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1. Introduction

During the summer of 2005, the Met Office Observation Methods Technology Centre deployed a microwave radiometer, ceilometer and radiosondes to Manor Farm, Linkenholt . This site was chosen to be 19km north of Chilbolton research radar and co-located with the UFAM Degreane wind profiling radar operated by the University of Manchester. (GPS position: 51.19.6N 1.28.33W 185m)
This was part of our contribution to the Convective Storm Initiation Project (CSIP) and supported the aims of both the EK4003 project on Harmonising Data from Remote Sensing Systems and the OP847T project on Automation of Temperature and Humidity Profiling in the Lower Troposphere. The aims were laid out in the proposal document and are summarised here:

1. Provide a dataset for validate retrieval algorithms integrating wind profiler and microwave radiometer data in convective boundary layer. Variational retrieval techniques need a background data, which is best supplied by a high resolution NWP model. The TUC experiment already provides us with a  good dataset for winter inversions, although the wind profiler data was of poor quality. This will provide a data-set for longer term development of applications.


2. Test Laura Bianco’s algorithm to identify the top of the Boundary Layer.
This needs a wind profiler to be operated in a suitable area to study convection with co-located radiosonde profiles for validation. This is a key output of COST720 and should be deliverable within 1 year of the end of CSIP, but needs cooperation with Laura Bianco through COST720.


3. Investigate the microwave radiometer’s ability to resolve the temperature/humidity structure of individual convective eddies.
This may be possible by observing very rapidly (~30s) in a fixed zenith view, and could be done anywhere inland near a wind profiler that could be configured to observe at high frequency.
The result of this analysis should be available within 6 months of the end of CSIP.


Test whether wind profiler data give information on turbulence:


4. Test the hypothesis of isotropic turbulence. 
This can be done by comparing orthogonal ACROBAT and wind profiler observations.
This requires accurate co-location and is best done during CSIP due to instrument availability.

5. Compare the turbulent width obtained from the Degreane wind profiler and ACROBAT.
This could be validated statistically if cloud radar (one has to be Doppler) were at both instrument’s operating sites.
This requires accurate co-location and is best done during CSIP due to instrument availability. 

This initial report presents some of the data collected during the experiment and assesses which of the above aims it can address and what further work is needed.

CSIP is described in full at http://www.env.leeds.ac.uk/csip/ - especially the Operations Plan.

By products, which are needed to address these aims include:
Quantify the horizontal, vertical and temporal variability.

These are likely to be influenced by the convective boundary layer and affect the representativeness errors needed for variational retrieval methods, which typically dominate the observation errors.

Detection of precipitation.

This is necessary to filter out the effects of rain, which can influence the wind profiler’s moment estimation because of its vertical velocity and backscatter signal by Raleigh scattering. 
2. Instrumentation

Wind Profiler

UFAM’s Degreane Wind Profiler was deployed by the University of Manchester to Linkenholt on 6 June 2005. Initial tests showed there to be excessive ground clutter contaminating the signal in the vertical beam at all range gates. This was addressed by the erection of a clutter screen made from corrugated metal, following advise from the manufacturers. Although this did not cure the problem completely, it did alleviate the worst symptoms.
The Wind Profiler was operated continuously throughout the experiment, until 26th August 2005. Most of the time, it operated in a single mode, switching sequentially between the beams. The measurement settings from the 11th July onwards were:

	Transmitter frequency 
	1290 MHz

	Transmitter wavelength 
	23.2 cm

	Transmitter bandwidth 
	10 MHz

	Beam width 
	8.5 deg

	Peak power 
	3500 W

	Aperture 
	4 m2

	Antenna Gain 
	25 dB

	Pulse length 
	1000 ns

	Inter pulse period 
	40 (s

	first gate 
	1750 ns

	gate spacing 
	500  ns

	gate number
	50

	number of coherent integrations 
	60

	number of spectral averages 
	50


After the main deployment for CSIP, the wind profiler was moved to Chilbolton, where it was operated for another week for comparison with the ACROBAT radar.
Microwave Radiometers
The Met Office’s Radiometrics TP/WVP-3000 was deployed to Linkenholt on 13 June until 21 September 2005. 

