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Abstract: - In the remote sensing of land surface properties, bi-directional surface reflectance (BRDF) and atmospheric aerosol optical depth (AOD) are the two major quantities that need to be solved. Nevertheless, the retrieval of both the BRDF and AOD is not an easy task because of the related sensitivity issues and the lack of solution constraints on the system with only a limited range of solar illumination and satellite viewing geometries. In this paper, we have indicated the underlying difficulties with the retrieval of BRDF and AOD using conventional numerical methods, such as Levenberg Marquadt. The nonlinear aspect of the retrieval of BRDF and AOD has been shown to be ill-conditioned and ill-posed. To resolve such difficulties, an algorithm that applies linear regularisation to stabilise the retrieval process and to ensure the correct solution is recovered is proposed. Due to the non-availability of in-situ BRDF data, a realistic validation experiment cannot be performed easily. However, alternative validation experiments are performed by comparing BRDF retrieved from GOES-8 and GOES-10 with the BRDF measured by a helicopter-based radiometer and acquired during the first field campaign of the CERES ARM Radiation Experiment (CARE) Oklahoma in August1998. The linear regularisation scheme has exhibited an ability to obtain consistent BRDF values when compared with the field measurements. Even though a mismatch of spatial resolution of the footprints acquired by the helicopter and the satellite fields of view (FOV) can be a problem, the average BRDF and AOD values represent well the local characteristics.
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1 Introduction

Remotely sensed data is a complex collection of interactive signals caused by scattering and absorption of solar radiation between the atmosphere and the land surface [1]. Although the geosynchronous satellites, such as GMS, GOES and Meteosat, have been playing the role of collecting multi-temporal and global data for years, the earth radiation budget (ERB) cannot still make full use of these data due to the directional variation of the land surface optical properties and the difficulties with atmospheric correction. The anisotropic and angular dependent surface reflectance, normally referred as the surface bi-directional reflectance, is of major importance in performing accurate quantitative estimate of ERB, especially in deriving the frequently quoted climatological variable, land surface albedo.

  Many different methods for the derivation of AOD and BRDF from the imagery of all kinds of satellites have been invented in the recent years. Many of them are base on the determination of the dark target [2] or contrast reduction scheme [3]. The dependence on the selected dark target or referenced scene cannot be avoided. More has been researched to retrieve the AOD and BRDF simultaneously from a geosynchronous satellite [4] by coupling the solar radiative transfer with BRDF model, such as RPV [5]. Since the RPV model is designed to include only an amplitude variable, a simple iteration procedure can be applied to retrieve the required values. This approach would also require an implementation of a joint aerosol retrieval, which is carried out through defining the cost function [6].
   However, no matter how many radiative transfer equations (considered in the solar-illumination and observation paths) have been taken to constrain the retrieval system, multiple solutions and sensitivity in AOD and BRDF retrieval still hinder progress. This is due to the difficulty in decoupling satellite measurements contributed by purely atmospheric scattering and surface reflectance [7]. The system of equations is inherently underdetermined because of the varying observational geometries, the AOD and the series of BRDFs. Though, certain assumptions can be made to rearrange the system of equations to a better constrained over-determined system, the rearranged system becomes very ill-conditioned. When applying conventional numerical procedures, such as the Newton Raphson or Levenberg-Marquardt methods [8], these usually lead to a deviation in solution due to the sensitivity of the retrieval system to the bias from an inaccurately approximated radiative transfer equation or noise in the satellite measurements. 
   In this paper, we introduce a linear regularization technique [9] to control the sensitivities in the retrieval process. Certain simplifications and linearization have been made to the complicated radiative transfer equation and incorporated in the solution process. We apply the 6S radiative transfer model [10] in simulating the input for the synthetic experiment. Preliminary validation experiments have been carried with respect to GOE-8 and GOES-10.

