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Welcome to TropoServer

Thank you very much for using «TropoServer» - Aerosol Characteristics Calculating Program.
We believe that you'll quickly feel comfortable with «TropoServer».

We even think you will enjoy it soon.

This manual will let you get acquainted with the basic functionality of «TropoServer».
Let's have a look at the user interface to get started...

Use the table of contents on the left to navigate by clicking on it.




Synopsis

Current document contains information concerning operator’s actions while using «TropoServer» program
to calculate optical characteristics of atmosphere aerosol with possibility to export results into MS Access
database.

Considered questions of proper installation, configuration, program starting and ending, as well as the
functionality thereof, including the choice of mathematical libraries for data processing, assignment of
atmospheric model input and other essential parameters.

Current version is 5.14.9.17.




Hardware and software requirements

Requirements for hardware

e CPU atleast 1 GHz;

e RAM volume mostly defined by the number of records in database. Recommended at least 2 GB;
e free HDD space mostly defined by the size of databases;

e SVGA True Color Graphics Adapter with resolution 1024x786 pixels at least.

Requirements for software

e Microsoft Windows XP and above;

e Microsoft Excel and Access 2000 and above;

e  Microsoft Visual C++ 2005 redistribution libraries (must be installed separately);
e escape.dll library (included with «TropoServer» installer);

o CIRA.xIs file (included with «TropoServer» installer);

e Fortran dynamic library dfort.dll (included with «TropoServer» installer);

e mathematical processing library lidbscat.dll or another one (included with «TropoServer» installer).




Purpose of the program

A software module «TropoServer» for remote sensing data processing and calculation of atmospheric
aerosol characteristics is part of the software package «TropoSuite» for mathematical manipulation of
databases lidar measurements. It is designed to calculate the aerosol microphysical parameters and store it
in the standard MS Access database.




Program execution

Adjusting the program
During the initial launch the program configured independently using default settings.

Data are stored for reuse in the file «prm.ini», automatically created in the folder location of the program.
This is a plain text file that can be edited manually.

This file contains several logical sections with the keys, features a method of calculation and presentation of
data on the screen when the program starts.

Program interface

Common view of the program is represented at figure 1.
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Figure 1




The end of the work is done by pressing the key combination «Alt + F4», or by selecting the button «Exit»
(figure 2).

Figure 2
Screenshots for comparison

Only fields with blue background in grid table are editable.

For comparison taking screenshots display areas untreated (figure 3) and treated (figure 4) profiles.

Figure 3

Figure 4




Toolbar

Toolbar is not too complex and very intuitive. It consists of the following elements or keys (figure 5).

R IR R A R I

Load DB Save D5 LoadLb Notes Process. Darameters

i3

0O | v 0

Left Deimiter Right

Figure 5
Selecting and loading the measured lidar database for processing
Press «Load DB» button (figure 6) and select desired database (figure 7).

Y

Load DB

Figure 6

Load Database File 23
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Figure 7
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The main screen will appear (figure 8).

‘ TropoServer - D:\Projects\TropoSuite\TropoExport\Debug\mi1006#0002.mdb

Q{ole{oe|l x|t {=zl&s{alT?T{O(*{O0O]O0( W

Load DB Save DB Load Lib Model Hotes Process Parameters CIMEL Shrink Enlarge Filter Left Delimiter Right About Exit

