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CIH=0D Histograms

& lerra satellite launched December 1999 => We now have more than 13
years of data from MODIS and MISR.
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Do these data show any changes on time-scales
longer than a year ?




- 60 N to 60 S

Cloud Fraction (OD > 0.3, All Heights), %

7k —— MISR obs. (mean = 66.5%)

H : slope = 0.01%/y HTI:(-0.03,0.03)
Amean = 0.06% HTI: (-0.18,0.19)
—— MODIS obs. (mean = 45.6%)
slope = 0.04%/y HTI1:(-0.03,0.03)
Amean = 0.27% HTI: (-0.21,0.22)
AQUA obs. (mean = 44.3%)
slope = 0.02%/y HTI:(-0.03,0.03)

Corr. MISR & MODIS obs = 0.68

Corr. MISR & AQUA obs =0.78
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Global Optically-Thick

(OD>23) Cloud Fraction

Cloud Fraction (OD > 23.0, All Heights), %

L5 4 —— MISR obs. (mean = 6.8%)

_________ slope =-0.06%/y HTI:(-0.03,0.03)
Amean = -0.34% HTI: (-0.19,0.18)

——— MODIS obs. (mean = 7.0%)

_________ slope =-0.12%/y HTI:(-0.06,0.06)
Amean =-0.70% HTI: (-0.41,0.40)
AQUA obs. (mean =7.2%)

slope =-0.06%/y HTI:(-0.03,0.03)

Corr. MISR & MODIS obs =0.73

Corr. MISR & AQUA obs =0.71
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Global Optically-Intermediate

x (23>0D>3.6) Cloud Fraction

Cloud Fraction (23.0 > OD > 3.6, All Heights), %
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—— MISR obs. (mean =29.2%)
slope = 0.04%/y HTI:(-0.03,0.03)
Amean = 0.31% HTI: (-0.18,0.19)

\‘\ ——— MODIS obs. (mean = 28.0%)

slope = 0.08%/y HT1:(-0.04,0.04)
Amean = 0.50% HTI: (-0.28,0.30)
AQUA obs. (mean =26.9%)

slope = 0.07%/y HT1:(-0.04,0.04)

Corr. MISR & MODIS obs = 0.86

Corr. MISR & AQUA obs =0.85




OD>23

23>0D>3.6

Latitude, deg

Latitude, deg

lobal Distribution of CF changes

MISR Amean statistic, %
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Remainder of Talk ... concentrate on Southern

an near Australia / New Zeeland

MISR Amean statistic, %
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-0.2

-0.4

Optically-Thick (OD > 23) CF change

(25°-05°S, 120° - 240° E)

Cloud Fraction (OD > 23.0, All Heights), %

20012

002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

MISR obs. (mean = 8.7%)
slope = -0.08%/y HTI:(-0.04,0.04)
Amean = -0.39% HTI: (-0.33,0.32)

Amean = -0.39 %




B Amean for each histogram component
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ATE these changes due to a change in large-scale/
synoptic activity ?




Neural
NWP II Network /
dataset Initial States

Division test

state
divisible

( 12, 4x daily. ?

Distinctness
test

Objective is to divide the wide range
of large-scale weather patterns into a
finite set of types with distinct cloud
occurrence profiles.

Automated

Large-scale classification

Resort NWP
“snapshots” into
new set of states

Divide state
to form two
new states.

Remove
smaller of two
states.

All
states

distinct
?

Aggregate
nearby states to
obtain desired
number of obs.
per state.




Example, state # 11

(preliminary result)

1000 hPa Temp (C) + Winds
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CFOD > 23, State #1 1

Cloud Fraction (OD > 23.0, All Heights), %

2 —
1.5F
1 _
0.5F —— MISR obs. (mean = 9.9%)
_________ slope = -0.19%/y HTI:(-0.11,0.12)
)]s Amean = -1.24% HTI: (-0.78,0.75)
-0.5r
Amean = -1.24 %
1t

2001 2002 2003 2004 2005 2006 2007 2008 2009 20102011 2012




CFOD > 23, State #5

Cloud Fraction (OD > 23.0, All Heights), %

—_
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1

0.5
— MISR obs. (mean = 8.5%)

A
o-r &+ [\ NV slope = -0.03%/y HTI:(-0.12,0.11)
/ Amean = -0.07% HTTI: (-0.80,0.72)
-0.5 : \

n Amean = - 0.07 %
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Annual Relative Frequency of Occurrence, %

Example of Change in

Rejative Frequency of Occurrence (RFO)

137
12r
117 ”
107
| N —— RFO state # 11 (mean = 8.7%)
skt U\ /XY slope = 0.18%/y HTI:(0.27,-0.30)
ol Amean = 1.46% HTI: (1.80,-1.92)
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IS0 Tal changein cloud fraction due to change in
the distribution of states over time ?

