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Abstract

This study examines the structural transformation and increasing geographical
concentration in global cocoa production, with a specific focus on forecasting
market share dynamics among the top ten producing countries from 1961 to 2035.
Datasheet based on FAOSTAT were used in this study. The analysis identifies
three dominant trends from recent decades: the accelerating dominance of Cote
d’Ivoire, a regional rebalancing marked by rising production in the Americas and
relative declines in Asia, and the emergence of strong new players such as Ecuador
and Peru. These shifts concentrate systemic risk within the global supply chain,
heightening vulnerability to localized shocks. To address the unique challenge of
forecasting constrained compositional data, where all market shares must sum
to 100%, this research develops and compares two advanced methodological
frameworks: a Compositional Share Forecasting (CSF) approach using Vector
Autoregression on Isometric Log-Ratio transformed data, and an Integrated Produc-
tion Forecasting (IPF) framework based on a multivariate structural time series
model. The results project a critical transition of the global cocoa market from a
“moderately concentrated” to a “highly concentrated” structure, with the Herfindahl-
Hirschman Index (HHI) forecast to breach the 2,500 threshold. An early warning
system is established, indicating a Red Alert will be triggered as Cote d’Ivoire’s share
is projected to exceed 50% by 2032. Model validation shows the IPF approach
provides superior forecast accuracy for absolute production volumes, yet both
methodologies concur on the intensifying concentration trend. The study concludes
that proactive, evidence-based policy interventions—focusing on strategic sourcing
diversification, investment in climate-resilient production in emerging regions,
and enhanced supply chain transparency—are urgently required to mitigate systemic
risks and foster a more resilient and sustainable global cocoa market.

Keywords: Cocoa forecasting, compositional data analysis, early warning system, Herfindahl-
Hirschman Index, market concentration, supply chain risk
INTRODUCTION Gonzalez, 2020), and environmental systems

Cocoa beans, the seeds of Theobroma
cacao, are a linchpin of global economic (Parra-
paitan et al., 2023; Viteri et al., 2023), nutritional
(Atanassova et al., 2024; Ozturk & Young, 2017;
Sarria et al., 2014), cultural (Arias-Hidalgo &

(Olwig et al., 2023) and the foundation of
a multi-billion dollar confectionery industry.
Production of this vital commodity is highly
concentrated, with over 50% originating in
West Africa (Gutiérrez-Macias et al., 2021).
As a cornerstone of a multi-billion dollar

34 PELITA PERKEBUNAN, Volume 42, Number 1, April 2026 Edition



The great cocoa power shift: Compositional forecasting of market share dynamics and supply chain concentration risks

confectionery industry, global cocoa produc-
tion is undergoing a profound structural
transformation characterized by three inter-
related trends: intensifying geographical
concentration in Africa, regional rebalancing,
and the emergence of new players. Historical
dominance has steadily consolidated in West

Africa, with Cote d’Ivoire’s market dominance
accelerating sharply, now accounting for over
40% of global supply. This accelerating
concentration trend is vividly illustrated by
market share shifts over the past decade
(2013-2023), as shown in Figure 1.

Source: FAO, 2025 (processed and illustrated by the authors)
Figure 1. Difference in cocoa production share between 2013 and 2023
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Figure 1 depicts a clear regional rebalan-
cing: African dominance has increased, led
by Cote d’Ivoire, whose share surged from
32.30% to 42.45%—a gain of 10.15 per-
centage points. Concurrently, Asia’s share
has declined, represented by Indonesia’s
reduced contribution, while the Americas
have risen, exemplified by Ecuador’s emer-
gence as a strong performer with its share
increasing from 2.86% to 6.71%. New players,
notably Ecuador and Peru, have demonstrated
strong growth, signaling a potential shift in
the traditional production landscape. This
rapid consolidation and regional shift pose
substantial systemic risks to global supply
chain resilience, increasing vulnerability to
localized climatic, phytosanitary, and socio-
political shocks in dominant producing regions,
thereby threatening price stability and secure
supply for the global chocolate industry.

