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» fractional cloud cover (submitted Sept 2006, JGR)

Abstract. A new approach defined here allows for the averaging of photochemistry over
complex cloud fields within a grid square and can be readily implemented in current
global models. As diagnosed from observations or meteorological models, fractional
cloud cover with many overlying cloud layers can generate hundreds to thousands of
different cloud profiles per grid square. We define a quadrature-based method. applied
here to the problem of averaging photolysis rates over this range of cloud patterns, which
opens new opportunities for modeling in-cloud chemistry in global models. We select up
to four representative cloud profiles, optimizing the selection and weighting of each to
minimize the difference in photolysis rates when compared with the integration over the
entire set of cloud distributions. To implement our algorithm. we adapt the UCI fast-JX
photolysis code to the cloud statistics from the ECMWF forecast model at T421.40
resolution. For the tropics and mudlatitudes, grid-square-averaged photolysis rates for Os.
NO,, and NO; using four representative atmospheres differ by at most 3.3% rms from
rates averaged over the hundreds or more cloudy atmospheres derived from a maximum-
random overlap scheme. Further. bias errors in both the free troposphere and the
boundary layer are less than 1%. Similar errors are shown to be 10-20% for current
approximation methods. Errors in the quadrature method are less than the uncertainty in
the choice of maximum-random overlap schemes. We apply the method to the averaging
of photochemistry over different cloud profiles and explore possible extensions to
heterogeneous cloud chemistry.



cr-paper Fig.1  cloud fraction & OD from met fields:
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cloud fraction & OD as treated in fast-JX now

CF-paper Fig. 2 = "linear approx"
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In a max-random w/ 0%-threshold overlap model

these clouds become 2 groups w/ max overlap

CF-paper Fig. 3
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atmospheres (ICAs) sorted by Total OD and
crpaper Fig.a the 4 quadrature atmospheres (X's) identified
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realistic: instantaneous tropical box in Oslo/EC T42
(5.6-8.4°N, 23.9-26.7°W) from the 1200-1500Z 15 Jan 2000.

CF = cloud fraction
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o assuFming 0% threshold for separation = 2 groups = 15 ICAs,
it R sort by TOD and generate the 4 QAs
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Calculate 3 key J values through the troposphere
03->0(1D) 290-330 nm

NO2 340-400 nm

NO3 500-700 nm
truth#l 0% threshold 15 1CAs
truth#2 9% threshold 336 ICAs
truth#3 3 fixed groups 462 I1CAs
approx: LIN = linear avg (ODxCF) 1 ICA
approx: RAN = max-ran (ODxCF3/2) 1 ICA
quad#1: from 0% threshold 4 1CAs
quaa#2: from 9% threshold 4 ICAs
quaa#3 from 3 frxed-grps 4 ICAs




CF-paper Fig. 8
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24-hr average J's: 15 Jan 2000, 00-24Z, 8 fields

RMS Error
Group Diif 3g-0%  Group Diff 9%-0%  QUAD Ermr 3g QUAD Emr 9%  QUAD Emr 0% RAN Emr AVG Emr
@ 030D 2.6 0.9 3.2 2.3 1.5 5.6 13.7
5 NO2 3.1 1.1 3.1 2.2 1.5 7.0 16.8
= Noa 3.7 1.4 3.3 2.4 1.6 11.3 22.4
030D 1.1 0.2 2.4 1.6 1.4 2.2 5.0
< N2 1.6 0.3 2.6 1.8 1.6 3.3 6.9
= N 2.3 0.4 3.3 2.4 2.1 6.4 10.9
g 030D 0.2 0.0 0.9 0.7 0.6 0.5 0.6
T N2 0.4 0.1 1.8 1.4 1.2 0.9 1.5
T N 3.2 0.5 7.8 6.7 6.2 9.2 12.6
g 010D 0.2 0.0 0.7 0.5 0.4 0.6 0.8
T NO: 0.4 0.1 0.8 0.5 0.5 0.6 1.3
T N 0.8 0.1 1.1 0.8 0.7 1.3 2.5




24-hr average J's: 15 Jan 2000, 00-24Z, 8 fields
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24-hr average J's: 15 Jan 2000, 00-24Z, 8 fields

albedo errors

UV-Vis Albedo (%)

MXRAN-3g MXRAN-0%

TROPICS 39 35
MIDLATS 47 45
N HIGH LATS 66 66
S HIGH LATS 29 29

Absolute Error (%)

QUAD 0% RAN AVG
+0.0 +8.0 +18.8
+0.1 +3.0 +8.2
+0.2 +1.0 +2.2

-0.1 -0.4 +1.6
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bl »CTM transport errors & 2x-to-convergence
Global tropospheric ozone modeling: Quantifving
errors due to grid resolution

Oliver Wild"* and Michael J. Prather’

Received 22 August 2005; revised 2 December 2005; accepted 23 February 2006; published 9 June 2006.

[1] Ozone production in global chemical models 1s dependent on model resolution
because ozone chemistry is inherently nonlinear, the timescales for chemical production
are short, and precursors are artificially distributed over the spatial scale of the model grid.
In this study we examine the sensitivity of ozone, its precursors, and its production to
resolution by running a global chemical transport model at four different resolutions
between T21 (5.6° x 5.6%) and T106 (1.1° x 1.1%) and by quantifying the errors in
Egimml and Ell}hﬂl blldg_;ttl':i. The sensitivity to vertical mixing through the
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ratio of successive corrections being the convergence factor,

k.

