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Introduction

climatic instability, ecosystem degradation and financial market volatility have formed an

inextricable knot of challenges. The rate at which the relevance of the traditional concept of
financial management, focused on isolated profit maximization, is fading is self-evident. The
economy has become so self-contained that its strategic planning in agribusiness urgently requires
a complete overhaul of the decision-making model such that environmental and economic indicators
not only coexist, but also synergistically reinforce each other (Elkington, 2018).

I n the mid-2020s, the global agro-industrial complex entered an era of “systemic poly-crisis”, where

Literature Review

$14.66 billion in 2024, with a projected growth to $16.16 billion by the end of 2025 and a further
acceleration to $35 billion by 2033 (CAGR 10.2%). This growth is driven by regulatory
pressure and an increasing awareness of the scale of climate risks (Schaltegger & Wagner, 2017).

According to the latest industry reports, the global sustainable agriculture market was valued at

Research from 2025 (Stanford University data) indicates that even under adaptation scenarios,
global yields of major crops could decline by 8% by 2050 solely due to accumulated carbon impact.
For the financial sector, this translates into direct losses (Litkowski et al., 2025). According to 2025
survey results, over 88% of agricultural credit institutions expect climate change to negatively impact
the solvency of their borrowers. In response, the green finance sector is demonstrating record
momentum - the issuance of sustainable bonds exceeded $1 trillion in 2024, with green bonds
accounting for 64% of this volume (Intergovernmental Panel on Climate Change, 2023).

Despite the availability of capital, the primary barrier to implementing sustainable development
strategies lies within the methodological plane. Environmental operational indicators and financial
metrics function within different analytical planes, which complicates their direct correlation (CO,
emission intensity) with financial metrics (ROIC, EBITDA). The lack of mechanisms for “translating”
environmental achievements into financial sustainability leads to sustainability investments being
perceived by management as unproductive costs rather than a means of reducing the cost of capital
(Climate Bonds Initiative, 2024).

Methodological dualism remains the key barrier. Environmental data (soil health indices, carbon
intensity) exist in isolation from financial systems (ERP). In 2026, the solution to this discrepancy is
the implementation of Decision Intelligence and Al analytics, which allow for the automation of the
“translation” of environmental indicators into financial metrics. An urgent and pressing need has
arisen to transition from simple monitoring of adverse impacts (mitigation) to active and
comprehensive resilience management (adaptation). Now, soil health or water-use efficiency must
be capitalized as intangible assets that directly impact the credit rating and operating margin of the
enterprise (Amelung et al., 2020).

For deep harmonization of indicators, leading agro-industrial holdings are implementing Internal
Carbon Pricing (ICP) mechanisms (Epstein & Roy, 2001). Utilizing the shadow pricing method,
financial departments establish a conditional internal tax on greenhouse gas emissions (in the range
of $60-120 per ton of CO, -eq.). This enables the preemptive evaluation of investment projects
regarding their resilience to future regulatory changes, such as Carbon Border Adjustment
Mechanisms (CBAM).

The depth of strategic forecasting today is determined by management’'s ability to operate with
scenarios in accordance with TCFD recommendations (Wolfert et al., 2017). Two groups of factors
are integrated into agribusiness financial models: physical risks (the direct impact of extreme climatic
events on operating liquidity) and transition risks (abrupt changes in technological standards and EU
subsidy policy).

Harmonization of indicators in this context implies that the probability of drought or the introduction
of a ban on certain types of fertilizers directly correlates with the discount rate in business valuation
models, allowing for the formation of adequate reserves for climate adaptation.
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It should be noted, that a clear correlation is observed between the enterprise’s environmental profile
and its weighted average cost of capital (WACC) (Lal, 2020). Companies with a high level of KPI
harmonization gain access to a green premium - the opportunity to attract financing through KPI-
linked loans, where the interest rate is directly tied to the achievement of environmental targets
(reducing water consumption). Conversely, enterprises that ignore the environmental agenda face a
brown discount - investors incorporate an increased risk premium into the cost of debt and equity,
which leads to a decrease in the total market value of the enterprise (enterprise value) even in the
presence of stable current financial results.

Problem Statement

strategic financial planning for sustainable agribusiness in the United States, harmonizing

ecological (particularly soil organic carbon - SOC content) and economic performance
indicators by transforming biophysical metrics into financial imperatives through the integration of
Decision Intelligence tools, modified ENPV, USDA subsidies, FCIC insurance discounts, and
voluntary carbon markets, to minimize transition and physical climate risks, optimize WACC, and
ensure fiscal resilience amid systemic poly-crisis conditions..

The purpose of this article is to develop and theoretically substantiate a convergent model of

Methods and Materials

systemic poly-crisis, where extreme climatic volatility is superimposed on record levels of farm

debt, exceeding $590 billion in 2026 (World Bank, 2024). Since more than 80% of the asset
value of a typical U.S. farm is concentrated in landholdings, soil degradation and the depletion of
water resources (in the Ogallala Aquifer) lead to the direct impairment of the collateral base and an
increase in the cost of capital. The necessity of transitioning to regenerative capitalism and the
operationalization of USDA initiatives (climate-smart commodities) makes the development of tools
for the harmonization of ecological and economic indicators critical for ensuring the solvency and
investment attractiveness of American agribusiness.

