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On Monte Carlo simulation of radiation transfer in optically anisotropic clouds



Sergei M. Prigarin (ICM&MG SB RAS, Novosibirsk) Anatoli G. Borovoi (IAO SB RAS, Tomsk) Ulrich G. Oppel (LMU, München)



Cirrus clouds are optically anisotropic and they appreciably affect the radiation balance in the atmosphere. That is why studying the radiation transfer processes in cirrus clouds is a challenging problem.



The main objective of the research: to develop a mathematical model and a Monte Carlo algorithm to simulate the radiation transfer in a scattering medium that is optically anisotropic with respect to the zenith angle of a light beam.



Monte Carlo simulation of photons trajectories in a scattering medium that is optically anisotropic with respect to the zenith angle • •



•



•



•



Step 1. An initial point r0=(x0, y0, z0) and an initial direction ω0=(a0, b0, c0), |ω0|=1 of a photon are simulated according to the density of sources; n=0. Step 2. A photon's free-path length l is simulated according to the probability density p(l) = σ(cn) exp{- l σ(cn)}, l>0, where σ(c) is the extinction coefficient in the direction with cosine c of the zenith angle. Step 3. We set n=n+1 and calculate the coordinates of the next collision point in the medium: xn=xn-1+an-1 l, yn=yn-1+bn-1 l, zn=zn-1+cn l, rn=(xn,yn,zn). Step 4. The type of collision is simulated: it is scattering with probability q(cn) and absorption with probability 1-q(cn), where q(c) is a single scattering albedo in the direction with cosine c of the zenith angle. The steps below are carried out only in the case of scattering. Step 5. A new direction of the photon ωn=(an, bn, cn) is simulated according to the phase function g(ωn-1, ωn). Go over to step 2.



Denote the direction of a photon before scattering by ω΄=(a΄,b΄,c΄) and the direction after scattering by ω=(a,b,c). First, the value of cosine c of the zenith angle is simulated. For that, we use a distribution P(c΄,c) with respect to cŒ[-1,1] when the value c΄ is fixed. Then a variation ψ of the azimuthal angle is simulated. In this case we need to know a distribution Q(c΄,c,ψ) with respect to ψŒ[-π, π] when the values c΄, c are fixed. The values a and b can be found by the formulas a = [a΄cos(ψ)-b΄sin(ψ)] (1-c2)1/2 [1-(c΄)2]-1/2, b = [a΄sin(ψ)-b΄cos(ψ)] (1-c2)1/2 [1-(c΄)2]-1/2.



Thus, for the anisotropic scattering model it is necessary to know the families of distributions P(c΄,·), Q(c΄,c,·) where c΄Œ[0,1], cŒ[-1,1].



3 ice cloud models 1. Columns, stochastically oriented in space



2. Horizontally oriented columns



3. Parry columns



Half-height/edge = 2.5, refractive index = 1.311



The optical properties of the scattering media with ice crystals were computed on the basis of a pure geometric optics approach A. Borovoi, I. Grishin, and U. Oppel. Mueller matrix for oriented hexagonal ice crystals of cirrus clouds. In: Eleventh International Workshop On Multiple Scattering LIDAR Experiments (MUSCLE 11), November 1 - 3, 2000, Williamsburg, Virginia, USA; organized by NASA Langley Research Center, Hampton, Va, USA, p.81-89.



Monte Carlo simulation of ice cloud halos Optical depth of the cloud: 3; Source zenith angle: 0∞



1. Columns, stochastically oriented in space



2. Horizontally oriented columns



3. Parry columns



Monte Carlo simulation of ice cloud halos Optical depth of the cloud: 3; Source zenith angle: 45∞



1. Columns, stochastically oriented in space



2. Horizontally oriented columns



3. Parry columns



Monte Carlo simulation of ice cloud halos Optical depth of the cloud: 3; Source zenith angle: 75∞



1. Columns, stochastically oriented in space



2. Horizontally oriented columns



3. Parry columns



Albedo for 3 ice cloud models (optical depth = 3, columns) c o lu m n s s to c h . o rie n te d in s p a c e c o lu m n s s to c h . o rie n te d o n th e h o r. p la n e p a rry c o lu m n s
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Conclusion: A new Monte Carlo algorithm was developed to simulate the radiation transfer processes in a medium, optically anisotropic with respect to the zenith angle of a photon. Preliminary numerical experiments show that it is very important to take into account the orientation of the ice particles, and that the anisotropy of a medium can strongly affect the optical properties of crystal clouds.



