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Abstract: The Ocean covers 70.8% of the earth’s surface and the Ocean Winds being the largest source of
momentum for the upper ocean, affects the full range of ocean movement. Hence, the knowledge of the global
wind field is desirable and it becomes imperative looking into the fluctuating nature of the ocean, to keep
constant observation and collect the data. The measurement of winds is undertaken with the help of
anemometers on ships and calibrated anemometers on weather buoys. The use of microwave sensors on the
satellite has been helpful in overcoming the poor in-situ coverage by buoys and ships alike.
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1. INTRODUCTION
The ocean covers 70.8% of the earth’s surface, which amounts to 361,254,000 km2. There is only one
ocean which is divided into three named parts by the international agreement: the Atlantic, the Pacific
and the Indian Ocean (International Hydrographic Bureau, 1953). Seas, which are part of the ocean,
are defined in several ways [1, 2]. A comprehensive framework containing provisions regulating,
interalia, the limits of national jurisdiction, access to the seas, navigation, protection and preservation
of the marine environment, scientific research etc. has been established in the UN Convention on the
Law of the Sea, 1982, which was adopted in April 30, 1982 and came into force from November 16,
1994. India acceded to the Convention on June 29, 1995 [3, 4].
The local and remote atmospheric forcing due to wind stress, annual rainfall, annual average
precipitation, rate of evaporation, heat and fresh water fluxes associated with the monsoon and
meteorological disturbances, and receipt of solar radiation at the top of the troposphere plays an
important role on the fluctuations observed in the oceanic parameters [5, 6]. The momentum flux (or
wind stress) is a key parameter in many air-sea interaction studies. One major difference between
airflow over the sea as contrasted with over land is that the sea surface is mobile which leads to a
limitation in the use of classical theory to describe the marine surface layer, as the surface waves
modulate velocity and pressure perturbations emanating upward from the surface. Therefore, the
structure of the stress and velocity profiles over sea waves may deviate from similar overland
situations. Wei et. al. [7] and Clayson and Chen [8] indicated that the diurnal Sea Surface
Temperature (SST) variation can have an impact on the atmosphere over the western Pacific warm
pool. The air-sea interaction on the daily scale may play an important role in the Madden-Julian
Oscillation (MJO), and in turn the El-Niño and Southern Oscillation (ENSO) and climate [9, 10].
Ocean Winds are the largest source of momentum for the upper ocean, affecting the full range of
ocean movement, from individual surface gravity waves to complete current systems. Ocean winds
modulate air-sea exchanges of heat, moisture, gases and particulates. This modulation regulates the
interaction between the atmosphere and the ocean, which establishes and maintains both regional and
global climates. Observations of vector winds near the surface are used in models of the atmosphere
and ocean surface waves, and they are required to force ocean circulation models. There is currently a
high demand for ocean wind observations, particularly in view of the recent emphasis on storm and
hurricane forecasting. The required wind observations must be timely, accurate and at high horizontal
resolution as occasional, low resolution observations are of limited use in these models. Wind
observations are particularly important for coastal regions where they are quite variable (in space and
time) and where high wind speeds can cause large waves and flooding. In addition, sea surface wind
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vectors are required for operational activities at sea such as marine transport, offshore wind parks and
other operations, pollution control and for wave and surf models. Accordingly, the knowledge of the
global wind field is desirable and it becomes imperative looking into the fluctuating nature of the
ocean, to keep constant observation and collect the data.

