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Summary and purpose of document
This document provides details on a methodology for comparing the performance using manufacturer's specifications as a guide and what are the key considerations in comparing the performance of these systems to conventional automatic weather stations.




ACTION PROPOSED

The Meeting is invited to take notice of the findings reported in this document and to provide feedback on the contents. Also the Meeting should decide whether the document is suitable for publication as a separate IMOP report or whether information should be included in the CIMO guide.



Guidelines on Economical Alternative Automatic Weather Stations
ABSTRACT
There is on the market a large range of automatic weather stations. They range in price from tens of dollars to tens of thousands of dollars and often seem to offer the same functionality. Sorting through the mountains of brochures and thousands of webpages can be a daunting task. Only to find that not only have you been comparing apples with oranges, dodgem with F1 racing cars.
This paper attempts to sort some of the wood from the trees by providing common ground for comparison and therefore the capacity to choose the right system for the right use. 
Approach
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]The comparison of the quality and performance of commercial "All in One" and "Compact" or "Standalone" weather stations was undertaken using publicly available information such as manufacturers' brochures and webpages. The data was compiled it was bred sheet and an estimate of the system and sensors uncertainty determined.
The term "All in One" (AIO) weather stations relates to commercially available weather stations which incorporate the majority of the measurement sensors into a single unit typically this includes the temperature screen. A "Compact" or "Standalone" weather station normally consists of interchangeable sensors mounted on a tripod mast or pole. The interchangeable nature of the sensors makes the analysis of these more difficult as the purchaser has the option to choose a variety of manufacturers for the same sensor. As such this study has used the manufacturers nominated sensors for the assessment.
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]All the AWS are compared against the common standard, set by the WMO in Guide 8 (WMO CIMO, 2014) and Siting Classification for Surface Observing Stations on Land (WMO CIMO, 2008). A summary of the criteria is given in Table 1 below.
	
	Temper-ature
	Relative Humidity
	Pressure
	Rainfall
	Wind speed
	Wind Direction

	
	(°C or K)
	(%)
	(hPa)
	(%)
	(%)
	(Degrees)

	Class 1
	0.2
	3
	0.15
	2
	10
	5

	Class 2
	0.5
	5
	0.3
	5
	30
	10

	Class 3
	1
	5
	1
	15
	50
	15

	Class 4
	2
	10
	1.5
	25
	50
	22

	Class 5
	5
	15
	3
	100
	>50
	>22

	
	(°C or K)
	(%)
	(hPa)
	(mm)
	(m/s)
	(Degrees)

	Range (Min)
	-80
	0
	500
	0
	0
	0

	Range (Max)
	60
	100
	1080
	500
	75
	360

	Resolution
	0.1
	1
	0.1
	0.1
	0.5
	1


[bookmark: _Ref462239549]Table 1 - The criteria used to assess "All in One" and "Compact" automatic weather stations. Based on WMO CIMO Guide 8. (WMO CIMO, 2014), (WMO CIMO, 2008)
[bookmark: _Draft_Decision_X.X.X(X)/1]The analysis considers both the compliance of the sensor to the specifications of a particular class and the influence of the design on the measurement including, materials used, the relative positions of sensors, structural elements such as size, and compliance with general siting guidelines. Specific assessment criteria will be discussed further in the next section.
Rating Methodology
Sensor Performance
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]For each sensor a specific set of information was sought this included
· the maximum and minimum measurement range
· resolution
· time constant
· drift a year
· temperature sensitivity coefficient (for humidity sensors)
· uncertainty over a specified operational range
Information supplied by manufacturers varied significantly, where this information was available from public sources it was used otherwise an estimate was made based on the information supplied. For example, if for a temperature sensor there was no estimate for "drift per year" a value equal to half of the best uncertainty was used. The final estimate of the measurement performance is a square root some of the resolution, best uncertainty and drift per year. 
In the case of temperature sensitivity coefficient for humidity sensors a figure of either 0.2 or 0.02 %RH/°C based on the cost of the equipment. The figures were chosen based on the average temperature sensitivity coefficients for systems more or less expensive than $2000. 
There are also a series of errors estimated particularly for rain and wind measurements to allow for the varying heights and sizes of sensors. An error was allow for rain gauges with an opening that are significantly smaller than 200 mm of the mean of loss for drops <0.01 and 0.5mm[footnoteRef:1] was included and a correction to wind speed based on the height[footnoteRef:2] of the sensor. [1:  Error Due to Diameter of Rain Gauge Opening = ((187.92 * D^-0.819)+(676.55 * D^-0.975))/2 based on empirical results where D is the diameter of the gauge opening.]  [2:  Error Due to Elevation of the Rain Gauge = (0.6972 * H^2 – 6.239 * H + 2.8648) where H is the height of gauge opening above ground.] 