Clho) = C(h) + (Clh/2) — C(h)) + (C(h/4) — C(h/2))
+ (C(h/8) — C(h/4)) + ...
k= (C(h/4) — C(h/2))/(C(h/2) — C(h))
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Figure 2. Convergence factors, &, for the 1-2-4 and 2—-4-8 sequences of doubled resolution CTM
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P l'able 4. Convergence and Resolution Errors in Oxidant Budgets®
Toc®  N° gy a2 S63 £106
Global Budeets (From Table 2)
e Global gross P(O4) 11,710 1.0 578 422 335 169
1 2 Global O; burden, Te 2736 22 202 100 4.1 1.3
Horizontal ¢ CH, lifetime, vears 8.73 1.0 —0.67 041 029 -—0.16
Impacts of East Asian Emissions (From Table 3)
Regional net P(0Os) 430 1.0 158 (.2 4.3 2.5
Regional gross P(Os) 841 1.8 18.0 6.2 4.5 2.5
Regional Os burden 208 29 6.6 1.4 0.3 0.1
Global gross P(Os) 2104 23 206 12.8 5.0 1.5
(Global Oy burden 49.6 2.1 6.6 34 1.4 0.5

*Budgets in Gg/day and burdens in Gg unless stated.
"Corrected budget based on T42—T63—T106 convergence.
“Order N used in Richardson Extrapolation.

YEstimated error at each resolution, £5; = T21-Toc.



surface CO2 (ppm) - annual mean - GMI std

10-yr runs for Trop. CO,
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10-yr runs for

Stratospheric CO,
(circa 2004)

zonal mean CO, mixing ratio
annual average of Year 10
actual model grid shown.

approach to steady-state shown
as growth in Yrl10
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10-yr runs for
Stratospheric CO,

OCTOBER 2005 !!!

Vertical looks much better,
but need Horizontal doubling,
too much horizontal diffusion

CO2(ppm) annual: GMI L2

50 . 2.54 ppm/yr
(G2 (verticat) | |[1]1]]] >
40 '
2.63
30 2.70
2.77

50

40

30

(km)

20

10

RANS

ans Frin
ff-CO2(ppm) annual UCI (adv-only

2.84
2.89

2.92

2NN ANN

2.28 ppmlyr

ucl

2.35

2.46

2.57

60S

30S Equ

2.69

2.81
2.88

2.93

30N 60N

0 12

i

16 (PPm)18




JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 111, D0O5305, do:10.1029/20051D006512, 2006

» validation of met fields T & q

Ozone, water vapor, and temperature in the upper tropical
troposphere: Variations over a decade of MOZAIC measurements

Sarah E. Bm‘tz,] Michael J. Prathcr,] Jean-Pierre I;'ammas;.,2 Valérie Thu::ﬂun:t,1

and Herman Smit”

Received 19 July 2003; revised 16 September 2005; accepted 7 November 2005; published 3 March 2006.
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Figure 1. Normalized longitudinal distribution of MO-
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Upper Trop Ozone trend i1n tropics

BORTZ ET AL.: MOZAIC 05, WATER VAPOR, AND TEMPERATURE
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» validation of met fields T & q

BORTZ ET AL.: MOZAIC O,, WATER VAPOR, AND TEMPERATURE RH (I Ce) —
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» validation of met fields T & q:
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» validation of met fields T & q

look at stats: T(75%) — T(25%)

delta-T (75% - 25%) (C) vs alt (km) 0-20N
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» validation of met fields T & q

g-stats from met fields corrupted.
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» fast-JX aerosol parameters (UMich)

Minghuat Wang (minghuai@umich.edu)

Aerosol opti

cal properties for sulfate, internal mixed fossil fuel aerosol,

internal mixed biomass burning aerosol, dust, and sea salt

21 1. sulfate

so4 0 XX%.
at rel

168 2. internal

FFi10c.RHXX.
mixed

E;E;(S 3. internal

bio0c.RHXX.
mixed

zl 4. mineral d

dat: aerosol opitcal properties for sulfate aerosol
ative humidity = XX% = {0, 5, 10, 15, .., 100%}

mixed fossil fuel aerosol(sulfate, BC and 0C):
roYY.dat: aerosol opitcal properties for internal
fossil fuel aerosol at relative humidity = XX% and at BC fraction = YY%

mixed biomass burning aerosol (BC and 0C):
roYY.dat: aerosol opitcal properties for internal
biomass burning aerosol at relative humidity = XX% and at BC fraction=YY%

ust:

dust_aop.r0.05to0.63.dat: size bin 1 (r: 0.05-0.63um)
dust_aop.r0.63tol.26.dat: size bin 2 (r: 0.63-1.25um)
dust_aop.rl.26to2.5.dat: size bin 3 (r: 1.26-2.5um)
dust_aop.r2.5tol0.dat: size bin 4 (r: 2.5-10um)

zl 5. sea salt:
ss_aop.r0.05to0.63.dat: size bin 1 (r: 0.05-0.63um)
ss _aop.r0.63tol.26.dat: size bin 2 (r: 0.63-1.25um)
Ss _aop.rl.26to2.50.dat: size bin 3 (r: 1.26-2.5um)
ss_aop.r2.50tol0.dat: size bin 4 (r: 2.5-10um)



» fast-JX aerosol parameters (UMich)
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» fast-JX aerosol parameters (UMich)

SO4 at 400 nm: Extinct (m2/g)
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Cloud Fraction and fast-JX — what is next ?

» implement self-consistent J's and heating rates

» model validation of cloud cover

» cloud chemistry with quadrature



Our distribution of Total Optical Depth
generated from the fractional cloud cover

and the assumptions about overlap should
be testable ?
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MOD021KM.A2005363.0205.004.2005363121206.hdf |
Terra MODIS Truecolor Scene




? the chemistry of the average conditions (J's, cloud chem)
= the average of the chemistry for each ICA ?

30 OxComp IPCC SAR - O, loss in marine BL

With 4 quadrature ICAs:
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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







