Simulation of Significant Wave Height Climatology using

WaveWatch II1

Sefian, [,! snd Wijanarto, A. B.?

National Cocrdineting Agency for Sorveys and Mapping (BAEOSURTANALY, J1 Jakarts-Bogor KM 46

Cihinong 16911, Endwsia

E-mail: ihmmel, enton@hakosurtanal go.id, wijmsrto_sb@yshoo.cnm.sn’

Absiract

M vecent decades, the extreme wave Relght hac become peore frequent. High spatial resolution of wave mode!
iz inevitable to investipate the impoct of monsoon and generate the wave atlas, The significant wove height
(SWH) resuiting from modsl extimation har a kigh correlaion with the aittmeter data 0. 77-0.94), with the
Righest correlation in Northern Papua, awd the lowest in Sulawes! Sea. The moionm SWH bt Jova Sea I
apprarimaiely 3-3.5m, ocoring in Jomuary and Februgry, Generally, the mazimmm SWH in Southern Java
Sea i kigher than the maxinnm wave keight in the southern coasi of Kolimonian. This tends ip increase the
flood risk in the porth coant of Java, becaure i coincides with the peak of wet seaton. When reaching Gm it

iraniporiations.

1. Iniroduociion

For the part 50 yearn, Greenhouse (ae (GHA) hax
bewn cased by humen acfivitiss, Thie basic
conclugion ceme from the IPCC (20077 AR4
{Anscapment Report 4). Based on the NOAA datn,
the incrense in global GO, concentration gince 1980
resched S0ppm (Fipure 1) with m incressing trend
Tabe.
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Figare 1: The incressing trend of OOy concentration

firom 1980 to 2009

Thie has impact on global warming intensity rate,
which har beet happening gince 19005, The increass
in Ilmteeslty s be shown by the increesing
accelembion of ses surface temperature (S5T), sea
level and ice meling in hoth Anbaretica and
Greenland. Besldes giving s direct bopact on sea
giving impact to health, agricnliore, foreeiry, and
trmsportation sectors.
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A ramber of extreme weather everts in the part few
years have also been affscted by global warming
intenarity, with the inoreasing imtenaity of El Nimo
and La Nina (Timmermsnn o al, 1999 and
Tinvewman, 2001), Generglly, El Nino occnered
once every 2-7 yemra, bt ginoe 1970, El Nino end
La Nina frequencies became onece every 2-4 yeara
{Torrence and Compo, 19997, In addition, doring fhe
1997/1998 El Nino, Indonesin mifered & long dry
scason, and during the 1999 La Nina, Indonesia
n:ﬂrndﬁghmhﬁﬂ.m&hgmhvﬂﬂabyiﬁ-
J0cm, md food m most parls of Inlonesia,
especially in the comstnl zone. Related to the
temperstme  Increase, etohg  topdcal mlm
intensity is increagmg (Elsmer e al., 200B). The

average power of tropical cyclone in the Adantic
Ocesn i increasing, with e increass of muodmeam
wind speed by 04ms'yr’ (Elmer et 6l., 2008).
Weheter et al, (2005) cxplained thet glohal
wanning ceases the high frequency and intensity of
the anmual girengest cyclone. On the contrary, the
mumbher and durstion of cyclone cvemtn were
decteasing i ell ocesns, except in the lest decade, In
the perthern Aflentic Ocean {Webater ot al., 2005).
Alithough the phyrical mechanizm that ie ceming the
doctease 10 tomber and dmation of syclai ety
have not been clear, Tt it hea been predicted to be
cangsd by the more frequent Bl Nino then the La
Ning in the lest few decades (Webstar ¢t al, 2005
and Flsmer et al, 2008) The objective of thia
rexearch is to find the inflnance from season to the
sverage dgnificant weve beight end muccinmn
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sipnificant wave height, A map of Slewlficonr Wavwe
Heighit (SWH) using the blended wind dats from
QuickScat (Chdek Scatteromezer) and NCEP
(National! Climate and Enviromnetal Prediction)
Branslysis II from 2000 1o 2008 will be generated.

Z. Methods

The fimdemenial that used I the
WAVEWATCH NI ere presembed hased on the
WAVEWATCH II vaer mamual (Tollmean, 2009},
Further detmile of the WAVEWATCH III equations
and pomerical algorithms cm be foimd in Tollman
(2009).

2.1 Description

In genseral, the wave spectium § i a fimetion of all
phese parameters (ie., wevemumnber &, direction &
intrinstic frequency o, and abeohte frequency @),
space () and time (f):

5 = f{k, B, o, u;x, 1)
Equation 1

However, the individnal gpectral components are
assumned to satefy the Hnear wawe theory and o
follow the dispersion relation:

o2 m gktanhkd
Equation 2

we=g+kl
Bquation 3

where o i the mesn water depth end 17ia the cmoment
velocity. Howewver the WAVEWATCH IIT usse the
wovetmrber direction (F, & s the ndopendent
phase varisble. In this study, the surfasce cmrent is
notnead ag the ingart data, thne the snergy of & wave
package i5 congetved, Foor thae steps aw used in
WWATCH to reach compuiational efficiency: (a) a
global time step (300 &) for the propagation of the
minso_luﬂm,{h}_nspn&lﬂ_:mm(&lﬂs}
representing the gpatial propagation, (c} & spectral
tiros atep (300 &) for intra-spectml propagation, and
{d} & e thoe step (100 8) for the somrce temm
velocity (we) ie calenlated from the wind spesd (K
and the drag coefficlent () by using the feroule
from Tolman and Chalikov {1996):

u% =«l:...".'."z
Baquation 4
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CalW) = L2875%10™> W < 75ms

