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Future population exposure to flooding due to sea-level rise and storm 30 

surge in South Korea where the country’s population is declining  31 

South Korea’s population is declining and its composition changing, associated 32 
with lowest-low fertility rates and super aging. When estimating changes in land 33 
and population exposure to future flooding due to sea-level rise (SLR) and storm 34 
surge (SS) events that are predicted to be intensified due to climate change, it is 35 
important to incorporate demographic dynamics. We analyze business-as-usual 36 
(BAU) population and SLR scenarios—where BAU refers to no significant 37 
change in current processes and trends in either domain—from 2025 to 2050 for 38 
South Korea. Data for both BAU scenarios, in addition to 50-year and 100-year 39 
frequency SSs, are spatially linked and used to measure and identify national and 40 
sub-national exposure to future flooding at the 500 m pixel level. The results 41 
reveal an increasing population exposure over time at the national level by 42 
13.55–20.37%, but this varies widely within the country. At the sub-national 43 
aggregate-level, the population in the Seoul region will likely be most exposed to 44 
future flooding, followed by the Busan region. At a fine grained level (i.e., 500m 45 
pixel), more lands will get exposed to future flooding but because of population 46 
decline in some areas the number of residents exposed will decline. The coastal 47 
regions of the country are expected to become more  vulnerable to future SLR 48 
and intensified SS. When designing a preventive policy to reduce the array of 49 
impacts of future flooding will bring, it will be important to identify the areas at 50 
risk of experiencing population decline as well as population growth. 51 

Keywords: sea-level rise; storm surge; typhoon; gridded population; population 52 
projection; population decline; climate change. 53 

Highlights:  54 

• The population in South Korea will become increasingly vulnerable to future 55 
flooding due to sea-level rise and storm surge. 56 

• The twinned processes of population change and SLR and SS varies spatially 57 
across South Korea. 58 

• The population in the Seoul region will be most exposed to future SLR and SS, 59 
followed by the Busan region. 60 
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• In some areas experiencing SLR and more frequent SS, demographic change (i.e., 61 
population decline) will reduce the number of people exposed to future SLR and 62 
SS (i.e., More flooded lands do not necessarily mean that more people will be 63 
affected by the SLR and SS). 64 

• Practicable policies should be developed based on a joint understanding of local 65 
demographic change and local SLR and SS risks.  66 

1 Introduction 67 

Sea-level rise (SLR) and storm surges (SS) represent critical global environmental 68 

challenges, with pronounced implications for coastal nations. South Korea, uniquely 69 

situated as a de facto island with its three sides bordered by ocean and its land borders 70 

impassable due to geopolitical circumstances (Kim et al., 2022), faces an elevated and 71 

distinct vulnerability to these coastal hazards. This geographical reality, coupled with 72 

the nation’s historical susceptibility to frequent flooding from typhoons during monsoon 73 

seasons, underscores an urgent need for comprehensive risk assessment concerning 74 

future sea-level changes. Understanding the demographic context and related future 75 

trends is critical for a risk assessment. South Korea, is an important case study, as the 76 

country is losing population related to its lowest-low fertility rate and super aging (Kim 77 

and Kim, 2020). In 2023, the national level total fertility rate (TFR) was 0.72, the 78 

lowest in world history (Statistics Korea, 2024).  79 

The environmental and demographic realties raise critical, yet unexplored, 80 

questions regarding how the dual pressures of increasing coastal inundation and a 81 

shrinking, aging population will interact and reshape South Koreans’ exposure and 82 

vulnerability to climate events. Traditional assessments of SLR impacts often focus on 83 

the “population at risk” within a growing or stable demographic context (Curtis and 84 

Schneider, 2011; Hardy and Hauer, 2018; Hauer et al., 2016). However, the unique 85 

demographic trajectory of South Korea necessitates a more nuanced approach, one that 86 
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integrates the dynamics of a declining population with refined projections of SLR. This 87 

research aims to bridge this critical knowledge gap by precisely quantifying the spatial 88 

and temporal impacts of projected SLR and SS on both land and population in South 89 

Korea. The three primary research questions are: 90 

1. By 2050, how many lands and people will be exposed to future sea-level rise 91 

(SLR) and storm surge (SS) in South Korea, given its population decline?  92 

2. Which regions in South Korea will be most exposed to future SLR and SS? 93 

What is the pattern of population exposure to future SLR and SS? And, how 94 

does this vary within-country? 95 

3. If the government is to design a policy to prevent potential damages from future 96 

SLR and SS, what strategies are available and practicable?  97 

Exposure is distinct from vulnerability (Adger, 2006; IPCC, 2014a, IPCC, 98 

2022). In this paper we use definitions by the Intergovernmental Panel on Climate 99 

Change (IPCC). We argue that higher levels of exposure will amplify vulnerability and 100 

risk (both mortality and morbidity). Thus, understanding the population exposure to 101 

future SLR and SS is fundamental in terms of comprehending the associated 102 

vulnerability and risks; i.e., which populations and areas are at risks.  103 

2 Material and Methods 104 

2.1 Gridded Population Projection 105 

2.1.1 Population projection 106 

A small area population projection of South Korea was applied (Kim et al., 2022), 107 

which is based on the following sub-national population projection. Kim and Kim 108 

(2020) employed a cohort component method, where each demographic component was 109 
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estimated using the following models: a generalized log gamma distribution model for 110 

fertility (Kaneko, 2003), Heligman and Pollard model for mortality (Heligman and 111 

Pollard, 1980), and a migrant pool model for gross migration (Kim and Kim, 2020). 112 

South Korea was divided into 37 regions based on commuting data and applied the 113 

cohort-component method using population registration data to project population by 114 

single-year of age and sex, which was then proportionally allocated to the municipal 115 

level to 162 small-areas by preserving the pycnophylactic property (Tobler 1979). This 116 

is based on the assumption that the most up-to-date age and sex ratios for each area 117 

would remain the same for the entire projection horizon, 2025–2050 (Kim et al., 2022).  118 

2.1.2 Dasymetric mapping 119 

Before applying Categorical Boosting (CatBoost), an ensemble machine learning 120 

model, to generate gridded population estimates, South Korea was categorized into 121 

urban and non-urban regions to address the significant spatial heterogeneity in 122 

population distribution. In the model development and downscaling, separate models 123 

for urban and non-urban regions were trained, tested, and verified, where they generated 124 

pixel-level population density estimates that serve as weights for dasymetric mapping. 125 

Urban regions (e.g., Seoul and Busan) exhibit substantially higher population density 126 

and nighttime lights compared to non-urban regions. Previous research showed that 127 

machine learning models underestimated non-urban population density when the 128 

regional differences were not considered (Stevens et al., 2015; Sinha et al., 2019).  129 

