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Abstract


The energetic particle data recorded by the NOAA/POES MEPED sensor have been reprocessed at GSFC/SPDF for the purpose of enhancing value-added products. The time resolution of data is reduced to one minute. In each one-minute period, perpendicular-to-magnetic field flux and omnidirectional flux of trapped particles have been calculated. In addition, drift shell parameters of trapped particles for four pre-selected magnetic field models (IGRF only, IGRF plus Tsyganenko T89, T96, and T01 models) have also been added. So far we have reprocessed the NOAA-5 to NOAA-14 data, which are archived in the SPDF/CDAWeb for public access. 

1. Introduction

The National Oceanic and Atmospheric Administration (NOAA)/Polar Orbiting Environmental Satellite (POES) (formerly known as TIROS for Television and InfraRed Observation Satellite) carries the Medium Energy Proton and Electron Detector (MEPED) sensor to measure energetic protons and electrons. Before NOAA-15 the technical documentation of NOAA/POES MEPED data is in Raben et al. [1995]. Beginning from NOAA-15 MEPED sensor has been upgraded with significantly different detector configuration, leading to a complete revision of data processing and archiving processes. The new NOAA/POES MEPED instrument description and archived data documentation can be found in Evans and Greer [2000]. 

[image: image118.wmf]The NOAA/POES MEPED sensor detects and monitors the influx of energetic protons and electrons into the atmosphere and the particle radiation environment at the altitude of NOAA satellites (~850 km). Since both phenomena vary as a result of solar and geomagnetic activity, the NOAA/POES MEPED energetic particle dataset is widely used in space physics research [e.g., Huston et al., 1996; Miyoshi et al., 2000; 2004; Fung et al., 2005; 2006]. The main advantage of using the dataset comes from its long duration, which spans more than two solar cycles (from 1978 to now) with almost continuous data coverage. In addition, data obtained by different NOAA/POES satellites agree well. As an example, Figure 1 shows the 10-day averaged outer radiation-belt peak omnidirectional fluxes of > 0.3 MeV electrons as measured by different NOAA/POES satellites during 1979-1990. Thus it is easy to investigate long-term variations of particle fluxes by combining observations of multiple NOAA/POES satellites.

The original NOAA/POES MEPED data archived at the NOAA National Geophysical Data Center (NGDC) (http://poes.ngdc.noaa.gov/) are count rates of energetic protons and electrons. The data are in binary format with a time resolution of 2 seconds. The newly processed data may be more convenient for some users because of the following reasons:

(1) The binary format makes it difficult to access by users who lack the programming resource necessary to unpack the archived binary file.

(2) The 8-sec time resolution is inconsistent with the one-minute time resolution of most “key parameter” datasets archived in the Coordinated Data Analysis Web (CDAWeb) of the Goddard Space Flight Center (GSFC)/Space Physics Data Facility (SPDF).

(3) Particle count rate data are not readily usable in many modeling projects. For example, in the NASA/AE-8 trapped electron model [Vetti, 1991] the omnidirectional electron flux is taken as the model parameter. 

(4) Only the International Geomagnetic Reference Field (IGRF) model is used to calculate the drift-shell parameter of trapped particles. 

In view of the above reasons, as part of developing a new generation of trapped radiation models at GSFC/SPDF [Fung, 1996], the reprocessing work of NOAA/POES MEPED data has been undertaken based on the following considerations:

(1) Output files of reprocessed data should consist of both Common Data Format (CDF) (http://cdf.gsfc.nasa.gov/) files and text files. 

(2) Particle data are averaged to reduce their time resolution to one minute, with particle flux records given at the beginning of the minute interval over which the data are taken.

(3) Various particle fluxes can be calculated, including omnidirectional and perpendicular-to-the magnetic field fluxes.  

(4) Users should be allowed to choose a magnetic field model when they query drift shell parameters of trapped particles. Since field tracing, which is necessary in order to calculate the drift shell parameter, is a time-consuming process, a partial satisfaction of user’s wishes is to calculate drift shell parameters in advance by using several pre-selected magnetic field models.

 (5) The reprocessing is a “value-added” process. The newly deduced parameters do not in any way supersede or replace the original data provided by NOAA/NGDC. Consequently, both original count rate and derived flux data of energetic particles are kept in the output files of the reprocessed data.  

