Economia agro-alimentare /
Food Economy

An International Journal on Agricultural and Food Systems

Vol. 27, Iss. 2, Art. 1, pp. 35-70 - ISSNe 1972-4802
DOI: 10.3280/ecag20250al8700

ECONOMIA
AGRO-ALIMENTARE
FOOD ECONOMY

AR
-

Francadngeli

Assessing Agricultural Resilience in Malaysia:
The Impact of R&D Investments

on Sector Stability

Thurai Murugan Nathan?, Muhammad Baqir Abdullah™®,
Kalai Vani Kalimuthu?, Nor Hidayah Harun®

* University Tunku Abdul Rahman, Malaysia

® Universiti Islam Antarabangsa Sultan Abdul Halim Mu’adzam Shah, Malaysia
¢ Universiti Teknologi MARA, Cawangan Pulau Pinang, Malaysia

Abstract

Article info

The agricultural sector is pivotal in Malaysia’s economic
development, primarily providing food, feed, and raw materials
for industries while contributing to the country’s GDP and
absorbing labour. Despite its significance, the sector’s resilience
during economic shocks, such as financial crises, economic
setbacks, and pandemics, requires further examination. This
study addresses the issue of measuring the resilience of
Malaysia’s agricultural sector with an enhanced focus on the
impact of research and development (R&D) funding allocation
and investments, which is often overlooked in resilience studies.
It aims to quantify the resilience of Malaysia’s agricultural
sector and analyse trends over time, thereby contributing to
a deeper understanding of the sector’s stability and the
role of R&D in fostering resilience. Secondary data from
1996 to 2023 was collected from various sources, including
the World Bank, the Department of Statistics Malaysia, the
Ministry of Agriculture and Food Industries Malaysia, Bank
Negara Malaysia, and the Malaysian Investment Development
Authority. Principal component analysis (PCA) was utilised to
construct the resilience index, while trend analysis examined
the evolution of this index over the study period. Preliminary
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results indicate that the resilience of Malaysia’s agricultural Managing Editor:
sector fluctuates over time, with a positive correlation between Sgren Marcus
increased R&D investments and higher resilience levels. The Pedersen
findings suggest that strategic R&D investments are crucial for

enhancing agricultural resilience. By integrating R&D factors,

this research provides a comprehensive framework for assessing

the resilience of the agricultural sector, offering policymakers

and stakeholders valuable insights. The methodology and

findings can also be applied to other countries, making

a significant contribution to the literature on agricultural

resilience.

Introduction

The agricultural sector is not only a mainstay of economic development
and poverty reduction (World Bank, 2020) but also plays a vital role in
maintaining food security and safety in most developing countries (Diao
et al., 2007). However, the agricultural sector in Malaysia faces various
challenges, including climate change (Firdaus et al., 2020), economic
uncertainty (Yang et al., 2022; Hamidu et al., 2022), and a shortage of
skilled labour (Cassey et al., 2018). These challenges affect the resilience
of agricultural production and require urgent adaptation, enabling the
agricultural sector to remain productive despite disruptions from climate
change, economic uncertainty, and labour shortages.

In addition, several agricultural sectors, such as rice, are highly vulnerable
to external shocks that affect exports. Both sectors face pressure from
fluctuating commodity prices in global markets, currency depreciation and
trade policies from trading partner countries (Hamidu ez al., 2022). This, in
turn, affects the income of smallholders and limits investment in modern
agricultural techniques. Therefore, the oil palm and rubber sectors always
need financial assistance to help diversify other agricultural products to
overcome these challenges.

In addition, there is also a labour shortage (Prasad, 2017; Tittonell, 2020),
and most young people are more likely to migrate to rural areas to work
in other sectors. They are less interested in jobs in the agricultural sector.
This has led the agricultural sector to rely more heavily on foreign labour
in the plantation sector, raising concerns about long-term sustainability,
particularly with the increasingly strict recruitment of foreign labour and
the rising minimum wage for foreign labour. Meanwhile, the younger
generation is more interested in finding more modern job opportunities than
traditional agricultural jobs. This has led to a constant shortage of labour
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in the agricultural sector. Modernisation can overcome this challenge in
the agricultural sector through government initiatives from the Technical
Vocational Education and Training (TVET) program to attract young people
to modern agriculture. This approach ensures that labour in the agricultural
sector is always sufficient, allowing the sector to remain competitive and
resilient. Agricultural resilience refers to the ability of the agricultural sector
to remain productive and adapt and recover from the effects of disruptions.
These include climate change disruptions (Firdaus et al., 2020), changes in
commodity prices (Cassey et al., 2018) and labour shortages (Tittonell, 2020;
Meuwissen et al., 2019). Agricultural resilience is crucial for ensuring food
security (Tendall et al., 2015; FAO, 2020) and maintaining the stability of the
food chain (Hamidu et al., 2022).

Among the practices to increase agricultural resilience are climate-
smart practices such as conserving cropland, maintaining sound drainage
systems, and agroforestry (Tittonell, 2020; FAO, 2020). These are examples
of competitive agricultural practice systems. They aim to ensure that the
agricultural sector remains productive despite extreme weather changes, and
are a step towards modernising agricultural technologies such as automated
irrigation and remote sensing techniques.

Second is economic resilience, in other words, the financial resilience of
farmers during economic uncertainty and climate change without affecting
the productivity of the agricultural sector. Financial assistance includes
encouraging crop diversification, using innovative technology, and using
machinery. This secures the entire food supply chain. Financial support and
R&D investment are needed to ensure economic resilience (Fuglie, 2018).

Third, agricultural resilience in terms of the social and institutional
roles that support food security in the face of economic uncertainty,
climate change and labour shortages. There is a network of government
or community agencies that can provide training and technical assistance
support to farmers (Meuwissen et al., 2019), such as the use of digital
marketing platforms that enable wider marketing of agricultural products and
the use of cold storage technology to ensure that agricultural products remain
fresh and last longer. In addition, the use of sophisticated machinery can
overcome labour shortages.

Therefore, investment in R&D is essential to maintain food security by
ensuring continued productivity despite current challenges, and several
other countries have implemented similar measures. For example, in Africa,
climate-smart agriculture (CSA) is used to overcome rainfall problems and, at
the same time, promote drought-resistant crops and agroforestry (Adger et al.,
2020; Lipper et al., 2020). Meanwhile, Brazil is practising crop diversification
(Altieri & Nicholls, 2020), and farmers from the European Union and the
United States are adopting drone support systems and artificial intelligence
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in agriculture to help farmers make the right decisions (Fuglie, 2018). The
Netherlands uses hydroponics to overcome land scarcity and unpredictable
weather conditions (Fuglie, 2018). Vietnam, Indonesia and the Philippines
are relevant in using flood-resistant rice seeds to enhance food resilience
(Rumanti et al., 2018). China promotes solar-powered irrigation programs,
organic farming and crop insurance (Pingali, 2019).

The Malaysian agricultural sector faces various challenges that can affect
productivity and sustainability in the long term. Among them are climate
change, extreme weather, and drought affecting agricultural production
(Firdaus et al., 2020), mainly due to deforestation and land degradation
activities that affect the sustainability of oil palm and rubber areas (FAO,
2020). In addition, economic and global market uncertainties affect global
agricultural product demand (Cassey et al., 2018) and increase fertiliser costs,
significantly impacting the resilience of smallholder farmers (World Bank,
2020). At the same time, the agricultural sector is experiencing a shortage
of workers due to over-reliance on foreign workers. In addition, foreign
worker recruitment policies are becoming stricter to reduce the recruitment
of illegal foreign workers (Low, 2017) and local workers are less interested
in the agricultural sector (Abdullah ef al., 2016). The challenge of agriculture
to remain resilient occurs with technological constraints and facilities that
smallholder farmers face, such as limited access to modern agricultural
technology and digital equipment (Zahari et al., 2024). Capital constraints to
use technology cause inefficiencies in the food supply chain, such as a lack of
storage facilities and transportation networks.

