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During 2003 year the activity of scientists of different countries in the framework of the Working Group has been conducted within the following sub-groups:

1. Subgroup A1 – (Manuel Lopez-Puertas, coordinator) – Comparison of different codes for calculating the vibrational temperatures of different states of CO2. 

A very detailed comparison of the vibrational temperatures (non-LTE populations) of CO2 has been carried out. The intercomparison has been established between the following codes:

· ARC code, from Air Force Research Laboratory, been developed mainly by Peter Wintersteiner from ARCON Corp. 

· The IAA (Instituto de Astrofisica de Andalucia) code, and 
· The new code developed at NASA Langley by Chris Mertens to be taken as the operational code for the analysis of the SABER/TIMED measurements. This is heavily based on the IAA code and the major difference is the treatment of the computation of the transmittances. 
· The code developed by the Group of Gustav Shved at St.-Petersburg University and A. Kutepov (Univ. of Munich) which is now been run at Wuppertal University in the Group of K. Grossman. 

· The Generic NLTE Model (GNM) jointly developed by IAA and IMK (Univ. of Karlsruhe, Germany) for the analysis of MIPAS/Envisat data. 
So far the major emphasis has been put in CO2, although comparison for H2O has also been carried out between IAA and NASA Langley. 

In general the codes agree rather well, after understanding the many and large differences appearing first.  In summary, the agreement is below about 1K below ~100 km and within 2 K between 100 and 160 km. That for all the CO2 levels, including the (0,v2,0) with v2=1(4, and the CO2(v1,v2,v3) levels at 4.3, 2.7 and 2.0 µm. Differences are slightly smaller at night. Radiative transfer in the CO2(001) strong fundamental band has to be treated very accurately in order to have accurate daytime vibrational temperatures in the 70-90 km altitude range. 

2. Working Subgroup B ( (Thomas von Clarmann, coordinator) ( Comparison of line-by line radiance code for Non-LTE atmosphere.

Comparison of different codes for calculating the outgoing Non-LTE limb radiation has been completed. The results are presented in the paper [Clarmann et al., 2002].

3. Group of scientists from Russia and Germany (A.V. Rakitin, V.S. Kostsov, Yu.M. Timofeyev, K. Grossmann, M. Kaufmann) carried out an indirect validation of retrieval atmospheric parameters from CRISTA-1 data. Results of this study are given below.

Introduction 

At present various satellite systems for atmospheric sounding provide with a great body of data on atmospheric parameters by different remote methods. When using the satellite information, one has to know the real accuracy of the data [WMO/CEOS, 2000]. 

Different approaches are used to analyze errors of satellite measurements:

1. Simulation of satellite measurements of different atmospheric parameters by numerical close-looped experiments or/and calculations of error matrices of indirect measurements, for example, by statistical regularization (optimal estimation) method [Rodgers, 2000]. 

2. Comparison of satellite data with independent measurements (ground-based, balloon, aircraft and rocket) collocated in time and space on the hypothesis that random and systematic errors of these independent measurements are known. 

3. Comparison of different satellite measurements with validated ones. 

4. Comparison of satellite measurements with results of three-dimensional numerical modeling. 

Possibilities of the second approach for analyzing the satellite measurement errors are different for measurements of parameters of different atmospheric layers. Validation of satellite tropospheric and stratospheric data is easily realized due to the availability of numerous observation systems for these atmospheric layers (radiosondes, ozonosondes, lidars, microwave and IR spectrometers, systems of twilight sounding etc.). But the analysis of the quality of satellite measurements of upper atmospheric layers – upper stratosphere, mesosphere and thermosphere – is difficult because of relatively small informativeness of existing sounding systems (e.g. due to infrequent rocket launches). A typical example of the complexity of performing the validation of upper atmospheric measurements is the CRISTA satellite experiments in 1994 and 1996. Comparison of retrieved temperature profiles with independent measurements has been performed only for two cases of special rocket launches. Only mean ozone profiles retrieved for mesosphere were compared with results of sounding by other satellite instruments (MLS and HALOE). Validation of retrieved of the CO2 was not realized because of the absence of independent measurements. 

