One Health 13 (2021) 100258

ELSEVIER

Contents lists available at ScienceDirect
One Health

journal homepage: www.elsevier.com/locate/onehlt

O

Check for

Health impacts of climate change on smallholder farmers e

Byomkesh Talukder® ', Gary W. van Loon ", Keith W. Hipel ¢, Sosten Chiotha ¢,

a,e,**

James Orbinski

2 Dahdaleh Institute for Global Health Research, York University, Canada
b School of Environmental Studies, Queen’s University, Kingston, Canada

¢ System Engineering Department, Waterloo University; Canada Centre for International Governance Innovation Coordinator, Conflict Analysis Group, Waterloo, Canada

4 LEAD Southern and Eastern Africa, Malawi
€ Faculty of Health, York University, Canada.

ARTICLE INFO ABSTRACT

Keywords:

Climate change
Smallholder farmers
Health impacts
SDGs

The health of smallholder farmers is crucial for ensuring food and nutritional security for two billion people.
However, their health is in jeopardy for several reasons including challenges from climate change impacts. Using
a narrative literature review supported by field observations and informal interviews with key informants in
India, Bangladesh and Malawi, this paper identifies and discusses the health impacts of climate change under

four categories: (i) communicable diseases, (ii) non-communicable diseases, (iii) mental health, and (iv) occu-
pational health, safety and other health issues. The health impacts of climate change on smallholder farmers will
hamper the realization of many of the United Nations’ Sustainable Development Goals, and a series of recom-
mendations are made to regional and country governments to address the increasing health impacts of accel-
erating climate change among smallholder farmers.

1. Introduction

The food and nutritional security of two billion people around the
world depend largely on smallholder farmers [1], defined as those who
hold less than 2 ha [ha] of agricultural land [1-4]. The estimated 500
million smallholder farming households worldwide, comprise a large
proportion of the world’s poor, often living on less than $2 a day [5].
Smallholder farms account for about 84% of the world’s farms and cover
12% of global agricultural land [1], while providing 70% of kilocalories
to the people of Asia and sub-Saharan Africa [6]. Despite their crucial
roles in producing food and contributing to agricultural sustainability
[71, smallholder farmers are subject to a vicious cycle of poverty caused
by limited financial resources, environmental stresses and poor social
support, as well as health and education challenges. With limited access
to human, social, economic, technological resources and capital, the
poverty cycle often deepens over generations [8-10].

In addition to existing challenges, the impacts of climate change are
making smallholder farmers and their agricultural systems more
vulnerable [11,12]. While smallholder farmers are struggling to adapt
their agricultural systems to climate change impacts, their health is also
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impacted by climate change. Safe working conditions and good health
are crucial preconditions needed to sustain agriculture practices and
ensure the productivity of smallholder farms. Climate change further
threatens these conditions through more frequent natural disasters and
the increasing occurrence of malnutrition and communicable and non-
communicable diseases. This review paper examines how and why the
health of smallholder farmers is affected by climate change and what
potential interventions may address these issues.

2. Methodology

The authors have directly observed and experienced various socio-
ecological and health impacts of climate change on smallholder
farmers in Bangladesh, India, and Malawi over the last 20 years. We
developed a topical approach to a narrative literature review. This was
informed by open-ended informal discussions with key informants in
Malawi and in Bangladesh that were carried out over multiple field visits
during 2018-20 to understand the health impacts due to increased
average temperatures and increase in extreme weather events resulting
from climate change. Key informants included knowledgeable small-
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Fig. 1. PRISMA flow diagram of narrative literature review.
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Fig. 2. (A) Global distribution of farm field size (smallholder farmers, adapted and modified from [18]); (B) Global distribution of annual mean temperature by
latitude (adapted and modified from [19] with permission); (C) Climate change-induced extreme weather events related to meteorological, hydrological, and
climatological phenomena in 2014 (adapted and modified from [20] with permission); (D) Geographical distribution of emerging infectious diseases reported by
WHO from 1996 to 2009 (adapted and modified from [21] with permission). Note: All the maps from (A) to (D) have been reconstructed by using ArcGIS. (B), (C),
and (D) represent data from 2009 to 2014. Due to lack of availability of more recent data, these maps are considered baseline maps.

