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The rate of sea-level rise during the past hundred years has been 2--3mm/yearalongChina's coasts; sea levelwillprobably
continue to rise in the future. The process has decreased wave winnowing of submerged coastal sediment but enhanced
erosionby 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
darns 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 combinedwith the frequency ofstorm
surges and El Nino events to strengthen hydrodynamics, invariably results in beach erosion and the landward retreat
of sand barri ers along the coastal zone. Overpumping of groundwater and overloading by constructions on the delta
plain and lowland coast have had serious effects: the average rat e of relative sea-level rise is 24.5-50 .0 mm/year in
TianJing, 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 IND EX WORDS: China , coastal erosion, hu man impact.

SEA-LEVEL CHANGES IN THE PAST 100 YEARS

The earliest systematic ana lysis 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
(e.g. WANG, 1986), an d 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 cha nges for the whole of China have been pub­
lished (REN, 1993, 1994; SHI an d YAN, 1994).

It is generally estimated tha t global sea-level rise over the
past 100 years has been 1- 2 mm/year (SCa R WORKING GROUP
89, 1991); that is, a totallD-25 em rise esti mated by IPCC "Cli­
mate Change" 1995 (1996). The State Oceanic Administrat ion
of China summarized tide-gauge data from 44 stations along the
China coast over the last 30 years (1959-1989); th e 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 em in the East China Sea, and
20 em 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 th e future.
The resul t of calculating data from 102 tide-gauge stations in
the world are as following: the average sea-level rise has been
15 em duri ng last hundred years: 29 em in the Atlan tic Ocean,
10 em in the Pacific Ocean an d 39.6 em in the Ind ian Ocean.

Neotectonic movements are va riable along the coastal zone
of Chi na. Generally up lift has occurred along the bedrock­
embayed coasts and the hilly coasts such as those around the
Liao dong and the Shandong pen insulas , the hilly coasts of
easte rn Hebei province, eastern Taiwa n Island, most parts of
the coasts of Zhejiang, Fujian, Guangdong , Guangx i and Hai­
nan pr ovinces. Subsi de nce has occurred in the area of several
la rge river delt as, and the area of sedime ntary basins since
the Pliocene (Figu re 1). Based on the differen t sedimentary
evidence, it is clear that the re is considerable variability in
the rates of tectonic change , even within the same coast al
zone. Th e summary table (Ta ble 1) is adopte d from the au­
thoritative study by Lu and DING (1994) and can be used as
a re fere nce to the geologic background of the regional sea­
level va riation of Chi na's coasts.

Afte r correcting for vertical move ments, the annual aver­
age rate of mean sea-level r ise 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 em (4.5 mm/year) in 2030, and 66 em
(6.0 mm/year in 2100 with a high estimate at 110 em and a low
estimate at 31 em), 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 CO2, from the energy sector
which span a broad range of futures. As CO2 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 mooements aloru; coas t ZOlle of China (from L u and DIN e;. 1994 ).

Type and value
Total Sum of Neotectonic Vert ical Variat ion
Movement since Pliocene during Holocene

Annual Rate Annual Rate
Coast location Uplift rrn i Subsidence ImI ImmJal Uplift rrn: Subsidence I m I rmm/a t

Liaodong pen insul a 50- lO0 0.02- 0.03 4-6 0.5- 1.0
Lower Liao River delt a fiOO-3000 0.12- 0.25 5-10.2fi 0.3-1.0
Eastern Hebei & western Liaoning 100- 200 0.03- 0.06 4.5- 10 0.3-0.5
West Bohai Bay & La izhou Bay fiOO-700 0. 18-0.25 10- 20 t Bohai Bay : l .fi- 2.5

5- 10 ITia nji n)
Yellow River delta 0-10 I Laizou Bay ) 0.5
Shandong pen insul a fi0-2 00 0.02- 0.06 St abl e :+: 0.1

+ < 0.5 IQingdao.
Pen gla i )

