EVALUATION AND RE-PROCESSING OF UMKEHR OBSERVATIONS FROM DOBSON NETWORK IN JAPAN, 1957-2007

Method and Results

Report for the World Ozone and UV Data Centre of WMO, Toronto

Tsukuba, August, 2008

Prepared by:

Koji Miyagawa

Head, the Regional Dobson Calibration Centre - Asia 

Aerological Observatory / Japan Meteorological Agency
Email: miyagawa@met.kishou.go.jp
Irina Petropavlovskikh
Cooperative Institute for Research in Environmental Sciences,
University of Colorado, Boulder Colorado, USA
Robert D. Evans

NOAA/OAR/ESRL Climate Monitoring Division, 325 Broadway,
Boulder, Colorado USA 
1. Objectives

Umkehr observations have been routinely conducted at Japanese stations, Sapporo, Tsukuba, Kagoshima and Naha, and the Antarctic station, Syowa for more than 50 years. However, it appears that Umkehr record is incoherent.  Majority of the discontinuities are related to the calibration (for total ozone measurements) and replacement of instruments. The incoherency may be due to the undefined calibration method for Umkehr observation. In this report, reevaluation of the long-term Umkehr data in Japan is done by assessment of N-value for SZA and total ozone dependence, and for step changes in time-series that occur with time (shift error). The systematic errors are evaluated by simultaneous intercomparisons of each instrument with the reference instrument. Through this reevaluation, most unrealistic discontinuities found at every station in the old datasets are removed, and new sets of ozone vertical profiles are derived. The ozone profiles retrieved by UMK04 (Petropavlovskikh et al., 2004) is compared with ozonesonde and ozone lidar observations at Tsukuba. The results show that consistency of new datasets with both types of observations is improved in all layers as compared to the old datasets, especially with regards to ozonesonde observations (difference of less than 5%).

This Report describes method used and results recommended by the SAG-Ozone member (2007, 2008).

2. Reevaluation of N-value
Before 1994, Japanese Dobson ozone observation network was maintained by the periodical replacement of the field instruments by instruments which had been newly calibrated against the national standard in Tsukuba. The instrument replacement seems to have often caused systematic errors and discontinuities in measurement readings due to the difference in optical characteristics between instruments. Moreover, the calibration method to assess and correct these effects of instrument specific characteristics for Umkehr observation had not been yet established. In 1994, the Japanese Dobson network introduced a new system in which the calibration and maintenance are conducted at a field site using the traveling transfer standard, as well as the fully automated Dobson measurement system [Miyagawa, 1996]. Through this new system a single instrument is used at a site continuously. Thus the Umkehr data since this operational change have been found to be stable and of high quality. However, if we see the long-term changes over periods covering several instruments, it is still necessary to assess systematic errors and discontinuities accompanied by the instrument replacement. At one site, eight different instruments were used during 50 years.  The Japan Dobson network has used seven instruments from Ealing-Beck Company and six from Shimadzu Company. For reevaluation of long-term Umkehr data, following N-value errors have to be assessed; i.e., 1) an error that changes in time (shift error), 2) an error that depends on SZA (SZA error), and 3) an error that depends on total column ozone with SZA (total ozone error).
2.1 Shift correction of N-value
In the long-term N-value data, apparent shifts (discontinuous steps) are found corresponding to the date of instrument replacement. To eliminate such discontinuous steps in N-value, a shift correction by statistical intervention was proposed [Bojkov et al., 2002]. As N-values are roughly proportional to total ozone, step-like discontinuity can be easily detected in time series as abrupt changes in the ratio of measured N-value and total ozone, NPTO3 (=N-value/Total ozone). While the proportional relation is valid in the range of 60°~80° SZA, examination of NPTO3 is done at 60° SZA because 60° is usually used as the reference SZA in Umkehr retrieval procedure. Time series of NPTO3, at SZA 60°, are shown in Fig. 1 for Sapporo, Tsukuba, Kagoshima, Naha and Syowa since their beginnings of observation till 2007. Discontinuous steps, especially large till 1980s, can be easily found at every station. These steps generally correspond to the instrument replacements.

