NOAA PMEL Nauru99 Measurements & Data Analysis and Interpretation

Trish Quinn, March 24, 2000

Background

     A primary goal of the Nauru99 intensive was to determine the ability of island measurements to accurately represent conditions in the tropical western Pacific.  Funding was provided for in situ aerosol measurements because of the recognized impact of aerosols on the solar radiation budget and on cloud microphysics.  In situ aerosol measurements were made onboard the NOAA Research Vessel Ron Brown from Darwin, Australia to Nauru and during the intensive experiment at Nauru in order to characterize the impact of aerosol under remote marine conditions and in the vicinity of Nauru.

     Funding was provided for measurements during the cruise and for data reduction.  The purpose of this letter is to request funds for interpretation of the data set and for integration of the data set with other measurements made on the ship as well as on other platforms.

Measurements

Measured properties included:

Total particle concentration for diameters greater than 3 nm

Aerosol number size distribution from 3 nm up to 10 m

Aerosol chemical mass size distributions of the major inorganic ions

Sub- and supermicron total aerosol mass

Sub- and supermicron total organic carbon and elemental carbon

Aerosol light scattering and backscattering at 450, 550, and 700 nm for sub-1 m and sub-10 m aerosol

Aerosol absorption at 550 nm for sub-1 m and sub-10 m aerosol

Surface seawater nutrients and chlorophyll

Atmospheric ozone and radon

Progress to Date

All sizing and optical data have been reduced and are available in a preliminary form.  The gravimetric analysis for aerosol mass and ion chromatograph analysis for inorganic ions have been completed.  These data also are available in a preliminary form.  All data will be available in final form by the August 1, 2000 date set at the San Antonio Nauru data workshop.  Samples were collected for sub- and supermicron total organic carbon and elemental carbon.  Additional funds will be required for the analysis of these samples with a thermal-optical carbon analyzer.

Preliminary data describing the island effect of Nauru on the measured aerosol properties were presented at the Richland Nauru data workshop and at the San Antonio ARM Science Team Meeting.  During circumnavigations of the island, the total particle number concentration increased from a background level of a few hundred per cm-3 up to 10,000 cm-3 in the island plume.  Light scattering levels increased by a factor of two in the plume, the Ångström exponent increased indicating a relative increase in the abundance of smaller particles, and the single scattering albedo decreased to values as low as 0.6 indicating that the plume has a strongly absorbing component.  

During the pseudo-Lagrangian experiment, it was found that the sub-10 um aerosol scattering was elevated near the island and gradually decreased by a factor of 2 at a distance of 12 km from the island.  The sub-1 um aerosol scattering remained elevated over this distance, however.  Based on measurements of chemical composition, the plume is composed of non-seasalt (nss) sulfate, ammonium, phosphate and nitrate.  Submicron nss sulfate and ammonium concentrations increased as the ship approached the island as did supermicron nitrate and phosphate concentrations.  Supermicron phosphate increased sharply at 2 km from shore indicating a local island production and a relatively short lifetime. Interestingly, surface seawater nitrate concentrations were elevated up to 30 km offshore.  This most likely is a result of atmospheric deposition of nitrate followed by ocean advection.

Planned Data Analysis and Interpretation
No funds were provided for interpretation of the data set or for integration of the data set with other measurements made on the ship or other platforms.  Listed below are projects that would be pursued if more funding were made available.

1.  Complete the characterization of the properties of the aerosol within the island plume and the unaffected open ocean.  Preliminary results for a portion of the circumnavigations and one of the pseudo-Lagrangians are described above.  The chemical composition, size distribution, and scattering and absorption of the plume aerosol will be quantified for all circumnavigations, pseudo-Lagrangians, and upwind versus downwind stations.  An equivalent analysis will be done for the TWP regions along the cruise track that were not affected by the island plume. The end result will be a quantitative characterization of the aerosol within the plume and a contrast of that aerosol to TWP remote aerosol.  This is a necessary first step in determining the aerosol’s role in the region’s radiation budget.

2.  Integrate the in situ aerosol data and the HRDL (high resolution doppler lidar) data to characterize the nature and extent of the island effect. The in situ data reveal the aerosol composition, its concentration as a function of particle size, and its scattering and absorbing properties.  Information about the aerosol’s ability to nucleate cloud droplets and its radiative effects can be derived from the in situ data. The HRDL data complement the surface in situ data by revealing the vertical structure of the boundary layer and the aerosol within and above it.  The HRDL and in situ data will be combined during both in-the-plume and out-of-the-plume periods to contrast the properties of the plume aerosol and its vertical extent with remote TWP aerosol.

     The HRDL data, because it yields fast response information about the structure of the boundary layer, also can help in the interpretation of the in situ data.  For example, the HRDL revealed an increase in the boundary layer downwind of the island as the day progressed presumably due to island-induced convection.  This type of information will be used in the analysis of diurnal trends observed in the aerosol data.

3.  Determine the impact of the in-plume and out-of-plume aerosol on the solar radiation budget.  In situ scattering coefficients will be coupled with aerosol layer heights (derived from lidar profiles) and vertical distributions of relative humidity (derived from radiosondes) to calculate the aerosol optical depth of the island plume.  The AOD of this lowest aerosol layer will then be compared to measurements of total column AOD to determine the fraction of the total AOD that is due to the island plume.  In addition, both scattering and AOD will be partitioned amongst the measured chemical components to reveal which components have the greatest radiative impact. This analysis relates AOD to aerosol sources on Nauru.  This analysis will be extended to unaffected portions of the cruise track for comparison.

     A further extension of this analysis involves relating the change in the net solar irradiance (downwelling minus upwelling) due to the presence of the plume aerosol and, in particular, to different chemical components within the plume aerosol.  This analysis relates changes in the region’s radiation budget to specific aerosol sources on the island.

4.  Calculate cloud condensation nuclei (CCN) concentrations in the island plume.  Satellite observations show the development of cloud streets over Nauru which extend up to 300 km downwind.  The role of aerosols and vertical motions in the formation of the cloud streets have yet to be defined.  Determining the role of aerosols depends on knowing the CCN concentration within the plume.  CCN concentrations will be determined from measurements of the aerosol number size distribution, chemical composition, and published hygroscopic growth factors (Hoppel et al., 1996; Vong and Covert, 1998; Covert et al., 1998).  Plume CCN concentrations will be compared to CCN concentrations typical of the remote TWP.

5.  Prepare data for use by other PIs. It is anticipated that the aerosol in situ data will be used by other PIs in their data analysis.  Examples include validation/interpretation of AOD spectral response, calibration of lidar aerosol backscatter, and use in fine scale modeling (such as with the MM5 mesoscale model) of the island effect.

6.  Determine total organic and elemental carbon concentrations in plume and remote TWP samples.  Sub- and supermicron samples were collected throughout the cruise for carbon analysis.  The samples have been stored frozen in airtight containers since collection.  Previous measurements over land and the remote ocean have shown that up to 50% of the aerosol mass is carbonaceous (Quinn et al., 2000).  Analysis of the in-plume samples and a representative number of out-of-plume samples will provide a more accurate characterization of the plume aerosol and its sources.
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Salary (3.5 months for Patricia Quinn)


Salary





$26.8K


Overhead




$5.6K


Benefits




$17.7


Total





$50.1

Travel to ARM Science Team Meeting

$1K

Publication costs




$2K

Carbon analysis




$2K

Total






$55.1K

