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ABSTRACT

This study investigates the relationship between climate change and Manila clam (Ruditapes philippinarum) production in
South Korea and assesses the resulting economic impacts through a comprehensive analysis. Using fixed effects panel
regression models, the study evaluates key climate factors—sea surface temperature, salinity, rainfall, and tidal flat area—to
quantify their effects on clam production across four major regions (Chungnam, Jeonnam, Jeonbuk, and Gyeongnam) from
2000 to 2022. Future production changes and associated economic losses are projected under Shared Socio-economic Pathway
(SSP) scenarios (SSP1-2.6, SSP2-4.5, SSP5-8.5), with adjustments to account for discrepancies between observed and predicted
climate data. The findings indicate that Manila clam production will decline consistently across all SSP scenarios, with
maximum total production reductions and associated long-term (2041 ~ 2050) economic losses reaching 29.2% and KRW 258.8
billion under SSP1-2.6, 37.9% and KRW 335.6 billion under SSP2-4.5, and 52.0% and KRW 460.7 billion under SSP5-8.5,
respectively. Among the four regions, Jeonnam was identified as the most vulnerable, followed by Gyeongnam, Jeonbuk, and
Chungnam, reflecting region-specific differences in exposure and adaptive capacity. These results emphasize the extent of
economic damage even with mitigation efforts, underscoring the urgent need for adaptive strategies. The study highlights the
importance of high-temperature-resistant clam strains, aquaculture techniques, and region-specific management policies to
sustain the Manila clam industry. Such measures will be critical to mitigating economic losses and ensuring the long-term

sustainability of this valuable fisheries sector in South Korea.
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Manila clam production by region in South Korea (2020 ~ 2023)
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(Unit: ton, %)

Sea Region Production Ratio
Jeonbuk 16,365 38.1
Chungnam 9,088 21.2
West Sea
Incheon 4,118 9.6
Gyeonggi 933 22
Total 30,504 71.1
Jeonnam 8,803 20.5
South Sea Gyeongnam 2,817 6.6
Busan 780 1.8
Total 12,400 28.9
Total 42,904 100.0
Source: KOSIS
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Fig. 1. Trends in the regional Manila clam production from 1990 to 2023
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Variables Unit Source
Production ton KOSIS
Surface temperature °C KOOFS
Surface salinity psu KOOFS
Rainfall mm KMA
Tidal flat area km? MEIS
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Table 3. Descriptive statistics of the data
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Variables Category Mean Std. Dev. Min Max Observations
Overall 7,243.98 5,138.63 1,206.00 21,137.00 92
Production
(ton) Between - 3,854.82 3,439.17 10,671.26 4
Within - 3,890.79 -2,221.28 17,924.59 23
Surface Overall 16.08 1.50 12.25 17.41 92
temperature Between - 1.47 13.89 16.09 4
©) Within - 0.78 14.15 16.69 23
Overall 31.26 1.34 28.03 33.38 92
Surface salinity
Between - 1.29 29.47 32.43 4
(psu) -
Within - 0.73 28.94 32.84 23
Overall 1,361.10 337.02 785.40 2,137.70 92
Rainfall
Between 170.99 1,175.41 1,543.20 4
(mm)
Within - 302.34 736.55 2,172.50 23
Overall 395.30 389.06 59.0 1,054.10 92
Tidal flat area
(k) Between - 446.51 73.37 1,040.19 4
Within - 13.91 350.69 413.79 23
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Fig. 3. Future projections of surface temperature (left) and salinity (right) under SSP scenarios

Table 4. Definition of SSP scenarios

Scenario Definition

SSP1-2.6 A sustainable green growth pathway with net-zero emissions after 2050, followed by net-negative emissions
SSP2-4.5 A moderate growth pathway with emissions remaining at current levels until the mid-21st century
SSP5-8.5 A fossil fuel-based growth pathway with emissions doubling compared to current levels after 2050
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Table 5. Estimation results of the fixed effects model for Manila clam production

Variable Coefficient Std. Error t-value
Surface temperature -11,948.79™ 3,490.16 -3.42
Surface temperature squared 341.24 109.03 3.13
Surface salinity -28,771.97™ 10,064.91 -2.86
Surface salinity squared 465.99™" 162.28 2.87
Rainfall -0.45 0.82 -0.55
Tidalflat 19.83" 9.35 2.12
Oil-spill Event -865.05 2,433.67 -0.36
Surface Tempxregion 1 -12.93 14.41 -0.90
Surface Tempxregion 2 -68.61" 32.61 -2.10
Surface Tempxregion 3 21.26™" 5.27 -4.03
Constant 567,123.1 163,173.9 3.48
R*(Within) 0.71

“Region 1, 2 and Region 3 refer to Chungnam, Jeonnam and Jeonbuk respectively, and with Gyeongnam as the reference region.
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Fig. 4. Nonlinear relationship between surface temperature (left) and salinity (right) on estimated production
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Table 6. Prediction of changes and rates of change in Manila clam production according to scenarios

(Unit: Thousand tons, %)

Basis SSP1-2.6 SSP2-4.5 SSP5-8.5
production Short Mid Long Short Mid Long Short Mid Long
-34 -6.0 -8.6 -44 -7.9 -11.1 -6.9 -9.8 -153
Total 29.4
(-11.7) (-20.5) (-29.2) (-15.1) (-26.7) (-37.9) (-23.6) (-33.8) (-52.0)
0.2 -0.4 -14 -0.8 -1.7 -2.5 -1.4 -2.0 -2.9
Chungnam 9.0
(2.3) (-4.1) (-15.1) (-9.0) (-18.8) (-27.9) (-15.2) (-21.9) (-32.6)
-2.0 -2.8 -32 -14 -2.8 -34 2.2 -3.0 -4.0
Jeonnam 42
(-48.3) (-66.8) (-75.7) (-32.7) (-68.0) (-82.2) (-53.1) (-71.2) (-95.6)
-1.3 -2.0 -2.7 -1.7 24 -3.7 -2.6 -3.1 -5.8
Jeonbuk 12.1
(-10.6) (-16.5) (-22.6) (-14.1) (-19.5) (-30.9) (-21.2) (-25.5) (-47.7)
-0.4 -0.9 -1.3 -0.6 -1.0 -1.5 -0.8 -1.8 -2.6
Gyeongnam 4.1
(-8.7) (-21.3) (-32.5) (-13.8) (-23.7) (-35.4) (-18.9) (-43.3) (-63.0)

“Short, Mid and Long refer to 2024 ~ 2030, 2031 ~2040 and 2041 ~ 2050, respectively.

“Values outside parentheses represent changes in production volume, while values in parentheses indicate the rate of change (%).

Table 7. Estimation of climate change damage cost for Manila clams

(Unit: one hundred million Won)

SSP1-2.6 SSP2-4.5 SSP5-8.5
Short Mid Long Short Mid Long Short Mid Long
Total -103.7 -181.8 -258.8 -133.9 -237.0 -335.6 -209.0 -295.7 -460.7
Chungnam 6.3 -11.2 -41.0 -24.4 -51.0 -75.7 413 -59.4 -88.3
Jeonnam -60.6 -83.8 -95.0 -41.0 -85.3 -103.1 -66.6 -89.2 -120.0
Jeonbuk -38.6 -60.3 -82.3 -51.3 -71.2 -112.8 -77.5 -93.2 -174.0
Gyeongnam -10.9 -26.5 -40.5 -17.2 -29.6 -44.0 =235 -54.0 -78.4

"Short, Mid and Long refer to 2024 ~ 2030, 2031 ~2040 and 2041 ~ 2050, respectively.
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