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Abstract

Land is a vital natural resource for human socio-ecological wellbeing. Around the

world, land is being degraded due to various natural and anthropogenic factors such

as flooding, wind erosion, agriculture and human settlement, and anthropogenic cli-

mate change. While significant research has been conducted on the separate dyads

of: (1) anthropogenic climate change and land degradation and (2) land degradation

and health, limited consideration has been given to the cause-and-effect relationships

between anthropogenic climate change-triggered land degradation and planetary

health consequences. Using a systematic literature review and the driving force, pres-

sure, state, exposure, effect (DPSEE) framework, this study synthesizes the complex

causal relationships of anthropogenic climate change-triggered land degradation and

its planetary health consequences. Our findings demonstrate that anthropogenic cli-

mate change has induced and accelerated natural and anthropogenic land degrada-

tion through an array of pathways, resulting in planetary health consequences that

can be grouped into six categories: (1) food and nutritional insecurity, (2) communica-

ble and noncommunicable diseases, (3) livelihood insecurity, (4) physical and mental

health, (5) health hazards related to extreme weather events, and (6) migration and

conflict. Interlinkages exist between these six planetary health impact categories,

adding to the complexity of the causal pathways. These collective impacts are ham-

pering the realization of the UN Sustainable Development Goals around the world.

The findings of this study and our DPSEE framework can help policymakers identify

and integrate actions to better manage the planetary health impacts of climate

change-induced land degradation.
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1 | INTRODUCTION

Until recently, science and policy perspectives on the public health of

human populations have not necessarily considered natural ecosys-

tems (Horton et al., 2014). These systems are now under significant

threat in the Anthropocene epoch (Lewis & Maslin, 2015), and in

some cases are leading to accelerated species extinction (Thomas

et al., 2004), nature loss and degradation of natural systems

(WHO, 2015), and as a consequence, pose serious threats to human

health and wellbeing (Díaz et al., 2015; Whitmee et al., 2015). Climate

change is a key driver of changing Earth systems and has been

declared the greatest threat to global human health in the twenty-first
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century (Whitmee et al., 2015). The Intergovernmental Panel on Cli-

mate Change (IPCC) warned that the world's natural and human sys-

tems will face severe challenges if greenhouse gas emissions continue

to rise (IPCC, 2018). The impact of climate change has already been

significant enough to endanger human health both directly and indi-

rectly through the alteration of the Earth's interrelated systems

(Watts et al., 2015).

The link between human health and the planet's natural systems

is core to the concept of planetary health, which is now an emergent

and powerful framework for redefining human clinical public health in

relation to earth's natural systems (Lade et al., 2020; Myers

et al., 2013). First declared as a Manifesto in the 2015 Rockefeller

Foundation–Lancet Commission on Planetary Health, planetary health is

defined as “...the achievement of the highest attainable standard of

(human) health, wellbeing, and equity worldwide through judicious

attention to the human systems—political, economic, and social—that

shape the future of humanity and the Earth's natural systems that

define the safe environmental limits within which humanity can flour-

ish” (Whitmee et al., 2015). As described by the Lancet medical journal

Editor, “...planetary health is a new science that is only beginning to

draw the coordinates of its interests and concerns” (Horton &

Lo, 2015). In this paper, we focus on land degradation and implica-

tions for planetary health.

Land degradation threatens the wellbeing of 3.2 billion people

worldwide, with approximately 75% of Earth's land area degraded

(IPBES, 2018). Global land degradation is happening as a consequence

of various natural and anthropogenic mechanisms including flood,

wind erosion, salinization, agriculture and human settlement, mining,

deforestation, fire, and anthropogenic climate change (IPBES, 2018;

IPCC, 2019; MEA, 2005). The direct and indirect causes of land degra-

dation and their human socio-ecological impacts are well documented

(IPBES, 2018; IPCC, 2019). Land degradation is responsible for the

loss of biodiversity and biological productivity and causes imbalances

in human socio-ecological integrity (Byrnes et al., 2018; IPBES, 2018;

IPCC, 2019; Kidane et al., 2019; MEA, 2005; Mirzabaev et al., 2016;

Nunes et al., 2020; Santini et al., 2020).

Land degradation and climate change each contribute to the

other's acceleration. As climate change intensifies natural and anthro-

pogenic land degradation, soil-based carbon released from degraded

land to the atmosphere and reductions in carbon sequestration con-

tributes to accelerate climate change (IPBES, 2018; IPCC, 2019;

IUCN, 2015). Land degradation has associated human health risks and

is directly or indirectly impacting planetary health through multiple

complex pathways. Limited consideration has been given in the litera-

ture to the cause-and-effect relationship of anthropogenic climate

change and land degradation and the related planetary health effects.

To understand these relationships, we ask two questions: (1) ‘How is

climate change causing land degradation?’ and (2) ‘What potential

planetary health consequences are associated with land degradation?’
This study answers with an identification and synthesis of the com-

plex causal relationships of anthropogenic climate change induced

land degradation and its planetary health consequences. By

integrating information available currently siloed in two dyads—land

degradation and climate change, and land degradation and health—

this paper provides a holistic yet focussed understanding of the

potential threats to human health and well-being by climate change—

induced land degradation.

2 | METHODOLOGY

We developed (1) a dataset using a systematic literature review and

(2) a driving force, pressure, state, exposure, effect (DPSEE) frame-

work using the collected data to identify how climate change has

contributed to land degradation and the resulting human health

impacts.

2.1 | Systematic literature review to create a
database

The PRISMA strategic process (Moher et al., 2009) was deployed for

the systematic literature review, using its four steps: identification,

screening, eligibility, and Included (see Figure 1). In the Identification

step, several preliminary pilot searches were conducted to test the

search strategy and keywords. Then, Web of Science and Google

databases were extensively searched using a combination of key-

words (i.e., land, soil, land degradation, soil degradation, climate

change, global warming, health, human health, and planetary health)

for peer-reviewed articles, reviews, and gray literature on (1) the

nexus of land degradation-climate change-health, (2) land degradation

and climate change, and (3) land degradation and health. No date and

language restrictions were imposed, and all studies in the search

results were in English.

In the screening step, a protocol was developed for selecting the

literature that was relevant to the goals of this paper. Studies that

only included the driving forces of land degradation but not the pro-

cesses were excluded. Inclusion and exclusion criteria were strictly

applied, excluding papers where there was a lack of information on

land degradation processes related to the impact of climate change

and links with human health impacts.

In the eligibility step, 38 articles, reviews, and book chapters that

focused on (1) the processes or direct mechanisms of land degrada-

tion in the context of climate change and (2) the pathways through

which these degraded processes may impact planetary health were

identified as eligible. A common observation throughout the literature

review was a lack of specificity about the health impacts of land deg-

radation and climate change, which required the researchers to use a

snowball method to seek out 56 additional articles, reports, and com-

mentaries outside of the 38 articles to develop the causal pathways in

the model.

In the Included step, 94 documents comprising of articles, book

chapters, reviews, reports, and commentaries were identified for thor-

ough review.
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2.2 | DPSEE framework

To develop the DPSEE framework, data reflected in these 94 articles

related to climate change-driven land degradation, related pressures,

state, exposure pathways, and associated health impacts were

inserted in a MS Excel spreadsheet based on predetermined codes

that were aligned with the study's objectives. The title, abstract, key-

words, authors' names, journal name, and year of publication of the

selected 94 articles were inserted in the same spreadsheet.

Three key international reports were used for guidance to find

and integrate data to develop DPSEE: (1) Summary for Policymakers:

Climate Change and Land: An IPCC Special Report on Climate Change,

Desertification, Land Degradation (IPCC, 2019), (2) The Assessment

Report on Land Degradation and Restoration (IPBES, 2018), and (3) Land

Degradation Assessment in Drylands (FAO, 2011).

Using the spreadsheet data, the DPSEE framework was con-

structed as illustrated in Figure 2. The DPSEE framework is modified

from the DPSEEA framework of von Schirnding (2002). DPSEEA pre-

sents the components in a linear fashion in order to represent the

connections between factors affecting health and the environment

more clearly (von Schirnding, 2002). 'Action' (A), which is included in

the DPSEEA framework, is out of the scope of this study and there-

fore is not addressed.

3 | RESULTS

This section presents the results of a meta-synthesis of the data to

identify and understand how climate change triggers further land deg-

radation and the resulting consequences on planetary health.

Search Articles
TITLE: ("land degradation" OR "soil degradation") AND TOPIC: ("climate

change" OR "global warming") AND TOPIC: (" planetary health*)

0

TOPIC: ("land degradation" OR "soil degradation") AND TOPIC: ("climate

change" OR "global warming") AND TOPIC:("planetary health")

2

TITLE: ("land degradation" OR "soil degradation") AND TOPIC: ("climate

change" OR "global warming") AND TOPIC: (health)

7

TITLE: (land* OR soil*) AND TOPIC: ("climate change" OR "global 

warming") AND TOPIC: (health*)

789

TITLE: (land* OR soil*) AND TOPIC: ("climate change" OR "global 

warming") AND TITLE: (health*)

107

TOPIC: ("land degradation" OR "soil degradation") AND TOPIC: ("climate

change" OR "global warming")

1408

TOPIC: ("land degradation" OR "soil degradation") AND TOPIC: (health) 517

TOPIC: ("land degradation" OR "soil degradation") AND TOPIC: ("climate

change" OR "global warming") AND TOPIC:(migration OR conflict)

82

TOPIC: ("land degradation" OR "soil degradation") AND TOPIC: ("climate

change" OR "global warming") AND TOPIC:(disasters*)

23

Id
en

ti
fi

ca
ti

o
n

Abstracts of articles screened = 344

Articles excluded = 306

S
cr

ee
n

in
g

Articles 

excluded by

title (n = 1912)

In
cl

u
d

ed
E

li
g

ib
il

it
y

Total articles 

identified  

(n = 2935)

Articles after

duplicates removed

(n = 2256)

Identified eligible articles & book chapters = 38        

*Identified snowball articles, reports & commentaries = 56

Finally, articles, reports, book chapters and commentaries included

for review = 94

F IGURE 1 Steps in the PRISMA
systematic literature for creating the
database. Asterisk indicates snowball
method from other reviews and articles
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3.1 | Climate change-triggered land degradation

The DPSEE model in Figure 2 shows the pathways to the planetary

health consequences of land degradation in the context of climate

change. Globally, the physical, chemical, and biological properties of

soil [see Part (a) of Figure 2] are continuously being modified in

response to natural and anthropogenic activities. Many of the changes

are caused by human activities, which frequently lead to the degrada-

tion of soil. As shown in Part (b) of Figure 2, climate change is trigger-

ing further land degradation through higher temperatures, higher

water evaporation rates, heavy rainfall, drought, increased salinity,

acidification, frequent floods, storms, and glacier retreat (IPBES, 2018;

IPCC, 2019). These pressures create a state [see Part (c) of Figure 2]

that affects various aspects of the human socio-ecological systems on

which planetary health depends and thus affect human health in the

ways as shown in Part (d) of Figure 2. For example, decreased soil

moisture results in food contamination and reduced crop yields, lead-

ing to infectious diseases, and malnutrition among humans (Lal, 2009).