The Function of R&D in Enhancing Agricultural Resilience

Malaysia has adopted several policies to support innovation and improve
agricultural resilience. However, a gap exists between the implementation
of agricultural resilience policies and the actual situation (Hassan et al.,
2022). This is due to the constraints of limited financial support and
insufficient investment in R&D to develop sustainable agricultural systems
(Zahari et al., 2024; Fuglie, 2018). Therefore, various aspects should be
considered, such as strategies for climate change adaptation, economic policy
reforms, workforce development and technological innovation to strengthen
agricultural resilience and ensure food security in the long term. In other
words, findings from R&D can also help policymakers and farmers restore
agricultural productivity to overcome the challenges of climate change, global
market volatility and shortages of raw material resources (Fuglie, 2018).

R&D also drives the creation of better breeds and provides better
agricultural yields (Thornton et al., 2021). In addition to the use of smart
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agriculture, including the use of remote sensing applications, artificial
intelligence (AI) and the Internet of Things (IoT) so that agricultural
activities can be monitored remotely and more accurate decisions can be
made by optimising the use of fertilisers, water and soil (Alston et al.,
2011). R&D provides empirically based insights to policymakers to improve
food security. For example, modernising agricultural systems can reduce
dependence on foreign labour, increase overall competitiveness, and ensure
that agricultural systems can cope with future economic uncertainties.

R&D can potentially improve agriculture’s long-term sustainability
(Chandio et al., 2025). However, financial constraints still exist, especially
with investments in modern technologies, such as innovative harvesting
equipment, weather-resistant crop genetics, and efficient irrigation systems.
In addition, the lack of investment from the private sector in R&D has
led to the slow development of agricultural technology (Fuglie, 2018). In
addition, government initiatives such as the Young Agroprenuer Grant
promote modern agriculture, but bureaucratic inefficiency still restricts
accessibility and effectiveness (Hassan et al., 2022). Meanwhile, banking
institutions often see agriculture as risky, causing them to hesitate to lend to
small farmers. In addition, the lack of technical knowledge and training for
farmers is the main reason they do not practice and find it difficult to accept
modern agricultural systems. Agricultural training and skills programs in
Malaysia seem inadequate, and there is still a lack of research collaboration
networks between universities and agricultural research institutions such as
the Malaysian Agricultural Research and Development Institute (M ARDI).
Weak collaboration between researchers and agricultural practitioners hinders
the development of new agricultural technologies and reduces agricultural
sustainability.

Most agricultural areas in Malaysia are developed in rural and remote
areas, with poor infrastructure, inadequate irrigation systems, and lack of
electricity and internet coverage. This hinders farmers’ ability to adopt
modern farming systems (FAO, 2020), while limited internet coverage
restricts farmers’ access to weather forecasting applications, digital
marketing, and remote sensing technologies (Lipper et al., 2020).

However, several past researches have proposed various strategies for the
agricultural sector. It is to become a resilient sector, such as strategies to
increase productivity capacity (see Alston et al., 2011; Pardey et al., 2021,
Fuglie, 2018). However, research gaps still exist, especially in assessing the
extent to which resilience occurs in the agricultural sector and the role of
R&D investment in the agricultural sector. It aims to strengthen resilience
to face global economic uncertainties and climate change by developing the
Agricultural Resilience Index (ARI) by combining social, economic and
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environmental indicators using Principal Component Analysis (PCA) and
trend analysis from 1996 to 2023.

1. Literature Review
Related Theories

The current complex macroeconomic situation dramatically affects the
agricultural environment, which various related theories can explain in terms
of resilience in agriculture. It is important to understand how the agricultural
sector can adapt when facing the uncertainty of economic pressure, labour
market, economic resource market, government intervention, and the role
of agricultural innovation to ensure the survival of the rapidly growing
agricultural sector.

The theoretical relationship starts from the Business Cycle Theory,
which explains fluctuating economic conditions and shows the economic
phase expanding or contracting from time to time (Lucas, 1980). In the
agricultural sector, the investment surge phase is the main impetus for
agricultural productivity, and agricultural production is more capital-incentive
to recovering the economy from the recession phase. On the other hand,
monetary policy pressure slows down the expansion phase of the agricultural
sector and affects the rate of labour participation in agriculture.

After the emergence of the Business Cycle Theory, the Resilience Theory
became popular among researchers, economists, and policymakers in the late
20th century. It explores the response of an economy to shocks and readjusts
after the effects of external disturbances (Hallegatte, 2014; Chavas, 2024).
The theory explains the mechanism of stress absorption and adaptation to
various uncertain economic economies. This study focuses on the resilience
theory in the agriculture sector, which is important in facing various
economic challenges such as global market uncertainty, extreme weather
changes, and global economic policies. Economists have highlighted various
strategies to ensure that the agricultural sector can enter the recovery phase
and grow to be more productive despite the global economic slowdown like
crop diversification (Vernooy, 2022), government support (Barbosa, 2024),
and approaches for using innovation to increase the level of sustainability
of the agricultural sector to adapt to various uncertain economic conditions
(Cruz, 2023).

In the context of productivity, the Human Capital Theory emphasises
the importance of investing in human capital through skills training and
education to drive agricultural economic growth and increase the efficiency
of agricultural productivity (Huffman & Orazem, 2007; Timmer, 2002;
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Hoang-Khac, Tiet, To-The & Nguyen-Anh, 2022). It emphasises the
productivity and efficiency of adopting up-to-date agricultural techniques
and using the latest technology to ensure sustainable agricultural practices.
Then came the Innovation Theory that supports agricultural resilience by
highlighting technological advances as the mainstay to ensure that economic
growth always occurs in the context of modern agricultural productivity,
mainly research and development (R&D), biotechnology, digitalisation,
and the use of artificial intelligence (AI) in agriculture. This increases
productivity efficiency, reduces input costs, fosters resilience, and becomes
more competitive to face economic uncertainty.

The Wage Efficiency Theory further reinforces the Resilience Theory. It
was first developed by Akerlof & Yellen (1986) to explain why employers
prefer to offer higher wages rather than the market equilibrium to attract
more highly skilled workers with the best motivation. Real wages also play
an important role in productivity (Nikoloski, 2023). A positive two-way
relationship exists between labour productivity and real wages, giving an
advantage to technological change (Cruz, 2023). The theory suggests that
higher wage levels can increase labour productivity by using machinery and
artificially intelligent technology that requires high skills from skilled and
professional labour. However, these studies may not mention wage efficiency
in agriculture. High wages can also attract professional and skilled labour
to work in agriculture. This may overcome the labour shortage issue in
the agricultural sector by using high-tech machinery that requires minimal
skilled labour but can produce higher productivity than unskilled labour,
especially to overcome the use of unskilled foreign labour.

