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Abstract

In this study, the state-of-the-art third generation wave models WAM and WAVEWATCH-III (WWIII) have been
used to predict waves for the North Indian Ocean over 1°x 1° (lat x long) grid resolutions utilizing six-hourly processed
winds which was possible with the launch of OCEANSAT-2 (OSCAT) by ISRO, on 23 September 2009. The study
demonstrates the application of interpolated OSCAT winds to hindcast waves across the globe using two deep-water
models WAM and WAVEWATCH Il (WWIII) and to compare the skill of the models using error analysis. In this context,
the wave models WAM and WWIII were forced using OSCAT winds for the year 2011 over the global domain as well as
for the North Indian Ocean (regional domain) using appropriate boundary conditions/inputs. The output from the models
such as significant wave height (Hs) and mean wave period (Tc) were validated with an NDBC buoy measurement during
January to December 2011 in the North Atlantic Ocean and for few selected buoys in the Bay of Bengal for the month
of July 2011 (peak southwest monsoon). The comparisons of OSCAT winds with NDBC wind measurements reveal that
the overall trend and dominant directions are consistent with the observational data. The validation of significant wave
parameters of the selected buoy in the North Atlantic ocean revealed very high correlation (R>0.9) with percentage error
<20% for Hs and Tc. The comparisons between the observed and predicted wave parameters in the Bay of Bengal
showed that percentage error ranged between 9 to 24% for Hs and within 10% for Tc. It is noted that WAM describes the
variability of wave heights realistically with smaller error estimates and better correlation coefficients than WWIII. Such
validation studies are proven to be useful in quantifying the performance of these wave models which are being utilized
or yet to be further explored for routine operational applications as well as for long-term wave hindcasting in the strategic
areas of importance in deep as well as shallow waters by nesting with suitable near-shore models in the littoral zone.
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Introduction

Information on ocean surface waves which is often referred to as
the ‘sea-state’ is most essential for naval operation/warfare, offshore
operations, rescue operations, ship routing (OTSR-Optimum Tracking
of Ship Routes), design/development of harbors, coastal protection/
engineering, wave climate assessment, recreation etc. During the last
twenty years or so, the third generation wave model WAM, Cycle-4
[1] has become a standard for routine operational wave prediction
purpose, besides the ongoing research and engineering applications.
The quality of wave prediction and analysis is also being continuously
improved mainly due to the availability of high quality input wind
fields for sea-state prediction with the advancement of satellite
measurements/oceanography. In the Indian context, there are many
reported important research contributions on wave prediction/
hindcasting using third generation wave models [2-9].

In this study, the state-of-the-art third generation wave models
such as WAM and WWIII (WAM: Cycle-4.5.3, and WAVEWATCH-
III [10]: WWIII V3.14) have been implemented for the globe over 1°x
1° resolution (deep water) for wave hindcasting using OSCAT winds.
Although, since the launch of OCEANSAT II, wind analysis studies
using OSCAT winds are reported, there are no studies available for
wave hindcasting in the North Indian Ocean using OSCAT wind
inputs. In the context wherein wave models require analysed wind
fields as input, and input winds are the determining driving forces
for realistic wave model outputs, the study is unique and of its first
kind reporting the application of interpolated scatterometer winds to
hindcast waves over the globe using two deep-water models WAM and
WWIIL The study aims to demonstrate the utility of Oceansat-2 winds
for the simulation or prediction of wave parameters in the North Indian

Ocean and comparison of two wave models in the simulation of wave
characteristics. The output from these models such as significant wave
height and mean wave period are validated with buoy measurements in
the global oceans and in the Bay of Bengal and further the skill of these
models is assessed with an extensive statistical error analysis.

