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ABSTRACT: Wit ug a a, favorabl lig t, a and wat r conditions, ric biological div rsity,
and a uniqu  cological syst m of submarin sand ridg s, Jiangsu tidal flat as gr at significanc to its
conomic d v lopm nt. Bas dont g omorp ological ¢ aract ristics, Jiangsu tidal flat is dynamically
divid d into stabl , rosional and accumulativ typ s. Inlig tof r sourc s dstribution, volution rul s
of Jiangsu tidal flat, xisting probl ms in coastal manag m nt, xploitation and utilization, t  sus-
tainabl d v lopm nt t oryis appli d to guid t compr nsiv xploitation and utilizat ion of tidal
flat. Taking diff r nt r gions wit diff r nt local conditions in consid ration, and in ord r to mak -
conomic d v lopm nt coordinat wit local r sourc s and nvironm nts, four r gional sustainabl d-
v lopm nt mod ls, i. . (A) Abandon d Huang (Y llow) Riv r d lta s ction for salt and aquatic
products industri s, ( B) S vyang s ction for r d, aquacultur and rar animal prot ction, (C)
Daf ng and Dongtai s ction for agricultural compr nsiv  xploitation, ( D) Nantong s ction for
aquacultur and agricultur , ar suggstd. M anw il , t papr tak st guiding id ology of sus
tainabl d v lopm nt tob rfl ¢t d in mod rnint grat d coastal manag m nt and | gislation.
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Tidal flat r f rs to int rtidal silt zon and submarin s oals, many of w ic app ar out of
wat rorb com s allow at low tid . It is nouris dandf rtiliz d by s dim nt from riv rs. T
Jiangsu coastal on isbtw nt Xiuz n Rivrmout int mnort andt nort bank of t
C angjiang Riv rint sout . T  total coastlin  xt nds 953. 9 km. It can b divid d into
tr cat goris in trms of marin dynamics, mat rial compon nts and g omor
p ological ¢ aract ristics, i. . mudflat, sandy b ac and b drock mbaym nt coasts (Fig. 1).
T I ngt of mudflat coast is 883.6 km, mor t an 90% of t total | ngt oft Jiangsu
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Fig.1 Coastal cat goris and d v lopm nt and utilization zon s of tidal flat in Jiangsu

coastlin (Coastal Zon and Tidal Flat R sourc s Compr nsiv Exploitation T am of Jiangsu
Provine , 1989).

Tidal flat, tr at d ast r sourc s tr asur— ous , as gr at valu to bot its actual and
gr at futur xploitation. T d v lopm nt of tidal flat not only can provid ug productiv
spac , r lax as ri s of t nsions caus d by larg population and r sourc s s ortag , but also as
gr at significanc in prot cting biological vari ti s and in conomic sustainabl d v lopm nt of

t coastal ar aof Jiangsu Provine . Furt rmor , t Jiangsu coastal ar awill b com a ub



w ic linkst coastal ar as of t mnort and sout C ina and an important bas t at promot s
conomic d v lopm nt from coastal ar a to inland (Editorial Committ of C ins Natural R -

sourc s S ri s, 1996).

I. THE CHARACTERISTICS OF JIANGSU TIDAL FLAT

T  Jiangsu coast as b n a subsiding basin sinc t C nozoic. T  coastal plain was
built up by s dim nt fromt Huang (Y llow) Rivrandt C angjiang (Yangtz ) Riv r.
For xampl, duringt 11t — 19t cnturist Huang Rivr ntrdt Y llow S afrom
Nort Jiangsu, inonly mor t an 700y arsabout 15,700 km”of land ad b nform d t roug
t way of transforming tidal flat to land (Z u, 1986). Along Jiangsu coastt r is about 6.0
x 10’ a tidal flat, w ic mak sup 23.7% of t total tidal flat in C ina. Now it still xpands
tot saatt rat of 1400 a/a. Nomatt rfrom t totalar aort ar a of tidal flat own d
by ac kilom tr mainland coastlin , it all ranks first in C ina. T worldfamous submarin
sand ridg s i int middl of Jiangsu n ars or ar a (Fig.1). It is 200 km long and 90 km
wid . T av rag wat rd pt is 15— 30 m. It consists of mor t an 70 radiating sand ridg s
and r 1 vant tidal ¢ ann Is. T marin  nvironm nt is uniqu in C ina and also rar in t
world.