2. MEASUREMENT OF WIND
2.1. Anemometers on Ships
The observers reading anemometers on ships four times a day at the standard Greenwich times report
the data via radio to the meteorological agencies. The biggest error is the sampling error as very few
ships carry calibrated anemometers and those that do, tend to be commercial ships participating in the
Volunteer Observing Ship program. These ships are then met in port by scientists who check the
instruments and replace them if necessary, and who collect the data measured at sea are not experts in
this field. The accuracy of wind measurements from these ships is about ± 2 m/s [2].
2.2. Calibrated Anemometers on Weather Buoys
The most accurate measurements of winds at sea are made by calibrated anemometers on moored
weather buoys. There are a few such buoys, scattered around the world, which provides data from
remote areas rarely visited by ships like Tropical Atmosphere Ocean, TAO [figure 1(a)] array in the
tropical Pacific. But most tend to be located just offshore of coastal areas. National Oceanic and
Atmospheric Administration (NOAA) operates buoys offshore of the United States and the TAO array
in the Pacific. The best accuracy of anemometers on buoys operated by theo US National Data Buoy
Center (NDBC) is the greater of ± 1 m/s or 10% for wind speed and ± 10 for wind direction [11].
Other buoys operating are Triangle Trans-Ocean Buoy Network, TRITON [figure 1(b)] buoys in the
western Pacific by the Japan Agency for Marine-Earth Science and Technology (JAMSTEC); Pilot
Research Moored Array in the Tropical Atlantic (PIRATA) developed by Brazil, France, and the
United States; National Data Buoy Programme (NDBP) by National Institute of Ocean Technology
(NIOT) Chennai, India and Woods Hole Oceanographic Institution (WHOI). The Global Tropical
Moored Buoy Array is a multi-national effort to provide data in real-time for climate research and
forecasting. It is a contribution to the Global Ocean Observing System (GOOS), Global Climate
Observing System (GCOS), and the Global Earth Observing System of Systems (GEOSS). Major
components include the TAO/TRITON array in the Pacific, PIRATA in the Atlantic, and RAMA in the
Indian Ocean.

(a)

(b)

Fig1. (a) Image of TAO Buoy [Courtesy: NOAA] and (b) of TRITON Buoy [Courtesy: JAMSTEC]

2.3. Remote Sensing
th

Remote sensing, as part of the general assembly resolutions of the 95 plenary meeting of the United
Nations, December, 1986, is defined as [12],
‘Remote sensing means sensing of the earth's surface from space by making use of the properties of
electromagnetic wave emitted, reflected or diffracted by the sensed objects, for the purpose of improvInternational Journal of Research Studies in Science, Engineering and Technology [IJRSSET]
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ing natural resource management, land use and the protection of the environment.’
The designation of various regions of the electromagnetic spectrum of relevance to remote sensing
and their wavelengths are given in table 1. The spectral range of near IR and short wave infrared,
being more influenced by solar reflection rather than the emission from the ground surface, is
sometimes called the reflective infrared (0.7-3 µm). Thermal infrared is primarily used for
temperature measurement, while microwave is utilized for radar and microwave radiometry [13].
Table1. Designation of various regions of the electromagnetic spectrum of relevance to remote sensing and their
wavelengths
Optical Infrared (OIR) Region
Visible
Near infrared (nIR)
Shortwave infrared (SWIR)
Mid – wave infrared (MWIR)
Long wave infrared (LWIR)/ Thermal infrared (TIR)
Far infrared (FIR)
Microwaves
P band
L band
S band
C band
X band
Ku band
K band
Ka band

0.4 – 0.7 µm
0.7 – 1.5 µm
1.5 – 3 µm
3 – 8 µm
8 – 15 µm
Beyond 15 µm
0.3 – 1 GHz (30 – 100 cm)
1 – 2 GHz (15 – 30 cm)
2 – 4 GHz (7.5 – 15 cm)
4 – 8 GHz (3.8 – 7.5 cm)
8 – 12.5 GHz (2.4 – 3.8 cm)
12.5 – 18 GHz (1.7 – 2.4 cm)
18 – 26.5 GHz (1.1 – 1.7 cm)
26.5 – 40 GHz (0.75 – 1.1 cm)

The electromagnetic radiation in the visible, near infrared, thermal infrared, and microwave regions
are used by the sensors on-board space platforms to measure diverse physical, biological, and
geological parameters of the ocean. The ultraviolet region is avoided in satellite remote sensing
because of its strong absorption by the ozone layer. In visible and near-infrared region, optical sensors
operating over narrow spectral channels are used to measure color of the ocean which contains useful
information regarding water constituents, near shore bathymetry and turbidity. Measurements taken
over multiple windows in the thermal infrared region are used to derive SST corrected for
atmospheric effect. One of the major limitations on the use of visible, infrared, and thermal infrared
spectrum for operational estimation of oceanographic parameters is their inability to observe the sea
surface through cloud cover. The microwave region of the electromagnetic spectrum is transparent to
presence of clouds. Synergistic use of optical and microwave remote sensing data has provided unique
opportunity in addressing several outstanding oceanographic applications, particularly in tropics.
Sensors operating in microwave frequency bands are capable of providing ocean surface winds in
different resolutions and swaths over global oceans.
Microwave remote sensing enables the observation of atmosphere, land, oceanic and cryospheric
parameters, including precipitation, sea surface temperature, ice concentration, snow depth, water
content, surface wetness, wind speed, atmospheric cloud water and water vapour in all weather
conditions without any restriction by cloud or rain (except under heavy rain effect) through preferred
windows [14], which is an advantage over the visible and/or infrared remote sensing. Moreover,
unique information is provided by microwave remote sensing on for example, sea surface wind
vectors and surface wave parameters, which are derived from frequency characteristics, Doppler
effect, polarization, backscattering etc., which cannot be observed by visible and infrared sensors.

