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Abstract: Based on a large number of actual data, the author believe that the modern 

global warming and sea level rise resulted from climate warming after the cold front of 

the Little Ice Age about 200 years ago and the developmnet of the sea level rise phase. 

In the past 30 years, the rate of sea level rise was increasing, which is under the 

background of the average temperature uplift 0.2F°(0.11 °C)every 10 years in 

succession from the 1980s to the past 10 years this century. On the basis of the 

absolute and relative sea-level rise rate that was calculated from the tidal data during 

the same period at home and abroad in the last 30 years, in accordance with the 

resolutions of the 2010 climate conference in Cancun, at the same time, considering 

the previous prediction and research, the world’s sea levels and the relative sea level in 

Tianjin, Shanghai, Dongying, Xiamen, Haikou and other coastal cities that have severe 

land subsidence in 2050 and 2100 are calculated and evaluated. 
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Global warming and sea level rise are the core issues in the current environmental 

change researches 
[1-7]

. Especially after Non-governmental International Panel of Climate 

Change (NIPCC) denied the relation among climate warming, sea level rise and the 

greenhouse effect and ascribed them on the natural climate changes in 2009, these years 

through analysis on actual observation materials home and abroad, in combination with 

research outcomes in the fields such as modern climate warming and sea level rise, the 

author makes following primary analysis. 
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1  Background of climate  

 

Whereas the consistency and corresponding relationship between the climate 

warming and sea level change, first of all, we should make a brief analysis on the late 

geological history and climate background of modern sea level rise. 

1.1  Climate fluctuation in postglacial period and cold stages 

The advance and retreat and ebb and flow of glacier in postglacial period clearly 

reflect the feature of the climate-evolvement in a long period and fluctuation in a short 

period. The division of 4 neoglaciation in northern hemisphere
[8]

 and the contrast analysis 

on ancient climate curve changes in China
[9]

 reflect the existence of four cold stages in 

8000, 4900, 2400 and 100 years ago (Tab. 1).  

Tab. 1  Division of cold climate in post-glacial period 

Climate period Drift epoch 1 Drift epoch 2  Drift epoch 3 
 Drift epoch 4（little 

ice age） 
 According 

Wave time (a.B.p) 
(Yeamum.in each) 

8200-7000 
(1200) 

5800-4900 
(900) 

3300-2400 
(900) 

500-100 
(400) 

 Drift epoch (a.B.p)
Yeamum.in each 

7800   (2500)   5300   (2500)    2800  (2550)     250 

Denton 
(1973) 

According to Tab. 1, basically, a cold stage lasted for 900 – 1 200 years and the 

interval of cold stages was 2 500 years. 

 A host of observation materials prove, the temperature of each of the four cold 

stages dropped obviously 
[9]

. Impacted by the cold Siberian air current, China’s eastern 

area become one of the coldest areas in equiconditional region in the world in each cold 

stage. There are a lot of records about warm climate and sea level rise in the warm stages 

among four cold stages on the brand-new section of the coastal plains
[10]

, especially in 

Little Climatic Optimum during 1 000 - 1 200, global temperature was high slightly and the 

temperature was 0.3 °C higher than that in 1990 in equiconditional region. In Little Ice Age 

(1520-1920), the temperature dropped by 0.6 °C. The cold peak of Little Ice Age appeared 

after 250 years and then the climate got warm and present new warm stage was evolved 

by warm-up stage after cold peak of Little Ice Age. Meanwhile since Little Ice Age, the 

climate cold/warm fluctuation taking 200 (or 250) year as a period has also been 

superposed 
[11]

. Fig. 1, 2 and Tab. 5 show, the peak values of the cold phase appeared in 
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1450 (1428), 1650 (1628) and 1850 (1845), in this way, the peak value of the next cold 

stage should appear before or after 2050 (or 2100). In other words, the warm stage 

developing currently will end in 2050 (or 2100) and then the temperature will drop 
[12]

. 

 

 

Fig. 1  Temperature changes from the Little Ice Age to the present  

 

Fig. 2  Comparison between the stages of dry-wet regional differentiation changes and the stages 

of temperature changes in the studied area during the past 500 years 

(Wang Shaowu
[13]
，1990；Su Guiwu

[14]
，1999) 

1.2  Modern climate warming and greenhouse effect  

Besides self evolvement of the climate itself, the influence of greenhouse gas (mainly 

CO
2
) also contributed to the climate change since Industrial Revolution. 

