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Planetary BoundariesUnderPressure

Creditcanfunction as a 
fiscalӛenvironmental
instrument whenlinked to
verifiableconservation
outcomes.

Traditional models of
agricultural expansion 
are increasingly 
constrained by 
planetary boundaries, 
necessitating new 
approaches to 
sustainable food 
production and land 
use.

Rural Credit as a Policy Lever

Research Objective

" Toassesshow Brazilian sustainableagricultural
credit policies impact forest deforestation rates in the
Cerrado and Amazonbiomes"

ÅEvaluate Policy Effectiveness: Measurethe correlation between
sustainablecredit allocation andchangesin deforestationpatterns

ÅCompare Biome Responses: Analyzedifferential impactsacrossthe
Cerrado savannaandAmazonrainforestecosystems

ÅConnect Financeto Conservation: Establishrelationshipsbetween
financial incentives andbiodiversitypreservationoutcomes

Source: MapBiomas тAnnual Land Use and Land Cover 
Data, Brazil

The Pearson Correlation Matrix reveals complex 
economic relationships with several important 
patterns:

ÅA weak but statistically significant 
correlation exists between total loans and 
deforestation (r = 0.365, p < 0.01), 
suggesting some relationship between 
credit availability and deforestation 
patterns
ÅPublic finance variables show inconsistent 

relationships, with some regions 
demonstrating inverse correlations with 
deforestation
ÅNo strong linear relationships were 

detected between commodity prices (soy, 
maize, beef) and deforestation rates
ÅRural credit volume shows only marginal 

correlation with deforestation outcomes

Critical Finding: Credit allocation efficiency varies dramatically across states, 
suggesting that regional governance structures, enforcement capacity, and local 
institutional factors play crucial roles in determining environmental outcomes.

Effective deforestation reduction requirescontext-sensitive approachesthat strengthen 
local governance alongside financial regulations, rather than relying on uniform national 
policies alone.

Our quadrant analysis reveals three distinct efficiency patterns in 
the relationship between rural credit and deforestation

1. Credit-deforestation links are real but complex ӛweak correlations 
mask significant regional efficiency variations that demand targeted 
approaches.

2. Policy effectiveness hinges on implementation ӛgovernance and 
enforcement quality outweigh biome characteristics in determining 
environmental outcomes.

3. New rules (CMN 5081/2023) that decouple credit and 
deforestation addresses critical gapsbut requires robust 
enforcement and complementary measures to achieve 
transformative impact.

4. Integrated solutions beyond credit alone are essential ӛcombining 
economic incentives with land-use planning and institutional 
strengthening.

Amazonia

Cerrado

Source: Steffen, 2015

Source: Zhang, 2021
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ADVANCES
Å Rural credit increasinglytied to

environmentalcompliance
Å Subnationalfiscal tools incentivize

conservation(EcologicalVAT)
Å New frameworks (e.g., Decree

11.873/2023) expandrestoration
targets to 40 million ha (Brazilian
Green Way)

Public Policies for Agricultural Financing
ComparativeAnalysisof Traditional Production-Focusedvs. 

SustainableIntegratedApproaches
Circle Size= Average Contract Value | Top 5 Labeled

GAPS
Å Implementation capacityvaries 

widely by region
Å Limited transparencyand

monitoring systems
ÅWeakinclusionof smallholders

and traditional communities

ÑőĲШ]ƖĲĲŰŔŰŊШŸŉШ7ƖċǍŔũќƚШ ŊƖŔĦƨũƣƨƖċũШÂŸũŔĦǃ

Main credit lines:
ÅPasturerecovery
ÅIntegratedCropӛLivestockӛForestry

systems (ILPF)
ÅOrganic agriculture
ÅBioinputsand renewableenergy

Impact :

"47% of rural credit in 
2022ш2023 was allocated

to sustainable lines "

ÅRenovAgroNo-Till Farming and Pasture Recovery lead in both investmentand
numberof contracts, reflecting their centrality in low-carbonagricultural expansion.
ÅAgroecology presentsthe highest participation rate , with over 10,000 contracts, 

signalinggrowingadoption by smallholdersdespitelower averageinvestmentper 
project.
ÅAgroforestry andSoil Managementoccupya mid-range position Ӝstrategicbut still 

limited in financial scale.
ÅThe Bioeconomy program , although smaller in contract numbers, shows high 

averagevalue per contract , highlighting its potential for innovation-driven, 
knowledge-intensiveprojects.

