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Abstract: Suspended sediment concentration (SSC) is an important index to measure

water quality, and its variations have major influences on seabed erosion/accretion, biolog-

ical primary productivity, and restoration/loss of land resources. To study the influence

of typhoons on the SSC in the Yangtze Estuary, we used surficial SSC data collected at

six gauging stations-namely Xuliujing, Qinglonggang, Gaoqiao, Hengsha, Sheshan, and
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Luchaogang-over the period from 2010 to 2014, as well as continuous data on wind speeds

and wave heights over long time scales. The results indicated that wave heights and wind

speeds during typhoons were on average 2.2 times and 1.7 times higher, respectively, than

those before a typhoon occurred. The mean surficial SSC at the gauging stations also

doubled, increasing from 0.32 kg/m3 before typhoons to 0.69 kg/m3 during typhoons. The

SSC measured during typhoons was found to be 4 times larger than values observed during

calm weather. The typhoons’ influences on SSC, moreover, varied across different sections

of the Yangtze Estuary. Influences measured at the Sheshan and Luchaogang stations in

the outer estuary were the most significant, and the SSC at the two stations increased by

167.1% and 143.7%, respectively. However, the sensitivity of SSC to the typhoons was

relatively minor in the inner estuary, where winds’ influences were accordingly minimal.

Based on long time scale data, the increase of SSC was moderate for wind scales 1–4, and

the increase of SSC became evident above a wind scale of 5. Changes in wind speeds and

wave heights, resulting from typhoons, were the most dominant factors attributing to the

varation in surficial SSC. During typhoon season, the change of surficial SSC caused by

typhoons is much greater than the change of surficial SSC due to tidal and runoff effects.

This study is beneficial to the protection of coastal engineering during typhoons and has

important implications for the study of interdisciplinary fields.

Keywords: suspended sediment concentration; typhoon; spatial differences; Yangtze

Estuary
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à�/m/�9üC´dYÄå��ÌEå�E�, 
Yâ$Ä´Äå�^!Ô�Ñ

$�/müC�m�Ý�[1]. 3E,�à�º°Äå�p�^e, ]âßÝ�©ÙCz´Y

â$Ä�­�Ny. 
]â�â�[, ¢S�'L¡È�[2], �áN�«E�íÚk³À/

Ô[3], K�2i�Ô�1Ü�^[4]. �ó�, YNL�]âßÝ���é1Ü�^k��K

�, �L�]âßÝCzäk­��)�¿Â, ´ïÄà�°W)��¸�­��K��.

du»6!�6!ºLÚ//�K�, ]â±]2½�ü/ª�3uà�n�³l�!Ê

����« , ]âßÝ�©Ù�3²w����É, ù
Cz��K�l�Ê�Õf9C

Wó§ï�[5-6].

º�´°W��ª��g,/³��, �@�´K�Yâ$Ä, �E°.°W/m�

ÄåÏ�. 3Ü��²�I[¥, ¥I´;Éº�Q6�ª�Ú�î­�I[��, ��¥

I÷°A�ÑÉ�K�[7-8]. duCc5÷°/«²Lï��×�uÐ, º��E¤�Ô�

²L��c�î­, 39�í^ªgO\Ú°²¡þ,�µe, ùa��k?�ÚO��ª

³[9-10]. d	, duº�L§¥�rºÚíØ½C�Úå�r��í6Ä, °²¡´)¤r

kå�ºL, ��°²¡Y É~,p, YNR�6Äì�. e�þU©��Y �º��

OY�pU\, °YS�º/, i¤�/, �J��î­[9]. �©�º�Ñy3Ü�²�/«,

¡��º. �ºÏm�U�5�þ�ü�, AO´ü�oþ¥O\�·IÀH÷°/«, á

�m�»6þòÑy�þO\, �à6�\�Yâ��E¤]âßÝ�©ÙØþ[11].

�Xnbó§!�ô�YÊ�ó§��.Y|ó§�ï�$E, à�5Y5â9Yâ

$Ä5ÆÑy
�
UC. Cc5IS	Æö�é�ô��~Uíe]âßÝ�±ÏCz
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®�
�þ��\ïÄ. Û�[12]Äu 2003 cÚ 2005 c�ô�9Ù�C°�öGYâ]�,

