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ABSTRACT 
 

Despite the rapid growth of Korea’s abalone aquaculture industry, stagnant 
domestic demand has led to persistent oversupply, placing downward pressure on 
prices and underscoring the need for effective supply-demand forecasting. In 
response to increasing mortality risks, farmers have shortened the grow-out period, 
inadvertently exacerbating the oversupply problem. This study develops a 
simultaneous equation model to capture the dynamic interactions between abalone 
supply and demand. To address potential structural changes in the time-series data, 
multiple breakpoint tests were conducted. Most variables in the behavioral 
equations were statistically significant at the 1% level. However, the coefficient 
for shipment volume in the grow-out stock equation for abalone over one year was 
not statistically significant, although it remained economically plausible. The 
model incorporates both in-sample and out-of-sample forecast evaluations, along 
with a policy simulation module to enhance practical applicability. Except for 
export-related equations, the model exhibits strong predictive accuracy. These 
results suggest that the proposed framework is a valuable tool for forecasting and 
policy planning in Korea’s abalone industry. 
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1. Introduction 
 
Since the 2000s, Korea’s abalone aquaculture industry has rapidly ex-

panded (Ock, 2015). Prior to the 1990s, abalone production was predominantly 
small-scale and heavily reliant on wild stocks harvested from natural habitats. The 
development of aquaculture technologies, along with the expansion of offshore 
cage farming facilities in the 2000s, enabled large-scale farmed abalone production 
feasible (Oh, Lee, and Kim, 2020). In Korea, farmed abalone production increased 
more than fiftyfold, rising sharply from 20 metric tons in 2000 to 1,065 metric tons 
in 2003 (Statistics Korea, 2025). During the same period, the share of marine 
aquaculture in total abalone production increased from 20.8% to 93.6%. By 2023, 
this share had reached 99.7%, indicating a near-complete transition to an aquacul-
ture-dominated production structure.1 The mechanization of feeding systems has 
further enhanced production efficiency and contributed to the sustained growth of 
farmed abalone output (Lee and Park, 2010). As a result, Korea is now recognized 
as one of the world’s leading abalone producers, second only to China (Cook, 
2016). 

In recent years, growth in domestic consumption and international demand 
has failed to keep pace with the continued increase in production, resulting in 
persistent market oversupply and a decline in producer prices (Han et al., 2020). 
The producer price of abalone, standardized at 10 pieces per kilogram, declined 
from Korean Won (KRW) 48,780 in 2012 to KRW 23,222 in 2024, corresponding 
an average annual decrease of approximately 4%. While the shipment volume in 
2024 reached 23,347 metric tons, marking a 1.2% increase compared to 23,061 
metric tons in 2021, the total production value declined by approximately 30%, 
from KRW 694 billion to KRW 486 billion over the same period (Statistics Korea, 
2025). This indicates a substantial decrease in total income for abalone producers 
due to falling prices, signaling deteriorating profitability and growing management 
uncertainty amid ongoing overproduction. 

The rapid expansion of Korea’s abalone industry has brought forth several 
challenges that threaten its long-term sustainability, including disease outbreaks 
associated with high stocking densities and increased mortality rates driven by 
rising sea temperatures (Kim, 2020). In response to these heightened mortality 
risks, abalone farmers have shortened the grow-out period, which previously 
averaged 36 months (Nam and Sim, 2014). More recently, an increasing number 
of farms have further reduced the grow-out period to approximately 18 months 
prior to harvest (Seong, 2021). Although this strategy aims to mitigate mortality 

 
1 Abalone production statistics are published by both Statistics Korea and the Fisheries Outlook Center of the 

Korea Maritime Institute (KMI). Although discrepancies arise between the two institutions due to differences 
in sampling methodologies, the production data from 2008 to 2024 exhibit a very strong positive correlation, 
with a correlation coefficient of 0.99. 
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risks, it has also led to accelerated shipments, exacerbating market oversupply and 
placing additional downward pressure on prices. 

The abalone industry is vulnerable to biological constraints and environ-
mental fluctuations on the supply side (Morash and Alter, 2016). In addition, 
institutional inefficiencies in the distribution system reinforce market imbalances 
and increase price instability. Abalone is frequently distributed through informal 
channels, characterized by a high proportion of non-systematic sales and side 
payments, and transactions conducted via unofficial wholesale markets.2 These 
practices undermine price transparency in distribution processes at the production 
level (Cho and Lee, 2024). Accordingly, there is an increasing need to develop a 
supply and demand model that systematically captures the unique structural and 
behavioral characteristics of the abalone industry to improve forecasting accuracy 
and support evidence-based policy responses to market volatility. 

Reliable information on the supply and price outlook for abalone is 
essential not only for producers and industry stakeholders but also for government 
policymakers (Choi and Cho, 2018). In response to the growing demand for eco-
nomically and statistically robust forecasting models, Kim et al. (2014) developed 
the first supply-demand forecasting model specifically for the abalone industry. 
This model employed a partial equilibrium framework and was specified as a 
Recursive Model (RM), in which market equilibrium prices were determined 
sequentially based on projected domestic consumption. While the model enabled 
quarterly mid- to long-term supply forecasts, it exhibited limited model fit and low 
forecasting reliability. Specifically, it did not adequately capture the time lags and 
interdependencies among key structural components of abalone supply—namely, 
juvenile abalone input volume, grow-out stock, and shipment volume—which 
critically influence expected prices. 

Cho, Choi, and Kim (2016) improved upon the previous model by 
incorporating the biological growth stages of farmed abalone and its supply 
structure, modifying the model to capture the dynamic monthly relationships 
among production, shipment, and pricing. To improve short-term forecasting 
accuracy, the original quarterly model was revised to operate on a monthly basis. 
Furthermore, since juvenile abalone input and grow-out volumes are measured in 
numbers of individuals while shipment volumes are reported in metric tons, a 
conversion formula was applied to standardize the units of measurement. These 
enhancements improved the model’s performance in forecasting short-term 
shipment volumes and wholesale market prices. Nevertheless, certain explanatory 
variables included in the model lacked strong theoretical justification, indicating 
limitations in the model’s overall validity. 

 
2 Lee and Park (2010) highlighted that, unlike manufactured goods, agri-fishery products are highly perishable 

and vulnerable to damage during distribution, rendering quality recovery difficult once deterioration occurs. 
Due to variations in moisture content and other product-specific characteristics, it is common practice in 
actual trade settings to provide additional quantities as bonuses or to apply weight allowances as loss 
adjustments to compensate for shrinkage and mortality losses incurred during handling. 
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Han and Jang (2019) identified potential uncertainties and inaccuracies in 
the quantity-to-weight conversion formulas used in earlier models to standardize 
juvenile abalone input, grow-out volume, and shipment volume. To address these 
issues, they developed a model that retains the original measurement units. 
Shipment data were converted into age-based estimates, and behavioral equations 
were specified within a dynamic ecological framework reflecting the biological 
growth cycle and harvest timing of abalone. The observed short-term fluctuations 
in the abalone market, driven predominantly by supply-side variations rather than 
demand, imply that a Simultaneous Model (SM) is theoretically preferable. 
However, due to limited availability of monthly data, the model was structured as 
a RM. Although the conversion from size-based to age-based figures may have 
introduced measurement errors—constituting a limitation—the model's signifi-
cance lies in its ability to reduce supply-side modeling errors. 

The purpose of this study is to develop a SM that quantitatively captures 
the characteristics and dynamic behavior of Korea’s abalone market. The proposed 
model incorporates biological production cycles, endogenous interactions between 
supply and demand, and structural shifts identified in time-series data. To improve 
the predictive accuracy and policy relevance beyond existing models, key behav-
ioral equations are re-estimated and refined. Forecast performance is assessed 
using both in-sample and out-of-sample error metrics. The proposed SM is in-
tended to serve as a practical tool for supply-demand forecasting and policy 
formulation within the abalone industry. 

This study offers several distinctive contributions. First, the model derives 
the equilibrium price under the market equilibrium condition in which total supply 
equals total demand. Second, the grow-out stock is classified into two categories 
based on recent age distribution patterns. Third, juvenile abalone input from 
November to April is estimated in aggregate, applying recent monthly proportions 
to capture seasonal patterns. Fourth, export volume equations are disaggregated 
into exports to Japan and other countries excluding China, and export unit price 
equations are newly introduced. 

