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This summary has been written to outline basic instrumentation problems affecting the quality of the data set and is not intended to point out every bit of questionable data. It is hoped that this information will facilitate use of the data as the research concentrates on specific flights and times.

The following report covers only the RAF supplied instrumentation and is organized into two sections.  The first section lists recurring problems, general limitations, and systematic biases in the standard RAF measurements.  The second section lists isolated problems occurring on a flight-by-flight basis.  A discussion of the performance of the RAF chemistry sensors (FO3, CO, CO2, CH4, NO, NO2) will be provided separately, as will the respective data sets.

Section I: General Discussion

RAF staff have reviewed the data set for instrumentation problems.  When an instrument has been found to be malfunctioning, specific time intervals are noted.  In those instances the bad data intervals have been filled in the netCDF data files with the missing data code of -32767. In some cases a system will be out for an entire flight.  A direct intercomparison mission was flown with the NOAA P-3.  Those data appear in flight number RF11.
During the project the research 28 VDC power supply developed a problem generating intermittent gaps in the power.  Many of the major State Parameter Systems (ATX, DPXC, IRTC, IRBC, VIST, VISB, 3D – winds) were affected.  Intervals of bad data have been blanked out with the missing data code.  The situation became worse later in the project.
1. Position Data. Both a Garmin Global Positioning System (_GMN) and a Novatel Global Positioning System (GGPS) were used as more accurate position references during the program.  The systems generally performed well.  With no real differences between the two sets of data, it was decided to only output the Novatel variables in order to avoid confusion in the data analysis.  The algorithm referred to in (3) below also blends the GPS and IRS position to yield a best position (LATC, LONC) that generally removes the GPS spikes. 

2. 3D- Wind Data. The wind data for this project were derived from measurements taken with the radome wind gust package.  As is normally the case with all wind gust systems, the ambient wind calculations can be adversely affected by either sharp changes in the aircraft's flight attitude or excessive drift in the onboard inertial reference system (IRS).  Turns, or more importantly, climbing turns are particularly disruptive to this type of measurement technique.  Wind data reported for these conditions should be used with caution.

Special sets of in-flight calibration maneuvers were conducted on NOMADSS flights TF01, and RF11 to aid in the performance analysis of the wind gust measurements.   The calibration data identified a systematic bias in the pitch and sideslip parameters. These offsets have been removed from the final data set.  The time intervals for each set of   on the individual Research Flight Forms prepared for each flight. Drift in the IRS accelerometers are removed using an algorithm that employs a complementary high-pass/low-pass filter that removes the long term drift with the accurate GPS reference and preserves the shorter term fluctuations measured by the IRS.

Both the GPS corrected and basic uncorrected values are included in the final data set for the purpose of data quality review.  RAF strongly recommends that the GPS corrected inertial winds be used for all research efforts (WSC,WDC,UXC,VYC,WIC,UIC,VIC). 

4. SPECIAL NOTE: RAF flies redundant sensors to assure data quality. Performance characteristics differ from sensor to sensor with certain units being more susceptible to various thermal and dynamic effects than others.  Good comparisons were typically obtained between the two static pressures (PSFDC,PSFC), the three standard temperatures (ATRL, ATHR1, ATHR2), three dynamic pressures (QCRC, QCFC, QCFRC), and the two dew pointers (DPT,DPB).  Exceptions are noted in the flight-by-flight summary.  The two remote surface temperature sensors (RSTB, RSTB1) generally functioned well and also showed good agreement.  PSFDC was selected as the reference pressure (PSXC) used in all of the derived parameters.   

5. Ambient Temperature Data. Temperature measurements were made using the standard HARCO heated (ATHL1, ATHL2) and unheated (ATRL) Rosemount temperature sensors.  Performance of all three “insitu” sensors remained stable throughout the project and showed excellent agreement.  Due to significant wetting errors  in the fast response sensor ATRL during cloud passes,  ATHL1 was selected as the reference value (ATX) used in calculating the derived parameters.

6.Humidity Data. Humidity measurements were made using two collocated thermoelectric dew point sensors and one experimental fast response hygrometer.   A comparison of the dew point sensors (DP_DPB, DP_DPT) yielded good correlation in instrument signatures during the largest portions of the flights when both instruments were functioning normally.   Both units were susceptible to short outages in the research 28 VDC power supply.  The units would lose lock for significant periods of time.  This situation became more frequent in the later flights.   DP_DPT was used as the reference humidity sensor for most flights.  