Based on the above considerations, the reprocessing of the NOAA/POES MEPED data is not a trivial process. In particular, since the MEPED sensor has only two telescopes that measure the count rates of particles along two almost orthogonal directions, assumptions (see section 3.2) must be taken in order to calculate the perpendicular to the magnetic field flux of particles by using the output of the two telescopes. In addition, in order to facilitate the combined use of different satellite datasets, we have carried out a cross-calibration between the NOAA/POES MEPED data and the CRRES Medium Energy A (MEA) data [Vampola, 1996]. Details of the cross-calibration procedure can be found in our unpublished paper titled “Cross-calibration of magnetospheric energetic electron data measured by CRRES and NOAA satellites” written by Lun Tan, Shing Fung, and Xi Shao, which will be referred as TFS in this document. A complete list of the parameters readable from the one-minute reprocessed NOAA/POES dataset is shown in Table 1. 
[image: image119.wmf]
[image: image120.wmf]2. Description of Original NOAA/POES MEPED Dataset

As mentioned above, the original NOAA/POES MEPED data are archived at NOAA/NGDC. Table 2 lists a summary of different data volumes of the raw (count rate) and reprocessed data. 

[image: image121.wmf]Figure 2 shows the mission periods of different NOAA/POES satellites against the plot of the F10.7 index, indicating the satellite coverage of different solar activity levels. It is seen that the entire NOAA/POES dataset covers a time period longer than two solar cycles. Figure 2 should be compared to Figure 1 in Fung [1996] where a similar display was given to the collection of data sets used to construct the NASA/AP/AE-8 trapped radiation models [Vetti, 1991]. 

The NOAA/POES MEPED sensor provides two kinds of particle count rate measurements (see Table 1) including two directional measurements of protons (0.03-2.5 MeV, 5 energy steps, see Figures 8 and 9) and electrons (0.03-0.3 MeV, 3 energy steps, see Figures 8 and 9), and one omindirectional measurement of protons (16-80 MeV, 3 energy steps, see Figure 10). In the directional measurement the axis of one telescope (labeled by MEPED0 for both protons and electrons) is directed along the Earth-spacecraft radial direction to view zenith, and the axis of the other telescope (labeled by MEPED81 for protons and MEPED83 for electrons) is about 
[image: image1.wmf] to the former. Thus at high latitudes (>
[image: image2.wmf]) MEPED0 and MEPED81(83) are usually within the atmospheric loss cone, whose value is near 
[image: image3.wmf] at NOAA altitudes (Fung et al., 1998), and perpendicular to the local magnetic field direction (see Figure 7), respectively.  


In the NOAA/MEPED sensor a 2500-gauss magnet is mounted across the input aperture of the proton detector in order to prevent energetic electrons from contaminating proton measurements. The electron detector, however, is sensitive to protons having deposit energy >135 keV. The contaminant response to protons that deposit more than 1 MeV in the detector is eliminated electronically (Raben et al., 1995). In addition, the contamination by protons between 135 keV and 1 MeV can be corrected by using the output of the directional proton detector (Raben et al., 1995). To that end, we have implemented a correction procedure that subtracts a fitted exponential proton energy spectrum from the electron measurements. Usually the correction is valid in the lower L (< 2) range where trapped protons are identifiable. 

It should also be noted that proton contamination may be significant only during storm times at high L (> 2), thus affecting mostly the measurements by the “parallel” (i.e., MEPED0) detector [J. C. Green, NOAA SEC, private communications, 2006]. In addition, the P6 proton omnidirectional detector can also be contaminated by ~MeV electrons [Myoshi et al., 2004]. Therefore, we believe that the current database should be useful for studying quiet-time trapped radiation at L > 2 where only the output of the perpendicular electron detector is used to calculate the perpendicular electron fluxes (and hence the omnidirectional electron fluxes, see section 3.2). Users are cautioned to exercise care when the data are used for other purposes.

Moreover, several of the NOAA14 solid-state particle detectors have suffered technical problems that render the data from those channels not usable [J. C. Green, NOAA SEC, private communications, 2006]. As a result, only data from 11 channels, namely,

>100 keV and >300 keV electrons from the 0° telescope,

>100 keV and >300 keV electrons from the 90° telescope, 

80-250 keV, 250-800 keV, 800-2500 keV, and >2500 keV protons from the 0° telescope,

16-80 meV protons (omnidirectional detector),

36-80 meV protons (omnidirectional detector), and

80-250 meV protons (omnidirectional detector),

from the NOAA 14 MEPED are hereby made available. Users who require the data from other channels are encouraged to contact the NOAA NGDC.
3. Reprocessing Procedure 

3.1 Reducing the data time resolution to one-minute

First, we average all NOAA/POES MEPED data to reduce their time resolution to one-minute. Then we construct the output file of data on a daily basis. Note that time in the output file (see Table 1) is the start time of the averaged (minute) period. The item “fractional time of year” listed in Table 1 is given in the center of averaged interval, which is useful for plotting the data. 