Wave Models: WAM and WWIII

The WAM, a third-generation wave prediction model solves the
following spectral energy balance equation for describing the two-
dimensional wave spectrum:

oF
5+V-(CgF):SM+Sm+SdS (1

where F(f, 6; X ,t) is the spectral wave energy density; depending on
wave frequency (f), wave direction (0), position ( X ), and time (t) and
deep-water group velocity Cg= Cg (f, 0). The source functions, on the
right hand side of Equation 1, describe the wind input (S, ), nonlinear
transfer (S ), and dissipation due to white-capping (S,).
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The WWIII is an extension of the WAM model developed and
implemented at NOAA/NCEP [11]. The general source terms used in
WWIII are defined as:

S= Sln + Sin + Snl + Sds + Sbot + Sdb + Str + Ssc + Sxx (2)

In deep waters, the net source term S is generally considered to
consist of three parts, a wind-wave interaction term (S, ), a nonlinear
wave-wave interactions term (S ) and a dissipation (whitecapping)
term (S, ). The input term (S, ) is dominated by the exponential growth
term, and the source term generally describes this dominant process. To
initialize the model and thereby to provide more realistic initial wave
growth, a linear input term (S, ) is also considered in WWIIL. In shallow
waters, additional processes are notably wave-bottom interactions (S, ).
In near-shore waters, depth-induced breaking (S,) and triad wave-
wave interactions (S ) are considered important. The source/sink terms
in WWIII also handles the scattering of waves by bottom features (S_)
and slot for additional user defined source terms (S_).

Materials and Methods

Model set up and wave data

In this study, the recent versions of WAM (C4.5.3) [12] and WWIII
(V3.14) are implemented for wave hindcasting over the global domain
using OSCAT winds. The global grid system for WAM and WWIII
covers the geographical extents 0° to 360° E and 77° S to 77° N with a
resolution 1° x 1° and the regional grid system extends from 50° to 100°E
and 0°N to 30°N with the similar resolution. The WAM model uses 25
frequencies ranging from 0.04177 Hz to 0.41145 Hz and 12 directions
(constant increment) to represent the wave spectra distribution.
Similarly, the WWIII model uses 25 frequencies ranging from 0.0412
Hz to 0.4056 Hz, with a logarithmic distribution having an increment
factor 1.1 and 24 directions (constant increment). Considering the
observed data gaps of OSCAT winds, the models were first executed for
the global domain. It takes care of southern ocean swell propagations
and subsequently executed over the regional domain by taking the
boundary inputs from the global run. This approach takes care of swells
propagating from south and improved the model predictions, especially
the combined sea and swell components in the region of interest by
changing the model setting and integration time-steps appropriately
as compared to the global run. The wave data utilized in this study is
for a selected NDBC (NOAA Data Buoy Center) buoy, located (22.120°
N, 93.960° W) in the North Atlantic Ocean (Buoy ID: 42055, Bay of
Campeche) at a depth of 3595 m. The NDBC is a part of the National
Oceanic and Atmospheric Administration’s (NOAA) National Weather
Service (NWS). NDBC designs, develops, operates, and maintains a
network of data collecting buoys and coastal stations. Apart from NDBC
buoy the study also used data from three selected NIOT buoy locations
BDO08 (off Paradip), BD11 (off Nellore) and BD14 (off Sri Lanka) at a
depth of 2200 m, 3369 m and 3800 m respectively in the Bay of Bengal.
The location of the buoys is as shown in Figure 1. The moored buoys
(NIOT buoys) are floating platforms designed to carry specific suit of
sensors to measure meteorological and oceanographic parameters.

Model inputs

In the present study, Level-2B (L2B) operational wind products
(Version 1.3, October 2011) from OSCAT made available by National
Remote Sensing Centre (www.nrsc.gov.in) was used to force the above
mentioned wave models. OSCAT winds have been processed and
analyzed for the period January to December 2011. Since there were
data gaps (and missing data as well) and time gaps during the global
coverage of OCEANSAT 1I, the gridded wind fields were prepared

through spatio-temporal interpolation of these winds [13] at six-
hourly interval over 1° x 1° resolution, which were provided as input
to the wave models. The models were executed using these 6-hourly
interpolated OSCAT winds. The model bathymetry was constructed
from ETOPO?2 data. The current data required as input for both wave
models are obtained from the Ocean Surface Current Analyses—Real-
time (OSCAR) database [14]. The ERA-interim daily fields from
ECMWF were used to extract the air-sea temperature difference data
as input for WWIII model.