2 Formulation and sensitivity

With no a priori information available, the retrieval of AOD and BRDF is ill-conditioned. The current research attempts to stabilize the ill-conditioned system and reduce the sensitivity of bias and error due to either the radiative transfer approximation or other possible measurement errors. A benefit of the multi-temporal observations of a geosynchronous satellite is that more angular measurements may be incorporated into the retrieval system, which also indicates that more variables will be created. This is one of the inherently defects existing in this inversion problem. As a consequence, certain assumptions need to be made in order to handle the unconstrained situation.
One possible way to constrain this inverse problem is to assume that the aerosol optical depth 
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 does not change dramatically with the temporal TOA radiances acquired by satellite for any selected target pixel, i.e. 
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where 
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 denotes the different geostationary satellite angular observations retrieved on the same day, while 
[image: image4.wmf]n

 is the number of temporal measurements taken into the system on each selected clear sky day. As the geostationary satellite monitors the earth’s radiation with a certain time interval between each observation, the surface reflectance corresponding to the same local time from a different day of observation (e.g. the following day) is approximately the same at the selected target. Thus, it is possible that we may bring in more measurements from other days to the retrieval system with approximately the same geometries applied without substantially increasing the number of directional reflectance variables. This will certainly be valid because typically land cover does not vary much over a period of a few days. However, we will have as many aerosol unknowns as the number of days selected.
  Therefore, we need to consider at least two clear sky days of temporal measurements to construct a determined or over-determined retrieval system to better constrain the range of solutions. 

2.1 Simplification of radiative transfer

To avoid time consuming computations and use of a complicated radiative transfer model in the retrieval process, we need to simplify the radiative transfer to a degree so that numerical techniques can be applied directly in the retrieval process and that the simplification still represents the radiative transfer adequately. Of course, the simplified radiative transfer scheme cannot be expected to be as accurate as the complete radiative transfer model. In the past, rigorous works have been contributed to improve the parameterisation of the radiative transfer, the incorporation of physical or statistical BRDF models and also the operational implementation of various inversion algorithms. The remaining effort still demands enhanced aerosols scattering and absorption parameterisation and a more sophisticated BRDF model to be incorporated in the solar radiative transfer. It is important to know how sensitively the algorithm can handle the retrieval before higher degrees of accuracy are pursued in the approximation of radiative transfer.

By scaling the satellite measured TOA radiance (
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) with the solar flux at TOA (
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To fully separate the gaseous absorption from molecular and aerosol scattering, it is assumed that the absorption layers do not interact with the scattering layers. The more complete radiative transfer equation due only to scattering effects can thus be expressed as [11]:


[image: image9.wmf](

)

×

-

+

=

S

M

T

s

s

v

s

v

s

v

s

v

s

sc

r

q

j

j

q

q

t

r

j

j

q

q

t

r

1

)

(

)

,

,

,

,

(

)

,

,

,

,

(

0

*



[image: image10.wmf](

)

(

)

(

)

(

)

[

]

v

d

s

v

s

t

M

M

q

r

m

t

r

+

-

/

exp

,  (3)

where
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 is the intrinsic atmospheric backscattered signal,
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        is the atmospheric spherical albedo,
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  is the reflectance of the target 
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 is the spatial average of the reflectance of the adjacent environment.

   The comparably small 
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 terms are neglected when a pixel is larger than 1 km
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. To further extend and simplify equation (3), we have employed the analytical expression derived from Eddington’s method [12] for 
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where 
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 is the asymmetry factor. 
[image: image25.wmf]r

t

 and 
[image: image26.wmf]a

t

 correspond to Rayleigh and aerosol optical depth respectively. In addition, the Rayleigh 
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 intrinsic scattering are decoupled from the total intrinsic atmospheric scattering and both estimated by the first order of the single scattering approximation. Finally, we simplify the radiative transfer equation to a basic nonlinear expression:
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where,


[image: image30.wmf]s

v

s

r

v

r

v

s

a

a

c

b

P

a

m

k

m

m

t

m

t

m

m

w

1

1

),

48

.

0

exp(

,

4

)

(

-

+

-

=

-

-

=

Q

=

.


