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Sea level rising can intensify storm surge and floods, coastal erosion and sea
water intrusion, which cause damage to the human living environment, so the study of
sea level change on disaster prevention and mitigation work is of great importance.
This study focuses on the trend and spatial variation of sea level rising, and on their
mechanisms. The seasonal and inter-annual variations and the long-term trend of the
sea level in off shore Fujian coastal were investigated using tidal observations at the
tide gauge stations and AVISO satellite altimeter data (1993~2012). Fujian coast is
frequently affected by typhoon, which often bring severe storm surge disasters. This
work uses the data of storm surges to analyze the the characteristics of storm surges
along Fujian coast. The main findings are as follows:

(1) For sea level observed by Fujian coastal tide gauges, significant periods
are also 2.4a and 6 ~ 8a in addition to obvious seasonal variations. There is also a long
period of more than 16a. The long-term linear trend is between 1.5 ~ 2.5 mm/a.

(2) EOF analysis results show that the first two modes mainly reflects the
seasonal variation of sea level, and the third mode includes both seasonal signal and
interannual variation signal. The power spectrum of the interannual signal is larger,
indicating that the third mode mainly reflected the interannual variation. The wavelet
transform analysis on the third mode time coefficient of maximum entropy spectrum
shows a significant 3-year period. Correlation analysis demonstrates that time
coefficient correlates well with ENSO index, suggesting that the ENSO produced
certain effect on Fujian coastal sea level.

(3) Using the least squares fitting method for sea level obserations at tide
stations and satellite altimeter data separately, the results show that in recent 54 years
(1960 ~ 2013) relative sea level rise rate is about 2 mm / a, and in nearly 20 years
(1993 ~ 2012) relative sea level rising rate is 3 to 4 mm / a. Satellite altimeter
observation results show that in recent 20 years (1993 ~ 2012) absolute sea level

rising rate is about 4 mm/ a.
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(4) The main factors influencing the seasonal variation of sea level in Fujian
sea are the wind field and sea surface temperature. Wind driven water volume
transport and water volume thermal expansion jointly influence the seasonal variation
and distribution of sea level. Their roles played in the coastal sea and open ocean are
different in different seasons. Along Fujian coast, seasonal change under the influence
of wind field is dominant in the seasonal change of sea level, but in the open ocean,
both wind field and sea surface temperature (water thermal expansion) are important.

(5) Along the coast of Fujian Province storm surges usually happen during the
period from April to November. Storm surges show obvious seasonal variations.
During the period from July to September, storm surges account for more than 70% of
those in the year. It was found that the storm surge in Fujian were mainly less than
150cm, most in 50-100 cm, indicating that storm surges are not serious along Fujian
coast.

(6) The peak storm surges at four main tidal stations along Fujian coast were
found in three periods of 1960 ~ 1960, 1990 ~ 1995 and 1995 ~ 2000. Annual
maximum storm surge fluctuated about 110 cm, and that at high waters is about 80 cm.
The interdecadal variation of the maximum surge is not obvious.

(7) At Fujian coastal tide stations high storm surges mainly appeared from July
to September accounting for more than 60%. Storm sruges of more than 50 cm at
Dongshan, Xiamen and Pingtan station mostly occurred in August. At Chongwu
station storm surges of all three grades could occurred from July to september.

(8) Along Fujian coast high sea level surpassing warning tidal level appeared
1~2 times per one year except few years. The number tends to increase since 2000.
In 2013, there were three times at Dongshan, Xiamen and Chongwu stations, and

twice at Pingtan station. Thses indicate a rising trend of dangerous storm surges.

Key words: Sea level; Storm surge; Seasonal variation; Inter-annual variation; Fujian