Thus homogenizing the NPTO3 time series is an effective tool for improving the accuracy of ozone profiles.

In order to homogenize the NPTO3, the shift correction is applied to each time period associated with instrument replacements. Shift correction ΔNsft(t) of a period t is given by following formula with reference period (1995~2007).
ΔNsft(t)=[NPTOref-NPTO(t)]・TO3ref

(1)

N’(x,z,t)= N(x,z,t) + ΔNsft(t)


(2)

where NPTO(t) is the average of N60/TO3 in the correction period t, NPTOref is its value for the reference period, and TO3ref is the average of total ozone for the reference period. Shift correction ΔNsft(t) is uniformly added to measured N-values for all SZA through the period t to create corrected N-values, N’(x,z,t).
After shift correction, the steps in NPTO3 are generally removed at all 5 stations, except for the period between the beginning of time series and 1976 at Kagoshima where small discontinuous steps still remain after correction. Effects of SO2 emission of volcano Sakurajima nearby may be a possible cause. The values of NPTOref and TO3ref at 5 stations are summarized in the Fig. 1 (see the red line for the moving average).
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Figure 1.  Ratio of the N-value at 60-degree SZA to the total ozone (TO3) for each Umkehr measurement at Sapporo, Tsukuba, Kagoshima, Naha and Syowa, respectively.
2.2 SZA correction of N-value

N-values in the 60°~ 90° range of SZA are known to have systematic SZA depending biases that are specific for each instrument. Systematic SZA dependent biases can be evaluated by intercomparison among instruments. For this evaluation we used the D116 as the reference instrument since the World reference instrument for Umkehr measurements has yet to be established. Results of two Dobson intercomparison campaigns (Mauna Loa, 2001; Boulder, 2004 and 2007) of World primary standard Dobson (D083) and the Asian regional standard Dobson (D116) show good consistency between two instruments with the difference of N-values less than 0.4 in the range of 60°~ 90° SZAs (Fig.2-a), which suggests its adequacy for a choice of the reference. Biases in each instrument are evaluated based on the direct intercomparison with D116 or indirect comparison using the traveling standard Dobson. 

SZA dependent biases are evaluated by use of many intercomparison results to reduce measurement uncertainties. 
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Figure 2. SZA dependent N-value biases based on the intercomparison of Umkehr measurements. (a) Biases of the World primary standard D083 (thick line) and of field instruments in Japanese network referred to Asian Regional standard D116. (b) Biases of instruments of Asian network referred to D116. 

Derived Biases of 7 instruments (Beck Co.) with reference to D116 are shown in the Fig.2-a. The result shows that Dobsons D125 ~ D129 have systematically large biases of 5N-value at SZA larger than 80°. Biases in two Shimadzu Dobsons with statistically significant data sets are about 2N-values. Biases in other four Shimadzu instruments are expected to be similar. 

In Asia, Dobson intercomparisons to Asian standard D116 were conducted several times. The results of simultaneous Umkehr measurements by instruments D52, D90, D100, D109, and D112 during the campaigns of 1996, 2003, and 2006 reveal biases that were less than 1N-value. On the contrary, intercomparison of D124 (Seoul university) in 2004 and 2005 show large biases that are similar to D125 ~ D129 results (Fig.2-b).    

SZA dependent bias is evaluated as the difference of N-value readings between the analyzed instrument and the reference instrument. Therefore, SZA correction ΔNz (z, ins) is described by (3), and SZA corrected N-value N’’ are defined by (4).

ΔNzd(z,ins)=∑{[N(z,ins)- N(60,ins)] – [N(z,ref_ins)- N(60, ref_ins)]} / n      (3)
N’’(x,z,t,ins)= N’(x,z,t) +ΔNzd(z,ins)    


 (4)
In (4), the parameter “ins” means the analyzed instrument, “ref_ins” means the reference instrument, and n is the number of intercomparison. Summation is done n-times. In this study the Asian regional standard Dobson (D116) is selected as the reference instrument. In case that an instrument has no direct intercomparison data with the reference instrument, SZA correction is determined by indirect intercomparison using the traveling standard instrument.