The Resource-Based View (RBV) theory also supports the Resilience
Theory by focusing on efficiently managing economic resources such as
land use, technology, and human capital. It highlights the role of efficient
economic resources and innovative agriculture practices in increasing the
use of sophisticated technological machinery that requires skilled labour to
operate the machinery in addition to soil that is always fertile due to more
efficient fertilisation techniques. This ensures the economic sustainability
of agriculture in the long term. The RBV theory, initially proposed by
Wernerfelt (1984), focuses on the efficiency of firms when using internal
resources but not producing products. This approach was later applied to the
agricultural sector to understand competitive advantage (Madhani, 2009).
Subsequently, the theory was used to study the sustainability of competitive
advantage in agricultural commodities (Michaels & Gow, 2008). However,
RBV may still not consider market uncertainty, which requires alternative
strategic approaches (Furr & Eisenhardt, 2021).

To complete the theoretical framework of agricultural sustainability, the
Market Failure Theory explains how the market fails to allocate resources
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efficiently in agriculture, such as public goods. Additionally, imperfect
information requires government intervention to ensure that the agricultural
market ecosystem is more sustainable regarding subsidy allocation,
innovation investment from the government, and government support for
R&D, enabling agriculture to be conducted modernly.

Factors Affecting Agricultural Resilience

Numerous factors influence agricultural resilience, including economic
policies, technological innovation, market conditions, and environmental
variability. Recent literature emphasises the importance of integrating
these factors into resilience assessments to capture the complex dynamics
(Folke et al., 2016; Tendall et al., 2015). Economic policies like subsidies,
trade agreements, and financial support can significantly impact resilience
by stabilising incomes and promoting investment or creating dependencies
that may undermine long-term sustainability (Jayne et al., 2018). Recent
studies by Slijper et al. (2022) show that beyond economics, social capital
and learning networks are vital drivers of resilience, especially in enabling
farmers to adapt through shared knowledge and innovation.

R&D is critical in strengthening resilience through sustainable practices
(Vermeulen et al., 2018), integrating climate-smart technologies and practices
(Fischer et al., 2017), and resource efficiency by advancing technological
innovation. It facilitates farmers in using agricultural tools that can help them
estimate accurate resource use (Fuglie, 2018; Lipper et al., 2020) and reduce
waste of resources, such as water, energy, and nutrients, based on analytical
data generated using drones and IoT sensors. For instance, Al and remote
sensing now allow real-time crop health and resource efficiency monitoring,
offering transformative potential in predictive farm management (Jung et al.,
2021). These technologies enhance the precision and scalability of resilience-
building practices in agriculture. Therefore, R&D in agriculture can ensure
food security by increasing resilience to global climate change shocks, thus
serving as an investment opportunity in Malaysia’s innovative agricultural
technology.

The Malaysian agricultural sector has undergone significant transformation
driven by modernisation, technological adoption, and policy reforms.
However, the sector still faces challenges related to climate change (Firdaus
et al., 2020), labour shortages (Prasad, 2017; Tittonell, 2020), and market
fluctuations (Cassey et al., 2018). Recent studies on Malaysia’s agriculture
have highlighted the importance of resilience in ensuring food security and
economic stability. For example, Lim et al. (2021) examined the impact of
climate change on rice production in Malaysia, emphasising the need for
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adaptive strategies to enhance resilience. Another study by Hassan et al.
(2022) explored the role of government policies in supporting agricultural
resilience, focusing on the effectiveness of subsidies and infrastructure
development. Malaysian rice production faces extreme weather, poor soil
fertility, farmers’ lack of awareness, and limited technological deployment
(Dorairaj & Govender, 2023).

In China, Gao et al. (2024) found that digital inclusive finance significantly
enhances agricultural resilience by improving rural industrial integration
and financial access. Meanwhile, Luo et al. (2024) demonstrated through a
spatial-temporal analysis that regional disparities, urbanisation, and spatial
spillovers shape resilience outcomes, which suggests the need for spatially
targeted policy interventions. These studies underscore that agricultural
resilience is not static but evolves in response to geographic, institutional,
and technological shifts. Additionally, Boahen et al. (2023) revealed that
resilience research varies by region, suggesting that design strategies and
objectives for agricultural systems should differ by region. For instance,
Nguyen et al. (2019) proved that agricultural systems in Vietnam’s Mekong
and Red River deltas need improved resilience to adapt to increased salinity
intrusion and social-ecological changes.

Despite these efforts, a comprehensive, multidimensional assessment of
agricultural resilience in Malaysia, particularly about R&D investments,
remains limited. This study addresses the gap by developing an Agricultural
Resilience Index (ARI) and analysing trends over time using advanced
statistical methods such as PCA and trend analysis. This study contributes
new empirical evidence and a robust framework for enhancing Malaysia’s
agricultural resilience by integrating technological factors, labour, policy, and
financial dimensions.

Methodologies for Assessing Resilience

The methodologies for assessing agricultural resilience have evolved
significantly, with a growing emphasis on quantitative approaches that allow
for integrating multiple indicators (Creswell & Creswell, 2018). Principal
Component Analysis (PCA) and trend analysis are standard methods used
in recent resilience studies. PCA has been widely employed to construct
composite indices that capture the multidimensional nature of resilience
(Jolliffe & Cadima, 2016). For instance, recent studies in Indonesia and South
Africa have used PCA to develop resilience indices, highlighting the most
significant factors contributing to agricultural stability (Siregar et al., 2024;
Bahta & Myeki, 2021).
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PCA is widely regarded among researchers for its effectiveness in
reducing multiple indicators into a single, interpretable index. This method
is particularly advantageous for capturing the multidimensional nature of
agricultural resilience as it simplifies complex datasets without significant
information loss (Jolliffe, 2002; Abson et al., 2012). Compared to time-series
models such as ARIMA or multivariate analysis, PCA handles correlated
variables and constructs composite indices representing overall sector
stability (Filmer & Pritchett, 2001).

On the other hand, trend analysis provides insights into how long-term
climate change and short-term weather disturbances affect resilience based
on experience to shape future resilience strategies (He et al., 2024). The
combination of PCA and trend analysis is particularly effective in assessing
resilience as it allows for a comprehensive evaluation of the current state and
the historical evolution of resilience (Yang et al., 2019).

2. Methodology
Research Design

This study employed a quantitative research design to evaluate the
resilience of Malaysia’s agricultural sector. Specifically, the Agricultural
Resilience Index (ARI) was developed to capture multidimensional aspects
of resilience. The analysis was based on secondary annual data from 1996 to
2023 from reputable sources, including the World Bank, the Department of
Statistics Malaysia, the Ministry of Agriculture and Food Industries, Bank
Negara Malaysia, and the Malaysian Investment Development Authority.
Principal Component Analysis (PCA) was utilised to construct the ARI,
as it is particularly well-suited for reducing the dimensionality of complex
datasets, identifying latent patterns, and transforming multiple correlated
indicators into a single composite index with minimal information loss. In
addition, trend analysis was conducted to examine the temporal progression
of agricultural resilience over the study period.

Research Framework

Figure 1 illustrates the research framework by highlighting the selected
indicators that can capture the resilience of the agricultural sector in
Malaysia. The selection of indicators was guided by three key considerations:
(i) relevant theoretical underpinnings, including Resilience Theory, Human
Capital Theory, and Innovation Theory; (ii) empirical support from prior
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Figure I - The Framework of Agricultural Resilience Index (ARI)
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studies (e.g., Siregar et al., 2024; Abson et al., 2012); and (iii) contextual
applicability to Malaysia’s agricultural sector. As illustrated in Figure 1, the
research framework captures the multidimensional nature of agricultural
resilience through seven core indicators: sector productivity, market
performance, labour cost efficiency, innovation and technology (measured
by R&D investment), labour and human capital, financial indicators, and
the policy and regulatory environment. All indicators were standardised
before analysis to satisfy Principal Component Analysis’s (PCA) assumptions,
particularly the normality requirements and equal variance contribution.