Through the literature reviews, six sub-categories of planetary

health impacts were identified [as listed in Part (e) of Figure 2] that

can be linked to land degradation processes directly or indirectly. Each

subcategory can affect at least one other category through these

complex interrelationships. Among these effects, food insecurity was

the dominant concern in the articles reviewed.

3.2 | Planetary health consequences

The planetary health consequences of land degradation augmented

by climate change have been identified and grouped in six categories

which are discussed below.

3.2.1 | Food and nutritional insecurity

Over 95% of humans' food comes directly or indirectly from land

(FAO, 2015). Land degradation resulting from climate change can lead

to food and nutritional insecurity in several ways. Climate change

exacerbates land degradation by influencing several of the processes

that alter soil quality and quantity in a way that hampers agricultural

yield. For example, climate change accelerates topsoil loss by

increased erosion (Li et al., 2020). Topsoil is endangered by both wind

F IGURE 2 The driving force, pressure, state, exposure, effect (DPSEE) framework of the connectivity between land degradation processes
and planetary health consequences in the context of climate change. In the figure '"' indicates increase, '#' indicates decrease and '↕' indicates
increase or decrease of the state. The colored arrows are for visual enhancement purposes only. Drivers in the diagram represent the
mechanisms/processes that drive land degradation; pressures represent climate change-induced pressures; state represents how the drivers
(i.e., land degradation processes) change as a result of climate change; exposure represents exposure pathways for human beings; and effects
represent the resulting planetary health impacts [Colour figure can be viewed at wileyonlinelibrary.com]
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and water erosion (Li et al., 2020; Sulaeman & Westhoff, 2020). Cli-

mate change-related high temperature and enhanced speed of wind

dry the soil and exacerbate wind erosion (Li et al., 2020). Erratic and

short-burst heavy rainfall and pluvial, fluvial, and ocean surge flooding

induced by climate change increases erosion by water (Borrelli

et al., 2020), which degrades land by removing topsoil. Soil formation

is a very slow process; typically, only 2 or 3 cm of new soil are created

over a 100-year period (USDA, 2020) by weathering in situ. This or an

even deeper layer of valuable topsoil can be removed during only one

severe rainfall or wind event. Topsoil contains essential nutrients for

crops, and the loss of this soil decreases soil fertility, which can nega-

tively affect crop yields (Sulaeman & Westhoff, 2020).

Climate change-induced intensified rainfall and increased total

rainfall events increase leaching rates in soils that are well drained and

have high infiltration rates. Increased leaching hampers matter decom-

position in soils (Brinkman & Sombroek, 1996), and leaching of nutri-

ents reduces crop yield.

Climate change affects soil moisture through rising temperatures

and extreme events such as droughts (Green et al., 2019). In their

study Huang & Shao (2019) describe that low moisture content in the

soil of semi-arid and arid ecosystems makes them especially vulnera-

ble when ambient temperatures are higher, adding to the challenge of

providing sufficient moisture for crop growth. In extreme cases, loss

of soil moisture associated with rising temperatures is leading to

increased desertification in areas like the Sahel in Africa (IPCC, 2019).

Continuing warming and reduced precipitation strongly impact desert

soil water balance by altering the hydrological performances of biolog-

ical soil crusts (Li et al., 2018). Soil moisture is critical in maintaining

land-surface-plant-atmosphere interactions (Huang & Shao, 2019) by

influencing a number of other soil functions like microbial respiration

(Manzoni et al., 2012), carbon sink capacities (Alhassan et al., 2018;

Fierer & Schimel, 2003), nutrient (carbon and nitrogen), cycling

(Fierer & Schimel, 2002), run-off generation (Castillo et al., 2003),

dust outbreaks (Fécan et al., 1998), soil-borne pathogens (Avila

et al., 2019), and crop productivity (Denmead & Shaw, 1960). Soil

moisture is crucial for sustainable improvement of food production;

without soil moisture crop yield will decline (Shaxson & Barber, 2003).

Climate change can alter soil porosity through compaction, hardening,

sealing, and slaking (breakdown of soil after wetting). It can also lead

to the loss of soil organisms like earthworms (Chan, 2011), and short-

ened recovery times due to longer frost-free periods (Puhlick &

Fernandez, 2020).

Increased annual temperatures also accelerate the rate of decom-

position of organic matter in the soil, which in turn damages the

capacity of soil water storage, balance of soil nutrients, and aggregate

stability and alters the microbial population in the soil. All these are

essential to maintaining the soil's structure, fertility, productivity, resil-

ience, adaptability, and sustainability or in other words, the overall soil

health (Chan, 2011; Singh et al., 2011). Weak soil health makes it

more susceptible to diseases, invasive species such as weed, and

increases pestilence to crops (Larkin, 2015). In general, sound soil

health is a prerequisite to ensure agricultural productivity as well as

providing other ecosystem services (Brevik & Burgess, 2014;

Chan, 2011; FAO, 2015; Larkin, 2015; Singh et al., 2011).

There are ways in which the impact of climate change on soil ero-

sion can be reduced; the most important of these is by increasing soil

carbon content. Soil carbon supports aggregate formation and stability

through elevated production of the fungal glycoprotein glomalin in

soil. Soil aggregation can prevent soil loss through water and wind

erosion and enhance the chemical, biological, and agricultural proper-

ties of soil (Rillig et al., 1999). Aggregation also produces an appropri-

ate soil structure that encourages good rates of water infiltration

(Blevins & Frye, 1993), which are vital for soil functions and ecosys-

tem (Li et al., 2017) as well as crop production.

As sea levels rise due to the thermal expansion of ocean water

and the melting of glaciers and polar ice, (Zhang et al., 2013) increas-

ing areas of coastal land will be water inundated (Kirezci et al., 2020).

As a result, a vast portion of coastal land will be lost, and salinization

may make adjacent land unusable for crop production. Aside from the

actual loss of land, saltwater intrusion caused by rising sea levels and

severe drought events causes elevated soil porewater salinity in agri-

cultural lands and in tidal freshwater forested wetlands often exceed-

ing plant salinity thresholds (2 psu). This has the potential to disrupt

essential ecosystem services including, but not limited to, carbon

sequestration, water quality improvement, and habitat for critical

wildlife species (Wang et al., 2020). Salinity is one of the most influen-

tial limiting factors of plant growth (Shrivastava & Kumar, 2015).

Increasing salinity lowers the productivity of soils, sometimes

preventing any significant growth or in some cases making crop

growth impossible.

There are other salinity issues that are not connected with ocean

incursion. Higher temperatures cause more evapotranspiration and

increase the need for irrigation in some areas. Evaporation of irriga-

tion water often creates high salt content in the surface soils and ulti-

mately makes the land unsuitable for crop cultivation (Nadeem &

Ahmad, 2019; Zurqani et al., 2019). In such cases, climate change-

induced reduced productivity and desertification has been found to

exacerbate food insecurity, especially in rural areas with disadvan-

taged communities that are dependent on land for food and liveli-

hoods based on agricultural and pastoral activities (Jaramillo-Mejía &

Chernichovsky, 2019). Climate change is making arid, semi-arid, and

coastal areas especially vulnerable to soil salinity (Corwin, 2021).

Around the world, increased salinity in the soil due to climate change

will hamper agricultural yield (Chen & Mueller, 2018a, 2018b).

In some locations, climate change exacerbates desertification

through changes in spatial and temporal temperatures, rainfall, solar

radiation, and winds (WMO, 2007). Desertification degrades land by

turning fertile land into desert areas (WHO, 2020). The best-known

example of desertification is the Sahel region of Africa, which is rap-

idly losing land suitable for crop production (Mbow et al., 2017).

3.2.2 | Communicable and noncommunicable
diseases

Climate change-related land use and land cover change will trigger

land degradation by modifying the condition, structure, distribution,

and composition of natural and human-managed ecosystems

TALUKDER ET AL. 5



(i.e., forest, grassland, tundra, prairie, and agricultural land; Grimm

et al., 2013). These modifications may increase the prevalence of dis-

eases since modifying ecosystems enables the spread of pathogens to

new ecological niches with negative effects on human health (Taylor

et al., 2001). Land transformation (such as from forest to agricultural

land), forest fragmentation, and increased encroachment of wildlife

habitat can increase the incidence of vector-borne diseases like

malaria (Yasuoka & Levins, 2007) and zoonotic diseases like Ebola

virus, Coronavirus disease 2019 (COVID-19) and severe acute respira-

tory syndrome (SARS) (Rulli et al., 2021). Myers et al. (2013) found

that land degradation affects human health by changing disease ecolo-

gies. Collins (2001) and observed that high vulnerability to infectious

diseases in many parts of the world often co-exists with land degrada-

tion (Collins, 2001).

Climate change has increased the number of plant pathogens like

soil-borne fungi (e.g., A. alternata, Fusarium oxysporum, and Aspergillus

flavus) in degraded land. Global field surveys show a worldwide

increase in soil-borne fungal plant pathogens in warmer temperature

scenarios, especially in drylands and tropical ecosystems (Delgado-

Baquerizo et al., 2020; Fouché et al., 2020). These pathogens pose

serious threats to food security, timber supply, and livestock, animal,

and human health. In addition, deteriorated land such as that under

climate change-related drought is subject to the effect of Aflatoxins

(Aspergillus spp., Fouché et al., 2020), which can cause cytotoxic

effects on human blood cells, autoimmune diseases, cancer, and birth

defects in children (WHO, 2018). Aflatoxins also can increase under

climate change conditions (Paterson & Lima, 2010).

