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Abstract

The northern coast of Central Java is a strategic development area, yet prone to coastal hazards, such as high waves.
Planning activities and mitigating maritime disaster risks requires an understanding of wave characteristics. This study analyzes
wave characteristics in the northern waters of Central Java using the Wavewatch Il numerical model. Significant wave height
and wave direction were averaged from 2014 to 2023. The results showed that wave height in the northern waters of Central
Java tends to be higher during the active phase of Asian and Australian monsoons in December, January, February, July,
August, and September. Maximum significant wave height during these active seasons is 1.2 m. Meanwhile, significant wave
height recorded at maximum of 0.8 m during the low season. The wave direction is from the west-northwest in December to
March, then reverses to the east-northeast in April to November.
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INTRODUCTION

The northern coast of Central Java has been a strategic development area since the 19t
century. This region has evolved intfo a center of economic activity and a major transportation route
on the island of Java, underscoring its important role as a hub for commodity shipping and business
(Dick et al., 2002). However, Northern Coast of Central Java faces many potential natural disasters,
such as high waves (Marfai et al., 2020). High waves affect human life, especially disruptions to ship
navigation, fishing activities, port operations, and offshore operation (Kurniowan, Habibie, &
S.Permana, 2012; Ponce de Ledn & Guedes Soares, 2021; Rajapakse & Emad, 2023; WMO, 2011).

Understanding the spatfial and temporal patterns of wave regimes along the coastlines is
important to mitigate the risk caused by high waves (Ardhuin et al., 2019). Due to the limited
availability of in-situ wave measurements in most regions, such as Northern Waters of Central Java,
numerical simulations are essential for providing long-term wave data (Akpinar & Bingdlbali, 2016;
Amarouche et al., 2018; Musi¢ & Nickovi¢, 2008). Numerical models have become the main
instrument in operational wave prediction since they were first developed, along with the
advancement of wave theory and computer technology (Inoue, 1967; Smyth et al., 2001; Tolman,
2010).

Previous studies have provided a general overview of wave height characteristics using
numerical models in Indonesian waters (Efendi ef al., 2023; Kurniawan, Habibie, & Permana, 2012;
Kurniawan & Khotimah, 2016; Purwanto et al., 2021; Rachmayani et al., 2018; Ribal et al., 2020) and
the Java Sea (Nugroho et al., 2022) which concluded that high waves generally occur during the
active phase of the Asian and Australian monsoons. These overviews often lack attention to local
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details since some coasts receive lower waves due to protection from coral reefs, islands or
headlands (Ghanavati et al., 2024; Short, 2020).

This study aims to characterize significant wave height and wave direction in the Northern
Waters of Central Java. Understanding wave characteristics provides essential insights for mitigating
hazards and opfimizing marine operations. The specific research area, known for its complex
coastline (Adytia et al., 2022), allows for a detailed examination of wave characteristics. This study
uses wave hindcast datasets from the Wavewatch Ill numerical model, covering the period from
2014 to 2023.

MATERIAL AND METHODS

This research was conducted in the North Waters of Central Java as described in Figure 1. In
total, the study area encompasses 13 regencies and cities that directly border the North Waters of
Central Java, including Brebes, Tegal City, Tegal, Pemalang, Pekalongan, Pekalongan City, Batang,
Kendal, Semarang City, Demak, Jepara, Pati, and Rembang.

The data used in this study consists of in situ wave measurement and WW3 model data. In situ
wave measurements were conducted using an Acoustic Doppler Current Profiler (ADCP) placed at
coordinates 6.668° S, 111.379° E in the waters of Rembang from October 14 to 17, 2023. The ADCP
measured wave parameters at 10-minute intervals, which were then averaged to obtain hourly time
series dafa.

WWa3 is one of the numerical models that has been used in operational wave prediction in the
world, including Indonesia (Alves et al., 2023; Kazeminezhad & Ghavanini, 2023; Kurniowan et al.,
2021; Rogers et al., 2014; Valiente et al., 2023; Zieger et al., 2019). The model uses bathymetry and
wind data to obtain realistic wave parameters. Previous studies have demonstrated the reliability of
WW3 in reproducing wave parameters (Amarouche et al., 2023; Kessali et al., 2023; Umesh & Beheraq,
2020). WW3 solves the action density balance equation as expressed in the following equations.
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where 1, A, @, 6, k, and o are the time, longitude, latitude, wave direction, wave number, and infrinsic
angular frequency, respectively. The left-hand side of the equation expresses the rate of local
change of wave action density, propagation in space, action density shifting, and direction. The net
source term (S) on the right-hand side of the equation represents all effects of generation and
dissipation, which can be defined as:

§= Sin + Snl + Sds + Sbot + Sdb + Str + Ssc + Sice + Sref + Sxx

In deep water, the source term consists of wind-wave interaction (Sin), non-linear wave-wave
interaction (Sn), and dissipation by white-capping (Sqs). Meanwhile, in shallow water, the source term
generally includes wave-bottom interactions (Seot), depth-induced breaking (Sav), and triad wave-
wave interactions (Sx). WW3 also provides other source terms, including scattering of waves by
bottom features (Ssc), wave-ice interactions (Sice), reflection off shorelines or floating objects such as
icebergs (Sref), and user-defined source terms (Sx) (WW3DG, 2016).

The WW3 model data used in this study was obtained from the Indonesian Agency for
Meteorology, Climatology, and Geophysics (BMKG) over a period of 10 years, from 2014 to 2023. The
WW3 model has been used operationally by BMKG since 2014. The model is forced by 10-meter
height wind data from the Global Forecasting System (GFS) model, with a spatial resolution of 0.0625°
(approximately 7 km), and a temporal resolution of 3 hours (Kurniawan et al., 2021).
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Figure 1. The study area is described in a sequence: (A) Indonesian border (light green) with Java
Island depicted in dark green, (B) Java Island (light green) and Cenftral Java (represented as
dark green), (C) Northern Waters of Central Java as the Area of Interest, (D) Bathymetric
contfour around the wave measurement location.

The significant wave height (Hs) data from the WW3 model was verified against the
measurement data from October 14 to 17, 2023. Verification was conducted at hourly data intervals,
so the WW3 data needed to be linearly interpolated to obtain hourly time series data. The verification
process was carried out using statistical parameters, including Pearson correlation coefficient (R),
Root Mean Square Error (RMSE), and bias, as expressed in the following equations. The Pearson
correlation coefficient is used to determine the strength of the relationship between model data and
measurement data. RMSE is a variable used to determine the magnitude of the deviation between
the model output and the measurement data. Meanwhile, bias is the difference between the
average model output and the average measurement data (Wilks, 2006).
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With Xmi and Xei each indicating the ith data from the model output and measured data, N indicates
the amount of data.

We analyzed the monthly averaged wave height and wave direction characteristics in the
northern waters of Cenfral Java from 2014 to 2023. The average value is generally used to analyze
seasonal wave variability (Fan, 2024; Galanis et al., 2012; Lv et al., 2014; Ningsih et al., 2023; Rizal &
Ningsih, 2022). The average value summarizes a large data set info a single value, making it easy o
compare with values from other months (Bluman, 2009; Peck et al., 2020). In the case of mean wave
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direction, the average wave vector calculation is performed. This process consists of three stages:
(1) wave direction was decomposed into zonal and meridional components; (2) average values of
each component were calculated; and (3) mean wave direction was reconstructed using an
Arctangent 2 function (Dodet et al., 2010; Young, 1999).

RESULTS AND DISCUSSION

In general, the WW3 significant wave height shows good agreement with the measurement
data, with a correlation coefficient value of 0.79 (Figure 2). The significant wave height shows lower
values than the measurement data (underestimate), as indicated by a negative bias value and an
RMSE of 0.2 m. These results show that the WW3 model generally represents actual wave patterns
well, although the actual wave height may be higher than the WW3 estimates. This underestimation
is possibly due to fair weather conditions during the wave measurements, as indicated by previous
studies (Kalourazi et al., 2021; Mentaschi et al., 2015).

The monthly average wave height from January to April in the northern waters of Central
Java can be seen in Figure 3. From January to February, wave heights range from 0.2 m to 1.0 m,
with wave directions generally from the west-northwest. In March, wave heights gradually decrease
to arange of 0.2 m to 0.4 m. Wave heights continue to decrease, reaching a minimum in April with
values between 0.2 m - 0.4 m. In April, wave directions begin to shift to the north-northeast.

Figure 4 shows the average wave height from May to August. In May and June, wave heights
increase, ranging from 0.2 m to 0.8 m. During these months, wave directions are generally from the
north-east. Wave heights further increase in June, ranging from 0.2 m to 1.0 m, and reaching a
maximum in August with wave heights ranging from 0.2 mto 1.2 m.

