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The sustainability of the meat industry relies on consistent demand and the desire for meat. In recent years,
chicken was produced around 104.2 million metric tons and expected to increase by 2% in the upcoming years
with a record of 109.6 million tons worldwide. Also, global chicken meat export will increase by 3% with a
record of around 14.7 million tons. Therefore, this research focuses on investigating the causal relationships that
have a significant impact on chicken production, considering independent variables as chicken consumption,
trade openness, and GDP. This study is conducted across several income groups, encompassing 126 countries, for
a 30-year period from 1993 to 2022. To strengthen the study, the demand theory and international trade theory
were utilised. This study employs multiple methodologies, including panel Granger analysis, cross-country
Granger causality analysis to identify the direction of causality, and thereafter the Wavelet coherence analysis
to determine the time variance and the nature of the coherence between the variables. According to the study,
the results have revealed unidirectional relationships between production and trade openness, chicken meat
consumption, and GDP. Accordingly, policy suggestions are provided for farmers, policymakers, relevant orga-
nisations, and legislators to make an impact on the chicken meat industry by enhancing production, optimising
operations, and maintaining high quality to improve nutritional value. All the implementation suggestions are
given to support the Sustainable Development Goals, established by the United Nations.

Introduction before making purchasing decisions. When people buy meat, they feel

both affordability and healthier options, such as chicken (Asante-Addo

The desire for meat is unsatisfied, and in such a world, people
consider healthier options. In this regard, chicken is one of the highest-
quality types of meat, being the most consumed poultry meat (Ning
et al., 2025; Qi et al., 2025) and the second most consumed meat
worldwide (Wang et al., 2023). Chicken meat is low in fat (Gkarane
et al., 2020), cholesterol (Jaturasitha et al., 2008), and calories,
providing high nutritional values for consumers (Debbarma et al.,
2024). Due to the high demand for chicken meat worldwide (Aratijo dos
Santos et al., 2023; Bhalerao et al., 2014; United States Department of
Agriculture, 2025), the poultry industry is experiencing significant
growth. To meet this substantial demand (Selle et al., 2021), producers
need to ensure consistent production. Consequently, chicken meat pro-
duction (CMP) constitutes a vital part of the sustainable meat industry.

Economic instability is a prevalent global phenomenon, prompting
people to carefully assess the perceived value of goods and services
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& Weible, 2020). Chicken meat consumption (CMC) is based on various
factors (Cappone et al.,, 2025), and it has a significant impact on
production.

In the international borders, trade openness (TO) plays a key role
(Radin et al., 2017). It serves as the gateway to global markets for
chicken meat producers, enabling them to expand their distribution and
develop the meat industry. This makes it a considerable factor that af-
fects chicken meat production. With exports and imports being high, and
considering the purchasing power of consumers, the meat industry
makes a significant contribution to a country's gross domestic product
(GDP). There may be a relationship between chicken meat production
and GDP, as the ability to purchase plays a crucial role in the sustain-
ability of chicken meat production.

Therefore, this study aims to identify the causal relationships be-
tween chicken meat production, chicken meat consumption, trade
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openness, and GDP. To achieve this goal, this study makes several sig-
nificant contributions to the existing body of literature.

First, this study encompasses a broader geographical scope by con-
ducting research across various income groups, including high-income
(HI), upper-middle-income (UMI), lower-middle-income (LMI), and
low-income (LI) countries, spanning 126 countries worldwide over 30
years from 1993 to 2022.

Second, this study employs dual methodologies. In the first meth-
odology involves panel Granger analysis and cross-country Granger
analysis, which provides a broader perspective on the relationship be-
tween the variables within countries. In the second methodology,
Wavelet coherence analysis was employed to identify the directional
causalities and nature of the coherence between the variables.

Third, this study presents attractive and innovative visualisations of
descriptive statistics, Wavelet coherence analysis, and Granger causality
analysis results in a simplified manner, facilitating an understanding of
the causal direction of chicken meat production and the relevant
variables.

Finally, this study presents novel findings that contribute to the
sustainable chicken meat industry and offer policy implications for
farmers, policymakers, organisations, and legislators related to
enhancing production and economic sustainability, which also supports
the Sustainable Development Goals (SDGs) established by the United
Nations.

This study primarily caters to specific SDGs established by the United
Nations, which include SDG 2: Zero Hunger, SDG 3: Good Health and
Well-being, SDG 4: Quality Education, SDG 8: Decent Work and Eco-
nomic Growth, SDG 9: Industry, Innovation, and Infrastructure, SDG 10:
Reduced Inequalities, SDG 12: Responsible Consumption and Produc-
tion, SDG 17: Partnerships for the Goals.

The remaining sections of this paper will outline the theoretical
framework, provide a critical review of the existing literature, describe
the data and methodologies, present the results, and include a discussion
of the relevant findings. A conclusion, policy implications, limitations,
and suggestions for future research will follow this.

Literature review and theoretical perspective

This section provides a comprehensive literature review of existing
studies to examine the interconnection of variables, incorporating a
theoretical perspective through the conceptualisation of the variables in
the study. Also, an expanded version of the review has been included in
the Appendix 1.