First of all, since Industrial Revolution, the average temperature curve in the world 
[3,4,8,9]

 

(Fig. 3) shows that the temperature fluctuation from the late 19
th

 century to 1950s was the 

same as that before the Industrial Revolution basically, remarkably showing the influence 

of the factors such as solar radiation and volcano activity. For instance, the temperature 

rise during 1920-1940 higher than that during 1950-1970 was related to the frequent solar 

activity; in 1950s, the macula activity was the most frequent, but due to the “black swan 
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effect” (the power of a volcano eruption equals to the several times of power of h-bomb 

explosion) of extensive volcano eruptions in the world during the period, the temperature 

dropped. According to materials of NASA, in the successive 34 years from 1977 to 2010, 

the average (surface) temperature of the earth was higher than the average level in the 

20
th

 century and 1998 and the period from 2002 - 2010 were the hottest years. The 

average (surface) temperatures in the world were basically the same in 2010 and 2005, 

1.12°F higher than 14 °C (57°F), the figure in the 20th century, the hottest year in the 

recorded history. Therefore, the greenhouse effect in late 1970s should be enhanced and 

the average temperature in 1980s was higher than that in the 1970s; and the average 

temperature of each year in 1998s was higher than that in 1980s. The temperature in the 

first 10 years in the 21th century was higher than that in 1990s. In a word, the temperature 

was rising 0.11 °C (0.2°F) per year in past 30 years, 0.42 °C higher than the figure from 

Industrial Revolution to 1980, representing a speed raise for over 200%, the continuous 

appearance of the extreme (hot) climate in the past 30 years was an important sign of 

continuous influence of greenhouse gas on the climate. The high temperature of the 

extreme hot year is the only way to give birth to the energy causing drastic melting of 

glaciers and sea ices (for instance, the glacier in Iceland faded away for 1.6 km in a night in 

July, 2010) , sea water expansion and sea level rise. 

Secondly, the extensive application of fossil fuels and the destruction of the forests 

since Industrial Revolution caused the drastic increase of the density of greenhouse gases 

in the atmosphere such as CO
2
. The density of CO

2
 was 260 - 290 ppmv (averagely 280 ppmv) 

[15] 

before Industrial Revolution. Influenced by interruptions of human activities, the density of 

CO
2
 increased to 300 ppmv at the early period of the 20

th
 century and this figure reached 

315 ppmv according to the data in 1958 when Hawaii’s Mauna loa observation station was 

just set up. The figure increased to 339ppmv, 343ppmv and 351ppmv in 1978, 1984 and 

1988 respectively. Anyway, in comparison with the date before the acceleration of the 

world’s average temperature rise in 1980s, the annual growth ratio of the density of CO
2
 in 

the atmosphere lifted to 1.2ppmv since 1978. The continual rise of the density of CO
2
 in the 

atmosphere kept enhancing the proportion of CO
2
 remaining in the atmosphere and the 

heat locked in the clouds and finally caused the rising world’s average temperature in the 

past 30 years and increase of CO
2
 contents for 40% in the atmosphere since Industrial 

Revolution. CO
2
 is a kind of endothermic gas, causing current world’s average temperature 

rise 0.75 °C than the figure before the Industrial Revolution, of which over 40% appeared in 

the past 30 years. Therefore, according to temperature fitting, 50% of energies contributing 

to climate warming come from CO
2
 emission, one of three factors of climate warming, 

exceeding to the sum of the energies from solar radiation and volcano activities.  
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Fig. 3  Anomaly of the world’s average temperature and the low-pass value curve 

 since Industrial Revolution  

(A- Northern Hemisphere; B-Southern Hemisphere; C-Global) 

Thirdly, in order to proof above analysis and reveal the harm of artificial global climate 

warming, here we make further interpretation with “climate change index” brought by IGBP, 

Royal Swedish Academy of Sciences, on United Nations Climate Change Conference, 

Copenhagen, in December, 2009. According to the research result, the climate change 

index covering a series of factors (CO
2
, temperature change, sea level and sea ice) was 34 

in 1980. It rose in 1997 suddenly, by tens per year since then. In 2007 the index rose to 574. 

