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ABSTRACT

Present Weather is defined as the type of weather observed at the reporting time. The Met Office in the United Kingdom uses Vaisala FD12P sensors to report the weather at some of its stations. Since 2001 it has been used with software known as the “Arbiter”, which modifies the Present Weather (PW) output when there is sufficient evidence from other sensors. However, even this modified system can sometimes have problems in accurately determining light and mixed precipitation events. Also, the Arbiter system does not always make direct measurements. A single PW code output gives little information on uncertainty, and no raw data is output, which makes traceability, calibration and maintenance difficult.

This paper contains results from field trials conducted in 2007/8 of new laser disdrometers, in order to ascertain if Present Weather code output performance is improved over the existing system. An investigation is carried out to ascertain whether value is gained in letting the user interpret spectrum plots of drop size distribution data in uncertain events. 

1. INTRODUCTION

Present weather, as measured by the human observer, provides information on type and intensity of precipitation, presence of fog/mist and thunder activity.  Spanning such a range of observed elements, most automatic systems for measuring present weather rely on input from a variety of sensors. The PW measuring system used at 50 UK Met Office SAMOS stations (“Semi-Automatic Meteorological Observing Systems”) employs a Vaisala FD12P present weather sensor, an Eigenbrodt precipitation detector, a Belfort Visiometer, a LCBR and the air temperature thermometer.  Output from all these instruments is fed into a present weather algorithm. This is software code developed in house by the Met Office which adds value by making changes to the FD12P PW output.  The system is therefore a combination of bespoke software tailored to off-the-shelf sensors some of which are used for other elements of the SYNOP report.  

In 2006, work was proposed to investigate alternative sensor types by conducting extended field trials at Eskdalemuir, Scotland, based on recommendations from a previous study of the quality of the Met Office’s current PW system (1. Lyth 2006). 

The specific issues with the current network of PW sensors are that:

· Light precipitation events can be incorrectly reported due to both insensitivity and contamination issues with the current precipitation detectors

· Light drizzle or sleet events are not always accurately determined. The Arbiter is able to reassign some erroneous mist reports as drizzle by use of the Eigenbrodt precipitation detector

· Automatic systems generally perform poorly in determining sleet, and the Arbiter cannot effectively improve the Hit Rate. Sleet has a very high importance to users

· The PW sensor produces a single PW output code with little information on uncertainty and no raw information.  For example, a decision between rain and drizzle will often be made in circumstances when the drop size distribution shows features of both.  

· Both the current PW sensors, and Arbiter, make many assumptions rather than direct measurements – this makes traceability, calibration and maintenance difficult

This report documents the latest winter field trial of PW instruments which took place from late-2007 to early-2008. The purpose of these trials was to gain knowledge of new technology disdrometers (the Vaisala FD12P is not a laser disdrometer, and is referred to in this report as a traditional PW sensor), and allow trial results and recommendations to inform solutions which will enable newly installed MMS systems (“Meteorological Monitoring System” - a project to replace existing Met Office automatic weather stations) to provide additional PW capability.  The final deliverable will be a fully developed next generation system with the necessary software to integrate data from a wide range of sensors.

2. ESKDALEMUIR TRIALS SITE & LAYOUT

The aims of the trial were to:

· Test instruments in UK conditions

· Improve understanding of human observation v instrument output by working with Eskdalemuir staff

· Test the limits of repeatability by running identical instruments

· Test instruments against the existing Vaisala FD12P+Arbiter by using the Eskdalemuir SAMOS

Eskdalemuir was chosen for the PW sensor trial, as it had:

· an infrastructure in place to support a multiple sensor trial

· permanent Met Office staff on–site to make manual PW observations when required, to collect and transmit data to Exeter from the trialled sensors, and to correct most hardware/ software problems that may have arisen during the trial

· a UK location that was more likely to observe winter solid precipitation, than a more southerly trials site such as Camborne 

