PREDICT PROJECT
Flight Operations Risk Assessment


The risk level matrix is a 3 by 3 matrix assessing the combined effect of the hazard severity and the likelihood of occurrence.  The following definitions apply:


Hazard Severity



High (1):

Major injury or loss of life, loss of aircraft.



Medium (2):

Serious injury, major damage to aircraft.



Low (3):

Minor injury, minor damage to aircraft.

Likelihood of Occurrence

High (1):

Common or frequent chance of occurrence.


Medium (2):

May occasionally occur.


Low (3):

Improbable or remote chance of occurrence.

Risk:  Hazard Severity × Likelihood of Occurrence

 
High (1, 2):

Must be reduced to at least medium risk level


Medium (3, 4, 6):
Either mitigation required to reduce level to low or 





organizational decision to accept risk level.


Low (9):

No additional mitigation required.

The risk ranking matrix is then given by:

	Risk Ranking Matrix

(Severity × Likelihood)
	Hazard Severity
  High (1)         Medium (2)         Low (3)                                                            

	Likelihood 

of 

Occurrence
	High (1)
	High (1)
	High (2)
	Medium (3)

	
	Medium (2)
	High (2)
	Medium (4)
	Medium(6)

	
	Low (3)
	Medium (3)
	Medium (6)
	Low (9)


Based on the above criteria, the hazard severity, likelihood of occurrence, and general risk level (ranking) are shown in the following table for each identified hazard.
	Hazard
	Severity
	Likelihood
	Risk Level

	Hail
	Medium (2)
	Low (3)
	Medium (6)

	Graupel/frozen drops/large drops
	Low (3)
	High (1)
	Medium (3)

	High altitude turbulence
	High (1)
	Medium (2)
	High (2)

	Low altitude turbulence/windshear
	High (1)
	Medium (2)
	High (2)

	Lightning
	Medium (2)
	Medium (2)
	Medium (4)

	Night operations near convection
	High (1)
	Medium (2)
	High (2)

	Dropping objects over/near airways
	Low (3)
	Medium (2)
	Medium (6)

	Low altitude flight 
	High (1)
	Medium (2)
	High (2)


	HAZARD DESCRIPTION:


	HAIL

	RISK LEVEL:
                         

	MEDIUM


HAZARD:
Flight into hail, aircraft sustains airframe and/or engine damage

CAUSE:
Unexpected encounter with hail due to proximity of flight tracks within storms or close to convective activity.

EFFECT:

Serious injury, major damage to aircraft.

PREVENTIVE ACTIONS / MINIMIZING PROCEDURES:

1. In the absence of ground radar data, when only airborne radar is utilized, NCAR aircraft will not penetrate, operate under, or operate within three nautical miles of any storm cell having a radar echo that shows contouring reflectivity’s judged to be 30dbz or greater (yellow).  It shall be noted that at high altitudes, 20dbz (green) will be viewed as being equivalent to 30dbz returns and 30dbz will be equivalent to 40dbz (red) returns.  
2. Level 3 (red) thunderstorms will be avoided by ten miles when below twenty thousand feet and by twenty miles when above twenty thousand feet.  Any convective cloud top that has a temperature of -5°C or lower will be avoided.  NCAR aggressively avoids level 3 and higher returns, rapid changing echoes, radar notches, scallops, fingers and hooks.  Deviation of a level 3 thunderstorm should be on the upwind side.  If deviation must be downwind, allow 1 NM per knot of wind speed at altitude (ex. 50 knots of wind, deviate downwind by at least 50 NM). 
3. It is highly advisable that the cloud radar be available and a qualified on-board operator/EOL meteorologist be assigned to each flight to help the flight crew analyze potential targets and facilitate communications between ground forecasters, missions scientists and the pilots.  

	HAZARD DESCRIPTION:


	Graupel/frozen drops/large drops

	RISK LEVEL:
                         

	MEDIUM


HAZARD:  
Flight into frozen drops, graupel, and large drops that can erode the aircraft radome, leading edges, engine inlets and damage exterior airframe paint.
CAUSE:
Unexpected encounter with the hazards due to proximity of flight tracks within storms or close to convective activity.

EFFECT:
Minor to moderate damage to the aircraft paint, radome and engine inlets/first stage compressor erosion, particularly at the higher airspeeds of the GV.