Challenges & Recommendations

Key Challenges:
ÅFragmentedcoordination amongfederal, state, andmunicipal institutions

underminespolicy consistency.
ÅLackof unified monitoring and verification systems (MRV) preventsaccurate

tracking of climate andsustainability impacts.
ÅEconomic incentives still favor conventionalagricultural practicesin several

regions.
ÅLimited technicalassistanceand credit accessfor smallholdersand

traditional communities.

Strategic Recommendations

ÅStrengtheninter-institutional governanceby aligningFederal leveland
stateprogramsthrough a sharedsustainabilityframework.

ÅIntegratedata systems (Enviromentalregister, credit, andemissions
monitoring) to enableterritorial performance tracking.

ÅExpandfiscal incentives (e.g., EcologicalVAT, credit tax rebates) to
rewardverifiedconservationoutcomes.

ÅScaletechnicalassistanceandparticipatory policy design, ensuring
inclusivenessand transparency.

ÅLeverageblendedfinanceinstrumentsto attract private investmentin 
low-carbonagriculture.
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Context and Motivation

Conceptual Model: Integrated Platform

EUDR Compliance Conditions by Commodity
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World agri-food exports face tightening sustainability
regulations. The EU Deforestation Regulation(EUDR) demands
full traceability, yet fragmented data governanceand high 
certification costs prevent large-scale adoption. Thisstudy
evaluated an integrated digital platform to align Good
Agricultural Practices (GAP), certification , and traceability into
one transparent system.

Four strategic scenariosemerge: Coffee(top-right) demonstratesoptimal
conditionswith strongmarket incentives and low barriers. SoybeanandWood 
(bottom-right) benefit from market accessbut face operationalhurdles. Palm 
Oil andCocoa (top-left) havemoderatecapacitybut limited market leverage. 
Cattle(bottom-left) representsthe worst-case scenariowith both minimal
incentives and major structural barriers, demandingurgentcomprehensive
intervention.

Rural property registered in Brazil'sRural Environmental Registry (CAR) under
number MT-5108006-55C212BDAF00438D9FFF5F3AD4B311C2, located in 
the municipality of Tapurah, Mato Grosso state. The property spans 5,168.31 
hectares, with 1,304.70 hectares of native vegetationand 3,613.10 hectares 
of consolidated agricultural land. Its registration status is "Analyzed, pending
environmental regularization;' (open access ).

Producersregistertheir farmsand
management practices, while the
system automatically verifies
compliance usinggovernment
datasets.  Certificationentities (GAP, 
IntegratedProduction, Organic, etc.) 
feed real-time updates, enabling
automatic qualification for credit
programssuchas the Rural Credit. 
Thisinteroperability ensures
transparenttraceability, verifiable
compliance, and inclusionof
smallholdersthrough non-exclusive 
accessanddata privacysafeguards.

Eachlayer operates autonomously but is fully interoperable. The system 
consolidates property, compliance, certification , and traceability data 
through standardizedAPIs, enablingcontinuous monitoring and credit
eligibility verification across multiple sustainability protocols. A Pathway to Compliance 

7ƖċǍŔũќƚexperienceshows that environmental compliance 
can be achievedthrough data transparency, 
interoperability, and inclusion, rather than trade 
restrictions.  TheAgro Brasil + Sustentável platform
representsa turning point in aligningsustainability
verification with global market access and WTO principles.

