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	Summary and Purpose of Document
The document proposes some ideas for syllabus and lecture notes of 
training course on radiation. 




ACTION PROPOSED

The meeting is invited to note the information in this document and in developing a proposal for training course in radiation measurements.

Appendix: 
a sample of lecture notes
Training course on radiation – 
Location, Syllabus and Lecture Notes
Background
1. Many efforts have been made to measure accurate radiation within the framework of WMO programmes. The CIMO guide has been published to spread knowledge of meteorological measurements with chapters of radiation, and the transfer of standards through regional instrument centers, Regional Pyrheliometric Comparisons (RPC), International Pyrheliometer Comparison (IPC) and some training exercises. Several other WMO or related programme manuals exist, for example the Baseline Surface Radiation Network manual, and training notes as part of the Global Atmosphere Watch Programme. 
2. Several members of the WMO have training courses that include a basic understanding of radiation in general and routine operation of radiation equipment, and assist in training of other Members’.  However, the nature of this training is rarely in a form suitable for maintenance of standards, calibration and propagation of traceability in a network.  With other factors, an implicit consequence is that the quality of radiation data still varies considerably from Region to Region and also from country to country, and there need a suitable training methodology on radiation measurement.
Methodology
3. An excellent model from distributing knowledge on radiation metrology is the seminar series held every 5 years in conjunction with the IPC. These seminars and associated activities revolving around IPC outputs provide significant opportunity for both outlining basic radiation knowledge as well as tutorial activities.
4. To extend this model further it is proposed that the training or information courses be held in conjunction with RPC. It brings together key individuals in a Region and experts from outside the region, and does not increase the economic burden of attending.
5. For a Regional training course to be successful the training should be focused on basic metrology but more importantly the needs of the Region. To ensure the training is relevant it would be advisable to gain an understanding of the actual situation in each national network (e.g., local training, capacity and capability of national facility, instrumentation, interval of calibration). A questionnaire to each Member participant is considered as a practical method to gain this information.
6. Experience in such training for other CIMO activities, for example, the recent training series of the RICs, suggests that as well as the Member providing training staff, it is essential that external experts participate and most importantly an agreed and uniform set of study notes and support material are provided as part of the training course. One other method would be to workshop specific issues either identified via the questionnaire or raised during the initial parts of the training.
7. At an RPC it is essential that an expert from the World Radiation Centre attends, but to place an additional burden of training is not optimal particularly if there is a wide range of expectation and training level required, ever if supported by the host. To that end, it is recommended that an additional expert participate from the CIMO technical community. 
Syllabus and Study Materials

8. Study materials for the training course should be practical so that all of the participants will be able to improve the outputs and quality of operational instruments in the national networks post the training course, with a clear focus to propagate WRR and WISG traceability to the operational instruments. The notes should also contain basic knowledge on measurement and uncertainty in measurements, radiation and descriptions of instruments including maintenance and installation that translate the summarized knowledge in the CIMO guide and ISO standards to practical guidance.
9. The source and consistency of the study and support materials needs to be consistent and be of sufficient range to accommodate likely operational needs of the Members participating. For example, the study material should contain practical calibration methods by which the national radiation centres can disseminate WRR to the operational instruments easily. It needs to explain the methods clearly along with illustrations to aid easy understanding. Example of such materials include that provided in the ANNEX to this paper on the “continuous sun and shade method”, which was delivered to participants of the 2nd RPC of RA-II in 2007, another is the course notes on aerosol optical depth provided by Mr Christoph Wehrli at the last ET meeting, and the general summary of radiation measurement at IPC 2000 by Mr Rolf Philipona. 
10. The difficulty with developing any course material will be, the resource to collate existing material that can be distributed, and edit into a form that can be distributed. This type of activity has always been problematic, and with the method to provide the second experts, left open for discussion at the ET meeting.
Appendix - A sample of lecture notes

                                                   January 2007

Procedures to calibrate reference pyranometer

by "continuous sun and shade method"

author : Y. Hirose

Aerological Observatory, JMA

   This short document describes the practical procedures to calibrate reference pyranometer by using “continuous sun and shade method”. ( refer Fig.1 )
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   The “continuous sun and shade method” involves

1.  measurement of direct solar radiation with absolute pyrheliometer,

2.  measurement of diffuse solar radiation with shaded pyranometer the calibration value of which  must be roughly known in advance,

and

3.  measurement of global solar radiation with the pyranometer to be calibrated.

geometry of shading disk
A shading disk device is needed to shade pyranometer in this method.

It shades the pyranometer from direct solar beam (only direct solar beam) continuously so that the shaded pyranometer measures only diffuse solar radiation. The shading disk subtends the same sky area as the view area of absolute pyrheliometer by which direct solar radiation is measured simultaneously.

At first, shading disk device should be prepared. ( refer Fig.2 )

The device consists of base, supporting rod, and shading disk. All parts are painted     black. The weight of the base should be large enough to fix supporting rod and shading disk during measurement. The supporting rod is usually made of metal and should be thin but strong enough to prevent the vibration caused by wind. The shading disk is circular plate and the position along the supporting rod should be changeable.
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   Two conditions for the dimension and the position of shading disk device are:

 1.   The shade of the shading disk over the shaded pyranometer should cover at least the whole part of the outer glass dome of the pyranometer but the margin area should be minimum.( refer Fig.3 )

 2.   The shading angle ( P ) of the shading disk to the pyranometer should be same as the viewing angle of the absolute pyrheliometer.

