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Preliminary delineation and classification of estuarine drainage areas for major

coastal rivers in China
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Abstract ; Classification of estuarine and coastal waters has been recognized as a critical step for natural resource managers
to describe and inventory coastal systems, understand constraints, predict the most sensitive systems, manage and protect
coastal resources. However, the research on ecological classification in China is still in infancy, especially the classification
of estuarine and coastal waters at regional or nationwide scale. This research employed Geographical Information System
(GIS) and multivariate statistical analyses to delineate and classify the watersheds and estuarine drainage areas from fifteen
major coastal rivers in China. The Hydrology module in ArcGIS environment was used to delineate the sub-watersheds from
the fifteen coastal rivers, represented by spatially different details with five thresholds. The watershed boundaries of fifteen
coastal rivers were further delimited and validated with literature documents. The deviation was less than 10% . Based on
the analysis of spatial distribution of tide heads for fifteen rivers and the previously delineated sub-watersheds, 88 estuarine
drainage areas ( EDAs) were further defined. A five-class classification system was developed with the hierarchical cluster
analysis, based on the physical, biological and chemical properties of EDA. Estuaries having the smallest total EDA were

grouped as class one, and they are located in Bohai Bay, Shandong peninsula and coastal areas of Guangdong; estuaries
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having the lowest average salinity range and the highest concentration of total suspended solid were grouped as class two,
and they are located in Yangtze River estuary and Hangzhou bay ; estuaries having the highest average depth and the highest
wind speed were grouped as class three, and they are located in coastal areas of Northern Jiangsu and Liaodong peninsula;
estuaries having the lowest dissolved oxygen and highest tidal range were grouped as class four, and they are located in
coastal areas between Shandong and Jiangsu, coastal areas of Southern Jiangsu; estuaries having the largest average EDA
and highest freshwater flow were grouped as class five, and they are located in coastal areas of Fujian and Zhejiang, Pearl
river estuary, Haihe River estuary, and Liaohe River estuary. A rapid bio-assessment procedure was successfully employed
to validate the classified result based on the collected data from literatures. The findings in this study provided the basic

geospatial data for further developing nutrient criteria and eco-regionalization in estuarine and coastal waters in China.
Key Words:; coastal watershed; estuarine drainage area; classification; GIS
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Fig. 1 Delineation of major coastal rivers watersheds in China
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Table 1 location of Tidehead for some coastal rivers in China
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Fig.3 Spatial cluster analysis of EDAs for major coastal rivers in China
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FRAE TR AW 4 R ARATF Y S5 AiinT 117K XA R A7 Je iR =0 B o, 78 I 3R =0 31 40 7 A ok e LA
F=2 MR AR G F6) NI AR TR EE 9125 EDA AR KR AR BE BRI PERERR R CHLAR
TEPERERRER 10 D540, FETIX 10 S EIREA S B F IET 3 82.95%

Wilks ZR 50 21 ) 55 22 14 5 B 22 M0 LU AL, Wiilks ZR B0/ IN 0 S 5507 20 9 22 SRR X T 4[] 22 S /s |
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Table 2 Discriminant analysis results of EDA in terms of ten parameters

2% FUNSEE AT AR R/ 3 22 EDA M} K i £ BIEY IEMEBRRE LA T PERERR R
= i .
Estuary Estuary Tidal Area of Water . Suspended Active Inorganic Active
Parameters Salinity . . .
volume depth range EDA temperature solids phosphate nitrogen silicate
wilks 0.89 0.77 0.73 0.73 0.84 0.75 0.80 0.74 0.79 0.88
F 2.30 5.61 6.89 7.00 3.45 6.26 4.62 6.56 4.98 2.55

2.4.4 TOEEKIXAZRAG IR

(1) 289 22507

SO v [ AR 1A 2 2R (H e e U g R MR Kk 3 B R 45 O T A AR =2 Ak
A HZ T35, JuHoR o 3 AR AT A7 A6 6T TR 1 W 1o 1) 58 i 1o A SRR | o R LA e A e
TE AT FVES 206 bR | T4 B 70 o () 32 22 A0 ] 01 AR AR B W E 28 M BB R, 275 A 2
FRAE CEACFERRSE S JEM TR IEZEA A A AN in 26 3 Bk, i 26 3 mIZA0, T2 0m) 11 A4 /K B R AE A B 8 A IX
W, BRI 5B — . = VU2 EDA /KRBT 45 — T35 EDA /K%,

EDA /3280945 B2 il EDA [ B BO4SAE (AN 22 307 K 400 i 45 ) A8 shgma (s FR Eh HE
Tevh %) LR E 1Y, A B AR R EDA 7E8 FREhHER RS 8, L KoK 8 91 20445 Tl LA AR
HRFIE , BIAE 70 28 1 B AR, 7R 8 i B A AR
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Fig.4 EDAs delineation for major coastal rivers in China
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BEA A3 MR 4, T X BN I T AR 19 17 S EOHEAT R M R0 70 B i 1026 EDA BY7K Bk
D45 28 i R Sh /K e DR A2 Ak AT K BOIR B , 45 R BEA W) 5, S T AT e T rp [ 32 2
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Table 3 Characteristics analysis of 88 EDAs of major coastal rivers in China

