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Abstract. Temporal variations in wind speed and signifi- ship (VOS) data. Understanding the long-term variations in
cant wave height (SWH) at a location in the eastern Ara-the wind and wave parameter is a key element in contempo-
bian Sea are studied using ERA-Interim reanalysis data fronrary physical oceanography and coastal science. Long-term
1979 to 2012. A shallow water location is selected for thewind and wave records based on in situ measurements are
study since measured buoy data are available close to the Itill sparse in the Arabian Sea (AS), and only short-term
cation for comparison with the reanalysis data. The annuatecords are available (Premkumar et al., 2000; Kumar, 2006;
mean wind speed shows a statistically significant decreasin@ajiv et al., 2012; Glejin et al., 2013). A comprehensive un-
trend of 1.5cms!year!, whereas a statistically insignif- derstanding of the properties of the approaching waves and
icant increasing trend of 3.6 cmsyear ! is observed for  their potential changes is the major knowledge necessary for
annual maximum wind speed due to the local events that alsustainable management of both offshore activities and the
tered the trend in annual maximum wind speed. Weakeningoastal region (Soomere and Raamet, 2011). Generally sig-
of SWH during one of the peak monsoon months (August) isnificant wave height (SWH) is used to study the wave cli-
identified from the monthly analysis of SWH, which shows mate at a location. Globally there have been many studies
a higher upward trend in SWH during the southwest mon-on the change in wave climate, especially in the North Pa-
soon period, with an exception during August. The annualcific and North Atlantic regions (Carter and Draper, 1988;
mean SWH shows a slight upward trend (0.012cmy®ar  Allan and Komar, 2000; Caires and Swail, 2004; Gulev and
whereas a larger upward trend (1.4 cmyéaris observed  Grigorieva, 2004; Soomere and Raamet, 2011; Vanem and
for annual maximum SWH. Both identified trends are statis-Walker, 2013). Kumar and Sajiv (2010) carried out a study
tically insignificant. The influence of tropical cyclone activ- on variations in long-term wind speed estimates considering
ity is also studied and it is found that the maximum SWH anddifferent decades in the AS and reported that extreme wind
wind speed during 1996 are directly related to the cyclonicspeed has an annual decreasing trend of 1.3¢ém's
event. As a part of the global study, Caires and Swail (2004)
examined the long-term trend in SWH in the AS based on
VOS data, but the long-term changes and decadal variation
in wave climate in the eastern AS are not known at present.
1 Introduction Since no regionalized study has been done on the tempo-
ral variations of SWH in the eastern AS, a study is carried
Knowledge of the wind and wave climate is required for en- out using the ERA-Interim re-analysis data set. The objec-
gineering design (e.g., ships and offshore platforms) and theive of the study is to quantify the monthly, inter-annual and
shipping industry (Krogstad and Barstow, 1999; Tucker anddecadal variability of the wind and wave climate at a location
Pitt, 2001). Wind and wave climate is assessed based on théff Honnavar in the eastern AS. The analysis is based on the
data obtained through (i) in situ measurement, (i) a modelwind speed and SWH data obtained from ECMWF reanalysis
data set, (iii) a satellite altimeter and (iv) voluntary observing
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Figure 1. Study area along with location of extracted model data > © ERA-Interim
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ERA-Interim data for 34 years (1979-2012). A shallow wa- 0

ter location (14.25N, 74.25 E) in the eastern AS is selected (] 60 120 180 240 300 360

for the study since measured buoy data are available close 1. Day

th.ls location for comparison Of. the ERA_Imenm SWH data. Figure 2. (a) Scatter plot showing the comparison of significant

Flgure 1 _ShOWS the buoy location and reanalysis data extraGy aye height based on ERA-Interim and the measured buoy data dur-

tion location. ing 2011 andb) during 2012c) time series plot of the significant
wave height based on ERA-Interim and the measured data during
2011 andd) during 2012.

