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CLIMATE CHANGE AND AGRICULTURE IN REGIONAL
ECONOMICS OF BRICS COUNTRIES
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Abstract. Climate change has emerged as one of the most significant systemic shocks to regional
and global economies in the 21st century, with particularly severe implications for agricultural
production, food security, and economic stability. This study presents a comprehensive analysis

of climate change impacts on the regional economies of BRICS nations—Brazil, Russia,

India, China, and South Africa—and their neighboring countries through computer integrated
statistical techniques and multidimensional economic parameter analysis. The research employed
programming methods, comparative methods, analysis and synthesis methods, induction and
deduction methods, as well as desk research methods. The research program utilized extensive
code written by the author in the R programming language for the analysis of the BRICS Climate-
Economy relations.The significance of BRICS lies in the fact that it represents a new economic,
global, trade, and financial power, uniting countries with rapid economic and demographic growth
in synergy with high investments, market liberalization, mutual cooperation, and the transfer of
knowledge and technology. The analyzed indicators show a critical correlation between climate
change and global warming and agriculture. The study concludes that coordinated action among
BRICS nations is essential, emphasizing the development of technological transfer mechanisms for
climate-adaptive agriculture, implementation of new technologies, financial instruments promoting
agricultural resilience, supply chain coordination within the bloc, and comprehensive rural
development strategies to protect food security and economic stability across regions.

BITUAHUE UBMEHEHUSA KITUMATA HA CEJIbCKOE
XO3SUACTBO B PETMOHANNTbHOU 9KOHOMUWKE CTPAH
BPUKC

Bnagumue P. MesHoBUY
AcrnPAHT, DAKYNBTET TEXHUYECKUX HAYK YHUBEPCUTETA B HoBu-CALE

[oppAHA PanoBuy
JIOKTOP oMNOCO®MI, HAYUHBIA COTPYAHMK, VIHCTUTYT 3KOHOMYKI CENBCKOTO XO3SMCTBA

[oPAH 3APKY
AcnnPAHT, CENbCKOXO3AMCTBEHHbBIN GAKYALTET YHUBEPCUTETA B HoBu-CAIE

Bepa M. Monosuy
JIOKTOP ®MNOCO®WM, BEAYLUMA HAYYHbIN COTPYHUK, AKABEMUK IPACA, MIHCTUTYT NONEBbIX 1 OBOLLEBOAYE-
CKMX KynbTYP, HALMOHANBHBI MHCTUTYT PECNYBAVKL CEPBMS

Annomayusa. Vsmenenue kiumama cmano 0OHUM U3 Haubonee 3Ha4UmMenbHbIX CUCEMHBIX NOMpSi-
CceHutl 01 pecuoHanbHolL U 2100anbHol SIKoHOMUKY 6 XXI eexe, umerowum ocobeHno cepvesnvle
nocnedcmsus 015 CelbCKOXO3AUCMBEHHO20 NPOU3800CEA, NPOOOBOILCMBEEHHOU OE30NACHOCU