holder farmers as well as professionals and experts from government
departments (i.e., health, agriculture, environment, and disaster man-
agement) and NGOs working directly with farmers and in the fields. We
conducted a narrative literature review of both peer-reviewed and grey
literature using a topical approach with the following keyword search
terms: “smallholder farmers”, “food security”, “climate change and

(LI LIS

smallholder farmers”, “climate change and health impacts”, “climate
change and agriculture”, “extreme weather events distribution”, and
“infectious diseases distribution”. Using both (i) Boolean search
methods applied to key word combinations and (ii) identification of
pivotal papers known to the authors, we applied the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses) strategic
review process ([13], see Fig. 1) to identify 200 documents that address

how the impacts of climate change are making smallholder farmers and

their agricultural systems more vulnerable. Of these, 150 were selected
for screening based on a refined focus on how and why the health of
smallholder farmers is or may be affected by climate change. All 150
paper abstracts were reviewed, and 110 documents were selected as
eligible, and 91 documents were included for full review for this
narrative literature review. Our findings are presented and discussed in
Section 3.0, followed by a conclusion and recommendations in Section
4.0.

3. Results and discussion
Most smallholder farms are located mainly in the tropical and sub-

tropical regions of Asia and Africa, and to a lesser extent, in Latin
America. A much smaller number are in temperate zones up to about
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Fig. 2. (continued).

40°N and S latitudes, including areas in Europe and North America
(Fig. 2A & B). As reflected in the rankings of the 2014 Climate Change
Vulnerability Index (CCVI), the regions having the greatest numbers of
small farmers are experiencing and will experience the highest fre-
quency of extreme weather events. The top ten CCVI highly vulnerable
countries are: Bangladesh, Guinea-Bissau, Sierra Leone, Haiti, South
Sudan, Nigeria, DR Congo, Cambodia, Philippines, and Ethiopia. The
CCVI Index assesses the vulnerability of human populations to extreme
climate events and changes over the last 30 years by combining (i)
exposure to climate extremes, (ii) current human sensitivity to climate
stressors, and the (iii) capacity of the country to adapt to the impacts of
climate change [14]. Climate models show that climate variability will
be especially strong in tropical and subtropical regions (between 50°N
and S), which will be hotspots for more frequent extreme weather events
[15,16] (see Fig. 2C). In addition, most emerging infectious diseases
(both vector-borne and direct pathogen) are distributed within these
tropical, subtropical, and temperate regions (see Fig. 2D).

In the tropics and subtropics, smallholder farmers live on homesteads
near or on their farms and often carry out physically strenuous agri-
cultural tasks in the open sun without proper protection, exposing them
to variable and sometimes severe, climatic conditions. Most have limited
or no financial ability or political support to plan for and counteract
extreme weather events such as flooding, hurricanes or prolonged
drought. In addition, smallholder farmers frequently suffer from food
and nutritional insecurity and the consequences of exposure to animal
and insect attacks as well as the negative health effects of pesticides,
fertilizers, and biological pollution [17].

The world is experiencing increasing temperatures that will increase
further, even if the Paris Agreement is fully implemented. While
smallholder farmers already face the health issues outlined above, these

will intensify due to growing climate change impacts. Without full
implementation of the Paris Agreement, the global average temperature
may increase by about 3 °C by 2100 [22], as shown in Fig. 3.

The health impacts of climate change on smallholder farmers can
grouped in to four categories: (i) communicable diseases, (ii) non-
communicable diseases, (iii) mental health, and (iv) occupational
health, safety, and other health issues, as depicted in Fig. 4. These are
discussed in Sections 3.1 to 3.4 below.