Comparison of OSCAT winds with NDBC measurements

Before the OSCAT winds were used to simulate the waves over the
globe, an attempt is made to compare the input winds for the year 2011
(January to December) using the NDBC buoy data. The comparison of
OSCAT (wind speed and direction) and NDBC buoy data was executed
for one location in the North Atlantic Ocean (Buoy ID: 42055, Bay of
Campeche). For the validation purpose, OSCAT wind vectors were
collocated with the buoy wind data both in space and time. The nearest
four grids have been selected and the data is spatially interpolated
following inverse distance approach to estimate wind speed and
direction. Similarly the nearest interpolated/estimated values which
correspond to the past and future time zones have been interpolated
(temporal) linearly to estimate six hourly winds.

Prediction of deep water ocean surface waves using WAM

Wave hindcasts were carried out globally by using the six-hourly
winds (and other inputs as indicated above) starting with five days prior
to 1st January 2011, until end of the December 2011 (last day). Initially,
the wave models were set to cold start and the five days computation
prior to the selected month was sufficient to generate the initial fields
for the start time of the month (first day of global run). WAM was
subsequently executed for the regional grid using the same six-hourly
winds from 1st July 2011, till end of the month by incorporating the
initial conditions and boundary inputs from global run (warm start).

Prediction of deep water ocean surface waves using WWIII

Similar to WAM as explained above, WWIII was also executed for
predicting waves globally (77.5°S, 77.5°N; 0.5°W, 359.5°E) for the year
2011 and regionally (Indian Seas, 500 to 100°E and 0°N to 30°N) over
1°x1° grid resolutions utilising the same OSCAT winds for the month
of July 2011. In comparison with WAM, WWIII uses an additional
input air-sea temperature difference apart from winds and currents.

Validation of WAM and WWIII models

Based on the availability of buoy data pertaining to the study period
and the region of interest, comparisons were made between the buoy
measurements and model derived wave heights and wave periods. The
NDBC buoy located in the North Atlantic Ocean (Buoy ID: 42055) is
used to validate the WAM/ WWIII global simulated wave parameters
Hsand Tc. Apart from this, the in-situ met-ocean buoy parameters such
as Hs and Tc of NIOT (disseminated by INCOIS, Hyderabad) for the
buoys located in the Bay of Bengal (Figure 1) named BD08 (off Paradip),
BD11 (off Nellore) and BD14 (off Sri Lanka) have been co-located with
WAM and WWIII model outputs and interpolated in space and time
for the comparisons/validations. A detailed statistical error analysis is
performed for each dataset to evaluate the model performance. Various
statistical measures such as Coefficient of Correlation (R), Scatter
Index (SI), Bias (B, mean deviation), Root Mean Square Error (RMSE),
Percentage Error (PE) and Model Performance Index (MPI) between
measurements [15,16] and model outputs were computed and further
examined to evaluate the performance of model hindcasts.
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Figure 1: Location of moored buoys utilised for WAM and WWIII validations.

Results and Discussion
Comparison of OSCAT winds with NDBC measurements

The OSCAT wind speeds revealed good agreement with NDBC
buoy measured wind speeds in the North Atlantic Ocean, as evident
from the time series plot (Figure 2). It is clear from the time series plots
(Figure 2) that the OSCAT winds do not have appreciable bias with
respect to observations at buoy location. The statistics of the validation
of wind speed is presented in Table 1. The average wind speed and
standard deviations demonstrates almost the same range as buoy
observations at the study area. However, it is noted from the standard
deviations that the buoy wind speeds are more scattered in comparison
with the OSCAT wind speeds. A high correlation coeflicient of 0.98 and
RMSE of 1.18 indicate a good match between buoy and OSCAT winds.
The high correlation coefficients recommend that both measured and
OSCAT winds follow a similar annual pattern. Similar to wind speed
it is noted the wind directions also followed the trend and the leading
directions are in good match with the measured data. The OSCAT
mission requirements for the RMSE in wind speed is less than 2 m/s
(for wind direction less than 20°) for the 4-24 m/s speed range. The
statistics shown in Table 1 satisfies the mission requirements and hence
compares well with the study by Kumar et al. [17].

