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8.3.8. ADVERSE AND POTENTIALLY HAZARDOUS ATMOSPHERIC CONDITIONS

8.3.8.1. Thunderstorms

8.3.8.1.1. General

There is no useful correlation between the external visual appearance of thunderstorms and their severity.

Knowledge and weather radar have modified attitudes toward thunderstorms, but one rule continues to be true:


"Any thunderstorm should be considered hazardous"

8.3.8.1.2. Weather information

Meteorological observations/forecasts messages or charts contain thunderstorm and associated hazards information.

But, when thunderstorms are, or are expected to be, sufficiently widespread to make their avoidance by aircraft difficult, e.g. a line of thunderstorms associated with a front or squall line or extensive high level thunderstorms, the Meteorological Office issues warnings, in the form of SIGMET messages, of "active thunderstorm area" . 

In addition, pilots are required to send a special air report when conditions are encountered which are likely to affect the safety of aircraft. Such a report would be the basis of a SIGMET warning.

The Meteorological Office does not issue SIGMET messages in relation to isolated thunderstorm activity and the absence of SIGMET warnings does not therefore necessarily indicate the absence of thunderstorms.

Refer to 8.1.6 - Meteorological information - for description of weather messages and for the meaning of the associated codes.

8.3.8.1.3. Thunderstorm hazards

Thunderstorms concentrate every weather hazard to aviation into one vicious package. The most important hazards are:

8.3.8.1.3.1. Turbulence

Potentially hazardous turbulence is present in all thunderstorms. Strongest turbulence within the cloud occurs with shear between updrafts and downdrafts. Outside the cloud, shear turbulence has been encountered several thousand feet above and 20 NM laterally from a severe storm. A low-level turbulent area is the shear zone associated with the gust front. Often, a "roll cloud" on the leading edge of a storm marks the top of the eddies in this shear and it signifies an extremely turbulent zone. Gust fronts often move far ahead (up to 15 NM) of associated precipitation. The gust front causes a rapid and sometimes drastic change in surface wind ahead of an approaching storm.

It is almost impossible to hold a constant altitude in a thunderstorm, and manoeuvring in an attempt to do so produces greatly increased stress on the aircraft. It is understandable that the speed of the aircraft determines the rate of turbulence encounters. Stresses are least if the aircraft is held in a constant attitude and allowed to "ride the waves". (Refer to FCOM "Flight in severe turbulence")

8.3.8.1.3.2. Icing

Supercooled water freezes on impact with an aircraft. Clear icing can occur at any altitude above the freezing level; but at high levels, icing from smaller droplets may be rime or mixed rime and clear. The abundance supercooled water droplets makes clear icing very rapid between 0°C and -15°C. 

8.3.8.1.3.3. Hail

Hail competes with turbulence as the greatest thunderstorm hazard to aircraft. Supercooled drops above the freezing level begin to freeze. Once a drop has frozen, other drops latch on and freeze to it, so the hailstone grows. Large hail occurs with severe thunderstorms with strong updrafts that have built to great heights. Eventually, the hailstones fall, possibly some distance from the storm core. Hail may be encountered in clear air several miles from dark thunderstorm clouds.

8.3.8.1.3.4. Low ceiling and visibility 

Generally, visibility is near zero within a thunderstorm cloud. 

The hazards and restrictions created by low ceiling and visibility are increased many fold when associated with the other thunderstorm hazards.

8.3.8.1.3.5. Effect on altimeters

Pressure usually falls rapidly with the approach of a thunderstorm, then rises sharply with the onset of the first gust and arrival of the cold downdraft and heavy rain showers, failing back to normal as the storm moves on. This cycle of pressure change may occur in 15 minutes. If the pilot does not receive a corrected altimeter setting, the altimeter may be more than 1000 feet in error.

8.3.8.1.3.6. Lightning

A lightning strike can puncture the skin of an aircraft. Lightning has been suspected of igniting fuel vapours causing explosion; however, serious accidents due to lightning strikes are extremely rare.

Nearby lightning can blind the pilot rendering him momentarily unable to navigate either by instrument or by visual reference.

Lightning can also induce permanent errors in the magnetic compass and lightning discharges, even distant ones, can disrupt radio communications on low and medium frequencies.

In the event of lightning strike conduct the following procedure:

· In flight, check of all radio communication and navigational equipment and the weather radar.

· Record the lighting strike in the technical logbook

· On ground, check

· compensation of the (standby) compass

· signs of damage on fuselage, wings, radome, empennage

· antennas, pitot heads

· all control trailing edges and static dischargers

· radio and navigation equipment.