[image: image31.wmf])

(

Q

a

P

 is the aerosol phase function and 
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 denotes the scattering angle.

2.2 Sensitivity of retrieval from geosynchronous satellite
As discussed previously, an over-determined system can be constructed by equation (5) with the given temporal measurements taken from two clear sky days. We then apply the Levenberg-Marquadt procedure to solve the nonlinear system as in a least square problem. The result shows that the retrieval problem itself is ill-conditioned and ill-posed irrespective of how many temporal measurements are supplied to the solution system. This is mainly caused by small variations of the coefficients in the nonlinear equation system along the varying geometries. 

   As shown in Fig.1, with 5% of uniformly random noise, the difference in the retrieved BRDF is as large as up to about 0.2 in reflectance. Whereas, the retrieved AOD values fluctuates more dramatically (Fig.2) when compared with the two synthetic AOD values.
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Fig.1 The sensitivity of BRDF retrievals with specified measurement noise. The labels 1 to 10 in the legend show the scatter plot of the retrieved BRDF arising from a randomly selected level of noise in 
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 of up to 5%. The synthetic BRDF is for a Plowed field defined in Roujean’s semi-empirical model with 
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 for hourly interval from 8 am to 4 pm. The TOA reflectance values are simulated by 6S model with given specified AOD and Roujean’s BRDF and a continental aerosol is assumed.  
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Fig.2 Sensitivity in the retrieved AOD with up to 5% of random noise. Solid and dash straight lines denote the AOD synthetically specified for two sequential clear sky days. The dot and dash-dot lines with symbols represent respectively the retrieved AOD with random noise.

3 Retrieval Algorithm
Given the difficulty shown in the previous section, a linear regularization method is introduced to perform the retrieval in a less sensitive way. To be able to achieve that, we need to linearise the nonlinear radiative transfer equations before regularization is implemented. 

   The linearization is performed within an AOD range from 0.0 to 0.5 by best fitting to the original nonlinear system. Thus, the linearised system will consist of a matrix of the fitted coefficients (
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) and the AOD and BRDF as variables (
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 is composed of the coefficients obtained after linear fit to equation (5). It is found in the synthetic test of the analysis that the linearised system is ill-conditioned with highly varying condition numbers from case to case. Therefore, further adjustment is required to reduce the order of the condition number by altering half of the original nonlinear system by prescribing that 
[image: image41.wmf]0

=

a

 in equation (5). The attempt is to seek a slightly different system that can still represent accurately the original system but which gives more stable and physically reasonable solutions. The deviation in the retrieved solution from the readjusted system can then be refined to approximate the real AOD and BRDF using the regularization method. 

The primal kernel of the regularization method includes an analysis of singular value decomposition (SVD) and the L-curve criterion for choosing the optimal regularization parameter. The fundamental formulation of the regularization method is as follows:
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The cost function (
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) is a minimization of the residual norm (1st term in of 
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) and the solution norm (2nd term). The selection of the optimal regularization parameter 
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 will decide a proper balance between the two terms in order to well approximate the solutions. The determination of 
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 relies on the L-curve which is the log-log scale plot of 
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 always appears at the corner of the L-curve. 

   However, the L-curve may not be prominent or even appear in some cases when the surface reflectance is low or the AOD is high. This indicates that the retrieval of BRDF and AOD has become dominated by a higher degree of nonlinearity. As a result, the inaccuracy of the forced linearization brings about the contradiction with the validity of the L-curve [13]. In these cases, we give the smallest singular value as the optimal regularization parameter which will still give acceptable BRDF solutions.

In the retrieval of AOD and BRDF, not any a priori information of the solutions is available. Therefore, we have to determine the regularization offset 
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 empirically according to the synthetic test performed with the TOA reflectance values supplied by the 6S simulation. Due to the inaccurate forward approximation of equation (5), which deviates slightly with the change of geometry, the 
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 is determined with the varying of the satellite viewing geometry.

