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

economic relationships with several important
patterns:

Def area (ha)

* 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

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

* No strong linear relationships were
detected between commodity prices (soy,
maize, beef) and deforestation rates

e Rural credit volume shows only marginal
correlation with deforestation outcomes
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Source: Steffen, 2015

Rural Credit as a Policy Lever

Credit can function as a
fiscal-environmental
iInstrument when linked to
verifiable conservation
outcomes.

Sustainable
Agriculture
Matrix

Source: Zhang, 2021

Research Objective

""To assess how Brazilian sustainable agricultural
credit policies impact forest deforestation rates in the
Cerrado and Amazon biomes"

« Evaluate Policy Effectiveness: Measure the correlation between
sustainable credit allocation and changes in deforestation patterns

 Compare Biome Responses: Analyze differential impacts across the
Cerrado savanna and Amazon rainforest ecosystems

* Connect Finance to Conservation: Establish relationships between
financial incentives and biodiversity preservation outcomes

Amazonia

Cerrado

Source: MapBiomas — Annual Land Use and Land Cover
Data, Brazil
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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)

[Credit-Deforestation Correlation: -0.023]
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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 requires context-sensitive approaches that strengthen
local governance alongside financial regulations, rather than relying on uniform national
policies alone.

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

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

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

4. Integrated solutions beyond credit alone are essential - combining
economic incentives with land-use planning and institutional
strengthening.
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Public Policies for Agricultural Financing Sustainable Agriculture Programs Performance (2013-2023)

Comparative Analysis of Traditional Production-Focused vs.

Sustainable Integrated Approaches Circle Size = Average Contract Value | Top 5 Labeled

Focus on Productive Capacity and Integration Between Productivity and Agroecology Program
Profitability Emission Mitigation 11k
Traditional Agricultural Model Sustainable Agricultural Model 10k ABC+ No-Till Farming
® ioritv f ditional and ive C : ; : ; K RenovAgro PastureRecévery
%  Priority for Traditional and Intensive Crops Requirement for Social and Environmental Compliance rmciei gy 7
: o : - Agroforestry Initiative :
Emphasis on high-yield monocultures and conventional agricultural Mandatory adoption of sustainable and socially responsible practices Sk — 9 y
practices
2
Q
; : o2 © 7K
o _ & Differentiated Interest Rates and Terms Conditioned on =
5 Broad Access to Credit with No Environmental _ 5 AR
Retirements Green Practices O 6k — ighlighted Program
_ , , _ - _ N Financial benefits linked to adoption of sustainable technologies B
Financing available without specific environmental conditions EJ-
o R in : Program Category
. - =
., Interest Rates and Terms Defined by = Additional Criteria for Allocation Based on e, -
Productive/Financial Risk Environmental Impact @ RenovAgro Soil
Finandial conditions based exclusively on economic viability Multidimensional assessment considering environmental externalities 3K - @ RenovAgro No-Till
@ RenovAgro Pasture
— : . e - P 2k @ Agroecology
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 s @ Agroforestry
@ Bioeconomy
|~ Little or No Requirement for Environmental Monitoring ¢ Integrated Environmental Safeguards 0 T T T l 1 T T | | | | | 1
_ _ 4 _ 0 500 1k 1.5k 2k 2.5k 3k 3.5k 4k 4 5k ok 5.5k (614 6.5k
Low regulation and oversight of environmental impacts Environmental protection mechanisms incorporated into production
Rt Total Investment (Millions R$)
# Emphasis on Market Stability

T L T * RenovAgro No-Till Farming and Pasture Recovery lead in both investment and
number of contracts, reflecting their centrality in low-carbon agricultural expansion.

: —— * Agroecology presents the highest participation rate, with over 10,000 contracts,
\Y djor Findi NgS signaling growing adoption by smallholders despite lower average investment per

project.
ADVANCES GAPS » Agroforestry and Soil Management occupy a mid-range position — strategic but still
* Rural credit increasingly tied to  Implementation capacity varies limited in financial scale. | .
. tal compliance widelv by resion * The Bioeconomy program, although smaller in contract numbers, shows high
cnVITo n,men : P . . o y DYy Tes average value per contract, highlighting its potential for innovation-driven,
* Subnational fiscal tools incentivize  * Limited transparency and knowledge-intensive projects.
conservation (Ecological VAT) monitoring systems
* New frameworks (e.g., Decree » Weak inclusion of smallholders YEAR/ INSTRUMENT / MAIN FOCUS
. - ) MILESTONE REGULATION
11.873/2023) expand reStO rat|0n d nd trad |t|0nal commun |t|eS 2010 CMN Resolution No. Creation of the Low-Carbon Agriculture Program (ABC)
HTH I 3,896/2010
ta rgets tO 40 mlulon ha (BraZIllan 2011-2020 ABC Program Over R$ 17 billion in loans; about 15 million ha restored; estimated mitigation of 83
G reen Way) implementation MtCO.,e. 65% of resources are concentrated in the Center-West and Southeast
regions.
2021 ' Launch of ABC+ Plan Expanded targets: 1.07 GtCO,e reduction by 2030; 72 million ha under sustainable
. . . . practices.
Th e G ree n | ng Of B raZ| l’S Agl’l C LI l.tu ra l. POlICy 2023 | RenovAgro introduced | Green credit line focused on bioinputs, ILPF, waste management, renewable energy,
in 2023/24 and environmental compliance. Up to R$ 5 million per beneficiary, 8-year grace
o o o icul LPL iod, and 7-8.5% i .
M a In Cred It I‘I I‘IES: I m paCt: 2023 ggl\'ll.:I:LFll:;r:luti::Nu. &izgrati‘::"n of agricull’?::'le;’;;ai:?vith environmental safeguards: restrictions for farms
° PaStu re reCOVQW ﬁ:ﬂ:iﬁ?;g;nd BCB with illegal deforestation, suspended CAR, or overlap with protected areas.
o . — n vl 2 | 2023-2024 | Complementary BNDES + MapBiomas + INPE use satellite data to block loans in deforested areas.
Integrated Crop-Livestock-Forestry 47% of rural creditin actions Additional incentives: ~0.5 p.p. for validated CAR and —0.5 p.p. for recognized ABC+
SyStemS (ILPF) sustainable practices.

2022-2023 was allocated
» Bioinputs and renewable energy to sustainable lines” Strategic Recommendations

* Organic agriculture

Challenges & Recommendations » Strengthen inter-institutional governance by aligning Federal level and
state programs through a shared sustainability framework.

