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The rate of sea-level rise during the past hundred years has been 2-3 mm/year along China’s coasts; sea level will probably
continue to rise in the future. The process has decreased wave winnowing of submerged coastal sediment but enhanced
erosion by waves breaking on the upper beaches. Following the rise of sea level, river-channel slopes have been reduced,
decreasing fluvial sediment discharges to the ocean. Human impacts through diverting river discharge and constructing
dams in the lower reaches of rivers for fresh water supplies have also upset coastal processes.

Paucity of coastal sediment supply is a world-wide phenomenon which, when combined with the frequency of storm
surges and El Nino events to strengthen hydrodynamics, invariably results in beach erosion and the landward retreat
of sand barriers along the coastal zone. Overpumping of groundwater and overloading by constructions on the delta
plain and lowland coast have had serious effects: the average rate of relative sea-level rise is 24.5-50.0 mm/year in
Tianding, the old Yellow River delta area along the Bohai Sea, 4.5-5.5 mm/year in the modern Yellow River delta,
and 6.5-11.0 mm/year in the Shanghai area of the Changjiang River mouth. These rates are much higher than the
mean annual rate of 1.4 mm/year. Under the circumstances saltwater intrusion has been changing river water salinity
and fresh water quality. Storm surges often cause the lowland coast to be inundated and flooded. All such effects are

ultimately the result of human activities.

ADDITIONAL INDEX WORDS: China, coastal erosion, human impact.

SEA-LEVEL CHANGES IN THE PAST 100 YEARS

The earliest systematic analysis of recent sea-level changes in
China was by EMERY and You (1981) based on tide-gauge re-
cords of eight stations. A later paper by EMERY and AUBREY
(1986) discussed relative sea-level changes in China in greater
detail using both simple regression analysis and eigen analysis
of the records from thirteen stations together with analysis of
local environment conditions. Similar work by Chinese scientists
(eg. WANG, 1986), and detailed studies in recent years have
improved the knowledge of sea-level changes in several regions
of China (ZHAO et al, 1990; CHEN, 1991; WANG et al., 1991).
Since then, more comprehensive and more reliable accounts of
relative sea-level changes for the whole of China have been pub-
lished (REN, 1993, 1994; SHI and YAN, 1994).

It is generally estimated that global sea-level rise over the
past 100 years has been 1-2 mm/year (SCOR WORKING GROUP
89, 1991); that is, a total 10-25 cm rise estimated by IPCC “Cli-
mate Change” 1995 (1996). The State Oceanic Administration
of China summarized tide-gauge data from 44 stations along the
China coast over the last 30 years (1959-1989); the mean rate
of sea-level rise was 1.4 mm/year. According to the geodetic sur-
vey data from nine stations along China coast by the Station
Survey Bureau of China in 1992, the sea-level rise during last
hundred years has totalled 19 cm in the East China Sea, and
20 cm in the South China Sea; the rate of sea-level rise has
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been 2-3 mm/year, which is predicted to continue in the future.
The result of calculating data from 102 tide-gauge stations in
the world are as following: the average sea-level rise has been
15 c¢m during last hundred years: 29 cm in the Atlantic Ocean,
10 c¢m in the Pacific Ocean and 39.6 cm in the Indian Ocean.

Neotectonic movements are variable along the coastal zone
of China. Generally uplift has occurred along the bedrock-
embayed coasts and the hilly coasts such as those around the
Liaodong and the Shandong peninsulas, the hilly coasts of
eastern Hebei province, eastern Taiwan Island, most parts of
the coasts of Zhejiang, Fujian, Guangdong, Guangxi and Hai-
nan provinces. Subsidence has occurred in the area of several
large river deltas, and the area of sedimentary basins since
the Pliocene (Figure 1). Based on the different sedimentary
evidence, it is clear that there is considerable variability in
the rates of tectonic change, even within the same coastal
zone. The summary table (Table 1) is adopted from the au-
thoritative study by Lu and DiNG (1994) and can be used as
a reference to the geologic background of the regional sea-
level variation of China’s coasts.

After correcting for vertical movements, the annual aver-
age rate of mean sea-level rise along the coast zone of China
is 2.0 mm/year (CHEN et al., 1994).

RELATIVE SEA-LEVEL RISE OVER THE
NEXT CENTURY

The best estimate of global sea-level rise over the next century
is from the Intergovernmental Panel on Climate Change (IPCC,
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Figure 1. The coastline of China.

