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ABSTRACT

Both during September 15-30 1996 and September 15 - October 5, 1997, the
Environmental Technology Laboratory (ETL) participated in experiments at the Southern Great
Plains (SGP) Cloud and Radiation Testbed (CART) site that was designed to study many of the
ways that ARM is measuring water vapor. Because of some inconsistencies between ETL and
ARM Microwave radiometers (MWR) during these experiments, called the Water Vapor
Intensive Operating Periods (WVIOPs), we applied to both sets of data a newly developed
correction algorithm for tipping curve calibration. We found that this algorithm reduces the
differences between the radiometers, there are still some unexplained features of scanning ARM

MWR data.

Measurements of water vapor at the North Slope of Alaska and Adjacent Arctic Ocean
(NSA/AAO) CART site in Barrow, Alaska, are a potential problem because of the difficulty of
radiosondes to measure low amounts of vapor during cold and extremely dry conditions. The
applicability of MWR scaling to radiosondes is questionable because of the low sensitivity of
these instrument during dry conditions. It has been suggested by the ARM Instaneous Radiative
Flux Working Group and others that measurements of brightness temperature around 183 GHz
could be used to scale radiosondes during the coldest and driest periods. However, the
millimeter wavelengths are vulnerable to cloud effects from both liquid and ice. During March
1999, we participated in the joint NASA/NOAA Millimeter wave Arctic Experiment to evaluate
microwave and millimeter wave radiometers during extremely cold conditions.

- ETL tested, both in an experiment at the Boulder Atmospheric Observatory and during
the two Water Vapor Intensive Operating Periods in 1996 and 1997, a 5-mm scanning radiometer
that measures low-altitude temperature profiles; both profiles of lapse rate and absolute
temperature can be measured with the instrument. Results of these tests were published in the
open literature. In addition, the ETL scanning radiometer was operated at the NSA/AAQ in

March 1999.
APPLICATION OF TIPPING CALIBRATION METHOD TO ARM MWR DATA

Results of the 1997 WVIOP (Westwater et al., 1998A; Westwater et al., 1998 B)
indicated that the ARM MWR produced measurements of PWV that were about two millimeters
higher than measurements from a variety of other independent instruments, such as two ETL
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MWR’s, two Global Positioning Systems, and ARM Balloon Borne Sounding Systems (BBSS).
These results were in contrast to results obtained during WVIOP’96, in which ETL and ARM
MWR’s were basically in agreement. Based on a newly developed correction algorithm to the
tipping calibration method (Han and Westwater, 1999), we applied a variety of corrections
to the ARM MWR data, and found that, in particular, the beamwidth correction accounted
for a significant part of the bias. What was more surprising, we found that the ARM

MWR tipping calibrations were inconsistent with each other; i.e., the data at 2, 2.5, and 3.0
airmasses, when normalized to zenith, were not in agreement. If the data at 1 and 2
airmasses were used, ARM and ETL radiometers agreed; if data at 2.5 and 3 airmasses were
used, the radiometers did not agree. However, since the 1998 progress report, the BBSS data
have been revised by Lesht (1999) and now agree better with corrected ARM MWR data.
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PARTICIPATION IN NSAJAAO WATER VAPOR EXPERIMENT

There are concerns about the ability of the ARM Microwave radiometer (MWR) to derive
accurate measurements of Precipitable Water Vapor (PWV) during the coldest and driest of
conditions, because of the relatively weak response of the 22 GHz emission to PWV amounts
below about 5 mm. A theoretical analysis (Jones and Racette, 1998) indicated that
measurements of atmospheric emission in the mm wavelength region can provide increased
accuracy of PWV determination during these cold conditions. During March 1999, scientists
from NASA/Goddard Space Flight Center and from NOAA/ETL participated in the Millimeter-
wave Radiometric (MMWR)-Arctic experiments to determine if radiometric measurements
around the much stronger 183 GHz absorption line can yield improved measurements of PWV
during the extreme cold conditions. Instruments deployed are shown in Table 1.