The relevance of this work is dictated by the U.S. agro-industrial complex entering a phase of

The scientific novelty of the research lies in the development and theoretical substantiation of a
convergent model of financial planning that considers the soil organic carbon (SOC) index as a full-
fledged financial asset and a predictor of creditworthiness (Task Force on Climate-related Financial
Disclosures, 2021). Unlike existing works, the author proposes a multifactor approach. Financial
transmission mechanism - a direct mathematical link between biophysical indicators (via COMET-
Farm tools) and debt service coverage ratios (DSCR). Modified ENPV algorithm with the inclusion of
U.S.-specific variables - Federal Crop Insurance (FCIC) discounts and cash flows from voluntary
carbon markets (VCM) into net present value calculations. Prognostic approach is the use of
Bayesian networks to model the causal nexus between soil microbiology and the enterprise value,
allowing the CFO to preemptively manage transition risks.

The methodological foundation of this study is based on a convergent approach that integrates
classical methods of financial analysis with predictive environmental modeling. The research relies
on a synthesis of interdisciplinary theories, institutional theory, the theory of dynamic capabilities and
the concept of planetary boundaries to form an integrated system of strategic planning (Carney,
2021).

To verify theoretical propositions and for statistical analysis, several data groups were used.
Macroeconomic and industry reports included data from the United States Department of Agriculture
(USDA), reports on farm debt and income and Stanford University forecasts regarding yield changes
by 2050 (Giglio et al., 2021). Meteorological and climatic telemetry was based on prognostic models
from the National Oceanic and Atmospheric Administration (NOAA) and the USDA Drought Monitor.
Reporting standards constitute the methodological recommendations of the Sustainability
Accounting Standards Board (SASB) for the agricultural sector and the TCFD disclosure principles.
Biophysical indicators include 19 soil health indicators approved by the Soil Health Institute (NC)
(Huang et al., 2024).

https://www.eujini.org.pl 63



https://www.eujini.org.pl/

Valentyna Kavun ) 2(4)

The proposed operationalization mechanism is based on the method of modified capital budgeting.
The primary tool for assessing investment efficiency is the Environmentally Adjusted Net Present
Value (ENPV) formula, adapted for the U.S. market, considering federal subsidies and insurance
discounts (U.S. Department of Agriculture, Economic Research Service, 2025). To harmonize
heterogeneous KPI in real time, several technological solutions are considered 3 tools. Decision
Intelligence and Al Analytics, like utilizing machine learning algorithms to translate biophysical loT
sensor data into financial indicators. COMET-Farm as an application of the standard USDA tool for
verifying carbon sequestration levels and GHG emissions at the plot level. Digital Twins for creating
virtual simulations of agroecosystems for liquidity stress testing and evaluating the cumulative effect
of CAPEX in regenerative practices.

The robustness assessment of the strategy was conducted using the Climate-adjusted Value at Risk
(CVaR) method and stochastic modeling based on Bayesian networks (Soil Health Institute, 2023).
This allowed for the establishment of a correlation between the soil's microbiological state (SOC
index) and the probability of default on debt obligations.

Scenario analysis was conducted in accordance with TCFD recommendations for temperature
scenarios, considering the balancing between insurance instruments and weather derivatives on the
CME Group exchange. This methodology enables the transformation of qualitative sustainability
characteristics into quantitative financial imperatives, providing agribusiness CFOs with a
scientifically grounded toolkit for strategic decision-making in the high-volatility conditions of the U.S.
agro-industrial sector.

Despite the high predictive value of the proposed model, its application in 2026 conditions has
several limitations. The lack of a unified federal ESG reporting standard in the U.S. (analogous to
the European CSRD) creates high data heterogeneity, which complicates unified verification of
environmental results. The growing trend of “greenhushing” and “Anti-ESG” legislative initiatives in
several states create legal uncertainty for companies openly integrating climate KPI into their
strategy. The model's effectiveness directly depends on the availability of high-precision telemetry
(loT, GIS), access to which is limited for small farms due to high initial capital expenditures (CAPEX),
which may lead to distortions when scaling conclusions to the entire U.S. agro-industrial sector.

Results and Discussion

The triple bottom line paradigm in the agrarian sector and the evolutionary trajectory of
strategic planning

Instead of the dominance of the neoclassical doctrine of shareholder primacy, an increasing

role is played by the inclusive concept of the Triple Bottom Line, integrating financial, social
and environmental objectives (Oldfield et al., 2019). Historically, the agricultural sector functioned for
a long time within short-term financial horizons, where success was measured exclusively by linear
profitability indicators. However, the mounting volatility of ecosystems and the degradation of natural
resources have revealed the deficiency of such an approach - ignoring invisible costs or negative
externalities that, in the long run, undermine the biological base of production itself.

The theoretical framework of strategic management in agribusiness has shifted its priorities.

