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Abstract

Drought events, in combination with social, economic, and environmental issues such as food prices, limited access to water,
and soil degradation, have made farmers more vulnerable in society. Therefore, focusing on traditional, conventional, and
organic agricultural systems, this study evaluates social, economic, and environmental aspects of drought events along with
the impacts of adaptation strategies on them simultaneously and globally. According to the findings, hydrological droughts
have an average economic impact of approximately 1.2% on traditional agricultural systems. Furthermore, drought has
significant socioeconomic effects, causing a 1.9% decrease in average livelihood in organic agricultural systems. However,
drought does not have a statistically significant impact on conventional agriculture. The findings also revealed that conven-
tional agriculture depends on expensive off-farm inputs that use large quantities of non-renewable fossil fuels. In addition,
the selection of adaptation strategies in traditional agricultural systems led to an improvement in the economy (0.14%), live-
lihood (0.86%), and environment (0.62%). Overall, this study highlights the importance of examining different agricultural
systems and their geographical distributions into account, through a global lens when assessing the impact of adaptation
strategies to drought.

Keywords Hydrological drought - Water management - Socioeconomic drought - Farmers’ livelihood - Geographical
distributions

Introduction

Agriculture is an essential component of modern food secu-
rity and has successfully met the growing demand for food
during the latter half of the previous century. However, given
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that the system of global food production is undermining the
very foundations on which it was built, it seems that meeting
the global demand for food will no longer be possible in the
future (Rivera-Ferre et al. 2013).

Traditional agriculture has been defined as the science
or practice of farming, which includes soil cultivation for
crop growth and animal husbandry for food, wool, and
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other products. The knowledge gained through thousands
of years of local farming practices has led to what is con-
temporarily known as traditional agriculture (Singh and
Singh 2017). Some of the important features of traditional
agriculture systems are high efficiency, conserving wildlife,
low energy sources, and being locally adaptable (Srivastava
et al. 2016). Thus, traditional agro-ecosystems are seen as
illustrative models of modern sustainable agricultural sys-
tems (Gonzélez-Chang et al. 2016; Prasad et al. 2020). In
traditional agriculture systems, there are practices, including
agro-forestry (Cérdova et al. 2019), field rotation (Suto et al.
2017), intercropping (Raji 2008) agricultural composting
(Ronga et al. 2020), and combined crop-animal protection
cultivation (Mittenzwei et al. 2017), that have the ability to
improve crop productivity and tackle climate change (Ezquer
et al. 2020) (Table 1).

In the last half-century, conventional agriculture has greatly
increased agricultural output through high-yielding plant types,
automation, and natural chemical additives (Kopczynska et al.
2020). In the discursive formulation of the case for alterna-
tive ways to agriculture, the term "conventional agriculture"
is employed (i.e. alternative to conventional agriculture). The
main activities include being inherently unsustainable and
large-scale, damaging the environment, generating green-
house gases, being heavily mechanized and controlled by cor-
porate interests, being detrimental to rural populations, and
etc. (Sumberg and Giller 2022). Conventional agriculture is
a production system developed in advanced industrial coun-
tries and strengthened by researchers and extension employ-
ees in colleges and universities, together with government
staff in ministries and agriculture departments (Mensah and
Gordon 2020). It is dependent on high-priced off-farm inputs
(Kamau et al. 2018) (e.g., pesticides and fertilizer) that cause
environmental waste (Goldstein et al. 2016), incorporate sig-
nificant amounts of non-renewable fossil fuels (Firouzi et al.
2017), ultimately concentrating on production at the expense
of small-scale farmers (Qiao et al. 2018), and undermining

rural communities (Su et al. 2018). As a result, conventional
agricultural practices that expand output, notably the uncon-
trolled application of water resources and fertilizers, are the
primary drivers of emissions exposure (Amprako et al. 2020)
(Table 1). Globally, organic agriculture, defined as an envi-
ronmentally friendly method (Chatzisymeon et al. 2017) of
production without synthetic inputs, i.e., pesticides, herbicides,
and fertilizers (R60s et al. 2018), forms a small proportion
of agribusiness (David and Ardiansyah 2017) within a small
wider global socioeconomic system (Riar et al. 2017), and its
main characteristic is cultural values (Lehtimiki and Virtanen
2020). Therefore, organic agriculture is frequently presented as
a way of producing food with a low environmental effect, and it
is the only agricultural system whose management procedures
are legally codified in most countries (Seufert et al. 2017). In
view of this, these impacts encourage a framework for local
production and distribution and make healthy food available,
accessible, and affordable to all (Abbott and Manning 2015).
Overall, adapting the organic agriculture technique can, there-
fore, provide approaches to enhancing agriculture production,
food safety and environmental performance (Chatzisymeon
et al. 2017) (Table 1).

In terms of the differences between these agricultural
systems, traditional agricultural systems are frequently
defined by age-old techniques passed down through gen-
erations, focusing on manual labor, and minimum use of
external inputs. In contrast, conventional agriculture adopts
modern agricultural practices and technologies, depending
largely on synthetic fertilizers, pesticides, and mechaniza-
tion to enhance yields and efficiency. Organic agriculture,
on the other hand, avoids synthetic inputs in favor of natural
and environmentally friendly approaches, with a focus on
biodiversity, soil health, and ecological balance.