1992) under scenario A (Business as usual) which involves a
projected sea level of 18 cm (4.5 mm/year) in 2030, and 66 cm
(6.0 mm/year in 2100 with a high estimate at 110 cm and a low
estimate at 31 cm). There are considerable uncertainties in
these estimates. First, future sea-level rise is strongly depen-
dent on the future rise of global mean air temperature which,
in turn, is affected by future increases in concentrations of
greenhouse gases, particularly CO,, from the energy sector
which span a broad range of futures. As CO, emissions are chief-
ly of anthropogenic origin, their magnitude depends strongly on
socio-economic factors, such as population and economic growth,
changes in economic structures, energy prices, and government
policies which change greatly through time, and are difficult to
predict with precision. A second uncertainty is the stability of
the West Antarctic Ice Sheet, the world’s only marine based ice
sheet to survive the last glaciation. Owing to its large volume
it would, if disintegrated and melted, raise global sea level about

6 m. However, the relative stability/instability of the West Ant-
arctic Ice Sheet in the last interglacial and in the future under
conditions of continued global warming is still poorly known,
and there is no answer yet on this issue. Third, recent improved
knowledge of the emission and behaviour of greenhouse gases
may modify previous estimates of the rate of global warming.
For example, global emissions of methane from rice paddies may
prove less than previously estimated. The cooling effect of air-
borne particles from sulphur emissions may have offset a sig-
nificant part of the greenhouse warming in the northern hemi-
sphere during the past several decades. It is possible therefore,
that the previous global warming rate may be reduced, as may
the rate of global sea-level rise.

HUMAN IMPACTS AND COASTAL RESPONSES

Sea-level rise will increase the water depth of the subma-
rine coastal slope, and gradually decrease the winnowing ac-
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Table 1.

Neotectonic movements along coast zone of China (from LU and DING, 1994).

Total Sum of Neotectonic
Movement since Pliocene

Type and value

Vertical Variation
during Holocene

Annual Rate Annual Rate
Coast location Uplift (m)  Subsidence (m) (mm/a) Uplift (m) Subsidence (m) (mm/a)
Liaodong peninsula 50-100 0.02-0.03 4-6 0.5-1.0
Lower Liao River delta 500-3000 0.12-0.25 5-10, 25 0.3-1.0
Eastern Hebei & western Liaoning 100-200 0.03-0.06 4,5-10 0.3-0.5
West Bohai Bay & Laizhou Bay 500-700 0.18-0.25 10-20 (Bohai Bay) 1.5-2.5

5-10 (Tianjin)
Yellow River delta 0-10 (Laizou Bay) 0.5
Shandong peninsula 50-200 0.02-0.06 Stable +0.1
+ <0.5 (Qingdao,
Penglai)

North Jiangsu 100-300 0.03-0.1 0-5 *0.5
Changjiang River delta 20-500 0-0.2 <10 0.5
Zhejiang & northern Fujian 300-500 0.1-0.2 0.3-1.0
Eastern Guangdong 150-250 0.05-0.1
(1) Lingjiang & Oujiang River + (1) 0.5-1.5
(2) Mingjiang River (2) 0.1-0.2 (Ix3) 0.5-1.0
(3) Jiulongjiang River + (3) 0.1-0.3 + (5) 0.5
(4) Hanjiang River (4) 1.0-2.0
(5) Pearl River + (5) 0.5-1.5
Guangxi Beihai & Hepu + 0.2-0.3
Hainan Island, North 400-600 0.15-0.2 —2--10 0.2-0.5
Hainan Island, South + 0.05-0.2
Taiwan Island (East) 1,500 3-5, 5-7 40-50 6.2