The evolutionary trajectory of strategic management in the agro-industrial complex has passed
through three key stages. The first stage (1970s-1990s) was characterized by an extensive
approach, where the primary goal was to optimize operational efficiency and scale output volumes.
In the second stage (2000s-2010s), under the influence of growing environmental activism and the
introduction of the first social responsibility standards, companies began to integrate environmental
aspects as accompanying, yet often isolated elements from the core financial nucleus (Paustian et
al., 2019). The third stage, which began in the 2020s, is marked by a transition to integrated planning,
where economic viability (Profit), environmental regeneration (Planet) and social well-being (People)
form an inextricable strategic triumvirate.

The specifics of agribusiness provide the TBL strategy with particular depth. Unlike industrial
manufacturing, agricultural assets are biological in nature, which makes them directly dependent on
the state of natural capital (Sahu et al., 2020). In this system, strategic planning ceases to be a tool
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for pure financial forecasting and transforms into a mechanism for managing systemic risks. Securing
a Social License to Operate in rural communities and preserving biodiversity become factors as
necessary for long-term survival as liquidity ratios (see: Figure 1. Financial hedge of regenerative
agriculture (US specifics).
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Figure 1. Financial hedge of regenerative agriculture (US specifics)
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In 2026, sustainable development is no longer viewed as a discrete project, but is incorporated into
the architecture of strategic analysis through stakeholder value creation (Rockstrém et al., 2009).
The harmonization of indicators within the TBL framework allows for the transformation of climate
transition uncertainty into a predictable growth trajectory, where environmental achievements are
converted into financial preferences, thereby establishing a new standard of competitiveness in the
global agri-food sector. It should be emphasized that the integration of the Triple Bottom Line
approach today necessitates the coupling of corporate strategy with the theory of planetary
boundaries (Lobell & Burke, 2010).

The agro-industrial complex serves as a key factor influencing critical biosphere thresholds,
specifically the nitrogen and phosphorus cycles, as well as land-use change. Within the scope of
strategic planning, this signifies a transition toward management within a Safe Operating Space.
Financial models that ignore these exogenous constraints are deemed untenable, as any economic
growth leading to the breach of planetary thresholds inevitably entails an exponential rise in
regulatory costs and the risk of total resource base depletion.

From the perspective of institutional theory, the evolution of strategic planning in the agricultural
sector is driven by the pursuit of moral legitimacy. In contemporary conditions, agro-holdings face
increasing pressure from stakeholders demanding transparency regarding environmental impacts.
The implementation of the TBL model enables companies to maintain a Social License to Operate,
which is becoming an intangible asset of critical importance (Soil Health Institute, 2021). The
transition from cognitive legitimacy (mere compliance with minimum norms) to active leadership in
regenerative agriculture allows enterprises to hedge reputational risks and formulate a unique value
proposition that strengthens their positions in global value chains.

The development trajectory of agribusiness reveals a certain conflict between traditional operational
efficiency (Lean management) and systemic resilience. Where classical planning was aimed at cost
minimization through narrow specialization and economies of scale, the sustainable development
paradigm requires the development of Strategic ambidexterity (see: Figure 2. Matrix of strategic
ambidexterity) (Dietz et al., 2016).

This is the organization’s ability to simultaneously exploit existing assets to generate current cash
flow and explore radically new, carbon-neutral technologies. The harmonization of indicators in this
context serves as a balancing tool. It facilitates investment in system redundancy (biodiversification),
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which reduces margins in the short term but guarantees business survival under climatic shocks in
the long term.
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Figure 2. Matrix of strategic ambidextry

The implementation of harmonized planning is undeniably impossible without the formation of
specific dynamic capabilities - the managerial ability to timely “sense, seize and transform” resources
in response to changes in the external environment. In the agribusiness of 2026, this entails a
restructuring of internal cognitive schemes - environmental signals (satellite monitoring data of soil
moisture) must be instantaneously interpreted as financial triggers.

Within the context of U.S. agribusiness, the Triple Bottom Line (TBL) paradigm has acquired specific
features shaped by the transformation of federal policy and market mechanisms. From the 1950s to
the 1980s, American strategic planning was based on the legacy of the “green revolution”, where the
dominant vector was the maximization of yield per unit of area through the intensive use of chemical
amendments. This model, oriented toward economies of scale, laid the foundation for the current
export potential of the United States. However, it led to the accumulation of hidden environmental
debts, including the well-known soil erosion of the Midwest and the depletion of the Ogallala Aquifer.

In 2026, the strategic vector has shifted toward Climate-Smart Agriculture (CSA) - a concept
supported by the United States Department of Agriculture (USDA) (U.S. Securities and Exchange
Commission, 2024). Unlike the European approach, which emphasizes regulatory constraints, the
American model is evolving within the framework of regenerative capitalism. Here, sustainable
development is integrated into financial plans as a means of preserving the quality of the primary
asset, land.

The key tool of harmonization in American practice has become the concept of regenerative
agriculture as a financial hedge. For the American farmer, soil is the fundamental collateral asset.
Since more than 80% of the consolidated balance sheet of a typical U.S. farm is attributed to land
value, its degradation represents a direct risk of collateral impairment.

Planning now includes investments in soil health (cover cropping, no-till) as a method of reducing
yield volatility. Healthy soil retains moisture more effectively, which, under drought conditions in the
“Corn Belt”, reduces the probability of default on operating loans.