�Ñ	°TöG�]âßÝE´ÜpÀ$!Hp�$�]â©Ù�³, é' 1982 c�ô�

¢ÿ�]â©ÙA�, uy]âßÝ�' 1982 c²wü$. 4�I[13]/Ï TM Ú AVHRR

K�é�ô�L�]âßÝ?1�ü, �âØÓ�ã�aêâ(J, �Ñ
�ô�]â�

©ÙÉG!!�6Ú»6þ�K�. Shen �[14]|^ MERIS¥¡êâÚ·^�2��²�

DÑ�., �ü
Ã�Òñ	Uíe��ô�9É²�]âßÝ. Li �[15]ÏLÿþ�ô�

�C°� 10 �Õ:zF]âßÝ, @�M8y]âßÝü$ÌÝ��ÏÕ5âþ~�§

Ý(55%)Ä���, ��ô��]âßÝ�3±Yr$�ª³. ± ïÄõÄu�~Uíe

�*ÿ]�, éu4àUí(�º)L�]âßÝáÏCz�ïÄ��[16-19]. �u�ºÏmY

â*ÿ(J, Nõy|ïÄÌ�´�éüg�º*ÿ, õg�º¯��1�Ã]�J±¼�.

�©±�ô��~, ÏL©ÛCAc�½Y©ÿÕêâ, ïÄL�]âßÝ3õg�ºUí

e�Cz5Æ.

1 ïÄ«V¹

ïÄ« u�� 29*32◦, À² 120*123◦S(�ã 1b), Ä�CX�ôà�, ¤?�À°

´�º~cª��º�Ì�«���[10,20]. �ôà�´;.�¥r�©]à�, gM8

y±e�Â²�!�,�!îâ�9Êãâ©�“n?©], o�\°”. �N3�S�Ø

5K�F�, õc²þ��� 2.7 m, �	��5�F�. 2003 c5õc²þ\°»6þ�

8.4× 1011 m3, c²þ\°âþ� 1.4×108 t[21]. �	m���6²wLy�^=6, �SÉ

©�//��± E6�Ì, «�oN�6�Þá���Ü�-ÀH��[22]. ]âÏþ3ö

G��, 
 G��. ÅLÌ�´ºL, ?3Gº5íÿ¥���G!CzwÍ, gG± 

ÀH��Ì, ÁG± ���Ì, S¢üGº�Ø­½, ¤/¤Å�vk²w5Æ[1]. �ô�

Åp��±gÁG!�p, S¢üG�é�$, �Sõc²þÅp� 0.9 m, �	²þÅp�

1.2 m[23]. �ºL¸, º�Lp, �	��Åp�� 6.2 m, px�ÑyL 3.2 m �Åp[24].

2 æ��{9]�5


L�]âßÝêâ� 6 �æ�:©Ù3�ô\°�«�(�ã 1b), M8y!�9l u

à�¥ãþi, px!îâ uà�¥ãei, ëì!¨�l uà�eã[25], æ� �Y

�3 5*10 m Ø�. zFüg 8: 00 9 14: 00 ½zFp� Ú$� �L�Y�(0*0.2 m L

�Y�) 600 mL. æ�L§î�Uì°�iÿ5�(GB17378.4)Ú°�N�5�(GB13909)�

��¦[26], g 2010 c 1 �� 2014 c 12 �(�)4à�ºUíe�æ�), �O 21 858 Y�´.

òæ8� 600 mL Y�^È�LÈ, LÈck¡È��þ, ��3e5�]âÚÈ��uó

�óZ( 45◦§Ýeó÷ 48 h)¿2g¡­, üg¡­��=�O�Ñ]âßÝ.

�ô�º�!Åpêâ5gî³¥�ÏUíý�¥%(http: //www.ecmwf.int/). êâ

�) 2010—2014 cmzFm� 3 h �º�º�(°²¡±þ 10 m)!k�Åp9²þÅ±Ï

�, ÀJ°Ýmå 0.125×0.125 ²�Ý��]�. »6þêâ5g�ôY©�. ëìÕ�Nê

â5gþ°°¯Û.

�ºêâ�z 1 h P¹�g, �º���º�!�º¥%íØ�!´» �]�!º�

�»!º�?O�êâ5g Unisys úi(http://weather.unisys.com/hurricane/)Úúô�Y

|eY|&E+n¥%(http://typhoon.zjwater.gov.cn/default.aspx). Ù¥�º¢3�m�

�´�º¥%º|l?\,�A½ �� t1 ���lmT �� t2 ��¤²{��m, �
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ûuº��»��9�º3«�S¥%º|�£Ä�Ý, 
Ø´é���ô�½À°�)

K���m. O�úª�

T¢3 = t2 − t1 = D/U. (1)

Ù¥, T¢3��º¢3T«���m, D��º 10 ?º��», U��º3ïÄ«�S�£

Ä�Ý[27].
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Fig. 1 Study area

3 ( J

3.1 �ºA�

L 1 �Þ
 2010—2014 cK��ô�� 6 g;.�ºA�, �)�º�º�ô���

m!10 ?º��»!¢3�m�. �âI[IO59�í^�?6��º�?IO[28], Ø

2014 c“Â�”�º3²L�ô�«���?(1 ?9�º�)�$	, Ù{�º����º?

