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Abstract

The UK Met Office is currently developing proposals for its Upper-Air network for the next decade (2010 – 2020). The Future Upper-air Network Development project (FUND) has developed a ‘Roadmap’ which encompass all the development of upper air instrumentation and methods of using their observations in retrieving atmospheric profiles of wind, temperature, humidity and cloud, as well as their assimilation into National Weather Prediction Models. These developments are required to demonstrate the likely impact of the observations in order to evaluate the benefit of different scenarios for future upper air networks to complement satellite observations and the Doppler weather radar network. These include combinations of radiosondes, wind profilers, microwave radiometers, GPS receivers and cloud radars coupled with laser ceilometers. The Upper Air ‘Roadmap’ is about exploring the capabilities and possible synergies of these remote sensing systems. This requires ‘Testbed’ deployments of prototype Integrated Profiling Stations over extended periods to test the impact of the observations on a statistical basis and allow case studies of extreme events to be investigated.

This presentation will document the instrument tests (ground based observing sites), currently being investigated (logistics & operations) at a single site (Camborne, UK) with plans to install a more complex ‘testbed’ network in South-East England by early 2009.

What is FUND?

The Future Upper-air Network Design (FUND) Project will define and then implement the terrestrial component of the synoptic Upper-air observing network required to meet the needs of high resolution Numerical Weather Prediction (NWP) in the UK from 2012 onwards. The data obtained from the new observing network will also be available for forecasters. It is expected that a high density Upper-air ‘testbed’ network will be established in the South East of the UK during early 2009 and impacts on weather forecasting studied over the following 2 years. Costed options will be produced for different network scenarios so a decision can be made as to which combination of equipment needs to be procured and installed from 2012. Whilst primarily focusing on the data needs for future high-resolution models and high-impact weather forecasting this project will also investigate the cost effectiveness of both the existing and future instrumentation and ensure that the operational suitability of this systems are evaluated.  
Although current efforts are primarily focused on the procurement and testing of instrumentation for the ‘testbed’ sites, this project also has separate work packages concentrating on the data integration (see presentation by Catherine Gaffard et al) and data assimilation. This should ensure that the ‘end to end’ requirements of the upper-air data are captured and studied within the project which hopefully will result in a successful implementation.         

How will the FUND differ from our current Upper-air system?

FUND will ultimately introduce significant changes into the current Upper-air network by utilising observations from the existing Upper-air networks as well as identifying methods of integrating new observational capabilities, and by improving their interfaces with forecasting and NWP systems. The first stage of the project will deliver a high density Upper-air observing testbed network in the South East of the UK to deliver the necessary data to evaluate the benefits of additional observations from a combination of ground-based remote sensing instrumentation and existing Upper-air systems such as radiosondes, AMDAR and Radar.

The high density testbed will collect data during a two year period for the Summer/Autumn 2009, Winter/Spring 2009/2010 and Summer/Autumn 2010 periods.  .

What type of Upper-air instruments will be used in the South East of England FUND testbed field experiment?

It is planned that the testbed field experiments will use data from Doppler Weather Radars (Chenies and Dean Hill), Lidars (Chilbolton,Herstmonceux, Wattisham and Cardington ), Wind Profiler Radars (Chilbolton, Wattisham and Cardington), Microwave Radiometers (3 sites), GPS Water Vapour (Chilbolton,Herstmonceux, Wattisham and Cardington ), Aircraft (AMDAR at LHR/Gatwick), two cloud radars (Chilbolton and Herstmonceux for the Winter campaign and Wattisham and Cardington for the Summer campaign ) and radiosonde launches at each site for validation. Figure 1 below provides a schematic of the proposed ‘test-bed’.
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    Figure 1 - The South East of England FUND testbed field experiment

What FUND will improve?
The FUND Project will improve the current Upper-air network by delivering a revised cost-effective Upper-air observing network that will meet the needs of High Resolution NWP for high-impact short range weather forecasting in the UK for the period 2012 – 2025 by providing the following:

· Increased capability of UK terrestrially based Upper-air observing network to more fully meet the needs of High Resolution NWP forecasting of high impact weather events and warnings;

· Reduced reliance of the Met Office on equipment obsolescence for the future provision of key information for high impact weather forecasting;

· Reduced unit operating cost of UK terrestrially based upper air observations network compared with the existing baseline;

· Influence on the development of European ground based remote sensing system through international collaborative projects (COST Action ES0702 EG-CLIMET)
FUND Instrumentation in operational use or currently under evaluation in the UK
1
Cloud Radar