CatBoost is a gradient boosting-based machine learning model specializes in 130 

analyzing categorical features using a permutation-driven alternative. The model is 131 

designed to address prediction bias issues by preventing overfitting through improved 132 

boosting techniques. Further, it supports graphics processing unit (GPU)-accelerated 133 

training, enabling efficient learning even with large datasets (Prokhorenkova et al., 134 
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2018). CatBoost worked best for the South Korean case study when compared with 135 

other predictive quantitative models verified by various measures (e.g., r-squared and 136 

root mean square error) and data sources (e.g., mobile phone data) (citation redacted), 137 

hence applied in this research to produce gridded population projections. 138 

Using CatBoost, the urban model was trained using 83,819 census blocks and 139 

predicted population density for 45,688 pixels, while the non-urban model was trained 140 

with 20,093 census blocks and predicted population density for 372,651 pixels, where 141 

one pixel is equivalent to 500 m by 500 m. Small islands in remote areas (equivalent to 142 

6 census blocks and 250 pixels) were excluded due to missing values in the input 143 

features. Specifics regarding the model training, testing, hyperparameter combinations, 144 

etc. are explained in detail in another methodology paper (citation redacted). After 145 

developing CatBoost-based population density estimates for the urban and non-urban 146 

regions, the population projection was downscaled to 500m-level pixels, while zero 147 

values were assigned to water bodies. 148 

2.2. Sea-level rise and storm surge 149 

 150 

2.2.1 Climate change scenario (RCP 4.5 and 8.5)  151 

RCPs are the climate change scenarios used in the IPCC’s 5th assessment report (IPCC, 152 

2014b, Moss et al., 2010). RCP 4.5 indicates that the future radiative forcing is 153 

stabilized at 4.5 W per square meter (hence, RCP 4.5), and accordingly, the mean 154 

temperature will rise by 2.4 °C and 2.9 °C at the global and Korean peninsula levels, 155 

respectively, by 2071–2100 (Korea Meteorological Administration, 2018). This 156 

scenario assumes that global and national climate change mitigation policies are 157 

implemented and working effectively to some extent and that the carbon dioxide level 158 

in the atmosphere does not increase more than 538.4 ppm by 2100 (IPCC, 2013a). It is 159 
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important to note that IPCC regards RCP 8.5 as business as usual (BAU), the scenario 160 

with no mitigation activities by the global community, resulting in the most radical 161 

climate change.  162 

SLR is only meaningful for the year 2050 as no SLR was assumed for the year 163 

2025 in this research. Developed by the government agencies (the Rural Development 164 

Administration and the Korea Environment Institute), SLR and storm surge (SS) 165 

polygons were constructed based on the averaged trend of representative concentration 166 

pathway 4.5 (RCP 4.5) and 8.5 (RPC 8.5) as for the year 2050 because this scenario is 167 

considered BAU in South Korea, while these climate change scenarios were developed 168 

by the Korea Meteorological Administration (KMA) (Cho et al., 2017).  169 

While the government SLR and SS projections were available for 2050 and 170 

2100 with multiple RCPs, only the 2050 projections with one RCP were used in this 171 

research in order for the time scale of the SLR and SS data could align with that of the 172 

gridded population projections. This averaged RCP 4.5 and 8.5 SLR projection 173 

indicates national average SLR of 34.1 cm by 2050 compared to current levels (Cho et 174 

al., 2017). Note that the IPCC (2013b) projected global average SLR of 47 cm and 63 175 

cm under the RCP 4.5 and the RCP 8.5, respectively, by 2100. According to the KMA 176 

(2012), national average SLR by 2100 of the Korean Peninsula was projected to be 65.0 177 

cm and 83.8 cm under the RCP 4.5 and the RCP 8.5. In other words, the Korean 178 

Peninsula will experience more severe SLR than the global average.  179 

2.2.2 Storm surge scenario (50- and 100-year) 180 

In the Korean Peninsula, it is important for the 50-year and 100-year frequency SS 181 

scenarios to factor in typhoons during monsoon seasons. To characterize these 182 

hypothetical typhoons, central pressure values for 50-year and 100-year frequency were 183 

driven by analyzing central pressure values from 1970 to 2010, provided by the Korea 184 



 CIRCULATE ONLY WITH PERMISSION  

Hydrographic and Oceanographic Agency (KHOA). With respect to changes in terms of 185 

typhoon intensity getting stronger due to temperature increase, additional 10 hPa 186 

difference was also added to typhoon’s central pressure as for the year 2050 (Oh and 187 

Moon, 2013; Yoon et al, 2012). The typhoon’s maximum wind speed and radius of 188 

maximum winds were determined by analyzing the Best Track data (2001–2014) of the 189 

Joint Typhoon Warning Center of the United States. As for typhoon paths, in total four 190 

paths were designed based on the work of Park et al. (2006) and also by considering the 191 

west and south coast of the peninsula. Regarding the typhoon’s path for the west coast, 192 

two paths were designed based on the actual typhoons in the past, namely, Kompasu in 193 

2010 and Bolaven in 2012; as for the south coast, the other two paths were determined 194 

based on the typhoons, Rusa in 2002 and Maemi in 2003. Further, 0.2-degree buffer 195 

was added to those four paths to guarantee robustness of typhoon paths (Cho et al., 196 

2017). 197 

2.2.3 Modeling sea-level rise and storm surge 198 

After specifying the scenarios of SLR and SS these were applied to a series of models to 199 

simulate different levels of flooding and to map flooded areas in the study area. The 200 

models include: (a) ADvanced CIRCulation (ADCIRC), (b) Sea, Lake, and Overland 201 

Surges from Hurricanes (SLOSH), and (c) Bathtub models, for a hybrid modeling 202 

approach, leveraging the strengths of ADCIRC for reclaimed coastal areas and a 203 

combined SLOSH-Bathtub model for broader land coverage across South Korea. The 204 

ADCIRC model was specifically applied to reclaimed coastal areas. Developed by 205 

Luettich et al (1992), ADCIRC is a widely recognized robust tool for simulating coastal 206 

circulation and SS and also is well-suited for this research as it can detail complex 207 

coastlines, particularly along the intricate southwest coast of the Korean Peninsula 208 

(Choi et al., 2019; Suh et al., 2015). The model’s previous applications in the peninsula 209 



 CIRCULATE ONLY WITH PERMISSION  

further validates its suitability in this research and also often utilized by the Federal 210 

Emergency Management Agency (FEMA) of the United States. Modeling floods along 211 

the reclaimed coastal areas is crucial for the South Korean case because land 212 

reclamation has been popular and ongoing for decades (Ministry of Land, Infrastructure 213 

and Transport, 2024), so the country has many reclaimed lands for diverse purposes 214 

particularly on the southwest coast (Cho et al., 2017).  215 

The SLOSH-Bathtub models were utilized for the entire inland area of South 216 

Korea, including coastal farmlands and the east coast. Developed by the National 217 

Weather Service of the United States, SLOSH model is adept at estimating potential 218 

flooding by factoring in atmospheric pressure, typhoon size, speed, and track data to 219 

estimate SS heights (Jalensnianski et al., 1992). A total of 600 hypothetical scenarios 220 

for SS heights, taking into account both SLR and changes in typhoon intensity were 221 

simulated. Using these scenarios, the maximum SS height values were calculated for 222 

individual locations along the entire coast of South Korea. The application of SLOSH 223 

model allows for the generation of inundation maps, which are essential for identifying 224 

areas vulnerable to flooding. The Bathtub model simplifies flood prediction by 225 

assuming that water will fill up to a certain elevation. We then overlaid the results, to 226 

map a detailed analysis of inundation and damage areas caused by flooding. Ultimately, 227 

the results from the hybrid approach of ADCIRC and SLOSH-Bathtub models were 228 

integrated to produce a comprehensive and refined final projection with respect to SLR 229 

and SS scenarios (Cho et al., 2017). 230 

Bathymetry data for reclaimed coastal areas and coastline and topographic 231 

elevation data for land areas were required for this hybrid modeling approach. 5 m 232 

spatial resolution digital elevation model (DEM) data were acquired from the National 233 