This dynamic evolution of market shares,
however, presents a unique analytical challenge.
Market shares constitute compositional data,
bound by the unit-sum constraint that all shares
must total 100%, which renders conventional
time series forecasting techniques potentially
misspecified. This necessitates the applica-
tion of compositional data analysis which
provides appropriate statistical and geometric
tools for the simplex sample space (Tsagris
et al., 2016). Despite its relevance, few studies
have employed advanced compositional time
series models, such as Vector Autoregression on
Isometric Log-Ratio transformed data (Tingting,
2024), to forecast long-term structural shifts
in agricultural commodity markets, particu-
larly for a strategically vital staple like cocoa.

Historical precedent demonstrates the
severe systemic risks inherent in over-concen-
trated commodity markets. A stark example
is the Brazilian coffee crisis of 1975 (Ribeiro
et al., 2020), when frost decimated crops in
a country controlling global supply, triggering
a worldwide shortage and profound market
instability (Barsanetti, 2024). This case under-

scores a critical lesson: excessive geographi-
cal concentration creates a fragile supply chain
vulnerable to localized shocks, whether climatic,
political, or phytosanitary. The parallels to
the current trajectory of the cocoa market,
with Céte d’Ivoire’s dominance approaching
similarly precarious levels, highlight the urgent
and practical importance of this research.
Therefore, this study is designed to provide
the essential, evidence-based foundation
needed to develop pre-emptive diversifica-
tion strategies and avert a parallel crisis in
the global cocoa sector. To achieve this, the
core objectives are threefold: to project the
trajectory of market concentration among
leading cocoa producers, to establish and
quantify early warning thresholds that signal
dangerous levels of market power consoli-
dation, and to provide a rigorous comparative
assessment of the methodological perfor-
mance of compositional versus integrated
multivariate forecasting in this specific context.

The findings of this research offer sub-
stantial contributions to theory, methodology,
and practice. Methodologically, it demonstrates
and evaluates the application of sophisticated
forecasting techniques for compositional eco-
nomic data. Empirically, it delivers a rigorous,
long-range projection of cocoa market struc-
ture, identifying critical inflection points and
systemic risks. Forecasting the share of cocoa
production is essential for ensuring economic
stability (Laderach et al., 2013), social
sustainability (Kongor ef al., 2024), and
environmental conservation (Asante et al.,
2021), as it supports the livelihoods of millions
(Boysen et al., 2023; Vinci et al., 2024), helps
mitigate climate change impacts (Agbenyo
et al., 2022), and promotes sustainable agri-
cultural practices (Bandanaa et al., 2025).
Practically, the study provides a quantifiable
risk assessment framework and a functional
early warning system, offering actionable
intelligence for policymakers, industry stake-
holders, and international institutions to enhance
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the strategic diversification and resilience of
a global supply chain. Accurate forecasting
models are thus vital tools for these actors to
navigate the complexities of the global cocoa
market and ensure its long-term sustainability.

MATERIALS AND METHODS

Data Sources and Processing

This study employs secondary annual
time series data from 1961 to 2023 obtained
from the Food and Agriculture Organization’s
Statistical Database (FAOSTAT), encom-
passing cocoa bean production statistics for
the ten largest producing countries—Cote
d’Ivoire, Ghana, Indonesia, Nigeria, Cameroon,
Brazil, Ecuador, Peru, Dominican Republic,
and Colombia. The country selection was
based on production shares in 2013 and 2023
from FAOSTAT data, which showed that
these ten nations collectively represented
approximately 93% of global cocoa production
during both benchmark years. This consistent
dominant share across a decade establishes
their representativeness for analyzing global
market dynamics and providing comprehen-
sive geographical coverage across Aftica, Asia,
and Latin America. Primary variables were
constructed by extracting annual cocoa bean
production in metric tons from the FAOSTAT
domain “Production: Crops and livestock
products” (Item: cocoa beans, Element: pro-
duction), with country-specific market shares
(s, ) calculated using the formula:

D.
=—" %100
W.r

Sie
where P, denotes cocoa production of
country / in year ¢, and P _, signifies global
cocoa production. Methodological consistency
was ensured and potential discrepancies in
FAQO’s global aggregates were addressed
through an adjustment procedure where:

10
pees = 2z P
g a.
with a, representing the coverage ratio of
the top ten countries relative to total reported
global production, calculated as the five-year
moving average of %335—, thereby mitigating
reporting inconsistencies while maintaining

the compositional nature of the data.

Analytical Framework:
Two Complementary Approaches

The analytical framework employs two
distinct forecasting methodologies for compre-
hensive analysis of cocoa market dynamics,
enabling comparative assessment and robust-
ness verification.