Key Challenges: * Integrate data systems (Enviromental register, credit, and emissions
* Fragmented coordination among federal, state, and municipal institutions monitoring) to enable territorial performance tracking.

undermines policy consistency. * Expand fiscal incentives (e.g., Ecological VAT, credit tax rebates) to
 Lack of unified monitoring and verification systems (MRV) prevents accurate reward verified conservation outcomes.

tracking of climate and sustainability impacts. * Scale technical assistance and participatory policy design, ensuring
* Economic incentives still favor conventional agricultural practices in several inclusiveness and transparency.

regions. * Leverage blended finance instruments to attract private investmentin
* Limited technical assistance and credit access for smallholders and low-carbon agriculture.

traditional communities.
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Context and Motivation

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

Conceptual Model: Integrated Platform

—

=ill J

[ Farmer Registration

Producers register their farms and
management practices, while the
[ P — ] system automatically verifies

Official Databases compliance using government
v datasets. Certification entities (GAP,
{(6 ﬁ:zx'sted Compliance J Integrated. Production, Organic, etc.)
T feed real-time updates, enabling
- automatic qualification for credit
« Credit Eligibility .
[ = ] programs such as the Rural Credit.

=== Green Rural Credit ()

v This interoperability ensures
[69 I:;ff;;'j’j:jgrmj:‘e] transparent traceability, verifiable
1 compliance, and inclusion of
3 5 .
Market Access & Verified smallholders through non-exclusive
Sustainability Clai .
o access and data privacy safeguards.
/
Layer Main Function Examples / Sources
Data Integration Layer Cross-verification of CAR, PRODES, | INPE, INCRA, SERPRO
CAF, SNCR
Compliance Layer Legal, social, and environmental CAR status, embargoes, labor
qualification 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

Each layer operates autonomously but is fully interoperable. The system
consolidates property, compliance, certification, and traceability data
through standardized APIs, enabling continuous monitoring and credit
eligibility verification across multiple sustainability protocols.

A
(f(@ Srasil +

Qualificacao Socioambiental do Estabelecimento Rural ®\ p
Sustentavel

Permite a verificacdo da conformidode socioambiental de um estabelecimento rural Afraves da consulta aufomat

a sifuagoo do estabelecimento @ as alhidodes nele exercidas peranfe 0f Frtanot & Lankineies Anlicrmusie Feto uilidneAan & oem necen sccancial ror a hahdifnedn em nemcrnmos o ablfonedn de

ZO00 O DaSEs 08 J000s EI'G'.-L‘I'.".G.'T]E‘."I.’DIS a aforma J LUm aagnosico gue alesto

Emitir Relatorio Socioambiental do Estabelecimento Rural

Informe os dados para a emissao do relatorio

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

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

wEriFLIT PeQEELIo enconlr

Informar o codigo do Cadastro Ambiental Rural (CAR)

~—

Contact: luis.rangel@agro.gov.br
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EUDR Compliance Conditions by Commodity
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Compliance Incentives

Four strategic scenarios emerge: Coffee (top-right) demonstrates optimal
conditions with strong market incentives and low barriers. Soybean and Wood
(bottom-right) benefit from market access but face operational hurdles. Palm
Oil and Cocoa (top-left) have moderate capacity but limited market leverage.
Cattle (bottom-left) represents the worst-case scenario with both minimal
incentives and major structural barriers, demanding urgent comprehensive

intervention.

Rural property registered in Brazil's Rural 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 vegetation and 3,613.10 hectares
of consolidated agricultural land. Its registration status is "Analyzed, pending
environmental regularization,’' (open access).

A Pathway to Compliance

Brazil’s experience shows that environmental compliance
can be achieved through data transparency,
Interoperability, and inclusion, rather than trade
restrictions. The Agro Brasil + Sustentavel platform
represents a turning point in aligning sustainability
verification with global market access and WTO principles.

“Digital traceability adoption could reduce certification
costs by 35-45% and increase transparency coverage
by 25% among smallholders" (Oliveira et al., 2024).

References

. OLIVEIRA, Susan & Cesar et al. The European Union and United Kingdom's deforestation-free
supply chains regulations: Implications for Brazil. Ecological Economics, v. 217, p. 108053,
2024,

. CAl, Zongchao. Agricultural Product Quality and Safety Traceability System Based on
Blockchain Technology. In: 2023 2nd International Conference on Artificial Intelligence and
Autonomous Robot Systems (AIARS). IEEE, 2023. p. 421-426.



The Brazilian Sustainable Taxonomy Proposal and Its
Implications for Agribusiness

Global Climate-Smart
Agriculture Gonference

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

Luis Eduardo Pacifici Rangel*?3, Marcelo Fernandes Guimardes!, Carlos Ramos Venancio’, Bruno dos Santos Alves Figueiredo Brasill, Gisele

Pereira Domiciano?, Giovana Maria Tadaieski Arruda?, Jorge Madeira Nogueira3, Ricardo Carmona3, Camila Stefani de Sousa Silva*
IMinistry of Agriculture and Livestock (MAPA), Brazil, 2Sustainable Developemnt Institute (IDS), Brazil, 3University of Brasilia (UnB), Brazil,*Ministry of Finance (MF), Brazil

Building a Science-Based Sustainable Taxonomy for Brazilian Agriculture

Additionality: Represents real and measurable gains: lower
emissions, restored soils, conserved biodiversity.
Sustainable finance must reward projects that go beyond

Context: Sustainable taxonomies aim to direct capital
flows to environmentally sound activities.

Yet, agriculture faces a unique challenge: how to classif Interoperability  Additionality . : e

sustai%wability in productivgI systems thgat already opera’zle clignmentiin legdl, real measu fabic compliance, not just those already within the law.

under one of the world’s strictest environmental laws — efrlir\],?rréﬂ;l;rtg systems e

the Brazilian Forest Code.

" ] @

Interoperability: It means aligning international Scientific Basis in te"OPerablllt,V makes

financial systems. ity otort sustainability operational;

It connects credit policies and production monitoring B o ) . S )
with global parameters. toricologcal labe) additionality makes it meaningful.

Without interoperability, sustainability does not
attract financial flow.

“Science transforms compliance into credibility.”

Impact Analysis: Legal Vegetation & Pesticides

Zero Net Deforestation: the Rational Path From Labels to Science: Using EIQ for Sustainable Finance

Regulatory classifications by ANVISA (GHS) or IBAMA (PPA) reflect labeling, not risk.
They are unsuitable for financial eligibility criteria.

