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ABSTRACT

Wave and wind climate information can serve assfasidesign,
research and policy making regarding ship safetyaperability,
potential renewable energy exploitation, design off-shore
installation etc. The objective of this paper isdtermine mean
annual significant wave heights and wind speed$fiénMalacca
Strait. Mean annual wave height and wind speedegahave been
statically analyzed based on ERA-Interim reanalysiata

produced by ECMWF (European Center for Medium-Range

Weather Forecasts) during 34 years period. Thia tas been
processed resulting in monthly and annual obsesigdificant

wave heights and corresponding wind speed values.obtained
results show that wave speed and the significantesvdneight
have an increasing trend at the location studi¢dbth trends are
statistically insignificant.
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1.0INTRODUCTION

Malacca Strait sea lane is an important trade réartéhe main
world countries of Southeast Asia. Due to the SwéiMalacca
linking the Indian Ocean with the South China Sed provide

sea lanes for most of world trade. Over the yemmskers and
bulk carriers move large quantities of oil, coabni ore, and
minerals to the production centers in Southeast Asid East
Asia, while tens of thousands of container flowshe opposite
direction to meet the needs of consumers worldwitkrket,
Every year, more than 71,000 ships pass throughSthet of
Malacca to carry a variety of commodities, randimgn crude oil
to finished products from various regions of theld/§l].

Therefore, it is no exaggeration when waterwayoissedered
as one of the busiest sea lanes simultaneouslytidascas an
artery of the world economy. The Malacca Straitvesras a
shipping route for surrounding countries and anartgnt role
waterway to increase the economic and industriatld@ment in
the Asian region.

Thorough knowledge about possible sea states ipriaiic
area is essential for all activities related to tharitime sector
(e.g. offshore installations, ship design for sateid sea keeping,
shipping routes planning, vessel management et€ryincrease
in knowledge in this field for the Malacca stratimportant as it
serves as a busy shipping route with an increasamgl. Sea state
analyses are available from in-situ measuremers, catmerical
modeling, and various forecast models derived opiécal or
mathematical models giving relations between wind waves.

The aim of present study is to contribute to theldfiby
further developing the statistical analysis of teta available
from forecast models derived on empirical or mathical
models throughout the Malacca strait. It aims prily&o identify
mean annual wave heights, and to look in more Idi@izone of
maximum wave heights, researching its relationhe® dominant
winds. Such an analysis can serve as basis fogrdgsirameters
of vessels, research and policy making regardinyy shfety and
operability, or for data source for possible waveergy
evaluation projects in the region.
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Figure 1: Strait of Malacca (red dot is data sangplocation)

Strait of Malacca is one of the world's trade lamesst strategic
as shown in Figure 1. Not only for the countrigeatly adjacent
to the waterway, but also other countries that hatrategic

interests, such as China, India, Japan, and theed)Bitates. Strait
of Malacca and Singapore has a length of about ri@ical

miles and is the longest strait used for intermatiovaters. The
entrance located on the west coast of IndonesiaMaldysia

approximately 200-mile wide strait sea. This is weheahe

sovereign territory of Indonesia and Malaysia bertapping.

Narrowest part is in the south western tip of thaldy Peninsula
has a width of only 8.4 nautical miles [2]. Thenoarest distance
around the Straits of Singapore is 3.2 km alongnilgs with a

depth of less than 75 feet. The type of ships thassed the
straits is container ships, tankers, bulk vesselsgo vessels, ro-
ro ship, passenger ships, ship Navy and fishingelssIn late
2010, passing ship had reached 71.359 vesseld @néxpected
to increase reach 320.000 vessels in 2024 andredith 1.3

million in the year 2083 [3].

3.0 ERA-Interim REANALYSISDATA

The present study is based on the ERA-Interim dloba
atmospheric reanalysis data that are produced &yEtiropean
Center for Medium-Range Weather Forecasts (ECMWHB].
ERA-Interim is the first re-analysis using adaptiged fully
automated bias corrections of satellite radiancgenktions [5]
and contains improvements to ERA-40 such as theptzie use
of four-dimensional variation data assimilation nfrovarious
kinds of sources such as scatterometers, altimetéss wind
profiler data, etc. The ERA-Interim reanalysis rsquced with a
sequential data assimilation scheme, advancingafi@hin time
using 12- hourly analysis cycles [5].

In this study, wind speed and significant wave hdSWH)
downloaded for the period 34 years from 1984 to42@1 6-
hourly intervals. Monthly and annual mean of wingeed and
SWH were calculated from 6-hourly data to descrie
variability of the wave climate over 34 years pdridhe annual
mean of wind speed{,) and significant wave heighH() were

derived from the mean of the 12 concsecutive mgntian of
the data.
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wheren is sample data.

40RESULTS
Variation in wind speed from 1980-2014

Temporal variation in monthly maximum and mean wind
speed is plotted in Figure 2 and 3 for 34 years.ntily
maximum wind speed shows a decreasing trend froml £p
May as shown in Table 1. Other months show an ugtand in
monthly maximum wind speed. The highest upward drém
maximum wind speed is observed during December with
increasing of 5.93 cm s-1 year-1. Meanwhile, theatimy mean
wind speed shows an increasing trend in all monlits, higher
values during January (2.23 cmilsyear-1) andower values
observed during November with increasing trend8.05 cm s1
year—1.

Table 6 and 7 show the result from temporal vanmatof
annual maximum and mean wind speed from 1980-2014,
respectively. An upward trend of 1.41 cm s-1 yeas-Gbserved
for annual maximum wind speed in Figure 6 and ameasing
trend of 2.1 cm sl year-1 is observed for annual mean wind
speed as shown in Figure 7. The statistical tremalyais of
annual maximum wind speed and mean of wind speesvsh
statistically insignificant as shown in Table 2.