4 Results and Validation

In this section, the retrieved BRDF and AOD by linear regularization are validated with the helicopter acquired BRDF measurements and in-situ MFRSR (Multi-filter Rotating Shadowband Radiometer) measured AOD. Both of these datasets were obtained in the field campaign of the CERES (Clouds and Earth’s Radiant Energy System) ARM Radiation Experiment (CARE), Oklahoma, in the vicinity of the SGP CART (Cloud and Atmospheric Radiation Testbed) site during August 1998. [14]

   Fig.3 shows that the retrieved spatially averaged BRDF from GOES-10 matches well with the CARE BRDF when the time series of images are properly calibrated and navigated. The retrieved BRDF from GOES-8 unfortunately is affected seriously by the degradation of the satellite sensor [15] (Fig. 4). 

   On the other hand, the AOD retrieved from both satellites have actually deviated up by to 0.19 larger than the MFRSR measured values. This is due to the combined effect of the system bias from linearising the nonlinear retrieval system, measurement noise, navigation problems and error introduced by the assumption of constant AOD during the day selected. However, the resulted deviation is consistent around the adjacent pixels, which can be diminished by re-adjusting the regularization offset (
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) in equation (6) with a direct subtraction of the given constant vector [0.2, 0.2, 0, 0, 0, 0, 0, 0]. This is because the original 
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 is determined based on synthetic test with the 6S simulation. The
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 needs to be readjusted when the GOES measurements are used.

   The AOD retrieved after readjustment (Fig.5, Fig.6) shows a much closer approach to the in-situ AOD (approximately 0.7 for both days). Fig.6 is the result after a GOES-8 calibration slope correction that required an increase of 50% on the pre-launch value. A decrease in radiance values of 7.6% after launch of GOES-8 and a subsequent estimate of 5.6% degradation per year are recommended previously [15]. The AOD plot of GOES-8 without readjustment is actually more noisy than GOES-10. Whereas, Fig. 6 shows a more consistent AOD distribution. 
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Fig.3 Comparison of BRDF retrieved from GOES-10 with CARE BRDF. The target wheat/bare soil field (Lat/Lon: 
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Fig.4 Similar plots as for Fig.3 but for retrieved BRDF from GOES-8. Line symbols are the same as specified in Fig.3. The pre-launch calibration coefficients, however, are used for both GOES-8 and GOES-10.
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Fig.5 AOD retrieval from GOES-10 on 23 (dark blue diamond) and 29 (pink square) August 1998. Retrieval algorithm is applied over a 10 by 10 pixels area. The target pixel locates at the right bottom corner of the selected square area. The pink and dark blue straight lines show the average retrieved AOD for the 10 by 10 pixel regions on 29 and 23 August, respectively.
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Fig.6 Similar plots as for Fig.5 but for retrieved AOD from GOES-8. The constant vector [0.2, 0.2, 0, 0, 0, 0, 0, 0] is subtracted from the regularization offset for both AOD retrievals from GOES-8 and GOES-10. 

5 Conclusion

It is shown that the retrieval of AOD and BRDF is inherently ill-conditioned and ill-posed. By providing enough temporal measurements, the linear regularization algorithm is able to constrain the retrieval system and ensure that reasonable solutions are obtained. The linearization of the nonlinear problem may create a systematic bias. However, a readjustment of the regularization offset can bring the solutions back to reasonable values. 

   Future validation will still need to be performed regarding the feasibility of applying the algorithm to other satellite sensors. It is also essential to have access to high quality in-situ datasets for validation to be carried out properly. Presently, we are investigating the applicability of our approach to polar orbiting satellite observations. 
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0.28363818