Hypothesis: the optical anisotropy of clouds in the atmosphere can follow not only from the shape and the orientation of scattering particles, but furthermore, it can be a result of a random non-Poisson distribution of particles in space. In that way even for water-drop clouds, the optical medium can be appreciably anisotropic if the spherical water drops are specifically distributed in space. An admissible model for the spatial distribution can be obtained under assumption that particles are concentrated on a manifold of a dimension less than 3. This kind of the optical anisotropy in scattering media will be called «fractal anisotropy».



The following observations are the basis of the hypothesis: - distribution of scattering particles in a cloud can be non-Poisson - the fractal nature of spatial distributions for scattering particles in a cloud Publications on distribution of scattering particles in clouds: Kostinski, A. B., and A. R. Jameson, 2000: On the spatial distribution of cloud particles, J. Atmos. Sci., 57, P.901-915. A.B.Kostinski, On the extinction of radiation by a homogeneous but spatially correlated random medium, J.Opt. Soc. Am. A, August 2001, Vol.18, No.8, P.1929-1933 Knyazikhin, Y., A. Marshak, W. J. Wiscombe, J. Martonchik, and R. B. Myneni, 2002: A missing solution to the transport equation and its effect on estimation of cloud absorptive properties, J. Atmos. Sci., 59, No.24, 3572-5385. Knyazikhin, Y., A. Marshak, W. J. Wiscombe, J. Martonchik, and R. B. Myneni, 2004: Influence of small-scale cloud drop size variability on estimation cloud optical properties, J. Atmos. Sci., (submitted).



Poisson distribution



Non-Poisson anisotropic distributions:



A model of “fractal anisotropy” • • -



Optically isotropic homogeneous media: phase function g single scattering albedo q extinction coefficient σ Fractal anisotropy: phase function g single scattering albedo q extinction coefficient in the direction ω =(a,b,c): σ (ω) =σ /{(a/cx)2+(b/cy)2+(c/cz)2}1/2, ω=(a,b,c), cxcycz=1



• The range of a particle from the point (0,0,0) to the point (x,y,z) in an optically isotropic medium corresponds to the range from the point (0,0,0) to the point (cxx, cyy, czz ) in the anisotropic medium. Here cx,cy,cz are compression coefficients for the compression directions OX,OY,OZ, cxcycz=1. • In the general case, there are 3 orthogonal compression directions with unit vectors e1,e2,e3 and compression coefficients c1,c2,c3, c1c2c3=1. In this case σ (ω) =σ / 7T-1 ω 7,



where T is the compression tensor: T=c1e1e1T+c2e2e2T+c3e3e3T



Heuristic derivation of the model 1.



2.



3. 4.



A homogeneous optically isotropic scattering medium with extinction coefficient σ is concentrated in a whole space volume without empty spaces A scattering medium with extinction coefficient σ/P is concentrated on a random homogeneous isotropic set S that covers a portion P


Numerical experiments (Monte Carlo simulation) Which radiation effects can be caused by the fractal anisotropy? For the numerical experiments we set: c2=c3=c1-1/2 c1 is the basic compression coefficient e1 is the basic compression direction



- visible range of wavelength; SSA=1; C1 cloud layer; - thickness: 250 m; ext. coeff.=0.02m-1 (optical depth = 5) - e1=(0,0,1): the basic compression direction is vertical red: optically isotropic medium, c1=1 green: vertically dense medium, c1=4 black: vertically rare medium, c1=0.25 0,7
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- e1=(sin(Z),0,cos(Z)), where Z is the zenithal angle of the basic compression direction: Z=00,45,60,90 deg. b a s ic c o m p .c o e f., z e n ith a n g le Z C 1= 1 C 1 = 0 .2 5 , 4 5 d e g . C 1 = 0 .2 5 , 6 0 d e g . C 1 = 0 .2 5 , 9 0 d e g . C 1 = 0 .2 5 , 0 0 d e g .
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Angular distributions of the downward radiation (the sun is in the zenith)