O±þ. Ù¥, 2012 c“nn”�º3�C«����¥%º����r�º?O, é·IÀ

°°��»�§Ýã�. lL 1 ¥�º5���, ¥%º|����º, Ù¤K��º|�

�����. 
¢3�m��ûu£Ä�Ý. X��º�� 23 m/s �“Â�”�º, 10 ?º�

� 50 km, �'��º�� 48 m/s �“°¾”�º(º��� 200 km), 3üö£Ä�Ý�C�

�º“°¾”¤¢3��m��. �º“�X”�º��»�(60 km), £Ä�Ý¯, 3�ô�N

CÊ3= 3 h. “�·”�ºK��, du£Ä�Ý�ú, º� 150 km, Ù¢3�m� 6 ��º

¥�È(14 h). l��º´»*	(�ã 1A), 2014 c“Â�”�ºlÉ²��W�þ°HÜ�

º, ���þB�þ°½K��ô�, º��éØ�, �»�åér. Ù{�ºålëì�

á3 200*500 km, K�À°YÄå�¸, ?
K��ô�Yâ$Ä, é·ISº¢½K�Ø

�.
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Tab. 1 Summary of the physical characteristics of the typhoons studied
�º �º�ô� ��º� 10?º� £Ä�Ý ¢3 �º lëì

¶¡ NC�m /(m·s−1) �»/km /(km·h−1) �m/h ?O ål/km

�5 2010/9/1 40 100 30 7 3 250

�X 2011/6/26 28 60 35 3 2 200

°¾ 2012/8/8 48 200 15 13 4 250

nn 2012/9/16 52 120 35 7 5 500

Â� 2014/9/23 23 50 15 7 1 30

�· 2014/10/12 33 150 22 14 3 500

3.2 �ºÏmºÚÅLCzA�

6 g�ºK�Ïm, º�Cz½,, ��ºc�Ém². ±ëìÕ�~(�ã 2), �º“�

5”!“�X”!“°¾”9“Â�”3�º�º�ìO, º��= 90◦±þ, $�Ñyl�º=

180◦C�Hº�y�. �º“nn”Ú“�·”Ïmº�Ñ� Hº, 
º�l�þº�� 6*8

m/s O����º�� 15.3 m/s. �ºÀÜº�¤ÓªÇé�, ±H���º�âC�Ì, ��

ºK�~f�º�Åì¡E.
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Fig. 2 Variations in wind speed and direction, effective wave height, and mean wave period

during typhoons

�ºLUþ�, ëìÿ:�k�Åpl�ºc²þ� 0.8*0.9 m(�ã 2), ©OO���º

Ïm�1.44 m(�5)!1.47 m(�X)!2.02 m(°¾)!2.32 m(nn)!2.01 m(Â�)!2.49 m(�

·). Ù¥�º“�·”K�ÅpCz��, ´�ºc� 3 �. �k�Åp4O�¸�, ²þÅ±Ï

½�º�ªu���. ~X, �º“�5”����Å±Ïl�ºc� 4.7 s O�� 9.1 s, ��Å

±Ï�ëìõc²þÅ±Ï� 5.2 s Ó�O�
C��. k�ÅpOÌ����º“�·”, Å±

ÏOÌ¿Ø�½��, =l�ºc� 5.4 s O���º¥� 7.4 s. ¥%º���(52 m/s)�“n

n”�ºk�ÅpCz��, 
²þÅ±ÏOÌ��. 6 g�ºÏm, ëì�²þÅ±Ï©OO�


 5.9%(�5)!45.1%(�X)!13.9%(°¾)!43.3%(nn)!19.9% (Â�)!38.5%(�·). d	

�ºL¸�c¥��ã, k�Åp9Å±Ï�¥ü¸/�, kLy�Op, ���º~fÅìü

$.
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ã 3�ëìÚ¨�lÿÕ3 6 g�ºÏmk�ÅpÚº��£8'X, �N
Åp�º�

O�
O��ûÐ�5�'. ¨�l��'Xê R p� 0.92(p < 0.01), wÍ5ÐuëìÕ��

'Xê(R = 0.86, p < 0.01), lüÕ:��'5L²*ÿ:�ÅLÌ�ÉT/«�º���, �

ó�, �ºÏm�ÅpCz�¹�±lº�Czm��N. ã 3 �L²üÿÕ�Åp¤�O�,

�ëìÕÅpOÌ'¨�l�²w. Xº�3 6 m/s, ëìÕ²þÅp� 0.9 m, ¨�l²þÅ

p� 0.8 m; �º�O�� 12 m/s, ëìÕ²þÅp� 2.6 m, ¨�l²þÅp� 1.9 m.
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Fig. 3 Correlations between wind speed and the effective wave height during typhoons

3.3 �ºÏmL�]âßÝCzA�

�ºK�±ÏÏ~� 4*8 d[29]. ã 4� 6 g;.�º¯�é�ô� 6 �;.Õ:L�]â

ßÝ�K�. dL 1 �º5�, ò 6 g;.�ºUØÓ§Ý��º�?(º�û½)!¢3�m(º

��»Ú£Ä�Ýû½)!�º´»(lëìål)?1©a. Ù¥, �º“�5”!“�X”!“°

¾”!“Â�”´»�åëì�á�3 250 km ±S(�L 1). ±�ºål�C�“Â�”�º�

~(�ã 4e), ]âßÝ3 22—23 FÊHCz²w. �ém��ëì��º�� 12.8 m/s, ]â

ßÝ���l�ºc 0.38 kg/m3O�� 1.80 kg/m3, �ºÏm�]âßÝ�±3 1 kg/m3±þ,

²þO�
 2.3 �. ¨�l�]âßÝÉK�§Ý�²w, �º�¯�O�� 10.7 m/sL§¥,

]âßÝl 0.30 kg/m3Cz� 0.78 kg/m3, ´�~Uíe�C 3 �. à�¥ãþi�6�^�,

Ì�Éþi5Y5âK�, �N�^e�Fþ]âßÝ�éCz�. �3“Â�”K��, M8y

]âßÝl�ºc 0.08 kg/m3, O� 26.4%� 0.10 kg/m3, ��Czþ�� 0.12 kg/m3. �|�

�9lÕl²þ 0.17 kg/m3, O��²þ 0.45 kg/m3, ��Czþ�� 0.59 kg/m3. à�¥ã

ei�pxÚîâ, ©Ol 0.12 kg/m3Ú 0.05 kg/m3Cz� 0.18 kg/m3Ú 0.06 kg/m3, CzÇ

©O�� 45.63 %Ú10.02 %. ¦+“Â�”� 4 ��C�º¥º���(�º�? 1 ?), �¢3�

m�u 7 h, �ºL���^�ô�, ��]âßÝ²þOÌ� 104.8 %.

4 �ålïÄ«��C��º¥ºå���� 4 ?�º“°¾”(�ã 4c), 6 �Õ:�º��

��þ�L 15 m/s, 3�ô��¢3�m�Ù¦��. ,
�ºc 3 F�?u��. ÏmëìÕ

�]âßÝCz=� 17.5%, à�¥ãei�pxÚîâ©OOÌ 30.5%Ú 41.8%, ²þoOÌ

�8g�º¥�$� 54.1 %. ��º�=gu�º“°¾”�“�5”(�ã 4a)?u��Ïm, Ï

mëìÕ�]âßÝ� 1.12 kg/m3, é'�ºc(0.22 kg/m3)�
O�
 401.2%, ²þoOÌ

122.9 %. d	, ål=gu“Â�”��º“�X”, ¢3�má
��º�pu“Â�”, ÉÙK�

�]âßÝ²þoOÌpu“Â�”, � 119.4 %.
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Fig. 4 Variations of surficial suspended sediment concentrations and tidal range at gauging

stations during typhoons

�º“nn”(�ã 4d)Ú“�·”(�ã 4f)�¥%´»¿Ã���º�ô�, ålëì�C�

� 500 km(�ã1A), 
À°ºL�5�ã�Uþ²ZLm�D4C°. üg�ºÏm¨�l]

âßÝ���©Ol 0.58 kg/m3O�� 1.39 kg/m3, 0.82 kg/m3O�� 2.70 kg/m3; ¥ãþi�

M8y]âßÝ©Ol 0.07 kg/m3Cz� 0.15 kg/m3, 0.09 kg/m3O�� 0.10 kg/m3. ¦+“�

·”�¢3�m�, ��º“nn”���º�(�º�? 5 ?)��u“�·”(�º�? 3 ?), “n

n”¦�²þ]âßÝOÌ� 128.4 %, “�·”=� 77.7 %.

oNþ, 6 g�º�(�ã 4)º�²þ�� 8 m/s, ´�ºc� 1.7 �. 6 g�º¯�(�

L 2)�� 6 �Õ:�²þL�]âßÝ©O�� 0.59 kg/m3(�5)!0.44 kg/m3(�X)!0.72

kg/m3(°¾)!0.86 kg/m3(nn)!0.47 kg/m3(Â�)!1.04 kg/m3(�·), ²þO� 101.2%, �

OÿÕ(ëìÕ)]âßÝO�
 4 �. lØÓ�º�K�§Ýuy, ]âßÝCz�É���º

º�ÚK�´»'X��, É¢3�mK�Ø²w.