A study of a surge in coccidioidomycosis (valley fever) caused by

the Coccidioides immitis soil fungus found that exposure to the dust

carrying the pathogen could be linked to occupational as well as envi-

ronmental exposure, with a potential for the latter to increase with

climate-related events like drought and fire in endemic areas (Pearson

et al., 2019). Opportunistic human pathogens have been detected in

soil-borne pathogenic bacteria, resulting in gastrointestinal diseases,

respiratory infections, and skin and wound infections; these are made

worse by antimicrobial resistance triggered by increased soil pollution

that limits the treatability of infections (Ferraresso et al., 2020).

In addition, climate change-induced extreme weather events that

result in frequent changes between freezing and thawing may affect

the equilibrium between adsorbed and non-adsorbed pesticides. The

loss of this equilibrium leads to enhanced leaching, and runoff, with

negative consequences for human health through contaminated

groundwater and surface water (Saha et al., 2019). Thawing perma-

frost in tundra areas may release toxic, carcinogenic, and mutagenic

heavy metals from previously frozen soils, contaminating food and

water resources through freshwater, plants, and wildlife (Perryman

et al., 2020).

Prolonged drought is the source of sand and dust storms (SDS)

and can amplify wildfires. Climate change triggers the occurrence of

more extreme wind events that move to drier climates and act as an

important driving force of future wind erosion and SDS.

Increased aridification or desertification caused by prolonged

droughts and extreme heat events can amplify the effects of wind

erosion, contributing to aerosol and dust emissions with direct health

consequences (Peterman & Ferschweiler, 2016). Desertification can

have severe and multiple social and economic consequences

(Whitford & Duval, 2020) which can culminate in serious health

impacts through nonlinear routes. For example, a study conducted in

Colombia found that the infant mortality rate due to malnutrition was

2.25-times higher in rural areas with high desertification (more 50% of

the area is desert). It must be noted here that ecosystem degradation

was not the sole causal factor, and anthropogenic factors like illegal

mining activities and monopolization of water resources also play a

significant role and must not be overlooked (Jaramillo-Mejía &

Chernichovsky, 2019).

Increased aridity is therefore of considerable concern among

nations and the international community for its harmful effects on

human health. It may lead to malnutrition by damaging plants, agricul-

ture, and livestock and cause acute and chronic respiratory problems

by carrying pathogens and harmful substances (UNEP et al., 2016).

3.2.3 | Livelihoods insecurity

Land degradation sparked by climate change can cause increasing live-

lihood insecurity and loss of economic opportunity (Collins, 2001; Gitz

et al., 2016; IPCC, 2019). Land, ecosystem services, and livelihoods

are interlinked with climate change through complex pathways that

are more prominent in natural resource-dependent communities (King

et al., 2019). A survey in Zimbabwe showed how negative transforma-

tion of the landscape by climate change over the course of 20 years

has forced people relying on rainfed agriculture for their livelihoods to

seek alternative sources of food through wildlife poaching and

harvesting edible shrubs (Musakwa et al., 2020). As noted above, cli-

mate change-induced increase of aflatoxin contamination can nega-

tively affect clinical public health, crop yield, and food security,

making it a significant threat to the livelihoods of the farmers. Around

the world crop loss due to aflatoxin mean that farmers also face seri-

ous economic implications. Globally aflatoxin caused crop loss can

have serious economic implications as it can destroy as large as 25%

of the world's food crops (WHO, 2018).

Changes in temperature, moisture, and rainfall not only affect

plant physiology but also increase the prevalence of plant pathogens

and pests that also can potentially reduce crop productivity (Avila

et al., 2019; Curlevski et al., 2014; Döring et al., 2020; Moretti

et al., 2019) and lead to livelihood, food, and nutritional insecurity.

Biogeochemical changes in soil and water in coastal agroecosystems

due to climate change may cause nutrient export (dissolved

inorganic N, soluble reactive P) downstream from these coastal farm-

lands, leading to nutrient pollution issues in watersheds (Weissman &

Tully, 2020) and making agriculture and livelihoods vulnerable. Cli-

mate change will exacerbate land degradation processes through sea

level rise, more frequent and severe floods and droughts, and intensi-

fied cyclones, which will cause loss of land that supports livelihoods

and new income opportunities for millions of people around the world

(Gitz et al., 2016; IPCC, 2019). Livelihood insecurity can also impact
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human health as a result of reduced health care affordability (Obrist

et al., 2007).

3.2.4 | Physical and mental health

Climate change-induced land degradation alters the nexus of food,

energy, and water in ecosystems (Mbow et al., 2019), often making

them less supportive of livelihoods (Mbow et al., 2019; Olsson

et al., 2019). Limited scope of livelihoods can lead to many physical

and mental health pressures (Hayes et al., 2018). Degraded land pro-

motes poor living conditions due to water scarcity, soil erosion, and

flood risk (Munoth & Goyal, 2020). Poor living conditions can cause

many problems for mental and physical health. Multiple forms of psy-

chological pathology like “...anxiety, distress, depression, post-

traumatic stress disorder, and suicide” have been associated with

acute events like storms, and chronic climate disruptions such as rising

temperatures and changes to landscape (Manning & Clayton, 2018,

p. 217). Land degradation can also limit presence of healthy green and

natural environments and increase pollution, both of which can

threaten mental and physical wellbeing (Barton, 2009).

3.2.5 | Health hazards related to extreme weather
events

Climate change-induced land degradation and its associated loss of

ecosystem services can trigger more frequent and more intense natu-

ral hazards such as flooding, droughts, and wildfires (FAO, 2011;

MEA, 2005). For instance, when climate change increases the soil and

water salinity of coastal zones, degraded coastal land provides dimin-

ished functionality as when there is the destruction of mangrove for-

ests. The damage of mangrove forests due to salinity and warmer sea

temperatures increases the impacts and risk of storm surges and their

related health hazards such as loss of safe living space for an extended

period, drinking water scarcity, injury, and drowning in countries such

as the Philippines, Jamaica, Myanmar, and Bangladesh (UNEP, 2014).

Such health hazards can be caused by the destruction of infrastruc-

ture and livelihood sources like water, sanitation, and hygiene facili-

ties, roads, homes, crops, and livestock by cyclones and hurricanes

(Rafa et al., 2021; Shultz et al., 2020). In inland contexts, unsustainable

land management practices combined with climate change-induced

deforestation on slopes make these areas especially vulnerable to

landslide-related health hazards (FAO, 2015; UNISDR &

ECHO, 2011).

3.2.6 | Migration and conflict

Olsson et al. (2019) describe that when degraded land becomes less

productive through various mechanisms, this can become a trigger for

population dislocation leading sometimes to migration and conflict

(Warner et al., 2010). Seawater flooding and soil salinity caused by

sea-level rise have been found to have direct impacts on internal and

external migration in Bangladesh (Chen & Mueller, 2018a, 2018b). As

displaced populations from low-lying areas migrate to higher ground

to escape recurring disasters or degraded land, they face serious

health problems in connection with the various physiological and psy-

chological stresses of the migration process (Sharma, 2012).

Changes or reductions in land use can lead to conflicts due to

poor resource access or scarcity. Climate change interacts directly

(droughts) and indirectly (climate-related mitigation and adaptation

measures) with land scarcity, and can generate conflicts between

communities, governments, and private institutions (Froese &

Schilling, 2019; Hunsberger et al., 2018). In Africa, several studies

have associated land use and climate change with the aggravation of

existing conflicts between farmers and herders sharing common water

resources (Link et al., 2015). Migration and conflict are closely linked,

as the former can be a major trigger for the latter by increasing pres-

sure on resources and people in the receiving area (Link et al., 2015).

4 | DISCUSSION

The wellbeing of 3.2 billion people around the world is in question

due to land degradation (LPH, 2018). The human socio-ecological

impacts of land degradation due to climate change will likely grow

with time. The results of numerous studies make it clear that climate

change-induced land degradation hampers many aspects of health,

well-being, and equity, as well as the safety of the natural environ-

ment in which humanity can flourish.

Land is defined as “...the terrestrial portion of the biosphere that

comprises the natural resources (soil, near-surface air, vegetation and

other biota, and water), the ecological process, topography,

and human settlements and infrastructure that operate within the sys-

tem” (IPCC, 2019, p. 349). The relationship between land and human

health has been understood since ancient times (Brevik &

Sauer, 2015), such that human health is dependent on land through

multiple regulatory and provisioning services like clean water, food,

shelter, clothing, and fuel (Brevik et al., 2019).

Land degradation is considered to be a crawling, often slow-onset

phenomenon comprised of many factors (Vlek et al., 2008). In future

climate change scenarios, land will further degrade due to climate

change impacts (Vlek et al., 2017), and continuously changing climatic

conditions will influence further land degradation around the world.

For example, under future climate change scenarios, temperatures will

increase across the globe as shown in Figure 3a, especially in and

around tropical and subtropical zones. This will have impacts on the

high to moderate land degradation index (GLADIS) (see Figure 3b),

which is based on the six land degradation process indicators of bio-

physical and socioeconomic systems: (1) biomass, (2) soil health,

(3) water resources, (4) biodiversity, (5) economic, and (6) socio-

cultural conditions (Nachtergaele et al., 2010). The impact of increas-

ing temperature on these indicators will create significant pressures

on the functions of human socio-ecological systems (Nachtergaele

et al., 2010) in these zones.

TALUKDER ET AL. 7



F IGURE 3 (a) Global temperature change up to 2100. Summer maximum temperatures for a global temperature increase of 2.7�C by 2100
from 1850, which will be 4.7�C after 2100 (NASA, 2015). (b) Global state of land degradation as of 2010 (UN-SPIDER, 2019). (c) Global
population density (the number of people per km2 of land area) as of 2017 (Ritchie, 2019) [Colour figure can be viewed at wileyonlinelibrary.com]
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Ecosystem functions in tropical soils are more vulnerable to

changes in precipitation than temperature. Afreen et al. (2019) found

that moist and dry ecosystems respond differently to changes in pre-

cipitation since precipitation affects the soil's wet-dry cycle and func-

tions and the processes of ecosystems. Increasing pressure on the

GLADIS indicators will expose humans to many planetary health

effects. These effects will be stronger for the majority of the world

population who live in the tropical and subtropical zones of the North-

ern Hemisphere (see Figure 3c).