љDigital traceability adoption could reduce certification
costs by 35ш45% and increase transparency coverage
by 25% among smallholders " (Oliveira et al., 2024).
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The Brazilian Sustainable Taxonomy Proposal and Its 
Implications for Agribusiness

Context: Sustainabletaxonomiesaim to direct capital 
flows to environmentallysoundactivities.

Yet, agriculture faces a uniquechallenge: how to classify
sustainability in productive systems that alreadyoperate
underoneof theOGJD<ӐKstrictest environmentallawsӜ
the Brazilian Forest Code.
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From Intent to Impact: Technical Evaluation of the Brazilian Sustainable Taxonomy
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љxĲŊċũШis not enoughуsustainable means offsetting more than we changeЮњ

Building a Science-Based Sustainable Taxonomy for Brazilian Agriculture

Impact Analysis: Legal Vegetation & Pesticides

Zero Net Deforestation: the Rational Path

EIQ mean valuesacross three pesticide groups:
ÅRestricted (TSB-HJG@A:AL=<ӧ Ỹ ғғӄғ
Å#K;9H= >GJEMD9LAGFK Ỹ ғґӄғ
ÅNon-J=KLJA;L=< Ỹ ґҗӄҗ

No statistical difference between restricted × escape 
groups (Kruskal-Wallis p < 0.05)

Interoperability, Additionality and Science: AligningFinance, Law, and
Production for a Real Green Transition

The Forest Code already sets strict limits у legal 
suppression requires environmental 
compensation and prior authorization.

Focus onNet-Zero Deforestation : Any land-use 
change from forest to agriculture must be 
compensated by conserving or restoring a larger 
equivalent area elsewhere, increasing carbon 
removal.

This ensures additionality and 
recognizes productive inclusion .

Implement the Environmental Reserve Quota 
(CRA), which is a negotiable title that represents 
an area of preserved native vegetation is a must.

Additionality :  Representsreal andmeasurablegains: lower
emissions, restoredsoils, conservedbiodiversity.
Sustainable finance must rewardprojectsthat go beyond
compliance, not just thosealreadywithin the law.

"Interoperability makes 
sustainabilityoperational; 
additionality makes it meaningfulȷɅ

Therefor: True sustainability begins beyond compliance

From Labels to Science: Using EIQ for Sustainable Finance
Regulatoryclassifications by ANVISA (GHS) or IBAMA (PPA) reflect labeling, not risk.
They are unsuitable for financial eligibility criteria.

Instead, use quantitative thresholds :
ӛ#'/ ự ҕҎ Ἅpriority mitigation
ӛ#'/ ự Җғ Ἅrestricted
ӛ#'/ ự җҎ Ἅphase-out

Interoperability : It meansaligninginternational
financial systems.
It connectscredit policies andproduction monitoring
with global parameters.
Without interoperability, sustainabilitydoes not
attract financial flow.

Ʉ1;A=F;=transforms compliance into credibilityȷɅ

ɄLabelsinform consumers; 
scienceguidespolicyȷɅ

Why: regulation without science is not fair.

Almost all pesticides that should be 
restricted by taxonomy have formulations 
with a lower classification, allowing their use. 
Labeling classification is not useful for public 
policies

Validation Models and Connection with Farmers

Toensure transparencyand inclusion, 
we developeda web calculator that
estimates a sustainability index aligned
with the Taxonomy.

The tool guidesfarmers through simple
questions on:

ÅLand use and legal reserve compliance
ÅPesticide management (EIQ thresholds )
ÅSoil and biodiversity indicators

The system calculates a score (0т100) and
shows the level of eligibility under the
taxonomy.

Ʉ+easuringwhat sustainable 
agriculture looks likeȷɅ
(Scanthe QR codeand calculate your index.)
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Source: UFMG, 2015

(Source: EIQ-Calc andauthor analysis)
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Gaps and Indicators
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Policy Background and Rationale

Agricultural Performance 

Governance and Policy Recommendations
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Territorial Prioritization:
Construction of the Territorial Priority IndexRural credit plays a decisive role in steeringagricultural transitions

toward sustainability. In Brazil, credit linesunderprogramPPA 2024Ɏ
2027include environmentalcomponentsbut still lack robust
integration betweenfinancial incentives andmeasurable
environmentaloutcomes.