4 ? Ø

4.1 �ºéL�]âßÝ�K�

4.1.1 ºLéL�]âßÝ�K�

3K��ô�]âßÝ��©Ù�Ï�¥, ���»6þÏ~�Ì�Ï�[30], º�éuL

�]âßÝ��ÏK��zØ� 30%[31]. |^ SPSS ©Û 2010—2014 cöG(8—10 �)�~U

íL�]âßÝ�º���'5, ��¨�l!px!M8yÕ:��'Xê R ©O� 0.33,

0.15, 0.14(�ã 5). Ø¨�l�'5�p	, Ù{º�é]âßÝ��'5ØwÍ. ?�Ú©Û

�ºÏmüö�£8'X, (J¨�l�'Xê�� 0.52(p < 0.01), �'öG�~Uí��'
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5O�C��. pxl�~Uíe�Ø�'C�$Ý�'(R = 0.29, p < 0.05), 
¥ãþi�M

8y3�º¥(R = 0.13)��~Uí(R = 0.14)É�º�K��OØwÍ. ùL²]âßÝ�º

��mÑ¥��''X, �N�º´��.KYâ2]2¿¦]âßÝO���Ï��. 
ÅL

é]âßÝK��¢�´ºé]âßÝ�K�[32] . ~X, “Â�”�ºK�ëìÕÏmº�×=

O�, k�ÅpÚÅ±ÏB��O���~Uíe� 2*3 �(�ã 3), �L�ÄYN��.K�

ÈÔ2]2UåJp, O�L¡]âßÝ. d	, �ºÚåì�º�Cz(�ã 3), ö�å¦W>

/¤þ,6òCWYâ��YNL�, ½�O�L�]âßÝ[33]. (Üã 4 Úã 5 �]âßÝ

áÏCz, �º�pUþ��Å5��´�ô�¥	ý]âßÝ:ìCz7L�Ä�­�Ï�.

�'�e, à�eã¨�lÕ�]âßÝ�º��m��'5²w�u�S¥ã�ü�ÿÕ, `

²m�Y�É�º�K��u�Û-�«�, ù�ÿÕ¤?//àãk'. oNþüö�m�

�''XØ´éÐ, k±e�Ï: �ÅLO��éuº�O�k�½¢��A; �L�]âßÝ

O��éu.KYâ2]2k�½�mþ�¢�; ��Õ:]âßÝ���=��Uüg, �U

¥��±ÏS]âßÝ�X��k²wCz, ù«Cz¬ùXºLé]âßÝ�K�.