0.30303101

0.24117823

0.20621106

0.218

0.23598534

0.18970025

0.1820071

0.22613916

0.1784656

0.12916547

0.26926982

0.29112831

0.23129994

0.18470812

0.195

0.20465139

0.17106843

0.16126761

0.19765225

0.16193374

0.11448594

0.23424116

0.25350222

0.20600464

0.16484748

0.171

0.18243846

0.14965291

0.13958424

0.17625759

0.13960926

0.09665517

0.20979742

0.21580732

0.18167206

0.14192608

0.141

0.15343015

0.13182328

0.1255281

0.14600345

0.11770777

0.08887183

0.17124278

0.16573647

0.14512071

0.12718161



EXPTABLE

		1		2		3		4		5		6		7		8		9		10

		0.25582		0.08008		0.01851		0.19325		-0.01922		-0.30854		0.43498		0.48836		0.23610		0.02763

		0.13352		-0.03047		-0.07386		0.10327		-0.10115		-0.37744		0.27426		0.32337		0.12770		-0.04712

		0.18727		0.15542		0.14483		0.17224		0.13665		0.09948		0.20478		0.22799		0.18358		0.14900

		0.21825		0.17211		0.16411		0.19701		0.16446		0.11380		0.23806		0.26342		0.21058		0.17152

		0.22936		0.19347		0.18105		0.22274		0.17593		0.12602		0.27564		0.28030		0.22273		0.18689

		0.24430		0.20862		0.19952		0.23442		0.19238		0.14490		0.27648		0.28557		0.24761		0.20384

		0.25311		0.21393		0.20048		0.24394		0.20200		0.14893		0.28364		0.30303		0.24118		0.20621

		0.23599		0.18970		0.18201		0.22614		0.17847		0.12917		0.26927		0.29113		0.23130		0.18471

		0.20465		0.17107		0.16127		0.19765		0.16193		0.11449		0.23424		0.25350		0.20600		0.16485

		0.18244		0.14965		0.13958		0.17626		0.13961		0.09666		0.20980		0.21581		0.18167		0.14193

		0.15343		0.13182		0.12553		0.14600		0.11771		0.08887		0.17124		0.16574		0.14512		0.12718

