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Spectral analysis of wind field in the Indian Ocean

R. Rashmil, S.V. Samikshal, V. Polnikov2, F. Pogarskiiz, K. Sudheesh' & P. Vethamony“=

'CSIR-National Institute of Oceanography, Dona Paula, Goa — 403 004, India
Obukhov Institute of Atmospheric Physics of RAS, Moscow, Russia
*Email: mony@nio.org]

Received 15 August 2013; revised 14 October 2013

To study the variability in wind fields over the Indian Ocean, we used ERA INTERIM daily winds for the period 1979-
2012. In order to analyse the temporal variation of wind field, we partitioned the whole Indian Ocean into 6 zones based on
spatial inhomogeneity in the analysed wind fields. Spectral analysis of the time series (extracted at the centre of each zone)
was performed using the auto-regression analysis based on the Yule-Walker equations. and it confirms that universality of
the spectral shaps Frequency spectra show distinct annual variations at all zones; semi-annual variations are observed in the
Arabian Sea (Z1) and the Bay of Bengal (Z2) due to the seasonal changes and gradually it disappears from equatorial region
(Z3) to southern Indian Ocean (Z6). Also, we observe local maxima at the scale of 1 and 0.5 days‘l. The characteristic shape
of the spectrum was obtained at two different powers of the frequencies. Decay rate and variance at all zones are analysed.
The decay rate varies almost linearly as a function of zones Z1 to Z6. Trend of the variance in low frequency range is linear
whereas, in high frequency range is exponential. The variance is large in the storm track region. It is found that over the
range of frequencies, wind field is independent and is increasing along the zones Z1 to Z6. Latitudinal dependency is clearly

observed in both spectral slopes and variances.
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Introduction

A stochastic process is used to represent the
evolution of random variables over time. Random
variables are the variables whose value is subject to
variations due to chance (i.e., randomness). As
opposed to other mathematical variables, a random
variable conceptually does not have a single, fixed
value; rather, it can have a possible set of different
values, each with an associated probability. The
spectral analysis of random variables is defined in
terms of the power spectra of the variable versus the
frequency. Autoregressive model is a representation
of a type of random process. The autoregressive
model specifies that the output variable depends
linearly on its own previous values. The above
procedure describes the unique features in space-time
structure of wind and wave field. To our knowledge,
such a detailed examination of its statistics in the
Indian Ocean is very few.

VanZandt' first reported that the spectrum in the
free atmosphere has universal shapes. Sato® showed
that the vertical wind spectra proportional to the
power of -5/3 of the frequency in the active periods
are likely due to phase modulation of topographically

forced gravity waves in slowly varying background
winds. The horizontal wind fluctuation in the
troposphere, stratosphere and mesosphere from the
middle and upper atmosphere was found to be power
of -3 of the wave number™* analysed the long term
wind wave height from the global visual wave data
and found that the long-term changes in wind wave
height are closely associated with the North Atlantic
Oscillation in the Atlantic and with North Pacific
Oscillation and El-Nino—Southern Oscillation in the
Pacific. Caires and Sterl’ estimated the 100 year
return values of wind speed and significant wave
height from ERA-40 data. Tsuchiya et al.® studied the
behaviour of surface meteorology in terms of
frequency spectra.

Polnikov et al.” has done the statistical analysis for
the average wind and wind energy over the Indian
Ocean spatially and temporally, and studied the
variability and interaction of wind field on the
climate scale. The wind was obtained from the
NCEP/NOAA site with 1° x 1.25° resolution with 3
hourly intervals for the period 1998-2008. The
analysis was done with portioning the Indian Ocean
into 6 zones based on the spatial inhomogeneity of
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the analyzed wind field. The analysis includes: 1)
spatial variation of averaged wind and wind-energy
flux over the Indian Ocean and zones, ii) temporal
variations of the above fields at fixed points of each
zone, iii) construction of the histogram and iv)
calculation of first four statistical moments for the wind
field. Polnikov et al® studied the wind — wave
variability in the Indian Ocean for the period 1998 —
2009. Wind was obtained from the NCEP/NOAA
archive and for wave generation, original WAM cycle 4
models with new source function’ was used. They have
analysed the spatial and temporal variation of wave
height and wave energy in the Indian Ocean. Recently,
Porgaskii et al."” studied the joint analysis of the wind
and wave field variability and their 12 year trends in the
Indian Ocean for the period 1998-2009. They found
that the decay law of the spectrum is similar to the law
of the decay for isotropic turbulence spectra''.

The present paper deals with the detailed
stochastic process of spectral analysis for the wind
field in the Indian Ocean for the period 1979 - 2012.
ECMWF INTERIM winds with the resolution of
1.5°x 1.5° with 6 h interval'* are used for the study.
The time and space coverage of this data set makes it
ideal for the study of wind and wave phenomena over
the whole globe.