2 Data and methodology

The Indian Ocean exhibits a number of modes of cli- complete use of four-dimensional variational data assimila-
mate variability, ranging from intra-seasonal to inter-annualtion from various kinds of sources such as scatterometers, al-
and longer timescales, most of which are coupled to theimeters, US wind profiler data, etc. A detailed description
strong seasonal cycle (Schott et al., 2009). The surfacef data assimilation is given in Uppala et al. (2005). The
waves in the North Indian Ocean mainly depend on theERA-Interim reanalysis is produced with a sequential data
wind conditions prevailing over the three different seasons.assimilation scheme, advancing forward in time using 12-
viz. southwest (SW) monsoon or summer monsoon (June+ourly analysis cycles (Dee et al., 2011). A distinguished fea-
September), northeast (NE) monsoon or post-monsooture of the ECMWF model is its coupling through the wave
(October—January) and pre-monsoon or fair weather periotheight-dependent Charnock parameter to a third-generation
(February—May) (Glejin et al., 2012). Generally high wave wave model, the well-known WAM (Komen et al., 1994),
activity is observed during the southwest monsoon seasonwyhich makes wave data a natural output of both the ERA-40
and is relatively calm during the rest of the season (Kumar etand ERA-Interim systems, the latter having a variational bias

al., 2006). correction using satellite data. Wind speed and SWH down-
] ) loaded for the period January 1979 to December 2012 at 6-
2.1 ERA-Interim reanalysis data hourly intervals are used in the study. Wind speeds are de-

h dv is based h . lobal rived from the zonal and meridional components of winds at
The pr:es_ent st Iy IS dase hon the ERg—Int%an gs al at19ma.s.l. We studied monthly variation in parameters (wind
MOspherIc reanalysis ata that are produced by the Euroépeed and SWH) by creating monthly data from the 6-hourly
pean Center for Medium-Range Weather Forecasts (Berrisy i, and taking the mean of those months over a period of
ford et al., 2009; Dee et al., 2011). ERA-Interim is the first 34 years

re-analysis using adaptive and fully automated bias correc-
tions of satellite radiance observations (Dee and Uppala,
2008) and contains improvements to ERA-40 such as the
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Table 1. Trend in wind speed and significant wave height (SWH) 2009) data with observations and shows that ERA-Interim

from 1979 to 2012 in different months. data captures temporal variability with better performance
(~0.86 correlation) in near-surface parameters (wind, air
Month _ Wind speed (cmslyear?) SWH (cmyear ) surface temperature, humidity, etc.) with respect to other re-
Mean Max Mean Max analysis data like NCEP (Kalnay et al., 1996) and NCEP-
Jan 0518 1426 0044 0378 DOE Reanalysis 2 (Kapamitsu et al., 2902). For the present
Feb _1.318 _2.645 _0321 -0.153 study, the nearest available ERA-Interim SWH data to the
Mar —2.234 —2.437 —0.402 —0.374 measured in situ buoy data at Honnavar during 2011 and
Apr —2.340 —3.224 —0.417 -0.194 2012 are used for the comparison. The comparison between
May  —0.830 2.316 0.274  1.483 the reanalysis and measured SWH data shows a very high
Jun —2.771 —0.789 0.138  1.045

correlation (correlation coefficiert 0.96) with a small RMS

JAlfjlg _;:gi? _(2):(5);2 _(? 57501 g .161912 error (_0.27 m) dqring both. years. The scattering .index (sh
Sep ~0.137 6.140 0.907 1.987 value is 0.23, with a positive bias of 0.2m during 2011,
Oct —0.886 —2.204 0.028  0.393 whereas a slightly reduced S| and bias are observed during
Nov  —1.160 1498  -0.206  0.418 2012 (Fig. 2).

Dec —0.418 1035  —-0.084 0.034

3 Results and discussions
2.2 Buoy data

3.1 Variation in wind speed from 1979 to 2012
Measured wave data at 9m water depth (142304
74.39T E) off Honnavar (Fig. 1) using a moored directional Temporal variation in monthly maximum and mean wind
wave rider buoy from January 2011 to December 2012 ar%peed is piotted for 34 years (Figs 3 and 4) Monthiy max-
used in the present study for comparison of the ERA-Interimjmym wind speed shows a decreasing trend from February
SWH data. The directional waverider buoy is a spherical casgo April, June to August and in October (Table 1). Other
of 0.9m diameter containing three accelerometers orientegnonths show an upward trend in monthly maximum wind
Orthogonally in one vertical direction and two horizontal di- Speed. The monthiy mean wind Speed shows a decreasing
rections. The vertical and horizontal (eastward and north'[rend inall monthsy with h|gher values during the peak south-
ward) displacements are obtained by double integration ofyest monsoon season (June and August). Even though a
the reSpeCtiVe acceleration Signal without applylng a f|lterh|gher decreasing trend\,(4 cm S_l year‘l) of mean wind
The displacement data are recorded continuously at 1.28 Hzpeed is observed during August, the decreasing trend is less
and the data for every 30 min are processed as one recor¢g.079 cms!year?) for maximum wind speed (Table 1).
At every 2005, a total number of 256 heave samples arerhe highest upward trend in maximum wind speed is ob-
collected and a fast Fourier transform (FFT) is applied toserved during September (6.14 critgear1).
obtain a periodogram in a frequency range of 0 to 0.58Hz  An upward trend (3.6cntsyear?) is observed for
with a frequeﬂcy resolution of 0.005Hz. The periodogram iSannuai maximum wind Speed and a decreasing trend
smoothed using a Hanning window with 25% overlap and(1.5cms!year?) is observed for annual mean wind speed
the spectrum is obtained. Eight consecutive spectra cover¢rig. 5). The opposite trends observed for annual maxi-
ing 1600 s are averaged and used to compute the half-hourlfaum and mean wind speed are due to the fact that indi-
wave spectrum (Kumar et al., 2014). Significant wave heightyiqual local events would drive the trends of annual max-
(SWH), which equals 4/mo, and mean wave perio@(z02),  ima. These individual events can alter the trend significantly.
which equal ’”0 , are obtained from the spectral moments. The annual maximum and mean wind speed from 1979 to