“Legal is not enough — sustainable means offsetting more than we change.”

ar W EIQ vs Ecological Factor by Regulatory Group
o ESCAPE
. The Forest Code already sets strict limits — legal EIQ mean values across three peSt|C|de groups: ® RESTRICTED °
gy suppression requires environmental * Restricted (TSB-prohibited) = 55.5 08 ¢ %
; compensation and prior authorization. * Escape formulations = 53.5 5
Y * Non-restricted = 39.9 g e
..  Focus on Net-Zero Deforestation: Any land-use s as S 06 -
. / Instead, use quantitative thresholds: 2 - X" °*° .
change from forest to agriculture must be . e S ®
Balango do Cédigo . . -EIQ>70> priority mitigation o O
compensated by conserving or restoring a larger . L ®
B - soo : . . - EIQ > 85 > restricted B 04 o
B 0% - 300% equivalent area elsewhere, increasing carbon _EIQ > 90 > phase-out 8 o
— i removal. P : S 2,°%
s | Almost all pesticides that should be “ ., ®e o ¢ e
0 TR This ensures additionality and restricted by taxonomy have formulations ocd0 fo e 2
- :Zf’ i :; recognizes productive inclusion. with a lower classification, allowing their use. *
- oo Labeling classification is not useful for public 0.0 s ®
Areas nio contabiizads , Implement the Environmental Reserve Quota policies 0.0 0.2 0.4 0.6 0.8 1.0
(CRA), which is a negotiable title that represents “l abels inform consumers: L Normalized EIO .
: o ? No statistical difference between restricted x escape
Source: UFMG, 2015 an area of preserved native vegetation is a must.

science guides policy. 7 groups (Kruskal-Wallis p < 0.05)

(Source: EIQ-Calc 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 tra n S p a re n Cy a n d i n C lu S i O n
(Intent) )

1. Exclude financing for any activity Cwerlaps with restrictions already established under the Forest Code. Legal and environmentally compliant producers become
invoelving native vegetation sustainable use and legal suppression with compensation are ineligible for credit; discourage voluntary conservation We d eve "O p ed a We b ca lc u lato r th at
suppression. misclassified as “unsustainable.” and restoration; risk of anticipatory clearing. . . op . .
2. Restrict the use of pesticides Label-based classifications reflect hazard, not real environmental or Regulatory inconsistency and no effective risk reduction. eStI mates a SUSta I na bl l-lty Index a llgned
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. W | t h 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 tOOl gL”deS fa rmerS through Sl mple
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 e St | 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.

* Land use and legal reserve compliance I

 Pesticide management (EIQ thresholds) [

* Soil and biodiversity indicators

. 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 system calculates a score (0-100) and

. MINISTERIO DA FAZENDA. (2023, December). Sustainable Taxonomy of Brazil (Version 2). Brasilia: Secretaria shows the level of eligibility under the
de Politica EconOmica. Retrieved October 18, 2025, from https://www.gov.br/fazenda/.../sustainable-
taxonomy-of-brazil-december-v2.pdf taxonomy.

. RAJAO, R., & SOARES-FILHO, B. S. (2015). O Mercado de Cotas de Reserva Ambiental (CRA) no Brasil: lic6es
aprendidas e oportunidades futuras. Belo Horizonte: Universidade Federal de Minas Gerais, Centro de
Sensoriamento Remoto. Retrieved October 18, 2025, from

https://csr.ufmg.br/mercadocra/Rajao_Soares_1 5_CRA%20no%2(ll?£asil_lowres.pdf “Measur'ng What su3ta’n able

ERAZILIAM GOVERMMENT (

NPz 22 B & : :
Rl i = SN o agriculture looks like.”

caons ABC .
Contact: luis.rangel@agro.gov.br (Scan the QR code and calculate your index.)
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Policy Background and Rationale

Rural credit plays a decisive role in steering agricultural transitions
toward sustainability. In Brazil, credit lines under program PPA 2024-
2027 include environmental components but still lack robust
integration between financial incentives and measurable
environmental outcomes.

* Agriculture represents 27% of Brazil’s GDP and 30% of GHG
emissions.

* The sector mitigation plan ABC+ (2020-2030) targets 72 million ha of
sustainable practices.

* Total Factor Productivity (TFP) / GHG emissions ratio adopted as a PPA

indicator.

ABC Plan (2010-2020) ABC+ Plan (2021-2030)

Area Target Achievement Area Target

Target: 35.5M ha Result: 54.0M ha (152%) = Target: 72.1M ha +33% increase

Mitigation Target

Target: 1,075M Mg CO: eq +455% increase

Mitigation Target Achievement

Target: 133-163M Mg CO: eq

Result: 193.7M Mg CO: eq (119%)

Agricultural Performance

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

Rio de Janeiro

aaaaaaaa

Final Index

=

)

o

(O]

a

8
Degraded Pasture (Mi ha)

Total Factor Productivity (PTF)

Gaps and Indicators

Policy Gaps

Despite progress, the green credit remains concentrated:

e 65% of creditin MidWest and Southeast;

* 98% in four technologies (pasture recovery, ILPF, no-till and planted forests).
 Administrative complexity and low CAR validation (<10%) hinder access.

Environmental Indicators

The PPA’s main sustainability metric—TFP/GHG ratio—grew 7.4% annually (2010-
2018), signaling improved efficiency, but transparency in methodology and MRV is
lacking.
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Evolution of the relationship between TFP/GHG and targets for the 2024/2027
PPA
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Territorial Prioritization:

Construction of the Territorial Priority Index

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

A mixed-methods approach combined policy document review with
geospatial data analysis. The study built a Territorial Priority Index based on
(i) historical credit allocation (ABC resources), (ii) degraded pasture areas
(<0.7 AU/ha) and (iii) Total Factor Productivity (TFP).

(11— D,
TPE - @ ( Cma:r )_I_}B (Dma;r)_l_fy (TFP)

Territorial Priority Index for Sustainable Credit
0.80

0.75

0.70

0.65

-0.60

-0.55

Source: Gianetti (2021) e Bolfe et al. (2024) 0.50

Territorial prioritization for ABC credit allocation based on environmental impact
potential. Darker shades indicate territories where credit allocation would yield
highest environmental returns.

Governance and Policy Recommendations

Aligning rural credit with sustainability requires:

» Strengthen MRV systems integrating financial and environmental
data.

» Geospatial credit prioritization for degraded pasture recovery.

* Smart territorial targeting, and clear recognition of certified
sustainable practices.

» Simplify access for small producers and low-adoption technologies
(bioinputs).

* Enhance transparency in TFP/GHG indicator calculations.