Access to adequate quality and quantity of freshwater is
one of the most pressing issues confronting humanity in the
twenty-first century (Cansino-Loeza et al. 2022). Freshwa-
ter accounts for only 2.5% of the Earth’s water (Bhushan

Table 1 An overview of water management strategies of agricultural systems when facing drought

Agricultural systems Water-related features

Water management strategies

Traditional agriculture ~ m Water retention system
m Reduction in downstream peak flow

m Providing water storages

Conventional agriculture m Soil moisture deficit

m Soil compaction leading to long run water loss

m High water intensity crops

Organic agriculture m Steady soil moisture
m Reduction in evaporation

m Good water infiltration into the soil

m No-tillage farming
m Seasonal calendars and water allocation
m Traditional water harvesting system (e.g., Ab-bandan)

m Irrigating fields using surface water

m Tillage and cropping practices leading to a decrease in soil water
capacity

m Cultivating crops such as rice, sugarcane, and cotton in regions
with limited water resources

m Keeping soil moisture by soil organic matter

m Reducing evaporation by a thin layer of mulch

m Water collection by a strong soil structure containing several
cavities and pores

Source: Study’s findings
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2020) and is significantly influenced by human activities
and climate change (Ouyang et al. 2019). Many studies have
confirmed significant increases in water scarcity (e.g., Trnka
et al. 2019; Nouri et al. 2020), which will be exacerbated
significantly in the coming decades, posing a threat to food
security, environmental management, and economic growth
challenges.

One of the primary uncertainties that farmers encounter is
drought, typically described as water shortage compared to
normal circumstances. Drought can be hydrological (short-
age of water resources that are available to farmers), or it can
be meteorological (caused by low rainfall). Drought is differ-
ent from other climate hazards that farmers must deal with
(e.g., floods), because its impacts can be felt for extended
periods of time and can influence farming practices beyond
the initial water scarcity (Kiem et al. 2016).

Overall, droughts occur in a wide range of climates,
such as regions with high and low precipitation, being
mostly associated with a decrease in the amount of rainfall
over a prolonged period (e.g., a season or a year) (Tadeyo
et al. 2020). Several factors that play an important role in
drought are (Wang et al. 2023) temperatures (Boguszewska-
Marikowska et al. 2020), wind speed (Keeley and Syphard
2019), low relative humidity (Georgii et al. 2017), rainfall
characteristics such as rainy days distributed over crop
cycles, rain intensity, and duration of rain events (Berthou
et al. 2019; Mardero et al. 2020). Compared with any other
natural disasters, on average, drought affects more people
and is more devastating (De Silva and Kawasaki 2018). In
addition, there is an interaction among decreased precipi-
tation (hydrological drought) (Kubiak-Wéjcicka and Bak
2018), stress on soil moisture (farm-drought) (Rey et al.
2017; Khan et al. 2019), reduced channel streams (hydro-
logical drought) (Myronidis et al. 2018), and limited access
to water (socioeconomic drought) (Naumann et al. 2019)
triggered by economic or political causes (Madani et al.
2016; Smirnov et al. 2018).

Overall, significant challenges are posed by drought in
different agricultural systems (e.g., traditional, conventional,
and organic) and these challenges need to be addressed
through the application of adaptation strategies.

Reviewing different agricultural systems, there are several
adaptation strategies applicable to each system. For example,
in terms of traditional agriculture systems, promoting rain-
water harvesting can save rainwater for residential and agri-
cultural use. A traditional approach to water management is
taking place in Iran, Mazandaran, one of its local provinces
(Mirzaei et al. 2017). There is a “traditional water harvest-
ing system” named Ab-bandan (Mirzaei et al. 2019), which
is man-made “water reservoirs” or “artificial wetlands” of
varying sizes from 3 to 1000 ha (Giosa et al. 2018). Focus-
ing on global aspects, the results of a study by Aliabadi et al.
(2022) showed that farmers practicing traditional agriculture

use different approaches to cope with drought, such as no-
tillage farming, seasonal calendar, field rotation, intercrop-
ping, changing planting time, seeding before the drought,
etc.

In conventional agriculture, farmers practice integrated
water resources management, which is a key to water (and
food) security, particularly in areas with competing inter-
ests in water resources. By implementing an efficient irriga-
tion method, water usage is minimized, and efficiency is
maximized (Rahaman and Varis 2005). Other approaches
are planting high-yielding plant types and crop insurance,
which contribute to income security, and provide financial
support in case of drought-related crop failure (Ben-Amar
et al. 2020).

By emphasizing organic agriculture, which is a sus-
tainable livelihood strategy with decades of experience in
multiple climate zones and a wide range of unique local
conditions, the adaptation strategies can be built on well-
established practices. The main adaptation strategies in
this type of farming include drought conservation tillage,
removing synthetic inputs, soil moisture monitoring and
using mulch (Chatzisymeon et al. 2017; Wittwer et al. 2023).

Overall, numerous studies have evaluated the effects
of farmers’ adaptation strategies and the consequences
of drought on agricultural systems. Most of these studies
focused on how agricultural systems operated, the major
costs and benefits of adaptive measures, and some other
studies accounting for wider social and environmental
aspects. Some studies have also excluded the farmers’ adap-
tations strategies and only focused on the effects of drought
on rural households along with ex-ante characteristics. For
example, Keshavarz et al. (2017) and Udmale et al. (2014)
assessed farmers' vulnerability to drought by considering the
role of household characteristics.

Other studies have evaluated some adaptation strategies
implemented by farmers such as using drought-tolerant crop
varieties (Birthal et al. 2015), water harvesting (Bhushan
2020), non-farm activities (e.g., dairy, transporting, wood
gathering) (Cunguara et al. 2011), etc. These studies fre-
quently identified a particular agricultural system or adap-
tation strategy that had been demonstrated to increase
the resilience of farms to drought. Overall, these studies
explored the elements that enabled farmers to apply such a
system or adaptation strategy.

Other groups of studies compared various drought adap-
tation strategies practiced by farmers in a particular loca-
tion. For instance, Eriksen et al. (2005) and Le Dang et al.
(2014) asked farmers to rate the effectiveness of the various
drought-resilient strategies they adopted, and Venot et al.
(2010) estimated the net profit from each action taken by
farmers.