~ ¥ (ACF)*RFO, + ¥ (CF,-CF,,,)*ARFO, + ¥ ACF,*ARFO,

i=1 i=1 i=1

ACF

total

| | |

\With in State Distribution Cross-
of States term




Comparison of terms for each
atmospheric state

OD > 23.0, All Heights

— Within State Change in CF :-105.89%
Change in State Occurrence : 9.69%
Cross-term : -3.81%
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State # 11

Composite 2001 to 2006

1000 hPa RH + Winds
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State # 11
Composite 2007 to 2012
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State # 11

Difference (2001 to 2006) - (2007-2012)

1000 hPa ARH + AWinds 1000 hPa ATemp (C) + AWinds
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Antarctica Oscillation (AAO)
/450 thern Annular Mode (SAM)

Leading EOF (27%) sh C .
regresesoiolnngm ap of 206mmb Ome?g ht (m) SLP-based Southern Annular Mode (plotted as correlation)

NCEP — NCAR reanalysis, 1979-2010




olate # >
1 EE—.—.

L~~~
e

e S S S

b~

= SN “’\\\%.\

S =S =~

N
N

Second Half - First Half, Z(ACF) =-1.44 %
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summary

There has been a reduction in optically thick (OD > 23) cloud amount
over much of the NH & SH extratropics over the past decade.

=  Not likely due to calibration drift.

= This means a reduction in “Bright Pixels”

= Not necessarily climate change ... could be low frequency variability

This change does NOT is not due to a change in the distribution of
large-scale dynamical states (as identified by an atmospheric
classification), but relatively subtle changes in position and strength

of baroclinic systems.

= These changes are consistent with an overall strengthening of the Sothern Annular
Mode, and consistent with an expansion of subtropical belts.

Looking Forward
Is there a detectable radiative impact ?
Correlation with monthly SAM indexes.
Examine MODIS AQUA by state = wider swath < more samples.
Are there changes in other cloud properties (e.g. Effective Radius) ?
Examine structure of CloudSat observations by atmospheric state.
Other extratropical regions.
Do climate models capture this trend ? (NEED MISR simulator output!)



Extra-slides
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Cloud Fraction (OD > 23.0, All Heights), %
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State #11

Correlation
Coefficient
MISR w/

AAO =-0.30
Ps anom = -0.54

e MISR 0bs.

m— A AQ index (-0.30)
=== local Ps Anom. (-0.54)

2001 2002 2003 2004 2005 2006 2007 2008 2009




State # 2

Composite 2001 to 2006

1000 hPa RH + Winds 1000 hPa Temp (C) + Winds
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State # 2

Composite 2007 to 2012

1000 hPa Temp (C) + Winds
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OD>23

23>0D>3.6

Latitude, deg
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Extratropics

Cloud Fraction (OD > 23.0, All Heights), %
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2001 2
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North Atlantic

—— MISR obs. (mean = 10.5%)

slope =-0.11%/y HTI:(-0.05,0.05)

Amean =-0.61% HTI: (-0.32,0.31)

——— MODIS obs. (mean = 11.0%)

_________ slope =-0.20%/y HTI:(-0.10,0.10)
Amean =-1.18% HTI: (-0.65,0.60)
AQUA obs. (mean =11.6%)

slope =-0.10%/y HTI:(-0.05,0.05)

Corr. MISR & MODIS obs = 0.75

Corr. MISR & AQUA obs =0.72

South Atlantic

—— MISR obs. (mean = 10.5%)

_________ slope = -0.13%/y HTI:(-0.07,0.06)
Amean = -0.85% HTI: (-0.47,0.45)

—— MODIS obs. (mean = 12.0%)

_________ slope = -0.29%/y HTI:(-0.13,0.14)
Amean =-1.79% HTI: (-0.97,1.02)
AQUA obs. (mean = 12.5%)

slope = -0.12%/y HTI:(-0.07,0.06)
Corr. MISR & MODIS obs = 0.74

Corr. MISR & AQUA obs =0.74
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MoVving Blocks Bootstrap Resampling
(zero-mean test)

I 1£ean =0
True
distribution

Sample can be a
scalar or vector

Statistic/
Mean

=0.12

Parent
Population

Requirement: sufficient
“independent” samples
in original samples to
represent the true
distribution !

Distribution of
Mean values from

-0. -0. -0. -0.2 0 0.2 04 0.6
resamples valus of mean




