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[image: image1.wmf]The High Altitude MMIC Sounding Radiometer – HAMSR – is a passive microwave radiometer, which measures the thermal radiation emitted from the atmosphere and the surface below. It has three receivers, which detect part of this emission in three spectral bands. Each receiver is attached to a spectrometer – a filter bank, which essentially tunes the receiver to a number of narrow spectral channels simultaneously. This allows portions of the spectrum of the radiation to be determined.
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The actual spectrum observed at any given time and location is determined by the vertical distribution of temperature and the density of certain molecules in the atmosphere, which both absorb and emit thermal radiation. This relationship can be formulated mathematically with the so-called radiative transfer equation, which expresses what the spectrum should look like for a given distribution of the molecules and the temperature (along with the surface temperature and emissivity). The molecular species used by HAMSR are oxygen, which has a complex of spectral lines in the 50-70 GHz region and a line near 118 GHz; and water vapor, which has a spectral line near 183 GHz. Thus, one HAMSR receiver operates in the 50-GHz region (with 8 spectral channels); one receiver operates in the 118-GHz region (with 10 spectral channels); and one operates in the 183-GHz region (with 7 spectral channels). Fig. 1 shows a typical microwave absorption spectrum, and Table 1 lists the details for the 25 HAMSR channels.

Since the density of oxygen in the atmosphere is well known and stable, the spectrum measured by the oxygen band receivers (actually, either one) determines the temperature profile. The water vapor band receiver is used to determine the water vapor profile. The liquid water profile (i.e. cloud density profile) can also be determined. The “retrieval” method used is an iterative solution of the radiative transfer equation.

The vertical resolution of the profiles is related to the distribution of the so-called weighting functions. These are vertical contribution profiles, which indicate how much each part of the atmosphere contributes to the radiation measured in each channel. Fig. 2 shows the nominal weighting functions for HAMSR. 

[image: image3.wmf][image: image4..pict]
[image: image5..pict]HAMSR – shown in Fig. 3 – has two closely spaced apertures, each of which admits radiation from below onto a scan mirror, which reflects the incoming radiation into the receivers. The mirrors are mounted at a 45° angle on a common scan axis, and by rotating them around this axis, the atmosphere below is scanned in a direction perpendicular to the scan axis – which lies in the flight direction. The so-called field of view (FOV) is a cone with an angle of 5.7°. The scan mirrors are currently programmed to rotate at a constant speed, with one full rotation every 1.1 seconds, and the data acquisition system is programmed to integrate the received signals in 9 ms time slices. During such a sampling period the scan mirrors move about 3°, i.e. about half of the FOV. On the ground at nadir the FOV projects to a circle with a diameter of about 2 km (when the instrument is at an altitude of 20 km), and the spacing between adjacent samples is about 1 km. As the mirrors scan away from nadir, the “footprints” projected on the ground become elliptical and grow in size. The result is called a scan line. This is illustrated in Fig. 4. With an air speed of 0.21 km/s (the cruising speed of the ER-2), the spacing between adjacent scan lines in the direction of flight is about 1/4 km.

For CAMEX-4 HAMSR is mounted in the forward section of the right wing pod of the ER-2. Since this part of the pod is normally pressurized and HAMSR is designed to operate at ambient atmospheric pressure, a pressure vessel has been built which isolates HAMSR from the pressure inside the pod. This vessel has a circular opening that mates with a circular opening in the bottom of the pod – forming an air tight seal, and HAMSR is mounted inside the pressure vessel above this window. It is therefore able to get an unimpeded view of the atmosphere below and can operate at the pressure at the flight altitude. This also allows outside air to enter the instrument, which is used to cool one set of calibration targets (see below) to ambient temperature. (Heaters are used to keep another set hot.)
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Thus, while the so-called footprints (i.e. FOV’s) are 6° circles at nadir, the sampling cells are about 3° wide in the cross-track direction and about 3/4° in the along-tack direction. By averaging four consecutive along-track samples, we obtain approximately square 3°x 3° effective sampling cells. These represent critical spatial sampling (in a Nyquist sense). Contiguous cells – equivalent to a more commonly used sampling scheme, where the sampling cell is the same size as the footprint – are obtained by further averaging in the along-track and cross-track directions. This is how the data will be reported: in 3°x 3° and 6°x 6° cells, corresponding to nadir spatial resolution of 1 km and 2 km, respectively.

HAMSR is a self-calibrating instrument. In every scan cycle, a cold and a hot blackbody thermal reference source is viewed. This allows the so-called transfer function, which relates the radiometer output to brightness temperatures, to be determined continuously – thus eliminating the effect of changing environmental conditions (such as temperatures). There is one pair of calibration targets for each of the scan mirrors. They can be seen in Fig. 3 as the four large octagonal light colored shapes. (The light color is due to foam insulation, used to maintain the targets at a stable and uniform temperature.)

Flight data are recorded on a Compact Flash card, which is easily accessible by opening the forward pod section. It is replaced with a blank card after each flight. The card contains raw instrument data – the output from the radiometers and engineering measurements, such as temperatures – as well as navigation data received from the ER-2 over a serial link. After a flight the data are extracted from the storage card and archived. Calibrated brightness temperatures are then computed for the 3°x 3° and 6°x 6° sampling cells discussed above. Those then form the basis for geophysical retrievals, resulting in a temperature, water vapor and liquid water profile for each sampling cell. (Certain ancillary information, such as surface pressure and surface properties, is also used in the retrieval process.)


The radiometric sensitivity of HAMSR ranges from 0.2 to 0.4 K, depending on channel, and absolute calibration accuracy is better than 0.5 K. Retrieval accuracy depends on atmospheric conditions and can be expected to be around 2 K for temperature profiles, with a vertical resolution of about 2-3 km. For water vapor profiles it can be expected to be around 15-20%, with a vertical resolution of 3-4 km. Liquid water profiles can be derived with an accuracy of 40% and a vertical resolution of 4 km.  We expect to make significant improvements in the measurement accuracy – absolute radiometric accuracy as well as retrieval accuracy – over time.
Table 1. HAMSR spectral properties
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Center freq.
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I-1�
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-5.500�
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�
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�
I-3�
“�
-2.550�
500�
Surface�
�
I-4�
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-2.050�
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1000 mb�
�
I-5�
“�
-1.600�
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750 mb�
�
I-6�
“�
-1.200�
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400 mb�
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I-7�
“�
±0.800�
2x400�
250 mb�
�
I-8�
“�
±0.450�
2x300�
150 mb�
�
I-9�
“�
±0.235�
2x130�
80 mb�
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40 mb�
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II-3�
52.80�
0�
400�
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0�
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�
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�
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90 mb�
�
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�
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�
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±7.0�
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�
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�
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[1.2 mm]�
�
III-6�
"�
±1.8�
2x1000�
[0.6 mm]�
�
III-7�
"�
±1.0�
2x500�
[0.3 mm]�
�
























Figure 2. Weighting functions for HAMSR
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Figure 1. Microwave spectrum





HAMSR bands
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Figure 3. Nadir view of HAMSR
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Figure 4. Sampling pattern projected on the ground
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