Inter comparison of sea surface meteorological data from two different buoys and with ship observations
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Abstract

The systematic and automated measurements from moored buoys under National Data Buoy Programme (NDBP) have largely enhanced the oceanographic database around the Indian seas.  Under the Programme, array of 12 buoys were installed both in shallow and deep waters of Indian seas.  The buoys mainly measure wave spectrum, current speed and direction, atmospheric pressure, wind speed and direction, surface water and air temperature.  Few of the shallow water buoys have additional sensors to measure water quality sensors like chlorophyll-a, hydrocarbon, dissolved oxygen, optisensor and radioactivity.

An inter-comparison study has been carried out for the met-ocean data acquired by two distinctive type data buoys in deep waters of Bay of Bengal where they had been closely located.  Further these data was compared with the in-situ measurements from ORV Sagar Kanya, which stationed near to the buoys site.  The inter-comparison experiments carried out during the BOBMEX are very useful in assessing the confidence of measurements.  In general, there is good agreement between the data measured onboard ship and met-ocean data buoy.

1.
Introduction

The present observations were made during the Bay Of Bengal Monsoon Experiment (BOBMEX) with the main objective of collecting new observations over Bay of Bengal, using multiple platforms like moored buoys and research ships.  The observations were carried out for about 45 days during the summer monsoon month of 1999 (16 Jul – 31 Aug) to cover all aspects of the intra-seasonal variability.

2.
Observational strategy 

Two distinct type of data buoys were used in this experiment; one SEAWATCH (SW), a vertically stabilized spar type buoy and WAVESCAN (WS), discuss wave follower type buoy.  At the DS4 buoy site (13.0oN & 86.9oE) in the Bay of Bengal, a SW buoy was attached to the existing WS buoy for the inter comparison of observations.  The Department of Ocean Development (DOD) research vessels ORV Sagar Kanya (SK) remained stationary near to the DS4 buoys site during the observational campaign.  The location of the buoys (DS4) and the ships (SK) relative position where the time series measurements were carried out during the BOBMEX are shown in Figure 1.
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Figure 1:
The buoys (DS4 & DS3) and ships (SK) position in central Bay of Bengal

The meteorological sensors in the buoy are mounted at 3 m height above the sea surface and the oceanographic sensors at 3 m below the water surface.  Sampling interval for buoy observations was set for 3 hourly intervals.

3.
Sensor details

Both the buoys were equipped with same meteorological and oceanographic sensors measuring wind speed & direction, atmospheric pressure, air temperature, wave spectrum.  The details of the sensors used for this inter-comparison study are given in Table 1.

Table 1
Sensor details

Parameters
Platform
Sensor Type/Make
Sensor

 height
Accuracy
Sampling 

Interval
Averaging

time (min)

Air temp
SK
Hg in glass, Metkit
~ 14 m
( 0.2oC
30 min
2 


WS
Platinum resistance, Omega
3 m
( 0.1oC
3 hourly
10


SW
Platinum resistance, Omega
3 m
( 0.1oC
3 hourly
10

Air pressure
SK
Pressure gauge
~ 12 m
( 0.1 hPa
30 min
1


Drifter
Capacitor film
4 m
( 0.2 hPa
~ 3 hourly
-


WS
Capacitor film, Vaisala
3 m
( 0.1 hPa
3 hourly
1 sample


SW
Capacitor film, Vaisala
3 m
( 0.1 hPa
3 hourly
1 sample

Wind
SK
Cup anemometer
~ 14 m
( 0.1 m/s
30 min
10


WS
Cup anemometer, Lambrecht
3 m
( 1.5( FS, ( 3.6o
3 hourly
10


SW
Cup anemometer, Lambrecht
3 m
( 1.5( FS, ( 3.6o
3 hourly
10

Wave
SW
MRU-6, SEATEX
Sea level
( 10 cm
3 hourly
34


WS
MRU-6, SEATEX
Sea level
( 10 cm
3 hourly
34

4.
Observations

a. Air Pressure

Figure 2(a) show the comparison of air pressure observations between SW and WS buoys.  There is good agreement between both the buoy observations with the correlation coefficient of 0.96 (Table 2).  The air pressure observations also show the semi-diurnal fluctuations due to atmospheric tides, which is common over tropics.