Rank Local ‘ Date ‘ Time ‘Lﬂmbdﬂ‘ Bad ‘A[x:nm‘ltnith‘ltft‘lliﬂht‘lhckscﬂﬂ:r‘]nl:gml‘Bﬂs:‘RDI‘RDI‘RGI‘RGI‘RGS‘AIEE‘PD‘PG‘CI’HH‘(LR‘ Alt ‘LOIIQ‘LH[d‘PoIar‘StED‘Ml NZ‘[nEmV‘Mnlineﬂr‘Mollivncl Sync ‘[“]
HERNS o mi1006=0002.000 2010-06-17 10:10:10 355.0 1588.923 2000 0.0 0 1999 o o o 0 1999 o o o [ o 0 200.0 27.60 53.92 2 15.0 0 1909 0.000010 0.10 lﬂlﬂl
i 5 2 mi1006=0002.002 | 2010 0:10:10 5320 1313718 2000 0.0 0 1999 o 0 0 o018 0 0o 0 o o 0 02000 5392 0 150 ©0 1988 2778 0.000010 0.10 1.00
Jraght 3 mi1006=0002.003 2010- 7 10:10:10 532.0) 429.658| 2000 0.0 0| 1999 0 0 o 0 1999 0 o 0 0 0 o 0 200.0 53.92 1 15.0 0 1998 1200 0.000010 0.10, 1.00
e 6 mi1006=0002.006 2010- 2:45:45 1064.0° 3519 0.0 0| 1999 0 0 o 0 1999 0 o 0 0 0 o 0 200.0 53.92| 0 15.0 0 1998 2680 0.000010 0.10, 1.00

Figure 8
Profile selection

After database loading the first record in a grid table is highlighted by default.

Any other record can be selected simply by using the mouse as shown in figure 9

Mark| Locall | DStart TStart | TStop | Accum| Wavelen|Polar| Bgd | Zenith| Altitude| Step | Honlinear| Honsync| Sync| Reg Hum| Left] Right | Base| RD1| RD2 | RG1| RG2|RG3| RP| LR [REOMT| RE OAT| RE GBS CIMEL] d-Factor| k-Factor
1000 10640 0  2.37e+002 0.0 200.0 15.00 0.000000 0.00 0.00 164 0 1999 0.00 199 399 2 4 8 599 50.00 0.10 0.02 0.10 0.20 0.00 0.00
1000 355.0 0 | 4.12e+002 0.0 200.0 15.00 0.000000 0.00 0.00 161 0 1999 0.00 199 399 2 4 8 599 50.00 0.10 0.02 0.10 0.20 0.00 0.00

5320 2 200.0 0.000000 0.00 0.00 163 1999 0.00 199 399 0.10 0.02 0.10 0.20 0.00

w‘niu A‘u?l-n

1000 11324003 0.0 15.00 0 2 4 8 5% 50.00 0.00
3997 10640 0  1,70e4002 0.0/ 200.0 1500 0,000000 0.00 0.00 164 0 1999 000 199 399 2 4 8595000 010 002 0.0 020 0.00 0.00
2043 3550 0 593002 00 2000 1500 0.033000 0.00 0.00 161 0 1999 0.00 199 399 2 4 85995000 010 002 0.0 020 0.00 0.00
4008 5320 3 1224002 0.0/ 200.0 1500 0.000000 0.00 0.00 162 0 1999 000 199 399 2 4 8595000 010 002 0.10 020 0.00 0.00
mi12090002.007 2012-09-10 07:39:03 07:46:41 4003 5320 2 5.82e4002 0.0 200.0 15.00 0,000000 0.00 0.00 163 0 1999 0.00 199 399 2 4 85995000 010 002 0.0 0.20 0.00 0.00

Figure 9
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Math library selection for calculations

At the moment, the following are turned mathematical algorithms performing the functions of processing
the raw data:

e restoration of the backscattering coefficient at the single-wave sensing;

e restoration of the backscattering coefficient at multi-wave sensing;

e restoration of the backscattering coefficient at sounding together with the sun photometer;
e restoration of the backscattering coefficient when defining variable height lidar ratio.

Press “Load Lib” button (figure 10) and select desired math processing library (figure 11).

Load Lib
Figure 10
Load Fortran Library File ﬁ
Look in: |E}F{elease kl @ ? ® [
P % PMM-1.dll
-
Recent
Deskiop
Mleocumerds
g:! Fle ame: PMM-1dl v [Loeen ]
My Computer | Fieg of type: | Liprary files ("l v] [ cance ]
Figure 11




Atmosphere model selection

Press “Model” button to select atmosphere model for calculations (figure 12).

Figure 12

Mark the desired atmosphere model or select a user-defined (figure 13).

Figure 13

Note that the user's model of the atmosphere can be applied in the case where a local weather station data
is available. It is necessary to prepare a table modeled as CIRA.xls (Canadian Internet Registration Authority).