Critical literature review

Global meat production and consumption are growing at an expo-
nential rate, with the poultry sector being the most significant contrib-
utor to the agricultural industry (Choudhury et al., 2025). It is a path to
sustainable food production (Mendes et al., 2024).

In this connection, chicken meat is considered to be the most
consumed poultry meat type in the world (Ning et al., 2025; Qi et al.,
2025), also the second most consumed meat type in the world (Wang
et al., 2023), and predicted that the worldwide meat production will be
led by poultry production (Food and Agriculture Organization, 2024),
due to its high nutritional value (Mishra et al., 2023), efficient source of
protein (Sparrow et al., 2024), and its affordability (Abeyesinghe et al.,
2025; Debbarma et al., 2024; Gkarane et al., 2020; Mir et al., 2017).

When people consume chicken, they are concerned about the quality
of the chicken, and there have been many studies on their dietary
treatment that affect the quality of the meat (Abu Jafor Siddik et al.,
2025; Altmann et al., 2020; Campbell et al., 2025; Cortinas Hernandez
et al.,, 2005; Cullere et al., 2019; Loépez-Ferrer et al., 2001) with
appropriate stored (Cooreman-Algoed et al., 2022). Also, health reasons,
taste, nutritional value, and price are essential consumer concerns
(Chiras et al., 2023; Szelag-Sikora et al., 2024).
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Using antibiotics improves health and safety (Nduku et al., 2025),
however, the resistance to antibiotics has been addressed by consuming
organic chicken (Abd El-Hack et al., 2025). In the United States, there is
a shift toward outdoor access production to improve quality (Campbell
et al., 2025). Although global poultry consumption is increasing, various
countries have distinct preferences regarding chicken products (Tsiboe
et al., 2024).

As for demand increases, many studies related to chicken meat
consumption have been done for many countries, such as China (Cui
et al., 2022; Feng et al., 2022) which is the second largest producer in
the globe (Giusti et al., 2022; Li, 2025), Japan (Kito, 2025), Mexico
(Godinez-Oviedo et al., 2022), Thailand (Lengkidworraphiphat et al.,
2021) and South Africa (Katiyo et al., 2020) and many more. Since
chicken consumption and production appear to be linked globally, it is
worthwhile to investigate the relationship between chicken production
and consumption.

The meat industry makes a significant contribution to a country's
GDP. On that note, poultry is an important source of protein, and poultry
production is also a substantial source of income (Idowu et al., 2021) for
UMI, LMI, and LI countries (Shioda et al., 2024) on the same.

In low and middle-income countries, one of the most common pro-
duction systems is backyard chickens (Chauhan et al., 2024; Di-Pillo
et al., 2019; Ibrahim et al., 2025; Munoz-Gomez et al., 2025; Munoz-
Gomez & Torgerson, 2024), which is practised by 80% of rural pop-
ulations worldwide (Conan et al., 2012; Ibrahim et al., 2025). Bio-
security measures are essential when it comes to poultry farming in low
and middle-income countries (Nielsen et al., 2025).

Additionally, in the United States, as chicken production exports
increase, so does the economy (Wen et al., 2019). Furthermore,
including Mozambique (Shioda et al., 2024), Indonesia (Sumantri et al.,
2020), and Vietnam (Truong et al., 2021),the chicken sector is a sig-
nificant source of income for families, as it has a positive economic
impact on society (Ngongolo et al., 2021). Therefore, chicken produc-
tion will have a significant role in income sources in developed and
developing countries. As there appears to be a connection between
Chicken meat production and GDP, it is worth investigating.

Significant growth in the meat industry can be attributed to
increased openness. On that note, satisfying the global demand for
poultry meat will depend on the ability to supply it from countries that
focus on growing poultry production (Arp et al., 2024). Consequently,
billions of chickens are being shipped globally to meet this demand
(Radin et al., 2017). In the following decades, chicken meat imports in
developing countries are expected to increase by 3.4% per year (Harb
et al., 2018). Furthermore, in countries like China as a leading exporter
of chicken meat (Aranda et al., 2019; de Jesus Xavier & dos Reis, 2022),
Thailand is also one of the top ten poultry producers among exporters
(Klaharn et al., 2024), Europe, high demand for imported chicken has
led to a rapid increase in imports; however, various concerns have been
raised in studies (Abgottspon et al., 2014; Dhanji et al., 2010; Katrin
et al., 2016).

On the other hand, in Senegal (Boimah & Weible, 2021) and Russia,
several trade restrictions and bans on chicken imports from the U.S.
(United States), Canada, Australia, the Europe, and Norway have been
implemented over the past few years (Soon & Thompson, 2020).

Some trade bans were imposed on the U.S. exports at the time of
disease outbreaks (Padilla et al., 2025; Thompson et al., 2020), because
poultry products are a source of spreading diseases (Tykalowski and
Koncicki, 2024), and the same prevails in China as well (Zhou et al.,
2019). Then, in the United Kingdom, to differentiate the imported
products, including chicken, they have introduced a country of origin
food labelling system (Balcombe et al., 2016), and there have been
discussions with the U.S. on a Free Trade Agreement that will allow the
importation of chicken (Millstone et al., 2019). Due to the high demand,
Ghana also imports chicken meat from the United States, Brazil, and the
European Union (Apike et al., 2024; Johnson, 2011). However, con-
sumers prefer imported chicken meat because it is 25% less costly than
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Fig. 1. Theoretical framework. .
Source: Authors’ Illustration

domestic production (Ragasa et al., 2020) and provides preferred cuts of
meat (Banson et al., 2015; Kwadzo et al., 2013).