ÅAgriculturerepresents27% of J9RADӐKGDP and30% of GHG 
emissions.
ÅThe sector mitigation plan ABC+ (2020Ɏ2030)targets 72 million ha of

sustainablepractices.
ÅTotal Factor Productivity (TFP) / GHG emissionsratio adoptedas a PPA 

indicator.

The construction of a territorial priority index must take into account a 
balance of resources for stagnant states that do not havea tradition of
seekingsustainable financing.

A mixed-methodsapproach combinedpolicy document review with
geospatialdata analysis. The studybuilt a Territorial Priority Indexbasedon
(i) historical credit allocation (ABC resources), (ii) degradedpastureareas
(<0.7 AU/ha) and (iii) Total Factor Productivity (TFP).

PolicyGaps

Despite progress, the greencredit remains concentrated:
Å 65% of credit in MidWest and Southeast;
Å 98% in four technologies (pasture recovery, ILPF, no-till and planted forests).
Å Administrative complexity and low CAR validation (<10%) hinder access.

Environmental Indicators

The ÂÂ ќƚmain sustainability metricуTFP/GHG ratioуgrew7.4% annually (2010т
2018), signalingimproved efficiency, but transparency in methodology and MRV is
lacking.

Aligning rural credit with sustainability requires: 

ÅStrengthenMRV systems integrating financial andenvironmental
data.
ÅGeospatialcreditprioritization for degradedpasturerecovery.
ÅSmart territorial targeting, and clear recognition of certified

sustainable practices.
ÅSimplifyaccessfor smallproducersand low-adoptiontechnologies

(bioinputs).
ÅEnhancetransparencyin TFP/GHG indicatorcalculations.

Evolution of the relationship between TFP/GHG and targets for the 2024/2027 
PPA

ɄClimate-aligned credit is not just financeɏALɃK
governancefor sustainable agricultureȷɅ

Territorial prioritization for ABC creditallocationbasedonenvironmentalimpact
potential. Darkershadesindicate territories wherecredit allocation would yield
highestenvironmentalreturns.
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SIMULATION AND IMPACT ANALYSIS
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Å FUNDAÇÃO SOLIDARIDAD (2022). Balançode carbononaproduçãode soja do Matopiba. São Paulo: Fundação
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љStandardizedSOM and bioindicator data can transform farmers into
certified carbon suppliersЮњ

CONTEXT / INTRODUCTION

SCIENTIFIC BACKGROUND

Strategic soil labs network 

ÅSOM is a core 
indicator of soil 
fertility, 
productivity, and 
carbon 
sequestration 
potential .

ÅHealthy soils mean 
lower emissions and 
greater resilience у
where carbon 
balance begins with 
organic matter 
restoration. 

Regional SOM Database Model
ExpandsMRV coverage, reduces transaction costs, and democratizes access for 
smallholders. The MATOPIBA cerrado is an exampleof the potential for carbon
sequestration through sustainable practices

CONCLUSIONS AND POLICY INSIGHTS

References

Contact: luis.rangel@agro.gov.br

Source: Embrapa, 2024

Problem:
- Farmersremain largelyexcluded

from carbonmarketsdueto the
absenceof measurable, reportable, 
andverifiable(MRV) indicators linked
to on-farm carbonsequestration.

Opportunity :
- SoilOrganic Matter (SOM), routinely

analyzedin fertility diagnostics, 
containsabout 58% organiccarbon
andcanserve as a low-cost, 
verifiablemetric for climate benefits.