Lightning intensity and frequency have no simple relationship to other storm parameters. But, as a rule, severe storms have a high frequency of lightning.

8.3.8.1.3.7. Engine water ingestion

Jet engines have a limit on the amount of water they can ingest. Updrafts are present in many thunderstorms, particularly those in the development stages. If the updraft velocity in the thunderstorms approaches or exceeds the terminal velocity of the falling raindrops, very high concentrations of water may occur. It is possible that these concentrations can be excess of the quantity of water engines are designed to ingest. Therefore, severe thunderstorms may contain areas of high water concentration which could result in flameout and/or structural failure of one or more engines. (Refer to FCOM "operation in or near to heavy rain, hail or sleet").

8.3.8.1.4. Avoiding thunderstorms

8.3.8.1.4.1. General rule

Never regard a thunderstorm lightly. Avoiding thunderstorms is the best policy

· Don't land or takeoff in the face of an approaching thunderstorm. Turbulence wind reversal or windshear could cause loss of control.

· Don't attempt to fly under a thunderstorm even if you can see through to the other side. Turbulence and wind shear under the storm could be disastrous.

· Don't fly without airborne radar into a cloud mass containing scattered embedded thunderstorms. Scattered thunderstorms not embedded usually can be visually circumnavigated.

· Don't trust the visual appearance to be a reliable indicator of the turbulence inside a thunderstorm.

· Do avoid by at least 20 NM any thunderstorm identified as severe or giving an intense radar echo. This is especially true under the anvil of large cumulonimbus.

· Do circumnavigate the entire area if the area has 6/10 thunderstorm coverage.

· Do remember that vivid and frequent lightning indicates the probability of a severe thunderstorm.

· Do regard as extremely hazardous any thunderstorm with tops 35,000 feet or higher whether the top is visually sighted or determined by radar.

8.3.8.1.4.2. Departure and arrival

When significant thunderstorm activity is approaching within 15 NM of the airport, the commander should consider conducting the departure or arrival from different direction or delaying the take-off or landing. Use all available information for this judgement, including PIREPs, ground radar, aircraft radar, tower-reported winds, and visual observations. In the terminal area thunderstorms should be avoided by no less than 3 NM. Many ATC radars are specifically designed to reduce or exclude returns from "weather" and in these cases little or no assistance can be given by ATC.

It is recommended that any guidance given by ATC should be used in conjunction with the aircraft own weather radar, in order to guard against possible inaccuracies in the ground radars interpretation of the relative severity of different parts of a storm area. Any discrepancies should be reported to ATC.

Gust fronts in advance of a thunderstorm frequently contain high winds and strong vertical and horizontal wind shears, capable of causing an upset near the ground. A gust front can affect an approach corridor or runway without affecting other areas of the airport. Under such conditions, tower-reported winds and the altimeter setting could be misleading.

Microbursts may also accompany thunderstorms. 2 NM or less in diameter, microbursts are violent short-lived descending columns of air capable of producing horizontal winds sometimes exceeding 60 kt within 150 ft of the ground. Microbursts commonly last one to five minutes and may emanate from high-based cumulus clouds accompanied by little or no precipitation, or may be associated with large cumulonimbus build-ups and be accompanied by heavy rainfall. 

Because of their relatively small diameter, airport anemometers and low level windshear alert systems may not sense this phenomenon in time to provide an adequate warning of nearby microburst activity. 

En-route

Refer to FCOM "Weather avoidance - Optimum use of weather radar"

8.3.8.1.4.2.1. Overflight

Avoid overflying thunderstorms unless a minimum of 5000 ft clearance above the storm top is ensured. When possible, detour between the storm cells of a squall line rather than directly above them. Keep the radar antenna tilted down during overflight to properly assess the most severe cells, which may be masked by clouds formations.

8.3.8.1.4.2.2. Lateral avoidance

At altitudes above the freezing level, supercooled rain and hail may indicate as only weak radar echoes, which can mask extreme thunderstorm intensity. Avoid weak radar echoes associated with thunderstorms by the following minimum distances:

PRIVATE 
Altitude
Lateral avoidance

20 000 ft

25 000 ft

30 000 ft
10 NM

15 NM

20 NM

8.3.8.1.4.2.3. Flight near thunderstorms

If flight closer than the minimum recommended distances is unavoidable, observe the following precaution:

· When it is necessary to fly parallel to a line of cells, the safest path is on the upwind side (the side away from the direction of storm travel). Although severe turbulence and hail can be encountered in any direction outside a thunderstorm, strong drafts and hail are more often encountered outside the body of the cell on the downwind side.