The experimental fast response humidity sensor (XSIGV_UVH) provides a logarithmic response and can be thermally unstable at higher altitudes.    While slightly less accurate overall, the high rate response of this system is clearly more characteristic in mapping the sudden changes in humidity associated with the NOMADSS  conditions. Therefore it has been used in the calculation of the derived humidity variables (RHODT_UVH, DP_UVH, MR_UVH).  It is also adequate for flux calculations.

7. Surface Temperature Data. Heimann radiometric sensors were used to remotely measure surface temperature (RSTB & RSTB1) and cloud base temperature (RSTT).  Both down looking units functioned well through out the project.   RSTB was selected as the reference system for this measurement. RSTT also functioned well.  Note that when no clouds are present above the aircraft the RSTT signal will be pegged at its maximum “cold” limit of roughly -60 oC.

8. Altitude Data. The altitude of the aircraft was measured in several ways. A pressure based altitude (PALT,PALTF) is derived from the static pressure using the hydrostatic equation and normally using the U.S. Standard Atmosphere, which assumes a constant surface pressure of 1013mb and a mean surface temperature of 288.15 K.  
 The GPS positioning system also provides an altitude readout (GGALT).  This output normally provides a fairly accurate MSL altitude based on a ellipsoid model of the Earth (WGS-84).  
9.  Liquid Water Content Data. One hot wire liquid water sensor (King Probe: PLWCC1) was mounted on the C-130 for the program.  Liquid water content is also derived from the concentration and size distributions measured by the CDP cloud probe.  The presence of super-cooled liquid water can be monitored using the Rosemount Icing Rate Detector (RICE).  This is a qualitative measurement output in Vdc.  Increasing voltage indicates an accumulation of ice on the sensing element.  The system is designed to shed ice at a maximum threshold by flash heating the element.  Rapid cycles of the sensor are associated with significant levels of super-cooled water.
10. CN Concentration Data (0.01 to 3 um). The calculation of CN sized aerosol particle concentrations (CONCN) is dependent upon total particle counts (CNTS) and the measurement of sample flow (FCN,FCNC).  The internal sample flow (FCN) has been corrected (FCNC) to ambient conditions, only, and not to STP for the calculation of particle concentration. The special inlet for this measurement is not as susceptible to the normal droplet splashing effects typically noted in all clouds.  Some residual shattering effects can still be seen in clouds containing drizzle sized precipitation (<200 um).
Note: The location of the inlet on the aircraft and length of the tubing connecting the inlet to the counter will induce a lag in the system response to changes in particle concentration.  Based on a comparison against the wing mounted SPP200 optical probe, the lag in CONCN for the PASE experiment is 3 seconds.  The data in the production data files have been corrected for this time lag.

11. Aerosol & Cloud Droplet Sizing Data. Four PMS 1D particle probes (SPP300, UHSAS, SPP200, CDP) were used on the project.  Some specific details on each of the probes are summarized below:

SPP200 - The SPP200 aerosol particle probe functioned well for most of the flights during the project.  The probe being flown has been modified in order to directly measure the sample flow through the instrument. These data, recorded as PFLWC_RWO, have been used in the calculation of particle concentrations to provide a more accurate measurement of aerosol concentrations. Counts in the lowest bin size were contaminated by excessive electronic noise.  Data from that channel have been removed from the calculation of total particle concentration (CONCP).  Note that the sampling range of this probe is a sub-set of the sampling range of the CN counter.  The values of CONCP should therefore always be less that the CONCN values. During cloud penetrations splashing effects can reverse this trend due to false counts in CONCP.  Due to the sampling technique employed by this probe it is not suitable for use in clouds.
UHSAS – The UHSAS aerosol probe covers a range of particle sizes from 0.06 – 1 um..  The UHSAS aerosol particle probe functioned poorly for a number of the flights during the project with performance deteriorating during the middle of the deployment.  The primary issue was a failure in some of the gain stages during part or all of some flights.  This resulted in a loss of particle measurements at the larger sizes, thus biasing the total concentration (CONCU) and mean diameter (DBARU) data.  Affected intervals have been filled with the missing data code.   At other times the probe experienced excessive noise in the lowest11 size bins.  In order to eliminate this problem all UHSAS data were processed without those bins. This adjusts the effective range of the probe to 0.08 – 1 um.  
SPP300(FSSP) - The SPP300 aerosol probe covers a range of particle sizes that bridges the gap between the true aerosols and the smaller droplets (0.3 - 20 mm).  Like all 1-D optical probes, however, the SSP300 has no way to distinguish between aerosols, ice or water.  Due to difficulties in determining the sample volume for this probe, this measurement is the least accurate of the aerosol probes.