Prediction of deep water ocean surface waves using WAM

The sample spatial plots (contours) of input wind fields as well as
the corresponding output fields of significant wave height (Hs) for a
selected day and time (spatial variability for 1200 hrs), i.e. for 25 July
2011 are shown in Figures 3 and 4a respectively (global domain). Figure
3 shows that the wind speed varied from 4 to 12 m/s in the North
Indian Ocean on 25 July 2011 (1200 hrs). It is also seen that the wind
speed and direction, which prevailed in the North Indian Ocean region
on 25 July 2011 more or less, represents the standard climatological
pattern of wind variability [18,19].

The wind and wave conditions in the Arabian Sea and Bay of Bengal
(Indian Seas) are generally high during the southwest monsoon [18,19]
that is considered as the roughest weather season from wave climate
point of view. However, the wave periods and swell parameters are
normally not related to the local winds as the waves propagate from
different areas after their generation, which is evident from the sample

model outputs as shown in Figures 5 and 6. In the Arabian Sea, Hs
varied from 1.0 to 3.0 m, while mean wave period (Tc) ranged from 7
to 10s. The swell wave height (Hsw) varied from 1.0 to 2.5 m while swell
wave period (Tsw) varied from 9 to 10s. However, in the Bay of Bengal,
Hs was relatively lower (1.0 to 2.5 m) as compared to the Arabian Sea.
The Tc varied from 6 to 9s, Hsw from 0.5 to 1.5 m, and Tsw from 7 to 9s.

Prediction of deep water ocean surface waves using WWIII

The sample spatial plot (contours) of wave output field (Hs) for
a selected day (25 July 2011, 1200 hrs) is shown in Figure 4b for the
global domain. It is seen from this figure that, the spatial distribution
of Hs and the mean wave directions (arrows) based on WAM and
WWIII are well in good agreement with each other (25 July 2011,
1200 hrs). The areas of high wave activity also agree considerably well
with each other.

The spatial variability of wave parameters as shown for 25 July 2011,
1200 hrs (Figures 5 and 6), is a typical example of high wave activity
during the peak southwest monsoon period. As shown in Figure 6
(WWIII hindcast), the Hs varied from 1.0 to 3.5 m in the Arabian Sea,
while in the Bay of Bengal it ranged between 1.0 to 1.5 m. The Tc varied
from 5 to 9s in the Arabian Sea and from 5 to 7s in the Bay of Bengal.
Similarly, the hindcasted Hsw varied from 1.0 to 3.0 m in the Arabian
Sea, and in Bay of Bengal it varied from 0.5 to 1.5 m. In the Arabian
Sea, the Tsw varied from 7 to 9s, while in the Bay of Bengal it ranged
from 6 to 8s. The spatial variability of these significant wave parameters
indicate that, there are certain differences in the magnitudes of the
hindcast wave parameters between the two models using the same
input wind fields. However, a quantitative inter-comparison can reveal
the relative performances of both models that are discussed in the next
section.

Validation of WAM and WWIII models

The model outputs analysed and discussed in the previous
sections serves as the background information useful to validate
the results using buoy data. To assess the model performance
the simulated significant wave height and mean wave period are
compared (Figure 7) with the NDBC buoy observations (42055)
for the period January to December 2011. The comparisons shows
that the WAM model derived wave parameters agree well with
the observed wave parameters as shown in Figure 7. In the case of
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Figure 2: Time series plot of buoy and OSCAT (a) wind speed (m/s) and (b) wind direction (deg.) at NDBC (42055) buoy location.
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Table 1: Comparison of OSCAT and buoy observations (January to December 2011).
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Figure 3: A sample input wind field (OSCAT), speed (m/s) and direction (arrows) for wave hindcasting using WAM (& WWIII), 25 July 2011, 1200 hrs.