1. Compositional Share Forecasting (CSF)

The rationale for this approach stems from
the compositional nature of market share
data, which is constrained to the simplex
space where s, > 0 and ¥ sie=100%.
Compositional time series analysis
following Aitchison (1986) was there-
fore implemented.

a. Isometric Log-Ratio Transformation

The share vector s, = (s, ..., 5,,,)
was transformed using the isometric
log-ratio (ILR) transformation (Egozcue
etal.,2003):

D

= = 2. (sm )
z,=ILR(s,) Joi1 in (5

where D =10, g(s,) = (Hilfl 5.0)10
represents the geometric mean, and
z, € R®.

b. Vector Autoregressive Modeling

A VAR(p) model was specified for
the transformed series:

B
z, = C+Z $z,_;te,e ™ N(0,X)

j=1
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The optimal lag order g» was deter-
mined via sequential testing using
Akaike (AIC), Bayesian (BIC), and
Hannan-Quinn (HQ) information
criteria (Hacker & Hatemi-J., 2008).

c¢. Forecasting and Inverse Transformation

h-step ahead forecasts were generated
in ILR space and transformed back
to the simplex:

Srenr = ILR_l(Ethr:]

This approach ensures that forecasts
automatically satisfy compositional
constraints.

Integrated Production Forecasting (IPF)

This integrated framework was implemented
to compare with traditional forecasting
approaches and generate absolute produc-
tion estimates by simultaneously modeling
production levels and their interrelation-
ships (Reddicharla et al., 2019).

a. Multivariate Structural Time Series
Model

A seemingly unrelated time series equa-
tions (SUTSE) model was specified:

Pi,t: ‘ui,t+ ?/i,t—’_ 2

1t

M=t B,
— B

ﬂi,z‘ /31',1‘-1 + T] it

5-1
= — e
Y Z Vet 7,
2=1

where u, represents the stochastic
trend, 3, the stochastic slope, y, the
seasonal component (for countries
with discernible seasonality), and
&p N, 0., M, are mutually

uncorrelated disturbances.

&,y o1 P120192 " P110%%0
[ : ] ~nN| o| P2172% 23 " P210%%0
F1.r. ) . :

10191001 P1p,2010%2 90

This specification captures contem-
poraneous correlations in produc-
tion shocks across countries.

Forecasting and Share Derivation

Production forecasts ﬁi,'wn\-c were
generated via Kalman filtering and
smoothing (Kim, 2023; Wang et al.,
2019), a recursive algorithm optimal
for estimating the state of a linear
dynamic system from a series of
noisy measurements. Corresponding
market shares for the Integrated Pro-
duction Forecasting (IPF) approach
were then calculated by normalizing
each country’s forecasted produc-
tion against the aggregated forecast
of the top ten producers:

P.
~ IDF _ L T+h|T
Sirinr T —m X 100
E P})I'+h|1'
=1

This procedure ensures that the
derived market shares are internally
consistent, summing to 100% across
all ten countries for each forecast
period, thereby converting the abso-
lute production forecasts into a
compositional share forecast suitable
for market structure analysis.

Forecast Accuracy Assessment

The predictive performance of both fore-
casting approaches was rigorously evaluated
using three complementary metrics. The
Mean Absolute Percentage Error (MAPE)
measures the average relative forecast error

(Tayman & Swanson, 1999; Tofallis, 2015),

b. Cross-Country Correlation Structure

providing an interpretable measure of accuracy

The innovation vectors were modeled in percentage terms. The Root Mean Squared
with a full variance-covariance matrix: Error (RMSE) quantifies the average magni-
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tude of absolute errors (Chai ef al., 2014;
Hodson, 2022; Santhusitha & Karunasingha,
2022), penalizing larger deviations more heavily
due to its quadratic nature. The Continuous
Ranked Probability Score (CRPS) assesses
the accuracy of probabilistic forecasts by
comparing the forecast cumulative distribu-
tion function against the empirical distribution
of the observations (V’yugin & Trunov, 2020;
Zamo & Naveau, 2018); a lower CRPS indi-
cates a forecast distribution that is both better
calibrated and sharper. These metrics are
formally defined as follows:

n
1 Sip— &
I\L—\PEz;ZI Lt S 100%
t=1

Sit

| n

|
1
RMSE = |/Ez(5i'f_§i'f)2
[ t=1
N

I [® , 2
cRPS = f [Foe (o) — sy < x3]° dx
t=1""%

where S, represents the actual market share
for country i in year , & ., 18 the corresponding
point forecast, and F, (x) is the cumulative
distribution function of the probabilistic
forecast.