The transition to “carbon farming” allows for the monetization of carbon sequestration through private
and public markets, transforming environmental outcomes into new revenue items in the P&L (Profit
and Loss statement). Thus, in the U.S., the evolution of strategic planning completes the cycle: from
depleting exploitation to asset management, where environmental regeneration is the sole means of
ensuring long-term solvency in a changing climate.
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Taxonomic identification and categorization of multidimensional performance metrics

The transition to sustainable agribusiness necessitates surmounting the epistemological
misalignment between traditional financial accounting systems and biophysical ecosystem
monitoring. Within the scope of this research, the taxonomic identification of metrics is predicated on
the principle of multidimensionality, where each indicator is treated as a component of a dynamic
value-creation system. The conventional KPI hierarchy is undergoing a revision - the economic
vitality of an enterprise is now recognized as a derivative of its natural capital status, necessitating
the formation of a convergent analytical layer.

At the foundational level, the taxonomy encompasses the economic domain, which is evolving from
simple profit recording to the analysis of cash flow quality. In 2026, central prominence is given to
climate-risk-adjusted metrics, such as the Return on Invested Capital (ROIC) adjusted for biological
asset volatility. However, the true innovation lies in the integration of the ecological domain, where
parameters such as the soil microbial diversity index and carbon sequestration dynamics are subject
to quantification. These metrics serve as leading indicators of financial stability, as soil degradation
directly correlates with rising operational expenditures (OPEX) and the depreciation of the collateral
value of land assets in the long term.

Table 1. Taxonomic classification of integrated performance metrics

Category Performance indicator ~ Definition and measurement proxy Strategic utility and impact
(KPI)
Economic Risk-adjusted Return on invested capital factoring in ~ Evaluates the true profitability of long-
domain ROIC climate-related asset volatility term agrarian investments
Sustainable OCF Operating cash flow stability over Assesses fiscal resilience and debt-
multiple harvest cycles under climate servicing capacity
stress
Ecological SOC index Soil organic carbon content (measured Pre-determines future yield potential
domain via remote sensing or IoT) and natural asset value
NUE ratio Nitrogen use efficiency, output per Optimizes input costs and minimizes
unit of nitrogen input regulatory non-compliance risks
Convergence Carbon-Adjusted EBITDA - (emissions X internal Internalizes externalities to reveal
layer EBITDA carbon price) “shadow” financial liabilities
Eco-efficiency quotient Net sales divided by total Benchmarks resource-to-revenue
environmental impact score conversion efficiency
Natural capital yield A in ecosystem services value relative =~ Measures the ROI of regenerative and
to CAPEX in regeneration soil-health initiatives
High "
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Figure 3. Matrix of double materiality
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The taxonomic nexus is the convergent layer of integrated drivers, where direct harmonization of
metrics occurs. Here, mathematical modeling methods are applied to calculate environmentally
adjusted metrics, such as Carbon-Adjusted EBITDA. This approach enables management to conduct
objective comparisons of investment projects, accounting not only for direct cash inflows but also for
potential liabilities arising from carbon intensity or excessive water consumption. A critical calibration
instrument of this system is the principle of double materiality, which mandates evaluating both the
impact of environmental factors on the company's financial condition and the impact of the
company's activities on the external environment (see Figure 3. Matrix of double materiality) (Tilman
et al., 2002).

Taxonomic depth is secured by the transition from static lists to the understanding of causal nexuses.
In contemporary agribusiness, environmental KPI constitute positive feedback loops. For instance,
an increase in the soil organic carbon (SOC) index leads to an enhanced water-holding capacity of
the land, which, in turn, reduces unit expenditures on irrigation and electricity. In strategic planning,
this must be reflected through dynamic modeling, where the improvement of biophysical soil
parameters automatically discounts future operational expenditures (OPEX), augmenting long-term
business marginality (see Figure 4. Positive feedback loop).

1. Investments in
Regenerative
Practices (No-Till,
Cover Crops)

ot
5. Increased
Operating Margin
& Asset
Capitalization

REGENERATIVE
AGRICULTURE
CAUSAL NEXUS:
FROM SOIL HEALTH TO

x FINANCIAL RESILIENCE z

Irrigation & 3. Enhanced Soil

Energy Costs Moisture
(L OPEX) Capacity

2. Increased Soil
Organic Carbon
(s0C)

Figure 4. Positive feedback loop

Currently, agribusiness indicator taxonomy must be predicated upon the architecture of agricultural
digital twins (see: Figure 5. Architecture of the digital twin) (Scherr & McNeely, 2008).

This facilitates surmounting the issue of lagging reporting. The integration of data from Internet of
Things (loT) sensors and satellite telemetry enables the real-time updating of convergent metrics,
such as the eco-efficiency ratio. Strategic planning transitions from an annual cycle to a process of
continuous calibration, where the finance department can instantaneously assess how a localized
modification in fertilization strategy at the plot-level will impact the company’s aggregate carbon
footprint and its adherence to the covenants of green loans.