 

2. Overview of the Korean Abalone 

Aquaculture Industry 
 
Juvenile seeding represents the initial stage of abalone aquaculture. Since 

2021, the previously rising trend in juvenile input volumes has reversed, shifting 
toward a declining pattern. Wando county serves as the leading production area for 
farmed abalone in Korea (Ock, 2015). Between 2008 and 2023, it accounted for 
approximately 77% of the nation’s total juvenile seeding. The seeding period can 
be broadly categorized by hatching time: early-hatched juveniles are typically 
seeded from October to November, whereas late-hatched juveniles are seeded from 
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March to April of the following year. Although early-hatched juveniles generally 
command higher prices, they exhibit superior growth performance, enabling a 
shorter grow-out period and greater economic efficiency (National Fisheries 
Research and Development Institute, 2008). 

Juvenile seeding historically took place from October through the follow-
ing May. However, since 2011, seeding in October has been discontinued, and from 
2021 onward, the overall seeding window has gradually narrowed to the period 
between November and April. In Wando, the main production region, seeding has 
been predominantly concentrated between November and the following January. 
Regional variation was evident in 2006; over time, the Jindo, Shinan, and Haenam 
regions have increasingly aligned with the Wando pattern, with the proportion of 
seeding occurring between November and January increasing significantly—from 
approximately 37% in 2011 to 86% by 2023. Monthly and regional seeding trends 
are summarized in Table 1. 

After reaching a certain size, juvenile abalone are typically transferred to 
offshore cage systems for grow-out, where the cultivation period varies according 
to biological growth rates (Choi and Cho, 2018). Grow-out stocks are generally 
classified into four age groups: under one year, one year, two years, and three years 
or older. Abalone aged one year or older are considered marketable and are shipped 
accordingly. As shown in Figure 1, while total grow-out volume has been increas-
ing since 2008, growth has stagnated since 2017, suggesting a saturation of farm 
capacity and a strategic shift in production planning. 

More notably, the age distribution of grow-out stock has shifted signifi-
cantly. The shares of abalone under one year and one year old rose from 39.2% and 
33.1% in 2008 to 49.5% and 41.0% in 2023, respectively. Conversely, the shares 
of two-year-old and three-years-and-older abalone declined from 21.8% and 5.9% 
to just 8.5% and 0.9%. Such compositional changes indicate a clear industry-wide 
transition toward shorter production cycles, which reflects a broader strategy to 
mitigate high mortality risks (Nam and Sim, 2014). 

Abalone are shipped according to size classifications: 8 pieces per kilogram, 
9–11 pieces, 12–15 pieces, 16–20 pieces, and more than 21 pieces. In recent years, 
there has been a marked increase in the shipment of smaller-sized abalone (Kim, 
2020). Historically, consumer preferences leaned toward larger abalone, owing to 
their perceived nutritional benefits and higher market value, which encouraged 
producers to prioritize the cultivation of larger individuals (Ock, 2013). However, 
a recent shift in consumer demand toward smaller, more affordable abalone has 
resulted in increased shipment and production of smaller size categories (Choi, 
2017). 

Abalone survival and growth rates are influenced by environmental 
conditions (Kim, 2020). In particular, feeding activity decreases when the water 
temperature falls below 7℃, while mass mortality can occur if the temperature 
rises above 28℃ due to feed spoilage (National Institute of Fisheries Science, 
2008). To improve survival rates, abalone farms have shorten the cultivation period 
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so that abalone experience the high-temperature summer season only once (Seong, 
2021) (Table 2). 

Most abalone imported into Korea is frozen or processed, differing in usage 
from domestically produced live abalone (Shin, Jang, and Kim, 2008). Korean 
abalone exports are primarily directed to Japan, and shipments to Vietnam, Taiwan, 
and the United States have also increased in recent years. Exports to Japan have 
grown by an average of 16% annually since 2008, reaching 2,223 metric tons in 
2023. Exports to Vietnam, Taiwan, and the United States rose from just 3 metric 
tons in 2009 to 403 metric tons in 2023, reflecting notable market expansion. China, 
in particular, experienced a temporary spike in demand for Korean abalone due to 
its domestic supply and rising prices (Korea Maritime Institute, 2016). Conse-
quently, Korea exported 589 metric tons to China in 2016 and 386 metric tons in 
2018, but volumes remained minimal in other years. 

 
  

Table 1. Regional and monthly distribution patterns of juvenile abalone seeding 

volume 

(units: 10,000 individuals) 

Month 

2006/2007 2011/2012 2016/2017 2021/2022 2022/2023 2023/2024 

Wando
(%) 

Others
(%)

Wando
(%)

Others
(%)

Wando
(%)

Others
(%)

Wando
(%)

Others
(%)

Wando
(%)

Others
(%)

Wando 
(%) 

Others 
(%) 

Oct 
1,076 318 0 0 0 0 0 0 0 0 0 0 

(4) (4) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) 

Nov 
9,093 1,205 30,452 2,050 33,100 3,200 35,000 4,897 42,151 4,196 38,783 4,674 

(53) (17) (70) (16) (59) (18) (60) (27) (75) (24) (72) (28) 

Dec 
800 1,066 3,785 2,556 6,700 5,100 14,603 4,370 9,571 6,806 10,491 5,874 

(5) (15) (9) (20) (12) (28) (25) (24) (17) (38) (20) (35) 

Jan 
409 295 1,789 164 2,800 2,600 3,869 5,125 2,619 3,892 3,012 3,771 

(2) (4) (4) (1) (5) (15) (7) (29) (5) (22) (6) (23) 

Feb 
212 68 1,194 0 4,600 800 3,192 2,491 1,096 2,214 761 2,189 

(1) (1) (3) (0) (8) (4) (5) (14) (2) (12) (1) (13) 

Mar 
4,090 3,060 3,931 4,942 5,400 3,000 944 591 663 395 233 62 

(24) (43) (9) (39) (10) (17) (2) (3) (1) (2) (0) (0) 

Apr 
1,678 962 2,461 2,581 1,600 1,300 437 382 210 230 397 189 

(10) (13) (6) (20) (3) (7) (1) (2) (0) (1) (1) (1) 

May 
0 156 0 313 2,100 1,900 0 0 0 0 0 0 

(0) (2) (0) (2) (4) (11) (0) (0) (0) (0) (0) (0) 

Total 24,170 56,218 74,200 75,901 74,043 70,436 

Note: “Others” comprises Jindo, Shinan, and Haenam; values in parentheses indicate each 
region’s share (%) of total monthly juvenile seeding volume. 
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3. Methodology 
 

3.1 Data Description and Model Design 

This study utilizes monthly data spanning from July 2008 to May 2024, 
which was provided by the Korea Maritime Institute (KMI) for analysis. Data prior 

Figure 1. Annual trends in abalone grow-out stock by age group and production 

cycle.  

 

Table 2. Trends in abalone shipment volume by size and year 

(units: 1,000 metric tons) 

Category 2008 (%) 2012 (%) 2016 (%) 2020 (%) 2021 (%) 2022 (%) 2023 (%) 

8 or fewer  740 (12.4) 198 (2.2) 554 (4.1) 834 (4.2) 1,216 (5.3) 542 (2.5) 833 (3.5) 

9–11  1,373 (23.0) 1,077 (12.2) 1,757 (13.0) 2,696 (13.5) 3,231 (14.0) 2,418 (11.0) 3,407 (14.2) 

12–15  1,803 (30.2) 1,855 (21.0) 2,939 (21.8) 4,597 (23.1) 4,687 (20.3) 4,764 (21.7) 5,795 (24.2) 

16–20  1,486 (24.9) 2,155 (24.4) 3,660 (27.1) 5,234 (26.3) 6,191 (26.8) 6,229 (28.4) 6,339 (26.5) 

Over 21  562 (9.4) 3,534 (40.1) 4,599 (34.0) 6,557 (32.9) 7,736 (33.5) 7,964 (36.3) 7,551 (31.6) 

Total 5,964 8,819 13,509 19,918 23,061 21,917 23,925 

Note: Percentages indicate the proportion of each size category in the total annual shipment 
volume. Category is classified by weight (per kg). 
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to July 2008 were excluded from the analysis to enhance the explanatory power of 
the model. The model is constructed based on a Dynamic Ecological Equation 
Model (DEEM) framework, reflecting the biological characteristics of abalone, 
thus sharing a common foundation with prior studies (Cho, Choi, and Kim, 2016; 
Han et al., 2020). However, unlike previous research that primarily employed a 
RM, this study adopts a SM, in which supply and demand interact bidirectionally 
to determine equilibrium prices.3 

The abalone supply and demand model comprises three components: 
supply, demand, and price. The model’s structural framework is presented in 
Figure 2. The supply component is defined as the total volume of domestic abalone 
shipments. The demand component consists of the sum of domestic consumption 
and foreign demand. In Korea, most abalone imports are in frozen or processed  
form, which differ significantly in terms of consumption purpose from domes-
tically produced live abalone (Shin et al., 2008). Therefore, imports are not 
considered to have a meaningful impact on the equilibrium price and are excluded 
from the supply side of the model. Regarding exports, Japan remains the primary 
destination for Korean abalone, but the share of exports to other countries such as 
Vietnam, Taiwan, and the United States has recently increased. In contrast, exports 
to China tend to be irregular due to fluctuations in its domestic supply and demand 
conditions. Accordingly, this study categorizes abalone exports into two segments: 
Japan and other countries (excluding China), and formulates separate behavioral 
equations for each.4 

 
3 Thurman (1986) empirically demonstrated that the coefficient estimates derived from the demand function—

where the dependent variable is quantity consumed—exhibited greater consistency and were asymptotically 
more efficient than those from the inverse demand function, where the dependent variable is price. 