Figures 1 & 2 show the installation of OTT Parsivel and Thies LPM (“Laser Precipitation Monitor”) disdrometers at the site.
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Figure 1. Siting the OTT Parsivel Disdrometer      Figure 2: Thies Laser Precipitation Monitor (LPM)

Figure 3 shows the final layout of the sensors taken from Eskdalemuir Observatory’s roof for the initial winter trial (2006/7). For the latest winter trial, a Campbell Scientific PWS100 PW sensor was also added (Figure 4).
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          Figure 3. Layout of trial instruments              Figure 4. Campbell Scientific PWS100 (Jan 2008)

3. EQUIPMENT DEPLOYED

Following the previous study of PW instruments (1.Lyth 2006), it was decided to investigate systems which allowed more access to direct measurements, which would provide a simple PW code and full data for central analysis. 

Following instrument trials, we intend that Arbiter development is replaced with a full data delivery system (which is possible under MMS), and a simple algorithm to determine PW. Since the aim of this software is much less ambitious than the arbiter, development costs will be low and it should be interchangeable in the future. The main benefits would be:

· Better inter-changeability.

· Lower software development costs

· More measurement based – improving the quality of the system and easing diagnostic issues

3.1 Disdrometers deployed at Eskdalemuir

Thies Laser Precipitation Disdrometer (LPM)
The Thies LPM is a new technology laser disdrometer. One big advantage of the instrument is its low cost compared to traditional automatic PW sensors, and its ability to report raw data output on drop sizes, fall speeds, etc., along with standard automatic PW output code. The specification states that the sensor can measure particle sizes between 0.16 and 8mm, and velocities of between 0.2 and 20m/s of all precipitates passing through the laser beam.

The instrument outputs ppn rate, total ppn amount, SYNOP, METAR & NWS PW codes, as well as radar reflectivity.

The instrument was chosen as it is nearly maintenance free, and was available at a competitive price. Reports show that it agrees with a human observer when distinguishing precipitation type over 91% of the time (2. Bloemink, Lanzinger 2005). 

OTT Parsivel Laser Disdrometer

This is a similar instrument to the Thies, with a similar price tag to the Thies LPM. Again, the system can report SYNOP, METAR & NWS PW codes, along with ppn rate, total ppn amount, reflectivity, and drop size distributions. The instrument measures droplet sizes from 0.2 - 25mm, and velocities of the precipitates passing through the laser beam of between 0.2 and 20m/s.

The system is maintenance free, and has remote functionality and diagnostics.

Campbell Scientific PWS100 PW Sensor

The PWS100 (Figure 4) uses both disdrometer and forward scatter techniques to classify precipitation type, and analyse precipitation intensity, drop size distributions, and visibility range (visibility is not investigated in this report). 

The instrument uses laser Doppler Anemometry techniques to determine hydrometeor size and velocity. Using four parallel light sheets in a structured detection volume, the PWS100 can clearly discriminate between polycrystalline precipitation and rain, by generating a “pedestal” in the received scatter signal.
The instrument can measure droplet sizes from 0.1 to 30mm, and particle velocities of 0.16 and 30m/s (source: www.campbellsci.co.uk).
4. COMPARING THE PROCESSED PW CODE OUTPUT FOR AUTOMATIC PW SENSORS 

In order to ascertain whether the overall final, processed PW code output from the recently trialled automatic PW sensors improves upon the existing operational instruments, it was important to use the same method for determining performance as used in the Met Office’s previous study (1.Lyth, 2006).  
The measures used to determine performance were the Met Office Skill Score (MOSS), based on contingency tables (1. Lyth 2006), as well as simple scoring methods such as Probability of Detection (POD), False Alarm Rate (FAR) and Heidke Skill Score (HSS) (3. Sheppard and Joe 2000).

