Purchase of Additional Davis Weather Station Equipment for the Atmospheric Sciences Program

(Proposal to the ISU chapter of the AMS)

Eric Aligo, Research and teaching assistant, Department of Geological and Atmospheric 


Sciences, Iowa State University, ealigo@iastate.edu
David Flory, Research assistant, Department of Geological and Atmospheric Sciences,   

Iowa State University, flory@iastate.edu
March 13, 2003

1.  Introduction


The meteorology department at Iowa State University recently purchased a new rain collector and anemometer for the weather station (Weather Wizard III) located in room 3008 of Agronomy Hall.  The meteorology department was able to provide approximately $250.00 to cover the cost of the rain collector, anemometer and additional cable. This money was granted solely for educational purposes. The Weather Wizard III can record instantaneous values of wind speed, wind direction, rainfall, indoor air temperature and outdoor air temperature.  Software installed on a Linux computer in the meteorology department is currently archiving indoor and outdoor temperature with a time resolution of 1 minute.  Data is also available on the mesonet web site
.  Since the data has been archived on the mesonet site, incorrect temperature measurements have been identified and means of correcting these errors will be proposed.   Even with these errors, an extensive archive of temperature, wind and rainfall will be readily available to undergraduate meteorology majors for their class projects or research purposes.

2.  Current Equipment


The Weather Wizard III is currently equipped with a temperature sensor for measuring outdoor air temperature and an internal sensor to measure indoor temperature.  The outdoor temperature sensor is located in a metal shelter on the tower at the northwest side of the Agronomy building.  The recently purchased anemometer and rain collector will be installed in the spring of 2003.   


The exact specifics on the temperature sensor are unknown, but the sensor was most likely purchased with the weather station.  The standard anemometer comes with 40 feet of cable, hardware for mounting purposes and drip rings to prevent the wind vane and cups from freezing.  The rain collector uses a tipping bucket mechanism to record rainfall in inches (0.01 inch increments).  To extend the use of the rain collector into the cold season, a heater would be necessary.  This would allow for the measurement of freezing rain and the moisture content of snow.  A Davis rain collector heater costs $172.50 with shipping and handling and includes 50 feet of cable.

3.  Exposure Errors


Since the department began archiving temperature data on 15 January 2003 with the existing temperature sensor, minor temperature biases have been noted.  Several factors are contributing to these temperature biases, the most obvious being the sensor’s location.

 The outdoor temperature measurements from the Weather Wizard III have compared reasonably well with temperature observations from the Automated Surface Observing System (ASOS) station located in the southern part of Ames, IA.  On occasion the Weather Wizard III temperature readings were several degrees higher than the temperature readings from the ASOS station in Ames, IA.  This was observed mainly during the late morning and afternoon hours on both cloudy and clear sky days.  Although temperature readings from the Weather Wizard III were not archived prior to 15 January 2003, abnormally high temperature readings have been observed during the late spring and summer months.   

Observed errors in temperature readings from the Weather Wizard III can most likely be attributed to an inappropriate placement of the sensor, inadequate ventilation and the instrument itself.  According to the National Weather Service (NWS) and World Meteorological Organization (WMO) standards, air temperature measurements should be taken 5 feet above ground level.  The Weather Wizard III sensor is located atop the Agronomy building, at least 5 times the recommended height.  In addition, the temperature sensor is encased in a metal shelter, which acts to trap the air in the shelter.  This can result in an incorrect temperature reading.  Another source of error could be the instrument itself.  It is not known when the temperature sensor was purchased, but it is possible the sensor needs to be re-calibrated.

4.  Solutions


Two means of reducing errors in temperature measurements made with the Weather Wizard III include a new temperature sensor and a new radiation shield.


A new temperature sensor will ensure an accurate measurement of air temperature and will eliminate any errors associated with the instrument itself.  The new temperature sensor would be an electric sensor sheathed in black UV-stabilized plastic.  If necessary, the cable currently being used with the old temperature sensor could be added to the 25 feet of cable that comes with the new temperature sensor.  The cost of a new temperature sensor is $23.00 including shipping and handling.


A radiation shield will further increase the accuracy of temperature measurements by minimizing the effects of direct and indirect solar radiation.  A study by Davis Instruments suggests fan aspirated radiation shields provide more accurate temperature readings than passive radiation shields (Davis Instruments, 1999).  The difference between the two radiation shields could be as much as 5 or 10 degrees Fahrenheit.  The AC-Power Fan-Aspirated Radiation shield draws air into the triple-layered chamber and removes the air from the top of the shield, providing adequate ventilation. The passive radiation shield does not have a fan and works best when in a location with a constant breeze.  With shipping included, the cost of a new AC-Powered Fan-Aspirated Radiation Shield is $187.50 and $72.50 for a passive radiation shield.  More information on these radiation shields or any of the instruments mentioned above can be found at www.davisnet.com.   

5.  Applications


An extensive dataset of temperature, wind and rainfall measurements will give undergraduate meteorology students the opportunity to develop a variety of topics for their class projects and senior theses.  


One possible research topic could involve the study of rooftop wind and temperature biases.  Temperature and wind data from the Weather Wizard III could be compared with temperature and wind measurements from automated observing stations in the Ames area (Ames, Des Moines and Marshalltown to name a few).  Furthermore, this project could examine yearly and seasonal changes in temperature biases. The National Weather Service proposed a study similar to this in recent years (NWS, 2002).


One could also study temperature errors with varying atmospheric conditions.  This study could determine how temperature errors vary with low and high wind speeds and during precipitation events. 

6.  Conclusion


With new instruments and improved methods of data collection, the Weather Wizard III will offer limitless opportunities to undergraduate meteorology majors looking for research topics for their class projects.  To provide research quality data it is important that high quality instruments be used.  This requires the purchase of a well-designed radiation shield and temperature sensor.  A rain collector heater will ensure accurate measurements of precipitation all year round.
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Prices and Services Provided

	Item
	Price

	Standard Temperature Sensor
	$23.00

	Passively Ventilated Radiation Shield
	$72.50

	Fan-Aspirated, AC-powered Radiation Shield
	$187.50

	Rain Collector Heater
	$172.50


Note:  Prices include shipping and handling

	Individual(s) Involved
	Service

	Eric Aligo
	Project research and management, installation 

	David Flory and Daryl Herzmann
	Linux application development, web 

interface, mesonet assimilation, installation

	Dr. William Gallus
	Department representative, purchasing


� http://mesonet.agron.iastate.edu/plotting/isumet/1station_1min.phtml