Concentration Metrics and Risk
Assessment

Market concentration was quantified
using the Herfindahl-Hirschman Index (HHI),
calculated as (Shepherd, 2018; Talpur, 2023;
Yafiet al., 2025):

10
HHI = Z (s,,x 100)?

with markets classified as competitive (HHI
< 1,500), moderately concentrated (1,500
< HHI < 2,500), or highly concentrated

(HHI > 2,500) (Brezina et al., 2016). An
early warning system was established based
on threshold-based alerts: a Yellow Alert is
triggered when any single country’s share
exceeds 45%, a Red Alert when any country’s
share surpasses 50% or the HHI exceeds
2,500, and a Critical Alert when the HHI
exceeds 3,000. Supply chain risk assessment
was conducted through a Systemic Risk
Index that incorporates forecasts from both
approaches (Wang et al., 2019), expressed
as:

Systemic Risk Index = o, . HHI + o, .
MaxShare + @, . GeoConcentration

where the weights @ are derived from historical
crisis periods.

RESULTS AND DISCUSSION

Historical Evolution of Cocoa
Market Structure

The global cocoa market is characterized
by a high degree of geographical concentra-
tion, with production predominantly centered
in a limited number of tropical nations. To
understand the long-term structural shifts
and market stability of this commodity, it
is essential to examine the historical distri-
bution of production shares among the top
global producers. Figure 2 illustrates the
distribution of world cocoa production shares
for the ten leading countries over a 62-year
period, spanning from 1961 to 2023. By utili-
zing boxplot visualizations, this study captures
not only the average output but also the histo-
rical volatility and production ranges that
have defined the competitive landscape of
the cocoa sector over the last six decades.

The empirical data presented in Figure 2
reveals a significant disparity in production
shares among the top ten producers. Cote d’Ivoire
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Figure 2. Historical distribution of cocoa production shares by country (1961-2023)

stands out as the dominant market leader,
maintaining the highest median share of
world production. Its wide interquartile range
(IQR) suggests both substantial growth and
volatility over the decades, which can be
attributed to favorable climatic conditions—
including optimal temperature ranges (25°C
to 29°C) and adequate rainfall during key
growing seasons (Laderach ef al., 2013; Yoroba
et al., 2019)—combined with diversified agri-
cultural techniques such as agroforestry and
fertilizer use (Atangana et al., 2021; Konat
et al., 2024). Similarly, Ghana maintains its
position as the second-largest producer (Ahoa
et al., 2021; Ntiamoah & Afrane, 2008),
though its distribution shows several upper-
range outliers, indicating episodic periods of
exceptional harvest performance.

In contrast, countries like Indonesia and
Brazil show significant historical variability,
evidenced by the elongated whiskers in their
respective boxplots. This reflects periods of
rapid expansion followed by contractions,
often attributed to biological factors (e.g.,
pests and diseases) (Maciel et al., 2018;
McMabhon et al., 2010; Rubini et al., 2005)
or shifts in national agricultural policies
(Zikria et al., 2019). Conversely, nations such

as Peru, Dominican Republic, and Colombia
exhibit much tighter distributions at lower
production levels, signifying a more stable
but niche contribution to the global market
(CaRubio et al., 2024; Dominguez-Valerio
& Orgaz-agiiera, 2024; Pastor-Soplin ef al.,
2022). Overall, the visualization underscores
a ‘top-heavy’ market structure where West
African nations exert a profound influence
on global supply dynamics, while other regions
serve as secondary, albeit vital, contributors.