The monthly average wave height of September, October, November, and December is
represented in Figure 5. In September, wave heights range from 0.2 m to 1.0 m with directions from
the north-east, showing a decrease from the wave heightsin August. In October, wave heightsrange
from 0.2 m fo 0.6 m with directions similar to those in September. Wave heights continue to decrease
in November, ranging from 0.2 m to 0.4 m, with wave directions generally from the north-east. In
December, wave heights are observed to increase again, ranging from 0.2 m to 0.6 m. During this
month, wave directions shift fo the northwest.

Wave height in the northern waters of Central Java tends to be higher in December, January,
February, as well as in July, August, and September. The December-January-February (DJF) period is
the active phase of the Asian monsoon, causing winds to blow from the Asian continent fowards
Australia, passing through Indonesia. Meanwhile, the June-July-August (JJA) period is the active
phase of the Australian monsoon, causing winds to blow from the Australian continent towards Asia,
passing through Indonesia. High waves in Indonesian waters generally occur during these months
(Kurniawan et al., 2011; Purwanto et al., 2021). The significant wave height reached its peak value in
August. This finding indicates that the significant wave height during the Australion Monsoon period
is higher than during the Asian Monsoon, which aligns with previous studies (Efendi et al., 2023;
Nugroho et al., 2022; Rachmayani et al., 2018).

Meanwhile, wave conditions in the northern waters of Central Java tend to be lower in March,
April, May, June, October, and November. Wind speeds along the northern coast of Java during the
March-April-May (MAM) and September-October-November (SON) periods are lower compared to
wind speeds during the DJF and JJA periods (Ma'rufatin et al., 2024). The lower wind speeds during
these periods conftribute fo relatively lower wave conditions compared to other months (Purwanto
et al., 2021).

The wave direction is influenced by the seasonal variability of wind direction during each
monsoon period (Sprintall et al., 2014). This wave direction variability affects wave height variability
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since some areas are sheltered by coastline features. During December to March, wave directions
generally come from the west-northwest, resulting in relatively lower wave heights in areas with
coastlines facing east, such as the coasts of Pati and parts of Rembang. Conversely, during July to
September, wave directions generally come from the northeast, resulting in relatively lower wave
heights for the coasts of Semarang, Demak, and parts of Jepara.

The insights obtained from this study are crucial for several aspects of maritime activity
planning. For marine transportation, knowing that wave heights are higher in December, January,
February, July, August, and September can assist in planning voyages during periods of lower wave
activity. Port authorities can anficipate high waves during the active monsoon phase to ensure the
safety of port operations. Additionally, understanding wave characteristics aids in designing and
maintaining port infrastructure to withstand wave impact.
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Figure 2. Comparison of significant wave height (m) between WW3 simulation and measured data.
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Figure 5. Average significant wave heights in September, October, November, and December 2014 - 2023
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CONCLUSION

This study characterizes significant wave height and wave direction in the Northern Waters of
Central Java. Using wave hindcast datasets from the WW3 numerical model for the period from 2014
to 2023, the research provides detailed insights into wave characteristics. The WW3 model generally
represents actual wave patterns well, though it fends to underestimate actual wave heights. Wave
height in the northern waters of Central Java tends to be higher in December, January, February,
July, August, and September, ranging from 0.2 m to 1.2 m. Meanwhile, wave height tends to be lower
in March, April, May, June, October, and November, ranging from 0.2 m fo 0.8 m. The wave direction
is from the west-northwest in December to March, while the wave direction is from the east-northeast
in April to November. The variability of wave direction affects the variability of significant wave height
in the area near the coastline as well.

REFERENCES

Adytia, D., Saepudin, D., Pudjaprasetya, S.R., Husrin, S., & Sopaheluwakan, A. (2022). A Deep Learning
Approach for Wave Forecasting Based on a Spatially Correlated Wind Feature, with a Case
Study in the Java Seaq, Indonesia. Fluids, 7(1), 39. doi: 10.3390/fluids7010039

Akpinar, A., & Bingdlbali, B. (2016). Long-term Variations of Wind and Wave Conditions in the Coastal
Regions of the Black Sea. Natural Hazards, 84(1), 69-92. doi: 10.1007/s11069-016-2407-9