· Avoid flight under the anvil. The greatest possibility of encountering hail is downwind of the cell, where hail falls from the anvil or is tossed out from the side of the storm. Hail has been encountered as much as 20 NM downwind from large thunderstorms.

· Avoid Cirrus and Cirrostratus layers downwind from the storm tops. Such layer may be formed by cumulonimbus tops and may contain hail, even though the radar scope shows little or no return echoes.

· If ATC requirements make flight into unsafe conditions imminent, the Commander should request a change of routing and if necessary use his emergency authority to avoid the severe weather conditions.

· Any flight in the vicinity of thunderstorms carries the risk of a sudden onset of moderate or severe turbulence.

8.3.8.1.4.2.4. Thunderstorm penetration

If thunderstorm penetration is unavoidable, the following guidelines will reduce the possibility of entering the worst areas of turbulence and hail:

· Use the radar to determine the areas of least precipitation. Select a course affording a relatively straight path through the storm. Echoes appearing hooked, finger-like, or scalloped indicate areas of extreme turbulence, hail and possibly tornadoes, and must be avoided.

· Penetrate perpendicular to the thunderstorm line, if not possible maintain the original heading. Once inside the cell, continue ahead, a straight course through the storm most likely get the aircraft out of the hazards most quickly. The likelihood of an upset is greatly increased when a turn is attempted in severe turbulence and turning manoeuvres increase the stress on the aircraft.

· Pressure changes may be encountered in strong drafts and may conduct to an altitude error of 1000 ft.

· Gyro-stabilised instruments supply the only accurate flight instrument indications.

· Avoid level near the 0°C isotherm. The greatest probability of severe turbulence and lightning strikes exist near the freezing level.

· Generally the altitudes between 10 000 ft and 20 000 ft encompass the more severe turbulence, hail, and icing conditions, although violent weather may be encountered at all level inside and outside an active thunderstorm.

· Due to very high concentration of water, massive water ingestion can occur which could result in engine flameout and/or structural failure of one or more engines. Changes in thrust should be minimised.

8.3.8.1.5. Operational procedures

If is not possible to avoid flying through or near to a thunderstorm, the following procedures and techniques are recommended:

· Approaching the thunderstorm area ensures that crewmembers' safety belts are firmly fastened and secure any loose articles.

· Switch on the Seat Belt signs and make sure that all passengers are securely strapped in and that loose equipment (e.g. cabin trolleys and galley containers) are firmly secured. Pilots (particularly of long bodied aircraft) should remember that the effect of turbulence is normally worse in the rear of the aircraft that on the flight deck.

· One pilot should fly the aircraft and control aircraft attitude regardless of all else and the other monitor the flight instruments continuously.

· Height for penetration must be selected bearing in mind the importance of insuring adequate terrain clearance. Due to turbulence, wind shear, local pressure variations the maintenance of a safe flight path can be difficult.

· The recommended speed for flight in turbulence must be observed (see FCOM chapter: "Flight in severe turbulence") and the position of the adjusted trim must be noted.

· As indicated in FCOM procedure "Flight in severe turbulence" the autopilot should be engaged. The autopilot is likely to produce lower structural loads and smaller oscillations than would result from manual flight. The auto-thrust should be disconnected to avoid unnecessary and frequent thrust variations.

· Check the operation of all anti-icing equipment and operate all these systems in accordance with FCOM instructions: "Operation in icing conditions". Icing can be very rapid at any altitude.

· Flight crew must apply or be prepared to apply the FCOM procedures: "Operations in or near to heavy rain, hail or sleet", and "Operation in windshear/downburst conditions".

· Turn the cockpit lighting fully on to minimise the blinding effect of lightning.

· Continue monitoring the weather radar in order to pick out the safest path. Tilt the antenna up and down occasionally to detect thunderstorm activity at altitudes other than that being flown. See FCOM instructions: "Use of weather radar"

8.3.8.2. Icing conditions (JAR-OPS 1.346)
Icing conditions occur when low temperatures are accompanied by precipitation. Icing of the aircraft is one of the most dangerous flight hazards. Refer to 8.2.4 “De-icing and anti-icing on the ground” for further details.

Procedures for “operating in icing conditions” are developed in FCOM - "Procedures and Techniques / Supplementary Techniques".

