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Climatic Risk Agricultural Zoning (ZARC)

Agro-climatic Risk Zoning

for

Risk Management

Dr. Eduardo Monteiro

Researcher Scientist 

Commitee ZARC-Embrapa
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Agro-climatic Risk Zoning (ZARC)

• It is the delimitation of regions and sowing dates in classes 
according to their chances or probabilities of yield loss caused by 
adverse meteorological events;

21:08 2

Risk 20%
Risk 30%
Risk 40%
Risk >40%
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• Drought

• Excessive rain

• Rain in harvest time

• High or low temperatures

• Frost

• Storm or gale (wind)

• Hail



Modeling

Data processing

Multidisciplina

ry knowledge

and data base

Validation meetings

ZARC
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21:08

IT team - data 
proccessing analysis

Local teams

Crop
leader

Crop modeling
team
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Agro-climatic Risk Zoning (ZARC)

Depends on the crop species

Corn  Forage Palm                        Banana

Risk 20%
Risk 30%
Risk 40%
Risk >40%
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Depends on the planting/sowing date

November February May

Agro-climatic Risk Zoning (ZARC)
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Depends on the soil capacity to storage water

Agro-climatic Risk Zoning (ZARC)

Clayey soil Sandy soilLoamy soil
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Climate variation explains a third of global crop yield variability.  RAY, 
D.K. et al.  Nature Communications, v. 6, n. 5989, 2015.

Losses around R$ 11 billions / year

R$ 4,00 ≈ US$ 1,00

Agricultural Risk Management

in Brazil

- Production risks

- Market risks

- Business risks

“Substantial areas of the global breadbaskets, 
>60% of the yield variability can be explained 
by climate variability”

Brazil: up to 75%
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PROAGRO
Agricultural Activities Guarantee Program - Proagro

Guarantees the exemption of financial obligations related to the
operation of rural costing credit, whose settlement is hindered
by the occurrence of natural phenomena (small and medium
farmers).
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Zoneamento Agrícola

Todas as operações

- High loss ratio;
- Deficit;
- Frauds;
- Drought and rain:
- 95% indemnities

Agricultural activity guarantee program 1996-1998
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https://www.bcb.gov.br/

Using Zarc

Without Zarc
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Proagro 2016:
Total indemnified: R$ 1,08 bilhões

Lost contracts 5,8%

5,8% = R$ 1,08 billion

11,5% = R$ 2,14 billions

+ R$ 1,06 billion

2,69%

11,5%

With
ZARC

Without
ZARC

Before 1998, optional:

Losses

Similar gains in PSR?

Yield gains

1998 - CMN:
ZARC mandatory

Proagro RC 91-98 
https://www.bcb.gov.br/acessoinformacao/legado?url=https:%2F%2F
www.bcb.gov.br%2Fhtms%2Fproagro%2F1998%2Frel01.asp

https://www.bcb.gov.br/acessoinformacao/legado?url=https://www.bcb.gov.br/htms/proagro/1998/rel01.asp
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Indirect impacts
- Maize in Sergipe, before 

and after Zarc maize.

Spatial econometric analysis:

- Until 2004, subsistence crop, low 
technification, low yield;

- 2004: ZARC maize;

- 2008, agronomic improvements,   
expansion in area and yield gains;

Damaris S. Silva; Fábio Moura; Marcos A. S. Silva; Ana A. Gama da Silva

Processes of spatial influence on corn production in the western 
rural territory of Sergipe: an spatial econometric analysis
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Indirect impacts
- Maize in Sergipe State, before and after Zarc maize.

Processes identified:

1) Dissemination of (basic) information after ZARC;

2) Qualification and Technification;

3) Space overflow (neighbor to neighbor);  

Maize Yield in Brasil, Northeast and Sergipe
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ZARC

• Lower risk;

• Lower loss index;

• Cost reduction;

• Insurance and credit  
access;

• Farmers qualification;

• Crop management 
improvements;

• Yield gains;

PROAGRO, PSR, Rural Credit
In policy programs:

To farmers:
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21:08

Zarc
+

Good
agronomy

Some glaring opportunities for development-
inducing agricultural policies

- Zarc AND selected Production Systems to guide
Credit and Risk Management incentive programs to:
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Special cases where Zarc should guide

rural credit and insurance subsidies

a)   New genotypes – model and estimate risks for drought 

tolerance;

21:08 19

Drought 

resistant

genotype

Regular 

genotype



Special cases where Zarc should guide

rural credit and insurance subsidies

b) Integrated Systems (crop – forest – livestock);

21:08 20

Synergies between crop species changing microclimate and soil fertility:

- Higher yields and Lower risk.



