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ABSTRACT

Accurate atmospheric water vapour profiles with good time and height resolution are important in many areas of weather prediction and atmospheric research. They are commonly obtained using radiosondes. Lidars and profiling microwave radiometers offer methods to provide vertical profiles with greater temporal resolution than radiosondes, but both have some drawbacks. In this paper, comparisons are made between the performances of a Raman lidar, a profiling microwave radiometer and radiosondes using measurements made at Chilbolton Observatory in summer 2003. The advantages and disadvantages of each system are discussed.

1. INTRODUCTION

Raman lidar and microwave radiometry provide two methods for near-continuous monitoring of the humidity mixing ratio (HMR), i.e. the water vapour mass mixing ratio, as a function of range in the atmosphere. There are advantages and disadvantages in using both systems. Raman lidar has better height resolution and quantification of the measurements is more straightforward. It suffers from greater statistical uncertainties at larger ranges and during daytime and cannot operate through dense cloud. Systems capable of daytime operation incorporate powerful lasers that can be costly to run and typically require supervision. In contrast, microwave radiometers are capable of providing data over greater ranges and are not affected by daylight, although the retrievals are degraded a little by cloud and severely by precipitation. Being passive instruments, they are simpler to operate but the height resolution is much more limited.

During June and July 2003 an intercomparison campaign, CWAVE’03 (Cloud and Water Vapour Experiment for model comparisons) was held at the CCLRC Chilbolton Observatory in the southern UK. The campaign was in support of two European Commission Framework V projects, CLOUDMAP2 and CLOUDNET. The CCLRC UV Raman lidar [1] is located at Chilbolton Observatory. For the duration of the campaign there were several visiting instruments, including the Met Office Radiometrics MP3000 microwave radiometer (MWR). The co-location of these two instruments provided a valuable opportunity to compare their measurements of HMR profiles. In addition there were routine radiosonde releases from Larkhill, approximately 30 km to the west. 

2. INSTRUMENTS

The Chilbolton UV Raman lidar operates at 354.7 nm. It produces profiles of (HMR) at zenith from the ratio of the water vapour return at 407.8 nm to that from nitrogen at 386.7 nm, a widely used method [1,2]. It incorporates a high power laser operating at a pulse rate of 50 Hz and a pulse energy of 0.35 J. It is therefore capable of making measurements to an altitude of around 3 km during daylight hours, depending on the ambient conditions. As CWAVE was conducted during mid-summer when days in the UK are long, the measurements presented here were all made in daylight. HMR measurements from the system are typically presented at 5 minute time and 24 m height intervals, although in this comparison they are extrapolated to the time-height grid used by the MWR (see below). The height resolution of the instrument is somewhat better than this, as the limit imposed by the data acquisition rate is 6 m and that from the laser pulse length is around 2 m. HMR measurements are calibrated by ongoing comparison with radiosondes from Larkhill. The calibration uncertainty is of the order of 10%.

The Met Office Radiometrics MP3000 MWR has 5 channels in the 22-30 GHz band, which is sensitive to emission by atmospheric water vapour and cloud and 7 channels in the 51-59 GHz oxygen emission band. A similar model is described by Gueldner and Spaenkuch [3]. During CWAVE, the MWR measured radiances at zenith every 200s. Vertical profiles of temperature, humidity and liquid water density as well as integrated water vapour and liquid water path were retrieved from these data. The retrievals were performed by a neural network, trained a priori using a radiative transfer model and 10 years of radiosonde profiles from Camborne. The neural network also used surface pressure, temperature and humidity and the brightness temperature from an infrared radiometer to provide an estimate of the cloud base temperature. Camborne has a more maritime climate than Chilbolton which may have introduced some errors when the neural network was applied to these measurements.