U 9KOHOMUYecKou cmadbunvHocmu. B 0annom ucciredosanuu npeocmagier 8CecmoporHmuLl AHaiu3
6030eliCBUs USMEHEHUs. KAUMAMa HA pe2UOHATbHYI0 d9KoHoMuky cmpan BPUKC — Bpasunuu,
Poccuu, Unouu, Kumasa u FOxcnoii Appuxu — ¢ nomMouybio KOMNbIOMEPHHIX CMAMUCMU4ecKux me-
MO008 U MHO2OMEPHO20 AHANU3A IKOHOMUUECKUX napamempos. B ucciedosanuu ucnonv3oeanicey
MemoObl NPOPAMMUPOBAHUS, CPABHUMENbHBLE MEMOObl, MEMOoObl AHAU3A U CUHNE3d, MeMmOoObl
UHOYKYUU U OeOYKYUU, 4 MAKH#Ce Memoobl KaOUHemHo20 ucciedosanus. B ucciedosamenvcroii
npocpamme UCnonb308aica OOUUPHDBIL KOO, HANUCAHHBIU ABMOPOM HA A3bIKE NPOSPAMMUPOBAHUS
R, 0na ananusza ezaumocessu kaumama u skonomuxu cmpan SPUKC. 3nauenue EPUKC 3axnio-
yaemcs 6 MOM, YUMo OH NPeoCcmasisem coooll Hogoe IKOHOMUYeCKoe, 2100aTbHOe, MOoP208oe U
Gunancosoe coopyscecmso, 0b6vedunaOULCe CMPAHBL C OBICIPLIM IKOHOMUUECKUM U OeMozpa-
uueckum pocmom 6 cunepeuu ¢ 8bICOKUMU UHBECMUYUAMY, TUbEpanu3ayuell polHKa, 63auUMHbIM
compyoHuuecmseom u nepeoayeli sHanuil u mexunonozuti. [lpoananusuposannvle nokasamenu Oe-
MOHCIPUPYION KPUIMUYECKYIO 83AUMOCEA3b MEHCOY USMEHEHUeM KAUMamad, 2100anibHbiM nomenie-
HUeM U CUMyayuu 8 celbckom xosaiicmeae. Hccnedosanue npuxooum K 1800y 0 HeoOX00umMocmu
CKOOPOUHUPOBAHHBIX Oeticmautl medxcdy cmpanamu BPUKC, noduepkusas sasxcHocms pazeumiuis
MeXaHu3Mo8 nepeoad MexHono2ull 015l A0ANMayuu CelbCko20 X03AUCmaea K UsMeHeHU0 Kaumd-
ma, 8HeOpeHUsl HOBbIX MEXHON02UL, (PUHAHCOBLIX UHCIMPYMEHIMO8, CHOCOOCTNBYIOUUX NOBBIUEHUIO
YCMOUUUBOCTNU CENLCKO20 XO3AUCMEd, KOOPOUHAYUU YeNnoUeK NOCABOK 6HYMpU OI0KA U KOM-
NJIEKCHBIX cmpame2uti pasgumus CelbCKUX patlonos 0Jis 3auumsl nPoo080IbCMEEHHOU 6e30NaACHO-
CMU U SIKOHOMUYECKOU CIAOUILHOCTIU 8 PECUOHAX.
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INTRODUCTION

he significance of BRICS (Brazil, Russia, India,
China, South Africa) lies in the fact that it represents

a new economic, global, trade, and financial power
acting as an alternative to globalization and the prevailing
economic, financial, and geopolitical polarization and
unification of the world. It introduces a new perspective
on economics, finance, and even agriculture by uniting
countries with rapid economic and demographic growth,
in synergy with high investments, market liberalization,
mutual cooperation, and the transfer of knowledge and
technology. In this way, by uniting at a global rather
than a regional level, priority is given to cooperation
over subordination, profitability over unilateral interest,
and diversification, balance, and optimality in business
operations globally, as opposed to centralization through
soft power.

However, climate change is rapidly becoming a
dominant reality in past few decades affecting numerous
economic indicators and national business operations at
local, regional, and global levels, particularly affecting
agriculture and the agro-industry as a whole [1], [2].

Agricultural yields in certain countries have been
devastated by climate change, threatening both their
food and economic stability. To analyze the complete and
comprehensive impact of climate change on society as
a whole, it is necessary to examine how climate change
and global warming—based on variables measured over
the past few decades—affect the economic indicators of
given countries, as well as agriculture and agro-industry
indicators collected in datasets over the same period.

Agriculture, in fact, represents an exceptionally
important aspect in assessing the negative impact of climate
change and global warming on the economies of numerous
countries facing these effects with increasing intensity over
the years and decades. Namely, agriculture is one of the
key sectors of every country's economy because it not only
enables profitability for farmers but also plays a crucial
role in maintaining food stability, security, self-sufficiency,
and, in the full sense of the word, the food independence
and autonomy of a country.

In this analysis, data were used from numerous online
platforms with open datasets, retrieved via Application
Programming Interfaces (APIs). Based on this data,
through various analyses, Venn diagrams, calculations, and
the determination of causal links between the impacts of
climate change and global warming, an attempt was made
to answer the question regarding the long-term stability
and sustainability of BRICS as an entity and community
in light of the global economic crisis, and especially the
increasingly negative impacts of climate change and global
warming.

Literature Review

The research paper “Climatic change and agricultural
production” emphasise that the most important global
debate of this century is on climate change [3]. The paper
states that by 2050 there will be significant impacts of
climate changes especially on agriculture, including rising
temperature, increasing drought due to higher evaporation
and changing rainfall distribution, and increased levels of
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CO2 due to greenhouse effect and agriculture gas emissions
[3].

