VOCALS 2008 Leg 1 Rawinsonde Observations
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Investigators on the NOAA Research Vessel Ronald H. Brown released 88 rawinsondes into the atmosphere every 4 hours between October 21 and November 3, providing pressure, temperature, humidity, and wind observations of the troposphere and lower stratosphere.
Methods and data collection and handling
Vaisala RS292-SGP global positioning system (GPS) rawinsondes measure pressure, temperature, relative humidity, and GPS latitude, longitude, and altitude as they rise tethered to a helium-filled latex weather balloon. Before release the sonde is conditioned by heating the humidity sensor for 3 minutes in the presence of dessicant chemicals.

The rawinsonde is powered by a battery and left on the fantail to equilibrate to outdoor surface conditions prior to launch. Some heat island effects from the ship, and radiation warming in sunny conditions, are expected but are found to be minimal. The temperature and relative humidity sensors are silvered and quite small, minimizing surface area incident to radiation and minimizing heat capacity, so that they are adequately ventilated by flow relative to the deck of the ship. The pressure, temperature, and relative humidity surface observations from the rawinsonde are manually entered into to the sounding computer and the sounding processing software includes them as the first line in the data files. Balloons are filled in the staging bay with ~1.5 kg of helium gas (approximate 10 m3 displacement at surface pressure) and released from the fantail of the Ronald H. Brown.
Vaisala RS292-SGP rawinsondes telemeter pressure, temperature, relative humidity, and GPS latitude, longitude, and altitude to a Sounding Processing Subsystem SPS311 radio receiver on the ship. Vaisala DigiCora software downloads telemetered messages, archives them as DC3DB-formatted binary files, and converts them to human-readable LATLON text files with GPS latitude and longitude of the sonde during flight. These LATLON files are distributed to representatives of nations from whose waters the sondes were deployed. NOAA software converts data at standard synoptic levels into WMO coded format and transfers these files to the Global Telecommunication System (GTS), where they are internationally available for inclusion in synoptic charts, data assimilation, and initialization and verification of numerical weather prediction models.
Format of the EDT files
The LATLON EDT files from VOCALS 2008 are formatted text files with names:
yymmddHHMM_EDT_LATLON.txt

	
	2-digit number

	yy
	year

	mm
	month

	dd
	day

	HH
	hour

	MM
	minute


The text files have a 10-line header before the lines of formatted data. The header starts with 4 lines containing serial number of the radiosonde used, station name, time of day, and date. These lines are followed by a description, and two lines of headers for the formatted columns of rawinsonde data. Spaces are used to align columns, so the format is clearest when examining the file in a plain text editor with a fixed-width font. The top of one of the LATLON files is shown in Figure 1. Column headers describe the 11 columns of data from the radiosonde flight:

	1
	time of flight
	s

	2
	hypsometric height
	m

	3
	pressure
	hPa

	4
	temperature
	degree C

	5
	dew point temperature
	degree C

	6
	relative humidity
	%

	7
	wind speed
	m s-1

	8
	wind direction
	degree

	9
	GPS latitude
	degree

	10
	GPS longitude
	degree

	11
	GPS altitude
	m


On the ship, researchers routinely process LATLON rawinsonde files to monitor quality of measurement and atmospheric conditions. Figures 2 and 3 show examples of output for two soundings generated from LATLON files during VOCALS 2008.
The sampling strategy was to release 6 rawinsondes per day, every 4 hours at 00, 04, 18, 12, 16, and 20 universal time (UT). Figure 4 illustrates the locations at which rawinsondes were deployed. The track of the cruise can be described in two sections, separated by turning around the Woods Hole Ocean Reference Station (WORS) at 20S, 85W (STRATUS buoy). The ship steamed southward in a latitude section from Panama to the WORS. This section began October 20 at 81W longitude, crossed west of 84W at 6S, and then headed more directly south along 85W, arriving at the WORS location October 25. We refer to this latitude section as the 85W section. The second section, called the 20S section, began October 28 at the WORS location, traversed east to the SHOA tsunami buoy (October 30; 20S, 75W), and terminated in Arica, Chile. The 20S section to the STRATUS buoy WORS has been traversed in by 6 previous cruises in 2001, 2003, 2004, 2005, 2006, and 2007.
85°W latitude section
Profiles of the atmosphere from rawinsondes released October 20-25 are compiled into the 85W latitude-vertical section in Figure 5. Shaded contours in the four panels show potential temperature, specific humidity, zonal wind, and meridional wind. The horizontal axis is degrees latitude, and the times of soundings are indicated as ticks along the top of each panel. Longer ticks indicate soundings at approximately 04 hours universal time (UT), with the date of October shown between UT soundings. As the ship moved southward, time progresses from right to left. The marine atmospheric boundary layer (MABL) can be identified as a relatively uniform moist and cool layer in the lowest 1-1.5 km in the potential temperature and specific humidity sections. The MABL capping inversion strength is measured by the difference between the local maximum temperature above the inversion and the minimum temperature at inversion base. The inversion strength is 5 C or greater south of 5S, and about 10C between 8 and 14S. North of the equator the inversion is weaker due to penetrating convection, but it is still detected by our objective algorithm. Humidity is especially high in and near the MABL north of the equator, reaching 15 g kg-1 at 2N. This northern air mass lies over the eastern Pacific warm pool. Intense precipitation was observed on the ship on October 19-20 UT.
In the top panel of Figure 5, the cloud top from the temperature sounding is shown with magenta dots. Cloud top is diagnosed as the height of minimum temperature beneath the maximum gradient (increasing with height) of temperature, between 990 and 800 hPa. Cloud base is determined from the Vaisala CL31 laser ceilometer as the 85th percentile of the lowest cloud base detected, or of the second lowest cloud base if more than one cloud base is detected. This cloud base algorithm is used to detect the stratocumulus cloud base, but it occasionally detects cumulus below the stratocumulus deck, or higher clouds when stratocumulus are not present.

Winds in the MABL are relatively mixed through its height, and are representative of climatological surface winds. Weak 1-5 m s-1 westerlies are observed near the equator north of 2S. Easterlies are observed south of 6S, reaching ~8 m s-1 between 8-20S. Meridional wind is southerly in the MABL everywhere along the 85W section, though its strength varies from 1 to 10 m s-1.
The free troposphere above the inversion is stably stratified at 5.4 K km-1 of potential temperature. The free tropospheric humidity is below 2 g kg-1 south of 10S. Near and north of the equator deep convection pumps moisture of 10 g kg-1 up to 3 km. The lower free troposphere is warmest at 8S, coincident with an easterly jet of more than 10 m s-1 and dry specific humidity <2 g kg-1 at 2-3 km altitude. At 12-16S, 2-5 km, a westerly jet coincides with a plume of relatively moist (~4 g kg-1) cool air. These plumes seem to tilt northward with height. This tilt may be an artifact of sampling large-scale descent of air masses from north to south. Absent any tilt, the plumes would have descended on the order 2 km day-1 or 2 cm s-1.
On station at the WORS, 20S, 85W
The ship was on station at the WORS for approximately 3 days, October 25-27. This provides a snapshot of climate conditions which are relatively constant. It is possible to compare the mean and diurnal cycle observed in 2008 with 6 previous years, when the ship spent more time at the buoy.
20°S longitude section
From the WORS at 85W, the ship steamed along 20S to the SHOA buoy at approximately 75W, 20S. This transit was made mostly on October 28 and 29. Figure 6 shows longitude section of potential temperature, specific humidity, zonal wind and meridional wind retrieved by the rawinsondes. The boundary layer was quite uniform across 75-85W. The boundary layer structure is similar to that seen in the latitude section. The free troposphere is uniformly stratified and dry with humidity below 1 g kg-1. The inversion at 1.5 km is sharply visible in the humidity, with specific humidity 6-10 g kg-1 in the MABL.
The winds are distributed over a different vertical scale than the boundary layer, with 10-12 m s-1 southeasterlies reaching 2-3 km, switching to northwesterlies around 4 km height. The northwesterlies are stronger east of 78W.
The boundary layer inversion is indicated by two magenta dots for each sonde in Figure 6. Magenta dots indicate both the top and base of the inversion. The top is identified as the temperature maximum above the stable temperature stratification. The strength of the inversion changes little over the 2 days of the 20S longitude section.
Mixed and decoupled MABLs
Two cases with different vertical cloud structures are reflected in the profiles of temperature and humidity measured by the sondes. The soundings in Figs. 2 and 3 are examples of two vertical structures of clouds frequently observed within the MABL. Figure 2, from October 21, 19:24UT (14:44 local at 85W) exemplifies a stratocumulus cloud-capped mixed boundary layer. The boundary layer is 1 km deep, with its top 400 m occupied by cloud. The lapse rate shows that boundary layer is adiabatic below the cloud layer, and moist-adiabatic (decreasing less steeply with height due to condensation of water) within the cloud layer, indicating the presence of dry and moist mixing processes. In the free troposphere above the boundary layer there are layers of moisture several hundred meters thick.