Land is associated with all 17 UN Sustainable Development Goals

(SDGs) in multiple research studies (Barbier & Hochard, 2018;

Bonfante et al., 2020; Wan Mahari et al., 2020). However, land degra-

dation has a particularly negative influence on SDG2 (zero hunger),

SDG3 (good health and well-being), SDG6 (clean water and sanita-

tion), SDG12 (responsible consumption and production), SDG13 (cli-

mate action), and SDG15 (life on land), as shown in Figure 4. These

influences will make it difficult in many places to achieve SDGs and

maintain planetary health. This is why calls to action from both devel-

oping and developed countries to “...protect, restore and promote sus-

tainable use of terrestrial ecosystems, sustainably manage forests,

combat desertification, and halt and reverse land degradation and halt

biodiversity loss” are specifically emphasized in SDG15.

There are synergies between land degradation and the fulfillment

of SDGs (IPBES, 2018). Therefore, the complex adaptive systems

inherent in the interlinkages between climate change, land degrada-

tion, planetary health, and the SDGs must be clearly understood and

assessed (Barbier & Hochard, 2018) to address planetary health issues

related to land degradation. The DPSEE framework is a useful tool in

this regard.

As a vital natural resource and a global asset, land requires global

action which can be achieved through a global target like the land

degradation neutrality (LDN) target setting programme, which is a

framework to manage land degradation sustainably and equitably.

Thus far, 127 countries have joined the programme (UNCCD, 2014;

IPBES, 2018; Sims et al., 2019). “The LDN targets address SDG target

15.3 and many other SDGs in a synergistic and cost-effective manner,

and in accordance with countries' specific national contexts and

development priorities. These targets also strengthen the implementa-

tion of the countries' UNCCD National Action Programmes”
(UNCCD, 2014).

F IGURE 4 Functional links between land degradation and the most directly affected SDGs. Source: UNCCD, 2017 [Colour figure can be
viewed at wileyonlinelibrary.com]
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5 | CONCLUSIONS

Using a pre-defined protocol, a systematic literature search was con-

ducted in Web of Science and Google Scholar to find peer reviewed

as well as gray literature on the association of land degradation and

planetary health in the context of anthropogenic climate change. Our

findings clearly illustrate that anthropogenic climate change and land

degradation have been more extensively researched separately than

in terms of their links with planetary health. In the literature, climate

change-induced soil degradation and its impact on food security have

been more popular topics compared to other planetary health impacts

described in the results section.

The findings of this study described in the DPSEE framework can

help policymakers to better understand the complex pathways of cli-

mate change-induced land degradation and its planetary health

impacts. The findings also reveal the critical need for a complex

system-based approach to understanding the causal relationships and

importance of integrated actions to mitigate the planetary health

impacts of climate change-induced land degradation.

Land is a limited resource, subject to a myriad of climatic and

anthropogenic pressures. Land degradation, climate change, and plan-

etary health interact with each other in a complex system. Therefore,

this study has the potential to be a resource for achieving sustainable

land management practices and sound planetary health by integrating

key scientific knowledge and using a systems-based approach to tar-

get the dissemination of critical information on the climate change-

land degradation-planetary health nexus beyond the world of

academia.

ACKNOWLEDGMENTS

The initial findings of this research work were presented as one of the

Lightning Talks at the 2021 Planetary Health Annual Meeting and

Festival arranged by The Planetary Health Alliance, from April 25-30,

2021, at the University of S~ao Paulo, Brazil. We would like to thank

the moderator and all the attendees for their comments, which moti-

vated us to improve the manuscript further.

DATA AVAILABILITY STATEMENT

Data sharing is not applicable to this article as no new data were cre-

ated or analyzed in this study.

ORCID

Byomkesh Talukder https://orcid.org/0000-0003-3391-221X

REFERENCES

Afreen, T., Singh, H., & Singh, J. S. (2019). Influence of changing patterns

of precipitation and temperature on tropical soil ecosystem. In S. Gar-

koti, S. Van Bloem, P. Fulé, & R. Semwal (Eds.), Tropical ecosystems:

Structure, functions and challenges in the face of global change. (pp. 11–
26). Cham: Springer. https://doi.org/10.1007/978-981-13-8249-9_2

Alhassan, A. R. M., Ma, W., Li, G., Jiang, Z., Wu, J., & Chen, G. (2018).

Response of soil organic carbon to vegetation degradation along a

moisture gradient in a wet meadow on the Qinghai–Tibet Plateau.

Ecology and Evolution, 8(23), 11999–12010. https://doi.org/10.1002/
ece3.4656

Avila, J. M., Gallardo, A., & G�omez-Aparicio, L. (2019). Pathogen-induced

tree mortality interacts with predicted climate change to alter soil res-

piration and nutrient availability in Mediterranean systems. Biogeo-

chemistry, 142(1), 53–71. https://doi.org/10.1007/s10533-018-

0521-3

Barbier, E. B., & Hochard, J. P. (2018). Land degradation and poverty.

Nature Sustainability, 1(11), 623–631. https://doi.org/10.1038/

s41893-018-0155-4

Barton, H. (2009). Land use planning and health and well-being. Land Use

Policy, 26(SUPPL. 1), 115–123. https://doi.org/10.1016/j.landusepol.
2009.09.008

Blevins, R. L., & Frye, W. W. (1993). Conservation tillage: An ecological

approach to soil management. Advances in Agronomy, 51, 33–78.
https://doi.org/10.1016/S0065-2113(08)60590-8

Bonfante, A., Basile, A., & Bouma, J. (2020). Targeting the soil quality and

soil health concepts when aiming for the United Nations Sustainable

Development Goals and the EU Green Deal. Soil, 6(2), 453–466.
https://doi.org/10.5194/soil-6-453-2020

Borrelli, P., Robinson, D. A., Panagos, P., Lugato, E., Yang, J. E., Alewell, C.,

Wuepper, D., Montanarella, L., & Ballabio, C. (2020). Land use and cli-

mate change impacts on global soil erosion by water (2015-2070). Pro-

ceedings of the National Academy of Sciences, 117(36), 21994–22001.
https://doi.org/10.1073/pnas.2001403117

Brevik, E. C., & Burgess, L. C. (2014). The influence of soils on human

health. Nature Education Knowledge, 5(12), 1.

Brevik, E. C., & Sauer, T. J. (2015). The past, present, and future of soils

and human health studies. The Soil, 1, 35–46. https://doi.org/10.

5194/soil-1-35-2015

Brevik, E. C., Pereg, L., Pereira, P., Steffan, J. J., Burgess, L. C., &

Gedeon, C. I. (2019). Shelter, clothing, and fuel: Often overlooked links

between soils, ecosystem services, and human health. Science of the

Total Environment, 651, 134–142. https://doi.org/10.1016/j.scitotenv.
2018.09.158

Brinkman, R., & Sombroek, W. G. (1996). The effects of global change on

soil conditions in relation to plant growth and food production. In F.

Bazzaz & W. Sombroek, (Eds.), Global climate change and agricultural

production (pp. 49–63). Rome: FAO and John Wiley & Sons.

Byrnes, R. C., Eastburn, D. J., Tate, K. W., & Roche, L. M. (2018). Predicting

soil organic carbon in agroecosystems under climate change: A global

metanalysis of grazing impacts on soil health indicators. Journal of Envi-

ronmental Quality, 47, 758–765. https://doi.org/10.2134/jeq2017.08.
0313

Castillo, V. M., G�omez-Plaza, A., & Martínez-Mena, M. (2003). The role of

antecedent soil water content in the runoff response of semiarid

catchments: A simulation approach. Journal of Hydrology, 284(1–4),
114–130. https://doi.org/10.1016/S0022-1694(03)00264-6

Chan, K. Y. (2011). Climate change on soil structure and soil health:

Impacts and adaptation. In B. Pal Singh, A. L. Cowie & K. Yin Chan,

(Eds.), Soil biology (pp. 29, 49–67). Berlin and Heidelberg: Springer.

https://doi.org/10.1007/978-3-642-20256-8_3

Chen, J., & Mueller, V. (2018a). Coastal climate change, soil salinity and

human migration in Bangladesh. Nature Climate Change, 8(11), 981–
987. https://doi.org/10.1038/s41558-018-0313-8

Chen, J., & Mueller, V. (2018b). Coastal climate change, soil salinity and

human migration in Bangladesh. Nature Climate Change, 8(11), 981–
985. http://dx.doi.org/10.1038/s41558-018-0313-8

Collins, A. E. (2001). Health ecology, land degradation and development.

Land Degradation & Development, 12(3), 237–250. https://doi.org/10.
1002/ldr.436

Corwin, D. L. (2021). Climate change impacts on soil salinity in agricultural

areas. European Journal of Soil Science, 72(2), 842–862. https://doi.
org/10.1111/ejss.13010

10 TALUKDER ET AL.

https://orcid.org/0000-0003-3391-221X
https://orcid.org/0000-0003-3391-221X
https://doi.org/10.1007/978-981-13-8249-9_2
https://doi.org/10.1002/ece3.4656
https://doi.org/10.1002/ece3.4656
https://doi.org/10.1007/s10533-018-0521-3
https://doi.org/10.1007/s10533-018-0521-3
https://doi.org/10.1038/s41893-018-0155-4
https://doi.org/10.1038/s41893-018-0155-4
https://doi.org/10.1016/j.landusepol.2009.09.008
https://doi.org/10.1016/j.landusepol.2009.09.008
https://doi.org/10.1016/S0065-2113(08)60590-8
https://doi.org/10.5194/soil-6-453-2020
https://doi.org/10.1073/pnas.2001403117
https://doi.org/10.5194/soil-1-35-2015
https://doi.org/10.5194/soil-1-35-2015
https://doi.org/10.1016/j.scitotenv.2018.09.158
https://doi.org/10.1016/j.scitotenv.2018.09.158
https://doi.org/10.2134/jeq2017.08.0313
https://doi.org/10.2134/jeq2017.08.0313
https://doi.org/10.1016/S0022-1694(03)00264-6
https://doi.org/10.1007/978-3-642-20256-8_3
https://doi.org/10.1038/s41558-018-0313-8
http://dx.doi.org/10.1038/s41558-018-0313-8
https://doi.org/10.1002/ldr.436
https://doi.org/10.1002/ldr.436
https://doi.org/10.1111/ejss.13010
https://doi.org/10.1111/ejss.13010


Curlevski, N. J. A., Drigo, B., Cairney, J. W. G., & Anderson, I. C. (2014).