LLL 2 ]]]âââßßßÝÝÝééé������ººº¯̄̄���������AAA

Tab. 2 The suspended sediment concentration in response to typhoon events

Õ:
��º¯�

6g�º²þ
�5 �X °¾ nn Â� �·

M8y �ºc/(kg·m−3) 0.08 0.05 0.10 0.07 0.08 0.09 0.08

�º¥/(kg·m−3) 0.10 0.11 0.13 0.15 0.10 0.10 0.11

CzÇ/% 28.1 114.4 37.4 104.0 26.4 11.0 53.6

�9l �ºc/(kg·m−3) 0.32 0.15 0.58 0.51 0.17 1.13 0.48

�º¥/(kg·m−3) 0.70 0.20 0.97 1.45 0.45 2.60 1.06

CzÇ/% 121.8 31.2 68.1 185.7 161.0 131.1 116.5

px �ºc/(kg·m−3) 0.18 0.31 0.30 0.30 0.12 0.18 0.23

�º¥/(kg·m−3) 0.32 0.39 0.39 0.40 0.18 0.27 0.32

CzÇ/% 74.2 23.3 30.5 29.8 45.6 50.4 42.3

îâ �ºc/(kg·m−3) 0.40 0.11 0.26 0.12 0.05 0.13 0.18

�º¥/(kg·m−3) 0.58 0.24 0.36 0.27 0.06 0.16 0.31

CzÇ/% 46.7 117.6 41.8 117.9 10.0 20.8 59.1

ëì �ºc/(kg·m−3) 0.22 0.13 0.62 0.77 0.38 0.54 0.44

�º¥/(kg·m−3) 1.12 0.26 0.73 1.91 1.23 1.11 1.06

CzÇ/% 401.2 105.0 17.5 146.5 227.6 104.9 167.1

¨�l �ºc/(kg·m−3) 0.43 0.46 0.75 0.36 0.30 0.81 0.52

�º¥/(kg·m−3) 0.71 1.28 1.73 1.02 0.78 2.02 1.26

CzÇ/% 65.7 174.6 129.4 186.1 158.1 148.3 143.7

üg�º²þ �ºc/(kg·m−3) 0.27 0.20 0.43 0.36 0.18 0.48 –

�º¥/(kg·m−3) 0.59 0.44 0.72 0.86 0.47 1.04 –

CzÇ/% 123.0 119.4 54.2 128.4 104.8 77.7 –

5: “�ºc”�L�ºc 2 � 3 F]âàÞ§“�º¥”�L�ºK�Ïm 2 F]âàÞ

4.1.2 º?éL�]âßÝ�K�

�º�p��½§Ý�, ºLÚå�YÄåCz�)r��·Ü�^, R��þ,6Yì

��Ô�?\L�, Ù¥�).K�[�â�ÈÔ�Ô�[34] . �?�Ú?ØØÓº?éL�]

âßÝ�K�, �âL 3 º�º?�éA'X, ò 6 �;.Õ:Fþº�©a� 1 � 7 ?, 7 ?

±þº�� 17.1 m/s 3�ô���¾�, 6�Ø�\. ±º?��gCþ, ]âßÝ��ÏC

þ, À�õ�ªÚéê£8©Û[35], ��à�¥ã�eãÕ:(�g�M8y!�9l!px!

îâ!ëì!¨�l)�'Xê R �©O� 0.953!0.942!0.855!0.617!0.984!0.956(�ã 6).
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îâÕ^õ�ª©ÛÑy�º?O�]âßÝü$y�, ÏdÀ^éê[Ü�Ð. �'5Ø
î

âÕ:=� 0.617	, Ù¦Õ:Ñ3 0.855 ±þ, ëì�¨�lKp� 0.956 ±þ(p < 0.01), `²

à�eã�A§Ý�¥ãwÍ, ù�á±Ïº��]âßÝ��'5(J�q. ��5¿�´,

duîâÿÕ: uHl�ø��ô�YÊ�«ã, T«ã�]�©6!üýV�#�6±9

àK\�/��E,5\�
.KYâ2]2�L��JÝ, �H�ý��ÿ/¤�U,�Å

#é�ºå�½�{L, 3º?l 2 ?Cz� 5 ?�L§¥]âßÝÄ��±3 0.31 kg/m3, Ú

O(J�Ù¦Õ:�'5$. ,	, duM8y�YâåÄ6�3 0.79 m/s�m, �u 0.5*0.6

m/s �H�øåÄ6�[36], �º?�O�, ºLÅì��à�¥ãþi, �½§Ý�^�.Ü[

�âYâ, ��M8y�]âßÝ�úO�, [Ü'X�á±Ï�'5p.
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Fig. 5 Correlations between wind speeds (V ) and suspended sediment concentrations (C)

LLL 3 ººº???ººº���éééAAALLL

Tab. 3 Relationship between wind scale and wind speeds
º? 0 1 2 3 4 5 6 7

º�/(m·s−1) 0-0.2 0.2-1.5 1.5-3.3 3.3-5.4 5.4-7.9 7.9-10.7 10.7-13.8 13.8-17.1

�Xº?z,p�?, ]âßÝJpÌÝØÓ, Ü©Õ:¥�êO�. X�'5�Ð�ëì

Õ(�ã 6), º?l 1 ?C� 3 ?�, ²þ]âßÝO� 1.2 �; 
º?l 3 ?O�� 5 ?�, ²

þ]âßÝl 0.38 kg/m3O� 1.6 �� 0.59 kg/m3. =¦´¥ãþi��9lº?O� 2.9 �,

L�]âßÝ²þ�UOÌ 1.9 �. kïÄL², 3 Barataria 6�, �º�� 4 m/s �TïÄ
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«� 50% �L��ÈÔu)2]2, 
�º�O� 2.5 ��� 10 m/s �, 2]2�L��ÈÔ

Ó
 80%±þ[37]. ùL²º?��, �U\ìºLÀMW�Yâ¦Ùát, f��ÈÔ�oz�

Ó�Ñy�þYâ?\Ê�Y�, 
2]2\�
.K�ÈÔÚ]â���ªÇ, ��¥e�Y

â¹��YNL�, ùéL�]âßÝCz��zå�'��^.
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Fig. 6 Correlations between SSC and wind scale at different stations

4.2 //é�ºUíeL�]âßÝ�K�

�ÿ:¤?�ô�ØÓàã, à6�°��®�Äå^�ØÓ, (Ücþ]âßÝ��º

K�]âßÝ�É, uy�Õ:�CzéÙ�A§ÝØ�. ~X 6 g�º¯��, M8y�²þ

]âßÝ� 0.11 kg/m3, �õccþ]âßÝ(0.084 kg/m3)O� 35.1%, �'�ºcO� 53.5%.