Turbulence

Turbulence is defined as a disturbed, irregular flow of air with embedded irregular whirls or eddies and waves. An aircraft in turbulent flow is subjected to irregular and random motions while, more or less, maintaining the intended flight path.

Procedures for “Flight in severe turbulence” are developed in FCOM - "Procedures and Techniques / Supplementary Techniques".

If the weather conditions and route forecast indicate that turbulence is likely, the cabin crew should be pre-warned, and passenger advised to return to, and/or  remain seated and to ensure that their seat belts are securely fastened. Catering and other loose equipment should be stowed and secured until it is evident that the risk of further turbulence has passed.

When encountering turbulence, pilots are urgently requested to report such conditions to ATC as soon as practicable. 

Classification of intensity may be defined as follows:

PRIVATE 
INTENSITY
AIRCRAFT REACTION
REACTION INSIDE AIRCRAFT

LIGHT
Turbulence that momentarily causes slight, erratic changes in altitude and/or attitude.
Occupants may feel a slight strain against seat belts or shoulder straps. Unsecured objects may be displaced slightly. Food service may be conducted and little or no difficulty is encountered in walking.

MODERATE
Similar to light turbulence but of greater intensity. Changes in altitude and/or attitude occur but the aircraft remains in positive control at all times. It usually causes variations in indicated airspeed.
Occupants feel definite strains against seat belts or shoulder straps. Unsecured objects are dislodged. Food service and walking are difficult.

SEVERE
Turbulence that causes large, abrupt changes in altitude and/or attitude. It usually causes large variation in indicated airspeed. Aircraft may be momentarily out of control.
Occupants are forced violently against seat belts or shoulder straps. Unsecured objects are tossed about. Food service and walking is impossible.

EXTREME
Turbulence in which the aircraft is violently tossed about and is practically impossible to control. It may cause structural damage.


8.3.8.3. Windshear 

Windshear is a rapid variation in wind velocity and/or direction along the flight path of the aircraft. 

Procedures for “operation in windshear / downburst conditions” are developed in FCOM - "Procedures and Techniques / Supplementary Techniques". 

When encountering windshear conditions, pilots are urgently requested to report such conditions to ATC as soon as practicable in stating the loss or gain of speed and the altitude at which it was encountered.

8.3.8.4. Jetstream

Jetstreams are narrow bands with extreme high wind speeds up to 300 kt. They can extend up to several thousand miles, the width can be several miles. 

Avoid flying along the edge of jetstreams due to possible associated turbulence.

Pilots should also be aware of the effect of increased fuel consumption due to unexpected significant head wind components that can be encountered.

8.3.8.5. Volcanic ash clouds

Flying through an ash cloud should be avoided by all means due to the extreme hazard for the aircraft. Volcanic ash can cause extreme abrasion to all forward facing parts of the aircraft, to the extent that visibility through the windshields may be totally impaired, airfoil and control surface leading edges may be severely damaged, airspeed indication may be completely unreliable through blocking of the pitot heads and engines may even shut down.

Procedures for “Operation in areas contaminated by volcanic ash” are developed in FCOM - "Procedures and Techniques / Supplementary Techniques". 

8.3.8.6. Heavy precipitation

Heavy precipitation may occur as rain showers, snow showers and hail. The greatest impairment to flight is the reduced visibility and the risk of in combination with low temperature. Heavy precipitation can be associated with significant downdrafts and windshear.

· Effect from water ingested by jet engines

Under given weather conditions, the water / air ratio absorbed by jet engines is directly related to its performance and aircraft speed.

This ratio is considerably increased at a high aircraft speed and engines at flight idle (typical descent conditions).

This means that during descent, under heavy rainfall conditions, or hail, significant ingestion of water may cause surging or extinction of jet engines.

Procedures for “Operation in or near to heavy rain, hail or sleet” are developed in FCOM - "Procedures and Techniques / Supplementary Techniques".

Heavy precipitation can quickly lead to high levels of runway contamination so runway clearance / drainage rate must be closely monitored in order to assess if a diversion is necessary. Refer also to 8.3.8.11 “Operations on slippery surfaces”.

8.3.8.7. Sandstorms

Avoid flying in active sandstorms whenever possible. When on ground, aircraft should ideally be kept under cover if dust storms are forecast or in progress. Alternatively, all engine blanks and cockpit covers should be fitted, as well as the blanks for the various system and instrument intakes and probes. They should be carefully remove before flight to ensure that accumulation of dust are not deposited in the orifices which the covers are designed to protect.