Over the past decade, non-tariff measures have had a significant
impact on the meat trade (Ridley et al., 2024), including the effects of
temperature and precipitation abnormalities (Rezitis et al., 2024). There
appears to be a clear connection between chicken meat production and
trade openness that warrants investigation at a global level.

The knowledge gap has been identified after a critical literature re-
view of previous studies. Earlier research has been conducted using
single variables and focused on individual countries or multiple coun-
tries within each income group. There have been limited studies on the
association between trade openness and GDP, despite the extensive
discussion of chicken meat production and consumption throughout the
literature. The limited use of sophisticated methodologies to identify
causal relationships between variables have been identified. Therefore,
by combining multiple variables, including countries, income groups,
and methodologies, this study aims to produce novel results that are
highly valuable for building a sustainable meat industry.

Theoretical framework

Theoretical concepts utilised in this study include demand theory
and international trade theory, which support and solidify the theories
aligned with CMP and other variables. Theoretical concepts will be
discussed under this section, and the conceptual framework is con-
structed for the variables in Fig. 1.

Demand theory was utilised in this study (Bohm & Haller, 2017;
Koutsoyiannis, 1979), as the demand for chicken meat is increasing due
to excessive consumption. This theory explains the desire to consume
goods to satisfy needs. The demand is based on various factors, such as
price, quality (Escobedo del Bosque et al., 2022), taste (Jayasena et al.,
2013), health benefits, nutritional value (Marangoni et al., 2015), and
the safety of the meat consumed. This theory will solidify this study by
supporting chicken production through consistent consumption of
chicken.

International trade theory explains how goods and services are
exchanged in global markets and across borders (Leamer & Levinsohn,
1995). This refers to international transactions among countries, orga-
nisations, or companies (Chen, 2022; Ezenwa et al., 2021). In most
countries, a chicken meat production shortage is faced in the domestic
market due to regional impacts. Therefore, trade opens the door for
infrastructure expansion and helps improve regional well-being and
employment, while reducing production costs by utilising efficient re-
sources. This enhances regional chicken meat production and allows for
improved economic growth within the country.

Data and methodology

This section of the study presents a detailed description of the data

Table 1
Data sources and variables.

Variable Measurement Source

Chicken Meat Production
(CMP)

Chicken Meat
Consumption (CMC)
Gross Domestic Product GDP per capita

(GDP) (USD)
Trade Openness (TO) Percentage of
GDP

Kg per capita (Food and Agriculture Organization
Statistics, 2025b)
(Food and Agriculture Organization
Statistics, 2025a)

(World Bank, 2025a)

Kg per capita

(World Bank, 2025b)

Source: Authors’ Compilation.

considered, along with the methodologies used to analyse and generate
the results, as well as the process.

Data

This research study has utilised a panel dataset that includes 126
countries, which are divided according to their income levels. A dataset
for a 30-year time frame was employed. The dataset used in this study is
provided in Appendix 2.

As presented in Table 1, the measurements of all variables have been
converted to per capita values. Data related to CMP and CMC were
obtained from the Food and Agriculture Organisation database, while
data for the GDP and TO were extracted from the World Bank. The data
collection and analysis process, utilising methodologies, is presented in
Fig. 2.

Methodology

The causal relationship between chicken meat production and the
independent variables, which include chicken meat consumption, GDP,
and trade openness, has been analysed using several methodologies.

A panel Granger causality analysis and cross-country Granger anal-
ysis was utilised to identify the causal relationship between the vari-
ables. Then, the Wavelet coherence analysis was employed to determine
the direction of causality, as well as the nature of the coherence at time-
varying frequencies.

Panel Granger causality analysis

Granger causality analysis is a comprehensive statistical method
used by researchers across various disciplines. Including the global
supply chain (Ren et al., 2024), Finance (Feng et al., 2023), Telecom-
munication (Dutta, 2001), Climate science (Zolghadr-Asli et al., 2021),
Political science (Groshek, 2011) and many more.

Before conducting the panel Granger causality analysis, the Cross-
Sectional Dependency test (CSD) (Pesaran, 2004) is utilised to identify
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the existence of cross-sectional dependencies in the panel (Ertur &
Musolesi, 2017). Therefore, to check stationarity of the strong cross-
sectional dependence variables, employ the second-generation root
test, which is the Cross-sectionally Augmented Im-Pesaran-Shin unit
root test (CIPS) (Pesaran, 2007), which is widely used in macro-level
variables to check stationarity (Athalage et al., 2025; Kaya et al.,
2025). After determining the existence of a unit root in all variables,
they are converted to differences until stationarity is achieved.
Afterward, to identify the lag interval for each income group, the
team utilised the Panel Vector Autoregression model (PVAR) within

each income group to determine the optimal lag length by using the
Moment selection Akaike Information Criteria (MAIC) (Akaike, 1969),
the Moment selection Bayesian Information Criterion (MBIC) (Schwarz,
1978), and the Moment selection Hannan and Quinn Information Cri-
terion (MQIC) (Hannan & Quinn, 1979) selection criteria, and the sta-
bility condition. Once all conditions were satisfied, the panel Granger
causality analysis was employed.

