INSTRUMENTS AND OBJECTIVES OF THE RICO PROJECT ABOARD THE R/V SEWARD JOHNSON

RICO OBJECTIVE AND OPERATIONS

The main objective of the RICO project is to study trade wind cumulus clouds around the islands of Barbuda and Antigua. The goals are to determine the type of conditions clouds over the Caribbean waters form in, the microphysical properties of them, and how they eventually precipitate.  These objectives will be met through the collection of data by the 3 aircraft, the BAE-146, the King Air, and C-130, the Research Vessel Seward Johnson, the S-PolKa radar on Barbuda, and operations on the island of Antigua. Radars on the ship will scan (Ka-Band and lidar) and will be vertically pointing (X-Band and W-Band). The three radars, used together, will be helpful in determining cloud drop sizes, and the lidar can be useful for determining mean winds and aerosol content in the atmosphere around the clouds.The aircraft will also have radars on board. Balloons will be launched from the deck of the ship 4-6 times per day during the operation period, and dropsondes will deployed by the aircraft during the operation period as well. 

PURPOSE FOR THE RICO PROJECT

The processes by which small cumulus clouds form over the ocean are poorly understood. In large-scale weather models, there are numerous clouds of this type because of the large surface area of the oceans. Normally, modelers are forced to make assumptions about these regions because of the lack of available data from them. This creates a problem because these numbers are subjective and small deviations can cause extremely different predictions and climate variations. Global warming is also a concern because it is sensitive to these cloud coefficients that are put into the models. A small increase in CO2 can cause slight increases in temperature, which could, in turn, increase precipitation. Most models show that the increasing level of CO2 will cause global warming, but the specific effects and impacts it will have are unknown. More accurate cloud data over the ocean can help improve the models, giving us a more accurate picture of the global weather patterns. 

RADARS
Radars shoot out relatively short pulses of electromagnetic radiation from the transmitter through the waveguide and out the antenna, which goes into the atmosphere and bounces off the given target. After sending out the pulse, the radar switches into listening mode to wait for the returning signal. The receiver measures the strength of the signal that comes back, which depends on the medium that it reflected off of. The more intense the signal, the higher the value of reflectivity. Radars can also measure the Doppler velocity of moving particles by comparing the original pulses to the pulses that return. The different radars can detect different sizes of particles or objects depending on its frequency. The different sizes fall into different backscattering categories. For Raleigh scattering particles, all radars detect the same reflectivity. As the particles get smaller, they reach the Mie scattering range for different radars at different times. Scientists anticipate that by studying this data, the drop size distributions in the clouds can be determined. 

The biggest problem with using an instrument on a moving ship is the data needs to be corrected for the pitch, roll, and heading of the ship. Corrections for the reflectivity values are necessary because the antenna is pointing at different directions at different times. The Doppler velocities also need to be corrected so that the movement of the ship doesn’t contaminate the data. All of these corrections will be made after the experiment has been completed. 

W-BAND

Dr. Pavlos Kollias assisted by Ieng Jo, Virendra Ghate, Efthymios Serpetzoglou, Shaunna Vargas, and Kristen Rasmussen from the University of Miami, RSMAS.

The W-band radar points vertically and operates at a frequency of 94GHz and a wavelength of 3.2 mm. With its small wavelength, this radar can be used for detecting small cloud particles and non-precipitating clouds.  With well-developed, precipitating clouds, this radar becomes saturated and radars with a longer wavelength can be used to see the cloud structure more accurately. The W-band radar is located on the University of Miami’s container located on the rear deck of the ship. The original plan was to use a stabilizing platform, which would compensate for the movements of the ship. The beam would shoot out horizontally onto a 45˚ inclined platform, which would always direct the beam vertically with respect to the earth coordinates. However, this idea did not work properly due to the excessive motion of the ship, so the radar was oriented to point vertically out of the container. The data now requires correction due to the motion of the ship.
X-BAND

Dr. Pavlos Kollias assisted by Ieng Jo, Virendra Ghate, Efthymios Serpetzoglou, Shaunna Vargas, and Kristen Rasmussen from the University of Miami, RSMAS.

The X-band radar points vertically and operates at a frequency of 9.4 GHz and a wavelength of 3.2 cm. The X-band radar antenna is located on the top of the University of Miami container located on the rear deck of the ship. The larger wavelength of the X-band is more suitable for viewing well-developed, precipitating clouds. Depending on the stage of development of the cloud, the X-band radar can be tuned for “high gain” or “low gain.”  High gain can be used if the reflectivity is too low, for example, a cloud in its early development stage, where a higher strength of reflectivity may be needed.

The graphical output from both the X-band radar and the W-band radar will show the reflectivity, spectral width, and the Doppler velocities, all plotted with height and over a time period of twenty minutes. These images can be used to see the cloud base, the development of the cloud over time through reflectivity, and the horizontal and vertical velocities associated with the cloud. 