The sounding in Figure 3, from October 27 23:26UT (17:46 local) shows two cloud layers in the boundary layer. The air temperature follows a dry adiabat from the surface to 450 m, a moist adiabat from 450-550 m, a dry adiabat from 550-1100 m, and a moist adiabat to the MABL inversion at 300 m. The cloud at the top of the boundary layer is saturated, indicating that the sonde flew through the cloud. In contrast, the lower moist adiabatic layer is subsaturated at only at 90% relative humidity. This suggests condensation though the sonde did not pass directly through cloud. Perhaps nearby clouds were communicating their thermal stratification to the layer, or had recently mixed the air along a moist adiabat. The lower moist layer is typical of intermittent shallow cumulus observed to rise into stratocumulus clouds.

We refer to this two-tiered boundary layer stratification as decoupled because the subsaturated moist adiabatic layer is stably stratified with respect to parcels undergoing dry thermodynamic processes such as subcloud mixing. Nevertheless, if significant moisture builds in the lower boundary layer, condensing moist convection can penetrate the decoupled weakly stable layer and reach the stratocumulus cloud. The boundary layer is strongly capped by an 8C inversion at 1.4 km. The free tropospheric relative humidity is extremely dry, below 10%.

[image: image1.jpg]height (km)

height (km)

VOCALS 2008-Oct-21 19:24 UTC latitude: -4.99, longitude: -83.72

5 5
45 f 45
4 — 4
35 R 35
3 B —_
= 3
=
25 — =25
=)
o
2 f =2
1.5 1 1.5
1 f 1
05 1 05
0 . . . 0 . . . .
-20 -10 0 10 20 30 0 20 40 60 80 100
temperature, dew point (C) relative humidity (%)
5 5
45 1 45 1
4 — 4 p
35 1 35 1
3 ] . ]
= 3
=
25 — =25 —
=
o
2 4 < 2 4
1.5 f 1.5 f
1 1 1 1
05 1 05 1
0 . . .
-10 -5 0 5 -5 0 5 10

zonal velocity (m 5'1) meridional velocity (m 5'1)




[image: image2.jpg]height (km)

height (km)

VOCALS 2008-Oct-27 23:26 UTC

latitude: -19.63, longitude: -84.73

5 5
45 f 45 f
4 — 4 —
35 R 35 R
3 ] . ]
= 3
=
25 — =25 —
=)
o
2 4 < 2 4
1.5 1 1.5 R
1 1 1 1
05 1 05 1
0 . . . 0 . . .
-60 -40 -20 0 20 0 20 40 60 80 100
temperature, dew point (C) relative humidity (%)
5 5
45 1 45 1
4 — 4 p
35 1 35 1
3 ] . ]
= 3
=
25 — =25 —
=
o
2 4 < 2 4
1.5 f 1.5 f
1 1 1 1
05 1 05 1
0 . . . .
-10 -5 0 5 10 -5 0 5 10

zonal velocity (m 5'1)

meridional velocity (m 5'1)



Figure 2. Rawinsonde profile at 4S, 83W from October 21, 20 UT. The boundary layer is 1 km deep, capped by a 400 m deep cloud. Above the boundary layer the humidity is quite moist, with layers of moisture several hundred meters thick.