3.1. Communicable diseases

Climate change is altering temperature and humidity [23], and this is
having effects on the patterns, frequency, and clusters of extreme
weather events such as cyclones, floods, and drought in tropical and
subtropical regions [24]. These extreme weather events disrupt social
and environmental settings and can create favourable conditions for
microbes, vectors, and reservoir animal hosts to transmit communicable
diseases to humans [25].

Climate change has increased the intensity of Tropical Cyclones
(TCs) [26]. TCs can raise the risk of transmission and outbreak of in-
fectious diseases including leptospirosis, dengue, malaria, cholera, zika,
diarrhea, dysentery, acute respiratory infections, and pulmonary
tuberculosis. They can also create favourable conditions and sites for
vector breeding while hindering sanitation management and good per-
sonal hygiene practices. Furthermore, TCs often cause population
displacement and can inhibit healthcare access [27]. As a consequence,
TCs can significantly affect the health of smallholder farmers who are
located within TC-prone areas as can be seen in Fig. 2A and C. For
instance, the incidence of diarrhea, dysentery, and acute respiratory
infections rose after cyclone Nargis in the coastal areas of Bangladesh
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Fig. 2. (continued).

[28], and two subdivisions in coastal India where most of the settlers are
smallholder farmers observed significantly higher [30%-60%) inci-
dence of diarrhea in 2009 after cyclone Aila [29]. A questionnaire sur-
vey administered by the first author in 2010 among 25 smallholder farm
households in the southwest coast of Bangladesh after Cyclone Sidr
(2007) revealed that 96% of the households were affected by diarrhea
due to lack of fresh water.

Climate change can worsen overall flooding risk, and the frequency
of flooding is especially high in tropical and subtropical regions [30]. In
particular, according to Marsooli et al. [31], coastal flooding in tropical
regions will increase with more frequent TCs. Flooding disrupts and
contaminates the freshwater supply and contributes to poor sanitation,
damage to infrastructure, and failure in delivery of and access to medical
and public health services [27], which in turn may increase the risk of
many foodborne and waterborne infectious diseases in addition to those
mentioned above, such as conjunctivitis, schistosomiasis, skin and soft
tissue infection, and dermatitis [32]. The risks of these diseases are
higher among smallholder farmers since most live in flood-prone regions
as can be seen in Fig. 2A and C and usually do not have the resources
needed to protect themselves adequately.

In contrast, due to climate change, in other parts of some tropical and
subtropical countries the intensity of drought has increased [33]. Where
there is decreased rainfall and drought, infectious diseases can become
more significant through the contamination of ground- and surface-
water by viruses, protozoa, and bacteria. In drought conditions, small-
holder farmers who get their drinking water from private wells are at
higher risk for these drought-related infectious diseases [34]. Further, in
drought stressed areas, agricultural adaptation techniques such as
mulching may shelter some pests and diseases [35], while rainwater
harvesting may be the source of a variety of infectious diseases [36].

Higher temperatures and humidity combined with changing and
increasingly variable precipitation can also lead to risks of vector-borne
disease [37] because of prolonged transmission seasons, favourable
breeding conditions and reduced effectiveness of vector-control in-
terventions [25,38,39].

Worldwide and especially in tropical, subtropical, and temperate
regions, climate change has been reported to be a driver for emerging
food safety risks at various stages of the food chain, from primary pro-
duction through to consumption [40,41]. Unseasonal rain at the time of
harvest can result in agricultural products becoming contaminated with
fungi and mycotoxins such as aflatoxins. Consumption of such
contaminated products by smallholder farmers, who often have limited
choices, may be responsible for disease outbreaks [42]. During transport
and storage, higher temperatures also favor the growth of pathogenic
agents in meat and fish, which can easily cause illness for the small-
holder farmers who consume them.

