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ABSTRACT 

The rise in sea level is a major effect of climate change. This has attracted international 

attention, as high sea levels will cause serious effects in different parts of the world in the 

future. There are questions related to sea level rise, which science will have to answer.To 

what extent did climate change contribute to sea level rise in the past? How much will sea 

level rise globally in future? How severe are the effects of anticipated sea-level rise, and 

can human society respond to them? The purpose of this paper is to answer these 

questions through a comprehensive review of relevant literature.First, the current status 

of sea level rise, analysis of its causes, and future projections are summarized. The 

impacts are examined from both global and Japanese perspectives, among other 

consequences of climate change. Finally, reactions of adverse effects will be discussed to 

clarify the effect of sea level rise for human society. 
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INTRODUCTION 

One of the most important effects of climate change is the rise in sea level. High projected 

rates of future sea-level rise have attracted world attention.In particular, countries that 

are located in Terai areas as well as small islands are concerned that flooding and coastal 

erosion in areas will reduce their lands and, worst of all, a large proportion of their 

population. Is migrating in May be forced to do.  Therefore, this issue has received 

international attention, as the effects of climate change have become apparent.Sea level 

varies with time and space due to physical processes, such as tides and waves. The sea 

level at a given location is defined as the elevation of the sea surface, such that, in a 

month or a year, the long-term fluctuations caused by tides and waves are considerable. 

Huh. Limited access.The sea floor also has a spatial distribution in the world. The mean 
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sea level over the global oceans is called the global mean sea level (GMSL). Local mean 

level variations generally differ from GMSL, as events that dominate regional and local 

scales modify global mean changes.When we refer to sea-level change (rise) in this paper, 

it means sea level change (rise) in the general sense, which includes both global and local. 

A specific term such as "global (local) sea-level rise" is used to denote a global (local) mean 

sea level rise, where it is necessary to separate the two terms. 

 

 

 

Reasons for sea level changes are not limited to those related to climate change. It is well 

known that over the past several thousand years in the Holocene, sea levels have 

repeatedly undergone major fluctuations due to the choice of glacial and interglacial 

periods. This sea fluctuation reached about 120 m.There are also very short-term 

fluctuations in sea level, such as tides, waves and tsunamis. Among many such 

fluctuations, sea level changes related to climate change have their own unique 

characteristics. Given its potentially significant effects, there are several questions that 

need scientific research to answer.These include: To what extent did climate change 

contribute to the development of GMSL in the past? How much will GMSL increase in the 

future due to climate change? How severe are the effects of sea level rise, and can human 

society respond appropriately to them? 

 

The purpose of this paper is to answer these questions based on a review of recent 

research in related fields. First, the current status of sea level rise, analysis of its causes, 
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and future projections are summarized. This paper will examine the effects of sea level 

rise along with other factors of climate change from both global and Japanese 

perspectives. Finally, planned reactions regarding adverse effects will be discussed.The 

latest scientific understanding has been evaluated in a systematic way by the 

Intergovernmental Panel on Climate Change (IPCC). The IPCC has published four major 

assessment reports since its inception in 1988.The future sea level is 31–110 cm (trade as 

normal scenario), 13–94 cm, 9–88 cm and 18–3 cm, respectively .25–5, estimated at 2100 

first to fourth assessment reports. . . Each assessment,the IPCC used various climate 

models and scenarios for greenhouse gas (GHG) emissions. This is the main reason for the 

projected sea level rise. In particular, the values reported in the fourth evaluation report 

(AR4) published in 2007 are relatively low.The reason for this is that the evaluation did 

not take into account the contributions of the Greenland Ice Sheet (GIS) and the West 

Antarctica Ice Sheet (WAIS), as a reliable understanding of the dynamics of these ice 

sheets was lacking, including collapse. is. There were outflows. Consequently, some 

researchers believe that these estimates could be the low end of future sea level rise. 

