculture, FAO Synthesis Report, 2013.

[30] Food and Agriculture Organization (FAQ), The State of Food Insecurity in the World, 2014.

[31] Food and Agriculture Organization (FAQ), Climate-Smart Agriculture Sourcebook, 2015.

[32] Food and Agriculture Organization (FAQO), Resilience Index Measurement and Analysis (RIMA), 2018.

[33] Food and Agriculture Organization (FAQ), International Fund for Agricultural Development (IFAD), United Nations Children’s Fund (UNICEF), World Food
Programme (WFP), and World Health Organization (WHO), The State of Food Security and Nutrition in the World, 2019.

[34] Food and Agriculture Organization (FAQ), Indigenous Peoples’ Food Systems, 2021.

[35] Food and Agriculture Organization (FAO), The State of Food Security and Nutrition in the World, 2024.

[36] G20 Sustainable Finance Working Group, Climate Risk Disclosures, 2021.

©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 |




International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 14 Issue IX Sep 2026- Available at www.ijraset.com

Ghosh M., “Climate-smart agriculture, productivity and food security in India,” Journal of Development Policy and Practice, vol. 4, no. 2, pp. 166-187, 2019.
Girma G. T. and Petros W. W., “Indicators, theory of change and impact pathways in climate-smart agriculture,” Agricultural Reviews, vol. 45, no. 1, pp. 68—
74,2024.

Golub S., Kauffmann C., and Yeres P., “Defining and measuring green foreign direct investment,” OECD Working Papers, 2011.

Government of India, India State of Forest Report, Forest Survey of India, 2019.

Government of India, Policy and Forest Reports, 2018-2019.

Headey D. and Ecker O., “Rethinking the measurement of food security,” Global Food Security, vol. 2, no. 1, pp. 19-29, 2013.

Herzer D., Klasen S., and Nowak-Lehmann A., “FDI and income inequality,” Oxford Economic Papers, 2008.

High Level Panel of Experts (HLPE), Land Tenure and International Investments in Agriculture, 2012.

High Level Panel of Experts (HLPE), Nutrition and Food Systems, 2017.

International Fund for Agricultural Development (IFAD), Rural Development Report: Inclusive Transformation, 2023.

Intergovernmental Panel on Climate Change (IPCC), Fourth Assessment Report, 2007.

Intergovernmental Panel on Climate Change (IPCC), Sixth Assessment Report, 2021.

Intergovernmental Panel on Climate Change (IPCC), Climate Change 2022: Mitigation of Climate Change, 2022.

Intergovernmental Panel on Climate Change (IPCC), 2006 IPCC Guidelines for National Greenhouse Gas Inventories: 2019 Refinement, 2006, 2019.

Kahn M., et al., “Long-term macroeconomic effects of climate change: A cross-country analysis,” Journal of Economic Perspectives, vol. 35, no. 4, pp. 77-101,
2021.

KfW Development Bank, Sustainable Agriculture Finance, 2020.

Lipper L., et al., “Climate-smart agriculture for food security,” Nature Climate Change, vol. 4, no. 12, pp. 1068-1072, 2014.

Mallappa V. K. and Pathak T. B., “Climate-smart agriculture technology adoption among small farmers in Gujarat,” Frontiers in Sustainable Food Systems,
2023.

Minten B., et al., “Agricultural technology and food security,” World Development, vol. 127, 2020.

Narayanan S. and Gerber N., “Social safety nets and food security in India,” Food Policy, vol. 92, 2020.

North D. C., Institutions, Institutional Change and Economic Performance, Cambridge University Press, 1990.

Organisation for Economic Co-operation and Development (OECD), Handbook on Constructing Composite Indicators: Methodology and User Guide, 2014.
Organisation for Economic Co-operation and Development (OECD), FDI Qualities Indicators, 2018.

Organisation for Economic Co-operation and Development (OECD) and Food and Agriculture Organization (FAO), Building Sustainable Food Systems, 2022.
Ostrom E., Governing the Commons: The Evolution of Institutions for Collective Action, Cambridge University Press, 1990.

Pathways of Climate Change Impact on Food Consumption and Dietary Diversity among Indigenous Tribal Farmers, Frontiers in Sustainable Food Systems,
2021.

Porter M. E. and Kramer M. R., “Creating Shared Value,” Harvard Business Review, 2011.

Popp D., “Environmental policy and innovation,” Review of Environmental Economics and Policy, vol. 13, no. 1, pp. 73-90, 2019.

Reardon T, et al., “Agrifood system transformation,” World Development, vol. 134, 2019.

Reserve Bank of India (RBI), Banking Report, 2022.

Roodman D., “How to do xtabond2: An introduction to difference and system GMM in Stata,” The Stata Journal, 2009.

Roodman D., “The limits of foreign aid and investment,” Journal of Economic Perspectives, 2014.

Rose A. and Liao S.-Y., “Modeling regional economic resilience to disasters,” Journal of Regional Science, vol. 45, no. 1, pp. 75-112, 2005.

Scoones I., “Livelihoods perspectives and rural development,” Journal of Peasant Studies, vol. 31, no. 1, pp. 1-15, 2004.

Scoones |., Sustainable Livelihoods and Rural Development, Practical Action Publishing, 2015.

Sen A., Development as Freedom, Oxford University Press, 1999.