3. MICROWAVE SENSORS
The instruments onboard the satellites that use the principle of remote sensing to provide the required
data are known as sensors and the sensors which operate in the microwave region are of the
electromagnetic spectrum are known as microwave sensors.
3.1. Microwave Altimeter
A satellite microwave altimeter is a radar that precisely measures the range from the radar antenna to
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the ocean surface [15], and the measurement of altitude is called altimetry. The altimeter transmits a
short pulse of microwave radiation with known power toward the sea surface at satellite nadir (the
point directly beneath the satellite). This pulse interacts with the sea surface, and part of the incident
radiation reflects back to the satellite, giving the range from the two-way travel time of the pulse [1619]. Near-surface wind speed and significant wave height can be determined from the power and
shape of the returned signal.
3.2. Microwave Scatter Meter
The radars by which the measurements of theo normalized
radar cross section (NRCS), at microwave
o
frequencies and incidence angles between 20 and 70 have been used to infer ocean surface winds
from satellites are called Scatter meters [20-22]. The space-borne scatter meter instrument transmits
microwave pulses and receives backscattered power from the ocean surface. Changes in wind velocity
cause changes in ocean surface roughness, modifying the radar cross-section of the ocean and the
magnitude of the backscattered power. At the present time, the microwave scatter meter is the only
satellite sensor that is capable of providing information of both wind speed and wind direction.
3.3. Synthetic Aperture Radar
The radar is made to illuminate to one side of the nadir off the platform to overcome the ‘right-left’
ambiguity hence the name Side Looking Radar. For remote sensing, side-looking imaging radars are
broadly classified into two categories: (a) Real Aperture Radar – usually referred to as SLAR (SideLooking Airborne Radar) or SLR (Side-Looking Radar) and (b) Synthetic Aperture Radar (SAR) [13,
23].
In SLAR, the antenna beam produces a narrow beam width in the along-track (azimuth) direction,
while the beam width in the cross-track (range) direction is broad and defines the swath. A short pulse
is transmitted by the radar and on striking the ground, a part of it is backscattered to the antenna. The
time delay associated with the received signal gives the distance of the target from the antenna and
hence the location. The backscattered intensity which depends on the sensor and terrain characteristics
is also measured by the radar. SLAR has the limitation that it cannot produce fine resolution radar
imagery at long range. In 1951, it was first realized that the Doppler spread of echo signal could be
used to synthesize a much longer aperture (and hence the name Synthetic Aperture Radar, SAR) to
greatly improve the resolutions of a side-looking radar. In SAR, a side looking antenna mounted on a
moving platform emits a series of coherent pulses. Subsequently they are coherently integrated and
the return so generated appears as if they have been produced by an array of elements which
simultaneously transmitted a pulse.
3.4. Microwave Radiometer
Radiometers are passive microwave radar systems [14], which measure microwave emissions from
objects, generated due to collisions of molecules inside the object, at various frequencies and
polarizations. Space borne microwave radiometers on polar satellites are being used for sensing the
earth’s surface and the atmosphere globally and with a fairly high repetitive frequency. Radiometry is
the measurement of incoherent radiant electromagnetic energy. Passive microwave radiometry
measures naturally emitted microwave energy, expressed in terms of brightness temperature, which is
based on a surface’s physical, electrical and thermodynamic variables. The ocean surface’s properties
affect the physical-electrical interactions, which then determine the surface’s microwave emission
[24]. Microwave radiometry is mainly used because it is independent of the sun and can penetrate
clouds, rain and other objects to an extent.