It’s water vapour channels were calibrated by hourly tip curves, at 5 angles in the North-South plane, except between 11-13 UTC, when there was a risk of contamination by the Sun. It’s oxygen band channels were calibrated with liquid nitrogen on 21 June 2005. This resulted in small changes to the absolute calibration of the 51 – 59 GHz channels.

It was initially configured to view in the zenith direction with very high time resolution (~12 s). All channels also viewed the internal black body target for relative calibration, initially every 5 minutes. However, from 23 June to 8 July 2005 this did not take place between 11 – 13 UTC due to a configuration error. During this period the calibration of data around noon is prone to drift badly.

The radiometer ran continuously in this mode until 20 July 2005, when it was re-configured to alternative between zenith views and internal black body calibration views in a 30 s cycle because of concerns over the drift in calibration over the previous 5 minute calibration period.

There was a power outage on 2 August 2005 from 0730 – 0946 UTC when no radiometer data was available.

During CSIP, the University of Salford took delivery of their new profiling microwave radiometer from Radiometer Physics. This was operated at nearby Faccombe sporadically during the second half of CSIP. It’s observations will be compared with those from the TP/WVP-3000 both as direct brightness temperature comparison, as well as comparing forward-modelled radiosondes and comparing the retrieved profiles with radiosondes launched from Linkenholt.

Ceilometer

The Met Office also deployed a Vaisala LD-40 ceilometer (originally manufactured by ImpulsPhysik) at Linkenholt. This was configured to record data continuously from 8 July 2005. It sampled in the vertical direction every 15 s and recorded the base height of up to 3 cloud layers as well as a vertical backscatter profile.

PV-Wave routines are now available to extract the backscatter profile as well as multiple cloud bases from the incomprehensible data format. 

IR Camera

Imperial College operated an imaging infrared radiometer at Linkenholt between 12 – 15 July. Stephen Smith will be analysing these images aiming to automatically classify cloud types, heights and temperatures as part of his PhD thesis.
Radiosondes

The Met Office also released 57 Vaisala RS92 radiosondes from Linkenholt to provide in situ truth for validation of retrieval algorithms. These were launched at high frequency (every 1-2 hr) in two periods each of 4 consecutive days identified in advance as likely to be dry.
	Date
	Times (UTC)
	# Sondes
	Weather
	Notes



	12/7/05
	14:51 – 17:52
	3
	1/8 Cirrus
	ACROBAT RHIs

	13/7/05
	07:31 – 17:03
	8
	3/8 Cumulus developing 3-5kft
	CSIP IOP

	14/7/05
	07:30 – 18:00
	8
	1/8 Cu developing
	ACROBAT RHIs

	15/7/05
	07:30 – 11:00
	4
	Status lifting to Cu + Sc
	ACROBAT RHIs



	1/8/05
	12:46 – 16:45
	4
	2/8 Cu 2-3kft + 2-6/8 Sc 6kft + Ac 10kft
	Lots of cloud, dry

	2/8/05
	08:30 – 17:15
	7
	Fog lifting to St 1-3/8 Cu 3/8 + Sc 7kft
	Power outage

	3/8/05
	08:00 – 20:00
	12
	1/8 Cu lifting 2-4kft. 1/8 Sc 6kft later
	Nice day!

	4/8/05
	08:00 – 18:00
	11
	1/8 Cu lifting 1-3kft + 6/8 Mid-level

Shower at 17:30
	Frontal Approach


Full details of these radiosonde launches is given in the Flight Log. 

There were also regular operational sounding made from Larkhill, some 21 km SW of Linkenholt and soundings from Chilbolton, Reading, Bath, Swanage and Preston Farm on CSIP IOP days.
Photos

Photos showing the cloud cover were taken with a digital camera at the time of launch of most of the radiosondes, generally in the downwind direction of the balloons’ flight.

Webcam

The University of Manchester also operated a webcam at Linkenholt, viewing to the South. Its data availability was patchy at first, but it provided continuous imagery during July and August at 30 s sampling.

