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1. Introduction

1.1 Purpose and scope

The Data User Programme (DUP) is an optional programme of ESA which aims at supporting Industry, Research Laboratories, User Communities as well as European and National Decision Makers to bridge the gap that exists between research at the level of pilot projects and the operational and sustainable provision of Earth Observation products at information level.

TEMIS is a project (started September 2001) in response to an Invitation To Tender from ESA in the context of ESA's Data User Programme. The aim of the project is the delivery of tropospheric trace gas concentrations, and aerosol and UV products, derived from observations of the nadir-viewing satellite instruments GOME and SCIAMACHY.

This document contains the validation approach and results of the products for TEMIS. The current version is part of the final deliverables of the implementation phase of TEMIS.

The data products, images and reading routines can be found on the web-site www.temis.nl. A description of the products and their retrieval is presented in the Service Report.

1.2 Document overview

Section 1 contains the introduction and applicable documents. Sections 2 to 9 give detailed descriptions of the product validation.

1.3 Definitions, acronyms and abbreviations

	AMF
	Air-Mass Factor

	AOD
	Aerosol Optical Depth

	ATSR
	Along Track Scanning Radiometer

	AATSR
	Advanced Along Track Scanning Radiometer

	ASCAR
	Algorithm Survey and Critical Analysis Report

	BIRA-IASB
	Belgian Institute for Space Aeronomy

	BrO
	Bromine Oxide

	CCD
	Convective Cloud Differential 

	CH2O
	Formaldehyde

	DLR
	German Aerospace Centre

	DOAS
	Differential Optical Absorption Spectrometry

	DUP
	Data User Programme

	ENVISAT
	Environmental Satellite

	ERS
	European Remote Sensing Satellite

	ESA
	European Space Agency

	ESRIN
	European Space Research Institute

	EUMETSAT
	European Organisation for the Exploitation of Meteorological Satellites

	FRESCO
	Fast Retrieval Scheme for Cloud Observables

	GOFAP
	GOME Ozone Fast Delivery and value-Added Products 

	GOME
	Global Ozone Monitoring Instrument

	ISAC
	Institute of Atmospheric and Climate Sciences ( formerly ISAO )

	ISCCP
	International Satellite Cloud Climatology Project

	KNMI
	Royal Netherlands Meteorological Institute

	LIDORT
	Linearized Discrete Ordinate RTM

	LUT
	Look-Up Table

	METEOSAT
	Meteorological Satellite

	NDSC
	Network for the Detection of Stratospheric Change

	NO2
	Nitrogen Dioxide

	NOx
	Nitrogen Oxides (NO+NO2)

	NOAA
	National Oceanic and Atmospheric Administration

	NRT
	Near-Real Time

	PSD
	Product Specification Document

	RIVM
	National Institute of Public Health and the Environment

	RTM
	Radiative Transfer Model

	SCIAMACHY
	SCanning Imaging Absorption spectroMeter for Atmospheric CartograpHY

	SDD
	Service Definition Document

	SDP
	Service Development Plan

	SO2
	Sulphur Dioxide

	TBC
	To Be Confirmed

	TBD
	To Be Defined

	TEMIS
	Tropospheric Emission Monitoring Internet Service

	TOA
	Top Of Atmosphere

	TOMS
	Total Ozone Mapping Spectrometer

	USD
	User Specification Document

	URD
	User Requirements Document


1.4 Applicable Documents

	AD-1
	Data User Programme II period 1st call For Proposal ref:EEM-AEP/DUP/CFP2001

	AD-2
	User Specifcation Document, v1.4, TEM/USD/005, May 2002

	AD-3
	User Requirement Document, v2.0, TEM/URD/006, October 2002

	AD-4
	Algorithm Survey and Critical Analysis Report, v1.2, TEM/ASCAR/003, May 2002


2. FRESCO

2.1 Validation Approach

2.1.1 MODIS

MODIS (Moderate Resolution Imaging Spectroradiometer) is an instrument aboard the TERRA (EOS AM) and AQUA (EOS PM) satellites. TERRA is flying in sun-synchronous polar orbit with an descending node at the equator of 10.30 AM local time and AQUA has an ascending node with a local time of 13.30 PM. The MODIS instrument is viewing the entire Earth's surface every 1 to 2 days, acquiring data in 36 spectral bands ranging in wavelength from 0.4 µm to 14.4 µm. Since the TERRA orbit shows the most similarity with the SCIAMACHY orbit, only data from TERRA is considered.

For our intercomparison we use the global, level-3 MODIS product, the so-called MOD08_D3 files. These contain a day of 1 x 1 degree grid average values of atmospheric parameters related to atmospheric aerosol particle properties, total ozone burden, atmospheric water vapor, cloud optical and physical properties, and atmospheric stability indices. From these files we use only the observations on the day-side of an orbit.

2.1.2 GOME

The FRESCO method was originally developed for near-real-time ozone column retrieval from GOME. The SCIAMACHY FRESCO algorithm has been based on this algorithm. 

The FRESCO method for GOME is validated using ATSR-2 data [Koelemeijer et al., 2001], and a comparison is made with cloud top pressures and effective cloud fractions of ISCCP on a monthly average basis [Koelemeijer et al., 2002]. Recent validation of several cloud retrieval methods [Grzegorski et al., 2003] presented on the EGS in 2003 showed that FRESCO performs very well except for the Sahara region.

GOME and SCIAMACHY are very similar instruments, which make them ideal for validation purposes. Also the orbit is the same with a time differences of half an hour. The GOME data is gridded to 1 by 1 degree before comparison.

2.1.3 References

· Koelemeijer, R. B. A., P. Stammes, J. W. Hovenier, and J. F. de Haan, A fast method for retrieval of cloud parameters using oxygen A band measurements from GOME, J. Geophys. Res., 106, 3475-3490, 2001.

· Koelemeijer, R. B. A., P. Stammes, J. W. Hovenier, and J. F. de Haan, Global distributions of effective cloud fraction and cloud top pressure derived from oxygen A band spectra measured by the Global Ozone Monitoring Experiment: comparison to ISCCP data, J. Geophys. Res., 107, 2002.

· Grzegorski, M. et al., A new cloud algorithm for GOME: Heidelberg Iterative Cloud Retrieval Utilities (HICRU), presented at the EGS, Nice 2003.

2.2 Intercomparison with MODIS cloud fraction

An intercomparison has been made between the cloud fraction and top-pressure of FRESCO-SCIAMACHY and MODIS for the day of April 14, 2003. Both data has been bin on 1 by 1 degree grid cells before comparison. Grid cells with 5 or less observations of SCIAMACHY are rejected. The comparison for the cloud-top pressure has been done only if the cloud fraction was higher than 10 %.

The different resolution of the original observation of MODIS and SCIAMACHY result in a high variability of cloud fraction values above land. Therefore, a land-sea mask is used to perform the comparison only for pixels above sea surface. This avoids also difficult snow-covered regions and the known FRESCO problem above the Sahara region.

The results for cloud fraction are plotted in Figure 2.A and for cloud-top pressure in Figure 2.B
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Figure 2.A
Cloud fraction of MODIS against the cloud fraction of SCIAMACHY for the grid cells of a global field on April 14, 2003.
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Figure 2.B
Cloud fraction of MODIS against the cloud fraction of SCIAMACHY for the grid cells of a global field on April 14, 2003.

