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Abstract 

The influence of climate change on agriculture, especially as it relates to the production of food, changes with rever-
ence to duration and space, of which most of these influences are diverse and remarkably uncertain. Undoubtedly, 
the application of food innovation technology (FIT) in the agricultural processes is an important response for opera-
tive and objective adaptation and mitigation of climate change. Consequently, there is a need to urgently re-evaluate 
the procedures for FIT so as to address the diversities and uncertainties ensuing from these influences of climate 
change on agriculture with the aim of improving the production of food. Therefore, the application of climate-smart 
agricultural (CSA) activities with resilience in agricultural events as well as more aids in the application of resources 
for both in the adaptation and mitigation of climate change by means of FIT will be of great assistance in this regard. 
Hence, this study presents a facile review of some of the topical developments in the production of food with rever-
ence to the influence of climate change on FIT. Some legal frame-work on climate change with respect to FIT are also 
been discussed.
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Introduction
Agricultural processes especially as it relates to the 
production of food is an important aspect in evolv-
ing the economy of any nation [104]. In this present 
era, agricultural processes and activities are faced with 
several challenges,according to “the Food and Agricul-
ture Organization  (FAO) of the United Nations (UN),” 
it has to produce additional food and fibre to take care 
of a rising population, additional feedstocks for a pos-
sibly enormous biotechnology market, contribute to the 
global development in the several agricultural dependent 
underdeveloped and developing nations, adopt additional 
sustainable production approaches and adapt to the 

present global changes in the climatic conditions [32, 33, 
35]. Evidently, climate change has a considerable relation-
ship with agricultural processes and activities; [32, 33, 
35]. This relationship, according to Ukhurebor et al. [110, 
111] is stronger in most developing regions of the world 
due to the fact that their means of livelihood mostly 
depend on agricultural processes, and these processes 
usually depend on the climatic state of such regions.

Climate change is influential in food production pro-
cesses and activities, especially as it relates to agriculture, 
and it varies with respect to space and duration [111]. 
Supposedly, the impacts of food productivity processes 
are diverse and exceedingly ambiguous [65, 111]. There 
are reports presently that shows that some regions such 
as the Mediterranean basin warm 20.00% quicker than 
the universal average and that such regions are one of the 
foremost climate change flashpoints globally, where it is 
estimated/projected that about 250 million persons will 
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undergo water deficiency within the next two decades 
[32, 33 and 35], and with the present policies, (as well as 
approaches, laws, guidelines, and strategies),  tempera-
tures are anticipated to rise by about 2.20 ºC  as against 
pre-industrial level by the year 2040 [32, 33, 35]. Invaria-
bly, the increase in the temperature values will also cause 
a change in other essential climate/weather variables, 
such as humidity, pressure, rainfall, etc. [42, 95, 113].

According to reports from the FOA [32, 33, 35], it was 
alleged that there is scarcely a single region in the world 
that has all the necessary resources both in terms of 
human and capital intensities in handling and managing 
the pace and rate of the changes in the climatic condi-
tions on its own. Hence, joint efforts, especially the ones 
that are in line with the “Sustainable Development Goals 
(SDGs)”, have to be put in place in fronting these climatic 
conditions that are now causing serious environmental 
threats to the entire ecosystem. It is also appropriate to 
re-evaluate the present policies, approaches, laws, guide-
lines, and strategies on climate change in the upcoming 
years.

In light of all these, the application of food innova-
tion technology (FIT) is seen as a way forward for the 
mitigation and modification of these climatic condi-
tions and their ensuing consequences, specifically as 
it relate to agriculture. Nonetheless, the application of 
FIT to agricultural processes and activities alone can-
not solve these ensuing consequences of the impacts of 
the changes in the climatic conditions, because these 
changes occur rapidly as it takes considerable time to 
develop appropriate FIT [111, 117]. Hence, there is 
a need to identify the present impacts of the changes 
in the climatic conditions and align current research 
activities such as FIT that are eco-friendly in breeding 

varieties that would withstand these impacts of the 
changes in the climatic conditions. The need for FIT 
is becoming an essential tool in generating measure-
ment and analysis that are paramount in the precision 
of environmental hazards that have affected agricul-
tural processes and activities as well as other features of 
human activities and the ecosystem in general.

Climate change adaptation (CCA) plans entail events 
that could tolerate the destructive consequences of the 
changes in the climatic conditions [16]. Hence, CCA 
strategies such as climate-smart agricultural (CSA) 
practices, water sustainability, waste management and 
recycling, flood protection, climate protections, and 
analytical climate conditions innovation machinery 
on agricultural processes and activities such as FIT 
are all essential ingredients that need to be reinvigor-
ated, evolved and developed. Albeit, the emphasis for 
this present facile review study is on the current devel-
opments on the influence of climate change on agri-
cultural processes and activities vis-à-vis FIT drawn 
mainly from several existing publications and other 
articles. In addition, some legal frame-work on climate 
change as it relates to FIT is highlighted. This sec-
tion is the introductory section (section one), which 
encompasses the background of the review study. Sub-
sequently, the other sections of this article are struc-
tured as follows. Section two deliberate on changes in 
the climatic conditions and FIT, section three discusses 
the developments in FIT, section four briefly presents 
the legal frame-work on climate change with respect 
to FIT, while section six is the conclusion of the paper, 
as well as recommendations and future prospects. Fig-
ure 1 shows the illustrative design of main parts of the 
study in form of graphical abstract.

