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Introduction & Rationale
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Key Results

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

A A 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

A Public finance variables show inconsistent
relationships, with some regions
demonstrating inverse correlations with
deforestation

A No strong linear relationships were
detected between commodity prices (soy,
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A Rural credit volume shows only marginal
correlation with deforestation outcomes
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Our quadrant analysis reveals three distinct efficiency patterns in
the relationship between rural credit and deforestation

FINANCE-ENVIRONMENT NEXUS: Credit Efficiency vs Deforestation Impact (2019-2024)
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A Evaluate Policy Effectiveness: Measurethe correlation between T A as a a

Rural Credit (Billion R$)

sustainablecredit allocation and changesin deforestationpatterns
A Compare Biome Responses Analyzedifferential impacts acrossthe
Cerradosavannaand Amazonrainforestecosystems
A ConnectFinanceto Conservation: Establishrelationshipsbetween
financial iIncentivesand biodiversity preservationoutcomes

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 requiresontext-sensitive approacheshat strengthen
local governance alongside financial regulations, rather than relying on uniform national
policies alone.

Amazonia

Final remarks

Cerrado | - |
1. Credit-deforestation links are real but complex aweak correlations

mask significant regional efficiency variations that demand targeted
approaches.

2. Policy effectiveness hinges on implementation a governance 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 essentiabcombining
economic incentives with lanelise planning and institutional
strengthening.
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Public Policies for Agricultural Financing

ComparativeAnalysisof Traditional Production-Focusedvs.
Sustainablelntegrated Approaches

Focus on Productive Capacity and Integration Between Productivity and

Profitability Emission Mitigation

Traditional Agricultural Model Sustainable Agricultural Model

%  Priority for Traditional and Intensive Crops Requirement for Social and Environmental Compliance

Emphasis on high-yield monocultures and conventional agricultural Mandatory adoption of sustainable and socially responsible practices

practices

L , & Differentiated Interest Rates and Terms Conditioned on
¢ Broad Access to Credit with No Environmental _

: Green Practices
Requirements

, , , _ . _ N Financial benefits linked to adoption of sustainable technologies
Financing available without specific environmental conditions

Additional Criteria for Allocation Based on

+ Interest Rates and Terms Defined by

Productive/Financial Risk Environmental Impact

Financial conditions based exclusively on economic viability Multidimensional assessment considering environmental externalities
ila  General Criteria of Collateral and Economic Feasibility @ Monitoring, Reporting and Verification (MRV)
Assessment focused on collateral and expected financial return Robust systems for tracking and transparency of results
|~ Little or No Requirement for Environmental Monitoring ¢ Integrated Environmental Safeguards
Low regulation and oversight of environmental impacts Environmental protection mechanisms incorporated into production

processes

0

Emphasis on Market Stability

Focus on predictability and secunty of traditional markets

Major Findings

ADVANCES GAPS

A Ruralcreditincreasinglytied to A Implementation capacityvaries
environmentalcompliance widely by region

A Subnationalfiscal toolsincentivize A Limited transparencyand
conservation(EcologicalVAT) monitoring systems

A New frameworks (e.gDecree A Weakinclusionof smallholders
11.873/2023) expandrestoration and traditional communities
targetsto 40 million ha (Brazilian
Green Way)
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Main credit lines: Impact :
APasturerecovery

Alntegrated CropsLivestockSForestry "A47% of rural credit in

systems (ILPF)
AOrganicagriculture 202202023 was allocated

ABioinputs and renewableenergy to sustainable lines”

Challenges & Recommendations

Key Challenges

A Fragmentedcoordination amongfederal, state, and municipal institutions
underminespolicy consistency

A Lackof unified monitoring and verification systems (MR¥jeventsaccurate
tracking of climate and sustainability impacts.

A Economic incentives still favotonventional agricultural practicesin several
regions

A Limited technicalassistanceand credit accessor smallholdersand
traditional communities.
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Sustainable Agriculture Programs Performance (2642 3)
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ARenovAgroNo-Till Farming and Pasture Recoverylead inboth investmentand
number of contracts, reflecting their centrality in low-carbonagricultural expansion

A Agroecology presentsthe highest participation rate, with over 10,00@&ontracts,
sighalinggrowing adoption by smallholdersdespite lower averageinvestmentper
project.