During the period, the index dropped obviously in 1980, 1992 and 1996, because the 

volcano eruptions caused the reflecting soot which covered the high-level atmosphere and 

temporarily dropped the temperature of the earth. IGBP thus drew a conclusion: the 

climate warming was global and such warming was evolving unidirectionally. Here we 

cannot introduce the details of the process of drawing the conclusion, but we should find 

the superposition and coupling of continuous increase of density of CO
2
 in the atmosphere 

and temperature rise caused by current natural factor of climate warming. 
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2  Sea level change in the world 

 

Sea level change is a global issue and many of scholars take sea level in the world 

and global sea world as the absolute sea level (or theoretic sea level) and the basis of 

research on local relevant sea level change in different countries. Since Industrial 

Revolution, the average temperature fluctuation showed a rising trend in the world, which 

caused not only glacier melting returning back to the ocean, but also the temperature rise 

and expansion of sea water and finally the fluctuation and rise of global sea level. However, 

influenced by difference of structures and rise/fall of coastal earth crusts, subsidence of 

land for artificially drawing underground water, change of water level trend of estuary, in 

comparison with land coast, the absolute sea level lift rate is different. Therefore the 

research on absolute sea level change helps to take out the factors causing sea level 

change in a long sequence longer than 100 years and their roles and features, change of 

intensity, and assessment on the magnitude risk causing sea level lift. The acquirement of 

the absolute sea level lift value will finally be used in various coastal engineering technical 

applications and economic risk assessment. 

The absolute sea level lift rate refers to the global average sea level. With regard to 

the calculation of sea level lift rate during over 100 years, due to different tide-gauge 

stations adopted, different number of the stations, different materials scales and periods 

and different ways to weed the influencing factors, so, the results will be different even for 

the same one tide-gauge station. In the review of the outcomes of the forerunners and the 

calculation according to materials from the tide-gauge stations, we should ensure the 

conditions of formula I Ae (t) =Ai (t) -Ani (t) can be satisfied. Where, Ai (t) is the absolute 

sea level at time t, and Ani (t) is the relevant sea level at time t, and Ani (t) is the sum of 

foundation vertical displacement ratio——structure ascending/descending ratio, land 

subsidence ratio, filter value and other relevant values of the tide-gauge station i.  

When we calculated the sea level lift rate of the world, according to requirement of 

formulaI, we choose appropriate tide-gauge station among over 100 stations in the world. 

The data from Sydney, Seattle, San Francisco, Brest, Marseilles, Bombay, Wusong, 

Qinhuangdao and some other stations among aforesaid stations showed change rule 

taking about 30 years as a time period. Tab. 2 records their sea level rise rates: Sydney:﹢

0.41 mm/a; Seattle:﹢2.07 mm/a; San Francisco:﹢2.27; Brest:﹢1.90 mm/a; Marseilles:﹢

2.18 mm/a; Bombay: -0.78 mm/a; Wusong:﹢1.99 mm/a; Qinhuangdao:﹢2.09 mm/a. 

Through calculation of weighted average, we get that world’s absolute sea level rise rate is 

1.52 ± 0.27 mm/a, reflecting that current absolute sea level rise has not entered into the 
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fast period, still in the normal range.  

 

3  Sea level change and warm stage in China  

 

China’s sea level change refers to the relative sea level change in a region. The 

relative sea level rise equals to the sum of the absolute sea level change and coastal land 

rise. Relative sea level is the basis of design and calculation of regional warning water level, 

engineering water level and others as well as the core of the study. We should point out 

that, China sees long tectono eustatism shoreline and large difference in rising and 

descending of coast, so it’s inappropriate to assess the risk and loss of a coastal area with 

national average sea level rise. Especially in some low, plate, continuous newly formed 

and existing estuary plains such as Yellow River, Yangtze River and Pearl River Deltas and 

some coastal cities with drastic land sedimentation such as Tianjin and Shanghai. The 

design standard on warning water level and the engineering water level was relative low, 

so relative sea level rise research has important applicability and extensive technical 

benefits for flood control and tide/wave protection engineering design or future risk 

assessment in these areas. So in the sea level research report, UNESCO announced “We 

never research absolute sea level. We just research relative sea level.” Anyway, both 

concepts have different purposes in shoreline engineering application and risk assessment 

and there is a large difference of values between shores of different types, so the 

inappropriate application may cause disastrous consequence. Therefore the conceptions 

of absolute sea level should never be confused with relative sea-level in sea-level study 

and we should attach importance to this matter.   

