Enhanced Cloud Properties in A-Train C3M Product

C3M: A merged product produced at Langley NASA
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Traditional CERES clouds The focus of this talk <[ CERES 3




Enhanced Cloud Retrieval Method

» Single layer cloud, determined by CALIPSO

« Calculate cloud effective height from cloud top height, cloud base height and optical
depth as well as cloud extinction given by CALIPSO

- - Cloud Top (topH)
- ] T/2 1
(CALIPSO _ _
Optical Depth) -=—— Cloud Effective Height (effH)
- Cloud Base (botH)

Integrated cloud extinction
(CALIPSO) from topH to effH

» Using calculated cloud effective height as an input or constrain to CERES
Cloud Retrieval Algorithm to retrieval the rest of cloud properties like: tau, re,
Re, LWP, IWP, eff / top / bot temperature and pressure s

N\~

@ 4 £ S — d 2

- <[ CERES | =

[NASA)
/': ot % &




Data Used for Enhanced Cloud Property Examination

One Month of C3M, April 2013

R Night Time
Pixels

Snow Free Snow Cover Snow Free Snow Cover
(%) (%) (%) (%)

Cloud Fraction 68.49 65.13 71.46 67.09
Slngle Fraction 41.06 29.43 41.74 32.11
27.43 35.70 29.72 34.80

Enhanced retrieval will only be applied to single layer clouds.
Not all clouds have Enhanced Clouds Properties, only single layer.

The results shown in this talk are from single layer clouds. (\;‘—»
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Comparisons between Enhanced and Traditional Cloud Phase

Snow and Ice Free

Day Time
Enhanced Traditional
Water (%) Ice (%) No-Retr (%) Clear (%)
Water (pixels) 860,396 76.87 4.89 0.92
Ice (pixels) 889525 16.49 60.77 1.22
Night Time
Water (pixels) 756,855 77.16 9.49 0.04
Ice (pixels) 968,862 20.51 58.53 0.35
/
« Enhanced cloud retrieval picked additional clouds i
« Water-water and ice-ice agreements ~ 70% ‘cmﬁ;




Cloud Phase Comparisons — Conti

Snow and Ice Covered

Day Time
Enhanced Traditional
Water (%) Ice (%) No-Retr (%) Clear (%)

Water (pixels) 169,717 68.42 .77 2.56
Ice (pixels) 230,421 15.51 39.84 1.28

Night Time
Water (pixels) 139,147 96.45 23.93 0.00
Ice (pixels) 527,733 6.34 64.52 0.00

« Enhanced cloud retrieval picked additional clouds .
. . S
- Water-water and ice-ice agreements ~ 60% 3 ez




Enhanced Eff Cloud Height (km)
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Cloud Effective Height Comparisons

Day Time
Total Clouds (Water + Ice)
ombined Snow Free/Cover

 Enhanced
retrieval picks up
more thin cirrus
over tropics

» Similar heights
over other regions
including polar
regions
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Enhanced: Red
Traditional: Black
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Diff ~ 0.5 km, Enh higher

M= 253447. Mean ( StdDev) M=
TopHeight 3.67( 2.80)

TopHeightEnh 4.19( 3.44)
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Histograms of Cloud Effective Height

Similar shapes

Overall, enhanced
clouds are higher

Agree well for night time
snow/ice covered

Enhanced low clouds
are a little lower for day
time

Enhanced high clouds
are higher for day time




Cloud Temperature Comparison

Day Time
201304 AlIEnh SnowlceFree Day

Snow-Ice Free
201304 AlIEnh SnowliceFree Night

Night Time
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Traditional EffTemp Traditional EffTemp
BT ] I [T BT 0 ] I [T
000 072 1.44 2.16 287 3.59 0.00 073 1.47 220 293 3.66
Log10{Population) Log10{Population)
M= 1387681. Mean ( StdDev) N= 1417919. Mean { StdDev)
EffTemp 256.8( 23.94) EffTemp 253.8( 25.52)
EffTempEnh  250.8( 28.27) EffTempEnh 249.6( 27.32)
Y-X -457( 17.97) Y-X -259( 18.82)
RMS( 18.5%)............... RMS{ 18.99)...............
- Correlation ~ 0.7 — 0.75 PR
« Enhanced has more ice clouds, 4.5 K colder for day and %

2.5 K colder at night




Cloud Temperature Comparison - Conti

Day Time  Snow-lce Cover nignt Time
201304 AIIEnh SnowlceCover Day 201304 AlIEnh SnowlceCover Nighi
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Log10{Population) Log10{Population)
M= 253447. Mean ( StdDev) N= 486154. Mean ( StdDev)
EffTemp 251.1( 11.80) EffTemp 241.1{ 15.15)
EffTempEnh 247.7( 15.62) EffTempEnh 240.5( 14.39)
Y-X 334 12.23) Y-x 0599 12.22)
BRMS{ 12.68)............... BRMS{ 12.23)...............

