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Introduction

The term “raw data” means different things to different people.  This is a common problem.  NASA, NWS NOAA NEXRAD and others have adopted a terminology which may prove to be useful for the SPICE project.   

NASA focusses on Earth Observations from space which has point, vertical profile and swath type data.  NWS NOAA NEXRAD deals with ground base radar data which is in polar coordinates around radar location and three dimensional.  These data are highly processed and often in separate stages and in separate computers. So these data are different from data typically collected from precipitation sensors.  In precipitation sensors, the processing happens in front end processors (hardware and firmwave) and in data loggers (a computer).  
There is even some diversity within the NASA community and each project defines these levels (and sub-levels) for clarity of system design and discussion.

Some Data Level Links:

Attached are links to some relevant web sites.

http://science.nasa.gov/earth-science/earth-science-data/data-processing-levels-for-eosdis-data-products/
Some Implementations (showing diversity of implementation to meet specific requirements):

http://irina.eas.gatech.edu/EAS_Fall2008/NASA-EOS-data-products-terminology.pdf
http://ilrs.gsfc.nasa.gov/reports/ilrs_reports/9809_attach7a.html
http://smap.jpl.nasa.gov/science/dataproducts/datalevels/
The Processing Chain and Raw Data Definitions
The core issue of the raw data discussion is the difference between “signal”,  “noise” and data for various end users.  What is garbage or noise for one user may be gold or signal for another user.  In the NASA and radar world, signal and data processing are conveniently separable.  In the SPICE world, this separation is not clear as they tend to be stand-alone units in the field, where signal (“front end processor”) and data processing (“data logger”) have relatively low computational requirements and everything is packaged as a “black box” and things can be done in different places.
The discussions of data recording for the SPICE project leads to a discussion of where in the processing chain to collect the data and at what frequency.  There are suggestions to get at the “rawest data” and this may mean:

· After the sensor but before the transducer

· After the transducer but before the front end processor

· After the front end processor

· After the data logger

Hence the term is ambiguous.   

There are also suggestions of collecting the data at the “highest temporal resolution”. In the limit, the sensor technology is a determining factor.  Optical sensors may be able to report sensible data at high frequency (say 60 Hz or better) but catchment systems need to accumulate mass before it can report (0.05 mm for example) and reporting times of 10 minute may be the best that can reasonably be expected.   Some designs rely on the signal and data processing system to remove artifacts such as wind pumping and so require substantial time series of data to remove.  In this latter case, the data processing system is an integral part of the sensor concept.  Each system may have a minimal (best) reporting frequency below which the sensor is reporting signal and noise and not just signal.

The attached figure is a summary of terminology used by NASA, NEXRAD radar and with some comments linking it to SPICE.  All the “levels” described “raw data”.  
The main purpose of the figure is to provide a convenient terminology for discussion.
Discussion

It seems that improvements by the manufacturers in the algorithm processing have apparently removed some artifacts such as wind pumping.   Wind pumping probably still occurs, as this is physical effect of the shield and the sensor, but the effect in the data (high frequency postive and negative fluctuations in the reported amounts) has probably been removed by the signal or data processing either in a “front end” processor or in the “data logger”.    In order to evaluate this, one needs to record into Level 0 or Level 1 data but this is not always readily available or it may require adding specialized external signal and data recording systems.  I don’t think this is the intention of the project.
The data processing is therefore an integral part of the instrument.   To meet the first goal of the SPICE project, “an intercomparison of operational gauges”, it is Level 2 data that is collected and the gauges and processing are treated as black boxes.  However, to meet the “understanding the sources of errors” goal of SPICE, it requires collecting data at Level 0 or Level 1 in order to understand the role of the signal and data processing algorithms, which may or may not always be possible. 

In order to compare instruments, a common reporting frequency is highly desirable.   It is not clear that this can be always achieved as the reporting frequency is highly dependent on the instrument and intercomparison concept.   For example, it is not reasonable to collect 1 minute data from the Secondary Reference (as an extreme) since it is manual measurement.  Manufacuters may have determined that 1 minute data is not feasible for a “catchment” type sensor and only 1 hour or 10 minute data should be reported and treated as robust and reliable data whereas other, particularly non-catchment systems, the systems are able to report at 1 minute.  This is also a core issue for SPICE, as one of the objectives is to determine what the minimum reporting interval is and what to recommend for each sensor, shield and data processing combination.  The reporting interval for Level 2 data may be configurable and it is up to the SPICE team to detemine how best to resolve this in the experimental design.
Summary/Recommendations
1. There are many definitions of raw data.  SPICE IOC/ET should review, define and adopt a standard terminology for discussion and communication purposes. It is recommended that the terminology provided in the figure be adopted. 
2. Using the proposed definitions, SPICE will collect Level 2 raw data for the “intercomparions of operational gauges” goal.

3. The IOC/ET should determine the best reporting interval for each sensor.  This could be based on the manufacturer recommendations or it could be at a shorter time scale.  Subject to discussion by the IOC/ET, it is recommended that 10 minutes be the minimum reporting time for the catchment instruments and 1 minute be the minimum reporting time for the non-catchment instruments.  Formal analysis against the reference will be done at the 10 minute time interval and 1 minute will be used for exploratory or data mining objectives.
4. If possible, SPICE will collect Level 0 or Level 1, whenever possible, to meet the “understanding of sources of error” goal.  This may require a more complex analysis procedure.

Epilogue

NASA also has a concept of data maturity which may be useful for subsequent discussions. 

http://science.nasa.gov/earth-science/earth-science-data/data-maturity-levels/
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