VALIDATION OF GOME BRO AND OCLO OBSERVATIONS IN THE NORTHERN HEMISPHERE

Folkard Wittrock, Andreas Richter, and John P. Burrows

Institute of Environmental Physics, University of Bremen, Germany e-mail: folkard@iup.physik.uni-bremen.de or mail@folkard.de

ABSTRACT

The Global Ozone Monitoring Experiment (GOME) measures solar back scatter spectra in a wavelength region from 240 to 790 nm from which atmospheric BrO and OClO columns could be derived using the well known DOAS method. In this study, GOME measurements are compared to column amounts derived from ground-based uv/vis measurements in Bremen (53^∘N, 9^∘E) and Ny- Ålesund (78^∘N, 12^∘E). The comparison has been made using only those GOME-pixels, having less than 200 km (Bremen) or 150 km (Ny-Ålesund) distance from the ground-based station.

In the case of BrO the comparison shows in general good agreement between the instruments. Especially tropospheric BrO-events in Ny-Ålesund could be clearly identified. An average vertical column of BrO of 5·10^{13} molec· cm^{−2} could be estimated for both Bremen and Ny- Ålesund indicating only small latitudinal variations and higher values than expected from model calculations. In addition, only a small seasonal variation for the BrO vertical column at noon is evident. This is in contrast to recent experimental studies at twilight but wellknown from models. The mean diurnal variation of OClO slant column amounts above Ny-Ålesund in March 1997 shows good agreement between GOME and ground-based measurements. Nevertheless the OClO evaluation from GOME shows often unreasonable values. The reason for this effect is still not clear.

1. INTRODUCTION

The instrument GOME (Global Ozone Monitoring Experiment (Ref. 4)) was launched onboard ERS-2 in April 1995. The GOME is a uv/vis double monochromator with a spectral range of 240–793 nm and a resolution of 0.2 nm (< 400 nm) and 0.4 nm (> 400 nm), respectively. GOME observes the light scattered from the earth’s atmosphere and reflected on the ground in near nadir viewing geometry. Global coverage is achieved within 3 days at the equator and within 1 day at a latitude of 67^∘. The main goal of this instrument is to provide a high quality data set of total ozone and NO2. As pointed out e.g. in (Ref. 8), advanced data products can evaluate from GOME spectra. Recently several authors have analysed measurements from GOME for BrO and OClO (e.g. (Refs. 10, 6, 19, 9, 23)).

BrO is known as an important trace gas in both troposphere (e.g. (Refs. 3, 14)) and stratosphere (e.g. (Ref. 15, and Refs. therein)). Therefore it is important to have a reliable global coverage data set of this trace gas. Further on validation with ground-based measurements might help in distinguishing tropospheric and stratospheric amounts of this trace gas. A detailed discussion of tropospheric BrO as seen by the GOME instrument can be found in (Ref. 18).

In the case of OClO it is well-known, that OClO is an qualitative indicator for chlorine activation. The reaction of ClO with BrO (Ref.16) is a rate limiting step in ozone depletion and couples chlorine and bromine chemistry. This reaction has three product channels, from which ClO + BrO −→ Br + OClO (1) is believed to be the major source for stratospheric OClO, relating the abundance of the OClO radical to those of BrO and ClO. Therefore GOME offers the unique opportunity to monitor the halogen activation in winter and spring in both hemispheres.

2. DATA ANALYSIS

GOME data and ground-based zenith sky measurements have been analysed for BrO and OClO using the DOAS technique. Calibrated earth shine and solar irradiance spectra from GOME were used as provided by ESA through DLR-DFD. From the GOME instrument all scans with solar zenith angle less than 93^∘ have been included with the exception of the polar-viewing mode. The calculation of slant columns has been done using a direct sun spectrum taken from GOME in the same orbit. For the zenith-sky measurements the amount of the considered trace gas in the chosen reference has been estimated. The calculation of air mass factors (AMF) has been made by the means of the radiative transport model GOMETRAN++ developed at the iup Bremen (Ref. 20) to derive vertical columns.

2.1. Spectral fitting

For the BrO retrieval, a spectral fitting window of 344.7 - 359 nm was selected for all instruments. This spectral range was chosen to provide large differential BrO signals and small interference from other absorbers. In the fit, the absorption cross-sections of BrO (Ref. 24), O4 (Ref. 12), NO2 (Ref. 5) and O3(Ref. 7) at 221 and 241 K have been used together with a synthetic Ring spectrum compensating the effect of Raman scattering in the atmosphere (Ref. 22). The wavelength calibration of BrO has been corrected by +0.17 nm as suggested by Aliwell et al. (Ref. 2) and recently confirmed by FTS measurements in Bremen (Ref. 11). After cross-calibration with the FTS measurements, both O3 and NO2 cross-sections have been shifted by +0.03 nm to correct for an error in wavelength calibration.

