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Effects	
  of	
  aircraQ	
  soot	
  emissions: 	
  	
  

•  Direct	
  forcing	
  (small)	
  
•  Linear	
  contrail	
  forma2on	
  
•  Spreading	
  contrails	
  (“contrail	
  cirrus”)	
  and	
  
resul2ng	
  atmospheric	
  “deyhydra2on”	
  

•  Effects	
  of	
  soot	
  emissions	
  on	
  large	
  scale	
  cirrus	
  
clouds	
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Ques2ons	
  regarding	
  contrail	
  
dehydra2on	
  

•  Can	
  we	
  simulate	
  contrails	
  from	
  a	
  large	
  number	
  of	
  
aircraQ	
  flights	
  in	
  a	
  global	
  climate	
  model	
  
consistent	
  with	
  observa2ons?	
  

•  How	
  does	
  exchange	
  of	
  humidity	
  between	
  
contrails	
  and	
  ambient	
  air	
  change	
  contrail	
  
proper2es?	
  

•  How	
  strongly	
  do	
  contrails	
  change	
  the	
  
atmosphere	
  by	
  dehydra2on/hydra2on?	
  

•  Can	
  we	
  quan2fy	
  the	
  radia2ve	
  impact	
  of	
  contrail-­‐
induced	
  dehydra2on/hydra2on?	
  



Sedimen2ng	
  fall	
  streaks	
  have	
  been	
  
observed	
  

•  Ver2cal	
  cross-­‐sec2on	
  of	
  (airborne	
  
downward	
  looking)	
  Lidar	
  
backsca_er	
  with	
  mul2ple	
  
fallstreaks	
  from	
  sedimen2ng	
  
contrails	
  (scale:	
  2	
  x	
  5	
  km)	
  
(Schumann,	
  1994)	
  

•  LES	
  Extrinc2on	
  fields	
  (right)	
  aQer	
  
2	
  and	
  3	
  h,	
  show	
  similar	
  fallstreaks	
  
(Unterstrasser	
  et	
  al.,	
  2012)	
  









Results	
  

•  Global	
  maps	
  of	
  contrail	
  proper2es	
  
•  Basic	
  impact	
  of	
  coupling	
  on	
  contrails:	
  reduced	
  
water	
  content	
  

•  Comparison	
  of	
  contrail	
  proper2es	
  with	
  
observa2ons,	
  theory,	
  and	
  simula2on	
  results	
  

•  Can	
  we	
  see	
  a	
  systema2c	
  dehydra2on	
  effect	
  in	
  
the	
  noisy	
  global	
  model	
  results	
  (CAM)?	
  

•  Es2mates	
  for	
  100	
  *	
  increased	
  traffic	
  emissions	
  



•  Run	
  1	
  

•  Global	
  mean	
  
cirrus	
  cover	
  (top)	
  	
  

•  Cover	
  of	
  
contrails	
  
exceeding	
  op2cal	
  
depth	
  0.1	
  
(bo_om)	
  



•  Run	
  1	
  –	
  Run	
  0	
  

•  Annual	
  mean	
  
radia2ve	
  
forcing	
  by	
  
contrails	
  

•  The	
  net	
  RF,	
  not	
  
shown	
  is	
  0.061	
  
W/m2,	
  and	
  is	
  
non-­‐nega2ve	
  
everywhere	
  



?	
  



Coupling	
  increases	
  age	
  slightly	
  

ACTA:	
  upper	
  and	
  	
  
lower	
  bounds	
  of	
  	
  
contrails	
  tracked	
  	
  
with	
  the	
  ACTA	
  
algorithm	
  in	
  
infrared	
  Meteosat	
  	
  
data	
  (Vazquez-­‐	
  
Navarro	
  et	
  al.,	
  
	
  2015)	
  



Pdf	
  of	
  solar	
  op2cal	
  depth	
  occurrence	
  

MODIS-­‐CALIPSO,	
  Iwabuchi	
  et	
  al.,	
  2012	
   CoCiP-­‐CAM,	
  with	
  curves	
  from	
  Iwabuchi	
  et	
  al.	
  