Fig. 1 Illustrative design of main parts of the study
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Changes in the climatic conditions and FIT
Climate change
In general, the continuous changes in the climatic con-
ditions have become one of the utmost critical envi-
ronmental threat that viciously affects not just the 
agricultural sector but other sectors of human activities 
as well as the entire ecosystem [70, 71, 94, 106, 117].

Climate change has to do with somewhat variation in 
the climatic conditions over some duration of time result-
ing from the changes in a natural process and human 
actions [84, 104, 105]. Climate change, as reported by the 
“Intergovernmental Panel on Climate Change (IPCC),” 
is a change in the climatic process which is attributed 
directly or indirectly to the activities of humans, that 
alters the structure and/or composition of the universal 
atmosphere and which is in accumulation to the natural 
variability of the climate observed over the comparable 
duration of time [48, 49].

Climate change is an occurrence that could affect any 
areas and aspects, which could instigate global warming 
and the modifications in the patterns of precipitations 
[94]. Arguably, climate change has a stronger impacts on 
the revenues and economic events, though in diverse set-
tings across nations [49]. It is reported that among such 
economic events, the agricultural domain is one of the 
furthermost adversely affected by climate change. Appar-
ently, climate change stances for the long-term modifica-
tions, either upsurges or reductions in the atmospheric 
conditions [94, 95, 104, 105], which is seen as the normal 
mean weather situations (variables to be specific) such 
as temperature, humidity, and precipitation, etc. [25]. 
According to Mendelsohn et al. [63], climate is the study 
of the “normal or ordinary” climatic or weather vari-
ables for an approximate average period of 30 years of the 
respective climatic or weather variables, while weather 
entails a very shorten period. However, there some possi-
bility that climate change could be mistakenly termed as 
weather shocks (which is the deviances of temperature as 
well as other essential climate variables from historic val-
ues, have momentous influences on the economic activi-
ties of any nation) or vice visa, and as reported by Gallic 
and Vermandel [36], this has been inferred as indication 
of limits to adaptation. It, therefore, to be noted that even 
when there is difference between climate change and 
weather shocks, both have effects on food safety, security, 
and sustainability (FSSS).

Effects of climate change
Evidently, the effects of climate change are having 
adverse effects on living organisms and the entire eco-
system (Ziervoge and Ericksen 2010; [77, 104, 107]). 
Some of these adverse effects are highlighted and out-
lined below:

Greenhouse gases (GHGs) emissions These gases are 
mostly the gases that are trap thermal energy (heat) in the 
atmosphere [2, 75]. When solar energy goes through the 
air or atmosphere, the GHGs captivate the radiation and 
avert the ensuing thermal energy from exiting the air, and 
the process is called the GHG effect [42, 44, 75]. In the 
absence of GHGs, the earth’s average temperature will be 
extremely cold for the existence of living organisms. Nev-
ertheless, if there is addition of more GHGs to the air as 
a result of human actions such as deforestation, usage of 
fuels, domestic and industrial activities, etc. [2, 75], and 
this makes more of the solar energy to get stuck in the 
air, increasing the temperature of the earth (solar heating) 
and instigating what is known as global warming [108], 
Komar and Zeebe [55], which invariably result in changes 
of the climatic conditions of the earth; hereby contribut-
ing considerably to ecological threats and other uncom-
fortable functionalities in the ecosystem [75]. Nwankwo 
and Ukhurebor [74, 76, 110], such as the irregularities in 
the atmospheric radio waves propagations [109, 112, 113, 
115].

Food safety, security, and sustainability (FSSS) There are 
several reports on the effects of varying temperatures and 
precipitations, which are presently affecting agricultural 
processes, hereby causing a shortage of food (affecting 
FSSS) and other agricultural resources [52, 111, 112], as 
well as putting the entire agricultural sector at risk.

According to Sweileh [99] climate change not only 
threaten humanity and the entire ecosystem but also pose 
great challenges to FSSS globally. Hence, it is essential to 
evaluate existing research activities that has to do with 
FSSS vis-à-vis climate change, and this will optimally be 
of importance to policymakers and other relevant bodies 
that are involved with funding and other essentialities for 
making imminent resolutions. Some research activities 
outline with respect to FSSS in the framework of climate 
change have been reported by Sweileh [99] via a biblio-
graphical approach using the Scopus archive for a period 
of thirty nine (39) years (from 1980 to 2019). The report 
concluded from the obtained outcome of the study indi-
cate that the issues with FSSS vis-à-vis climate change is 
a global evolving challenge. Hence, research on innova-
tive technologies for the mitigation of the influences of 
climate change on FSSS should be a topmost priority. 
Consequently, research influence and partnership from 
the various regions of the world with adequate resources 
must be reinvigorated.

All these are in line with the earlier reported study 
by Steenwerth et  al. [96], where they stated that not-
withstanding the varying global climatic conditions as 
well as the scare opportunities for agricultural develop-
ment (expansion or growth) on additional agricultural 
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lands. They further reported that CSA emphases on 
contributing to the development and advancement of 
the economic, reduction of poverty as well as FSSS via 
the maintenance and enhancement of the efficiency and 
resilience of agricultural and the entire natural eco-
system functionalities, consequently elevating natu-
ral resources and plummeting trade-offs entailed in 
accompanying these objectives. Allegedly, the existing 
gaps in knowledge, function within the domain of the 
CSA, and outlines for interdisciplinary research stud-
ies and technological-based activities identified at the 
“2013 Global Science Conference on CSA” in the USA 
are defined here within the following themes: agricul-
ture and food structures, landscape and regional con-
cerns and the institution-based and policy traits, and 
all these themes are within the FSSS domain [96].