Tidal proc ssist pr dominant factor to cr at t coastal morp ology. Tid mt out r
s ais of r gular s midiurnal typ . Disturb d by runoff and local landform, it app ars as irr gu
lar s midiurnal on in n ars or and riv r mout s. T n ars or ar a of Jiangsu is controll d
by two major tidal wav syst ms. T  sout branc originating from t Pacific tidal wav
transmits fromt sout tot mnort viat FEast C naS a, t nort branc influ nc d by
t Y llow S a count rclockwis rotational tidal wav syst m forwards from t nort tot
sout (Z u, etal., 1982). T s two major tidal wav syst ms conv rg in t vicinity of
Qonggang, so t at t ig st tidal rang in C ina occurs t r. T  av rag tidal rang is
mor t an 3.9 m, wit anobs rv d maximum of 9.28 m. T  tidal rang r duc s gradually te-
wardt sout andt nort . Tidal 1 vation dt rmin st altitud of tidal flat and also as
an ff ct on its widt ( Wang et al., 1990)

T  Jiangsu tidal flat is w 1 d v lop d. In t rms of t ar a of tidal flat own d by ac
kilom tr mainland coastlin , t valu of Jiangsu is 538 a/km, far mor t ant national a-
rag of 127 a/km. T  broad tidal flat usually as obvious zonations. T r ar grass, mud,
mud-silt and silt zon s from land tos ar sp ctiv ly (Z uet al., 1986), r pr s nting diff r nt
d v loping p ras s. T  Jiangsu tidal flat can b divid d intot r typ sint lig t of dynamic
stat s, i. . stabl , rosional and accumulativ typ s wit diff r nt ¢ aract ristics and coastal
profil s(Fig. 2) .

In Fig.2 (a) is coastal profil of accumulativ tidal flat. T is tidal flat is wid wit g ntl
slop . It as obvious orizontal zonation in morp ology and d position. T profil of it is con
vx T volution tr nd is submarin coastal zon advanc s towards t s aast form of sta
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Fig.2 Coastal profil s of diff r nt tidal flat typ s
(a) Coastal profil of accumulativ tidal flat (b) Coastal profl of rosional tidal flat

bl profil .
(b) is coastal profil of rosional tidal flat. T is tidal flat is narrow and st
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II. RESOURCES EVALUATION AND PRESENT UTILIZATION
SITUATION OF JIANGSU TIDAL FLAT

1. Tidal Flat R sourc Evaluation

Jiangsu Provine islocat dint k yr gionw r t  conomiczon alongt C angjiang

Riv rtaking S ang aias its“dragon ad” andt C angjiang Riv r D lta as its main body in

t rs ctst littoral conomic zon of t ast C ma Itison oft most d v lop dr gions of

C inain conomy, cultur and communications. Jiangsu tidal flat poss ss s ric

r sourc s of



land, fr s and salty wat r, salt and aquatic products and marin = n rgy. T  submarin —sand
ridg r gion is amajor fis ing bas of C ina, wit vast lat nt land r sourc s and urg ntly n &
dd p-wat r navigation ¢ ann Is. T  tidal flat usually as broad ar a and various coastal
typ s. It is advantag oustot compr nsiv  xploitationandt prosp rous d v lopm nt of a
s ri s of marin industris. B caus it is locat dint transitionr gionb tw nt wamt m
p rat andt nort subtropical zon s, and wit natural nvironm nts suitabl for growt and
br ding of nort rnand sout rn organism, Jiangsu tidal flat is ric in biological div msity. It

as not only favorabl conditions for agricultural production but also bot t sout rn and
nort rnb n fits for its d v lopm nt and utilization. Compar d wit tidal flat int nort rn
C ina, it as ric r pr cipitation, ig r at and fr s wat r supply; compar d wit t os in
t sout rn C ina, it asmor xt nsiv ar a and various kinds of r sourc s and mor conv-—

ni nt for larg scal compr nsiv  xploitation.
2. Prsnt Dv lopm nt & Utilization Situation and Probl ms