Hs, the comparisons (Table 2) gave a strong correlation (R=0.98),
with low SI (0.15) and RMSE (0.19). The negative bias denotes
slight underestimation. Quantitatively, the model output obtained
here are consistent with those obtained at the buoy location for the
year 2011 with PE=15% and high MPI (0.92). It is observed that
the model could reproduce the variability in wave heights at that
buoy location. The overall trend in wave heights shows a reasonable
good match with buoy observations. Similarly the comparison of
Tc, also demonstrated strong correlations (R=0.98) with low SI
and PE of 8.2% revealing a good match at the buoy location. The
WWIII model simulated outputs when compared with the buoy
measurements during January to December 2011 exhibited slightly
lesser performances as compared with the WAM outputs. It is noted
that similar to WAM slight underestimation by WWIII is also noted
(B=-0.12) for Hs. Although it shows a strong correlation (R= 0.97),

the PE is 19.3% which is slightly higher in comparison with WAM.
In case of Tc simulations by WWIIL, significant undestimations were
noted (B= -0.18) as compared with WAM. It is noted that the PE was
higher 16.3% which denotes a higher disagreement in comparison
with WAM Tec. In this buoy location in the North Atlantic (42055),
it is observed that WAM generally follow the observations well
and displays similar variability. WWIII on the other hand displays
a much smoother wave height evolution, but it is able to capture
the highest and lowest wave conditions with slightly higher errors
than WAM. It is very encouraging to see that WAM is capable of
capturing realistically both Hs and Tc in comparison with WWIII,
which showed higher PE in simulating Hs and Tc at the buoylocation.
Although WWIII does not show clearly better behavior than WAM,
for this location the systematically more realistic variability of wave
heights produced by WWIII is evident in the comparison.
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As shown in Figure 8, WAM hindcasts (Hs and Tc) have been
compared with three buoys (Bay of Bengal) such as BDO08 (off Paradip),
BD11 (off Nellore) and BD14 (off Sri Lanka) for the periods 01-15
July, 01-15 July, and 08-15 July 2011 respectively and their statistical
estimates are shown in Table 3. It is seen that, the estimated R values
for Hs are >0.9, with SI values of the order 0.01 to 0.10; and RMSE 0.03
m to 0.30 m, all indicating a good agreement between the model and
buoy measurements during the active southwest monsoon winds of July
2011. The bias (Hs) is positive throughout for all buoys considered. The
values of PE are in the range 8.5% to 20.2%. Although the MPI is>0.9 in
all cases; it is noted that the buoy BD11 shows fairly a good agreement
compared to BD14 and BD08. Compared to Hs, the Tc shows relatively
lower correlation (R>0.7) with low SI and RMSE of the order 0.10 to
0.23s; which indicate generally a better fit between the model and buoys.

Moreover, the computed values of bias are 0.41s (BD08), -0.05s (BD11)
and 0.20s (BD14) that signify that, the WAM model predicts Tc well
within an error of 0.5s. The PE values are low (<8%) at all the buoy
locations in the Bay of Bengal. Values of MPI for Tc are >0.95 which
indicates a good agreement between the WAM and buoy measurements.

