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Inhomogeneities, cloud, radiative transfer and scale % Cirrus properties from in situ aircraft
I measurements (INCA and CIRRUS98)
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1D horizontal fluctuations of Cirrus extinction derived from airborne polar

nephelometer show a -5/3 (furbulent) spectral slope ( scale > 100 m). Scarce data

Theses illustrations show how cloud inhomogeneities (bumps, cloud coverage, inhomogeneity (close to edge of very thin cirrus) show a flat (white noise) slope for scale smaller
parameter,..) affect their radiative properties in visible wavelengths. Similar effects occur in than 100m. Ts such behavior confirmed for thicker cirrus during CIRCLE 2 ?
thermal wavelengths and need to be estimated on the retrieved optical parameter from IIR. Inhomogeneity parameter p (Szczap et al., 00), defined as standard deviation

divided by mean optical thickness shows values from 0.3 to 2.3.
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The objective is to generate numerous 3D cirrus fields with imposed (mean and Vertically 2) integrated optical depth 2D slices (xz) from 3D optical depth field
standard deviation) optical depth correlated to effective radius and to phase

function sharing statistical properties derived from in situ and ATrain data. (Multi)Fractal or spectral methods are adequate to describe scale invariance properties of cloud.
Nevertheless, such approaches do not take into account dynamical non linear processes (convection, shear...). The idea is following. In a first step, humidity (vapor and iced/liquid), and
temperature are advected in 3D turbulent wind field with prescribed vertical potential temperature. This fast but too simple scheme provides “realist” 3D shapes without “realist”
optical properties (lack of numerous physical processes, numerical diffusion,..). Therefore statistical optical properties are corrected with specific toolboxes ( theoretical PDF,

iterative ranking, spectral, correlation methods...).
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| Inhomogeneity effects on cirrus optical depth and effective diameter retrieved from IIR/Calipso radiances
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Conditions of simulation —  Homogeneous Cirrus
- No atmosphere — Inhomogeneous Cirrus
- Ground temperature : 288.4 K 12r Inhomogeneous Cirrus + wind shear
- Vertical wind shear : 0 et 2 ms-1km-1
- dT/dz = -6.5Ckm-1
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3D Cloud properties

-Voxel size = 78 m, domain size = 10x10x10 km3

- Mean optical depth: 0.3, 1,2, 5 et 20

- Cloud coverage : 100 %

Mean geometrical depth : 2 km

homogeneity parameter : p=0.7

o=-35

- Base and top of cloud : 6.5 and 8.5 km.

- Phase function : droxtals, effective radius Reff =10 yim)
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Radiative Transfer Code: o o N\, y . L : " )
- SHDOM for 3D radiative transfer (Evans,98) 230 240 250 260 270 280 290

- FASDOM code (Dubuisson et al., 2005) Brightness temperature at 12.0 zm () Retrieved cloud optical depth

- Multiple scattering: DISORT (Stamnes et al., 1988)

- Radiances and Brightness temperatures simulated for the IR
channels at 8.7, 10.6 and 12 pm.

The retrieval algorithm is based on Brightness Temperature Difference. Both figures show direct and inverse effects of

Betievel Alporthm; TPy SME s inhomogeneous cirrus at larger averaging scale. This theoretical study shows that retrieved cloud optical depth and effective
T radius are respectively smaller and larger than “true” mean optical depth and effective radius. Wind shear has negligible effect.
function of BT at 12 um. These study will be extended with an atmosphere with more Cirrus optical configurations for IIR pixel scale.
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