4 As of 2023, Korea exported 2,223 metric tons of abalone to Japan, accounting for 83.4% of its total abalone 
exports. In contrast, the share of exports to other countries—such as Vietnam, Taiwan, and the United 
States—was only 0.1% in 2008 but increased to 15.1% by 2023. Exports to China, meanwhile, have shown 
high volatility. Although volumes reached 589 metric tons in 2016 and 386 metric tons in 2018, in most 
other years they remained below 10 metric tons annually. 

Figure 2. Schematic framework of the abalone supply and demand model. 
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In Korea’s abalone distribution system, official auction prices are not 
established in wholesale markets (Lee, Choi, and Kang, 2016). Therefore, it is not 
appropriate to define the market equilibrium price based on wholesale prices. In 
practice, most abalone is traded directly at the production sites or through 
intermediaries, making the production stage the primary point of supply-demand 
equilibrium. Consequently, the producer price is regarded as the market equilib-
rium price. In this study, the representative producer price, defined as the price for 
a standard size of 10 pieces per kilogram, is adopted as the market equilibrium 
price for the purposes of analysis.5 

 

3.2 Functional Specification of the Abalone Supply and Demand Model 

Abalone shipment volume is determined by the production intentions of 
abalone farms. The volume of juvenile abalone input is used as a proxy variable to 
reflect these intentions. Juvenile seeding marks the initial stage of abalone aquacul-
ture and serves as a key determinant of future shipments. Abalone seed is typically 
stocked in February and cultivated for 8 to 9 months before being seeded, primarily 
in Wando, starting in November (Han et al., 2020). Given this biological time lag, 
juvenile abalone input volume is assumed to be influenced by the average producer 
price observed from the previous November to the following April. 

Once juveniles reach a certain size, they are transferred to offshore cage 
farms, entering the main grow-out phase (Kim et al., 2016). Recently, in response 
to high mortality rates, there has been a growing trend toward shortening the grow-
out period, leading to a decreasing proportion of abalone aged two years or older 
(Nam and Sim, 2014). Therefore, this study classifies grow-out stock into two 
groups: under one year and one year or older. 

The monthly volume of abalone under one year of age is influenced by the 
previous month’s juvenile abalone input, the previous month’s volume of abalone 
under one year of age, and the juvenile input from the same month in the previous 
year. In contrast, abalone aged one year or older are subject to market shipments 
and therefore require the inclusion of shipment-related factors. Specifically, the 
volume of abalone aged one year or older is affected by the portion of the previous 
month’s under-one-year abalone that has grown to one year or older, the previous 
month’s volume of abalone aged one year or older, and the shipment volume for 
the current month. 

Total demand for abalone is composed of domestic consumption and 
foreign demand. In the domestic market, per capita abalone demand is assumed to 
be determined by the equilibrium price and the Composite Consumer Sentiment 

 
5 The producer price of abalone responds promptly to changes in supply and demand factors such as produc-

tion volume, climatic conditions, and consumer preferences. In contrast, the wholesale price may reflect 
these changes in a delayed or distorted manner. Therefore, this study selects the producer price as the market 
equilibrium price. As the Korea Maritime Institute (KMI) provides forecasts based on the producer price for 
10-piece-per-kilogram abalone, this price is used as the representative equilibrium price. 
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Index (CCSI). 6  To control for price level fluctuations, the producer price is 
deflated using the Consumer Price Index (CPI). Theoretically, disposable income 
would be the most appropriate variable to reflect income effects; however, it is 
published on a quarterly basis, making it unsuitable for use in a monthly model. 
Therefore, this study employs the monthly CCSI as a proxy variable to capture 
consumers’ expectations and perceptions of economic conditions. 

In modeling foreign demand, exports are classified into two categories: 
Japan and other countries (including Vietnam, Taiwan, and the United States). 
Export volume to Japan is specified using the demand function of Japanese 
importers. A 7% tariff is currently imposed on Korean abalone exports to Japan, 
and this cost is reflected in the export unit price. Abalone distributed in the Osaka 
wholesale market, produced domestically in Japan, may function as a substitute for 
Korean abalone. An increase in the Osaka market price can raise the demand for 
Korean abalone. The export unit price and the Osaka market price are used as 
explanatory variables for exports to Japan. 

The exchange rate, defined as the Japanese Yen/United States Dollar 
(JPY/USD) exchange rate, is treated as an exogenous variable from the perspective 
of Japanese importers, as it determines the relative price of imports. A stronger yen 
(lower exchange rate) enhances the price competitiveness of Korean abalone in 
Japan, whereas a weaker yen (higher exchange rate) reduces it. The export unit 
price to Japan is modeled as a function of both the domestic equilibrium price and 
the exchange rate. 

For exports to other countries, including Vietnam, Taiwan, and the United 
States, export volume is assumed to be determined solely by the export unit price. 
A tariff rate is not applied, as doing so would not accurately reflect the heterogene-
ous import conditions of these countries and may introduce bias in the estimation 
process. Due to data limitations regarding country-specific export prices, these 
destinations are grouped into a single category labeled “other countries,” for which 
a unified behavioral equation is specified (Table 3). 

 
 

 

 

 
6 The Composite Consumer Sentiment Index (CCSI) is derived from the Consumer Survey (Approval No. 

301020) and is widely used as a research indicator for economic sentiment, private consumption, and overall 
economic conditions. The index is calculated by standardizing and aggregating six key components: current 
living conditions, expected living conditions, expected household income, expected household consumption 
expenditures, current economic conditions, and future economic outlook. A CCSI value above 100 indicates 
that consumers view the current economy more positively than the historical average, while a value below 
100 suggests that consumers perceive the current economic conditions as worse than average. 
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4. Analysis Result 
 
This study adopts a SM that satisfies the market-clearing condition and 

endogenously determines the equilibrium price through simultaneously specified 
supply and demand equations. Although simultaneity bias—arising from the corre-
lation between explanatory variables and the error term—remains a theoretical 
concern in such systems (Rhew, 2017), the structural form specified in this study 
does not exhibit endogeneity among the behavioral equations. Consequently, all 
equations are estimated using the ordinary least squares method. 

