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1. Abstract

The ocean surface currents are estimated from satellite observations of surface wind from
SCATSAT-1 and Sea Surface height of SARAL AltiKa. The Ekman Surface current
estimated from wind stress components of SCATSAT and geostrophic current estimated form
SARAL AltiKa are combined to generate ocean surface currents. The data sets available
since October 2016. The products are validated with AVISO, OSCAR and buoy observations

indicating a good relationship between the observations.

2. Introduction

The regular estimates of ocean currents are of vital importance to many oceanographic
applications like ship routing, oil-spills and pollutant_transport, climatic studies etc. In this
regard, the observations from Indian Space Research Organisation (ISRO) SCATSAT-1 and
SARAL-AItiKa altimeter are important in the estimation of ocean currents at regional and
global scales. We use the data of sea surface height from SARAL-ALTIKa, ocean surface
winds from SCATSAT to generate products related to ocean surface currents at the spatial
resolution of 0.25° x 0.25° on a daily basis for the global ocean.

The document provides details on estimation of Ekman Currents, Sea Surface Height,
Geostrophic Currents and Total Currents using SCATSAT and AltiKa data. SCATSAT and
AltiKa (only for Indian Users) data products can be acquired from the web sites of the NRSC
(Hyderabad) and Space Application Centre (SAC) MOSDAC (Ahmadabad). The AltiKa data
is also available on AVISO ftp server for global users. The description of the products used
for the estimation of ocean surface currents as well as the results along with methodology and
validation are discussed in later sections. The document also provides products description

and file details with naming convention and format.
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3. Data and Methods

Two primarily components of the ocean surface current are namely, the wind-driven currents
and the geostrophic currents (Stommel, 1960; Price et al., 1987; Sundre and Morrow, 2008).
The wind-driven currents have been derived using SCATSAT wind data following the
method developed by Ekman and adopted by Bonjean and Lagerloef (2002). While the
geostrophic currents is derived using Saral-AltiKa sea surface height estimations. A brief
description of the SARAL-AItiKa satellites has been provided below.

3.1 Saral/AltiKa Products

The Satellite with ARGOS and ALTIKA (SARAL) is a joint Indo-French satellite mission
for oceanographic studies, which was launched on 25™ February, 2013 from Satish Dhawan
Space Centre, Sriharikota.

The AltiKa payload, built by French National Space Agency CNES, consists of a high-
resolution single frequency altimeter (Ka-band), a dual frequency radiometer, Laser Retro
reflector Array (LRA) and Doris. The 35.75 GHz AltiKa altimeter is the first oceanography
altimeter to operate at such a high frequency. The foremost advantage of Ka-band is that it
does not need second frequency to correct for ionospheric delay. The Ka-band altimeter also
provides better vertical resolution (~ 0.3 metres) and smaller footprint (around 8 km). The
dual frequency (24 and 37 GHz) radiometer allows for wet troposphere corrections in

altimeter measurements.

ALTIKA/RADIOMETER
ANTENNA

ARGOS L-BAND
ANTENNA

INTEGRATEDPAYLOAD PLATFORM (IPM) \ BN LRA

ARGOS UHF
ANTENNA

MAGNETOMETER-M/R

Figure 1: Saral instruments (AltiKa payload highlighted in red). (Source - AVISO)
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3.2 SCATSAT

SCATSAT-1 is an OceanSat-2 follow-up mission, actually a gap-filler mission between
OceanSat-2 and 3, at ISRO with the objective to continue the global ocean wind vector data
acquisition started by the OSCAT (OceanSat-2 Scanning scatterometer) was launched in
September 2016. The information of global ocean surface winds is an important ingredient

for weather forecast.

3.3 Wind Stress

The horizontal force of the wind on the sea surface is called the wind stress, denoted by 7. It
can also be defined as the tangential (drag) force per unit area exerted on the surface of the
ocean (earth) by the adjacent layer of moving air.