    From the first condition, the radius of the shading disk ( R ) should be about 30mm considering the fact that the radius of the outer dome ( r ) is 25mm in case of Kipp&Zonen CM21.
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    From the second condition and the value R, the distance between the shading disk and the pyranometer ( L ) should meet the following equation:

                        tan P  =  R / L

                                   =  tan Zo

where

                         Zo : the viewing half angle of absolute pyrheliometer

   Then L must be about 687mm because Zo is 2.5 degree in case of PMO-6.

   The error of above mentioned values of R and L yield measurement error of diffuse solar radiation but insignificant if calibration is carried out under clear sky condition ( diffuse solar radiation is very small under clear sky condition).

practice

1. warming up

   Expose absolute pyrheliometer, the pyranometer to be calibrated, and shaded pyranometer outdoors for 30 min or so to realize thermal equilibrium with air temperature. Note that the shaded pyranometer should be shaded continuously during warming up time. Data logger etc should be also warmed up.

2. measurement

   With the shaded pyranometer shaded continuously, the following quantities are sampled successively in accordance with the operation of absolute pyrheliometer as long as the sky condition allows:

        DRj : direct solar irradiance at the time tj ( watt/m2 )

        VSj : output voltage of shaded pyranometer at the time tj ( mV )

        VCj : output voltage of the pyranometer to be calibrated at the time tj ( mV )

   Collect about 100 sets of the data ( DRj, VSj, VCj ) under stable and clear sky condition.

3. data procession

   To calculate the horizontal component of direct solar irradiance, solar elevation should be known at every sampling time tj, i.e. hj. You can calculate them using astronomical table or formula. Then horizontal component of direct solar irradiance ( irradiance at horizontal surface by direct solar radiation ) HRj can be calculated as follows:

                        HRj = DRj * sin hj

   Diffuse solar irradiance DFj is calculated using the calibration factor of shaded pyranometer, which is already roughly known as KS ( mV / (watt/m2 )).

                        DFj = VSj / KS

   KS should not be so much accurate: the reason is that if the error of KS is, e.g. 5 percent, the error of global solar irradiance may be less than 1 percent or so because diffuse solar radiation is about 10 to 20 percent against global solar radiation under clear sky condition.

   Then global solar irradiance GLj can be calculated by adding HRj and DFj.

                        GLj = HRj + DFj

   Finally, the calibration factor KCj of the pyranometer to be calibrated are obtained at every sampling time tj.

                        KCj = VCj / GLj

   Averaged value of KCj over j, KC, should be used as the calibration factor of the reference pyranometer.

                        KC = ( KC1 + KC2 + .... + KCn ) / n

   Note that it is important to check if each KCj is not extremely different from averaged value of KC and should omit the outlier, if necessary, to obtain reliable value of KC.

4. iterative procedure

   The value of KC is still affected by the error of KS as mentioned above; e.g. 5 percent error of KS results in about 1 percent error of KC under clear sky condition. To diminish the error of KC further, the same procedures as 1, 2 and 3 are repeated once by reversing the role of pyranometers; the first calibrated pyranometer is set shaded, and the first shaded pyranometer is exposed to global solar radiation. Thus, the first shaded pyranometer is calibrated with better accuracy than the first calibrated pyranometer. With this, then, the first KC is re-evaluated by using new calibration factor of the first shaded pyranometer, and so on. To ensure rapid convergence of calibration factors in calculation, clear sky condition is highly important.

                        **********************************

Annex
mathematics of iteration

Let’s suppose:

DF : true diffuse solar irradiance,  
DH : vertical component of true direct solar irradiance

GL : true global solar irradiance

VA : output of shaded pyranometer,  
VB : output of exposed pyranometer

KA : true sensitivity of shaded pyranometer

KB : true sensitivity of exposed pyranometer

ka0 : initial approximation of KA(rough sensitivity of shaded pyranometer ),

         assuming ka0 = KA(1+Ea0), where Ea0 stands for error.

With notations mentioned above, the sensitivity kb0 of exposed pyranometer is first calculated as follows:

kb0 = VB / gl,
gl = DH + df,
df = VA / ka0 = KA・DF / ka0,

VB = KB・GL,

here gl is calculated global solar irradiance, and df calculated diffuse solar irradiance, respectively.

Under the condition of  Ea0 ≦ 0.1 (10 percent error), it can be approximated as follows:

 gl = GL(1 - f・Ea0),

here f denotes the diffuse to global ratio, i.e. DF / GL.

Then we obtain, again by approximation:

 kb0 = (KB・GL) / (GL(1 - f・Ea0))

 = KB(1 + f・Ea0).

Under clear sky condition, f is around 0.2. Thus we obtain the sensitivity of exposed pyranometer with the error less than f・Ea0 = 0.2・0.1 = 0.02 (2 percent).

Next, changing the role of pyranometers, we obtain the sensitivity of the first shaded pyranometer (now exposed) ka1 as follows:

 ka1 = KA(1 + f・Eb0)

 = KA(1 + f2・Ea0).

The error is less than f2・Ea0 = 0.2・0.2・0.1 = 0.004. (0.4 percent)

Using an accurate value of ka1, we can re-evaluate kb0 and obtain kb1 with error less than 0.08 percent.  ……….

(end of annex)
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