Procedures for “operation from / to airports contaminated with loose (abrasive) particles ” are developed in FCOM - "Procedures and Techniques / Supplementary Techniques".

8.3.8.8. Mountain waves

Mountain waves are caused by a significant airflow crossing a mountain range.

On some airports, relief or obstacles may cause special wind conditions with severe turbulence and windshear on approach or during take off. 

Special procedures or recommendations are indicated on airport charts when appropriate. They must be taken into account by the flight crews for the choice of the landing or take off runway.

8.3.8.9. Significant temperature inversion

8.3.8.9.1. Temperature inversion, the weather phenomenon

8.3.8.9.1.1. General

In meteorology, air temperature at the earth’s surface is normally measured at a height of about 1.20 metre (4ft) above the ground. From that temperature, which is reported by Air Traffic Control, takeoff performance will be defined. 

All along the takeoff flight path, aircraft performance is computed considering the altitude gained, the speed increase, but also implicitly considering a standard evolution of temperature, i.e. temperature is considered to decrease by 2°C for each 1000 ft.

However, although most of the time, temperature will decrease with altitude in quite a standard manner, specific meteorological conditions may lead the temperature evolution to deviate from this standard rule. With altitude increasing, marked variations of the air temperature from the standard figure may be encountered. In that way, air temperature may decrease in a lower way than the standard rule or may be constant or may even increase with altitude. In this last case, the phenomenon is called a temperature inversion. 

As described below, this may particularly affect the very lower layer of the atmosphere near the earth’s surface.   

There are many parameters, which influence air temperature and may lead to a temperature inversion. Close to the ground, air temperature variations mainly result from the effects of:

· seasonal variations

· diurnal / nocturnal temperature variations 

· weather conditions (effect of clouds and wind)

· humidity of the air

· geographical environment such as:

- 
mountainous environment  

- 
water surface (sea)

- 
nature of the ground  (arid, humid)

- 
latitude

- 
local specificity

As a general rule, valid for everywhere, low wind conditions and clear skies at night, will lead to rapid cooling of the earth and a morning temperature inversion at ground level.

8.3.8.9.1.2. Morning temperature inversion  

In the absence of wind or if the wind is very low, the air, which is in contact with a “cold” earth surface will cool down by heating transfer from the “warm” air to the “cold” ground surface. This transfer of heat occurs by conduction only and consequently leads to a temperature inversion which is limited in altitude. This process needs stable weather conditions to develop.

Schematically, during the day, the air is very little heated by solar radiation and the earth is very much. But the lower layer of the atmosphere is also heated by contact with the ground, which is more reactive to solar radiation than the air, and by conduction between earth and atmosphere. 

At night, in the absence of disturbing influences, ground surface cools down due to the absence of solar radiation and will cool the air near the ground surface. In quiet conditions, air cooling is confined to the lowest levels. Typically, this effect is the biggest at the early hours of the day and sunshine subsequently destroys the inversion during the morning. Similarly, wind will mix the air and destroy the inversion.  

· Magnitude of temperature inversion

This kind of inversion usually affects the very lowest levels of the atmosphere. The surface inversion may exceed 500 ft but should not exceed 1000 to 2000 ft. The magnitude of the temperature inversion cannot be precisely quantified. However, a temperature inversion of about +10°C is considered as quite an important one. Usually, within a temperature inversion, temperature regularly increases with altitude until it reaches a point where the conduction has no longer any effect.  

· Where can they be encountered? 

This kind of inversion may be encountered world-wide. However, some areas are more exposed to this phenomenon such as arid and desert regions. It may be also encountered in temperate climate particularly during winter season (presence of fog). Tropical regions are less sensitive due to less stable weather conditions. 

In some northern and continental areas (Canada, Siberia) during winter in anticyclonic conditions, the low duration of sunshine during the day could prevent the inversion from destruction. Thus, the temperature of the ground may considerably reduce and amplify the inversion phenomenon. In a lower extent, this may also occur in temperate climate during winter, if associated with cold anticyclonic conditions.  

Another important aspect of an inversion is wind change. The airmass in the inversion layer is so stable that winds below and above, tend to diverge rapidly. Therefore, the wind change, in force and direction, at the upper inversion surface may be quite high. This may add to the difficulty of flying through the inversion surface. In some conditions, the wind change may be so high as to generate a small layer of very marked turbulence.