Consequently, operational events in the CSA domain 
would encompass all stakeholders, addressing of the 
governance concerns, as well as the examination of 
the uncertainties, the incorporation of social remu-
nerations with technological modifications, and the 
establishment of climate funding within the green 
development background. At this point, the socio-eco-
logical procedure is anticipated to moderate the devel-
opment debates related with the CSA and to categorize 
technologies, strategies and approaches that could lead 
to sustainable food production in the context of FIT as 
well as the consumption outlines in a varying climatic 
conditions [96].

According to Beddington et  al. [11], in the perspec-
tive of subsisting the CCA and ensuring FSSS, foremost 
interventions are necessary for transforming the existing 
outlines and practices that are essential for the of pro-
duction of food as well as the distribution and consump-
tion processes. The scientific and technological domain 
has a critical role to play in apprising contemporary, 
strategic investments for the establishment of CSA pro-
duction systems, abate GHGs emissions, make effective 
utilization of resources, advance truncated-waste supply 
chains, guarantee suitable nutrition, boost healthy inges-
tion choices and advance a global knowledge structure 
for sustainability.

Obliteration of rainforest is an utmost basis from the release 
of carbon dioxide  (CO2) Vegetations (such as forests and 
trees) are recognized as “carbon sinks”, since they store 
 CO2 during their growth [65, 75], Komar and Zeebe [55]. 
During deforestation (cutting down of rainforests) or dur-
ing the destruction of wildfires, mostly by human activi-
ties, large quantities of  CO2 are released into the air and 
environment. Most of the global GHGs emissions insti-
gated by humans are a result of deforestation, especially 
via bush burning [45, 46]. Other sources of global GHG 

emissions are due to the usage of fuel, such as the ones use 
in vehicles [45, 75].

Obliteration of  coral reefs These are huge underwater 
structures comprised mainly of the carcasses of colonial 
aquatic invertebrates known as coral [27]. Allegedly, in 
the last three decades, roughly 50.00% of the coral reefs 
of the globe have perished. Human actions, as well as 
extreme weather events such as upsurged temperatures, 
have contributed meaningly to coral bleaching [83]. 
When the water becomes extremely warm, as a result of 
the upsurged temperatures, the algae existing in the cor-
al’s tissues depart [83]. Algaegives coral most of its energy; 
hence coral depends on algae for its survival [62]. Conse-
quently, this would affect other aquatic organisms, such 
as fish, who make these corals their inhabitant [38, 43, 62, 
97].

Weather Due to changes in the climatic conditions, 
several regions and countries in the world are presently 
facing extreme weather, such as upsurged temperatures, 
droughts, unexpected floods, irregular or uncharacteris-
tic rainfall, etc. [41, 104, 105, 107, 114].

Allegedly, the changes in the climate are typically 
prompted by greenhouse gases (GHGs) accretion in the 
atmospheric system, resulting in the raise of the conse-
quences of GHGs [45, 46, 75]. GHGs are presently antici-
pated as one of the utmost causes in the changes of the 
climatic conditions globally via global warming [45, 46, 
75]. The emission of these GHGs particularly  CO2 from 
the heavy global exploration and exploitation of the 
main sources of energy (specifically coal and petroleum) 
products in power plants, housing, industrial activi-
ties, transportation as well as in agricultural processes 
and activities [45, 46, 75]. The upsurge in atmospheric 
 CO2 has habitually been instigated by technologically 
advanced countries via burning coal and petroleum (oil/
gas) activities (International the News, [47]).

Proper understanding of the changes in the climatic 
conditions involves studying the weather variables. Due 
to the persistent dynamic nature of weather, the climate 
has continuously been a main force of nature that affects 
mankind in a very convincing manner right from the con-
ception of the universe onwards, and the ensuing impacts 
are habitually subject to human actions and time. It has 
constantly been a global apprehension that plays a fore-
most role in our average lives. Consequently, its unceas-
ing measurement, study, and analysis would conceivably 
be of great assistance for its mitigation [78, 84, 87].

The application of innovative technology such as FIT 
in agricultural processes and activities entails the capac-
ity of developing our understanding of the menacing eco-
logical hazards, as well as giving us the state-of-the-art 



Page 5 of 14Ukhurebor and Aidonojie  Agric & Food Secur           (2021) 10:50  

approaches, policies, laws (legal frame-work), guidelines, 
and strategies for the mitigation and management of the 
incessant changes in the climatic. Currently, through 
FIT there have been innovative policies and strategies 
for measuring and plummeting emissions of methane 
 (CH4) which is one of the influential GHGs that has pro-
duced over 80 times near-term warming influence of  CO2 
[45, 46, 75]. Reportedly, man-made  CH4 emissions are 
accountable for approximately 25.00% of the total global 
warming currently experienced [55,75, 117].

Effects of changes in the climatic conditions on agricultural 
practices
Global agricultural practices have their peculiar specif-
ics that depend on the conditions of the weather, with the 
ensuing climate change effects on agricultural practices 
being tremendously beneficial [16, 34, 70, 71]. Presently, 
climatic peculiarities are not the same as they were previ-
ously. Analysing how the ensuing climate change affects 
agricultural practices, experts in the agricultural sectors 
have to adopt innovative means such as the CCA guide-
lines and strategies, as well as CSA.