Therefore it is advisable to use for validating the measurements of upper atmospheric parameters another approach still – the comparison of results of independent processing of the same instrument data. Such comparison is most valuable when the interpretation methods are based on different physical principles, the use of different a priori information and algorithms of solving the inverse problem. 

Impossibility of performing the wholesome interpretation of the CRISTA measurements makes it is actual to compare two quasi-global data (~ 60( N(60( S) on temperature, pressure, CO2 number density and volume mixing ratio obtained independently by scientists of Saint-Petersburg and Wuppertal Universities. 
CRISTA experiment and methods of processing the measurements

During November of 1994 and August of 1997, two satellite experiments (CRISTA(1 and CRISTA–2) with the instrument measuring the outgoing IR Earth horizon radiation were successfully performed. Measurements were carried out in some regimes including so-called “altitudinal” with tangent heights from 40 to 150 km. Detailed description of the experiments and results is given by Riese et al. [1999] and Offermann et al. [1999]. Scientists of Wuppertal University retrieved of vertical temperature and pressure profiles from radiation measurements in the 15 (m absorption (the 40-85 km heights) and in spectral range near 12.5 (m (20-55 km) in assumption of LTE [Riese et al., 1999]. At the authors’ estimate, random and systematic errors of retrieving the temperature at 20-85 km altitudes are less than 1 K and 1.2-2.2 K, respectively. Ward et al. [1999] analyzed results of retrieving the temperature at the 13-95 km altitudes. In spite of the 10 km rise in the sounding ceiling, retrieval errors are practically coincided with the Reise et al. [1999] estimates – random errors are ~ 1 K, total ones are ~ 2 K. In the above papers, estimates of errors of retrieving the pressure profiles are not given in explicit form. As only mentioned, two used methods of pressure retrieval give results consistent within 7 % at the 45-65 km altitudes. 
In the paper [Kostsov and Timofeyev, 2001], an original method of interpreting the measurements of outgoing slant path IR radiation is given. This method takes explicitly into account the non-LTE effect and makes it possible to determine vertical profiles of kinetic temperature, vibrational temperatures (for CO2 molecule states), pressure, CO2 number density and mixing ratio from measurements of outgoing radiation spectra in the 15 (m CO2 band for wide altitude range [Kostsov et al., 2001]. Detailed analysis of satellite measurement accuracy showed that total errors of kinetic temperature retrieval ranged from 0.6 K (at 40 km) to 5 K (at 90 km). Errors of pressure retrieval do not exceed 3 %.
When retrieving the CO2 content, Wuppertal scientists applied the method using the model of non-equilibrium population of the CO2 excited states in daytime and data on contents of a number of gases (profiles of excited O(1D) and O(3P) atoms) as a priori information [Kaufmann et al., 2002]. In table 1, two methods of retrieving the CO2 content are described and retrieval errors are given. 


Table 1

Two methods of retrieving the CO2 content
	
	Method

	
	Saint-Petersburg
	Wuppertal

	Radiation measurements
	15 (m band
	Integral radiation in the 4.3 (m band

	A priori information
	Information on retrieved profiles in the form of model covariance matrices and common assumptions on non-LTE atmosphere


	Temperature and pressure profiles retrieved from the 15 (m CO2 band, O(1D) and O(3P)-Profiles, the model of non-equilibrium population of CO2 states

	Measurement time
	Day and night 
	Only daytime

	Inversion technique
	Statistical regularization (optimal estimation) method
	Onion peeling 

	Altitude range of CO2 retrieval
	60-90 km


	60-130 km

	Additional retrieved parameters
	Temperature, pressure, vibrational temperatures of lower states for four CO2 isotopes
	No

	Errors of retrieving the CO2 number density
	z, km
	random, %
	systematic, %
	z, km
	random, %
	systematic, %