8.3.8.9.1.3. Other types of temperature inversion

The Morning temperature inversion process is considered as the most frequent and the most sensitive. However, as also mentioned above, other meteorological conditions, of a less frequent occurrence and magnitude, may lead to temperature inversions. 

For instance, the displacement of a cold air mass over a cold ground surface may lead to turbulence resulting in a transfer of heat to the lower levels of this mass, thus, also creating a temperature inversion in the lower levels of the atmosphere below this air mass. Usually, this kind of inversion has lower magnitude than the previous case described above. 

In any case, pilot experience, weather reports or pilot reports will be the best way in identifying such weather conditions. 

8.3.8.9.2. The effect on aircraft performance and recommendations

A temperature inversion will result in a reduction of the thrust only when performing a maximum takeoff thrust during hot days, i.e., the actual ambient temperature is above T.REF (Flat rating temperature). 

8.3.8.9.2.1. Effect on aircraft performance

In the event of temperature inversion, the climb performance will be affected in the cases where the thrust is affected. 

However, to affect the aircraft performance, a temperature inversion must be combined with other factors. 

During a normal takeoff with all engines operative, the inversion will have no effect since the actual aircraft performance is already far beyond the minimum required performance. 

Then, the actual aircraft performance could be affected only in the event of an engine failure at takeoff. 

However, conservatism in the aircraft certified performance is introduced by the FAR/JAR Part 25 rules, to take account for inaccuracy of the data that are used for performance calculations. Although not specifically mentioned, temperature inversions can be considered as part of this inaccuracy. 

Therefore, a temperature inversion could become a concern during the takeoff only in the following worst case with all of these conditions met together: 

· The engine failure occurs at V1,and

· Takeoff is performed at maximum takeoff thrust, and

· OAT is close to or above T.REF, and

· The takeoff weight is limited by obstacles, and

· The temperature inversion is such that it results in the regulatory net flight path margin cancellation and leads to fly below the regulatory net flight path. 

In all other cases, even if the performance is affected (inversion above T.REF), the only detrimental effect will be the climb performance to be lower than the nominal one.  

Operations on SLIPPERY surfaces

8.3.8.9.3. Runway friction characteristics

The stopping performance of aircraft is to a greater degree dependent on the available friction between the aircraft tires and the runway surface, their landing and take-off speeds. In some conditions the runway length required for landing or take-off could be critical in relation to the runway length available.

Adequate runway friction characteristics / braking action is mainly needed for three distinct purposes: 

· deceleration of the aircraft after landing or a rejected take-off;

· directional control during the ground roll on take-off or landing, in particular  in the presence of cross-wind, asymmetric engine power or technical malfunctions;

· wheel spin-up at touchdown.

To compensate for the reduced stopping and directional control capability for adverse runway conditions (such as wet or slippery conditions) performance corrections are applied in the form of:

· runway length increment;

· reduction in allowable take-off or landing weight;

· reduction of allowable cross-wind component.

8.3.8.9.4. Measuring and expressing friction characteristics 

The friction coefficient is defined as the ratio of the maximum available tire friction force and the vertical load acting on the tire. This coefficient is named "Mu" or "(".

Various systems are used to measure the runway friction coefficient /conditions:

· Skiddometer High pressure tire (SKH)

· Skiddometer Low pressure tire (SKL)

· Surface Friction Tester (SFT)

· Mu-meter (MUM)

· Diagonal braked vehicle (DBV)

· Tapley meter (TAP)

· James Brake Decelerometer (JBD)

The results of the friction measuring equipment do not generally correlate with each other for all surface conditions and no correlation has been established between these results and the stopping performance of an aircraft. 

The only perfect way of measuring the friction coefficient "Mu" for a specific aircraft is by using that specific aircraft braking system on the surface concerned. 

When friction measurement are not available but can be only estimated, the pilot is informed only of the estimated braking action reported as "good" - "medium" - "poor" - "unreliable (nil)" or a combination of these terms.

Pilots should treat reported braking action measurements with caution and interpret them conservatively.

Practically the following correlation may be used as a guideline:

PRIVATE 
Estimated braking action
Mu values

good

medium/good

medium

medium/poor

poor

unreliable
0.40 and above

0.36 to 0.39

0.30 to 0.35

0.26 to 0.29

0.25 and below

-

8.3.8.9.5. Braking action reporting

Friction measurements or braking action estimation may be reported:

· in plain language by the tower

· by the routine weather broadcast

· by snowtam 

When necessary, ATC issues the latest braking action report for the runway in use to each arriving and departing aircraft. Pilots should also be prepared to provide a descriptive runway condition report to ATC after landing.