The global impact of the changes of climate on agricul-
ture forces experts in the agricultural sectors to continu-
ously adjust to the irregular or uncharacteristic weather 
such as  lack of changes in temperature, rainfall, etc. In 
addition, the effects encompass  uncharacteristically hot 
dry season (summer) and very cold rainy season (win-
ters), or vice versa.

Climate influences agricultural processes and activi-
ties; nevertheless, agricultural processes and activities 
cause changes in the climatic conditions invariably. This 
occurs as a result of the foremost consequences of field 
processes such as the emission of GHGs and the explora-
tion of new-fangled lands for agricultural processes and 
activities [30, 111].

The contribution of agricultural processes and activi-
ties to changes in the climatic conditions is enormous 
and most devastating. As reported by “the United 
States Environmental Protection Agency (EPA)”, agricul-
tural processes and activities are contributing some per-
centages to GHGs globally, as it contributed about 9.00% 
to the overall 2018 GHGs emission in America [30].

The impacts of agricultural processes and activities on 
the climatic conditions encompasses the following sum-
marized phenomena:

• Biodiversity loss: Biodiversity refers to the  degen-
eration or desertion of biological multiplicity, under-
stood as the diversity of living organisms in the 
ecosystem. It is the diverse levels of biological clas-
sification and their individual genetic unpredictabil-
ity, as well as the natural outlines present in environ-

ment. Biodiversity loss  is instigated majorly by loss 
in habitat, offensive species, and overexploitation 
of natural resources, pollution, and climate change 
which also linked with global warming.

• Coastal water contamination and acidification of the 
aquatic environment: This could be caused mainly by 
industrial activities, where most industrial waste are 
dumped in the aquatic environment.

• Deforestation: This refers to the diminution in for-
est regions around the world as a result of the fact 
that the said forest is used for other purposes such 
as agricultural activities, urbanization, or industrial 
activities. Prominently, deforestation is enhanced by 
human actions since 1960, and this has been unde-
sirably distressing the natural ecosystems, biodiver-
sity as well the climate systems. The FAO estimates 
the yearly rate of deforestation to be approximately 
1.30 ×  106   km2 in every decade (FOA, 2017b). 
Reportedly, agriculture activities is the major basis of 
deforestation (occupying about 80.00%), while indus-
trial activities and construction of new structures 
takes about 15.00% and urbanization takes about 
5.00%. Deforestation have effects on the following; 
biodiversity, the local populaces and their livelihoods, 
soil erosion, climate change and well as FSSS,

• Degradation and depletion of the soil: This is another 
aspect that could be instigated also by industrial 
activities. Some of the main causes of degradation 
and depletion of the soil are; deforestation, industrial 
activities etc.

There is no doubt in the fact that weather variables 
affect FSSS and hence studying their effects as well as the 
impacts of climatic conditions on agricultural processes 
and activities particularly as its relate to FIT is of great 
need. When the effects of these variables are known, 
policies that can support the management of the envi-
ronment can easily be made by policies makers. Hence, 
there is need to encourage standard researches that are 
established in the study of climate conditions that have 
a prominent role to play in FIT for the purpose of FSSS.

The role of innovation technology in agricultural processes 
and food security
Changes in the climatic conditions have great conse-
quence on the severity and the extent of the frequency of 
apprehensions such as increased temperature, drought, 
increased saline imposition, tropical storms, the exist-
ence and magnitude of climate-sensitive pests and infec-
tions of both animals and plants [32, 33].

There are numerous in genitives in promoting inno-
vative breeds and varieties as well as a population that 
are resilient to abiotic and biotic apprehensions, which 
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are presently encountered universally [17, 34, 100]. The 
application of agricultural state-of-the-art approaches 
and devices such as the development of plant multi-
plicities and crop-microclimate and crop-macroclimate 
models could be employed for the improvement of plant 
germplasm improved to imminent climates [16, 90]. The 
use of improved germplasm, facts on supplementary dis-
covery ideas, additional proficient and enhanced resource 
extension services, and the formation of climate data and 
rural monetary services are all critical [100, 101].

Erratic precipitation patterns and more recurrent 
extreme weather events are contributing to the inter-
ruptions in the entire agricultural sector beneficial [16, 
34, 70, 71], especially the ensuing issues of FSSS which is 
presently confronting every region of the world.

Adaptation guidelines for agriculture and climate change
As a result of the close relationship between climate 
change and agriculture, climate change is now of defini-
tive apprehension to experts in the environmental, eco-
nomic, and agricultural sectors [16]. Experts in these 
sectors (environmental, economic, and agricultural) need 
to adjust their practices so as to adapt to the adverse 
effects they are ongoing as a result of changes in the 
weather.

Since the influence of contemporary agricultural prac-
tices on climate change cannot be undermined/denied; 
hence, the connexion between climate change and con-
temporary agricultural practices requires intense atten-
tion as the effect are mostly far from beneficial [16, 34]. 
Consequently, climate change adaptation (CCA) guide-
lines and strategies in agricultural practices, as well as 
mitigation of undesirable effects, are primary respon-
sibilities at the present time for experts in these sectors 
(environmental, economic, and agricultural). As stated 
in the introduction section, adaptation strategies on cli-
mate change require events that could withstand the 
detrimental consequences of the changes in the climatic 
conditions,such CCA strategies include CSA practices, 
water sustainability, waste management and recycling, 
flood protection, climate protections and analytical cli-
mate conditions innovation machineries on agricultural 
processes and activities such as FIT.