Table 1. Trend in wind speed and significant waeiglt (SWH)
from 1980 to 2014

Wind speed SWH
Month (cm/s/year) (cm/year)

Mean Max Mean Max
Januar 2.2¢ 5.3 0.2C 2.31
February 1.73 0.76 0.20 -0.03
March 1.16 5.83 0.20 1.97
April 0.52 -4.16 -0.18 -0.81
May 0.80 -0.90 -0.19 -0.09
Junge 0.5¢ 2.5¢ -0.37 -1.2%
July 1.43 2.67 -0.29 -1.63
Augus 0.8¢ 4.71 -0.27 -1.38
Septembe 1.2C 0.0t -0.2C -0.88
October 0.81 5.89 -0.84 -0.95
November 0.05 3.01 0.07 0.40
December 1.10 5.93 -0.45 3.06

Variation in wave height from 1980 to 2014

The monthly maximum and mean values of significaave
height (SWH) for 34 years are presented in Figurand 5,
respectively. The monthly mean SWH shows decreasemgls
from April to October and during December, whereasing
other months an upward trend is observed as iratidatTable 1.
A maximum decreasing trend is observed during Gmtofith
trend of 0.84 cm yeafl. Thewest monsoon period (November
to April) showed an upward trend in mean SWH, wéh
exception during December, and the upward trerabgerved in
the range 0.07-0.2 cm year-1.
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Similar to monthly mean SWH, the monthly maximum IBW Table 8 and 9 show the result from temporal vanmatof
shows a downward trend for most of the months exdepng annual maximum and mean SWH for period 34 years,
November, December, January and March as showralieT1. respectively. The annual mean SWH shows a sligivaug trend,
The monthly maximum SWH showed a higher downwagddr with an increase of 0.11 cm yedr, whereas an increasing trend
with a maximum during July (1.63 cm year—1). Ther@asing of 0.58 cm year-1 is observed for annual maximumHS{iig.

trend during November, December, January and Magch 8), but both trends are found to be statisticafigignificant as
observed in the range 0.4-3.06 cm ydar presented in Table 2.
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Figure 2: Temporal variation in the monthly maximwind speed at Malacca strait
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Figure 3: Temporal variation in the monthly averaged speed at Malacca strait
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Figure 4: Temporal variation in the monthly maximaignificant wave height (SWH) at Malacca strait

.

.
.

.
s

13
o
°
.
g

monthly --.--:k-n--uvn(-)
.
MMM&I"‘;G""‘W(')
monthly mmd’i:a-m-nhd'l(-)
monthly Mlll‘?-ﬂ"'"'ﬂﬂ(-)

P et e ey
1980 1990 2010 1980 1990 2000 2010 T 1990 2000 2010
Period (year) Period (year) Period (year)
May June July August
0 Ch £ 0
§os §uo §us §o
fo fa fa §a
10 10 10 10
P
i . - S e I N O L e £ WW,—- e T'—-"ﬁw
i Savee . . i E i
1980 1 2010 T ) 1990 2010 1980 1990 2010 1980 1 2010
Period (year) Period (year) Period (year) Period (year)
September October November December

o

monthly I'.-lll"?-ﬂ"'w(-)
l.'-'lNl mﬁ'ﬁ?ﬂﬂmwﬂ(ﬂ)
monthly Wll“l:‘-'l\'-"""(ﬂ)
monthly I'-llﬁ?-ﬂ'-'-'ﬂ"(-)

10 10 10 - 10 LI
ald = j2 v . eetee 2% '
.tte . of . . oy - = i .
03] o A ey, L®aee. Lea, o5 o5 v - EhAddd . os s > o
etes . eee ~ R CEMACIL T .
1580 195 2000 2010 1580 19%0 2000 2010 1580 1950 2000 2010 1580 195 2000 2010
Period (year) Period (year) Period (year) Period (year)

Figure 5: Temporal variation in the monthly averagificant wave height (SWH) at Malacca strait
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Figure 7: Temporal variation of annual mean windespfrom
1980-2014
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Figure 8: Temporal variation of annual maximum gigant wave
height from 1980-2014

Figure 9: Temporal variation of annual mean sigatiit wave
height from 1980-2014

Table 2. Mann-Kendall test for trend analysis

: Standard Mann-Kendall test
Parameter Variance Mean - —
Deviation Sen slope p value Significance
Annual max wind speed 2.393 12.777 1.547 0.00767 0.3827 Not Significant
Annual mean wind speed 0.479 3.431 0.692 0.01133 0.2009 Not Significant
Annual max SWH 0.136 3.062 0.369 0.00392 0.2257 Not Significant
Annual mean SWH 0.072 0.896 0.269 0.00105 0.3558 Not Significant

5.0 CONCLUSION

In this study, a long-term trend in wind speed amhificant
wave height in the Malacca strait is analyzed ugimg ERA-
Interim data set. This study is based on the dataring 34 years
from 1980 to 2014. The study shows that during&drs period,
the annual maximum wind speed was characterized blight
increasing trend (1.4 cm-$ year-1), whereas the annumakan
wind speed displays a small upward trend of 2.1sefnyear—1.
For the annual maximum and mean significant waeéght from

1980 to 2014 has an increasing trend of 0.58 ahtlémn year -1,
respectively. Overall, the results show that wapeed and the
significant waves height have an increasing trenthe location
studied but both trends of wind speed and sigmifieeave height
are statistically insignificant.
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