Doppler Lidar

The University of Salford operated the UFAM Doppler Lidar at nearby Faccombe on some days during CSIP. These are summarised in M:\Met_Office\Development\TC-Observing_Methods\_Team\Temp_Workspace\Upper_Air\Radiometer\Reports\LIDAR_measurements.doc. The LIDAR observations included dwells over Linkenholt at the following times and elevations:

	Date
	Times (UTC)
	Elevation Range



	9/8/05
	13:48:19 – 15:57:55
	306 m – 1526 m

	9/8/05
	16:06:52 – 18:13:00
	306 m – 1526 m



	11/8/05
	13:36:18 – 17:11:40
	70 m – 540 m



	12/8/05
	10:54:01 – 13:02:21
	306 m – 1526 m



	16/8/05
	16:32:18 – 17:50:40
	540 m – 540 m



	23/8/05
	08:57:57 – 11:14:50
	306 m – 1526 m




Full details of the operation of the Doppler LIDAR and other instrumentation from the University of Salford can be found in the following report:
M:\Met_Office\Development\TC-Observing_Methods\_Team\Temp_Workspace\Upper_Air\Radiometer\Reports\University_of_Salford_Instrumentation_Report.doc.
Instrument Summary

	Date
	Chilbolton
	Larkhill
	Linkenholt
	Faccombe

	
	CSIP  IOP
	Radiosondes
	Radiosondes
	Wind Profiler
	GPS
	Radiometer
	Ceilometer
	Webcam
	Radiosondes
	IR camera
	LIDAR
	Radiometer

	06/06/05
	
	
	
	Y
	Y
	
	
	
	
	
	N
	N

	07/06/05
	
	
	
	Y
	Y
	
	
	
	
	
	N
	N

	08/06/05
	
	
	
	Y
	Y
	
	
	
	
	
	N
	N

	09/06/05
	
	
	
	Y
	Y
	
	
	
	
	
	N
	N

	10/06/05
	
	
	
	Y
	Y
	
	
	
	
	
	N
	N

	11/06/05
	
	
	
	Y
	Y
	
	
	
	
	
	N
	N

	12/06/05
	
	
	
	Y
	Y
	
	
	
	
	
	N
	N

	13/06/05
	
	
	
	Y
	Y
	12s
	
	
	
	
	N
	N

	14/06/05
	
	
	
	Y
	Y
	12s
	
	
	
	
	N
	N

	15/06/05
	1
	
	
	Y
	Y
	12s
	
	
	
	
	N
	N

	16/06/05
	
	
	
	Y
	Y
	12s
	
	
	
	
	N
	N

	17/06/05
	
	
	
	Y
	Y
	12s
	
	
	
	
	N
	N

	18/06/05
	
	
	
	Y
	Y
	12s
	
	
	
	
	N
	N

	19/06/05
	2
	
	
	Y
	Y
	12s
	
	
	
	
	N
	N

	20/06/05
	
	
	
	Y
	Y
	12s
	
	
	
	
	N
	N

	21/06/05
	
	
	
	Y
	Y
	LN cal
	
	
	
	
	N
	N

	22/06/05
	
	
	
	Y
	Y
	12s
	
	
	
	
	N
	N

	23/06/05
	
	
	
	Y
	Y
	12s
	
	
	
	
	N
	N

	24/06/05
	3
	
	
	Y
	Y
	12s
	
	
	
	
	N
	11:25 -

	25/06/05
	
	
	
	Y
	Y
	12s
	
	
	
	
	N
	Y

	26/06/05
	
	
	
	Y
	Y
	12s
	
	
	
	
	N
	Y

	27/06/05
	
	
	
	Y
	Y
	12s
	
	
	
	
	N
	Y

	28/06/05
	4
	
	
	Y
	Y
	12s
	
	
	
	
	N
	-08:00

	29/06/05
	5
	
	
	Y
	Y
	12s
	
	
	
	
	N
	N

	30/06/05
	
	
	
	Y
	Y
	12s
	
	
	
	
	N
	N

	01/07/05
	
	
	
	Y
	Y
	12s
	
	Y
	
	
	N
	N

	02/07/05
	
	
	
	Y
	Y
	12s
	
	Y
	
	
	N
	N

	03/07/05
	
	
	
	Y
	Y
	12s
	
	Y
	
	
	N
	N

	04/07/05
	6
	
	
	Y
	Y
	12s
	
	Y
	
	
	N
	N

	05/07/05
	
	
	
	Y
	Y
	12s
	
	Y
	
	
	N
	N

	06/07/05
	
	
	
	Y
	Y
	12s
	
	Y
	
	
	N
	N

	07/07/05
	7
	
	
	Y
	Y
	12s
	
	Y
	
	
	N
	N

	08/07/05
	
	
	