It is obvious that especially the cloud fraction is in complete disagreement with each other. The MODIS cloud fraction is often 100 % where SCIAMACHY sees much lower values. This can be explained by the fact that we are dealing with very different instruments. In general, in the infrared used by MODIS more clouds, especially cirrus, are observed than in the visible spectrum used by FRESCO.

In addition to the instrumental differences an error has been reported in the cirrus detection in the SWIR channel of TERRA: “most of the land areas are flagged as 100% cirrus cover”.

From this comparison it can only be concluded that MODIS is not suitable for validation of the FRESCO algorithm.

2.3 Intercomparison with GOME cloud fraction and cloud-top pressure

An intercomparison has been made between the cloud fraction and cloud-top height of FRESCO for SCIAMACHY and GOME for 1, 2 and 3 March 2003. Both data sets have been binned on 1 by 1 degree grid cells before comparison. Grid cells with 5 or less observations of SCIAMACHY are rejected. The comparison for the cloud-top height has been done only if the cloud fraction was higher than 10 %.

The different resolution of the original observation of GOME and SCIAMACHY result in a high variability of cloud fraction values above land. Therefore, a land-sea mask is used to perform the comparison only for pixels above sea surface.

Since there are several software versions of FRESCO in use for GOME and SCIAMACHY, these versions are compared with each other. From this it was concluded that there were only large differences between the FRESCO used on SCIAMACHY data and FRESCO used on GOME data.
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Figure 2.C
FRESCO cloud fraction of GOME against the cloud fraction of SCIAMACHY for the grid cells of a global field on March 1, 2003.

The comparison between FRESCO data from GOME and SCIAMACHY has been showed for the cloud fraction in Figure 2.C and for the cloud-top height in Figure 2.E. A linear dependence (red line) has been fitted through the data. The fitted linear dependence did not change much as function of latitude, cloud fraction or surface type. Considering the cloud fraction calculation in FRESCO Figure 2 C suggests a fixed radiometric mismatch in the SCIAMACHY level 1 data of about 20 %. After testing several radiometric correction factors, it turned out that using a factor of 1.25 gave the best results. An example of the cloud fraction from corrected SCIAMACHY data versus cloud fraction from is given in Figure 2.D
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Figure 2.D
FRESCO cloud fraction of GOME against the cloud fraction of corrected SCIAMACHY spectra for the grid cells of a global field on March 1, 2003.
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Figure 2.E
FRESCO cloud-top height of GOME against the cloud fraction of SCIAMACHY for the grid cells of a global field on March 1, 2003.

The cloud-top height calculation is less sensitive for the absolute radiometric calculation but depends more on the spectral signature. Therefore, the radiometric error on the spectrum can strongly affect the fit of the cloud-top height. The radiometric error as given in the level 1c data is shown in Figure 2F, where you can see that the this error for one wavelength has a very large dynamic range and shows unrealistic patterns. The error is also given in the unit BU, which makes it already useless for the retrieval. The error has been checked for the wavelengths 327, 329 and 334 nm.

Since the radiometric error given in the level 1 data is not very helpful, initially an error of 0.5 % has been used. After testing several fractional error values, it was found that a 5 % error gave the most realistic results for the cloud-top height. The results for the cloud-top height from corrected SCIAMACHY spectra versus GOME cloud-top height is shown in Figure 2G.
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Figure 2F
The radiance error at a wavelength of 327 nm as reported in the level 1c data of March 2, 2003.
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Figure 2.G
FRESCO cloud-top height of GOME against the cloud fraction of corrected SCIAMACHY spectra for the grid cells of a global field on March 1, 2003.

3. GloBAL NO2

3.1 Validation approach and results

3.1.1 Preliminary results of geophysical validation

A few SCIAMACHY NO2 products, where among the TEMIS NO2 product, have been validated by Lambert et al [2004]. The preliminary results of this validation have been presented at the ACVE meeting in 2004. A citation of Lambert’s results regarding the TEMIS NO2 product follows.
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Figure 3.1 – Meridian variation of the mean absolute difference between near real time total nitrogen dioxide in July/November 2002 as reported by NDSC ground-based spectrometers and by the SCIAMACHY NO2 slant columns retrieved from raw level-1 data by the research processor developed at BIRA-IASB, converted into vertical columns by KNMI. (source: Lambert et al.)
“The pole-to-pole comparison between NDSC NO2 data and the SCIAMACHY data set generated at KNMI/BIRA is depicted in Figure 3.1. The main difference is observed at polluted sites of the Northern middle latitudes where the discrepancy between SCIAMACHY and NDSC data reaches values as high as 3.5 1015 molec.cm-2. According to modelling results and (unfortunately non correlated) airborne measurements, such high values would be better estimates of the tropospheric NO2 column. Such a difference between KNMI/BIRA retrievals and retrievals of other institutes is supposed to come mostly from the use of tropospheric AMF. GOME and SCIAMACHY total NO2 retrievals using a pure stratospheric AMF are known to underestimate the vertical column in the presence of tropospheric NO2. Usually limited to 10% to 30%, this underestimation can reach a factor of two under extreme conditions. Another likely source of discrepancy, explaining the difference in behaviour at the stratospheric reference stations of the southern middle latitudes, comes from the use of a correction factor to account for the temperature dependence of the NO2 absorption cross-sections. DAK RTM-computed AMFs approach geometrical AMF values in the clean Southern mid-latitude case. However, the total AMF used in the retrieval is the product of this quasi-geometrical AMF by the temperature correction based on ECMWF analyses. Studies indicate that stratospheric temperatures are typically about 15K lower than the temperature of the cross section used in the DOAS fit (243K, SCIA PFM). The typical NO2 correction applied for such a temperature difference is about -5%, which corresponds to an increase in the reported AMF of 5%. Further quantitative interpretation of the results depicted in Figure 3.1 should take into account also how the temperature effect is taken into account in the retrieval of ground-based NDSC data.”

3.1.2 Model comparison

In this section, the comparison between SCIAMACHY NO2 tropospheric columns and corresponding outputs of the regional chemical-transport model CHIMERE will be shown.

[image: image54.png]
Figure 3.2
Comparisons between daily NO2 tropospheric columns retrieved from SCIAMACHY and that of issued from CHIMERE continental simulations.  a)b)c) mean SCIAMACHY NO2 tropospheric columns respectively for 24/01/2003, 14/02/2003, 25/09/2003. d)e)f) corresponding maps issued from CHIMERE. Unity in 1015molecules/cm3.

Figure 3.2 shows that CHIMERE outputs and SCIAMACHY measurements are consistent in monthly averages. Only cloud free pixels are presented. The model is able to simulate the observed NO2 patterns on the continent but also over the sea (Figures 3.2a and 3.2d). Observations over sea contain new information. In Figures 3.2a and Figure3.2d, two NO2 plumes are visible: one between France and England that is mostly due to the pollution in the south-east of England and that of Benelux (this situation happens on 14/02/2003, Figures 3.3b and 3.3e.), the other one is located in the north-east of England, coming from The Netherlands.