T xploitation of tidal flat in Jiangsu as a istory of ov r 2000 y ars. Esp cially in r—
c¢nt doz nsof y ars, t r ar a lot of syst matic att mpts to build dik s for r clamation, to
construct wat r cons rvancy proj cts and transform soil for d v loping farming, for stry, salt
and fis ry industri s. T tidal flat as b com an important production bas s of food, cotton,
silkworm, salt and ins or fis ing in C ina. Its aquatic br ding also as primarily r ac d a
c rtain scal . Its xploitation and utilization av got a s ri s of br akt roug s and poss ss d
consid rabl  conomic str ngt and d v loping pot ntialiti s.

How v r, t r isstill no aut oritativ ig r policy-making organization int  proc ss of
tidal flat xploitation, and t lack of unifi d planning and administration mak s it unabl to
form larg—scal int grat d xploitation. T conomic d v loping dir ction of tidal flat is un+
tary and confin d to pr s nt b n fits. Tidal flat is poorly manag d, w ic is r fl ¢t d by poor
r lations ipb tw n xploitation and r alignm nt, low utilization rat of r sourc s, sot att

ig rat own d by sustainabl d v lopm nt could not b giv n full play. T  sup riority of ric
r sourc s and abundant labour av not b nfully utiliz d. T r for , in ord r to transform t
r sourc s sup riority to conomic sup riority, and mak t tidal flat b gold n coast wit ric
products and fin nvironm nt, t urg nt matt r at t mom nt is to carry out r s arc s on

t  probl ms of sustainabl d v lopm nt.

III. THE SUSTAINABLE DEVELOPMENT OF
TIDAL FLAT RESOURCES EXPLOITATION

1. Sustainabl D v lopm nt Principl s of Tidal Flat R sourc s Exploitation

Inord rto ac iv t goal of sustainabl , alt y and rapid d v lopm nt of tidal flat in



Jiangsu, t t ory and principl s of sustainabl d v lopm nt s ould b mploy d in t *x
ploitation and utilization of tidal flat r sourc s. From t is point of vi w, w t ink t sustain
abl xploitation of tidal flat r sourc s s ould follow t  principl s list d b low:
1.1 Theprinciple  systematicness
Sustainabl d v lopm nt r gardst  art and local r gions, on w ic t mankindr li s
for xist nc , as a complicat d syst m w ic is compos d of many | m nts suc as natur , so-
city, conomy, cultur andsoon. T yint ract ac ot r. T us, inmaking r sourc strat—
gis, it isn ¢ ssary to br ak t limitations among d partm nts and districts, to mak compr—
nsiv analysis and macroscopic r adjustm nt and control from t angl of t world (Li
1994), and to maintain aprop r balanc b tw nt partandt w ol. Itis nc ssaryto s
tablis t dominant dir ction int lig t of compr nsiv sup riority, and around it to s t up
t  compr nsiv xploitation mod 1w ic mbodi st local ¢ aract ristics, so asto giv full
play tot b st ov rall function and compr nsiv b n fit of tidal flat.
1.2 Theprinciple o adaptation to local conditions
Sustainabl d v lopm nt mp asiz s to tak various count rm asur s according to diff r nt
kinds of r sourc s and t ir disposition. T various r soruc s ar not balanc dly dispos d and
distribut dont tidal flat, andt n ds of diff r nt industri s for r sourc s ar also distinct.
Fort isr ason, int coastal zon , it is imp rativ to r gard r sourc s and socie- conomic con
ditions of v ry coastal s ction as its foundation, to mak optimum combination of r sourc s a-
location, torais t utilization rat of tidal flat xploitation and to d v lop sp cializ d and ix
t nsiv scal-production.
1.3 Theprinciple o benef it
T co- conomic vi w of sustainabl d v lopm nt, w ic int grat s xploitation wit
pr s rvation, provid st guiding id ology for t  xploitation and manag m nt of tidal flat r—
sourc s. Its ouldb bas d on natural r sourc s and suitabl cological nvironm ntsto d v lop
conomy and improv living quality, w ic t mankind asb n in pursuit all t tim . A
syst m for r sourc s manag m nts ould try to qu st for cological, conomic and social b n—
fits, andt ov rallb n fit of t syst ms ould b putint firstplac (Li, 1994). T ut+
lization of r sourc s s ould b confin d in t  limits of its carrying capacity; att sam tim
artificial m asur s s ould b adapt d to bring about t r soruc s r production and pr s rv t
biological vari ti s. By raising t  n rgy conv rsionrat , w must s tup virtuous circl s of b+
ological ¢ ains, mak multilay r andt r —dim nsional xploitation and utilization of tidal flat,
improv t proc ssingl v 1 and add d valu of products, nabl t coordinat d v lopm nt of
farming, for stry, animal usbandry, and k pt balanc b tw n natural cology and socie