The first indicator is the Sector’s Productivity. It is determined by
measuring the average output produced by each worker in the agricultural
sector, indicating labour productivity.

. Total Agricultural Output
Agricultural Outputs Per Worker, = g B )]
Number of Agricultural Workersg

Based on Eq. (1), total agricultural output is the total value of agricultural
products produced within a specific period, typically measured in monetary
terms. The number of agricultural workers refers to the total number of
individuals employed in the agricultural sector within the same period. It
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includes all types of workers, such as full-time, part-time, and seasonal,
regardless of skill level.

Higher agricultural output per worker indicates greater labour productivity,
which is crucial for the competitiveness and resilience of the sector.
Productivity gains can lead to cost reductions, higher profitability, and the
ability to offer competitive prices in international markets. According to
Diao et al. (2010), increased labour productivity in agriculture is associated
with economic growth and enhanced sectoral competitiveness, especially
in developing countries where agriculture plays a significant role in the
economy. Studies have shown increased productivity correlates with reduced
vulnerability to economic disruptions and natural disasters (Tittonell, 2020).
Therefore, a positive impact is expected from the sector’s productivity
towards the sector’s resilience.

The second indicator is Market Performance, which is measured using the
trade balance in agriculture. The difference between agricultural exports and
imports indicates the sector’s ability to compete internationally.

Trade Balance in Agriculture, = Agricultural Exports; —
Agricultural Imports;

)

Based on Eq. (2), agricultural exports refer to the total value of agricultural
products exported from Malaysia within a specific period. The data should
include all major agricultural products, including crops, livestock, fisheries,
and other related goods. Agricultural imports also describe the total value
of agricultural products imported into Malaysia within the same period,
including all major agricultural products.

A positive trade balance (where exports exceed imports) enhances
resilience by diversifying income sources and reducing dependency on
domestic markets, which can be vulnerable to localised shocks. Latruffe
(2010) highlighted that a favourable trade balance is a key indicator of a
competitive agricultural sector as it reflects the sector’s ability to produce
goods that are in demand globally while maintaining cost-effective
production. Furthermore, Reardon et al. (2019) argue that integrated value
chains and market diversification act as buffers against global price volatility,
enabling sectors to sustain profitability during economic downturns.
Accordingly, a positive impact is expected.

The third indicator is Labour Cost Efficiency, which measures how
effectively the agricultural sector uses its labour force to produce output.

Total Labor Cost;
Total Value of Outputsg

Labor Cost Ef ficiency, = 3

46
Copyright © FrancoAngeli
This work is released under Creative Commons Attribution - Non-Commercial —
No Derivatives License. For terms and conditions of usage please see: http://creativecommons.org



Assessing Agricultural Resilience in Malaysia

Based on Eq. (3), total labour cost is calculated by multiplying the average
salary by the total number of agricultural workers. The input-output ratio
measures the efficiency of resource use in production. A lower ratio indicates
higher efficiency whereby the sector can produce more output with less input,
leading to lower costs and higher competitiveness. Furthermore, efficient
labour utilisation strengthens resilience by enhancing the sector’s adaptability
to labour market shocks. Stigler (1958) emphasised that optimising labour
input during times of crisis can mitigate financial strain, ensuring continued
operations and recovery. Studies on agricultural efficiency have emphasised
the importance of optimising input use to enhance competitiveness, with
efficient input management being a critical factor for maintaining competitive
advantage in the agricultural sector (Coelli et al., 2005).

Innovation and technology are important indicators under investigation
in this study. Investment in research and development (R&D) represents
the amount of funding allocated to R&D in agriculture, thus reflecting the
sector’s focus on innovation. This is captured by the total R&D expenditure,
which refers to all funds spent on research and development activities
within the Malaysian agricultural sector. It covers public and private sector
investments, including government grants, private company spending, and
contributions from international organisations. Investment in R&D drives
innovation, leading to the development of new technologies, improved
farming practices, and higher yields. This can drive resilience by equipping
the sector with tools to adapt to climate change, resource scarcity, and other
challenges. For example, precision agriculture technologies and drought-
resistant crop varieties have been shown to mitigate the adverse effects
of extreme weather events (Fuglie, 2018). These advancements eventually
increase the sector’s capacity to absorb shocks and maintain productivity.
The relationship between R&D investment and competitiveness/resilience
has been well-documented, with studies indicating that countries with higher
R&D investments in agriculture tend to be more competitive internationally
(Pardey et al., 2006). Accordingly, a positive impact is expected from R&D
towards ARL

The fourth indicator is Labour and Human Capital. The proportion of the
total labour force employed in agriculture indicates the sector’s importance
in the economy. Research indicates that labour force participation can
significantly boost the agricultural sector’s competitiveness when aligned
with skill development and productivity enhancements (Martin & Mitra,
2001). High labour force participation can provide a competitive advantage if
accompanied by adequate training and productivity. A skilled labour force is
essential for resilience as it facilitates the adoption of new technologies and
practices during crises. However, skill mismatches or an ageing workforce
can reduce the sector’s adaptability. Strengthening education and training
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programs can bridge this gap, thus enhancing the sector’s capacity to respond
to shocks.

The labour force participation in agriculture can be calculated using the
following formula:

Labor Force Participation in Agriculture (%), =
Number of Agricultural Workers,
Total Labor Force;

Based on Eq. (4), labour force participation in agriculture refers to the
proportion of the total labour force employed in the agricultural sector. The
total labour force represents the total number of economically active people,
including those employed in all sectors and actively seeking work. This
indicator reflects the importance of agriculture in the national economy and
provides insights into the availability of labour resources within the sector.
Hence, a positive impact is expected.

The fifth component is Financial Indicators, which are represented by
the total domestic and foreign investment in the agricultural sector. In
this context, investment in agriculture is captured by the total amount of
domestic credit allocated to the agricultural sector by banks and other
financial institutions. Domestic credit represents the total amount of
loans, advances, and other forms of credit provided by domestic banks
and financial institutions specifically for agricultural purposes. Investment
in agriculture is a key driver of competitiveness as it enables the sector
to adopt new technologies and improve production processes, leading to
greater efficiency and market success (Binswanger et al., 2009). Access to
credit and investment acts as a financial buffer, enabling farmers to recover
quickly from economic shocks or natural disasters. For example, Agrobank’s
smallholder financing schemes provide critical capital for recovery and
innovation (Jayne et al., 2018).

The final indicator is the Policy and Regulatory Environment, which
represents government financial support to the agricultural sector, such
as subsidies, tax incentives, and grants. This encourages innovation and
expansion within the agricultural sector. Well-designed policies can enhance
resilience by reducing input costs and promoting sustainable practices. For
instance, the Malaysian Palm Oil Certification Scheme (MSPO) ensures
compliance with environmental standards, reducing the sector’s vulnerability
to trade restrictions and environmental degradation (Hamid er al., 2024).
Numerous studies have highlighted the role of government subsidies in
enhancing the resilience of the agricultural sector by reducing input costs and
supporting farmers in adopting new technologies (Orden et al., 2006).
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Using government expenditure on agriculture is a straightforward and
effective way to measure government support. Government expenditure on
the agricultural sector refers to the government’s public funds for various
agricultural programs and initiatives. This includes spending on subsidies,
R&D, infrastructure, training, and other support forms to enhance the
sector’s productivity, competitiveness/and resilience. More focus and
operational expenditures have been used, which refers to the day-to-day costs
of running the agricultural sector. This encompasses expenses related to the
maintenance of existing infrastructure, salaries of government employees in
the agricultural sector, ongoing subsidy programs, and other recurring costs.