3.2. Non-communicable diseases

Perhaps less obviously, climate change-induced extreme weather
events such as heat waves, droughts, storms, and floods in tropical,
subtropical, and temperate regions can exacerbate the incidence of some
non-communicable diseases [43], including cardiovascular disease,
cancers, respiratory issues, and malnutrition [44] among smallholder
farmers. For example, heat-triggered chronic kidney disease associated
with recurrent dehydration has been observed in Central America, North
America, South America, the Middle East, Africa, and India [45], ac-
counting for the highest rates of death from kidney disease in the world
[46], and has been newly identified as a sentinel disease of climate
change [47]. In addition, climate change-induced heat waves increase
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Fig. 2. (continued).

the risk of incidence of heat-related health impacts such as heat
exhaustion and heat stroke as well as cardiovascular, respiratory, and
other diseases [48,49]. As outdoor workers who labor in open fields
under the sun, smallholder farmers in these regions of warm climates are
especially exposed to climate change-intensified heat waves and disease.

Flooding and cyclones contribute to a wide range of health and safety
consequences such as drowning, injury and disability [50] among
farmers who stay at home or in the fields to protect their land and
agricultural products during disasters.

Climate change may also increase smallholder farmers’ risk of
neurological disorders as they suffer from malnutrition or are exposed to
biotoxins [algal and fungal] through agricultural practices and food
consumption [51]. Warmer water associated with climate change favors
harmful algal blooms in waterbodies which are often the source of water
for irrigation and sometimes for human consumption [52]. Warmer
temperatures can also increase the abundance of soil-based fungi which
can attack and damage crops [53].

Climate change-induced natural disasters (e.g., flood and cyclone)
have significant impacts on the agricultural sector by directly damaging
crops, supply chains, and agriculture-supporting ecosystems which
affect livelihoods, food security, and nutrition [54]. Smallholder
farmers’ health depends on access to adequate, affordable, good-quality,
and nutritious food. Food insecurity among smallholder farmers can
lead to undernutrition [55], with short-term consequences of mortality,
morbidity, and disability and long-term effects on body growth, intel-
lectual ability, reproductive performance, and metabolic and cardio-
vascular disease [56].

Sea level rise causes growing salinity in many regions where small-
holder farmers work. As a result, they are subject to saline-related issues
such as hypertension, cardiovascular disease, and miscarriage [57-61].

For example, while the millions of smallholder farmers in coastal
Bangladesh are subject to the immediate health impacts of natural ca-
lamities such as cyclone and flood [62], their long-term health is also
affected by the gradually increasing salinity [63].

3.3. Mental health

Climate change may increase the risk of mental health impacts
among smallholder farmers as they face the hardships of practicing
agriculture along with the uncertainties associated with extreme
weather events [64] as well as slow-onset events including sea level rise,
increasing temperatures, ocean acidification, glacial retreat and its
related impacts, salinization, land and forest degradation, loss of
biodiversity, and desertification [65,66]. For instance, in India, climate
change may have contributed to the suicides of nearly 60,000 Indian
farmers and farm workers over the past three decades [67]. Suicides
increase during India’s agricultural growing season, when heat also
reduces crop yields. The frequent cyclones, flooding and drought in
tropical and subtropical regions make sustainable agriculture difficult,
and the potential yields of crop production may fall [68]. Climate
change threatens the provision of a safe and stable water supply and
other vital provisional and regulatory ecosystem services [69,70], and
thus endangers the agricultural practices that depend on them. All these
can augment the concerns and create mental pressure on marginal
farmers who are already facing uncertainties about their ability to thrive
or even survive.

Crop loss, income loss, uncertainty about outcomes, inefficient
disaster management to protect agriculture, destruction of infrastruc-
ture and homesteads, frequency of natural disasters, and limited re-
sources and capacity to cope with shocks exacerbate mental pressure,
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Fig. 3. The world has already experienced a 1 °C temperature increase. By
implementing the Paris Agreement, temperature will still increase, but may be
kept to 1.5 °C. Without full implementation of the Paris Agreement, global
temperature may increase an average of 3 °C by 2100 (adapted and modified
from [22] with permission).