 

SEA LEVELS HAVE BEEN RISING SINCE THE END OF THE 19TH CENTURY 

We will first observe sea level changes during the last 100 years. Observations have been 

made in two ways; One is the tidal gauge observation, and the other is the radar altimeter 

installed in the satellite. It is not easy to estimate the global average sea level elevation 

directly, because dense and uniform observations are necessary for entire oceans.The data 

obtained by Tide Gauge has been compiled by Permanent Services for the Median Sea 

Level (PSMSL), managed by the Proud man Oceanographic Laboratory by Bidston 

Observatory in the UK. Today, 1900 tide gauge data is sent to PSMSL in about 200 

countries.Although this number is large, tidal flakes are located in the Northern 

Hemisphere. Even as infallible tide gauge data reflect land movements at the observation 

location, selected tide gauges, which are located on stationary ground, are used to analyze 

long-term changes in global mean sea level.In addition, the Earth's crust continues to have 

a rebound (visco-elastic response) to melt large glaciers during the current intertidal 

period. This is known as glacier isostatic adjustment (GIA, see 3.4 for further 

discussion).Observations by satellite began with Ultimate / Topex / Poseidon launched in 
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1992. This observation continues, using satellites such as Jason-1 and Jason-2. The 

satellite altimeter gives the distance between a fixed reference surface (usually a 

conventional reference ellipse) and the ocean surface.Since the early 1990s, satellite 

altimetry has become the main tool for accurate and continuous measurement of sea level. 

This is due to its advantages over tide gauges, such as the lack of impact of land 

movement, and a regular global coverage with frequent repetition cycles. 

 

 

Figure 1.Global mean sea level from 1860 to 2009.7) Blue line: estimated from coastal and 

island sea-level data with one standard deviation error (shading). Red line: estimated by 

Church and White (2006)13) for 1870–2001 (solid line) with one standard deviation error 

(dashed lines). Black line: satellite altimeter data since 1993. 

 

FACTORS DUE TO CHANGES IN SEA LEVEL. 

The next question is what are the factors that cause long term changes in sea level. To 

answer this question, we will examine the role of various factors affecting sea level. There 

are two basic factor changes in the total amount of sea water, and ground and sea floor 

movements, resulting in changes in the shape and size of oceanic basins.In addition to 
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these, dynamic factors such as winds, atmospheric pressure, ocean currents and waves, 

play a role. Thus, there are many factors, different temporal and spatial scales, as shown 

below. 

1). Factors related to changes in the amount of seawater contained in the marine basin 

• Thermal expansion of sea water 

• Development / decay of land-based glaciers and snow cover 

• Development / decay of ice sheets like Greenland Ice Sheet (GIS) and West Antarctica 

Ice Sheet (WAIS) 

• Terrestrial water storage, i.e., dam reservoirs, lakes, etc., and lack of ground water. 

2). Factors related to change in size and shape of ocean basins 

 

• Isostatic adjustment of land mass, especially glacier isostatic adjustment (GIA) 

• Tectonic movements including subdivision / uplift of the ground associated with 

earthquakes. 

• Subdivision / uplift of land due to compaction of land, pumping of ground water etc. 

• Sediment flows from the ground. 

 

3). Other factors due to local / temporary changes in sea level 

 

• Changes in ocean currents 

• Change in atmospheric pressure 

• Tides, Tsunamis, Hurricanes and Waves 

• Natural inter-annual changes such as Pacific Decadal Oscillation (PDO) 

 

Many of the factors listed above are individual factors directly associated with sea-level 

changes. These factors usually cause sea level changes as part of some geophysical events 

or events. Among such events, the most obvious is the glacial-interstitial cycle that causes 

sea level changes.This happened six times during the last 500 thousand years. Antarctica 

shows similar temporal changes in projected sea level and air temperature, as shown in 

fig. Fig.3.3. In the last 140 thousand years, the global average sea level during the last 

interglacial period was several meters higher than today, 130 to 120 thousand years 
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B.P.The age of the last ice age was about 120 thousand years B.P. B. P., the current 

interglacial period began 15 thousand years ago, and sea levels also began to rise as the 

ice sheet melted.Also, 7000 to 6000 years b. P. During the warm period of, the sea level 

was 2 to 3 meters above the current level. The reason for this high sea level, known in 

Japan as the Joman transition, is the viscos-elastic response of the plate on which the 

Japan Islands were located for the increase of GMSL, in short, these data are a reference 

to GMSL for geologists Show large variety time scale. 

