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ABSTRACT 
 
This review paper analyses the role and many functions of agriculture within the paradigm of 
sustainable development and within the scenario of climate change, which is also characterised by 
an increasing number of natural hazards. The fast-increasing world population, that will achieve the 
number of 9.7 billion in 2050, will not only demand from agricultural producers a much larger supply 
of all commodities, but it will also expect from all farmers – large corporations and smallholders alike 
- a higher level of respect towards some environmental issues. Agriculture is impacting on several 
natural resources (water, soils, biodiversity, etc.) and contemporarily coping with changing climates 
and societal demands, requires modern and efficient production systems. Within this already difficult 
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scenario, climate change is altering the face of risks, not only through increased weather-related 
risks and sea-level and temperature rises, but also through more stresses on water availability and 
ecosystems. The Authors underline that these three aspects (growing food demand, higher attention 
to environmental aspects and resilience building to cope with natural hazards) must be tackled 
together, through short term and long-term measures, with an holistic planning and implementation. 
 

 
Keywords: Sustainable development; resilience; smallholders; SDGs; holistic approach. 
 
1. INTRODUCTION 
 
The agricultural producers, especially the small 
and very small ones, all over the world, in 
developed and developing economies alike, are 
facing tremendous technical and economic 
challenges [1], because of to the long term 
ecological modifications due to climate change, 
and to the extreme violence of some natural 
hazards or disasters [2,3,4]. Both farmers and 
herders are the economic actors mostly exposed 
to the variations of the natural events. The 
expanding world population, increasingly 
urbanized and with new consumption patterns, 
demands higher quantities of ecologically 
expensive foods like meat and dairy products [5] 
while, especially in some ecologically fragile 
areas in developing countries, even traditional 
forms of farming and animal productions (shifting 
agriculture, grazing on wild pastures, collection of 
wild herbs and fruits, fishing, etc.) are showing 
their unsustainability [6]. This paper, articulated 
in three paragraphs, shows literature-based 
evidences calling for institutional and 
technological changes, as well as for better trade 
relationships. 
 
2. SUSTAINABLE DEVELOPMENT AND 

CHALLENGES FOR AGRICULTURE 
 
The concept of “Sustainable Development” was 
first introduced in 1987 in the report “Our 
Common Future”, released by the United Nations 
World Commission on Environment and 
Development, commonly named the “Brundtland 
Report”, after the commission's chairperson, Mrs. 
G.B. Brundtland. The report was a response to 
the conflicts between the globalized economic 
growth and the worldwide accelerating 
environmental degradation. The challenges 
posed in the 1980s were to harmonize prosperity 
and economic growth with the conservation of 
natural resources. This was to be achieved by 
redefining the concept of “economic 
development” as a new idea of “sustainable 
development”. “Environment is where we live; 
and development is what we all do in attempting 
to improve our lot within that abode. The two are 

inseparable…. Humanity has the ability to make 
development sustainable: to ensure that it meets 
the needs of the present without compromising 
the ability of future generations to meet their own 
needs [7, p.7]. Economic development and the 
management of natural resources were linked in 
time and space. 
 
Sustainable development is defined as 
composed of three main dimensions: 
environmental, economic and social. Sustainable 
programs and policies are those aiming at these 
three goals. Sustainability has both individual 
and institutional applicability, and is usually a 
balancing act within these three main spheres 
[8]. The concept shares the principles of the 
overall sustainable development but emphasizes 
the rational use of natural resources as a key 
element within any development strategy, not 
only for its importance to present and future 
generations, but because natural resources are 
among the most important assets in rural areas. 
The importance of sustainable rural development 
is highlighted by the fact that approximately 75 
per cent of the absolute poor in developing 
countries live in rural areas, where they depend 
mostly on agriculture for their livelihoods [9]. 
More recently [10], after a long discussion and 
several proposals by individual scientists and 
national and international institutions, such as 
UNESCO, a fourth aspect of sustainability has 
been added, that refers to institutional and 
cultural aspects. 
 
The FAO Council has defined Sustainable 
Agriculture and Rural Development (SARD) as: 
...the management and conservation of the 
natural resource base, and the orientation of 
technological and institutional change in such a 
manner as to ensure the attainment and 
continued satisfaction of human needs for 
present and future generations. Such sustainable 
development [in the agriculture, forestry and 
fisheries sectors] conserves land, water, plant 
and animal genetic resources, is environmentally 
non-degrading, technically appropriate, 
economically viable and socially acceptable [11, 
p.15]. 
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Sustainable Agriculture and Rural Development 
meets the following criteria [12]:  
 

a) Satisfies the basic nutritional requirements 
of present and future generations, 
qualitatively and quantitatively, while 
providing a number of other agricultural 
products; 

b) Provides durable employment, sufficient 
income, and decent living and working 
conditions for all those engaged in 
agricultural production; 

c) Maintains and, where possible, enhances 
the productive capacity of the natural 
resource base as a whole, and the 
regenerative capacity of renewable 
resources, without disrupting the 
functioning of basic ecological cycles and 
natural balances, destroying the socio-
cultural attributes of rural communities, or 
causing contamination of the environment; 

d) Reduces the vulnerability of the agricultural 
sector to adverse natural and socio-
economic factors and other risks, and 
strengthening self-reliance. 