Similarly, Figure 8 also shows the comparison between the
observed and predicted wave parameters (Hs and Tc) of WWIII for the
period 01-15 July 2011. In this case, the model outputs are validated for
the same three buoy locations such as BD08 (off Paradip), BD11 (off
Nellore) and BD14 (off Sri Lanka) located in the Bay of Bengal. The
computed statistical estimates for the WWIII hindcast parameters (Hs
and Tc¢) and the buoy measurements during July 2011 are also shown in
Table 3. The WWIII hindcasts and the measurements of buoys BD08,
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2.1. Significant wave height (Hs in m) 3.1. Significant wave height (Hs in m)
WAM/MWWIII WAM/MWWIII
S. No. Statistical estimates Atlantic Ocean (42055) s. No. Sta-tistica| Bay of Bengal
1 Mean (Buoy) 1.3 estimates BD08 BD11 BD14
2 Range (Buoy) 0.1-7.3 1 Mean (Buoy) 2.1 1.9 29
3 Mean (WAM/WWIII) 1.11/0.91 2 Range (Buoy) 1.3-3.1 1.4-2.8 2.0-3.8
4 Range (WAM/WWIIl) 0.1-7.11/0.1-6.91 3 Mes\?vsl\m?l\/l/ 1.81.7 20/1.8 2.4/2.3
5 R 0.98/0.97
6 S| 0.15/0.30 4 Ra“V%‘fN(I‘ﬂ’)AM/ 13-2.4112-23 1.3-2.711.3-2.5 1.7-2.91.7-2.8
7 B -0.07/-0.12 5 R 0.93/0.95 0.95/0.94 0.96/0.97
8 RMSE 0.19/0.31 6 sl 0.06/0.09 0.01/0.02 0.10/0.13
9 PE 15.12/19.33 7 B 0.31/0.40 0.11/0.14 0.49/0.57
10 MPI 0.92/0.88 8 RMSE 0.13/0.19 0.03/0.03 0.30/0.38
2.2. Mean wave period (Tc in s) 9 PE 17.8/23.8 8.5/9.1 20.2/24.1
WAM/WWII 10 MPI 0.94/0.91 0.98/0.98 0.92/0.87
1 Mean (Buoy) 4.84 3.2. Mean wave period (Tc in s)
2 Range (Buoy) 2.7-9.0 WAM/MWWII
3 Mean (WAM/MWWIII) 4.4/3.8 1 Mean (Buoy) 6.2 59 68
4 Range (WAM/WWIII) 2.3-8.6/1.7-8.0 2 Range (Buoy) 5378 4.9-7 1 6.0-76
Z ; g:zggif 3 Mej\’,‘vf/\l’:’ll;'\"’ 5.8/5.6 6.0/5.9 6.4/6.6
7 B -0.04/-0.18 4 Ranv%/?/v(xYAM/ 4.9-6.8/4.8-6.7 5.2-6.7/5.3-6.6 5.8-6.8/6.0~7.0
8 RMSE 0.28/0.40 )
9 PE 8.2116.3 5 R 0.94/0.93 0.71/0.68 0.82/0.53
10 VPl 0.96/0.85 6 S| 0.04/0.06 0.02/0.02 0.02/0.02
R: Correlation Coefficient; SlI: Scatter Index; B: Bias; RMSE: Root Mean Square 7 B 0.41/0.59 -0.05/-0.04 0.20/-0.07
Error; PE: Percentage Error; MPI: Model Performance Index 8 RMSE 0.23/0.40 0.12/0.11 0.10/0.10
Table 2: The statistics of the comparison between buoy (NDBC) and simulated 9 PE 7.3/10.3 4.5/4.1 4.2/3.9
(WAM/WWIII) wave parameters Hs and Tc (January to December 2011). 10 MPI 0.96/0.94 0.98/0.98 0.98/0.98

BD11 and BD14 showed high correlation coefficients (R>0.9) for Hs.
The values of SI are lower indicating a better fit between the measured
and model Hs. Positive bias is observed for all buoys considered which
signifies that, model computed Hs are marginally higher compared to
buoy observations. The RMSE varied from 0.03 to 0.38 m. It is noted
that although the MPI is>0.86 for all buoys considered, the PE for Hs
is 9.1% for BD11, while it is considerably higher for BD08 (23.8%)
and BD14 (24.1%) where the model could not predict Hs, well at
these two buoy locations. Based on the present case study as well as
the case studies earlier described, it is noticed that MPI alone does not
appear to be a measure of the model performance/validation. Hence,
it is appropriate to consider all the six statistical estimates together as
shown in Table 3 (Sl. No. 5 to 10) for a proper assessment of model
performance. The Tc also showed reasonably good correlation (Table
3) of 0.93 (R) for BD08, while it showed lower correlations of 0.68 for
BD11 and 0.53 for BD14. SI is low with RMSE of the order 0.11s to
0.40s and Bias is negative for BD11 (-0.04s), BD14 (-0.07s) and positive
in the case of BD08 (0.59s). The PE remained within 10% for all buoys
with MPI>0.9 which showed a reasonably good agreement between
model and buoy observations.

Overall, the comparison of WAM and WWIII hindcasts shows
low SI, smaller RMSE with very low PE, as well as a better correlation
coefficient for WAM. However, WWIII has higher estimates of SI,
RMSE and PE; and in general is lesser energetic against buoy data. The
time series plots as shown in Figures 7 and 8 and the statistics shown
in Tables 2 and 3 suggest that WAM produces a more realistic Hs and
Tc variability than WWIIIL The different performances of the model
in the Atlantic Ocean and Bay of Bengal are solely dependent on the
model physics, numerics, model grid resolution and quality of wind

R: Correlation Coefficient; Sl: Scatter Index; B: Bias; RMSE: Root Mean Square
Error; PE: Percentage Error; MPI: Model Performance Index