	Y
	Y
	12s
	Y
	Y
	
	
	N
	N

	09/07/05
	
	
	
	Y
	Y
	12s
	Y
	Y
	
	
	N
	N

	10/07/05
	
	
	
	Y
	Y
	12s
	Y
	Y
	
	
	N
	N

	11/07/05
	
	
	
	Y
	Y
	12s
	Y
	Y
	
	
	N
	11:53 -

	12/07/05
	
	
	
	Y
	Y
	12s
	Y
	Y
	3:14-18
	
	N
	Y

	13/07/05
	8
	
	
	Y
	Y
	12s
	Y
	Y
	8:07-17
	12-17
	N
	Y

	14/07/05
	
	
	
	Y
	Y
	12s
	Y
	Y
	8:07-18
	07-18
	 1536
	Y

	15/07/05
	
	
	
	Y
	Y
	12s
	Y
	Y
	4:07-11
	07-11
	N
	Y 

	16/07/05
	
	
	
	Y
	Y
	12s
	Y
	Y
	
	
	N
	Y

	17/07/05
	
	
	
	Y
	Y
	12s
	Y
	Y
	
	
	N
	Y


	Date
	Chilbolton
	Larkhill
	Linkenholt
	Faccombe

	
	CSIP  IOP
	Radiosondes
	Radiosondes
	Wind Profiler
	GPS
	Radiometer
	Ceilometer
	Webcam
	Radiosondes
	IR camera
	LIDAR
	Radiometer

	18/07/05
	9
	 
	
	Y
	Y
	12s
	Y
	Y
	 
	
	Y
	Y

	19/07/05
	
	 
	
	Y
	Y
	12s
	Y
	Y
	 
	
	Y
	Y

	20/07/05
	
	 
	
	Y
	Y
	30s
	Y
	Y
	 
	
	N
	Y

	21/07/05
	
	 
	
	Y
	Y
	30s
	Y
	Y
	 
	
	N
	Y

	22/07/05
	
	 
	
	Y
	Y
	30s
	Y
	Y
	 
	
	N
	Y

	23/07/05
	10
	 
	
	Y
	Y
	30s
	Y
	Y
	 
	 
	N
	Y

	24/07/05
	11
	 
	
	Y
	Y
	30s
	Y
	Y
	 
	 
	N
	Y

	25/07/05
	
	 
	
	Y
	Y
	30s
	Y
	Y
	 
	
	N
	Y

	26/07/05
	
	 
	
	Y
	Y
	30s
	Y
	Y
	 
	
	Y
	Y

	27/07/05
	
	 
	
	Y
	Y
	30s
	Y
	Y
	 
	
	N
	Y

	28/07/05
	12
	 
	
	Y
	Y
	30s
	Y
	Y
	 
	
	Y
	Y

	29/07/05
	
	 
	
	Y
	Y
	30s
	Y
	Y
	 
	
	Y
	Y

	30/07/05
	
	 
	
	Y
	Y
	30s
	Y
	Y
	 
	 
	
	Y

	31/07/05
	
	 
	
	Y
	Y
	30s
	Y
	Y
	 
	 
	
	Y

	01/08/05
	13
	 
	
	Y
	Y
	30s
	Y
	Y
	4:12-17
	
	N
	Y

	02/08/05
	
	 
	
	Y
	Y
	30s
	Y
	Y
	7:08-18
	
	N
	Y

	03/08/05
	
	 
	
	Y
	Y
	30s
	Y
	Y
	12:08-20
	
	N
	Y

	04/08/05
	
	 
	
	Y
	Y
	30s
	Y
	Y
	11:08-18
	
	N
	Y

	05/08/05
	
	 
	
	Y
	Y
	30s
	Y
	Y
	 
	
	N
	Y

	06/08/05
	
	 
	
	Y
	Y
	30s
	Y
	Y
	 
	 
	N
	Y

	07/08/05
	
	 
	
	Y
	Y
	30s
	Y
	Y
	 
	 
	N
	Y

	08/08/05
	
	 
	
	Y
	Y
	30s
	Y
	Y
	 
	
	N
	Y

	09/08/05
	
	 
	
	Y
	Y
	30s
	Y
	Y
	 
	
	Y
	Y

	10/08/05
	
	 
	