Geographic Information Institute (NGII) and used as primary land elevation data in this 234 
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research. As for the reclaimed farmlands, 1 m spatial resolution light detection and 235 

ranging (LiDAR) data were acquired from the KHOA. While existing nautical charts 236 

and the DEMs may include some information of coastline, it was necessary to 237 

supplement these by introducing additional coastal data primarily from KHOA’s 238 

national survey and NGII’s aerial photographs. This is because often did not timely 239 

reflect coastlines altered by frequent coastal constructions, e.g., land reclamation (Cho 240 

et al., 2017).  241 

Unifying vertical reference datums of topography, bathymetry, and coastline 242 

data were crucial, as the data were produced and distributed by different national 243 

agencies of South Korea, their vertical reference datums for land and sea are 244 

inconsistent, hence merging these data without considering such inconsistency would 245 

result in unnecessary errors in modeling. By definition, an altitude zero in land was 246 

referenced to the mean sea-level of Incheon, the largest harbor city neighboring Seoul. 247 

Therefore, vertical reference datums of all raw data were adjusted to match with 248 

Incheon’s msl, establishing a unified reference for this research (Cho et al., 2017). 249 

 Data on coastal agricultural and reclaimed lands across the country were merged 250 

into a GIS format using the following sources: soil maps (National Institute of 251 

Agricultural Sciences), boundary of reclaimed land (Korea Rural Community 252 

Corporation), DEM (NGII), cadastral maps (Ministry of Land, Infrastructure and 253 

Transport), and land-cover maps (Ministry of Environment). As a result, the data 254 

identified reclaimed areas distributed along the coastal regions of eight major 255 

metropolitan cities and provinces: Incheon, Gyeonggi, South Chungcheong, North 256 

Jeolla, South Jeolla, South Gyeongsang, Busan, and Jeju. In terms of total reclaimed 257 

area, South Jeolla Province covers the largest area at approximately 30.8%, followed by 258 

South Chungcheong and North Jeolla Provinces accounting about 22.1% and 21.7%, 259 
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respectively. Overall, reclaimed lands were primarily concentrated along the west coast 260 

(Cho et al., 2017). 261 

2.3 Exposure to sea-level rise and storm surge 262 

Exposure to SLR and SS are measured in two ways: land exposure and population 263 

exposure, and only the population exposure is mainly analyzed and discussed in this 264 

paper. Land exposure primarily concerns physical damage to infrastructure, natural 265 

ecosystems, and economic assets tied to the land. Only the area of inundation of coastal 266 

lands are quantified and studied in this paper. Damage to infrastructure, such as roads, 267 

buildings, industrial facilities, and agricultural fields (reclaimed farmlands), and impacts 268 

on environmental degradation, such as saltwater intrusion into freshwater aquifers and 269 

agricultural soils, erosion of beaches and coastlines, and loss of wetlands and critical 270 

habitats, are not scope of this research.  271 

Land exposure was measured by calculating the areas of the polygons of SLR 272 

and SS in square kilometer. That is, flooded areas without sea-level rise (in 2025) with 273 

50-and 100-year scenarios, and flooded areas with sea-level rise (in 2050) with 50-and 274 

100-year scenarios are represented in GIS polygons. Their changes are also tabulated. 275 

Future land reclamations was not considered due to lack of data. Population exposure 276 

was measured by overlaying gridded population pixels with those SLR and SS 277 

polygons. Only the pixels that were overlaid were later summed up to result in the 278 

number of people affected by the SLR and SS. This in total, four cases were driven, and 279 

the changes were calculated.  280 
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3 Results 281 

3.1 Land exposure 282 

The 100-year scenario will result in more severe SS and hence larger flooded areas than 283 

the 50-year scenario, with or without the SRL considered. When no SLR was assumed 284 

for the year 2025, 4,205.31 km2 was expected to get flooded by the 100-year scenario, 285 

while 3,816.65 km2 was expected by the 50-year scenario at the aggregate national level 286 

(Table 1). At the pixel level, the land exposure is mostly distributed in the west and 287 

south coast of South Korea, where many coastal wetlands are located (Figure 1). More 288 

land exposure is a result of relatively flat and low elevation areas. By 2050, the land 289 

exposure will increase by 19.18% and 24.80% for the 100- and 50-year scenarios, 290 

respectively, driven by the SLR (Table 1).   291 

 292 

[Insert Table 1 and Figure 1 near here] 293 

 294 

3.2 Population exposure 295 

At the aggregate national level, population exposure shows a similar pattern. It is 296 

predicted that 3,684,398 people will be affected according to the 100-year scenario, 297 

while 3,237,453 people will get affected by the 50-year scenario. By 2050, the 298 

population exposure will increase by 13.55% and 20.37% for the 100- and 50-year 299 

scenarios, respectively, driven by the SLR (Table 2). In sum, it is evident that SLR will 300 

intensify SS in South Korea hence exposing more land and people living there.  301 

 302 

[Insert Table 2 near here] 303 

 304 
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At the pixel level, geographical patterns of the population exposure are more 305 

complicated than the land exposure, as population dynamics needs to be considered. 306 

Unlike the land exposure, SLR and SS do not affect population in a linear fashion 307 

because some regions will have smaller population in the future than today. Those 308 

regions are color-coded in blue (Figure 1). That is, blue shows that the regions will be 309 

flooded due to 50-year (Figure 1a) and 100-year (Figure 1b) frequency SS, when with 310 

or without SLR is considered. However, the population exposed to the SLR and SS will 311 

be smaller in the future because of the regional population decline. Lighter red indicates 312 

the regions will be flooded with or without considering SLR, and there will be more 313 

people affected because it is expected that their regional populations will increase by 314 

2050 (Figure 1). Lastly, brighter red illustrates the additional flooded regions when SRL 315 

is considered in addition to the given SS. The population in these regions will likely be 316 

exposed to future flooding regardless of their decline in regional populations between 317 

2025 and 2050 (Figure 1a and 1b). In sum at the aggregate level, more people will get 318 

exposed to future SLR and SS even though there will be regional population decline by 319 

2050 (Figure 2). It is important to note that the regional population decline will offset 320 

the additional exposure due to the SRL. If there was no population decline, there will be 321 

about 1 million additional people exposed to the SLR in both 100- and 50- year 322 

scenarios (Figure 2). 323 

 324 

[Insert Figure 2 near here] 325 

 326 

Two major urban areas, namely Seoul and Busan, are compared at the regional 327 

level because they host the most population along the coastal regions (Figures 1 and 3). 328 