3.2 Calculating trapped particle fluxes from directional measurements of particles

As mentioned above, only the output of two nearly orthogonal telescopes are used to calculate particle fluxes. We hence need to assume the pitch angle distribution of trapped particles. It is known [e.g., Parker, 1957; Fischer et al., 1977; Fritz and Spjeldvik, 1982; and Kohno et al., 1990; Fung et al., 1998] that the directional flux (
[image: image4.wmf]) of trapped particles can be approximated by a 
[image: image5.wmf]-distribution that 






[image: image6.wmf],




(1)

where 
[image: image7.wmf] is the pitch angle of particles, 
[image: image8.wmf]is the particle flux perpendicular to the local magnetic field, and 
[image: image9.wmf] is the index of pitch-angle anisotropy. The range of 
[image: image10.wmf] should be between 
[image: image11.wmf] and (
[image: image12.wmf]), where 
[image: image13.wmf] is the atmospheric loss cone of particles. At NOAA altitudes 
[image: image14.wmf]

EMBED Equation.3[image: image15.wmf]

EMBED Equation.3[image: image16.wmf] (Fung et al., 1998). 

By adopting Eq. (1) we can calculate 
[image: image17.wmf] from the count rate 
[image: image18.wmf] of a telescope having the pitch angle 
[image: image19.wmf] in the NOAA MEPED sensor (see TFS), 



[image: image20.wmf],



(2)

[image: image122.wmf]where 
[image: image21.wmf] is the effective area of the particle detector, 
[image: image22.wmf] and 
[image: image23.wmf] are the transversal and longitudinal dimensions of the telescope, respectively, and


[image: image24.wmf],

(3)

where 
[image: image25.wmf] is the half-opening angle of the telescope along the 
[image: image26.wmf] direction. Since in the 
[image: image27.wmf] calculation (see TFS) we use a coordinate system in which the Z-axis is along the magnetic field, the co-latitude of the telescope axis is hence equal to (180(-
[image: image28.wmf]). 

The omnidirectional flux of trapped particles is


[image: image29.wmf], 



(4)

where 
[image: image30.wmf] is the element of solid angle. In the above integration the integration limits are 
[image: image31.wmf] and (
[image: image32.wmf]). Because of 
[image: image33.wmf]>>1 at low altitudes for trapped particles, the approximation of 
[image: image34.wmf]= 0 would only introduce a negligible error in 
[image: image35.wmf] (see Table 3).  

 
We will calculate 
[image: image36.wmf] at different magnetic latitudes:

 (1) At magnetic latitudes less than 
[image: image37.wmf] and greater than -
[image: image38.wmf] (L < 2)

Since at L < 2 the axis direction (denoted by 180(- 
[image: image39.wmf]) of both telescopes in the MEPED sensor may be outside of the loss cone (i.e., between 
[image: image40.wmf] and 
[image: image41.wmf]). Eq. (2) is applicable to each telescope. Since there exists a common 
[image: image42.wmf], the count rates 
[image: image43.wmf] and the pitch angle 
[image: image44.wmf] (i = 1, 2) of both telescopes should satisfy the equation


[image: image45.wmf],

(5)

from which the 
[image: image46.wmf] value can be solved numerically. Having obtained 
[image: image47.wmf], 
[image: image48.wmf] is calculated from Eq. (2) and 
[image: image49.wmf] is from Eq. (4). 
(2) At magnetic latitudes greater than 
[image: image50.wmf] or less than -
[image: image51.wmf] (L > 2)


Since at high latitudes the MEPED0 telescope is always inside the atmospheric lose cone (see Figure 7), we can only rely on the output of the MEPED81(83) telescope with 
[image: image52.wmf](see Figure 7) to estimate 
[image: image53.wmf]. 


As described above, with a known 
[image: image54.wmf] value from the electron count rate 
[image: image55.wmf] measured at 
[image: image56.wmf] we can calculate 
[image: image57.wmf] from Eq. (2) and 
[image: image58.wmf] from Eq. (4). Since at low altitudes the observed range of 
[image: image59.wmf] values of trapped electrons is between 3 and 10 [e.g., Kohno et al., 1990; Fung et al., 1998], we will assume 
[image: image60.wmf]= 5 in the calculation of 
[image: image61.wmf] and 
[image: image62.wmf]. The error of 
[image: image63.wmf] and 
[image: image64.wmf] thus caused can be estimated as follows. 