Weather variations present several issues for those 
involved in agricultural activities to address, and CCA 
strategies in agricultural activities are aims of utmost 
importance [16, 34]. Since CCA and mitigation in agri-
cultural processes are not total solutions,hence, they 
should be adapted in each specific case. As a possible 
way of adapting to the changes in the weather condi-
tions, those involved in agricultural activities should con-
sider  the climate particulars of their locations, farming 
potential, and desires, affordability of applied procedures.

Agriculture and CCA are of foremost concern not only 
to those involved in agricultural activities but other sci-
entists, especially in the biological and environmental 
domain beneficial [16, 34]. Biological scientists are work-
ing to provide agriculturalists with more resistant species 
that are more tolerant of extreme weather. Ecologists or 
environmental scientists inspire effective management 
of the soil by reducing diminution, encouraging carbon 
appropriation, sparing natural resources, removal of 
chemical applications, and detrimental emissions.

As per agricultural processes and changes in the cli-
matic conditions, the following summarized procedures 
would be of great assistance:

• Appropriate and constant preparation to sudden 
changes in the climatic conditions.

• Ensuring ecosystem compatible drainage system.
• Use of appropriate rainwater harvesting processes.
• Adopting and adapting precision farming processes 

such as CSA.
• Practicing of field-management processes with no or 

reduced soil disturbance.
• Use of adaptive plants that are pulsating and resilient 

to critical climatic conditions.
• Practicing crop modification and rotation 

approaches.

The influence of climate change on FIT
There are some clear evidence to believe that climate 
change is one of the dominant issues for agricultural 
activities. Some of the effects, previously observed are 
likely to exaggerate in the near future (especially with the 
utilization of FIT), contributing to the degenerations in 
agricultural activities, variations in global market prices, 
dropping level of food security; implying that there will 
be a rising level of food insecurity, if appropriate eco-
friendly techniques are not put in place [103].

Since, the issue of climate change is not something 
that can be totally eliminated we have to adapt to it and 
ensure appropriate eco-friendly techniques for FIT in 
respect to FSSS. Foremost interventions are also neces-
sary in transforming and evolving existing outlines and 
practices of FIT in the perspective on the production, 
distribution and consumption of food for the sole pur-
pose of FSSS. Those involve in scientific research has a 
vital role to play in apprising contemporaneous, strate-
gic investments in establishing CSA production systems, 
curtailing GHG emissions, making effective utilization 
of resources, developing truncated-waste supply chains, 
ensuring sufficient nutrition, encouraging healthy food 
consumption choices and developing a comprehensive 
knowledge structure in FIT for FSSS.
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As rightly reported by Beddington et al. [11], the pos-
sible scientific contributions that are critical to the fore-
most policy recommendations for attaining FSSS in the 
climate change perspective as proposed by “the Com-
mission on Sustainable Agriculture and Climate Change 
(CSACC)” are, enhanced understanding of agriculture’s 
susceptibility to climate change, dynamics of food prices, 
wastage and patterns of consumption of food, monitor-
ing machineries involved in food issues, in addition to 
multidisciplinary research of locally suitable responses to 
climate change and FSSS challenges.

FSSS is a key area that has been focused on over the 
years; several means have be reported and adopted in 
this regard. Evidently, food scarcities lead to malnutrition 
which ultimately leads to death especially amongst chil-
dren and the aging. Hence, researches ought to identify 
and evaluate climatic condition and their effects on agri-
cultural productivity as well FIT vis-à-vis FSSS as a main 
means of survival. Since it has be clearly reported that 
most agricultural yields is determined by higher humid-
ity and lower temperature [95], activities that could lead 
to the depletion of the ozone layer which may reverse the 
natural order even if it is in the FIT perception should 
always be minimized and if possible be totally avoided. 
Policies that can lead to preservation of the ecosystem in 
the context of FIT should be developed and such polies 
should be strictly observed owing to the fact that there 
can be no prosperous global environment without FSSS.

Developments in FIT
The global international community has been facing 
great challenges posed by the depletion and degradation 
of the environment, which serve as a threat to the exist-
ence of mankind and the production of food [14, 26,28, 
60, 118]. However, the challenge posed by depletion and 
degradation of the environment is a result of the growing 
concern with the rapid rate of climate change, which is 
adversely affecting the production of food globally [5, 8, 
10, 64, 98]. Given this, there is a need to ensure sustain-
able quality FSSS by devising a means to enhance high 
quality nutritional and adequate food production [21, 23, 
50, 86]. FIT is a global trending topical issue that relate or 
focuses on how new foods or foods, in general, could be 
developed, produce and process via innovative technol-
ogy [18, 54, 68, 69, 89].