Under the 50-year scenario, for instance, it is expected that there will about additional 1 329 
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million people exposed to the SLR at the national level (Figure 2). Under the same 330 

scenario, the Seoul and Busan regions alone will experience an additional 0.76 million 331 

people exposured by 2050 (i.e., 76% of the national exposure). Even when the 100-year 332 

scenario was considered, the two major urban regions will worth 74% of the national 333 

exposure (Figures 2 and 3).  334 

Population exposure that is expected to increase by 2050 due to SLR and SS will 335 

be somehow compensated by the regional population decline resulting in less exposure 336 

when no population was considered (Figure 3). The 100-year scenario will be more 337 

affected by the population decline than the 50-year scenario (Figure 2). This pattern 338 

stays the same for the Seoul and Busan regions (Figure 3). The rest of the study area, 339 

primarily on the southwest coastal region (Figure 1), is constituted with small cities and 340 

rural villages, as opposed to Seoul and Busan, may have more lands flooded in the 341 

future, but a smaller number of people will be affected by such flooding.  342 

 343 

[Insert Figure 3 near here] 344 

 345 

4 Discussion 346 

Our South Korean case study started with a simple question: What will happen to 347 

population exposure to SLR and SS when a country’s population begins to decline in an 348 

era where there is an anticipated increase in SLR and more severe SS? One might 349 

anticipate that population exposure will decline as population declines but if the SLR 350 

increases rapidly then this can offset the population decline. Our results show that the 351 

overall population exposure to SLR and SS in South Korea is expected to increase in the 352 

future even with the anticipated population decline. However, it also shows that more 353 
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flooded lands do not necessarily mean that more people will be affected by the SLR and 354 

SS. 355 

Generally, when comparing two floods: one with more areas affected under a 356 

more extreme 100-year scenario, as opposed to the other fewer areas affected under a 357 

less extreme 50-year scenario, one can easily expect that more people will get exposed 358 

to SLR and SS under the 100-year scenario. Also, it is expected that an increment in 359 

population exposure will be more substantial under the 100-year scenario than the 50-360 

year scenario when the SLR is additionally considered. However, that was not the case 361 

for South Korea. The 100-year scenario resulted in a larger population exposure, as 362 

opposed to the population exposure with the 50-year scenario with or without the SLR 363 

considered (Table 2 and Figure 2), but when comparing the population exposure over 364 

time, the 100-year scenario shows only 13.55% increase, while the 50-year scenario 365 

shows 20.37% (Table 2). That is, under the less extreme 50-year scenario the impact of 366 

future SLR could turn out much larger than the more extreme 100-year scenario because 367 

less exposure in the beginning does not always guarantee that the future exposure will 368 

be also less. Thus, it is crucial to note that an outcome of less extreme scenario may not 369 

always indicate that its impacts are smaller. When the regional population decline is 370 

taken into account, the 100-year scenario is more affected by it, as shown in Figures 2 371 

and 3. In all cases, at both the national and regional scales, the aggregate of population 372 

exposure decrease due to population decline (blue bars) was larger than that of the 50-373 

year scenario (Figures 2 and 3).  374 

Population in small cities and rural areas are expected to be relatively less 375 

exposed to SLR and SS; however, it is important to stress that this does not necessarily 376 

mean the rural population would be less vulnerable to SLR and SS or are at minimal 377 

risk. As noted earlier, risk is a function of exposure and vulnerability (IPCC, 2022), and 378 
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it is probable that the rural population may be at more risk. Characterizing vulnerability 379 

to SLR and SS is not the scope of this research, and very few studies analyzed 380 

vulnerability or risks along the Korean coastal areas by considering population. A recent 381 

study by Kim et al. (2024) estimated that population aged ≥65 will increase from 22.2% 382 

(2023) to 31.8% (2030) of the total population in fishery villages and coastal urban 383 

areas. If one is to extrapolate this increasing pattern to the years of 2040 and 2050, the 384 

ratios of population aged ≥65 are 42.8% and 50.6%, respectively. In sum, it is not only 385 

about how many people will be more exposed to future SLR and SS, but also about 386 

these people are getting older so potentially weaker health conditions when they are to 387 

be exposed to climate risks. The most up-to-date national climate change adaptation 388 

plan of South Korea does not take such population dynamics and composition into 389 

account when designing adaptation measures with respect to future climate risks 390 

(Ministries of Republic of Korea 2020).  391 

In a study such as this it is important to discuss modeling uncertainties, and the 392 

research outcomes must be interpreted with some caution as  the present research has 393 

employed multiple modeling approaches, each with associated uncertainty. To quantify 394 

a population exposure to SLR and SS in a spatially explicit fashion, it is necessary to 395 

have gridded population data to match with the existing SLR and SS research outcomes 396 

(Cho et al., 2017) for this South Korean case study. However, such data or the relevant 397 

literature regarding South Korea’s downscaled future population has not yet been made 398 

available. Although the approach is sometimes criticized for oversimplification and its 399 

accuracy not comprehensively assessed (Wilson et al., 2021), the existing climate 400 

change literature confirms and justifies that our population data are suitable for 401 

quantifying exposure. In the literature, the downscaling and disaggregation approach is 402 

applied at a pixel (grid) level because this spatial scale is meaningful in climate change 403 
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research (Jones et al., 2015, Jones and O’Neill, 2013, O’Neill, 2005, O’Neill et al., 404 

2001). 405 

5 Conclusions 406 

The population in South Korea will become increasingly vulnerable to future flooding 407 

due to SLR and SS. However, the population-level exposure surface is not even within a 408 

country and nor will it be only determined by the increase in SLR and intensified SS. 409 

The rapidly changing demographics of South Korea, particularly the emergence of 410 

super aging populations will elevate the health and mortality risks. The twinned 411 

processes of population change and SLR and SS varies spatially across South Korea. 412 

Coupling climate change scenarios with population dynamics and paying close attention 413 

to composition in a spatially explicit manner can reveal areas and populations at high 414 

(and lower) risk. The population in the Seoul region will be most exposed to future SLR 415 

and SS, followed by the Busan region. In rural areas experiencing SLR and more 416 

frequent SS, demographic change (i.e., population decline) will reduce the number of 417 

people exposed to future SLR and SS. More flooded lands do not necessarily mean that 418 

more people will be affected by the SLR and SS.  419 

Practicable policies should be developed based on a joint understanding of local 420 

demographic change and local SLR and SS risks. To date, the national adaptation plan 421 

regarding climate change risks has not fully incorporated demographic futures, and this 422 

may hinder designing and implementing an effective adaptation measure in terms of 423 

coping with climate change risks in South Korea. 424 

  425 



 CIRCULATE ONLY WITH PERMISSION  

References 426 

 Adger, W. N. (2006). Vulnerability. Global Environmental Change, 16(3), 268–281. 427 

https://doi.org/10.1016/j.gloenvcha.2006.02.006 428 

Basten, Stuart. 2013. “Redefining ‘Old Age’ and ‘Dependency’ in East Asia: Is 429 