This methodology can be used to analyse time series data, identify
causal relationships between variables, and predict the interactions of
these variables. Equation (1) was formulated to utilise the Granger
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Source: Authors’ illustration

equation for the relevant variables in the study.

P P
Yie=> BYur+ > 0K x+ui m
k=1 k=0

In the equation, X and Y are independent and dependent variables,
respectively. Income categories (high, low, upper-middle, lower-mid-
dle) represent i and t, which denote the period in years. K delineates the
frequency of lags, and p shows the number of lags. The regression co-
efficient of the equation is denoted by f, and 6 represents the constant
value of the regression, where k may vary from 1 to N (the population
size). u demonstrate the error term.

This technique has the benefit of predicting future values of the
dependent variable by utilising the independent variables and provides
information on the strength of the relationship between the variables. A
novel visualisation called the Lucius Jesper Chloe heatmap (LJC)
(Dissanayake et al., 2025) was utilised in this study to illustrate the
panel Granger analysis results.

Wavelet coherence analysis
A sophisticated methodology, such as the Wavelet coherence anal-
ysis, was utilised to gain insights into the direction of the causal

relationship between the variables, and then to identify the nature of the
coherence at different frequencies. This method was used by many re-
searchers in various disciplines such as climate (Dastour et al., 2022; Lan
et al., 2025), energy (Long & Cao, 2024; Putra et al., 2025), Environ-
ment (Bilgili et al., 2016; Caldera et al., 2024; Pan et al., 2024), and
many more.

Wavelet coherence equation for the variables that are relevant to
study depicted in Equation (2), where the scale and the translation are
represented by a and b, respectively, and the Morlet Wavelet function is

shown by ya?,
1o x—b
v =l (0) @

This methodology has numerous benefits, including identifying re-
lationships between variables and understanding their nature. Time-
varying results can be obtained for short-term, medium-term, and
long-term applications. Wavelet graphs were generated using R soft-
ware to illustrate the coherence of the variables.

Cross-country Granger causality analysis
Cross-country Granger causality analysis was utilised in this study to
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gain a broader perspective on the variables at the country level. This
methodology used wider studies (Galappaththi et al., 2023; Palliyaguru
et al., 2024), which related to various sectors. Before conducting this
analysis, stationarity was checked using the Dickey-Fuller (DF) unit root
test (Dickey & Fuller, 1979), a method suitable for verifying stationarity
in time series data. Afterwards, we use a Vector Autoregression (VAR)
model to check the stability of the model and determine the optimal lag
length to obtain more reliable data.

Afterwards, by using Akaike’s Information Criterion (AIC) (Akaike,
1998; Maradana et al., 2019), Schwarz’s Bayesian Criterion (SBIC)
(Schwarz, 1978) and the Hannan and Quinn Information Criterion
(HQIC) (Hannan & Quinn, 1979), the minimum criteria are selected as
the optimal lag length. Once all prerequisite tests have been performed,
the cross-country Granger causality analysis is employed.

p p
Yie=Y oYkt > mXiok+Uic ©)
k=1 k=0

A general statistical equation is used to identify causal flows between
CMP, CMC, GDP, and TO, as shown in Equation (3). Independent and
dependent variables are expressed by X and Y respectively. Country
depicts i and time span is shown from t. The number of lags and fre-
quency of lags are symbolised by p and k, respectively. Coefficient
regression shows that w and = are the constant values of the regression,
where k may take any value within the range from 1 to the total number
of observations in the population. The ¢ is an error term.

By utilising cross-country Granger causality analysis, it is possible to
identify causal associations between variables with unidirectional and
bidirectional impacts within each country, using time series data, which
helps to forecast future values. Additionally, by grouping similar causal
flows from existing countries together, policymakers may gain fresh
insights. Therefore, it's more suitable to employ this methodology to
obtain accurate results in this study, which contains a time series dataset
comprising 20 nations over a 30-year period.

Results and discussion

This section presents the results and discussion of the descriptive
analysis, the panel Granger analysis, the wavelet coherence analysis,
and the cross-country Granger analysis for the different income groups,
comprising 126 countries.

Descriptive statistics

The descriptive statistics obtained for each income group, analysing
126 countries, are included in Appendix 3. According to Fig. 3, line
charts have been drawn using the average values from 1993 to 2022 to
illustrate the time trend of each income group within each variable
(CMP, CMC, and TO).

According to Fig. 3A, which illustrates the time trend of the average
CMP, Fig. 3B shows the trend of the average values of the CMC, and
Fig. 3C illustrates the trend of the average values of the TO across each
income group. The HI has the upper hand in each graph, followed by the
UMIL, LMI, and LI, respectively.