CDP - This probe basically covers the cloud droplet size range from 2 – 40 um.  The probe provides a clear flag for areas of cloud or precipitation.  The probe functioned well during the project with minimal data loss.
12. SPECIAL NOTE: Virtually all measurements made on the aircraft require some sort of airspeed correction or the systems simply do not become active while the aircraft remains on the ground.  None of the data collected while the aircraft is on the ground should be considered as valid.



Section II:  Flight-by-Flight Summary

RF01  Dew Point sensors lost signal lock.  DP_DPB data missing from 144152 to 144428, 164104 to 164805 and 181100 to 182520 UTC.  DP_DPT data missing from 164305 to 164723 and 181100 to 182300 UTC.
UHSAS aerosol probe not communicating with ADS.  CONCU data bad for entire flight.

Bad analog channel affecting QCFR.  QCFRC and PSFC data bad for the entire flight.  Avionics pressures used as reference inputs to XMACH2 and other derived variables.

RF02   Dew Point sensors lost signal lock.  DP_DPB and DP_DPT data missing from 164637 to 171217 and 213113 to 213000 UTC 

UHSAS missing sizing data from 2 gain stages.  CONCU data bad from 1441 to 1721 UTC.

Periodic data gaps in FSSP-300 aerosol data.  CONC3 data affected.

RF03  UHSAS missing sizing data from 2 gain stages.  CONCU data bad from 1604 to 1625 UTC.

RF04  ADS recording failure.  Gaps in recorded data from 151400 to 151700 and 152129 to 152337 UTC.

 Dew Point sensors lost signal lock.  DP_DPB and DP_DPT data missing from 160707 to 162435 UTC.

Uncharacteristic sensor response.  RSTT data bad from 172643 to 172708 UTC.

RF05  None.
RF06  Dew Point sensors lost signal lock.  DP_DPB and DP_DPT data missing from 2156 to 2208 UTC .

UHSAS missing sizing data from 2 gain stages.  CONCU data bad from 1459 to 1727 UTC.

RF07  Primary DSM failure for entire flight.  DP, 3D-winds missing (see alternative IRU products IWS, IWD).  Avionics pressures and true airspeed used as references for all other derived variables.
UHSAS missing sizing data from 2 gain stages.  CONCU data bad from 1844 to 1853 UTC.

UV Hygrometer failure.  DP_UVH and other dependent derived variables missing from 1939 to 2339 UTC.

RF08  ADS recording failure.  Gap in recorded data from 1547 to 1558 UTC.

 Dew Point sensors lost signal lock.  DP_DPB and DP_DPT data missing from 175000 to 175413 UTC.

UHSAS missing sizing data from 2 gain stages.  CONCU data bad from 1516 to 1614 UTC.

RF09  ADS recording failure.  Gap in recorded data from 164240 to 165238 and 181624 to 182953 UTC.

 Dew Point sensors lost signal lock.  DP_DPB and DP_DPT data missing from 2210 to 2222 UTC.

UHSAS missing sizing data from 2 gain stages.  CONCU data bad from 1829 to 1838 UTC.

RF10  Short intermittent gaps in 28VDC power supply.  ATX,DP’s, 3D-winds, IR and VIS radiometers affected.
UHSAS missing sizing data from 2 gain stages.  CONCU data bad from 1503 to 1921 UTC.

Dew Point sensors lost signal lock.  DP_DPB and DP_DPT data missing from 150500 to 151215, 174000 to 180500 and 184600 to 185700 UTC.

Analog channel shift in flight.  INFLOW data bad for the entire flight.

RF11  Short intermittent gaps in 28VDC power supply.  ATX,DP’s, 3D-winds, IR and VIS radiometers affected.

Dew Point sensors lost signal lock.  DP_DPB  data missing from 152222 to 152606 UTC.  DP_DPT data missing from 152358 to 152729 UTC.

RF12  Short intermittent gaps in 28VDC power supply.  ATX,DP’s, 3D-winds, IR and VIS radiometers affected.

Gaps in primary GPS position and altitude reference.  Switched to GARMIN unit (ie GGALT_GMN, GGLAT_GMN, etc) for this flight only.

UHSAS missing sizing data from 2 gain stages.  CONCU data bad from 1413 to 1818 UTC.