Tab. 2  Rate of sea-level rise around the world  

Tide station Stage /  a 
Absolute rate of sea﹣level rise around 

(mm / a) 

Australia Sydney 1979-2007 ﹢0.41 

Seattle 1979-2007 ﹢2.07 
America 

San Francisco 1980-2007 ﹢2.27 

Brest 1980-2006 ﹢1.90 

France 

Marseile 1979-2006 ﹢2.18 

India Bombay 1979-1993 ﹣0.78 

Wusong 1978-2008 ﹢1.99 
China 

Qinhuangdao 1980-2008 ﹢2.09 

absolutely Average sea﹣level ﹢1.52±0.27 mm/a 
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3.1  The relative sea-level lift rate 

The calculation of relative sea-level lift rate [Ai (t) ] is followed formula II Ai (t) =Ae (t) 

+Ani (t) converted by above formulaI. 

When we calculate China’s sea level rise rate [Ai (t) ] with formula II, taking the 

coastal cities with drastic land sedimentation such as Tanggu(Tianjin), Shanghai, Dongying, 

Xiamen and Haikou on the newly formed and existing plains such as Yellow River, Yangtze 

River and Pearl River Deltas, we select tide-gauge station in the principle of selecting the 

most complete detailed materials in previous 30 years to obtain the basis of contrast 

research of all selected stations in the same one complete time period during the latest 

period with the drastic greenhouse effect development according to national unified 

updated rules to satisfy the demand on sea level rise monitor and risk assessment during 

earth warming period. 

From this, to obtain the tide station vertical lift rate of tide average rate (Tab. 3): -1.1± 0.1 

mm/a; Isostasy is adjusted after an average rate: -0.32 ±0.21 mm/a. From Tab. 4, as the 

result of above analysis, we find that the relative sea level lift rate was﹢0.25 mm/a in 

Huludao, -1.31 mm/a in Qinhuangdao,﹢3.54 mm/a in Tanggu,﹢3.04 mm/a in Yangjiaogou,

﹢0.36 mm/a in Yantai, -1.46 mm/a in Wusong,﹢3.54 mm/a in Xiamen,﹢3.66 mm/a in 

Haikou and﹢0.86 mm/a in Beihai. The relative sea level lift rate was +1.39±0.26. There 

was a large difference of relative sea level lift rates in these tide-gauge stations in nearly 30 

years for different diastrophic eustatisms and land sedimentations among mountainous 

regions and plains (Tab. 3 
[16-21]

, Tab. 4 
[22]

).  

3.2  Warm stage—analysis on 8 warm stages since 200 AC 

Through calculation based on CO
2
 content curve of Nils-Axel Mōrner (1988), the 

author drew the corresponding value 
[23]

 and then calculated CO
2
 contents with optimum 

partition method; (Tab. 5) taking its continuous stable border as the time period border, the 

author got relative intra-segment mean value, and drew CO
2
 time period curve as the 

climate (Europe) evolvement curve and then made research in comparison with some 

materials such as China’s climate change curve made by Zhu Ke-zhen and collection of 

China’s meteorological records in 3 000 years (Zhang De-er, et al. 2004) 
[9, 24, 25,26]

. In this 

way, the author obtained 8 warm stages since 200 AD. As shown in Tab. 5, each warm 

stage lasted for about 100 years, basically consistent with the statement of H. Flohn
[27]

 

(1959). The extremal interval between a cold state and a warm stage (or two cold stages) 

was basically 200 (or 250) years, but most of intervals were about 200 years (see Tab. 1, 2 

and 5). Now we make an analysis on the characteristics of the change of 8 warm stages 
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(Tab. 5.) 

Tab. 3  Tide station vertical lift rate of tide gauges  

Tide station 
earr,s crust vertical lift rate 

of tide gauges 
/ mm/a 

According to the balanced benchmark adjusted 
rate / mm/a 

Huludao 1.20 ﹢1.30 

Qinhuangdao 3.10 ﹢3.40 

Tanggu -8.00 ﹣8.00 

Yangjiaogou -1.00 ﹣1.20 

Yantai 1.00 ﹢1.00 

Wusong -2.00 ﹣2.05 

Xiamen -1.50 ﹢1.60 

Haikou -1.60 ﹢1.60 

Averge rate   -1.1±0.10 ﹣0.32±0.21 

The warm stage Ⅰ started from 371 a to 460 a AD. During this period, there was big 

drought in Qinzhong, Kuiming, Yangzhou and Zhujun.  

