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Background

During the month of November 2001, a Coastal Environmental Systems automatic weather station (PALMOS) was installed on Gamage Point at Palmer Station, Antarctica.  The purpose of the system is to provide automation of the ongoing collection of meteorological data for dispersion to the scientific community and to provide automated Synoptic observations and transmission to GTS for inclusion in continental and hemispheric forecasting models.  Prior to the installation of PALMOS, Synoptic observations were taken manually by various residents of the station due to the lack of a trained meteorologist on staff.  This activity required weather observer training to be provided by RPSC for those members of the crew who performed the observations.   Due to the limited time availability of the crew, the Synoptic observations were dropped to 3 per day from the normal 4 per day required by continental weather reporting stations.   Implementation of PALMOS offered several advantages over the current manual, labor intensive process including freeing station personnel from taking, recording and transmitting observations and allowing them to work on other projects, permitting observations to be taken and transmitted more frequently and with greater reliability and ensuring greater continuity between observations.  From a scientific research perspective, PALMOS supplies a more comprehensive data set by providing data at a higher sampling resolution, additional data elements and in an automated electronic format.

With the implementation of PALMOS, it is hoped that station personnel will be relieved of their current observing duties and that the meteorological data provided by Palmer will be more accurate, timely and abundant. 

PALMOS System Description

The heart of the PALMOS automated weather scheme is the ZENO-3200 data acquisition system provided by Coastal Environmental Systems.  This system includes firmware and software to provide ease of setting operational parameters such as sampling periods.  The software also allows individual sensor testing, setting of upper and lower limits to sensor readings, stale datum checks and self-tests to ensure timely detection of sensor and/or system problems.  Built in data analysis functions can provide statistics such as the mean, min/max and standard deviation of measured or processed values, differences and rates of change, alarm processes, dew point, wind vector averages and calibration check routines. 

Weather station sensors include the following (see Appendix A for operational statistics for each sensor):

· Wind Speed and Direction

· Air Temperature

· Relative Humidity

· Barometric Pressure

· Visibility

· Clouds Heights & Coverage

· Present/Past Weather

· Snow/Rain Levels

· Solar Radiation

Data Verification Objective

Prior to “retirement” of the current manual observation processes and instrumentation, a validation of the PALMOS system and its collected data is required to ensure the accuracy and continuity of the Palmer Station climatological record.  Review of the functioning of the PALMOS sensors over a period of time is required to ensure the accuracy of their calibration and functioning.   

Data Verification Method

The less subjective data elements have been compared over a six-month period.  These include temperature, station pressure and wind speed and direction.  The PALMOS and manually observed (from the pre-existing instrumentation) data have been compared and differences noted.   This initial analysis allowed verification that the critical, less subjective data is accurate and the system is functioning correctly with respect to those essential data elements.  

The results described in this document are the outcome of the first valuation of the foundational data elements within the initial analysis (temperature, station pressure and wind speed and direction).  

For the initial analysis, as previously stated, six months of PALMOS and observer data were compared.  Two-minute PALMOS temperature, pressure and wind data were averaged to create a daily mean for each data element.  This allowed the comparison to the daily statistics collected by station personnel.  Once the differences were determined for each day, those differences were averaged to provide an overall value for that element as the result of a six-month average.  

High Level Results

Six-month comparisons resulted in the following determinations:

On average PALMOS daily maximum temperatures are 1/100 of a degree Celsius below observations.

On average PALMOS daily minimum temperatures are 2/10 of a degree Celsius above the observations.

On average PALMOS daily average temperatures are 1/10 of a degree Celsius above the observations.

On average PALMOS daily maximum pressure is 2 millibars above the observations.

On average PALMOS daily minimum pressure is 2 millibars above the observations.

On average PALMOS daily average pressure is 2 millibars above the observations. 

On average PALMOS daily average wind speed is 1 knot below the observations.

NOTE: The 2 millibar pressure difference can most likely be attributed to the altitude differences between the two instrument locations and calibration issues with the historical instrument. This is in the process of verification based on calibration.

APPENDIX A – PALMOS INSTRUMENTATION OPERATIONAL SPECS

	Sensor
	Type
	Operational Statistics

	Wind Speed Sensor
	RM Young Windbird
	Range: 1 to 60m/s (134 mph)

Survival: 100m/s (220 mph)

Threshold: 1.0 m/s (2.2 mph)

Distance Constant: 3.3 m (10 ft.)

Signal Output: sine wave – 90 Hz/8.8 m/s

	Wind Direction Sensor
	RM Young Windbird
	Range: 360 degrees mechanical, <335 degrees electrical

Survival: 100 m/s (220 mph)

Threshold: 1.0m/s (2.2 mph) @ 10 degree displacement

Delay Distance: 1.3 m (4.3 ft.)

	Air Temperature and Relative Humidity Sensor
	Humidity sensor: hygroscopic capacitive

Temperature sensor: thermistor bead


	RH Accuracy: 3% total error

RH Range: 0 – 100%

RH Resolution: 1% RH

AT Accuracy: +/- 0.1 degrees C

AT Resolution: 0.1 degrees C

AT Range: -50 to 50 degrees C (-58 degrees F to 122 degrees F)

	Barometric Pressure Sensor
	Paroscientific pressure sensor using a vibrating quartz element 
	Range:500 – 1100 hPa (mb)

Accuracy: 0.1 hPa from –40 degrees C to +85 degrees C

Resolution: 0.1 hPa reported

Environmental Temperature: -55 degrees C to +90 degrees C

	Visibility Sensor
	Belfort Model 6100 infra-red LED transmitter
	Range: 20 ft to 10 miles

Accuracy: +/- 10% or 10 ft (3m)