Variables and Data Sources

Table 1 presents the data used in this study and its sources.

Table 1 - Variables and Data Sources

Variable Unit Data Source

Total Agricultural Output RM Million =~ World Bank

Number of Agricultural  Thousand Department of Statistics Malaysia

Workers worker “The agricultural industry is classified
according to the “Malaysia Standard
Industrial Classification (MSIC) 2008”

Agricultural Exports RM Billion  World bank

Agricultural Imports ‘at constant price

Total Labour Cost RM Department of Statistics Malaysia

Thousand “at a constant price

Average Salary in the RM

Agriculture Sector

Total R&D Expenditure  Billion World Bank

in Agriculture

Total Labour Force Thousand Department of Statistics Malaysia

Total Agricultural Credit RM Billion =~ World Bank

Total Government RM Million  Ministry of Finance Malaysia

Expenditure on
Agriculture
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Data Analysis Techniques

Principal Component Analysis (PCA) was utilised to reduce the
dimensionality of the dataset while retaining the most significant variables
contributing to agricultural resilience in Malaysia. It is a popular method
used to asses sector performance and resilience (e.g., Siregar et al., 2024).
This method allows the construction of a composite measure of the sector’s
stability, such as investment, labour, or government spending. Among the
advantages of PCA is the reduction of the complexity of the dataset by
transforming it into a smaller set of uncorrelated variables known as principal
components. This process is crucial for managing the multiple indicators of
agricultural resilience in a manner that simplifies analysis without significant
loss of information (Jolliffe & Cadima, 2016). These indicators were selected
based on their relevance to agricultural resilience, as identified in the
literature. Such a method identifies the most important indicators contributing
to the overall variability in the data. In this study, PCA helped pinpoint
the critical factors — such as investment, labour, or government spending —
that contribute to the resilience of Malaysia’s agricultural sector (Jolliffe,
2002). Lastly, PCA is particularly effective for constructing composite
indices like the Agricultural Resilience Index (ARI). Combining the principal
components, PCA provides a comprehensive measure of resilience that
reflects the combined effect of all selected indicators (Jolliffe, 2002).

According to Siregar et al. (2024), there are six important steps for using
PCA to analyse the resilience of the agricultural sector. Similar steps were
followed in this study. However, PCA assumes linear relationships among
variables and is sensitive to outliers, which was addressed in this study
through standardisation and robust data cleaning. The data was standardised
using Z-score normalisation to ensure comparability across indicators (Jiang
et al., 2018). Such a method entails that each variable contributes equally
to PCA without altering the underlying distribution of the data. This can be
achieved using the following formula:

7, =%k ®)

Where Z is the standardised value, X, is the observed value, u is the
mean, and o is the standard deviation of the data sample. The principal
components were extracted based on eigenvalues greater than 1.0, and factor
loadings were analysed to identify the most influential variables contributing
to resilience. The cumulative variance explained by the selected components
was used to assess ARI robustness.
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Trend Analysis

Trend analysis was performed to assess the temporal evolution of ARI from
1996 to 2023, providing information on how the resilience of the agricultural
sector has evolved. The slope of the regression line indicated the rate of change
in resilience over time, while the R? value assessed the model’s goodness
of fit. The statistical significance of the trend was evaluated using p-values,
ensuring robust conclusions. The trend analysis aimed to identify whether the
sector has become resilient, providing insights into the effectiveness of policies
and investments over the years. The results of time trend analysis can have
significant policy implications. If specific trends are identified as positive or
negative, policymakers can use this information to guide strategic planning,
ensuring that resources are allocated effectively to enhance or maintain
resilience. The regression model used to analyse the trend is given by:

Y=a+bX+¢ 6)

Where Y represents the ARI over time, X represents time (year), a is
the intercept, b is the slope indicating the rate of change in ARI, and ¢ is
the error term. A limitation of trend analysis is that it may oversimplify
cyclical or nonlinear patterns, which was mitigated by complementing it with
residual diagnostics and error metrics like Mean Absolute Error (MAE),
Mean Squared Error (MSE), and Root Mean Squared Error (RMSE).

Validity and Reliability

Validity and reliability are fundamental concepts in research, particularly
in data analysis studies, such as assessing agricultural resilience. These tests
ensure that the results are accurate and consistent, enhancing the credibility
and generalisability of the findings. Validity refers to the degree to which a
research instrument measures what it is intended to measure. In the context
of this study, validity ensures that the indicators and methods used (like
PCA) accurately capture the concept of agricultural resilience. The validity
of the PCA results was assessed using the Kaiser-Meyer-Olkin (KMO)
measure and Bartlett’s Test of Sphericity. The KMO value of 0.718 indicates a
middling adequacy for PCA. Meanwhile, a KMO value above 0.7 is generally
considered acceptable. It can reasonably proceed with factor analysis, though
the results might not be as strong as they would be with a higher KMO value
(Kaiser, 1974).

On the other hand, reliability refers to the measurement’s consistency
over time or across different observers. A reliable instrument will yield
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the same results under consistent conditions. Bartlett’s test confirmed the
appropriateness of the factor analysis with a significant p-value (Bartlett,
1950; Kaiser, 1974). The Chi-Square value was 187.012 with 21 degrees of
freedom, and the significance level was 0.000, which is highly significant. It
indicates that the correlations between variables are statistically significant
and not random, thus supporting the suitability of the data for factor analysis.
The significant Bartlett’s test suggests adequate relationships between the
variables, further justifying factor analysis.

Table 2 - KMO and Bartlett’s Test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy 0.718

Bartlett’s Test of Sphericity Chi-square value 187.012
Degree of freedom 21
Significant value 0.0000

Source: Authors’ calculation using SPSS.

3. Results and Discussion

Table 3 summarises the descriptive statistics of the ARI indicators over
the 28-year study period to provide a basic understanding of the dataset
used in this study. The mean values for Labour Cost and Innovation
and Technology are 0.0188 and 0.7657, respectively. This indicates that
modernising the agricultural sector by using high-tech machinery helps
increase labour productivity relative to labour cost. At the same time,
agricultural innovation supports the development of advanced technologies
in agriculture. The ARI indicators, such as Productivity and Finance
Indicators, range from 18.4990 to 102.5962 and 4.8226 to 16.2218,
respectively, highlighting the dynamic nature of Malaysian agricultural
resilience. Productivity (69.3426), Labour and Human Capital (13.5354),
and Market Performance (9.8077) have higher medians, indicating that their
contributions to resilience are slightly skewed towards higher values. These
statistics provide an overview of the dynamics and distribution of the data,
complementing both PCA and trend analysis.
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Table 3 - Summary of Descriptive Statistics for Indicators of ARI

Indicator Mean Median Maximum Minimum Standard
Deviation
Productivity 60.95512  69.3426 102.5962  18.4990 26.0246
Market Performance 9.8077 9.3479 15.0951 1.0976 3.7529
Labour Cost Efficiency 0.0188 0.0185 0.0236 0.0131 0.0032
Innovation and 0.7657 0.8687 1.4722 0.1274 0.4302
Technology
Labour and Human 13.6388 13.5354 19.3611 10.2240 2.6790
Capital
Financial Indicators 9.5828 9.8250 16.2218 4.8226 2.8472
Policy and Regulation 2.9700 2.8745 5.4150 1.1210 1.4285

Source: Authors’ calculation using EViews.

