Preliminary Report on LMG 01-03 Meteorological Measurements

Bob Beardsley, 4/12/01

1. Introduction:

A good knowledge of the surface meteorological conditions during the Southern Ocean GLOBEC (SO-GLOBEC) program is essential to understand the role of surface momentum and heat flux forcing on the regional circulation and upper ocean properties.  The surface meteorological data are also useful in interpreting other physical and biological data collected during the program.  

The primary source of surface meteorological data during SO-GLOBEC will be that collected aboard the LM Gould and NB Palmer during their cruises in the study area.   LMG 01-03 is the first SO-GLOBEC cruise, and this report provides a preliminary description of the meteorological data collected on this cruise.  

The LM Gould left PA on March 18 and arrived at Palmer Station on March 2 (Leg 1).  She left Palmer Station on the next day and returned to Palmer Station from the SO GLOBEC area to the south on April 8 (Leg 2).  The LM Gould left Palmer Station on April 9 for PA and arrived on April 13 (Leg 3). A full suite of meteorological data was collected during the cruise with two exceptions. Neither sea surface temperature (SST) nor sea surface salinity (SSS) data were collected while the LM Gould was docked at Palmer Station.  The ship uses GMT year day (yd) as given by GPS for time.  Leg 2 corresponds to yd = 84.61 to 98.52.   The data presented here covers the period

17:40 GMT March 18 (yd = 77.7361) to 23:55 GMT April 11 (yd = 101.9965).  Data collected during the last 32 hours of Leg 3 to PA were not processed for this preliminary report.

2. Instrumentation

The meteorological sensors are mounted on the ship’s main mast (Figure 1).  The sensors include a pair of wind monitors and other sensors to measure air temperature (AT), relative humidity (RH), barometric pressure (BP), and incident shortwave (SW) and longwave (LW) radiation.  Sea surface temperature (SST) was measured using a remote sensor in the intake manifold, and sea surface salinity (SSS) was measured using a Thermosalinograph placed in the wet lab.  The different sensors and their calibration history and installation dates are given in Table 1.  Based on this table, the port wind monitor and the three radiation sensors (PAR, SW, and LW) are past their scheduled next calibration.  In particular, the SW and LW sensors have not been recalibrated since September 1997. 
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Figure 1.  Meteorological sensors mounted on platform railing on top of mast.

	Variable
	Sensor
	Serial Num.
	Last Cal.
	Next Cal.
	Installed
	Cal. Inv.

	Star. Wind
	RM Young 5106
	WM 28393
	11/7/00
	11/7/01
	12/28/00
	A

	Port Wind
	RM Young 5106
	WM 35061
	2/4/99
	2/4/00
	8/26/99
	A

	AT, RH
	RM Young 41372VC
	2904
	11/30/99
	11/29/01
	7/23/00
	BA

	BP
	RM Young 61201
	BP 00873
	11/30/99
	11/29/01
	7/22/00
	BA

	PAR
	Biosp. Inst.

QSR-240P
	6394
	3/22/99
	3/21/00
	
	A

	SW
	Eppley 

PSP
	28933F3
	9/21/97
	9/21/98
	
	A

	LW
	Eppley 

PIR
	32031F3
	9/3/97
	9/3/98
	
	A

	SST
	Sea-Bird

3-01S
	1619
	7/27/99
	7/26/00
	
	A

	SSS
	Sea-Bird 21
	219209-1577
	12/30/99
	12/29/00
	
	A


Table 1.  LMG 01-03 meteorological sensors, their calibration history, and time of installation.  The last column indicates if the sensor is to be re-calibrated every year (A) or every two years (BA).

3. Data Acquisition and Processing

The raw LMG shipboard meteorological data were collected using the ship’s DAS.  A 1-min processed subset of the raw data was saved at the end of each day in a flat ASCII text file on the ship’s DAS_DATA directory on drive Q (e.g., the data for yd=99 and yd=100 are located in Q:\.geopdata\JGOF\jg099.dat and jg100.dat respectively).  This 1-min time series was produced using a JGOFS code that merged the met data with navigation and other data and combined the ship’s motion and the measured (relative to the ship) wind speed and direction data to make ”true” wind speed and direction relative to the ground.  

The daily data was obtained from drive Q and converted into standard variables using the MATLAB m-file read_gould_met1m(yd).  This program also edits the raw SST data and stores the final data set in a MATLAB mat-file for each day  (e.g., jg100.mat for yd=100).   The raw SST time series contains many values that were below the surrounding values by ~ 0.2 to 0.5 oC or more.  These data dropdowns occurred through the cruise, with the amplitude and frequency of the dropdowns varying but the character of the dropdown remaining the same.  A simple filter was used (clean_gould_sst.m) to replace the dropdowns with linear interpolation. An example of the raw and edited SST is shown in Figure 2. Any additional hand editing of the SST and sea surface salinity (SSS) time series were done at this point, and the final edited series stored in each day’s mat-file (e.g., jg100.mat).  
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Figure 2.  Raw (blue) and edited (red) SST time series for a 2.4-hour period on yd 100.

The m-files start_gould_met1m(first_yd) and merge_gould_met1m(last_yd) were used to combine the 1-day jgxxx.mat files into a single 1-min continuous time series for each variable.  The merged data were then stored in gould_met1m.mat.