4. NEW GENERATION OF MICROWAVE SENSORS
4.1. GPS for Oceanography
The reflection of electromagnetic radiation from the ocean surface contains information about the
statistical properties of the sea surface, which is indirectly related to the near-surface meteorological
conditions, have long been recognized. This relationship forms the basis of most of the oceanographic
radar remote sensing systems, which are monostatic radar and measure the power of the backscattered
radiation. The possibility of using the radio navigation signals from the Global Positioning System
(GPS) as a source of illumination in a forward-scattered radar remote sensing instrument for sea
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surface roughness is one of the upcoming advance technique for ocean remote sensing [25].
This measurement technique is unique, not only in the use of a biostatic geometry with existing
sources of radio frequency illumination, but also in the use of the correlation properties of the pseudorandom noise (PRN) signal transmitted by GPS as opposed to requiring a direct measurement of
received power. The theoretical reflected signal is then derived by extension of the cross-correlation
process used for direct GPS signals and the characteristics of the leading edge are emphasized, to
identify analogies and differences with the traditional altimetry waveform. In particular, the behavior
of the derivative of the leading edge suggests a useful algorithm for extracting the mean sea height,
wind speed and significant wave height. An overall range accuracy rms value is predicted for several
antenna gains, pointing directions and different geometric scenarios. When averaging many
measurements, the range error is progressively reduced yielding predicted accuracies in sea height
with associated spatial and temporal resolutions. The advantage of the dense and rapid surface
coverage afforded by the existing GPS constellation would enable new oceanographic applications
such as eddy monitoring and the tracking of fast barotropic waves, which play important role in the
transport of momentum, heat, salt, nutrients, and other chemical properties of the ocean.
4.2. Interferometer Radiometry
Interferometric radiometers produce brightness temperature images out of the measured crosscorrelations between pairs of output signals measured by a large number of receivers [26, 27]. This
technique is the core of MIRAS (Microwave Imaging Radiometer by Aperture Synthesis), the main
payload of the ESA Earth Explorer Opportunity Mission, Soil Moisture and Ocean Salinity (SMOS),
launched in 2006.
For optimum results, Soil Moisture and Ocean Salinity (SMOS) mission uses microwave radiation
emitted from the Earth’s surface at L-band (1.4 GHz) using an interferometric radiometer [28].
Moisture and salinity decrease the emissivity of soil and seawater respectively, and thereby affect the
microwave radiation emitted from the surface of the Earth. Interferometry measures the phase
difference between electromagnetic waves at two or more receivers, which are a known distance
apart-the baseline. The SMOS radiometer by way of 69 small receivers, exploiting the interferometry
principle, measures the phase difference of incident radiation. The technique is based on crosscorrelation of observations from all possible combinations of receiver pairs. A two-dimensional
‘measurement image’ is taken every 1.2 seconds. As the satellite moves along its orbital path, each
observed area is seen under various viewing angles. From an altitude of 763 km, the antenna will view
an area of almost 3000 km in diameter. However, due to the interferometry principle and the Y-shaped
antenna, the field of view is limited to a hexagon-like shape about 1000 km across called the ‘aliasfree zone’. This area corresponds to observations where there is no ambiguity in the phase-difference.
4.3. Polarimetric Radiometry
WindSat is the first polarimetric radiometer in space, developed by the Naval Research Laboratory for
the U.S. Navy, and by the National Polar orbiting Operational Environmental Satellite System. The
principle objective of WindSat is to obtain global wind vector maps by validating the feasibility of
measuring wind direction over the ocean surface using microwave radiometry. Accurate retrieval of
ocean wind speed and direction from space-borne microwave radiometers requires knowledge of
effect of changes in surface properties, on the brightness temperature measured by passive remote
sensing instruments. Wind roughening of the ocean in the form of small scale (capillary) waves, large
scale (gravity) waves, and whitecaps (with resulting foam) allow such instruments to remotely sense
the wind vector. However, near-surface radiometric observations are still very much needed to
improve the quantitative knowledge of the effects of changing surface conditions, including foam and
roughness, on microwave emissivity [29]. The polarimetric microwave emission from the sea surface
depends on the local wind direction and speed. A polarimetric radiometer measures a complete
signature of the emitted energy, including all information about its directional nature, or polarization.
Radiation fields are fully characterized using Stokes parameters. The first (Tv) and second (Th)
parameter describes the vertically and horizontally polarized brightness temperatures respectively,
whereas the third (T3) and fourth (T4) parameter describe the linearly and circularly polarized
components respectively. The measurement of the first three Stokes parameters enables the
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determination of surface wind speed and direction in sea areas [30-33] which is valuable for many
meteorological and oceanographic applications. Space borne polarimetric measurements have an
additional benefit of being unaffected by Faraday rotation.
4.4. Polarimetric Scatterometry
Space borne wind scatter meters provide useful measurements of ocean surface winds and are
important to climatological studies and operational weather forecasting. The scatter meters use
measurements of the co-polarized backscatter cross-section at different azimuth angles to infer ocean
surface wind speed and direction. The current scatter meter designs, although successful, have
limitations like degraded wind performance in the near-nadir and outer regions of the measurement
swath, and a reliance on external wind information for vector ambiguity removal [34].
A polarimetric scatter meter simultaneously measures co-polarized backscatter and the polarimetric
correlation of the co- and cross-polarized radar returns from the ocean surface. Based on general
symmetry properties of the polarization components of the backscattered electromagnetic field from
the wind-induced sea surface, it has been shown that the normalized co-polarization and crosspolarization backscattering cross sections σ HH , σ VV and σ HV are symmetric with respect to the
wind direction [35-38], while the correlation between co-polarized and cross-polarized backscattering
σ hvvv and σ vhhh are odd functions with respect to the wind direction [36, 37]. The different
symmetry properties between the co-polarization and polarimetric correlation signatures can, in
principle, be used to improve the ability to resolve wind direction ambiguities as well as generally
enhance the overall wind retrieval performance across the measurement swath.