 

 

Figure 2: Sea level (blue, green: scale on the left) and Antarctic air temperature (orange, 

gray: scale on the right) over the last 550,000 years, from paleo-records (Left origin is the 

present-day).15) The green symbols are coral and speleothem-based sea-level markers. 

 

The focus of this paper is the sea level change 100 years ago at the end of the 21st century, 

which is a much smaller temporal scale compared with the alternation of glacial / star 

times. In the following sections, we will examine the latest scientific knowledge at sea 

level over 100 years with a focus on major direct factors. 

 

FACTORS RELATED TO CHANGES IN THE AMOUNT OF SEAWATER CONTAINED 

IN THE MARINE BASIN. 

The major factors determining recent sea-level changes are thermal expansion of seawater 

and melting of land-based ice. The latter includes melting and outflow of ice sheets in 

Greenland and Antarctica.When the increasing concentration of GHG in the atmosphere 

causes an increase in air temperature, the heat is transferred from the atmosphere to the 

ocean. Most of the ocean's heat is through the surface mixed layer, where the water 

temperature and density are nearly the same due to the strong mixing of surface water by 
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the air.The heat stored in the mixed layer is then circulated through the thermocline to 

the deeper layer. Since the thermal potential of the ocean is about 1000 times larger than 

that of the atmosphere, it is estimated that the heat stored in the ocean is about 90% of 

the heat that the earth absorbs for the last 40 years.It is 20 times larger than the heat 

storage environment. Therefore, an increase in ocean heat content is considered a major 

indicator of global warming. 16) Furthermore, it should be noted that it will take 

millennia for the ocean to reach a thermal equilibrium, because heat convection and 

diffusion are a slow process in the ocean.This means that the sea temperature will 

continue for more than a thousand years, contrary to the fact that the air temperature 

stabilizes in a very short time. 

 

An increase in heat storage leads to an increase in water temperature, which leads to 

thermal expansion of seawater. Therefore, ocean heat storage is a major factor for the rise 

in sea level related to global warming. Therefore, ocean heat storage is a major factor for 

the rise in sea level related to global warming.To estimate the thermal expansion of the 

ocean, we have to know the spatial distribution of seawater.Expandable bathrooms (XBTs) 

and mechanical bath graphs (MBTs) have been used to observe the vertical distribution of 

temperature. XBT observations began after the mid-1960s, while MBT observation data 

have been available since World War II, around 1990. 

 

Figure4shows a modified estimate for ocean heat content (OHC) for two depth layers; 0–

200 m (red) and 2000–200 m (black). 1 OH) The OHC of 0–200 m layer shows an overall 

increasing trend, which has remained constant from 1980 red to 1990 years during 1965 to 

1970. It is indicated that the global linear trend of OHC 0–2000 m is 0.43 × 1022 J/year for 

1955 to 2010, which corresponds to a total increase in heat content of 24.0 × 1022 J, and a 

mean temperature increase of 0.09 ℃. From Fig. Fig.4,4, the 700–2000 m layer is 

responsible for about one third of the ocean warming of the 0–2000 m layer, indicating 

that major ocean warming has so far taken place in the relatively shallow ocean. Levitus 

et al. (2012)18) also concludes that the heat storages for 0–2000 m and 0–700 m 

corresponds to a mean sea-level rise of 0.54 mm/year and 0.41 mm/year, respectively, for 

1955 to 2010.Another major factor in sea level rise is the melting of land-based ice. This 
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includes two factors, such as mountain glaciers and ice cover and melting and outflow of 

ice sheets in Greenland and Antarctica.There are many glaciers in the world, of which 

more than 130 thousand are registered in the World Glacier Inventory, prepared by the 

World Glacier Monitoring Service. The water content stored in the glaciers is assumed to 

equal 0.5 m GMSL increments. Since glaciers and ice caps in high mountains are quite 

sensitive to rising temperatures, both accelerated melting and runoff have already 

occurred, causing glaciers to retreat and form glacial lakes in areas of the Himalayas. On 

the other hand, the Greenland Ice Sheet (GIS) and the West Antarctica Ice Sheet (WOIS) 

contain ice equivalent to sea-level rise of 7 m and 3–5 m, respectively. Therefore, the 

behavior of these ice sheets has a major impact on future sea-level rise. Since the 

publication of IPCC AR4 in 2007, several studies have focused on this point. 