conomic d v lopm nt.

2. R gional Sustainabl D v lopm nt Mod ls of Tidal Flat

For compr nsiv  xploitation and utilization, guid dbyt principl s of sustainabl d-



v lopm nt and bas dont pr dc ssors’ r sarc aciv mnt, w divid t Jiangsu tidal flat
into four coastal s ctions.

2.1 Abandoned Huanghe River Delia section for salt and aquatic products industries

T  coastlin of t is s ction is 140 km long. Sinc t Huang Riv rrturn d to t

nort in 1855, s dim nt supply tot coast adsudd nlyd er as d, andt distributing dir e
tion of t  coast is p rp ndicular to t wav ray, bot of t m mak t coastlin undr ro-
sion. Und rt natural condition, nowadayst m an rosion rat is 2. 223 km/a (Z u et al,
1982). T  widt of tidal flat is g n rally 0. 5—- 1 km. T  salinity and groundwat r min ra-
ization int nsity of it ar r lativ ly ig . T  conditions for agricultural r clamation and t b+
ological r sourc s ar comparativ ly poor (Tabl 1). How v r, wit low pr cipitation, r lativ-
ly ig suns in prc ntag , and favorabl s a wat r salinity, wat r quality and tidal flow r-
taining conditions, t tidal flat is suitabl for salt ¢ mical industry. In addition, t salt pro-
duction of t is s ction as along istory. Wit skill d work rs and good t ¢ nical condition,
t saleproducing cost is low (about 70% low rt ant os m ot 1 sctions). T isara as

b com a main salt production bas in C ina.

Tabl 1 Natural conditions of various s ctions of tidal flat coast in Jiangsu"

Coastal Coastlin  Ar a of tidal 210C accumulat d Pr cipitation  Evaporativ M an
' Dynamic stat . .

s ction 1 ngt (km) flat ( a) t mp ratur ( C) (mm) capacity (mm) biomass( g/m?)
(@) 140 4.28% 10* rosion 4500 950- 980 1500- 1700 34.13
(2) 110 8.80x 10* rsion-accumulation 4500- 4600 1000 1500 37.83
(3) 177 28.0x 10* accumulat ion 4600- 4700 1000- 1100 1400 23.30

\ . 78. 58
(4) 201 18.0x 10 accumulation > 4700 1000 1100
int rmingl d by
rosion and
stabilization

* Conv rt dfrom Coastal Zon and Tidal Flat R sourc s Compr nsiv Exploitation T am of Jiangsu Provinc , 1989, t

cod numbrist sam ast mainbody of t pap r.