Food and Agriculture Organization of the United
Nations’ report “The state of food and agriculture 2024”
states that the slow rate of progress on the Sustainable
Development Goals (SDGs) and the accelerating pace of
climate change are fuelling the discourse on global agrifood
systems transformation in an attempt to identify feasible
transformation pathways and to take decisive action [7].

Research paper “Temperature increase reduces global
yields of major crops in four independent estimates”
emphasises the magnitude of a temperature impact on
yields of the four crops at the global scale [11]. For
instance, the impact estimates are consistently negative
for four major maize producers, together responsible for
two-thirds of global maize production [11]. This is namely
the case in the United States (—10.3 £+ 5.4% per degree
Celsius), China (—8.0 = 6.1% per degree Celsius), Brazil
(—5.5 £ 4.5% per degree Celsius), and India (—5.2 £ 4.5%
per degree Celsius) [11].

The reference [12] states that together, Brasil, Russia,
India, China, South Africa, Egypt, Ethiopia, Indonesia,
Iran, Saudi Arabia, and the United Arab Emirates are
responsible for 42% of global food production; own 33%
of agricultural land; and hold 39% of the planet's water
resources. Consequently, the BRICS countries have greater
responsibility in mitigating climate change and global
warming and promoting sustainable agriculture. In regards,
BRICS countries are leaders in promoting food security and
sovereignty, nutrition and sustainable global agriculture
[12]. Moreover, the cooperation and negotiations between
BRICS member countries provide an opportunity to share
successful experiences. For instance, that is the case with
India’s National Food Security Act (NFSA), Ethiopia’s
National Wheat Harvest Programme, and Brasil’s National
System for Food Security and Nutrition [12].

There is an academic literature gap of integrated data
and non-linear models correlating climate variables,
economic indicators and regional spill-over effects
concerning BRICS countries and regional economies.
This research paper relatively covers the literature gap by
implementing research, providing and highlighting data
concerning previosly named topics.

Limitations of the Study

The implemented research and analysis is based on the
open access data (World Bank WDI - World Development
Indicators, Open-Meteo, United Nations, WIPO - World
Intellectual Property Organization) which have certain
limitations regarding time scope, frequency of data
gathering, as well as consistency of certain data values.

Additionally, the availability of certain indicators is
limited. This is the case for certain series of data regarding
some countries and its’ agricultural performance metrics.

Although the model uses non-linear realtions and PCA
(Principal Component Analysis) it can not capture the scope
and impact of all political, geo-strategic, technological
and institutional aspects of climate shock adaptation of
different countries.

The 2071-2100 research projections are nearly one
of the scenarios based on current climate conditions
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and trends. Relatively different climate trends in the
future could potentially yield alternative scenarios and
quantitative results.

In addition to this, the research is focused on BRICS
countries and selected number of regional countries,
making transference of research conclusions to other
regions relatively limited.

Materials and Methods

The research employed programming methods,
comparative methods, analysis and synthesis methods,
induction and deduction methods, as well as desk research
methods. The research program utilized extensive code
written by the author in the R programming language for
the analysis of the BRICS Climate-Economy Nexus. The
program code was designed to be maximally comprehensive
regarding both economic indicators, including agriculture
and agro-industry, as well as climate change and global
warming.

The aforementioned program created by the author
encompasses analyses and mathematical calculations
aimed at obtaining patterns and cause-and-effect
relationships through the combination of data and their
processing, utilizing numerous methods and mathematical
algorithms optimal for this purpose and topic. To fully
understand the complexity of such research and the
comprehensive analysis that emerged from it—related to
BRICS countries, the region, agriculture, and the impact
of climate change and global warming—which represents
a multidisciplinary topic, it is necessary to consider it not
only from the perspective of combining natural sciences
(informatics, programming, electrical engineering,
software engineering, computer science, climatology) and
social sciences (agroeconomics, economics, agriculture,
macroeconomics, econometrics, quantitative methods),
but also in the application of the given conclusions in
numerous and diverse practical fields of the economy and
society of the given countries.

Research Design

The program written in R code, for the efficiency and
simplicity of processing large datasets, represents the
automation of data collection from numerous reputable
open-type online platform sources.

The numerous functionalities of the mentioned R code
and program include multiple databases, multiple models
and techniques for processing collected data, statistical
analyses, regional analyses, as well as the generation of
data tables and visually appealing charts using the suitable
R programming language.