Influence of elevated atmospheric CO2 and water availability on soil

fungal communities under Eucalyptus saligna. Soil Biology and Biochem-

istry, 70, 263–271. https://doi.org/10.1016/j.soilbio.2013.12.010
Delgado-Baquerizo, M., Guerra, C. A., Cano-Díaz, C., Egidi, E., Wang, J. T.,

Eisenhauer, N., Singh, B. K., & Maestre, F. T. (2020). The proportion of

soil-borne pathogens increases with warming at the global scale.

Nature Climate Change, 10(6), 550–554. https://doi.org/10.1038/

s41558-020-0759-3

Denmead, O. T., & Shaw, R. H. (1960). The effects of soil moisture stress

at different stages of growth on the development and yield of corn 1.

Agronomy Journal, 52(5), 272–274. https://doi.org/10.2134/

agronj1960.00021962005200050010x

Díaz, S., Demissew, S., Carabias, J., Joly, C., Lonsdale, M., Ash, N.,

Larigauderie, A., Adhikari, J. R., Arico, S., Báldi, A., Bartuska, A.,

Baste, I. A., Bilgin, A., Brondizio, E., Chan, K. M. A., Figueroa, V. E.,

Duraiappah, A., Fischer, M., Hill, R., … Martin-Lopez, B. (2015). The

IPBES conceptual framework—Connecting nature and people. Current

Opinion in Environmental Sustainability, 14, 1–16. https://doi.org/10.
1016/j.cosust.2014.11.002

Döring, T. F., Rosslenbroich, D., Giese, C., Athmann, M., Watson, C.,

Vág�o, I., Kátai, J., Tállai, M., & Bruns, C. (2020). Disease suppressive

soils vary in resilience to stress. Applied Soil Ecology, 149, 103482.

https://doi.org/10.1016/j.apsoil.2019.103482

FAO (2011). Land degradation assessment in drylands: Methodology and

results. Rome: FAO. http://www.fao.org/3/i3241e/i3241e.pdf

FAO (2015). Healthy soils are the basis for healthy food production. Rome:

FAO. http://www.fao.org/soils-2015/news/news-detail/en/c/277682/

Fécan, F., Marticorena, B., & Bergametti, G. (1998). Parametrization of the

increase of the aeolian erosion threshold wind friction velocity due to

soil moisture for arid and semi-arid areas. Annales Geophysicae, 17(1),

149–157. https://doi.org/10.1007/s00585-999-0149-7
Ferraresso, J., Lawton, B., Bayliss, S., Sheppard, S., Cardazzo, B., Gaze, W.,

Buckling, A., & Vos, M. (2020). Determining the prevalence, identity

and possible origin of bacterial pathogens in soil. Environmental Micro-

biology, 22, 5327–5340. https://doi.org/10.1111/1462-2920.15243
Fierer, N., & Schimel, J. P. (2002). Effects of drying-rewetting frequency on

soil carbon and nitrogen transformations. Soil Biology and Biochemistry,

34(6), 777–787. https://doi.org/10.1016/S0038-0717(02)00007-X
Fierer, N., & Schimel, J. P. (2003). A proposed mechanism for the pulse in

carbon dioxide production commonly observed following the rapid

rewetting of a dry soil. Soil Science Society of America Journal, 67(3),

798–805. https://doi.org/10.2136/sssaj2003.7980
Fouché, T., Claassens, S., & Maboeta, M. (2020). Aflatoxins in the soil eco-

system: An overview of its occurrence, fate, effects and future per-

spectives. Mycotoxin Research, 36(3), 303–309. https://doi.org/10.

1007/s12550-020-00393-w

Froese, R., & Schilling, J. (2019). The nexus of climate change, land use,

and conflicts. Current Climate Change Report, 5, 24–35. https://doi.
org/10.1007/s40641-019-00122-1

Gitz, V., Meybeck, A., Lipper, L., Young, C. D. & Braatz, S. (2016). Climate

change and food security: Risks and responses. Food and Agriculture

Organization of the United Nations (FAO) Report, (110p.). Rome: FAO.

Green, J. K., Seneviratne, S. I., Berg, A. M., Findell, K. L., Hagemann, S.,

Lawrence, D. M., & Gentine, P. (2019). Large influence of soil moisture

on long-term terrestrial carbon uptake. Nature, 565(7740), 476–479.
https://doi.org/10.1038/s41586-018-0848-x

Grimm, N. B., Chapin, F. S., III, Bierwagen, B., Gonzalez, P.,

Groffman, P. M., Luo, Y., Melton, F., Nadelhoffer, K., Pairis, A.,

Raymond, P. A., Schimel, J., & Williamson, C. E. (2013). The impacts of

climate change on ecosystem structure and function. Frontiers in Ecol-

ogy and the Environment, 11(9), 474–482. https://doi.org/10.1890/

120282

Hayes, K., Blashki, G., Wiseman, J., Burke, S., & Reifels, L. (2018). Climate

change and mental health: Risks, impacts and priority actions.

International Journal of Mental Health Systems, 12(1), 1–12. https://doi.
org/10.1186/s13033-018-0210-6

Horton, R., & Lo, S. (2015). Planetary health: A new science for exceptional

action. The Lancet, 386(10007), 1921–1922. https://doi.org/10.1016/
S0140-6736(15)61038-8

Horton, R., Beaglehole, R., Bonita, R., Raeburn, J., & McKee, M. (2014).

From public to planetary health: A manifesto. The Lancet, 383(9920),

847. https://doi.org/10.1016/S0140-6736(14)60409-8

Huang, L., & Shao, M. (2019). Advances and perspectives on soil water

research in China's Loess Plateau. Earth-Science Reviews, 199, 102962.

https://doi.org/10.1016/j.earscirev.2019.102962

Hunsberger, C., Work, C., & Herre, R. (2018). Linking climate change strat-

egies and land conflicts in Cambodia: Evidence from the greater aural

region. World Development, 108, 309–320. https://doi.org/10.1016/j.
worlddev.2018.02.008

IPBES (2018). The IPBES assessment report on land degradation and res-

toration. In L. Montanarella, R. Scholes, & A. Brainich (Eds.), Secretariat

of the Intergovernmental Science-Policy Platform on Biodiversity and

Ecosystem Services. Bonn, Germany: IPBES. https://www.ipbes.net/

sites/default/files/2018_ldr_full_report_book_v4_pages.pdf

IPCC (2018). Summary for Policymakers. In V. Masson-Delmotte, P. Zhai,

H.-O. Pörtner, D. Roberts, J. Skea, P. R. Shukla, A. Pirani,

W. Moufouma-Okia, C. Péan, R. Pidcock, S. Connors, J. B.

R. Matthews, Y. Chen, X. Zhou, M. I. Gomis, E. Lonnoy, T. Maycock,

M. Tignor, & T. Waterfield (Eds.), Global Warming of 1.5�C. An IPCC

Special Report on the impacts of global warming of 1.5�C above pre-

industrial levels and related global greenhouse gas emission pathways,

in the context of strengthening the global response to the threat of cli-

mate change, sustainable development, and efforts to eradicate pov-

erty. Geneva: IPCC.

IPCC (2019). Summary for policymakers. In P. R. Shukla, J. Skea, E. Calvo

Buendia, V. Masson-Delmotte, H.-O. Pörtner, D. C. Roberts, P. Zhai,

R. Slade, S. Connors, R. van Diemen, M. Ferrat, E. Haughey, S. Luz,

S. Neogi, M. Pathak, J. Petzold, J. Portugal Pereira, P. Vyas, E. Huntley,

K. Kissick, M. Belkacemi, J. Malley, (Eds.), Climate Change and Land:

An IPCC special report on climate change, desertification, land degra-

dation, sustainable land management, food security, and greenhouse

gas fluxes in terrestrial ecosystems. Paris: IPCC.

IUCN. (2015). Issue brief: Land degradation and climate change. Geneva:

International Union for Conservation of Nature.

Jaramillo-Mejía, M. C., & Chernichovsky, D. (2019). Impact of desertification

and land degradation on Colombian children. International Journal of Pub-

lic Health, 64(1), 67–73. https://doi.org/10.1007/s00038-018-1144-0
Kidane, M., Bezie, A., Kesete, N., & Tolessa, T. (2019). The impact of land

use and land cover (LULC) dynamics on soil erosion and sediment yield

in Ethiopia. Heliyon, 5(12), e02981. http://dx.doi.org/10.1016/j.

heliyon.2019.e02981

King, E. G., Nelson, D. R., & McGreevy, J. R. (2019). Advancing the integration

of ecosystem services and livelihood adaptation. Environmental Research

Letters, 14(12), 124057. https://doi.org/10.1088/1748-9326/ab5519

Kirezci, E., Young, I. R., Ranasinghe, R., Muis, S., Nicholls, R. J., Lincke, D., &

Hinkel, J. (2020). Projections of global-scale extreme sea levels and

resulting episodic coastal flooding over the 21st century. Scientific

Reports, 10(1), 1–12. https://doi.org/10.1038/s41598-020-67736-6
Lade, S. J., Steffen, W., De Vries, W., Carpenter, S. R., Donges, J. F.,

Gerten, D., Hoff, H., Newbold, T., Richardson, K., & Rockström, J.

(2020). Human impacts on planetary boundaries amplified by earth

system interactions. Nature Sustainability, 3(2), 119–128. https://doi.
org/10.1038/s41893-019-0454-4

Lal, R. (2009). Soil degradation as a reason for inadequate human nutrition.