Overall Rating Criterion
The overall rating criterion is designed to provide comparability of the functionality and long-term utility [footnoteRef:3] of the weather station as well as the siting considerations in accordance with (WMO CIMO, 2008). There are 10 criteria that have been considered and summarised into this single measure it consists of the following factors. [3:  Infrastructure components such as masts, electronics boxes etc have not been assessed for their capacity to cope with severe weather and are not considered as part of this study. Similarly the usability, robustness and flexibility of electronics and computer software has not been assessed.] 

	[bookmark: _Hlk462319163]Functional Criterion
	Explanation
	Rating

	Range
	Sum of compliance to required operational ranges for all parameters
	[bookmark: OLE_LINK11][bookmark: OLE_LINK12]0 to 5

	Performance
	How well overall do the sensors conform to specification?
	0 to 10

	Drift
	Sum of the ratio of the each parameters drift to the specification
	0 to 5

	Traceability
	Does the manufacturer have accreditation to ISO17025 or similar, what type of quality system they run, how long they have been in business and the level of documentation.
	0 to 4

	Manufacture Quality
	What is the quality of the manufactured product? This is estimated by looking at the quality management system used, the documentation provided in the warranty period.
	0 to 4.3

	Modularity
	Can the sensors be adjusted and are they interchangeable?
	0 to 2

	Testable
	Can the unit be tested or calibrated by the user?
	0 to 3

	Passive / Active
	Is the temperature screen passively or actively ventilated? For historical reasons passive has been prioritised.
	Passive = 2, Active =0

	All in One / Compact
	Is the AWS a Compact weather stations or AIO? Compacts are considered more flexible and more likely to meet WMO guidelines.
	Compact = 2, AIO = 0

	Siting Criteria
	Explanation
	Rating

	Sample Size
	How close is a temperature or humidity probe to the screen wall? The smaller the value the greater the heating effect the screen has on the temperature sensor.
	0 to 5

	Screen Volume Ratio
	What is the volume of the screen compared to its surface area? This influences accuracy of the temperature is measured. The larger the volume to surface area ratio the less heating the sensor.
	0 to 5

	Heat source
	Are there any objects near the screen can act as a heat source? This is calculated from the thermal mass in the thermal conductivity.
	0 to 5

	Height
	Do the heights of the sensors comply with WMO CIMO Guide 8?
	0 to 3

	Siting
	How well does the AWS comply to WMO CIMO Guide 8? This takes into account issues such as shading, asymmetry and design that can affect flow, interactions between sensors.
	0 to 4.4



Results
RAW COMPARISON
Basic comparison of the uncertainty of each sensor against specification, in this case Class 5, demonstrates a significant difference between system manufacturers, see Figure 1 below. For example the WeatherHawk 922 Signature weather station has by far the highest pressure uncertainty. It has a fundamental accuracy of the order of 5 hPa. At the other extreme the Vaisala AWS 310 compact automatic weather station has by far the lowest uncertainty for wind 
[image: ]
[bookmark: _Ref485769902]Figure 1	Plot of raw uncertainties for each sensor within their respective automatic weather station system. The uncertainties consist of fundamental accuracy, resolution, annual drift, temperature correction and rainfall area/height correction where applicable.
Performance Comparison
To be able to compare one system to another it was necessary to compare like with like, however often the information provided or the systems themselves are sufficiently different to make this comparison very difficult. Particular problems were
· a lack of information, 
· systems that had instruments at different heights both to each other and 
· systems that had instruments at different heights normal weather standards, and 
· technologies that don't compare well. 
Three of these problems have been directly dealt with in this study. The last the comparability of technologies has by and large not been addressed at this point.
The first problem, a lack of information, has been addressed by settling on a set of critical but reasonable measurement metrics that many manufacturers supply or should supply. These include the fundamental accuracy/uncertainty of the sensor, resolution, response time and annual drift. If for the parameter type temperature sensitivity is also a consideration then this has also been included. For wind and rainfall allowances for differences in measurement height compared to standard WMO heights is also included. Rainfall uncertainties also include a correction for gauge size. All this information has been gathered from publicly available information publicly available sources. Where a manufacturer does not supply basic information like annual drift a conservative estimate based on the class of system has been made.
This total uncertainty is then scaled against the specification for each parameter. The results for all available sensors for each unit is then summed and rescaled. As a result they are really most useful when compare against each other and the specification as the value itself is purely nominal.
As a result new take the information in Figure 1 and apply the method described above the comparison of performance of the automatic weather stations based solely on the sensors is given in Figure 2.
[image: ]
[bookmark: _Ref485771557]Figure 2 - Performance of sensors against the specification for WMO Class 5 stations.
Other Considerations