Analytical depth necessitates accounting for geospatial specificity. In contrast to retail or IT, the
materiality of an environmental indicator in agribusiness is critically dependent on location.
Taxonomy must incorporate weighting coefficients adapted to regional biomes. The implementation
of GIS analytics in financial planning enables investors to visualize risk maps where the company’s
financial stability is decomposed to the level of specific cadastral plots, radically enhancing asset
valuation transparency.

The modern financial transmission mechanism is realized through Sustainability-Linked Loans
(SLL), where the credit interest rate follows a “step-up/step-down” structure. Should a company
achieve target benchmarks in biodiversity or nitrogen efficiency, the credit margin is automatically
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reduced. In the U.S. agribusiness strategic planning system, indicator taxonomy is dictated not only
by academic research but also by the rigorous requirements of the SASB (Sustainability Accounting
Standards Board) standards (Boutilier, 2011). For the agricultural products sector (Agricultural
Products Standard), SASB identifies material risk factors that must be quantified and integrated into
financial reporting. In contrast to European systems, the American model emphasizes industrial
relevance, where an environmental indicator is recognized as taxonomically significant only if it
directly influences operating profit or asset value.
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Figure 5. Architecture of the digital twin

Central to this taxonomy is Soil Organic Carbon (SOC) - an indicator recognized as the gold standard
in the U.S. for the verification of environmental outcomes. Under present conditions, SOC has
ceased to be a purely agronomic metric and has transformed into a financial asset. Precisely based
on the dynamics of organic carbon accumulation, payments within private carbon programs (Indigo
Ag or Bayer Carbon) are calculated. For the CFO of an American agro-industrial holding, the carbon
accumulation formula becomes the equivalent of the future revenue formula:

ASOC — Carbon Credits — Cash Inflow (1)

The core institutional driver for the depth of this taxonomy is the Soil Health Institute (SHI) (North
Carolina, USA). The Institute has identified 19 key soil health indicators, which in 2025-2026 became
the basis for asset quality assessment by leading American banks, such as the Farm Credit System.
These indicators allow credit analysts to classify landholdings based on their biological reliability
(Steffen et al., 2015).

Furthermore, for states with critical water-use levels (Nebraska with the Ogallala Aquifer or
California’s Central Valley), the water scarcity footprint metric is introduced into the taxonomy. In
American practice, this indicator is integrated with the aforementioned GIS data and utilized for
liquidity stress testing. For a U.S. investor, a high-water footprint in a resource-deficient region serves
as a signal for Impairment of Assets, as future irrigation restrictions directly diminish the Discounted
Cash Flow (DCF). The integration of these specific metrics transforms classical KPI analysis into a
soil capital value management system, which serves as the foundation for sustainable financial
planning in the U.S.

The operationalization mechanism: Transposing ecological objectives into financial imperatives

The operationalization of sustainable development in the 2026 agribusiness sector represents a
process of converting ecological objectives into financial imperatives - mandatory parameters that
determine the viability of a business model. Under conditions of stringent regulation and shifting
climatic circumstances, environmental tasks cease to be part of Corporate Social Responsibility
(CSR) policies and become tools of financial engineering. The mechanism of this transformation is
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based on three fundamental pillars: the modification of investment analysis, the integration of
externalities and the dynamic management of the cost of capital. The first stage of the mechanism
is the transition from the traditional net present value (NPV) indicator to Environmentally Adjusted
Net Present Value (ENPV) (see: Figure 6. Waterfall chart of the transition from NPV to ENPV)
(Tushman & O’Reilly, 1996).

Within this approach, shadow prices for natural resources and carbon emissions are integrated into
the structure of discounted cash flows.

n

CF, + (B - C
ENPV = Z t + (Benvt env,t) — 1, )
(1 +r+ rclim)t

t=0
where: B,,, .- monetized environmental benefits (receipt of carbon credits or subsidies for
regenerative practices); C.,,,: - hidden environmental costs (internal carbon tax, biodiversity

restoration expenditures); ;i - Climate risk premium, adjusting the discount rate based on the local
vulnerability of the asset.
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Blue = Base Value  Green = Monetized Benefits (+)  Red = Internalized Costs (-) Purple = Final Value

Figure 6. Waterfall chart of the transition from NPV to ENPV

The second level of operationalization involves the direct linkage of environmental KPI to the terms
of debt financing. Agro-industrial holdings are increasingly utilizing Sustainability-Linked Loans
(SLL). This mechanism functions as a financial trigger - upon the achievement of specific
environmental targets (a 15% reduction in water-use intensity), the interest rate on the loan is
automatically reduced (step-down margin). The concluding element of the mechanism is the
deployment of Al-based decision intelligence systems. These systems facilitate the real-time
translation of biophysical data (soil nitrogen levels) into operational financial forecasts. In
agribusiness, this is implemented via a feedback loop: field telemetry is fed into a financial model
that instantaneously recalculates future profitability, accounting for potential penalties or bonuses for
compliance with environmental standards. This transforms strategic planning from a static annual
exercise into a process of continuous financial adaptation.