For OClO, a wavelength region of 365 - 390 nm has been chosen for the evaluation. The main advantage of this window is the negligible ozone absorption. Therefore only OClO (Ref. 25), O4 and NO2 together with the above mentioned Ring spectrum are necessary to derive OClO. Many tests have been made to minimise residuals. For this reason new FTS NO2-cross sections have been used (Ref. 21).

The slit function of channel 2 of the GOME instrument is to narrow for sufficient sampling of the spectra with the diode array used as detector. Due to a small doppler shift, GOME earth-shine and direct sun measurements have a systematic difference of approximately 0.008 nm in the wavelength sampling. In addition, small thermal drifts of the instrument calibration have to be corrected in the fit. Therefore, interpolation of the earth-shine spectra is necessary for the analysis, leading to large residuals from undersampling errors. This can be accounted for by either averaging over adjacent spectral points and thus reducing the undersampling or by fitting a simulated undersampling spectrum as suggested by (Ref. 9). In this study, an undersampling spectrum and no smoothing were used. For evaluation of zenithsky spectra a slight smoothing with a triangle function has been used.

2.2. Airmass factor

The DOAS fit results are slant columns, i.e., the integral of the absorber concentration along the line of sight. To convert slant into vertical columns, airmass factors (AMFs) for BrO have been computed with the radiative transfer model GOMETRAN++.

Figure 1. Airmass factors for BrO evaluation as provided by the radiative transfer model GOMETRAN++. All airmass factors are at 355 nm and include multiple scattering.

In figure 1 all AMFs used for the evaluation of BrO vertical columns are shown. Two profiles for BrO have been chosen taking into account the different latitudes. They were taken from two BrO measurements of (Ref. 13), one at high latitudes in February and one in mid-latitudes in November. However the differences in AMF for solar zenith angles below 80^∘ are mainly due to differences in the albedo between Bremen and Ny-Ålesund.

2.3. Error discussion

Several error sources have to be considered for the accuracy of the DOAS retrieval: instrumental errors, systematic analysis errors and errors in the airmass factors.

The main systematic error source in the DOAS fit is the uncertainty in the BrO and OClO cross section, which is in the order of 20% for both. In addition, there are other, smaller error sources like stratospheric temperature changes, the I0-effect or errors in the wavelength calibration that are discussed in detail in (Ref. 1). In the case of tropospheric BrO amounts uncertainties in airmass factors can exceed 50% and will dominate the total error of the vertical BrO columns (Ref. 18). In the case of a stratospheric profile this error can be estimated to be less than 20% as shown in figure 1.

3. RESULTS AND DISCUSSION

3.1. BrO

Figure 2. BrO vertical columns above Ny-Ålesund in 1998.

Figure 3: BrO vertical columns above Bremen in 1998.

In figures 2 and 3 the seasonal behaviour of the vertical column of BrO is shown for Ny-Ålesund and Bremen, respectively. The plotted values from GOME are daily mean values from all pixels within a s̈mallärea around the considered station. The calculated amounts of the ground-based station are synchronised to the mean GOME overpass. This method is used to minimise spatial and temporal differences in the considered BrO column. For the reason, that the BrO profile used for the radiative transport calculations is only stratospheric, high tropospheric BrO columns during low ozone events are underestimated (for example in the beginning of April in Ny-Ålesund). Gaps in the zenith sky time series are due to instrumental problems (Bremen) and to small differences in the solar zenith angle with respect to the chosen Fraunhofer reference spectrum (Ny-Ålesund).

From both figures it is obvious, that the agreement in the total column is good with the exception of the fall 1998 in Ny-Ålesund. The vertical column decreases from winter towards summer from 5.5·10^{13} molec· cm^{−2} to approximately 4·10^{13} molec· cm^{−2}. The reason for the behaviour in fall 1998 is yet unknown but possibly due to instrumental drifts in the ground-based measurements. Detailed structures in the time series correspond only poorly with the exception of tropospheric BrO events. One possible reasons is the low signal/noise ratio for small solar zenith angles particular in the case of zenith sky measurements. Another reason is the use of inappropriate air mass factors (for example changes of the tropopause height, in the albedo or in the tropospheric column, have a large influence on the AMF).