Food Security, 1(1), 45–57. https://doi-org.ezproxy.library.yorku.ca/10.
1007/s12571-009-0009-z

Larkin, R. P. (2015). Soil health paradigms and implications for disease

management. Annual Review of Phytopathology, 53, 199–221. https://
doi.org/10.1146/annurev-phyto-080614-120357

TALUKDER ET AL. 11

https://doi.org/10.1016/j.soilbio.2013.12.010
https://doi.org/10.1038/s41558-020-0759-3
https://doi.org/10.1038/s41558-020-0759-3
https://doi.org/10.2134/agronj1960.00021962005200050010x
https://doi.org/10.2134/agronj1960.00021962005200050010x
https://doi.org/10.1016/j.cosust.2014.11.002
https://doi.org/10.1016/j.cosust.2014.11.002
https://doi.org/10.1016/j.apsoil.2019.103482
http://www.fao.org/3/i3241e/i3241e.pdf
http://www.fao.org/soils%20102015/news/news%2010detail/en/c/277682/
https://doi.org/10.1007/s00585-999-0149-7
https://doi.org/10.1111/1462-2920.15243
https://doi.org/10.1016/S0038-0717(02)00007-X
https://doi.org/10.2136/sssaj2003.7980
https://doi.org/10.1007/s12550-020-00393-w
https://doi.org/10.1007/s12550-020-00393-w
https://doi.org/10.1007/s40641-019-00122-1
https://doi.org/10.1007/s40641-019-00122-1
https://doi.org/10.1038/s41586-018-0848-x
https://doi.org/10.1890/120282
https://doi.org/10.1890/120282
https://doi.org/10.1186/s13033-018-0210-6
https://doi.org/10.1186/s13033-018-0210-6
https://doi.org/10.1016/S0140-6736(15)61038-8
https://doi.org/10.1016/S0140-6736(15)61038-8
https://doi.org/10.1016/S0140-6736(14)60409-8
https://doi.org/10.1016/j.earscirev.2019.102962
https://doi.org/10.1016/j.worlddev.2018.02.008
https://doi.org/10.1016/j.worlddev.2018.02.008
https://www.ipbes.net/sites/default/files/2018_ldr_full_report_book_v4_pages.pdf
https://www.ipbes.net/sites/default/files/2018_ldr_full_report_book_v4_pages.pdf
https://doi.org/10.1007/s00038-018-1144-0
http://dx.doi.org/10.1016/j.heliyon.2019.e02981
http://dx.doi.org/10.1016/j.heliyon.2019.e02981
https://doi.org/10.1088/1748-9326/ab5519
https://doi.org/10.1038/s41598-020-67736-6
https://doi.org/10.1038/s41893-019-0454-4
https://doi.org/10.1038/s41893-019-0454-4
https://doi-org.ezproxy.library.yorku.ca/10.1007/s12571-009-0009-z
https://doi-org.ezproxy.library.yorku.ca/10.1007/s12571-009-0009-z
https://doi.org/10.1146/annurev-phyto-080614-120357
https://doi.org/10.1146/annurev-phyto-080614-120357


Lewis, S. L., & Maslin, M. A. (2015). A transparent framework for defining

the Anthropocene Epoch. The Anthropocene Review, 2(2), 128–146.
https://doi.org/10.1177/2053019615588792Li

Li, J., Ma, X., & Zhang, C. (2020). Predicting the spatiotemporal variation in

soil wind erosion across Central Asia in response to climate change

in the 21st century. Science of the Total Environment, 709, 136060.

https://doi.org/10.1016/j.scitotenv.2019.136060

Li, N., You, M., Zhang, B., Han, X., Panakoulia, S., Yuan, Y.-R., Liu, K.,

Qiao, Y., Zou, W.-X., Nikolaidis, N., & Banwart, S. (2017). Modeling soil

aggregation at the early pedogenesis stage from the parent material of

a Mollisol under different agricultural practices. Advances in Agronomy,

142, 181–214. https://doi.org/10.1016/bs.agron.2016.10.007
Li, X. R., Jia, R. L., Zhang, Z. S., Zhang, P., & Hui, R. (2018). Hydrological

response of biological soil crusts to global warming: A ten-year simula-

tive study. Global Change Biology, 24(10), 4960–4971. https://doi.org/
10.1111/gcb.14378

Link, P. M., Brücher, T., Claussen, M., Link, J. S. A., & Scheffran, J. (2015).

The nexus of climate change, land use, and conflict: Complex human-

environment interactions in northern Africa. Bulletin of the American

Meteorological Society, 96(9), 1561–1564. https://doi.org/10.1175/

BAMS-D-15-00037.1

LPH. (2018). Land degradation: A solution is possible. The Lancet: Planetary

Health, 2(5), e184. https://doi.org/10.1016/S2542-5196(18)30064-0

Manning, C., & Clayton, S. (2018). 9-threats to mental health and wellbeing

associated with climate change. Psychology and Climate Change, 2018,

217–244. https://doi.org/10.1016/B978-0-12-813130-5.00009-6
Manzoni, S., Schimel, J. P., & Porporato, A. (2012). Responses of soil micro-

bial communities to water stress: Results from a meta-analysis. Ecol-

ogy, 93(4), 930–938. https://doi.org/10.1890/11-0026.1
Mbow, C., Rosenzweig, C, Barioni, L. G., Benton, T. G., Herrero, M.,

Krishnapillai, M., Liwenga, E., Pradhan, P., Rivera-Ferre, M. G.,

Sapkota, T., Tubiello, F. N. & Xu, Y. (2019). Food security. In: P. R.

Shukla, J. Skea, E. Calvo Buendia, V. Masson-Delmotte, H.-O. Pörtner,

D. C. Roberts, P. Zhai, R. Slade, S. Connors, R. van Diemen, M. Ferrat,

E. Haughey, S. Luz, S. Neogi, M. Pathak, J. Petzold, J. Portugal Pereira,

P. Vyas, E. Huntley, K. Kissick, M. Belkacemi, J. Malley, (Eds.), Climate

Change and Land: An IPCC special report on climate change, desertifi-

cation, land degradation, sustainable land management, food security,

and greenhouse gas fluxes in terrestrial ecosystems. https://www.

ipcc.ch/site/assets/uploads/2019/11/08_Chapter-5.pdf

Mbow, H. O. P., Reisinger, A., Canadell, J., & O'Brien, P. (2017). Special

report on climate change, desertification, land degradation, sustainable

land management, food security, and greenhouse gas fluxes in terrestrial

ecosystems (SR2). Paris: IPCC.

Millennium Ecosystem Assessment (MEA). (2005). Ecosystems and human

well-being: Synthesis. Washington, DC: Island Press.

Mirzabaev, A., Nkonya, E., Goedecke, J., Johnson, T., & Anderson, W.

(2016). Global drivers of land degradation and improvement. In E.

Nkonya, A. Mirzabaev, & J. von Braun (Eds.), Economics of land degra-

dation and improvement–A global assessment for sustainable develop-

ment (pp. 167–195). Cham: Springer. https://doi.org/10.1007/978-3-

319-19168-3

Moher, D., Liberati, A., Tetzlaff, J., Altman, D. G., & Prisma Group. (2009).

Preferred reporting items for systematic reviews and meta-analyses:

The PRISMA statement. PLoS Medicine, 6(7), e1000097. https://doi.

org/10.1371/journal.pmed.1000097

Moretti, A., Pascale, M., & Logrieco, A. F. (2019). Mycotoxin risks under a

climate change scenario in Europe. Trends in Food Science and Technol-

ogy, 84, 38–40. https://doi.org/10.1016/j.tifs.2018.03.008
Munoth, P., & Goyal, R. (2020). Impacts of land use land cover change on

runoff and sediment yield of upper Tapi River sub-basin, India. Interna-

tional Journal of River Basin Management, 18(2), 177–189. https://doi.
org/10.1080/15715124.2019.1613413

Musakwa, W., Mpofu, E., & Nyathi, N. A. (2020). Local community percep-

tions on landscape change, ecosystem services, climate change, and

livelihoods in Gonarezhou National Park, Zimbabwe. Sustainability,

12(11), 4610. https://doi.org/10.3390/su12114610

Myers, S. S., Gaffikin, L., Golden, C. D., Ostfeld, R. S., Redford, K. H.,

Ricketts, T. H., Turner, W. R., & Osofsky, S. A. (2013). Human health

impacts of ecosystem alteration. Proceedings of the National Academy

of Sciences, 110(47), 18753–18760. https://doi.org/10.1073/pnas.

1218656110

Nachtergaele, F., Petri, M., Biancalani, R., Van Lynden, G., Van

Velthuizen, H., & Bloise, M. (2010). Global land degradation information

system (GLADIS). Beta version. An information database for land degra-

dation assessment at global level. Land degradation assessment in dry-

lands technical report, 17. http://www.fao.org/3/i3241e/i3241e.pdf

Nadeem, H., & Ahmad, F. (2019). Soil-plant and microbial interaction in

improving salt stress. In M. Akhtar (Ed.), Salt stress, microbes, and plant

interactions: Causes and solution. Berlin: Springer. https://doi.org/10.

1007/978-981-13-8801-9_10

NASA. (2015). NASA releases detailed global climate change projections.

https://climate.nasa.gov/news/2293/nasa-releases-detailed-global-

climate-change-projections/

Nunes, M. R., van Es, H. M., Veum, K. S., Amsili, J. P., & Karlen, D. L.