The implementation of Internal Carbon Pricing (ICP) mechanisms serves as a key strategic hedging
tool in agribusiness this year. This mechanism is realized through the aforementioned shadow pricing
method, whereby a company artificially assigns a fixed cost for each ton of C0O,-equivalent emissions
within its internal investment models. Such operationalization enables finance departments to
conduct preemptive stress testing of asset portfolios regarding their resilience to future tightening of
global regulations, particularly the Carbon Border Adjustment Mechanism (CBAM). By artificially
increasing the entry threshold for carbon-intensive projects, ICP de facto directs capital flows toward
regenerative technologies, transforming environmental responsibility into a pragmatic instrument for
protecting future cash flows.
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A second critical aspect of operationalization lies in the direct integration of sustainability audit results
into the agro-industrial holding's credit rating assessment system. Within the financial paradigm,
verified environmental achievements are regarded by banks and institutional investors as reliable
markers of operational risk reduction. Systematic fulfillment of targets for biodiversity conservation
and soil health is interpreted by credit analysts as evidence of high-quality corporate governance,
leading to a downward revision of the Probability of Default. In the U.S., the process of
operationalizing environmental goals bears a distinct pragmatic character, transforming sustainable
development from an expenditure item into a structured revenue stream. While regulatory coercion
predominates in the European model, the American mechanism is predicated on fiscal
transubstantiation - the conversion of environmental outcomes into liquid financial instruments
through state subsidies and private markets (see: Figure 7. Model of “fiscal transubstantiation” in the
USA).

GOVERNMENT 975‘% Plrect
STREAM = L CAPEX/ QPEX
(Federal) USDA Programs Reduction
(e.g. EQIP, CSP) (8 Savings)
\ J \ J - \
( g ) ( ) DIVERSIFIED
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STREAM FCIC Insurance —> Discount —> US FARMER
(Risk Management) (Federal Crop ( AP fcic) (Enhanced
L Insurance Corp.) ) L ) Financial Resilience
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HEALTHY SOIL / . - p \ \ J
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(Voluntary Carbon (Cash Inflow $$9)
Markets)
- J \ 7

Figure 7. Model of “fiscal transsourcing” in the USA

The key lever for incorporating environmental factors into the budget of an American agricultural
enterprise consists of United States Department of Agriculture (USDA) programs, such as the
Environmental Quality Incentives Program (EQIP) and the Conservation Stewardship Program
(CSP). Within strategic planning, these subsidies are viewed as mechanisms for reducing capital
expenditures (CAPEX) during the transition to regenerative practices. Operationalization occurs here
through the direct substitution of a portion of operating expenses with budget appropriations, which
instantaneously improves marginality indicators and shortens the payback period for investments in
green technologies.

A unique element of the American system is the integration of environmental practices into Federal
Crop Insurance (FCIC). Currently, insurance premiums directly correlate with agronomic methods -
farmers implementing cover crops receive automatic discounts on insurance premiums (within state
programs or federal initiatives). In calculating the Environmentally Adjusted Net Present Value
(ENPV) for the U.S. market, a specific variable for the insurance discount appears:
n
ENPV = Z CFt + Bcarbon,t + APfcic,t:
1+t

- (IO - Gusda) (3)
t=0

where: Begrpon: - Cash inflows from the sale of carbon credits; APy, - savings on insurance

premiums due to reduced crop failure risk (facilitated by soil health); G, 4, - government co-financing

for the implementation of practices (EQIP/CSP), reducing the initial investment volume.

The final stage of operationalization in the USA is integration into Voluntary Carbon Markets (VCM).
Through the platforms of industry giants such as Indigo Ag or Bayer Carbon, farmers transform every
ton of carbon sequestered in the soil into a direct cash inflow. The implementation of a No-Till system
allows the farmer to generate carbon certificates, which are purchased by corporations (from
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Microsoft to Disney) to offset their own footprints. This creates a diversified revenue stream
independent of agricultural commodity prices on the Chicago Mercantile Exchange (CME) (Food and
Agriculture Organization of the United Nations, 2023). Thus, soil health becomes a financial asset
possessing its own liquidity and the capacity to generate rent, rendering strategic planning in the
USA more resilient to market shocks.

Predictive strategic analytics and robust risk management in eco-economic systems

In the era of 2026 climatic turbulence, predictive strategic analytics is becoming a leading component
of agribusiness survival. Contemporary planning relies on decision intelligence systems that
integrate machine learning algorithms with biophysical crop growth models.

This facilitates the transformation of vast datasets, ranging from satellite hyperspectral imaging to
field-based Internet of Things (loT) sensors into precise financial forecasts. Consequently, the agro-
industrial holding’s strategic plan is transformed into a dynamic model capable of predicting margin
volatility well in advance of the planting cycle.

Robust risk management, oriented toward governance within complex ecological-economic
systems, serves as the central instrument for ensuring financial resilience. Distinguishable from
standard risk management, the robust approach aims to develop strategies that remain effective
across a broad spectrum of probable climatic scenarios. The primary metric here is Climate-adjusted
Value at Risk (CVaR) - an indicator that quantifies the enterprise’s potential financial losses,
accounting for extreme weather events and abrupt shifts in carbon regulation.

The utilization of stochastic modeling and Monte-Carlo methods enables agribusiness to conduct
liquidity stress testing, ensuring a financial safety net even under the conditions of climatic black
swans. A critical element of the analytical process is scenario modeling according to the TCFD
methodology. Henceforth, agricultural enterprises are required to evaluate their financial flows within
the framework of various temperature scenarios.