Table 4 shows the PCA results for selected indicators of agricultural
sectors in Malaysia. Productivity obtained a factor score of 0.4470, a
significant positive contributor to agricultural resilience in Malaysia. Higher
productivity means the sector can produce more output with the same
or fewer inputs, which is critical for sustaining its growth and resilience.
For instance, while the local rice sector is vital for food security, it faces
challenges with low productivity due to outdated farming techniques, poor
soil fertility management, and limited mechanisation (Dorairaj & Govender,
2023). However, government programs like the Paddy Estate Model aim to
consolidate small rice farms and introduce modern farming techniques to
improve productivity.

Table 4 - Results from Principal Component Analysis

No.  Agricultural Sector Resilience Indicators Factor Score
1. Productivity 0.4470
2. Market Performance 0.2435
3. Labour Cost Efficiency 0.1329
4. Innovation and Technology 0.4716
5. Labour and Human Capital —0.4488
6. Financial Indicators 0.4206
7. Policy and Regulatory Environment 0.3501

Source: Authors’ calculation using EViews.
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Furthermore, Malaysia’s fisheries sector has seen efforts to increase
productivity through sustainable aquaculture practices. For instance, the
introduction of advanced aquaculture technologies and better management
practices, such as the adoption of biofloc technology and automated feeding
mechanisms, has improved yields in shrimp farming, which is a significant
export commodity for Malaysia (Khanjani et al., 2023; Joffre et al., 2019;
Department of Fisheries Malaysia, 2022). As one of the world’s largest,
Malaysia’s oil palm sector has also seen improvements in productivity
due to the adoption of better agricultural practices and improved palm oil
varieties. However, there is ongoing pressure to further enhance productivity
to maintain global competitiveness, particularly with the rise of Indonesia
as a major producer that challenges Malaysia’s position in the worldwide
market (Institute of Strategic and International Studies Malaysia, 2024).
While these sectors have improved productivity, continued innovation and
strategic investments are essential to ensure Malaysia remains competitive
and resilient in the global agricultural landscape. A study by Li et al. (2011)
concluded that agricultural systems’ resilience gradually increased as more
materials and technology were accumulated, based on the significant increase
in grain yield and agricultural profitability.

Market Performance obtained a factor score of 0.2435, indicating
its positive influence over resilience. It reflects the importance of strong
market access, favourable trade conditions, and competitive positioning
in global markets. However, market performance is heavily influenced by
trade relations and consumer preferences, making it essential to maintain
quality and navigate trade policies effectively. For instance, Malaysia has
positioned itself as a major exporter of durians, particularly the Musang King
variety. The government’s efforts to penetrate the Chinese market have paid
off, significantly boosting the agricultural sector’s income and resilience
and ultimately leading to a sharp increase in demand. The export value of
Malaysian durians to China reached RM887 million in 2022, and such a
figure is expected to continue rising as Malaysia expands its market share in
China, where durian is considered a premium product. This will be achieved
by diversifying its export portfolio and reducing its dependency on traditional
commodities (Malay Mail, 2024; South China Morning Post, 2023).

Furthermore, palm oil is Malaysia’s leading agricultural export,
contributing significantly to the country’s trade balance. However, the sector
faces challenges from fluctuating global prices, trade barriers, and increasing
competition from other palm oil-producing countries such as Indonesia and
Thailand. Despite these challenges, the strong performance of palm oil in
international markets has helped sustain the sector’s resilience. Malaysia’s
participation in trade agreements like the Comprehensive and Progressive
Agreement for Trans-Pacific Partnership (CPTPP) has had mixed impacts
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on agricultural market performance, providing opportunities for growth and
competitive advantage while increasing competition in others (MIDA, 2020).

Meanwhile, Labour Cost Efficiency obtained a factor score of 0.1329,
indicating its small yet important role in resilience. The efficient use of
labour resources can help lower production costs, which is crucial for
maintaining profitability in a competitive market. This aligns with the
Theory of Economies Scales, which states that efficient labour utilisation
reduces labour costs and contributes towards lower production costs (Stigler,
1958). In many local sectors like fruit and vegetable farming, particularly
in Cameron Highlands, labour cost efficiency has been improved using drip
irrigation systems and other modern farming techniques. These methods
reduce the reliance on manual labour and increase efficiency, leading to
better profit margins (Abdullah et al., 2021). Interestingly, the Malaysian
tea industry, particularly in Cameron Highlands, has gradually shifted
towards mechanisation to improve labour cost efficiency. However, the high
cost of machinery and the steep terrain present challenges to widespread
mechanisation, making labour cost efficiency an ongoing issue.

Malaysia’s agricultural sector heavily relies on foreign labour, particularly
in plantations like palm oil. For instance, the Malaysian palm oil sector
reported a shortage of approximately 40,000 foreign workers in 2024. It
significantly impacted production, leading to an estimated loss of RM7.9
billion in export value due to the unharvested fresh fruit bunches (FFB)
(New Street Times, 2024). This reliance has led to concerns about labour
cost efficiency, especially when considering rising labour costs, dependency
on low-skilled labour, and challenges in mechanisation. Efforts to improve
labour cost efficiency through mechanisation have been slow, particularly
in smallholder farms. The government has initiated programs to encourage
technology adoption, but the high cost of mechanisation remains a barrier.

The PCA results also showed that Innovation and Technology are
Malaysia’s most significant contributors to agricultural resilience, with
a factor score of 0.4716. It emphasises the importance of adopting new
practices and technologies to stay competitive and sustainable. The Malaysian
government has been promoting smart farming practices that integrate the
Internet of Things (IoT), data analytics, and automation. For instance, IoT
sensors are used in the chicken farming industry to monitor temperature,
humidity, and feed levels in real-time, thus optimising conditions for better
productivity and reduced losses. A study by Hidzir and Ismail (2022)
explored the implementation of IoT in poultry farming and found that IoT-
based monitoring systems, which include sensors for temperature and
humidity alongside automated feeding mechanisms, help maintain optimal
conditions in chicken coops. This leads to better growth rates and reduced
mortality, ultimately contributing to higher productivity and profitability
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in the sector. Additionally, the integration of agroforestry practices, where
trees are grown alongside crops or livestock, has been gaining attention in
Malaysia. This method diversifies farmers’ income streams and improves soil
health and resilience against climate change impacts.

Furthermore, Malaysia has invested in precision agriculture technologies,
such as drones, IoT sensors, and data analytics, to optimise crop yields and
reduce resource use. For example, drone technology is increasingly used
in palm oil plantations for monitoring and precision spraying, significantly
boosting productivity and sustainability (Ismail, 2024). The Malaysian
Agricultural Research and Development Institute (MARDI) has been at
the forefront of agricultural innovation by focusing on developing high-
yield crop varieties, sustainable farming practices, and biotechnology
advancements. Therefore, Malaysia is moving in the right direction in
adopting and enhancing innovation and R&D in the agricultural sector to
create sustainability and resilience.