AAgroforestry and Soil Managementoccupya mid-range positionXK strategicbut still
limited In financialscale

ATheBioeconomy program, although smallerin contract numbers, showshigh
average value per contract, highlighting its potential for innovation-driven,
knowledge-intensive projects.

YEAR/ INSTRUMENT /
MILESTONE REGULATION

2010

CMN Resolution No.
3,896/2010

MAIN FOCUS

Creation of the Low-Carbon Agriculture Program (ABC)

2011-2020 ABC Program

implementation

Over R$ 17 billion in loans; about 15 million ha restored; estimated mitigation of 83
MtCO.,e. 65% of resources are concentrated in the Center-West and Southeast
regions.

5,081/2023 and BCB
No. 140/2021

1 2023-2024 | Complementary

actions

2021 ' Launch of ABC+ Plan Expanded targets: 1.07 GtCO,e reduction by 2030; 72 million ha under sustainable
_ ‘ practices.
202 RenovAgro introduczd | Creer. creditline focusec on bizirputs, ILPF, ~aste nmar.agement, renewable energy,
in 2023/24 and environmental compliance. Up to R$ 5 million per beneficiary, 8-year grace
Agricultural Plan period, and 7-8.5% interest rate.
2023 CMN Resolution No. Integration of agricultural credit with environmental safeguards: restrictions for farms

with illegal deforestation, suspended CAR, or overlap with protected areas.

BNDES + MapBiomas + INPE use satellite data to block loans in deforested areas.
Additional incentives: -0.5 p.p. for validated CAR and -0.5 p.p. forrecognized ABC+
sustainable practices.

Strategic Recommendations

A Strengtheninter-institutional governanceby aligning Federalleveland
state programsthrough a sharedsustainability framework.

A Integratedata systems Enviromentalregister, credit, and emissions
monitoring) to enableterritorial performance tracking.

A Expandfiscal incentives (e.gEcologicalVAT credit tax rebates)to
rewardverified conservationoutcomes

A Scaletechnicalassistanceand participatory policy design,ensuring
Inclusivenessand transparency.

A Leverageblendedfinanceinstrumentsto attract private investmentin
low-carbonagriculture.
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Context and Motivation

World agri-food exports face tightening sustainabllity
regulations. The EWDeforestation Regulation(EUDR)Yemands
full traceability, yet fragmented data governanceand high
certification costs preventlarge-scale adoption. Thisstudy
evaluated an integrated digital platform to align Good
Agricultural Practices (GAP) certification, and traceabillity into
one transparent system.

Conceptual Model: Integrated Platform
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[ Farmer Registration

] Producersregisterthelir farmsand
managementpractices while the
[ T — ] systemautomatically verifies
ata Integration with

Official Databases complianceusinggovernment
+ datasets Certificationentities (GAP,
[(. Automated Compliance J Integrated Production, Organic, etc.)
@ Analysis : :
feed reattime updates,enabling

< . SN .
automatic qualification for credit
« Credit Eligibility _
[ UL Green Rural Credit (22) ] programssuchasthe RuralCredit

v Thisinteroperability ensures
[69 “racenability M°d“‘e] transparenttraceability, verifiable

Public & Private Protocols

v

-
Market Access & Verified

Sustainability Claims
(EU, China, etc.)

-

compliance,andinclusion of
smallholdersthrough non-exclusive
accessand data privacysafeguards

Layer
Data Integration Layer

Main Function

Cross-verification of CAR, PRODES,

CAF, SNCR

Examples / Sources
INPE, INCRA, SERPRO

Compliance Layer

Legal, social, and environmental
qualification

CAR status, embargoes, labor
data

Certification Layer Official standards and seals GAP, PI-Brasil, Organic
Financial Layer Credit and fiscal incentives Green Rural Credit, Plano Safra
Traceability Layer Chain-of-custody data & protocols SISBOV, SIBRAAR, RenovaBio
Market Layer Transparency and verification QR code, authenticity code,

blockchain

Eachlayer operates autonomously but is fully interoperable. The system
consolidates property, compliance, certification, and traceability data
through standardized APls,enabling continuous monitoring and credit
eligibility verification across multiple sustainability protocols.
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Qualificacao Socioambiental do Estabelecimento Rural ®\ p
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Emitir Relatorio Socioambiental do Estabelecimento Rural

Informe os dados para a emissao do relatorio

{ Permite a geragdo de um relatorio detalhado sobre o situagdo socioambiental de um estabelecimento rural Com base na consulla a diversas fontes de dados governamentais. a plataforma consg
as informagdes e emite um documento que pode ser utilizado para comprovagdo € analise

Escolher o estabelecimento do Sistema Nacional de Cadastro Rural (SNCR)

Cédigo do Estabelecimento 1)

......................