The essence of FIT is to enhance food quality, food 
product safety, and security, and especially to use inno-
vative technology to upset the social, cultural, and envi-
ronmental changes that are currently affecting food 
production (McCullum [26, 59, 73, 102, 119]. Some 
of these FIT include but not limited to the following, 
which are quicker, treatment of soybeans protein with 
 TiO2 photocatalysis to enhance its nutritional value, vitro 

animal  also known as lab-grown meat that produces or 
grown from stem cells harvested from livestock, which 
are then cultured in laboratory [19], non-thermal, tech-
nological genetically modified rice, high-pressure pro-
cessing that has the quality of extending the shelf life of 
food, 3D printing which promotes a healthy  high-tech 
food that redefines how better recipes can be produced 
and sensory-milder thermal technology.

Furthermore, with innovative food technology, per-
sonal and communities want quality food production and 
FSSS are being guaranteed. Given this, nations within the 
global environment are currently adopting innovative 
technology that will enhance quality food production in 
overcoming global climate change. According to Kourk-
outas et  al. [56], most developed countries consumer is 
often demanding on a high-quality food product that are 
safe, have natural content and their shelf life has extended 
time-line. He further stated that, given this demand, 
major researchers had proffered innovative technology 
with respect to food as the most potent means of ensur-
ing adequate food production and FSSS.

However, irrespective of the above development in FIT 
in mitigating the challenges posed by climate change, 
there is still a need to utilised possible means such as 
policy or international regulatory frame-work in curtail-
ing the excessive human activities that lead to a harmful 
climate change that may hamper food production.

Legal frame‑work on climate change with respect 
to FIT
To ensure a better and effective food development and 
production [9, 13, 24], it requires a safe and protected 
climatic condition, free from pollution, depletion of the 
ozone layer. Furthermore, given the ineffective preser-
vation of land, water, and air from depletion as a result 
of human activities it has led to the development FIT [6, 
58, 66]. However, the global international community has 
been facing great challenges (climate change) pose by the 
depletion and degradation of the environment, which 
serve as a threat to the trending innovative food and 
technology [[29, 39 37, 88]. It is as a result of the grow-
ing concern over the deteriorating climatic conditions 
that have led to the emergence of an international regu-
latory regime that sort to address both international and 
domestic environmental or climatic problems [7, 92], to 
ensure the preservation and conservation of the climatic 
environment and to revitalise the trending FIT.

However, despite the international community has giv-
ing enormous attention to solving the change in climatic 
conditions with regard to the formulation of regulatory 
frame-work, the climatic condition is still not favourable 
to mankind in food production. Most developing nation 
such as Nigeria has its own share of climatic change 
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challenges which requires local attention [79],[93], [4], 
of which several laws have been enacted to cater for the 
problem and challenges posed by the very drastic effect 
of environmental change [81, 91].

Given the above, some of the appropriate international 
instruments combating these challenges will be concisely 
evaluated below in analysing the extent laws have been 
put in place in regulating climate change in ensuring a 
better FIT for FSSS.

International regulatory legal framework
International environmental law [85] has its roots prior 
to 1950. Before 1900, there were just a few multilateral or 
bilateral agreements regulating global ecological issues, 
such as boundary waters and fishing rights along shared 
waterways. No attention was given to change in climate 
resulting from pollution and environmental depletion. 
However, in the nineteenth century, given the harsh cli-
matic change [15, 22], countries started recognising the 
need to ensure an effective legal frame-work that will 
protect the climate for a better humankind utilisation, 
such as the current trend of innovative food technology. 
Furthermore, it was Rachel Carson’s [15] famous book 
‘Silent Spring’ that exposed the hazards of the pesticide 
DDT (use by most multi-national company), causing 
environmental havoc on the climatic condition. Her book 
set the stage for the negotiation of several international 
environmental treaties to curtail oil pollution casualties, 
oil pollution damage to the climate, and depletion of the 
ozone layer. Some of these international legal frame-
works related to climate change in FIT will be examined 
in the following subsections.

The Stockholm convention on persistent organic pollutants
The United Nations Stockholm Conference was the first 
International Environmental conference held in 1972 
to deal with significant issues affecting the deteriora-
tion and depletion of the climate condition caused by 
human activities (Burns and Osofsky, 2009; [72]. One of 
such human activities that affect the climate condition 
was persistent organic pollutants; Persistent organic pol-
lutants are organic (carbon-based) compounds that are 
made up of synthesized substances (pesticides and PCBs) 
that are very toxic to the climate condition. However, the 
Stockholm Convention on persistence organic pollut-
ants was made to mitigate and curtail the excess release 
of persistent organic pollutants that deplete the climatic 
condition.

However, the introductory part of the convention pro-
vides that the essence of the convention is as a result 
of the awareness that the persistent organic pollutants 
have toxic substances that resist degradation and bioac-
cumulation, and which also have a harmful effect when 

accumulated in terrestrial, aquatic, and arctic ecosys-
tems. The introduction also captured the fact that the 
climate is at risk, given the biomagnifications of the per-
sistent organic pollutants that contaminate traditional 
foods. Furthermore, Article 3 of the Stockholm Conven-
tion on Persistent Organic Pollutants requires signa-
tory state to take measures in reducing or eliminating 
the releases from intentional production and use of the 
chemicals listed in Annex A. These chemicals include; 
Aldrin, Dieldrin, Chlordane, Heptachlor, Endrin, Toxa-
phene, Mirex, and chemicals listed in Annex B of the 
convention. In addition, in ensuring effective implemen-
tation of the Convention. Article 7 of the convention fur-
ther required parties to the convention to develop and 
strategies plans for the implementation of their responsi-
bilities as contained in the Convention and to also coop-
erate with the regional and sub-regional organizations, 
and consult their national stakeholders to a safe climate 
free from organic pollutant.

