
 

Marine sediments explain how part of
Brazil's Northeast region became semi-arid

June 22 2021, by José Tadeu Arantes

  
 

  

The phenomenon is linked to gradual contraction of the tropical rain belt over
the last 5,000 years, according to a study conducted at the University of São
Paulo. Its findings can help predict the region’s future climate (collecting
samples of marine sediment near the mouth of the Parnaíba River). Credit:
Cristiano Chiessi

Rainfall associated with the Intertropical Convergence Zone (ITCZ), the
belt of converging trade winds and rising air that encircles the Earth near
the Equator, affects the food and water security of approximately 1
billion people worldwide. They include about 11% of the Brazilian
population, concentrated in four states of the Northeast region—Rio
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Grande do Norte, Ceará, Piauí, and Maranhão. Large swaths of these
states have a semi-arid climate, and about half of all their annual rainfall
occurs in only two months (March and April), when the tropical rain belt
reaches its southernmost position, over the north of the Northeast region.
During the rest of the year, the tropical rain belt shifts further north. For
example, it is responsible for peak rainfall in the coastal region of
Venezuela in July and August. 

Projecting the future behavior of precipitation in semi-arid areas like
these is fundamental for society to be able to anticipate possible shifts in
rainfall patterns due to ongoing climate change. A study by Cristiano
Chiessi, a professor at the University of São Paulo (USP) in Brazil, and
collaborators shows that precipitation in the north of Brazil's Northeast
region has systematically decreased in the last 5,000 years, contrary to an
important paradigm in paleoclimatology. This revised view of what
happened in the past helps produce a more realistic scenario for what
may happen in the future.

An article on the study is published in Paleoceanography and
Paleoclimatology. The study was supported by FAPESP. 

"According to the prevailing paradigm, the tropical rain belt has
migrated southward in the last 5,000 years. Our research suggests instead
that its latitudinal oscillation range contracted, so that it now oscillates
within a narrower band," Chiessi told Agência FAPESP.

Valuable information regarding the responses of the climate system to
different conditions is recorded in geological sediments deposited on the
seabed. The study involves three independent indicators of precipitation
deriving from sediments collected along the mouth of the Parnaíba on
the Piauí-Maranhão border.

"We analyzed the ratio between levels of the chemical elements titanium
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and calcium. The titanium comes from continental rock erosion, while
the calcium comes from the shells of marine organisms," Chiessi said.
"We also estimated the rate at which continental sediments accumulated
on the seabed, and the composition of hydrogen isotopes in continental
plant wax found in marine sediment. These three datasets, together with
our analysis of numerical climate model outputs, pointed to contraction
of the tropical rain belt in the last 5,000 years, rather than the suggested
southward migration."

The study also shows that surface temperature distribution in the two
hemispheres is a key factor in the tropical rain belt's position, also in
contrast with the prevailing paradigm.

"According to the paradigm, southward migration of the tropical rain
belt was due to a gradual increase in radiation received from the Sun by
the southern hemisphere during the summer. The opposite occurred in
the northern hemisphere, increasingly hindering northward migration of
the tropical rain belt. However, our attention was drawn to two
weaknesses in this model," Chiessi said. "The first was the assumption
that the rain belt's position was determined by surface temperature
distribution in both hemispheres, which don't necessarily respond in a
linear manner to the distribution of solar radiation. Secondly, the
evidence supporting the paradigm was located almost solely in the
northern hemisphere. There was no proof of the migration in the
southern hemisphere."

Although solar radiation did undergo the changes described, he went on,
responses in the hemispheres were different owing to the difference in
the area of the continents and oceans in each one (continents respond
faster than oceans to changes in solar radiation). "It's therefore necessary
to revise the paradigm that has influenced paleoclimatology for two
decades," he said.
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Numerical climate models suggest that by the end of this century the
tropical rain belt's latitudinal oscillation range will contract, further
reducing rainfall in the northern portion of Brazil's Northeast region,
with potentially severe social and environmental consequences.
However, if the Atlantic meridional overturning circulation (AMOC)
becomes significantly weaker, reaching the tipping point predicted in
another study by Chiessi, the warming of the South Atlantic will exceed
that of the North Atlantic, forcing the rain belt southward. "This would
have negative consequences in various parts of the world. In Brazil,
however, it would prevent an even greater decrease in precipitation in
the northern portion of the Northeast," he said. 

  More information: C. M. Chiessi et al, Mid‐ to Late Holocene
Contraction of the Intertropical Convergence Zone Over Northeastern
South America, Paleoceanography and Paleoclimatology (2021). DOI:
10.1029/2020PA003936

Additional information is available at agencia.fapesp.br/23134/

Provided by FAPESP

Citation: Marine sediments explain how part of Brazil's Northeast region became semi-arid
(2021, June 22) retrieved 23 May 2023 from https://phys.org/news/2021-06-marine-sediments-
brazil-northeast-region.html

This document is subject to copyright. Apart from any fair dealing for the purpose of private
study or research, no part may be reproduced without the written permission. The content is
provided for information purposes only.

Powered by TCPDF (www.tcpdf.org)

4/4

https://phys.org/tags/rain/
http://dx.doi.org/10.1029/2020PA003936
http://dx.doi.org/10.1029/2020PA003936
https://agencia.fapesp.br/23134/
https://phys.org/news/2021-06-marine-sediments-brazil-northeast-region.html
https://phys.org/news/2021-06-marine-sediments-brazil-northeast-region.html
http://www.tcpdf.org