Informar o codigo do Cadastro Ambiental Rural (CAR)
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EUDR Compliance Conditions by Commodity
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Compliance Incentives

Four strategic scenarios emerge: Coffee(top-right) demonstratesoptimal
conditions with strong market incentivesand low barriers. Soybeanand Wood
(bottom-right) benefit from market accessbut faceoperational hurdles. Palm
Oiland Cocoa (topleft) havemoderate capacitybut limited marketleverage
Cattle (bottom-left) representsthe worst-casescenariowith both minimal
Incentivesand major structural barriers, demandingurgentcomprehensive
Intervention.

Rural property registeredin Brazil's Rural Environmental Registry (CARNder
number MT-5108006-55C212BDAF00438D9FFF5F3AD4B311dacated In
the municipality of Tapurah, Mato Grosscstate. Theproperty spans 5,168.31
hectares, with 1,304.70 hectaresof native vegetationand 3,613.10 hectares
of consolidated agricultural land. Its registration status is "Analyzed pending
environmental regularization;' (open access).

A Pathway to Compliance

7 | ¢ Aedpérienceshows that environmental compliance
can be achievedthrough data transparency,
iInteroperabillity, and inclusion, rather than trade
restrictions. TheAgro Brasil + Sustentavel platform
represents a turning point in aligning sustainability
verification with global market access and WTOprinciples.

mbigital traceabllity adoption could reduce certification
costs by 35u45% and increase transparency coverage
by 25% among smallholders " (Oliveira et al, 2024).
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Building a ScienceBased Sustainable Taxonomy for Brazilian Agriculture

Additionality : Representgeal and measurablegains lower
emissions restoredsoils, conservedbiodiversity.
Sustainable finance must reward projectsthat go beyond

Context: Sustainabletaxonomiesaim to direct capital
flows to environmentally soundactivities.

Yet agriculture faces aunique challenge how to classi Interoperability  Additionality - - L
susta?nabilityin prod uctivrgI systemsthgt alreadyoperafti e L e, el Msesl jeloe compliance, notjustthosealreadywithin the law.
underoneofthe O G J Btxickest environmentallaws XX e‘lﬁ?ﬁ;‘;{ﬁl’e?{t‘il systems R
the Brazilian Forest Code
11 -1.;
Interoperability : It meansaligninginternational Scientific Basis Intero pe rabil |ty makes
financial systems. e;{iqeq_ce-drivep SUStai N abl | |ty0p erati on al.
It connectscredit policiesand production monitoring e(é’fg’:r:g;r('jti}'a g _ _ b
with global parameters toxicological label) add|t|0na||ty makes itm ean|ngfu| A

Without interoperability, sustainability doesnot
attract financial flow.

