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  &	
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  as	
  ini3al	
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  et	
  al.	
  (2008,	
  2010a,b)	
  
•  MacKenzie	
  (2008)	
  
•  Siewert	
  (2008);	
  Harris	
  et	
  al.	
  (2010)	
  
•  Siewert	
  et	
  al.	
  (2010);	
  Walker	
  et	
  al.	
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 Satellites	
  “see”	
  cumulus	
  before	
  they	
  become	
  thunderstorms! 

CI	
  Time:	
  
First	
  ≥35	
  dBZ	
  echo	
  
on	
  radar	
  (at	
  -­‐100C)	
  

t= –30 min t= –15 min t= Present 

Purpose	
  of	
  Satellite-­‐based	
  CI	
  Algorithm	
  

3	
  



Brief	
  Algorithm	
  Summary	
  

Make Cloud Mask 

Track “Cloud Objects” 
from ‘T1’ to ‘T2’ 

Determine CI forecast for each 
tracked Cloud Object using 6 
spectral/temporal differencing 
tests (aka: “Interest Fields”) 

Output CI forecast for 
each Cloud Object 

Download 
latest GOES 
imagery 

Produce AMVs 
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Brief	
  Algorithm	
  Summary	
  

The	
  UAH	
  CI	
  algorithm	
  currently	
  employs	
  a	
  “Day-­‐3me”	
  and	
  a	
  “Night-­‐
3me”	
  version.	
  	
  The	
  main	
  difference	
  between	
  them	
  is	
  the	
  type	
  of	
  
Cloud	
  Mask	
  used.	
  	
  

Day-­‐9me:	
  
Advanced	
  “Convec3ve	
  Cloud	
  Type”	
  algorithm	
  used	
  to	
  define	
  
several	
  types	
  of	
  clouds	
  (Berendes	
  et	
  al,	
  2008),	
  such	
  as	
  cumulus,	
  
towering	
  cumulus,	
  cumulonimbus,	
  cirrus,	
  stratus,	
  etc.	
  	
  The	
  input	
  
requires	
  all	
  available	
  GOES	
  channels	
  (including	
  “Visible”).	
  

Night-­‐9me:	
  
Regular	
  “Cloud	
  Mask”	
  (no	
  cloud	
  types)	
  generated	
  from	
  mul3-­‐day	
  
composites	
  of	
  GOES	
  Infrared	
  channels	
  (Jedlovec	
  and	
  Haines,	
  2008).	
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Object  
Omitted From 
Processing 

Object	
  Tracking	
  Methodology	
  

Day-­‐9me	
  CCMask	
  
Classifica9ons	
  Used:	
  

-­‐Cumulus	
  
-­‐Tower	
  Cumulus	
  
-­‐Warm	
  Water	
  Cloud	
  
-­‐Cold	
  Water	
  Cloud	
  

Mature	
  
Cloud	
  Object	
  

Pre-­‐CI/Immature	
  
Cloud	
  Objects	
  

T1	
   Time	
  1=	
  “T1”	
  
Time	
  2=	
  “T2”	
  

Night-­‐9me	
  CMask	
  
Por9ons	
  Used	
  	
  	
  	
  	
  	
  	
  	
  	
  :	
  

-­‐Any	
  part	
  of	
  cloud	
  
mask	
  >	
  -­‐20	
  C	
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Object	
  Tracking	
  Methodology	
  

	
  1	
  

2	
   3	
  

Assign	
  unique	
  
Integer	
  IDs	
  to	
  
each	
  object	
  at	
  
T1.	
  

T1	
  

Apply	
  AMVs	
  to	
  
objects	
  at	
  “T1”	
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Object	
  Tracking	
  Methodology	
  

Advect	
  T1	
  
objects	
  to	
  
projected	
  
loca9ons	
  at	
  T2	
  

	
  1	
  

2	
   3	
  

	
  1	
  

2	
   3	
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Object	
  Tracking	
  Methodology	
  

T1	
  
Advected	
  

T2	
  
Actual	
  

T2	
   T2	
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Object	
  Tracking	
  Methodology	
  

Overlap	
  

Overlap	
  

Overlap	
  

Look	
  for	
  
overlap	
  
between	
  
Actual	
  T2	
  
objects	
  and	
  
those	
  
projected	
  	
  
from	
  T1	
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Object	
  Tracking	
  Methodology	
  

Where	
  there	
  is	
  
object	
  overlap,	
  
have	
  the	
  
“actual”	
  T2	
  
objects	
  inherit	
  
the	
  same,	
  
unique	
  Integer	
  
ID	
  number	
  as	
  
at	
  T1.	
  