Materials and Methods

The study area covers the whole Indian Ocean
with the domain 10.5°E — 144°E longitude and 69°S
— 30°N latitude as shown in Fig.1. In order to study
the wind field, ECMWF INTERIM winds available

- . h—{ : \l: r.‘,-.;l

2: .%,/}.l’lex-zz;i J‘ﬁ
SV fsi:/ . B %L@iﬂ

.f -
] 4

ol ]

N PR A
2 - / v Z5 iLJ_,_M 3

.\-_

P T +Z6

T T T T T
o BO 80° 100" 1107 120" 130° 140°

- man N F
T T T T
2 0" 40" 50" [

Fig. 1—Study. Indian Ocean

Table 1—The central point coordinates for the zones in the Indian

Ocean
Zone Latitude (°) Longitude (°)
1 14N 62.5E
2 15N 88.75E
3 ON 80E
4 178 80E
5 298 80E
6 498 80E

in 1.5°k1.5° with 6 h interval for the period
1979-2012 were utilized.

Further, the whole Indian Ocean is divided into 6
zones (as shown in Fig. 1) based on the wind
variability in the Indian Ocean®. Taking the presence
of local extrema in the wind field as a basis for
zoning, the following areas could be distinguished as:
Arabian Sea (Z1), Bay of Bengal (Z2), equatorial part
of 10 (Z3) southern part of the trade wind in 10 (Z4),
southern subtropical part of 10 (Z5) and southern IO
(Z6). The time series of wind and wave fields are
extracted at each central point of the zones. The
coordinates of central point of 6 zones are given in
the Table 1.

Spectral analysis of the time series was performed
using the method of auto-regression analysis based
on the Yule-Walker equations. The auto-regressive
model specifies that the output variable depends
linearly on its own previous values. The Yule-Walker
equation is as follows:

Vi ZZEzl(pk}/m—k +O-a2~5m,o (1)

Where, m = 0, p, yielding p+1 equations. Here ¥m is
the auto covariance function of X;, o, is the standard
deviation of the input noise process, and Oy, is the
kronecker delta function.

Yule-Walker method estimates the power spectral
density (PSD) of the input using the Yule-Walker
auto-regressive method with the confidence intervals
of 20% in the logarithmic scale. This method, also
called the autocorrelation method, fits an
autoregressive (AR) model to the windowed input
data. The detailed description of this method is given
in”. The characteristic shape of the spectrum at each
zone has been studied.

Results and Discussion
Statistical characteristics of wind and wave fields
are examined in terms of frequency spectra. The
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frequency spectra have a characteristic shape
proportional to two different powers of the frequency
in the lower frequency ranges (100 — 10 days)'and
higher (9 days — 12 h) than the transition frequency
of (several days)'. The shape of the spectrum is
given by

S(w)=aw ™ .. (2

The eqn. 2 is estimated by the least square fitting
method. Where o, o and By are the frequency, the
constant and the spectral slope respectively. Where
k=L (k=H) indicates the lower (higher) frequency
range. Transition frequency ranges between 20 and 6
days. The mean transition frequency is set for 10 day™.
The spectrum shows the long and short scale
variability with pronounced peaks. The spectral
analysis for all the physical parameters is as follows.

The intensity of annual and half year variability is
high and clearly distinguished at Z1 (Fig. 2). Further,
the spectrum falls smoothly from the period of 100
days, and no white noise is observed. On the higher
frequency side, well-marked maxima at the scales of
1 and 0.5 days are observed. The decay rate in the
low frequency part (BL) is found to be -1.105 and in
the high frequency part (By) -1.403.

Two distinct peaks are observed at the scale of 1
and 0.5 year at Z2 (Fig. 2) and followed by shelf
(white noise). The spectral slope is found to be B =
-0.816 and Py = -1.372. Two high intensity local
maxima are observed at the scale of 1 and 0.5 days.

The intensity of the annual variability has
decreased in the equatorial part of the 10 (Z3) with
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Fig. 2—Frequency spectra of wind speed at all central point of
zones in Indian Ocean
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the spectrum falls steeply from the period of 40 days.
Later, two local maxima are observed at the scale of
1 and 0.5 days (Fig. 2). The decay rate is found to be
BL =-0.945 and BH: -1.575.

Sudden increase in the intensity of the annual
maximum and the disappearance of half yearly
maximum are observed at Z4 (Fig. 2) followed by
white noise (from 200 to 10 days). The spectrum slope
is observed to be By = -0.363 and By = -1.853 and two
local distinct peaks were at the scale of 1 and 0.5 days.