4.1 Overview

Figure 5 shows the Vaisala FD12P, Arbiter, and human PWx code type distributions during the period of the analyses for the FD12P/Arbiter. The pie charts for automatic sensors contain an extra code type for unidentified precipitation, which a human observer would not report. The human observer however, can report a code type for “fog at a distance from the station”, which automatic sensors do not report.

We have not included code types in the charts for which there are no sensors that the Arbiter can call upon to report that code. For example, there are no freezing precipitation detectors in the current network, so freezing precipitation code types 47, 48, 54-56, 64-66 (WMO Code Table 4680) are not reported by the Arbiter. Also, as there is no lightning detector in the network, code types associated with lightning events are not reported.

The code type distribution for the Arbiter is similar to that for the human observer during the investigation period, although it can be noted that “precipitation during the preceding hour” codes occur more often in the Arbiter reports than for manual observations. This was also seen in the previous report (1. Lyth 2006).  

Also, the percentage of “unidentified ppn types” is higher for the Arbiter than the FD12P alone. As investigated previously, this appears to manifest itself in situations where the human observer is reporting light, intermittent events (principally manual codes 25, 50, 60, 80). When the FD12P is reporting 0 or missing codes at the same time (for a period exceeding 60 minutes), the logic of the Arbiter results in precipitation_type not being allocated, so the Arbiter WMO codes for drizzle, rain or snow are not available. Instead, the Arbiter logic assigns an unknown ppn type according to temperature and precipitation data (4. McRobbie 2001).  

As previous investigations have shown, the FD12P under-reports precipitation events, even allowing for the fact that the FD12P does not report precipitation in the past hour. There are nearly twice as many ‘no precipitation’ reports for the FD12P than manual reports; however the Arbiter reports a similar percentage of ‘no precipitation’ reports as the observer.

There are three times as many snow events reported by the observer than the FD12P. The Arbiter does not significantly improve this score (there being nearly twice as many reports by the observer).
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Figure 5. Vaisala FD12P and Arbiter reported PWx distribution for data period (2007-8), along with human reported PWx distribution for data period

Figure 6 shows the PWx code type distribution combined for all disdrometers, along with manual observations, during the period of the analyses for all disdrometers. Note that the Thies and Parsivel disdrometers are not able to report fog, due to the lack of a visiometer capability. However, there were no human observed fog events during the data period.

The disdrometers reports ‘no precipitation’ over twice as often than the observer, a similar result to that of the FD12P. The disdrometers report drizzle codes more than the observer, but less than two-thirds the number of rain reports, and half the number of snow reports. These results are indicative of sensitivity issues with all automatic instruments detection capability.  
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Figure 6. Combined laser disdrometer reported PWx distribution for data period (2007-8), along with human reported PWx distribution for analysis period of disdrometer data

5. INDIVIDUAL RESULTS

Due to not all instruments reporting certain automatic PW codes, only those codes that all instruments report will be analysed.. 

5.1 SNOW REPORTING SUMMARY

The statistical performance of the automatic instruments in snow events is shown in Table 1 below.

	“SNOW”
	HSS
	POD
	FAR
	MO Skill Score



	Traditional PW
	0.29
	0.20
	0.14
	54.5%

	Trad PW + Arbiter
	0.41
	0.31
	0.15
	79.9%

	Average disdro score
	0.41
	0.30
	0.07
	60.5%


Table 1.  Instrument performance in snow at Eskdalemuir

· From the HSS & POD scores, disdrometers are able to report snow codes more accurately than traditional PW instruments, on more occasions.

· The high MOSS score for the Arbiter shows the benefit of other sensors to reassign automatic PW codes to those more closely in agreement with the human observer. For ‘single’ PW instruments, including disdrometers, a lack of sensitivity in accurate reporting of light snow/ snow showers, results in a low MOSS score. 
From Figure7:

· Non-disdrometer (traditional PW) instruments report the highest percentage of reports during human observed snow as light snow. However, there are also a large number of ‘no precipitation (ppn)’ reports, resulting in a low MOSS score for traditional PW instruments, and a high percentage of reports of light rain.