The cloud radar provides continuous monitoring of the presence of most low cloud and fog, and also cloud at medium and upper levels. It can also identify when light drizzle is falling from low cloud. It is expected to be used to identify fog top, cloud top in a large number of cases and also the occasions when drizzle and light rain are falling from clouds.  It may also be used to identify the distribution of the rain and ice particles within the cloud. 
	[image: image1.jpg]



	


Figure 2 - 94 GHz FMCW Cloud radar 
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Figure 3 - Cloud Radar imagery

2
Microwave Radiometer 

The latest generation of microwave radiometers are capable of observing at the high temporal resolution necessary to identify the liquid water properties of passing clouds, and thus also provide better estimates of the temperature and humidity profiles in the atmosphere, both under the cloud and in clear air. The instruments have been reengineered, incorporating new technology, so that they are now much cheaper than when the original development microwave radiometer was purchased. The development microwave radiometer has been the most reliable upper air observing system tested by the upper air team in recent years. Thus, we would expect that maintenance costs of the equipment would be extremely low.
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Figure 4 - 12 channel Microwave radiometer  Figure 5 - HATPRO Radiometer
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Figure 6 - Microwave radiometer imagery

3
Degreane Horizon wind profiler

The DEGREANE HORIZON wind profiler is a pulsed Doppler RADAR, which can include an acoustic sounding sub-system (RASS) used to provide temperature measurements. It uses as a tracer the refractive index fluctuations of the air created by turbulence.

The Doppler velocity measurement associated to the advected turbulence provides the radial component of the wind speed in the direction of the main RADAR beam. A set of measurements in three independent directions is necessary to reconstitute the three wind components (calculation of projections U, V, W).

The wind profiler generates high powered pulses (vertically from the site and in four oblique directions determined by each RADAR beam) and receives echoes backscattered by clear air inhomogeneities. After amplification, appropriate signal processing is used to determine the vertical wind profile. 
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Figure 7 - This image illustrates the Degreanne wind profiler installed at Payerne. The FUND project is currently procuring a similar unit.
4
GPS Water Vapour

The path delay between a Global Positioning System (GPS) satellite and a ground based receiving station depends (after elimination of ionospheric effects) on the integral effect of the densities of dry air and water vapour along the signal path. The slant delay is referred to the vertical by a mapping function so the resulting tropospheric zenith total delay (ZTD) gives a measure for the integrated tropospheric condition. The ZTD is now a standard product from a network of permanent GPS stations. It is the ZTD which the GPS processing software (Bernese) estimates from the GPS signal and it is this measure which is used for assimilation into NWP models. 

Due to the fact that electromagnetic propagation effects have the same effect on each of the two GPS signals, we can mathematically combine the delays to a hypothetical and resolve the ionospheric delay. 

Various quality assessment trials of GPS data against radiosonde, microwave radiometer and model data has concluded that the water vapour information is of adequate quality for use in operational meteorology and brings the following benefits to the Integrated Observing System:

· GPSWV is able to produce atmospheric delay which can be converted into water vapour (1mm IWV = 3-5% RH) 

· Assimilation of delay parameter into NWP Mesoscale model has seen up to 4% reduction of StdDev in surface temp

· Assisting forecasters by observing humidity fields (particularly useful for extreme weather event monitoring/forecasting)

· Data archived for long term climate change studies
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Data used to compliment or validate other instruments - RS, MWR, satellite WV (low vs. upper level WV)
	
	


Figure - 10 GPS Local Antenna                     Figure 11 - GPS Integrated Water Vapour product
5
Lidar

5a
Laser Ceilometer (Jenoptik CHM 15K & Vaisala CT25K)
Lidars (Light Detection and Ranging) operate similar to a Doppler radar.   They transmit pulses of radiation, measuring the backscattered energy and the Doppler shift (similar to the 88-D). The Lidar beam, however, is very narrow, since it is basically a laser beam of visible or infrared radiation (very short wavelength).  The primary source of scatterers for a Lidar are atmospheric aerosols and for some Lidars, air molecules.  Recall that the wavelength for the Lidar transmitted energy is near/in the visible spectrum. 

One of the objectives of the current Instrumentation Evaluation and Preparation stage was to identify suitable Lidars of differing wavelengths to be used during the FUND South East of England testbed field experiments, to provide good representation of the cloud vertical profile. The stage has concluded that this is achieved by using the Jenoptik CHM15k 1064nm and Vaisala CT25K 905nm in combination with a Cloud Radar.
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	Figure 12 Jenoptik CHM15k 1064nm                  Figure 13 – Vaisala CT25K
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