-1
Herem, is the nth order spectral moment and is given as 2005 has decreasing trends of 1.4 and 0. gchysar

my = [ f1S(f)df, n=0and 2, andS(f) is the spectral respectively. The overall negative trend in maximum W|nd
energyodensity at frequengy. speeds is shifted to positive by individual events in 2006

and 2007. During June 2006, high wind speed is observed
2.3 Comparison of reanalysis data with measured data ~ With the onset of the southwest monsoon (Sanil Kumar et

al., 2010). High wind speed observed in June 2007 is due
Extensive inter-comparison and evaluation of wind stress esto the remnant of a deep depression that developed over
timates from the reanalysis data set (ERA-Interim) againsthe western central Bay of Bengal (BoB) on 21 June and
available in situ observations have been performed for thenoved west-northwestwards across southern India on 22—
tropical Indian Ocean (Praveen et al., 2013). Evaluation of23 June, emerging in the northeastern AS as a well-marked
the data is based on the comparison with available observdew-pressure area on 24 June. Hence we have estimated the
tions from the global tropical moored buoy array (McPhaden90th and 99th percentile winds, which still provide enough
etal., 1998) and OceanSITEStp://www.OceanSITES.org data points for stronger winds (which drive most of the wave
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Figure 3. Temporal variation in the monthly maximum wind speed from 1979 to 2012.

action) to carry out a relevant statistical analysis. The 90thfollowed by 1961-1970 (14), 1971-1980 (13), 1981-1990
and 99th percentile values show decreasing trends (1.9 an@8) and 1991-2000 (7). The decade 1981-1990 had the low-
1.6 cmslyear?) similar to the trend of annual mean wind est frequency (3) of cyclonic storms and severe cyclonic
speed (1.5cmsyear?). storms. These are statistically significant decadal variabili-
Statistical analysis of wind speed frequency is performedties with a decreasing tendency in decadal frequency of cy-
by classifying wind speed into different ranges through clonic storms in AS for the three decades from 1971 to 2000.
decadal periods from (i) 1980 to 1989, (ii) 1990 to 1999 andSrivastava et al. (2000) studied trends in annual cyclonic dis-
(iii) 2000 to 2009 (Table 2). The study shows a decreasingturbances for the period 1891-1997 over the BoB and the
trend in the frequency of occurrence of stronger winds. TheAS and found that there is a significant decreasing trend in
weakening of strong winds is also consistent with the de-the annual frequency of storms over both the basins, and that
creasing trend of monthly mean wind speed over 34 years. the slopes of the decreasing trend are maximal during the
A study on long-term variation of wind speed by Kumar last four decades. Singh (2001) examined the long-term trend
and Sajiv (2010) along the AS considering different decadesn the frequencies of cyclonic disturbances (depression) and
reported that extreme wind speed has an annual decreasirige cyclonic storms forming over the BoB and the AS in the
trend of 13cms 1. Some other studies also indicated a de- monsoon season and found that the frequency of cyclonic
clining trend of wind speed in the last decade around thedisturbances has decreased at a rate of about six to seven dis-
globe (Jiang et al., 2010). The decrease in the frequency ofurbances per hundred years, whereas the frequency of cy-
the occurrence of stronger winds (90th and 99th percentilesglonic storms has decreased at a rate of about one to two
in the present study also supports the hypothesis that the cyeyclonic storms per hundred years.
clonic activity in the AS is decreasing. Based on 118 year pe-
riod data of cyclonic disturbances including cyclonic storms 3-2  Variation in significant wave height from
in AS, Shyamala and lyer (1996) examined the decadal vari- 1979 t0 2012
ability and found that the maximum number of cyclonic

storms in AS occurred during the decade 1901-1910 (15)] "€ monthly maximum and mean values of SWH for
34 years are presented in Figs. 6 and 7. Higher wave heights

Nat. Hazards Earth Syst. Sci., 14, 13711381, 2014 www.nat-hazards-earth-syst-sci.net/14/1371/2014/
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Figure 4. Temporal variation in monthly mean wind speed from 1979 to 2012.