Radial bar charts were generated for each income group, classified
by the countries within each group, as shown in Fig. 4. The average
values of CMP were used to determine the size of the bars, and the
countries are listed in order from highest to lowest. It is generated to
identify the top 5 countries and the bottom five countries to conduct the
cross-country Granger analysis.

The HI countries were illustrated in Fig. 4A. The top 5 countries
selected for the analysis were the USA, Israel, the Netherlands, Australia,
and New Zealand, while the bottom five countries were New Caledonia,
Hong Kong, Switzerland, Macao, and Germany.

The UMI countries were illustrated in Fig. 4B. The top 5 countries
selected for the analysis were Brazil, Belize, Malaysia, Jamaica, and
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Table 2
Interpretations for LJC heatmaps.

Interpretations / Descriptions

Axis X Axis Entity names
Y Axis Variable names (Name on the top —
first variable, name on the bottom —
second variable).
Arrows  Downward arrows Unidirectional Granger causality from

the first variable to second variable.
Upward arrows Unidirectional Granger causality from
the second variable to the first
variable.

Bidirectional Granger causality
between variables.

Bidirectional arrows

Bidirectional arrows
cut in the middle

No Granger causality between the
variables.

4.|.|.,<—>—><—<—>¢

Arrow length The longer the arrow, the higher the
number of lags used in the model.
Granger causality from the first
variable to second variable.

Granger causality from the second
variable to the first variable.

Results are statistically significant.
(Red - 1% significance, Orange - 5%
significance, Yellow - 10%
significance)

The results are not statistically
significant. (Significance more than
10%)

The higher the circle size, the higher
the z-bar tilde statistic value.

Circles Top circle

Bottom circle

Warm colours

Cold colours

Circle size

Source: Authors’ compilation.

Argentina, while the bottom five countries were chosen as Mongolia,
North Macedonia, Botswana, Armenia, and Gabon.

The LMI countries were illustrated in Fig. 4C. The top 5 countries we
selected for the analysis were Bolivia, Lebanon, Honduras, El Salvador,
and Nicaragua, while the bottom five countries were chosen as
Tajikistan, Chad, Gambia, Guinea, Haiti, and Kenya.

The LI countries were illustrated in Fig. 4D. The top five countries
selected for the analysis were Burkina Faso, Mali, Togo, Mozambique,
and Uganda. In comparison, the bottom five countries were Rwanda,
Niger, the Central African Republic, Guinea-Bissau, and Sierra Leone.

Panel Granger causality analysis

Panel Granger causality analysis was conducted for the variables
CMC, TO, and GDP to find the relationship with CMP. Before the anal-
ysis, the CSD test identified all variables with strong cross-sectional
dependence, and the results have been presented in Appendix 4.
Therefore, to find the stationarity of all variables, the CIPS stationarity
test was utilised in this study. As shown in Appendix 5, the maximum of
the first difference for all variables achieves stationarity. Afterwards, as
shown in Appendix 6, a PVAR model stability test was conducted using
the stability test, which revealed that all eigenvalues lie within the unit
root circle; hence, the model is stable and can be used for further
analysis. After the prerequisite tests were completed, utilise the panel
Granger causality analysis, and the results were illustrated using a novel
visualisation called LJC heatmaps. A guideline for interpreting LJC
heatmaps is provided in Table 2. The detailed version of the analysis
results is included in Appendix 7.

Long-term causality direction patterns can be identified in Fig. 5,
where the horizontal heatmaps are separated into various sections ac-
cording to the respective stages of the stationarity and stability of the
variables used in the analysis to generate the results.

CMP and CMC in Fig. 5A, the first section is stationary and stable
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Fig. 5. LJC heatmap for panel Granger results; classified by variables.).
Source: Authors’ compilation using the LJC heatmap website (Chloe, 2025

without differentiation, and HI belongs to that section. The second
section includes differentiations for both variables, and that section also
covers. In the Last section, only the CMP is included, with differentiation
where the LI is also included. Regarding the results, the yellow-coloured
circle and downward arrow indicate that only UMI exhibits unilateral
causality from CMP to CMC, while the other income groups are statis-
tically insignificant.

Then, in Fig. 5B, the first section distinguishes between GDP and
CMP, including HI, and the second section differentiates between the
two variables, encompassing UMI, LMI, and LI. As for the results, the
light red circle and the upward arrow indicate that only one-way cau-
salities can be observed from GDP to CMP across UMI, and another from
CMP to GDP across LI, as indicated by the downward arrow. The other
two income groups are statistically insignificant.

In Fig. 5C, the first section includes differentiations for the TO, where

HI falls. It has a unidirectional causal impact from CMP to TO across HI,
as indicated by the dark red circle and the downward arrow. The second
section includes differentiations for both variables; however, neither is
statistically significant across the other three income levels.

Optimal lag lengths are indicated as consistent according to the same
length of arrows in each graph. This visualisation provides a clear
perspective of the panel Granger causality analysis results. Finally, as
shown in Appendix 8, a robustness check was conducted to validate the
panel Granger results using alternative lags. The majority of the results
confirmed the same findings as the panel Granger results, thereby vali-
dating the findings.

Wavelet coherence analysis

Wavelet Coherence analysis was utilised across various income
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Table 3
Interpretation of wavelet coherence.