à�eã�ëì, ]âßÝ3�º¥� 1.06 kg/m3, Úcþ]âßÝ� 0.43 kg/m3�', OÌp

� 146.4%. 6 g;.�ºc�]âßÝ²þCzÇ(�L 2)©O� 53.6%(M8y)!116.5%(�

9l)!42.3%(px)!59.1 %(îâ)!167.1%(ëì)!143.7%(¨�l). Ù¥, ëìÉ�ºK�

Cz��, Ùg�¨�lÚ�9l, îâ!px!M8yOÌÑ3 50% �m. d	, M8y!�

9l!px!îâ!ëìÚ¨�l���:²þY�©O� 10 m!4 m!10 m!8 m!6 m Ú

5 m. Ù¥, CzÇ���ëì!¨�l9�9ln�ÿ:Y�þØ�L 6 m, ù�y��U�

ØÓ//ÚY�é]âßÝ�Z6k'. 3ºå�^�C�^�e, �âúª L = gT 2/2π(g�

­å\�Ý, L�Å�, T �Å±Ï), �Y� d ÷v d < 0. 5 L, ÅLâv±6Ä�.K�ÈÔ,

?
R�iâ, UCL�]âßÝ���[38]. ��º�ã�UþD4�CWYN, ��.K}�

AåwÍO�, Y��f.K�ÈÔ�YN���ª�, ]âßÝ�p[39]. �±@�]âßÝ3

CW�é�p[40], �	°�Y�ØäO\
Åì~�, fY¥]âßÝCz�ÌÝÉºåK�

'�Y¥�²w[41]. Ùg, dã 5 ¥à�eã¨�lº��]âßÝ��'5�u¥ãei�

px, px�u¥ãþi�M8y��, ØÓm�5àãé�º�A(JØÓ. ©Û@�, ¨�

lÚëìÕY�f!���,  u��¶Z��äkûÐ�m�5, �ºiÄÅL���R�2

]2�^���, ´r¦à�eã�L�]âßÝ3�ºK�e�CzÇ9�'5Ñ'�p�

­��Ï. 
M8yÚpx�é u¥ã�þ, ���!Y��, =3�ºUíeÏZLD4J

±�\�S, ]âßÝ�CzØ²w.

4.3 Ù¦Äåé�ºÏm]âßÝ�K�

]âßÝÉõ«ÄåÏ���. �ºÏmEÉ�±Ï!���±Ï9þi5Y�K�,�



206 uÀ���ÆÆ�(g,�Æ�) 2019 c

�*/���º¯�éL�]âßÝ�K�, ò�ºÏm�Ù¦Äå�¹¥yXL 4 ¤«. �

ô�»6þ�é�ÏY©Õ¢� 7*8 d[30], ÏdÀ���ÏÕ»6þJc 7*8 d �L�ô

��Fêâ. (Juy, �º“�5”!“°¾”3�ºcÚ�º¥»6þÄ�ØC, “�X”!“n

n”3�º¥»6þ²wO�, “�·”!“Â�”3�º¥�»6þ�
eü. d	, Ø
�º“n

n”!“Â�”, Ù{�ºÏm���Ñ'�ºc$ 60 � 140 cm, cÙ�º“�5”!“�X”�K

�u)3���Ï, ]âßÝo�Cz�
'�ºc�p� ©OO 122% Ú 120%(�L 3). �

ºUí�]âßÝCzd�º¥�]âßÝ~�ºc��, b��ºc�ü��CFÏ�»6

þCzé�, ÏL�ºcÚ�º¥�üã����T�Ó� e�üã�~Uí�]âßÝ(�

ºu)�c���±ÏS), é'ü��Ïe�]âßÝCzuy, Õ:M8y!ëìÚ¨�l

É�ºK��]âßÝCzÑ���uÏ�N�5�Cz.