tion of waves on submerged coastal sediments, but erosion
on upper beaches by breaking waves is likely to be enhanced.
At the same time, the slopes of river beds will be reduced
decreasing fluvial sediment discharges. On the other hand,
human impacts involving diversion of river discharge for ur-
ban water supply, and the construction of dams for irrigation,
have decreased sediment discharges enormously. In the Lu-
anhe River for example, the original water discharge was
4.19 X 10° m® with a total sediment supply of 2.22 X 107
tonne. After diversion, the water discharge of 3.55 X 10® m?
for water supply to Tianjin city reduced discharge and sedi-
ment supply, which fell to only 1.03 X 10° tonne. As a con-
sequence, the delta coastline of the Luanhe River has been
retreating at a rate of 17.4 m/year since 1988 (QIAN, 1994).
The same situation has happened in the Yellow River; the
annual sediment discharge of the Yellow River has decreased
from 11 X 108 tonne to be 9.5 X 108 tonne as the annual
water discharge now is only 3.79 X 108 m?, a reduction as-
sociated with water diversion for irrigation along its middle
and lower reaches. It is estimated that more than 1.5 X 10°
m?® of water per year has been taken from the Yellow River
for irrigation over the last decade, and with the volume of
water about 1.74 X 10® tonnes of sediment per year. The in-
creasing diversion of water for irrigation and other purposes
over the next decade will withdraw considerable amounts of
sediment from the Yellow River. As a result of both natural
and human influences, a reduction in sediment supply to the
coastal zone is a world-wide phenomenon, particularly when
combined with the increasing frequency of storm surges and
El Nifno events accompanying the sea-level rise. Beach ero-
sion and sand-barrier retreat are the result of stronger hy-
drodynamic processes and a smaller volume than previously
of sediment supply to the coast. Directly-monitored data in-

dicate that sandy-coast retreat is occurring at a rate of 1.5-
2 m/year on average along the Shandong and Liaodong pen-
insula coasts even with sediment supply from many small
rivers along the Bohai Sea and the Yellow Sea; the 2-5
m/year average value in the Zhejiang and Fujian coasts along
the East China Sea is exacerbated by the mining of sands
along this coast. Along the red-sand terrace coast in Fujian
and Guangxi in the East and South China Seas, the net rate
of coastline erosion is 0.7-1.5 m/year. Even though most bed-
rock (granite and gneiss) coasts experience limited erosion,
several parts exhibit as much as 0.07-0.1 m/year retreat.

By using the Bruun role, the response of major tourist
beaches in Dalian, Qinghuangdao along the Bohai sea, Qing-
dao along the Yellow Sea, Behai and Sanya along the South
China Sea, has been estimated. It is predicted that they will
lose 13-66% of their present area while sea level is continu-
ally rising to 50 cm higher by the year 2100 (Table 2). Beach
protection and beach nourishment provide the principal man-
agement solutions to these problems.

The response in the muddy tidal flat coasts is more com-
plex and potentially more serious, as the major types of mud-
dy flat coasts are distributed along the lower reaches or delta
plains of larger rivers in the areas of tectonic subsidence.
Even within tectonically uplifted regions, such as the Zhe-
jiang, Fujian and Guangdong coast zone, there are embayed
tidal flats which experience significant subsidence (WANG,
1983, 1994).

Background subsidence of muddy coasts has been occurring
since the Tertiary and the total subsidence is quite high. Ad-
ditional factors of overpumping groundwater for freshwater
supply and irrigation, and overloading by constructions (the
larger cities in China are located mostly in river mouth areas
along the coastal zone) exacerbate modern subsidence of
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Table 3. Land subsidence (mm) 1985-1991 in the Tianjin area (from
HaN, 1994).

Hangu, Dagong,
Tianjin City Tanggu Harbour = NE Coast SE Coast
1975 130 144
1980 89 36
1981 119 140
1982 94 188
1983 71 116
1984 58 137
1985 86 100
1986 62 54 40 41
1987 43 46 46 41
1988 24 29 53 25
1989 18 44 68 56
1990 15 19 66 18
1991 17 24 38 45

these areas. These processes have compacted sediments and
caused rapid relative sea-level rise, especially in the delta
plain coasts, where the major muddy flat coasts in China are
located. Four examples are given below.

(1) Tianjin city and harbour are located in the northern part
of the North China plain. They can be taken as an ex-
ample of sites on the old Yellow River delta in west Bo-
hai Bay. The rate of land subsidence is shown in Table
3 (from HaN 1994). Recently, expansion of the city area
has been controlled in order to decrease the rate of sub-
sidence, but in the coastal area to which much of the
growth has been redirected, particularly around Tanggu
and Hangu, the average rate of subsidence during 1989-
1991 was 29 mm/year and 64 mm/year (HaN, 1994). In-
cluding land subsidence, the relative sea-level rise was
24.5 mm/year between 1956 and 1985 (REN, 1994), but
reached 50 mm/year between 1983 and 1988 with addi-
tional land subsidence. The 1983-88 average rate is far
greater than the average rate of sea-level rise either of
global or for the whole coast of China. At present sea
levels, the frequent high water can inundate the area
below the 2 m contour and can flood the area below 3 m
contour line where high tide coincides with a storm surge
which may reach 1 m in height (HAN, 1994). As a com-
parison, the rate of land subsidence in the modern Yel-
low River delta was 3-4 mm/year between 1956 and
1985, a reflection of the limited economic and urban de-
velopment in that area at the time; the average rate of
relative sea-level rise was 4.5-5.5 mm/year during the
same period (REN, 1994). The rapid increase of relative
sea-level rise here has brought disaster to the rapid de-
velopment of Shengli oil field and the surrounding ag-
riculture.