Nort h Ji an gsu lOO- :lOO 0.03-0.1 O- fi :>: 0.5
Cha ngjia ng River de lta 20-fiOO 0-0.2 < 10 0.5
Zhejiang & northern Fuji an 300-500 0.1-0.2 0.3-1.0
Eas te rn Gua ngdong 150-250 0.05-0.1
II I Lingjian g & Oujian g River + (1) 0.5-1.5
12) Mingj iang River (2 ) 0.1-0.2 111(31 0.5-1.0
131 Jiulongj iang River + (3) 0. 1-0 .3 + (5 ) 0.5
14) Hanj ian g River (4) 1.0-2.0
15) Pearl River + 151 0.5- 1.5
Gua ngxi Beihai & Hepu + 0.2-0.3
Hain an Islan d. Nort h 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
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tion of waves on subm erg ed coastal sedi ments, but erosio n
on upper beaches by breaking waves is likely to be enhanced.
At the sa me time , the slopes of river beds will be reduced
decreasing fluvial sedi ment discharges. On the other hand,
human impacts involving diversion of river discharge for ur­
ban water supply, and the constructio n of dam s for irrigation,
hav e decreased sedi ment discharges enormous ly. In the Lu­
anhe River for example, the origina l water discharge was
4.19 X 109 m" with a total sediment supply of 2.22 X 107

ton ne . After diver sion, the water discharge of 3.55 X 108 m"
for water supply to Tianjin city reduce d discharge and sedi­
ment supply, which fell to only 1.03 X 106 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
annua l sediment discharge of the Yellow River has decreased
from 11 X 108 tonne to be 9.5 X 108 tonne as the annual
wate r discharge now is only 3.79 X 108 m", a reduction as­
sociated with wate r diversion for irrigation along its middle
and lower reaches. It is estimated that more th an 1.5 X 1010

rn" 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 108 ton nes of sediment per year. Th e in­
creasing diversion of water for irrigation and other purposes
over the next decade will withdraw consi derable amounts of
sediment from the Yellow River. As a res ult of both natu ral
and human influences, a reductio n in sediment supply to the
coastal zone is a world-wide phenomenon, particula rly when
combined with the increasing freq uency of storm surges and
El Nino events accompanying the sea -level rise. Beach ero­
sion and sand-barrier retreat are the res ult of stronger hy­
drodynam ic processes and a smaller volume than previously
of sediment supply to the coast. Direct ly-monitored data in-

dicate that sandy-coast retreat is occur ring at a rate of 1.5­
2 m/year on average along the Shandong and Liaodong pen­
ins ula coasts even wit h sediment supply from ma ny small
rivers along the Bohai Sea an d the Yellow Sea; th e 2-5
m/year average value in the Zhejian g and Fujian coasts along
the East China Sea is exacerbated by the mining of sa nds
along this coast. Along the red-sand terrace coast in Fujian
and Guangxi in the East and Sout h Chi na Seas, the net ra te
of coastl ine erosion is 0.7- 1.5 m/year . Eve n though most bed­
rock (granite and gneiss) coasts experience lim ited erosio n,
seve ra l parts exhibit as mu ch 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 Sa nya along the South
Chi na Sea, has been estimated. It is predicted that they will
lose 13-66% of their present area while sea level is conti nu­
ally risin g to 50 ern higher by the year 2100 (Table 2). Beach
protection and beac h nourishmen t provide the principal man­
age ment solutions to these problems.

The response in the muddy ti da l flat coasts is more com­
plex and potent ially more serious, as the majo r types of mud­
dy flat coasts are dist ribu ted along the lower reaches or delta
plains of larger river s in the areas of tectonic subsidence.
Even within tectonica lly uplifted regio ns , such as the Zhe­
jiang, Fujian and Gua ngdong coast zone, the re are embayed
tida l flat s which experi ence significant subsidence (WANG,
1983, 1994).

Backgro und subsi dence of muddy coasts has been occurri ng
since the Tertiary and the total subsidence is quite high . Ad­
ditiona l factors of overpum ping groundwater for fres hwater
supply and irrigation, and overloading by constructio ns (the
larger cities in China are located mostly in river mout h areas
along the coastal zone) exacerbate modern subsidence of
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Tab le 3. Land subsidence tm m) 1985-1 991 in the Tianj in area (from
H AN,1994).

Tabl e 4. Land subsidence o( Shanghai and its vicinity (from LIU, 1994).

Subsidence Rate ( rn m)

these areas. Th ese processes have compacte d se dime nts and
cau sed rapid relative sea-level rise, es pecially in th e delta
plain coas ts , where the major muddy flat coasts in Chi na are
located . Fou r exa mples are give n below.