Table 3: Statistics of the comparison between WAM/WWIII model wave parameters
and buoy measurements in the North Indian Ocean (Bay of Bengal) during July
2011.

inputs. A potential source of error in the performances of the models
is the parameterization of atmospheric drag in the wind input source
term. The remaining source terms such as wave wave interaction and
dissipation also have considerable influences in the performance of
WAM and WWIIIL. The wave wave interaction term used the Discrete
Interaction Approximation (DIA) of Hasselmann and Hasselmann
[20]; in which; away from the spectral peak and in multimodal wave
fields the DIA greatly under samples the complex set of nonlinear
interactions [21] leading to erroneous estimates of spectral source
function, which will potentially result in shapes, deviating from
observations. Apart from this, most importantly in both the models,
the different representation of swell propagation in model physics
could be a possible reason for deviations at the buoy location.

Summary and Conclusion

In this study, the state of the art wave models WAM and WWIII
were utilized to hindcast waves using OSCAT winds for a one year
period (January to December 2011) over the globe and in the North
Indian Ocean (Bay of Bengal). The models implemented for the globe
(77°S to 77°N and 0° to 360°E) over 1° x 1° resolution was found
suitable to provide boundary inputs to the regional model domain (0°N
to 30°N, 50°E to 100°E, North Indian Ocean). The WAM and WWIII
model hindcasted wave parameters were validated against a selected
NDBC buoy in the North Atlantic Ocean and the available NIOT
buoy measurements (BD08, BD11, and BD14) in the North Indian
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Figure 8: Comparisons between the observed (NIOT buoy) and WAM/ WWIII predicted wave parameters at 6 hourly intervals for the period 1-15 July 2011, and

using OSCAT winds.

Ocean (Bay of Bengal). The spatial distributions of Hs, Tc, Hsw, and
mean wave direction over the North Indian Ocean based on WAM
and WWIII hindcasts using OSCAT winds alone appeared realistic
when the wave fields were compared with each other. In this study,
the model performances of WAM and WWIII were evaluated through
an extensive and robust statistical error analysis. Overall, both models
achieve relatively high skill in their ability to simulate Hs and Tc at the
buoy locations considered in this study.

The quality of OSCAT derived winds was evaluated by validating
the OSCAT retrieved wind vectors over the global ocean with in situ
wind measurements from NDBC. The comparison of OSCAT winds
with data from moored buoys indicates the RMSE of 1.18 m/s in wind
speed for the speed range 4 to 24 m/s. Hindcast time series of wave
heights at selected buoy locations in the Atlantic Ocean and Bay of
Bengal indicate that, WAM represents the maximum and minimum
wave heights much more realistically than WWIII (Figures 7 and
8). Although the correlation coefficients and MPI are systematically
better for WWIIL; the RMSE, SI and PE are higher in all cases with
significant underestimations at the buoy locations considered in this
study. Differences in the statistical analysis of wave parameters between
both models are moderate. The statistical results reported in Table 2
and 3 suggest that WAM performs better than WWIII, in comparison
with the observed Hs and Tc wave data. In the North Atlantic Ocean,
WAM appears to behave significantly better than WWIII, based on
the PE (<16% for Hs and <9% for Tc). The validations of WAM and
WWIII models using NIOT buoy measurements in the Bay of Bengal
indicate that during the month of July 2011, the performance of WAM
was relatively better than WWIIL The observed and predicted wave
parameters of WAM and WWIII show percentage error ranging from
9 to 24% for Hs and within 10% for Tc. The percentage error from
WWIII model as compared to WAM was higher for Hs by 1-6%. In

addition, it is higher by 1-3% in case of Tc. Hence, the study reveals
that, during July 2011 (south-west monsoon season) the performance of
both WAM and WWIII models are in good agreement with each other.
Many factors such as quality of input winds swell propagation in model
physics, model grid resolution can contribute to significant departures
in the performances in the models. The study further suggests that, a
long-term wave hindcast database for the North Indian Ocean region
can bring out further confidence with suitable validations using
available wave measurements. The long-term predicted/simulated
fields will be very useful for most of the user community dealing with
various coastal/offshore activities and for defence applications besides
the research and developmental needs.
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