(2) The North Jiangsu coastal plain was formed by the co-
alescence of the ancient Yellow and Changjiang River
deltas. It is the most extensive mud flat coast in China.
The coast is in an early stage of economic development
and may this represent the natural condition of such en-
vironments. Recent sea-level rise is 2-3 mm/year here
according to tide-gauge records. This is particularly wor-
rying because any rise of sea level here will have severe

Table 4. Land subsidence of Shanghai and its vicinity (from Liu, 1994).

Subsidence Rate (mm)

Annual Maximum

Time Period Annual Average Average
1921-1948 24.0 42
1949-1956 40.0 96
1957-1961 110.0 287
1962-1965 69.0 164
1966-1992 2.5 19.3

results on account of the extensive low-lying nature of
this coast. For example, the strong tropical storm from
August 29 to September 1, 1992, which was superim-
posed on a high astronomical tide, caused the water level
to rise 2-3 m above the normal maximum flood tide lev-
el. This disaster resulted in the death of 300 people and
an economic loss of about 9.2 billion yuan.

(3) Shanghai is representative of the situation at the Cha-
ngjian River mouth. This delta is the largest urban area
in China with a large population and developing econo-
my. Both overpumping of groundwater and overloading
by constructions has caused serious land subsidence and
rapid relative sea-level rise, even though artificial re-
charge of aquifers has been regarded as successful (Table
4, from Liu 1994). But the lowland suffers from storm
surges and floods, phenomena which are increasing in
both frequency and magnitude as a result of recent rel-
ative sea-level rise. The relative sea-level rise is 6.5-11.5
mm/year, which had caused saline water intrusion,
floods which have extended 170 km upstream from river
mouth, and harmed industry, agriculture and the daily
life of Shanghai residents.

(4) Pearl River (Zhujiang) delta. The ground subsidence of
0.5-1.5 mm/year in the Pearl River delta is less than for
other deltas, but increased human influences, such as
the reclamation project to unite embankments and the
damming of distributaries, have affected river-bed and
water-level characteristics. Thus, there are two types of
seasonal change in tidal level: estuary type and coastal
type. The amplitudes of annual sea-level change has var-
ied by 20-30 cm over the past 30-40 years. Relative sea-
level rise has occurred at a rate of 1-2 mm/year since
1955 (CHENG and YANG, 1994). Rising sea-level effects
on the estuary environment have caused the submer-
gence of a large area of lowland, waterlogging of con-
struction foundations, saline-water intrusion harming ir-
rigation and drainage, threatening the town, cities, air-
ports, and harbours along the coast.

The above examples indicate the effects and spatial varia-
tions of sea-level rise in the muddy coasts, particularly those
affected greatly by human activity. Coastal responses differ
from sand to rocky coasts. Coastal erosion is very variable
depending on the coastal sediment supply, which is mainly
from larger river inputs. Under conditions of continued rise
of sea level, the frequency and amplitude of storm surges has
been enhanced. This has caused coastal erosion, lowland
flooding over coastal marshes, flats, and fishing villages; it
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has extended saltwater intrusion inland to harm coastal ag-
uifers, agricultural irrigation and freshwater supply, and has
also prevented the effective dispersal of flood waters and ur-
ban pollutants. The risk to China’s coastal zone is manifest,
as a total of 11 provinces and more than 60% of larger cities
in China are located in the coastal zone, about one half of
total annual agricultural products are from the coastal re-
gion, and the height to which most areas of the coastal plain
rise is less than 2 metres above present sea level. A system-
atic study of the effects of sea-level rise along the whole coast-
al zone of China, especially the river mouth area and the
lowland coasts, is required to understand properly the chal-
lenge of this situation and to solve the problems step by step.
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