(

(

)

)

5. CALCULATIONS OF WIND
Satellites, ships, and buoys measure winds at various locations and times of the day. To calculate the
monthly averaged winds over the sea, the observations to be used are averaged and gridded. The
surface analysis calculated by numerical weather models is one source of gridded winds over the
ocean. The strategy used to produce the six-hourly gridded winds is called sequential estimation
techniques or data assimilation. Measurements are used to prepare initial conditions for the model,
which is then integrated forward in time until further measurements are available. The model is there
upon re-initialized. The initial condition is called the analysis. All available measurements including
observations from weather stations on land, pressure and temperature reported by ships and buoys,
winds from scatterometers in space, and data from meteorological satellites are used in the analysis.
The model interpolates the measurements to produce an analysis consistent with previous and present
observations [2].
With negligible flow deformation anchored buoys and meteorological towers offer near ideal
measuring conditions but the measuring height is for practical and economical reasons very limited
[39]. Observations from ships are economically feasible and practically attractive but suffer from ship
motions and site dependent flow distortion effects. Research and oil platforms are near ideal from a
practical point of view but the flow deformation can be immense. Another problem is to which degree
the measurements represent undisturbed marine conditions. A large coastal gradient in wind speed and
air temperature fields is resulted due to the thermal stratification changes in coastal regions [40].
However, the new space technologies has increased our capabilities to perform wind observations in
the marine Atmospheric Boundary Layer.
5.1. Surface Analysis from Numerical Weather Models
Analysed (global or regional) winds are one of the essential forcing parameters for Ocean Circulation
and Ocean Wave Models. Such winds are routinely generated by Weather Forecasting Centres by
assimilating weather parameters (in-situ as well as satellite measured) in the forecasting models.
The winds are produced using weather model run by the European Centre for Medium range Weather
Forecasts (ECMWF), Numerical Weather model run by the NOAA National Centers for
Environmental Prediction, 2) the Planetary Boundary-Layer Data set produced by the U.S. Navy’s
Fleet Numerical Oceanography Center FNOC, and 3) surface wind maps for the tropics produced at
Florida State University [41]. The National Centre for Medium Range Weather Forecast (NCMRWF)
in India is also generating Analysed winds in global grids [42].
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6. CONCLUSION
The knowledge of the global wind field is desirable in view of the fact that about seventy percent of
the globe is covered by the oceans (which unlike the land surface is highly dynamic) and the role
played by it in understanding important oceanic processes and having several critical societal
applications. However, this has long been limited by poor in-situ coverage by buoys and ships alike.
The distribution of such observations is highly variable in time and space and as such is not adequate
to truly resolve global ocean winds. Development of recent remote sensing techniques (space-based
observations of ocean and atmosphere) has boosted up such studies as it provides synoptic and
repetitive coverage of the ocean in contrast to the sparse, isolated and inaccessible in-situ buoy or ship
observations. Through high-resolution spatial and frequent temporal sampling by satellites,
approximately 90% of the global ocean vector winds are now sampled daily at a 25 km resolution by
a single satellite sensor. Application of microwave sensors under all weather conditions has
considerably enhanced the database of this parameter. The combined data of the sensors, with
differing features, capable of providing ocean surface winds in different resolutions and swaths over
global oceans apart from other parameters after combinely being used can help study the oceanic
winds in a better way in turn other oceanic processes.
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