The warm stage Ⅱ began from 582 A. D. and ended at 689 AD. During this period, 

there was big drought in Guanzhong, Shandong, Yiyong, et al.  

The warm stage Ⅲ lasted from 802 A.D. to 914 A.D. In 804 A.D. During this period, 

there was big drought in Guanzhong, Huainan, Wujiang, et al.  

The warm stage Ⅳ lasted from 1038 to 1156 AD. During this period, there was big 

drought in Huainian, Liangzhe, Jiangnan, et al.   

The warm stage Ⅴ lasted from 1280 to 1376 A.D. During this period, there was big 

drought in Dadu, Bianliang, Yidu, et al.   

The Ⅵ warm stage from 1480 to 1578 A.D. During this period, there was big drought 

in Shanxi, Henan, Shandong, et al.   

The warm stage Ⅶ was from 1677 to 1798 A.D. During this period, there was big 

drought in Shanxi, Shandong, Jiangsu, et al.   

The warm stage Ⅷ 
[29]

 was from 1901 to 2025 AD. During this period, there were a lot 

of cities and countis of China had big drought. Thirth million people were affected by it. 

Because of the drought, the water exhausted; wells dried up; epidemic disease and so on. 
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So the people of those places had to exile to other places, and a lot of them died of hunger. 

The drought caused the middle and lower reaches of several rivers and lakes in southern 

and Northeast of China, such as the Yellow River, the Yangtze River, the Poyang Lake,   

et al. Especially the Poyang Lake in the same period of the history was at the lowest water 

level, the lake narrowed more than that in previous years, by nearly 3/4；The surface area 

was only 632 km
2
, Dongting Lake area reduced to 770 km

2
.  

Tab. 4  Sea level of China in the stage of 30 years (Yue Jun et al.
 [22]

2011) 

Region Station 
Relative 

sea level 

Monitor 

date 
stage

Average value 

of 

sea level 

Difference 

Value / mm 

Annual 

raise(+)falling(-)

rate / mm/a 

1954-1980 27 1 626 Huludao 

（1954-2008）
1 630 

1981-2008 28 1 633 
+7 +0.25 

1950-1979 30 907 Qinhuangdao

（1944-2008）
888 

1980-2008 29 869 
-38 -1.31 

1922-1949 28 1 423 

1950-1979 30 1 571 
+48 Tanggu 

（1915-2008）
1 544 

1980-2008 29 1 632 +61 

+3.54 

1951-1977 27 3 074 Yangjiaogou 

（1951-2008）
3 110 

1978-2002 25 3 150 
+76 +3.04 

1953-1980 28 2 146 Yantai 

（1953-2008）
2 151 

1981-2008 28 2 156 
+10 +0.36 

1949-1977 29 2 114 Wusong 

（1944-2003）
2 096 

1978-2003 26 2 076 
-38 -1.46 

1954-1980 27 3 510 Xamen 

（1954-2008）
3 561 

1981-2008 28 3 609 
+99 +3.54 

1952-1979 28 1 481 Haikou 

（1952-2008）
1 535 

1980-2008 29 1 587 
+106 +3.66 

1954-1980 27 2 556 

China 

Beihai 

（1954-2008）
2 568 

1981-2008 28 2 580 
+24 +0.86 

 Sea level date analysis from 9 monitor stations along coastal zone +1.39±0.26 

The Tab. 5 shows that during the period from warm stageⅠ to warm stage Ⅷ, there 

existed the output reduction, poor harvest and partially no harvest of the crops, and huge 

disaster affected the production and life of people. In other words, the serious drought 

always appeared in warm stages for successive years with local natural disasters such as 

epidemic situation, dust devil, hurricane and cyclone. Bryson
[30]

(1975) believed, “It’s urgent 

to associate the conditions of modern climate change with the less corn reserve in the 
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world, seriously treat the possibility of continuous climate change and consider taking 

corresponding measures”. Therefore relevant decision makers of the state should take 

corresponding measures and make plan to ensure sustainable development of economic 

and other aspects. 