depression, and anxiety among farmers and their families. Hasan et al.
[71] found that the coastal inhabitants of cyclone-prone areas in
Bangladesh, most of whom are smallholder farmers, suffered from
various types of mental health pressure such as acute stress, sleep dis-
orders, post-traumatic stress disorder [PTSD], anxiety, suicidal ideation,
and depression after a cyclone. Nahar et al. [72] noted that a survey
conducted in Bangladesh two months after Cyclone Sidr (2007) showed
that 25%, 18%, 16%, and 15% of 750 survivors suffered from post-
traumatic stress disorders, major depressive disorders, somatoform
disorders, and mixed anxiety and depressive disorders, respectively. At
the very least, climate change-related ecological grief and eco-anxiety
[73] will create mental pressure among farmers apart from post-
disaster mental health conditions.

3.4. Occupational health, safety and other health issues

In 2017, 153 billion hours of labour were lost globally owing to heat
exposure, 80% of which occurred in the agricultural sector, and labour
losses are likely to increase, especially in tropical and subtropical re-
gions [74]. Temperature increases make heat stress more widespread,
thus reducing the total number of work hours for smallholder farmers
[75]. Climate change-related heat stress and humidity lead to risks for
unprotected outdoor workers in unsafe conditions. The health effects of
these conditions can lead to loss of work capacity, income, and liveli-
hood opportunities and reduced productivity [76].

In extreme weather events like floods and cyclones, smallholder
farmers are also more commonly victims of animal [most commonly
snake] and insect bites [50]. In addition, smallholder farmers in many

One Health 13 (2021) 100258

tropical and subtropical countries such as Bangladesh and India are
affected by climate change-related frequent lightning [77,78], which
often causes death, as they work in harsh weather in the field without
any protection [79,80]. This has become a serious issue during the
monsoon season for smallholder farmers in both Bangladesh and India
[81,82].

Smallholder farmers also face health and safety risks associated with
evacuation from disaster [83]. Climate change impacts on smallholder
farmers’ health and agriculture may increase the migration of small-
holder farmers [84,85]. Migrant smallholder farmers will encounter
migration-related health issues, such as psychological ill-health, expo-
sure to environmental risk in the destination site, food insecurity,
inadequate water and sanitation and infectious diseases [86].

Climate change will hamper the livelihoods of smallholder farmers
[12,85]. Their already undermined livelihoods and socio-economic
vulnerabilities will be further threatened as the impacts of climate
change [86] reduce their low adaptive capacity [12,87] and hinder their
access to healthcare facilities to address their health problems.

4. Conclusion and recommendations

In order to continue their livelihoods and produce food, smallholder
farmers have learned how to cope, adapt, and develop resilient practices
in the settings surrounding their homesteads and farms. As climate
change is impacting the environment in which they live and farm, new
challenges have been added. Climate change is increasing the incidents
of extreme weather events and creating favourable conditions for the
emergence and spread of communicable and non-communicable dis-
eases, and smallholder farmers are most often the victims. Smallholder
farmers will have to further adapt their agricultural systems as well as
face climate change-related health impacts that can reduce work per-
formance, income and productivity and perpetuate a downward spiral
into ill health. While facing these challenges, they still have to produce
food which is essential for their existence and to provide for the broader
population.

Smallholder farmers provide 70% of kilocalories to the people of Asia
and sub-Saharan Africa [6], and are central actors involved in achieving
the United Nations’ Sustainable Development Goals (SDGs) in many
developing countries [88]. They play an especially crucial role in SDG1:
No Poverty, SDG 2: Zero Hunger, SGD 3: Good Health and Well-being
[891, and SDG 3: Life on Land [88]. The intensifying health impacts of
climate change will have profound impacts on their ability to contribute
to meeting these goals (see Fig. 5). The COP21 agreement (the 2015 UN
Conference of Parties on Climate Change) has emphasised the need to
strengthen the adaptive capacity of smallholder farmers for the adap-
tation of agriculture under climate change scenarios [1].