	
	65
	10
	4
	65
	25
	12

	
	70
	10
	4
	70
	24
	12

	
	75
	10
	3
	75
	23
	12

	
	80
	10
	7
	80
	23
	13

	
	85
	15
	17
	85
	22
	13

	
	90
	18
	25
	90
	22
	14


3. Results of the comparison

The comparison of retrieved atmospheric parameters includes the analyze of the similarity of mean profiles of different atmospheric parameters (it is important for climatic studies), the mean and RMS differences between individual retrievals, coefficients of correlation between different parameters retrieved by two independent methods and the conformity of two methods in description of natural spatial-temporal variations of different parameters (Figs. 1-5). 
3.1. Temperature 
Temperature of upper atmosphere has been retrieved by two scientific teams for different altitude ranges. The comparison was performed for coincident altitude range – 50-90 km. In Fig. 1, comparison of mean temperature profiles is given for the whole comparison array (349 profiles, measured at the 53( S-63( N latitudes during 4-12 November 1994). It is seen from Fig. 1a and 1b that mean temperature profiles retrieved by SPbSU and WU teams are rather similar. In Fig. 1b, the corridor of total systematic retrieval errors of two methods (random errors for mean profiles are very small due to the averaging) are given. It is seen that differences between mean profiles are drawn out of the corridor insignificantly at the 52-57 km altitudes and by ~ 1-2 K at the altitudes near 70 km. At these altitudes, the SPbSU mean profile is “cooler” than the WU one. In general, mean profiles obtained as the result of two independent retrievals are in good agreement. It is an accidental result, as the WU method does not take the non-LTE into account but Kostsov et al. [2001] showed that the non-LTE influenced significantly on retrieving the kinetic temperature at the altitudes of 80-90 km and higher. It can be assumed that differences between individual retrievals by two independent methods are of opposite signs for different realizations and compensated in calculations of mean profiles. 

Comparison of mean profiles (Fig. 1a) retrieved from CRISTA data with modern models (CIRA86, AFGL86 and MSIS90) shows that both mean profiles (SPbSU and WU) are different from models. In Table 2, differences between SPbSU mean profile and different models are given. 


Table 2
SPbSU mean temperatures and differences from WU and model data
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It is seen from Table 2 that all models are “warmer” than the SPbSU mean model at the 50(60)-80 km altitudes. Maximal “atmospheric cooling” (equal to 15.4 K for AFGL86 model) is observed at the 70-75 km altitudes. Although these comparisons of mesospheric mean temperatures (received during 1 week) with existing atmospheric models are rather conditional, the revealed differences are in good agreement with the phenomena of essential mesospheric cooling during last decades which was shown up in many papers (see e.g. [Golitsin et al., 1996]). Above 80 km all models give the lower temperatures than mean profiles from CRISTA-1 experiment. The “atmospheric heating” in upper mesosphere in comparison with different models are 2.9-13.9 K. 

In Fig. 1c absolute mean and RMS differences between temperatures retrieved by SPbSU and WU and total retrieval errors. At the 50-60 km altitudes, RMS temperature differences are about 3 K and negligibly exceed total errors (by ~ 2 K). Above 60 km, RMS differences increase and become more different from total errors. Those are about 6 K, 12 K and 20 K at the altitudes of 70, 80 and 90 km and exceed the total error by 2-3 times. So differences between individual temperature retrievals caused by using different interpretation methods (in particular by neglecting the non-LTE in the WU method) are very considerable at the 80-90 km altitudes. 

Altitude dependence of coefficient correlation between two independent temperature retrievals is shown in Fig. 1d. At the 50-80 km altitudes, correlation coefficients are 0.8-0.92 (with the maximal error of 0,05). At the 90 km altitude, the correlation coefficient fall abruptly to ~ 0.3. It can be assumed that below 80 km both interpretation methods give similar information on temperature variations and appreciably different one at the 80-90 km layer (as it follows from Fig. 1c as well). Weak correlation at the 90 km altitude is in good agreement with the growth of total error and large values of RMS differences between SPbSU and WU retrievals given in Fig. 1c. 