RESULTS

Data Collection

Data collection consisted of the following open
databases, which were largely retrieved through automated
API protocols:

* World Bank WDI Data — Economic indicators
were retrieved (GDP - Gross Domestic Product growth,
renewable energy, CO: emissions, patents, migration,
trade, etc.);

* Open-Meteo Climate Data — Daily temperatures and
precipitation were retrieved for central points of countries,

both BRICS countries and selected countries in their
surroundings (1990-2024);

« UN Comtrade Trade Data — SITC (Standard
International Trade Classification) trade series were
retrieved (agricultural exports, food imports, technology
imports);

* WIPO Patents — Loaded from a manually downloaded
CSV (Comma Separated Value) file from the WIPO online
platform;

» Data Caching — Local storage of retrieved data
for faster repeated analyses with additional countries,
parameters, or indicators.

Data Processing

Data processing consisted of the following methods:

* Interpolation of Missing Values — Linear interpolation
+ carry forward/backward + median by country;

* Calculation of Temperature Anomalies — Deviation
from the base period (1990-2000);

 Calculation of Precipitation Changes — Deviation
from the base period;

* Counting Extreme Weather Events — Days with T >
35°C or precipitation > 50 mm;

* Creation of Total Trade in USD — Sum of exports and
imports in USD.

Statistical Analyses

Statistical analyses used to process the cleaned and
stabilized data include:

* PCA Analysis — Dimension reduction to 3 main
components: ECT (Extended Concordia Transform), CMC
(Canonical Measure of Correlation), MCR (Multivariate
Curve Resolution);

* Venn Intersections — 8 economic indicators
(Knowledge Transfer, Technology Transfer, Finance,
Trade, Migration, Workforce Exchange, Sustainability,
Integrated Resilience);

* Econometric Validation — Panel regression and
climate impact on the economy (GDP);

» Correlation Matrix — Indicators versus temperature
variability.

Regional aspects

Regional results were obtained through the analysis
of regional spillover effects, i.e., testing the impact of
BRICS countries on neighboring economies. Five BRICS
countries were tested with neighbors from each region:

* Brazil Region — Argentina, Chile, Colombia, Peru,
Mexico;

* India Region — Pakistan, Bangladesh, Sri Lanka,
Nepal, Indonesia;

e China Region — Japan, Korea, Vietnam, Thailand,
Malaysia;

* Russia Region — Kazakhstan, Belarus, Azerbaijan,
Uzbekistan;

e South Africa Region — Nigeria, Egypt, Kenya,
Ethiopia, Angola.

Therefore, the program retrieves real data from 3
sources, performs statistical analysis of the climate-
economy relationship, generates 8 composite indicators,
and exports all results as CSV tables and PNG graphics.

This paper presents a comprehensive analysis of
climate change impacts on the regional economies of
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BRICS nations and their neighboring countries through
integrated machine learning and multidimensional
economic parameter analysis. Using Venn diagram
analysis to identify intersections of knowledge transfer,
technology transfer, financial integration, trade, workforce
exchange, sustainability, and population migration, we
establish nonlinear causal relationships between climate
variables and macroeconomic indicators, including
agriculture. Climate and economic datasets, combined
with our analysis, reveal that climate change will reduce
regional performance, with heterogeneous impacts
across regions. The intersection of multiple economic
dimensions—particularly technology transfer paired with
trade liberalization and workforce mobility—emerges as
a critical leverage point for climate-resilient development.

This paper employs R programming language code and
a custom-made program to identify nonlinear relationships
between climate variables and regional economic
indicators (GDP growth, agricultural imports, agricultural
exports, sectoral productivity, trade flows, FDI - Foreign
Direct Investment, labor market outcomes).

The Venn framework quantifies overlaps among seven
economic dimensions (Knowledge Transfer, Technology
Transfer, Finance, Trade, Workforce Exchange,
Sustainability, Population Migration), identifying critical
policy leverage points in 2-way and 3-way intersections.
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Fig. 1. Climate Impact on Economy (Temp lag) by Country; Source: Authors

108

The X-axis shows the temp lagl Coefficient, which
represents how temperature from the previous year affects
economic performance. Negative coefficients are displayed
on the left side of the axis. These can be interpreted as
indicating that warming reduces economic activity after a
period of one year. The vertical line represents the zero
effect, i.c., the area where there is no climate impact on
economic indicators. Countries on the right side of the
vertical axis record positive economic performance
following temperature impacts. To understand this fact,
it is necessary to examine the aspect of climate impact
on the economy, especially agriculture, for each country
individually. These are predominantly countries where
tropical agriculture dominates, with longer growing
secasons and higher yields, albeit in the short term.
Additionally, these are countries whose economies do not
depend solely on agriculture but primarily on tourism and
mining. Short-term adaptability dominates here; however,
with significantly more pronounced risks in the future.