The mean vertical column derived from this study (5·10^{13} molec· cm^{−2}) is about 50% higher than the values, obtained from model runs (Ref. 17) and integrated balloon profiles (Ref. 13) provide.

3.2. OClO

As pointed out before, GOME provides global coverage of the amounts of OClO and thereby an overview, where chlorine activation taking place. Therefore near real-time evaluation might help to plan activities within the scope of campaigns like HIMSPEC in THESEO. In cooperation with the IUP Heidelberg the IUP Bremen are currently producing plots like figure 4 to satisfy this requirements.

Figure 4. OClO slant column amounts in the northern hemisphere on March 2, 1997.

Figure 5 includes all OClO slant columns, derived from spectra in March 1997, when Ny-Ålesund was well located inside the polar vortex. As for BrO, only GOME pixels within a 150 km radius around the station were considered. The derived amounts from zenith-sky are mean values interpolated on a set of solar zenith angles. The agreement between both data sets is quite good. Higher values from GOME for small solar zenith angles are expected because of higher air mass factors for this case. However, some problems in evaluating OClO from GOME data remain. For example it is still unknown, why the chosen Fraunhofer reference has a large influence on the results. This is true only in the northern hemisphere! In addition the absorption cross section from the most important absorber in the used fitting window O4 is poor in both differential values and in the wavelength calibration.

Figure 5. OClO slant columns evaluated from both, GOME and ground-based instrument for March 1997.

4. SUMMARY

This study shows the large benefit from GOME providing reasonable data sets for OClO and BrO for the scientific community. While the GOME BrO evaluation has converged to a high quality, the OClO evaluation still contains a lot of open questions.

ACKNOWLEDGMENTS

Parts of this work have been funded by the University of Bremen, the DARA and the European Community via the GODIVA-project (Contract No. ENV4-CT97-0418). We would like to thank the Alfred Wegener Institute for Polar and Marine Research, Research Unit Potsdam, in particular Dr. Roland Neuber, Dr. Hartwig Gernandt, Prof. Otto Schrems, Hauke Schütt, Jens Warming, Tine Weinzierl, and Ingo Beninga for great assistance. Helpful discussions with Thomas Wagner, IUP Heidelberg and Hartwig Harder, MPI Mainz are gratefully acknowledged. GOME data have been supplied by the German Aerospace Center.

REFERENCES

1. S. R. Aliwell, P. V. Johnston, A. Richter, M. Van- Roozendael, T. Wagner, D. W. Arlander, J. P. Burrows, D. J. Fish, R. L. Jones, K. Karlsen-Tornkvist, J. C. Lambert, K. Pfeilsticker, and I. Pundt. Analysis for BrO in zenith-sky spectra - an intercomparison exercise for analysis improvement. Geophysical Research Letters, 1999. to be submitted.

2. S. R. Aliwell, R. L. Jones, and D. J. Fish. Midlatitude observations of the seasonal variation of BrO. 1. Zenith-sky measurements. Geophysical Research Letters, 24:1195–1198, 1997.

3. L. A. Barrie, J. W. Bottenheim, R. C. Schnell, P. J. Crutzen, and R. A. Rasmussen. Ozone destruction and photochemical reactions at polar sunrise in the lower Arctic atmosphere. Nature, 334:138–141, 1988.

4. J. P. Burrows and K. V. Chance. SCIAMACHY and GOME: The scientific objectives. Journal of Atmospheric Chemistry, 1715:502–511, 1992.

5. J.P. Burrows, A. Dehn, B. Deters, S. Himmelmann, A. Richter, S. Voigt, and J. Orphal. Atmospheric remotesensing reference data from GOME: Part 2. temperature dependent absorption cross sections of NO2 in the 231– 794 nm range. J. Quant. Spectrosc. Radiat. Transfer, 1998.

6. J.P. Burrows, M. Eisinger, A. Richter, V.V. Rozanov, D. Perner, E. Hegels, and K.V. Chance. GOME measurements of OClO over antarctica 1995. In R.D. Bojkov and G. Visconti, editors, Atmospheric Ozone - Proc. 18th Quadrennial Ozone Symposium L’Aquila, Italy, pages 661–664. PSTd’A, 1998.

