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Grid Technology and Neural Networks for the Analysis of Atmospheric Ozone from Satellite Data

The problem of the retrieval of spatial ozone distribution from radiance measurements collected by the GOME (Global Ozone Monitoring Experiment) instrument on board of ERS-2 satellite is addressed. We propose a neural network approach for the implementation of the inversion method in a Grid technology environment

Introduction

Grid is a type of parallel and distributed system that enables the sharing, selection, and aggregation of resources distributed across "multiple" administrative domains according to their availability, capability, performance, cost, and users' quality-of-service requirements [START_REF] Foster | The Grid: Blueprint for a New Computing Infrastructure[END_REF]. Conversely from a cluster, where all nodes work cooperatively with common goal and objective but the resource allocation is performed by a centralised, global resource manager, in Grid, each node has its own resource manager and allocation policy. In a wide sense, the main purpose of Grid technology aims at developping an effective multidisciplinary, widely distributed, computing network (from PC to supercomputers), through very high speed connectivity, based on user-transparent computing services (middle-ware) offered via Internet (open software) to the application user community.

In the field of Earth Observation (EO), space missions involve the download, from space to ground, of more then 100 Gigabytes of raw images per day. Dedicated ground infrastructures have been set up to handle the data produced by instruments onboard the satellites. One of the challenges for the grid technology in this case is to provide a secure and highly controlled collaborative science infrastructure together with high performing processing and high-speed network developments. Scalability of hardware and software to perform at least 1000 times faster of present technology capabilities (i.e. Gbps networks, Gflops computing power and Petabyte memories) is part of the Grid vision.

At this moment, however, the main goal is to identify, detail and prepare specific applications to demonstrate end-to-end services with user involvement. In such a scenario, European Space Agency has selected the analysis of atmospheric ozone data as a specific testbed for the DataGrid project. In general, the purpose is to demonstrate an improved way to access and process large volumes of EO data stored in distributed European-wide archives and suggest possible solutions when even more demanding processing resources will be required to cope with the data rates of future sensors. In the specific case this would allow data mining and systematic processing, which is not possible today, on long time series of atmospheric Ozone data derived from sensors onboard of ERS and ENVISAT satellites. The inclusion of end-to-end scenarios with multi-source access, including, for example, climate databases information, has been also considered in the testbed.

For such an applicative environment, the use of Grid technology implies the consideration of some scheduling intelligence aspects, particularly important if the data to be processed are local to the processor. These include the adaptation of processing algorithms to Grid requirements, the procurement and adaptation of archiving systems to Grid and data access requirements, the installation of the Grid middleware component at various sites, the development of user interface for the Grid infrastructure for use by EO scientists (i.e. not information technology specialists) .

This contribution focuses onto the first issue. In particular, facing with the problem of the retrieval of spatial ozone distribution from radiance measurements collected by the GOME (Global Ozone Monitoring Experiment) instrument on board of ERS-2 satellite, we propose a neural network approach for the implementation of the inversion method. In fact, neural networks have several properties which make them particularly suitable to be embedded in a Grid environment. First of all, their portability and capability of being easily plugged into a data-processing chain, the kernel of the algorithm basically consisting of the set of coefficients calculated during the training phase. Moreover, neural networks are extremely fast in their response and show good properties of fault tolerance. In the following we report more details on the designed inversion procedure and on the obtained results.

Neural Network algorithm

Although retrieval of ozone profiles from backscattered UV spectra is an under-constrained problem, measurements, a priori information, and atmospheric radiative transfer models can be used with an Optimal Estimation method to yield sufficient constraint to be applied, while retaining flexibility in profile estimation. This allowed retrieval algorithms of ozone profiles from GOME spectra to be designed. However, in general, all these techniques put significant demand on the available CPU, the implementation of the forward modelling being required. In some cases simplified radiative models enable near real time delivery [START_REF] Van Der A | Ozone profile retrieval and its application to the polar view mode of GOME[END_REF]. But, of course, the less complex is the model, the faster is the retrieval procedure, the less accurate is the estimation. Ozone profile estimation from GOME has been also set up at the Rutherford Appleton Laboratory (RAL, http://www.rl.ac.uk) [START_REF] Siddans | Height-resolved ozone information in the troposphere and lower stratosphere from GOME[END_REF]. Here retrieval algorithms are more long time consuming and the procedure is off-line. However, the method, based on a two step scheme using GOME Band 1A (237-307 nm) and 2B (312-405 nm) measurements, produces very high quality results.

Neural networks have been already proven a useful tool for remote sensing of the atmosphere as well [START_REF] Del Frate | Nonlinear principal component analysis for the radiometric inversion of atmospheric profiles by using neural networks[END_REF], and in particular for monitoring the spatial distribution of ozone concentration [START_REF] Jimenez | A neural network technique for inversion of atmospheric observations from microwave limb sounders[END_REF], [6]. Thanks to nonlinear computational elements and a parallel structure neural networks are inherently attractive for addressing nonlinear problems. The derivation of particular rules or statistical a priori information on the data to be processed is not necessary in this approach. The neural networks establish the inverse mapping and the input-output discriminant relations on the base of data presented to them during the learning phase.

The underlying idea of our implementation is to train a neural network using already existing RAL retrieved ozone profiles and to use the trained net for new estimations. In the learning phase, the generation of a statistically robust set of input-output pairs is necessary, where the input vector consists of quantities derived by the GOME measurements and the output vector of the ozone concentration profile that, for the same measurements, has been estimated by RAL. The method should be able to take advantage either of the high retrieval accuracy characterizing the profiles provided by RAL, or of the potentialities of the neural network which, once the training process was completed, is able to give the new estimations in real time.

Results

It is a common feature to validate satellite data by using ground-based or balloon and aircraft borne measurements. A first attempt to validate the GOME ozone profile has been carried out by using lidar ozone measurements performed at OHP, France (43.9° N, 5.7° E) [7]. The validation procedure was also conceived as a test of the grid infrastructure developed by the project, the data used for validation being stored on the grid. From lidar-GOME intercomparisons we observed that the retrieved information is generally rather reliable, three examples are reported in Fig. 1. For instance, as far as the location and the intensity of the peak of ozone concentration is concerned, a good agreement has been observed between the NN procedure and the lidar measurements. However, we also noted the presence of some discrepancies, maybe due to the large time shift between the measurements, GOME observing during around 10 am and the lidar during nighttime. It has to be stressed that, thanks to the Grid architecture and the on-line peculiarity of the neural algorithms more than 50 millions of ozone profiles were made retrievable, indeed, few seconds are sufficient to characterize all the atmosphere surrounding the Earth in terms of ozone concentration. 
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 1 Figure 1: Intercomparisons between lidar measurements and profiles obtained with GOME data and neural networks
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