 

 

Time series for the World Ocean of ocean heat content for the 0–2000 m (red) and 700–

2000 m (black) layers based on pendatal (five year) running mean analyses.18) Reference 

period is 1955–2006. Each pentadal estimate is plotted at the midpoint of the 5-year 

period. The vertical bars represent ±2 × S.E. about the pentadal estimate for the 0–2000 m 
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estimates and the grey-shaded area represent ±2 × S.E. about the pentadal estimate for 

the 0–700 m estimates. The blue bar chart at the bottom represents the percentage of one-

degree square areas (globally) that have at least four pentadal one-degree square anomaly 

values used in their computation at 700 m depth. Blue line is the same as for the bar chart 

but for 2000 m depth. 

 

CONTRIBUTION OF MAJOR FACTORS. 

As shown in previous sections, sea-level changes occur due to thermal expansion of sea 

water, melting and outflow of land-based ions, storage of water on land, etc., because it is 

important to analyze the contribution of these is. In-depth studies have been conducted to 

predict future changes in sea level.The comparison and estimation of observed sea-level 

rise is called sea-level budget. Reducing the difference between these values is a 

longstanding challenge in climate science. Reconstruction of the historical sea-level budget 

has been greatly improved, as shown above, making the difference between observed and 

predicted sea-level smaller. This progress was made by the re-analysis of ocean 

observation data and the development of observation and modeling of related phenomena. 

However, the budget for sea level rise is not final. Presenting more accurate and 

consistent estimates of contributions are challenges for future studies. 

 

REGIONAL DISTRIBUTION AND RELATIVE SEA-LEVEL RISE. 

So far, we have examined the average global mean sea level of the entire oceans. However, 

in reality, there is a spatial distribution of sea level changes. Fig. 5 clearly depicts the 

regional distribution of sea level changes.Such distribution is attributed to local 

differences in density structure, ocean currents, frequency of low-pressure systems, etc. 

Note that Figure 5 is for the average distribution during 1993 to 2001, and this 

distribution will vary for other periods.  
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Spatial patterns in sea level trends observed by satellite altimetry in 1993–2001. 

In addition, the actual change in local mean sea level is a combination of sea volume 

changes and those induced by local crustal and land movement. Where factors cause sea 

level rise, it is called relative sea-level rise (RSLR). Since this sea-level rise relative to 

land is an external force affecting coastal areas, it is necessary to estimate the RSLR to 

evaluate the effects of sea-level rise.A typical crustal movement is glacier isostatic 

adjustment (GIA). It is the long-term rebound of parts of the Earth's crust that were laden 

with heavy ice sheets during the ice age. This movement is evident around Northern 

Europe, the northern part of North America, Siberia and Antarctica.Since the GIA 

continues to this day, it causes sea-level falls relative to land, rather than sea-level rise; 

For example, Stockholm in Sweden experienced a sea-level decline of −3.82 mm / yr from 

1880 to 2010, and Bergen, Norway also saw a sea-level drop of 0.50.54 21 0.21 mm / yr 

from 1883 to 2009.The distribution of GIA is estimated by calculating the response of the 

crust to the disappearance of heavy snow sheets, a viscoelastic body (e.g., Peltier, 2009. 
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PROJECTIONS FOR THE 21ST CENTURY. 

Estimates of sea level rise are based on atmospheric and oceanic general circulation 

models (AOGCMs), as well as semi-empirical models. The former is called a process-based 

model.These include models simulating physical processes due to sea level rise, such as 

thermal expansion of the oceans, melting of land-based ice, and changes in ice sheets. 