, ; e . i . 7Kl -
K WOME WOWE O EDATEL W B ol it M
Category  Estuary volume Estuary depth ~ Area of EDA Tidal range Tidal prism Flow Wind velocity
temperature
B2k fi& (IS fi& LIS i {3 {3 &
P i i 3 3 i e i 1
=% i B i i i i i i
% 1 i i i i 15 i e
Ak i 1 %: i # 7 g i
R WA TEVERS IR LY . N 7 YR AR A .
g SRR oppmn  ome wmp SUO W g K
Inorganic Active X o o Suspended Dissolved
Category . Active silicate Salinity Chl-a . Transparency Water color
nitrogen phosphate solids Oxygen
Bk i i T [ Ea fik =i 5 [
ok ] ] = {liS {liS = ol {iS {(iS
=2k {(iS {[iS i = i {liS i H H
AU {[iS ik {3 [ [ LIS {iS el f&
EEES ik ik =] h h JiS ik ik ik
F4 FZE EDAs TEZH %X Shannon-Wiener 151
Table 4 Shannon-Wiener index for five classes of EDAs
it Ko migie base; | Rl ARty 16 WL gL PRy
Bohs S ) Yangtze River Estuary North of LiaoDong Coastal Areas Pearl River
onat sea and Hangzhou Bay Jiangsu Peninsula of Zhejiang Estuary
H' 0—4.18 <1.00 0.47—2.98 0—3.40 0—2.84 1.40—1.80
H' 2.99 0.33 2.17 2.41 1.42 1.65
3 it

3.1 AT R AT ki S 05 R B A O SOk Y e A
ASBIFFE R RE B 3 B EEAT AL A4 38 8 AR S R S OIS B T A A B BE R AT T LR SR INEE 5
B
x5 FARMSHRBEREEEHARERBILR

Table 5 comparison of watersheds defined between this study and other literatures

IR Drainage area

T R AR 22
Watersheds ABFFHIER km? HAbBHFTE LA/ km? Relative Deviation/%
The result of our study The result of other studies

SURT) 218894 228960132 21900034 -4.4 -0.048

30) 287303 26263113 2636311%] 9.39 8.98

B 823164 75244332 752000 3¢ 9.4 9.46

T 271013 2692833 27000037 0.64 0.38

KL 1775818 180850013/ 18000003/ -1.81 -1.34
ST 14621 147413 147411%] -0.81 -0.81

BRIT. 429974 453690132 46370014 -5.23 -7.27

HIZR 5 AT LU 7 4500 B i s ARG B 7 SR W 58 R B 13800l 25 1) 268 X (ELRR DR 5 7 10% LI,
VERIA IS U et A3 4 R B A B B T L
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3.2 AR I 43R B LA A ] BT
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Gifi

CAF 5 HUC ZIMfFAEEHYINCER (1) ENTRRIE R 53 B0 & —FE ), # /2 cataloging units; (2) CAF
) EDA 2 B  BY cataloging unit I%, — > cataloging unit, 3%, 2 > cataloging units 5 5 HAH4B #4457 1
cataloging units RS> LRI A, I-7F ML IERE 1 %5 58 203819 B9 82 i ifi Rl 04520 89

Z¢ 11 ,CAF \[EDA 5 HUC =# &R %I EDA J& CAF H— 4G4, HUC g CAF Fl EDA #2143t T 3%
Bilt 19 25 (8] 73 2R BT ——8 (7 K SCERTTAIS . AT 5 4 K 1) O sl 520 3 AN /K B0 7] % 07 T HUG o i A [6) 25
é&, (ISR S UR DO A regions, T K1) 43718 41 A4 9 7K B0 ) A % B T cataloging units,, AR , I BN
KB TT 432 T 1 27K DX 4 1) Al
3.3 TAER#

H T I XS O 3 TS 2 N XK R TR | AT J0 T i s S5 3T 1 K XA &l
oA PRME X 3 R 23 3 1 it S T AR S ARG ER T A A E R Z — . AR T — ek
R 3R DEM (4035 T AR 2009 4R KA 30 m 439811 DEM &) FZK A& IE 12 A H X 3
AR AT R , 18 i e GIS R AK SR A A A ] ArcHydro 7K SRS B A b 2 1 1E FIYAT I B2 5% 5 N
TREHEAR S A 55 D7 X1 J ] ol DX ) i 3320 - 55 0] AR K X A TIB IE

FiAh AW Ao ST b ARETE T — 2 A R & 5 i) 5 MR 1 3l 2 55 07 2 E— 2D B IE 70 28
SER AT IR — A5 23600 10 288 IR 2R | DA e 2 K1) 0 14 45 2130T 11 BA T AN ] () TR A 45 75 57
AR AR A I A B S %) DX X T R T 5 i K PR A SR M SR S PR A R
4 #Hit
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(3) FN AT R 2B AT AR ] CIERE 2% (EDA TR KR AR B VRY) E TR ER AR  JCHL AR
TEPERERREL 10 DS EURFZ M H ALK X 5] H 43280 24845 .
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