 
One key consideration for the achievement of 
SARD is the relationship between demographic 
and economic growth. Considering the 
increasing population and the rising individual 
consumption, agriculture must expand. It must do 
so not only to nourish the people, but also to 
contribute to the reduction of poverty, by 
providing food at low prices for the poor and 
acceptable income for the rural people. This 
involves educational initiatives, utilization of 
economic incentives and the development of 
appropriate new technologies, for a regular 
supply of raw commodities and processed foods. 
SARD includes production for markets, 
employment and income generation to alleviate 
poverty, while encouraging proper natural 
resource management and environmental 
protection. 
  
The Commission on Sustainable Development 
(CSD) first reviewed the concept of Rural 
Development in 1995, when it noted that, even 
though some progress had been reported, many 
countries were still far from sustainable 
agriculture and rural development [13]. 
Sustainable agriculture was also considered at 
the five-year review of implementation of Agenda 
21 in 1997 [14]. In 2000, the UN Assembly 
resolved to halve by the year 2015 the proportion 
of the world's population suffering from hunger 
[15] and established the following eight 

Millennium Development Goals (MDG): 1) 
Eradicate extreme poverty and hunger; 2) 
Achieve universal primary education; 3) Promote 
gender equality; 4) Reduce child mortality; 5) 
Improve maternal health; 6) Combat HIV/AIDS, 
malaria, and other diseases; 7) Ensure 
environmental sustainability; 8) Develop a global 
partnership for development. 
 
Agriculture within a holistic rural development 
paradigm was a major focus of the Commission 
on Sustainable Development in 2000, along with 
integrated planning and management of land 
resources. The Commission identified 12 
priorities for action [16] and reaffirmed that the 
major objectives of SARD were to increase food 
production and to enhance food security in an 
environmentally sound way.  SARD should also 
contribute to sustainable natural resource 
management, but it was underlined that food 
security, although a policy priority for all 
countries, remained an unfulfilled goal.  
 
Although several studies show positive growth 
and poverty reduction effects from public 
spending in agriculture and rural development, 
many low-income countries still depend on 
external assistance for policies and projects     
[17]. 
 
In more recent years, for many crops the yield 
growth has slowed down, and modern inputs 
have caused environmental damages in many 
regions, including degradation of water quality 
because of chemical pollution, salinization due to 
irrigation, and loss of biodiversity through habitat 
destruction, as well as the loss of pollinators 
needed to maintain sustainability. Many insects, 
pests, weeds, bacteria and viruses have 
increased their resistance to chemicals, while the 
promotion of high-yielding cultivars and livestock 
breeds has substantially reduced agri-
biodiversity, increasing vulnerability to pests, 
diseases and climatic shocks [18]. 
 
Between 1990 and 2005, the global forest area 
has decreased by approximately 1.3 million 
square kilometres. This was a 0.2 percent 
average annual loss, with the largest absolute 
net losses taking place in Indonesia and Brazil. 
There are, however, substantial differences 
between regions, and between the first decade of 
that period and the last five years. The highest 
rates of net loss in forest cover are found in sub-
Saharan Africa and in Latin America and the 
Caribbean. In sub-Saharan Africa, although the 
rate of loss declined slightly in recent years, 
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forest cover is increasing only in a few countries 
[19]. 
 
Since the Millennium declaration, much has been 
achieved [20]. The number of people living in 
extreme poverty has declined by more than half, 
falling from 1.9 billion in 1990 to 836 million in 
2015 (MDG 1). The literacy rate among youth 
aged 15 to 24 has increased globally from 83 per 
cent to 91 per cent (MDG 2). Developing regions 
as a whole have achieved the target to eliminate 
gender disparity in primary, secondary and 
tertiary education (MDG 3). The global under-five 
mortality rate has declined by more than half 
(MDG 4). The maternal mortality ratio has 
declined by 45 per cent worldwide (MDG 5). New 
HIV infections fell by approximately 40 per cent 
[MDG 6]. Ninety-one per cent of the global 
population is using an improved source of 
drinking water, compared to 76 per cent in 1990 
(MDG 7). Official development assistance from 
developed countries increased by 66 per cent in 
real terms from 2000, reaching USD 135.2 billion 
in 2014 (MDG 8). 
 
However, according to UN [21] the current 
development strategies are not sufficient for 
achieving sustainable development. The 
accelerating environmental degradation inflicts 
increasing costs on societies. Food insecurity 
and vulnerability are still very frequent around    
the world. Environment degradation and 
unsustainable agriculture remain two of the 
biggest challenges for the future [22]. When 
inequality is high and a large number of 
extremely poor people live in relative isolation 
from the broader economy, those at the bottom 
of the income scale typically benefit very little 
from economic growth [23].  
 
In the past, strong agricultural growth has been a 
consistent feature of countries that have 
successfully managed to reduce poverty. 
According to [24] GDP growth generated in 
agriculture was, on average, four times more 
effective in benefiting the poorest half of the 
population than growth generated outside 
agriculture. Improvements in agricultural 
productivity have been fairly widespread, but 
significant gaps between regions remain. Factors 
driving land and labour productivity trends 
include higher use of improved inputs in Asia, 
resettlement policies in Latin America, and 
environmental conservation programs in 
developed regions. High-income countries with 
limited supplies of land and labour (especially in 
Western Europe) show high and increasing land 

and labour productivity. Asia, with little additional 
land and abundant labour, has shown high and 
increasing land productivity but low labour 
productivity. Sub-Saharan Africa has low 
productivity in both dimensions, with some 
limited progress on land productivity [25]. 
 