For countries marked as Low Signal, the impact
of climate change on the country's GDP is either small,
inconsistent, or statistically unreliable. The reason for
this at the statistical and macroeconomic level, which is
particularly relevant for India, may be the fact that the
effects of losses accumulate in rural communities but are
not visible in the overall national GDP.
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The Diversified Drivers category denotes countries in
which the economy does not depend solely on temperature.
Therefore, the negative impacts of climate change on the
economy are very close to the zero effect.

The categories named Disaster-sensitive, Heat-
sensitive sectors, and Disaster resilience are extremely
sensitive to climate and temperature shocks, representing
potentially extremely vulnerable economic policies that
depend significantly on agriculture, with the exception of
the Russian Federation, which is a significant oil producer
and thus has a sustainable economic policy based on
energy trade, regardless of potential losses in agriculture
caused by climate shocks.

Pl b et i oo

Fig. 2. Indiciators Heatmap by country in 2024, Source: Authors

The heatmap visualizes 8 economic indicators (Finance,
Integrated Resilience, Knowledge Transfer, Migration,
Sustainability, Technology Transfer, Trade, Workforce
Exchange) for BRICS countries and their neighboring
economies. Dark blue (25) represents a low indicator value
and/or risk and/or vulnerability. Yellow (100) represents
the highest value, indicating strength and/or resilience for

each of the economic indicators.
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Among the indicators, Integrated Resilience should be
particularly highlighted. Namely, resilience denotes the
potential, ability, or capacity of a system to recover from a
shock, in this case, a climate shock.

A low resilience index indicates a potential disaster
either in the recent past or in the future due to the
increasingly severe effects of climate change and global
warming.

A high resilience index value indicates pronounced
flexibility in response to climate change impacts. For
example, Brazil demonstrates resilience in that if a drought
potentially occurs in the south, it is strategically oriented to
shift production to the north. Likewise, if a drought occurs

i lue
=

in the European part of the Russian Federation's territory,
there is a strategic possibility of shifting production to
Siberia, which, with increasing temperatures and melting
permafrost, may represent fertile ground for cereal and
soybean growing, as well as opportunity for Russian
Federation’s food reserves and food security.

The key agricultural relationships shown in Fig. 3 are
as follows:

Warming degrades the ecological sustainability of
agriculture (-0.55), which means that increasingly higher
temperatures cause more damage to soil, water scarcity as
a resource, increased pesticide use, etc.

Additionally, Fig. 3 shows that temperature affects
integrated resilience (+0.65). Based on this indicator, it can
be concluded that BRICS countries and their regions are
compelled to adapt to climate shocks and the consequent
economic and agricultural damage.

Furthermore, one of the dangers from the perspective of
agricultural production and the agri-industry is represented
by the relationship between workforce exchange and
migration (+0.72). This indicator represents a critical
correlation for agriculture, as warming affects yield losses,
and consequently, there is less money for agriculture
and farmers, which can potentially cause migrations and
depopulation of rural areas, as well as de-agrarianization
of the agricultural sector.

CONCLUSION

Climate change represents a systemic shock to regional

Fig. 3. Inter-relations between different indicators; Source: Authors economieswithinthe BRICSblocandincountriesgravitating
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toward it, challenging the integration frameworks that have
driven growth over the past two decades. While global
climate research establishes physical impacts (temperature
rise, precipitation variability, extreme weather events),
macroeconomic transmission mechanisms, particularly
through trade, financial flows, technology access, labor
mobility, and knowledge networks, remain inadequately
modeled for policy-relevant analysis at regional scales.

Climate change represents a systemic shock to
regional economies within BRICS countries. This shock
is particularly impactful in the area of agricultural
production., i.e. agricultural sector which adds pressure on
global agricultural and food systems [3].