To estimate surface wind stress (t) for each scatterometer wind value, the following relation

based on has been used:

T= pCoW?

Zonal and Meridional wind stress components are computed as:

Tx = pairCpW2sing Ty = pairCpW?c0s0

Where,

p is the density of air (1.2 kg/m?®).

Cois a dimensionless coefficient called drag coefficient.

W is the wind speed.

0 is the angle of the wind vector from true north.
Drag coefficient depends on the roughness of the surface and the lapse rate. The drag
coefficient Cp for the ocean surface has a non-linear relation with the wind speed, which

generally increases with wind speed.

Co= 0.00218 W (wind speed) < 1m/s
(0.62 + 1.56/W)x0.001 1m/s<W<3m/s
0.00114 3m/s<W <10 m/s
(0.49 + 0.065W)x0.001 W >10 m/s
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4. Ocean Surface Currents

The Ocean surface currents are one of the dynamical features which need continuous
investigation owing to their important role in various geophysical phenomena such as the
transport of heat, EI Nino etc. Given the large scale varying nature of currents, it is
challenging to derive the current features from satellite observations. Total surface currents
are primarily composed of wind driven Ekman currents and pressure gradient driven

geostrophic currents.

For the computation of Ekman currents, daily composites of SCATSAT wind products have
been used generated using DIVA (Data Interpolation and Variational Analysis). The wind
composites are available for the Global Ocean at the spatial resolution 0.5° x 0.5°and of 0.25°
x 0.25° After the launch of SCATSAT-1 in September 2016, the total currents have been
estimated for the period of October 2016 to April, 2017. Geostrophic currents have been
estimated at the spatial resolution of 0.25° x 0.25° using Sea Surface Height (SSH) data from
Saral AltiKa.

4.1 Ekman Currents

The wind-driven currents (or Ekman currents) are the resultant of frictional force exerted by
wind on the ocean surface (Price et al., 1987; and Ralph and Niiler, 1999). The wind blows
across the ocean and moves its waters as a result of its frictional drag on the surface. Ripples
or waves cause the surface roughness necessary for the wind to couple with surface waters.
Once the wind sets surface waters in motion as a current, the Coriolis Effect, Ekman
transport, and the configuration of the ocean basin (topography) modify the speed and
direction of the current. There are two-components of a wind driven current, a directly-driven
Ekman component and an indirect component, due to the divergences and convergences of
the Ekman transport that either leads to water piling up, creating a high pressure system in the

ocean or to a low pressure system where surface waters diverge.

4.2 Geostrophic Currents

Geostrophic currents are the result of horizontal pressure gradient force and Coriolis force.

Because of the Coriolis force, the current direction is perpendicular to the pressure gradient.
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In the f-plane, geostrophic currents are proportional to the height gradient divided by the
Earth's rotation parameter f, which is the lowest-order balance for quasi-steady circulation at
higher latitudes [Pedlosky, 1979]. Whereas in the pS-plane, geostrophic balance requires
special attention as f tends to O towards the equator. As shown in different studies, S-plane
geostrophic approximation involving the second derivative of surface heights provides
excellent agreement with the observed velocity field [Lukas and Firing, 1984; Picaut et al.,
1989].

4.3 Total Surface Currents

The Ekman and Geostrophic components are combined together in their respective zonal and
meridional segments to obtain total currents. This provides a vector product of the ocean
surface current which is represented in scatter and direction components for visualization.
The data products are available as zonal and meridional components of the current. In this

section, an elaborate description of data products and methodology is provided.

SCAT WIND FIELDS Saral-AltiKa
LEVEL - 2B ALONG TRACK IGDR NATIVE

¥ L A

MERIDIONAL AND ZONAL DATA FILTERING &
WIND COMPONENTS GRIDDING
Y L A
DATAINTERPOLATING SEASURFACE HEIGHT (S5H) &
VARIATIONAL ANALYSIS MEAN DYNAMIC TOPOGRAPHY
[DIVA) (MDT)
¥ h
COMPUTATION OF COMPUTATION OF
WIND STRESS & EKMAN GEOSTOPHIC CURRENTS
CURRENTS
| |
l TOTALCURRENTS GEOSTROPHIC
EEKMAN CURRENTS CURERENTS MAPS
MAPS
L 4

MAPS & DATAIN
NETCDF FORMAT

Figure 2: Flow diagram of the Currents estimation using SCATSAT & Saral-AltiKa data.