g1 ; A traRsforns complianceinto credibility] A

Impact Analysis: Legal Vegetation & Pesticides

Zero Net Deforestation: the Rational Path From Labels to Science: Using EIQ for Sustainable Finance
. . . Regulatoryclassifications by ANVISA (GHS) or IBAMA (PRP&fject labeling, not risk.
X 1J B otiedbughy sustainable means offsetting more than we changetOns J yela > DY ANV, .(. .) . (Pré) J
They areunsuitable for financial eligibility criteria.
60" W EIQ vs Ecological Factor by Regulatory Group
Boa Vista a':a‘a o ESCAPE
The Forest Code already sets strict limity legal EIQ mean valuescross three pesticide groups: ® RESTRICTED .
suppression requires environmental ARestricted (TSBHJ G@A: AL=<06 Y F fKF ° .
compensation and prior authorization. A#K; 9H= >GJEMDO9LAGFK Y gruf
ANond =KLJA; L=< Y T XHKX ¢ o
s _ N - E o
o Focus onNet-Zero Defore_statlon . Any landuse Instead, usequantitative thresholds: S 0.6 . “ e
BRI W 3T e TG change from forest to agriculture must be . . o = ® ®
Balango do Cédigo R B a5~ &7 2 e 7y SN : : o H# / L_pl‘lOﬂthltlgatlon Q O
T e R compensated by conserving or restoring &arger o . - °
B . : . o# ' |  uesthtted A T o4 o
B 0% - 300% equivalent area elsewhere, increasingcarbon Sy hagedUt A N ®
— e removal. ° PR S 2%
s | S Almost all pesticides that should be “ o e o 28
g This ensuresadditionality and restricted by taxonomy have formulations L .:‘.' o 2
— i, recognizesproductive inclusion . with a lower clg_ssificati_on, allowing their use.
- oo Labeling classification is not useful for public 0.0 = ®
hveas o contabiizadas , Implement the Environmental Reserve Quota policies 0.0 0.2 0.4 0.6 0.8 1.0
il - - - : ] Normalized EIO
(CRA) which is a negotlgble title thf'ﬂ rgpresents d.abelsinform consumers No statistical difference between restricted escape
Source: UFMG, 2015 an area ofpreserved native vegetation is a must.

scienceguidespolicy] A groups (KruskaMWallis p < 0.05)

(Source: EIQCalc and author analysis)

From Intent to Impact: Technical Evaluation of the Brazilian Sustainable Taxonomy Validation Models and Connection with Farmers

Original Premises of the Taxonomy Ex-Ante Technical Assessment Observed or Potential Consequences TO e n S u re tran S p are n Cy an d I n C I u S I O n
(Intent) )

1. Exclude financing for any activity Overlaps with restrictions already established under the Forest Code. Legal and environmentally compliant producers become We d eve I O p ed a We b Cal C u | ator th at
invoelving native vegetation sustainable use and legal suppression with compensation are ineligible for credit; discourage voluntary conservation
suppression. misclassified as “unsustainable.” and restoration; risk of anticipatory clearing. - - - - -
2. Restrict the use of pesticides Label-based classifications reflect hazard, not real environmental or Regulatory inconsistency and no effective risk reduction. eStI m a-tes a S UStaI n abl I Ity I n d eX al I g n ed
classified as “toxic” by ANVISA (GHS) or | occupational risk. Statistical tests (EIQ analysis) show no significant science-based EIQ) thresholds should replace label bans. .
IBAMA hazard categories. difference between restricted and “escape” formulations. Wlth th e Ta_XO n O my_
3. Limit eligibility to activities with low Excludes most conventional agricultural production systems despite Potential exclusion of 90% of creditable activities;
environmental impact and high social wverified compliance with national law. distortions in rural finance allocation; penalizes producers . .
co-benefits. already transitioning. The tOOIQUIdeS farmers through Slmple
4. Define “green” eligibility primarily by sustainable transition requires gradual performance scaling, not Hinders innovation, prevents partial eligibility for .
exclusion (binary logic). binary classification. improving farms, and weakens incentive-based progress. q u eStI O n S O n
9. Assume homogeneity with Imported frameworks neglect tropical conditions, large-scale Incompatibility with local agroecological zones; need for
international taxonomies (EU, ASEAN). production, and mixed-use landscapes. adaptive equivalence rather than copy-paste regulation.

ALand use and legal reserve compliance

Apesticide management (EIQthresholcs ) ]

A Soil and biodiversity indicators

A OBREGON Diana et al. Global use of the Environmental Impact Quotient: A tool to indicate potential pesticide
risk. Science of The Total Environment, v. 997, p. 180235, 2025.
https://doi.org/10.1016/j.scitotenv.2025.180235 The systemcalculates a score (Gr100)and

A MINIST_ERIO DA FAZENDA2023, December) Sustainable Taxonomy of Brazil (Version 2Brasilia: Secretaria shows the level of e“gib”ity under the
de Politica EconOmica. Retrieved October 18, 2025, frorttps://www.gov.br/fazenda/.../sustainable -
taxonomy-of-brazil-december-v2.pdf taxonomy.