“Climate-aligned credit is not just finance — it’s
governance for sustainable agriculture.”
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CONTEXT /INTRODUCTION Agronomic Drivers of SOM

Problem: Parameter Effect on SOM SoilBio Indicator

- Farmers remain largely excluded No-till & ILPF ™ SOM vs. conventional tillage | ™ B-glucosidase, 1
from carbon markets due to the 5 S Carbon . | irylsflfata_sde
absence of measurable, reportable, c:::ra"e"t arbon Input, + erosion p-glucosidase
and verifiable (MRV) Indlcator§ inked Yo S - =3 Biomass input | * SOM accumulation ™ Enzymatic activity
to on-farm carbon sequestration. (>8tha'yr)
Opportunity: Sustatnable SOM Verified  Carbon Reduced * SOM stabilization v Enzymatic variability
- Soil Organic Matter (SOM), routinely Practices Increase  Carbon Stock Credit disturbance
analyzed in fertility diagnostics, >5 yrs under Consistent SOM gains ™ Long-term enzyme trend
contains about 58% organic carbon conservation
and can serve as a low-cost, Crop ™ Microbial activity ™ B-glucosidase, arylsulfatase
verifiable metric for climate benefits. diversification

SCIENTIFIC BACKGROUND

Strategic soil labs network Regional SOM Database Model
“Standardized SOM and bioindicator data can transform farmers into Expands MRV coverage, reduces transaction costs, and democratizes access for
certified carbon suppliers.” smallholders. The MATOPIBA cerrado is an example of the potential for carbon
e e sequestration through sustainable practices
| * Annual SOM measurements Carban Baiance - Scenario | Conventianal System Carban Balance - Scenario IV (No-ti System * SOMisacore
(0-10 cm) from accredited labs. Indicator of soil
* Data linked to geographic fertility,
coordinates and Rural productivity, and
Environmental Registry carbon
: (CAR). sequestration
* Voluntary national network of potential.

soil laboratories adhering to
MAPA and Embrapa protocols.

* Recognition through official
registry of “Carbon-Eligible
Laboratories.”

_» Healthy soils mean
lower emissions and
greater resilience —
where carbon

balance begins with
organic matter
restoration.

Source: Embrapa, 2024 Source: Solidariedad, 2022

Embrapa’s SoilBio platform already aggregates thousands of standardized laboratory analyses, including

biological indicators (B-glucosidase, arylsulfatase).
SIMULATION AND IMPACT ANALYSIS CONCLUSIONS AND POLICY INSIGHTS
B & ' * SOM is atechnical,

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

(‘ SX =)
Conservation Enzymatic

Practices Response M s . . .
Conservation systems Enzymatic indicators (‘9\ I n d I cato r b rI d gl n g S O I l

2
such as no-till. —p-glucostdase .
(&)

Scenario ASOM (5 yrs) tCO.e ha Total (100 ha)

o
2y
L
5
&
c
7]
)
Q

¢ health with climate finance.
Conservative +0.25 % 6.25 625 S~ ¥ * Temporaldynamics demand
Moderate +0.50 % 12.5 1,250 . Y Q . §§ multi-year monitoring and
ST Verification - Credits & robust baselines.
Optimistic +1.00 % 25.0 2,500 I 5% 7 """ . Regional SOM databases,
N cree governed by MAPA and

Science connects soil biology with financial su-

stainability — building trust between farmers, farmers, E m b 'a pa can un d e rp | N
Refe [ENGES laboratories, and carbon markets. ‘

certified MRV systems.

. Hengl, T., Mendes de Jesus, J., Heuvelink, G.B.M., et al. (2017). SoilGrids250m: Global gridded soil information

based on machine learning. Soil 3, 391-403. https://doi.org/10.1371/journal.pone.0169748 * Integratlon with Brazil’s

. Mendes, I.C., Sousa, D.M.G., Silva, A.A., et al. (2021). Soil quality and grain yield: a win-win combination in clayey Emissions Trading System
tropical Oxisols. Geoderma 388, 114880. https://doi.org/10.1016/j.geoderma.2020.114880

. Moraes Sa, J.C,, Lal, R., Cerri, C.E.P., et al. (2025). No-till 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.

https://doi.org/10.1016/j.scitotenv.2025.179370 o Al d with the “4
. FUNDACAO SOLIDARIDAD (2022). Balanco de carbono na producéo de soja do Matopiba. Sdo Paulo: Fundacdo igned wi . e . .pe r
Solidaridad; Imaflora. 1000” global initiative,

reinforcing soil carbon as a

~d b
2K

" R 2\ climate lever.

Nai'la , ,
preaione ABC Healthy soils are climate assets —
Contact: luis.rangel@agro.gov.br measurable, verifiable, and bankable.
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INTRODUCTION

Agricultural credit has evolved from a productivity-oriented subsidy into
a strategic instrument for climate mitigation, adaptation, and inclusive

rural development.

This anlasys synthesizes three decades of global and regional
experiences — from IFAD and World Bank frameworks to emerging
Initiatives in Brazil, Nigeria, and South Asia — proposing a conceptual
model for “Green Safra Plans,” a scalable template for the World Bank and
G20 to foster sustainable agricultural finance globally.

CONCEPTUAL ARCHITECTURE

&

Global & Capital flows from the global to

Macroeonomic

System Dynamics

(IPEA 2024: South the local levels through banks

Asia 2024)
e G20 leadership and

e Paris Agreement and

and blended-finance
global governance Instruments, while information

NDC align ment an d M RV d ata flOW u pwa rd ’

Institutional 0 peration al

(World Bank 2022; IFA (Promoting Inclusive
fuan Gallaghur 2018)  Green Finance 2024)

validating performance and
enabling transparency.

& Governance ~ &Llocal This dual movement closes the
' feedback loop — making credit

« Development banks s Cooperatives and fintechs both a driver of pI’Od UCtiVity

(BNDES, CAF, ADB) for rural inclusion

e Interministerial committees e Green Guarantee Funds and a me(:hanism for Climate

(Agriculture, Finance, and insurance accou ntabi[ity

Environment)

Evolution of Agricultural Credit and Sustainability (1994-2025)

(Calomiris & Himmelberg) concentration effects.

1994 - Directed Credit Highlighted risks of politically guided agricultural loans and

2000 - IFAD Rural Finance Defined inclusive, decentralized, and sustainable rural

Policy finance principles.

2018 — Yuan & Gallagher Demonstrated that institutional capacity and governance
drive green finance outcomes.

2021 - Green Growth & Showed that greening credit requires new rules, not new

Agriculture in Brazil banks.

2022 - World Bank Reframedcreditas a tool for structural transformation toward

Agricultural Credit low-carbon growth.