Isotropic medium



Vertically dense medium: e1=(0,0,1), c1=4



Horizontally rare medium: e1=(1,0,0), c1=0.25



Publications: S.M. Prigarin, A.G. Borovoi, P. Bruscaglioni, A. Cohen, I. A. Grishin, Ulrich G. Oppel, Tatiana B. Zhuravleva, Monte Carlo simulation of radiation transfer in optically anisotropic clouds, Proc. SPIE, V.5829 (2005), P.88-94 S.M. Prigarin, U.G. Oppel, A hypothesis of "fractal" optical anisotropy in clouds and Monte Carlo simulation of relative radiation effects, Proc. SPIE, V.5829 (2005), P.102-108 This work is supported by INTAS (project 05-1000008-8024), RFBR (project 0605-64484), and President Programme “Leading Scientific Schools” (grant NSh4774.2006.1).



http://alpha.emitter.googlepages.com/ http://osmf.sscc.ru/~smp



























[image: Monte Carlo Simulation]
Monte Carlo Simulation












[image: Introduction to Monte Carlo Simulation]
Introduction to Monte Carlo Simulation












[image: Introduction to Monte Carlo Simulation - PDFKUL.COM]
Introduction to Monte Carlo Simulation - PDFKUL.COM












[image: Migration of Monte Carlo Simulation of High Energy ...]
Migration of Monte Carlo Simulation of High Energy ...












[image: Monte Carlo Simulation for the Structure of Polyolefins ...]
Monte Carlo Simulation for the Structure of Polyolefins ...












[image: Wigner Monte Carlo simulation of phonon-induced electron ...]
Wigner Monte Carlo simulation of phonon-induced electron ...












[image: Statistical Modeling for Monte Carlo Simulation using Hspice - CiteSeerX]
Statistical Modeling for Monte Carlo Simulation using Hspice - CiteSeerX












[image: Using the Direct Simulation Monte Carlo Approach for ...]
Using the Direct Simulation Monte Carlo Approach for ...












[image: Chapter 12 Photon Monte Carlo Simulation]
Chapter 12 Photon Monte Carlo Simulation












[image: Chapter 12 Photon Monte Carlo Simulation]
Chapter 12 Photon Monte Carlo Simulation












[image: a monte carlo study]
a monte carlo study












[image: Sequential Monte Carlo multiple testing]
Sequential Monte Carlo multiple testing












[image: Sequential Monte Carlo multiple testing]
Sequential Monte Carlo multiple testing












[image: Dead Reckoning for Monte Carlo Localization in Low ...]
Dead Reckoning for Monte Carlo Localization in Low ...












[image: [PDF BOOK] Monte Carlo Strategies in Scientific ...]
[PDF BOOK] Monte Carlo Strategies in Scientific ...












[image: Quasi-Monte Carlo Image Synthesis in a Nutshell]
Quasi-Monte Carlo Image Synthesis in a Nutshell












[image: Monte Carlo Applications in Polymer Science (Lecture ...]
Monte Carlo Applications in Polymer Science (Lecture ...















Monte Carlo simulation of radiation transfer in optically ...






radiation transfer processes in cirrus clouds is a challenging problem. .... Influence of small-scale cloud drop size variability on estimation cloud optical. 






 Download PDF 



















 803KB Sizes
 1 Downloads
 302 Views








 Report























Recommend Documents







[image: alt]





Monte Carlo Simulation 

You are going to use simulation elsewhere in the .... If we use Monte Carlo simulation to price a. European ...... Do not put all of your â€œbusiness logicâ€� in your GUI.














[image: alt]





Introduction to Monte Carlo Simulation 

Crystal Ball Global Business Unit ... Simulation is the application of models to predict future outcomes ... As an experimenter increases the number of cases to.














[image: alt]





Introduction to Monte Carlo Simulation - PDFKUL.COM 

Monte Carlo Simulation Steps. â€¢ Following are the important steps for Monte Carlo simulation: 1. Deterministic model generation. 2. Input distribution identification. 3. Random number generation. 4. Analysis and decision making ..... perform output














[image: alt]





Migration of Monte Carlo Simulation of High Energy ... 