Frost (1ºC)

Ponta Porã, MS, Brazil 28/jun/2011

Forage alone (Brachiaria)

Loss: 100%
Forage under Corn

Loss: 9%



Special cases where Zarc should

guide rural credit and insurance

subsidies

c) Agro-forestry Systems;

21:08 22

Cassava, banana, cocoa, coffee, açaí, 
Brazil nut, heart of palm, guarana, 
cupuaçu, native honey bees, 



Special cases where Zarc should

guide rural credit and insurance

subsidies

d) Production Systems for drought resilience;

21:08 23

Northeast
Semiarid
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Thank you!
Team ZARC/Embrapa:

Falberni De Souza Costa

Idesio Luis Franke

Jacson Rondinelli Da S Negreiros 

Carlos Ricardo Fietz

Danilton Luiz Flumignan

Éder Comunello

Harley Nonato De Oliveira 

Cornelio Alberto Zolin

Laurimar Gonçalves Vendrusculo

Jorge Lulu

Roberta Aparecida C Monteiro 

Jose Renato Cortez Bezerra

Jose Rodrigues Pereira

Tais De Moraes Falleiro Suassuna

José Francisco Pereira

Luis Wagner Rodrigues Alves

Wardsson Lustrino Borges 

Alailson Vesceslau Santiago

Adriano Venturieri 

Roni De Azevedo

Sandra Maria Neiva Sampaio 

Alcido Elenor Wander 

Alexandre Bryan Heinemann

Marcelo Goncalves Narciso 

Silvando Carlos Da Silva

Roselene De Queiroz Chaves 

Marlos Alves Bezerra

Fernando A. Macena Da Silva

Joao Luis Dalla Corte

Marco Antonio Da Cruz Borba 

Marcelo Ayres Carvalho 

Ana Claudia Barneche De Oliveira

Ivan Rodrigues De Almeida

Sergio Delmar Dos A. E Silva

Silvio Steinmetz

Jair Costa Nachtigal

Jose Mario Ferro Frazao

Antonio Carlos Reis De Freitas 

Rosana Clara Victoria Higa

Sergio Gaiad

Adriano Franzoni Otavian

Alan massaru Nakai

Aryeverton Fortes De Oliveira

Daniel De Castro Victoria

Deise Rocha Martins Dos S 

Oliveira 

Eduardo Monteiro

Giampaolo Queiroz Pellegrino 

Gustavo Rodrigues

Jose Ruy Porto De Carvalho 

Luis Gustavo Barioni

José Eduardo B. A. Monteiro

Renato José Santos Maciel

Santiago Vianna Cuadra

André Minitti

Cicero Lucena 

Francisco Ferraz Laranjeira 

Barbosa 

Mauricio Antonio Coelho Filho

Tiberio Santos Martins Da Silva 

Aderson Soares Andrade Junior

Edson Bastos

Paulo Fernando de M. J. Vieira

Edvaldo Sagrilo

Francisco de Brito Melo

Celso Vainer Manzatto

Nilza Patricia Ramos

Rodrigo Mendes 

Dartanha Jose Soares 

Alexandre M. Abdão Dos Passos 

Alexandre Ferreira Da Silva  

Camilo De Lelis T. De Andrade 

Daniel Pereira Guimaraes 

Derli Prudente Santana 

Ivenio Rubens De Oliveira  

Miguel Marques Gontijo Neto 

Rodrigo Veras Da Costa 

Sidney Netto Parentoni

Balbino Antonio Evangelista

Eric Arthur Bastos Routledge

Francelino Peteno De Camargo 

Jones Simon

José Ricardo Macedo Pezzopane

Alexandre Berndt

Balbina Maria Araujo Soriano

Fernando Antonio Fernandes

Admar Bezerra Alves

Lourenco De Souza Cruz

Aloisio Alcantara Vilarinho 

Magna Soelma Beserra De Moura

Elder Manoel De Moura Rocha

Flavio De Franca Souza 

Thieres Silva

Jose Renato Boucas Farias

Sergio Luiz Goncalves

Ricardo Vilela Abdelnoor

Rubson Natal R. Sibaldelli

Divania de Lima

Alexandre Hugo Cezar Barros

Evaldo De Paiva Lima

Jose Carlos Polidoro 

Antonio Dias Santiago

Elio Cesar Guzzo

Marcelo Ferreira Fernandes 

Jose Carlos Santos

Ana A. Gama da Silva

Ana Christina Sagebin

Albuquerque 

Gilberto Rocca Da Cunha

Marcelo André Klein

Aldemir Pasinato

Marco Antônio F. Conceição

Maria Emilia Borges Alves
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Processo de simulação: Execução do modelo

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

1 ponto

plantio

1 simulação

ISNA

36 plantios = 1 / decêndio

1 ano

1080 simulações

/ ponto

1 série
(30 anos)

36 plantios x 30 anos

36 simulações

Ciclo completo da cultura
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Culturas Ciclos Solos
Datas de 

plantio / brot.

Exemplo:

Uva mesa
Uva proc.

- 100;
- 120;
- ...
- 210.

- Arenoso;
- Médio;
- Argiloso.

- Decêndio 1
- Decêndio 2;
- ...
- Decêndio 36

Níveis de 
risco

- 20%
- 30%
- 40%

Elevada demanda de processamento. 

2 x 5 x 3 x 36 x =

Sala de servidores:
Processamento em 
paralelo (≈40hrs)

3.240

Mapas Brasil

1.080

ou
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Economy

Livelihood

Food Security Availability

Stability

Access

Utilization
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