Srivastava D., “Climate-Smart Financial Model for Investments Supporting Sustainable Agriculture and Livelihood Development,” International Journal of
Humanities, Engineering, Science and Management (IJHESM), vol. 7, no. 1, pp. 1-9, 2026. DOI: 10.59364/ijhesm. v7i1.161.

Stern N., The Economics of Climate Change: The Stern Review, Cambridge University Press, 2007.

Stiglitz J., [bibliographic details not provided in the supplied reference draft].

United Nations (UN), Transforming Our World: The 2030 Agenda for Sustainable Development, 2015.

United Nations Conference on Trade and Development (UNCTAD), World Investment Report, 2011.

United Nations Conference on Trade and Development (UNCTAD), World Investment Report: Investment and the Digital Economy, 2017.

United Nations Conference on Trade and Development (UNCTAD), World Investment Report: International Tax Reforms and Sustainable Investment, 2022.
United Nations Environment Programme (UNEP), Adaptation Gap Report, 2021.

United Nations Framework Convention on Climate Change (UNFCCC), Paris Agreement, 2015.

Verified Carbon Standard (VCS) Program, Voluntary Market: Verified Carbon Standard (VCS) Program Guide, latest edition.

Verified Carbon Standard (VCS) Program, Voluntary Market: Verified Carbon Standard Methodology Requirements, latest edition.

Villalba R., Joshi G., Daum T., et al., “Financing Climate-Smart Agriculture,” Mitigation and Adaptation Strategies for Global Change, vol. 29, art. no. 33,
2024.

World Bank, World Development Report 2010, World Bank, 2009.

World Bank, Climate-Smart Agriculture Indicators, 2016.

World Bank, India Climate Risk Country Profile, 2020.

World Bank, Financing Climate-Smart Agriculture, 2023.

World Bank, State and Trends of Carbon Pricing, 2023.

World Bank, Climate-Smart Agriculture: From Knowledge to Implementation, 2024.

©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 |

318



International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 14 Issue IX Sep 2026- Available at www.ijraset.com

LIST OF ABBREVIATIONS

|Abbreviation||FuII Form |
|AI ||Artificia| Intelligence |
|AHP ||Ana|ytic Hierarchy Process |
|ALM ||Agricultural Land Management |
|ARR ||Afforestation, Reforestation and Revegetation |
|BCR ||Benefit—Cost Ratio |
EHCEO ||Chief Executive Officer |
|CI—CSFM ||Carbon—|ntegrated Climate Smart Financial Model |
|CSR ||Corporate Social Responsibility |
EHCSFM ||Climate Smart Financial Model |
|DOI |[Digital Object Identifier |
|ESG ||Environmenta|, Social, and Governance |
|FAO ||Food and Agriculture Organization |
|FDI ||Financia| Development Investment |
|F|o ||Financia| Viability Indicator before Carbon Revenue |
|FI1 ||Financia| Viability Indicator after inclusion of Carbon Revenue |
|GIS ||Geographic Information System |
|GMM ||Genera|ized Method of Moments |
|GTAP ||Global Trade Analysis Project |
|HLPE ||High Level Panel of Experts |
|ICISI ||Integrated Climate Investment Sustainability Index |
|IFAD ||Internationa| Fund for Agricultural Development |
|IJHESM ||Internationa| Journal of Humanities, Engineering, Science and Management |
||0T ||Internet of Things |
|IPCC ||Intergovernmenta| Panel on Climate Change |
| IR ||Integrated Investment Return |
|IRR ||Interna| Rate of Return |
|Kf\N ||Kf\N Development Bank |
|KVK ||Krishi Vigyan Kendra |
|MCDA ||Mu|ti—Criteria Decision Analysis |
|MRV ||Monitoring, Reporting and Verification |
|NPV ||Net Present Value |
|OECD ||Organisation for Economic Co-operation and Development |
|PCe ||Expected Carbon-Credit Market Price |
|PV ||Probabi|ity of Successful Validation/Verification and Issuance |
REDD+ Redu_cing Emissions from Deforestation and Forest Degradation, plus conservation,
sustainable management of forests and enhancement of forest carbon stocks

|RBI ||Reserve Bank of India |
|RI MA ||Resi|ience Index Measurement and Analysis |
|ROI |[Return on Investment |
|SAM ||Socia| Accounting Matrix |
|UN ||United Nations |
|UNCTAD ||United Nations Conference on Trade and Development |
|UNEP ||United Nations Environment Programme |
|UNFCCC ||United Nations Framework Convention on Climate Change |
|UNICEF ||United Nations Children’s Fund |
|VCS ||Verified Carbon Standard |
|WFP ||Wor|d Food Programme |
|WHO ||Wor|d Health Organization |
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Additional technical notation

|Term ||Fu|| Form / Meaning |

|C ||Climate Resilience Index |

Carbon-development, MRV, validation, verification, issuance and other directly attributable carbon

cC .
transaction costs

|CH4 ||Methane

|CO; ||Carbon Dioxide
|CR ||Carbon Revenue

|CRe ||Expected Net Carbon Revenue

|FS ||Financia| Sustainability

|FS* ||Carbon—|ntegrated Financial Sustainability

|Lp ||Positive—direction Normalized Leakage Performance Score

|P ||Permanence Score

|R ||Climate Resilience Index

|W ||Water Resource Availability

|Y ||Agricultural Productivity

|
|
|
|
|
|
|L ||Land Tenure Security |
|
|
|
|
|
|

|tCOze| |Tonnes of Carbon Dioxide Equivalent
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