Equation ¥
€. 0W) = (0.8+ 0.065W) x 10> W 2 7.5ms~L
Equaticn 6
2.2 Model

Comflgsaration

Ineregeing plobal phengmenon guch ag ENSO, can
change the spatial distribotion psttern of weve
height in Indonesia’s scen. Wave modeling was used
to inyestipate the characteristice of pignificant wave
beight. The wave model naed is the WaveWaich [T
{WWIIL) (Tollman, 2009) by uting data input of
averape wind speed every 6 hours, hlended
obscrvation result of CudckScat (Quick
Scatterometer) with NCEP reanalygis from Jamisry
000 o December 2008, The losp-teem with high
temporal resolutions of wind deta input ia needed to
obinin the high sccuracies of the model-eatimated
wave height. In the WWIILL moded, the evalutdon of
wive spectum direction is presented in the amomnt
and direction of weve in the spherical coordinete.
Interaction between wind-wave ad wave-wave in
the terminology of dissipation end fction of
ocean's floor are also acccunted in this model. Thie
mndel aleo used the paasmeterization of JONSWAP
{Joint Narth Sea Wave Project) (Hesschmamm et gl.,
1980). The grid mode] domnin for Indoncsia’s arca
wag Irom 90-150°E and frowa 15°8 w0 15°N, with &
25km reselution end was neated to the global medel
with 2 resshiion of 1°x1° Lon/lst, siretchen from 0-
359°E and feoen B0°8 t BN,

2.3 Model Falldation

Calculathon with e model hee its own beped
whmhuhﬂanpuhnlmhﬂm,
ghility of the hardware usad Tha
ultinete date Is aveilabde n the fortm of grid, with &
regolotion of 1°x1° Lon/Lat. The availsble SWH
altimeter datn ie only for loe 2005 to present day,
while the calculation of the model can bo done waing
medimm resohution wind dete of 0.5°x0.5° Lon/Lat,
the blended remult of Quickfcat observation and
NCEP Beanalysls II, The sotnparing of SWH spatial
dietribution model with aliimeter for global domain
ie ghewn in Fignrs 2. The model reeult chosred the
bedght of SWH relatively matches with the ot
calculation resnlt. In the deep ses, the model
estimation rewqlt tends to he 50cm to 1m higher than
the altinveter observation, while 1o the shallow 9o,
the model showed a lower height by 20-50cm.




Flgure 2: Spatlal distribotion of significant wave hedght (SWEH)

Thie may be cansed by a low gpatial reechntion from
the global model, which is 1°x1° Lon/Lat. Validetion
of mode]l remilt cn Indonesia’s domein with the
altimeter date ie chown in Figure 3. "Validetion
betwoenn model and althmetsr wes doew wsing
regionsl average, in Jove Ses, western cosat of
Sumatera, eoarthem coast of Java, Karimats Strait,
Sulewesi Ses, end Pacific Ocean in northem Pepua.
Bried on thie velidation, the WWIII model can be
used to eetimate wavs height in Indonesia’s esas.
The SWIH remult frrn model estimation hes high
comelation with the sltimeter datn, and rmges frem
0,77 oo 0.94, with the highest comelaiion in Pacific
Oxeen in northern Papus and the lowest in Sulewesi
Seca. The validation regult slso showed that the SWH
muodel has high aceuracy, thongh tends to be higher
for westtm Sumsiers and southemn Jave, with
sverage over-cebimetion of 40cm. The model-
sotimated SWH in Java Sea and Karitnata Strast tend

to be lowar then the altimeder dats for 8WH <1 3m,
od tend o be 30km o SOm higher for SWIH
>1.5m. The model-catimated SWH in Pacific Ocean
is relatively the same an the altimeter chearvaoion
with high coreelation,

3. Reankt and Digeossion

1.1 Monthly Average Wave feight

Generelly, the estimation result of wave height
showe thet the wave beight in Indonesia’s ssan i
inflnenced by the seasomsl wind. Between
November to March, the wave height in Pecific i
higher than the wave beight in Indian Ccean, Figume
4 shows the sversge SWIH on wel seeson peaks,
December, Jamuary, o< Febmary. In geneml,
Pacific Ocean (northem Papua), the SWH reachss
3m or more, while in Indien Oveen {acuthern Jeve
end weglern Sumaters), it reaches 2.5m.
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Fignure 3: Scotterplot hetwesn model-setimated and altimeter for SWH geing