The output data files are available in NETCDF (.nc) format. The images for gridded SSH,

Ekman currents, Geostrophic currents and Total currents are provided in PNG image format.
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Gridded SSH has been computed using previous 15-days along track Saral-AltiKa OGDR
and GDR products (Description is provided in next section). Figure 2 presents the flow

diagram of the procedure followed for generation of daily products.

4.4 Nomenclature

Input and output file naming conventions are mentioned below:

Input file:
» SCATSAT-L 2B: S1L2BYYYYDDD_NNNNN_MMMMM.h5
> AltiKa GDR:SRL_GPN_2PTPCCC_PASS_YYYYMMDD_*!_

YYYYMMDD_*2.CNES.nc

Output data file:

» Total Currents : SRLP_TTT_YYYYMMDD.nc
» Geostrophic Currents : SRLP_TTT_YYYYMMDD.nc
Output images:

> Ekman Currents: OC2S TTT_YYYYMMDD! YYYYMMDD?png
> Geostrophic Currents: SRLP_TTT_YYYYMMDD! YYYYMMDD?png
> Sea Surface Height: SRLP_TTT_YYYYMMDD! YYYYMMDD?png
» Total Currents: SRLP_TTT_YYYYMMDD! YYYYMMDD?png
Where,

e YYYY : The calendar year when data was acquired.
e MM : The month when data was acquired.
e DD : The day of the month when data was acquired.
e DDD : The day of the year when data was acquired.
e YYYYMMDD?!: Start Day (first day)
e YYYYMMDD? End Day (last day)
e *1: Data acquisition start time (HHMMSS).
e *2: Data acquisition end time (HHMMSS).
o P: G — GDR
| - IGDR
@) — OGDR
e TTT : Product Type
TSC - Total Surface Currents
GEO — Geostrophic Currents
EKM — Ekman Currents
SSH — Sea Surface Height

For more information on SCATSAT products, visit http://www.nrsc.gov.in/ and for Saral-
AltiKa products, visit http://www.aviso.oceanobs.com/.
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4.5 Data Processing Steps

The methodology for obtaining surface currents from satellites involves effectively and
efficiently combining the Sea Surface Height (SSH) or Absolute Dynamic Topography
(ADT) data from altimeters with the wind velocity data from scatterometers. All the current
products are generated for the Global Ocean. MATLAB tools have been used for the
computation and generation of output products. The following steps have been adopted for

the derivation of products:

Estimation of Ekman Currents:

For the wind-driven (Ekman) currents, the Ekman components (ue,ve) are given by [Van
Meurs & Niiler, 1999]:

Uet iVe = Bei¢(Tx + iTy);

=12 2p2\—5 . — fh
B—p(r +fh)2,go—arctan( )

r

Where [ue, Ve] are the zonal and meridional ekman current components, respectively. p is the
density of water (1025 kgm), h is the wind mixing depth and r is a linear drag coefficient
that represents vertical viscosity terms. zx and zy represent the Wind stress components, which
have been directly taken from the products available at NICES portal of Bhuvan website.

These stress components are computed as:

Tx = pairCDWZSine Ty = pairCDW2C059

Where, Cp is a dimensionless coefficient called drag coefficient. Non-linear drag coefficient
(Cp) based on Large & Pond (1981) modified for low wind speeds [Trenberth et al., 1990] is
used. W is the wind speed (taken from Daily Wind Composites products available at NICES

portal), 0 is the angle of wind vector from true north and p is the density of air (1.2 kg/m®).