More recently, during the United Nations post-
2015 agenda summit, 17 Sustainable 
Development Goals [SDG] were proposed to be 
achieved by 2030 [26]. At least eight goals 
include actions for the agri-food value chains, 
from the production of raw commodities to 
consumption: 1) End poverty in all its forms 
everywhere; 2) End hunger, achieve food 
security and improved nutrition and promote 
sustainable agriculture; 6) Ensure availability and 
sustainable management of water and sanitation 
for all; 8) Promote sustained, inclusive and 
sustainable economic growth, full and productive 
employment and decent work for all; 10) Reduce 
inequality within and among countries; 12) 
Ensure sustainable consumption and production 
patterns; 13) Take urgent action to combat 
climate change and its impacts; and 15) Protect, 
restore and promote sustainable use of terrestrial 
ecosystems, sustainably manage forests, combat 
desertification, and halt and reverse land 
degradation and halt biodiversity loss. It is 
evident that these goals are twisted together and 
that they can only be achieved together, with a 
combined and holistic approach, that considers 
together the many factors that are still slowing 
down the pace of development.  
 
3. IMPACT OF AGRICULTURE ON 

ECOSYSTEMS AND NATURAL 
RESOURCES 

 
Every day, agriculture produces an average of 
23.7 million tons of food, including 19.5 million 
tons of cereals, roots, tubers, fruit and 
vegetables, 1.1 million tons of meat, and 2.1 
billion litres of milk. Capture fisheries and 
aquaculture harvest more than 400,000 tons of 
fish daily, while forests provide 9.5 million cubic 
meters of timber and fuel wood. In one day, crop 
production uses 7.4 trillion litres of water for 
irrigation, and 300,000 tons of fertilizer [27]. In 
addition to meeting humanity’s basic needs for 
food, feed, fibre and fuel, agriculture employs 
more than one third of the world’s workers, and 
provides livelihoods for rural households totalling 
2.5 billion people [28]. It contributes to social 
cohesion in rural areas, and preserves cultural 
traditions and heritage [29]. It also makes 
important contributions to landscape and wildlife 
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management, the protection of wildlife habitats, 
water management and quality, flood control and 
climate change mitigation. FAO predicts [27] that 
agriculture should globally produce 60 percent 
more food, and 100 percent more in developing 
countries by 2050. This forecast increases the 
stress on the agricultural sector, and on the 
natural ecosystems on which it depends.  
 
An ecosystem is composed by all living organism 
and non-living components of the environment 
that interact together. Ecosystems [30] provide 
fourteen categories of services through their 
capacities to process matter, transform energy 
and alter the physical, chemical and biological 
characteristics of the materials: 
 

1. Purification of air and water; 
2. Mitigation of droughts and floods; 
3. Generation and preservation of soils and 

renewal of their fertility; 
4. Detoxification and decomposition of 

wastes; 
5. Pollination of crops and natural 

vegetation; 
6. Dispersal of seeds; 
7. Cycling and movement of nutrients; 
8. Control most potential agricultural pests; 
9. Maintenance of biodiversity; 
10. Protection of coastal shores from erosion 

by waves; 
11. Protection from the sun's harmful 

ultraviolet rays; 
12. Stabilization of the climate; 
13. Moderation of weather extremes and 

their impacts; 
14. Provision of aesthetic beauty and 

intellectual stimulation. 
 
Farmers use several of the above-mentioned 
services. The natural environment provides 
essential inputs to agriculture, many of which are 
uncounted and unrecorded - sunlight, wind, and 
rain – which are converted into appropriable 
private goods such as crops. At the same time, 
different forms of agriculture constitute particular 
agricultural ecosystems, that could produce 
services too, such as carbon sequestration and 
stabilization of climate, beauty and tourism, 
habitats for endangered species and other 
wildlife, purification of air and water and 
decomposition of wastes, and mitigation of 
drought and floods.  
 
The changes to the environment associated with 
agriculture affect a wide range of ecosystem 
services, including food and materials for human 

consumption, water quality and quantity, soil and 
air quality, carbon sequestration, pollination 
services, seed dispersal, pest mitigation, 
biodiversity, habitat change and degradation, and 
protection from disturbances. Food and materials 
for human consumption serve as prime 
ecological indicators since this is the main 
purpose of agriculture. The services provided 
through agriculture are usually measured as 
productivity or yields, calculated as the weight of 
material per area in cultivation. In addition to 
food, crops are grown for energy, fibres, oils, and 
other goods. Soil and water quality and quantity 
are important services that can be enhanced or 
degraded by agriculture. Agriculture also has 
both a direct and indirect effect on water 
consumption and quality. The type of farming 
system employed, and the agricultural practices 
used, determine agriculture’s positive or negative 
interaction with ecosystems [31].  
 