2024 - IPEA / Credit Risk Merged climate finance and agricultural credit: climate risk =

Review credit risk.

2024 - Inclusive Green Proved inclusion and risk mitigation as key enablers of viable

Finance / Nigeria ACGS green credit.

Protocol global comparability.

2025 - Systematic Review Established standardized MRV and Green Credit Scoring for

From Directed Credit to Green Finance

a=f\:

1990s 2000s

Directed Credit Rural Finance
fiscal risk, Reforms

central control decentralization,
Inclusion

ERATILIAM OOVERMMERT
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Green Credit
Systems
climate alignment,
digital MRV
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Alignment with

From Theory to Practice

Principles and Implementation Mechanisms

@ Practical Mechanism and Contribution
Link national agricultural credit programs to climate strategies and emission targets. Funding flows should be

Climate guided by green taxonomies and verified environmental outcomes. This ensures that every loan contributes to
Commitments both productivity and decarbonization goals.
Mitigation of Establish Green Guarantee Funds thatshare climate-related losses between the public and private sectors.

Climate and Credit
Risks

Combine these guarantees with climate-indexed insurance to reduce defaultrisk and attract private capital
into sustainable agriculture.

Inclusion and
Decentralization

Deliver credit through cooperatives, rural credit unions, and digital platforms. These channels expand access
forsmallholders and women farmers while using local data and MRV systems to validate sustainable

practices in real time.

Conditionality and
Environmental

Tieinterest rates, grace periods, and subsidies to measurable sustainability indicators—such as soil health,
reforestation, or emission reductions. This transforms environmental performance into a financial advantage

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.

GLOBAL SUCCESS CASES

Global Lessons for an Effective Road Map

Highlighted Countries with Innovative Credit Systems

- —!_ Vietham
Thailaiu
) Philippines

\\’35

A-_l_h

Indonesia
n -=
9
£ =
<<

o

Brazil

 Strength: large-scale financial infrastructure.

e |[esson

: Modernize governance, not institutions.

Sub-Saharan Africa

 Strength: Public risk-sharing attracts private capital and expands rural
Inclusion.

e |[esson

: Green Guarantee Funds lower credit risk, build resilience, and

enable blended finance.

South Asia

* Strength: Strong interministerial governance and MRV digitalization.

e |[esson
work.

Core Design

: Transparency, inclusivity, and mandatory green lending targets

Blueprint for Global Green Safra Plans

Principles (Bullet Points):

 Hybrid Capitalization: combine public, private, and climate funds (GCF, GEF,
green bonds).

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

* Inclusive Delivery: decentralize via cooperatives, fintechs, and microfinance
Institutions.

* Risk Mitigation: deploy Green Credit Guarantee Funds and climate insurance.

* Integrated Governance: align agricultural, fiscal, and environmental policies.

* Transparent MRV: use digital monitoring, green credit scoring, and standardized

reporting.

* Scalability: use the Brazilian Plano Safra as a pilot for the World Bank’s global

platform.
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Dynamic System Models as New Metrics for Public Policy:
Integrating Differential Equations into Agricultural and
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WHY STATIC MODELS ARENO LONGER ENOUGH

 Traditional policy evaluation methods are static
and linear.

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

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

“

OBJECTIVE

To Iinstitutionalize 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

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

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

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

(S

|
X

-s =N\
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KEY INSIGHTS

Dynamic feedbacks reveal policy oscillations
and instability thresholds.

Coupled variables (credit—deforestation) exhibit
limit cycles under excessive financial pressure.
Stable equilibria occur only under adaptive
credit policies.

Implications for Governance

* |ntegrate differential models into monitoring
dashboards (MAPA, IBGE, MMA).

* Shift from ex-post evaluation to ex-ante
simulation.

* |dentify “tipping points” before policy failure.

“Dynamic equations can guide
sustainable decision-making —
before crises emerge.”

Phase Portrait with Trajectories

300 - —— F0=100, DO=100
—— F0=150, D0=250
—— F0=200, DO=500

Deforastration (D)

[IZI 5:3 l[;HI} lf;{} 2 [IZI"[] 2 EIEI 3[|]'EI 35;'[] -'-l[lllﬂ
Finance (F)
The system exhibits self-regulating oscillations between rural
credit and deforestation, revealing the feedback loops that

shape agricultural frontier dynamics.

CONCLUSIONS

* Dynamic systems modeling bridges ecology and
economics.

* |tcapturesthe feedback loops that shape deforestation
cycles and supports evidence-based governance in the
Amazon.

* Dynamic systems modeling bridges ecology and
economics.

Explore our interactive simulator a*.:
.. : : l
to see these principles in action
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Climate Crisis and Innovation Dilemma Adaptive Incentive Framework

Va I’i etl e S” ClimatTer;hi:laptive Example Indicators Verification Source
Drought tolerance | Yield > 85% under water stress Field trials
: Flood resilience Recovery > 70% post-inundation Controlled experiments
* Agricultural systems face unprecedented stress from temperature _ —
, , , Heat resistance Stable productivity > 35 °C Greenhouse tests
rise, erratic ramfa“’ and extreme events. Pest/disease 30% lower loss vs. baseline Pathogen screening
» Existing breeding programs are insufficient to meet adaptation resistance

needs.

* Farmers in the Global South face the highest exposure but the
lowest access to climate-resilient varieties.

 |P frameworks designed for trade and innovation now intersect with
adaptation and justice.

Science-based verification ensures that adaptive traits
deliver measurable resilience under stress conditions

Reward Mandatory

Breeder Recogni-
R&D tion of

Investment Climate

Incentives Equitable Global
Access Resilience

(extended

Trait term, foe Mandatory
- ap— il reduction, programs
4{\ y §> licensing)
/lj_‘ ',' / /f—&
@_ | o %\J_ /WJ) »
R ol Wider Diffusion

Area (ha)
<100 000 \

100 000-199 000 /

@ 200 000-299 000 |

300 000-399000 {7

I >400 000

<100 000

~ 100 000-199 000
200 000-299 000

1 300 000-399 000 |

600 000-699 000 .

M 800 000-899 000 |

M >2 000 000 \

10-14 M
W 20-24 M
W 2529 M
W >45M

Adaptive IP transforms protection into
partnership — driving innovation for breeders
while delivering resilience for farmers.

Estimated (a) maize area under climate-resilient maize, (b) number of households benefited from climate-resilient maize, and (c) economic value of
increased maize production due to climate-resilient maize in 13 countries in sub-Saharan Africa.