Another approach has been to investigate different water
management strategies. In this respect, Gain et al. (2021)
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suggested that it is essential to support both human well-
being and the sustainable management of resources by com-
prehending the dynamic relationships between people and
water. The difficulties facing water management today are
naturally unpredictable and challenging to manage, and thus
a clear recognition of the interactions and feedback between
social-ecological systems and natural systems is allowed in
this method. However, Basharat and Tariq (2015) suggested
that groundwater can be exploited and conserved by adopting
appropriate plans at both regional and local levels. In addition,
overconsumption has led to increasing salinity on the surface,
incursion of seawater, and groundwater mining. Li et al. (2022)
demonstrated a grasp of complicated system issues of multiple
cooperation of water resources, society, economics, environ-
ment, and ecology, as well as dynamics in cropping pattern
modification decision-making. Furthermore, based on system
dynamics, this study suggested a multidimensional joint opti-
mization modeling technique for cropping patterns.

Reviewing the studies above, we can understand that
drought events are now the least predictable of all atmospheric
hazards and among the most intense meteorological events.
Overall, most studies investigate adaptation strategies and
water management in different ways, but to our knowledge,
there is no review study analyzing drought events while simul-
taneously considering different agricultural systems based
on social, economic, and environmental aspects. This is the
research gap that the current study tries to fill by taking inno-
vative steps to 1) review appropriate literature from Google
Scholar, ISI Web of Science, Science Direct, and Scopus, to
2) assess how drought events affect major agricultural systems,
such as traditional, conventional, and organic agriculture and
to 3) discuss different adaptation strategies in the context of
holistic social, economic, and environmental aspects.

Therefore, according to the main objectives, the following
research questions will be answered:

1) What are the key factors influencing drought events’
impact on social, economic, and environmental dimen-
sions across traditional, conventional, and organic agri-
cultural systems?

2) What are the most effective adaptation strategies
employed in traditional, conventional, and organic agri-
cultural systems in response to drought events across
different geographical regions?

Methodology

By applying a meta-analysis on a global scale, this study
examined the difficulties that farmers face during drought
events along with their adaptation strategies as well as the
effects of drought on different agricultural systems. Meta-
analysis is the statistical synthesis of the findings of several

@ Springer

original articles addressing a similar research question. The
results of a meta-analysis can improve the precision of the
estimates of effects, address questions not posed by the
articles, resolve disputes arising from seemingly contradic-
tory articles, and make novel hypotheses (Paul and Barari
2022). Table 2 lists dependent and explanatory variables.
Quantitative effects were synthesized to verify the results
obtained from the original articles (Rover and Friede 2023).
The study has four phases: 1) topic selection and collection
of the articles, 2) studies selection and inclusion and exclu-
sion criteria, 3) specification of meta-analysis model, and 4)
quality control and running the mate-regression.

Topic selection and compiling of articles

A systematic search was initially conducted to find relevant
articles from Google Scholar, ISI Web of Science, Science
Direct, and Scopus search engines from 1950 to 2023, which
was followed by a thematic analysis process on keywords.
The first stage was to recognize keywords based on the topic

ELIT3 9% <

being studied, i.e., “drought events”, “water scarcity”, “agri-
cultural systems”, “hydrological drought”, “socioeconomic
drought.” The next stage was to consider other keywords
to get more certain articles up to the maximum searchable
extent such as “adaptation strategies” and “water man-
agement.” A combination of keywords related to drought
types in agricultural systems were offered consecutively as

follows:

Table 2 Dependent and explanatory variables

Explanatory
Hydrological drought
Socioeconomic drought
Adaptation strategy in traditional agricultural systems
Adaptation strategy in conventional agricultural systems
Adaptation strategy in organic agricultural systems
Data collection year
Continents (Africa, America, Asia, and Europe)
IST publication
Method

Dependent
Economic aspects in traditional agricultural systems
Social aspects in traditional agricultural systems
Environmental aspects in traditional agricultural systems
Economic aspects in conventional agricultural systems
Social aspects in conventional agricultural systems
Environmental aspects in conventional agricultural systems
Economic aspects in organic agricultural systems
Social aspects in organic agricultural systems
Environmental aspects in organic agricultural systems

Source: Study’s findings
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1) Drought events AND water scarcity AND traditional
agriculture AND hydrological drought AND socioeco-
nomic drought

2) Drought events AND water scarcity AND conventional
agriculture AND hydrological drought AND socioeco-
nomic drought

3) Drought events AND water scarcity AND organic agri-
culture AND hydrological drought AND socioeconomic
drought

4) Drought events AND water scarcity AND traditional
agriculture AND adaptation strategies AND water man-
agement

5) Drought events AND water scarcity AND conventional
agriculture AND adaptation strategies AND water man-
agement

6) Drought events AND water scarcity AND organic agri-
culture AND adaptation strategies AND water manage-
ment

After the initial search, the retrieved records were care-
fully screened using predefined inclusion and exclusion cri-
teria explained in the following sub-section.

Studies selection, inclusion and exclusion criteria

The process for including/excluding articles is shown sche-
matically in Fig. 1. As shown in the figure, the first step
was the initial search considering the above-mentioned key-
words, which resulted in 2,132 articles. The second step
was to include several inclusion criteria: 1) the impacts of

Fig. 1 The process of including
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drought events on agricultural systems must be estimated
based on regression models, 2) quantitative results assess-
ing the effect of the drought events on agricultural sys-
tems, and 3) English articles in peer-reviewed journals till
October 2023. In this step, the number of original articles
reached 500. The third step was the progressive search con-
sidering several exclusion criteria: 1) obvious errors, e.g.,
statistical inaccuracies or plagiarism, 2) use of qualitative
methods without inferential statistics/analysis, and 3) the
dissertation from which the article was extracted to avoid
duplicate data. In this step, the number of articles narrowed
down to 116 articles. The fourth step was presenting the
effects of drought without measurement unit, which should
be expressed as a percentage change in the dependent vari-
able. This led to the selection of 44 primary articles for
meta-analysis.

Specification of meta-analysis model

The sets of factors related to the original articles based
on the economic, livelihood, and environmental effects
of drought on agricultural systems were included in the
meta-analysis as meta-regressions including 1) the effect
of drought events on agricultural systems (in percentage),
2) the effect of adaptation strategy on economy, livelihood,
and environment (in percentage), 3) temporal pattern (pub-
lication year of collected data), 4) spatial pattern (the study
area), 5) publication type (ISI publication or working paper),
and 6) methodology type (captured heterogeneity).