Most of the information in the water vapour profiles retrieved from the MWR comes from the channels at 22-30 GHz. These are sensitive to emission over a broad range of altitudes, and inherently produce a rather poor vertical resolution. The neural network retrieval relies on a priori data as well as the retrieved temperature profile and cloud amount to provide additional information on the vertical distribution of water vapour. Although the neural network retrieves water vapour every 100m in the lowest 1 km, and 0.25 km from 1‑10 km, its vertical resolution is considerably coarser. The accuracy of the MWR retrievals was assessed by Hewison et. al. [4].

3. RESULTS AND DISCUSSION

The Chilbolton UV lidar was operated on a case study basis during the campaign, primarily when there was no low cloud present. It was operated on 9 days for which MWR data are available, for periods of several hours each day. The MWR was operated continuously during the campaign, as it is capable of continuous operation with little user intervention. In all comparisons the lidar data have been extrapolated to the time and height intervals used by the MWR. Comparisons are not made below 0.2 km due to the inability of the lidar to make reliable measurements in this range and the use of a separate surface sensor in the MWR. Fig. 1 shows a summary of the HMR data from each instrument for each day. For each MWR range bin, the average signal at that range throughout the duration of the lidar measurements is shown. The error bars show the standard deviation of the measurement as an indication of the variation which occurred during the day. This resulted from both noise in the measurements and actual changes in the HMR at that height. Radiosonde measurements from Larkhill, normally at 10 UTC or 11 UTC, are also shown. In all cases where a cloud base height was marked, this was an intermittent layer, but there was sufficient cloud to cause a significant increase in the noise level in the lidar measurements.

In general there was good agreement between the two instruments, in particular in the magnitude of the measured HMR. In some cases the lower height resolution of the MWR became apparent. This was particularly noticeable in the boundary layer, where the MWR often smoothed the variation with height. On 25/06/03 there was a significant discrepancy between the two instruments over the height range 1–2 km. There was a significant dry layer at this height which the MWR failed to resolve.
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Fig. 1. Average lidar (solid black line) and MWR (dashed grey line) for each range bin of the MWR. Larkhill radiosonde data are shown by the dotted line. All plots use the same HMR and height scales. Error bars indicate the standard deviation of the measurements. The dash-dot lines indicate any significant cloud base height.

In order to see some of the differences between the instruments in more detail, plots of the HMR profiles from each instrument are shown in fig. 2 for 16/06/03 and 25/06/03. Plots of the HMR recorded by the Larkhill radiosonde and a plot showing the difference between the lidar and MWR measurements are also shown.
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Fig. 2a. Lidar, MWR and radiosonde (10:00UT) measurements of HMR, and difference between lidar and MWR measurements (note different ranges on difference plot) for 16/06/03.
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Fig. 2b. Same for 25/06/03.

Figure 2a shows that while there was good overall agreement between the two systems, the lower height resolution of the MWR meant that it did not accurately detect the sharp drop in water vapour at the top of the boundary layer. The lidar data become noisier with height due to the background in the measurements from solar radiation. On days with some cumulus clouds, the signals were much noisier above the clouds. On 25/06/03 the water vapour structure was more complex, with a significant dry layer in the height range 1 - 2 km. This was detected clearly by the lidar and radiosonde, but not by the MWR, resulting in the discrepancies seen in the difference plot. The MWR has little skill in resolving elevated water vapour layers such as this.

4. CONCLUSIONS

The HMR profiles retrieved from the MWR were often found to accurately reproduce the trends observed by the lidar and radiosondes. However, their vertical resolution was very limited and the MWR has difficulty in detecting elevated layers. In future it may be possible to improve the resolution of the final product by combining information with the retrieval from a UHF wind profiling radar. These instruments are sensitive to the vertical gradient of the refractive index, and hence to sharp gradients in humidity and temperature. This is the subject of ongoing research [5].

The performance of lidars, and to a lesser extent, MWRs, is affected by the presence of cloud and rain. This will impact their use for routine measurements under these conditions. However radiosonde measurements of humidity can also be affected by clouds and rain, as they can result in overestimates of water vapour content above wet layers.
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