Table 1. Instruments deployed during the Millimeter Wave Radiometric Arctic Winter
‘ Experiment :
Instrument Organization Frequencies (GHz)
Millimeter-wave imaging NASA/GSFC - 89,150, 183.31 +(1,23,+7),
Radiometer (MIR) 220, 340
DOE Multichannel Microwave NASA/GSFC ‘ 20.735, 21.485, 22,235, 22.985,
Radiometer (DoER) 23,735, 36.5, and 89
Circularly Scanning Radiometer NOAA/ETL 20.6,31.65,183.31 (05,21, =
(CSR) 3,+5,+7,£12,+15),325 + (1, +
3,£8),340 H& V,10 ym
Scanning O, Radiometer NOAA/ETL 60.5
Vaisala and chilled mirror- NOAA/ETL,NCAR
surface met.
Vaisala and chilled mirror ARM
radiosondes

Millimeter wavelength observations of water vapor at the NSA/AAO

Presently, ARM operates at their NSA/AAO CART site a MWR which measures downwelling
radiation at 23.8 and 31.4 GHz from which PWV and LWP are retrieved. Data from this
instrument represent the baseline from which millimeter-wave observations will be compared.
For PWYV amounts greater than 1 cm, this pair of frequencies is able to obtain accurate
measurement. When the atmosphere becomes very dry the absorption around the 22.235 GHz
water vapor line becomes weak. Thus, the relative uncertainty in retrieved PWYV increases with
decreasing water vapor. The 183 GHz absorption line is about 100 times stronger than that of the
22.231 GHz line. Improved estimates of low PWYV can be obtained by taking advantage of the
much stronger 183 GHz water vapor line. A preliminary look at our data demonstrates the
greater sensitivity of the mm-wave frequencies. Responses of seven of the radiometer channels
from March 11 are plotted in Figure 1. The PWV for this day is less than 2 mm and the
temperatures were colder than -37 °C. The brightness temperature values at 5:00 UTC have been
subtracted and the temperature differences for the remainder of the day are shown. The response
of the channels at 23.8 GHz and 31.4 GHz vary by no more than ~! degree. The mm-wave
channels on the other hand exhibit variations of 10 to 20 degrees. Further analysis of this data
will yield estimates of the errors associated with retrieving PWV using various combinations
microwave and mm-wave frequencies. These observations confirm the greatly enhanced
sensitivity of the millimeter wave observations, relative to the ARM MWR, at low
temperatures and dry atmospheres.
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Figure 1: The response of seven of the channels are plotted as differences in brightness
temperature referenced to 5:00 UTC on March 11. The microwave channels exhibit a small
response whereas the mm-wave channels detect the changes in the atmosphere on this clear dry
day.
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TESTING OF 5-MM SCANNING RADIOMETERS AT NSA/AAO

An open literature paper was published describing the results of an experiment conducted
from November 1996 to January 1997 at the Boulder Atmospheric Observatory (BAO)
(Westwater et al., 1999). In this experiment, data from two scanning 5-mm radiometers and a
Radio Acoustic Sounding System were compared against in situ tower data. In addition, we
operated the ETL 5-mm scanning radiometer during the March 1999 experiment at the
NSA/AAO. Data from the ATTEX 5-mm radiometer, purchased by ARM from a Russian firm,
the ETL instrument, tower, and radiosondes, were taken and will be compared to determine the
accuracy of the systems.
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FY 2000 PLANS
Southern Great Plains CART

A high quality calibration reference source for MWRs operating has been purchased and will
shortly be delivered to ETL. We will take the calibration reference source to the SGP Central
Facility and conduct calibration experiments with the ARM MWR.

We will change our focus from measurements of water vapor to those of clouds. The WVR has
already been shown to measure liquid water path and, with the addition of ceilometer data, to
yield a first-order profile of liquid water density (Han and Westwater, 1995). Although WVR
data is widely used for the determination of liquid water path, only a very limited amount of

in situ ground truth data has been used for verification. We propose to participate in cloud IOPs
where in situ and other sources of cloud data will be available. The newest source of data will be
that the CART cloud radar, which will add important information on cloud thickness. In addition,
we plan to evaluate a technique using both GPS and MWR data to derive cloud liquid.

North Slope of Alaska

~ We will complete the analysis of the radiometer data taken during the March 1999 NSA/AAQ
Millimeter wave Arctic Experiment and make recommendations to ARM about 183 GHz
deployment. An open literature article will also be submitted.

We will complete the analysis of the 5-mm scanning radiometer data taken during the March
1999 NSA/AAO and make recommendations to ARM about further operation with the ATTEX
instrument.

We will also investigate the microwave radiative properties of arctic clouds, based on the wide
variety of multi-frequency observations that were taken in March 1999.

Based partially on the results of the 1999 experiment, we will also recommend to ARM further
experiments to study arctic clouds, temperature, and water vapor.
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