PREVENTIVE ACTIONS / MINIMIZING PROCEDURES:

1. Every effort will be given to avoid graupel, large and frozen drops by avoiding areas that may be conducive to these atmospheric conditions, however due to the nature of this project moisture can be expected which may damage the aircraft paint surfaces.  Night operations will increase the likelihood of encountering graupel, large/frozen drops.  By avoiding radar returns of 30dbz (yellow) or greater above FL200 will decrease the chances of encountering damaging precipitation.  (?) need help here
2. Avoid flying downwind or under the anvil
3. Avoid flying through the rain shaft if visible when temperatures are freezing
	HAZARD DESCRIPTION:


	High altitude turbulence

	RISK LEVEL:
                         

	HIGH 


HAZARD:
Encountering moderate to severe turbulence at altitude can deteriorate aircraft performance rapidly and without warning.

CAUSE:
Environmental forces may exist that can cause damaging turbulence.  Clear air instability can develop above and around developing cells.
EFFECT:
Turbulence can cause severe damage to the aircraft and/or major injury to personnel on board.  Rapidly changing airspeed may cause the aircraft to dangerously approach its’ stall speed with subsequent departure of controlled flight.  
PREVENTIVE ACTIONS / MINIMIZING PROCEDURES:

1. Degradation of GV aircraft performance in the areas of reduced speed, altitude and pressurization problems have been experienced while above FL400 above and around strong convection.  If severe enough, the aircraft may need to descend to regain a safe airspeed, which may place the GV within a large cell.  Furthermore, the pressurization system will emit a mist and odor in the cabin for several minutes until it can recuperate.  Heavy aircraft weights and the necessity to maintain a safe margin above Vref speed will be an issue when flying at higher altitudes (40,000 feet and above) near convection.  Due to the limitations of the GV, over flight of a convective cell should only be accomplished when the aircraft can safely clear the tops by at least xxxx feet.  It is possible that the GV will not be able to over fly deep convection areas.  Pilot discretion will be the deciding factor.
2. While flying at altitude the PIC will assure that at least Vref +10 knots will be maintained.  If turbulence is experienced that eradicates this margin, the need to descend will be required to regain safe airspeed margins.  Pilot discretion will be the deciding factor.

3. The non-flying pilot will monitor the INS wind page and announce wind changes greater than 45 degrees and/or velocity changes of 20 kts or greater.  Rapidly changing wind velocities/direction usually points to aircraft turbulence.

	HAZARD DESCRIPTION:


	Low altitude turbulence/wind shear

	RISK LEVEL:
                         

	HIGH 


HAZARD:
Encountering moderate to severe turbulence/wind shear can deteriorate aircraft performance rapidly and with little warning. 

CAUSE:
Proximity of operations to hazardous weather.  Heavy wind and turbulent air produced by developing convective storms.  Changing atmospheric conditions can cause low level wind shear.
EFFECT:
Major injury or loss of life, loss of aircraft.
PREVENTIVE ACTIONS / MINIMIZING PROCEDURES:

1. Gulfstream GV operating manual wind shear avoidance and escape procedures will be followed when required.

2. Do not conduct low altitude flight operations in the vicinity of turbulent air or known wind shear.   I think it should be moderate not lite.
3. The non-flying pilot will monitor the INS wind page and announce wind changes greater than 25 degrees and/or velocity changes of 10 kts or greater.  Rapidly changing wind velocities/direction usually points to aircraft turbulence.  Discontinue low level operations and climb to minimum enroute altitude once velocity changes of 20 kts are notes or wind direction changes 45 degrees.

4. Low level flight under thunderstorms is not allowed.  The presence of macro/micro bursts often associated with convective weather makes low level flight much too risky to attempt.
	HAZARD DESCRIPTION:


	Lightning

	RISK LEVEL:
                         

	MEDIUM


HAZARD: 
Aircraft lightning strike 

CAUSE:
Proximity of operations to hazardous weather.  Flying within the area of developing convective storms.  
EFFECT:
Serious injury, major damage to aircraft and onboard research equipment
PREVENTIVE ACTIONS / MINIMIZING PROCEDURES:

1. Avoid areas of convection that display lightning discharges.
2. Avoid flying between cells less than 40NM apart where lightning is noted.

3. Avoid flying within 20 NM if above FL 230 when the OAT is + or – 5 degrees C.

4. Avoid flying within 10 NM if below FL 230 and 20 NM if above FL 230 when flying within 5,000 of the freezing level.

5. Use on-board lightning sensor system and avoid active areas.
	HAZARD DESCRIPTION:


	Night operations near convection

	RISK LEVEL:
                         

	HIGH


HAZARD:
Icing or hail damage to the airframe and/or engines.  Convective turbulence and wind shear.   