In 2005, the Millennium Ecosystem Assessment 
[32] appraised the state of global ecosystem 
services, and found that most were being 
degraded or used unsustainably. Growth in 
global food production over the past half century 
has required trade-offs between ecosystem 
services, resulting in an overall decline in the 
supply of services other than food, feed and 
fibre. Climate regulation, water provision, and soil 
fertility are impacted by agricultural production, 
yet most farmers have little or no financial 
incentive to protect them and consequently 
agriculture is a leading cause of soil erosion, 
water pollution, biodiversity loss, and greenhouse 
gas emissions from negative land uses. 
 
Practically, all agricultural practices and 
techniques adopted by farmers have a direct 
impact on natural resources sustainability, thus 
influencing sustainable development.  
 
3.1 Water Deterioration 
 
One major component of environmental 
degradation is the depletion of the resource of 
fresh water. Approximately only 2.5 percent of all 
of the water is fresh water, with the rest being 
salt water. 69 percent of the fresh water is frozen 
in ice caps located on Antarctica and Greenland, 
so only 30 percent of the 2.5 percent of fresh 
water is available for consumption. Fresh water 
is an exceptionally important resource, since life 
is ultimately dependent on it. Water transports 
nutrients within the biosphere to all forms of life, 
sustains both plants and animals, and moulds 
the surface of the planet with transportation and 
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deposition of materials [33]. Approximately 85 
percent is used for irrigation of farmland, golf 
courses, and parks. Six percent is used for 
domestic purposes such as indoor bathing and 
outdoor garden and lawn use. Four percent is 
used for industrial purposes such as processing, 
washing, and cooling in manufacturing centres 
[34]. It is estimated that one out of three people 
over the entire globe is already facing water 
shortages. Almost one-fifth of the world’s 
population lives in areas of physical water 
scarcity, and almost one quarter of the world’s 
population lives in a developing country that 
lacks the necessary infrastructure to use water 
from available rivers and aquifers. Water scarcity 
will continue to be a problem due to population 
growth, increased urbanization, higher standards 
of living with increased consumption, and climate 
change. Agriculture carries a high responsibility 
for the management of water resources in 
quantitative and qualitative terms. Careful 
management of water resources and efficient 
use of water for rainfed crops and pastures, for 
irrigation where applicable, and for livestock, are 
critical for good agricultural practices.  
 
The agricultural techniques include maximizing 
the infiltration of rain water on agricultural land 
and maintaining soil cover to avoid surface run-
off and minimize leaching to water tables. The 
maintenance of adequate soil structure, including 
continuous macrospores and soil organic matter, 
is an important factor to achieve this. Efficient 
irrigation methods and technologies minimize 
losses during the supply and distribution of 
irrigation water by adapting the quantity and 
timing to agronomic requirements to avoid 
excessive leaching and salinization. Water tables 
should be managed to prevent excessive rise or 
fall. The use of chemical products also plays an 
important role, since every chemical substance 
not utilized by crops will leach into groundwater, 
contaminating aquifers. In this sense is extremely 
important to calculate the exact quantity of 
chemicals needed, in order to avoid exceeding 
these limits. 
 
3.2 Land Degradation: Soil Erosion, 

Compaction, Salinization and 
Desertification 

 
It has been estimated that, worldwide, land 
degradation costs USD 40 billion annually even 
without considering the hidden costs of increased 
fertilizer use, loss of biodiversity and loss of 
unique ecosystems [35]. Degraded land is costly 
to reclaim and, if severely degraded may be no 

longer of use. Land degradation is the reduction 
in the capacity of the land to perform ecosystem 
services [including those of agro-ecosystems and 
urban systems] that support society and 
development. It includes damage or change to 
soil structure and influences water bodies, 
vegetative cover and fauna. Land degradation 
may occur through different processes: 
 

- Physical: crusting, compaction and 
erosion; 

- Chemical: acidification, leaching, 
salinization and pollution; 

- Biological: changes in biodiversity and 
eutrophication. 

 
The growing demand for food leads to 
intensification of farming which, if not done 
through sound practices, may lead to land 
degradation. In addition to intensification, other 
factors can contribute to land degradation, 
including land tenure status, fragmentation of 
land and differences in management, lack of 
knowledge of environmentally sound 
technologies, reduction of extension services, 
natural disasters, and lack of incentives to 
practice environmentally sound agriculture. The 
overuse of inputs and inappropriate land 
management practices are not only wasteful, but 
also damages agricultural products as well as the 
environment and human health.  
 
Soil erosion is defined as the washing or blowing 
away of surface soil. It is one of the most 
widespread and dangerous forms of land 
degradation. When cultivation, grazing, burning 
or use of heavy machinery disturbs soil 
vegetation cover, soil becomes vulnerable to 
erosion. Erosion accelerates when sloping land 
is ploughed, grass is removed, cattle and goats 
are allowed to overgraze, and hillside trees are 
cut. Cropland is at the highest risk of erosion 
especially when farming systems leave the land 
bare exposed to wind and water. The physical 
and chemical structure of the soil, as well as its 
biological activity, are fundamental to sustaining 
agricultural productivity and they determine, in 
their complexity, soil fertility. Soil management 
maintains and improves soil fertility by minimizing 
losses of soil, nutrients, and agrochemicals 
through erosion, runoff and leaching into surface 
or ground water. Such losses represent 
inefficient and unsustainable management of 
these resources as well as to their potential 
deleterious off-site effects. Sound soil 
management seeks to enhance the biological 
activity of the soil and protect surrounding natural 
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vegetation and wildlife. If the land is not well 
managed, heavy precipitation could cause 
landslides.  
 