The behavioral equations of the abalone supply and demand model were 
estimated using EViews 8. The Breusch–Godfrey Lagrange Multiplier (LM) test 
was applied to detect autocorrelation in the residuals, as the model includes lagged 
dependent variables among the explanatory variables (Godfrey, 1978). The pres-
ence of autocorrelation was also assessed using the Durbin–Watson statistic. In 

Table 3. Key explanatory variables in the behavioral equations for supply and demand 

Category Behavioral equation Key explanatory variables

Supply 

Juvenile abalone input 
volume 𝑙𝑛𝐼௧ = 𝑓(ln𝐹𝑃10௧ିଵ)

Grow-out stock under 
one year 𝑆௧଴ = 𝑓(𝑆௧ିଵ଴ , 𝐼௧ିଵ, 𝐼௧ିଵଶ)

Grow-out stock over 
one year 𝑆௧ଵଶଷ = 𝑓(𝑆௧ିଵ଴ , 𝑆௧ିଵଵଶଷ, 𝑄௧)

Shipment volume lnQ୲ = 𝑓(ln𝑆௧ିଵଵଶଷ)
Demand 

Per capita demand ln(𝐷𝑒𝑚𝑎𝑛𝑑௧/𝑃𝑂𝑃௧) = 𝑓(ln(FP10୲/𝐶𝑃𝐼௧), ln𝐶𝐶𝑆𝐼௧) 
Japan export volume ln(𝑋௧௃௉)= 𝑓(ln(𝑋𝑃௧௃௉ × (1 + 𝑇𝐴𝑅𝐼𝐹𝐹௧), ln(𝑂𝑀𝐽𝑃௧/𝐸𝑋𝐶𝐻௧௃௉௒/௎ௌ஽)) 

Japan export unit price ln(𝑋𝑃௧௃௉) = 𝑓(ln𝐹𝑃10୲, ln(𝐸𝑋𝐶𝐻௧௄ோௐ/௎ௌ஽)) 
Other countries export 

volume ln(𝑋௧ா்஼) = 𝑓(ln(𝑋𝑃௧ா்஼))
Other countries export 

unit price ln(𝑋𝑃௧ா்஼) = 𝑓(ln𝐹𝑃10୲, ln(𝐸𝑋𝐶𝐻௧௄ோௐ/௎ௌ஽)) 
Market clearing condition Total supply = Total demand

Note: 1) 𝐼 denotes the seed stocking volume; 𝐹𝑃10 refers to the producer price for 10-piece 
abalone; 𝑆଴ indicates the grow-out stock under one year, while 𝑆ଵଶଷ refers to the 
grow-out stock over one year. 𝑄 represents the shipment volume. 𝐷𝐸𝑀𝐴𝑁𝐷 denotes 
domestic demand; 𝑃𝑂𝑃 is the estimated population; 𝐶𝑃𝐼 represents the consumer 
price index; 𝐶𝐶𝑆𝐼 refers to the composite consumer sentiment index. 𝑋௃௉ denotes 
the export volume to Japan, and 𝑋𝑃௃௉ the corresponding export unit price. 𝑇𝐴𝑅𝐼𝐹𝐹 
indicates the applicable tariff rate, 𝑂𝑀𝐽𝑃 is the Osaka wholesale market price, and 𝐸𝑋𝐶𝐻௃௉௒/௎ௌ஽  and 𝐸𝑋𝐶𝐻௄ோௐ/௎ௌ஽  represent the JPY/USD and KRW/USD exchange 
rates, respectively. 𝑋ா்஼  refers to the export volume to other countries (excluding 
China), and 𝑋𝑃ா்஼ indicates the corresponding export unit price. 

2) KRW, Korean Won; JPY, Japanese Yen; USD, United States Dollar. 
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cases where autocorrelation was detected, the Newey–West estimator was used to 
obtain robust standard errors (Newey and West, 1994). 

To account for potential structural changes in the time-series data, a 
multiple breakpoint test was conducted. While the traditional Chow test identifies 
a single breakpoint by comparing two predefined sub-periods (Chow, 1960), the 
Bai–Perron test enables the simultaneous detection of multiple structural breaks 
within the series (Bai and Perron, 1998). In this study, the Bai–Perron test was 
applied, with only those breakpoints deemed statistically significant at the 5% level 
or below retained to enhance the robustness and reliability of the analysis.7 

 

4.1 Supply-Side Behavioral Equation 

The estimation results for juvenile abalone input volume are presented in 
Table 4. The average producer price of 10-piece abalone from November to the 
following April has a statistically significant effect on seed stocking volume at the 
5% significance level. Given that seeding activities are concentrated during this 
period, the volume is influenced by the average abalone price observed over the 
same months in the previous year. The estimation results indicate that a 1% 
increase in the 10-piece abalone price leads to a 0.1% increase in seed stocking 
volume. This finding implies that abalone farmers respond to price signals when 

 
7 Structural changes within the time-series data were identified using multiple breakpoint tests, and the under-

lying causes of the detected breakpoints were thoroughly investigated and discussed in the analysis. 

Table 4. Estimation results of juvenile abalone input volume (log-log) 

Variables Coefficient t-value 

C 9.202*** 20.366 

ln(FP10(–1)) 0.103** 2.484 

TREND 0.172*** 17.529 

TREND2 –0.006*** –12.211 

SD12 –0.232*** –7.635 

SD17 –0.182*** –7.607 

Sample range 2007Y–2023Y

Adjusted R-squared 0.99

Durbin-Watson stat 2.23

Note: 1) *, **, *** Indicate statistical significance at the 10%, 5%, 1% levels, respectively. 
2) As the number of observations used in the analysis is relatively small, the Newey-

West estimator was applied to obtain robust standard errors. 
3) FP10 refers to the average producer price from November of year t–1 to April of year 

t; TREND denotes a time trend variable; SD12 is a structural dummy for 2012 (0 for 
years prior to 2012, 1 for 2012 and onwards); and SD17 is a structural dummy for 2017 
(0 for years prior to 2017, 1 for 2017 and onwards). 
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making production decisions, although the relatively low price elasticity observed 
may be attributed to biological or infrastructural constraints limiting short-term 
adjustments in seeding volumes. 

Although seed stocking volume had exhibited a steady upward trend, a 
decline was observed beginning in 2021. To capture this shift, both linear and 
quadratic time trend variables were incorporated into the equation. The estimation 
results suggest that seed stocking volume increased at an average annual rate of 
17.2%, with the growth rate decelerating by 0.6%p per year. The abalone industry 
in Korea is characterized by a lack of standardized facility materials and construc-
tion practices, rendering it structurally vulnerable to natural disasters such as 
typhoons (Kim et al., 2013). In late August and mid-September of 2012, typhoons 
Bolaven, Tembin, and Sanba caused substantial damage to offshore abalone cages 
and hatcheries (Korea Maritime Institute, 2012). To reflect the structural impact of 
this event, a structural dummy variable was introduced for the post-2012 period. 
In addition, the year 2017 was identified as another structural breakpoint, 
associated with sluggish growth in seed abalone and an excessive accumulation of 
grow-out stock. The estimation results show that seed stocking volume declined 
by 23.2% following the 2012 typhoon events and by an additional 18.2% after 
2017. These findings indicate that changes in the seed production and stocking 
environment have exerted a structural impact on the medium- to long-term 
dynamics of abalone supply. 

The estimation results for the grow-out stock of abalone under one year of 
age are presented in Table 5. Reflecting the dynamic biological growth process of 
abalone, the monthly stock of individuals under one year is influenced by several 
key factors. These include the stock remaining from the previous month, which 
captures the natural survival and retention; the seed stocking volume in the 
previous month, representing the immediate inflow of new juveniles; and the 
stocking volume in the same month in the previous year, which accounts for 
biological growth transitions, specifically the maturation of abalone beyond the 
under-one-year classification. 

The estimation results reveal that an increase of 10,000 individuals in the 
under-one-year stock from the previous month leads to an increases of approxi-
mately 9,845 individuals in the current month’s stock. Similarly, a 10,000-unit 
increase in the previous month’s seed stocking volume results in a 5,417-unit 
increase in the current stock under one year, indicating the transition of sufficiently 
grown seed abalone into the grow-out stage. Conversely, a 10,000-unit increase in 
the seed stocking volume from the same month in the previous year results in a 
5,464-unit decrease in the current under-one-year stock, reflecting the biological 
progression of one-year-old abalone into the over-one-year category. These results 
confirm that short-term variations in juvenile input and carry-over stocks are key 
determinants of the monthly grow-out stock of abalone under one year of age. 

In terms of seasonal stocking patterns, the proportion of seed abalone 
stocked in March averaged approximately 17% prior to 2018 but declined sharply 
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to around 3% after 2019. This trend can be interpreted as a response to the 
increasing use of early-hatched juveniles, which, although more expensive, offer 
superior growth performance and reduce the overall grow-out period, thus 
enhancing economic efficiency (National Fisheries Research and Development 
Institute, 2008). To account for this structural change, a dummy variable was 
included for the month of March up to 2018. The estimation results indicate that 
the grow-out stock under one year in March before 2018 was higher by approxi-
mately 12,135 individuals compared to the same month after 2019. 

The estimation results for the grow-out stock over one year are presented 
in Table 6. Abalone that are shipped to market have reached the grow-out stage of 
over one year (Han et al., 2020). Accordingly, the monthly stock of abalone over 
one year can be calculated by summing the previous month’s stock under one year 
and over one year, and then subtracting the current month’s shipment volume. 