Interestingly, Labour and Human Capital had a factor score of -0.4488,
indicating its negative impact on the resilience of Malaysia’s agricultural
sector. This might be attributed to challenges like skill mismatches, ageing
workforces, and possibly a lack of training in new technologies. This is
contradicted by the prediction that a positive impact is expected, which
can be linked to structural reforms and labour emigration from one sector
to another. For instance, the local cocoa sector faces significant challenges
due to an ageing farmer population, with many young people opting for
jobs outside agriculture (Malay Mail, 2023). This has decreased production
as older farmers are less likely to adopt new techniques that could improve
yields. Siregar et al. (2024) found that agricultural workers’ income strongly
correlates with ARI, followed by NTUP, total credit, investment, government
spending, and trade. In contrast, a higher proportion of agricultural workers
in total labour tends to lower resilience. This shows that agricultural workers
hurt ARI, which is equivalent to our study.

There is also a growing recognition of skills mismatch in Malaysia’s
agribusiness sector (Howell, 2022). Many agricultural workers lack
the technical skills to operate modern machinery or apply new farming
techniques, which hampers productivity and innovation. The local
agricultural sector faces a significant challenge with an ageing workforce.
Young people are increasingly reluctant to enter farming, leading to a
lack of skilled labour and a declining workforce, negatively impacting the
sector’s resilience. Reports indicate that only 15% of youth are involved in
the agriculture business in Malaysia (BusinessToday, 2021, 2023). Despite
the government’s efforts to enhance agricultural education and training,
there remains a gap in skills and knowledge, particularly in adopting
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new technologies. This gap reduces the effectiveness of human capital in
contributing to resilience.

Next is Financial Indicators, with a factor score of 0.4206. Financial
factors are crucial for resilience, highlighting the importance of access
to credit, investment, and financial stability in the agricultural sector.
Smallholders in the palm oil and rubber sectors often struggle to access
finance due to stringent loan conditions. However, initiatives like Agrobank’s
financing schemes for smallholders aim to bridge this gap, enabling
farmers to invest in improvements that can enhance resilience. Malaysia’s
implementation of the Halal Industry Master Plan 2030 (HIMP 2030) aimed
to enhance industry competitiveness, expand markets, and develop a pool
of halal experts to meet global demand. The initiative attracted significant
investment in the halal food industry, providing financial support for
businesses to expand and innovate (MIDA, 2023). This financial backing
is crucial for maintaining the sector’s growth and resilience against global
competition.

The Malaysian government has provided various financial incentives to
support farmers and agribusinesses, including subsidies and grants such as
the Young Agropreneur Grant and Halal Industry Development Grant. These
financial supports are crucial for maintaining productivity and enabling the
adoption of new technologies. However, smallholders often face difficulties
accessing finance due to stringent requirements and limited collateral. This
limits their ability to invest in improvements, making them more vulnerable
to economic shocks.

Lastly, the Policy and Regulatory Environment obtained a factor score of
0.3501, indicating its positive influence on resilience. Well-crafted policies
can significantly enhance the sector’s capacity to adapt and thrive. The
Ministry of Finance Malaysia reported that the government allotted RM2.6
billion in fertiliser subsidies for paddy farmers to reduce production costs and
boost productivity (Ministry of Finance Malaysia, 2023). This policy helps
sustain the rice sector’s resilience by ensuring farmers can afford essential
inputs. Furthermore, Malaysia has implemented sustainable fisheries policies
to combat overfishing and protect marine biodiversity. These policies include
quotas, seasonal bans, and the promotion of aquaculture as an alternative to
wild-capture fisheries. Such regulatory measures will ensure the long-term
sustainability and resilience of the fisheries sector. Implementing the MSPO
certification has helped improve the sustainability of palm oil production
in Malaysia, enhancing the sector’s resilience by ensuring compliance with
environmental and social standards. Furthermore, regulatory policies related
to land use, such as converting agricultural land for industrial purposes,
have a mixed impact on resilience. While these policies can drive economic
diversification, they also reduce the availability of land for agriculture,
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potentially weakening the sector’s resilience. This is supported by Qun et al.
(2024), who highlighted that agricultural science and technology innovation
have a nonlinear and significant positive effect on agricultural resilience,
which relevant fiscal policies can further support.

In summary, the factor analysis revealed that innovation and technology,
productivity, and financial support are crucial drivers of agricultural
resilience across various sectors in Malaysia. However, labour and human
capital challenges, market dynamics, and policy implementation must be
addressed to enhance the sector’s overall resilience. Diversifying the focus
to include different agricultural sectors, such as rice, fisheries, rubber, and
fruit farming, provides a more comprehensive understanding of the factors
influencing resilience in Malaysia’s agricultural landscape.

Figure 2 - The Agricultural Resilience Index (ARI) Trend of Malaysia’s Agricultural
Sector

—e— ARI Trend
3 —— Regression Line (R?=0.92, p=0.000)

ARI
o

1995 2000 2005 2010 2015 2020
Year

Source: 1llustrated using EViews.

Figure 2 shows the ARI trend in Malaysia’s agricultural sector from 1996
to 2023. A clear upward trend can be observed in the ARI values, and the
regression line fitted to the data has a positive slope of approximately 0.24.
This indicates that, on average, the ARI value increases by 0.24 units yearly.
Meanwhile, the slope of the regression line represents the rate at which ARI
changes each year. The slope of 0.24 suggests that ARI has steadily increased
over the 28 years. This positive slope suggests a consistent upward movement
in ARI, which might imply an increasing frequency of the event or metric
being measured by ARI, depending on its specific definition.
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The R? value of 092 is very high, indicating that the regression model
explains about 92% of the variance in ARI values. This means the trend is
strong, and the ARI values closely follow a linear pattern over time. In simpler
terms, the year-to-year changes in ARI are primarily predictable based on
the time variable alone. The p-value associated with the regression line is
extremely small (i.e., 0.0000), indicating that the upward trend is statistically
significant. This means that the observed increase in ARI over time is unlikely
due to random variation; instead, it reflects a real, underlying pattern.

As shown in Figure 2, the ARI values began in negative territory (e.g.,
—2.498 in 1996) and gradually increased, crossing into positive territory
around 2008 (0.05) and continuing to rise after that. By 2023, the ARI
value was 2.62, showing substantial growth. This upward trend could
indicate the increasing frequency or severity of the events or conditions ARI
measures. For example, if ARI is related to environmental factors, this might
suggest worsening conditions or more frequent occurrences of a particular
phenomenon over time. It would be important to consider external factors
or events that could have influenced the ARI values during the period.
For example, policy changes, technological advancements, or significant
global events might have contributed to shifts in the trend. In parallel, R&D
investments showed gradual increases, particularly in the 2010s, driven by
government initiatives like the National Agrofood Policy and increased
allocations for agricultural research under Malaysia’s Five-Year Plans. These
investments facilitated the adoption of precision agriculture, biotechnology,
and sustainable farming practices, which are reflected in the upward ARI
trend. Despite these improvements, some periods, such as the late 1990s
Asian financial crisis, witnessed a decline in resilience. This underscores the
sensitivity of agricultural systems to economic shocks, even in the presence
of R&D investments. Furthermore, the challenges in the early 2020s, such as
labour shortages exacerbated by the COVID-19 pandemic, highlight ongoing
vulnerabilities despite technological advancements.