		I. guess		syn. input		exitflag		F. residue

		0.29000		0.23972		-1.00000		0.00050

		0.05100		0.11986		-1.00000		-0.00029

		0.30000		0.17000		-1.00000		-0.00004

		0.20000		0.19800		-1.00000		0.00034

		0.30000		0.21800		-1.00000		0.00005

		0.20000		0.23300		-1.00000		-0.00048

		0.30000		0.23800		-1.00000		0.00013

		0.20000		0.21800		-1.00000		0.00000

		0.30000		0.19500		-1.00000		-0.00020

		0.20000		0.17100		-1.00000		-0.00043

		0.30000		0.14100				0.00026

								0.00004

								-0.00028

								-0.00004

								0.00040

								-0.00014

								0.00002

								0.00016





pvalue

		0.0419		0.0157		0.0153		0.0197		0.0111		0.0351		0.0385		0.0336		0.033		0.0339

		0.0417		0.0036		0.0361		0.0083		0.0489		0.047		0.0059		0.0145		0.0377		0.0463

		0.0083		0.0305		0.0252		0.0414		0.0408		0.0065		0.0261		0.0249		0.0132		0.0154

		0.0188		0.0232		0.0197		0.0402		0.0298		0.0466		0.0061		0.0106		0.0411		0.039

		0.0406		0.0124		0.0171		0.0392		0.0426		0.0025		0.0186		0.0117		0.0009		0.0343

		0.0305		0.0176		0.0201		0.0493		0.038		0.0378		0.0037		0.0467		0.041		0.0339

		0.0351		0.0094		0.0154		0.0237		0.0475		0.0447		0.01		0.0032		0.0311		0.0438

		0.0046		0.0245		0.0206		0.0451		0.0279		0.0143		0.0025		0.0132		0.028		0.0006

		0.0212		0.0205		0.0143		0.0226		0.0007		0.0126		0.0283		0.05		0.0122		0.0155

		0.032		0.0471		0.0354		0.0151		0.0178		0.0434		0.0033		0.0493		0.0312		0.0255

		0.0476		0.0271		0.0131		0.0183		0.0484		0.0187		0.0051		0.0408		0.027		0.0291

		0.031		0.0232		0.0141		0.0222		0.0086		0.016		0.0444		0.0144		0.0085		0.0352

		0.0222		0.0253		0.0362		0.0044		0.0225		0.0281		0.0144		0.0007		0.0318		0.0229

		0.0226		0.0304		0.0056		0.026		0.0352		0.0424		0.0188		0.0479		0.0107		0.0037

		0.0478		0.0088		0.0222		0.0359		0.0261		0.0105		0.0412		0.0383		0.0301		0.0035

		0.0074		0.0311		0.0233		0.0285		0.0466		0.0228		0.0023		0.0333		0.0302		0.0006

		0.0435		0.0123		0.0007		0.023		0.0357		0.0041		0.0299		0.0065		0.033		0.0114

		0.0385		0.0294		0.0332		0.0223		0.0114		0.0426		0.0475		0.0048		0.0092		0.0258





graph

		

				τ1		0.23972		0.23972		0.23972		0.23972		0.23972		0.23972		0.23972		0.23972		0.23972		0.23972

				τ2		0.11986		0.11986		0.11986		0.11986		0.11986		0.11986		0.11986		0.11986		0.11986		0.11986

				8:00am		0.17

				9:00am		0.198

				10:00am		0.218

				11:00am		0.233

				12:00am		0.238

				1:00pm		0.218

				2:00pm		0.195

				3:00pm		0.171

				4:00pm		0.141





graph

		0		0.18726958		0.1554237		0.14482689		0.17224157		0.13665042		0.09948402		0.20478243		0.22799055		0.18358443		0.14899564

		0		0.21824606		0.17210551		0.1641118		0.19701417		0.1644638		0.11379798		0.23805989		0.26341978		0.21058485		0.17152225

		0		0.22935592		0.1934651		0.18105104		0.22273862		0.1759342		0.1260157		0.27564135		0.28029786		0.22272525		0.18688517

		0		0.24430306		0.20861505		0.1995152		0.23441913		0.19238107		0.14489501		0.27647782		0.28557105		0.24761333		0.20384146

		0		0.25311221		0.21393157		0.20047527		0.24394053		0.20199781		0.14892916		0.28363818		0.30303101		0.24117823		0.20621106

		0		0.23598534		0.18970025		0.1820071		0.22613916		0.1784656		0.12916547		0.26926982		0.29112831		0.23129994		0.18470812

		0		0.20465139		0.17106843		0.16126761		0.19765225		0.16193374		0.11448594		0.23424116		0.25350222		0.20600464		0.16484748

		0		0.18243846		0.14965291		0.13958424		0.17625759		0.13960926		0.09665517		0.20979742		0.21580732		0.18167206		0.14192608

		0		0.15343015		0.13182328		0.1255281		0.14600345		0.11770777		0.08887183		0.17124278		0.16573647		0.14512071		0.12718161



Synthetic

1

2

3

4

5

6

7

8

9

10

Time of the Day

Bi-directional reflectance



pgraph

		0.25582464		0.13352032		0		0

		0.08008365		-0.03046776		0		0

		0.01850641		-0.07385839		0		0

		0.19325107		0.10326731		0		0

		-0.01921974		-0.10114618		0		0

		-0.30853922		-0.37743781		0		0

		0.43497533		0.27426187		0		0

		0.48835807		0.32336985		0		0

		0.23610239		0.12769778		0		0

		0.02763332		-0.0471152		0		0



Day 1

Day 2

Day 1 synthetic

Day 2 synthetic

Random Event

Retrieved AOD
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Chart1

		0.25582464		0.13352032		0.23972		0.11986

		0.08008365		-0.03046776		0.23972		0.11986

		0.01850641		-0.07385839		0.23972		0.11986

		0.19325107		0.10326731		0.23972		0.11986

		-0.01921974		-0.10114618		0.23972		0.11986

		-0.30853922		-0.37743781		0.23972		0.11986

		0.43497533		0.27426187		0.23972		0.11986

		0.48835807		0.32336985		0.23972		0.11986

		0.23610239		0.12769778		0.23972		0.11986

		0.02763332		-0.0471152		0.23972		0.11986



Day 1

Day 2

Day 1 synthetic

Day 2 synthetic

Random Event

Retrieved AOD



EXPTABLE

		1		2		3		4		5		6		7		8		9		10

		0.25582		0.08008		0.01851		0.19325		-0.01922		-0.30854		0.43498		0.48836		0.23610		0.02763