Searching for relevant studies
(n=2,132)
’ Studies excluded due to not mainly
relevant to drought and its effects
l (0=1,632)
Studies included after reading

their title and abstract (n=500)

’ Studies excluded due to no proposed
drought effects on agricultural systems
(n=384)

v

Studies included after reading

their full text (n=116)

‘ Studies excluded due to not estimating the
quantitative effects of drought and
J/ adaptive strategies (n=72)

Studies included according to

the data availability (n=44)
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In this context, enhancing the statistical significance and
validity of the meta-analysis is possible, plus extracting
additional information such as publication type and meth-
odology type that may not have been included in the original
articles. The general equation of a meta-analysis model is
as follows:

M; = oy + X By By + g ¢))

where M refers to the dependent variable I obtained from
a given article j, E;;, is the meta-regressor k and p is the
parameter associated with meta-regressor k, which measures
its impact on the estimate of the dependent variable, o is the
constant, p; is the effect size, and & is an error term.

Quality control and running of meta-regression

This study investigated the average effect sizes (i.e., the
effect of drought and adaptation strategies in traditional,
conventional, and organic agricultural systems) extracted
from the primary articles to indicate the effect of drought
on the economy, livelihoods, and environment of different
agricultural systems.

Meta-regression can be implemented using the fixed- or
random-effect model. The distinction between these two
models can be due to different reasons, as follows: 1- the
actual effect size in the original articles is assumed to be
the same in the fixed-effect model, 2- the correlation among
different observations from one or more original articles is
explained through the random-effect model using cluster
robust variance estimators, and 3- the random-effect model
obtains consistent and efficient results compared to a fixed-
effect model (Kanters 2022). Thus, the current study applied
the random-effect model to implement the meta-regressions.

This study ensured the quality of the collected articles by
avoiding the risk of bias (Minozzi et al. 2020). Meta-analysis
studies are susceptible to publication bias because articles
with results that contradict the expected direction or lack
inferential statistics may overstate the effect. To avoid this
problem in this study, Egger’s test with funnel plot asym-
metry was used to determine potential publication bias in a
meta-analysis. This test is a linear regression of the interven-
tion effect, which estimates their standard errors weighted
by their inverse variance.

In the current study, three econometric models of meta-
analysis were tested. First, it started from a simple model con-
sidering only the effect of drought and adaptation strategies
in traditional, conventional, and organic agricultural systems.
Then the spatiotemporal characteristics were included in the
second model. In the third model, publication and method-
ology types were also added. Finally, the model with more
significant statistical characteristics was selected.

@ Springer

The Stata version 17 (Stata Corp, College Station, TX,
USA) was used to run the meta-regression.

Results
Statistical analysis

Table 3 shows the frequency percentage of primary arti-
cles based on considered variables, e.g., drought, adapta-
tion strategy in traditional agriculture, conventional agri-
culture, and organic agriculture. This provides a statistical
overview of observations, specifically the results presented
in the primary articles. The hydrological drought showed a
frequency of 68% in the primary articles. This drought is
caused by decreased precipitation in different regions such
as Zimbabwe (Makate and Makate 2019), China (Guo et al.
2019), and Iran (Etemadi and Karami 2016). According to
the results, socioeconomic drought had a frequency of 31.8%
in the primary articles, which was caused by limited access
to water, insecure rural livelihood, and forced outmigration.
In addition, adaptation strategies in traditional agricultural
systems had a frequency of 22.7% in the primary articles.
The main practices used in these articles for traditional agri-
culture included agroforestry, field rotation, intercropping,
agricultural composting, and combined crop-animal protec-
tion cultivation. Adaptation strategies in conventional agri-
cultural systems had a frequency of 45.4% in the primary
articles. The main practices applied included high-yielding
plant types, automation, and natural chemical additives.
Finally, adaptation strategies in organic agricultural systems
had a frequency of about 31.9% in the primary articles. The
main practices applied included an environmentally friendly
method of production based on removing synthetic inputs,
i.e., pesticides, herbicides, and fertilizers.

Geographically, our study reflects a global interest in
drought research, with significant contributions from Africa,
America, Asia, and specifically Europe. Africa, America,
Asia, and Europe account for 18.2%, 20.4%, 27.3%, and
34.1% of the studies, respectively. The geographical distri-
bution of drought and adaptation strategies on economic,
livelihood, and environmental impacts in agricultural sys-
tems are significant. According to publication type, 84.1%
of primary articles were published in ISI journals and others
were selected to be presented at the conferences and annual
meetings of the scientific associations.

Output of meta-regression in traditional,
conventional, and organic agricultural systems

The results of the meta-regression are indicated in Table 4.
As shown in this table, the adjusted R? ranged from 0.11
to 0.93, representing the ratio of economic, livelihood,
and environmental fluctuations for various agricultural
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Table 3 The frequency percentage of primary articles based on variables included in meta-regressions as explanatory variables

Factor Variable Variable type Description Frequency (%)
Drought Hydrological Dummy When the drought is the result of decreased precipitation 68.2
Socioeconomic Dummy When the drought is the result of limited access to water 31.8
Adaptation strategy Traditional Dummy Practices, including agroforestry, field rotation, intercropping, 22.7
agricultural composting, and combined crop-animal protection
cultivation
Conventional Dummy Practices, including high-yielding plant types, automation, and natu- 45.4
ral chemical additives
Organic Dummy Environmentally friendly practices based on removing synthetic 31.9
inputs, i.e., pesticides, herbicides, and fertilizers
Temporal pattern ~ Data collection year Continuous  Data collection from 1990 to 2023 100
Spatial pattern Africa Dummy Study area 18.2
America Dummy Study area 20.4
Asia Dummy Study area 27.3
Europe Dummy Study area 34.1
Publication type ISI publication Dummy Publication in ISI journals 84.1
Methodology type =~ Method Dummy Method to deals with capturing heterogeneity 4.5

Source: Study’s findings

systems based on the explanatory variables used in the
meta-regression.