· The Arbiter algorithm reassigned many of the ‘no ppn’ codes of the FD12P to intermittent precipitation but the well understood problems of precipitation sensor insensitivity, and misrepresentation between snow and rain when  the PW sensor reports ‘0’ codes, causes the Arbiter to misidentify some human observed snow events as intermittent rain (auto codes 81,82) or slight ppn (41).

· There is also a general lack of sensitivity for the disdrometers in reporting snow events (20% of ‘no precipitation’ reports during human observed snow events, contributing to a low MOSS score). However, the instrument also reported high numbers of snow codes (71,72), which produced high HSS/ POD scores, comparable to the Arbiter score. There were some ‘slight drizzle/ drizzle & rain’ codes reported by the disdrometers, which could indicate a misrepresentation of solid particles as liquid. This may possibly be due to an overestimation of the droplets fall speed by the instruments, or an underestimation of certain droplet sizes.

· The sensitivity of all automatic instruments in reporting snow decreases with lighter snowfall.

· The disdrometers correctly reported fewer moderate snow codes, and slightly more light snow codes, during light snowfall events. However, the sensors also reported heavy snow and snow grains (~5% of total reports), which may be due to overestimation of solid precipitation particle sizes by the disdrometers, or overestimation of particle fall speed, possibly due to localised high wind speeds (to be investigated).
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Figure 7. Automatic reports where human observer at Eskdalemuir reported snow (2007/8)

5.2 SLEET REPORTING SUMMARY

	“SLEET”
	HSS
	POD
	FAR
	MO Skill Score



	Traditional PW
	0.02
	0.0
	0.98
	61.3%

	Trad PW + Arbiter
	0.02
	0.01
	0.54
	78.6%

	Average disdro score
	0.10
	0.06
	0.31
	66.1%


Table 2.  Instrument performance in sleet at Eskdalemuir

· All automatic instruments show a poor performance in accurate identification of sleet 

· The disdrometers are 5-6 times more sensitive to sleet than to either the traditional PW sensor or the Arbiter, however the disdrometer MOSS score is lower than the Arbiter due to the number of reports of ‘no ppn’ (20% of total), indicating insensitivity to sleet events, especially during sleet showers. The greatest number of disdrometer reports in sleet events were for slight and moderate non-freezing rain (21% & 13% respectively), which may possibly be due to wind effects causing an underestimation in fall speed, or an underestimation of particle size. It is also possible that the internal logic of the instruments is unable to accurately determine precipitation type during mixed precipitation events. All instruments show a lack of sensitivity to light sleet shower events.

· When disdrometers report sleet, the observer on most occasions is also reporting sleet.

· Over three-quarters of non-disdrometer PW reports during observed sleet were for slight and moderate non-freezing rain and ‘no ppn’ (the latter indicating a sensitivity issue during sleet), which resulted in a low MOSS score. The Arbiter reassigned most of these codes as intermittent rain. The Arbiter did not re-assign any auto codes as ‘no ppn’ which would indicate that the existing Eigenbrodt RS85 sensor is more sensitive to sleet than to snow.

· Non-disdrometer automatic PW systems misidentify snow as sleet, resulting in a high FAR score.