Soil compaction is another serious environmental 
problem caused mainly by the use of heavy 
machinery on farm fields. The immediate 
consequences of soil compaction are decreased 
water and fertilizer efficiency and increased soil 
erosion. Soil compaction increases the risk of 
crop failure under reduced water supply and it 
increases farming costs. Compaction is a 
subsurface phenomenon that requires soil 
excavation in order to view and describe it. The 
two most common visible forms of soil 
compaction are massiveness [soil aggregates 
compressed into large and dense blocks] and 
platiness [the soil forms plate-like structures 
horizontal to the soil surface].  
 
Salinization: the accumulation of salts from 
improper soil and water management is a serious 
problem worldwide. The global cost of irrigation-
induced salinity is estimated to be USD 11 billion 
per year. This phenomenon occurs naturally in 
areas where rocks are rich in soluble salts. In 
these cases, primary salinization occurs if the 
ground water table is shallow and there is 
insufficient rainfall to leach soluble salts from the 
soil, or where drainage is restricted. Secondary 
salinization occurs when significant amounts of 
water are provided through irrigation, but there is 
no adequate provision of drainage for the 
leaching and removal of salts. Salt-affected soils 
reduce both the ability of crops to take up water 
and the availability of micronutrients. Salts can 
also be toxic to plants. Salinity can also be 
considered a form of pollution. The reclamation 
of salt-affected land is costly and often difficult. 
 
Desertification is an extreme type of land 
degradation in which a relatively dry land region 
becomes increasingly arid, typically losing its 
bodies of water as well as vegetation and wildlife. 

It is caused by a variety of factors, such as 
climate change and human activity. The process 
of fertile land transforming into desert is typically 
a result of deforestation, drought or inappropriate 
agriculture [36]. Today, dry lands occupy 
approximately 40–41 percent of global land area 

and are home to more than two billion people. It 
is estimated that some 10–20 percent of drylands 
are already degraded, and that the total area 
affected by desertification is between six and 12 
million square kilometres. It is estimated that a 
billion people are under threat from further 
desertification [37]. 

Table 1 provides a summary of the main 
processes of natural resources degradation 
influenced by agricultural activities. 
 
The farming system and agricultural practices 
chosen by farmers influence the impact of 
agriculture on natural resources and eco-
systems sustainability. The ways in which 
agricultural production factors are managed and 
interact with weather and climatic agents have  
an important role in defining ecosystem 
sustainability and the rate of land and water 
degradation within a specific watershed. 
Agricultural practices can substantially affect the 
functioning of ecosystems, both positively and 
negatively (Table 2). 
 
3.3 Climate Change, Risk Management 

and Resilience 
 
Various definitions of climate change exist, but 
the Australian Academy of Sciences [39] defines 
climate change as a change in the average 
pattern of weather over a long period of time, 
typically decades or longer.  
 
Climate change has already significantly 
impacted agriculture [40] and it is expected to 
further impact food production, both directly and 
indirectly. Increase of mean temperatures, 
changes in rain patterns, increased variability 
both in temperature and rain patterns, changes in 
water availability, frequency and intensity of 
“extreme events”, sea level rise and salinization, 
perturbations in ecosystems, will all have 
profound impacts on agriculture, forestry and 
fisheries [2]. The extent of these impacts will 
depend not only on the intensity and timing 
[periodicity] of the changes, but also on their 
combination. These are more uncertain, and 
more dependent on local conditions. Since the 
Intergovernmental Panel on Climate Change 
report in 2007 [41], some studies have attempted 
to anticipate these impacts and provide 
projections, allowing for more concrete visions of 
projected changes. 
 
The impacts of climate change have major 
effects on agricultural production, with a 
decrease in output in certain areas / crops and 
increased variability of yields, to the extent that 
important changes may need to be made by 
primary producers. Broadly speaking, with 
everything else being equal, climate change may 
lead to an increase in both crop and livestock 
productivity in mid- to high latitudes and a 
decrease in tropical and subtropical areas.
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Table 1. Influence of agricultural activities on natural degradation processes 
 

Process of 
degradation 

Causes Effects 

Water Deterioration Overuse of agrochemicals [fertilizers, pesticides, etc.], overuse of water, 
mismanagement of wastes and sewer 

Water shortage and pollution 

Soil erosion Crops on steep slope or inadequate land, lack of soil covering during rainy 
seasons, deforestation, lack of contour line ploughing or anti-erosion structures, 
lack of windbreakers, burning 

Productivity reduction, soil infertility, landslides, 
increasing of lakes and tanks level,  

Salinization Waterlogging because of unsustainable irrigation schemes, too water demanding 
crop according to local water availability, lack of drainage systems 

Productivity reduction, soil infertility, water 
shortage  

Desertification Overgrazing and over-cropping, ploughing, deforestation, salinization Productivity reduction, soil infertility, water 
shortage 