It is relevant to state that the Stockholm Conven-
tion has been further improved on as a result of several 
Conferences held. One such relevant conference meet-
ing was held in Geneva, Switzerland, from 4 to 15th May 
2015; the meeting theme was “from science to action, 
working for a safer tomorrow. Notable decision taken 
to strengthen the protection of the climate was a further 
measures strategy eliminate release from waste, evalu-
ation of the continued need for the procedure under 
Paragraph 2(5) of Article 3, further consideration and 
reassessment of the use of hexachlorobutadiene.

RIO declaration on environment and development
The Rio Declaration on the environment is an offshoot 
of the United Nations Conference on Environment and 
Development (UNCED), also called the Rio de Janeiro 
Earth Summit. The essence of the Rio Declaration was 
aimed at addressing pertinent issues threatening climate 
earth [57]. Some of these pertinent issues that the Rio 
Declaration sort of solving as it relates to climate change 
are summarized below:

• Unsystematic scrutiny of the process of production 
of toxic components, such as poisonous waste, haz-
ardous waste, lead in gasoline, and radioactive chem-
icals.

• Using other sources of energy to replace the use of 
fossil fuels that often lead to global climate change via 
the emission of GHG.

• Reducing or eliminating the release of vehicle emis-
sions (GHG in particular) that often result in pol-
luted air and modification of the climate system 
resulting to climate change.
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Nevertheless, the above Principle 1 of the Rio Decla-
ration is to the extent that the concern for sustainable 
development is very vital to the existence of the climate 
earth and to prevent harmful climate change. Given the 
exactitude of principles, Principle 2 of the Rio Declara-
tion further required States to ensure the effective exploi-
tation of their resources and take responsibilities in 
ensuring that their activities do not affect or cause pos-
sible harm to the climate system.

Albeit, it is also pertinent to state that there are other 
relevant binding conventions, which are aimed at pro-
tecting the harmful change in the climate systems that 
also came into effect during the Rio Conference. Sum-
marily, they include:

• The principles of Agenda 21 recognize that biological 
diversity is approximately more than just plants, ani-
mals, and microorganisms as well as the ecosystems 
which they live in; it is also about people and their 
need for medicines, fresh air and water, shelter, a 
clean and healthy environment to live as well as FSSS.

• The United Nation Framework Convention on Cli-
mate Change (UNFCCC) whose definitive objective 
is to attain the steadying of GHG concentrations 
within the atmospheric environment at an extent 
that would avert perilous interference with the  cli-
mate settings.

• The United Nations Convention to Combat Deserti-
fication (UNCCD) who is the only legitimately bind-
ing global agreement networking environment and 
development to sustainable land management aimed 
at fostering FSSS.

A perusal of the above treaties tends to ensure that 
there is an adequate measure put in place to savage loom-
ing change in climate system that may be very harmful 
to humans, plants, animals, and the ecosystem in general.

The Kyoto protocol and the Paris climate conference 
agreement in 2015
The Kyoto Protocol is an international treaty adopted by 
member states on  11th December 1997 and came into 
force on 16th February 2005. The protocol came into 
effect given the drastic emission or release of green-
house gasses concentration in the atmosphere (result-
ing from industrial activities), which further resulted 
in changes in the climate condition or global warming 
[12]. However, the Kyoto protocol elaborated on the 
1992 UNFCCC that requires member States or Parties 
to the protocol to eliminate or reduce GHG emissions 
[51]. In this regard, Article 3 of the Kyoto Protocol pro-
vides that only the Annex 1 countries (i.e., developed 
industrialise countries such as the USA, China, Russia, 

Germany, etc.) were required to reduce their rate of 
greenhouse gas emission by 5.20%. Furthermore, Arti-
cle 6, 12, and 17 of the Kyoto Protocol also specified 
developed countries should endeavour to use flexible 
mechanisms in achieving the ultimate aim of the pro-
tocol, which protecting the climate from the hazardous 
and half effect of the greenhouse gas emission.

However, to ensure continuous efforts of protecting 
climate earth from harmful human activities, The Paris 
Climate Conference Agreement in 2015 made to replace 
the first Kyoto Protocol [116]. The Paris Agreement is an 
agreement within the frame-work of the UNFCCC gov-
erning  CO2 reduction measures to be taken in 2020. The 
primary legal innovation of the agreement, which relates 
to climate change on FIT, is as provided in the conven-
tion is described in Article 2, which sort to enhancing the 
implementation of the UNFCCC are summarized below:

• Ensuring that the global average temperature is well 
below 2.0  °C. The agreement further envisages a 
zero-net anthropogenic GHG emission to be attained 
before or during the second half of the twenty-first 
century.

• The agreement also sorts to ensure zero emissions of 
GHG between 2030 and 2050, given the fact that it 
would greatly reduce or possibly eliminate the rate of 
climate change.

• Ensuring better adaptability to the unfavourable 
impacts of climate change in an approach that does 
not threaten or pressure food production.

The above summarized Paris Agreement served as a 
major turning point in mitigating against climate change 
or global warming that negatively affects climate earth 
[31]. However, FIT in the context of FSSS as it relate to 
climate change have not been given the required atten-
tion by most researchers. Most of the reported studies 
on FIT have been carried with researchers paying much 
attention to the varieties of foods available with limited 
consideration on the effects of climatic variables. Hence, 
there is a need to concentrate attention on other factors 
beside the different varieties such as the influence of cli-
mate change and FIT in conjunction on how these factors 
over the years have affected the utilization of FIT with 
respect to FSSS.