The temporal patterns (i.e., publication year of collected
data) show positive impacts on traditional and organic agri-
cultural systems. This means that increasing the data col-
lection time by one year increases the economic and envi-
ronmental impacts on traditional and organic agricultural
systems. Specifically, the temporal pattern indicates a 52%
increase in economic impact in traditional agricultural sys-
tems. Furthermore, the temporal pattern has a 21% greater
environmental impact on organic agricultural systems.
Regarding the spatial patterns, the effects of droughts on eco-
nomic impacts in traditional agricultural systems are signifi-
cant in America, Asia, and Europe by 2.11, -2.89, and -1.33,
respectively. This means that occurring droughts in the tradi-
tional agricultural systems have negative economic impacts
in Asia and Europe. Furthermore, the effect of droughts on
the economic aspects of organic agricultural systems in Oce-
ania is significantly lower than in other regions, which is
approximately 3.83%. In terms of spatial patterns, livelihoods
in traditional agricultural systems have been significantly
influenced by droughts in American countries by -1.02.
Thus, occurring droughts in the traditional agricultural sys-
tems reduce livelihoods for farmers in American countries. In
addition, environment in traditional agricultural systems has
been significantly influenced by droughts in Asian countries
by -0.99. As a result, occurring droughts in the traditional
agricultural system leads to environmental degradation in
Asia. Furthermore, if the primary article is published in an
ISI Journal compared to the conferences and annual meet-
ings of the scientific associations, the economic impacts on

traditional, conventional, and organic agricultural systems
will show an increase by 6%, 7%, and 7%, respectively.

Drought impacts vs. adaptation strategy impacts
in agriculture

Drought events in traditional agriculture cause loss of agri-
cultural products, malnutrition of humans and livestock,
loss of land, economic stagnation, increase in disease, and
migration of communities, all of which threaten livelihoods
at the regional and national levels. According to a study
by Srivastava et al. (2016), the productivity of traditional
agriculture in India’s dry regions has decreased by 40% due
to severe drought. Thus, farmers abandoned these agricul-
tural areas, which were the main source of their income. In
a study by Mensah and Gordon (2020) it was revealed that
the occurrence of severe drought in southern Africa has led
to reduced livestock grazing and less water for cattle and
irrigation, which significantly affected agricultural liveli-
hoods, resulting in food shortages in traditional agriculture.
The main consequence was that livestock farmers have their
livestock due to insufficient water availability. Therefore, this
has greatly affected the profit margins of producers and their
livelihoods and affected their loan repayments. In another
similar study by Kiem et al. (2016), drought reduced the
ability of conventional livestock farmers to grow forage and
negatively affected the availability and cost of purchased
feed in Australia. In addition, drought reduced water sup-
plies for livestock and other farm uses. In several studies
(Seufert et al. 2017; David and Ardiansyah 2017; Wittwer
et al. 2023) drought decreases soil water content and soil
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Table 4 Results of meta-regression

Factor Variable Agricultural systems
Traditional agriculture Conventional agriculture Organic agriculture
Economic Social Environmental Economic Social Environ- Economic  Social Environmental
(livelihood) (livelihood) mental (livelihood)
Drought Hydrological 121" 0.16 -0.42 0.93 0.15 -6.63 -0.55 1.45 0.64
Socioeconomic  -0.11 0.12 -0.27 0.41 274 -24.69 2.65 -1.927
Adaptation strategy ~ Traditional 0.14" 0.86™" 0.62""
Conventional -0.26 1.10 0.29"
Organic 2.04 0.04 0.03"
Temporal factor Data collection ~ 0.52""" -0.03 -0.08 -0.08 -0.01 1.36 0.09 0.27 0.21"
year
Spatial factor Africa -0.30 0.03 0.18 0.01 -14.29 -2.21
America 2117 -1.02" 0.18 2.73 -14.21 0.40 -0.46
Asia -2.89™" -0.58 -0.99™
Europe -1.33" -0.41 -0.81
Oceania -0.69 -3.83
Publication type ISI publication ~ -0.15
Methodology type Method 0.02 -1.16 -0.08
Number of observations 54 44 43 6 12 18 15 2 15
Adjusted R? 0.54 0.73 0.63 0.93 0.25 0.53 0.20 0.11 0.33

* %% and *** indicate significant results (0.10, 0.05, and 0.01, respectively)

Source: Study’s findings

organic carbon content and affects crop development and
food security in organic agriculture.

As claimed by Paul and Barari (2022), applying adapta-
tion strategies in traditional agriculture has enabled farmers to
quickly react to changing climate conditions such as weather
patterns and pest pressure. Rapid adaptation to climate change
conditions helps farmers remain competitive and maintain the
productivity of their operations. The economic benefits of cli-
mate adaptation include continued or increased agricultural
production, more household incomes, improved environmen-
tal services, long-term assets, and reduced vulnerability to
extreme weather events. As stated by Wittwer et al. (2023),
adaptation to climate change has ecological benefits by allow-
ing species to survive and thrive in different environmental
conditions, thereby maintaining the diversity of an ecosys-
tem. As species adapt to their environment, they develop
unique characteristics that enable them to exploit different
resources or habitats. Taking steps to adapt to climate change
can increase resilience, meaning a greater ability to cope with
change, contributing to farmers’ livelihood improvement.

Discussion

Drought and adaptation strategies in agricultural
systems

The drought events play significant roles on the mean
economic impact in traditional agricultural systems and
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livelihood aspects of organic agricultural systems. Hydro-
logical drought has significant economic consequences for
the traditional agricultural system. Reduced precipitation
causes hydrological drought, which raises average eco-
nomic impacts in traditional agricultural systems by 1.2%.
Furthermore, socioeconomic drought is associated with
limited access to water and it has significant livelihood
impacts on organic agricultural system, hence, resulting in
1.9% decrease in average livelihood impact in the organic
agricultural system.