gltimetor date end model in 2007




The wave height in Jave See only reaches 0.5-1.5m
with the higheat SWH occura in Fehenary. The wave
height in Sulaweei Sea, Karimata Sirait, and Sonth
China Ses reaches its highest peak in February with
& height of 2.5m. The wave height in Bends snd
Flores Ssas reaches its peek in Febroary with a
height of eramd 2m. The sverage direction of the
wave in the northern hemisphere is sonthomrd while
the soufhem hamisphers wave is heading north from
Indisn Ocean. The wave Wmbutien from Indisn
Ocean in intenrified during March, throngh Lombok
Sirait, heading to Makassar Steait. The direction of
the wave in Jave Sca ttnde to meve eastward until
Bands Sea, and Florez. On May to September, the
wave haight in Indisn Oceon is higher than the wave
beight in Pacific Ooesn. The sverage SWH during
Angiralinn monseon peak is shown in Figure 4. In
peneral, the SWH in Indisn Ocean reaches im o
more, while the SWH in Pacifie only reaches 2.5m.
The wave height in Jave Sea in only aronnd 1-1.5m,

with the highest SWH ocours m Aoguat and
Septermber. The wave height in the southern Java
Sen tende o be lower than one in rwthern Jova Sea,
It is caused by the pressure of the seesonsl wind
blowing from North to Sowuth. The wave height in
Snlawesi Sea, Earimats Strait, and eothesn Scuth
Ching Sea is weakewing snd only sz high as 1.5-2m.
The wave height in the Bands snd Flores Sema
reaches g peak in July and Augmet with & height of
mrmd 1.5m Mesowhile, the svemege wave
direction B moving from nesthward, the esame
direction as the sesonal wind, Although in the
Pacific Ooean we can still see the scuthward wive
propagation on the first and the end pericd of the
Angtealian mengoon, The wave direction in Java,
Banis, end Flores Sea is headg to west, with the
intenzified wmve immusion from Indinn Ocean
through Lombok Strait, until Makaggar Steit and
Sulawesi Sea.

Figure 4: The everage SWH on Agimm (left) end Australian {right) monsoon peaka from 2000 to 2008
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3.2 Exivemes Wave

The monthly extreme wave heipht durisg Aslan
maonsoon is depicted o Fignre 5. It shows that the
gverage maximmm wave height in Indonesin'e scas
reaches 1-6m, with the meximmom weve helpht
reaches 6m in Northern Pepuos (PevifGe Ocesn). K is
chown that the maxivmm wave height in Pacific
Dcemn s Sopth Chitss Sen resches it mexinmm
height on December, with a height of 9-10m, then
weakens to aronnd 6-7m, in Jarmary and Febmary,
The mexinwmm SWH in the Java Sea ix around 3-
3.5m, cspecially on Jamumry and February with
mazinmim wave height of 3.5m. Generally, it iz seen
that the maxinnonm SWH in the soothetn Jave Ses

£

g & 8 3 = 3 w w2 @ i

£ § = 8 » 3 w v i §

fithern coast of Java) is Mgher that the maxienm
wave beight n the southemn ocast of Eahmenten.
This tendency ia increaring fhe flond risk in the
north coast of Jave, becase it colncides with the
pesk of wet sesson. The meximmm SWH in the
ecuth coast of Java increaees from December to
Februvary, snd reaches to 3.5m SWH in the southern
Karimeatn Streit tenda to be lower with s height of
aronnd 3m, while the maximim SWH in the Bands,
Flaves, wd Sulteresi Seas eaches o 2-3.5m. The
maximamn SWH on Anghalien monscon peried is
ehown in Figurs 5.

Figure 5: The average maximmmm SWH on Asian (left) and Anxtraliang
{right) msensoon peakes from 2000 1o 2008

Strnlabion of Sigificart Whee Height Clinstology using Whee Whteh IT1




From Figure 5, the decroase in maximum SWH in
Jave Sea, Bands Flores, Esrimain Strait, and
Snlaweei Sops only reaches 1-3m, The sverage
mexinurn SWH m the Pecific Oooan 15 higher then
the one ih Endisn Occan The wind preamwe ia
coaueing the maximmm wave height in the agrthem
Jova Sea higher then SWH in the north cosst of
Jeve, with 2 difference of height reaching 1-2m. In

the flow of comodity flows thet are maing merine
trangpeartation  facility, other than increaging the
food risk in the coaste] zone with B low elevation of
0-3m.

4, Comcluniom

The SWH within the Indonesian Sexs i estimated
by using the WoveWatch 0. The model gpam up
from 2000 to 2008 with termpors] resolotione of &
hours. The SWH fiom the mode] estimation has a
high comelatlon with height derived fivam aldmeter
dets {0.77-0.94), with the highest comrclation in
Pacific Occan in the northermn of Papus, end dhe
Towsst in Sulawsal Sed. However, the modsl tand o
epeed. The conpled mode] between atmospheric and
WawsWatch I iz inevitshle @ increasing the
extreme wavea in locations that reach to &6m can
cuwges hopect such ws the decrensging of fisheries
production md prevent the commodity flows thet

use marine transportation facility, The high weve on
Asisn monsoon period (wet scason) will mercase
mﬁﬂ!k,wﬁshﬁnﬂlywiﬂaﬁﬂmud
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