Agronomic Drivers of SOM

ÅAnnual SOM measurements 
(0т10 cm) from accredited labs.
ÅData linked to geographic 

coordinates and Rural 
Environmental Registry 
(CAR).
ÅVoluntary national network of 

soil laboratories adhering to 
MAPA and Embrapa protocols.
ÅRecognition through official 
ƖĲŊŔƚƣƖǃШŸŉШљ9ċƖĤŸŰ-Eligible 
xċĤŸƖċƣŸƖŔĲƚЮњ

Objective : Assess carbon credit generation potential for a 100-ha farm 
in the Brazilian Cerrado adopting no-till and permanent cover cropping.

Source:  Solidariedad, 2022

EůĤƖċƓċќƚШÉŸŔũ7ŔŸШƓũċƣŉŸƖůШċũƖĲċĬǃШċŊŊƖĲŊċƣĲƚШƣőŸƨƚċŰĬƚШŸŉШƚƣċŰĬċƖĬŔǍĲĬШũċĤŸƖċƣŸƖǃШċŰċũǃƚĲƚЯШŔŰĦũƨĬŔŰŊШ
ĤŔŸũŸŊŔĦċũШŔŰĬŔĦċƣŸƖƚШы͉-glucosidase, arylsulfatase).

ÅSOM is a technical, 
economic, and ecological 
indicator bridging soil 
health with climate finance.
ÅTemporal dynamics demand 

multi -year monitoring and 
robust baselines.
ÅRegional SOM databases, 

governed by MAPA and 
Embrapa, can underpin 
certified MRV systems.

ÅfŰƣĲŊƖċƣŔŸŰШƽŔƣőШ7ƖċǍŔũќƚШ
Emissions Trading System 
(SBCE) enables scalable 
inclusion of smallholders.
Å ũŔŊŰĲĬШƽŔƣőШƣőĲШљΠШƓĲƖШ
ΝΜΜΜњШŊũŸĤċũШŔŰŔƣŔċƣŔƻĲЯШ
reinforcing soil carbon as a 
climate lever.

Healthy soils are climate assets щ
measurable, verifiable , and bankable .

https://doi.org/10.1371/journal.pone.0169748
https://doi.org/10.1016/j.geoderma.2020.114880
https://doi.org/10.1016/j.scitotenv.2025.179370
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INTRODUCTION 
Agricultural credit has evolvedfrom a productivity-oriented subsidy into

a strategic instrument for climate mitigation , adaptation , and inclusive 
rural development .

Thisanlasyssynthesizesthree decades of global and regional 
experiences у from IFAD and World Bank frameworks to emerging
initiatives in Brazil, Nigeria, and South Asia уproposinga conceptual 
model ŉŸƖШљGreen Safra Plans,њШċШscalable template for the World Bank and
G20 to foster sustainable agricultural finance globally.

Principles and Implementation Mechanisms

System Dynamics

Capital flows from the global to
the local levels through banks 
and blended-finance
instruments, while information
and MRV data flow upward , 
validating performance and
enabling transparency.
Thisdual movement closes the
feedback loop уmaking credit
both a driver of productivity
and a mechanism for climate
accountability .

Brazil
ÅStrength: large-scale financial infrastructure.
Å Lesson: Modernize governance, not institutions .

Sub-Saharan Africa
ÅStrength: Public risk-sharingattracts private capital and expandsrural 

inclusion.
Å Lesson: Green GuaranteeFunds lower credit risk, build resilience, and

enable blended finance.

South Asia
ÅStrength: Strong interministerial governanceand MRV digitalization.
Å Lesson: Transparency, inclusivity, and mandatory greenlending targets 

work.

Evolution of Agricultural Credit and Sustainability (1994т2025)

Blueprint for Global Green Safra Plans
Core Design Principles (Bullet Points):

ÅHybrid Capitalization : combine public, private, and climate funds (GCF, GEF, 
greenbonds).

ÅConditional Credit : link interest rates and subsidies to measurable environmental
performance.

Å Inclusive Delivery: decentralize via cooperatives, fintechs, and microfinance
institutions .