The results show that a 10,000-unit increase in the grow-out stock over one 
year in the previous month leads to a 6,112-unit increase in the current stock. This 
suggests a relatively high mortality rate among older stock, potentially due to age-
related vulnerability or environmental stressors. In addition, a 10,000-unit increase 
in the previous month’s stock under one year results in a 2,268-unit increase in the 
current stock over one year, which reflects the biological transition from under-
one-year to over-one-year stock through natural growth. 

Conversely, a one-metric ton increase in shipment volume leads to a 

Table 5. Estimation results of grow-out stock volume for abalone under one year 

of age (level-level) 

Variables Coefficient t-value 

C 359.815 0.387 

S0(–1) 0.985*** 60.926 

I(–1) 0.542*** 20.552 

I(–12) –0.546*** –19.817 

DUMBF18Y03M 12,134.775*** 11.442 

DUM08Y12M+DUM14Y11M+DUM17Y11M –12,772.911*** –6.688 

DUM19Y12M+DUM20Y12M+DUM23Y11M 8,736.975*** 4.387 

Sample range 2008Y07M–2024Y05M 

Adjusted R-squared 0.96

Durbin-Watson stat 2.10

B-G LM test 1.363 (0.506)

Note: 1) *, **, *** indicate statistical significance at the 10%, 5%, 1% levels, respectively. 
2) B-G LM test refers to the Breusch-Godfrey test for autocorrelation, with p-values 

shown in parentheses. 
3) S0 denotes the grow-out stock volume of abalone under one year of age; I represents 

the juvenile abalone stocking volume; and DUMBF18Y03M is a dummy variable for the 
month of March in each year up to 2018. 

4) B-G LM, Breusch-Godfrey Lagrange Multiplier. 
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14,638-unit decrease in the over-one-year stock. Han et al. (2020) adjusted for the 
mismatch between shipment volume (recorded by size category) and grow-out 
stock (classified by age group) by applying region- and age-specific shipment 
proportions derived from size-based survey data. However, their estimates were 
based on outdated samples and did not fully account for recent changes in market 
structure and consumer preferences, potentially resulting in measurement errors. 
Therefore, the present study integrated total shipment volume without conversion 
to age-based units. 

Table 6. Estimation results of grow-out stock volume for abalone aged one year or 

older (level-level) 

Variables Coefficient t-value 

C 18,728.398*** 5.943 

S123(–1) 0.611*** 12.321 

S0(–1) 0.227*** 6.370 

Q –1.464 –1.587 

DUM01M 126.779 0.101 

DUM02M –1,612.474 –1.233 

DUM03M –2,912.961** –2.105 

DUM04M –6,104.401*** –3.731 

DUM05M –8,133.573*** –4.118 

DUM06M –7,016.661*** –3.591 

DUM07M –9,114.457*** –4.425 

DUM08M –11,049.313*** –4.779 

DUM09M –12,231.951*** –4.730 

DUM10M –12,999.052*** –5.610 

DUM11M 14,521.755*** 4.653 

DUM11×SD16Y01M 30,070.062*** 8.493 

DUM11×SD22Y01M –19,501.657*** –7.233 

Sample range 2008Y07M–2024Y05M 

Adjusted R-squared 0.96

Durbin-Watson stat 1.70

B-G LM test 0.006 (0.004)

Note: 1) *, **, *** Indicate statistical significance at the 10%, 5%, 1% levels, respectively. 
2) B-G LM test refers to the Breusch-Godfrey test for autocorrelation, with p-values 

shown in parentheses. The Newey-West estimator was applied to obtain robust 
standard errors. 

3) S123 denotes the grow-out stock volume of abalone aged one year or older; S0 refers 
to the grow-out stock volume of abalone under one year of age; Q represents the 
shipment volume. SD16Y01M is a structural dummy variable that equals 1 from 
January 2016 onward (0 prior to January 2016), and SD22Y01M is a structural change 
variable that equals 1 from January 2022 onward (0 prior to January 2022). 

4) B-G LM, Breusch-Godfrey Lagrange Multiplier. 
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Based on average shipment ratios by size category during the analysis 
period (8-piece: 4.6%, 9–11-piece: 14.4%, 12–15-piece: 23.1%, 16–20-piece: 25.7%, 
over 21-piece: 32.1%) and average weight per size group, the number of abalone 
shipped per metric ton was estimated at approximately 16,435 individuals. Alt-
hough the coefficient for shipment volume was not statistically significant, the 
estimated reduction of 14,638 individuals was similar to the computed conversion 
value, suggesting that the coefficient is economically reliable. 

The stock of abalone over one year also exhibited a seasonal pattern, 
typically increasing sharply in November and gradually declining thereafter. To 
reflect this seasonality, seasonal dummy variables were included. In addition, 
changes in the data collection methodology for grow-out stock in November 2016 
and 2022 were addressed by introducing structural dummy variables. As a result, 
the model estimates an increase of 30,070 individuals in November after 2016, and 
a decrease of 19,502 individuals in November after 2022. 

The estimation results for shipment volume are presented in Table 7. A 1% 
increase in the grow-out stock over one year in the previous month leads to a 0.39% 
increase in the current month’s shipment volume. Additionally, shipment volume 
shows a monthly growth rate of 3%. Following the restoration and expansion of 
offshore cage facilities in typhoon-affected areas between 2012 and 2014, abalone 
that had been grown for 2–3 years began to be shipped in earnest starting in July 
2016. The analysis estimates that from this point onward, the monthly shipment 
volume increased by an additional 3%p. 

Abalone farmers tend to concentrate shipments during the summer months 
due to increased mortality risks associated with rising seawater temperatures. 
Furthermore, abalone is considered a high-demand gift product during the Chuseok 
holiday season, which further amplifies shipment activity in the preceding months 
(Korea Maritime Institute, 2017). As a result of these factors, abalone shipments 
exhibit a distinct seasonal pattern, particularly concentrated in the summer. To 
account for this, seasonal dummy variables were included in the model. The results 
show that, compared to December, shipment volume increases by 50% in July, 
40% in August, and 44% in September. 

 

4.2 Demand-Side Behavioral Equation 

The estimation results for per capita demand for abalone are presented in 
Table 8. Per capita demand is determined by the equilibrium price, the CCSI, and 
seasonal factors. The 10-piece producer price was converted to a real price using 
the CPI to eliminate the effects of inflation. The estimation indicates that a 1% 
increase in the real 10-piece producer price leads to a 0.4% decrease in per capita 
demand, yielding a price elasticity of –0.4. This suggests that abalone demand is 
price-inelastic, meaning demand does not significantly change in response to price 
fluctuations. In contrast, a 1% improvement in the CCSI leads to a 0.3% increase 
in per capita demand, implying an income elasticity of 0.3. This finding suggests 
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that consumers tend to increase their abalone consumption when they perceive 
economic conditions more positively. 

Per capita demand had been increasing at a rate of approximately 1% per 
month; however, following a typhoon in June 2012 that reduced shipment volumes, 
the growth rate declined by 0.5 percentage points. After a temporary spike in 
exports to China in July 2016, the growth rate increased by 0.2%p, but it declined 
again by 0.2%p after September 2022, when exports expanded to countries such 
as Vietnam and Taiwan. As a result, the current monthly growth rate of per capita 
demand is approximately 0.5%. Similar to shipment patterns, abalone consumption 
is concentrated in the summer. This is mainly due to increased demand as a health 
food and a traditional Chuseok gift (Lee and Park, 2010). Per capita demand in 
July, August, and September is estimated to be 39%, 25%, and 30% higher, 

Table 7. Estimation results of shipment volume (log-log) 

Variables Coefficient t-value 

C 2.038** 2.183 

ln(S123(–1)) 0.391*** 4.584 

TREND 0.003*** 5.259 

TREND×SD16Y07M 0.003*** 7.931 

DUM01M 0.039 1.432 

DUM02M –0.175*** –5.037 

DUM03M –0.002 –0.072 

DUM04M 0.129*** 4.033 

DUM05M 0.235*** 6.314 

DUM06M 0.252*** 5.799 

DUM07M 0.498*** 11.533 

DUM08M 0.398*** 8.670 

DUM09M 0.444*** 7.178 

DUM10M 0.152*** 2.603 

DUM11M 0.177*** 3.340 

DUM08Y07M+DUM11Y09M+DUM22Y09M –0.306*** –7.765 

DUM09Y09M+DUM11Y01M+DUM18Y06M 0.320*** 10.292 

Sample range 2008Y07M–2024Y05M 

Adjusted R-squared 0.94

Durbin-Watson stat 1.34

Multiple Breakpoint test 2016Y07M

Note: 1) *, **, *** Indicate statistical significance at the 10%, 5%, 1% levels, respectively. 
2) A Durbin-Watson value of 1.34 suggested autocorrelation, prompting the use of the 

Newey-West estimator. 
3) S123 denotes the grow-out stock volume of abalone aged one year or older; TREND 

represents the time trend variable; and SD16Y07M is a structural dummy that equals 
1 from July 2016 onward (0 prior to July 2016). 
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respectively, than in December. 
The estimation results for export volume to Japan are presented in Table 9. 