Statistic values are calculated for a comparison between NO2 tropospheric columns retrieved from SCIAMACHY and that from CHIMERE continental simulations. The table below details the statistic values of the comparison of daily averages for each month in 2003. The correlation coefficient shows the spatial consistency in the data. N(obs) corrresponds to the number of observation data. There was no data in November. The unity is 1015molec./cm3
	Date        
	  Bias 
	  RMS  
	Correlation
	Mean_obs 
	Mean_model 
	  N(obs)

	January 
	     2.4 
	     4.0 
	   0.75 
	     5.4 
	     7.8 
	   709 

	Febuary 
	     0.5 
	     5.1 
	   0.80 
	     8.1 
	     8.6 
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	March 
	     1.1 
	     3.2 
	   0.70 
	     3.4 
	     4.5 
	  2347

	April 
	    -1.4 
	     4.0 
	   0.72 
	     5.5 
	     4.2 
	  2635

	May 
	    -0.7 
	     2.6 
	   0.71 
	     3.5 
	     2.7 
	  2797

	June 
	    -0.6 
	     2.2 
	   0.69 
	     3.0 
	     2.4 
	  4519

	July 
	     0.1 
	     2.1 
	   0.71 
	     2.8 
	     2.8 
	  3334

	August 
	    -0.2 
	     1.7 
	   0.72 
	     2.8 
	     2.6 
	  2492

	September 
	     0.7 
	     2.0 
	   0.80 
	     2.9 
	     3.6 
	  3513

	October 
	     1.8 
	     3.0 
	   0.74 
	     3.0 
	     4.9 
	  2651

	December 
	     2.6 
	     4.9 
	   0.65 
	     4.7 
	     7.3 
	   492

	All data 
	     0.2 
	     2.9 
	   0.73 
	     3.6 
	     3.8 
	 26800


Figure 3.3 illustrates a comparison on daily basis, showing a very good agreement of the data. This last comparison demonstrates the ability of SCIAMACHY data to follow air pollution events and to point out problems in emission inventories. In this case, we didn't use a cloud mask (i.e. all of the pixels are presented). In this way, also plumes above the clouds can be seen, which is the case on 14 Febuary 2003 over the Atlantic ocean (Figure 3.3b). This shows that by using a cloud mask, essential information may be lost. 
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Figure 3.3 Comparisons between daily NO2 tropospheric columns retrieved from SCIAMACHY and that of issued from CHIMERE continental simulations.  a)b)c) mean SCIAMACHY NO2 tropospheric columns respectively for 24/01/2003, 14/02/2003, 25/09/2003. d)e)f) corresponding maps  issued from CHIMERE. Unity in 1015molecules/cm3.

Other validation results can be found in section 4

3.1.3 References

J.-C. Lambert, J. Granville, T. Blumenstock, F. Boersma, A. Bracher, M. De Mazière, P. Demoulin, I. De Smedt, H. Eskes, M. Gil, F. Goutail, F. Hendrick, D. V. Ionov, P. V. Johnston, I. Kostadinov, K. Kreher, E. Kyrö, R. Martin, A. Meier, M. Navarro Comas, A. Petritoli, J-P. Pommereau, A. Richter, H. K. Roscoe, C. Sioris, R. Sussmann, M. Van Roozendael, T. Wagner, and T. Wood, Geophysical Validation of SCIAMACHY NO2 Vertical columns: Overview of Early 2004 Results, proceedings ACVE meeting, 2004

N. Blond, K.F. Boersma, H.J. Eskes, R.J. van der A, M. Van Roozendael, G. Bergametti, R. Vautard, Monitoring nitrogen dioxide over Europe using an air quality model, in situ and space observations, in preparation, 2004
3.2 User response

ARPA Lombardia

At this moment, ARPA has not yet had the opportunity to make a full evaluation since they are only recently involved in TEMIS. The service holds the most interest at this time for the organization despite having little previous experience with the products.

All available KNMI products were downloaded and ARPA has imported them into their GIS systems (ESRI and GRASS).  At this time, ARPA is still selecting some representative ground stations from their network to assess the correlation between satellite and ground data.  The maps will also be compared to emissions inventories, population density, digital elevation maps, and meteorological data in order to understand the relationships between the ground and satellite data.  Through the use of the NO2 data it is hoped that the following will result:

· better knowledge of the synoptic mechanisms

· better coverage of our territory due to lack of capillary distribution of ground stations) for later analysis

The ground measurements would not likely be replaced with the TEMIS service, but might instead be integrated into a more full system which includes both types of data.

ARPA has specifically requested that a better estimation of the product accuracy be made available, as well as provision of the tropospheric NO2 values for every available acquisition, rather than be presented as a monthly average.

In general, ARPA believes that the aim to be pursued within their organisation is the improvement of the (vertical and horizontal) resolution of knowledge of NO2 over their region, by integrating satellite data and models.

RIVM

The personnel at RIVM involved in TEMIS/PROMOTE have been using an NO2 product since the year 2000 for quantitative use (comparison of GOME observations to global model (Images model) as well as qualitative use.   For example, global tropospheric NO2 data from SCIAMACHY were presented qualitatively in a Dutch environmental assessment report to illustrate global air pollution.  In the coming phase of the project, RIVM intends to expand the use of the TEMIS/PROMOTE NO2 Monitoring Service by assimilating the NO2 column data, in addition to ground-based measurements of NOx and O3 from EMEP and Airbase, into a European air quality model (the Euros model).  The reason that other data are required by RIVM is that the TEMIS/PROMOTE product only gives total tropospheric column, whereas RIVM is interested in ground-level concentrations. In this way, ground-based measurements are complementary to the TEMIS/PROMOTE product.  Additionally, the TEMIS/PROMOTE product is expected to improve communication on global air pollution with policy makers and will allow RIVM to assess the added-value of satellite measurements to monitoring regional / continental scale air pollution, complementary to ground-based observations.  Although the satellite-based products have not yet fully been analysed, they agree in a qualitative sense, and shows that tropospheric NO2 from satellite may be useful for AQ assessment (in combination with modelling and ground-based measurements).  It may be that, eventually, in the long term, and with proven accuracy and operational availability and legal status, the number of ground-based NO2 monitoring stations might be reduced, but this remains to be analysed in much more detail first.

There are some recommendations made by RIVM for improvement of the NO2 Service:

· While presenting averages, include information on how many points the average is based.

· Improve ability to download large data sets.

4. Regional NO2

4.1 Validation approach

The regional NO2 products use the global tropospheric NO2 vertical column density data provided by BIRA-KNMI. Thus, the accuracy and error estimation and validation results of the global NO2 are also applicable. For the regional NO2, transport information derived from trajectories have been added, allowing the estimation of a potential source region and allowing to indicate the height level at which the pollution resides in the troposphere for each particular case of overpass.

Analysed ECMWF wind fields are employed, and a cluster of trajectories is calculated with starting points distributed vertically and horizontally over the satellite pixel (400 trajectories per GOME pixel, 100 trajectories per SCIAMACHY pixel). Generally, uncertainty of trajectories increases when they reside close to the ground. It is in the choice of the user how many trajectory points are to be considered as significant for indicating the source region. But with the number of trajectories indicating the source region, the degree of reliance increases. 

