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METEOROLOGICAL INFORMATION IN SUPPORT OF DE-ICING AND ANTI-ICING OPERATIONS

(Presented by Bill Maynard)
	SUMMARY

	This paper considers air operator requests for an objective liquid water content basis for the reporting of precipitation intensity, in support of operations under ground icing conditions.


1. INTRODUCTION

1.1 Air operators in Canada, and reportedly in other States,  have been requesting objective measurements of liquid water content precipitation rate for use in conjunction with aircraft operations in ground icing conditions. The current reporting methods used in the METAR / SPECI  and local reports do not provide sufficient or accurate information for this application, resulting in inefficiency and, in some circumstances, may contribute to a reduction in safety margins. This paper provides an overview of the related issues and suggested options to respond to this request
2. DISCUSSION
Classification of precipitation intensity
2.1.1 At present, the intensity of precipitation is classified as nil, light, moderate or heavy in a METAR or SPECI. The corresponding rate of precipitation, in mm/h water equivalent, is not objectively defined in Annex 3 nor in the current (sixth) edition of World Meteorological Organization (WMO) No. 8 –  Guide to Meteorological Instruments and Methods of Observation.
2.1.2 The draft International Civil Aviation Organization (ICAO) Document 9837 - Manual on Automatic Observing Systems at Aerodromes - contains the following associations for precipitation intensity in units of mm/h (Chapter 6, 6.2.1.2, refers) which are also included in the most recent draft of the pending seventh edition of WMO No. 8 (Annex to Chapter 14, Part I refers):
	Precipitation Type
	Light
	Moderate
	Heavy

	Drizzle
	<0.1
	0.1 to 0.5
	>0.5

	Rain*
	<2.5
	2.5 to 10.0
	>10.0

	Snow
	<1.0
	1.0 to <5.0
	(5.0


*a rainfall rate of greater than or equal to 50 mm/h is classified as violent.

2.1.3 It should be noted that there are variations in practice among the States regarding the classification of precipitation rate. For example, in Canada, drizzle is considered to be of light intensity up to 0.2 mm/h and rain is considered to be heavy from 7.6 mm/h. 

Observation of precipitation intensity
2.1.4 WMO No. 8 (Sixth edition) does not provide either an achievable or desirable target for the measurement of precipitation rate. However, it does provide guidance for the desirable accuracy of measurements of total precipitation amount. Specifically, it is desirable that the measurement of precipitation amount should be within an uncertainty of  ( 0.1 mm up to a total amount of 5 mm and be within 2 per cent for amounts greater than 5 mm. Achievable accuracy is listed as being within 5 per cent of the total amount. 
2.1.5 WMO No. 8 (sixth edition) also states (Part II, 2-6 refers), in part, that: “Detectors used to identify the type of precipitation (rain, snow, drizzle, etc.)…can assist the human observer and can help if this is done by automation…At present, there is no international agreement on the algorithms used for processing data to identify these phenomena. There is no vital need for this equipment in aeronautical meteorology while human observers are required to be present.”
2.1.6 The draft seventh edition of WMO No. 8 indicates that it is desirable to report precipitation rate with a detection threshold of 0.02 mm/h. However, only detection is expected for rates from 0.02 mm/h to 0.2 mm/h and any precipitation amount of less than 0.2 mm/h would be classified as a trace. A target measurement uncertainty of no more than 5 per cent for rates of 0.2 mm/h or greater is proposed. 
2.1.7 The Manual on Automatic Meteorological Observing Systems at Aerodromes (Doc 9837) states that validating the performance of automated systems is complex because the human observer, often considered a reference, is not infallible (paragraph 6.1.4 refers). 
2.1.8 Guidelines for approximating the intensity of snowfall from the draft 7th edition  of WMO No. 8 (Annex to Chapter 14, Part I, refers) follow:
· Light: Snowflakes small and spare; in the absence of other obscuring phenomena, snow at this intensity generally reduces visibility but not less than 1 000 metres.

· Moderate: Larger more numerous flakes generally reducing the visibility to between 400 and 1 000 metres.

· Heavy: Numerous flakes of all sizes generally reducing the visibility to below 400 metres.

2.1.9 Pilots may have no basis other than METAR / SPECI or local reports of visibility and precipitation type or their own assessment thereof for the purposes of making their fluid application decision. Transport Canada and the Federal Aviation Administration provide carriers with a visibility tables that define precipitation rates in terms of visibility. Appendix A shows an example of a Canadian visibility chart that is used for this purpose.
2.1.10 For METAR / SPECI production, subjective human assessment methods must be used,  when instrumentation is not available, to measure the precipitation rate and when visibility cannot be used as an indicator of intensity. The following guidelines are presented in the Manual of Surface Weather Observations that is in use in Canada. It should be noted that such methods do not provide the basis for accurate or consistent reports of precipitation intensity. 
	