The robustness of ARI was evaluated using ACF and PACF tests and
reported in Figure 3. These tests assessed the presence of serial correlations
in the residuals and provided insights into the short-term dependencies within
the data. The analysis was conducted in differencing to achieve stationarity
(Lin et al., 2023). The ACF results suggest that the residuals exhibit low
dependencies over time. This finding supports the assumption that ARI
adequately captures the underlying trends in agricultural resilience without
significant autocorrelation. Similarly, the PACF results indicate that the ARI’s
construction minimises direct relationships with lagged terms. The combined
results of the ACF and PACF tests validate the robustness of the trend
analysis by confirming the absence of systematic patterns or dependencies
that could compromise the reliability of ARI.
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Figure 3 - The Autocorrelation (ACF) and Partial Correlation Function (PACF) Test
Results for Agricultural Resilience Index in Malaysia
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Table 5 - Diagnostic Test Results for Agricultural Resilience Index Trend Analysis in
Malaysia

Normality Test (Jarque-Bera) 3.3187 (0.1903)
Heteroskedasticity Test (Breusch-Pagan-Godfrey) 0.0489 (0.8268)

Source: Authors’ calculation using EViews.

Diagnostic tests were conducted to assess normality and heteroskedasticity
and further validate the robustness of the ARI trend analysis in Malaysia.
The results are summarised in Table 5. The Jarque-Bera Normality Test
yielded a test statistic of 3.3187 with a p-value of 0.1903, indicating that
the residuals do not significantly deviate from a normal distribution. This
supports the assumption of normality, which is critical for ensuring the
reliability of the trend analysis and interpreting subsequent inferential
statistics. The Breusch-Pagan-Godfrey Heteroskedasticity Test produced a
test statistic of 0.0489 with a p-value of 0.8268, suggesting no evidence
of heteroskedasticity in the residuals. This confirms that the variance of
the residuals remains constant across observations, thereby validating the
homoscedasticity assumption of the model.
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Table 6 - Mean Absolute Error (MAE), Mean Squared Error (MSE), and Root Mean
Squared Error (RMSE) Analysis Results for Agricultural Resilience Index Trend in
Malaysia

Mean Absolute Error (MAE) 0.2517
Mean Squared Error (MSE) 0.0804
Root Mean Squared Error (RMSE) 0.2835

Source: 1llustrated using EViews.

Lastly, Table 6 presents the error metrics used to evaluate the accuracy
and robustness of the ARI trend analysis in Malaysia. The MAE, MSE,
and RMSE quantitatively assess the model’s performance (Gomez et al.,
2024; Praveenkumar et al., 2024). The MAE, calculated at 0.2517, indicates
that, on average, the model’s predictions deviate from the actual values
by approximately 0.25 units. This reflects a relatively low error level,
demonstrating the model’s accuracy in capturing the dynamics of agricultural
resilience (Akbari et al., 2024).

The MSE, which is reported as 0.0804, indicates the average squared
deviation between predicted and actual values. The small magnitude of the
MSE highlights the model’s ability to minimise significant prediction errors,
which is critical for maintaining reliability in long-term trend analysis. The
RMSE, derived as 0.2835, represents the typical magnitude of prediction
errors in the same units as ARI. The slightly higher RMSE value than MAE
suggests that significant outliers or extreme deviations do not significantly
impact the model (Hassanat et al., 2023).

These error metrics confirm that the trend analysis provides reliable
predictions of ARI with minimal errors. The results align with other
diagnostic tests conducted in this study, further supporting the robustness and
validity of the methodological framework.

Conclusions

The resilience of Malaysia’s agricultural sector is crucial for ensuring
the nation’s food security, economic stability, and sustainable development
amidst the mounting global and local challenges. This study has developed an
Agricultural Resilience Index (ARI) to provide a comprehensive measure of
resilience by incorporating multiple dimensions, such as economic stability,
technological innovation, environmental sustainability, and social adaptation.
By employing PCA and trend analysis, the study offers valuable insights into
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the indicators that influence resilience and the trends that have shaped the
sector’s performance over the past few decades.

The findings of this study highlight the significant role of research and
development (R&D) investments in enhancing agricultural resilience. R&D
has proven to be a key driver of innovation and productivity, facilitating the
adoption of advanced technologies and practices that enable the agricultural
sector to adapt to changing environmental and economic conditions. The
positive correlation between R&D investments and resilience underscores the
importance of sustained and targeted investments in this area to ensure the
long-term viability of Malaysia’s agriculture.

Furthermore, the study revealed important trends in agricultural
resilience, showing how various factors, such as government policies, market
conditions, productivity, and labour efficiency, have impacted the sector over
time. These trends indicate that while Malaysia’s agricultural sector has
made considerable progress in certain areas, significant challenges remain,
particularly in addressing the impacts of labour productivity shortages and
market volatility.

This study also offers policy-relevant insights to enhance the resilience
of Malaysia’s agricultural sector. The substantial impact of innovation
and finance on resilience highlights the urgency of sustained investment
in agricultural R&D, innovative technologies, and inclusive financing
mechanisms. These findings align with the National Agrofood Policy 2.0
(NAP 2.0), particularly under Policy Thrust 1, which aims to modernise the
agro-food sector through structured R&D efforts, particularly by accelerating
the development of resilient crop varieties, enhancing agro-innovation
ecosystems, and increasing public-private partnerships.

Meanwhile, workforce development strategies must be intensified
to address the negative impact of labour and human capital on resilience.
NAP 2.0’s Policy Thrust 3 emphasises TVET expansion, youth agropreneur
training, and automation incentives to modernise the agricultural workforce.
Specific action plans such as developing model farms and providing training
infrastructure can increase the adoption of precision technologies among
smallholders. Moreover, resilience strategies should consider spatial variation.
NAP 2.0 advocates for regionalised approaches such as agro-based economic
zones and controlled-environment farming to support high-value production
tailored to local conditions. Community farming initiatives and agro-cluster
linkages are also vital to facilitate inclusive growth. Aligning national
strategies with the findings of this study will enable Malaysia to build a
resilient, competitive, and sustainable agro-food system in line with its Shared
Prosperity Vision 2030 and the Sustainable Development Goals (SDG, 2030).

While this study provides a robust analysis, several limitations must
be acknowledged. The PCA approach assumes linear relationships and
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orthogonal principal components, which may oversimplify complex
interactions among variables. Additionally, long-term secondary data may
contain inconsistencies or estimation modifications from a few data sources.
Moreover, the ARI is constructed nationally and does not reflect sub-national
differences, such as disparities between Peninsular Malaysia and East
Malaysia. Future research should incorporate spatial econometric techniques
and qualitative fieldwork to capture more granular insights. Similarly,
incorporating variables related to institutional quality, farmer perception, and
agro ecological diversity could enrich the ARI framework.

In conclusion, this study contributes to the growing body of literature
on agricultural resilience by providing a detailed assessment of Malaysia’s
agricultural sector and offering practical recommendations for enhancing
its resilience. As global and local challenges continue to evolve, the
insights gained from this research can guide policymakers, researchers,
and stakeholders in developing strategies to ensure the sustainability and
resilience of Malaysia’s agriculture for future generations. This study makes
a novel contribution by constructing a comprehensive and longitudinal
Agricultural Resilience Index (ARI) specific to Malaysia. By integrating
technological, economic, labour, policy, and market dimensions, this study
presents a replicable framework for resilience assessment in other developing
countries. Unlike prior studies that focused on short-term shocks or single
factors, this research provides a multi-dimensional and temporal analysis,
revealing the drivers of resilience across nearly three decades. It offers
empirical evidence that resilience is not static but can be cultivated through
sustained policy support, innovation, and investment.
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