5.3 DRIZZLE REPORTING SUMMARY


	“DRIZZLE”
	HSS
	POD
	FAR
	MO Skill Score



	Traditional PW
	0.30
	0.37
	0.49
	62.8%

	Trad PW + Arbiter
	0.32
	0.30
	0.28
	74.4%

	Average disdro score
	0.37
	0.65
	0.52
	70.8%


Table 3.  Instrument performance in drizzle at Eskdalemuir

	“LIGHT DRIZZLE”
	HSS
	POD
	FAR
	MO Skill Score



	Traditional PW
	0.02
	0.06
	0.81
	60.6%

	Trad PW + Arbiter
	0.10
	0.16
	0.68
	78.5%

	Average disdro score
	0.08
	0.33
	0.76
	65.4%


Table 4.  Instrument performance in light drizzle at Eskdalemuir

· The skill scores for all sensors are generally poor for drizzle performance, but especially so for light drizzle events. This indicates either a lack of sensitivity in automatic instruments for successfully determining light drizzle events, or that software tolerances are set too high to record these light events. A possible reason for this for the disdrometers may be to reduce false alarms from objects falling through the beam which are not hydrometeors. It is possible at the moment that threshold levels are set too high to in order to reduce false alarms. It should be noted that some instruments have a certain latitude in tuning/ calibration of internal QC software which may produce a higher score in light precipitation detection. 

· If this situation cannot be resolved, it would be advisable to incorporate an accurate precipitation detector into the decision making process, to confirm that light precipitation is occurring.

· The Eigenbrodt RS85 performed well, enabling the Arbiter to report precipitation which it otherwise would not be able to do when relying on the FD12P precipitation detector alone (as 23% of FD12P reports in drizzle were for ‘mist’ or ‘no ppn’).

· For certain disdrometers, sensitivity to light precipitation events was again an issue (from Figure 8, over 25% of ‘0’ PW codes). However, apart from this sensitivity problem, the instrument assigns the majority of the rest of its reports correctly during human observed light drizzle events (large number of auto codes 51 & 57 reported). However, in other situations where the disdrometer is reporting light drizzle (Figure 9), it would appear that the sensor underestimates the particle size, as in many of these cases, the human observer is reporting slight or moderate rain or rain/drizzle codes.

· However, the disdrometer shows the best hit rate for any single instrument during light drizzle events. 
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Figure 8. Auto reports where human observer at Eskdalemuir reported slight drizzle (2007/8)
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Figure 9. Frequency of human reports at Eskdalemuir where auto system reported light drizzle (2007/8)

5.4  RAIN REPORTING SUMMARY

Rain statistics do not include mixed rain & drizzle. They also do not include rain events during thunderstorms (due to the lack of automatic sensors for correct identification).

	“RAIN”
	HSS
	POD
	FAR
	MO Skill Score



	Traditional PW
	0.32
	0.65
	0.28
	69.4%

	Trad PW + Arbiter
	0.53
	0.79
	0.13
	85.0%

	Average disdro score
	0.50
	0.67
	0.09
	66.8%


Table 5.  Instrument performance in rain at Eskdalemuir

· The results for rain (for all automatic sensors) are better than for all other weather types examined. 

· The precipitation detector on the traditional PW sensor shows some insensitivity to light rain events (with 10% of ‘no ppn’ or ‘mist’ reports). The vast majority of these reports are reassigned by the Arbiter, indicating that the Eigenbrodt RS85 precipitation detector at Eskdalemuir works well. 

· For the disdrometers, over one-third of reports agree with the observer reporting light rain. However, the next highest numbers of reports are for rain/drizzle or drizzle codes. 
· When the disdrometers report light rain/ light rain showers, agreement with the observer is generally good, but with a minority of occasions that the observer reports slight drizzle. Misinterpretation of fall speed, or wind effects may be the reason for the anomalies. There is also evidence of moderate rainfall being misinterpreted as light rainfall, which may mean the disdrometers are undercounting larger rainfall droplets.

· Certain disdrometers again shows a sensitivity, or software threshold, issue in light precipitation events, which extends also to rain.

6. Analysis of Raw Disdrometer Output

From our results so far, we can surmise that it is difficult for an automatic system to always agree with a human report when we try to reduce automatic observations to a single PW value.

This is due to:

·  Too many assumptions and simplifications  made in the internal logic of the instruments software 

· Valuable data being ignored by system due to values being ‘below the QC threshold’. This appears to show insensitivity in the instrument (‘no precipitation reported’)

We believe that more value may be achieved for the users if they are able to look at the direct or ‘raw’ measurements from an instrument. This is particularly true in cases of slight precipitation, where the processed output may fail the second point above, and also in the case of mixed precipitation, or cases where the intensity of the precipitation varies over short timescales.

