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Abstract

Solid precipitation is the most difficult type of precipitation to measure. Rainfall measurement errors are dominated by the aerodynamic loss of drops due to the speeding up of the wind over the gauge but this problem is much greater with snow. The best exposure for a rain gauge is with its orifice at ground level, but in the many situations where this is not practicable an aerodynamically-shaped gauge is the best alternative. Such a gauge was developed in a joint collaborative project between TerraData Ltd and Environmental Measurements Ltd. As an extension of this work, the rain collector has now been equipped with accurately controlled electrical funnel and chamber heating to enable it to melt falling solid precipitation. Rain, or melted snow, is measured by a tipping bucket in 0.1mm steps, giving a good resolution of intensity as well as total fall. It is considered that this approach to precipitation measurement is preferable to the use of antifreeze and weighing mechanisms, for reasons that will be explained. Gauges have now been tested in the Scottish Highlands and the Antarctic. The design and performance of the gauge, as well as the test results will be discussed and illustrated.
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1.  Introduction

The automatic measurement of all forms of precipitation has always been a major stumbling block in the world of meteorology and hydrology, the problems encountered being numerous, from wind effects, evaporation loss, wetting errors and financial costs to name but a few.
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The instrument described here is the result of a collaboration between TerraData Limited (TD Ltd) and Environmental Measurements Limited (EM Ltd) in which a proven aerodynamic rain gauge (Strangeways 2004) has been adapted to produce a simple to use,  automatic  precipitation gauge able to measure both liquid and solid precipitation. We have named the gauge the ‘Universal Precipitation Gauge’ (UPG 1000) to indicate its ability to measure all forms of precipitation, the 1000 indicating its collecting area in square centimetres.

This paper takes us through some of the problems encountered with ‘universal’ precipitation measurements, especially wind effects and also discusses the design principles of this new gauge. An overview is also included of the completed test results from two winters in Scotland and the ongoing tests with another UPG1000 gauge at the British Antarctic Survey base at Rothera (Figure 1).

2.  The wind effect

The effect of wind on the catch of a rain gauge is the largest source of error in measuring rainfall, the speed-up of the wind over a gauge causing small drops to be carried beyond the gauge and lost. Circulating turbulence within the gauge can also result in drops being lifted out and lost. Up to 50% of the rainfall can be lost in drizzle and high winds. The most effective way of minimising this loss is by exposing the raingauge at ground level (Robinson and Rodda 1969). This has been known for a century or more, yet few gauges are exposed in this way, resulting in most rainfall measurements being low by 5 to 10%; higher under some conditions. Where ground level exposure is not possible windshields such as those designed by Nipher and Tretyakov are sometimes used (Strangeways 2007).
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An alternative to shields is to design the gauge to be aerodynamic in profile and a mathematical treatment of this was described by Folland (1988) in which a ‘first guess’ aerodynamic design was proposed. Over the ten year period from 1994 to 2004 TD Ltd undertook rain gauge developments, including five years of field tests, starting from Folland’s basic theoretical work, resulting in a practical, modified design that has good aerodynamic performance while not suffering from out-splash in heavy rain, which all shallow-funnelled gauges are prone to (Strangeways 2004). The design also meets the new British Standard for rain gauge funnels. Two models were tested, the smaller having a funnel area of 500 cm2, the larger 1000 cm2 (Figure 2).  This large funnel area makes the gauge ideal for all types of precipitation since its large size allows the collection of sufficient water to give an accurate resolution of precipitation intensity, a major advantage over the smaller diameter alternatives. 

These designs are now manufactured by EM Ltd under licence to TD Ltd and the design is registered with the UK Patents Office. The gauges measure the collected water with a tipping bucket, the smaller funnel producing a tip for each 0.2 mm of rainfall, the larger 0.1 mm per tip.

During  field trials under rainfall conditions these aerodynamic gauges have, on average, produced around 6% more catch than the equivalent straight-sided gauges, resulting in closer agreement with pit gauges.

The problems of wind-loss are much greater when measuring snowfall with a conventionally-shaped cylindrical raingauge due to the much greater mobility of snowflakes. To shield snow-gauges from the wind, the Alter screen was developed, with its swinging leaves to prevent the accumulation of snow within it (which can occur with the Nipher screen). The WMO recommend the Double-Fence Intercomparison Reference (DFIR). This is extremely large (12 metres in diameter and 3.5 m high) making it impracticable for general use, its primary purpose being as a reference (Strangeways 2007).

3.  Melting of solid precipitation

At attended sites, the snow caught by a conventional rain gauge can be melted manually, except when the falls are so heavy as to over-cap the funnel. At unmanned sites, the funnel section can be omitted and the snow allowed to fall directly into an open container, which is weighed periodically with load cells. Antifreeze is used in some designs to melt the snow as it falls into the container, but capacity is limited unless there is some means of emptying the container such as by periodic siphoning (or a valve) allowing the snow/antifreeze mix to run off, either into the ground or into a container to minimise pollution of the environment. 
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In such a design it is necessary to replenish the antifreeze automatically following emptying. Evaporation from the melted snow in some open designs is prevented by introducing a thin layer of oil on the surface, in others the evaporation is simply recorded (as weight loss) and allowed for.
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The alternative is to heat the collecting funnel. This also allows a conventional tipping bucket mechanism to measure the melted snow, which is cheaper and simpler then weighing it. 
The gauge which was developed for measuring rainfall (Figure 3) also has the capacity to reduce the aerodynamic loss of snow, and in cooperation with EM Ltd a heated model of the larger collector was developed. While some gauges that melt the snow use bottled gas as the heat source, this would not be possible with an exposed aerodynamic funnel. A simpler and more controllable method is to use electrical heaters. This, of course, requires the presence of mains electrical power at the site, but where this is available, electrical melting is a reliable, finely-controllable and clean solution.