COVID-19 has shown how vital smallholder productivity and its
contribution to the economy, food security, and sustained agricultural
livelihoods are for local communities in a pandemic situation [90,91].
However, smallholder farmers’ health has often been neglected in de-
bates about the future of agriculture and left out of policymaking ap-
proaches such as climate-smart agriculture, sustainable agricultural
intensification, transformation of global food systems, ensuring food and
nutritional security, circular agriculture, regenerative agriculture,
ecosystem health, poverty reduction, and agroecology-based
adaptation.

Most smallholder farmers live in least developed countries [LDCs] in
tropical and subtropical regions and fragile conditions. The health im-
pacts of climate change on these farmers exacerbate the poverty cycle,
with cascading impacts on global food security. Climate change-related
health impacts are a major concern for their coping capacity. Therefore,
to minimize the risks of the health impacts of climate change, the
following recommendations should be considered at regional and
country levels:
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Fig. 4. Without controlling increasing temperature, the health impacts of [A] communicable diseases, [B] non-communicable diseases, [C] mental health, and [D]
occupational health, safety, and other health issues of climate change on smallholder farmers will all worsen with time.

M Climate change-related health impacts on smallholder farmers
should be given special consideration in public health policy and
disaster management.

M Easily understandable digital information systems to explain the
climate change-related health impacts on and to smallholder farmers
should be created in order to identify the risks as well as to provide
more effective and efficient medical services and warning systems.

M Smallholder farmers’ welfare and health have to be resilient in facing
the effects of extreme weather in order to continue their agricultural
activities and ensure local and regional food and nutritional security.
Therefore, regional-scale management and protection in-
frastructures to cope with extreme weather events such as cyclones,
flooding, and drought are needed.

B Agricultural extension work should be conducted to introduce
climate smart agricultural practices for relevant climate change
scenarios.

Il Awareness campaigns about the health impacts of climate change
directed at small-holder farmers should be developed.

B Health services specific to the health impacts of climate change and
targeted for delivery to small holder farmers should be developed.

M Farmers should get access to food aid and nutritional support, as
needed.

M Facilities should be created to store their agricultural products dur-
ing the extreme events.

M Guidance and financial assistance/loans should be provided in order
to purchase new equipment needed to adapt and to adopt new
management practices to cope with climate change impacts to pro-
tect agriculture as well as health. Smallholder farmers will also need
market support to keep their livelihoods alive and ensure food
security.

B A good understanding of health impacts is essential for better health
policy for smallholder farmers, health impact modelling, and fore-
casting. The health impacts of climate change on smallholder farmers
are the outcome of non-linearly connected multidimensional factors,
so a complex adaptive system-based framework will be useful in
developing a complete, validated, and integrated model of these
heath impacts.

It is essential to increase outreach and strengthen health systems so

that they are climate-resilient and responsive and accessible to

smallholder farmers.
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Fig. 5. Impacts of smallholder farmers’ health on SDGs. Black arrow (—) indicates overall negative impacts on all 17 SDGs, and green arrow (<) indicates reverse
impacts, which means climate action [SDG:15] will reduce the health impacts of climate change on smallholder farmers. Red arrow (—) indicates smallholder
farmers’ health impact of climate change will have serious negative impacts on achiving SDGs: 1, 2 & 3. Note: In the diagram SGD 1: No Poverty, SGD 2: Zero Hunger,
SGD 3: Good Health and Well-being, SGD 4: Quality Education, SGD 5: Gender Equality, SGD 6: Clean Water and Sanitation, SGD 7: Affordable and Clean Energy,
SGD 8: Decent Work and Economic Growth, SGD 9: Industry, Innovation and Infrastructure, SGD 10: Reducing Inequality, SGD 11: Sustainable Cities and Com-
munities, SGD 12: Responsible Consumption and Production, SGD 13: Climate Action, SGD 14: Life Below Water, SGD 15: Life On Land, SGD 16: Peace, Justice, and
Strong Institutions, SGD 17: Partnerships for the Goals. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of
this article.)
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