Table 2. Frequency of occurrence of wind speed in different SWH shows an upward trend for most of the months except
decades. from February to April. The decreasing trend from February
to April is observed in the range 0.15-0.37 cm y&aiDur-

Windspeedrange  1980-1989  1990-1099 20002009 4 the southwest monsoon season, the monthly maximum
(msh) Frequency (%) Frequency (%) Frequency (%)  SWH showed a higher upward trend, with a maximum dur-

0-3 30.89 34.40 38.68 ing September (1.9 cm yeah similar to the mean SWH.

3-6 54.55 51.15 49.96 The annual mean SWH shows a slight upward trend, with

8:22 18:83 18:32 18.';‘2 an increase of 0.012 cm yedr, whereas an increasing trend

- 12 0.05 0.05 0.05 of 1.4cmyear?! is observed for annual maximum SWH

(Fig. 8), but both trends are found to be statistically insignif-
icant. The trend in annual maximum SWH depends on in-
dividual events, and hence the 90th and 99th percentile val-
observed during the southwest monsoon months are in ling!€S of SWH are estimated. The 90th and 99th percentile val-
with the observation of monsoon wind speed and the earU€s of SWH increased by 0.15 and 0.76 cm yéarespec-

lier studies on waves in AS (Kumar et al., 2000, 2003, 2012;ively (Fig. 8). The increase in thg annual meanis mgch lower
Sajiv et al., 2012; Glejin et al., 2013). The monthly mean than the 90th and 99th per_cgntlle and annL{aI maximum val-
SWH shows decreasing trends in August and from Novem-U€s, suggesting larger positive trends for higher waves. The
ber to April, whereas during other months an upward trendhigher rate of increase for the 99th and annual maximum
is found (Table 1). The southwest monsoon period showedWH indicates thgt extremes are increasing at a faster rate
a higher upward trend in mean SWH, with an exceptionthan the mean. Since the annual mean, maximum and the
during August, and a maximum upward trend is observed?0th and 99th percentile SWH havg the increasing trend, the
during September (0.9 cmyed). The significant weaken- study shows that the SWH has an increasing trend at the lo-
ing of strong winds during August also reflects the cause ofcation studied.

weakening of mean SWH, whereas the monthly maximum

www.nat-hazards-earth-syst-sci.net/14/1371/2014/ Nat. Hazards Earth Syst. Sci., 14, 13384, 2014
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larger proportion of the global ocean as swell propagates
northwards into the other ocean basins (Hemer et al., 2013).
The increase in swells at the study location is also evident
from the increase in the wave period (Fig. 9). The increase
in swells at the study location is due to the increase in wind
speed over the Southern Ocean during the past 20 years as
observed by Young et al. (2011).

3.3 Intensity of wind speed and wave height during the
peak events in AS

Stronger storm events like cyclones produce higher waves
in the region. Gray (1985) found that the northern Indian
Ocean accounts for 7% of global tropical cyclones. Occur-
rences of tropical cyclones are more in the BoB than in the
AS, and the ratio of their frequencies is aboutl4(Dube
et al., 1997). From 1979 to 2008 there was an average of
4.7 cyclonic storm days per year over the AS, with 1981,
1990, 1991, 2000, 2005, and 2008 having 0 storms, and 1998
and 2004 having more than 15 cyclonic storm days (Evan
and Camargo, 2011). Hence, to examine the influence of
these cyclonic events on the waves, the extreme SWH dur-
ing the study period is analyzed. From 1979 to 2012 there
Figure 5. Long-term trend in annugk) maximum,(b) 99th per- were three pea!< events with SWH, more than 4.5m: pegkl
centile, (c) 90th percentile and) mean wind speed from 1979 to 1N 1989, peak2 in 1996 and peak3 in 2000 (Fig. 10). During
2012. 1989, 1996 and 2000, the occurrence of cyclones is observed
along the west coast of India. During 1989, tropical cyclone
02A developed off the west coast of India from 7 to 13 June,