The results indicate that a 1% increase in the export unit price leads to a 0.5% 
decrease in the volume of exports to Japan. Conversely, a 1% increase in the Osaka 
wholesale market price or a 1% depreciation of the Japanese yen against the U.S. 
dollar leads to a 0.4% increase in export volume to Japan. This implies that rising 
domestic abalone prices in Japan improve the relative competitiveness of Korean 
abalone in the Japanese market, subsequently stimulating demand through a 

Table 8. Estimation results of per capita demand (log-log) 

Variables Coefficient t-value 

C –10.751*** –24.578 

ln(FP10/CPI) –0.396*** –5.569 

ln(CCSI) 0.343*** 4.581 

TREND 0.010*** 10.111 

TREND×SD12Y06M –0.005*** –6.567 

TREND×SD16Y07M 0.002*** 8.467 

TREND×SD22Y09M –0.002*** –6.494 

DUM01M 0.136*** 3.761 

DUM02M –0.173*** –3.819 

DUM03M –0.034 –0.872 

DUM04M 0.052 1.362 

DUM05M 0.144*** 3.936 

DUM06M 0.164*** 3.585 

DUM07M 0.387*** 11.035 

DUM08M 0.255*** 5.609 

DUM09M 0.300*** 5.822 

DUM10M 0.007 0.155 

DUM11M –0.004 –0.148 

DUM08Y09M+DUM09Y09M 0.327*** 5.161 

DUM10Y10M+DUM11Y09M+DUM15Y06M –0.301*** –10.266 

Sample range 2008Y07M–2024Y05M 

Adjusted R-squared 0.94

Durbin-Watson stat 1.51

Multiple Breakpoint test 2012Y06M, 2016Y07M, 2022Y09M 

Note: 1) *, **, *** Indicate statistical significance at the 10%, 5%, 1% levels, respectively. 
2) A Durbin-Watson value of 1.51 suggested autocorrelation, prompting the use of the 

Newey-West estimator. 
3) FP10 denotes the farm-gate price for abalone based on 10 pieces; CPI represents the 

Consumer Price Index; CCSI stands for the Composite Consumer Sentiment Index; 
and TREND is the time trend variable. SD12Y06M is a structural dummy that equals 1 
from June 2012 onward (0 prior to June 2012); SD16Y07M is a structural dummy for 
July 2016 onward; and SD22Y09M is a structural dummy for September 2022 onward. 
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substitution effect. 
Export volume to Japan exhibited a general upward trend during the 

analysis period, and a trend variable was included to capture this pattern. To 
examine potential structural changes over time, a multiple breakpoint test was con-
ducted on the trend variable. The results indicate that, following the depreciation 
of the Japanese yen starting in April 2014, the monthly growth rate of exports to 

Table 9. Estimation results of export volume to Japan (log-log) 

Variables Coefficient t-value 

C –4.871*** –8.685 

ln(XPJP(1+TARIFF)) –0.500*** –4.678 

ln(OMJP/EXCHJPY/USD) 0.383*** 4.601 

TREND 0.009*** 7.630 

TREND×SD14Y04M –0.005*** –5.487 

TREND×SD20Y03M –0.001*** –3.755 

DUM01M –0.843*** –19.953 

DUM02M –0.702*** –13.624 

DUM03M –0.471*** –10.108 

DUM04M –0.311*** –6.600 

DUM05M –0.540*** –10.740 

DUM06M –0.444*** –11.116 

DUM07M –0.358*** –7.885 

DUM08M –0.252*** –5.136 

DUM09M –0.491*** –10.353 

DUM10M –0.442*** –11.521 

DUM11M –0.426*** –11.154 

DUM08Y07M+DUM20Y05M+DUM21Y05M –0.503*** –4.691 

DUM20Y04M+DUM21Y01M –0.872*** –4.760 

DUM09Y03M+DUM16Y05M+DUM21Y11M 0.376*** 13.256 

Sample range 2008Y07M–2024Y05M 

Adjusted R-squared 0.88

Durbin-Watson stat 1.61

Multiple Breakpoint test 2014Y04M, 2020Y03M 

Note: 1) *, **, *** Indicate statistical significance at the 10%, 5%, 1% levels, respectively. 
2) A Durbin-Watson value of 1.61 suggested autocorrelation, prompting the use of the 

Newey-West estimator. 
3) XPJP denotes the export unit price to Japan; Tariff represents the tariff rate; OMJP 

refers to the wholesale market price in Osaka; EXCHJPY/USD is the yen-U.S. dollar 
exchange rate; and TREND indicates the time trend variable. SD14Y04M is a 
structural dummy that equals 1 from April 2014 onward (0 prior to April 2014), and 
SD20Y03M is a structural dummy that equals 1 from March 2020 onward (0 prior to 
March 2020). 

4) JPY, Japanese Yen; USD, United States Dollar. 
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Japan weakened by 0.4%. Furthermore, after the outbreak of COVID-19 in March 
2020, adverse export conditions led to an additional monthly decline of 0.1%p in 
the export growth rate. 

The estimation results for the export unit price to Japan are presented in 
Table 10. The analysis shows that a 1% increase in the domestic 10-piece producer 
price of abalone leads to a 0.8% increase in the export unit price to Japan, 
suggesting that changes in domestic prices are proportionally reflected in export 
prices. Conversely, a 1% increase in the exchange rate (KRW/USD) results in a 
0.7% decrease in the export unit price to Japan, indicating the impact of currency 
appreciation on price competitiveness. 

To detect structural changes, a multiple breakpoint test was conducted on 
the intercept term. The test identified significant structural breaks in January 2009, 
September 2020, and November 2022. Specifically, following January 2009, the 
export unit price declined by 14.1%. Due to reduced export demand stemming 
from the COVID-19 pandemic, an additional decline of 17.4% was observed after 
September 2020. In contrast, beginning in November 2022, the export unit price 
rose by 11%, which is presumed to reflect adjustments associated with a drop in 
the domestic producer price. 

The estimation results for export volume to other countries (excluding 
China) are presented in Table 11. A 1% increase in the export unit price to these 
countries is estimated to reduce export volume by 1.25%, indicating a price elasticity 

Table 10. Estimation results of export unit price to Japan (log-log) 

Variables Coefficient t-value 

C –0.067 –0.098 

ln(FP10) 0.807*** 33.446 

ln(EXCHKRW/USD) –0.701*** –8.023 

SD09M01 –0.141*** –9.063 

SD20M09 –0.174*** –9.514 

SD22M11 0.110*** 4.624 

Sample range 2008Y07M–2024Y05M 

Adjusted R-squared 0.97

Durbin-Watson stat 0.53

Multiple Breakpoint test 2009Y01M, 2020Y09M, 2022Y11M 

Note: 1) *, **, *** Indicate statistical significance at the 10%, 5%, 1% levels, respectively. 
2) A Durbin-Watson value of 0.53 suggested autocorrelation, prompting the use of the 

Newey-West estimator. 
3) FP10 denotes the producer price for abalone based on 10 pieces; EXCHKRW/USD 

represents the Korean won-U.S. dollar exchange rate. SD09Y01M is a structural 
dummy that equals 1 from January 2009 onward (0 prior to January 2009); SD20Y09M 
is a structural dummy for September 2020 onward; and SD22Y11M is a structural 
dummy for November 2022 onward. 

4) KRW, Korean Won; USD, United States Dollar. 
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greater than one and suggesting that export volume is highly sensitive to changes 
in export unit price. The export volume to other countries has shown a monthly 
growth rate of approximately 2.4%. 

To detect potential structural shifts over time, a multiple breakpoint test 
was conducted, identifying structural changes in June 2016, January 2017, and 
August 2022. Following June 2016, when exports to countries such as Vietnam, 
Taiwan, and the United States surged, export volume to other countries increased 
by an additional 2.4 percentage points. However, the growth rate weakened after 
the breakpoints in January 2017 and August 2022. As a result, the export volume 
returned to a stabilized monthly growth rate of approximately 2.8%. 