Comparative Analysis:
CSF vs IPF Approaches

The forecast accuracy of the Composi-
tional Share Forecasting (CSF) and Integrated
Production Forecasting (IPF) approaches
was rigorously evaluated using three key
metrics: Root Mean Squared Error (RMSE),
Mean Absolute Percentage Error (MAPE),
and Continuous Ranked Probability Score
(CRPS). These metrics collectively assess point
forecast accuracy, relative error magnitude,
and the reliability of probabilistic uncertainty
quantification, respectively. For world cocoa
production, the integrated (IPF) model
achieves significantly lower errors, with an
RMSE of approximately 125 thousand tons
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and a MAPE of about 3.7%, compared to
the non-integrated (CSF) model’s RMSE of
about 190 thousand tons and MAPE of 5.9%.
Furthermore, the integrated model’s superior
probabilistic calibration is evidenced by its lower
CRPS value of 0.028 for the log-transformed
world total, versus 0.043 for the non-integrated
model. This indicates the integrated approach
provides not only more accurate point forecasts
but also better-quantified uncertainty for global
production. The comparative results for each
of the top ten producing countries and the
world aggregate are presented in Table 1.

The results in Table 1 demonstrate the
consistent superiority of the Integrated
Production Forecasting (IPF) approach across
all metrics and for nearly every country. The
integrated model yields lower RMSE, MAPE,
and CRPS values, indicating its country-level
production forecasts are more accurate in both
absolute and relative terms, and that its proba-
bilistic forecast distributions are better cali-
brated. This pattern is most decisive for the
world aggregate, where the IPF model’s
forecast is clearly more accurate, with a
substantially lower MAPE (3.7% vs. 5.9%)
and a CRPS reduced by over one-third. The
systematically lower CRPS for the integrated
model across all entities confirms that its
joint modeling framework not only generates
more precise point estimates but also provides
a more reliable quantification of forecast uncer-
tainty (V’yugin & Trunov, 2020). Consequently,

while both methodologies offer valuable struc-
tural insights, the IPF approach presents a sta-
tistically more robust and accurate basis for
forecasting both absolute production volumes
and their associated uncertainties in the global
cocoa market.

Projected Market Share Dynamics
(2024-2035)

The historical evolution of the global
cocoa market structure from 1961 to 2023
reveals profound transformations in produc-
tion geography and market concentration.
Figure 3 illustrates these structural shifts
through a streamgraph visualization of market
shares among the ten leading producing
countries, demonstrating how production
dominance has progressively consolidated
in West Africa while traditional producers
in other regions experienced relative declines.

The historical period (1961-2023) reveals
a clear consolidation of production dominance
in West Africa, particularly driven by Cote
d’Ivoire, which was already highly dominant
with a share in the mid-40% range by 2023.
Throughout the forecast horizon (2024
2035), both the Integrated Production Fore-
casting (IPF) and Compositional Share Fore-
casting (CSF) methodologies consistently
project that Cote d’Ivoire, Indonesia, Ghana,
and Brazil will retain their positions as the
top four producers. However, a fundamental

Table 1.  Comparison of RMSE, MAPE, and CRPS for CSF vs IPF approaches

Country RMSE . RMSE . MAPE . MAPE . CRPS CRPS,.
Cote d’Ivoire 143,362.175  135,338.461 14.937 14.202 81,595.793  77,479.719
Ghana 84,520.846 79,085.875 16.142 15.512 46,081.432 44,158.441
Indonesia 58,546.744 56,297.945 15.958 15.521 30,537.285 29,684.084
Ecuador 22,477.005 20,978.464 21.009 19.685 12,755.823  11,834.079
Brazil 47,468.644 44,429.404 14.382 14.304 26,378.325  26,326.713
Cameroon 23,677.224 23,192.159 14.886 14.544 14,221.620 14,162.645
Nigeria 56,064.383 49,302.575 18.971 18.163 31,427.492  29,154.264
Peru 5,481.228 4,990.274 15.103 14.885 2,677.337 2,563.523
Dominican Republic 8,880.544 8,097.843 17.224 16.169 4,971.318 4,682.532
Colombia 8,180.947 7,998.216 16.259 15.292 4,657.039 4,491.989
World 189,604.296  124,889.953 5915 3.713 0.043 0.0282

Notes: RMSE and CRPS are measured in metric tons; MAPE is measured in percent.