Finally it comes out to be:

1
— (
Ue= oz r ronnt 1ot They)

1
Ve= (r
Ty N

—thx)
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Lagerloef et al. (1999) performed a regression analysis and found values of r = 2.15x10* ms™*
and h = 32.5 m, which remain fairly constant over the tropical band. We have used the same

values in our analysis.

Gridding of SSH and MDT:

SSH and MDT data has been gridded at a spatial resolution of 0.25°x0.25° for the complete
global scale. For gridding, Saral-AltiKa GDR native data set for the last 15 days has been
filtered and then, accumulated for each 0.25° grid cell and the median value is allotted to that
particular grid cell. SSH is defined at the sum of Sea Surface Height Anomaly (SSHA) and
MDT. For accumulation, all the observations lying within a latitudinal separation of 0.125
degrees and longitudinal separation of 0.5 degrees from each grid cell are taken.

0.5°
0.125° [} | |

10.25°

The filtering of the data has been carried out as per the conditions provided by the document
available at AVISO website:

After applying all the above mentioned filters and flags, median of all the observations (from
last 15 days) lying within 0.25° of each grid cell is allotted to that particular cell. This gridded
SSH and MDT is further smoothed using moving average technique with the window of
1.25° x 1.25° (i.e. 5 x 5 grid cells).

Estimation of Geostrophic Currents:

From this absolute dynamic topography, the geostrophic currents are then to be computed as
the gradient of ADT. In the f-plane, the two components i.e. east and north (ugt, vgs) of the

surface geostrophic current vector are then given as:

g ot G OL | s (4)
U =—=—, Vv =
&t f oy gt X

10
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Where, g is the acceleration due to gravity, f is the Coriolis parameter (f =2 Q sin ¢), and { is
the height of the sea surface above a level surface (ADT). ¢ is the latitude and Q is the
angular velocity of the earth's rotation (Q = 7.29x107 sec™).

In the S-plane, as shown by Lagerloef at al. (1999) the geostrophic currents (Ugp, Vgp) are

computed as:

For the equatorial region, B is a constant given by p =2 Q/r =2.3 x 10" ms™. Picaut et al.
(1989) also state that the second derivative is valid over spatial scales of > 100 km and
timescales greater than 15-30 days, providing relatively smoothed geostrophic velocities at
the equator. The computation of Geostrophic currents in the equatorial region requires further

investigation.

The final currents are then a linear combination of geostrophic and wind-driven (Ekman)

motion given as: U= Uy + Ue

where, Uy and Ueare the Geostrophic and Ekman components, respectively.

5. Results and Discussion

The Saral-AltiKa and scatterometers derived ocean surface currents have been compared with
CNES AVISO geostrophic currents and NOAA OSCAR total currents for the year 2013 (i.e.
28" Mar, 2013 to 31% Dec, 2013 ). Both the AVISO and OSCAR currents data are available
at spatial resolution of 0.33° with temporal resolution of daily and 5 days respectively. The
datasets are regridded to the spatial resolution of 0.25° using nearest neighborhood method.
The results have been indicated. The validation of the currents is still in progress, but the
preliminary results are very promising. The comparisons are also carried out at different
spatial and temporal resolutions.

11
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5.1 Comparison with AVISO Geostrophic currents

The comparison results of Saral-AltiKa derived geostrophic currents with AVISO
geostrophic currents are shown in Tables 1 & 2. As can be seen, geostrophic currents in f-
plane show better correlation than those in B-plane. This can be attributed to Coriolis
parameter which approaches zero in the pB-plane. Also, the zonal component of geostrophic
currents shows better correlation than meridional component. The bias in currents speed (f-
plane) varies in the range of 3.5 — 4.5 cm/s. The correlation is highest for the months of April.

As the products are still in testing phase, it will be difficult to comment on the causes of these
discrepancies.