	Light Rain
	Moderate Rain
	Heavy Rain

	Individual drops
	Easily seen
	Not easily seen
	Not identifiable (rain in sheets)

	Spray over hard surface
	Hardly any
	Noticeable
	Heavy to a height of several centimetres

	Puddles
	Form slowly
	Form rapidly
	Form very rapidly


2.1.11 The correlation  between reported precipitation intensity in the METAR / SPECI and the corresponding actual liquid water content of the precipitation is typically fair to poor based on test data obtained in Canada during operational conditions. On average, roughly one-half of snowfall intensity is correctly categorized in terms of liquid water content with overestimates of intensity being much more common. Although test results show significant variations, as a rule of thumb, the precipitation intensity determined using visibility will be correct about 50 per cent of the time, will overestimate the snowfall liquid water content about 45 per cent of the time and will underestimate it roughly 5 per cent of the time. Note that overestimates of the precipitation rate may reduce efficiency and underestimates may reduce safety. 
Application of Precipitation Intensity for de-icing and anti-icing operations

2.1.12 The accretion of any amount of freezing or frozen precipitation on an aircraft is a real and present hazard to aircraft operations. Regulations in many States prohibit the operation of aircraft with adhering ice. For example, in Canada, the following regulation applies (Canadian Aviation Regulations 602.11 refers):
No person shall conduct or attempt to conduct a take-off in an aircraft that has frost, ice or snow adhering to any of its critical surfaces.

Note:— "Critical surfaces" means the wings, control surfaces, rotors, propellers, horizontal stabilizers, vertical stabilizers or any other stabilizing surface of an aircraft and, in the case of an aircraft that has rear-mounted engines, includes the upper surface of its fuselage.

2.1.13 Note that a Liquid Water Content (LWC) precipitation rate of 1 mm/h equates to a mass of 10 g/dm2 per hour. 
2.1.14 The Hold Over Time (HOT) for any aircraft de/anti-icing fluid is a function of the rate of precipitation (in g/dm2/h or (10 x mm/h)), the type of precipitation and the ambient temperature.  These holdover times are derived from tests performed at specific rates of precipitation for each meteorological condition. Holdover times are a range of times determined at the low and high end of each rate for each precipitation type. In practice, a inspection (either visual or tactile depending on the operators approved program) to ensure a clean wing is conducted once the lowest time in the range is exceeded following a fluid application. 
2.1.15 The (HOT tables are based on objective test data that correlates the effectiveness of de icing / anti-icing fluids with the LWC rate of accumulation of the types of precipitation of relevance. Appendix B shows an example of a HOT table. These tables are developed using test data that includes objective measurement, generally using precipitation pans changed at a high frequency,  of the amount of precipitation that has fallen under the defined precipitation conditions. Typically the freezing drizzle, freezing rain and freezing fog testing is performed in a cold tunnel while the snow data is obtained from a outdoor facility. The results of these tests provide a performance curve, similar to that shown in Appendix C, that can be used to support improved decision making for each precipitation type if the LWC precipitation rate is known.
2.1.16 The thresholds for light, moderate and heavy precipitation for de-icing and anti-icing application are shown in Table 1 in units of g/dm2/ h. Recall that the corresponding rate in mm/h is one-tenth of this value:
	Type
	Light
	Moderate
	Heavy

	Freezing Drizzle
	< 2.5
	2.5  to 5.1 
	>5.1 with maximum value of 12.7

	Freezing Rain
	>12.7 to25
	>25 to  76
	>76

	Snow
	<10
	10 to 25
	>25

	Freezing Fog*
	<2
	2 to 5
	>5

	Rain on cold soaked wing
	A range of 5 to 76 is used for all cases


* Based on the assumption of a 40% collection efficiency of fog with an LWC of 0.6 g / m3 and winds of 12 km/h. Fog is assumed to have a liquid water content density of  0.2 to 0.6 g / m3. 