For validation of the satellite plus transport information, comparisons with other data sources have been performed: 

(1) case studies comparing with ground-based in-situ measurements

(2) intercomparison with ground-based DOAS 

4.1.1 Case study comparison with ground-based in-situ measurements

As satellites normally sample an extended air mass and the whole tropospheric column, it has to be assured the same air mass is sampled for the comparison with ground-based in-situ measurements.

Transport modelling can be employed to pick a suitable case. For instance, if the satellite observes pollution above clouds shielding the polluted boundary layer, and this pollution above clouds is further advected to remote stations otherwise sampling clean air, there is a potential of comparison.

The backward trajectories starting in the tropospheric column above clouds indicate by their past ground contact in which height the pollution actually resides. Forward trajectories allow estimating the further propagation of satellite observed NO2 to the remote ground-station. Such a study has been published in Schaub et al, 2005. From the GOME data and trajectory calculation, a NO2 series was modelled and compared to the actually measured one (see Fig. 4.1.1.).
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Figure 4.1.1. NO2 mixing ratios measured during the investigated episode (black) and results of the model assessment of NO2 (thick red lines) with estimated uncertainty due to cloud top height uncertainty (thin red lines).

The results of the comparison with the ground based stations indicate an agreement in the information of satellite and in-situ measurements as the general time series shape is captured. Time shifts between e.g. the highest peaks of the modelled and the observed series can be explained by uncertainties in the trajectory modelling.  The absolute value depends on the simple lifetime estimation of NO2 in the model which might deviate in reality. Considering the difficulties in comparing satellite and in-situ data, the result is satisfactory in the sense that satellite observations and transport modelling could explain the recorded ground-based series to a reasonable degree.

4.1.2 Intercomparison with ground-based DOAS

It has been demonstrated (Petritoli et al., 2004) how ground based NO2 measurements with DOAS systems can be used to validate and provide a correct interpretation to the NO2 tropospheric column observed by satellite sensors. Here we performed daily measurements of NO2 column in the PBL  

(42 m – 2165 m) by comparing simultaneous zenith sky observation with two DOAS spectrometers. The NO2 column amount in the PBL (42 m – 2165 m) is retrieved in the Bologna (44.3N, 11.2 E, 50 m asl) area using simultaneous measurements of NO2 slant column performed with two GASCOD spectrometer installed in Bologna  and Mt. Cimone research station (44.2N, 10.7E, 2165 m asl). The GASCOD spectrometers measure zenith sky scattered solar radiation in the Uv-vis spectral region. The DOAS technique is applied to retrieve the NO2 slant column amount from sunrise to sunset in the 436-460 nm spectral window. The instrument installed at Mt. Cimone is located outside the PBL for many days of the year  (Petritoli et al, 2004) and in such days the measured NO2 column can be considered as purely stratospheric column (see figure 4.1.2). The instrument installed in Bologna, instead, is located within the CNR research area that is just in the Bologna outskirts not far from the downtown but not directly influence from a local pollution sources. It is also not far from the airport so that measured slant column can be considered a sort of average amount for the all city area. The high NO2 concentration in the Bologna area allows the instrument to detect NO2 column also with low Solar Zenith Angle (SZA) that is around midday. Thus in Bologna measurements are performed during the all day while at Mt. Cimone only during twilight and around midday fro the reference spectrum measurements. The Mt. Cimone slant column amount in periods between twilights and midday are interpolated according to the secant function with the boundary conditions given by the sunrise, sunset and midday values. The obtained slant column at Mt. Cimone are further interpolated at the time of Bologna measurements and the difference between Bologna and Mt. Cimone slant column is thus calculated. The PBL slant column obtained is converted in vertical column by using the AMF calculated with the PROMSAR model (see the Service Report document for further details)
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Figure 4.1.2 : Sketch of the DOAS measurement geometry.

4.2 Results

4.2.1 Intercomparison with ground-based DOAS 

Here we considered measurements performed from March to September 2003. The covered period involves large natural and human induced variation in tropospheric NO2 and represents thus a good test for the intercomparison. In figure 4.1.2.2 a scattered plot of the selected simultaneous measurements between SCIAMACHY and GACOD spectrometers is shown on the left part. 
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Figure 4.2.1: Scatter plot of SCIAMACHY NO2 tropospheric column versus the NO2 PBL column retrieved in the Bologna area from March to September 2003 (left part). Red squares refer to the values observed on the July 22nd (upper plot) and April 30th for which the respective SCIAMACHY observations in the all Po valley area is reported on the right part of the plot.

All the data points lay in the part of NO2_PBL > SCIA_NO2 except three days for which the NO2 tropospheric column measurements are in agreements within the error bars. The main reason for this behaviour has been explained in Petritoli et al. [2004] that is the NO2_PBL column is observed near the pollution sources and thus should represent a sort of the maximum concentration that can be present within the SCIAMACHY pixel at the overpass. When tropospheric NO2 is well mixed in the area of the SCIAMACHY pixel (the case July 22nd for example in the upper part of figure 4.1.2.2) the agreement between the observations from the two instruments is good but if this is not the case (April 30th for example, in the lower part of figure 4.1.2.2) SCIAMACHY measures a sort of average of the NO2 column distribution within its field of view. This causes the difference between the two observations.
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4.3 User response

4.3.1 ARPA Emilia-Romagna 

ARPA is doing research on modelling of the air quality on a regional scale. For these models accurate observations of various tropospheric gases related to air pollution are essential for initialisation and validation. The expected improvement by TEMIS is the provision of datasets for the period that GOME and SCIAMACHY are (or have been) operational.