3.2. Pressure 
Although we have no correct information on the errors of retrieving the pressure profiles by WU method, let us compare vertical profiles retrieved by two methods (Fig 2). In Fig. 2a SPbSU and WU pressure profiles averaged over the whole of the comparison array (342 profiles) are given. Both mean profiles are in good agreement on logarithmical scale. Differences are observed only above 79 km and those are maximal at the 90 km altitude. In Fig. 2b, relative differences between two mean pressure profiles and doubled systematic error of retrieving the pressure in the SPbSU method are given. Differences between two profiles are within the error corridor only at the 50-64 km altitudes. Above these altitudes, relative differences quickly increase to 18 % at the 90 km. Mean and RMS differences between SPbSU and WU pressure retrievals and doubled systematic error of SPbSU retrieval are given in Fig. 2c. Above ~ 70 km, RMS differences exceed the doubled SPbSU error and amount to 20 % at the 90 km altitude. Data in Fig. 2 indicate that in the upper mesosphere, two independent retrievals are greatly different. Similar to the temperature case, coefficient correlation between independent pressure retrievals (Fig. 2d) is 0.82-0.96 at the altitudes 50-80 km and then sharply falls to zero at 90 km. It can be concluded (as for the temperature comparison) that information on pressure variations given by both interpretation methods are similar below 80 km and different at the 80-90 km layer (as it follows from Fig. 2c as well). 
3.3. CO2 content
In Fig. 3a, results of comparing the CO2 mean number density profiles are given. At all altitudes the profiles are in good agreement within total retrieval errors. In upper mesosphere, systematic differences between two profiles are observed. In this layer, the WU CO2 number density is greater than SPbSU data. It should be noted that both profiles are different from CO2 model profiles (models AFGL86 and the paper [Ogibalov and Shved, 2002]). The models give notably larger CO2 number densities (especially the model AFGL86). Relative differences between SPbSU and WU mean profiles (in percents) and the corridor of total systematic error of two retrievals are given in Fig. 3b. At the 77.5-87.5 km, systematic differences between SPbSU and WU number densities exceed slightly the total errors and equal to ( 13-26 %. 

Mean and RMS differences between two independent retrievals of CO2 number densities with total errors are given in Fig. 3c. RMS differences equal to ~ 14-28 % and those are less than retrieval errors at all altitudes. It can be concluded that both methods of processing the CRISTA data point out the underestimation of CO2 content in middle and upper mesosphere by modern models. Fig. 3d with coefficients of correlation between independent retrievals testifies to such conclusion. At the whole altitude diapason of 65-90 km, correlation coefficients are 0.7-0.84). This fact shows that both methods register similar (concurrent) CO2 variations in space and time. 
Let us discuss the comparison of measured CO2 mixing ratios as this characteristic is often used for constructing the models of gas atmospheric content and for different calculations. In both interpretation methods, CO2 mixing ratio is not determined directly from radiation measurements but calculated from retrieved CO2 number densities, temperature and pressure. Such method brings in additional errors in retrieved CO2 volume mixing ratio due to retrieval temperature and pressure errors. In Fig. 4a mean profiles of CO2 volume mixing ratio determined by SPbSU and WU are compared. It is seen that these profiles agree within the total systematic errors of two measurements (random errors are depressed and rather small due to the averaging over great set of realizations). Small systematic differences are observed (Fig. 4b) – the overestimation of the volume mixing ratio by SPbSU at the 65-75 km altitudes and opposite effect above this layer. Two measurements are in very good agreement near 90 km. In Fig. 4a, SPbSU and WU CO2 volume mixing ratio profiles are compared with data of modern models [Ogibalov and Shved, 2002; Lopez-Puertas and Taylor, 1989]. These models overestimate appreciably the CO2 volume mixing ratio above 75-89 km. These differences are ~ 50-100 ppm at the 90 km altitude. 

A good agreement is observed also for individual realizations of CO2 volume mixing ratio. In Fig. 4c, RMS differences between SPbSU and WU retrieved profiles of the volume mixing ratio are given for the whole ensemble of retrieved profiles (341 profiles). RMS differences are 12-18 %, that is less than total complete (random and systematic) retrieval errors, and weakly depend on altitude. This fact makes it possible to conclude that errors of retrieving the CO2 volume mixing ratio given by authors of the paper [Kaufmann et al., 2002] are rather overestimated. Correlation coefficients for two sets of the volume mixing ratio are small (( 0.38 – + 0.41) – Fig. 4d. This fact can be explained by small natural variations of CO2 volume mixing ratio in comparison with random retrieval errors. 