Alves, J.-H., Tolman, H., Roland, A., Abdolali, A., Ardhuin, F., Mann, G., Chawla, A., & Smith, J. (2023).
NOAA's Great Lakes Wave Prediction System: A Successful Framework for Accelerating the
Transition of Innovations to Operations. Bulletin of the American Meteorological Society, 104(4),
E837-E850. doi: 10.1175/BAMS-D-22-0094.1

Amarouche, K., Akpinar, A., Rybalko, A., & Myslenkov, S. (2023). Assessment of SWAN and
WAVEWATCH-III Models Regarding the Directional Wave Spectra Estimates based on Eastern
Black Sea measurements. Ocean Engineering, 272, 113944, doi:
10.1016/j.0ceaneng.2023.113944

Amarouche, K., Bachari, N.E.l., & Houma, F. (2018). Simulation of Hydrodynamic Behavior Using Data
from Coastal Weather Stations at the Bejaia Bay, Algeria. pp.1595-1598. doi: 10.1007/978-3-319-
70548-4_463

Ardhuin, F., Stopa, J.E., Chapron, B., Collard, F., Husson, R., Jensen, R.E., Johannessen, J., Mouche, A.,
Passaro, M., Quarily, G. D., Swail, V., & Young, I. (2019). Observing Sea States. Frontiers in Marine
Science, 6, 124. doi: 10.3389/fmars.2019.00124

Bluman, A.G. (2009). Elementary Statistic: A Step by Step Approach. The McGraw-Hill Companies.

Dick, H., Houben, V.J.H., Lindblad, J.T., & Thee, K.W. (2002). Emergence of a national economy: An
economic history of Indonesia, 1800-2000. University of Hawaii Press.

Dodet, G., Bertin, X., & Taborda, R. (2010). Wave Climate Variability in the North-East Aflantic Ocean
over the Last Six Decades. Ocean Modelling, 31(3-4), 120-131. doi: 10.1016/j.o0cemod.2009.
10.010

Efendi, AN., Geonova, M.F., Widodo, P., Saragih, H.J.R., Suwarno, P., Mamahit, D.A., & Trismadi.
(2023). Karakteristik Gelombang Laut Indoneisa Untuk Mendukung Kegiatan Laut dan
Keamanan  Maritim.  G-Tech: Jurnal Teknologi  Terapan, 7(2), 346-357. doi:
10.33379/gtech.v7i2.1989

Fan, Y.M. (2024). Temporal and Spatial Varieties of future Wave Climate Under the Scenario of
Climate Change. (No. EGU24-3018). Copernicus Meetings. doi: 10.5194/egusphere-egu24-3018

Galanis, G., Hayes, D., Zodiatis, G., Chu, P.C., Kuo, Y.H., & Kallos, G. (2012). Wave Height
Characteristics in the Mediterranean Sea by Means of Numerical Modeling, Satellite Data,
Statistical and Geomeftrical Techniques. Marine Geophysical Research, 33(1), 1-15. doi:
10.1007/s11001-011-9142-0

Ghanavati, M., Young, I.R., Kirezci, E., & Liu, J. (2024). The Impact of Long-term Changes in Ocean
Waves and Storm Surge on Coastal Shoreline Change: a Case Study of Bass Strait and South-
East Australia. Natural Hazards and Earth System Sciences, 24(6), 2175-2190. doi: 10.5194/nhess-
24-2175-2024

Wave Characteristics in the Northern Waters of Central Java (U. Efendi et al.) 531



Jurnal Kelautan Tropis November 2024 Vol. 27(3):525-533

Inoue, T. (1967). ON THE GROWTH OF THE SPECTRUM OF A WIND GENERATED SEA ACCORDING TO A
MODIFIED MILES-PHILLIPS MECHANISM AND ITS APPLICATION TO WAVE FORECASTING [New York
University PP - United States -- New York]. In ProQuest Dissertations and Theses.
https://www.proquest.com/dissertations-theses/on-growth-spectrum-wind-generated-sea-
according/docview/302262720/se-22accountid=49069

Kalourazi, M.Y., Siadatmousavi, S.M., Yeganeh-Bakhftiary, A., & Jose, F. (2021). WAVEWATCH-IIl Source
Terms Evaluation for Optimizing Hurricane Wave Modeling: A Case Study of Hurricane Ivan.
Oceanologia, 63(2), 194-213. doi: 10.1016/j.0ceano.2020.12.001