During the duration of the TEMIS project ARPA collaborated actively providing the data from ground based stations that have been included in the service as daily plots. The implemented service (http://www.isac.cnr.it/~trasfene/temis/NO2_regional.html) has been considered useful in general because consisting of a complete merging of satellite observations in the region of interest with auxiliary information on the local meteorology and ground-based NO2 measurements. Satellite NO2 tropospheric column measurements are often difficult to use properly because of the large uncertainty given by clouds cover, NO2 profile in the PBL, aerosol loading, ground pixel dimension and so on. Such merging of data is going to facilitate the use of satellite borne observations of the lower troposphere for end-users. Of course the actual characteristic of the sensors/platforms, mainly the temporal and spatial resolution, is again a big limitation for air quality monitoring that is expected to be improved for future missions.
4.3.2 BUWAL and NABEL/Empa
The Swiss Agency for the Environment, Forest and Landscape (BUWAL) organises and implements environmental protection measures and responds to international commitments as, e.g., the ‘European Monitoring and Evaluation Program’ (EMEP) and the European air quality information system EURAIRNET. As a decision base for efficient pollution reduction, air quality data are collected (NABEL, regional and city monitoring) and scientifically analysed. The Air Pollution/Environmental Technology Laboratory at Empa operates the National Air Pollution Monitoring Network (NABEL). For interpretation assistance and as an added value, the inclusion of satellite data is desired. Recently, the inclusion of satellite data for case studies was tested within the ESA DUP-project POLPO. From TEMIS, interpretation assistance and improved information on both the overall air pollution situation and potential influence of large-scale pollution transport is expected.
The TEMIS NO2 regional product has been discussed with the users NABEL (represented by Dr. Christoph Hueglin) and BUWAL (represented by Dr. Urs Nyffeler and Dr. Rudolf Weber). The final presentation and user feedback gathering has been performed at a workshop on 7th December 2004 at Zurich. The final version of the web page and the examples of application (which are shown on the internet) have been discussed. The added value for the users has been evaluated, and comments and suggestions for improvements have been invited.
The web page was generally found self-explaining and easy to use. The image product, tailored for the users, was to their full satisfaction. The additional data provided had been appreciated very much, especially because not all users had been aware of which parameters have to be taken into account when interpreting satellite data. Thus, the description and the easy access to the additional meteorological parameters were evaluated favourably. On the other hand, users understood that inclusion of the satellite data would not been as straightforward as initially assumed, thus requiring some time investment from the user’s side. 
The trajectories calculated have been judged as very helpful for easily discerning in which region the air mass observed from satellite had ground contact (and thus potential pollution uptake) before reaching Switzerland. Generally, the well-known fact that NO2 pollution has to be considered on a European scale has been confirmed, although for some cases a surprisingly narrow confinement of the pollution source area has been achieved. This was considered as the most interesting issue for the users. The added value of the satellite data depends on the frequency of such occasions where pollution could be traced, thus the resolution and coverage of the satellite data are the main issues for the users, which are otherwise comfortable with the TEMIS NO2 regional product.
The potential of the users to change their operational procedure such to give the satellite data more weight have been discussed. Both SCIAMACHY and GOME examples had been shown, and the users considered the SCIAMACHY data as of greater value because of the high resolution. However, the limited coverage of SCIAMACHY was considered as the main drawback for extended applicability. The users asked about potential future geostationary satellites. They pointed out that for a real shift to operational application a high resolution geostationary satellite data would be essential. 
Concerning the state of the art satellite data as made available by TEMIS, the users emphasized that they are ready to use satellite data for special case studies. 
5. Tropical Ozone

5.1 Validation approach

The accuracy of the tropical tropospheric ozone columns (TTOCs) have been assessed by comparing the monthly averaged TTOCs with tropical ozonesonde measurements from the SHADOZ network [Thompson et al., 2003a]. Measurements have been used from 7 sites: American Samoa (14(S,171(W), San Cristóbal (1(S,90(W), Natal (5(S,35(W), Ascension (8(S,14(W), Nairobi (1(S,37(E), Malindi (3(S,40(E), and Watukosek (8(S,113(E), and from one site in the northern tropics: Paramaribo (6(N, 55(W). For most sites, ozonesonde measurements are available throughout the period July 1998 – December 2001. For the comparison, the ozonesonde profiles have been integrated from the ground to the 200 hPa pressure level and then the monthly mean and standard deviation were calculated. At most stations, there were between 3 to 5 ozonesonde measurements each month. A detailed description of the tropospheric ozone variability for these stations is given in Thompson et al. [2003b].

5.2 Results

Figure 5.1a shows the comparison for the Brazilian station Natal for the period July 1998 – December 2001. There is good agreement between the GOME-TTOC values and sonde measurements, with an RMS difference of only 4.2 DU (correlation coefficient is 0.77). There is a strong yearly increase in tropospheric ozone during the biomass burning season, starting in June/July and ending in October/November. The comparison for American Samoa is shown in Figure 5.1b. Above Samoa over the Pacific Ocean, the tropospheric ozone columns are usually very low, with values of less than 20 DU, due to deep convection of ozone poor air. The slight increase in the TTOC between September and November is ozone rich air transported from African biomass burning areas [Thompson et al., 2003b].

Figure 5.1c shows the comparison for the northern tropical station, Paramaribo. Here, the seasonal variation in the tropospheric ozone column is explained by the migration of the ITCZ over Paramaribo, twice a year, between December-February and April-August [Peters et al., 2004]. In both wet seasons, the tropospheric ozone columns are fairly low, due to convection of humid and ozone poor air. The increase in the tropospheric ozone values during the long dry season (August-December) is present in both the GOME-TTOCs and the sonde measurements. Note that the GOME-CCD method captures this seasonal variation better than the TOMS-TTOC products [Peters et al., 2004].

Table 5.1 lists the monthly and yearly-averaged GOME-TTOCs at the 8 ozonesonde locations, and the RMS difference between the GOME and sonde TTOCs. For all sites, the RMS difference is between 4 and 6 DU, in accordance with the estimated uncertainty in the monthly-mean ozone column above 200 hPa.

Although the number of tropical ozonesonde sites has increased considerably with the SHADOZ network, the coverage in the tropics is still limited, especially on the Northern Hemisphere. The temporal and geographical variability of the tropospheric ozone column is large and there is usually only one sonde measurement each week. The uncertainty in the monthly-averaged TTOC from sondes can therefore be quite large, as can be seen from the occasionally large 1( intervals in Figure 5.1. A complication for the interpretation of the TTOC with ozonesondes, is the fact that GOME has a relatively large GOME ground pixel (40 x 320 km2), while the ozonesondes are point measurements. 

Table 5.1 Monthly and yearly averaged GOME-TTOC at eight SHADOZ ozonesonde sites, based on three year of GOME data (1999-2001)a. All values are in DU.

	Ozonesonde site
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec
	Year
	RMS

	Samoa (14(S, 171(W)
	13.1
	16.5
	10.7
	10.8
	11.7
	10.9
	12.9
	11.0
	18.5
	23.4
	25.3
	15.5
	 15.0
	 4.7

	San Cristóbal (1(S, 90(W)
	16.9
	17.0
	15.9
	14.2
	10.3
	12.5
	14.8
	24.7
	20.3
	13.1
	15.5
	14.1
	 15.7
	 4.0

	Paramaribo (6(N, 55(W)
	21.9
	22.8
	22.1
	19.8
	17.5
	15.3
	25.5
	26.0
	28.1
	27.8
	21.5
	19.0
	 22.3
	 4.1

	Natal (5(S, 35(W)
	31.1
	27.4
	25.2
	20.6
	12.4
	19.8
	23.5
	28.7
	30.5
	36.2
	31.2
	27.6
	 26.2
	 4.2

	Ascension Isl. (8(S,14(W)
	30.4
	30.1
	28.2
	25.9
	20.4
	21.1
	23.1
	29.4
	29.4
	32.8
	27.2
	29.1
	 27.3
	 5.7

	Nairobi (1(S, 37(E)
	18.2
	23.9
	21.3
	28.3
	22.9
	25.6
	25.5
	26.5
	26.1
	29.1
	28.6
	27.3
	 25.3
	 5.3

	Malindi (3(S, 40(E)
	19.9
	21.8
	18.0
	25.1
	24.3
	23.5
	23.9
	27.1
	24.3
	30.1
	28.4
	26.8
	 24.4
	 5.2

	Watukosek (8(S, 113(E)
	11.5
	13.6
	11.3
	11.6
	12.5
	11.9
	11.8
	13.2
	15.3
	17.0
	14.2
	18.5
	 13.5
	 5.2


aThe last column denotes the RMS difference between the collocated GOME-TTOC and the TTOC calculated from the ozonesonde measurements.
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Figure 5.1 (next page) Tropospheric ozone columns (below 200 hPa) for Natal, American Samoa and Paramaribo for the period July 1998 – December 2001. The asterisks denote the integrated ozonesonde measurements with 1( error bars (if there was only one sonde measurements in a particular month, the error bar is omitted). The diamonds denote the TTOCs derived with the GOME-CCD method. For Natal, the TTOCs calculated with TM3 chemistry transport model (squares) are also shown for the years 2000 and 2001.
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5.4 User response

None of the main users had an interest in the tropical tropospheric product. However, there was a scientific interest for this product. For this reason the product has been included in the TROPOSAT project. TROPOSAT is a EUROTRAC-2 subproject to explore the use and usability of satellite data for tropospheric research.
6. Global Tropospheric Ozone

6.1 Quality estimate

The quality of the tropospheric climatologies can be expressed in terms of bias (structural difference from the true climatology) and random errors. 