Direction of arrows/ The Scale of
Time Range

Description

Positive Correlation
Negative Correlation

The second variable (CMC, GDP, TO) causes
the first variable (CMP).

o
g

First variable (CMP) causing Second variable
(CMC, GDP, TO).

Bidirectional casual flow between the first
variable (CMP) and the second variable (CMC,
GDP, TO).

Short Term
Medium Term
Long Term

BVAVAR
AWAN

Source: Authors’ compilation.

groups, including high-income, upper-middle-income, lower-middle-
income, and low-income countries. The primary variable is CMP, and
the secondary variables are CMC, GDP, and TO. In Wavelet graphs, a
grey-shaped cone is used for analysis, representing the interconnection
between variables and the nature of coherence. The 5% significance
level can be indicated from the black line, which is determined by the
Monte Carlo simulations. In the graph, the red/orange area indicates the
existence of correlation, and the blue area indicates the absence of
correlation.
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The scale range of 0 to 256 indicates various terms. The interval of
0 to 16 implies short term, then 16 to 64 implies medium term, and 64 to
256 implies long term (Wijesuriya et al., 2025; Yeboah et al., 2025).
Additional interpretation guidelines for the graphs are provided in
Table 3.

Wavelet coherence analysis for high-income countries

The causal relationships between CMP and other variables across
high-income countries are illustrated in Fig. 6.

Mostly bidirectional causal relationships can be observed between
CMP and CMC in the short and medium term, from 1993 to 2022, as
shown in Fig. 6A. Then, unidirectional causal flows can be observed
from CMP to CMC from 2003 to 2022, but no causality from 1993 to
2002 in the long term. All terms have a positive nature of coherence with
a high frequency.

According to Fig. 6B, a two-way causality between CMP and GDP is
present in the short term from 1993 to 2022, and a one-way causality
from CMP to GDP is present from 2003 to 2022. However, from 1993 to
2002, no causality was present in the medium term. No causality is
present from 1993 to 2022 in the long term. Most terms have a positive
nature of coherence with a high frequency. As for Fig. 6C, bidirectional
causality from 1993 to 2002 and unidirectional causality from TO to
CMP are present from 2003 to 2022 in the short term, with a positive
coherence. Then, a negative coherence with unidirectional flow from
CMP to TO is present from 1993 to 2012, but no causality from 2013 to
2022 in the long term. No casualties are present in the medium term.

Wavelet coherence analysis for upper-middle-income countries
The causal relationships between CMP and other variables across
Upper-Middle-Income countries are illustrated in Fig. 7.

(A) CMP

Scale
3

128

256

1992 2002 2012 2022

08

0.6

Scale

0.4

0.0

1992 2002 2012 2022

Years

(B) GDP

0.0

Fig. 6. Wavelet coherence diagram for high-income group.).
Source: Authors’ compilation using (Posit RStudio, 2025
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Fig. 7. Wavelet coherence diagram for upper-middle-income group.).
Source: Authors’ compilation using (Posit RStudio, 2025

Mostly bidirectional causal relationships are present between CMP
and CMC throughout all terms from 1993 to 2022, as shown in Fig. 7A,
with a positive coherence nature at high frequencies.

In Fig. 7B, two-way causality is present between CMP and GDP
throughout the short term and from 2003 to 2022 in the medium term
with a positive coherence, but no causality from 1993 to 2002 in the
medium term and throughout the long term.

According to Fig. 7C, A negative coherence with unidirectional
causality is observed from TO to CMP from 1993 to 2002; however, from
2003 to 2022, bidirectional causality is present between CMP and TO
with a mixed coherence. On the other hand, no causality is observed in
the medium-term and long-term periods.

Wavelet coherence analysis for lower-middle-income countries

The causal relationships between CMP and other variables across
Lower-Middle-Income countries are illustrated in Fig. 8.

Mostly bidirectional causalities are present between CMP and CMC
in all the terms shown in Fig. 8A, with a positive coherence at a high
frequency from 1993 to 2022.

According to Fig. 8B, a predominantly two-way causality is identified
between CMP and GDP in both the short and medium terms from 1993
to 2022. However, unidirectional causality is present from GDP to CMP,
with a positive coherence from 2003; however, there is no causality
from 1993 to 2002 in the long term. In Fig. 8C, mostly bidirectional
causality between CMP and TO is present throughout the short term,
with a positive coherence. Unidirectional causalities were observed from
1993 to 2012, and bidirectional causality was observed from 2013 to
2022 in the medium term. Throughout the long term, no causality is
present.

Wavelet coherence analysis for low-income countries
The causal relationships between CMP and other variables across

10

Low-Income countries are illustrated in Fig. 9.

CMP and CMC in Fig. 9A indicate that a bidirectional causal rela-
tionship exists between the variables from 1993 to 2022, both in the
short-term and medium-term. However, in the medium term, from 2013
to 2022, there is no causality, which is also observed throughout the
long term.