While physical impacts (temperature, precipitation) are
known, macroeconomic transmission mechanisms, trade,
finance, technology, labor, knowledge, and especially
agriculture, which is extremely sensitive to climate change,
remain inadequately modeled for policy-relevant analysis.
This is particularly the case with agriculture and agro-
industry, which in many countries, due to climate change
and global warming, as well as inadequate or nonexistent
mitigation policies and strategies at the state, regional, or
BRICS bloc level, are suffering severe damages and losses.

Since the 1980s, the annual temperature departure from
the average has been consistently positive. In 2024, the
global land and ocean surface temperature anomaly stood
at 1.29 °C above the 20th-century average, the largest
recorded across the displayed period [4-7]. Earth’s average
surface temperature in 2024 was the warmest on record,
according to an analysis led by NASA scientists [4-7].

Global temperatures in 2024 were 1.28 °C above the
20th-century baseline (1951-1980), which is higher than
the record set in 2023 [4-7]. The new record comes after
15 consecutive months (June 2023 through August 2024)
of monthly temperature records [4-7].

NASA scientists estimate Earth in 2024 was about 1.47
°C warmer than the mid-19th century average (1850-1900)
[4-7]. For more than half of 2024, average temperatures
were more than 1.5 °C above the baseline, and the annual
average, with mathematical uncertainties, may have
exceeded the level for the first time [4-7].

Global temperatures exceeded 1.5°C above pre-
industrial levels in 2024, with India recording its second-
highest January temperature since 1901 [4-7]. Extreme
rainfall events (>150mm/day) increased by 75% in central
India (1950-2015). Dry spells during monsoon increased
by 27% (1981-2011 vs 1951-1980) [4-7]. Nearly half of
seasonal rainfall now falls within just 20-30 hours, creating
dangerous dry gaps [4-7].

The Paris Agreement limit of 1.5 °C was surpassed
in all regions in 2024, except in Oceania (1.4 °C) [4-7].
Europe and the America recorded the largest temperature
increases (2.4 °C), followed by Asia (2.1 °C), Africa (1.8
°C) and Oceania [4-7].

Severe rainfall deficits gripped wide regions of India,
parts of Ladakh, Arunachal Pradesh, Bihar, UP, Punjab,
and the Northeast suffered 30-70% below-normal rainfall
and dwindling soil moisture, triggering crop stress and
water shortages [6]. This crisis from record rainfall to
exceptional drought within the same season is virtually
unprecedented in the meteorological records [6].
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According to publicly available datasets, India
recorded over 271 extreme weather events in 2023 alone,
with an estimated 45% increase in frequency compared
to the 1990s [8]. Meanwhile, economic losses attributed
to climate-linked disasters reached nearly USD 87 billion
in 2022, and India is expected to lose up to 2.8% of its
GDP annually by 2050 if current warming trends continue
[8]. In this context, the Supreme Court of India delivered
a landmark judgment in M.K. Ranjitsinh v. Union of
India (2024), declaring, for the first time, the existence
of a constitutional “right to be protected from the adverse
effects of climate change® under Articles 14 and 21 [8].
This judicial recognition of climate rights represents a
transformative moment in Indian jurisprudence [8]. It
shifts climate policy from a discretionary domain of the
executive to a constitutionally enforceable obligation [8].

In 2024, Brazilian agriculture faced significant
challenges, from declining global demand and high input
costs to extreme weather events linked to El Nifio [9].
Global demand slowed, reducing prices for key crops
like soy and corn (especially demand for corn from China
declined) [9]. El Nifio-related droughts and floods in
critical production areas disrupted harvests [9].

Despite these crisis, overall agricultural production and
soy exports experienced only a modest decline [9]. Soy
exports to China even increased [9]. The vulnerability of
Brazilian agriculture to climate change became evident
in 2024 [9]. Specifically, Rio Grande do Sul experienced
the wettest April and May on record, impacting over
206,000 rural properties [9]. Concurrent droughts in other
regions, particularly impacting the Amazon and the coffee
production in Minas Gerais [9]. Brazil recorded a 150%
increase in burned land compared to 2023, with 22.38
million hectares affected between January and September
[9].

In Brazil in 2023, in the state of Mato Grosso, during
October and November, 53% less precipitation was
recorded compared to the thirty-year average [10]. The
combination of hot and dry weather has caused significant
crop stress, leading some farmers in Mato Grosso to shift
acreage into cotton rather than soybeans [10]. November
2023 represents the warmest and driest month in the last 30
years in Mato Grosso [10].