Source: Authors’ computation, 2025.
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Figure 3. Comparison of the 10-country share forecast using the CSF approach (top) and IPF

approach (bottom)

divergence emerges in how market concen-
tration and individual country trajectories are
projected. The IPF approach results in a
more pronounced dominance for Céote d’Ivoire,
whose share remains slightly above its 2023
level by 2035, reinforcing its position as the
world’s leading producer without signs of
diminished dominance. Concurrently, Indonesia,
historically in the low-teens percent in 2023,
exhibits a sharply rising trajectory under IPF,
ascending to around a quarter of the top ten
producers’ total by 2035 and establishing
itself clearly as a “second pillar.” These two
producers are assigned higher market shares
compared to the CSF forecasts, suggesting

they mutually reinforce each other within
the integrated model and capture a dispro-
portionate share of global growth. In contrast,
the integrated framework forecasts a signifi-
cantly lower growth path and a declining
relative position for Ghana. Historically the
second-largest producer with a share in the
teens, Ghana’s market share is projected to
fall considerably toward the high single digits
by 2035, indicating it is expected to lag behind
competitors, most notably Indonesia. This
decline is largely attributed to challenges such
as decreasing yields caused by nutrient deple-
tion in soils (Amponsah-doku et al., 2022).
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The projected paths for mid-tier producers
like Ecuador and Brazil show more moderate
differences between the two forecasting
approaches, indicating their relative market
positions are not radically reshaped. Histori-
cally, these countries held important mid-
single-digit shares. Their forecasts show a
tendency for their percentage shares to decline
slightly, even as their absolute production
volumes increase due to overall world growth.
This means they do not lose production tonnage
but lose relative position compared to the “big
movers” like Cote d’Ivoire and Indonesia.
These and other Latin American and African
nations (Cameroon, Nigeria, Peru, the Domini-
can Republic, and Colombia) remain important
in absolute volume but do not challenge the
dominance of the top two; their shares are
projected to be somewhat eroded as the
African and Asian giants grow faster. The
CSF approach forecasts a more tempered
growth trajectory for the very largest players
and envisions a comparatively greater distri-
bution of market shares among these mid-tier
producers. The rankings of the smallest producers
exhibit the greatest variability between the
model forecasts, reflecting higher inherent
uncertainty at the lower end of the market
hierarchy. In summary, while both models
concur on the identity of the market leaders,
with Cote d’Ivoire as the stable anchor and
Indonesia as the rising second pillar amid
Ghana’s relative decline, the IPF framework
projects a future characterized by stronger
concentration at the very top, whereas the
CSF approach depicts a future with a slightly
more diversified production landscape.

Concentration Risks and Early
Warning Signals

To evaluate the structural evolution of
the global cocoa market, it is imperative to
analyze the degree of market concentration
over time. The Herfindahl-Hirschman Index

(HHI) serves as a robust metric for assessing
whether the market is moving toward diversi-
fication or consolidation. This study extends
the historical analysis of market concentration
(1961-2023) by projecting future trends up
to 2035 using two distinct methodological
frameworks: the Integrated Production Fore-
cast (IPF) approach and the non-integrated
Country-Specific Forecast (CSF) approach.
While the former considers global systemic
interdependencies, the latter treats national
production trajectories as independent vari-
ables. Figure 3 illustrates the historical HHI
trajectory alongside these divergent forecasting
scenarios, providing a comparative lens on
the anticipated stability of the global cocoa
supply chain.

The analysis of Figure 4 reveals critical
insights into the future market structure of
the global cocoa industry, beginning with
a historical trajectory that confirms a market
already characterized by high concentration,
where production is centered in a few dominant
nations, most notably Céte d’Ivoire, Ghana,
and Indonesia. At the onset of the forecast
horizon in 2024, both models yield nearly
identical results (HHI A+ 0.282 vs HHL
77 0.281), but a divergence emerges by the
mid-period in 2028, where the integrated
model begins to surpass the non-integrated
version, culminating in the integrated HHI
reaching a significantly higher peak of 0.303
by 2035 compared to the non-integrated
projection of 0.286. The achievement of an
HHI value of 0.303 in 2035 is particularly
critical to emphasize, as it signifies a mar-
ket transition from a “moderately concen-
trated” to a “highly concentrated” structure.

Applying the established early warning
system, this projected HHI of 3,030 (0.303
x 10,000) triggers a Critical Alert for the
year 2035. Furthermore, the integrated
model’s projection for Cdte d’Ivoire’s market
share surpasses the 45% threshold by 2026,
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Figure 4. Historical and projected Herfindahl-Hirschman Index (HHI) for cocoa production (1961-2035)

triggering a Yellow Alert, and is forecasted
to breach the 50% mark by 2032, initiating
a Red Alert. This divergence indicates that
the integrated model projects a future where
major producers not only maintain but further
strengthen their market dominance, whereas
the non-integrated model presents a more
optimistic outlook regarding market diversi-
fication, forecasting a slightly broader distri-
bution of production shares among secondary
producing nations. From a high-level policy
and risk management perspective, the integrated
forecast scenario highlights an unabated or
even intensifying global dependence on a few
primary producers, underscoring persistent
supply concentration risks for global buyers
and the chocolate industry. Consequently, these
findings suggest that strategic risk management
must prioritize the diversification of sourcing
origins—extending beyond traditional hubs
toward emerging producers in Latin America,
other parts of Asia, and non-traditional African
regions—to effectively mitigate the impact
of potential localized shocks in the dominant
producing countries.