(a) (b) (c)

Source: Cairns, 2018

Balancing Benefits and Obligations

Current and Projected Access to Improved Varieties by Region

90
829 i Current Access
30 28% Projected Access
707 65%
2 50 w \ | \
o 42% INNOVATION EQUITABLE
8 40 - — 39% INCENTIVES ACCESS
< 5 28% \_/ v
20 -
10 -
0_ .
Sout“east hee centrd porer®
Region * Enhanced IP benetits for * Tiered pricing models
TRIPS & UPOV Under Stress adaptlv.e.breedmg based on regional income
* Recognition levels
badges/certification for * Compulsory licensing
Framework Core Function Flexibility Limitation for e 99 .
Climate Adaptation Climate Smart Breeder clauses for public
TRIPS (WTO) @ Sets global P Allows national sui No incentive for .
standards generis systems adaptation traits prOgramS emergenCIeS
UPOV 1991 Provtet_:ts new plant Exemptions for R_estri_cts equitable e Access to intern atiOna[ e P3g rtnership Channels Wlth
varieties research/farm-saved | diffusion
seeds funds (GCF, GEF) for CGIAR & FAO seed banks
National Implement Variable Often silent on .
Laws TRIPS/UPOV enforcement climate-related adapt|Ve R&D
domestically breeding

References
Both frameworks can evolve — not by rewriting . References

them, but by embedding adaptive incentives | | | L .
. . . . * CAIRNS, Jill E.; PRASANNA, Boddupalli M. Developing and deploying climate-resilient
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INTRODUCTION METHODOLOGICAL FRAMEWORK

* Accurate GHG accounting is vital for » Comparative literature review of methane
climate-smart livestock systems. yields (Ym) across genetic types.

* Globalinventories use emission factors * (Calculation of adjusted Tier 2 coefficients
based on Bos taurus breeds under for Emission Factors (EF):
temperate conditions.

» This generates systematic EFuij = EFjefaut X(1 — a - BI%)
overestimations for tropical Bos indicus-
based herds, typical of Brazil. where Bl% is proportion of Bos indicus

genetics and a the correction coefficient.

Key Problem: Current IPCC Tier 1

factors do not capture breed KEY FINDINGS

CompOSIthn or trOplCal paStU re Breed Type Feeding CH, Emission Avs IPCC
°y System (kg/head/yr) Default
rea lltleS. Bos taurus Feedlot 110 —
(temperate)
O B] ECT|VES Bos indicus E?;’;LIJ ;’: | 75 -32%
Crossbred Mixed diet -18%

To propose the inclusion of Bos indicus

ancestry (%) as a variable in national and POLICY IMPLICATIONS

International livestock GHG inventories.

More accurate emissions improve transparency in NDC
reporting.

* Recognition of Bos indicus genetics supports fair climate
finance allocations.

 Strengthens the case for low-emission tropical livestock
systems within CSA frameworks.

= Methane Emissions.vs Bos indicus Share
120 |

110

100 |

90 --CH, (kg/head/year) .

80

70 \ |
| - Genetic . . Lower
60 | : Efficien oy
Adaptation clency Emission
50 :

0 | 20 40 60 80 100
% Bos indicus

INTERPRETATION

CONCLUSIONS

* |ntegrating genetic composition
"
Dbt

* Tropical-adapted zebu cattle emit less
CH, per unit of feed intake.

 QOverestimation in Brazilian inventories
~ 15-25 Mt CO_e/year.

Improves precision, fairness,
__' - and credibility of livestock GHG
'ril.l E""' § inventories.
L¥= .'t * Tropical breeds are part of the
o = lution—not the problem—for
.s =N\ E — SO
. 102 '

= sustainable food systems.
ppca/une  ABC

Contact: luis.rangel@agro.gov.br Scan the QR code and calculate your index
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IMinistry of Agriculture and Livestock (MAPA), University of Brasilia (UnB), 3Department of Finance of Maranhao, Brazil

Context and Rationale

 TJraditional VAT systems rarely integrate
environmental performance.

« Carbon pricing mechanisms often exclude
agriculture from direct fiscal signals.

* Cap and Taxes combines a target emissions cap
with differentiated VAT rates linked to
sustainability performance.

* The modelisinspired by Brazil’s ICMS Ecologico
and Mais Leite Saudavel Program, extending
fiscal neutrality to climate incentives.

Comparative Framework of
Carbon Pricing Instruments

Carbon Tax Cap &

Fixed price Trade
on emissions Market-based

trading

Cap and Taxes

Fiscal differentiation
by performance

Turning tax systems into drivers of sustainability.

Dynamic Fiscal-Environmental Model

%:aC’erC’SJrﬂT

as
pn = 0CS — AS

where:

e (C(t): Fiscal Credit (RS billions)

» §(t): Sustainability Index (Legal Reserve Surplus)
 T: Effective Tax Load

* «, B, 0, p, A :System parameters

"Cap and Taxes ensures climate effectiveness
and fiscal balance through performance-based
VAT adjustments’.

M

AND LIVESTOCK

| =
<
MINISTRY OF Y -s @

AGRICULTURE \
>>==— pBC: IDS2

Contact: luis.rangel@agro.gov.br

Tax Revenue
(CBS)

Environmental
and Economic
Equilibrium

Credit Allocation

Fiscal Sustainability
Adjustment Verification

(Refund) (SAR/BioAS)

Fiscal-Environmental Effects

 Stable Equilibrium Regime: Balanced incentives generate

steady improvements in sustainability (Soil Health™, credit
cost V).

e Overshoot Risk: Excessive creditincentives cause fiscal

Imbalance without proportional environmental gains.

 Withdrawal Effect: Abrupt policy removal leads to

sustainability collapse.

* Fiscal Neutrality: CBS refund (£60%) maintains public

revenue balance.

® Equilibrium Point (0.3, 0.6)

2.00
1.75 — /
1.50 -

—— ——

Sustainability (5)
= -
= FJd
o LA

=
~J
LA

0.50 7

0.25 -

0.00

I I I I I I I
0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
Environmental Tax Credit (C)

Key Results

Indicator Value Meaning

Fiscal Refund (CBS) up to 60 % Revenue neutrality
maintained
Emission Reduction (CH, + N,O) -43 % by 2035 Aligned with PNMC targets
Tax Differentiation Range +4 % Incentive / penalty spread
Sustainability Index (SAR) +0.752>+1.00 Verified improvement zone
Fiscal Stability Stable No deficit under optimal
Equilibrium regime

-ﬂ"':__ll'-: Explore our interactive simulator to

- see these principles in action
'ﬂE".rn_ P P
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Luis Eduardo Pacifici Rangel*2, Jorge Caetano Junior, Ronaldo Carneiro Teixeira, Bruno dos Santos Alves Figueiredo Brasil’,
Carlos Ramos Venanciol, Eduardo Mello Mazzoleni*, Jorge Madeira Nogueira?, Ricardo Carmona?
IMinistry of Agriculture and Livestock (MAPA), Brazil, 2University of Brasilia (UnB), Brazil

Context and Objectives

"Why Target Non-CQO, Agricultural

&

NS

Emissions?"