	Y
	Y
	30s
	Y
	Y
	 
	
	N
	Y

	11/08/05
	14
	 
	
	Y
	Y
	30s
	Y
	Y
	 
	
	Y
	Y

	12/08/05
	
	 
	
	Y
	Y
	30s
	Y
	Y
	 
	
	Y
	Y

	13/08/05
	15
	 
	
	Y
	Y
	30s
	Y
	Y
	 
	
	N
	Y

	14/08/05
	
	 
	
	Y
	Y
	30s
	Y
	Y
	 
	
	N
	Y

	15/08/05
	
	 
	
	Y
	Y
	30s
	Y
	Y
	 
	
	N
	Y

	16/08/05
	
	 
	
	Y
	Y
	30s
	Y
	Y
	 
	
	Y
	Y

	17/08/05
	
	 
	
	Y
	Y
	30s
	Y
	Y
	 
	
	Y
	Y

	18/08/05
	16
	 
	
	Y
	Y
	30s
	Y
	Y
	 
	
	Y
	Y

	19/08/05
	17
	 
	
	Y
	Y
	30s
	Y
	Y
	 
	
	Y
	Y

	20/08/05
	
	 
	
	Y
	Y
	30s
	Y
	Y
	 
	
	N
	Y

	21/08/05
	
	 
	
	Y
	Y
	30s
	Y
	Y
	 
	
	N
	Y

	22/08/05
	
	 
	
	Y
	Y
	30s
	Y
	Y
	 
	
	N
	Y

	23/08/05
	
	 
	
	Y
	Y
	30s
	Y
	Y
	 
	
	Y
	Y

	24/08/05
	
	 
	
	Y
	Y
	30s
	Y
	Y
	 
	
	N
	Y

	25/08/05
	18
	 
	
	Y
	Y
	30s
	Y
	Y
	 
	
	Y
	Y

	26/08/05
	
	 
	
	Y
	Y
	30s
	Y
	Y
	 
	
	N
	Y

	27/08/05
	
	 
	
	 
	 
	30s
	Y
	 
	 
	 
	N
	N

	28/08/05
	
	
	
	
	
	30s
	Y
	
	
	
	N
	N

	29/08/05
	
	 
	
	Chilbolton
	
	30s
	Y
	
	 
	 
	N
	N

	30/08/05
	
	 
	
	
	
	30s
	Y
	
	 
	
	N
	N

	31/08/05
	
	 
	
	
	
	30s
	Y
	
	 
	
	N
	N

	1/09/05
	
	 
	
	
	
	30s
	Y
	
	 
	
	N
	N

	2/09/05
	
	 
	
	
	
	30s
	Y
	
	 
	
	N
	N


3. Daily Summaries

The following figures show time-height cross sections of profiles retrieved from the radiometer data alone using Radiometrics Neural Network algorithm trained on 3 years of radiosonde data from Lindenberg (at 00, 06, 12, 18 UTC). This replaced the usual coefficients derived from training the neural network using 10 years data from Camborne, as these were found to produce large biases, especially in the humidity profiles in warm conditions, when the surface temperature exceeded that experienced at Camborne. This illustrates the problems encountered when applying a neural network outside the range of its training dataset. 
The figures show the retrieved temperature, wet-bulb potential temperature, relative humidity and cloud liquid water content from 0 – 2 km over ~12 hours on each day when sondes were launched from Linkenholt. The colour scales are constant for all plots – from blue to red representing T = 270 – 300 K, (w =282-292 K, RH = 0 – 100 %RH and 0-1 g/m3, respectively. The radiosondes’ profiles are superimposed on the radiometer retrievals, outlined with black vertical bars. The cloud base height observed by the ceilometer are also plotted.