8.3.8.9.6. Meteorological observations

Meteorological observations in connection with knowledge of previous runway conditions will, in many cases, permit a fair estimate to be made of braking action.

On snow- or ice-covered runways not treated with, e.g. sand, the coefficient of friction varies from as low as 0.05 to 0.30. It is very difficult to state exactly how and why the runway conditions vary. The braking action is very much dependent upon the temperature especially near the freezing point. However, when it is freezing, the braking action could be fairly good, it will so remain if the temperature decreases but if the temperature rises to the freezing point or above, the braking action will decrease rapidly. Sometimes very low friction coefficient values occur when humid air is drifting in over an icy runway even though the temperature may be well below the freezing point.

Some of the various conditions which are expected to influence the braking action are given below: 

8.3.8.9.6.1. Friction coefficient between 0.10 and 0.30 (poor-medium/poor)

· slush or rain on snow- or ice-covered runway;

· runway covered with wet snow or standing water;

· change from frost to temperature above freezing point;

· change mild to frost (not always);

· the type of ice which is formed after long periods of cold;

· a thin layer of ice formed : 

· by frozen ground having been exposed to humidity or rain at 0°C or above;

· when due to radiation, e.g. when the sky clears, the runway surface temperature drops below freezing point and below the dew point (this ice formation can take place very suddenly and occur while the reported air temperature may still be quite a few degrees above the freezing point.)

8.3.8.9.6.2. Friction coefficient between 0.25 and 0.35 (medium/poor-medium)

· snow conditions at temperature just below freezing point;

· snow-covered runways at temperatures below freezing point, exposed to sun;

· slush-covered runway.

8.3.8.9.6.3. Friction coefficient between 0.35 and 0.45 (medium/good-good)

· snow-covered runways which have not been exposed to temperatures higher than about -2°C to -4°C.

· damp or wet runway without risk of hydroplaning (less than 3 mm water depth)

8.3.8.9.7. Aircraft performance on wet or contaminated runways

Take-off performance from wet or contaminated runways (refer to 0.1.3 - Definitions) are given in FCOM "Special Operations - Fluid contaminated runway" chapter.

Landing distances on wet or contaminated runways are given in FCOM "Landing" chapter. 

As no accurate correlation can be made between the aircraft friction coefficient on a given runway and the reported friction coefficient or braking action, these performance given in the FCOM have been established for given depths of water or contaminant (slush, snow). 

Therefore the only way to determine the applicable take-off and landing performance is to obtain the depth and type of contaminant.

It is not recommended to land or take off on a runway for which the braking action is reported as "POOR" or the friction coefficient is 0.25 or less. 

Take off runway covered with more than 5 cm (2 inches) of dry snow or 2.5 cm (1 inch) of wet snow is not recommended.

8.3.8.9.8. Guidelines for operations on slippery surfaces

8.3.8.9.8.1. General Consideration

The use of thrust reversers is mandatory on contaminated runways.

The two most important variables confronting the pilot when runway coefficient of friction is low and/or conditions for hydroplaning exist are length of runway and crosswind magnitude.

The total friction force of the tires is available for two functions - braking and cornering. If there is a crosswind, some friction force (cornering) is necessary to keep the aircraft on the centreline. Tyre cornering capability is reduced during braking or when wheels are not fully spun up. Locked wheels eliminate cornering. Therefore in crosswind conditions, a longer distance will be required to stop the aircraft. 

According to the runway conditions the following cross wind values indicated in FCOM should not be exceeded for take-off and landing.

PRIVATE 
Reported braking action
Reported friction coefficient
Maximum crosswind (kt)

Good

medium/good

medium

medium/poor

poor

unreliable
0.40 and above

0.36 to 0.39

0.30 to 0.35

0.26 to 0.29

0.25 and below

-
Maximum (*)

30

25

20

15

5



(*) maximum cross wind value indicated in individual FCOM 

8.3.8.9.8.2. Taxiing

Aircraft may be taxied at the Commander discretion on ramps and taxiways not cleared of snow and slush. More power than normal may be required to commence and continue taxi so care should be taken to avoid jet blast damage to buildings, equipment and other aircraft. Be aware of the possibility of ridges or ruts of frozen snow that might cause difficulties. The boundaries/edges of manoeuvring areas and taxiway should be clearly discernible. If in doubt, request "Follow me" guidance.

