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►fractional cloud cover

cloud fraction & OD from met fields:



►fractional cloud cover

cloud fraction & OD as treated in fast-JX now
= "linear approx"



►fractional cloud cover
in a max-random w/ 0%-threshold overlap model
these clouds become 2 groups w/ max overlap



►fractional cloud cover 

atmospheres sorted by total OD



►fractional cloud cover 
quadrature = integral approx as sum of 

4 atmosphere with 4 weights



►example:  instantaneous tropical box in Oslo/EC T42
for 15 Jan 2001, 00-03Z, ?5°S, ?170°E

cloud fraction

cloud opt depth

ECMWF model reports cloud fraction
and the Liquid/Ice Water Path for
each model layer.(EC 40 layers =>37)

no clouds in stratosphere (L=33:37)

uppermost clouds are ice, 
thin OD, large cloud fraction

mid/lower level cloud are water,
thick OD, small cloud fract.

HOW DO these cloud layers overlap?

HOW DO these cloud layers overlap?

if random then there are
232 ~ 109 individual column

atmospheres (ICAs).

if we assume a correlation length
(Rasch et al) then similar numbers.



►what is the true overlap?  we choose 3 "true" distributions
3 fixed groups    separate by 0% cld-cvr by 8.8% cld-cvr



How many different Independent Column Atmospheres 
are we talking about?

statistics for 00-24Z Jan 15, 2001

<ICA/2.8°grid> max #

0% threshold 32 1792

9% threshold 122 30240

3 fixed groups 196 1404



►take the 0% threshold for separation = 2 groups,
generate the 15 ICAs, 
sort by Total Optical Depth, and

generate the 4
quadrature ICAs



Calculate 3 key J values through the troposphere
O3->O(1D) 290-330 nm
NO2 340-400 nm
NO3 500-700 nm

truth#1 0% threshold 15 ICAs
truth#2 9% threshold 336 ICAs
truth#3 3 fixed groups 462 ICAs

approx:  LIN = linear avg (ODxCF) 1 ICA
approx:  RAN = max-ran (ODxCF3/2) 1 ICA

quad#1: from 0% threshold 4 ICAs
quad#2: from 9% threshold 4 ICAs
quad#3 from 3 fixed-grps 4 ICAs







►OK, now do 24-hr integ.  (15 Jan 2001, 00-24Z, 8 fields)
►integrate over all grid points (64 x 128) in the

tropics, N/S sub-tropics, N/S mid-lats, N/S high-lats
►compute RMS differences in J's (p-weighted over trop)



X-axis = rms difference truth#3 vs. truth#1
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each letter:
3 J's (O3-1D, NO2, NO3)
T = tropics and sub-tropics(N/S)
M = mid-latitudes
H = high-latitudes

quad. error < uncert. in truth



systematic biases occur above and below 850 mb



Bndry Lyr bias



Free-Trop bias



►Does this matter?   Look at OxComp IPCC SAR study,
5-day integration of O3 loss in marine BL

LIN has 15% less loss.



Photochemistry in a real (3-D) world

There is no clear formalism for treating different non-linear chemistry 
in two sub-grid regions within a single global grid box:  

? how often do these regions mix

? if rapidly changing, can we average chemistry

time =  t

t + 1 hr



OxComp IPCC SAR  -
O3 loss in marine BL

Even with the 4 quad ICAs isolated,
pretty close !



►What about the energy budgets ?
look at UV-Vis albedo for 15 Jan 2001

3% abs diff in truth#1 vs. #3 <1% abs error in quad solution

unacceptable errors in LIN & RAN



Our distribution of Total Optical Depth
generated from the fractional cloud cover
and the assumptions about overlap should
be testable ?



T109 T63 T42    T21
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T109 T63 T42    T21
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