Month R U RV R W
Nov (2016) 0.44 0.31 0.35
Dec(2016) 0.51 0.35 0.42
Jan(2017) 0.60 0.29 0.45
Feb(2017) 0.57 0.39 0.44
Mar|(2017) 0.62 0.32 0.46
Apr(2017) 0.60 0.40 0.49

Table 1: AVISO versus Saral-AltiKa derived geostrophic currents for 2016-17. Monthly mean values of
correlation coefficient (R) has been indicated for zonal (U), meridional (V) and total (W) currents.

Month R U RV R W
Nov (2016) 0.61 0.44 0.50
Dec(2016) 0.60 0.42 0.50
Jan(2017) 0.68 0.44 0.51
Feb(2017) 0.68 0.42 0.55
Mar|(2017) 0.77 0.50 0.61
Apr(2017) 0.71 0.56 0.63

Table 2: AVISO versus Saral-AltiKa derived geostrophic currents in the f-plane (|latitude| > 5) for 2016-
17. Monthly mean values of correlation coefficient (R) have been indicated for zonal (U), meridional (V)
and total (W) currents.

5.2  Comparison with OSCAR total currents

The comparison results of Saral-AltiKa and scatterometer derived total currents with OSCAR
geostrophic currents are shown in Table 3 & 4. As was observed in the case of AVISO,
currents in f-plane show better correlation than those in B-plane. Also, the zonal component
of currents shows better correlation than meridional component. The bias in currents speed (f-
plane) has now reduced to the range of 1 — 3 cm/s. In this case also, the correlation is highest

for the month of April.

12
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Month R U RV R W
Nov (2016) 0.54 0.37 0.56
Dec(2016) 0.60 0.40 0.60
Jan(2017) 0.67 0.47 0.61
Feb(2017) 0.62 0.47 0.58
Mar|(2017) 0.59 0.46 0.56
Apr(2017) 0.67 0.42 0.62

Table 3: OSCAR versus Saral-AltiKa derived total currents for 2016-17. Monthly mean values of
correlation coefficient (R) have been indicated for zonal (U), meridional (V) and total (W) currents.

Month R U RV R W
Nov (2016) 0.72 0.54 0.54
Dec(2016) 0.70 0.49 0.54
Jan(2017) 0.72 0.47 0.55
Feb(2017) 0.77 051 0.58
Mar|(2017) 0.78 053 0.64
Apr(2017) 0.81 0.57 0.68

Table 4: OSCAR versus Saral-AltiKa derived total currents in the f-plane (|latitude| > 5) for 2016-17.
Monthly mean values of correlation coefficient (R) have been indicated for zonal (U), meridional (V) and
total (W) currents.

13
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6. Sample Products

OSCAT Ekman Currents Composite (cm/s) 50 km | 29-Dec-2013
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Figure 3: OSCAT derived Ekman Currents for global Ocean.
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Figure 4: SCATSAT and SARAL derived Total Surface Currents for global Ocean.
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Saral-AltiKa Sea Surface Helght (cm) 25 km | 25-jun -2016
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Figure 5: SARAL derived Sea Surface Height for global Ocean.
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Figure 6: SARAL derived Geostrophic Currents for global Ocean.
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7. Conclusion

The ocean surface currents derived using products of SCATSAT and Saral-AltiKa show very
promising results. The salient features of Indian Ocean circulation, with seasonal variations
are reflected in the total surface currents. Major gyre systems and general circulation pattern
in the Indian Ocean region can be easily distinguished. Also, the preliminary validation
results at different spatial and temporal resolutions with INCOIS buoys show promising
correlation coefficient (R? ranging from 0.42 to 0.59. Bias for zonal currents is more
negative (=5 cm/s) than that for meridional component (= —3 cm/s). There is a scope for
better results by performing global validation and fine tuning of algorithm.

Acknowledgements: We take it as a deemed privelege to express our sincere thanks to all
concerned who have contributed either directly or indirectly for the successful completion of
ocean surface currents computation and product generation using Saral-AltiKa altimeter and
SCATSAT scatterometer data.
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