This allows for the differentiation between physical risks (asset impairment, yield decline) and
transition risks (the introduction of carbon taxes, shifts in consumer preferences). Such analytical
depth provides the opportunity to hedge threats and identify strategic opportunities - for instance, the
timely modification of crop structures to more drought-resistant varieties or expansion into regions
that will become more favorable for agricultural production due to climate change.

The integration of predictive analytics into the overall structure of financial planning completes the
indicator harmonization cycle. When real-time environmental data calibrates financial forecasts, the
company gains the capacity to implement algorithmic hedging - for example, the automated
acquisition of weather derivatives or the adjustment of insurance premiums based on soil moisture
prognostic models. The implementation of Bayesian networks in the strategic planning practice of
recent years enables agribusiness to model complex non-linear causal dependencies that previously
remained within the “grey zone” of financial analysis (see: Figure 8. Bayesian Nexus: from
microbiology to creditworthiness).

Specifically, this method facilitates the establishment of a direct correlation between the
microbiological state of soil assets and the probability of default on short-term obligations. Under
conditions of extreme climatic volatility, such models provide an unprecedented level of accuracy in
forecasting the Debt Service Coverage Ratio (DSCR). Environmental parameters here serve as
predictive financial signals, allowing management to preemptively restructure debt or hedge liquidity
prior to the actual decline in yield.

It is self-evident and predictable that the creation of digital twins of agroecosystems transforms
modern risk management into a high-tech laboratory for strategic decisions. Beyond the
aforementioned advantages, these models permit multiple virtual simulations of the financial impact
of various adaptation scenarios, ranging from the implementation of precision farming systems to
radical shifts in crop rotation in response to long-term temperature trends. Such virtualization allows
for the assessment of the cumulative effect of investments in resilience before the actual allocation
of capital expenditures (CAPEX). Ultimately, this minimizes the cost of error in strategic planning,
converting hypothetical sustainable development plans into verified investment cases with a high
degree of credibility for institutional investors and insurance institutions.
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Figure 8. Bayesian Nexus: from microbiology to creditworthiness

In the United States, risk management in agribusiness in 2026 has evolved into a truly high-tech
discipline where the boundary between agrometeorology and quantitative finance has virtually
vanished. Unlike many other markets, the American system relies on an unprecedented array of
open data, which allows for the transformation of climatic uncertainty into mathematically
manageable risk.

At the core of robust risk management in the U.S. lies the deep integration of NOAA (National
Oceanic and Atmospheric Administration) and USDA Drought Monitor data. Agro-industrial holdings’
financial models import satellite data on soil moisture and temperature anomalies in real time. This
enables Chief Financial Officers (CFO) to conduct dynamic stress testing of cash flows, adjusting
hedging strategies long before climatic risk materializes in the form of yield reduction.

For the assessment of specific environmental portfolio risks in the U.S., the COMET-Farm tool,
developed by the USDA in partnership with Colorado State University, has become the de facto
standard. For contemporary business, this is a vital instrument for financial analysts, facilitating high-
precision assessment of greenhouse gas emissions and carbon sequestration at the plot level.
Institutional investors and banks utilize COMET-Farm reports to verify the carbon profile of the
borrower.

Overall, the uniqueness of the American risk management model resides in management's ability to
balance state and private protection mechanisms. A robust strategy in the U.S. is built on the synergy
of two instruments: Federal Crop Insurance (FCIC) - provides a baseline level of protection against
catastrophic losses and Weather Derivatives (CME Group) facilitates the hedging of specific risks
not covered by standard insurance (excessive heat during the critical corn pollination period, even if
it does not lead to total crop failure).

This analytical approach enables agribusiness to form a multi-layered defense. If NOAA data predict
a high probability of drought, a company can preemptively enter positions in rainfall index futures on
the CME, offsetting potential increases in operating costs. Today, the ability to harmonize these
financial instruments with biological field data is the primary criterion of professionalism in managing
U.S. agro-industrial assets, ensuring dividend payment stability even during periods of extreme
climatic volatility.

In contrast to the European model, which is dominated by an imperative approach, the primary
systemic catalystin the U.S. is large-scale federal funding under the USDA “Partnerships for Climate-
Smart Commodities” program ($3.1 billion) and incentives from the Inflation Reduction Act (IRA).
These initiatives transform environmental practices into tangible revenue streams, enabling farmers
to monetize carbon sequestration through burgeoning Voluntary Carbon Markets (VCM).
Furthermore, despite litigation surrounding federal SEC rules, lead states (California with the SB 261
law) are establishing precedents for mandatory climate risk disclosure, compelling major agro-
industrial holdings to integrate ESG metrics into their financial strategies to maintain access to
institutional capital.
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Figure 9. Diagram “US multi-layer shield”

Systemic catalysts and structural impediments to the adoption of integrated planning
frameworks

However, the integration process faces profound structural impediments. The most acute barrier is
the record level of farm debt, which has reached the $591.8 billion mark by this year. Amidst
persistently high interest rates, the cost of debt servicing consumes a significant portion of operating
profits, depriving farmers of a financial buffer for investment in long-term ecological resilience. The
situation is further complicated by political polarization the “Anti-ESG” movement in several states
creates legal risks for companies openly declaring sustainable strategies, leading to the
phenomenon of “greenhushing”, namely the intentional concealment of environmental achievements
to avoid political pressure.