Kazeminezhad, M.H., & Ghavanini, F.A. (2023). Operational wave forecasting for exireme conditions
in the Arabian Sea — A comparison with buoy and safellite data. Ocean Engineering, 275,
114152. doi: 10.1016/j.oceaneng.2023.114152

Kessali, N., Bouhamadouche, M., & Hemdane, Y. (2023). Near-shore and Regional Validation of the
WAVEWATCH Il and SWAN Wave Models through In situ and Satellite Observations in the
Barcelona Bay and Algerian Coast. Russian Meteorology and Hydrology, 48(3), 267-279. doi:
10.3103/S1068373923030093

Kurniawan, R., Habibie, M.N., & Permana, D.S. (2012). Kagjian Daerah Rawan Gelombang Tinggi di
Perairan Indonesia. Jurnal Meteorologi Dan Geofisika, 13(3), 201-212. doi: 10.31172/jmg.v13i3.135

Kurniawan, R., Habibie, M.N., & S.Permana, D. (2012). Kagjian Daerah Rawan Gelombang Tinggi di
Perairan Indonesia. Jurnal Meteorologi Dan Geofisika, 13(3), 201-212.

Kurniawan, R., Habibie, M.N., & Suratno. (2011). Variasi Bulanan Gelombang Laut diIndonesia. Jurnal
Meteorologi Dan Geofisika, 12(3), 221-232.

Kurniawan, R., Harsa, H., Ramdhani, A., Fitria, W., Rahmawati, D., Habibie, M.N., & Hutapeaq, T.D.
(2021). Evaluating Skill of BMKG Wave Model Forecast (Wavewatch-3) with Observation Data in
Indian Ocean (5 — 31 December 2017). IOP Conference Series: Earth and Environmental
Science, 893(1), 012058. doi: 10.1088/1755-1315/893/1/012058

Kurniawan, R., & Khotimah, M.K. (2016). Ocean Wave Characteristics in Indonesian Waters for Sea
Transportation Safety and Planning. IPTEK: The Journal for Technology and Science, 26(1), 19-27.
doi: 10.12962/j20882033.v26i1.767

Lv, X., Yuan, D., Ma, X., & Tao, J. (2014). Wave characteristics analysis in Bohai Sea based on ECMWF
wind field. Ocean Engineering, 91, 159-171. doi: 10.1016/j.oceaneng.2014.09.010

Ma’'rufatin, N., Yananto, A., & Pandoe, W.W. (2024). Karakferistik Angin Wilayah Pesisir Utara Pulau
Jawa Berdasarkan Variabilitas Monsun. Jurnal Teknologi Lingkungan, 25(1), 20-30.

Marfai, M.A., Wijayanti, H., Triyanti, A., & Riasasi, W. (2020). Pengurangan Risiko Bencana berbais
Ekosistem di Pesisir Utara Jawa tengah. Gadjah Mada University Press.

Mentaschi, L., Besio, G., Cassola, F., & Mazzino, A. (2015). Performance Evaluation of Wavewatch llI
in the Mediterranean Sea. Ocean Modelling, 90, 82-94. doi: 10.1016/j.0cemod.2015.04.003
Musi¢, S., & Nickovi¢, S. (2008). 44-year Wave Hindcast for the Eastern Mediterranean. Coastal

Engineering, 55(11), 872-880. doi: 10.1016/j.coastaleng.2008.02.024

Ningsih, N.S., Azhari, A., & Al-Khan, T. M. (2023). Wave Climate Characteristics and Effects of Tropical
Cyclones on High Wave Occurrences in Indonesian Waters: Strengthening Sea Transportation
Safety Management. Ocean & Coastal Management, 243, 106738. doi: 10.1016/j.ocecoaman.
2023.106738

Nugroho, D., Yulihastin, E., & Risandi, J. (2022). Ocean Surface Wave Characteristic in the Java Sea
based on Global Reanalysis Data. p.060004. doi: 10.1063/5.0108243

Peck, R., Short, T., & Olsen, C. (2020). Infroduction to statistics and data analysis. Cengage Learning.