Similar results of increasing trends in SWH can be ob-with a wind speed of up to 15.3m%, but the peakl is on
served in the study of Hemer et al. (2010) for the In- 23 July and is not due to the cyclone period (7—13 June).
dian Ocean sector of the Southern Ocean. Gulev and Grigih 1996, a tropical depression formed in the AS from 9 to
orieva (2004) studied over 100 years of ship observationsl2 June and developed into a tropical storm on 17 June off
and reported a slightly increasing trend in the mean wavethe west coast off India. This severe cyclonic storm from 17
height of 0.14 m decadé for the North Atlantic and 0.08— to 20 June had a peak intensity of 30.6 T sind generated
0.1 m decade! for the North Pacific. Neu (1984) and Bouws the peak?2 event. During 2000, a depression formed at BoB on
et al. (1996) analyzed synoptic charts issued by the Meteo26 November and intensified into a storm and crossed the In-
rological and Oceanographic Center (Canada) for the Norttdian sub-continent, but the peak3 is on 7 June and not during
Atlantic and largely based on ship observations. They found ahe cyclone period (26—30 November). Simon et al. (2001)
trend in mean wave height of 0.23 m decati¢1970-1982), found an increase in wind speed over the AS off the Kar-
whereas Neu (1984) reported larger values between 0.6 andataka coast on 6—7 June based on the multi-frequency mi-
1.4mdecade! (1960-1985). More recent studies of buoy crowave radiometer study. The increase in the local wind
data in the North Pacific have shown increasing trends in avspeed on 6 and 7 June is the reason for the unusual increase
erage SWH between 0.05 and 0.27 mdecadeom 1979  in SWH during the peak3 event.
to 1999 (Allan and Komar, 2000) and 0.15 m decadéor
the period 1976—2007 (Ruggiero et al., 2010; Young et al.,3.4 Statistical trend analysis for the time series data
2011).

The present study shows that at the study location, theA statistical analysis of the ERA-Interim wave and wind time
mean, 90th and 99th percentile wind speeds have a decreaseries data has been performed to test the significance of
ing trend, whereas the corresponding SWH have an increagrends during the 34-year period. A Studentfest and; test
ing trend. This contrasting result is due to the fact that waveshave been used to assess the probability distribution with
in the eastern Arabian Sea are mainly the swells propagatingy — 2 degrees of freedom with a level of significaneg (
from the southern Indian Ocean and Southern Ocean (Glejirfixed at 5%. The result of thetest and; test are presented
et al., 2013; Sajiv et al., 2012) and hence are not directly rein Table 3. The null hypothesis of a zero slope is rejected for
lated to the local phenomenon. Hemer et al. (2013) reportea@ll the parameters tested here at a 5% level of significance.
that increased Southern Ocean wave activity influences &or all parameters as the computedalue for ther test and

Wind speed (m/s)

2010 -
2012
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Figure 6. Temporal variation in monthly maximum significant wave height from 1979 to 2012.

T
2000 2010

Significant wave height (m)

1.4 oct 14 Nov 1 pEc
i . 0.9
12 ) . 1.2 1 . .
19,% o . . . -
. . % a 1 0.8
RIS P LI 1 o . . oo, . . .
0.8 - . 08 . ¢ . [ ee Tt
b : e Tvove v, s 0.7 —— T + T ——t
06— i T i T " T ! ' ! ' ‘ ‘ " 1980 1990" 2000 2010
1980 1990 2000 2010 1980 1980 2000 2010

Year
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The results of all statistics performed are presented in Ta-

Figure 8. Long-term trend in annual) maximum, (b) 99th per- ble 4. As the computeg value is Ipwerthan the significgnce
centile, (c) 90th percentile andd) mean significant wave height €Vel alpha=0.05, one should reject the null hypothesis HO,
from 1979 to 2012. and accept the alternative hypothesis Ha. A statistically sig-
nificant trend is found for mean wind speed and 90th per-
centile wind speed; the null hypothesis of a zero slope is re-
o jected for these cases at a 5% level of significance. All other
z test lower than the significance level= 0.05, one should parameters (mean, maximum, 90th and 99th percentile SWH

reject the null hypothesis HO, and accept the alternative hy-

pothesis Ha (where HO, the difference between the meansand maximum wind speed) tested failed to satisfy the signifi-