The bias cannot be identified otherwise than by comparison with independent data from measurements or model simulations. The origin of biases will be identified and removed as much as possible during the duration of the project. The remaining bias will be provided with the products, to let the user decide on the relevance of the bias for his or her study. 

A random error of 20% standard deviation would be sufficient for a significant improvement over current climatologies, especially in the tropics and southern mid-latitudes where the tropospheric ozone sonde network is very sparse. Furthermore, this accuracy would allow the isolation of geographical and seasonal patterns in the tropospheric ozone columns, for example, to determine regional and temporal differences in ozone radiative forcing.

The random error in a climatological mean is determined by the number of, and the random errors in, the individual tropospheric columns over which a climatology is computed. Investigation of the uncertainty in all steps of the production process following Boersma et al. [2004] will lead to an accurate estimate of the individual random error. A rough estimate shows that for individual total ozone columns of 300 DU with random error of 1% std.dev., and stratospheric columns of 270 DU with 5 % error (including 1 % error in tropopause height), it is sufficient to include 5 tropospheric columns in a climatological value to reach the desired accuracy. Given the horizontal resolution of the GOME instrument it is possible to retrieve this number of high quality, cloud free pixels over horizontal grid cells of 3o lon x 2o lat within a month, such that for multi-year climatologies even a higher resolution should be possible. 

In Figure 6.1 an example is shown of the derived tropospheric ozone for the month September, while in Figure 6.2 the modelled tropospheric ozone for the same month and tropopause definition is shown.

In the tropics, the tropospheric ozone columns are quite similar. The zonal wave-one pattern is very pronounced in the tropics. As expected the mid-latitudes show a rather high variability (40-80 ppb). This will need further validation.

In Figure 6.3 is shown how the assimilated ozone profiles used for the tropospheric product are validated during the initialisation phase. Incorporation of the vertical information in the measured ozone profiles improves the simulation of the stratospheric ozone distribution (Figure 6.3 left). The result of the assimilation is a global field of accurate stratospheric ozone columns, consistent with the profile measurements. A validation system (Figure 6.3 right) with independent ground measurements (sondes) has been used to provide realistic error statistics with the assimilated stratospheric columns.
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Figure 6.1  The derived monthly mean volume mixing ratio of tropospheric ozone (ppb) below 300 hPa for the month September of 2000. The area affected by the South Atlantic Anomaly has been removed.
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Figure 6.2  The modelled monthly mean volume mixing ratio of tropospheric ozone (ppb) below 300 hPa for the month September of 2000.
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Figure 6.3 In the Left panel an ozone field shown at 150 hPa above Europe for April 12, 2000, resulting from data assimilation of ozone profiles from GOME. In the right panel one sees a comparison to an ozone sonde measurement at Payerne at the same day as in the left panel. In the figure also the profiles are shown from the model run without observations and from the assimilation of ozone.

6.2 User response

The global tropospheric ozone product was a demonstration product within TEMIS. Unfortunately it turned out that the current product is not accurate enough to fulfil the requirements for scientific expoitation. The use for air quality applications requires an even more accurate data product.
Work on the improvement of the retrieval has been continued within the national-funded project TORA (funded by NIVR, The Netherlands). Results from the TORA project will replace the current tropospheric ozone data presented on the TEMIS site.

7. SO2

7.1 Validation approach

SO2 slant column data is retrieved from measurements by GOME and SCIAMACHY for the Air Pollution Monitoring Service. There are very few reliable groundbased measurements available of SO2 emissions from anthropogenic activities or from volcanic eruptions. For the latter, a network is being set up under the Network for Observation of Volcanic and Atmospheric Change (NOVAC), which started end 2005 and which will enable at least partial validation of SO2 emissions associated with volcanic eruptions in the (near) future. In order for a comparison between satellite and groundbased data to be possible, it is necessary to convert both data sets to total column amounts – for the satellite data this is currently under investigation, in close relation with services in the project PROMOTE Stage II.
7.2 Results

No validation results available yet.
As part of the near-real time processing of SO2 from SCIAMACHY observations, in particular for the Support to Aviation Control Service (SACS), criteria for an “exceptional SO2 concentration” are under development. As part of this development, an ad-hoc list of such events is made (URL:

http://www.oma.be/BIRA-IASB/Molecules/SO2nrt/vs/alerts.php). This list includes events of SO2 emissions that are probably associated with anthropogenic activities. Two examples are given in Figure 7.1.
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Figure 7.1  SO2 slant column densities over the “China” region of the NRT monitoring service.
7.3 User response

A few users asked for information regarding the SO2 processing via the contact form at the TEMIS website:
· Someone from the National Institute of Aeronautics and Space (LAPAN), Indonesia, interested in studying greenhouse gases and air pollution for the Indonesia region. 

· Someone from a municipality in Bulgaria was interested in SO2 and ozone for his area at very specific dates and times, not in agreement with satellite overpasses.
· Someone from Forest One Inc., USA, interested in tropospheric NO2, SO2 and CO from OMI and SCIAMACHY.

There has been some email exchange with Georg Hansen and Kerstin Stebel of NILU, Norway, on whether SO2 emissions by two metal smelter plants (Nikel and Zapoljarnij) in NW-Russia, at the Kola Peninsula, are visible in SCIAMACHY observations. The main problem here is that the location is so far to the north that the Solar Zenith Angle is always very large, which makes SO2 retrieval difficult. Furthermore, the emissions take place close to ground level. Figure 7.2a gives an example of SO2 possible originating from the metal smelter plants in question. Further to the east, in the Norilsk area, there are also industrial activities emitting SO2, and these show up more pronounced and more often; Figure 7.2b gives an example of this.
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Figure 7.2a (left)  Three-day composite SO2 slant column densities over the “Western Europe” region, showing SO2 concentrations in NW-Russia possibly associated with emissions by two metal smelter plants at the Kola Peninsula. The small red patch further to the northwest, over the Polar Sea, is an artifact, due to problems retrieving SO2 at very high Solar Zenith Angle.

Figure 7.2b (right)  Three-day composite SO2 slant column densities over the “Central Russia” region, showing SO2 concentrations most likely associated with emissions by industrial activities in the Norilsk area.