Diurnal	
  cycle	
  
anomalies	
  over	
  
North	
  Atlan4c	
  
	
  
•  NAR	
  air	
  traffic	
  
density	
  (top)	
  

•  Meteosat	
  
(MSG)	
  
anomalies	
  in	
  
cirrus	
  cover	
  and	
  
Long-­‐wave	
  
radia2on	
  





Radia2ve	
  forcing	
  from	
  dehydra2on	
  
•  Longwave:	
  
zero	
  

•  Shortwave:	
  
posi2ve	
  0.1	
  ±	
  
0.3	
  

•  Standard	
  error:	
  
(σ/√(n-­‐2))≅0.05	
  
W/m2	
  
	
  

Essen2ally	
  
insignificant	
  



CAM	
  RF	
  fluctua4ons	
  mainly	
  caused	
  by	
  low	
  level	
  cloud	
  changes	
  	
  

•  Each	
  point:	
  annual	
  
mean	
  from	
  Run	
  1	
  –	
  
Run	
  0	
  

•  SW	
  and	
  LW	
  radia2ve	
  
flux	
  (RF)	
  vs	
  water	
  
path	
  (liquid,	
  ice,	
  
vapor)	
  and	
  low/high	
  
level	
  cloud	
  cover	
  

•  Note:	
  Strong	
  SW	
  RF	
  
response	
  to	
  low-­‐
level	
  cloud	
  cover	
  



Profiles	
  of	
  rela4ve	
  
change	
  in	
  absolute	
  
humidity	
  versus	
  
pressure	
  al4tude	
  
with	
  standard	
  errors	
  
•  20	
  and	
  30	
  years	
  
mean	
  run	
  1-­‐	
  run0	
  
differences	
  in	
  
Northern	
  
midla2tudes,	
  
(30°N-­‐70°N)	
  and	
  
global	
   1×fuel:	
  not	
  significant	
  



For	
  100	
  4mes	
  enhanced	
  soot/H2O	
  emissions,	
  
10	
  4mes	
  larger	
  water	
  exchange	
  CA	
  

Run	
  1:	
  nominal	
  fuel	
  consump2on	
   Run	
  2:	
  100	
  ×	
  fuel	
  consump2on	
  

Max	
  =	
  2.E-­‐5	
  /month	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Max	
  =	
  2.E-­‐4	
  /month	
  	
  



1×CA:	
  not	
  significant	
  
10×CA:	
  globally	
  reduced	
  RHi	
  
+	
  dehydra2on	
  at	
  flight	
  levels	
  
+	
  local	
  humidity	
  increase	
  in	
  mid	
  troposphere	
  

Profiles	
  of	
  
rela4ve	
  change	
  
in	
  humidity	
  vs	
  
pressure	
  with	
  
standard	
  errors	
  

•  Red:	
  Run	
  2	
  –	
  
Run	
  0	
  





Significant	
  RF	
  from	
  dehydra2on	
  (in	
  addi2on	
  to	
  contrail	
  RF)	
  
for	
  100	
  2mes	
  increased	
  traffic	
  emissions	
  

Interpola2ng	
  linearly	
  in	
  contrail	
  ice	
  mass	
  (Water	
  exchange)	
  suggests	
  a	
  RF	
  
from	
  dehydra2on	
  of	
  order	
  ±	
  0.04	
  (net	
  -­‐0.01)	
  W	
  m-­‐2	
  for	
  normal	
  traffic	
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AircraQ	
  soot	
  effects	
  on	
  large-­‐scale	
  cirrus:	
  -­‐350	
  mW/m2	
  to	
  90	
  mW/m2	
  (Zhou	
  and	
  Penner,	
  2014)	
  	
  



	
  
	
  