2.3 Total ozone correction of N-value

After shift correction and SZA correction, N-values have still discernible uncertainty errors. Some of these errors have total ozone dependent nature, which is suggested by results of the intercomparison campaign by Petropavlovskikh et al. [2004], and quantitatively discussed by Miyagawa and Hirose [2004]. 

In the period between 1998 and 2004, 32 Umkehr intercomparison records exist between the Asian regional standard D116 and the filed instruments D125 at Tsukuba. The remaining error of D125 after shift correction and SZA correction in reference to D116 has total ozone dependency of no more than 1.6N-value at SZA 84° per 100 DU total ozone (Fig.3). After total ozone correction, the remaining N-value error has been reduced by 30%. Range of error bars after and before total ozone correction is shown in Fig. 4(c). Total ozone dependency is especially large in N-values at SZA between 77°and 90° where zenith scattered light is weak. Total ozone correction ΔNto (to3,z,ins) can be expressed by, 

ΔNto(to3,z,ins)=α(z,ins)+TO3・β(z,ins)          (5)

where coefficients α and β are the intercept and slope, respectively, when the difference between the N-values of the  analyzed instrument (ins) and the reference instrument (ref_ins) is expressed as linear function of total ozone TO3. Adding the term ΔNto(to3,z,ins) to N’’(x,z,t,ins) derived in (6), we can obtain corrected N-value N’’’(x,z,t,ins,to3) as follows,

N’’’(x,z,t,ins,to3)= N’’(x,z,t,ins) +ΔNto(to3,z,ins)   (6)

Contribution of total ozone dependent bias to error in ozone profile is estimated to be about 5% at most.
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Figure 3. Characteristics of N-value difference between D116 and D125 after shift correction and SZA correction. (a) Relation between the total ozone and a change in N-value difference from 60° to 84° SZA. (b) Total ozone dependency coefficients of N-value difference in SZA space. 

3. Validation of retrieved ozone profile
Ozone profiles were retrieved from N-values after corrections described above were implemented to the time series at each station. The newly re-processed Umkehr ozone profiles are validated by comparisons with ozone profiles from independent methods, i.e., ozonesonde. Umkehr ozone profiles are retrieved by the new algorithm (UMK04) to assess the algorithm-related differences. Data reduction algorithm for KC ozonesonde was recently revised to resolve some problems determined in the laboratory and field experiment campaigns, JOSIE (Julich Ozonesonde Intercomparison Experiment) and BESOS (Balloon Experiment on Standards for Ozonesondes) [Fujimoto et al., 2000, Deshler et al., 2008]. 
This data from the KC type ozonesondes are used for comparisons. Individual Averaging Kernel (AK) in Umkehr algorithm was applied in calculating ozone amount in the layer for ozonesonde.
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Figure 4. Mean seasonal variations of ozonesonde, Umkehr ozone and their difference for each layer. 
Figure 4 shows the averaged seasonal variations of ozonesonde, Umkehr ozone and their difference, Umkehr ozone and their difference for each layer. Generally, seasonal variations are similar, and in higher layers differences are small and stable. However, in lower layers the differences between ozonesonde and Umkehr results are large. And, the characteristic of large difference is shown especially during the summer season in high latitude, and more low latitude.
4. Conclusions

Umkehr measurement data are reevaluated by introducing new technique to remove instrumental uncertainty in measured N-values by assessing each instrument’s characteristics. The results show that the Umkehr deviation from ozonesonde profile is less than 5% in layers 3 to 7, which suggests that reevaluated Umkehr data provide high quality ozone profiles available for long-term trend analyses.

These detailed analysis results are submitted to J.G.R. currently.
Table 1. Umkehr station lists in Japan
	No.
	Stations
	Latitude
	Longitude
	Period
	Obs.

	012
	Sapporo
	43.05N
	141.33E
	1958-2007
	1849

	014
	Tsukuba
	36.05N
	140.10E
	1957-2007
	7755

	007
	Kagoshima
	31.60N
	130.60E
	1958-2005
	2304

	190
	Naha
	26.21N
	127.69E
	1974-2007
	1312

	101
	Syowa
	69.01S
	39.59E
	1977-2007
	1240