; : .cance level. Even though a small increasing trend is observed
is equal to 0, and Ha, the difference between the means, is .
different from 0). It simply means that there exists a trend"" annual mean af‘d.max'm“.m SWH the results of the tests
. ) . . show that it is statistically insignificant.
with a slope in these time series and that these trends are e5-
timated using simple linear regression. Hence the statistical
significance of the identified trends has to be evaluated. 4 Conclusions
There are several statistical non-parametric tests available
for testing the time series data (Hirsch et al., 1993). The mairA long-term trend in winds and waves along the eastern
advantages of the non-parametric procedures over parame&S is analyzed using the ERA-interim data set. The study
ric alternatives are that the procedures can be used withowthows that from 1979 to 2012, the annual mean wind speed
making too many assumptions about the underlying concenwas characterized by a decreasing trend (1.5chysar 1),
tration distributions and, in many cases, their relative sim-whereas the annual maximum wind speed displays an up-
plicity. The Mann-Kendall test is a non-parametric signifi- ward trend of 3.6 cmst year?. The annual maximum and
cance test for a monotonic trend in a time series based omean wind speed from 1979 to 2005 has a decreasing trend
Kendall's tau ¢) (Mann, 1945; Kendall, 1975). We have car- of 1.4 and 0.8 cm's! year 1, respectively. The higher wind
ried out a two-tailed Mann—Kendall test with the linear fit- speed associated with the local depression events that oc-
ted trend for the long-term trend of annual wave and windcurred in AS in 2006 and 2007 shifted the trend of an-
parameters. The Theil-Sen slope (Sen, 1968; Theil, 1950)yual maximum wind speed from 1979 to 2012 from neg-
also known as “Kendall's slope” or the “nonparametric lin- ative to positive. During the southwest monsoon period a
ear regression slope”, is an alternative to the standard linhigher upward trend in significant wave height (SWH) is ob-
ear regression slope. Theil and Sen’s slope estimate is alsgerved with an exception during August. Annual mean SWH
a method for robust linear regression that chooses the meshows a small increasing trend (0.012 cm yéar whereas
dian slope among all lines through pairs of two-dimensionala higher increasing trend of 1.4 cmyeéris observed for

Nat. Hazards Earth Syst. Sci., 14, 13711381, 2014 www.nat-hazards-earth-syst-sci.net/14/1371/2014/
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Figure 10. Temporal variation ofa) annual maximum wind speed aftg) annual maximum SWH from 1979 to 2010.

Table 3. Student test andZ test for wave and wind.

Parameter t test Z test
a level p value 95% confidence  Standard p value 95 % confidence
(two tailed) interval onthe mean  deviation interval on the mean
SWH_mean 5%  <0.0001 (1.227, 1.249) 0.031 < 0.0001 (1.228, 1.248)
SWH_max 5%  <0.0001 (3.532, 3.985) 0.650 < 0.0001 (3.54, 3.94)
Wind speed_mean 5% <0.0001 (3.816, 3.954) 0.198 < 0.0001 (3.818, 3.951)
Wind speed_max 5% <0.0001 (10.780, 12.148) 1.99 <0.0001 (10.806, 12.148)
Table 4. Mann—Kendall significance test for trend analysis.
. . Mann-K I
Parameter Variance Mean Standard deviation ann—Kendall test
Sen’s slope p value (two tailed) Significance
SWH_mean 0.0009 1.238 0.031 0.0001 0.7 NS
SWH_max 0.422 3.758 0.650 0.016 0.16 NS
SWH 90th percentile 1.67 2.58 1.29 0.0016 0.49 NS
SWH 99th percentile 1.67 3.47 1.34 0.008 0.15 NS
Wind speed mean 0.039 3.885 0.198 -0.014 0.0001 SG
Wind speed max 3.99 1147 1.99 0.020 0.40 NS
Wind speed 90th percentile 0.096 6.4 0.31 -0.018 0.0001 SG
Wind speed 99th percentile 0.38 8.95 0.62 -0.019 0.12 NS

SG: significant; NG: not significant.

annual maximum SWH. Both annual mean and annual maxactivity and wind speed, finding that the peak2 event during
imum trends are statistically insignificant. The present study1996 is due to a cyclonic event and that peak3 was due to the
is based on the data covering 34 years and long time seriel®cally formed low-pressure event.

are needed in order to assess the trends with acceptable re-

liability. Detailed analyses have been carried out to examine

the influence of the cyclonic events on the intensity of wave

www.nat-hazards-earth-syst-sci.net/14/1371/2014/ Nat. Hazards Earth Syst. Sci., 14, 13384, 2014
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