The estimation results for the export unit price to other countries (excluding 
China) are presented in Table 12. A 1% increase in the domestic 10-piece producer 
price of abalone is associated with a 0.17% increase in the export unit price to these 
countries. In contrast, a 1% increase in the exchange rate (KRW/USD) is estimated 
to decrease the export unit price by 0.58%. 

A multiple breakpoint test identified structural changes in June 2016, 
January 2017, and August 2022. Following the surge in export volume to countries 
such as Vietnam, Taiwan, and the United States in June 2016, the export unit price 
to other countries fell by 33.2%. After January 2017, the export unit price increased 
by 19.8%, but declined again by 16.6% after August 2022. 

 

Table 11. Estimation results of export volume to countries other than China  

(log-log) 

Variables Coefficient t-value 

C 2.309 1.643 

ln(XPETC) –1.246*** –3.481 

TREND 0.024*** 5.770 

TREND×SD16M06 0.024*** 16.204 

TREND×SD17M01 –0.015*** –10.671 

TREND×SD22M08 –0.005*** –4.199 

Sample range 2012Y04M–2024Y05M 

Adjusted R-squared 0.96

Durbin-Watson stat 0.97

Multiple Breakpoint test 2016Y06M, 2017Y01M, 2022Y08M 

Note: 1) *, **, *** Indicate statistical significance at the 10%, 5%, 1% levels, respectively. 
2) A Durbin-Watson value of 0.97 suggested autocorrelation, prompting the use of the 

Newey-West estimator. 
3) XPETC denotes the export unit price to countries other than China; TREND represents 

the time trend variable. SD16Y06M is a structural dummy that equals 1 from June 
2016 onward (0 prior to June 2016); SD17Y01M is a structural dummy for January 
2017 onward; and SD22Y08M is a structural dummy for August 2022 onward. 
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4.3 Assessment of Model Predictive Accuracy 

To evaluate the predictive performance of the model, several commonly 
used indicators were considered, including the Mean Absolute Percent Error 
(MAPE), Mean Squared Percentage Error (MSPE), Mean Squared Error (MSE), 
Root Mean Square Percent Error (RMSPE), and Theil’s Inequality Coefficient 
(Theil’s U). Among these, MAPE, RMSPE, and Theil’s U are frequently used to 
measure the relative size of prediction errors against actual values because they are 
not affected by the scale of the variables (Kim et al., 2018). This study employed 
MAPE, RMSPE, and Theil’s U as the primary criteria to assess the forecasting 
accuracy of the abalone supply-demand model.8 

 
 MAPE = 1n ෍ |୬

୲ୀଵ
Y୲෡ − Y୲Y୲ | × 100 

 
8 MAPE and RMSPE represent the percentage error between the model’s forecasts and actual observed values; 

smaller values indicate higher predictive accuracy. Theil’s U ranges between 0 and 1, with a value of 0 
indicating a perfect match between predicted and actual values. In general, lower values of Theil’s U suggest 
superior forecasting performance of the model. 

Table 12. Estimation results of export unit price to countries other than China  

(log-log) 

Variables Coefficient t-value 

C 5.915*** 4.475 

ln(FP10) 0.172*** 3.622 

ln(EXCHKRW/USD) –0.582*** -3.426 

SD16M06 –0.332*** -9.346 

SD17M01 0.198*** 5.868 

SD22M08 –0.166*** -5.131 

Sample range 2012Y04M–2024Y05M 

Adjusted R-squared 0.80

Durbin-Watson stat 1.52

Multiple Breakpoint test 2016Y06M, 2017Y01M, 2022Y08M 

Note: 1) *, **, *** Indicate statistical significance at the 10%, 5%, 1% levels, respectively. 
2) A Durbin-Watson value of 1.52 suggested autocorrelation, prompting the use of the 

Newey-West estimator. 
3) FP10 denotes the producer price for abalone based on 10 pieces; EXCHKRW/USD 

represents the Korean won-U.S. dollar exchange rate. SD06Y06M is a structural 
dummy variable that equals 1 from June 2006 onward (0 prior to June 2006); 
SD17Y01M is a structural dummy for January 2017 onward; and SD22Y08M is a 
structural dummy for August 2022 onward. 

4) KRW, Korean Won; USD, United States Dollar. 
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RMSPE = ඩ1𝑛 ෍(୬
୲ୀଵ

Y୲෡ − Y୲Y୲ )ଶ   × 100 

Theil′s inequality coefficient = ට1n ∑ (୬୲ୀଵ Y୲෡ − Y୲ )ଶ
ට1n ∑ (୬୲ୀଵ Y୲෡ )ଶ + ට1n ∑ (୬୲ୀଵ Y୲ )ଶ  

 
The predictive accuracy of the model was assessed using both in-sample 

and out-of-sample error metrics. In-sample errors were calculated for each behav-
ioral equation using data from August 2023 to May 2024. Table 13 presents the in-
sample results, evaluated using MAPE, RMSPE, and Theil’s U for each behavioral 
equation. Overall, the model demonstrated satisfactory predictive performance, 
with most equations exhibiting low error levels. In particular, all behavioral 
equations—except those related to export volumes to other countries—achieved 
strong predictive accuracy, with MAPE values ranging from 2.1% to 8.7%. 

Relatively lower predictive accuracy observed in certain equations appears 
to stem from limitations in the availability of relevant exogenous data. In particular, 
export volumes to countries other than China exhibited a high MAPE of 30.6%, 
reflecting considerable forecast error. This result likely stems from the model’s 
inability to adequately capture the heterogeneous and dynamic nature of these 
markets. Export volumes to such destinations are often subject to abrupt and 
irregular fluctuations. Moreover, aggregating these countries into a single residual 
category may obscure distinct market behaviors and distort estimated responses to 
price and macroeconomic variables. These findings underscore the importance of 
disaggregating export destinations and incorporating country-specific variables in 

Table 13. In-sample error rate based on the estimation results of the abalone 

supply and demand model 

Category Endogenous variables MAPE (%) RMSPE (%) Theil’s U 

Supply 

Juvenile abalone input volume 2.11 0.24 0.00 

Grow-out stock under one year of age 2.69 3.73 0.02 

Grow-out stock one year and older 4.17 5.32 0.02 

Shipment volume 8.02 9.26 0.05 

Demand 

Per capita demand 6.86 8.72 0.04 

Export volume to Japan 8.69 9.43 0.05 

Export unit price to Japan 2.10 2.76 0.01 

Export volume to other countries 
(excluding China) 

35.20 42.58 0.16 

Export unit price to other countries  
(excluding China) 

5.93 6.85 0.03 

Note: MAPE, Mean Absolute Percent Error; RMSPE, Root Mean Squared Percentage Error. 
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future model refinements. 
To evaluate the out-of-sample forecasting performance of the abalone 

supply-demand model, the MAPE was selected as the primary evaluation criterion. 
Unlike in-sample error assessment, out-of-sample error was measured by generat-
ing monthly forecasts of endogenous variables and then comparing these forecasts 
with the actual observed values. Specifically, the MAPE was calculated by com-
paring forecast values with actual observations for the period from June 2024 to 
March 2025. 

Given that the model developed in this study is intended to produce short-
term forecasts, the evaluation approach followed the structure shown in Figure 3. 
Specifically, the model forecasted values for June using data available through May, 
forecasted July values using data through June, and forecasted August values using 
data through July. For example, to forecast the value for June, the model used all 
updated actual data available through May, and the forecast for June was generated 
accordingly. These forecast values were then compared with the corresponding 
actual values to calculate the out-of-sample forecast error. 

The forecasted values generated by the model vary depending on how the 
prediction error for the forecast month is specified. In this study, five alternative 
approaches were applied to determine the prediction error for the forecast month. 
In all approaches, actual values of exogenous variables at the time of forecasting 
were used to generate the projections. 

The first approach assumes a theoretical error of zero, setting the prediction 
error for the forecast month to zero. The second approach, referred to as the “same-
as-previous-month” assumption, applies the estimated prediction error from the 
previous month to the forecast month. The third approach uses the “same-month 
average,” assigning the forecast month’s prediction error as the average of the 
estimated errors for the same month over the past three years. The fourth approach 
applies the “three-month average,” using the average of the estimated errors over 
the past three months. The fifth approach, called the “Olympic average,” calculates 
the forecast month’s prediction error using the average of the most recent five 
months’ estimated errors, excluding the highest and lowest values. 