A RAJAOQ, R., & SOARESILHO, B. S. (2015)0O Mercado deCotas de ReservaAmbiental (CRA) ndrasil: licdes
aprendidas e oportunidades futuras. Belo Horizonte:Universidade Federal de Minas Gerais, Centro de
SensoriamentoRemoto. Retrieved October 18, 2025, from

https://csr.ufmg.br/mercadocra/Rajao_Soares_lS_CRA%ZOno%i&B rasil_lowres.pdf -H- -E asurin g Wh at Su Sta| N ab I e

ERAZILIAM GOVERMMENT ) (

4P~ ~ i) _ -
Ralla h.‘. % B S agriculture looks likej A
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ABC .
Contact: luis.rangel@agro.gov.br (Scanthe QRcodeand calculate your index.)
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Aligning Rural Credit with Sustainable Practices Environmental
Indicators for Agricultural Policy
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Territorial Prioritization:

Policy Background and Rationale

Ruralcredit plays a decisive role iateeringagricultural transitions Construction of the Territorial Priority Index

toward sustainability. InBrazil, credit linesunder programPPA 2024
202 7include environmentalcomponentsbut still lack robust
Integration betweenfinancial incentivesand measurable
environmentaloutcomes

Theconstruction of a territorial priority index must takeinto account a
balance of resources for stagnant states that do not have a tradition of
seekingsustainable financing.

Amixed-methodsapproachcombined policy documentreviewwith
geospatialdata analysis Thestudy built a Territorial Priority Indexbasedon
(1) historical credit allocation (ABQresourcesg, (i) degradedpastureareas
(<0.7 AU/haand (i) Total Factor Productivity (TFPR)

AAgriculturerepresents27%of J 9 RSB B0%of GHG
emissions

AThe sectomitigation plan ABC+ (202Q030)argets 72million ha of
sustainablepractices

ATotal Factor Productivity (TFP) / Gétiissiongatio adoptedas a PPA 1 —C4 D
indicator. TP =«- C +5 - D + -(T'FP)
ABC Plan (2010-2020) ABC+ Plan (2021-2030)

: Territorial Priority Index for Sustainable Credit
Area Target Achievement Area Target

0.80

Target: 35.5M ha Result: 54.0M ha (152%) = Target: 72.1M ha +33% increase
Mitigation Target Achievement Mitigation Target
Target: 133-163M Mg CO: eq Result: 193.7M Mg CO: eq (119%) Target: 1,075M Mg CO: eq +455% increase

0.75

Agricultural Performance

0.70

Agricultural Performance Bubble Chart
Size = ABC Credit (R$ bi) | Color = Degraded Pasture (Mi ha)

0.65

Rio de Janeiro
-0.60

aaaaaaaa

Final Index

-0.55

Rio Grande do Sul
Q |
0.50

Source: Gianetti (2021) e Bolfe et al. (2024)

Territorial prioritization for ABCreditallocationbasedon environmentalimpact
potential. Darkershadesindicate territories where credit allocation would yield
highestenvironmentalreturns.

Total Factor Productivity (PTF)

Gaps and Indicators

Governanceand Policy Recommendations

Policy Gaps

_ | | Aligning rural credit with sustainability requires:
Despite progress, the greencredit remains concentrated:

A 65% of credit in MidWest and Southeast:

A 98% in fourtechnologies (pasture recovery, ILPF, natill and planted forests). AStrengthenI\/I RV systemastegrating financialand environmental
A Administrative complexity and low CARvalidation (<10%)hinder access. data

Environmental Indicators AGeospatiakredit prioritization for degradedpasturerecovery
TheA A malin sustainability metricy TFP/GHGatioy grew 7.4% annually (2010t ASmart territorial targeting, and clear recognition of certified
2018), signalingimproved efficiency, but transparency in methodology and MRVis : :

lacking. sustainable practices.

. ASimplifyaccesdor smallproducersand low-adoptiontechnologies

14 Ano base (2021): 1,09 (bioinputs).
if} ,__f—\'——4 AEnhancedransparencyin TFP/GH@@dicator calculations

0,8
0,6 : : . : :
0,4 Llimate-aligned credit is not just financey AL B K
,2 . .
8 _ - i} governancefor sustainable agriculture] A
Evolution of the relationship between TFP/GHG and targets for the 2024/2027 References
PPA

A Bolfe, EL. et al. (2029 'Potential for Agricultural Expansion in Degraded Pasture Lands in Brazil Based on Geospatial