Temperature limits: -25 degrees C to +55 degrees C (-13 degrees F to +130 degrees F)

	Cloud Ceilometer
	Mesotech International Ceilometer CBME 40A - LIDAR
	Range: 30 – 12,500 ft squared

Resolution: 20 ft

Accuracy : 20 ft or 2% (whichever is greatest)

Operating Temperature: -40 degrees C to +50 degrees C

	Present Weather Sensor
	OSI OWI-130 optical 
	Operation Temperature: -40 degrees C to +50 degrees C

Humidity: 0-100%

Visibility – Range: 0.0001m to 3km

Visibility – Accuracy: 0.0001m to 3km

PW – Rain dynamic range: 0.1 to 3000 mm/hr

PW – Rain accumulation: 01. To 999.999mm

PW – Rain accuracy: 5% accumulation

PW – Snow Dynamic range: 0.01 TO 300mm/hr water eq.

PW – Snow Accumulation: 0.001 to 999.999mm water eq.

PW – Snow Accuracy: 10% accumulation

PW codes reported: more than 50 NWS an WMO codes.

	Snow Level Sensor
	Judd Communications Depth Sensor
	Range: 0.5 to 10 meters

Resolution: 3mm

Accuracy: +/- 1cm or 0.4% distance to target

Operation Temperature: -30 degrees C to +70 degrees C

	Rain Gauge Sensor
	Nova-Lynx 8” heated tipping bucket
	Range: up to 6” per hour

Resolution: 0.01”

Accuracy: +/- 1% for 0 to 3” per hour; +/- 3% for 3 to 6” per hour

	Solar Pyranometer Sensor
	Licor pyranometer photo diode
	Range: 0-2400w/m2

Resolution: 1w/m2

Accuracy: 10%

	Quantum Sensor
	Licor Quantum Sensor photo diode
	Range: 0-2400

Resolution: 1w/m2

Accuracy: 10%


APPENDIX B – PALMOS AVERAGE VARIANCE BY MONTH FOR TEMPERATURE, PRESSURE AND WIND SPEED

January, 02
Average Difference for Daily Max Temperature

-.03   degrees C



Average Difference for Daily Min Temperature

-.25   degrees C



Average Difference for Daily Average Temperature

0.15  degrees C



Average Difference for Daily Max Pressure


  2.02 mb





Average Difference for Daily Min Pressure


  1.86 mb



Average Difference for Daily Average Pressure

  2.14 mb



Average Difference for Daily Max Wind Speed

-1.51 kts



Average Difference for Daily Average Wind Speed

-1.07 kts


February, 02
Average Difference for Daily Max Temperature

-.0.05 degrees C



Average Difference for Daily Min Temperature

  0.23 degrees C



Average Difference for Daily Average Temperature

  0.22 degrees C



Average Difference for Daily Max Pressure


  2.1   mb





Average Difference for Daily Min Pressure


  1.92 mb



Average Difference for Daily Average Pressure

  2.11 mb



Average Difference for Daily Max Wind Speed

 6.79 kts



Average Difference for Daily Average Wind Speed

-1      kts


March, 02
Average Difference for Daily Max Temperature

-.0.27 degrees C



Average Difference for Daily Min Temperature

  0.07 degrees C



Average Difference for Daily Average Temperature

 -0.03 degrees C



Average Difference for Daily Max Pressure


  2.08 mb





Average Difference for Daily Min Pressure


  1.93 mb



Average Difference for Daily Average Pressure

  2.09 mb



Average Difference for Daily Max Wind Speed

-0.36 kts



Average Difference for Daily Average Wind Speed

-1.22 kts


April, 02
Average Difference for Daily Max Temperature

  0.20 degrees C



Average Difference for Daily Min Temperature

  0.3   degrees C



Average Difference for Daily Average Temperature

  0.19 degrees C



Average Difference for Daily Max Pressure


  2.16 mb





Average Difference for Daily Min Pressure


  1.93 mb



Average Difference for Daily Average Pressure

  2.11 mb



Average Difference for Daily Max Wind Speed

-1.69 kts



Average Difference for Daily Average Wind Speed

-0.63 kts


May, 02  
Average Difference for Daily Max Temperature

  0.20 degrees C



Average Difference for Daily Min Temperature

  0.3   degrees C



Average Difference for Daily Average Temperature

  0.19 degrees C



Average Difference for Daily Max Pressure


  2.25 mb





Average Difference for Daily Min Pressure


  2.16 mb



Average Difference for Daily Average Pressure

  2.19 mb



Average Difference for Daily Max Wind Speed

-2.64 kts



Average Difference for Daily Average Wind Speed

-0.77 kts


June, 02  
Average Difference for Daily Max Temperature

  0.20 degrees C



Average Difference for Daily Min Temperature

  0.3   degrees C



Average Difference for Daily Average Temperature

  0.19 degrees C



Average Difference for Daily Max Pressure


  2.25 mb





Average Difference for Daily Min Pressure


  2.16 mb



Average Difference for Daily Average Pressure

  2.19 mb



Average Difference for Daily Max Wind Speed

-2.78 kts



Average Difference for Daily Average Wind Speed

-1.5   kts


APPENDIX C – INSTRUMENTATION NOTATION 2003

On Friday 06 June 2003 a Weddell seal circumambulated our snow stake, packing down the snow about 10 inches. Snow stake readings were estimated from a small patch of nearby snow that was not affected by the seal until the next snowstorm filled in the hole.

The electronic barometer replaced the mechanical barometer as the instrument of record the week of 17 May 2003.

As of September 1, 2003, the PALMOS new thermometer became the instrument of record as part of the transition to the automated weather system instrumentation.
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