Define raw data smoothing parameters

Change smoothing parameters in the grid table (figure 14).

Rank Local ‘ Date | Time ‘Lamhda‘ Bgd ‘Mcum‘zaniﬂn‘leﬁ|n‘ght|nacksmtter|lntegral|Base|RDl‘RD2|RGI‘nG2|RIB‘AN3a‘PD‘PG‘C[M‘(LI\‘ Alt |Lnng|Latd|Pnlar‘Step‘ll1‘ NZ‘Energv|Nnnlinﬁar‘Hmsvnc| Sync ‘

1 | mi0705#0001.000.TE 2007-05-02| 12:08:34 532.0 650,758 20000 0.0 0 1999 0 0] 0 0] 1999 0 0 0 0o 0 02000/ 27.60/53.92| 2 | 15.0| 0| 1999 1650/ 0.000000 0.00; 0.00
2 | mid705#0001,001 | 2007-05-02) 12:08:34| 1064.0 145018 20000 0.0 0] 1999 0 0 0 0189 o 0 0 00 0 0/200.0|27.60/5352) 0 |150| 01993 2723 0.000000 0.00 0,00
3 | mi0705£0001.002 |2007-05-02|12:08:34  355.0/451.933 200000 0.0 0| 1999 [1) 0 0 o0/1% 0o 0 00 0 0/200.0|27.60/53.92) 0 | 150 01993 3150/ 0.000000 0.00 0.00

0
T W 09 0 w® 0 (0 om® 3 0 0 00 o omoFms® 1 50 0% W2 ogmw

Figure 14
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Each plot can be smoothed for three regions defined by delimiters (strobes) in the fields «RD1» and «RD2».

The degree of smoothing is determined by the number of strobes (RG * 2 + 1) involved in averaging

(fields «RG1», «<RG2» and «RG3»), for each region in separate and neatly linkable onto delimiters «RD1» and

«RD2», as shown in figure 15.

lRDl] RDZ’ RGII RG2| RG3| RP

199 399 2 4 8 599
199 399 2 4 8 599
199 3%9 2 4 8 599
199 399 4 8 599
199 398 2 8 593
199 399 2 4 8 599
199 3% 2 4 8 599
Figure 15

Profile before smoothing (figure 16)

Profile after smoothing (figure 17)

Figure 16

Figure 17




Cutting left and right borders

Artificially limit the processing range can be by excluding the left and right borders with the arrow keys
«Left Stop» and «Right Stop» respectively, as shown in figures 18-21.

ey

Left Stop

Figure 18

Figure 19

o

Right Stop

Figure 20

Figure 21




Define additional parameters

Press «Parameters» button to change processing parameters if needed (figure 22).

Parameters

Figure 22

Change any parameters for calculations (figure 23).

Ref Point | Lidar Ratio | LR Error | Ref Backs (E-8) | RB RMS (E-8) | MS Error

50.000000| 0.200000 3.000000 1.000000) 0.010000
50.000000| 0.200000 3.000000 1.000000) 0.010000
50.000000| 0.200000 3.000000 1.000000)  0.010000

50,000000 0.200000 3.000000 1.000000| 0.010000

Figure 23

The lower table allows you to specify an aerosol lidar ratio on the track sounding a three-link piecewise

constant parameter. The boundaries of the segments defined by the numbers of first N, and last N
strobes of the working interval.

The value of the aerosol lidar ratio in the interval is P .




Define photo-receiver characteristics

Characteristic fields of photo-receiving modules shown at the grid fields as per figure 24.

TropoServer Operating Manual

Non Iinear| Hunsvnc| S\mc|

0.000000 0.00 0.00

0.000000 0.00 0.00

0.000000 0.00 0.00

0.000000 0.00 0.00

0.000000 0.00 0.00
Figure 24

One of the most important parameters registration lidar signals are linear (non-linearity) output

characteristics of transformation (field «Nonlinear»), ie, dependence of the amplitude of the output signal vs
the intensity of the backlight. The linearity of the output characteristic is very important to select the correct

measurement. This characteristic is determined by a special method during debug for each module

separately.