ÅRisk Mitigation : deploy Green Credit GuaranteeFundsand climate insurance.
Å Integrated Governance: align agricultural, fiscal, and environmental policies.
Å Transparent MRV:use digital monitoring, greencredit scoring, and standardized

reporting.
ÅScalability : use the BrazilianPlano Safraas a pilot for the World 7ċŰťќƚglobal 

platform.

GLOBAL SUCCESS CASES

Global Lessons for an Effective Road Map

Highlighted Countries with Innovative Credit Systems
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Å Traditional policy evaluation methods are static 
and linear.

Å Agricultural and land-use systems, however, are 
dynamic and nonlinear.

Å Differential equation models reveal how policy 
actions propagate through time and feedback 
on themselves .

WHY STATIC MODELS ARE NO LONGER ENOUGH

OBJECTIVE 

Toinstitutionalize dynamic system 
models as official metrics for public 
policy and land-use governance.

Å F(t)accumulated financing
Å D(t) deforestation area
In this system, a is the credit growth rate, b the negative 
effect of deforestation on credit, c the conversion of 
credit into deforestation, and d the natural stabilization 
rate of cleared areas.

MODEL ARCHITECTURE

KEY INSIGHTS

ÅDynamic feedbacks reveal policy oscillations 
and instability thresholds.

ÅCoupled variables (creditтdeforestation) exhibit 
limit cycles under excessive financial pressure.

ÅStable equilibria occur only under adaptive 
credit policies .

ÅIntegrate differential models into monitoring 
dashboards (MAPA, IBGE, MMA).
ÅShift from ex-post evaluation to ex-ante

simulation.
ÅfĬĲŰƣŔŉǃШљƣŔƓƓŔŰŊШƓŸŔŰƣƚњШĤĲŉŸƖĲШƓŸũŔĦǃШŉċŔũƨƖĲЮ

Implications for Governance

CONCLUSIONS

Å Dynamic systems modeling bridges ecology and 
economics.

Å It captures the feedback loops that shape deforestation 
cycles and supports evidence-based governance in the 
Amazon.

Å Dynamic systems modeling bridges ecology and 
economics.

Policy

EnviromentEconomy

Model Components and Flows

The system exhibits self-regulating oscillations between rural 
credit and deforestation, revealing the feedback loops that 
shape agricultural frontier dynamics.

љDynamic equations can guide 
sustainable decision -making щ

before crises emerge.њ

Contact: luis.rangel@agro.gov.br

Explore our interactive simulator 
to see these principles in action
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Climate Crisis and Innovation Dilemma

Balancing Benefits and Obligations

TRIPS & UPOV Under Stress

Adaptive Incentive Framework

љÖŰĲƕƨċũШ ĦĦĲƚƚШƣŸШ9ũŔůċƣĲ-Resilient 
éċƖŔĲƣŔĲƚњ

Contact: luis.rangel@agro.gov.br

ÅAgriculturalsystems face unprecedented stress from temperature 
rise, erratic rainfall, and extreme events.
ÅExistingbreedingprogramsare insufficient to meet adaptation 

needs.
ÅFarmersin the Global South face the highest exposure but the 

lowest access to climate-resilient varieties.
ÅIP frameworks designedfor trade and innovation now intersectwith

adaptation and justice.

ÅEnhanced IP benefitsfor 
adaptivebreeding
ÅRecognition

badges/certification for 
ӑClimateSmartBreederӒ
programs
ÅAccess to international

funds(GCF, GEF) for 
adaptiveR&D

ÅTieredpricing models 
basedon regional income 
levels
ÅCompulsorylicensing

clausesfor public
emergencies
ÅPartnershipchannelswith

CGIAR & FAO seedbanks

Both frameworks can evolve щnot by rewriting
them , but by embedding adaptive incentives 

that balance innovation and justice.

Adaptive IP transforms protection into
partnershipɏdriving innovation for breeders

while delivering resiliencefor farmers.
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Validated Climate-ResilientTraits

Science-basedverification ensuresthat adaptive traits
deliver measurableresilienceunder stress conditions

Source: Cairns, 2018