7. J.P. Burrows, A. Richter, A. Dehn, B. Deters, S. Himmelmann, S. Voigt, and J. Orphal. Atmospheric remotesensing reference data from GOME: Part 2. temperature dependent absorption cross sections of O3 in the 231–794 nm range. J. Quant. Spectrosc. Radiat. Transfer, 1998.

8. J.P. Burrows, W. Schneider, and K. V. Chance. Gome and sciamachy: Remote sensing of stratospheric and tropospheric constituents. In CEC Air Pollution Report, volume 34, pages 99–102, 1991. ISBN 2-87263-066-0.

9. K. Chance. Analysis of BrO measurements from the Global Ozone Monitoring Experiment. Geophysical Research Letters, 25:3335–3338, 1998.

10. M. Eisinger, J.P. Burrows, A. Richter, and A. Ladstätter-Weißenmayer. SO2, OClO, BrO, and other minor trace gases from the global ozone monitoring experiment (GOME). In T.-D. Guyenne and D. Danesy, editors, Space at the service of our Environment, volume II of ESA SP-414, pages 675–680, ESTEC, Noordwijk, The Netherlands, May 1997. European Space Agency, ESA Publications Division. 3rd ERS Scientific Symposium, 17-21 March 1997, Florence, Italy.

11. O. Fleischmann. FTS measurements of BrO. Personal Communication, 1998.

12. G. D. Greenblatt, J. J. Orlando, J. B. Burkholder, and A. R. Ravishankara. Absorption measurements of oxygen between 330 and 1140 nm. Journal of Geophysical Research, 95:18577–18582, 1990.

13. H. Harder, C. Camy-Peyret, F. Ferlemann, R. Fitzenberger, T. Hawat, H. Osterkamp, D. Perner, U. Platt, M. Schneider, P. Vradelis, and K. Pfeilsticker. Stratospheric BrO profiles measured at different latitudes and seasons. 2. atmospheric observations. Geophysical Research Letters, pages 3843–3846, 1998.

14. M. Hausmann and U. Platt. Spectroscopic measurement of bromine oxide and ozone in the high Arctic during Polar Sunrise Experiment 1992. Journal of Geophysical Research, 99:25399–25413, 1994.

15. D. J. Lary. Gas phase atmospheric bromine photochemistry. Journal of Geophysical Research, 101:1505– 1516, 1996.

16. M. B. McElroy, R. J. Salawitch, S. C. Wofsy, and J. A. Logan. Reduction of Antarctic ozone due to synergistic interactions of chlorine and bromine. Nature, 321:759–762, 1986.

17. R. Müller, H. Bovensmann, M. Bruns, V. Eyring, J. Kaiser, A. Richter, J. Trentmann, F. Wittrock, and J.P. Burrows. Interpretation of BrO slant column measurements using the model package SLACO. ESA, 1999. this issue.

18. A. Richter, F. Wittrock, and J.P. Burrows. GOME observations of tropospheric BrO. 1999. this issue.

19. A. Richter, F. Wittrock, M. Eisinger, and J.P. Burrows. GOME observations of tropospheric BrO in Northern Hemispheric spring and summer 1997. Geophysical Research Letters, 25:2683–2686, 1998.

20. V. Rozanov, D. Diebel, R. J. D. Spurr, and J. P. Burrows. GOMETRAN: A radiative transfer model for the satellite project GOME - the plane parallel version. Journal of Geophysical Research, 102:16683, 1997.

21. Susanne Voigt. Hochauflösende Fourier-Transform- Spektroskopie Atmosphärischer Spurengase im Ultravioletten, Sichtbaren und Nahinfraroten Spektralbereich: CO, NO2 und O3. PhD thesis, University of Bremen, 1998. in German.

22. M. Vountas, V.V. Rozanov, and J.P. Burrows. Ring effect: Impact of rotational Raman scattering on radiative transfer in earth’s atmosphere. J. Quant. Spectrosc. Radiat. Transfer, 60:943–961, 1998.

23. T. Wagner and U. Platt. Satellite mapping of enhanced BrO concentrations in the troposphere. Nature, 1998.

24. A. Wahner, A. R. Ravishankara, S. P. Sander, and R. R. Friedl. Absorption cross section of BrO between 312 and 385 nm at 298 K and 223 K. Chemical Physics Letters, 152:507–512, 1988.

25. A. Wahner, G. S. Tyndall, and A. R. Ravishankara. Absorption cross sections for OClO as a function of temperature in the wavelength range 240-480 nm. J. Phys. Chem., 91:2734–2738, 1987.