ERAZILIAN GOVERNMENT j::‘.: Database§ Land 13(2), p. 200, https://doi.org/10.3390land 13020200
MINISTRY OF A Bragagnolo, C. and Tateishi, H.R. (2022 'Produtividade total dos fatores e emissdesde dioxido de carbono na agricultura
n:ﬂnﬁtf:!L:Tu: :.; /- brasileira. umamedidade PTFambientalmentesensivel' ,EconomiaAgricolae do MeioAmbiente 5(2), pp. 45-67.
/‘/_.—'-"‘" A Gianetti GW. and Ferreira Filho, J.B.S. (2021 'O Plano e ProgramaABC uma analise da alocac&o dos recursos',Revistade
PPGA/UNB economiae sociologiarural, 59, p. €216524 https://doi.org/10.1590180694792021216524
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CONTEXT / INTRODUCTION Agronomic Drivers of SOM

Problem: Parameter Effect on SOM SoilBio Indicator

- Farmersremainlargelyexcluded No-till & ILPF ™ SOM vs. conventional tillage | ™ B-glucosidase, 1
from carbonmarketsdueto the | | arylsulfatase
Permanent ™ Carbon input, ¥ erosion ™ B-glucosidase

absenceof measurable reportable,
cover

fmd V?rlflable(ll\/lRV)ndlcattortsIlnked 'r’ — “ - @ =3 Biomass input | * SOM accumulation ™ Enzymatic activity
O ONn- ar_m carponseqguestration (>8t ha' yr‘1)

Opportunlty : Sustainable SOM Verified Carbon Reduced ™ SOM stabilization v Enzymatic variability

- SollOrganic Matter (SOMjoutinely Practices  Increase  Carbon Stock Credit disturbance
analyzedin fertility diagnostics >5 yrs under Consistent SOM gains ™ Long-term enzyme trend
containsabout 58%organiccarbon conservation
and canserve as #w-Ccost, Crop ™ Microbial activity ™ B-glucosidase, arylsulfatase
verifiable metric for climate benefits. diversification

SCIENTIFIC BACKGROUND

Strategic soil labs network Regional SOM Database Model

sStandardized SOMand bioindicator data can transform farmers into ExpandsMRVcoverage reduces transaction costs, and democratizes access for
certified carbon supplierstOm smallholders. The MATOPIBA cerrade an example of the potential for carbon
e e sequestration through sustainable practices
AAnnual SOM measurements A SOM is a core
(0110 cm) from accredited labs. iIndicator of soll
AData linked togeographic fertility,
coordinates and Rural productivity, and
Environmental Registry carbon
(CAR) sequestration
AVoluntary national network of potential .

A Healthy soils mean
lower emissions and
greater resiliencey
where carbon
balance begins with
organic matter
restoration.

Ckt WEYRG7RYWGOcaqnYl dWecal Il ! WeNNI WNecqlt WagéYet cUIt WYnWwt q¢c U
F'Q H ¢ U-glicdsidad arydpiifhtasellbl

SIMULATION AND IMPACT ANALYSIS

soll laboratories adhering to

MAPA and Embrapa protocols.
ARecognition through official

| JNRY ql ! EVgbIKIBL9 ¢ | H

XCHYIl ¢cqVYl RIJI O

Source: Embrapa, 2024 Source: Solidariedad, 2022

T

0 H
HRY {

CONCLUSIONS AND POLICY INSIGHTS

Objective : Assess carbon credit generation potential for a 10Ma farm -
in the Brazilian Cerrado adopting netill and permanent cover cropping. economic, and ecological

soosts iy ", A SOM is aechnical,

Conservation Enzymatlc

St S indicator bridging soil

Scenario ASOM (5 yrs) tCO.e ha" Total (100 ha) health with climate finance.
Conservative +0.25 % 6.25 625 - A Temporal dynamics demand
Moderate +0.50 % 12.5 1,250 o WY (| = & multi-year monitoring and
Optimistic +1.00 % 25.0 2,900 SN " A Regional SOM databases,

n Credits

governed by MAPA and
Science connects soil biology with financial su-

tainab ity blilding brUst bettean i mare. farmare, Embrapa, can underpin
References S ylabgrator:?estisnd cearbeoennmaa:rk]:tss. s P p p

certified MRVsystems.