The heated snow-gauge uses electrical heating pads fixed to the outside of the metal funnel, protected with a metal-spun cover conforming to the same aerodynamic profile. Some heat is allowed to pass through the cover to prevent snow building up on the outside. These heater pads cover the entire surface of the funnel giving an even distribution of gentle heat to the complete collecting  area.  The temperature of the funnel is sensed and controlled by four thermocouples spaced equally around it, while a separate thermocouple controls the temperature of the tipping bucket in the lower cavity. The heaters are run off 24 volts DC for safety; there is no mains power in the gauge. Two control outputs from a Campbell Scientific data logger are used to turn the heaters on when the temperature falls below + 3oC and off again when it rises above + 3oC. This is done independently for the funnel and for the bucket heaters (Figure 4). Because the temperature is never raised higher than this threshold by the heaters, evaporative losses from the funnel and from the tipping bucket, due to the heaters, is minimal or non-existent.

During rainfall, the gauge performs as an aerodynamic rain gauge, the heaters being inoperative. The gauge is thus suited to measuring all forms of precipitation. Tipping bucket rain gauges are sometimes criticised for not measuring precipitation intensity very well, but having a large collecting area of 1000 cm2 and tipping in 0.1 mm steps, a good indication of intensity is obtained.


4.  Field Testing and Evaluation

Two test sites have been, and are being, used to assess the performance of the UPG1000.  One site is in the Scottish Highlands, the other  at Rothera in Antarctica operated by the British Antarctica Survey (BAS).  The Scottish trials extended over two winters, 2006/7 and 2007/8.  The Antarctica tests started in December 2007 and are ongoing.

The data logger used at the two test sites, to collect the data and to control the heaters, is the Campbell Scientific CR800 data logger The number of bucket tips are logged at an interval of 15 minutes, along with the maximum, minimum and mean temperatures of the funnel, of the bucket and of the logger, together with the battery voltage. These additional pieces of information allow the performance of the system to be monitored precisely. For the purposes of this paper we will concentrate primarily on the tests of the two winter trials in Scotland.  The test site in Scotland was near to Easter Cottartown in the Cairngorm mountain range of the Scottish Highlands (Figure 5).



The prototype UPG1000 gauge was tested during the winters of 2006/7 and 2007/8, with an unheated raingauge alongside for comparison (Figure 3). A manual gauge was also operated nearby to make periodic comparative checks. While the latter was intended only to provide a rough comparison, to make sure the UPG1000 gauge was indicating the right order of precipitation, agreement turned out to be close, as the following table shows.

Date/time




Manual records

UPG1000 records
mm



mm

24 January, 0945 – 1545



0.4



0.2

1 February, 0700-1100
 


5.2 



6.4

1500-2100
 




3.1



2.8

1 March, 2300 - 2 March 0900


6.1



5.9

4 March, 0715 - 0915



0.4



0.5

18 March, 1015 – 19 March, 10.15

0.9



1.4

20 March, 2130 – 21 March, 0930

2.5



2.4

21 March, 2000 – 22 March, 0800

2.3



2.0

22 March, 2000 – 23 March, 0800

3.3



3.1

5 April, 2000 – 6 April, 0800


3.4



3.0

6 April, 2000 – 7 April, 0800


6.6



6.8

7 April, 2000 – 8 April, 0800


3.1



2.8

11 April, 0545 – 0845



0.8



0.4

Totals






38.1



37.7

Difference = 0.4 mm (1.1%)

Figure 6 shows the daily totals indicated by the UPG1000 gauge, some precipitation being as rain, some as snow.
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Figure 3 illustrates the UPG1000 in operation in Scotland in 2008 alongside an unheated rain gauge (on which the UPG1000 is based). If natural melting occurred after the snowfall had stopped, the raingauge would measure its catch slowly over the next few hours. Where melting did not occur naturally, it was melted manually. Over the full test period, the UPG1000 gauge caught 281.1 mm and the raingauge 274.0 mm. But without manual melting of the snow in the unheated rain gauge this amount would have be considerable lower or delayed in time. 
Data are currently being emailed monthly from Rothera in Antarctica and analysed in Wallingford, figure 7 showing daily totals for a period of four months. So far performance has been good. The logging interval of the Rothera gauge has recently been increased to one minute and the ON/OFF heater-times are now also being recorded to get a more precise picture of the performance of the gauge, and more specifically of the heater performances in extreme conditions.
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5.  Conclusions and possible future developments

Provisional conclusions on this ongoing development are that the gauges are performing well and in accordance with expectations..  The test results from Scotland showed very close agreement between the UPG1000 and the daily manual readings. The results from Antarctica are very encouraging despite the low temperatures and are also providing measurements of precipitation never before obtained from the Antarctic Peninsula.

This new gauge offers a very cost-effective solution to the age old problem of precipitation measurement in the form of rain, snow and hail.

The tests will continue and more analysis with be done before the conference and presented.
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Figure 1:  UPG1000 in Rothera, Antarctica
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Figure 2:  Original funnel tests
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Figure 3:  The SBS1000 rain gauge (right), and the new UPG1000 universal gauge (left) on test in Scotland, winter 2006/7
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Figure 4:  The internal tipping bucket and heaters of the UPG1000








Figures 5:  Location of the Scotland test site


(maps courtesy of multimap.com)
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Figure 6:  Daily totals from the UPG1000 Scotland test site





Figure 7:  Daily totals from the UPG1000 Antarctica test site
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