(1 ) Tianjin city and harbour are located in the northern part
of th e Nort h China plain . Th ey can be taken as an ex­
ample of sites on the old Yellow River delta in west Bo­
hai Bay. Th e rate of land subsidence is shown in Table
3 (from HAN 1994). Recently, expa nsion of th e city area
has been controlled in orde r to decrease the rate of sub­
sidence, but in the coas tal a rea to whi ch mu ch of th e
growth has been redirected , particularly around Tanggu
and Hangu, the ave rage rate of subs ide nce du ring 1989­
1991 was 29 mm/year and 64 mm/y ear (HAN, 1994 ). In­
clud ing land subsi de nce, th e relative sea-leve l rise was
24.5 mm/year between 1956 and 1985 (REN, 1994 ), but
reached 50 mm/year between 1983 and 1988 with addi­
t iona l land subs ide nce. Th e 1983-88 ave rage rate is far
greate r th an the average ra te of sea -leve l rise either of
globa l or for the whole coast of China . At present sea
levels, th e frequ ent high water can inundate th e area
below th e 2 m contour a nd can flood th e area below 3 m
conto ur line where high t ide coincides wit h a sto rm surge
which may reach 1 m in heigh t (HAN, 1994 ), As a com­
parison, the rate of land subsi de nce in th e modern Yel­
low River delta was 3-4 mm/year between 1956 and
1985, a reflection of th e limited economic an d urban de­
velopme nt in that area at th e time; th e average rate of
relative sea-leve l rise was 4.5-5.5 mm/yea r during the
sa me period (REN, 1994 ), Th e rapid increase of re la tive
sea-level rise here has brought disast er to th e rapid de­
velopmen t of She ngli oil field and th e surro unding ag­
ricult ure.

(2) The North Jiangsu coas ta l pla in was form ed by th e co­
alesce nce of the ancient Yellow a nd Changjiang River
deltas . It is th e most exte ns ive mud flat coast in China .
Th e coast is in an ea rly 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 tid e-gau ge record s. This is particularly wor ­
rying because any rise of sea level here will have severe

results on account of the extensive low-lying nature of
this coas t . For example, the st rong tropical storm from
August 29 to September 1, 1992 , which was superim­
posed on a high astronomical tid e, caused the water level
to rise 2-3 m above the normal maximum flood tide lev­
el. Th is disaster re sulted in the death of 300 people and
an economic loss of about 9.2 bill ion yuan.

(3) Sh angh ai 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 gro undwater and overloading
by cons t ruct ions has caused serious land subsi dence and
rapid relative sea-level ri se, even though art ificia l re­
charge of aquifers has been regarded as succe ssful (Ta ble
4, from LIU 1994 ). But the lowland suffers from storm
surges and floods, phen omena whi ch are increasing in
both frequ ency and magnitude as a result of recent rel­
at ive sea -leve l ri se . Th e relative sea-level ri se is 6.5-11.5
mm/year, which had caused saline wa te r int rus ion,
floods which have exte nded 170 km up stream from river
mouth, and harmed industry, agriculture a nd the daily
life of Shanghai residents.

(4) Pearl River (Zhujia ng) delta . The ground subs idence of
0.5-1.5 mm/year in th e Pearl River delta is less than for
othe r deltas, but increased human influenc es, such as
the reclam ation project to unite embankme nts and the
damming of distributaries , have affecte d river-bed and
wate r-leve l characterist ics. Thus, th ere are two types of
seasona l change in tidal level: es t uary type a nd coas tal
ty pe. Th e amplitudes of a nnual sea-level cha nge has var­
ied by 20-30 ern over the past 30-40 years . Rela tiv e sea­
level r ise has occurre d at a rate of 1-2 mm/year since
1955 (CHENG and YANG, 1994 ). Rising sea-level effects
on th e estuary envi ronment have cau sed the submer­
gence of a large area of lowland , waterl oggin g of con­
st ruct ion foundations, saline-wate r intrusion harming ir­
rigation and drainage, th reatening the town , cit ies, ai r­
ports, and harbours along the coast .

Th e above examples ind icate the effects and spa t ia l varia­
t ions of sea-leve l ri se in th e muddy coasts , particularly those
affected great ly by human activ ity. Coas tal responses differ
from sa nd to rocky coasts . Coas tal erosion is very varia ble
dep ending on the coastal sediment supply, whi ch 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 eros ion, lowland
flooding over coastal marshes, flats, and fishing villages; it

Tianjin City Tanggu Har bour

1975 130 144
1980 89 36
1981 119 140
1982 94 188
1983 71 116
1984 58 137
1985 86 100
1986 62 54
1987 43 46
1988 24 29
1989 18 44
1990 15 19
1991 17 24

Hangu,
NE Coast

40
46
53
68
66
38

Dagong,
SE Coast

41
41
25
56
18
45

Time Period

1921-1 948
1949-1956
1957- 1961
1962-1965
1966- 1992

Annual Average

24.0
40 .0

110.0
69.0

2.5

Annual Maximum
Average

42
96

287
164

19.3
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has extended saltwater intrusion inland to harm coastal aq­
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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