(2020). Anthropogenic and inherent effects on soil organic carbon

across the U.S. Sustainability, 12(14), 1–19. https://doi.org/10.3390/
su12145695

Obrist, B., Iteba, N., Lengeler, C., Makemba, A., Mshana, C., Nathan, R.,

Alba, S., Dillip, A., Hetzel, M. W., Mayumana, I., Schulze, A., &

Mshinda, H. (2007). Access to health care in contexts of livelihood

insecurity: A framework for analysis and action. PLoS Medicine, 4(10),

e308. https://doi.org/10.1371/journal.pmed.0040308

Olsson, L., Barbosa, H., Bhadwal, S., Cowie, A., Delusca, K., Flores-

Renteria, D., Hermans, K., Jobbagy, E., Kurz, W., Li, D., Sonwa, D. J.,

Stringer, L. (2019). Land degradation. In P. R. Shukla, J. Skea, E. Calvo

Buendia, V. Masson-Delmotte, H.-O. Pörtner, D. C. Roberts, P. Zhai,

R. Slade, S. Connors, R. van Diemen, M. Ferrat, E. Haughey, S. Luz,

S. Neogi, M. Pathak, J. Petzold, J. Portugal Pereira, P. Vyas, E. Huntley,

K. Kissick, M. Belkacemi, J. Malley, (Eds.), Climate Change and Land:

An IPCC special report on climate change, desertification, land degra-

dation, sustainable land management, food security, and greenhouse

gas fluxes in terrestrial ecosystems. https://www.ipcc.ch/site/assets/

uploads/sites/4/2019/11/07_Chapter-4.pdf

Paterson, R. R. M., & Lima, N. (2010). How will climate change affect

mycotoxins in food? Food Research International, 43(7), 1902–1914.
https://doi.org/10.1016/j.foodres.2009.07.010

Pearson, D., Ebisu, K., Wu, X., & Basu, R. (2019). A review of coccidioido-

mycosis in California: Exploring the intersection of land use, popula-

tion movement, and climate change. Epidemiologic Reviews, 41(1),

145–157. https://doi.org/10.1093/epirev/mxz004

Perryman, C. R., Wirsing, J., Bennett, K. A., Brennick, O., Perry, A. L.,

Williamson, N., & Ernakovich, J. G. (2020). Heavy metals in the Arctic:

Distribution and enrichment of five metals in Alaskan soils. PLoS One,

15(6), 1–14. https://doi.org/10.1371/journal.pone.0233297
Peterman, W. L., & Ferschweiler, K. (2016). A case study for evaluating

potential soil sensitivity in aridland systems. Integrated Environmental

Assessment and Management, 12(2), 388–396. https://doi.org/10.

1002/ieam.1691

Puhlick, J. J., & Fernandez, I. J. (2020). Influence of mechanized timber

harvesting on soil compaction in northern hardwood forests. Soil Sci-

ence Society of America Journal, 84(5), 1737–1750. https://doi.org/10.
1002/saj2.20127

Rafa, N., Jubayer, A., & Nazim Uddin, S. M. (2021). Impact of cyclone

Amphan on the water, sanitation, hygiene, and health (WASH2) facilities

of coastal Bangladesh. Journal of Water, Sanitation and Hygiene for Devel-

opment, 11(2), 304–313. https://doi.org/10.2166/washdev.2021.170

Rillig, M. C., Wright, S. F., Allen, M. F., & Field, C. B. (1999). Rise in carbon

dioxide changes soil structure. Nature, 400(6745), 628–628. https://
doi.org/10.1038/23168

12 TALUKDER ET AL.

https://doi.org/10.1177/2053019615588792Li
https://doi.org/10.1016/j.scitotenv.2019.136060
https://doi.org/10.1016/bs.agron.2016.10.007
https://doi.org/10.1111/gcb.14378
https://doi.org/10.1111/gcb.14378
https://doi.org/10.1175/BAMS-D-15-00037.1
https://doi.org/10.1175/BAMS-D-15-00037.1
https://doi.org/10.1016/S2542-5196(18)30064-0
https://doi.org/10.1016/B978-0-12-813130-5.00009-6
https://doi.org/10.1890/11-0026.1
https://www.ipcc.ch/site/assets/uploads/2019/11/08_Chapter%20105.pdf
https://www.ipcc.ch/site/assets/uploads/2019/11/08_Chapter%20105.pdf
https://doi.org/10.1007/978-3-319-19168-3
https://doi.org/10.1007/978-3-319-19168-3
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1016/j.tifs.2018.03.008
https://doi.org/10.1080/15715124.2019.1613413
https://doi.org/10.1080/15715124.2019.1613413
https://doi.org/10.3390/su12114610
https://doi.org/10.1073/pnas.1218656110
https://doi.org/10.1073/pnas.1218656110
http://www.fao.org/3/i3241e/i3241e.pdf
https://doi.org/10.1007/978-981-13-8801-9_10
https://doi.org/10.1007/978-981-13-8801-9_10
https://climate.nasa.gov/news/2293/nasa-releases-detailed-global-climate-change-projections/
https://climate.nasa.gov/news/2293/nasa-releases-detailed-global-climate-change-projections/
https://doi.org/10.3390/su12145695
https://doi.org/10.3390/su12145695
https://doi.org/10.1371/journal.pmed.0040308
https://www.ipcc.ch/site/assets/uploads/sites/4/2019/11/07_Chapter-4.pdf
https://www.ipcc.ch/site/assets/uploads/sites/4/2019/11/07_Chapter-4.pdf
https://doi.org/10.1016/j.foodres.2009.07.010
https://doi.org/10.1093/epirev/mxz004
https://doi.org/10.1371/journal.pone.0233297
https://doi.org/10.1002/ieam.1691
https://doi.org/10.1002/ieam.1691
https://doi.org/10.1002/saj2.20127
https://doi.org/10.1002/saj2.20127
https://doi.org/10.2166/washdev.2021.170
https://doi.org/10.1038/23168
https://doi.org/10.1038/23168


Ritchie, H. (2019). Which countries are most densely populated?. England:

Our World Data. https://ourworldindata.org/most-densely-populated-

countries

Rulli, M. C., D’Odorico, P., Galli, N., & Hayman, D. T. S. (2021). Land-use

change and the livestock revolution increase the risk of zoonotic coro-

navirus transmission from rhinolophid bats. Nature Food, 2(6), 409–
416. http://dx.doi.org/10.1038/s43016-021-00285-x

Saha, A., Ghosh, R. K., & Basak, B. B. (2019). Fate and behavior of pesti-

cides and their effect on soil biological properties under climate

change scenario. In R. Meena, S. Kumar, J. Bohra, & M. Jat (Eds.), Sus-

tainable management of soil and environment. Cham: Springer. https://

doi.org/10.1007/978-981-13-8832-3_8

Santini, N. S., Villarruel-Arroyo, A., Adame, M. F., Lovelock, C. E.,

Nolan, R. H., Gálvez-Reyes, N., González, E. J., Olivares-Resendiz, B.,

Mastretta-Yanes, A., & Piñero, D. (2020). Organic carbon stocks of

mexican montane habitats: variation among vegetation types and

land-use. Frontiers in Environmental Science, 8, 190. http://dx.doi.org/

10.3389/fenvs.2020.581476

Sharma, R. (2012). Impacts on human health of climate and land use

change in the Hindu Kush-Himalayan region. Mountain Research and

Development, 32(4), 480–486. https://doi.org/10.1659/MRD-

JOURNAL-D-12-00068.1

Shaxson, T. F. & Barber, R. G. (2003). Optimizing soil moisture for plant

production: The significance of soil porosity (No. 79). Rome: FAO.

Shrivastava, P., & Kumar, R. (2015). Soil salinity: A serious environmental

issue and plant growth promoting bacteria as one of the tools for its

alleviation. Saudi Journal of Biological Sciences, 22(2), 123–131. https://
doi.org/10.1016/j.sjbs.2014.12.001

Shultz, J. M., Kossin, J. P., Ali, A., Borowy, V., Fugate, C., Espinel, Z., &

Galea, S. (2020). Superimposed threats to population health from trop-

ical cyclones in the prevaccine era of COVID-19. The Lancet: Planetary

Health, 4(11), e506–e508. https://doi.org/10.1016/S2542-5196(20)

30250-3

Sims, N. C., England, J. R., Newnham, G. J., Alexander, S., Green, C.,

Minelli, S., & Held, A. (2019). Developing good practice guidance for

estimating land degradation in the context of the United Nations Sus-

tainable Development Goals. Environmental Science and Policy, 92,

349–355. https://doi.org/10.1016/j.envsci.2018.10.014
Singh, B. P., Cowie, A. L., & Chan, K. Y. (Eds.). (2011). Soil health and climate

change (Vol. 29). Berlin: Springer Science & Business Media.

Sulaeman, D. & Westhoff, T. (2020). The causes and effects of soil erosion,

and how to prevent it (pp. 1-5). Washington DC: World Resources Insti-

tute. https://www.wri.org/insights/causes-and-effects-soil-erosion-

and-how-prevent-it

Taylor, L. H., Latham, S. M., & Woolhouse, M. E. J. (2001). Risk factors for

human disease emergence. Philosophical Transactions of the Royal Soci-

ety B: Biological Sciences, 356(1411), 983–989. https://doi.org/10.

1098/rstb.2001.0888

Thomas, C. D., Cameron, A., Green, R. E., Bakkenes, M., Beaumont, L. J.,

Collingham, Y. C., Erasmus, B. F. N., de Siqueira, M. F., Grainger, A.,

Hannah, L., Hughes, L., Huntley, B., van Jaarsveld, A. S., Midgley, G. F.,

Miles, L., Ortega-Huerta, M. A., Peterson, A. T., Phillips, O. L., &

Williams, S. E. (2004). Extinction risk from climate change. Nature,

427(6970), 145–148. https://doi.org/10.1038/nature02121
UNCCD. (2017). Land degradation and the sustainable development goals:

Threats and potential remedies. United Nations convention to combat

desertification (UNCCD). https://knowledge.unccd.int/publications/

land-degradation-and-sustainable-development-goals-threats-and-

potential-remedies

UNCCD. (2014). The LDN target setting Programme. UNCCD. https://

www.unccd.int/actions/ldn-target-setting-programme

UNEP. (2014). In J. van Bochove, E. Sullivan, & T. Nakamura (Eds.), The

importance of mangroves to people: A call to action. United Nations

Environment Programme World Conservation Monitoring Centre.

UNEP, WMO, UNCCD (2016). Global assessment of sand and dust storms.

Nairobi: United Nations Environment Programme. https://uneplive.

unep.org/redesign/media/docs/assessments/global_assessment_of_

sand_and_dust_storms.pdf

UNISDR & European Commission's Humanitarian aid and Civil Protection

Directorate General (ECHO). (2011). Disaster through a different lens:

Behind every effect, there is a cause (a guide for journalists covering disas-

ter risk reduction). UNISDR & ECHO. https://www.unisdr.org/files/

20108_mediabook.pdf

UN-SPIDER (2019). Data application of the month: Land degradation.

https://un-spider.org/links-and-resources/data-sources/daotm-land-

degradation

USDA (2020). Soil Formation. United States Department of Agriculture.

https://www.nrcs.usda.gov/wps/portal/nrcs/detail/wa/soils/?cid=

nrcs144p2_036333

Vlek, P., Bao Le, Q., & Tamene, L. (2008). Land decline in land-rich Africa: a

creeping disaster in the making (No. P01 259). http://www.fao.org/3/

i0056e/i0056e00.pdf

Vlek, P. L. G., Khamzina, A., & Tamene, L. (Eds.). (2017). Land degradation

and the Sustainable Development Goals: Threats and potential remedies.