‘Prospective Aging’ A More Helpful Concept?” Asian Social Work and Policy 430 

Review 7 (3): 242–48. https://doi.org/10.1111/aswp.12015. 431 

Berry, Helen Louise, Kathryn Bowen, and Tord Kjellstrom. 2010. “Climate Change and 432 

Mental Health: A Causal Pathways Framework.” International Journal of Public 433 

Health 55 (2): 123–32. https://doi.org/10.1007/s00038-009-0112-0. 434 

Chae, Yeora, and Jongchul Park. 2021. “Analysis on Effectiveness of Impact Based 435 

Heatwave Warning Considering Severity and Likelihood of Health Impacts in 436 

Seoul, Korea.” International Journal of Environmental Research and Public 437 

Health 18 (5). https://doi.org/10.3390/ijerph18052380. 438 

Cheng, Jian, Zhiwei Xu, Hilary Bambrick, Hong Su, Shilu Tong, and Wenbiao Hu. 439 

2018. “Heatwave and Elderly Mortality: An Evaluation of Death Burden and 440 

Health Costs Considering Short-Term Mortality Displacement.” Environment 441 

International 115 (April): 334–42. https://doi.org/10.1016/j.envint.2018.03.041. 442 

Cho, K.W., Mang, J.H., Kim, T.Y., Joo, Y.J., Lee, H.M., Park, J.H., Bin, S.J., Kang, 443 

T.S., Eom, H.S., Kwak, K.I., Park, J.J., Park, N.S., Jung, E.T., Badu, R., Nam, 444 

B.H., Jang, C.W., Ahn, S.E., Kim, O.S., Oh, S.Y., Seo, D.H., Kim, E.Y., Kim, 445 

H.J., Park, W.K., & Choi, H. (2017). “Impact assessment of 446 

inundation·salinization of cropland by sea-level rise and development of adaptation 447 

strategy.” Korea Environment Institute. Sejong, Korea. 448 

https://doi.org/10.23000/TRKO201700006443 449 

Choi, H., Lee, H. J., & Kim, G. (2019). Damage analysis of typhoon surge flood in 450 

coastal urban areas using GIS and ADCIRC. Journal of Coastal Research, 91(sp1), 451 

381–385. https://doi.org/10.2112/SI91-077.1 452 

Curtis, K. J., & Schneider, A. (2011). Understanding the demographic implications of 453 

climate change: Estimates of localized population predictions under future 454 

scenarios of sea-level rise. Population and Environment, 33(1), 28–54. 455 

https://doi.org/10.1007/s11111-011-0136-2 456 



 CIRCULATE ONLY WITH PERMISSION  

Forzieri, Giovanni, Alessandro Cescatti, Filipe Batista e Silva, and Luc Feyen. 2017. 457 

“Increasing Risk over Time of Weather-Related Hazards to the European 458 

Population: A Data-Driven Prognostic Study.” The Lancet Planetary Health 1 (5): 459 

e200–208. https://doi.org/10.1016/S2542-5196(17)30082-7. 460 

Gallup Korea. 2018. “Rates of Air Conditioning Adaptation and Usage, Daily Use 461 

Time, Air Conditioning Temperature Setting, and Preferred Vendor and Brand, 462 

1993–2018.” 2018. 463 

http://www.gallup.co.kr/gallupdb/reportContent.asp?seqNo=942. 464 

Han, Jihyun, Changsub Shim, and Jaeuk Kim. 2018. “Variance Analysis of RCP4.5 and 465 

8.5 Ensemble Climate Scenarios for Surface Temperature in South Korea.” 466 

Journal of Climate Change Research 9 (1): 103–15. 467 

https://doi.org/10.15531/ksccr.2018.9.1.103. 468 

Hansen, Alana, Peng Bi, Monika Nitschke, Philip Ryan, Dino Pisaniello, and Graeme 469 

Tucker. 2008. “The Effect of Heat Waves on Mental Health in a Temperate 470 

Australian City.” Environmental Health Perspectives 116 (10): 1369–75. 471 

https://doi.org/10.1289/ehp.11339. 472 

Hardy, R. D., & Hauer, M. E. (2018). Social vulnerability projections improve sea-level 473 

rise risk assessments. Applied Geography, 91, 10–20. 474 

https://doi.org/10.1016/j.apgeog.2017.12.019 475 

Hauer, M. E., Evans, J. M., & Mishra, D. R. (2016). Millions projected to be at risk 476 

from sea-level rise in the continental United States. Nature Climate Change, 6(7), 477 

691–695. https://doi.org/10.1038/nclimate2961 478 

Heligman, L, and J H Pollard. 1980. “The Age Pattern of Mortality.” Journal of the 479 

Institute of Actuaries 107: 49–80. 480 

IPCC. 2013a. “Annex II: Climate System Scenario Tables.” In Climate Change 2013: 481 

The Physical Science Basis. Contribution of Working Group I to the Fifth 482 

Assessment Report of the Intergovernmental Panel on Climate Change, 1395–483 

1446. Cambridge, United Kingdom: Cambridge University Press. 484 

https://doi.org/10.1017/cbo9781107415324.030. 485 

IPCC. 2013b. "Sea Level Change." In Climate Change 2013: The Physical Science 486 

Basis. Contribution of Working Group I to the Fifth Assessment Report of the 487 



 CIRCULATE ONLY WITH PERMISSION  

Intergovernmental Panel on Climate Change, 1137-1216. Cambridge, United 488 

Kingdom: Cambridge University Press. 489 

https://doi.org/10.1017/cbo9781107415324.030. 490 

IPCC. 2014a. “Climate Change 2014 Part A: Global and Sectoral Aspects.” Climate 491 

Change 2014: Impacts, Adaptation, and Vulnerability. Part A: Global and 492 

Sectoral Aspects. Contribution of Working Group II to the Fifth Assessment Report 493 

of the Intergovernmental Panel on Climate Change. Cambridge, UK. 494 

papers2://publication/uuid/B8BF5043-C873-4AFD-97F9-A630782E590D. 495 

IPCC. 2014b. “Climate Change 2014 Synthesis Report.” https://doi.org/10.1016/S0022-496 

0248(00)00575-3. 497 

IPCC. (2022). “Point of Departure and Key Concepts.” Climate Change 2022: Impacts, 498 

Adaptation and Vulnerability. Contribution of Working Group II to the Sixth 499 

Assessment Report of the Intergovernmental Panel on Climate Change. 500 

Cambridge, UK. https://doi.org/10.1017/9781009325844.003 501 

Jelesnianski, C.P., Chen, J., & Shaffer, W.A. (1992). “SLOSH: Sea, Lake, and Overland 502 

Surges from Hurricanes” National Oceanic and Atmospheric Administration. 503 

Washington, D.C., p.71. 504 

Jones, Bryan, Brian C. O’Neill, Larry McDaniel, Seth McGinnis, Linda O Mearns, and 505 

Claudia Tebaldi. 2015. “Future Population Exposure to US Heat Extremes.” 506 

Nature Climate Change 5: 651–56. 507 

Jones, Bryan, and Brian C O’Neill. 2013. “Historically Grounded Spatial Population 508 