Previous studies' findings (e.g., Musolino et al. 2018;
Edwards et al. 2019; Karmaoui et al. 2022; Nguyen et al.
2023) are consistent with our findings of the destructive
effect of drought on livelihoods in the organic agricultural
systems but contradict the findings of these effects on tradi-
tional systems’ economies. The results of the current study
point to the increase in food prices because of drought
events, while other researchers emphasized the destructive
effects of drought, such as reduced productivity. For exam-
ple, Nguyen et al. (2023) evaluated the effects of the drought
on the yields of maize and soybeans at the county level
in the Southeast United States from 1979 to 2019. Their
findings demonstrate that over 50% of the counties in the
study region experienced significantly negative effects from
drought events that occurred during the crucial development
and growth stage, though the severity of these effects varied
across the region due to different irrigation infrastructure
and historical climatic conditions. Their results also showed
a region-wide average yield drop of between 42.7% and
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31.9% for maize and between 25.4% and 23.4% for soybeans
due to an extremely dry event that occurred during the cru-
cial development growth stage.

Considering the long-term impacts of drought, Karmaoui
et al. (2022) investigated the social and environmental
aspects with regards to desertification in arid and semi-arid
regions. According to their findings, a significant influence
of drought on desertification was acknowledged by the par-
ticipants. The respondents indicated a high (32%) to medium
(31%) impact on the economic implications for the decline
in income, with a high impact direction of drought. How-
ever, the impact of the decline in agricultural yield ranged
from very high (42%) to high (31%).

Edwards et al. (2019) conducted a similar study in which
they evaluated surveys to investigate how the drought in
Australia affected various economic and social outcomes.
Their results showed that drought had a significant nega-
tive economic impact on farmers and other people working
in the agricultural sector. Furthermore, those who did not
work in agriculture suffered as a result of the drought along
with many marginalized labor market groups suffering from
poor working conditions in local economies. In contrast,
Musolino et al. (2018) investigated the distributional effects
of drought on agriculture and the extent of socioeconomic
effects of drought in certain agricultural regions in Europe.
Their results showed that, basically, based on the analysis of
production and price trends, drought events were not com-
pletely harmful. Some groups, such as some producers, even
benefited from the occurrence of drought.

Traditional agriculture

As the findings show, the adaptation strategy plays signifi-
cant roles in the mean economic, livelihood, and environ-
mental aspects of traditional agricultural systems. In this
regard, adaptation strategies resulted in 0.14%, 0.86%,
and 0.62% increases in average economic, livelihood, and
environmental impacts in traditional agricultural systems,
respectively. Therefore, adaptation strategy leads to global
comprehensive improvement in traditional agricultural
systems.

Previous studies (Altieri et al. 2015; Zeweld et al. 2021;
Zobeidi et al. 2022) investigated adaptation strategies in tra-
ditional agriculture and their effects. In this regard, Zeweld
et al. (2021) investigated the effects of some adaptation agri-
cultural strategies on agricultural performance and farmers’
livelihoods considering sustainable agricultural land in north-
ern Ethiopia. Their results showed that behavioral, social, and
environmental factors significantly affect the application of
adaptation strategies to drought events. Altieri et al. (2015)
investigated the adaptation potential of the traditional agri-
cultural system against climate change. They showed that
adaptation to climate disasters (i.e., hurricanes and droughts)

is closely related to high levels of on-farm biodiversity, which
is a common feature of traditional agricultural systems. There-
fore, the rescue of traditional management systems along with
the use of management strategies based on agroecology can
be the only strong way to increase the productivity, sustain-
ability, and adaptability of traditional agriculture under the
predicted climate scenarios. They investigated how three tra-
ditional agricultural methods (i.e., biodiversity, soil manage-
ment, and water harvesting) may be included into the design
and management of agroecosystems, allowing farmers to
employ strategies that both promote adaptation and provide
financial benefits.

Conventional agriculture

According to the findings of the current study, the adapta-
tion strategy has a significant impact on the mean environ-
mental aspect of conventional agricultural systems. In this
regard, adaptation strategies led to a 0.29% increase in aver-
age environmental impact in conventional agricultural sys-
tems. Therefore, adaptation strategy leads to comprehensive
improvement in conventional agricultural systems globally.

Clearly, resource-poor households (i.e., smallholder farm-
ers) are also seen as the most vulnerable groups to drought
effects due to their inadequate facilities and supplies that
act as a barrier against this vulnerability and their restricted
adaptation capacity (Sofi et al. 2018). Under these condi-
tions, if rural farmers hit a point where their livelihoods are
no longer stable, they will be forced to abandon agriculture
(Keshavarz and Karami 2016). It is also important to exam-
ine the susceptibility of farm families to drought.

Based on evidence, it has been proven that drought
occurs cyclically, thus creating an uncertainty factor for
both agricultural production and the economic situation.
The recurring droughts and their consequences for many
areas have been studied extensively in literature. Macholdt
and Honermeier (2017) investigated the importance of farm-
ers’ diversity selection in cereal production in conventional
agricultural systems and the discovery of specific crop spe-
cies to adapt to drought in Germany. Their results showed
that choosing climate-friendly species was very important
to most respondents. The adoption of varieties with high
yield levels and compatibility with the environment should
be given more attention as their use is likely to improve the
overall yield of cereals and reduce the risks of crop produc-
tion due to drought. Sumberg and Giller (2022) critically
examined conventional agriculture linked to serious chal-
lenges such as climate change. According to their results,
the negative effects of conventional systems include soil
degradation, both physically and biologically, as well as a
major loss in soil organic matter, which ultimately reduces
the soil's ability to cope with climate disturbances such as
drought.
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Coérdova et al. (2019) using a comprehensive socio-
economic and environmental information of high forest
agricultural and conventional agricultural systems iden-
tified the system with better opportunities to increase
adaptation against climate change in Ecuador. Their
findings revealed that both agroforests and regular farm-
ers perceived climate change in the previous decade and
expected this tendency to continue in the following dec-
ade. In addition, conventional farmers were more exposed
to drought, solar radiation, pests, weeds, and disease out-
breaks than agroforests. They suggested the key role of
agroforestry systems for drought adaptation and mitiga-
tion, especially in developing countries. In another study,
Wittwer et al. (2023) investigated the ability of conserva-
tion agriculture and tillage practices to withstand drought
for wheat, barley, and maize productivity. Their results
indicated yield reductions due to experimental drought
events of 34% for maize, 23% for barley, and 17% for
wheat. As a result, the conservation agriculture system
has very little ability to prevent a severe drought. How-
ever, there was a clear trend in maize, where conservation
tillage during mild and experimental droughts resulted in
higher average yields than tilled systems.