offshore; Satellite altimeter
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WP BT 20 B ARAEES RGN N AL 77 A ) IZ BRI IR 0 o T TH
FFATRE S BT R (1) g AR RN AR A AZ 0, VS 1T (457 2R AR A
AEPIERS; (2) G RFRER R EMR (3) PEFEMINE; (4) I
HESHERE ;s (5) BUR] WA EE o« WP T b T SR AR A ) f 35 o 25 N R AEAE IR
R ECR BN CERAESE, 2003; FEHRIVAE, 2003; T-Hi%L, 2004: R4,
2006; Bitig5E, 2008a; Hitl, 2008b; fH €S, 2011; MRERER, 2014). fEAEK
AR 5 P IH _E T O R OCTE R AR UL (Burton 1etal., 1998;  kant et
al., 2009) , V1 b FkBeA A Bk ORI EE ) 2 — o 9 T S O SRR AL,
A E M (UNEP) A SRS R0 S (WMO) 78 1988 4 % | Tz T BUR A1,
{284k, % k2 514> (Intergovernmental Panel on Climate Change, IPCC), H: 3= 32HH
TR AT R TION A BRI 2 SR IR . SRR S AR, SR E [
FEAR SRR S 3 . 2007 4F IPCC S IR SR AL PR A (AR4) $5 H,
H 1961 4= LLK, BP0 1 E A2 1.8+0.5mm/a, i %] 7 1993 4ELLE,
AR A K F) T 3.140.7 mm/a (IPCC, 2007) » 4575 7 FHEUE A T 21
LI AR, FeH B 21 AR SRRV T EFE 0.18~0.59m (Ak
RER, 2014; ZE75, 2012).

1.1.2 fFRENX

fEgiit, HATEBkEE 70% AN HAFEARFE TR, SR Ea AT 60%
RN AR R B 100km HJHBIX, Herf 10% AN FVBE S S AR AR ik e 5
AV 10 m HTREEILET o TIAE S ERAT 15 ANRF R, Herb 11 At AL T i ek
A, M E R 4 A2 at. BilE. TOHIAERYI, BRAEARTAb AR 3
ANEIRL TV T LXK R v 3 i s XU R HRNAR . R
PRI  SRFIAHT R R BUM , N B5 8R L G0 0 ROV S T A e G 55 R 3 X
o ] S AN KR, $H1 18000km < KR 7 £ A1 14000km K i U5 A 2k, o [
I — N R, A4 50km LAV R HEIX BN A%, 0%
KL, RN - S S5 AT 1t o it DA 18 2 B2 i1 T b 52 i i 7™ P i S 4 X
XA T b T B LAt SR 9 T A AR 2 R I BI85 -
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WP ETE, BT RN D # a2 a2 B0 , S I ] B R ]
—AMERE RN, BARARARE 5 AT I L TR AR R A LK,
& R SRR KR WK ER S o VR S A AR AAN ], 0 T30 j 1 [X 4 [T
DUREAN J= i 5T 2 BB BN — B, A3 AR b I DI 22 55, XAtk ()i
SPATHI AR 2 ) i T B A 3R 147 P~ T A8 B K, 3k gl A 43 DX 3P T 7R A 1
Ft 5 ARG P E 2, AERIEP IR T L, A PR E b
AR BRI FE RS 2 RN RE XA, FRATTA Re A B2 48 AR TR AZ AL
(RIES, btk NIVE BNl o LI TR, 0 BIRE R A 1 9 35 R U R Ty 1
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LK, W IPCC S5AR 22 [ BReE 285 i A kil ~F T AR AL A ik 2, AN
N [ RO i B R T AR A N kb2 (5 o TR % UM A1 R G, 1P
T T AN EE 0 30N S DA A7 B PR 5 R 30 B4 2 1), B 5 ) 38003 ¥ [ Rt [XC
2 5 MK T RESE R R, WIS B SRBURAE ) 2 AR [ 28 57 A 23 R Je K 10
ORI T Yoy T T AR B B A R PR A R — A B 2 I DA

H I BURT e B E LI~ TR A2 A B FEX VR X (R e, 8 D A R AT i1
ARG AT, AR T I & 48 0 - T AR AL RIS R AR 0, 13 G o] R %)
WA IR A RIS S S, SR M 2009 4R, BRETTIALE 4 ETu
W IT -~ T AR A T & 5 A TR, A 1P i A e VRIS L A
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R X

H i 26T [ 0T T 78 LB A2 R, AE RN K0 23 i 7 [X 3
T AN AR R A 2, (Hu et al., 2000; Liuetal., 2001; %128 k%%, 2001,
2002; Yangetal., 2002; Z=37%%, 2002; Leeetal., 2003; E#%%E, 2003; 4
==, 2005; Fang et al., 2006; #5555, 2007; T AR5, 2007; XK,
2007; Zhuangetal., 2010; FeAmC45, 20105 PoiEshss, 2010; £, 2013; E
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