The Basel convention and Bamako convention
The Basel Convention is a United Nations Treaty, and the 
convention grew out of the increasing awareness of the 
negative impact of dumping flammable, toxic, explosive, 
and hazardous waste on climate earth. The Basel Con-
vention aims summarily to do the following:
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• Reduce trans-boundary movements of hazardous 
waste to a minimum.

• Ensure that hazardous wastes should be treated and 
disposed of as close as possible to their source of gen-
eration.

• Minimize hazardous waste generation at source.

The issue associated with the health menaces ensu-
ing from hazardous waste in the form of environmen-
tal adulteration is one of the utmost serious concern to 
most ecological researchers around the world [3, 107, 
114]. According to several reported studies, industrial 
waste (such as heavy metals and dyes) is one of the core 
hypothetically environmental noxious waste especially 
in fluid (air or water in particular) and land (soil), which 
are added to the already climate influenced ecosystem via 
some anthropogenic and natural activities. Some of these 
hazardous waste are currently considered as deadly due 
to their mobility rate and solubility tendencies [3, 80, 107, 
114].

Given the above, Annex 1 and III of the Basel Conven-
tion states that wastes listed that possess the character of 
been contagious and hazardous to the climate should be 
treated and eliminated. In furtherance of the Basel Con-
vention, then the following obligation was required to be 
observed by member’s state; Article 2 of the Basel Con-
vention required that contracting parties should ensure 
that steps are taken to curtail the movement of hazardous 
waste across the international boundary. However, Arti-
cle 12 of the Convention further directs parties to adopt 
a protocol that establishes liability rules and procedures 
appropriate for damage resulting from hazardous waste 
movement across borders.

However, in the Basel Convention, there were no pro-
visions for sanction and punishment on erring mem-
bers’ state. Given the legal anomalies inherent in the 
Basel Convention, The African countries came up with 
a convention known as the Bamako Convention on the 
Importation and Control of Trans-Boundary Movement 
of Hazardous waste within Africa. In this regard, Article 
4(3) (c) of the Bamako Convention provides that the gen-
eration of harmful and hazardous wastes within African 
states reduces to a minimum, taking into account the 
global environment. Furthermore, Article 4(3) (b) of the 
Bamako Convention imposes stringent and strict unlim-
ited liability as well as joint and several liabilities on haz-
ardous waste generators. Article 9 (4) of the Convention 
provides that a transboundary movement of hazardous 
wastes is deemed to be illegal traffic. The state of import 
shall ensure that the wastes in question are returned 
to the exporting countries and that legal action as pro-
vided for in the Bamako Convention are taken against the 
contravener(s).

Given the above international legal framework on cli-
mate change, it suffices that the international commu-
nity has been taking legal precautions in combating and 
mitigating challenges in correcting the current climate 
change. The scientist has warned that if nothing is done 
in rectifying the current climate change, agricultural pro-
duction of food will be severely hampered. Hence, the 
use of contemporary and evolving materials (such nano-
materials) and scientific techniques (such as AI and IoT) 
in aspect of FIT that are cost effective and environmen-
tal friendly are highly encouraged and such should be 
evolved [53, 107, 114].

Conclusion
The current accelerated changes in the climatic condi-
tions have aggravated prevailing environmental and cli-
matic complications in almost if not all the regions of the 
world, that are instigated by the combination of variations 
in land use, increasing contamination and deteriorating 
biodiversity. In most affected domains (such as water, 
agricultural processes, ecosystems, health, FSSS), present 
modification and future circumstances dependably point 
to substantial and increasing hazards during the upcom-
ing years, of which some of these impacts are diverse and 
remarkably ambiguous. The application of FIT and CCA 
guidelines and strategies to agricultural processes will be 
of great response and assistance in the mitigation of the 
undesirable effects of the changes in the climatic condi-
tions. Hence, in this study a brief review of some of the 
current developments in agricultural processes with rev-
erence to the effect of climate change on FIT have been 
presented. In addition, some legal framework on climate 
change as it relates to FIT are also discussed.

Policies, approaches, laws (legal framework), guide-
lines and strategies on climate change for the sustain-
able advancement or development of every region need 
to alleviate these ensuing environmental hazards of cli-
mate change, potentially by considering he FIT and CCA 
options such as CSA. However, it would be somehow dif-
ficult to practise, adopt and adapt these options due to 
the current inadequate information, mostly for the most 
vulnerable regions in underdeveloped and developing 
nations, where there are little or no systematic observa-
tions systems and impact models.

Since it is believed that there is hardly a single region 
especially the underdeveloped and developing nations that 
has sufficient and adequate resources both human and 
capital in managing and coping with the accelerated rate 
and pace in the changes of the climatic and environmen-
tal conditions on its own. Therefore, it is suggested that our 
mutual efforts in the upcoming years should concentrate 
on means of fronting these critical climatic situations by 
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re-evaluating our approaches, policies, laws (legal frame-
work), guidelines and strategies on climate change specifi-
cally in line with the SDGs, in all regions especially these 
regions with the most inadequate resources (such as the 
underdeveloped and developing nations) in the perspective 
of FIT designed for fostering FSSS in particular.
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