For further analysis, the 1-min data in gould_met1m were low-pass filtered and subsampled using make_gould_met5m into 5-min time series.  The filter used is the pl66tn set with a half-amplitude period of 12 min. Both the shortwave radiation and PAR time series were corrected for small negative nighttime biases.  The 5-min data were then used to estimate the surface wind stress and heat flux components using bulk methods called by compute_gould_wshf5m.  Two gaps in SST (when the ship was at the Palmer Station dock) were filled using linear interpolation so that the surface fluxes could be computed for the entire period of the cruise.  The errors introduced by using the approximate SST at Palmer Station are small enough to ignore.   The surface wind stress and heat flux data were then added to the gould_met5m, so that this 5-min contains best versions of the surface meteorological conditions and forcing for the cruise.  Plots of the basic 1-min and edited 5-min meteorological data and the 5-min surface flux data can be made using plot_gould_met1m, plot_gould_met5m, and plot_gould_flux5m respectively.

As mentioned above, the JGOFS data file jgxxx.dat placed on drive Q presents only the “true” wind speed and direction.  The actual raw wind measurements are stored each day in another directory, and will be included in the cruise data cd-rom.  Without that data, it is difficult to make an accurate assessment of the JGOFS code that removes the ship’s motion from the relative wind measurements made on the mast.  A preliminary look can be made by comparing wind speed and the ship’s speed over the ground (SOG), to see if sudden changes in SOG are reflected in the wind speed.  The example shown in Figure 2 is not definitive, but does suggest that the JGOFS “true” wind still contains some ship motion.  A full analysis of the raw data will be needed to check the JGOFS code and see if a better code for “true” wind can be developed.  Until this analysis is done, the wind speed and direction data and those variables that are functions of wind speed (e.g., wind stress) contained in gould_met1m and gould_met5m must be considered as preliminary values.
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Figure 3.  Plot of ship’s speed over the ground (SOG) from GPS in red and the JGOFS “true” wind speed.  Note how the wind speed tends to jump when the ship stops and starts. 

4. Description of Cruise Weather

Time series of the 5-min surface meteorological data are shown in Figure 3 for the entire cruise. 

During Leg 2 (yd =84.61 to 98.52), a deep low passed over the region on yd 87, with strong winds above 40 knots towards the southwest to south for almost two days (peak winds exceeded 50 knots for several hours).  As the low passed, the winds dropped and a short 3-day period (yd 88-91) followed with winds 10-20 knots towards the north and northeast.  This good weather window allowed the completion of the WHOI and SIO mooring deployment work.  Winds became strong again on yd 91-93, with maximum winds between 30 and 40 knots during yd 92.  The LM Gould spent the rest of Leg 2 searching and studying whales in the inland passages and inside Marguerite Bay, until heading back to Palmer Station on yd 97. During Leg 2, the skies were usually overcast, with occasional snow, so that the downward flux of shortwave radiation was generally small (mean 28 W/m2, with a maximum of 296 W/m2 on yd 94.  The downward flux of longwave radiation dropped from values near 280 – 300 W/m2 to roughly 200 W/m2 during the few periods with clear skies.  Using this drop as an indicator of clear skies, there were clear skies for only about 12% of Leg 2. 

[image: image4.png]RA Gould 01-03 5-min Meteorological Data
30 T T T

-200

10

Ta, Ts(red)

100

80

RH

60 -

1020 F
1000 -
980 -
960 -
940 -

BP

SW, LW(red)

&WAJAWMAAA

2001 Yearday

80




Figure 3.  Surface meteorological measurements during LMG 01-03.

5. Description of Surface Fluxes

The surface wind stress and heat flux components are shown in Figure 4. During Leg 2, the two periods of high winds produced wind stresses in excess of 0.7 to 1.0 N/m2, while the wind stresses were much weaker (generally less than 0.1 N/m2) for the rest of Leg 2. Table 2 gives simple statistics for the east (Tx) and north (Ty) wind stress and the heat flux components for Leg 2.

	Variable
	Mean
	St. Dev.
	Min
	Max

	Tx
	-0.006
	0.185
	-0.703
	0.655

	Ty
	-0.057
	0.298
	-1.287
	0.714

	Qnet
	-68.3
	68.7
	-351.7
	142.5

	Qsw
	24.9
	42.9
	0
	251.2

	Qlw
	-45.8
	25.7
	-128.8
	-5.0

	Qsen
	-19.0
	26.4
	-156.7
	37.7

	Qlat
	-28.4
	26.5
	-150.1
	15.3


Table 2.  Wind stress and heat flux statistics for LMG 01-03 Leg 2.

The mean net heat flux into the ocean during Leg 2 was  -68 W/m2.  The generally overcast conditions limited the incident shortwave flux but caused a decrease in the longwave heat loss.  The resulting net radiation flux was –20.9 W/m2, roughly comparable with the weak mean sensible and latent heat flux losses.  This combined with the weak mean sensible and latent heat loss produced the net loss.  
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Figure 4.  Surface wind stress and heat flux during LMG 01-03.  Units of wind stress are N/m2 and heat flux W/m2.