Ka -BAND

Bruce Bartram – NOAA ETL

The Ka-band radar operates at 35GHz with a wavelength of 8.6 mm, which is between the X-band and W-band radars. It combines scanning, Doppler, and polarimetric capabilities into one radar. The scanning capability of the radar gives a cross-section of the cloud so the volume of the cloud can be viewed. On this cruise, the Ka-band radar will mostly perform Range Height Indicator (RHI) vertical scans, which means the radar scans from elevation up to about 60° and then back down. It takes about 10 seconds up and 10 seconds down or 20 seconds to complete a scan. Sometimes, the radar scans from 60° to 120°. Depending on the project, this radar can do various things with respect to scanning angles.

MAILBOX RADIOMETER

Bruce Bartram – NOAA ETL

The radiometer is not a radar, instead it looks straight up and measures how much thermal noise leaks into the antenna. It does this at 20 GHz and 30 GHz. For every amount of radiation that a parcel of water vapor absorbs, it emits the same amount of radiation. By looking at roughly 20 and 30 GHz, you can figure out the water vapor content and the amount of rain. If there is a small change in noise, the amount can be measured when compared to the original frequency. The data is corrected with seasonal radiosonde data, however there are still other calibration problems that various cloud conditions can initiate. 

WIND PROFILER

Scott Abbott and Sergio Pezoa– NOAA ETL

The wind profiler is a Doppler radar that operates at 915 MHz. It has three beams, one that points vertically, one that points 15˚ port, and one that points 15˚ starboard. With the vectors that these three beams make, you can find the horizontal component of the wind speed and direction for several kilometers up into the atmosphere. Each beam reflects off of clear air or air turbulence to determine the wind speed and direction at different levels. Unlike other radars, the wind profiler doesn’t need a target to reflect off of. It is mounted on a stabilizing platform that adjusts for the ships motion and keeps it approximately horizontal. The data needs to be corrected for the different headings of the ship so you need to know where the ship is pointing during each scan. The data is mostly used to produce wind plots. 

COHERENT DOPPLER LIDAR

Sara Tucker and Alan Brewer– NOAA ETL

The lidar, or light detection and range radar, works similarly to radars, however it utilizes lasers instead of a radio transmitter and it uses optics to direct and receive the laser beam. The shorter wavelength is in the infrared range instead of the radiowave range. This lidar sends out a short pulse of light two times a second at 300 Hz with a width of 150 m at a wavelength of 9.38 microns.  It sends out 270-280 pulses per second and each pulse lasts about 300 nanoseconds looking vertical or 1.2 nanoseconds looking horizontally within the atmosphere. The reason for the large difference in times is the abundance of aerosol particles in the lower atmosphere, which causes the lidar’s signal to be attenuated much faster. 
The aerosol particles in the air scatter the beam in every direction, including back toward the source. When the reflected beam returns to the receiver, the lidar compares the polarity and pulse frequency to that of the original beam. The difference between the two polarities directs the beam through a different path to be recorded and measured. The difference between the frequencies provides information about the intensity and velocity of the particles as a function of range. When used together, these two properties can show the Doppler effect on the aerosol particles and give an understanding of the wind field. 
The lidar is useful to this experiment because its short wavelength allows it to see very small particles such as aerosols in the atmosphere. If the beam hits a cloud, it usually gets absorbed or bounces off of it before it has a chance to penetrate the cloud. In this aspect, the lidar is not as useful as a radar in looking at the entire cloud, but it can see aerosols and small particles, which the radars cannot see. However, in some cases the beam can pass through very thin relatively transparent clouds such as cirrus and cumulus. Compared to the x-band radar, the lidar can see the area underneath the clouds. In some experiments, this has been used to observe the vertical outflow or downdrafts from a thunderstorm or cloud. When precipitation occurs, the air in the cloud gets carried down with it and diverges when it reaches the water. The sensitivity of the lidar can be used to locate where small-scale features differ from the mean wind. 
During the RICO experiment, the lidar will be run during all flights and sometimes even if the planes are not running to gather additional data, since there is an interest in the winds associated with the types of aerosol particles detected. The lidar is located on the bow, which receives frequent sea spray in rough seas. The salt water can damage the electronics, so it is important to keep the optics clean and the surfaces flat and dry. One useful tool that is unique to the lidar is its own ability to control where it is scanning regardless of the motion of the ship. It does this by using four GPS sensors located at each corner of the container, which create a six axis gyro that tells the lidar where it is relative to the earth coordinates. Most lidars are developmental because the lasers used in the optics are newer technology than radars. Since the idea is approximately 20 years old, major lidar groups can only be found at NOAA, NASA, and big aerospace companies.