Policy Implications and Strategic
Recommendations

The findings of this study translate into
distinct policy and strategic pathways for the
primary stakeholders within the global cocoa
value chain, informed by the projected market
concentration and share dynamics. For dominant
producing nations like Cote d’Ivoire, Ghana,
and Indonesia, the forecast underscores an
imperative to proactively manage the systemic
risks inherent in their market power. This necessi-
tates a dual strategy of internal production base
diversification to mitigate localized climate
or political shocks, coupled with substantial
investment in climate-resilient agriculture (Dago
& Pei, 2025; Laderach et al., 2013; Torvikey
et al., 2024) and robust supply chain governance
to maintain productivity and transparency
(Ansah et al., 2018; Brako et al., 2021), thereby
preserving long-term competitiveness in a market
increa-singly wary of concentration risk.

For medium- and small-scale producing
nations, the projected erosion of their relative market
share, even as absolute volumes grow, presents
a critical strategic window. To capitalize on the
vulnerabilities of a concentrated market, these
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countries must ascend the value chain by
developing domestic processing capacity and
pursuing quality differentiation, particularly
for fine-flavor niches, rather than compet-
ing solely on bean volume. Success in this
endeavor is contingent upon parallel invest-
ments in core logistics and export infrastruc-
ture to overcome the cost barriers that cur-
rently hinder their potential as reliable alter-
native suppliers.

For global buyers, chocolate manufacturers,
and international institutions, the projected
consolidation underscores a persistent and
systemic supply concentration risk, neces-
sitating a paradigm shift toward active supply
chain resilience. A central strategic imperative
emerging from these findings is the prioritization
of diversifying sourcing origins—extending
procurement beyond traditional West African
hubs to include emerging producers in Latin
America, other parts of Asia, and non-tradi-
tional African regions—to effectively mitigate
the impact of potential localized shocks in
dominant producing countries. This diversifi-
cation strategy should be implemented
proactively, guided by the threshold-crossing
events identified in the models, and comple-
mented by efforts to foster a broader produc-
tion base through inclusive support programs
for smallholders in these emerging regions.
To operationalize this approach, the implementa-
tion of a formal monitoring system using
the Herfindahl-Hirschman Index and dominant
share benchmarks as early-warning indicators
is critical for enabling pre-emptive risk miti-
gation. Ultimately, the design and implemen-
tation of sustainability and trade policies must
be carefully calibrated to ensure they do not
inadvertently reinforce market concentration
by disproportionately burdening smaller pro-
ducers, but instead support an equitable tran-
sition toward a more diversified and resilient
global cocoa system.

CONCLUSION

This study concludes that the global cocoa
market is undergoing a critical transition from
moderate to high concentration, with produc-
tion dominance increasingly consolidated in
Cote d’Ivoire, whose market share is projected
to exceed 50% by 2032, triggering systemic
supply chain vulnerabilities. The comparative
forecasting analysis demonstrates that the
Integrated Production Forecasting approach
provides statistically superior accuracy for
production volume forecasts, while both
methodologies concur on the intensifying
market structure, underscoring an urgent
need for strategic diversification of sourcing
origins to mitigate risks from localized shocks
in dominant producing regions. The research
is inherently limited by its assumption of
structural stability in the face of climate change
and its exclusion of demand-side dynamics,
which presents a significant constraint given
the potential for demand elasticity and sub-
stitution effects. Future research should prioritize
the development of integrated climate-economic
models that incorporate high-resolution climate
projections as exogenous drivers and explore
agent-based simulations to understand how
micro-level decisions among producers and
policymakers propagate into emergent macro-
level market structures, thereby providing
a more robust foundation for policy design aimed
at enhancing the resilience and sustainability
of the global cocoa system.
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