First, since for the particle count rate 
[image: image65.wmf] measured at 
[image: image66.wmf] different choices of 
[image: image67.wmf] would lead to different 
[image: image68.wmf] values, we calculate the 
[image: image69.wmf] ratio as a function of 
[image: image70.wmf] for different 
[image: image71.wmf] values. The calculated result is shown in Figure 3, where [image: image123.wmf]the vertical dashed lines limit the 
[image: image72.wmf] range (
[image: image73.wmf]) of the MEPED81(83) telescope (see Figure 7). Between 
[image: image74.wmf]= 3-10 as denoted by the green shaded region in Figure 3, we have 
[image: image75.wmf]=
[image: image76.wmf]. Thus a ~20% error would be introduced to 
[image: image77.wmf] due to the uncertainty of both 
[image: image78.wmf] and 
[image: image79.wmf]values.
[image: image124.wmf]
We then estimate the error of 
[image: image80.wmf]. We hence calculate the 
[image: image81.wmf] ratio as a function of 
[image: image82.wmf] for two different choices of 
[image: image83.wmf] values. The calculated result is listed in Table 3, from which it is seen that between 
[image: image84.wmf]= 3-10 the effect of different 
[image: image85.wmf] choices is negligible. Thus we plot the logarithm of 
[image: image86.wmf] as a function of 
[image: image87.wmf] only for 
[image: image88.wmf]= 
[image: image89.wmf] in Figure 4, from which we obtain 
[image: image90.wmf] between 
[image: image91.wmf]= 2-10. Therefore, by combining the error in determining 
[image: image92.wmf] (Figure 3) with that in determining 
[image: image93.wmf] (Figure 4), the total error in estimating 
[image: image94.wmf] should be ~30% due to the uncertainty of both 
[image: image95.wmf] and 
[image: image96.wmf]values. 

[image: image125.wmf]
It should be emphasized that the flux estimation at L > 2 is only applicable to trapped electrons. We cannot extend the estimation to trapped protons at L > 2 because of their unknown 
[image: image97.wmf] values. 


Our deduced omnidirectional fluxes of trapped electrons at energies > 0.3 MeV as measured by NOAA-5 to -14 satellites are plotted in Figure 5, where both inner and outer belt regions of trapped electrons as well as the slot (2 < L < 3) are clearly seen. Note that the electron omnidirectional fluxes shown in Figure 5 can be directly compared with the NASA AE-8 model. The sharp change in the flux background at L = 2 is partially due to the fact that particle flux calculations at L < 2 are based on measurements of both nearly orthogonal electron telescopes. At L > 2, on the other hand, only data from the MEPED(81)83 telescope when observing 90 degree pitch angle (± 20 degrees) could be used to calculate particle fluxes. Some electron counts are therefore lost from the Jomni calculations because the MEPED81(83) telescope sometimes pointed away from the field normal directions. When both telescopes are looking outside the loss cone and separated from each other by more than 10 degrees, the expected error of 
[image: image98.wmf] at L < 2 should be much less than that at L > 2. 

3.3 Calibration of NOAA/POES MEPED electron dataset with CRRES MEA dataset

[image: image126.wmf]The CRRES MEA sensor [Vampola, 1996] has provided the most accurate measurement to date of magnetospheric energetic electron fluxes. Friedel et al. [2005] called the highly trusted CRRES MEA data as a “gold standard” in their on-orbit calibration procedure. We hence carry out a cross-calibration between the NOAA/POES MEPED dataset and the CRRES MEA dataset. Since in the L-B/Bmin space CRRES is located in a region far separated from that of NOAA spacecraft, the 
[image: image99.wmf] fluxes measured by both satellites are not directly comparable. The directional electron flux 
[image: image100.wmf] measured on CRRES at small 
[image: image101.wmf] values, however, can be compared with the 
[image: image102.wmf] value measured on NOAA when both measurements occur in the same L region. An example of such comparison is given in Figure 6, where the differential electron fluxes measured by both satellites are shown as a function of B/Bmin at L= 1.8-2.0. From the difference of 
[image: image103.wmf] versus B/Bmin lines between both satellite measurements we can estimate the cross-calibration factor (see TFS for details). At the calibration energy 
[image: image104.wmf] = 0.148 MeV the deduced weighted average of cross-calibration factor is 



[image: image105.wmf],
 

(6)

which is equivalent to 
[image: image106.wmf] at the same L and B/Bmin values in the ~0.1 MeV energy range, where the NOAA/POES electron data are located. 