Figure 3. Sounding from October 28, 00 UT near 20S, 85W. The boundary layer is strongly capped by an 8C inversion at 1.4 km. The marine boundary layer density structure is decoupled by a 90% relative-humidity layer with moist-adiabatic stratification below the capping stratocumulus layer. The free tropospheric relative humidity is below 10%.
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[image: image4.wmf]Figure 4. Locations of rawinsonde deployments from the NOAA Research Vessel Ronald H. Brown during leg 1 of VOCALS 2008. The track consists of a latitude section, from 3N-20S along approximately 85W; and a longitude section from 85W to the coast along 20S. The day of October is printed alongside the track. [update with complete map at end of leg]
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Figure 5. Vertical-latitude section from rawinsondes released near 85W. Contoured variables in panels, from top to bottom, are potential temperature, specific humidity, zonal wind, and meridional wind. Magenta dots in the top panel show cloud top height calculated from the sonde temperature profile, and yellow dots show cloud base from a laser ceilometer.
Figure 6. Potential temperature, specific humidity, and winds as in Fig. 5, but for a longitude section along 20°S latitude. Magenta dots in the top panel show inversion top and base.
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EDT LEVEL OUTPUT with GPS Lat, Long, Alt





    Time     Height  Pressure      Temp    Dew P.    RH    W Spd    W Dir             Lat            Long      GPS Alt


     sec       mtrs       hPa        øC       øC    Pct      m/s     Az ø       Decimal ø       Decimal ø         mtrs





   -0.14        7.0    1019.2     19.35     17.1     87      8.0    135.0     -19.6653701     -85.3714346         13.1


    0.86       11.7    1018.6     18.62     16.0     85      6.9    142.1     -19.6653355     -85.3714304         17.2


    1.86       17.2    1018.0     17.77     14.7     82      5.7    154.0     -19.6652890     -85.3714231         18.1


    2.86       21.9    1017.4     17.43     14.3     82      5.6    157.3     -19.6652069     -85.3714503         24.8


    3.86       26.4    1016.9     17.18     14.1     82      5.7    158.8     -19.6651103     -85.3715333         28.2


    4.86       30.9    1016.4     17.02     14.0     82      6.0    158.5     -19.6650586     -85.3715724         30.2


    5.86       35.4    1015.9     16.87     13.9     82      6.4    158.1     -19.6649974     -85.3715797         33.1


    6.86       39.9    1015.3     16.76     13.8     82      6.7    158.0     -19.6649514     -85.3715754         39.2


    7.86       44.4    1014.7     16.66     13.8     83      7.0    158.0     -19.6648866     -85.3715966         46.3


    8.86       49.7    1014.0     16.56     13.7     83      7.3    158.5     -19.6647900     -85.3716220         50.6


    9.86       55.2    1013.4     16.46     13.7     84      7.6    158.9     -19.6646972     -85.3716550         57.4


   10.86       61.2    1012.7     16.41     13.7     84      7.8    159.0     -19.6646339     -85.3717178         63.6


   11.86       67.2    1012.0     16.36     13.7     85      8.0    159.0     -19.6645855     -85.3717938         68.0


   12.86       72.7    1011.3     16.31     13.8     85      8.2    159.0     -19.6645302     -85.3718214         74.1


   13.86       78.2    1010.7     16.26     13.9     86      8.5    159.0     -19.6644727     -85.3718238         79.7


   14.86       84.2    1010.0     16.21     14.0     86      8.6    159.0     -19.6643917     -85.3718280         86.4


   15.86       90.2    1009.4     16.16     14.0     87      8.8    159.0     -19.6642809     -85.3718593         95.1


   16.86       96.2    1008.7     16.15     14.1     87      8.9    159.0     -19.6641621     -85.3719007        101.8


   17.86      102.2    1007.9     16.15     14.1     87      9.1    159.0     -19.6640495     -85.3719708        106.6














Figure 1. Sample containing the header and first few data lines of 0810271925_EDT_LATLON.txt.








