
PI: Dr. Robert Gilm ore Pontius Jr
Co-PI: Dr. Gustavo Oliveira

Collaborator: Dr. Julia Shim bo

Irrigation as clim ate-change adaptation 
in the Cerrado biom e of Brazil 
evaluated with new quantitative m ethods, 

socio-econom ic analysis, and scenario m odels
2023 – 2026



Research objectives

Our research focuses on the hotspot of land change in the Cerrado biom e 
region of the Brazilian state of Bahia with three m ain objectives.

1. The first is to develop generally applicable m ethods with 
accom panying software to quantify and analyze land change and its 
associated socio-econom ic drivers and im pacts.

2. The second is to exam ine the expansion of irrigated agriculture as a 
form  of adaptation to clim ate change.

3. The third is to develop spatially explicit scenario m odels that inform  
policy concerning agrarian developm ent, water regulations, and 
clim ate change adaptations.

2



Source: WWF

Municipalities in 
western Bahia were 

am ong the m ost 
deforested in Brazil 

during 2019-2020 when 
98% of land clearing 
was illegal (Azevedo, 

Shim bo, and de 
Oliveira 2021).
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Irrigated area (ha)
2015



Heatwave on Nov. 2023 in 
ºC
Source: ECMRWF
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Irrigated area 
variation

2015 - 2030

2015 – 2030
National average 
variation: +45%

Study area variation: 
> +100%



“Irrigation accounts for about 70% of global freshwater 
withdrawals and about 90% of consum ptive water use.”

(McDerm id et al. 2023)

Clim ate change has already pushed 28% of current agricultural 
lands in the Cerrado out of their optim um  clim ate space, while 
m odels project that 51% of the region’s agriculture will m ove 

out of that space by 2030 and 74% by 2060.
(Rattis et al. 2021)

Agribusinesses fram e western Bahia’s irrigation as a m odel to 
be reproduced in the rest of Brazil and have aspirational claim s 

to becom e the largest irrigation center in Latin Am erica.
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Urucuia Aquifer and rainfall in Bahia state

Dourado et al. 2013

Barbosa et al. 2014      8



(BA)

Eumano Silva & Gilberto Alves 2018 9

Correntina m unicipality



Fazenda Rio Claro, Lavoura e Pecuária Igarashi, Correntina (BA) 10



Gustavo Oliveira – Public lecture at the University of Georgia, Athens – September 17, 2018

Drought on the São Francisco River basin, 2015
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Eumano Silva 
& 
Gilberto Alves 
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Eumano Silva & Gilberto Alves 2018
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Gustavo Oliveira – Public lecture at the University of Georgia, Athens – September 17, 2018
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Peasants driving cattle onto common pastures on the highland plateau, Correntina (BA)

Eumano Silva 
& 
Gilberto Alves 
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Gustavo Oliveira – Public lecture at the University of Georgia, Athens – September 17, 2018

Surface water suction pumps for irrigation, Correntina (BA), 2018

Photo: 
Michael Melo, 
Metropolis 2018
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Eumano Silva 
& 
Gilberto Alves 
2018

Water conflicts
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Gustavo Oliveira – Public lecture at the University of Georgia, Athens – September 17, 2018

Peasants destroy irrigation pumps and occupy a 
large-scale farm in Correntina (BA)

Photo: Gilberto Alves, Metropolis 2018
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Gustavo Oliveira – Public lecture at the University of Georgia, Athens – September 17, 2018

Photo: 
Gilberto Alves, 
Metropolis 2018
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Peasants destroy irrigation pumps and occupy a 
large-scale farm in Correntina (BA)



Gustavo Oliveira – Public lecture at the University of Georgia, Athens – September 17, 2018

Photo: 
Gilberto Alves, 
Metropolis 2018
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Expansion of irrigation in the study area

Governm ent data from  Brazil’s National Water and Sanitation Agency (ANA): 
m etadados.snirh.gov.br/geonetwork/srv/api/records/1b19cbb4-10fa-4be4-96db-b3dcd8975db0

Civil society data: plataform a.brasil.m apbiom as.org/irrigacao
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Agreem ent Only MapBiom asOnly ANA

2019

2019

Com parison of ANA and MapBiom as
spatialized data reveals agreem ent and 
disagreem ent in m aps of pivot irrigation 
in our study area.

ANA and MapBiom as data show som e 
allocation difference in pivot areas.

Even when ANA and MapBiom as detect 
the sam e pivot there is a quantitative 
difference of irrigated area (i.e., the ring 
around the edges), which we then adjust.
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Dataset without adjustm ent

Dataset with adjustm ent Agreem ent increased by 12%

Adjustm ent of the disagreem ent on pivot size reduces the quantity differences between MapBiom as and ANA

Without adjustm ent, there 
is 23% of area 
disagreem ent in the tim e 
series between ANA and 
MapBiom as.

Adjusting the areas of 
quantitative disagreem ent 
for all the years, the total 
disagreem ent is only 
11%. 22
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1,152 Water Use Permits (WUPs) 
for irrigation on record

State WUPs: 1,021 (89%)
• Superficial: 623
• Subterranean: 398

Federal WUPs: 131 (11%)
• Superficial: 131
• Subterranean: 0
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Pattern A

• Surface water capture

• Higher flow averages

• Greater distance from  
water source to pivots

Pattern B

• Ground water capture

• Lower flow averages

• Shorter distance from  
water source to pivots 31



MapBiom as has a second data set that provides intra-anual patterns of irrigation use.

https://plataform a.brasil.m apbiom as.org/dinam ica-dos-pivos
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Main research outputs so far:

1. Bilintoh, Thom as. (2024). R package tim eseriesTrajectories
https://github.com /bilintoh/tim eseriesTrajectories

2. Bilintoh, Thom as, R. Gilm ore Pontius and Gustavo de L. T. Oliveira. (2024). 
“Com parison of Tim e Series Trajectories at Multiple Tem poral Resolutions: A 
Case Study of Soybeans in Western Bahia, Brazil.” SpaceWeek Nordeste.

3. Tanner Honnef. (2023) “The Total Operating Characteristics requires 
im provem ents to its use and software.” BSc. Thesis in Geography, Worcester, 
MA, Clark University.



Dr. Gil Pontius (PI) Dr. Gustavo Oliveira (Co-PI) Thom as Bilintoh (PhD student, RA)
Rowan Com pton Dr. Julia Shim bo (Collaborator) Antonio Fonseca (PhD student, RA) Tanner Honnef

BA student MA student

NASA LCLUC Program  supported this work via grant #80NSSC23K0508.


	Slide Number 1
	Research objectives
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Expansion of irrigation in the study area
	Comparison of ANA and MapBiomas spatialized data reveals agreement and disagreement in maps of pivot irrigation in our study area.


ANA and MapBiomas data show some allocation difference in pivot areas.


Even when ANA and MapBiomas detect the same pivot there is a quantitative difference of irrigated area (i.e., the ring around the edges), which we then adjust.
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	MapBiomas has a second data set that provides intra-anual patterns of irrigation use.
	Slide Number 33
	Slide Number 34