 Dew Point sensors lost signal lock.  DP_DPB and DP_DPT data missing from 1413 to 1445, 1828 10 1833 and 2114 to 2123 UTC.

Loss of communication with PCASP aerosol probe.  CONCP data missing from 1603 to 1744 UTC.

Lost communication with secondary DSM.  RICE, RSTT and PLWCC1 data missing for the entire flight.

RF13  Short intermittent gaps in 28VDC power supply.  ATX,DP’s, 3D-winds, IR and VIS radiometers affected.

UHSAS missing sizing data from 2 gain stages.  CONCU data bad from 1519 to 1732 UTC.

 Dew Point sensors lost signal lock.  DP_DPB and DP_DPT data missing from 1519 to 1557 and 2155 to 2210 UTC.

Loss of communication with PCASP aerosol probe.  CONCP data missing from 1528 to 1600 UTC.

Shutter closed on sensor view port.  RSTT data missing from 1519 to 1848 UTC.

Loss of sample flow to CN counter.  CONCN data missing from 1519 to 1544 and 2121 to 2210 UTC.

RF14  Short intermittent gaps in 28VDC power supply.  ATX,DP’s, 3D-winds, IR and VIS radiometers affected.
Dew Point sensors lost signal lock.  DP_DPB  data missing from 1508 to 2015 and 2128 to 2144 UTC.  DP_DPT data missing from 1508 to 1544, 1942 to 2017 and 2132 to 2144 UTC.
No communications between UHSAS aerosol probe and ADS.  CONCU data missing from 1508 to 1553 UTC.

Radome icing affected ADIFR sensor response.  AKRD and and WIC data bad from 2042 to 2144 UTC.
RF15  Short intermittent gaps in 28VDC power supply.  ATX,DP’s, 3D-winds, IR and VIS radiometers affected.

Shutter closed on sensor view port.  RSTT data missing for entire flight.

Analog channel shift in flight.  INFLOW data bad for the entire flight.

UHSAS missing sizing data from 2 gain stages.  CONCU data bad from 1510 to 1706 UTC.

Dew Point sensors lost signal lock.  DP_DPB and DP_DPT data missing from 1511 to 1515 and 1627 to 1642 UTC.

RF16  Short intermittent gaps in 28VDC power supply.  ATX,DP’s, 3D-winds, IR and VIS radiometers affected.

Loss of communication with PCASP aerosol probe.  CONCP data missing from 1544 to 1650 UTC.

Flow meter impeller jammed.  INFLOW data bad from 1511 to 1634 UTC.

Dew Point sensors lost signal lock.  DP_DPB  data missing from 1503 to 1543, 1815 to 2025 and 2053 to 2129 UTC.  DP_DPT data missing from 1503 to 1543, 1628 to 1733, 1815 to 1821, 2002 to 2006 and 2053 to 2129 UTC.
RF17  Short intermittent gaps in 28VDC power supply.  ATX,DP’s, 3D-winds, IR and VIS radiometers affected.

Loss of communication with PCASP aerosol probe.  CONCP data missing from 1507 to 1522 UTC.

Dew Point sensors lost signal lock.  DP_DPB  data missing from 1507 to 1538 and 2112 to 2134 UTC.  DP_DPT data missing from 1507 to 1538 and 2112 to 2116 UTC.

Failure of dome temperature sensor on top IR radiometer.  IRTC data bad from 1551 to 2114 and 2143 to 2157 UTC.
RF18  Short intermittent gaps in 28VDC power supply.  ATX,DP’s, 3D-winds, IR and VIS radiometers affected.

Dew Point sensors lost signal lock.  DP_DPB and DP_DPT data missing from 2237 to 2245, 2310 to 2410 and 2508 to 2517 UTC.

Failure of dome temperature sensor on top IR radiometer.  IRTC data bad from 2656 to 2737 UTC.
No communications with UHSAS aerosol probe.  CONCU data missing from 2032 to 2037 UTC.
RF19  ADS recording failure.  Gap in recorded data from 153600 to 162700 UTC.

Short intermittent gaps in 28VDC power supply.  ATX,DP’s, 3D-winds, IR and VIS radiometers affected.

Dew Point sensors lost signal lock.  DP_DPB and DP_DPT data missing from 1409 to 1446 and 2057 to 2110 UTC.

UHSAS missing sizing data from 2 gain stages.  CONCU data bad from 1416 to 1704  UTC.

Failure of dome temperature sensor on top IR radiometer.  IRTC data bad for the entire flight.