1	
  

2	
   3	
  

T2	
  

The	
  objects	
  are	
  
now	
  tracked!	
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Object	
  Tracking	
  Methodology	
  

Time	
  1	
  	
  (T1)	
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Object	
  Tracking	
  Methodology	
  

Time	
  2	
  	
  (T2)	
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CI	
  Interest	
  Fields	
  

	
  A	
  series	
  of	
  six*	
  
different	
  “interest	
  
field”	
  tests	
  are	
  
performed	
  for	
  
each	
  tracked	
  
object,	
  u3lizing	
  
various	
  available	
  
GOES	
  channels:	
  

	
  	
  *12	
  tests	
  will	
  be	
  used	
  for	
  the	
  
	
  	
  	
  	
  	
  	
  GOES-­‐R	
  	
  algorithm	
  

1 
2 

3 
4 
5 
6 

Table from Mecikalski and Bedka 2006 
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CI	
  Interest	
  Fields	
  

Cloud-­‐top	
  Glacia3on	
   1 
2 

3 
4 
5 
6 

Table from Mecikalski and Bedka 2006 

Cloud-­‐top	
  growth	
  

Cloud	
  height,	
  rela3ve	
  to	
  mid-­‐
troposphere	
  (Ackerman,	
  1996;	
  
Schmetz	
  et	
  al,	
  1997)	
  

Cloud	
  height	
  (Inoue,	
  1997;	
  
Prata,	
  1989;	
  Ellrod,	
  2004)	
  

Cloud-­‐top	
  height	
  changes	
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CI	
  Interest	
  Fields:	
  EXAMPLES	
  
	
  10.7um	
  Cooling	
  Rate	
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Increasing Time 
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CI	
  Interest	
  Fields:	
  EXAMPLES	
  
6.5-­‐10.7um	
  (WV	
  –	
  IR)	
  Channel	
  Difference	
  

D
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 (m
b)

 

Pr
es

su
re

 (m
b)

 

GOES 6.5µm (WV) 
Weighting Function 

GOES 10.7µm (IR) 
Weighting Function 17	
  



CI	
  Interest	
  Fields:	
  EXAMPLES	
  
6.5-­‐10.7um	
  (WV	
  –	
  IR)	
  Channel	
  Difference	
  

D
ec

re
as
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g 

Te
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ra
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re

 

Pr
es
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re

 (m
b)

 

-250 C 

50 C 

Example: 
WV – IR = -300C 

Channel differences <0 
indicate cloud top height is 
less than the mid-troposphere 
height. The magnitude of this 
value indicates just how high 
the cloud top is, relative to the 
mid-troposphere.  
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CI	
  Interest	
  Fields:	
  EXAMPLES	
  
6.5-­‐10.7um	
  (WV	
  –	
  IR)	
  Channel/Temporal	
  Difference	
  

D
ec

re
as

in
g 

Te
m

pe
ra

tu
re

 

Pr
es

su
re

 (m
b)

 

-250 C 

50 C 

Example: 
WVT1 – IRT1 = -300C 
WVT2 – IRT2 = -200C 

T2 – T1= 10 

Temporal differences >0 
indicate cloud top is 
growing upward, toward 
the mid-troposphere. The 
magnitude of this value 
indicates just how fast the 
cloud top is growing. 

-250 C 

-50 C 

T1 T2 

Increasing Time 19	
  



CI	
  Interest	
  Fields	
  

	
  5	
  out	
  of	
  the	
  6	
  
interest	
  field	
  tests	
  
must	
  be	
  passed	
  in	
  
order	
  for	
  an	
  object	
  
to	
  be	
  forecast	
  to	
  
convec3vely	
  
ini3ate.	
  