According to Fig. 9B, bidirectional causality exists between CMP and
GDP from 2002 to 2022, but not in the short term from 1993 to 2002. No
causality is present between the medium term and the long term. In
Fig. 9C, a negative coherence is observed, indicating unidirectional
causality from CMP to TO from 1993 to 2002. In contrast, from 2003 to
2022, a positive coherence is present, suggesting bidirectional causality
between CMP and TO in the short term. Throughout the medium term, a
positive coherence with unidirectional flow is present from CMP to TO.
However, no causality was found in the long term.

Cross-country Granger causality analysis

The Dickey-Fuller unit root test, conducted before running the
Granger causality analysis, shows that all variables achieve stationarity
at the maximum of the first difference (DCMP, DCMC, DGDP, and DTO),
as presented in Appendix 9. Afterwards, by using the VAR model, we
verified that the model is stable and then conducted further analysis.
Then, using AIC, S, BIC, and HQIC lag selection criteria, we identified
the length and proceeded with the Granger causality analysis. The
country-wise Granger results are presented in Appendix 10, and a
graphical illustration is shown in Fig. 10.

In this study, cross-country Granger causality results suggest that
there are unidirectional causalities from chicken meat consumption to
chicken meat production in high-income countries, specifically Ger-
many, the Netherlands, and New Caledonia. Additionally, the relation-
ship between chicken meat production and GDP is evident in Hong
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Fig. 8. Wavelet Coherence diagram for lower-middle-income group.).
Source: Authors’ compilation using (Posit RStudio, 2025

Kong, Switzerland, and the United States, which is characterised by a
unilateral trend. The same can be observed in the production of chicken
meat and trade openness between New Caledonia and Switzerland.
Additionally, Germany, the Netherlands, and Israel exhibit a one-way
causal relationship between trade openness and chicken meat produc-
tion. Results suggest that the United States, Brazil, and China are the
largest chicken producers, which are major contributors to economic
growth by increasing national income and trade (Wen et al., 2019).
Australia's past studies suggest no causal relationship between chicken
meat production and economic development (Tang, 2013). However,
Australia, Macao, and New Zealand are statistically insignificant in
terms of the association between chicken meat production and all
variables.

In low-income countries, the results suggest that there is unidirec-
tional causality from chicken meat production to consumption in na-
tions such as Mali, Rwanda, and Uganda. Additionally, Mali exhibits a
one-way causal flow from chicken meat production to GDP, whereas
Niger, Rwanda, and Uganda display a unidirectional causal flow from
GDP to chicken meat production. Past studies have revealed that
Rwanda lacks grazing farms to produce livestock, and the poultry in-
dustry contributes 6% to its GDP (Mbuza et al., 2017); Therefore,
investing more in local farms will increase domestic production, and
exports will increase the national GDP. Uganda's poultry industry con-
tributes 9% to its GDP, but rural poultry does not significantly impact
GDP (Henry, 2009). Therefore, Uganda should focus more on enhancing
development on its local farms, and Nigeria also provides a significant
contribution from its chicken meat production (Moussa et al., 2019).
Unlike other countries, Burkina Faso, Mozambique, and Togo did not
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have statistically significant casualties in chicken meat production
across all variables.

In upper-middle-income countries, Granger results suggest that
Gabon has a unidirectional causal relationship from chicken meat pro-
duction to its consumption and GDP. Belize exhibits a one-way causal
relationship between chicken meat consumption and its output.
Argentina exhibits a similar pattern, with a unilateral and casual rela-
tionship between chicken meat production and GDP and trade openness,
as observed in past studies (Yankelevich & Mcgrath, 2024). Jamaica
exhibits a unidirectional relationship between its GDP and chicken meat
production. The same unidirectional causal flow from GDP and trade
openness to chicken production is evident in Malaysia. However, nations
like Botswana, Brazil, Mongolia, and North Macedonia do not have a
statistically significant relationship between chicken meat production
and all other variables.

Results from lower-middle-income nations, such as Nicaragua,
indicate unidirectional causality from chicken meat production to its
consumption. Past studies suggest that domestic markets increase their
chicken production due to the availability of duty-free chicken within
the country (Mangino & Mangino, 2022). Furthermore, Guinea exhibits
a unilateral relationship between chicken consumption and its produc-
tion. Additionally, countries such as Bolivia, Honduras, and Tajikistan
exhibit a one-way causal relationship between chicken production and
their GDP.

Additionally, there is unidirectional causality from Gambia and
Guinea, with chicken production influencing trade openness. The Cen-
tral African Republic and Guinea-Bissau exhibit a one-way causal rela-
tionship between trade openness and chicken meat production. This
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implies that in 2000, the aim to increase domestic chicken production in
South Africa led to an increase in duty rates for importing chicken meat
from the United States (Cochrane et al., 2016). However, nations like
Chad, El Salvador, Haiti, and Lebanon do not have statistically signifi-
cant causality between chicken meat production and all other variables.