Tab. 5  Analysis of eight warm stages since 200 AD.(Zhang De-er
[28]

, Wang Shaowu
[13]

) 

Stages / age Zhang Deer Deer Wang Shaowu Yue Jun etal.
warm 

  
stages 

Optimum division of 
CO2 content 
 CO2 content 

Yeamum. 
in each 
stages 

 
st 

the year 
difference 

in cold 
stages 

 
Cold stages peak 

371  -  460    

Ⅰ 
(4, 6, 7 - 20)(14 - 20) 

89 320 

  582  -  689 
520 Ⅱ 

(8 - 20)  (4, 11 - 20) 
107 

  802  -  914  

Ⅲ (4, 6 - 9,16 - 20) 
 (4 - 20) 

112 746 

1038  -  1156 
Ⅳ 

(6 - 10) (4 - 20) 
118 976 

1280  -  1376  
Ⅴ 

(18 - 20) (7, 14 - 20) 
96 

 

1218 

1480  -  1578    
Ⅵ 

(12 - 20) (13 - 20) 
98 

 

1450 1428 

1677  -  1798 

Ⅶ (6 - 20),(3, 5 - 7,  
15 -20) 

121 1651 1650 1628 

1901  -  2025 

Ⅷ  
(5 - 9, 13 - 20)(7 - 20) 

124 

 
 

229 
 

225 
 
 

242 
 

220 
 

202 
 
 

220 
 

227 
 

1851 1835 1845 

 
 

(200)
 
 

(226)
 
 

(230)
 
 

(242)
 
 

(210)
 
 

(200)
 
 

(217)
 

3.3  Prediction on sea level rise of threatened main coastal cities  

In the past 30 years, most of areas with obvious relative sea level rise in China were 

distributed in estuary plains and coastal areas, especially the newly formed and existing 

estuary delta plains such as Yellow River Delta and Yangtze River Delta and coastal cities 

like Tanggu (Tianjin), Shanghai and Dongying, causing relevant sea level rise rates up to 

11.54 mm/a, 4.04 mm/a and 3.04 mm/a in three places. Besides some of such areas were 

distributed in coastal cities with fast descending structure in the middle and small estuary 

plain areas such as Haikou and Xiamen with sea level rise rate up to 3.66 mm/a and   

3.54 mm/a respectively. Such high sea level rise rates caused the relative sea level rise up 

to 17.31 cm, 12.12 cm, 9.12 cm, 10.98 cm and 10.62 cm in coastal cities such as Tianjin, 

Tanggu, Shanghai, Dongying, Haikou and Xiamen in past 30 years. 
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According to above sea level rise rates, it’s estimated the results of the sea level rise 

of coastal cities from 2050 to 2100 are as below: Tanggu (Tianjin): 22.51 cm; Shanghai: 

15.76 cm; Dongying: 11.86 cm; Haikou: 14.27 cm; Xiamen:13.81 cm. 
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气候变暖与海平面上升 
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(1. 天津市海洋地质勘查中心，天津 300170；2. 国土资源部天津地质矿产研究所，天津 300170； 

3. 天津华北地质勘查局地质研究所，天津，300170； 4. University of Texas at San Antonio (Texas 78249-1644 USA)；

5. 国家海洋局第一海洋研究所，山东 青岛 266061) 

 

摘 要：本文通过大量实际资料分析认为，现代全球变暖与海平面上升，源于200多年前小冰期冷峰出现后

的气候返暖、海平面回升过程演变的结果。近30年的世界海平面上升的速率，有着上世纪80、90年代和本

世纪前10年世界平均气温每10年以0.2F°（0.11 °C）为梯度的连续抬升为背景。在此以CO
2
含量为气候指标，

划分出了公元200年以来的八个暖段（暖期）。若按冷暖极值距200年或250年计算，则由目前正在发展的暖

期，将在公元2050年或2100年前后结束，而后开始降温。作者依据最近30年同一时段国内外验潮资料计算

获得的绝对海平面升降速率为﹢1.52 ± 0.27mm/a 及相对海平面升降速率为+1.39 ± 0.26 mm/a。按照2010

年坎昆气候大会决议要求，在对前人有关研究成果进行考量时，对将来的2050和2100年世界海平面预测及

我国地面沉降较明显的沿海城市如天津、上海、厦门、海口等相对海平面升降值，进行了测算与评估。 

 

关键词：全球变暖；海平面上升；速率；预测；评估 

 