3.4 Calculation of magnetic shell parameters of trapped particles
As mentioned in Introduction, the drift shell parameters (L, B/ Bmin) shown in the original NOAA/POES MEPED dataset are calculated by using the IGRF model only. It would be preferable to leave the choice of magnetic field models to users. However, in view of the time consuming process of field tracing, which is necessary in order to calculate the drift shell parameter, such a preference is difficult to realize. As a compromise we have calculated drift shell parameters in advance by using four pre-selected magnetic field models (IGRF only, IGRF plus Tsyganenko T89, T96, and T01 models). The definition of L parameter is given in McIlwain (1961) and we use the algorithm developed by Hilton (1971) to calculate it. The user can select to use the drift shell parameter based on one of these models. In our calculation, the T89, T96, and T01 magnetic field models are driven with concurrent solar wind and interplanetary magnetic field (IMF) conditions obtained from the SPDF/OMNI-2 website. 

4. Converting Output Files to CDF


Translation and skeleton files have been developed to convert NOAA-5 to NOAA-14 daily data files in text format to CDF files by using the "makecdf" software provided by the SPDF/CDAWeb.

4.1 Preparation of Skeleton files


The skeleton file contains the preparation information and parameter attributes of the NOAA daily data file. The skeleton file, which can be extracted from the CDF file by using the "skeletontable" command in the CDF library, following the standard CDAWeb convention. 

4.2 Archiving CDF Files to CDAWeb


Batch processing was performed to convert all NOAA- 5-14 data to (yearly) CDF files. These files were then uploaded to the CDAWeb archive and master CDFs were generated. From the CDAWeb, user can access the data in three formats: plots, text file, and CDF files.

4.3 Examples of Output Plots
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          Figure 7.  Example of ephemeris parameter plots. Quality flag (QF) was defined and obtained from the original NOAA-POES data. Bad QF can be originated from malfunctions of MEPED detectors. 
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           Figure 8.  Example of count rate plots of the 0-degree telescope.
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        Figure 9. Example of count rate plots of the ~90(81/83)-degree telescope. 
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          Figure 10.  Example of count rate plots of the omnidirectional detector. 
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          Figure 11. Plot examples of flux components perpendicular to the magnetic field for both protons and electrons. Hereafter gaps in the calculated fluxes are mainly due to detectors collecting un-trapped particles.
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            Figure 12.  Example of omnidirectional proton flux plots. [image: image113.png]



           Figure 13.  Example of omnidirectional electron flux plots.  
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      Figure 14. Example of drift shell parameter plots deduced from IGRF 
           and IGRF+T89 models. 
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        Figure 15.  Example of drift shell parameter plots deduced 
             from IGRF+T96 and IGRF+T01 models.
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Figure 4. The logarithm of �EMBED Equation.3��� as a function of �EMBED Equation.3���
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Figure 6. Comparison of the differential electron fluxes (E ~ 0.148 MeV) measured by MEPED on NOAA-10 to that by CRRES MEA at L=1.8-2.0 during Doy = 315.8-320.1, 1990
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             Table 3. � EMBED Equation.3  ��� versus �EMBED Equation.3���
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Figure 3. �EMBED Equation.3��� is plotted as a function of telescope pitch angle �EMBED Equation.3��� with �EMBED Equation.3���.








�


      Figure 2. Mission periods of NOAA/POES satellites (green bands)�                     shown with the F10.7 curve.
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Figure 1. 10-day averaged peak amplitudes of the outer radiation-belt omnidirectional flux distribution of > 0.3 MeV electrons during 1979-1990 are plotted against the averaged solar wind speed





Table 2. Reprocessed NOAA/POES MEPED data files�


Satellite�
Time Coverage�
Raw Data�
Reprocessed Data�
�
NOAA-5�
11/02/1978 – 02/28/1981�
1.4 GB, 8 sec�
181MB, 1 min�
�
NOAA-6�
06/27/1979 – 11/21/1986�
6.4 GB, 8 sec�
1.3 GB, 1 min�
�
NOAA-7�
07/11/1987 – 02/11/1985�
3.1 GB, 8 sec�
828 MB, 1 min�
�
NOAA-8�
05/01/1983 – 10/21/1985�
1.5 GB, 8 sec�
307 MB, 1 min�
�
NOAA-10�
10/11/1986 – 08/31/1991�
5.0 GB, 8 sec�
1.0 GB, 1 min�
�
NOAA-12�
06/01/1991 – 07/31/2002�
22 GB, 8 sec�
4.0 GB, 1 min�
�
NOAA-14�
01/11/1995 – 12/31/2004�
12 GB, 8 sec�
2.4 GB, 1 min�
�
   





�


Table 1. Complete list of the parameters in the reprocessed one-minute NOAA/POES dataset
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Figure 5 Calculated omnidirectional fluxes of trapped electrons based on measurements by NOAA-5 to 14 at energies > 0.3 MeV
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