T rfor, t urg ntmatt rof t iss ction is to prot ct tidal flat so as to pr v nt t  coast
lin from rosion and r tr at. M anw i, for t r ason to mak full us of t sup riority of
salt industry, salt production s ould b tak nast dominant factor int tidal flat xploita
tion and t  policy of combining salt fi 1d wit aquacultur s ouldb practis d. Und rt pr-
r quisit of not influ ncing t output and quality of raw salt, multil v 1 xploitation to rais
t  ffici ncy oug t to b advocat d. For xampl, int low salty bitt rn prawn, s llfis ,
oyst r te. mayb br d, w il int m dium salty bitt rn bitt rnins cts cultivat d, and in t

ig salty bitt m salt alga fost r d and calcium sulp at coll ction practis d. T  output valu
of t is utilization mod 1 is stimat dtob t r tim s ig rt ant at of only raw salt produe-



tion (Hu, 1992). Simultan ously, vigorous m asur s s ould b adopt dto d v lop salin —alkali
¢ mical industry.
2.2 Sheyang section f or reed-planting, aquaculture and rare animal protection

T  coastlin of t iss ctionis 110 km long. Its nort rn part is dominat d by rosion and
most of t  sout rn part is accumulativ . T most notabl f atur of t s ctionist att r
ar four major ¢ ann Is fromt Lixia r gion conv rgingtot s a Its t rrain is low-lying;
fr s wat rsupply is suffici nt and t ar a of riv r mout s oalland is wid . Tt as favorabl
conditions for r dplanting and fis —farming. Planting r d calls for small r inv stm nt and
mak s fast r b n fits, as a kind of pap #making raw mat rial on tonr dcanr plac two cw
bic m t rs of timb r, and it also can provid by products suc as bind r or forag y ast. To
plant r d ons oalland and build dams around it for fis —farming can improv soil and nviron
m nt, andr dgrowing in symbiosis wit fis s can f rtiliz soil and wat r, it as obvious ce-
conomical b n fits. So t utilization of t is s ction s ould mainly focus on r d planting and
aquacultur .

Wit larg low-lying mars and op n s oalland, pl asant w at r and qui t nvironm nt,
littl disruption and quit ric food supply, in autumnt sout rn part of t iss ctionb com s
t r asonabl plac for r dcrown d cran s int world (Yong et al., 1992). So t is favor
abl cological nvironm nt s ould b rigorously prot ¢t d. R clamation, mowing and proj ct
construction s ould b strictly forbidd n, w ic may nabl ittob com anaturalrsrv wit
compr nsiv functions of prot ction, tourism, sci ntific r s arc and ducation.
2.3 Ddfeng— Dongtai section for agricultural comprehensive exploitation

T  coastlin of t iss ction is 177 km long. S 1t r d by submarin sand ridg s, t tidal
flat is wid st and int  d position nvironm nt (Z u et al., 1982). It is g n rally mor t an
10 km wid wit amaximum of 36 km, and it isstill advancing rapidly tot s a. Popl t r
av wond rful xp ri nc s in r clamation, cotton planting and salin soil improv m nt. T
pot ntial land r sourc is abundant, t t rrain altitud of tidal flat is fairly ig andt grass
land is vast. Simultan ously, n ars or tidal flat and submarin sand ridg s ar ric in comm ¥
cial s 1Ilfis r sourcs, so it ast grat st pot ntialiti s in compr nsiv  xploitation on
farming, for st, animal usbandry and aquacultur . In futur , it is n ¢ ssary to old on t
combination of farming and animal usbandry, to improv natural grassland and cultivat suit
abl fin br ds, todv lop t liv stock products and s llfis proc ssing industri s so as to
ac iv bttr conomicr sults and t s If xpansion ability.
2.4  Naniong section for aquaculture and agriculture

T  coastlin 1 ngt of t is s ction is 201 km. It is dominat d by accumulativ tidal flat.
T  bottom mat rial and wat r quality of tidal flat ar v ry suitabl fort br ding and grow—
ing of s Ifis sandlavr. T iss ction ison of t mans [fis and lav r production and
xport bas s in C ina. Tidal flat is ric in biological r sourc s, its biomass occupi s 40% of t
total numb r in Jiangsu. Andt tidal flat for aquacultur isnart s or . T r ar pl nty of
skill d farm 1s so t at it njoys xc ptional advantag s for aquacultur . M anw il , t 1 ar