Projections for the Continental United States.” Environ. Res. Lett 8: 44021–11. 509 

https://doi.org/10.1088/1748-9326/8/4/044021. 510 

Kaneko, Ryuichi. 2003. “Elaboration of the Coale-McNeil Nuptiality Model as the 511 

Generalized Log Gamma Distribution: A New Identity and Empirical 512 

Enhancements.” Demographic Research 9: 223–62. 513 

https://doi.org/10.4054/DemRes.2003.9.10. 514 

Kang, Cin-oo, Chae-rin Park, Whan-hee Lee, Nazife Pehlivan, Mun-jeong Choi, Jeong-515 

ju Jang, and Ho Kim. 2020. “Heatwave-Related Mortality Risk and the Risk-Based 516 

Definition of Heat Wave in South Korea: A Nationwide Time-Series Study for 517 



 CIRCULATE ONLY WITH PERMISSION  

2011–2017.” International Journal of Environmental Research and Public Health 518 

17 (16): 1–12. https://doi.org/10.3390/ijerph17165720. 519 

Kenney, W. Larry, Daniel H. Craighead, and Lacy M. Alexander. 2014. “Heat Waves 520 

Aging and Human Cardiovascular Health.” Medicine and Science in Sports and 521 

Exercise 46 (10): 1891–99. https://doi.org/10.1249/MSS.0000000000000325. 522 

Kim, Do-woo, Ravinesh C. Deo, Jong-seol Lee, and Jong-min Yeom. 2017. “Mapping 523 

Heatwave Vulnerability in Korea.” Natural Hazards 89 (1): 35–55. 524 

https://doi.org/10.1007/s11069-017-2951-y. 525 

Kim, Do-woo, Ravinesh C Deo, Jea-hak Chung, and Jong-Seoul Lee. 2016. “Projection 526 

of Heat Wave Mortality Related to Climate Change in Korea.” Natural Hazards 80 527 

(1): 623–37. https://doi.org/10.1007/s11069-015-1987-0. 528 

Kim, Kee Whan, and Oh Seok Kim. 2020. “Super Aging in South Korea Unstoppable 529 

but Mitigatable: A Sub‑National Scale Population Projection for Best Policy.” 530 

Spatial Demography 8: 155–173. https://doi.org/10.1007/s40980-020-00061-8. 531 

Kim, Maeng Ki, Seonae Kim, Jinuk Kim, Jin Heo, Jeong Soo Park, Won Tae Kwon, 532 

and Myoung Seok Suh. 2016. “Statistical Downscaling for Daily Precipitation in 533 

Korea Using Combined PRISM, RCM, and Quantile Mapping: Part 1, 534 

Methodology and Evaluation in Historical Simulation.” Asia-Pacific Journal of 535 

Atmospheric Sciences 52 (2): 79–89. https://doi.org/10.1007/s13143-016-0010-3. 536 

Kim, O. S., Václavík, T., Park, M. S., & Neubert, M. (2022). Understanding the 537 

Intensity of Land-Use and Land-Cover Changes in the Context of Postcolonial and 538 

Socialist Transformation in Kaesong, North Korea. Land, 11(3). 539 

https://doi.org/10.3390/land11030357 540 

Kim, O. S., Jung, J., Cho, N. W., & Kang, S. (2024). Projecting Future Older Adults of 541 

South Korea’s Urban and Rural Areas. Journal of the Association of Korean 542 

Geographers, 13(4), 509–524. https://doi.org/10.25202/JAKG.13.4.12 543 

Kim, Yong-ook, Whan-hee Lee, Ho Kim, and Young-tae Cho. 2020. “Social Isolation 544 

and Vulnerability to Heatwave-Related Mortality in the Urban Elderly Population: 545 

A Time-Series Multi-Community Study in Korea.” Environment International 142 546 

(May): 105868. https://doi.org/10.1016/j.envint.2020.105868. 547 



 CIRCULATE ONLY WITH PERMISSION  

Kim, Young-min, and Seung-hun Joh. 2006. “A Vulnerability Study of the Low-Income 548 

Elderly in the Context of High Temperature and Mortality in Seoul, Korea.” 549 

Science of the Total Environment 371 (1–3): 82–88. 550 

https://doi.org/10.1016/j.scitotenv.2006.08.014. 551 

Kim, Young-min, So-yeon Kim, and Yang Liu. 2014. “The Impact of Climate Change 552 

on Heat-Related Mortality in Six Major Cities, South Korea, under Representative 553 

Concentration Pathways (RCPs).” Frontiers in Environmental Science 2 (FEB): 1–554 

11. https://doi.org/10.3389/fenvs.2014.00003. 555 

Kishida, Naoki, and Hiroshi Nishiura. 2018. “Demographic Supply-Demand Imbalance 556 

in Industrial Structure in the Super-Aged Nation Japan.” Theoretical Biology and 557 

Medical Modelling 15 (1): 1–10. https://doi.org/10.1186/s12976-018-0091-z. 558 

Korea Adaptation Center for Climate Change. 2016. “CRAS (Climate Change Risk 559 

Assessment System).” 2016. https://cras.kei.re.kr/. 560 

———. 2020a. “MOTIVE (Model of Integrated Impact and Vulnerability Evaluation of 561 

Climate Change).” 2020. http://motive.kei.re.kr/. 562 

———. 2020b. “VESTAP (Vulnerability Assessment Tool to Build Climate Change 563 

Adaptation Plan).” 2020. https://vestap.kei.re.kr/. 564 

Korea Hydrographic and Oceanographic Agency. (2010). “Development and 565 

Distribution of Coastal Inundation Forecast Maps.” Busan, Korea. 566 

Korea Meteorological Administration. 2012. "Projection and Analysis of Climate 567 

Change in the Korean Peninsula." Seoul, Korea. 568 

Korea Meteorological Administration. 2018. “Projection and Analysis of Climate 569 

Change in the Korean Peninsula.” Seoul, Korea. 570 

———. 2020. “Glossary of Climate Change Science.” Seoul, Korea. 571 

Kyselý, Jan, and Ji-young Kim. 2009. “Mortality during Heat Waves in South Korea, 572 

1991 to 2005: How Exceptional Was the 1994 Heat Wave?” Climate Research 38 573 

(2): 105–16. https://doi.org/10.3354/cr00775. 574 

Lee, Jae Young, Ejin Kim, Woo Seop Lee, Yeora Chae, and Ho Kim. 2018. “Projection 575 

of Future Mortality Due to Temperature and Population Changes under 576 

Representative Concentration Pathways and Shared Socioeconomic Pathways.” 577 



 CIRCULATE ONLY WITH PERMISSION  

International Journal of Environmental Research and Public Health 15 (4): 1–9. 578 

https://doi.org/10.3390/ijerph15040822. 579 

Lee, Whanhee, Hayon Michelle Choi, Jae Young Lee, Da Hye Kim, Yasushi Honda, 580 

and Ho Kim. 2018. “Temporal Changes in Mortality Impacts of Heat Wave and 581 

Cold Spell in Korea and Japan.” Environment International 116: 136–46. 582 

https://doi.org/10.1016/j.envint.2018.04.017. 583 

Li, Tiantian, Radley M Horton, Daniel A Bader, Maigeng Zhou, Xudong Liang, Jie 584 