CAUSE:
Proximity of operations to hazardous weather.  Heavy wind and turbulent air produced by developing convective storms.
EFFECT:
Serious injury, major damage to aircraft.
PREVENTIVE ACTIONS / MINIMIZING PROCEDURES:

1. Remain VMC or clear of hazardous weather to the maximum extent practical.  Coordinate with ATC when possible, to remain VMC and clear of hazardous weather.  
2. On-board weather radar must be operable.

3. Utilize on-board weather radar to circumnavigate echo returns 30dbz (yellow) or greater. 

4. Use real-time data-linked weather information to plan flight track to remain clear of hazardous weather.
5. Do not conduct low altitude flight operations in the vicinity of turbulent air or known wind shear.  Remain at highest altitude practical in the vicinity of weather and obstacles.  

6. Use Gulfstream V operations manual wind shear avoidance and escape procedures when required.  

7. Aircrew review aircraft operations manual and limitations pertaining to inclement weather operations.

8. The PIC will ensure flight profiles are within safety guidelines.

9. Utilize night vision technology to enhance ability to see hazardous weather during darkness.

	HAZARD DESCRIPTION:


	Dropping objects over/near airways

	RISK LEVEL:
                         

	MEDIUM


HAZARD:
Possible impact with other aircraft below drop altitude. 

CAUSE:
Could cause engine failure after ingestion on certain aircraft or impact could cause damage to windscreen of a smaller aircraft that if severe enough cause the aircraft to lose control.  Proximity to project aircraft and limited visibility due to weather and darkness.  Wind affect on dropsonde trajectory.
EFFECT:
Serious injury, major damage to aircraft.  Smaller aircraft may experience major injury or loss of life, loss of aircraft. Minor injury, minor damage to larger aircraft.  Possible mid-air collision with other project aircraft.
PREVENTIVE ACTIONS / MINIMIZING PROCEDURES:

1. Aircrew from all project aircraft will brief mission profile, area of operation, current/expected weather, coordination frequencies and flight patterns for all involved aircraft.  Scheduling a crew briefing for all project aircraft prior to every mission requiring flight in the same ops area shall be accomplished by the project manager.  
2. ATC will be used to the maximum extent possible to provide traffic separation and situational awareness of other aircraft in the operating area prior to dropsonde release.  

3. Project aircraft will monitor standard ATC frequencies for coordination and situational awareness.  

4. TCAS will be used to identify traffic in the general vicinity of operations and aid in traffic separation.  Consideration should be given to wind speed and direction and drift trajectory of dropsonde deployments conflicting with know traffic below the aircrafts flight path.  

5. Drops to commence only after the PIC has taken all precautions to avoid other aircraft, considering wind drift, and has given the “clear to drop” call over the intercom in accordance with standard operating procedures.    
	HAZARD DESCRIPTION:


	Low altitude flight

	RISK LEVEL:
                         

	HIGH


HAZARD:
Collision with obstructions, flying over vessels on the high seas.  Malfunction of aircraft flight controls/power plant while at low altitude.

CAUSE:
Proximity, lack of light/visibility and speed degrades aircrew ability to avoid hazard.  
EFFECT:
Major injury or loss of life, loss of aircraft.
PREVENTIVE ACTIONS / MINIMIZING PROCEDURES:

1. Limit mission altitude to 1000 feet above the highest obstacle in the operating area. 

2. Brief known obstacle hazards in the operating area with the flight crew.

3. Employ prudent lookout procedures by all flight crew members. 
4. Maintain VMC at all times while not under positive ATC control.
5. If over the high seas and no known obstacles exist, during day VMC, the aircraft may descend to 100 feet.  During such operations the PIC will hand fly the aircraft (autopilot off) and fly with reference to instruments, while the SIC will back up the PIC by maintaining outside vigilance for obstacles in the flight path.  PIC responsibility is to maintain control of the aircraft.  The aircraft will not remain longer then 20 minutes at 100 feet altitude, per leg.  A climb to at least 300 feet will occur during any turning maneuver.  Autopilot operation may be resumed at 300 feet and above.  If the PIC determines that safety is compromised due to crew fatigue, he may cut short any or all flight time at 100 feet. 
6. Night VMC low altitude flight is limited to 300 feet over the high seas.  Autopilot operations are required.   
7. Prior to flight operations the flight crew will familiarize themselves with all TFR’s and notams within the flight operations area and airports of intended use.  