» Correlation ~ 0.65, enhanced low clouds are warmer
 Enhanced ~ 3.3 K colder for day and ~ almost agree well at night




TRy Cloud Optical Depth Comparisons

Day Time
Total Clouds (Water + Ice)
Both Snow-Ice Free / Cover

» Over polar regions,

enhanced is thinner by
~5.8
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Day Time Snow Free Snow Cover

Enhanced Traditional Diff Enhanced Traditional Diff

Parameter v) (X) (Y—X (X) (Y - X)
Opt Depth, Water 8.21 10.16 -1.95 12.27 -2.71
lce 2.78 4.91 -2.61 10.98 -8.02

Total 4.4 -2.42 5.69 -5.78
Radius(zm),Water 10.12 10.34 -0.01 9.24 10.03 -0.45
Ilce 12.53 18.56 -5.86 23.72 24 .93 -2.28

Total 11.88 16.35 -4.30 17.65 18.69 -1.62

WP(g/m2), Water  47.88  63.08  -13.50  50.21 7523  -17.36
lce 2923 5192 2091 3630 1306  -57.61
Total 3425 5492  -19.20 4217  107.2  41.27

Enhance Tau:
« Thinner for both water and ice
 Water: ~ 2.0 thinner for snow-free & 2.7 for snow-cover
 lce: ~ 2.6 thinner for snow-free & 8.0 for show-cover
---> much more consistent in tau between snow-free and snow-cover
Enhance Radius:
« Water: ~ almost no difference from traditional re
 lce: ~5.9 um smaller for snow-free %?
~ 2.3 ym smaller for snow-cover R




Snow Free

Snow Cover

Parameter

Ztop (km), Water
Ice
Total
Zbot (km), Water
lce
Total
Zeff (km), Water
lce
Total
Water
Ice
Total
Peff (mb), Water
Ice
Total

Teff (K),

(Y)
1.8
11.4
6.5
1.5
9.0
5.2
1.8
10.3
6.0
275.4
225.5
250.8
824.9
281.2
556.2

Enhanced Eff Cloud Height:

Enhanced Traditional

(X)
2.3
9.2
5.7
1.4
5.5
Sho
2.2
8.1
5.2
272.2
241.0
256.8
782.5
396.2
591.6

Diff
(Y -X)
-0.4
2.1
0.7
0.1
3.5
1.7
-0.3
2.0
0.8
3.2
-13.1
-4.6
42.4
-110.8
-32.9

(Y)
1.3
7.0
4.2
0.9
4.8
2.9
1.2
6.1
3.7
261.0
234.7
247.7
879.6
473.3
675.1

~ 0.3 km lower for water

~ 1.8 km higher for Ice

~ 0.7 km higher for total cloud (water + ice)

Enhanced Traditional

(X)
2.0
5.3
3.7
1.0
2.0
1.5
1.6
4.4
3.0
258.0
244 .2
251.1
827.2
605.3
715.6

Diff
(Y -X)
-0.6
1.7
0.5
-0.0
2.8
1.4
-0.4
1.7
0.6
2.9
-9.5
-3.4
52.4
-132.0
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Snow Free

Snow Cover

Night Time

Parameter

Ztop (km), Water
Ice
Total
Zbot (km), Water
lce
Total
Zeff (km), Water
lce
Total
Teff (K), Water
Ice
Total
Peff (mb), Water
lce
Total

(Y)
1.8
10.9
6.7
1.0
7.5
4.5
1.7
9.9
6.1
274.4
228.3
249.6
828.2
303.3
545.4

Enhanced Traditional

(X)
2.4
9.1
6.0
1.5
5.8
3.8
2.2
8.3
5.5
270.7
239.2
253.8
779.3
394.3
571.9

Diff
(Y- X)
-0.5
1.6
0.6
-0.4
1.6
0.7
-0.4
1.4
0.5
3.6
-8.5
-2.6
48.8
-86.9
-23.9

(Y)
1.5
5.8
4.8
0.8
3.2
2.7
1.3
5.1
4.2
260.0
234.7
240.5
854.7
521.5
598.2

Enhanced Eff Cloud Height: ~ 0.3 km lower for water

~ 0.95 km higher for Ice E;
~ 0.4 km higher for total clouds ( water + ice ) * ¢

Enhanced Traditional

(X)
2.5
5.6
4.9
1.1
2.5
2.1
1.7
4.6
SHS
257.0
236.3
241.1
808.7
573.5
627.6

Diff
(Y- X)
-0.8
0.2
-0.1
-0.1
0.8
0.5
-0.3
0.5
0.3
3.0
-1.7
-0.6
46.0
-51.9
-29.4
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Conclusion

Not every cloudy pixel has enhanced cloud properties, only for single layer clouds,
which is ~ a little more than half of the clouds.

Enhanced method picks up additional clouds missed in traditional method,
~ 3.8 % day time & snow-free
~ 5.2 % day time & snow-cover
~ 2.8 % night time & snow-free
~ 5.2 % night time & snow-cover

Enhanced optical depth are thinner for both water and ice
Water ~ 2.0/ 2.7 thinner for snow-free / snow-cover respectively
lce ~ 2.6/ 8.0 thinner for snow-free / snow-cover
much more consistent in tau between snow-free & snow-cover

Enhanced Radius:
Water ~ almost no difference from traditional re
lce  ~5.9/2.3 ym smaller for snow-free / snow-cover

Enhanced Eff Height:
~ 0.7 km higher for day time, total cloud (water + ice) RN
~ 0.4 km higher for night, total cloud (water + ice) (&