Organic agriculture

According to the findings, the adaptation strategy plays a
significant role in the mean environmental aspect of organic
agricultural systems. As can be seen, the adaptation strategy
resulted in a 0.03% increase in the average environmental
impact in organic agricultural systems. The crops are usu-
ally less vulnerable to drought and other natural hazards in
organic agricultural systems than the crops cultivated using
conventional agricultural systems. Given the growing diver-
sity of cultivated plants, not all organic farm production is
vulnerable to the same diseases or adverse weather events.
Soils in the organic agricultural systems absorb more avail-
able precipitation, thus providing practical protection from
drought.

Organic farmers also experience less economic loss if a
complete crop failure occurs, because they have invested
less in purchasing the inputs. Von Schiller et al. (2015),
Ardén et al. (2016), Lebreton et al. (2016), and Schwantes
et al. (2016) have estimated the effects on dissolved
organic matter and ecosystems in severe drought condi-
tions. Based on these studies, crop diversity on organic
farms along with increased water holding capacity would
result in drought tolerance, as well as other economic
benefits. Therefore, what diversity offers is some protec-
tion against unfavorable price changes in a single sys-
tem of production. More seasonal distribution of inputs
is another benefit of diversified farming. Organic crop
management strategies can also be a beneficial option in
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a period of climate change, including soil and crop char-
acteristics that can reduce the barrier against extremes in
the ecosystem. To support such changes in rural popula-
tion practices, agricultural production can be maintained
or restored depending on soil and water preservation
and intensification of agricultural systems (Garrett et al.
2018). Based on the results of the studies by Altieri et al.
(2015) and Altieri and Nicholls (2017) on organic agri-
cultural systems for droughts, they perform better during
extreme climatic conditions than conventionally managed
agricultural systems. Moreover, organic agricultural sys-
tems performed significantly better in four out of five
years of severe drought in the 21-year Rodale Agricul-
tural Systems Experiment, in which two organic and one
traditional crop rotations were compared. Pimentel and
Burgess (2014) claimed that various organic technolo-
gies are useful for sustaining agriculture while conserving
resources. Their results indicated economic effects (i.e.,
proper yield) and environmental effects (including more
soil organic matter and nitrogen, and conservation of soil
moisture and water resources) in organic farming systems
under drought conditions.

Table 5 summarizes the studies in the discussion sec-
tion with some more detailed information.

Novelties and limitations of this approach

The novel aspect of this study lies in its comprehensive
evaluation of the social, economic, and environmental
impacts of drought events on various agricultural systems
(traditional, conventional, and organic) simultaneously and
on a global scale. The study offers a more holistic under-
standing of the effects of drought and the effectiveness of
adaptation strategies across various agricultural systems by
taking these numerous dimensions into account at the same
time. Additionally, the study highlights the interconnect-
edness of these aspects and emphasizes the importance of
considering geographical distribution and adaptation strate-
gies when assessing the impact of drought on agricultural
systems. The study’s limitation is a lack of quantitative
estimation of the direct effects of drought on various social
aspects, such as public safety, health issues, stress pressures,
and disruption of social connections within agricultural sys-
tems. Nonetheless, the study acknowledged the existence of
social impacts stemming from drought occurrences.

Conclusion

Our findings underscored the profound influence of hydro-
logical drought, driven by reduced precipitation in regions
like Zimbabwe, China, and Iran, leading to a notable shift
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Table 5 A summary of the compared studies

Main findings

Conclusion

Study Year  Methods

Traditional agriculture

Zeweld et al 2021 A multinomial model is used to use
farmers’ perceptions to adapt to
climate change in Northern Ethiopia

Zobeidi et al 2022  Model of private proactive adaptation
to climate change (MPPACC) and
face-to-face interviews with 250
farmers in Khuzestan province, Iran

Nguyen et al 2023  Crop yield detrending and CROPWAT
model equation in the southeastern
USA

Conventional agriculture

Macholdt and Honer- 2017 A broad-based survey to collect

meier data from conventional farmers in

Germany

Cérdova et al 2019 A comprehensive socioeconomic and
environmental dataset was collected
from household interviews of con-
ventional and agroforestry farmers in

Ecuador's highlands

Wittwer et al 2023  Agroscope's long-term farming system
and tillage experiment aims to inves-
tigate how drought affects the yield
of three arable crops: winter wheat,
pea-barley mixture, and maize in

Switzerland

Organic agriculture

Pimentel and Burgess 2014  Flow Injection Analysis (FIA) to
analyze nitrate-nitrogen in leachate

samples in Pennsylvania. USA

2016  Water flow measurements at two sites
using tipping bucket rain gauges in
North Carolina, USA

Ardon et al

Altieri and Nicholls 2017  Conceptual resiliency framework to
identify systems that have withstood
climatic events and drought in Latin

America

Many farmers have adopted adaptation strategies
to mitigate the disturbances, such as shifting
to non-farm activities, planting multipurpose
trees, using organic fertilizers, cultivating
different crop and livestock varieties, and using
alternative water harvesting techniques