many riv rs nt ring intot saint iss ction. T advantag of full of pr cious sp ci s r—
sourc sint riv scanb us dtod v lop aquacultur , w ic is particularto ig—output valu
productssuc as I, prawn, crab, clam, softs 1 dturtl and soon, inlow=lying flood plain,
branc ing str ams and tidal flat. Gr at att ntions ould b paid to solvingt probl mst at r—
strict aquacultur sustainabl d v lopm nt suc as wat r pollution, aquatic product virus, n e
gy s ortag and tc. Int grat dwit t dv lop d nars or fis ing industry, t sup riority
of conv ni nt trafficc w Hinform d information, ig 1v 1t ¢ niqu , abundant labour and
fairly strong conomic str ngt s ould b fully us d to practis multilay r d and multivariat
aquatic products proc ssing and to form compr nsiv sup riority and syst matic b n fits.
Aquacultur s ould advanc towardt dir ction of outwardly d v lopm nt w ic is pluralistic,
nt rnationaliz d and forming groups in world conomy, and to str ngt nt comp titiv n ss
and occupation probability on int rnational mark t. T is s ction is locat d in t  sout most
part of Jiangsu coastal zon . Pr cipitation and  at conditions ar favorabl , fr s wat rsuppl-
m nt suffici nt, w il t pot ntiality for xpanding r clamation is limit d. Sot d v loping
dir ction of agricultur is to mak fullus oft favorabl natural conditions andt sup riority
of suffici nt labour, and to conc ntrat on raising land b aring capacity, to r gulat int rnal
structur and incr as p r unit ar a yi Id and int nsiv d gr . Cotton, food and oitb aring
crops s ouldb tak nast k ylink and n rg tic support tot d v lopm nt of cas crops
suc as p rfum , traditional C in's m dicin, asparagus, mp, v gtabl s and tc. T salt

pans w ic form d istorically s ould b appropriat ly r adjust d and transform d to farmland

gradually.
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t Mainland of C ina.



IV. INTEGRATED COASTAL MANAGEMENT AND LEGISLATION IN JIANGSU

In its strat gic obj ctiv forr alizing sustainabl d v lopm nt, t World Environm nt and
D v lopm nt Council point d out t at t  probl ms conc rn d about nvironm nt and d v lop-
m nt must b carri dt roug intot polici s, laws and gov rnm nt’ s d cisions (T  Would
Commission on Environm nt and D v lopm nt, 1987). Coastal zon is a kind of land wit
land-s a dual ¢ aract ristics, any common law t at is only accordanc wit it r land ors a
could not giv t full consid ration tot particularity of t  coastal zon its If. T r for , t
m rg nc of coastal zon 1 gislation is not only t int rnal d mand of t is particularity, but
also t urg nt n dof coastal zon sustainabl d v lopm nt. On Nov mb r 19, 1985, t gow
rnm nt of Jiangsu Provinc promulgat d “ Coastal Zon Manag m nt Provisional R gulations of
Jiangsu Provine 7, w ic ist first compr nsiv coastal zon manag m nt r gulations in
Cina(Rnetal., 1984). T k rnloft r gulationsisto advocat t combination of x
ploitation, utilization, prot ction and arn ssing, and to mp asiz t unifi d planning and
manag m nt tot coastal on 1 sourc s. Sinc t impl m ntationof t 1 gulations, t im
comparabl sup riority of compr nsiv manag m nt to d partm nt manag m nt is pr liminar
ily prov d. Gratifying r sults av b n acquir dint asp ctsof t formation of coast unifi d
planning, t compr nsiv proof of d v loping proj cts, t r lation coordination and contra
dictory condition among r gions and d partm nts, fund raising and using. Fort r ason of
s tting up t  mod rn coastal manag m nt syst m w ic accords wit t  particularity of
coastal zon , str ngt ningt coastal zon manag m nt consciousn ss of t w ol p opl, ae
complis ing t armonious and stabl d v lopm nt of r sourc s, nvironm nt and soci ty in
coastal zon , it is n c ssary to stablis an int grat d manag m nt syst m to improv t  x
ploitation and utilization of t ~ coastal nvironm nt and r sourc s (Fig.3). It is not only t
obj ctiv of t coastal zon manag m nt, but also t pow rful guarant of coastal zon sus

tanabl d v lopm nt.
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