The figures show the radiometer captures a lot of variation on time-scales not adequately represented by even hourly radiosondes. They also show that the radiometer does not have adequate vertical resolution to reproduce small inversions above 1 km. It also tends to spread the surface humidity measurements too deeply in the vertical. The radiometers cloud retrievals are obviously not as sensitive as the ceilometers. The comparison also shows the radiometers tendency to put the cloud base too low and retrieve erroneous cloud in very warm, clear conditions. The former is believe to be due to a 4 K warm bias in the infrared radiometer; the latter is due to emission by water vapour in the IR, which is not adequately represented in the forward model used to train the neural network.
[image: image1.png]Hight {um)

Hight {um)

Hight {um)

Hight {um)

12/07/2005 Wet—bulb Potential Temparaturs

Tims (bve)

0

Tims (bve)

12/07/2005 Relative Hurnidity

1

| O

0

Tims (bve)

1





Figure 1- Time/height cross section of Radiometer retrievals of Temperature (top) 270 – 300 K, Wet-bulb Potential Temperature (2nd) 282 – 292 K, Relative Humidity (3rd) 0 – 100 %RH and Liquid Water Content (bottom) 0-1 g/m3  from Linkenholt for 12/7/05. Columns with black borders indicate radiosonde profiles. White dots show LD-40 cloud base observations.
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Figure 2 - As above, but for 13/7/05
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Figure 3 - As above, but for 14/7/05
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Figure 4 - As above, but for 15/7/05
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Figure 5 - Time/height cross section of Radiometer retrievals of Temperature (top), Relative Humidity (Middle) and Liquid Water Content (bottom) from Linkenholt for 1/8/05. Columns with black borders indicate radiosonde profiles. 
White dots indicate cloud base observations from LD-40 ceilometer.
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Figure 6 - As above, but for 2/8/05. Including Power Outage 0730-0946z.
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Figure 7 - As above, but for 3/8/05

[image: image8.png]Hight {um)

Tims (bve)

04/08/2005 Liguid ater

2
Tims (bve)





Figure 8 - As above, but for 4/8/05

Static Stability

It is also possible to calculate the wet-bulb potential temperature, (w,  from the retrieved profiles of temperature and humidity (or retrieve it directly with some development work). This is a particularly useful parameter for diagnosis of static stability for convection forecasting. The following figures illustrate (w during the development of a convective boundary layer on 14/7/05, when there was a slack geostrophic gradient and other terms affecting the stability were small.

[image: image9.png]T | T

(0) smipsedws) iopusiod ana—iem

20
12

|

20

uﬁ—\’
00

(wnt) WBler

10
Time (hrs) 14/07/2005




Figure 9 - Time-height plot of retrieved wet-bulb potential temperature ((C) calculated from radiometer retrievals showing stable and unstable periods.
White crosses show the cloud base height observed by the LD-40 ceilometer.

Figure 9 show (w up to 2km over the whole day. Until 06:30 UTC there is a positive vertical gradient near the surface (i.e. d(w/dz > 0 K/km) resulting in stable conditions typical of the nocturnal boundary layer. During the morning, as the Sun warms the surface, the boundary layer becomes unstable to convection up to 1 – 1.5 km, as shown by a negative vertical gradient of (w. Once convection reaches the lifting condensation level, cumulus form. These are seen initially at 900 m at 11:20 UTC, but the cloud base soon increases to 1400 m, after which the vertical gradient of (w decreases as the humidity in the boundary layer becomes dilute and the cumulus dissolve.

Figure 10 shows a zoom in on 30 min around noon to illustrate the magnitude of individual convective eddies <<1(C on time scales of ~5 minutes. This shows that these eddies are right on the limit of what the radiometer can resolve. However, further investigation by comparison with wind profiler signals is needed to establish whether these fluctuations are associated with genuine atmospheric features or are a calibration artefact.
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Figure 10 - Time-height plot of retrieved wet-bulb potential temperature ((C) calculated from radiometer retrievals showing structure of individual convective eddies.
White crosses show the cloud base height observed by the LD-40 ceilometer.

4. Statistical Performance of Neural Network Retrievals
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Figure 11 - Statistics of Radiometrics neural net retrievals at Linkenholt during CSIP.
Upper 4 panels – using coefficients derived from Camborne, Lower 4 – using Lindenberg.
Red dot-dashed line shows the rms of the training dataset (Camborne 10 yr). 55 cases.
Green dotted line show the standard deviation of the 57 radiosondes.
Figure 11 shows both neural networks do a reasonable job of retrieving temperature profiles up to 2km – the biases aren’t too bad and the standard deviation is only a little larger than the theoretical value (red dot-dash line). However at higher levels, the temperature profiles become strongly negatively biased and the standard deviation increases more rapidly with height than expected. This is believed to be associated with the positive humidity bias at these levels, because the channels giving information here are sensitive to both temperature and humidity. 
The humidity retrievals from the neural network trained on Camborne data show a strong negative bias in the boundary layer, and positive bias at higher levels. This is much reduced in the Lindenberg version of the neural network. This suggests that some of the bias is being introduced as a result of applying the Camborne neural network outside the range of its training dataset. Further evidence to support this is seen when examining how the humidity retrieval biases tend to jump when the surface temperature exceeds ~25ºC (not shown). The residual humidity bias dipole may be partially due to the poor vertical resolution. The retrievals’ standard deviation is also much larger than that of the (annual) training dataset, although this is not surprising as the test dataset contains only summer daytime values with much higher absolute humidity. 