The observations between the buoy and ship show reasonably good agreement with a correlation coefficient 0.91 (Table 2 and Figure 3(a)).  The difference in air-pressure may be possibly due to the distance between the two platforms, and the difference in height of observations.
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Figure 2:
The observations of (a) air pressure, (b) air temperature, (c) wind speed and wind direction between SW and WS buoys.

b. Wind

The Buoys measure winds at 3 m height while that of ships observation were taken at 22.8 m.  For the comparability of the wind observations reporting have been corrected to 10 m (U10) from sea surface (z m) using the logarithmic profile calculation 
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Direct comparison of wind observations between the buoys could not be made since the wind speed sensor failed in WS buoy.  Figure 2(c) shows the calculated wind derived from the wave spectrum (high frequency component) of WS buoy and with the SW wind.  It shows reasonably good agreement in the trend when the wind speed is greater than 5 m/s. 

Wind speeds from the ship and buoy are consistent with each other.  The mean differences in magnitude are about 1.64 m/s, which may be attributed to the turbulent nature of the flow.  Though the ships observations seem to be over estimating the winds, the correlation is reasonably good (Figure 3(c) and Table 3).  The wind direction observed by the buoy is predominantly westerly but the manual observations from the ship differ in direction resulting to comparatively low correlation coefficient (0.10).  The resolution of wind direction is ( 2 deg for the buoy whereas it is ~ ( 10 deg for manual observations onboard also biased with the individuals making observation.
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Figure 4:
The met observations of (a) air pressure (b) air temperature and (c) wind speed at DS4 position by buoy and ship

c. Air Temperature

Air temperature measurements between the buoys show good correlation of 0.95 while that between the buoy and ship is 0.58, the difference could be due to the difference in space of observations.

d. Wave

The wave measurements between the two distinctive buoys (SW and the WS) have shown remarkable agreement.  Figure 4 shows the significant wave height, significant wave period, swell height and the mean wave direction measured from both type of buoys.  For all the parameters, the differences observed are within the sensor accuracy.  The statistical analysis of buoy observations (Table 2) shows good agreement between SW and WS buoys.
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Figure 5:
The observations of (a) significant wave height, (b) wave period, (c) mean wave direction and (c) spectral components of wave height (Hm0a and Hm0b) between SW and WS buoys.

Table 2:
Statistical analysis of the parameters between SW and WS
Parameter
Correlation coefficient
Mean difference
Bias
Standard Deviation

Air temperature
0.95
0.23
0.07
0.26

Air Pressure
0.96
0.35
-0.30
0.43

Significant Wave Height
0.87
0.25
-0.01
0.19

Average wave period
0.81
0.35
-0.28
0.30

Mean wave direction
0.81
6.8
-4.32
5.40

Mean Swell Height
0.83
0.21
0.03
0.16

Table 3:
Statistical analysis of the parameters between SK Vs WS

Parameter
Correlation coefficient
Mean difference
Bias
Standard Deviation

Air Temperature
0.58
0.60
-0.07
0.52

Air Pressure
0.91
1.10
-1.07
0.58

Sea surface temp.
0.10
0.15
0.09
0.19

Wind speed
0.77
1.64
-0.48
1.49

Wind direction
0.10
20.16
10.88
16.74

6.
Air Pressure observation from WS and the drifter mounted over it
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Figure 3:
  Air pressure observations from moored WS buoy and the drifter buoy mounted on it at DS3 location 
A SVP-B drifter was mounted over the WS buoy at DS3 buoy location (Figure 1).  Figure 5 shows the comparison of the air pressure observations between the SW and drifter buoy for over two months between May and August 2000.  Both the buoys show good correlation between observations though the observations do not closely match in time; i.e., the WS buoy observations are made at regular three hourly intervals but the drifter observations are made at ~ 3 hourly intervals which coincides with the satellite pass.

7. Conclusion

The results show that there is good agreement of surface meteorological and oceanographic data measured by the two distinctive buoys (SW and WS) and the differences are only within the sensors accuracies.  There is also reasonably good agreement between the buoys and ships observations except for wind speed and direction.  The random errors between ship and buoy wind observations could be attributed to their relative position (~100 km apart) and turbulent nature of the wind during the monsoon season.
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