Source: own elaboration 
 

Table 2. Overview of agricultural technologies and impacts on ecosystem services 
 

Technology on Soils on Water on Biodiversity on Air/Climate 
Monoculture   Reduces habitat for insects and 

wildlife, leading to increased 
need for pesticides 

 

Continuous 
Cropping 

Soil fertility declines due to 
nutrient mining 

 Reduces farmers' ability to use 
natural pest cycles, leading to 
increased need for pesticides 

 

Conventional 
Tillage 

Reduces soil organic matter, 
leading to increased erosion 

  Contributes to CO2 emissions 
due to  decomposition of soil 
organic matter 

Intensive 
Hillside 
Cultivation 

Increases erosion, leading to 
soil degradation 

   

Intensive 
Livestock 
Systems 

Increases erosion and soil 
compaction due to overgrazing 
and hoof action  

Untreated livestock waste 
degrades water quality; water 
usage competes with other 
needs  

Degrades grassland habitat due 
to overgrazing  

Contributes to CH4 and N2O 
emissions due to enteric 
fermentation and manure 
management  
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Technology on Soils on Water on Biodiversity on Air/Climate 
Inorganic 
Fertilizers 

Increases soil acidification due 
to nitrate leaching  

Reduces oxygen levels due to 
runoff, harming aquatic 
ecosystems; impairs water for 
human uses  

 Contributes to smog, ozone, acid 
rain, and N2O emissions 

Pesticides   Harms animal and human 
health by accumulating in soils 
and leaching into water bodies 

 

Irrigation 
Systems 

Inadequate drainage and over-
irrigation causes waterlogging 
and salinization  

Degrades downstream 
ecosystems due to polluted run-
off and over-extraction of water  

  

New Seed 
Varieties 

May increase need for inputs 
that negatively impact soils  

May increase need for inputs 
that negatively impact water 
quality and quantity  

Reduces maintenance of 
genetic diversity in landrace 
varieties  

May increase need for fertilizer, 
leading to increased greenhouse 
gas emissions  

Intensive Rice 
Production  

Inadequate drainage and 
continuous flooding causes 
waterlogging, salinization, and 
nutrient problems 

Degrades downstream 
ecosystems due to polluted run-
off and over-extraction of water  

 Contributes to CH4 emissions 
due to anaerobic conditions in 
paddy fields  

Industrial Crop 
Processing 

 Degrades downstream 
ecosystems due to water 
requirements and discharge of 
untreated wastewater  

 Contributes to CO2 emissions 
due to energy requirements of 
machinery  

Source: [38]



 
 
 
 

Bigi et al.; AJAEES, 21(2): 1-17, 2017; Article no.AJAEES.37584 
 
 

 
10 

 

Among the most affected areas, economically 
vulnerable countries that are already food 
insecure could be specifically impacted. This will 
induce significant changes in trade, prices and 
the overall situation of net food importing 
countries. Consequently, climate change will 
increase the gap between developed and 
developing countries, exacerbating their 
relatively lower technical and economical 
capacity [3].  Smallholders and pastoralists will 
suffer complex, localized impacts [42]. According 
to the International Food Policy Research 
Institute [4], climate change will cause an 
increase between 8.5 and 10.3 percent in the 
number of malnourished children in all 
developing countries, relative to scenarios 
without climate change. 
 
People have always adapted to climate variability 
through a variety of means, including switching to 
new agricultural practices. However climate 
change is pushing at risk populations beyond 
their capacity to cope and adapt to the changes 
they have traditionally dealt with, as well as 
making more people vulnerable due to their 
increased sensitivity and exposure to climate 
change impacts. Governments and institutions 
are realizing that food security, poverty reduction 
and prosperity will depend on the integration of 
climate change adaptation strategies in all 
sectors, and their implementation at all levels.  
 
Climate Change Adaptation (CCA) is a dynamic 
process and not an end state, given the 
uncertainty of climate change impacts and the 
need to support at-risk populations [43]. 
 
Agricultural activities in many countries are likely 
to be adversely affected by climate change. 
There is still some debate regarding the extent to 
which climate change will affect agricultural 
productivity at global level, mainly because of 
uncertainty regarding the effects of higher carbon 
concentration on plant growth, or carbon 
fertilization. By one of the different estimations, 
climate change will reduce world agricultural 
production capacity by about 16 percent by the 
2080s. Other studies are more optimistic. There 
is, however, wide consensus that, even if a 
moderate increase were the outcome at the 
global level, there would be serious losses for 
many countries and regions, particularly those in 
the developing world. For instance, it is 
estimated that India and a large number of 
countries in Africa will still face major losses in 
crop yields. Furthermore, the likely increase in 
the frequency of extreme events, such as 

droughts, hurricanes, floods and pest outbreaks 
suggests that it would be risky to focus the 
response to climate change exclusively on 
adaptation [44,45]. Natural extreme events and 
disasters can undermine the capacity to sustain 
a sustainable development process in a specific 
area.  
 