Conclusion

In summary, this study aimed to determine the relationships between
CMP and the independent variables, specifically CMC, GDP, and TO. To
achieve this objective, six continents comprising 126 countries were
analysed over 30 years, from 1993 to 2022. Demand theory and inter-
national trade theory provide the base for these variables. For the
analysis, comprehensive methodologies were employed, including panel
Granger causality analysis, Wavelet coherence analysis, and cross-
country Granger causality analysis, to investigate the relationships be-
tween variables across different time scales and at the country level. A
critical literature review was done to evaluate how the relevant vari-
ables have been utilised in past studies. The knowledge gap has been
identified as these variables have been assessed individually in indi-
vidual countries. Therefore, this study bridges that gap by investigating
these variables together across different income groups in a single study
across 30 years and provides results with novel visualisations. The re-
sults will reveal the directional relationships among the variables, and a
country-wise analysis has been conducted to provide policy implications
for farmers, policymakers, relevant organisations, and legislators, aim-
ing to make an impact on the chicken meat industry by enhancing
production, optimising operations, and maintaining high quality for
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nutritional value. All implementations aim to promote the sustainability
of the meat industry, which also supports the United Nations’ Sustain-
able Development Goals.

Policy recommendations

The causal relationships between the variables were investigated
through a comprehensive analysis, and some relevant policy pathways
were identified for parties interested in improving the Chicken meat
industry across countries in different income groups. Relevant policy
implications are aligned with the SDGs established by the United
Nations.

Policy recommendations for high-income countries

High-income countries should focus on forecasting demand by
building a system that analyses retail data and provides information by
connecting it to producers. Additionally, with the expansion of the
supply chain, product diversification should be employed to increase
demand. Additionally, improve infrastructure in rural areas to support
local producers and transition to eco-friendly technology. These policies
will support SDG 9: Industry, Innovation, and Infrastructure, as well as
SDG 12: Responsible Consumption and Production. Educating con-
sumers on the health benefits will not only improve their health and
well-being but also increase demand, supporting SDG 2: Zero Hunger
and SDG 3: Good Health and Well-being. Supporting exports and im-
ports by negotiating trade agreements, issuing quality certificates for
goods, and utilising skilled workers to enhance productivity, aligning
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with SDG 8: Decent Work and Economic Growth and SDG 17: Partner-
ships for the Goals.

Policy recommendations for upper-middle-income countries

Upper-middle-income countries should focus on increasing produc-
tivity by providing farmers with the right tools, modern technology, and
updated knowledge, then by feeding livestock with proper nutrients for
sustainable production, and investing in the cold chain. Provide in-
centives for local producers, also increase employment in rural areas,
and then pave the pathway for exports by investing in trade certifica-
tions and facilities. These efforts will support the achievement of SDG 2:
Zero Hunger, SDG 8: Decent Work and Economic Growth, SDG 9: In-
dustry, Innovation, and Infrastructure, SDG 12: Responsible Consump-
tion and Production, and SDG 17: Partnerships for the Goals. Conduct
public campaigns to raise awareness of the health benefits and reduce
overconsumption, while supporting SDG 3: Good Health and Well-being.

Policy recommendations for lower-middle-income countries

Lower-middle-income countries should prioritise strengthening the
infrastructure for chicken meat production by making investments to
enhance the sector. Improve the quality of trade certifications and make
export agreements to gain access to international markets. Motivate
domestic chicken consumption by making people aware of its health
benefits, and it will also encourage domestic producers to enhance their
production. These policies will support SDG 2: Zero Hunger, SDG 8:
Decent Work and Economic Growth, SDG 9: Industry, Innovation, and
Infrastructure, and SDG 17: Partnerships for the Goals. Provide training
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for farmers on using modern technologies to enhance chicken produc-
tion, which aligns with SDG 4: Quality Education.

Policy recommendations for low-income countries

Low-income countries should focus on gaining basic market knowl-
edge and managing production effectively and encourage producers to
enter the cold chain to reduce waste. Governments should stabilise the
market by maintaining a consistent demand, and producers should make
their products more affordable by adjusting their product sizes. Practise
basic feed management and manure management for sustainable pro-
duction. Make room for budget transportation by allowing shared
chillers and improving quality certification for chicken meat products.
These will align towards SDG 2: Zero Hunger, SDG 8: Decent Work and
Economic Growth, SDG 9: Industry, Innovation, and Infrastructure, SDG
10: Reduced Inequalities, SDG 12: Responsible Consumption and Pro-
duction, and SDG 17: Partnerships for the Goals.

Limitations and future research

This research study has been conducted using a panel dataset span-
ning 30 years (1993-2022); therefore, the study is limited to this period
due to the unavailability of data before this time. Even though all in-
come groups have been considered, only 126 countries have been uti-
lised under the income groups. The methodologies have their unique
limitations; for instance, the panel Granger analysis is unavailable for
identifying relationships between variables at the country level, and
Wavelet graphs are challenging to interpret due to their complex, time-
varying results. The results can be misinterpreted due to a smaller
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sample size. Although a cross-country Granger analysis was conducted,
it did not cover the entire globe.

Furthermore, Other possible methodologies can be used for future
research, and this study has paved the way for opportunities by outlining
its limitations. More comprehensive methods can be employed and
utilise a larger dataset for more insightful results about the variables.
The possibility of adding more variables to the study exists, as well as
conducting the study on a continental level. Despite the limitations, this
study offers meaningful insights from a critical investigation of CMP and
other variables, including CMC, GDP, and TO. It will contribute to the
sustainability of the meat industry and future research.
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