The user can make use of the spectrum display on both the Parsivel and Thies disdrometer display screens to either confirm the processed output, or alter it depending on the raw output displayed. The spectrum display shows the fall speed of particles falling through the disdrometer beam against their sizes. To aid the interpretation of the display, the user can classify precipitation into type, dependent on where the hydrometeors lie on the spectrum display. The classification graph is shown below in Figure 10.

[image: image13.png]Vinms

'GRAUPEL '

SNOW

MIXED
PRECIPITATION

t HAIL'

15 20 25 3.0
Diameter in mm

35 40 45 5.0

Gunn-Kinzer line



Figure 10. Drop size distribution classification  graph with Gunn-Kinzer line for liquid particle terminal velocity
Snowflakes, for example, can have a wide range of sizes, but have low fall speeds, whereas hail has both a large particle size and fall speed. The Gunn-Kinzer line, which is shown permanently on the disdrometer display software, indicates the terminal fall velocity for water droplets of various sizes, and so is the demarcation line for various types of liquid precipitation. Similarly, the user can make use of various Locatelli and Hobbs lines to identify various types of solid precipitation (not shown).
The following cases show the value in interpreting the direct measurements of the disdrometer in conjunction with the processed PW output from the instrument.

Case 1: Human observer reports light continuous snowfall (19/3/07)
Figure 11 below shows an example where the processed automatic PW code from the Parsivel is 0 (no precipitation). However, if the user views the 1 minute accumulated particle output on the spectrum display, we see that seven low-speed, small diameter particles passed through the beam (colour scale on right-hand side of the graph relates to the number of drops in a particular fall speed/ particle size ‘bin’). As there were only a low number of particles during this time, they would appear to have been eliminated through internal QC procedures in the Parsivel software. However, the user could interpret from the spectrum that very slight snowfall fell during this time, and this agrees with the human observation made at the same time. 
[image: image14.png]Vinmis

-
o

N oW oh OO N B O

19/03/2007 12:06:00

Current Weather

19/03/2007

12:08:00
No Precipitation

25 3.0 35 a0 as s.0
Diameter in mm

=200

200

100

s0

20

10



Figure 11. Parsivel spectrum display for light continuous snow event (19/03/07)

Case 2: Human reports light continuous snowfall (10/2/07)
Figure 12 below shows how a slight change in the distributions of different sized particles can lead to completely different PW codes in the processed output. The temperature probe on the sensor indicates solid precipitation, and the spectral output is very similar for both plots, with both showing the typical distribution of snowflakes. However, due to a slight bias in the upper plot for smaller low-speed drops (shown in green), the processed output is suggested to be ‘light small hail’ rather than snow, despite the human observations for both periods being ‘light continuous snow’. From looking at the spectral data, the user would conclude that the spectrum was more representative of snow than hail. 
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Figure 12. Parsivel spectrum displays for light continuous snow event (10/02/07)

6.1 Issues

Feedback from the user community shows that there is considerable interest in the spectrum plots, although training in their use and interpretation may be an issue.

Another suggestion from the users would be to present uncertainty in a simpler way, instead of utilising spectrum plots. One possible output would be to present the top three weather codes, and assign probabilities to them. Another way would be to simplify the presentation of the spectrum plots perhaps by displaying a classification graph as in Figure 10, and presenting the percentage of averaged drop counts for each precipitation type on the graph (eg. 10% drizzle, 5% snow), with an indicator of precipitation intensity. The displays could be updated in real-time, and red-flagged in high wind speeds, so that users then have a data quality check.

It was indicated that users would only be interested in these solutions for uncertain events, as time/ work constraints would often prevent them from viewing and interpreting the plots. 
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