LLL 4 ÙÙÙ¦¦¦������ééé���ºººÏÏÏmmm]]]âââßßßÝÝÝ���KKK���

Tab. 4 Other factors affecting the suspended sediment concentration during typhoons

Õ: �� �Ï
�º¶¡

�5 �X °¾ nn Â� �·

�Ï »6þ(m3/s)
�ºc 43 166 28 533 57 000 36 800 41 625 41767

�º¥ 43 000 35 100 57 467 37 550 40 100 36 050

ëì ��(cm)
�ºc 256 198 337 279 126 399

�º¥ 116 138 210 399 291 305

M8y

º�(m/s)
�ºc 2.70 4.10 6.31 3.19 3.17 3.50

�º¥ 4.14 7.20 9.60 5.87 7.37 7.42

]âßÝCz(kg/m3)
�~Uí –0.03 0.04 -0.01 0.02 0.00 0.00

�ºUí 0.02 0.06 0.03 0.08 0.02 0.01

ëì

º�(m/s)
�ºc 5.01 7.55 8.24 5.94 6.50 7.05

�º¥ 6.52 8.65 13.24 10.95 12.00 12.88

k�Åp(m)
�ºc 0.80 0.96 1.49 1.03 0.77 0.98

�º¥ 1.44 1.47 2.14 2.32 2.02 2.50

]âßÝCz(kg/m3)
�~Uí –0.18 –0.08 –0.29 –0.08 0.11 0.01

�ºUí 0.90 0.13 0.09 1.14 0.85 0.57

¨�l

º�(m/s)
�ºc 3.90 6.00 7.30 5.83 4.59 5.16

�º¥ 5.33 7.44 12.67 7.67 10.23 9.30

k�Åp(m)
�ºc 0.53 0.65 0.97 0.71 0.58 0.75

�º¥ 0.87 0.85 1.67 1.34 1.37 1.63

]âßÝCz(kg/m3)
�~Uí 0.08 –0.15 –0.03 –0.05 0.10 0.04

�ºUí 0.28 0.82 0.98 0.66 0.48 1.39

5: “�ºc”�L�ºc 2 � 3 F, “�º¥”�L�ºK�Ïm2F

'�ØÓÕ:�ÄåCz�¹, �±²ww�3�º¥���u�ºc��¹e(�º“�

5”!“�X”!“°¾”!“�·”), �~Uíëì�]âßÝÑyK��gê�õ, �±n)�

ëìÿÕ�]âßÝÉ	°�NK��¯a5�r. ,
, 3 6 g�º�r�6Äe, ]âß

ÝE²wO�. e±�ºUí�]âßÝCzØ��~UíÏ�N�^�]âßÝCz, �

�ëìÕ 6 g��ý¢�]âßÝÉ�ºK��Cz, ©O� 1.08 kg/m3!0.25 kg/m3!0.38

kg/m3!1.22 kg/m3!0.74 kg/m3!0.56 kg/m3.  uà�¥ãþ�M8yÉ�NK�k�, X

3�º“�X”Ïm, � ��ºc�$, ��º�»6þO�, ]âßÝCzLy�O�. Ó�,

3“Â�”Ïm, � ²wO�, 
»6þeü, ]âßÝCz%Ø²w.

5 ( �

(Üº�Åp]�Ú]âßÝêâ, (JL²3]âßÝ�áÏCz¥, �º�pUþÚ
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å�º�ÚÅpCz´r¦L�]âßÝ:ìCz�Ì�Ï�, �]âßÝ�CzEÉ¤?à

ã//Ú�N�K�. l 6 g�ºoN²þ5w, �º�k�ÅpO�'� 2.2 �, º�²þ�

� 8 m/s, O�'�1.7�. �º��L�]âßÝ©O�� 0.59 kg/m3(�5)!0.44 kg/m3(�

X)!0.72 kg/m3(°¾)!0.86 kg/m3(nn)!0.47 kg/m3(Â�)!1.04 kg/m3(�·), oN²þ

O\ 101.2%. à�ØÓàã, É�ºZ6§ÝØÓ. Ù¥à�eã�ëìÕ�¨�lÉK���

wÍ, ]âßÝ©OO\ 167.1 %!143.7 %; 
¥ã¯a5Øp, Éº�K��é��. l��

mºÝÚO, �Xº?z,p�?(1—4 ?), ]âßÝ�½§Ý��AJp, 3 5 ?±þº?�

��A�]âßÝCz�²w. à�°W]âßÝéu�º��A´��E,�CzL§, Ø

�º5�Ú//�¸	, ��à6�5Y5â!�ÈÔ�ââ»9<óïÓ�Ï�k', éuL

�]âßÝÉ�º�K�´����\ïÄ�.
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