		0.13352		-0.03047		-0.07386		0.10327		-0.10115		-0.37744		0.27426		0.32337		0.12770		-0.04712

		0.18727		0.15542		0.14483		0.17224		0.13665		0.09948		0.20478		0.22799		0.18358		0.14900

		0.21825		0.17211		0.16411		0.19701		0.16446		0.11380		0.23806		0.26342		0.21058		0.17152

		0.22936		0.19347		0.18105		0.22274		0.17593		0.12602		0.27564		0.28030		0.22273		0.18689

		0.24430		0.20862		0.19952		0.23442		0.19238		0.14490		0.27648		0.28557		0.24761		0.20384

		0.25311		0.21393		0.20048		0.24394		0.20200		0.14893		0.28364		0.30303		0.24118		0.20621

		0.23599		0.18970		0.18201		0.22614		0.17847		0.12917		0.26927		0.29113		0.23130		0.18471

		0.20465		0.17107		0.16127		0.19765		0.16193		0.11449		0.23424		0.25350		0.20600		0.16485

		0.18244		0.14965		0.13958		0.17626		0.13961		0.09666		0.20980		0.21581		0.18167		0.14193

		0.15343		0.13182		0.12553		0.14600		0.11771		0.08887		0.17124		0.16574		0.14512		0.12718