* N,Oand CH,emissions from
agriculture and livestock remain

underestimated in global
mitigation frameworks.

* These gases have higher global Agricultural
warming potential (GWP) and Life Cycle
require sector-specific incentive [E“ts]
mechanisms. / s\

* Brazil’s experience with

[ Assessment ]

[ Processes ]

AN
RenovaBio provides a scalable sl /
foundation for a non-CO,
mitigation framework. C Il )

Methodological Framework

Step Description Key References /
Tools
1. Scope Define system boundaries based on ISO 14040/14044 and 1ISO 14040/14044;
Definition IPCC 2019 guidelines. Include inputs (fertilizers, feed, IPCC (2019)
energy) and outputs (products, CH,, N,O, CQ,).
2. Life Cycle Collect primary data from national databases (RenovaBio, National
Inventory (LCI) SINABC, IBGE, Embrapa, FAO). Normalize to 1 ton of Inventories;
product or 1 MJ of energy. FAOStat

3. Emission and

Apply Tier 1/2 emission factors for CH,, N,O, CO,. Quantify

IPCC Guidelines:

Removal emissions from enteric fermentation, rice cultivation, Embrapa Models
Estimates managed soils, and fuel use.

4. Stochastic Use probability distributions (Normal, Gamma, Logistic) for GREET Model;
Modeling key parameters. Run Monte Carlo simulations (n=10,000)to | Python SciPy

estimate uncertainty (P10-P90).

5. Allocation and

Apply displacement (energy substitution) or energy

GREET; RenovaCalc

Co-product allocation for shared emissions between crops and energy

Credit co-products.

6. Carbon Compute Cl as the ratio of total emissions minus removals ISO 14067; IPCC
Intensity (Cl) per functional unit:

Calculation Cl=(ZEi-ZRj)/UF

7. Scenario Compare Baseline (2022) vs. Mitigation Scenarios (2030, PNMC; ABC+ Plan
Analysis (2022- 2035). Evaluate sectoral emission reductions (-26% to

2035) -43%).

8. Credit and Convert emission reductions to CBio-equivalent or fiscal RenovaBio; MAPA
Mitigation incentives. Integrate with TFP/GHG (Total Factor Productivity | Indicators
Indicators / Emissions) index.

The methodological framework integrates life-cycle data,
emission modeling, and scenario analysis to quantify
mitigation potential across agricultural and livestock systems.
These steps form the basis for a performance-based incentive
mechanism aligned with Brazil’s climate targets.

MINISTRY OF
AGRICULTURE

AND LIVESTOCK

ERAZILIAM QOVERMMERT

=
gﬁ

~

Contact: luis.rangel@agro.gov.br
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Operational Flow :
From Life Cycle Data to Incentive Allocation

LIFE CYCLE
INVENTORY (ISO
14040)

DATA INPUTS
(RenovaBio / IBGE
/ Embrapa)

EMISSION
ESTIMATION (CH,
/N,O/CO.,)

CARBON
INTENSITY (CI)
CALCULATION

Results and Policy Insights

* Agricultural mitigation potential reaches
-26% (2030) and —43% (2035) relative to
2022.

* Life-cycle metrics enable integration with
credit and fiscal systems.

* |ncentivizes producers to adopt low-
emission practices with measurable
results.

Non-CO:z Emissions Reduction - Agriculture Sector

1456
1076
(-26%)
831
(-43%)
Y
]
=
2022 (Baseline) 2030 EDIEE:

Projected emission reductions align with Brazil’s 2030 and
2035 sectoral targets.

Turning emission reductions into
measurable value for sustainable
agriculture.
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What Is Blended Finance? Opportunities and Structural Risks

Theme / Indicator Verified Estimate

"Blended finance strategically combines concessional

. . . . . Agriculture shares in blended finance | =28 % of all blended finance deals focused
pUb“C fundS W|th pl’lvate CapltaltO de'”Sk and SCale transactions on agriﬂunure {35 of 2[}21}
sustainable agriculture.” Share of blended finance committed | 15% of total blended finance commitments
to Least Developed Countries (LDCs, | wentto LDCs.
; 2018-2020)
How Blended Finance Works Private finance mobilized annuallyin | ~US $3.3 billion per year (minimum
LICs & MICs through blended finance | estimate).
Development (RO T (ol Blended 4]~ Monitoring & Agrifood systems share of total <4 % of global climate finance flows reach
Finance Finance Finance Sustainable Market climate finance agrifood systems.
(Public/Concessional) (Private Capital) Vehicle Sectors Maturity Smallholder finance gap ~ US $1 5-20 billion annually unmet
O @ “ demand for smallholder finance.
s L Typical leverage ratio (public: private) | Between 1: 0.8 and 1: 1.5, depending on
-rick i ompbInes i . : : . . ;
andattiactpriate 7 whitesupporting (B concessionala P for smatinotders (P Leso coneangional In agriculture blended deals market maturity.
finance SDGs commercial finance * Sustainable finance —>
into a joint portfolio land use more commercial
. " participation og o
e tMechanism_ HR Brazilian Green Way

De(-jristI:(tinv’fstments Frist-loss capital Combinesl .

and attrac Bartialirisk concessiqna m e .

prvate e | S| commarcafranc | OB A Blended Finance for Land Restoration

Example Instruments Technical ::O?tgojl?;n for smaltholders

e First-loss capital assistance Sustainable land

e Partial risk guarantees Results-based use on o . . .

* Technical assistance payments Measurable GHG The BI’aZIllan Green Way (Camlnho Ve I’de BI’aSIl) 1S the

* Results-based payments & )L P O reduction JA

country’s national blended-finance platform to recover up to
40 million hectares of degraded pasturelands over ten
years. It integrates public concessional funds with private
capital through auction-based mechanisms that reward
verified environmental performance.

“Over 500 agriculture-related blended finance transactions have
mobilized USD 20 billion since 2015, yet remain concentrated in few

regions.”, R
How the Brazilian Green Way Works
| Public Eco Invest Producers /
Conces.smnal Fund Cooperatives
Capltal (Auction-Based Allocation) (Credit + TA)
e
: SOl el LRIl ‘Verification of

(Verification of outcomes) outcomes

The initiative aligns with the ABC+ Plan and Eco Invest

Mechanisms, Innovations & Governance — Scaling Brazil, positioning the Ministry of Agriculture (MAPA) and
Finance and Trust MRV systems as anchors for climate-smart investment.