PUBLICLY VISIBLE
(Due to Political Pressure)
Operational Efficiency ~10%
Regulatory Compliance of total mass
Traditional Risk Management
= WATER LINE: Public vs. Private Information Boundary = s e — wEm— - —

INTERNAL STRATEGIC KITCHEN
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KPls for Banks Modeling (Physical > 9

Strategic Sustainability Work Hidden from
Public View to Mitigate Political Backlash

Figure 10. Conceptual diagram “iceberg greenhushing”

An additional barrier remains data fragmentation and the absence of a unified verification standard.
The U.S. lacks a counterpart to the European CSRD, which gives rise to a multiplicity of proprietary
carbon and soil health measurement protocols. This generates informational noise and complicates
the work of financial analysts attempting to accurately assess the risk profile of agricultural assets.
Overcoming this gap necessitates the establishment of a nationwide digital data infrastructure

https://www.eujini.org.pl 74 EJll


https://www.eujini.org.pl/

Valentyna Kavun ) 2(4)

capable of integrating disparate AgTech solutions into a unified financial forecasting system, thereby
reducing transaction costs for market participants.

Table 2. US-specific catalysts and impediments

Category Factor Description and US context Impact on strategic planning
Catalysts USDA climate- $3.1B federal investment in climate- Provides direct subsidies for the
smart pilots smart commodity production operationalization of green practices
Voluntary carbon  Growth of private markets (Indigo Ag) Creates new revenue streams (carbon
markets driven by corporate Net-Zero goals credits) for integrated financial models
State-level California’s SB 261 and similar state- Forces large-scale agribusinesses to adopt
mandates level climate disclosure laws standardized ESG reporting
Impediments Monetary pressure High interest rates and farm debt Squeezes margins, making upfront costs of
exceeding $590B sustainable transitions prohibitive
Political Anti-ESG legislation and regional Increases legal risks and leads to strategic
fragmentation resistance to climate-centric policies “greenhushing”
Data heterogeneity  Lack of a centralized federal reporting ~ Complicates “double materiality” analysis
standard for soil/carbon data for institutional investors

Under current conditions, American agribusiness faces a paradox: the necessity of implementing
sustainable practices for investors enters into conflict with domestic political risks. This once again
engenders the phenomenon of “greenhushing”. For strategic planning, this signifies a transition
toward more closed, internal risk management models, where environmental KPI are utilized for
WACC optimization in private negotiations with banks, but are not disclosed within the marketing
agenda to avoid accusations of political bias.

The renewal or expansion of the Farm Bill in 2025-2026 remains the core lever determining the
structure of the American agricultural sector. The primary conflict in Congress revolves around the
reallocation of funds between traditional crop insurance and innovative soil conservation programs.
The depth of indicator integration in the U.S. directly depends on whether climate KPl become a
mandatory condition for receiving federal subsidies. In this context, the strategic planning of agro-
industrial holdings must be exceedingly flexible, accounting for scenarios of both a sharp
intensification of green compliance and a potential return to protectionist models of support for
traditional agriculture.

Conclusion

he conducted research allows for the conclusion that in 2026, strategic financial planning in

U.S. agribusiness has definitively transitioned from the domain of voluntary reporting to the

domain of fundamental risk management. The traditional gap between biological field data and
financial metrics (ROIC, EBITDA) is being bridged through the implementation of Decision
Intelligence systems, which transform ecological regeneration into a measurable financial
advantage.

The “green revolution” paradigm, oriented toward extensive yields, has yielded to regenerative
capitalism. In this model, soil capital (the SOC index) is recognized as a critical collateral asset,
determining the long-term market value of the enterprise (Enterprise Value) and its credit rating. The
operationalization of sustainable development in the U.S. is successfully realized through “fiscal
transubstantiation”. The integration of USDA subsidies and FCIC discounts into the ENPV formula
allows CFOs to lower the payback threshold for green projects, transforming ecological goals into
direct cash inflows (Cash Inflow):

n

ENPV = Z CFt + Bcarbon,t + APfcic,t
1+ )t

- (10 - Gusda)-

t=0
The utilization of predictive analytics tools (NOAA, COMET-Farm) and TCFD scenario modeling
enables agro-industrial holdings to form a multi-layered defense. The balancing between federal
insurance and weather derivatives on the CME Group ensures payout stability even under conditions
of extreme climatic shocks. Despite political polarization and the “greenhushing” phenomenon,
strategic transparency and adherence to SASB standards remain the sole pathway to reducing the
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cost of capital (WACC) and accessing institutional investment. To maintain competitiveness, U.S.
agricultural enterprises must complete the digital transformation of financial departments by
implementing machine learning algorithms for the seamless integration of biophysical KPI into
strategic budgets. The future of agribusiness belongs to those who learn to capitalize on
sustainability, transforming ecological challenges into drivers of financial vitality.
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