Grid node, based both on the Globus (http://www.globus.org) and Gridway ([8], .... V. and Andreeva, J. 2003; RefDB: The Reference Database for CMS Monte ...














[image: alt]





Monte Carlo Simulation for the Structure of Polyolefins ... 

unsaturated (usually vinyl) groups can be incorporated by the. CGC into a ... broaden the molecular weight distribution, since chains formed at the second site will .... to published experimental data for a lab-scale synthesis of a dual catalyst ...














[image: alt]





Wigner Monte Carlo simulation of phonon-induced electron ... 

Oct 6, 2008 - and its environment the phonon mode in this case with which the ...... 39 M. D. Croitoru, V. N. Gladilin, V. M. Fomin, J. T. Devreese, W. Magnus ...














[image: alt]





Statistical Modeling for Monte Carlo Simulation using Hspice - CiteSeerX 

To enable Monte Carlo methods, a statistical model is needed. This is a model ..... However, it is difficult to determine the correlation without a lot of statistical data. The best case .... [3] HSPICE Simulation and Analysis User Guide. March 2005.














[image: alt]





Using the Direct Simulation Monte Carlo Approach for ... 

The viability of using the Direct Simulation Monte Carlo (DSMC) approach to study the blast-impact ... by computing load definition for two model geometries - a box and an 'I' shaped beam. ... On the other hand, particle methods do not make the conti














[image: alt]





Chapter 12 Photon Monte Carlo Simulation 

... for viewing the trajectories is called EGS Windows [BW91]. ..... EGS-Windows - A Graphical Interface to EGS. NRCC Report: ... 1954. [Eva55]. R. D. Evans.














[image: alt]





Chapter 12 Photon Monte Carlo Simulation 

interaction of the electrons and positrons leads to more photons. ... In this case, the atomic electron is ejected with two electrons and one positron emitted. This is ...














[image: alt]





a monte carlo study 

Mar 22, 2005 - We confirm this result using simulated data for a wide range of specifications by ...... Federal Reserve Bank of Kansas City and University of Missouri. ... Clements M.P., Krolzig H.$M. (1998), lA Comparison of the Forecast ...














[image: alt]





Sequential Monte Carlo multiple testing 

Oct 13, 2011 - can be reproduced through a Galaxy Pages document at: ... Then, in Section 3, we show on both simulated and real data that this method can ...














[image: alt]





Sequential Monte Carlo multiple testing 

Oct 13, 2011 - An example of such a local analysis is the study of how the relation ... and then perform a statistical test of a null hypothesis H0 versus. âˆ—To whom ... resampling risk (Gandy, 2009), and prediction of P-values using. Random ...














[image: alt]





Dead Reckoning for Monte Carlo Localization in Low ... 

Especially in scenar- ios with low seed densities, we find SA-MCL to significantly outperform MCL. S. S. S. S. S. Figure 6: Setup of demo with seeds and RC cars.














[image: alt]





[PDF BOOK] Monte Carlo Strategies in Scientific ... 

... Jaidev Sparse coding that is modelling data vectors as sparse linear combinations of basis elements is .... researchers such as computational biologists, computer scientists, ... It can also be used as a textbook for a graduate-level course on.














[image: alt]





Quasi-Monte Carlo Image Synthesis in a Nutshell 

With re- spect to computer graphics, consistency guarantees image synthesis without persis- ... Bias is defined as the difference of the desired result and the expectation. In fact, .... is a classic reference available for free on the internet, and 














[image: alt]





Monte Carlo Applications in Polymer Science (Lecture ... 

models, Monte Carlo algorithms and computer programs. l A Bernoullian model ... this model the probability of a given state of the system is independent of the ...


























×
Report Monte Carlo simulation of radiation transfer in optically ...





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Sign In






Email




Password







 Remember Password 
Forgot Password?




Sign In



















Information

	About Us
	Privacy Policy
	Terms and Service
	Copyright
	Contact Us





Follow us

	

 Facebook


	

 Twitter


	

 Google Plus







Newsletter























Copyright © 2024 P.PDFKUL.COM. All rights reserved.
















