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Goals and challenges

MAIN GOALS:

» establish aframework for the development of a new physically-
based treatment of mineral dust for IR hyperspectral remote
sensing

* based on thisframework, analyze NAST -| aircraft spectra
acquired over the East China Sea region during Spring of 2001
to identify the spectral radiative signature of Asian dust

MAIN CHALLENGES:

a common “look-up table” approach used for aerosol retrievals
from narrow-band sensors(e.g., MODIS) will not work for high
spectral resolution observationsin thelR
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A need for new conceptual approaches




_/Q/EfTECt of the dust mixture and loading on

brightness temperature
(US 1976 Standard Atmosphere, observation at 100 km, averaging Av = 0.5 cmL, dust in the lowest 2.5 km)

LBLRTM+DISORT | | ~ (Sokolik, GRL, 2002)
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YEAR 1ACTIVITIES

Development of new aerosol models:

Developed and tested new high resolution optical models of Asian dust and several
individual aerosol species. The modelswereincorporated into a new database called
HROMAA (High Resolution Optical M odels of Atmospheric Aerosols) available online
to the MURI Team: http://irina.colorado.edu/HROMAA/

Forward modeling& sensitivity studies:

Linked kKCARTA and DISORT that was modified to handle the new aerosol models. The
code was used to perform forward modeling to deter mine the sensitivity of IR high-
resolution spectral radiancesto various dust characteristics (such asdust composition,
vertical distribution, particle sizes, etc.). The main goal wasto test robustness of a
‘negative slope’ approach for the detection of dust from high spectral resolution sensing.

NAST-| data analysis:

Received NAST -I raw data from the Smith group and started to work on the analysis of
spectra acquired over the Yellow Seain spring of 2001. Collected and analyzed various
data (meteorological, satellite, lidar network, etc.) available for thistime period over
East Asiato support the analysis of NAST-I data. Examination of Asian dust outbreaks
based on observational data and MM 5 simulations has been started.




High Resolution Optical Models of
Atmospheric Aerosols (HROMAA

Fila [} P a Tk Haips
Bk -~ i = — — [e— 1 = 2 b
) 1= Q=] L - F = = - = .
B | i i ooion woibh s ™ e oo Mol milt. e =
High Speatral Eesolusion Asreced Optical Mlod=is
Percentage
Fool+Heaesbt= 1l
i 1000
Calcaw i
Deeiew Datar [ Flet Tt [
| =ubrad
Drswnicesd File
Za0E-ET 1 EE02
FEL |
1 e
2 EOE R 1 2000
. 14302
1R e ¥
1 BOE-E 1200
R 14202 Pert
= = Y. F. e
:lIMl_ _'.'.II\AI-U.I g
. p A oeco Y s
i BE-E A | 1 = e e _-"
emcsa]-f-40 - y e P
) ] scae.ca £ ]
5 EOE-E - anma |, !
4 o A £ JoaEoa -I o
1] 2 EOE-00
T EEES . | DEO0
1,008 1,508 2= a0 1,500 1 0 1,50 3 2= S0 e
ren ruerb, <o s rearaieee | o1
100820 . -— - -
& 505 ~ T o
- f . ey
§ ROEH R L ] g
B . TN = -
A 5 SO
2 e |
[E-. =1 = OO 08 i
EaE-n ' »
'; = e H
- =L O e -

[ B




7
/@/High Resolution Optical Models of

Atmospheric Aerosols (HROMAA)

Optical properties of individual aerosol species:

Normalized extinction coefficient K, (per unit number
concentration; need N(Z) to get the profile of aerosol optical

depth);
Single scattering albedo w,
Asymmetry parameter g

Optical properties of the external mixture of several aerosol species:
Keﬁmre - Z NiKext,i
i

Z o, NiK o Z giNK,

i g =
S NKe., Y. NiKg;

w, =
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Effect of dust coating
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Imaginary part of the effective refractive index

Refractive index of mineral aggregates-water mixturgs
(Curves 1-4 are for water volume fraction 10%, 50%, 90%, and 1009, respective"ly)
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Effect of dust particle sizes
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P
mt of the vertical profile of dust

on brightness temperature

We performed a series of modeling experiments for several vertical
profiles of dust

* The vertical profiles were reconstructed based on aircraft and
lidar observations

* In each experiment, dust properties remains the same but the
position of a dust layer varies
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8 Effect of the vertical profile of dust
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on brightness temperature
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st layer P=1013-701 mb

Dust layer P=900-600 mb

Dust layer P=540-410 mb

kCARTA+DISORT,
resolution=0.25 cm-?
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8 Effect of the vertical profile of dust

on brightness temperature

. '‘bt_Kaol_awvg_ 101" u 1:3
M Oderate dug Ioadl ng 'bt_KaolClear_awg_101' u 1:3

ety sy o g PR o
WE%@ fﬁN i m| f

Wl W
mmﬂm ]
el ﬂﬂ“

“]
{
Y
kCARTﬂ\+D|SéORT,

resolution=0.25 cm'?! n|
. b i

k2 )
-] oo
m =3
1 " |
—  —
—_———
—
_.""_F




o S

Effect of the vertical profile of dust on brightnesstemperature
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P,
m mination of dust from clouds:

problems in MODIS cloud mask
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Effective “cloud particle” sizes

* Red color denotes larger
particles (30 um) ;
Blue color denotes small
particles (< 10 pm).

— « MODIS algorithm does not
discriminate between cloud
and dust particles — it treats a
dust layer as a cloud with
smaller particle sizes
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Summary and
work for Year 2

Continue forward modeling studies:

* How to handle dust scattering:
Heney-Greenstein vs. actual scattering phase functions
* Multi-layered vertical distribution

*Variations in the vertical profiles of T and atmospheric gases (H,0)

Dust retrievals:

* Test retrieval algorithms using NAST-| data

Strategy: use forward modeling as a prior to constrain the retrievals
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Some Issues

e Dust causes additional heating/cooling of a layer
=> affects T and H,O profiles

* Potential problems. aradiosonde “climatology”
of T and H,O profilesin thedust laden conditions
ISslimited
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