CIAT Publication No. 440. International Center for Tropical Agriculture

(CIAT), Nairobi, Kenya. 67 p.

von Schirnding, Y. (2002). Health in sustainable development planning: the

role of indicators (No. WHO/HDE/HID/02.11). Geneva: WHO.

Wan Mahari, W. A., Azwar, E., Li, Y., Wang, Y., Peng, W., Ma, N. L.,

Yang, H., Rinklebe, J., Lam, S. S., & Sonne, C. (2020). Deforestation of

rainforests requires active use of UN's Sustainable Development

Goals. Science of the Total Environment, 742, 140681. https://doi.org/

10.1016/j.scitotenv.2020.140681

Wang, H., Krauss, K. W., Noe, G. B., Stagg, C. L., Swarzenski, C. M.,

Duberstein, J. A., Conner, W. H., & DeAngelis, D. L. (2020). Modeling

soil Porewater salinity response to drought in tidal freshwater forested

wetlands. Journal of Geophysical Research: Biogeosciences, 125(2), 1–17.
https://doi.org/10.1029/2018JG004996

Warner, K., Hamza, M., Oliver-Smith, A., Renaud, F., & Julca, A. (2010). Cli-

mate change, environmental degradation and migration. Natural Haz-

ards, 55(3), 689–715. https://doi.org/10.1007/s11069-009-9419-7
Watts, N., Adger, W. N., Agnolucci, P., Blackstock, J., Byass, P., Cai, W.,

Chaytor, S., Colbourn, T., Collins, M., Cooper, A., Cox, P. M.,

Depledge, J., Drummond, P., Ekins, P., Galaz, V., Grace, D., Graham, H.,

Grubb, M., Haines, A., … Costello, A. (2015). Health and climate

change: policy responses to protect public health. The Lancet, 386

(10006), 1861–1914. http://dx.doi.org/10.1016/s0140-6736(15)

60854-6

Weissman, D. S., & Tully, K. L. (2020). Saltwater intrusion affects nutrient

concentrations in soil porewater and surface waters of coastal habi-

tats. Ecosphere, 11(2), 1–19. https://doi.org/10.1002/ecs2.3041
Whitford, W. G., & Duval, B. D. (2020). Desertification. In W. G.

Whitford & B. D. Duval (Eds.), Ecology of desert systems (2nd ed.,

pp. 371–395). London: Academic Press. https://doi.org/10.1016/

B978-0-12-815055-9.00012-6

Whitmee, S., Haines, A., Beyrer, C., Boltz, F., Capon, A. G., de Souza Dias, B. F.,

Ezeh, A., Frumkin, H., Gong, P., Head, P., Horton, R., Mace, G. M.,

Marten, R., Myers, S. S., Nishtar, S., Osofsky, S. A., Pattanayak, S. K.,

Pongsiri, M. J., Romanelli, C., … Yach, D. (2015). Safeguarding human

health in the Anthropocene epoch: Report of the Rockefeller Foundation–
lancet commission on planetary health. The Lancet, 386, 1973–2028.
https://doi.org/10.1016/S0140-6736(15)60901-1

WMO. (2007). Climate change and desertification world meteorological orga-

nization. Geneva, Switzerland: World Meteorological Organiza-

tion (WMO).

World Health Organization (WHO). (2015). Operational framework for

building climate resilient health systems. Geneva, Switzerland: World

Health Organization.

TALUKDER ET AL. 13

https://ourworldindata.org/most-densely-populated-countries
https://ourworldindata.org/most-densely-populated-countries
http://dx.doi.org/10.1038/s43016-021-00285-x
https://doi.org/10.1007/978-981-13-8832-3_8
https://doi.org/10.1007/978-981-13-8832-3_8
http://dx.doi.org/10.3389/fenvs.2020.581476
http://dx.doi.org/10.3389/fenvs.2020.581476
https://doi.org/10.1659/MRD-JOURNAL-D-12-00068.1
https://doi.org/10.1659/MRD-JOURNAL-D-12-00068.1
https://doi.org/10.1016/j.sjbs.2014.12.001
https://doi.org/10.1016/j.sjbs.2014.12.001
https://doi.org/10.1016/S2542-5196(20)30250-3
https://doi.org/10.1016/S2542-5196(20)30250-3
https://doi.org/10.1016/j.envsci.2018.10.014
https://www.wri.org/insights/causes%2010and%2010effects%2010soil%2010erosion%2010and%2010how%2010prevent%2010it
https://www.wri.org/insights/causes%2010and%2010effects%2010soil%2010erosion%2010and%2010how%2010prevent%2010it
https://doi.org/10.1098/rstb.2001.0888
https://doi.org/10.1098/rstb.2001.0888
https://doi.org/10.1038/nature02121
https://knowledge.unccd.int/publications/land-degradation-and-sustainable-development-goals-threats-and-potential-remedies
https://knowledge.unccd.int/publications/land-degradation-and-sustainable-development-goals-threats-and-potential-remedies
https://knowledge.unccd.int/publications/land-degradation-and-sustainable-development-goals-threats-and-potential-remedies
https://www.unccd.int/actions/ldn-target-setting-programme
https://www.unccd.int/actions/ldn-target-setting-programme
https://uneplive.unep.org/redesign/media/docs/assessments/global_assessment_of_sand_and_dust_storms.pdf
https://uneplive.unep.org/redesign/media/docs/assessments/global_assessment_of_sand_and_dust_storms.pdf
https://uneplive.unep.org/redesign/media/docs/assessments/global_assessment_of_sand_and_dust_storms.pdf
https://www.unisdr.org/files/20108_mediabook.pdf
https://www.unisdr.org/files/20108_mediabook.pdf
https://www.nrcs.usda.gov/wps/portal/nrcs/detail/wa/soils/?cid=nrcs144p2_036333
https://www.nrcs.usda.gov/wps/portal/nrcs/detail/wa/soils/?cid=nrcs144p2_036333
http://www.fao.org/3/i0056e/i0056e00.pdf
http://www.fao.org/3/i0056e/i0056e00.pdf
https://doi.org/10.1016/j.scitotenv.2020.140681
https://doi.org/10.1016/j.scitotenv.2020.140681
https://doi.org/10.1029/2018JG004996
https://doi.org/10.1007/s11069-009-9419-7
http://dx.doi.org/10.1016/s0140-6736(15)60854-6
http://dx.doi.org/10.1016/s0140-6736(15)60854-6
https://doi.org/10.1002/ecs2.3041
https://doi.org/10.1016/B978-0-12-815055-9.00012-6
https://doi.org/10.1016/B978-0-12-815055-9.00012-6
https://doi.org/10.1016/S0140-6736(15)60901-1


World Health Organization (WHO) (2018). Food safety digest: Aflatoxins

(No. WHO/NHM/FOS/RAM/18.1). Geneva: WHO. https://www.

who.int/foodsafety/FSDigest_Aflatoxins_EN.pdf

World Health Organization (WHO) (2020). Climate change: Land degrada-

tion and desertification. Q&A. Geneva: WHO. https://www.who.int/

news-room/q-a-detail/climate-change-land-degradation-and-

desertification

Yasuoka, J., & Levins, R. (2007). Impact of deforestation and agricultural

development on anopheline ecology and malaria epidemiology. Ameri-

can Journal of Tropical Medicine and Hygiene, 76(3), 450–460. https://
doi.org/10.4269/ajtmh.2007.76.450

Zhang, R., He, J., Zhao, Y., Peng, Y., & Fu, L. (2013). Another important fac-

tor of rising sea level: Soil erosion. Clean–Soil, Air, Water, 41(2), 174–
178. https://doi.org/10.1002/clen.201200127

Zurqani, H. A., Mikjailova, E. A., Post, C. J., Schlautman, M. A., &

Elhawej, A. R. (2019). A review of Libyan soil databases for use within

an ecosystem services framework. Land, 8(82), 539–547. https://doi.
org/10.3390/land8050082

How to cite this article: Talukder, B., Ganguli, N., Matthew, R.,

vanLoon, G. W., Hipel, K. W., & Orbinski, J. (2021). Climate

change-triggered land degradation and planetary health: A

review. Land Degradation & Development, 1–14. https://doi.

org/10.1002/ldr.4056

14 TALUKDER ET AL.

https://www.who.int/foodsafety/FSDigest_Aflatoxins_EN.pdf
https://www.who.int/foodsafety/FSDigest_Aflatoxins_EN.pdf
https://www.who.int/news%2010room/q%2010a%2010detail/climate%2010change%2010land%2010degradation%2010and%2010desertification
https://www.who.int/news%2010room/q%2010a%2010detail/climate%2010change%2010land%2010degradation%2010and%2010desertification
https://www.who.int/news%2010room/q%2010a%2010detail/climate%2010change%2010land%2010degradation%2010and%2010desertification
https://doi.org/10.4269/ajtmh.2007.76.450
https://doi.org/10.4269/ajtmh.2007.76.450
https://doi.org/10.1002/clen.201200127
https://doi.org/10.3390/land8050082
https://doi.org/10.3390/land8050082
https://doi.org/10.1002/ldr.4056
https://doi.org/10.1002/ldr.4056

	Climate change-triggered land degradation and planetary health: A review
	1  INTRODUCTION
	2  METHODOLOGY
	2.1  Systematic literature review to create a database
	2.2  DPSEE framework

	3  RESULTS
	3.1  Climate change-triggered land degradation
	3.2  Planetary health consequences
	3.2.1  Food and nutritional insecurity
	3.2.2  Communicable and noncommunicable diseases
	3.2.3  Livelihoods insecurity
	3.2.4  Physical and mental health
	3.2.5  Health hazards related to extreme weather events
	3.2.6  Migration and conflict


	4  DISCUSSION
	5  CONCLUSIONS
	ACKNOWLEDGMENTS
	  DATA AVAILABILITY STATEMENT

	REFERENCES