A Hengl T.,Mendes de Jesus, Heuvelink G.B.M., et a{2017). SoilGrids250m: Global gridded soil infation

based on machine learningSoil 3, 39B403.https://doi.org/10.1371/journal.pone.0169748 Af U aqldNl cqRYULWs Rago W71 ¢c AR K
A Mendes, I.C., Sousa, D.M.G., Silva, A.A., et al. (2021). Soil quality and grain yiefiivia eagmbination in clayey Emissions Trading System ; N '
tropical Oxisols Geoderma388, 114880https://doi.org/10.1016/j.geoderma.2020.114880 N bl
A Moraes S4, J.CLal, R., Cerri, C.E.P., et @025). Ndtill systems restore soil organic carbon stock in Brazilian (SBCE) enables SCalable
biomes and contribute to the climate solution. Science of the Total Environment 977, 179370. Inclusion of smallholders. 2
https://doi.org/10.1016/j.scitotenv.2025.179370 ~ « 't ' 20
A FUNDACAO SOLIDARIDAD (2@&2fancode carbononaproducdode soja ddMatopiba S&o PauloFundacio A uRNDUI !:LIS B G] 9 L”q] ORis:
Solidaridad;Imaflora. NMMMwWNDUYHC U WR :
reinforcing soil carbon as a
lr
ENATILIAN GOVERMNMENT r‘-:
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AGRICULTURE

B <& climate lever.
il .‘ =22 S S . .
rpcaons  ABC Healthy solls are climate assets Ly

Contact: luis.rangel@agro.gov.br measurable, verifiable , and bankable .

AND LIVESTOCK



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

Designing Effective Green Agricultural Credit Programs: IR

Global Principles and Lessons from Practice

Global Climate-Smart

Agriculture Gonference A B C

Luis EduardoPacifici Rangel?, Marcelo Fernandes Guimaraés Eduardo Mello Mazzolerj Carlos Ramos Venancto

Bruno dos Santos Alves Figueiredo BrasiDorge Madeira Nogueird, Ricardo Carmona
IMinistry of Agriculture and Livestock(MAPA)Brazil, “2University of Brasilia (UnB),Brazil

INTRODUCTION From Theory to Practice

Agricultural credit has evolvedfrom a productivity-oriented subsidy Into
a strategic instrument for climate mitigation , adaptation , and inclusive

Principles and Implementation Mechanisms

rural development " " Global Principle @ Practical Mechanism and Contribution
: : : Alignment with Link national agricultural credit programs to climate strategies and emission targets. Funding flows should be
Th ISan IaSyS SyntheSIZeSthree decades Of g|0ba| and reg|0nal Climate guided by green taxonomies and verified environmental outcomes. This ensures that every loan contributes to
experiences y from IFADand World Bank frameworksto emerging Commitments | both productivity and decarbonization goals. _ I
o ] ] . ] ] . Mitigation of Establish Green Guarantee Funds thatshare climate-related losses between the public and private sectors.
InltlatlveS N BI’aZIL N |ger|a, and SOUth ASlay pI’O pOS| ng a conce ptual Climate and Credit | Combinethese guarantees with climate-indexed insurance to reduce defaultrisk and attract private capital
- . Risks into sustainable agriculture.
]
mOdeI n Y G rmrbsafra Plans 1H3 I-Hm'able template for the World Ban kand Inclusion and Deliver credit through cooperatives, rural credit unions, and digital platforms. These channels expand access
. . . Decentralization forsmallholders and women farmers while using local data and MRV systems to validate sustainable
G20to foster sustainable agricultural finance globally. naholders ¢
practices inreal time.
Conditionality and | Tieinterest rates, grace periods, and subsidies to measurable sustainability indicators—such as soil health,
Environmental reforestation, or emission reductions. This transforms environmental performance into a financial advantage
CONCEPTUAL ARCH ITECTU R E Performance and builds long-term behavior change.
Integrated Create joint governance structures linking Ministries of Agriculture, Finance, and Environment with Central
Governance Banks and development banks. This ensures that agricultural policy, fiscal incentives, and prudential
regulation all reinforce the same sustainability targets.