Typically, the thermal expansion of the oceans is calculated directly by the AOGCM, while 

other factors, such as glacier melting and changing ice sheets, are calculated by specific 

models for each target event using the boundary as the output from the AOGCMs 

goes.The physical processes of the climate system have been added to future projections 

using AOGCM with future scenarios for GHG emissions. For this purpose, the Emissions 

Scenario (SRES) has been widely used on the IPCC Special Report. The SRES scenarios 

consist of six different GHG emission scenarios, which were developed as different 

demographic, social, economic and technological change routes (story lines). 

 

POSSIBILITY OF LARGE SEA-LEVEL RISE. 

A major concern is whether the sea level will be larger than several meters. Each factor 

associated with sea-level change, as presented in Section 2, has its own time scale. For 

example, since the ocean's heat capacity is much larger than that of the atmosphere, it 

takes 1000 years for the ocean to reach a thermal equilibrium after attaining the 

equilibrium of the atmosphere.To warm this ocean, deep sea circulation plays a major role. 

Deep sea water is formed between Norway and Greenland and near Antarctica. At these 

locations, cold and dense water sinks from the surface into the deep sea, and is then 

carried over broad sea valleys. Since this deep-sea circulation plays an important role for 

the transport of heat as well as other materials, it is called a "conveyor belt".If a deep 

world of warm water still persists, the ocean will eventually become uniformly warm due 

to the amount of global surface temperature change. 3) Numerical experiments have 

shown that after 2000 years the sea level has increased from 1 to 2 meters. Doubled CO2 

(560 ppm) world indicated that sea level would continue to rise after the stabilization of 

global temperature. 

 

COASTAL IMPACTS ASSESSMENT 
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What will be the result of further rise in sea level? This section will answer this question 

by examining the results of relevant studies. Typically, the effects of sea-level rise are 

identified as follows. 

1). Floods and floods in low-lying coastal areas. 

2). Coastal erosion increased. 

3). Impact on coastal ecosystems such as salt pulses, mangroves and coral reefs. 

4). Saltwater intrusion and infusion. 

5). Changes in sediment deposition along river channels. 

6). The higher-order effect on the natural environment and human society is transmitted 

by the above basic effects. 

 

Several studies have been conducted to assess these effects, as summarized in IPCC 

AR4.38) In this section, the results of these studies will be introduced, focusing on key 

issues. 

 

In this paper we investigate the scientific understanding of the issue of sea level rise, and 

the current status of its environmental and social impacts. The key points discussed in 

this review can be summarized as follows. 

 Since the late 19th century and since 1993, based on satellite observations based on tidal 

observations, it is believed that sea level has risen globally. Its speed was 1.7 mm 0.2 mm / 

yr for the period 1900 to 2009, but the rate has increased from 0.4 mm / yr to 3.2 since the 

end of the 20th century. 

 In-depth studies have investigated factors affecting contemporary sea-level rise. Their 

results are close to a quantitative explanation for previous sea-level rise budgets. During 

the 20th century, there was a predominance of thermal expansion and melting of 

mountain-based glaciers and ice caps. Although the roles of the Greenland Ice Sheet (GIS) 

and the West Antarctic Ice Sheet (WAIS) were previously unknown, recent studies suggest 

that melting and outflow of these ice sheets have progressed since the late 20th century. 

 An estimated sea-level rise of 18–59 cm by 2100, which was given by the IPCC Fourth 

Assessment Report, can be understood as the lower limit of a possible increase. Given the 

roles of GIS and WAIS, the projection can be modified upward. Although some studies 
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based on semi-empirical models suggest that sea level will exceed 1 m by 2100, the 

absolute value requires more careful examination. 

 The projected sea level rise for 2100 poses a significant threat to the world's coastal 

regions. In particular, when the intensity of tropical cyclones is extremely high at sea-

level, the risk of flooding is up to several hundred million. Therefore, we must consider 

that climate change is a security issue, how to guarantee the safety of such a large number 

of people, including the people of Asia and Africa. 
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