5. Integrated Water Vapour

The Integrated Water Vapour (IWV) retrieved by the 2 neural networks have been compared to that measured by the 55 RS92 radiosondes launched from Linkenholt. The results are summarised in Table 1. The bias is reduced slightly when using the Lindenberg neural network, while the standard deviation is not significantly changed. Further analysis of IWV will be conducted when the GPS data from Linkenholt are available.
[image: image13.png]. P
B ]

. y s - . y s s

H Jesi gl
ié P
E%_ H





Figure 12 - Time Series of IWV at Linkenholt for days with radiosondes
Black - radiometer IWV [kg/m2] 
Red - radiosonde IWV [kg/m2] 
blue - radiometer Integrated Liquid Water ILW*10 [kg/m2]

The 1st two days (13 and 14 July 2005) were very hot with strong sunshine. This is likely to bias the humidity sensor on the RS92 so it underestimates IWV by as much as 3kg/m2 [John Nash, personal communication]. 

Otherwise the radiometer IWV tracks that from the radiosondes nicely, although the radiosondes do not show the spikes associated with clouds seen in the radiometer IWV time series. This may be partly a sampling problem, or a bias in the retrievals in the presence of liquid water.

The spikes in the radiometer IWV retrievals may be real, but may also be artefacts of the emission by liquid water. Comparison with high time resolution GPS data may help resolve this (when it becomes available).

Table 1 - Statistical Performance of Neural Networks’ IWV Retrievals
	
	IWV bias
	IWV SD



	Camborne Coeffs
	+0.9 kg/m2
	+0.6 kg/m2

	Lindenberg Coeffs
	+0.4 kg/m2
	+0.7 kg/m2


6. Comparison of observed brightness temperatures with modelled sondes
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Figure 13 - Modelled-Observed Zenith Brightness Temperatures during CSIP in Linkenholt. 
Each point is 1 radiosonde, modelled using MPM87((), MPM89((), MPM93(x), Ros98(+), Lil05(*). Solid lines show the linear regression through all point for each model (same colour).

These results do support Liljegren’s proposed changes to the width of the 22.235 GHz line.

Freqmono ------------Average Bias (K)------------  StDev  Sigma

 (GHz)   MPM87  MPM89  MPM93  Ros98  Ros03  Lil05  Ros98  Ros98

 22.205  2.341  2.944  1.127  3.195  3.078  1.132  1.130  0.877

 23.040  1.941  2.408  0.572  2.638  2.524  1.063  0.851  0.743

 23.835  0.558  0.816 -0.925  0.990  0.890  0.238  0.787  0.631

 26.230  0.314  0.411 -1.121  0.409  0.341  0.484  0.705  0.356

 30.005  1.224  1.432 -0.226  1.251  1.194  1.214  0.605  0.570

 51.255  2.966  0.438  0.646  0.943  0.862  0.457  0.646  0.430

 52.285  1.066 -1.930 -0.759 -1.307 -1.369 -1.687  0.541  0.421

 53.855 -0.592 -0.486 -1.058 -1.111 -1.126 -1.202  0.377  0.327

 54.935 -0.021  0.253 -0.085 -0.008 -0.010 -0.017  0.282  0.282

 56.655 -0.011  0.070 -0.023  0.008  0.008  0.007  0.278  0.277

 57.285 -0.530 -0.495 -0.539 -0.509 -0.509 -0.509  1.284  1.057

 58.800 -0.049 -0.124 -0.055 -0.033 -0.034 -0.034  0.436  0.445

It is also clear that the 57.29 GHz channel is getting worse! 
But the bias in the other high frequency channels have been corrected.
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