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•  History	  of	  suppor-ng	  applied	  weather	  
research	  for	  over	  15	  years	  

•  Integra-on	  into	  air	  traffic	  control	  decision	  
support	  tools	  

•  Newer	  area	  is	  developing	  weather	  products	  
for	  small	  Unmanned	  Aerial	  Systems	  within	  the	  
atmospheric	  boundary	  layer	  (<	  400	  E	  AGL)	  



•  Weather	  problems	  
•  Turbulence	  –	  S.	  Korea	  and	  United	  States	  
•  Convec-on	  
•  Wind	  Op-mal	  Rou-ng	  
•  Low	  Level	  Weather	  for	  Unmanned	  Aerial	  
Systems	  
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The	  Weather	  Problem	  



US Airspace Weather Related Delays 

What	  is	  the	  trend	  in	  weather	  related	  delays?	  

Wx	  !	  71.0%	  of	  all	  delays	  in	  the	  NAS	  
averaged	  over	  16	  years	  at	  the	  OEP	  
35	  airports	  

Source: OPSNET Statistics 



Causes	  of	  Ground	  Delay	  
2008	  

Na-onal	  Traffic	  Management	  Log	  database,”	  Integra-on	  of	  Weather	  into	  Air	  Traffic	  Management	  (ATM)	  Ini-a-ve	  -‐Recommenda-on	  of	  
Enhancement”,	  NASA,	  Mosaic	  ATM,	  MIT/Lincoln	  Labs	  
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Weather	  Impacts	  
2008	  

Na-onal	  Traffic	  Management	  Log	  database,”	  Integra-on	  of	  Weather	  into	  Air	  Traffic	  Management	  (ATM)	  Ini-a-ve	  -‐Recommenda-on	  of	  
Enhancement”,	  NASA,	  Mosaic	  ATM,	  MIT/Lincoln	  Labs	  
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Weather	  Impacts	  on	  Airports	  
2008	  
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Turbulence	  



Types	  of	  Avia9on	  Turbulence	  

 

Source: P. Lester, “Turbulence – A new perspective for 
pilots,”  Jeppesen, 1994 
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A	  Numerical	  Study	  of	  Clear-‐Air	  Turbulence	  (CAT)	  Encounters	  over	  South	  Korea	  on	  2	  April	  2007,	  Journal	  of	  Applied	  Met.	  
and	  Climatology,	  Kim.,	  J.,	  and	  Chun,	  H.	  

Korean	  Turbulence	  Reports	  1998	  –	  2008	  	  
02	  Apr	  2007	  



Satellite	  Image	  2	  Apr	  2007	  

A	  Numerical	  Study	  of	  Clear-‐Air	  Turbulence	  (CAT)	  Encounters	  over	  South	  Korea	  on	  2	  April	  2007,	  Journal	  of	  Applied	  Met.	  
and	  Climatology,	  Kim.,	  J.,	  and	  Chun,	  H.	  



Turbulence	  Encounter	  	  
Feb	  18,	  2013	  





17	  years	  of	  Turbulence	  PIREPS	  (1993-‐2009)	  
Severe-‐Or-‐Greater	  (SOG)/Total	  Turbulence	  PIREPS	  

Sharman,	  R.,	  Na-onal	  Center	  for	  Atmospheric	  Research,	  2013	  



Quan9ta9ve	  Turbulence	  Metric	  
Eddy	  Dissipa9on	  Rate	  (EDR)	  

•  Na-onal	  Center	  for	  Atmospheric	  Research	  
atmospheric	  turbulence	  intensity	  metric:	  	  
eddy	  dissipa-on	  rate	  EDR=ε	  1/3	  	  (m	  2/3	  s-‐1)	  
(ICAO	  standard)	  
–  <	  0.1	  ~	  smooth	  
–  0.1	  –	  0.3	  ~	  light	  turbulence	  	  
–  0.3	  –	  0.5	  ~	  moderate	  	  
–  >	  0.5	  ~	  severe	  

•  Automa-cally	  computes	  and	  downloads	  in	  
situ	  EDR	  data	  during	  flight	  using	  ACARS	  
network	  

•  Accuracy	  
–  <	  1	  min	  
–  <	  10	  km	  

•  SoEware:	  resides	  within	  the	  avionics	  
system	  on	  selected	  commercial	  aircraE	  

	  	  

UAL	  B757-‐200s	  ~100	  a/c	  

DAL	  B737-‐800s	  ~80	  a/c	  

SWA	  B737-‐700s	  10	  a/c	  

<	  03	  Jan	  2010	  >	  



In-‐Situ	  Eddy	  Dissipa9on	  Rate	  Climatology	  

•  ~	  96%	  -‐	  98%	  is	  “smooth”	  
•  Moderate	  ~	  10-‐3	  

•  Severe	  ~	  10-‐4	  

•  Moderate-‐Or-‐Greater	  
turbulence	  is	  a	  rela-vely	  
rare	  event	  

9/1/16	   18	  

Theoretical 
(Frehlich and Sharman 
MWR 2004) 

~	  16M	  United	  Airlines	  Measurements	  
(~1	  year)	  insitu	  peak	  EDR	  
measurements	  