		I. guess		syn. input		exitflag		F. residue

		0.29000		0.23972		-1.00000		0.00050

		0.05100		0.11986		-1.00000		-0.00029

		0.30000		0.17000		-1.00000		-0.00004

		0.20000		0.19800		-1.00000		0.00034

		0.30000		0.21800		-1.00000		0.00005

		0.20000		0.23300		-1.00000		-0.00048

		0.30000		0.23800		-1.00000		0.00013

		0.20000		0.21800		-1.00000		0.00000

		0.30000		0.19500		-1.00000		-0.00020

		0.20000		0.17100		-1.00000		-0.00043

		0.30000		0.14100				0.00026

								0.00004

								-0.00028

								-0.00004

								0.00040

								-0.00014

								0.00002

								0.00016





pvalue

		0.0419		0.0157		0.0153		0.0197		0.0111		0.0351		0.0385		0.0336		0.033		0.0339

		0.0417		0.0036		0.0361		0.0083		0.0489		0.047		0.0059		0.0145		0.0377		0.0463

		0.0083		0.0305		0.0252		0.0414		0.0408		0.0065		0.0261		0.0249		0.0132		0.0154

		0.0188		0.0232		0.0197		0.0402		0.0298		0.0466		0.0061		0.0106		0.0411		0.039

		0.0406		0.0124		0.0171		0.0392		0.0426		0.0025		0.0186		0.0117		0.0009		0.0343

		0.0305		0.0176		0.0201		0.0493		0.038		0.0378		0.0037		0.0467		0.041		0.0339

		0.0351		0.0094		0.0154		0.0237		0.0475		0.0447		0.01		0.0032		0.0311		0.0438

		0.0046		0.0245		0.0206		0.0451		0.0279		0.0143		0.0025		0.0132		0.028		0.0006

		0.0212		0.0205		0.0143		0.0226		0.0007		0.0126		0.0283		0.05		0.0122		0.0155

		0.032		0.0471		0.0354		0.0151		0.0178		0.0434		0.0033		0.0493		0.0312		0.0255

		0.0476		0.0271		0.0131		0.0183		0.0484		0.0187		0.0051		0.0408		0.027		0.0291

		0.031		0.0232		0.0141		0.0222		0.0086		0.016		0.0444		0.0144		0.0085		0.0352

		0.0222		0.0253		0.0362		0.0044		0.0225		0.0281		0.0144		0.0007		0.0318		0.0229

		0.0226		0.0304		0.0056		0.026		0.0352		0.0424		0.0188		0.0479		0.0107		0.0037

		0.0478		0.0088		0.0222		0.0359		0.0261		0.0105		0.0412		0.0383		0.0301		0.0035

		0.0074		0.0311		0.0233		0.0285		0.0466		0.0228		0.0023		0.0333		0.0302		0.0006

		0.0435		0.0123		0.0007		0.023		0.0357		0.0041		0.0299		0.0065		0.033		0.0114

		0.0385		0.0294		0.0332		0.0223		0.0114		0.0426		0.0475		0.0048		0.0092		0.0258





graph

		

				τ1		0.23972		0.23972		0.23972		0.23972		0.23972		0.23972		0.23972		0.23972		0.23972		0.23972

				τ2		0.11986		0.11986		0.11986		0.11986		0.11986		0.11986		0.11986		0.11986		0.11986		0.11986

				8:00am		0.17

				9:00am		0.198

				10:00am		0.218

				11:00am		0.233

				12:00am		0.238

				1:00pm		0.218

				2:00pm		0.195

				3:00pm		0.171

				4:00pm		0.141





graph

		0		0.18726958		0.1554237		0.14482689		0.17224157		0.13665042		0.09948402		0.20478243		0.22799055		0.18358443		0.14899564

		0		0.21824606		0.17210551		0.1641118		0.19701417		0.1644638		0.11379798		0.23805989		0.26341978		0.21058485		0.17152225

		0		0.22935592		0.1934651		0.18105104		0.22273862		0.1759342		0.1260157		0.27564135		0.28029786		0.22272525		0.18688517

		0		0.24430306		0.20861505		0.1995152		0.23441913		0.19238107		0.14489501		0.27647782		0.28557105		0.24761333		0.20384146

		0		0.25311221		0.21393157		0.20047527		0.24394053		0.20199781		0.14892916		0.28363818		0.30303101		0.24117823		0.20621106

		0		0.23598534		0.18970025		0.1820071		0.22613916		0.1784656		0.12916547		0.26926982		0.29112831		0.23129994		0.18470812

		0		0.20465139		0.17106843		0.16126761		0.19765225		0.16193374		0.11448594		0.23424116		0.25350222		0.20600464		0.16484748

		0		0.18243846		0.14965291		0.13958424		0.17625759		0.13960926		0.09665517		0.20979742		0.21580732		0.18167206		0.14192608

		0		0.15343015		0.13182328		0.1255281		0.14600345		0.11770777		0.08887183		0.17124278		0.16573647		0.14512071		0.12718161



Synthetic
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pgraph

		0.25582464		0.13352032		0		0

		0.08008365		-0.03046776		0		0

		0.01850641		-0.07385839		0		0

		0.19325107		0.10326731		0		0

		-0.01921974		-0.10114618		0		0

		-0.30853922		-0.37743781		0		0

		0.43497533		0.27426187		0		0

		0.48835807		0.32336985		0		0

		0.23610239		0.12769778		0		0

		0.02763332		-0.0471152		0		0



Day 1

Day 2

Day 1 synthetic

Day 2 synthetic

Random Event

Retrieved AOD
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		9:00am		9:00am

		10:00am		10:00am

		11:00am		11:00am

		12:00am		12:00am

		1:00pm		1:00pm

		2:00pm		2:00pm

		3:00pm		3:00pm

		4:00pm		4:00pm



1 day1

1 day2

0.0419

0.032

0.0417

0.0476

0.0083

0.031

0.0188
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0.0406
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0.0305
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0.0351

0.0074
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0.0435
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		1:00pm		1:00pm
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10 day1

10 day2

0.0339

0.0255

0.0463
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0.039

0.0229

0.0343

0.0037

0.0339
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0.0438
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0.0006

0.0114

0.0155

0.0258
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