Ban, Qinghua Sun, and Patrick L Kinney. 2016. “Aging Will Amplify the Heat-585 

Related Mortality Risk under a Changing Climate: Projection for the Elderly in 586 

Beijing, China.” Scientific Reports 6 (October 2015): 28161. 587 

https://doi.org/10.1038/srep28161. 588 

Luettich, R.A., Westerink, J.J., & Scheefner, N.W. (1992). “ADCIRC: an advanced 589 

three-dimensional circulation model for shelves coasts and estuaries report 1: 590 

theory and methodology of ADCIRC-2DDI and ADCIRC-3DL.” Dredging 591 

Research Program Technical Report DRP-92-6. US Army Corps of Engineers 592 

Waterways Experiment Station, Vicksburg, 137 pp 593 

Meehl, Gerald A, and Claudia Tebaldi. 2004. “More Intense, More Frequent, and 594 

Longer Lasting Heat Waves in the 21st Century.” Science 305 (5686): 994–97. 595 

https://doi.org/10.1126/science.1098704. 596 

Ministries of Republic of Korea. 2020. “The 3rd National Climate Change Adaptation 597 

Policy (2021-2025).” Sejong, Korea. 598 

Ministry of Health and Welfare. 2021. “Elderly Welfare Law.” 599 

Ministry of Land, Infrastructure and Transport. (2024). “Cadastral Statistics.” Sejong, 600 

Korea. http://stat.molit.go.kr 601 

Moon, Jungi, Changsub Shim, OkJin Jung, Je-Woo Hong, Jihyun Han, and Young-Il 602 

Song. 2020. “Characteristics in Regional Climate Change Over South Korea for 603 

Regional Climate Policy Measures: Based on Long-Term Observations.” Journal 604 

of Climate Change Research 11 (6–2): 755–70. 605 

Moss, R. H., Edmonds, J. A., Hibbard, K. A., Manning, M. R., Rose, S. K., Van 606 

Vuuren, D. P., Carter, T. R., Emori, S., Kainuma, M., Kram, T., Meehl, G. A., 607 

Mitchell, J. F. B., Nakicenovic, N., Riahi, K., Smith, S. J., Stouffer, R. J., 608 



 CIRCULATE ONLY WITH PERMISSION  

Thomson, A. M., Weyant, J. P., & Wilbanks, T. J. (2010). The next generation of 609 

scenarios for climate change research and assessment. Nature, 463(7282), 747–610 

756. https://doi.org/10.1038/nature08823 611 

Muramatsu, Naoko, and Hiroko Akiyama. 2011. “Japan: Super-Aging Society 612 

Preparing for the Future.” Gerontologist 51 (4): 425–32. 613 

https://doi.org/10.1093/geront/gnr067. 614 

National Geographic Information Institute. (2023). “National Geographi Information 615 

Utilization guide.” Suwon, Korea. http://map.ngii.go.kr 616 

National Institute of Meteorological Sciences. 2018. “Climate Change over the Last 100 617 

Years in the Korean Peninsula.” Seoul, Korea. 618 

Nitschke, Monika, Alana Hansen, Peng Bi, Dino Pisaniello, Jonathan Newbury, Alison 619 

Kitson, Graeme Tucker, Jodie Avery, and Eleonora Dal Grande. 2013. “Risk 620 

Factors, Health Effects and Behaviour in Older People during Extreme Heat: A 621 

Survey in South Australia.” International Journal of Environmental Research and 622 

Public Health 10 (12): 6721–33. https://doi.org/10.3390/ijerph10126721. 623 

Oh, S. M., & Moon, I. J. (2013). Typhoon and storm surge intensity changes in a 624 

warming climate around the Korean Peninsula. Natural Hazards, 66(3), 1405–625 

1429. https://doi.org/10.1007/s11069-012-0422-z 626 

O’Neill, Brian C. 2005. “Population Scenarios Based on Probabilistic Projections: An 627 

Application for the Millennium Ecosystem Assessment.” Population and 628 

Environment 26 (3): 229–54. https://doi.org/10.1007/s11111-005-1876-7. 629 

O’Neill, Brian C., Deborah Balk, Melanie Brickman, and Markos Ezra. 2001. “A Guide 630 

to Global Population Projections.” Demographic Research 4: 203–88. 631 

https://doi.org/10.4054/DemRes.2001.4.8. 632 

Oudin Åström, Daniel, Forsberg Bertil, and Rocklöv Joacim. 2011. “Heat Wave Impact 633 

on Morbidity and Mortality in the Elderly Population: A Review of Recent 634 

Studies.” Maturitas 69 (2): 99–105. 635 

https://doi.org/10.1016/j.maturitas.2011.03.008. 636 

Park, Jongchul, and Yeora Chae. 2020. “Analysis of Heat-Related Illness and Excess 637 

Mortality by Heat Waves in South Korea in 2018.” Journal of the Korean 638 

Geographical Society 55 (4): 391–408. 639 



 CIRCULATE ONLY WITH PERMISSION  

Park, Jongchul, Yeora Chae, and Seo Hyung Choi. 2019. “Analysis of Mortality Change 640 

Rate from Temperature in Summer by Age, Occupation, Household Type, and 641 

Chronic Diseases in 229 Korean Municipalities from 2007–2016.” International 642 

Journal of Environmental Research and Public Health 16 (9): 12–14. 643 

https://doi.org/10.3390/ijerph16091561. 644 

Park, Yunmi, Galen D Newman, Jung-eun Lee, and Sukjin Lee. 2021. “Identifying and 645 

Comparing Vacant Housing Determinants across South Korean Cities.” Applied 646 

Geography 136 (December 2020): 102566. 647 

https://doi.org/10.1016/j.apgeog.2021.102566. 648 

Parsons, Alexander J.Q., and Stuart Gilmour. 2018. “An Evaluation of Fertility- and 649 

Migration-Based Policy Responses to Japan’s Ageing Population.” PLoS ONE 13 650 

(12): 1–14. https://doi.org/10.1371/journal.pone.0209285. 651 

Perkins-Kirkpatrick, S. E., and P. B. Gibson. 2017. “Changes in Regional Heatwave 652 

Characteristics as a Function of Increasing Global Temperature.” Scientific Reports 653 

7 (1): 1–12. https://doi.org/10.1038/s41598-017-12520-2. 654 

Prokhorenkova, L., Gusev, G., Vorobev, A., Dorogush, A. V., & Gulin, A. (2018). 655 

CatBoost: unbiased boosting with categorical features. Proceedings of the 32nd 656 

International Conference on Neural Information Processing, 6639–6649.  657 

Reid, Collen E., Marie S. O’Neill, Carina J. Gronlund, Shannon J. Brines, Daniel G. 658 

Brown, Ana V. Diez-Roux, and Joel Schwartz. 2009. “Mapping Community 659 

Determinants of Heat Vulnerability.” Journal of Allergy and Clinical Immunology 660 

117 (11): 556. http://dx.doi.org/10.1016/j.jaci.2012.05.050. 661 

Santamouris, M., C. Cartalis, A. Synnefa, and D. Kolokotsa. 2015. “On the Impact of 662 