When executing sharp turns while taxiing or parking at the ramp, remember that braking and steering capabilities are greatly reduced with icy airport conditions; reduce taxi speed accordingly.

Slat/flap selection should be delayed until immediately before line up to minimise contamination. 

8.3.8.9.8.3. Take-off

Severe retardation may occur in slush or wet snow.

In most cases, lack of acceleration will be evident early on the take off run. Maximum permissible power must be used from the start.

Large quantities of snow or slush, usually containing sand or other anti-skid substances may be thrown into the engines, static ports and onto the airframe. Pod and engine clearance must be watched when the runway is cleared and snow is banked at the sides of runways or taxiway.

8.3.8.9.8.4. Landing

Pilots should be aware that where rain, hail, sleet or snow showers are encountered on the approach or have been reported as having recently crossed the airfield, there is a high probability of the runway being contaminated. The runway state should be checked with ATC before commencing or continuing the approach. Very often a short delay is sufficient to allow the runway to drain or the contaminant to melt.

Use of reverse thrust on landing on dry snow in very low temperatures will blow the dry snow forward especially at low speed. The increase in temperature may melt this snow and form clear ice on re-freezing on static ports.

The required landing field length for dry runways is defined as 1.67 times the demonstrated dry landing distance. For wet runways, this landing distance requirement is increased by 15%. 

The required landing field length for contaminated runways is defined as 1.15 times the demonstrated contaminated landing distance.

The shortest stopping distances on wet runways occur when the brakes are fully applied as soon as possible after main wheel spin up with maximum and immediate use of reverse thrust. Landing on contaminated runways without antiskid should be avoided. It is strongly recommended to use the autobrake (if available) provided that the contaminant is evenly distributed.

The factors and considerations involved in landing on a slippery surface are quite complex and depending on the circumstances, the pilot may have to make critical decisions almost instinctively. The following list of items summarises the key points to be borne in mind. Several may have to be acted upon simultaneously.

· Do not land where appreciable areas of the runway are flooded or covered with 1/2 inch or more of water or slush.

· Limit crosswind components when runway conditions are poor and runway length short.

· Establish and maintain a stabilised approach.

· Consider the many variables involved before landing on a slippery runway.

- Landing weather forecast

- Aircraft weight and approach speed

- Landing distance required

- Hydroplaning (aquaplaning) speed

- Condition of tires

- Brake characteristics (anti-skid, autobrake mode)

- Wind effects on the directional control of the aircraft on the runway

- Runway length and slope

- Glidepath angle

· Do not exceed VAPP at the threshold. An extended flare is more likely to occur if excess approach speed is present.

· Be prepared to go-around.

· Flare the aircraft firmly at the 1000 ft aiming point. Avoid build up of drift in the flare and runway consuming float. A firm landing, by facilitating a prompt wheel spin up, also ensures efficient antiskid braking.

· Select reverse thrust as soon as possible.

· Get the nose of the aircraft down quickly. Do not attempt to hold the nose off aerodynamic braking. Aim to have the nose wheel on the ground by the time reverse thrust reaches the target level.

· If the autobrake is not available, and if remaining runway length permits, allow the aircraft to decelerate to less than dynamic hydroplaning speed before applying wheel brakes. If however maximum braking is required apply and hold full brake pedal deflection. Continue to apply rudder and aileron inputs while braking. The brakes are the primary means for stopping the aircraft but if necessary the full reverse thrust may be maintained until the aircraft is fully stopped. 

Excessive braking in crosswinds will lead to the aircraft drifting away from the centreline. Do not decrab completely as the aircraft will yaw on the slippery runway due to its weathercock stability.

· Keep the aircraft aligned with the runway centreline. Use rudder and aileron inputs. As rudder effectiveness decreases, reduce aileron deflection proportionately.

Caution: 
Do not allow large deviations from the runway heading to develop as recovery can become very difficult. Use of the nose wheel steering is not recommended. Under slippery conditions, the nose wheels must be closely aligned with the aircraft track or they will scrub.

· If directional or lateral control difficulties are experienced, disconnect the autobrake, if necessary, reduce reverse thrust levels symmetrically, regain directional control with rudder, aileron and differential braking. Once under control, reapply manual braking and increase symmetrical reverse levels as required while easing the aircraft back towards the runway centreline.

· After landing in heavy slush do not retract the slats and flaps. Allow ground personnel to clear ice and slush from slats and flaps before full retraction. Taxi with caution to parking area as flaps extended provides a much reduced ground clearance.
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