Financial Mechanisms Innovations

The Brazilian Green Way bridges

> Auction-based capital allocation

Public Development finance . s . .
doroe institutions (9F) ey finance, technology, and climate
/ green funds > Impact-linked incentives ) )

Complementarity > Securitization of climate assests
actors

Integrity — turning degraded lands
Into climate assets.”

Innovation maturity

Blended vehicle

Modality Proximity

> Weak MRV — greenwashing risk
Partial Risk/Credit Guarantees . i corgplexity—> = R efe re n C e S
Technical Assistance (TA) Grants Governance high transaction costs
Results-Based or Risks to Watch > Poor inclusiveness — exclgsion . . . .
Performance-Linked Payments of smallholders / cooperatives « Attridge, S. & Engen, L. (2019) Blended Finance in the Poorest Countries: The Need for a Better
GreenBends and ESC Linked Leans > Blurty concessionality = Approach. London: Overseas Development Institute (ODI).

ISl HrEltCLegEls * Dey, K. & Mishra, P. (2022) Mainstreaming Blended Finance in Climate-Smart Agriculture.

Journal of Rural Studies, 92, 342-353.

e * ISF Advisors & Climate Policy Initiative (CPI) (2025) Blended Finance Playbook for Climate-
e ERALILIAN SOVERNMENT ‘ ' e -§ S\ Smart Agrifood Systems. ClimateShot Investor Coalition. |
AGRICULTURE “‘rl- % w * OECD (2018) Making Blended Finance Work for the Sustainable Development Goals. Paris:
S e s OECD Publishing.
prca/une ABC

* UNCDF (2019) Blended Finance in the Least Developed Countries 2079. New York: UNCDF.
Contact: luis.rangel@agro.gov.br
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Context and Rationale

Credit Incentives for Native Vegetation Conservation: ”
Designing Policy Instruments to Compensate Legal Surplus * \‘ .

Preservation

Luis Eduardo Pacifici Rangel’3, Simone Bauch?, Marcelo Fernandes Guimaraes!, Ronaldo Carneiro Teixeira*, Jorge

Caetano Juniorl, Bruno dos Santos Alves Figueiredo Brasil', Jorge Madeira Nogueira?, Ricardo Carmona?
IMinistry of Agriculture and Livestock (MAPA), Brazil, “Ministry of Enviromental and Climate Change, Brazil, *University of Brasilia (UnB), Brazil

Why Compensate Legal Reserve Surplus?

* Native vegetation conservation in rural properties is
essential for carbon storage, biodiversity, and water

regulation.

* Brazil’s Forest Code (Law 12.651/2012) mandates minimum

conservation but offers no direct reward for exceeding it.
* The Legal Reserve Surplus represents a public
environmental asset without fiscal recognition.
* |ntegrating credit incentives and fiscal instruments can
convert conservation into measurable economic value

Integrated financial instruments

Each mechanism addresses a different dimension of
sustainability, but none alone fully compensates the
opportunity cost of conservation. Integrated financial
Instruments must operate in synergy, allowing “layered”
Incentives over the same preserved or restored area.

Credit Fiscal
Discount Rebate
O T
d —
Lower VAT/
Interest CBS

Carbon PES
Markets Contracts
a1 %
Verified Service
Credits Payments

Sustained Conservation
& Continuous Monitoring

Sustainable Conversion Costs

Mechanism / Modality Total Cost

(US$/ha)

Annual Cost
(US$/hal/year)

Declared Protected Areas in Brazilian Rural

LEGAL AMAZON CARTOGRAPHIC

VACUUM

. Significant data gaps in Amazonian
states in public databases

. CAR coverage incomplete and
fragmented

. Critical need for improved spatial
data infrastructure

e

HIGH-OPPORTUNITY REGIONS (based on

our statistical analysis)

* MATO GROSSO: High agricultural
revenue + conservation potential

* BAHIA (Cerrado): Strong credit
sustainability indicators

« PARA: Critical frontier for deforestation
prevention

Source: Embrapa Territorial, 2021
Note: Data reflects declared - not necessarily validated - vegetation cover in the Rural Environmental
Registry (CAR)

Conservation via Rural 85-100 6-8 Fiscal equalization of ~20% for 14 years
Credit of conservation credit support. (Authors’
estimate)
Global Conservation — ~4 Annual payments for standing forests
- Payments (TFFF) | (Tier 1 incentive).
Passive Natural =49 — Minimal-cost restoration through
- Regeneration spontaneous vegetation recovery.
Assisted Natural = 344 =156 — Requires fencing, invasive control, and
Regeneration initial maintenance.
Direct Seeding Restoration = 1,754 = 991 — Intermediate method with moderate
establishment cost.
High-Intensity Seedling = 2,328 £ 465 — Active restoration used in most
Planting PLANAVEG projects.
PLANAVEG (national =1,112 ~80 Weighted average for ~12 million ha
average scenario) under restoration targets.
REDD+ (Results-Based — 5-10 Global range of verified emission

Payments)

reduction payments (USD/tCO.e
equivalent).

ERATILIAM GOVERMMERT
MIMISTRY OF
AGRICULTURE

AND LIVESTOCK
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Correlation Model for Investments

Opportunity cost vs. Deforested area

Pard
O 175000
175000 A Amazonas
@)
150000
150000 A
_E:U 125000 - . 125000
ahia
3 O
©
Maranhao Mato Grq
£ 100000 - O ® 100000
0
et Piaui
N
&
O 75000 A - 75000
% Acre _
‘EI;J Rondonia
< Tocantins
50000 - Goias
Minas Gerais - 50000
Mato Grosso do Sul Rorai
25000 - oraima
- 25000
0 Amapa DisadtBadderal
2.5 5.0 7.5 10.0 12.5 15.0 17.5

Opportunity cost (R$/ha)

Sources: VBP Agro (MAPA), Deforestation & Agricultural Area (MapBiomas)
Opportunity Cost = Agricultural Revenue Potential (RS/ha).

The dispersion reveals biome-specific patterns: Amazon states face
different conservation challenges than Cerrado agricultural
frontiers, demanding tailored policy instruments.

Brazilian Green Way

Brazilian Green Way is another strategy: mobilized RS 30.2
billion (= USS 6 billion) to restore up to 3 million ha of degraded
lands through concessional rural credit, equivalent to US$
2,000-4,500 per ha of total restoration cost.
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