Disasters are defined [46] as situations with a 
major and widespread disruption to life in a 
community or society, from which most people 
are not able to recover without assistance from 
others, often from outside that community or 
society. Disasters typically involve loss of lives, 
infrastructure and other assets, and impact 
people’s wellbeing, security, health and 
livelihoods. Some disaster impacts are 
immediate and others can be exacerbated by the 
way people react to the situation and attempt to 
recover afterwards  
 
During the past four decades, major losses to 
human lives and livelihood, as well as damage to 
economic and social infrastructure, have been 
caused by natural hazards such as earthquakes, 
volcanic activity, landslides, tsunamis, tropical 
cyclones and other severe storms, tornadoes 
and high winds, river floods and coastal flooding, 
wildfires and associated haze, drought, 
sand/dust storms, and insect infestations [47]. 
 
Recorded disasters from 2001 to 2010 affected, 
on average, 232 million people per year, killed 
106 million people, and caused USD 108 billion 
in economic damages [48]. Apart from direct 
losses and damage to infrastructure, goods and 
services calculated after a disaster, many other 
indirect effects could hamper socio-economic 
development. An empirical model [49] estimates 
that the disasters in small developing countries 
affect their exports by an average of 22 percent; 
such negative effect tends to last for about three 
years. 
 
According to Munich RE, which is one of the 
most reliable worldwide and complete database 
on disaster records and statistics, in 2014 980 
events were recorded, with losses estimated at 
USD 110 billion (Fig. 1). The agriculture sector, 
including crops, livestock, fisheries and forestry, 
absorbs approximately 22 percent of the 
economic impact caused by medium and large 
scale natural hazards and disasters in 
developing countries. Yet, despite being so vital 
for food security and livelihoods, the sector 
received less than five percent of post-disaster 
aid [50]. 



The growing incidence of natural disasters is 
highly correlated to the increasing vulnerability of 
households and communities in developing 
countries, because pre-existing socioeconomi
vulnerabilities may exacerbate the impact of a 
natural disaster, making the process of recovery 
more difficult [51]. Thus, the impacts of such 
events could result in an immediate increase in 
poverty and deprivation [52].  
 
Risk is defined as the probability of harmful 
consequences, or expected loss [of lives, people 
injured, property, livelihoods, economic activity 
disrupted or environment damaged] resulting 
from interactions between natural or human
induced hazards and vulnerable/capable 
conditions. Vulnerability is expressed as a set of 
conditions and processes resulting from physical, 
social, economic, and environmental factors, 
which increase the susceptibility of a community 
to the impact of hazards. Conventionally, risk is 
expressed by the equation: 
 
Risk = [Hazards x Vulnerability] / Resilience
 
Countless small-scale, unreported disasters put 
a cumulative strain on health, lives and 
livelihoods. It is now widely accepted that 
disasters are not unavoidable interruptions to 
development, to be dealt with solely through 
rapid delivery of emergency relief, but they are 
the result of unmanaged risks within the 
development process itself.  
 
Resilience is the ability of a system, community 
or society exposed to hazards to resist, absorb, 
accommodate and recover from the effects 
 

Fig. 1. Distribution of economic losses by types of 
Source: Own elaboration based on on

Hidrological events 
( flood, mass 
movements)

27%

Climatological 
events (extrem 

temperature, drought 
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disasters are not unavoidable interruptions to 
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rapid delivery of emergency relief, but they are 
the result of unmanaged risks within the 
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or society exposed to hazards to resist, absorb, 

er from the effects            

of a hazard in a timely and efficient manner, 
including through the preservation and 
restoration of its essential basic structures and 
functions. 
 
Disaster risk can be significantly reduced through 
strategies seeking to decrease vulnerability and 
exposure to hazards, within the wider efforts to 
address poverty and inequality. Humanitarian 
responses to disasters and other crises can be 
designed and implemented in ways that protect 
the affected people’s right to life and other b
rights in the short and longer term. This approach 
is known as disaster risk management. 
 
Fig. 2 shows how a specific shock or disaster 
can affect the development process of a 
vulnerable or resilient community.  
 
Disaster risk management is defined 
concept and practice of reducing disaster risks 
through systematic efforts to analyse and 
manage the causal factors of disasters, including 
through reduced exposure to hazards, lessened 
vulnerability of people and property, wise 
management of land and the environment, and 
improved preparedness and response to adverse 
events” [53]. 
 
Poor rural people around the world constantly 
seek ways to reduce disaster risks. Some 
combine diverse livelihood strategies, such as 
fishing, farming and selling manual
reduce their vulnerability. In many cases, 
however poverty and marginalization restrict their 
options, and only rural-to-urban migration 
remains a likely way of escape. 

 
1. Distribution of economic losses by types of disaster in 2014 

elaboration based on on-line data from Munich RE 
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Fig. 2. Linking development processes with disaster impact 
Source: Own elaboration 

 
Today, there is increasing awareness that 
Governments, with their obligation to respect, 
fulfil and protect human rights, have the primary 
responsibility for reducing disaster risks. The 
international community has the duty to provide 
support and create an enabling environment for 
this obligation to be met. By signing in Japan the 
Hyogo Framework for Action [HFA] at the World 
Conference on Disaster Reduction in 2005, 168 
governments and all leading development and 
humanitarian actors committed to a 10 year 
multi-stakeholder and multi-sectorial plan to 
invest in disaster risk reduction to building 
disaster-resilient societies [53]. The HFA had five 
priorities:  
 

a) Prioritize disaster risk reduction by 
providing high-profile leadership, 
establishing relevant policies and 
programs, and allocating resources to 
implement them; 

b) Identify, assess and monitor disaster risks 
and improving early warning systems; 

c) Create awareness at all levels of society 
about risk and providing information about 
how to reduce it; 

d) Reduce social, economic and 
environmental vulnerabilities and those 
related to land use through improved 
development planning and post-disaster 
reconstruction by all sectors; 

e) Strengthen disaster preparedness for 
effective response at all levels. 