4. Analysis of natural variability of atmospheric parameters

Let us consider how two independent methods describe variations of atmospheric parameters of upper atmosphere. These variations were calculated for each data ensemble using relevant mean profiles. This comparison is very important for analyzing the similarity of both methods in describing the spatial-temporal variations of atmospheric parameters. It is necessary to bear in mind, that variation calculations give total (experimental) variations caused by natural variations of atmospheric parameters and measurement errors of these parameters. Therefore experimental variations of atmospheric parameters and the estimates of retrieval errors are given in Fig. 5. 
In Fig. 5a, experimental temperature variations and the errors of both retrievals (in authors’ estimates, those are 1-2 K) are given. Temperature variations from SPbSU and WU data are similar only in the lower part of atmosphere layer – at the 50-60 km altitudes – and those are 5-7 K. Similar temperature variations are observed for WU retrievals at large altitudes. From SPbSU data, temperature variations increase with altitudes and amount to 21 K at 90 km. The variation increase above 85 km connects in some degree with the increase of retrieval temperature errors. But it is seen from Fig. 4a that a great increase of temperature variations begins with 60 km where retrieval temperature errors are still very small. Even at 85-90 km these errors bring rather small input in complete temperature variations. Therefore it can be concluded that data of two independent methods of retrieving the upper atmosphere temperature give essentially different spatial-temporal temperature variations and WU variations are greater by several fold than SPbSU ones. At the 85-90 km altitudes, SPbSU and WU variations are ( 20-21K and 6 K, respectively. In our estimation, the neglect of the non-LTE in the WU method can be a cause of these differences in temperature variations. It is likely that in middle and upper atmosphere WU method retrieves not atmospheric kinetic temperature but some effective temperature which are close to vibrational temperature of CO2 (01101) state. RMS differences between WU kinetic temperature and SPbSU vibrational temperature are essentialy less than those between two temperature retrievals. 
Fig. 5c shows that both interpretation methods give similar pressure variations over the whole retrieved ensemble – 7-11 %. Considering the SPbSU retrieval errors, one can conclude that most part of these variations is caused by natural variations of atmospheric pressure. Only at the 80-90 km altitudes, differences between two methods are appreciable and equal to ( 2 %. 

Experimental variations of CO2 number density are 10-20 % for both retrievals (Fig. 6a). But the SPbSU variations are less than WU ones in lower mesosphere and greater in upper mesosphere. Below ~ 85 km, SPbSU variations exceed markedly the errors of retrieving the CO2 number density. Therefore it is arguable that below 85 km Fig. 6a demonstrates really observed variations of CO2 number density (from SPbSU data) in atmosphere during observation period. Another situation is with WU data. Variations of CO2 number density from WU data are essentially less than retrieval errors given in the paper [Kaufmann et al., 2002] at all altitudes. It is likely that the authors overestimated retrieval errors. 
Variations of CO2 volume mixing ratio obtained by two methods are compared in Fig. 6b. These variations are rather small (4-16 % at all altitudes) and essentially less than retrieval errors given in Table 1, what testifies once more to the complexity of objective estimating the errors of satellite measurements of atmospheric parameters by numerical modeling. 
5. Conclusion