Urban Heat Island and Global Warming on the Power Demand and Electricity 663 

Consumption of Buildings - A Review.” Energy and Buildings 98: 119–24. 664 

https://doi.org/10.1016/j.enbuild.2014.09.052. 665 

Shim, Changsub, Jihyun Seo, Jihyun Han, Jongsik Ha, Tae Ho Ro, Yun Seop Hwang, 666 

and Jung Jin Oh. 2017. “Projection of Future Hot Weather Events and Potential 667 

Population Exposure to This in South Korea.” Climate Research 72: 29–38. 668 

Sinha, P., Gaughan, A. E., Stevens, F. R., Nieves, J. J., Sorichetta, A., & Tatem, A. J. 669 

(2019). Assessing the spatial sensitivity of a random forest model: Application in 670 



 CIRCULATE ONLY WITH PERMISSION  

gridded population modeling. Computers, Environment and Urban Systems, 75, 671 

132–145. https://doi.org/10.1016/j.compenvurbsys.2019.01.006 672 

Son, Ji-young, Jong-tae Lee, G. Brooke Anderson, and Michelle L. Bell. 2019. “The 673 

Impact of Heat Waves on Mortality in Seven Major Cities in Korea.” 674 

Environmental Research 176 (4): 566–71. 675 

https://doi.org/10.1016/j.envres.2019.108546. 676 

Statistics Korea. 2019. “Household Projection: 2017-2047.” Daejeon, Korea. 677 

———. 2021. “Survey of Demographic Dynamics 2020: An Outlook of Fertility and 678 

Mortality Statistics.” Daejeon, Korea. 679 

Statistics Korea. (2024). “Birth Statistics, 2023.” Daejeon, Korea. 680 

Stevens, F. R., Gaughan, A. E., Linard, C., & Tatem, A. J. (2015). Disaggregating 681 

census data for population mapping using Random forests with remotely-sensed 682 

and ancillary data. PLoS ONE, 10(2). https://doi.org/10.1371/journal.pone.0107042 683 

Suh, Myoung-seok, Seok-geun Oh, Young-suk Lee, Joong-bae Ahn, Dong-hyun Cha, 684 

Dong-kyou Lee, Song-you Hong, Seung-ki Min, Seong-chan Park, and Hyun-suk 685 

Kang. 2016. “Projections of High Resolution Climate Changes for South Korea 686 

Using Multiple-Regional Climate Models Based on Four RCP Scenarios . Part 1 : 687 

Surface Air Temperature.” Asia-Pacific Journal of Atmospheric Sciences 52 (2): 688 

151–69. https://doi.org/10.1007/s13143-016-0017-9. 689 

Suh, S. W., Lee, H. Y., Kim, H. J., & Fleming, J. G. (2015). An efficient early warning 690 

system for typhoon storm surge based on time-varying advisories by coupled 691 

ADCIRC and SWAN. Ocean Dynamics, 65(5), 617–646. 692 

https://doi.org/10.1007/s10236-015-0820-3 693 

Tobler, Waldo R. 1979. “Smooth Pycnophylactic Interpolation for Geographical 694 

Regions.” Journal of the American Statistical Association 74 (367): 519–30. 695 

https://doi.org/10.1080/01621459.1979.10481647. 696 

Tuholske, Cascade, Kelly Caylor, Chris Funk, Andrew Verdin, Stuart Sweeney, 697 

Kathryn Grace, Pete Peterson, and Tom Evans. 2021. “Global Urban Population 698 

Exposure to Extreme Heat.” Proceedings of the National Academy of Sciences of 699 

the United States of America 118 (41): 1–9. 700 

https://doi.org/10.1073/pnas.2024792118. 701 



 CIRCULATE ONLY WITH PERMISSION  

Vaughan, Camille P., William Dale, Heather G. Allore, Ellen F. Binder, Cynthia M. 702 

Boyd, Julie P.W. Bynum, Jerry H. Gurwitz, et al. 2019. “AGS Report on 703 

Engagement Related to the NIH Inclusion Across the Lifespan Policy.” Journal of 704 

the American Geriatrics Society 67 (2): 211–17. https://doi.org/10.1111/jgs.15784. 705 

Wilson, Tom, Irina Grossman, Monica Alexander, Phil Rees, and Jeromey Temple. 706 

2021. Methods for Small Area Population Forecasts: State-of-the-Art and 707 

Research Needs. Population Research and Policy Review. Springer Netherlands. 708 

https://doi.org/10.1007/s11113-021-09671-6. 709 

Yoon, J., Jun, K., Shim, J., & Park, K. (2012). Estimation of Maximum Typhoon 710 

Intensity Considering Climate Change Scenarios and Simulation of Corresponding 711 

Storm Surge. Journal of Korean Society for Marine Environmental Engineering, 712 

15(4), 292–301. https://doi.org/10.7846/jkosmee.2012.15.4.292 713 

Yu, Xiaochu, Zixing Wang, Yubing Shen, Zhong Liu, Hongjie Wang, Shumei Zhang, 714 

Jia Gan, et al. 2020. “Population-Based Projections of Blood Supply and Demand, 715 

China, 2017–2036.” Bulletin of the World Health Organization 98 (1): 10–18. 716 

https://doi.org/10.2471/BLT.19.233361. 717 

  718 



 CIRCULATE ONLY WITH PERMISSION  

Acknowledgements 719 

The research was supported by the Ministry of Education of the Republic of Korea and 720 

the National Research Foundation of Korea (NRF-2024S1A5A8020838) and by the 721 

Korea University Grant (College of Education 2025) and also based on the work of the 722 

Korea Environment Institute. We are grateful to Mr. Geunho Choi for his generous 723 

assistance with the figures and the references. 724 



 CIRCULATE ONLY WITH PERMISSION  

Table 1. Land exposure due to sea-level rise and storm surge in 2025 and 2050 and the 1 

percent changes. 2 

Year Scenario Flooded area (km2)  Percent change 

compared to 2025 

2025 

(without sea-level rise) 

50-year 3,816.65  

100-year 4,205.31  

2050 

(with sea-level rise) 

50-year 4,763.02 +24.80% 

100-year 5,011.82 +19.18% 

 3 

  4 
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Table 2. Population exposure to sea-level rise and storm surge in 2025 and 2050 at the 5 

national aggregate level. 6 

Year Scenario Population exposure 

(no. of persons) 

Percent change 

compared to 2025 

2025 

(without sea-level rise) 

50-year 3,237,453  

100-year 3,684,398  

2050 

(with sea-level rise) 

50-year 3,896,765 +20.37% 

100-year 4,183,814 +13.55% 

 7 
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(a) 1 

(b) 2 
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Figure 1. Population exposure to sea-level rise and storm surge and their changes in 3 

2025 and 2050 based on (a) 50-year and (b) 100-year frequency storm surge scenarios.  4 

  5 
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 6 

Figure 2. Breakdown of population exposure change to sea-level rise and storm surge 7 

between 2025 and 2050. 8 
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 10 

Figure 3. Breakdown of population exposure change to sea-level rise and storm surge in 11 

Seoul and Busan urban regions between 2025 and 2050.  12 