 
Since the HFA was agreed, many governments 
have introduced legislative and policy 
frameworks for disaster risk reduction, 
established early warning systems and increased 
their level of preparedness to respond to 
disasters. However, the goals of the HFA are still 
far from being achieved, particularly in terms of 
addressing the causes of risk and ensuring full 
participation of at-risk populations in risk 
assessments, planning processes and programs. 
A massive effort is needed to bring change at the 
heart of each country’s “development system” 
through the involvement of all sectors and all 
stakeholders, from local to national, in disaster 
risk reduction. 
 
Since May 2015, the Sendai Framework [2015-
2030] has replaced the Hyogo agreement. It was 
adopted at the 3rd UN World Conference on 
Disaster Risk Reduction, held in Sendai, Japan. 
Taking into account the experience gained in the 
previous years, focus has been given to actions 
within and across sectors by States at local, 
national, regional and global levels, in four 
priority areas [54]: 
 

a) Understand disaster risk; 
b) Strengthen disaster risk governance to 

manage disaster risk; 
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c) Invest in disaster risk reduction for 
resilience; 

d) Enhance disaster preparedness for 
effective response and to “Build Back 
Better” in recovery, rehabilitation and 
reconstruction. 

 
As scientific knowledge of global climate change 
increases and its impacts are experienced 
around the world, there is a clear need for a 
broader approach to reducing risks.  
 
Climate change is altering the face of risks, not 
only through increased weather-related risks and 
sea-level and temperature rises, but also through 
increases in societal vulnerabilities, for example, 
from stresses on water availability, agriculture 
and ecosystems. Disaster risk reduction, 
resilience building and CCA share a common 
space of concern: reducing the vulnerability of 
communities and achieving sustainable 
development. 
 
4. CONCLUSIONS 
 
We have analysed how the concept of 
sustainable development is strongly linked with 
properly managed agricultural systems. The four 
pillars of sustainable development - ecological, 
social, economic, and institutional goals – require 
an holistic approach, with locally appropriate and 
feasible solutions. 
 
Today’s large diversity of semi-natural and 
manmade landscapes is the result of centuries of 
human interventions [55]. The management and 
use of natural resources and ecosystem services 
have provided for the multiple needs for food, 
fibre, fodder, fuel, building materials, medicinal 
products and water of a slowly growing world 
population. Nowadays, also because of the 
demographic explosion of the last decades, this 
has often been undertaken in an unsustainable 
manner, causing the degradation of the natural 
resource base and loss of ecosystem services. 
Increasing pressures from population growth, 
changes in food consumption patterns, climate 
change and competition from other sectors are 
further weakening the viability of many current 
farming systems [56].  
 
The triple challenges to simultaneously mitigate 
the effects of climate change, safeguard natural 
resources more efficiently and produce more 
food and ensure food security for future 
generations require effective policies and 

approaches to promote sustainable agricultural 
practices [57].  
 
This is not only a public responsibility, at all 
levels [local, national, regional and international] 
but it also calls for private intervention. From the 
smallest producer living in a marginal area in 
developing country to the largest cross-national 
food processors and retailers, there are 
opportunities to change, re-actively and pro-
actively, to ensure long term sustainability to 
farming and food value chains [1,58].  
 
However, due to the extreme heterogeneity of 
the ecological, technological and socio-economic 
situations that can be found on our planet, it is 
obvious that blanket recommendations cannot be 
advanced. Each farming system and each food 
value chain demand to develop different paths, 
location and product specific, to meet the short 
term and long term needs of the various 
stakeholders. Applied, location and product 
specific research is required [59], managed with 
an holistic and participatory approach, to favour 
the elaboration of appropriate innovations and 
their fast diffusion among the farmers and other 
interested parties. Due to its extreme importance 
for agriculture, special attention should be 
devoted to water and water management, where 
technical and institutional innovations have been 
already tested [60]. Training and extension 
activities are also needed [61], managed and 
funded by private profit oriented companies, as 
well as by public entities and by Civil Society 
Organizations (cooperatives, associations, 
advocacy movements). To favour the adoption of 
innovations, grants and credit are also necessary 
[62,63], with a specific focus on smallholders and 
disadvantaged groups, which normally do not 
hold any collateral; micro-credit, in this case, 
could really make the difference and favour the 
involvement of even the smallest producers. New 
forms of marketing, linking together small 
producers, traders, processors and retailers, 
should be part of the game [64], to increase the 
economic resilience of the food value chains, and 
to ensure the long term supply of all 
commodities. Last but not least, a major effort 
should be directed to solve the problem of land 
tenure rights that in many countries are still in a 
greyish area, because producers who are not 
entitled with any formal property rights, well 
recognized in a public land register, normally do 
not invest their physical energies and finances to 
defend the soil with appropriate measures 
[65,66].   
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