1	
  

2	
   3	
  

Pass 

Fail 
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CI	
  Interest	
  Fields	
  

Output:	
  

1	
  

2	
   3	
  

Pass 

Fail 

“1”=	
  Object	
  forecast	
  to	
  
not	
  CI,	
  based	
  on	
  
input	
  images	
  

“0”=	
  No	
  Object/	
  	
  	
  	
  	
  	
  	
  	
  
No	
  Forecast	
  

“2”=	
  Object	
  forecast	
  to	
  
CI	
  within	
  next	
  	
  	
  	
  	
  	
  
~2	
  hours.	
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CI	
  Interest	
  Fields	
  

Pass 

Fail 
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Nowcast:	
  	
  	
  	
  15	
  May	
  2010	
  –	
  1902	
  

1902 UTC 
Timestamp 1900 UTC 

Radar Image 
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Valida3on:	
  	
  15	
  May	
  2010	
  –	
  1902	
  

1902 UTC 
Timestamp 2000 UTC 

Radar Image 
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Example	
  of	
  CI	
  Forecast	
  in	
  HWT	
  Display	
  

1745 UTC 

1815 UTC 

1744 UTC 

1832 UTC 
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Example	
  of	
  CI	
  Forecast	
  Output	
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Product	
  Overview	
  

-Runs DAY and NIGHT 

-Includes GOES Rapid Scan Operations data 

-Data is Parallax-corrected to ensure accurate spatial 
placement over mapped domain. 

-Run-time:  Output forecast produced… 
     … ~1.5 minutes after GOES data download at NIGHT 
     … ~2.5 minutes after GOES data download in DAY 

-Average lead time ~30 minutes before 35+ dBZ echo 
detected on radar… Up to ~2 hours. 
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Known	
  Limita9ons	
  

1)	
  	
  	
  Cirrus-­‐contamina9on	
  
	
  A.	
  	
  No	
  cloud	
  objects,	
  no	
  tracking,	
  no	
  forecast…	
  
	
  B.	
  ”False”	
  ver3cal	
  cloud	
  growth	
  with	
  undetected	
  thin	
  cirrus	
  above	
  low	
  level	
  clouds	
  

2)	
  	
  	
  Newly	
  Developing	
  Clouds	
  
	
  -­‐Example:	
  	
  Cumulus	
  field	
  
	
  -­‐Because	
  the	
  satellite	
  spectral	
  signature	
  of	
  newly	
  forming	
  clouds	
  is	
  the	
  same	
  as	
  	
  rapidly	
  
growing	
  clouds	
  that	
  already	
  exist,	
  False	
  Alarms	
  can	
  be	
  found	
  in	
  these	
  situa3ons.	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  -­‐2	
  km	
  spa3al	
  resolu3on	
  of	
  IR	
  on	
  GOES-­‐R	
  instrument	
  will	
  help.	
  

3)	
  	
  	
  High	
  CAPE	
  /	
  Low	
  Cap	
  environments.	
  
	
  -­‐Clouds	
  grow	
  too	
  fast,	
  which	
  leads	
  to	
  ‘Zero’	
  or	
  ‘Nega3ve’	
  lead	
  3mes.	
  
	
  -­‐Partly	
  a	
  limita3on	
  of	
  the	
  low	
  temporal	
  resolu3on	
  current	
  GOES	
  instrument.	
  
	
  -­‐5-­‐minute	
  resolu3on	
  GOES-­‐R	
  instrument	
  will	
  help.	
  

4)	
  	
  	
  Object	
  tracking	
  errors/issues	
  
	
  -­‐Mismatched	
  objects	
  /	
  False	
  overlap	
  
	
  -­‐Object	
  present	
  at	
  ‘T1’	
  but	
  not	
  ‘T2’,	
  due	
  to	
  Cloud	
  Mask	
  reclassifica3on…	
  An	
  object	
  cannot	
  
be	
  tracked	
  if	
  not	
  classified	
  as	
  a	
  “pre-­‐CI/Immature”	
  cloud	
  in	
  two	
  consecu3ve	
  images	
  	
  (This,	
  
too,	
  is	
  some3mes	
  due	
  to	
  the	
  low	
  temporal	
  resolu3on	
  GOES	
  instrument).	
  

5)	
  	
  	
  Night-­‐9me	
  Product	
  Needs	
  Work!	
  
	
  -­‐Due	
  to	
  reduced	
  quality	
  of	
  cloud	
  mask	
  (and,	
  therefore,	
  defini3on	
  of	
  input	
  “cloud	
  objects”)	
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Known	
  Limita9ons	
  
(Cirrus	
  Contamina3on)	
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Known	
  Limita9ons	
  
(Sub-­‐grid	
  New	
  Cloud	
  Forma3on)	
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Known	
  Limita9ons	
  
(Incorrect	
  Object	
  Tracking)	
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Convec9ve	
  Ini9a9on	
  (CI)	
  Nowcas9ng	
  
Product	
  Overview	
  

Any Questions? 

32	
  