Reginald Hill – NOAA ETL

Reginald Hill is also a scientist from NOAA ETL in Boulder, CO, but he does not have any instruments that he specifically takes care of on this ship. One of his major jobs is to measure and identify the coordinate axis of the ship with relation to the various instruments placed around the ship. In order to find the coordinate axis, he measured the distances between each instrument and drew a map of the ship relative to the central X point. Then, he determined the exact (x,y,z) coordinates of the instruments so that at any given point in time, each instrument would know its exact position in terms of pitch, roll, and heading with relation to the earth coordinates. This is important because there are two separate accelerometers on the ship that can tell their relative position on the ship to the earth coordinates. One is in the lidar container and the other is on the ship and is called a POSMV unit. This is extremely important to every instrument on the ship because, besides the lidar, most of these instruments have not been corrected for the ship’s movements. This information is crucial to the correction of the data at a later time.  

RADIOSONDES

Scott Abbott -NOAA ETL

Radiosondes will be launched by Scott Abbott and students onboard from the rear deck of the ship. There will be balloon launchings approximately 4-6 times per day depending on the stage of operation and the needs of the scientists. A sonde will be sent up attached to a weather balloon filled with approximately 450 psi of helium. As the balloon rises, it records the pressure, height, temperature, relative humidity, lapse rate, ascent rate of the balloon, wind speed, and wind direction every two seconds. The sonde transmits this data back to the ship continuously using the specified radio frequency. The data is sent to NOAA ETL in Boulder, CO using the satellite phone and is made available over the internet so the scientists based in Antigua can use it. When completed, the soundings can be used to see the stability of each layer in the atmosphere, including the boundary layer, which is important to RICO.  We will be able to see the trade wind inversion, which is the primary interest of the RICO project because that is where the clouds of interest form.

CEILOMETER

Scott Abbott -  NOAA ETL


The ceilometer is an unsophisticated version of the lidar that measures the base of the clouds. It uses a laser diode and sends out a pulse, which hits the bottom of the cloud and bounces back. Also, it can pick up rain events and virga (rain that falls but doesn’t reach the ground). This instrument is useful because it gives the ceiling height, which can determine the top of the mixed layer, or where the lowest clouds start to form. 

FLUX SYSTEM

Scott Abbott – NOAA ETL

The flux system is mounted on the bow of the ship and consists of various instruments that measure meteorological variables useful to the project. These instruments include a sonic anemometer, a Li-Cor sensor that measures CO2 and H2O, an Ophir hygrometer which measures water vapor, a PIR which measures infrared radiation, a PSP which measures solar radiation, an optical rain gauge, a temperature and humidity probe, a motion pack to sense the ships motion, and a sea snake which measures the surface temperature of the ocean.  These instruments can also calculate the net heat flux (solar, IR, latent, sensible), which tells how much heat the ocean is either absorbing or giving off and can affect the conditions up to the boundary layer. The flux system is most accurate when the ship is moving continuously upwind because it will receive clean air undisturbed and free of contamination by the ship or other features. 

MARINE TECHNICIANS

Keith Martin 

Keith is responsible for taking care of the electronics and data and for making sure that the equipment is working and correct. Keith takes care of networking needs, gives scientists access to data, and makes sure that all of the data is backed up. He makes sure that all of the sensors are calibrated, clean, and working properly. He also runs email access for the ship via a 4 times a day satellite download/upload and he plots the position of the ship on a computer so everyone can see the current location. Keith has been doing this job for 4 years and can go on anywhere from several short cruises a year to a few long cruises a year. Some of the specific equipment that he works with includes the CTD, multi-core, computers, flow through systems, depth sounding/bathymetric equipment (at 12 KHz and 3.5 KHz), and ADCPs (Acoustic Doppler Current Profiler), which run at 2 frequencies- Broadband 150 and Ocean Surveyor 38. These ADCPs tell the direction and velocity of the current underneath the boat at different depths.

Elizabeth Bruce

Elizabeth is mostly responsible for filling all of the water chemistry needs and has been doing this job for almost a year and a half. She uses a water sample from the CTD and processes it to check the accuracy of the sensors. She can get oxygen for scientists through oxygen titration. Most of her sensors, including salinometers and titration sensors, are located in a temperature-controlled, insulated van on the upper deck of the ship. The CTD has several sensors on it including 2 conductivity cells, 2 temperature gauges, a dissolved O2 sensor, and a PAR sensor, which compares the visible light at the ship with the amount of visible light at different depths. The CTD usually comes on and off the ship with the various groups that need to use it.

Some of the other sensors that both Keith and Elizabeth are responsible for are those that usually remain on the ship at all times. These sensors provide information on solar insulation, weather, wind direction, barometric pressure, humidity, temperature, rainfall amounts, SST, sea surface salinity, fluorometer (measures chlorophyll), and several GPS sensors- one which calculates the true wind speed by taking out the movements of the ship, and a gyro sensor, which tells what direction the ship is pointing at all times. 