Risk Scenarios

2.1.17 There are two basic risk scenarios associated with the use of inaccurate precipitation intensity information during aircraft operations under ground icing conditions. Firstly, that the precipitation LWC rate is higher than implied by visibility. This could lead to the incorrect type of fluid being selected (Type I rather than Type IV) or the pilot determined HOT being incorrect for the actual conditions. Secondly, that the precipitation LWC rate is lower than that implied by visibility and that incorrect type of fluid is selected (Type IV rather than Type I). Although not a safety issue this has an environmental and cost of operations impact.  
2.1.18 A significant number of departures do not employ the most adequate fluid treatment for the conditions that characterize the departure. A survey conducted at a major Canadian airport found that for 1287 departures when icing conditions were a consideration: a correct fluid type decision was made in 61 per cent of cases, Type IV fluid was unnecessarily applied in 27 per cent of cases, the aircraft did not de-ice in 8 per cent of cases and the aircraft took off with the demonstrated safe holdover time exceeded in 4% of cases. It is not know how many aircraft may have actually departed with ice or snow adhering to a critical surface. 
2.1.19 Two specific cases, with the identifying information removed, are presented to illustrate the associated risks: 
Case 1 – Reduced Safety Margin
The METAR was reporting snow and a visibility of ½ statute miles at a temperature of  -8.0°C. However the liquid water content precipitation rate was 74.3 g/dm2/h which corresponds to heavy snow. Based on the METAR precipitation type and visibility the holdover time using Type IV fluid was 25 to 55 minutes and 4 to 6 minutes using Type I fluid.  The actual holdover time, using the liquid water content rate of the snow was actually about 10 minutes using type IV fluids and only 2 minutes using Type I fluids. As a result, an ineffective fluid type decision was made and safety could have been compromised.  In essence the pilot based HOT guidance determined a HOT of 25 minutes when the actual conditions were such that only about 10 minutes holdover time could be expected. 
Case 2 – Loss of efficiency and potential unnecessary environmental impact
The METAR was reporting a visibility of ¾ statute miles in snow grains with a temperature of  -9°C. Based on METAR precipitation type and visibility the holdover time using type IV fluid was 25 to 55 minutes and 4 to 6 minutes using Type I. However, the liquid water content precipitation rate was calculated as 2.9 g/dm2/h, or very light. The actual holdover time should have been on the order of 90 minutes for Type IV fluid and 14 minutes for Type I fluid. Therefore Type IV fluid was applied when a Type I fluid would have satisfied the operational requirements.  
Costs and benefits
2.1.20 Direct LWC measurement is far more accurate than using a visibility relationship for the determination of precipitation intensity. Additional potential benefits of implementing the use of LWC precipitation rate reporting include;

b) more accurate determination of fluid holdover times;
c) improved capability to assess runway surface conditions;
d) increased operational safety;
e) economic savings and reduced environmental impact due to reduced glycol use;
f) better management of time and airport throughput; and

g) reduction of human factor involvement in holdover time assessment
2.1.21 The potential costs include:
h) lack of context for some States with a tropical climate, although however it should be noted that it does impact the flag carriers of these States if they fly to destinations that are subject to ground icing conditions;
i) the expense of obtaining and operating new meteorological instruments to observe and report precipitation in terms of LWC; and

j) need to develop new ‘end-to-end’ standards and operating procedures and provide training to affected personnel. 

2.1.22 The conclusion of the author is that the demonstrated frequency of aircraft departing following an suboptimal fluid selection decision could be markedly reduced with the availability of LWC precipitation rate information and that this benefit outweighs the cost where the is sufficient levels (that is, for airports where more than a few minutes of holdover time may be required) and associated climate factors.
Mitigation options
2.1.23 The following actions are proposed to mitigate the risks associated with the lack of accurate precipitation data needed to support effective fluid application decisions: 

k) define a new aeronautical requirement for reporting of the liquid water content precipitation rate. A reporting threshold of 0.02 mm/h and a reporting requirement to the nearest 0.1 mm/h is proposed. 

l) revise the Annex 3 standard for the observation and reporting of precipitation to enable the inclusion of liquid water content precipitation rate in the METAR / SPECI and local reports and to recommend that it be reported, where traffic and climate factors indicate and subject to reasonable consultations with local users, whenever icing conditions occur or are probable. Icing conditions would be defined as any precipitation occurring with a temperature of 2˚C or less and would include all cases freezing or frozen precipitation; and 

m) LWC precipitation rate reporting should be enabled for temperatures of greater than 2˚C in the case of rain on cold soaked wings or for other applications in accordance with local requirements. 

2.1.24 The matter of how to assess and include this information in meteorological reports should be considered by the WMO. However, it seem reasonable to assume that human observers, without the assistance of appropriate instrumentation, cannot provide a consistent or accurate measure of the liquid water content of precipitation.
2.1.25 It is proposed that this suggested provision in 2.5.3 be limited to a recommendation given that some States may have difficulty acquiring the instrumentation required to consistently and accurately assess this parameter. Nonetheless, there will be increasing demand for this information and some degree of international standards and recommendation would be beneficial to ensure some degree of consistency of definitions and reporting methods among the States.

3. Action by the Group
3.1.1 The group is invited to:
n) note the issues raised by the paper; and
o) comment on the mitigation proposed in paragraph 2.6.1. 
— — — — — — — —
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Appendix A


APPENDIX A
Visibility to intensity chart that is used by pilots for application with HOT tables. The visibility may be determined either by using the METAR / SPECI or, if that is not available, by pilot estimation. 
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Appendix B


APPENDIX B
AN EXAMPLE HOLDOVER TIME TABLE
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Appendix C


APPENDIX C

FLUID FAILURE TIME VERSUS LWC PRECIPITATION RATE FOR SNOW
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