8. Aerosol from ATSR-2 and AATSR

8.1 Validation approach

The quality of the main regional aerosol product, i.e. the AOD on a 0.1º × 0.1º grid (cf. the TEMIS Service Report TEM/SR2/001), is assessed by comparison with ground-based in-situ measurements from the Aerosol Robotic Network (AERONET). The accuracy of the AERONET measurements is 0.01 – 0.015 [Eck et al., 1999 ], which is superior to that of current satellite observations. For the satellite-AERONET comparison it is assumed that the AERONET measurements are representative for an area of 0.1º × 0.1º enveloping the AERONET site. In view of the spatial variability of the AOD this assumption is reasonable except in the vicinity of clouds or the presence of strong upwind aerosol sources. A further restriction is that the satellite and sun photometer measurements should be simultaneous. This requirement has been relaxed by searching for AERONET data taken within approximately half an hour of the satellite snapshot during its overpass. The sun photometer AOD is available for wavelengths of 0.44 µm, 0.67 µm, 0.87 µm, and 1.02 µm, whereas the ATSR-2 wavelengths are 0.55 µm, 0.67 µm, 0.87 µm, and 1.6 µm. Hence a direct comparison of ATSR-2 and sun photometer data is only possible for 0.67 µm. Validation has been performed for 0.55 µm and 0.67 µm, where the sun photometer value for 0.55 µm has been determined by interpolation. The wavelength dependence of the AOD depends on the aerosol types present in the area and the Ångström coefficient, describing the AOD wavelength dependence as a power law, may vary between about 0.0 and 2.0 for the wavelengths considered here. For the year 2000 the twelve AERONET sites listed in Table 1 were suitable for validation because sufficient data were available. It is noted that also for these sites AERONET data are often not continuously available due to: 

1. Maintenance and calibration activities of the instrument that can result in extended down periods. 

2. Cloud screening, i.e. AOD can only be retrieved for clear sky conditions. 

Table 1. Availability of data from twelve AERONET sites in Europe within approximately 30 minutes of the ATSR-2 overpass. If a slot is empty in this table no data is available for comparison. The grey coloured locations in Table 1 show a substantial number of data entries in order to provide in an annual representation for this site. 

	AERONET sites
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec

	Avignon, Fra.
	x
	
	x
	
	x
	x
	x
	x
	x
	x
	x
	x

	El Arenosillo, Spa.
	
	
	
	
	
	x
	
	
	
	
	
	

	Gotland, Den.
	
	
	
	
	x
	
	
	
	
	
	
	

	Hamburg, Ger.
	
	
	
	
	
	x
	
	x
	
	
	x
	

	Helgoland, Ger.
	
	
	
	
	
	
	
	x
	
	
	
	

	IMC Oristano, Fra.
	
	
	
	
	
	x
	x
	x
	
	x
	
	

	Ispra, Ita.
	x
	x
	x
	x
	x
	x
	x
	x
	x
	
	
	

	Lille, Fra.
	
	
	x
	x
	x
	
	
	x
	x
	
	x
	

	Modena, Ita.
	
	
	
	
	x
	
	
	
	
	
	
	

	Moldova
	
	
	
	
	x
	x
	
	
	
	
	
	

	Palaiseau, Fra.
	x
	
	x
	x
	x
	
	x
	x
	
	
	
	

	Venise, Ita.
	x
	
	
	
	x
	x
	x
	x
	
	
	
	


8.2 Results

Monthly and annual series of AERONET and ATSR-2 comparisons have been processed for the two wavelengths 0.55 µm and 0.67 µm for the year 2000 and the European domain. Comparisons of AOD retrieved from ATSR-2 and sun photometers are presented in Figures 1 and 2. Figure 1 shows comparisons for Moldova for the month of May and for Avignon for the month of June, for the 0.55 µm channel. Figure 2 shows comparisons for the whole year 2000 for Avignon and Lille. 
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Figure 1. AOD for the AERONET site in Moldova for May 2000, and for the site in Avignon, France for June 2000. 
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Figure 2. Annual series of AOD for an AERONET site in Avignon (top) and Lille (bottom). Here it is noted that only for overlapping measurements the data are  plotted.  Only for these points AERONET  data points are connected by a dashed line. 

In Figure 2 bottom picture (Lille, Fra.) it is seen that the satellite retrieved AOD compares favourably with the ground-based AERONET results. For two data points a mismatch is observed, one in April (satellite retrieved AOD too high), and one in May (satellite retrieved AOD too low). The reason for the deviation in April can be found in the way clouds contaminate the coarser pixel. At the edge of clouds a gradient exists of moist air where the AOD is elevated due to condensational growth of the aerosol particles. In partly cloudy situations, this may results in a mismatch between the satellite and AERONET data when the retrievals are not simultaneous. 

The difference between the satellite and AERONET retrieved AOD for the Lille data of Figure 2 is presented as a function of AOD in Figure 3. The regression coefficients R in the inset are for all data points, wheres the second value was calculated after deletion of the cloud-contaminated  data point in April. In the latter case there is a good correlation between space-born and ground-truth measurements. More examples available on the website.
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Figure 3. Scatterplot for all data points of the ATSR-2 – AERONET comparisons for Lille. Note that the data point for the April measurement of ATSR-2 shows a dotted circle for both wavelengths.
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8.4 User response

9. Aerosol from GOME and Sciamachy

This section reports the comparison between the global Aerosol Optical Depth (AOD) and classes retrieved over the ocean from GOME data and AERONET measurements or other similar retrievals carried-out by satellite sensors like POLDER, AVHRR, TOMS, SeaWifs and MODIS.

It is also shown a comparison between GOME and SCIAMACHY aerosol retrieval which refers to 11 March 2003.

Examples of results coming from aerosol retrieval from SCIAMACHY data processing are compared with MODIS both over land and ocean.

9.1 Validation approach

Due to the coarse spatial resolution for aerosol application of GOME, for a reliable assessment of products, the validation is considered only for monthly averaged values and for important events of aerosol loading.

For this pourpose:

1) Level 1 data are filtered considering a cloud coverage fraction (ccf) threshold of 0.2 derived from FRESCO algorithm (FRESCO GO-v2 data). 

2) Aerosol Level 2 data (AOD and class pixel by pixel products) useful to produce Level 3 data (monthly map of AOD and frequences of occurence of desert dust) [AD-2] are selected taking into account a correction procedure for weakly cloud-contaminated pixels and AOD ( 0.05. 

3) Moreover, only pixels for which the aerosol model winner, corresponding to the minimum of Chi-square function, (2, [AD-4], gives values of  (2 less than 50 and which is distinguishable from the other models contributes to level 3 quality assured product. To quantify this last criteria, a statistical analisys suggests us to consider the ratio between the (2 related to the analyzed aerosol model and the (2 related to the winner greater than 4.  

Since our retrieval method, in the UV spectral range (2b band), makes use of 3 wavelengths, GomeCal package [http://www.knmi.nl/gome_fd/gomecal] is employed to re-calibrate Level 1 data.

Following this approach we started to re-process GOME data (see products: GO-Aer2-r2 for Level 2 and GO-Aer3-r2 for Level 3) for the period ranging between March 1996 to August 2003. Currently we are able to provide results for 1997, 2000, 2002, 2003 years. 

For SCIAMACHY aerosol retrieval, we carried out only a qualitative comparison with MODIS results after a data selection wich consider only FRESCO ccf products. Radiometric correction factors are shown in Table 1, for the employed channels.  