0.982 

moderate 

severe 



Severe	  Moderate	  



Krozel,	  J.,	  Klimenko,	  V.,	  and	  Sharman,	  R.D.,	  “Analysis	  of	  Clear-‐Air	  Turbulence	  Avoidance	  Maneuvers“,	  
Air	  Traffic	  Quarterly,	  Vol.	  19,	  2011	  

Pilot	  Turbulence	  Response	  

61,000	  flights	  
108,000	  turbulence	  encounters	  
Oct	  28,	  2006,	  Jan	  24,	  2007,	  Oct	  23,	  2007	  

Forecasted	  Probability	  of	  Turbulence	  
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Convec-on	  





Convective Weather Avoidance Model (CWAM)  

Weather	  Avoidance	  Field	  

Reference:	  Maphews	  &	  DeLaura,	  “Assessment	  and	  interpreta-on	  of	  Weather	  
Avoidance	  Fields	  from	  the	  Convec-ve	  Weather	  Avoidance	  Model”,	  ATIO	  2010	  



EXTRACT	  MAX	  WAF	  ALONG	  FLIGHT	  PATH 

	  Planned	  Trajectory 
	  Actual	  Trajectory 
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Reference:	  MaAhews	  &	  DeLaura,	  “Assessment	  and	  interpreta9on	  of	  Weather	  Avoidance	  
Fields	  from	  the	  Convec9ve	  Weather	  Avoidance	  Model”,	  ATIO	  2010	  

Total	  Evalua9on	  data	  set:	  ~5300	  aircrag	  
~2000	  from	  2006	  

~3300	  from	  2007	  and	  2008	  
	  

Convec9ve	  Weather	  Avoidance	  Model	  Accuracy	  

ZID	   ZDC,	  ZID,	  ZOB	  



Terminal	  Arrival	  Model	  

	  	  



11,000	  flights	  
1,900	  encounters	  
	  

Arrival	  Weather	  Avoidance	  Model	  Accuracy	  



Integra-on	  into	  Dynamic	  Weather	  Routes	  Tool	  



Stratus	  Wind	  Op-mal	  Rou-ng	  



Kim,	  J.-‐H.,	  Chan,	  W.N.,	  Sridhar,	  B.,	  and	  Sharman,	  R.D.,	  "Combined	  Winds	  and	  Turbulence	  Predic-on	  System	  for	  
Automated	  Air-‐Traffic	  Management	  Applica-ons,"	  Journal	  of	  Applied	  Meteorology	  and	  Climatology,	  Volume	  
54,	  Issue	  4,	  April	  2014	  

2.5-‐hr	  Forecast	  for	  Moderate-‐Or-‐Greater	  turbulence	  at	  FL350	  

Turbulence	  Aware	  Wind	  	  
Op-mal	  Rou-ng	  

Eastbound	   Avoidance	  



Turbulence	  Aware	  Wind	  	  
Op-mal	  Rou-ng	  (Atlan-c)	  

Westbound	  

Eastbound	  

Kim,	  J-‐H,	  Chan,	  W.N.,	  Sridhar,	  B.	  Sharman,	  R.D.,	  Williams,	  P.D.,	  and	  Strahan,	  M.	  “Impact	  of	  the	  North	  Atlan-c	  
Oscilla-on	  on	  Transatlan-c	  Flight	  Routes	  and	  Clear-‐Air	  Turbulence,”	  accepted	  for	  publica-on	  in	  Journal	  of	  
Applied	  Meteorology	  and	  Climatology,	  2016	  



Weather	  for	  Unmanned	  Aerial	  Systems	  



Low	  Level	  Weather	  Impacts	  

 

Source: P. Lester, “Turbulence – A new perspective for 
pilots,”  Jeppesen, 1994 
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Crows	  Landing,	  California	  
Unmanned	  Aerial	  Systems	  Traffic	  Management	  Field	  Test	  



Crows	  Landing	  Localized	  Weather	  Sensors	  



Reno-‐Stead	  Airport	  
•  Dust	  Devils	  
•  Heat	  
•  Winds	  
•  Dry	  Convec-on	  
•  Turbulence	  
	  



	  
Reno,	  Nevada	  -‐	  June,	  2016	  



Reno,	  Nevada	  Winds	  August	  2016	  



Simple	  Weather	  Transla-on	  

38	  

Max Airspeed Vs. Wind Speed  

Issue Warning if Above Predetermined Limits 



My	  Weather	  Impact	  Decision	  Aid	  
(Army	  Research	  Lab)	  



Example	  Impact	  Mapping	  



•  History	  of	  suppor-ng	  applied	  weather	  research	  
for	  over	  15	  years	  

•  Work	  with	  expert	  groups	  for	  weather	  informa-on	  
•  Wide	  range	  of	  weather	  phenomena	  

–  Turbulence	  
– Wind	  Op-mal	  Rou-ng	  
–  Convec-on	  
– Newer	  area	  is	  developing	  weather	  products	  for	  small	  
UAS	  within	  the	  atmospheric	  boundary	  layer	  (<	  400	  E	  
AGL)	  