Results of retrieving the temperature, pressure and CO2 content in upper atmosphere by two independent methods of interpreting the CRISTA-1 satellite limb radiance measurements have been compared. This comparison can be considered as “indirect” validation of these unique data because two interpretation methods (SPbSU and WU) use different a priori information and algorithms for solving the inverse problems and in the case of retrieving the CO2 content – different physical principles. Analysis of the data gives some contradictory picture. A number of parameters and characteristics retrieved by two methods are in good agreement but the others are different. These facts testify to the necessity of detailed analyze of causes of differences and demonstrate the value of such indirect validation when direct validation of data of satellite sounding the parameters of upper atmosphere is impossible. 
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Fig.1. Comparison of temperature profiles retrieved from CRISTA-1 data by two methods (SPbSU and WU). 
a) Comparison retrieved mean temperature profiles with modeled ones: 1 – SPbSU, 2 – WU, 3 – CIRA86, 4 – AFGL86, 5 – MSIS90; b) difference between WU and SPbSU mean temperature profiles: 1 – difference, 2 – combined error corridor; c) RMS difference: 1 – RMS difference, 2 – curve of total retrieval errors; d) coefficient correlation for retrieved temperature profiles.
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Fig.2. Comparison of pressure profiles retrieved from CRISTA-1 data by two methods (SPbSU and WU). 
a) Mean pressure profiles: 1 – SPbSU, 2 – WU; b) relative difference between WU and SPbSU mean pressure profiles: 1 – difference, 2 – combined error corridor; c) relative RMS difference: 1 – RMS difference, 2 – curve of total retrieval errors; d) coefficient correlation for retrieved pressure profiles.
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Fig.3. Comparison of CO2 mean number densities retrieved from CRISTA-1 data by two methods (SPbSU and WU). 
a) Comparison retrieved mean profiles with modeled ones: 1 – SPbSU, 2 – WU, 3 – Shved model, 4 – AFGL86; b) relative difference between WU and SPbSU CO2 profiles: 1 – difference, 2 – combined error corridor; c) relative RMS difference: 1 – RMS difference, 2 – curve of total retrieval errors; d) coefficient correlation for retrieved CO2 profiles.
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Fig.4. Comparison of CO2 volume mixing ratio (vmr) profiles retrieved from CRISTA-1 data by two methods (SPbSU and WU). 
a) Comparison retrieved profiles with modeled ones: 1 – SPbSU, 2 – WU, 3 – AFGL86, 4 – Shved model; b) relative difference between WU and SPbSU profiles of CO2 volume mixing ratio: 1 – difference, 2 – combined error corridor; c) relative RMS difference: 1 – RMS difference, 2 – curve of total retrieval errors; d) coefficient correlation for retrieved profiles.
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Fig.5. Comparison of temperature and pressure variations retrieved from CRISTA-1 data by two methods (SpbSU and WU). 

a) Comparison of total temperature variations: 1 – SPbSU temperature variations, 2 – SPbSU total retrieval error, 3 – WU temperature variations, 4 – WU total retrieval error; b) natural temperature variations (without errors): 1 – SPbSU temperature variations, 2 ( WU temperature variations, 3 – variations of vibrational temperature; c) comparison of pressure variations: 1 – SPbSU pressure variations, 2 – SPbSU total retrieval error, 3 – WU pressure variations, 4 – WU total retrieval error; d) natural pressure variations: 1 – SPbSU pressure variations, 2 ( WU pressure variations.
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Fig.6. Comparison of variations of CO2 number density and volume mixing ratio retrieved from CRISTA-1 data by two methods (SPbSU and WU). 
a) Comparison retrieved CO2 number densities: 1 – SPbSU number density, 2 – SPbSU total retrieval error, 3 – WU number density, 4 – WU total retrieval error; b) comparison of variations of volume mixing ratio: 1 – SPbSU volume mixing ratio, 2 – SPbSU total retrieval error, 3 – WU volume mixing ratio, 4 – WU total retrieval error. 
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Лист1

				SPbSU		SPbSU-WU		SPbSU-CIRA86		SPbSU-AFGL86		SPbSU-MSIS90

		Altitude		T [K]		DT [K]		DT [K]		DT [K]		DT [K]

		50		263.4		-0.6		-1.7		-4.6		-0.0

		52.5		259.8		-2.5				-5.2		0.5

		55		254.3		-2.3		-1.3		-7.7		0.3

		57.5		247.1		-1.1				-9.8		-1.1

		60		239.6		0.4		-3.2		-12.4		-2.6

		62.5		232.6		1.2				-12.5		-3.6

		65		225.6		1.6		-4.3		-12.9		-4.8

		67.5		216.7		3.6				-14.8		-8.2

		70		209.4		4.6		-9.2		-15.4		-10.3

		72.5		205.4		4.1				-12.4		-9.7

		75		204.2		2.1		-9.5		-6.9		-6.5

		77.5		201.7		2.2				-2.5		-4.7

		80		200.8		1.5		-7.9		3.4		-1.3

		82.5		203.0		-1.7				10.1		5.1

		85		202.3		-1.8		2.9		13.9		8.7

		87.5		201.7		-2.1				13.4		12.5

		90		197.3		0.5		7.1		9.1		12.6






