
ABSTRACT	  
Cirrus	  clouds	  have	  been	  recognized	  as	  important	  agents	  of	  the	  climate	  system	  as	  they	  can	  significantly	  alter	  the	  radia9on	  balance	  of	  
the	  atmosphere.	  Despite	  being	  rela9vely	  transparent	  to	  solar	  radia9on	  (op9cal	  depth	  <	  3.0),	  they	  trap	  the	  infrared	  radia9on	  that	  would	  
be	   lost	   to	   space,	   and	   thus	   have	   a	   posi9ve	   radia9ve	   forcing.	   They	   are	   found	   near	   the	   tropopause	   and	   are	   formed	  mainly	   by	   non-‐
spherical	   ice	  crystals,	  with	  a	   life9me	  that	  can	  go	  from	  hours	  to	  a	  few	  days.	   Its	   importance	  grows	  due	  to	  its	   large	  coverage	  area.	  The	  
global	  cirrus	  cover	  has	  been	  es9mated	  to	  be	  about	  20-‐25%	  and	  their	  occurrence	  can	  be	  more	  than	  70%	  over	  the	  tropics.	  In	  this	  paper,	  
we	  report	  on	  tropical	  cirrus	  clouds	  characteris9cs	  as	  measured	  by	  a	  lidar	  sta9on	  opera9onal	  in	  the	  central	  Amazon	  region	  since	  2011.	  
An	   automated	   algorithm	   for	   the	   detec9on	   of	   cirrus	   clouds	   was	   developed,	   which	   is	   used	   to	   determine	   the	   clouds	   geometrical	  
proper9es.	  The	  transmiLance	  of	  the	  lidar	  signal	  was	  used	  to	  derive	  the	  cirrus	  op9cal	  depth.	  The	  KleL	  and	  Raman	  methods	  were	  used	  
to	  derive	  the	  backscaLering	  coefficient	  and	  to	  es9mate	  the	  lidar-‐ra9o	  of	  the	  cirrus	  clouds.	  As	  the	  results	  from	  the	  first	  two	  years	  of	  
measurements	  (2011-‐2012),	  we	  found	  that	  the	  occurrence	  of	  cirrus	  clouds	  was	  approximately	  71.0%	  of	  the	  total	  9me	  of	  observa9on,	  
and	   approximately	   24.2%	   of	   all	   cirrus	   were	   subvisual	   (τ<0.03),	   40.7%	   were	   thin	   cirrus	   (0.03<τ<0.3)	   and	   35.1%	   were	   cirrus	   stratus	  
(τ>0.3).	   The	   average	   values	   of	   the	   cirrus	   base	   and	   top	   al9tudes	   were	   12.4±2.4km	   and	   14.3±2.2km,	   respec9vely,	   being	   found	   at	  
temperatures	  down	  to	  -‐90°C	  they	  reside	  most	  frequently	  near	  the	  tropopause.	  The	  lidar-‐ra9o	  was	  es9mated	  as	  20.0±6.8sr,	  indica9ng	  a	  
mixed	   composi9on	   of	   thick	   plate	   and	   long	   column	   ice	   crystals.	   The	   behavior	   of	   these	   quan99es	  with	   respect	   to	   temperature	  was	  
studied.	   The	   diurnal	   cycle	   of	   the	   frequency	   and	   al9tude,	   during	   both	   summer	   and	   winter,	   indicate	   anvil	   ou[low	   to	   be	   the	   most	  
important	  genera9on	  mechanism.	  

Long-‐term	   measurements	   of	   base	   and	   top	   height,	  
op9cal	  depth	  and	  ex9nc9on-‐to-‐backscaLering	  ra9o	  of	  
high	  clouds	  with	  high	  ver9cal	  and	  temporal	  resolu9on	  
using	  a	  ground-‐based	  lidar	  system	  in	  central	  Amazon
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Ver9cal	  resolu9on	  is	  7.5m	  
Range	  is	  400m	  to	  18km	  
Derived	  quan99es:	  

Back	  sca=er	  coefficient	  
exDncDon	  coefficient	  
Water	  vapor	  
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95mJ	  Nd-‐Yg	  laser	  @	  10Hz	  λ=355nm	  	  
3	  PMT’s	  read	  355nm	  (elas9c),	  387nm	  and	  408nm	  
(inelas9c)	  
Photon-‐coun9ng	  	  @	  250	  Mhz	  
Analog/Digital	  conversion	  @	  20	  Mhz	  
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Colors:	  	  Precipita9on	  (mm/dia)	  TRMM	  v7	  
Vectors:	  Wind	  (m/s)	  at	  200	  hPa	  ERA	  interim	  	  

Precipita9on	  	  TRMMv7	  (mm/h)	  in	  a	  2°×	  2°	  
area	  centered	  on	  Embrapa	  

image:	  h=p://smsc.cnes.fr/CALIPSO/GP_mission.htm	   image:	  Baars	  2012,	  phd	  thesis.	  Leipzig.	  

Total	  	   DJF	  	   MAM	  	   JJA	  	   SON	  
Temporal	  Frequency	  of	  Occurrence	  [%]	  	   71.0	  	   78.1	  	   82.8	  	   52.0	  	   77.3	  
Base	  AlDtude	  [km]	  	   12.5	  	   12.5	  	   12.6	  	   12.6	  	   12.4	  
std.	  dev.	  	   2.4	  	   2.7	  	   2.5	  	   2.1	  	   2.3	  
Top	  AlDtude	  [km]	  	   14.3	  	   14.1	  	   14.4	  	   14.1	  	   14.4	  
std.	  dev.	  	   2.2	  	   2.4	  	   2.2	  	   1.8	  	   2.3	  
Thickness	  [km]	  	   1.82	  	   1.61	  	   1.87	  	   1.52	  	   2.00	  
std.	  dev.	  	   1.53	  	   1.30	  	   1.62	  	   1.30	  	   1.63	  
Maximum	  Backsca=er	  AlDtude	  [km]	  	   13.0	  	   13.0	  	   13.1	  	   13.1	  	   13.0	  
std.	  dev.	  	   2.4	  	   2.7	  	   2.5	  	   2.0	  	   2.3	  
Temperature	  at	  Max.	  Backs.	  AlDtude	  [°	  C]	  	   -‐56.9	  	   -‐56.8	  	   -‐57.1	  	   -‐57.5	  	   -‐56.5	  
std.	  dev.	  	   17.2	  	   19.7	  	   17.6	  	   14.7	  	   17.2	  
Lidar	  RaDo	  [sr]	  	   20.0	  	   18.6	  	   19.0	  	   21.5	  	   19.8	  
std.	  dev.	  	   6.8	  	   6.5	  	   6.5	  	   7.7	  	   6.2	  
Subvisual	  Cirrus	  [%]	  	   24.2	  	   25.0	  	   21.4	  	   37.9	  	   18.9	  
Thin	  Cirrus	  [%]	  	   40.7	  	   34.4	  	   38.0	  	   43.6	   42.1	  
Cirrus	  Stratus	  [%]	   35.1	  	   40.6	  	   40.5	  	   18.5	  	   39.0	  