The model's results showed 49% variation in
adaptive behavior and 24% in maladaptation.
Also, perceived self-efficacy, perceived suscep-
tibility, and perceived cost directly impacted
both adaptive and maladaptive behaviors

Drought events that occurred during the critical
development growth stage had a significant
negative impact on year-to-year yield vari-
ability

Most farmers acknowledged the existence of
climate change and its detrimental effects
on cereal production. Considering this, most
respondents agreed that selecting varieties
that are climate-adapted was crucial. The most
important varietal requirements, according to
the farmers, are steadiness, eco-stability, and
grain yield performance

During the past ten years, farmers have noticed
a clear increase in temperature and a decrease
in precipitation. They also anticipated that this
trend would persist in the upcoming ten years.
Additionally, conventional farmers perceived
more exposure to disease outbreaks, pests,
weeds, droughts (40%), and solar radiation
(43%) than agroforestry farmers

For all cropping systems, there were signifi-
cant and consistent yield reductions because
of drought events (34% for maize, 23% for
pea-barley, and 17% for winter wheat). Also,
drought reduced crop uptake of nitrogen (N)
and produced a positive N budget, which may
lead to increased N losses following a drought
period

Greater amounts of nitrogen and organic matter
in the soil, less energy-based inputs, yields
comparable to those of conventional systems,
and preservation of soil moisture and water
resources, which is especially beneficial during
drought events

Drought (20%) and salinization (29%) reduced
dissolved organic carbon in similar ways, and
their combined effect (49%) was additive

It is critical to comprehend the agroecologi-
cal and organic characteristics that support
the resilience of traditional agroecosystems
because they can be the basis for developing
adapted agricultural systems

Farmers need help choosing effective adapta-
tion strategies to reduce the risks associated
with climate change, and they should have
timely access to information on agricultural
and climatic conditions. This will strengthen
agricultural extension services and promote
local institutions that raise awareness

MPPACC can be used to understand farmers’
behavior when faced with climate change, and
more importantly, maladaptation has a critical
and negative impact on determining adaptive
behaviors

Since irrigated counties are typically 50%
less sensitive to drought than non-irrigated
counties, irrigation may help decrease crop
yield vulnerability to drought, particularly for
counties that produce maize

Given that the application of varieties with high
and environmentally stable yield levels is
anticipated to enhance total cereal yields and
lower plant production risks associated with
climate change, their selection should receive
more attention

Due to the socioeconomic and environmental
benefits of the agroforestry farming system
(compared with the conventional system)
in reducing vulnerability and strengthening
and improving the sustainability of small-
holder livelihoods, their practices should be
promoted in Ecuador's highlands and other
mountainous areas

In order to minimize the effects of drought on
crop productivity, it is necessary to combine
all available practices, from soil management
to crop and cultivar selection. However, it is
difficult to come up with workable adaptation
plans for arable systems under plausible future
scenarios

Due to the higher market prices for organic
foods, the net economic return per hectare for
these crops is often equivalent to or greater
than that of conventionally produced crops.
Furthermore, elevated soil organic matter has
been shown to be advantageous in drought
years and aid in the conservation of soil and
water resources

In the future, it is expected that saltwater intru-
sion into coastal freshwaters will happen
more frequently, over greater areas, and for
longer periods of time. This trend will become
inevitable due to reductions in freshwater dis-
charge brought on by longer and more intense
droughts, as well as sea level rise

When agroecosystems with diversified cropping
systems, rich soils with organic matter, and
water-harvesting practices are integrated into
a complex landscape matrix, they become
more resilient. How well and quickly farm-
ers adapt to climate change will be largely
determined by the effective diffusion of
agroecological technologies
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towards groundwater utilization for irrigation. About
one-third of primary articles illustrated socioeconomic
drought, which is caused by limited access to water, inse-
cure rural livelihood, and forced outmigration. However,
socioeconomic drought is a very context-based topic; thus,
it should be incorporated into policy analysis, case studies,
and training workshops to provide a well-rounded under-
standing of the challenges and potential solutions.

Our findings demonstrated a wide range of adaptation
strategies across agricultural systems. Traditional methods,
such as agroforestry, field rotation, and intercropping are
widespread, notably in America, Asia, and Europe, demon-
strating their socioeconomically beneficial effects. Conven-
tional agriculture employs various adaptation tactics, includ-
ing high-yielding plant varieties and mechanization, whereas
organic systems focus on environmentally friendly practices,
avoiding synthetic inputs such as pesticides and fertilizers.

Overall, among the three agricultural systems, the results of
primary articles showed that organic farming has the potential
to increase net returns, reduce crop failure risks, and mini-
mize environmental impact. However, achieving such goals
requires context-specific techniques for effectively mitigating
drought impacts. As a result, as our study demonstrated, there
must be a global interest in and recognition of the importance
of studying drought events across multiple regions. Further-
more, the findings of this study highlighted the significance of
adaptation strategies employed to address the socioeconomic
and environmental impacts in different agricultural systems.
This implies a typology of the dynamic nature of drought and
the need for flexible, region-specific approaches to mitigate
its effects. While the focus of this article was on adaptation
strategies at the farm level, governments can help farmers
adapt to climate change and drought impacts by encouraging
organic agriculture and promoting organic techniques through
agricultural research and extension systems. Therefore, the
combination of traditional practices with ecological science
can improve the adaptive capacity of organic agriculture to
tackle the impacts of drought events.

In conclusion, this study emphasized the global nature
of drought research, the importance of considering geo-
graphical distributions and adaptation strategies, and
the widespread use of reputable journals to disseminate
knowledge in the scientific community. In particular, future
research studies should employ the results of such meta-
analyses to characterize the risks associated with imple-
menting adaptation measures and develop policies to help
farmers assess and manage them. Also, to date, there is a
huge knowledge gap among some of the policy makers on
defining adaptation strategies, whether it is agricultural or
non-agricultural. Thus, future research can provide more
insight into a development-based perspective on adaptation
measures across scales and sectors, including agriculture,
to reduce farmers' vulnerability to drought events.
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