Ponce de Ledn, S., & Guedes Soares, C. (2021). Extreme Waves in the Agulhas Current Region Inferred
from SAR Wave Spectra and the SWAN Model. Journal of Marine Science and Engineering, 9(2).
153. doi: 10.3390/jmse%020153

Purwanto, P., Sugianto, D.N., Zainuri, M., Permatasari, G., Atmodjo, W., Rochaddi, B., Ismanto, A.,
Wetchayont, P., & Wirasatriya, A. (2021). Seasonal Variability of Waves Within the Indonesian
Seas and Its Relation With the Monsoon Wind. Iimu Kelautan: Indonesian Journal of Marine
Sciences, 26(3), 189-196. doi: 10.14710/ik.ijms.26.3.189-196

Rachmayani, R., Ningsih, N.S., Ramadhan, H., & Nurfitri, S. (2018). Analysis of Ocean Wave
Characteristic in Western Indonesian Seas using Wave Spectrum Model. MATEC Web of

532 Wave Characteristics in the Northern Waters of Central Java (U. Efendi et al.)



Jurnal Kelautan Tropis November 2024 Vol. 27(3):525-533

Conferences, 147, 05001. doi: 10.1051/matecconf/201814705001

Rajapckse, A., & Emad, G.R. (2023). Fatigue, an unsolved puzzle that contfinues contributing to
accidents at sea. Marine Policy, 155, 105745. doi: 10.1016/j.marpol.2023.105745

Ribal, A., Babanin, A.V., Zieger, S., & Liu, Q. (2020). A High-Resolution Wave Energy Resource
Assessment of Indonesia. Renewable Energy, 160, 1349-1363. doi: 10.1016/j.renene.2020.06.017

Rizal, A.M., & Ningsih, N.S. (2022). Description and Variation of Ocean Wave Energy in Indonesian Seas
and Adjacent Waters. Ocean Engineering, 251, 111086. doi: 10.1016/j.oceaneng.2022.111086

Rogers, W.E., Dykes, J., & Wittmann, P. (2014). US Navy Global and Regional Wave Modeling.
Oceanography, 27(3), 56-67. doi: 10.5670/oceanog.2014.68

Short, A.D. (2020). The Australian Coast: Introduction (pp. 1-81). doi: 10.1007/978-3-030-14294-0_1

Smyth, W.D., Moum, J.N., & Caldwell, D.R. (2001). The Efficiency of Mixing in Turbulent Patches:
Inferences from Direct Simulations and Microstructure Observations. Journal of Physical
Oceanography, 31(8), 1969-1992. doi: 10.1175/1520-0485(2001)031<1969:TEOMIT>2.0.CO;2

Sprintall, J., Gordon, A.L., Koch-Larrouy, A., Lee, T., Potemra, J.T., Pujiana, K. & Wijffels, S.E (2014). The
Indonesian Seas and Their Role in the Coupled Ocean-Climate System. Nature Geosciences,
7(7), 487-492.

Tolman, H.L. (2010). Practical Wind Wave Modeling. Water Waves: Theory and Experiment, 270, 79—
92. doi: 10.1142/9789814304245_0006

Umesh, P.A., & Behera, M.R. (2020). Performance Evaluation of Input-Dissipation Parameterizations in
WAVEWATCH Il and Comparison of Wave Hindcast with Nested WAVEWATCH lII-SWAN in the
Indian Seas. Ocean Engineering, 202, 106959. doi: 10.1016/j.oceaneng.2020.106959

Valiente, N.G., Saulter, A., Gomez, B., Bunney, C., Li, J.-G., Palmer, T., & Pequigneft, C. (2023). The Met
Office operational wave forecasting system: the evolution of the regional and global models.
Geoscientific Model Development, 16(9), 2515-2538. doi: 10.5194/gmd-16-2515-2023

Wilks, D. S. (2006). Statistical Methods in the Atmospheric Sciences Second Edition. Elsevier.

WMO. (2011). Guide to Storm Surge Forecasting (2011 editi, Issue 1076). World Meteorological
Organization.

WW3DG. (2016). User manual and system documentation of WAVEWATCH lll version 5.16 Tech. Note
329. NOAA/NWS/NCEP/MMARB.

Young, I. R. (1999). Seasonal Variability of the Global Ocean Wind and Wave Climate. International
Journal of Climatology, 19(9), 931-950. doi: 10.1002/(SICI)1097-0088(199907)19:9<931::AlD-
JOC412>3.0.C0O;2-0O

Zieger, S., Greenslade, D., Harley, M., Turner, L., Splinter, K., Hansen, J., Lowe, R., Kinsela, M., & Cuttler,
M. (2019). Variable-resolution wave modelling for coastal applications. Australasian Coasfs &
Ports 2019 Conference, 1262-1266.

Wave Characteristics in the Northern Waters of Central Java (U. Efendi et al.) 533