As summarized in Table 14, Approach 4—which incorporates the average 
prediction error over the most recent three months—consistently demonstrated the 
highest predictive accuracy across most endogenous variables. This result suggests 

Figure 3. Out-of-sample error evaluation method for the abalone supply-demand 

model. 

 t-2 period t-1 period t period t+1 period t+2 period t+3 period t+4 period ··· 

Forecast for time t+0 Estimation errorForecast error 
Forecast for time t+1 Estimation error Forecast error 
Forecast for time t+2 Estimation errorForecast error 
Forecast for time t+3 Estimation errorForecast error 
Forecast for time t+4 Estimation errorForecast error 
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that short-term averaging methods are particularly effective in improving forecast 
reliability in aquaculture sectors like abalone farming, which are subject to 
biological constraints and seasonal fluctuations. 

Among supply-side variables, juvenile abalone input volume (5.3%), 
grow-out stock under one year of age (4.5%), and grow-out stock over one year of 
age (5.1%) exhibited notably low MAPE values. These results reflect relatively 
stable and structured decision-making processes. In particular, these variables are 
determined primarily by production cycles, facility capacity, and pre-scheduled 
stocking plans, rather than short-term market conditions. Accordingly, the strong 
predictability of these variables is economically plausible, as they are largely 
governed by internal production systems and forward planning. 

In contrast, demand-side variables—especially those related to exports—
showed considerably higher forecast errors. Export volume to countries excluding 
China recorded a MAPE of 27.4%, the highest among all variables, while the 
corresponding export unit price exhibited an error of 11.9%. This can be attributed 
to the model’s inability to disaggregate country-specific export data. Aggregating 
export volumes and prices across heterogeneous markets fails to account for the 
distinct import conditions, consumer preferences, and regulatory environments of 
each country. As a result, the model falls short in capturing exogenous market-
specific volatility, thereby limiting predictive performance in export-related out-
comes. 

Table 14. Out-of-sample error rate based on the estimation results of the abalone 
supply and demand model 

Endogenous variables 
MAPE (%)

Approach 1 Approach 2 Approach 3 Approach 4 Approach 5 

Juvenile abalone input 
volume 

5.3  5.3 5.3 5.3 5.3 

Grow-out stock under one 
year of age 

4.2 4.5 2.5 4.5 4.6 

Grow-out stock one year 
and older 

7.9 4.9 5.9 5.1 5.5 

Shipment volume 7.5 8.7 13.6 6.4 7.9 

Per capita demand 8.0 10.4 15.5 7.2 8.9 

Export volume to Japan 7.5 9.0 8.7 6.8 7.6 

Export unit price to Japan 15.9 8.5 17.6 9.1 11.3 

Export volume to other 
countries (excluding China)

40.8 28.7 37.6 27.4 33.2 

Export unit price to other 
countries (excluding China)

28.5 10.9 27.7 11.9 12.9 

Producer price for 10-piece 
abalone 

18.2 11.0 23.1 13.9 16.6 

Note: MAPE, Mean Absolute Percent Error. 
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5. Conclusion 
 
The Korean abalone aquaculture industry has experienced remarkable 

growth, emerging as a major source of income in coastal communities (Ock, 2015). 
However, recent trends reveal growing concerns over declining profitability, 
largely driven by a mismatch between increasing production volumes and stagnant 
domestic and export demand (Han et al., 2020). In particular, although shipment 
volume has continued to grow, total production value has declined, indicating 
reduced total revenue driven by falling market prices. In response to elevated 
mortality risks associated with rising seawater temperatures, many abalone farms 
have shortened the grow-out period from the historical average of 36 months to 
approximately 18 months (Seong, 2021). This shift has led to a concentration of 
supply within shorter time frames and an increase in overall production volumes, 
thereby aggravating market oversupply and placing additional downward pressure 
on prices. 

To effectively respond to evolving supply and demand conditions, 
decision-making must be grounded in scientific and objective data rather than 
relying solely on past experience (Han et al., 2020). Structural inefficiencies in the 
abalone distribution system—such as the prevalence of non-cooperative shipments, 
requests for side payments during farmgate transactions, and the widespread 
reliance on informal wholesale markets—have exacerbated market distortions and 
contributed to price volatility. Accordingly, the development of a quantitative and 
reliable forecasting model is essential to support the sustainable growth of the 
abalone industry. 

This study aims to both the explanatory power and predictive accuracy of 
existing abalone supply forecasting models. Although biological characteristics are 
incorporated through a DEEM, consistent with previous studies, this study em-
ploys a SM rather than a RM. A well-designed forecasting model should not only 
produce accurate future projections but also enable scenario-based policy simu-
lations (Lee, Heo, and Ha, 2019). The proposed model is developed with both of 
these objectives in mind. 

The model determines the equilibrium producer price under the market-
clearing condition where total supply equals total demand. On the supply side, the 
model incorporates behavioral equations for seedling (juvenile abalone) input, 
grow-out stocks categorized by age (under one year and one year or older), and 
shipment volume. On the demand side, equations are specified for per capita 
demand, export volume and price to Japan, and export volume and price to other 
countries (excluding China). 

Consistent with previous studies, juvenile abalone input volume is esti-
mated at the national level without regional disaggregation. The estimated coeffi-
cient for the average producer price of 10-piece abalone—calculated over the 
period from November of the previous year to April of the current year—is 0.1%. 
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Departing from the approach used by Han et al. (2020), the grow-out stock is 
disaggregated into two distinct age categories based on recent empirical distribu-
tions: abalone under one year of age and those one year or older. With regard to 
shipment volume, previous studies attempted to convert weight-based data into 
quantity-based estimates by employing size-to-weight conversion formulas (Cho, 
Choi, and Kim, 2016) or age-based conversion standards (Han et al., 2020). 
However, such methods rely on outdated sample survey data and may not 
adequately capture recent changes in market structure or consumption trends. 
Therefore, this study estimates total shipment volume in aggregate form, and 
identifies a pronounced seasonal concentration of shipments during the summer 
months, a period associated with heightened mortality risks due to rising sea 
temperatures. The estimated price elasticity of demand is –0.4, indicating that the 
demand for abalone is relatively inelastic. Income elasticity was estimated at 0.3, 
suggesting that abalone is regarded as a normal good, with demand exhibiting 
moderate responsiveness to income changes. On the export side, the model 
distinguishes between shipments to Japan and those to other countries excluding 
China, and separately estimates corresponding export unit price equations. This 
disaggregated approach represents a methodological advancement over previous 
studies, which did not account for such differentiation in export markets. 

To assess the forecasting performance of the proposed model, both in-
sample and out-of-sample forecast errors were evaluated. With the exception of the 
export equations, all behavioral equations exhibited MAPE values below 10%, 
indicating a generally high level of predictive accuracy. Among the export-related 
equations, the model demonstrated relatively large errors in forecasting shipments 
to other countries. This limitation is primarily attributable to the inherent volatility 
in exports to these markets, which is difficult to capture with the current model 
specification. Notably, the coefficient of variation for exports reached 102%, 
indicating substantial fluctuations. To address this issue, future research should 
incorporate more granular trade indicators as they become available, thereby 
enhancing the model’s explanatory power and predictive accuracy. 

Out-of-sample errors were assessed by generating monthly forecasts of 
endogenous variables and comparing them against actual observed values. The 
most accurate forecasts were obtained when the prediction errors for each target 
month were adjusted to reflect the average error observed over the preceding three 
months. Similar to the in-sample results, most behavioral equations in the out-of-
sample forecasts exhibited low MAPE values, ranging from 4.5% to 13.9%, 
indicating a satisfactory level of predictive performance. However, the MAPE for 
exports to other countries was relatively high at 27.4%, reflecting limited predic-
tive performance. Exports to these markets reached 125 metric tons in March 2025, 
marking a 200% increase from the previous month—an abrupt shift that could not 
be anticipated by the existing model specification. This underscores the need to 
refine the model's export component by incorporating real-time trade dynamics 
and more responsive explanatory variables. 
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Although this study primarily focused on refining the structural specifica-
tion of the abalone supply-demand model without implementing policy simula-
tions, the proposed framework is expected to serve as a valuable tool for future 
policy analysis through scenario-based simulations. Future research is encouraged 
to analyze policy effects by setting various scenarios, such as changes in tariffs or 
export volumes. In addition, if monthly disposable income data become available, 
incorporating them into the model is expected to enhance the explanatory power 
of demand-side factors. Recently, exports to countries such as Vietnam, Taiwan, 
and the United States have been increasing; with more data, disaggregated analyses 
by destination country are expected to further improve the model’s predictive 
accuracy. 
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