Table 1.  Wavelengths used for Aerosol retrieval from SCIAMACHY data processing. Molecular transmittance > 99.7 %.  |(i) –  (k)| > 20 nm   for  k=i+1. Channels 6 and 8 are not considered.
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(a) derived from DAK model; (b) derived from MERIS – SCIAMACHY spectra intercomparison. (courtesy from R. Van der A)

9.2 Results

9.2.1 GOME and AERONET

The Fig. 1 shows the time pattern of the monthly average AOD retrieved from GOME compared with measurements  at Cape Verde AERONET site. For the GOME average AOD an oceanic area of  5(x 5(  has been considered. For the 1997 and 2000 years the 60% of data present a discrepancy less than 0.1,  while for the 2002 and 2003 years this percentage increase up to 80%. GOME data fit well the trend of  monthly AOD AERONET values. However, Fig 1c shows the scatterplot of  the same data of Fig 1 and it is evident the tendency of GOME to underestimate high values of AOD and to overestimate low values of AOD..
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Figure 1.
Monthly average (1a) and difference (1b) of AOD @ 500nm from GOME and AERONET at Capo Verde. An area of 5x5 degrees of water pixel has been considered for GOME data.
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Figure 1c. Scatterplot of monthly average AOD @ 500nm of GOME versus AERONET at Cape Verde region. Red line and green line rappresent a discrepancy of 50% and 30% respectively from the relationship y = x. The regretion coefficient is r = 0.63.

It appears evident that the realiability of data is between 0.2 and 0.7. These systematic effects beyond this range can be explained through a coupling of the error due to FRESCO for effective ccf  less than 0.2 with those one derived from aerosol retrieval when high aerosol load is present. On the other hand, the overestimation can be explained by  the use of too low surface reflectance used around Cape Verde.

9.2.2 Comparison between GOME and other satellites

GOME new data realase were employed to compute global monthly mean AOD and zonal mean AOD. Here data referring to 2000 year are compared with AOD retrieved over ocean during the period March – December 2000 as reported in Myhre et al. [1]. 

Figure 2a shows global montlhy mean AOD retrieved from GOME compared to other six satellite data-sets. GOME AOD values are in the same range of the other satellites. 

In Figure 2b, zonal mean AOD derived from the same data-sets are compared. Due to small number of reliable measurements at latitude greater than 65°, GOME zonal mean were computerin the range between–60° and +60°. Also in this case, GOME data have the same variation range of the other data-sets and show a similar trend as a fuction of latitude.
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Figure 2A: Global and monthly mean AOD (550 nm) over ocean from September 1997 to

December 2000.

Figure 2B: Global and monthly mean AOD (550 nm) over ocean for the eight-month period
January to August 1998. N

Figure 2C: Global and monthly mean AOD (550 nm) over ocean for the ten-month period
March to December 2000.
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Figure 2a. On the right global and monthly mean AOD (550 nm) over ocean for the period March to December [1] retrieved from AVHRR-1, AVHRR-2, TOMS, SeaWiFS, MODIS, and MISR. On the left global monthly mean AOD derived from GOME measurements (data release: GO-Aer3-r2).
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Figure 3: Zonal mean AOD as a function of latitude, for the entire period of investigation, as
well as for the two selected periods used in Figure 1b and Ic.
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Figure 2b. On the right, zonal mean AOD (550 nm) as function of latituede over ocean for the period March to December retrieved from AVHRR-1, AVHRR-2, TOMS, SeaWiFS, MODIS, and MISR [1]. On the left, the same zonal mean derived from GOME measurements (data release: GO-Aer3-r2).

Further comparisons are made in two particular months: GOME vs POLDER montlhy mean AOD for June 1997 (Fig.2c), and GOME vs MODIS montlhy mean AOD for June 2002(Fig.2d).

In the first comparison, AOD retrieved from GOME show a substantial agreement with POLDER AOD in the spatial distribution and a weak underestimation of the aerosol loading mainly due to the small number of measurements (N(3) in various areas. Concerning desert aerosol occurrence computed from GOME data, Fig. 2c3 shows the typical desert dust lobe transported over Atlantic ocean, corresponding in Fig. 2c4 to the green Angstrom coefficient retrieved from POLDER in the same region.
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Figure 2c. Comparison between GOME and POLDER aerosol retrieval for June 1997. (2c1) GOME monthly mean AOD @ 500nm and (2c2) POLDER monthly mean AOD @865 nm; (2c3) Desert aerosol occurence from GOME and (2c4) Angstrom coefficient from POLDER; (2c5) Number of GOME measurements during the month.
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	Figure 2d. Comparison between GOME and MODIS aerosol retrieval for June 2002. (2d1) GOME monthly mean AOD @ 500nm and (2d2) POLDER monthly mean AOD @865 nm; (2d3) Desert aerosol occurence from GOME and (2d4) Angstrom coefficient from POLDER; (2d5) Number of GOME measurements during the month.




About GOME-MODIS comparison for June 2002, an underestimation in AOD by GOME can be seen, confirming that GOME AOD retrieval works well for significant aerosol loadings. Also in this case, small number of measurements (see Fig.2d5) prevent to follow the whole transport of desert dust over the Atlantic Ocean region (see Fig.2d2, Fig.2d3). 

9.2.3 SCIAMACHY

Aerosol retrieval from SCIAMACHY data processing are compared with MODIS both over land and ocean. 

· Comparison over Ocean 

The Figure 3a evidences the presence of saharian desert plume transport over the Atlantic Ocean by SCIAMACHY both in terms of AOD and aerosol type. For comparison MODIS data are reported. They show the same pattern and the presence of a typical composition of desert dust (Fig. 3a bottom right). 

· Comparison over Land 

The Figure 3b shows the presence of mixing of aerosol dust and biomass burning over the sub-saharian region for September 24, 2003. SCIAMACHY data are in very good agreement with MODIS data.
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Figure 3a – Comparison over the ocean between SCIAMACHY level2 aerosol data (AOD – upper left - and classes -bottom left-) and MODIS (AOD –upper right – and  small particles ratio total particles-bottom right-)  for September 26, 2003.

SCIAMACHY AOD@500nm

	[image: image49.jpg]Acrosal optical depth
00 10 20

24 Sept 2003 L





	

	[image: image50.jpg][ Mark pixels [10 pixel/degree ~ || switch

Orbit:07:50 ; Pixel number:1274 Aerosol Class:BB(African) Optical depth:0.65371




SCIAMACHY  aerosol classes
	[image: image51.jpg]Optical_Depth_Land_And_Ocean_Mean 24 September 2003 (267)
0.8

MODIS /Terra MODO8D3H.A2003267.004.2003278072037.hdf



[image: image52.jpg]08

0.6

05

03

0.2

0.0






	[image: image53.jpg][ Mark pixels [10 pixel/degree ~ || switch

Orbit:07:50 ; Pixel number:1274 Aerosol Class:BB(African) Optical depth:0.65371




	MODIS/Terra 24 Sept 2003


Figure 3b. Comparison over land between SCIAMACHY level2 aerosol data (AOD – upper left - and classes -bottom left-) and MODIS (AOD –upper right) for September 24, 2003. In the bottom of the figure brown colour refers to Biomass Burning aerosol classes.
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