As mentioned earlier in the paper, a number of other considerations are included in assessing these systems. Most of these are non-scientific measures and are based on proxies for information that attests to the quality, integrity, reliability, and appropriateness of the products. An example is manufacturing quality which is measured by looking at the quality management processes and the history of the organisation. The assumption being that a company with a long history and recognise processes is more likely to produce a consistent and reliable product.
There are however a number of considerations that are given numerical values through this process based on characteristics of the system itself, these include Sample Size and Screen Volume. Both of these use the dimensions of the temperature enclosure as an indicator of its effectiveness as a shield against direct radiation. Sample size is a measure of the distance from the sensor to the screen wall, and screen volume is the ratio of the screen surface area to the screen volume. These have been shown in previous studies to be a good indicator of the effectiveness of passive screens (Warne, 1998). 
In the case of Low Heat Source this is a heat calculation based on re irradiation of energy of the nearest obstruction, its size and distance from the measurement concerned.
Suitability for purpose is also included in this group of numerical measures. It primarily relates to the operational and measurement range characteristics of the system. It aims to quantify whether the system provides information and operates over a reasonable metrological range of conditions. This study that is taken this to be from -20 to 60°C (operational), 10 to 50°C (measurement), 0 to 100% RH, 500 to 1080 hPa, 0.5 to 50 m/s
The last of these numerical measures is siting. It is also the least 
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developed; currently it is based on factors such as the degree of symmetry in the design of the unit, shadowing and blocking factors for a range of sensors as well as height discrepancies from standard siting.
For all of these parameters they are initially normalised as an input parameter and then rescaled in the final calculation against the specification. A large value indicates compliance with the specification.
Overall Results  - Class 5
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[bookmark: _Ref485777871]Figure 3 - Summary plot of the overall performance of the AWS systems compared to the Class 5 specification.
If we compare the results of Figure 2 and Figure 3 a significant change in the apparent quality or suitability of the AWS can be observed. While in Figure 2 the specification perform significantly worse than all of the AWS as it should and the Vaisala AWS310, MEA and Environdata all perform relatively well, in Figure 3 the situation is significantly different. The specification is only beaten by the Vaisala AWS310 and the MEA and Environdata have fallen back to the field. This significant change is primarily due to the considerations of siting, heat affects, traceability etc. 
currently while each parameter is carefully calculated the waiting between them still requires some evaluation. Particularly the influence of siting on measurement compared to the accuracy of the instrumentation.
Conclusions
The approach presented captures most of the important features that need to be considered when assessing an AWS system from the point of view of measurement quality. It aims to do this by looking only at publicly available information supplied by the manufacturer, using a consistent and defensible methodology. (It is recognised that specific mathematics used for each calculation has not been provided but will be in a peer-reviewed paper in the near future.) 
The methodology currently allows for comparison systems based on uncertainty, and on a scaled product that takes into account a wide range of considerations including measurement traceability, manufacture quality, citing, and interaction between senses a particular concern that this type of automatic weather station.
Further work is required to optimise the model for the balance between sensor uncertainty and the other considerations on a defensible basis.
A further aim of this work is to encourage manufacturers of metrological equipment in general, but automatic weather in particular, to release more accurate and more usable data about their systems. 
Recommendations
That the meeting, endorse the approach and/or make suggestions on modifications to improve its scientific integrity and usability.
That the meeting, endorse the conversion of the final product of this paper into a tool that could be made accessible to both users and manufacturers to compare their products.
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