System Dynamics GLOBAL SUCCESS CASES

&

4 Global & Capital flows from the global to Global Lessons for an Effective Road Map
acroeonomic
(IPEA 2024: South the local levels through banks
Asia 2024) :
nd blended-finan o A . .
» G20 leadership and a dblended a C.e . Highlighted Countries with Innovative Credit Systems
global governance Instruments, while information
“nocanment AN and MRV dataflow upward S
2 validating performance and - - F DN
Institutional 0 pe‘rational\‘,\ ena_lbl Ing transparency. \\f;‘ .
& Governance  &local Thisdual movement closes the =
(World Bank 2022; IFA (Promoting Inclusive . :
?Ouran Gaanllaghur 2018) /  Green Flinancel?jZO~24) feedbaCk IOOpy maklng Credlt
 Development banks e Cooperatives and fintechs both a driver of prOdUCtiVity
(BNDES, CAF, ADB) for ruralinclusion : :
N = IRl  * Green Guarantee Funds and a meChan|Sm fOr C“mate
(E,?]gvriirc;unl’rc#;i,t;:inance, \ and insurance accountability _
Brazil
Evolution of Agricultural Credit and Sustainability (199#2025) A Strength: large-scale financial infrastructure.

A Lesson: Modernizegovernance not institutions .

Sub-Saharan Africa

1994 - Directed Credit Highlighted risks of politically guided agricultural loans and A Strength; Public risk-sharing attracts private Capita| and expands rural
(Calomiris & Himmelberg) concentration effects. inclusion.
2000 - IFAD Rural Finance Defined inclusive, decentralized, and sustainable rural L _ -
Policy finance principles. A Lesson: GreenGuarantee Fundslower credit risk, build resilience, and
2018 — Yuan & Gallagher Demonstrated that institutional capacity and governance enable blended finance.

drive green finance outcomes. :
2021 - Green Growth & Showed that greening credit requires new rules, not new SOUth ASIa
Agriculture in Brazil banks. A Strength: Strong interministerialgovernanceand MRVdigitalization.
2022 - World Bank Reframedcreditas a tool for structural transformation toward A | esson Transparency inclusivity, and mandatory green |ending targets
Agricultural Credit low-carbon growth. K
2024 - IPEA / Credit Risk Merged climate finance and agricultural credit: climate risk = WOTK.
Review credit risk.
2024 - Inclusive Green Proved inclusion and risk mitigation as key enablers of viable .
Finance / Nigeria ACGS green credit. B|Ueprlnt fOI’ GIObaI Green Safr’c'P|aﬂS
2025 - Systematic Review Established standardized MRV and Green Credit Scoring for
Protocol global comparability. Core Design Principles (Bullet Points):

A Hybrid Capitalization : combine public, private, and climate funds (GCF, GEF,

; ; ; greenbonds).
From Directed Credit to Green Finance A Conditional Credit: link interest rates and subsidies to measurable environmental
performance.
A Inclusive Delivery: decentralize viacooperatives, fintechs, and microfinance
N& Institutions.
v A Risk Mitigation : deploy Green Credit Guarantee Funds and climate insurance.
wr A Integrated Governance: align agricultural, fiscal, and environmental policies.
e - f A Transparent MRV:use digitalmonitoring, greencredit scoring, and standardized
reporting.
A Scalability : use the BrazilianPlano Safraas apilot for the World 7 ¢ U gjl@bhl

Directed Credit Rural Finance Green Credit
fiscal risk, Reforms Systems

central control decentralization, climate alignment,
Inclusion digital MRV
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WRHY STATIC MODELS ARE NO LONGER ENO

A Traditional policy evaluation methods are static
and linear.

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

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

“

OBJECTIVE

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

MODEL ARCHITECTURE
dF

— aF — bF'D

dat

dD
—— = cF'D — dD
dt

Model Components and Flows

A F(t)accumulated financing
A D(t) deforestation area

In this system,a is the credit growth rate,D the negative
effect of deforestation on credit,C the conversion of

credit into deforestation, and d the natural stabilization
rate of cleared areas.

M

|
X
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KEY INSIGHTS

A Dynamic feedbacks reveal policy oscillations
and instability thresholds.

A Coupled variables (credittdeforestation) exhibit
limit cycles under excessive financial pressure.

A Stable equilibria occur only underadaptive
credit policies .

Implications for Governance

A Integrate differential models into monitoring
dashboards (MAPA, IBGE, MMA).
A Shift from ex-post evaluation to ex-ante
simulation.
Af 1 JUgqRN! WbbqRGGRUNWGY R L
mbynamic equations can guide
sustai