The intensity of the annual maximum is decreased
from the zone Z4 to Z5 (Fig. 2) followed by white
noise from 100 to 10 days. Two distinct peaks are
observed at the scale of 1 and 0.5 days and the decay
rate is B = -0.198 and By=-1.964.

Annual maximum is observed with the following
white noise from the period of 100 days to 10 days at
76 (Fig. 2). Only one distinct local maximum is
observed at the scale of 0.5 day. The spectrum decay
rate is found to be is By = -0.161and By = -1.549.

The spectral slopes and variance for wind field in
the lower and higher frequency ranges as a function
of zone are shown in Fig. 3 and Fig. 4 respectively.
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Fig. 3—Spectral slopes of wind field at all central point of zones
in the lower and higher frequency ranges of the Indian Ocean
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Fig. 4—Variance of wind field at all central point of zones in the
lower and higher frequency ranges of the Indian Ocean
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The decay rate is almost linear as a function of zones.
The spectral slope of low frequency ranges from 0.1
to 1.1 and high frequency from 1.3 to 2.0 (Fig. 3). In
the low frequency range, the spectrum decays very
steeply (Fig. 2) at zone Z1 (Arabian Sea), whereas due
to white noise at Z2 (Bay of Bengal) the spectrum
slope decreases. Again at Z3 (Equatorial part of the
Indian Ocean) the steepness of the slope has increased.
Further, the white noise spectrum is increasing linearly
from Z4 (southern part of the trade wind in Indian
Ocean) to Z6 (southern Indian Ocean), so the decay
rate has decreased. It is found that the decay rate is
decreasing in the low frequency range; it means that
the shelf life (white noise spectrum) is increasing,
whereas, the decay rate in the high frequency range is
increasing along the zones from Z1 (Arabian Sea) to
75 (southern subtropical part of Indian Ocean). At
zone Z6 (southern Indian Ocean) slope of the spectrum
is decreasing in the high frequency range, this is due to
the increase of white noise spectrum (Fig. 2).

In the Bay of Bengal (Z2) the variance is higher
compared to that of Arabian Sea (Z1) in the low
frequency range, which is due to the presence of white
noise spectrum. However, the variance has decreased
in the Equatorial Indian Ocean (Z3) as the white noise
spectrum has decreased. Further, there is an increase in
the variance from zone Z4 (southern part of the trade
wind in Indian Ocean) to Z6 (southern Indian Ocean),
due to the increase of white noise spectrum. In the
high frequency range, there is rapid increase in the
variance at Z6 (southern Indian Ocean), due to the
increase of white noise spectrum. It means that the
wind speed is independent and has the uniform
probability distribution over the range of frequencies.
From zone Z1 to Z6, the spectral variance in the low
frequency range increases linearly, whereas, in the
high frequency range, it increases exponentially.

The statistical processing of short term frequencies
for measured buoy wind data located in the Arabian
Sea and Bay of Bengal has been analyzed by'’. The
measured wind spectra were heavily distorted by the
noise, at scale less than 1 day. The scales of variability
of short term frequencies for measured wind in the
Arabian Sea and Bay of Bengal are as follows: 1 year,
40 days, 1 day, ' day and 1/3 day. However, the half
yearly peak, which is observed in the modelled data, is
not captured in the buoy data.

Conclusions

The statistical analysis of wind field has been
studied over the Indian Ocean for the period 1979 —
2012. The annual variability is distinctly observed at
all zones. The half yearly peak is observed only at the
zones Z1 (Arabian Sea), Z2 (Bay of Bengal) and Z3
(equatorial Indian Ocean) with decreasing intensity
and later the peak disappears at the zones Z4
(southern part of the trade wind in Indian Ocean), Z5
(southern subtropical part of Indian Ocean) and Z6
(southern Indian Ocean). Wind field shows the local
maxima at the scale of 1 and 0.5 days™. The shape of
the spectrum at each central point of the zone is
analysed. The transition frequency is obtained at 10
days™. The decay rate and variance are estimated for
low and high frequency ranges. The decay rate in the
low frequency ranges from 0.1 to 1.1 and for high
frequency ranges from 1.3 to 2.0. The decay rate
varies almost linearly as a function of zones from Z1
to Z6. The decay rate is decreasing in the low
frequency range and increasing in the high frequency
range as a function of zone from Z1 to Z6. The
spectral slope at zone Z6 (southern Indian Ocean) in
the high frequency range is decreasing due to the
increase of white noise spectrum. From zone Z1 to
76, the spectral variance in the low frequency range
increases linearly, whereas, in the high frequency
range, it increases exponentially. In the southern
Indian Ocean the variance in the high frequency
range increases rapidly due to the increase of white
noise spectrum. This shows that the wind speed is
independent with uniform probability distribution
over the range of frequencies and is increasing along
the zones from Z1 to Z6.
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