All of this, as well as numerous other climate
disasters, negatively affects economic indicators and
the macroeconomy of countries, especially agricultural
production and supply chains in the agro-industry.

Table 1 shows future predictions of specific negative
effects on agriculture in individual BRICS bloc countries,
with a special focus on 2071-2100, compared to the base
period 1981-2010.

These data represent an extremely negative effect on
the global food market and supply chains in the agro-
industry, given that 42% of the world's food is produced
within BRICS countries [12].

In 2021, BRICS nations attracted 22.45% of the global
FDI [13]. In 2021, China attracted the highest amount
of FDI inflow of $181 billion, followed by Brazil ($50
billion), India ($45 billion), South Africa ($41 billion)
and Russia ($38 billion) [13]. BRICS nations contributed
16% of global trade, 41% of the global population [13].
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Table 1

Future projections of the impact of climate change; Source: [11]

Country Crop Effect per 1°C Temperature Increase
China Wheat 2.6+3.1%
Brazil Maize —5.5+4.5%
India Rice -6.6%
China Maize —8.0+6.1%

Additionally, given that BRICS countries are producing
more than one-third of the world’s agricultural output,
the impacts of climate change on economy, especially
agriculture sector, have far-reaching consequences [13].

Furthermore, the impacts of climate change are
reflected not only in large countries but also in countries
within their regions. Thus, there is cooperation among
BRICS countries, such as the Russian Federation, China,
Brazil, South Africa, and India, which generate a so-called
“spillover effect™ of economic well-being and benefits to
countries in the region, thereby making the entire region
financially and nutritionally more robust and sustainable.
However, climate change affects both large and small
countries with its negative effects. The spillover of negative
effects of climate change and global warming from large
BRICS nations to their regional neighbors also occurs,
which is the subject of this research.

This analysis of BRICS countries and countries in
their immediate surroundings, as well as the analysis of
cooperation between BRICS countries and surrounding
countries, points to the following aspects: First of all,
technological transfer mechanisms for climate-adaptive
agriculture are of exceptional importance for the robustness
and adaptability of each country. New technologies,
mechanization must be implemented and legacy ones
should be upgraded, retrofitted and eventually replaced
[14], [15].

The risk that exists if adaptive climate policies or
new technologies are not developed is extremely high for
both agriculture and the population of the given country.
Reducing unemployment and implementing climate
mitigation strategies in rural areas must be a priority in the
development of villages and agricultural regions, as well
as agricultural production. This includes the preservation
of resources for self-sufficiency and food security of a
country's agriculture, as well as a tradition and agricultural
knowledge. It is necessary to develop financial instruments
that encourage the resilience and resistance of agriculture

to climate change. Unfortunately with the rise of negative
effects of climate change and global warming insurance
companies are losing their interest for agriculture
insurance and farmers are left on their own. In a situation
where agriculture insurance has limited scope, alternative
solutions must be sought [16].

Coordination of supply chains within the bloc of
countries is also necessary to prevent, avert, or anticipate
potential regional collapses related to food security, food
stability, and food supply.

Therefore, coordinated action by all BRICS countries
is necessary, especially the largest and the most developed
ones, to protect agriculture from the negative impacts of
climate change and global warming. From this research
analysis, the devastating impact of worsening negative
effects of climate change and global warming can clearly
be seen. This is not only the case for agriculture but also
the economy as a whole within BRICS countries and their
regional partners.

To implement this, state support, regional cooperation,
and coordination among BRICS countries are necessary,
as well digitalization of agriculture and adoption of
new technologies. Industry 4.0 and Industry 5.0 that
include smart and precise agriculture, based on sensors,
microprocessors, microcontrollers, robotics, Artificial
Intelligence and Machine Learning algorithms, Industrial
Internet of Things, are just a few examples and potentials
of available new technologies and concepts that can
potentially mitigate negative effects of climate change and
global warming in agriculture [14].

The necessity of these measures and actions lies in the
conclusions of this research, which show that there are
indications of cumulative agricultural systemic collapse
in Sub-Saharan Africa and South Asia, close in the region
economics of the BRICS countries, potentially in the future
decades. With crisis spillovers, economic and food security
instability could be affecting the global food supply chain
and agro-industry system.
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