Field «Sync» describes interferences introduced by internal generator pulses of module (figure 22).

Field «Nonsync» describes interferences depended on parameters of amplifier and introduced by capacity-

resistive circuit of module (figure 25).

You can play these parameters in order to observe real changes.

PHOTO-RECEIVING MODULE
MB-01 SERIES

Serial number- A.4.10.14.4.5.53
Type of photo-receiver— FEU-84
Operating Voltage - 1350V

Signal digitations - 14 bits/10 MHz
Interface - High-speed U 5B-2.0

Power supply:
+5 V, 500 mA
Linearity
11
1.0
R PP S ) [+
BEE ||
08
[-F-23
[F]
1 1o 100 1000 10000 1
Out put value

Figure 25




Artificial background compensation

It is possible to manually compensate the background by introducing positive or negative additive in the
«Basev field (figure 26).

Figure 26
Compare with figure 3.

Reference point (another words, strobe), field «RP», inside lidar profile is selected from the following
considerations:

e minimal aerosol scattering;
e sufficient accumulation to avoid the random noise.

Aerosol lidar ratio, field «LR», can be set artificially, if known. Default value is equals to 50.
Setting relative errors

Calculated relative errors in the determination of the molecular optical thickness (field «RE_OMT»), the
aerosol optical thickness (field «RE_OAT») and lidar ratio (field «<RE_LR») can be adjusted in the appropriate
fields of the grid table settings, as shown in figure 27. Default values are specified.

| REGI'-'IT| R.Eﬂ.ﬁ.'l'| R.ELR|
0.10 0.02 0.10
0.10 0.02 0.0
| 0.0l 002 0.10
0.10 0.02 0.10
0.10 0.02 0.10

Figure 27




Field «<RE_OAT» contains the relative error value of the total aerosol optical thickness measurements by sun
photometer (or obtained by other means), if available, otherwise the default value is used.

Field «cRE_OMT» contains the relative error value of the molecular optical thickness.

Field «<RE_LR» contains the relative error value of the lidar ratio.

Using Gaussian random number generator

The program has a mechanism for the generation of additional “white” Gaussian noise by using a random
number generator. If a predetermined operation of adding a “white” noise is allowed, the field «d-Factor»
and «k-Factor» becomes editable, otherwise - no.

«D-Factor» is the coefficient multiplying the amplitude of the noise taken from a prepared table «noise.xls».
«K-Factor» is the distortion factor of amplitude.

For the implementation of noise reduction it is necessary to fill the column in the table «noise.xls» for all
channels (file attached as a sample) values obtained from the website http://www.random.org/gaussian-

distributions/ or any other way performing the same function. Do not forget to make sure that you fill in the
full scope of the strobes.

Plot area manipulations

As can be seen in figure 1, the program interface is provided with two plot display areas, upper and lower.
Manipulation applied to one of the areas are automatically transferred to the other.

The lower pane displays the raw data, calculated as:

(signal - background) * distance square / atmospheric correction factor
In the upper region data is calculated as:

dispersion error of the effective lidar signal

Normalization is done by calculating the plot of maximum on the interval defined by the restriction of the
right border with a special slider (figure 28) in a percents of the full range, as shown in figure 29.

Figure 28



http://www.random.org/gaussian-distributions/
http://www.random.org/gaussian-distributions/

Figure 29
There are two options for positioning the reper:

e set up the manipulator to the desired point of the display area and click on the right button;
e use the scroll mouse wheel for smooth manipulator to increment or decrement shift of the reper.

Implemented two ways to limit the scope of observation:

e use horizontal and vertical sliders in the usual manner, as is done in Windows;
e press and hold the left button of the manipulator, to outline the desired boundaries, then release the
button, as shown in figure 30.

Figure 30

Double click on left mouse button to restore plot to default view state.




Zero line scaling

Zero line (in a white color) can be redefined by the buttons «Enlarge» and «Shrink» (figures 31-32), see the
figure 33.

(FAY
Enlarge Plot

Figure 31

N
Shrink Plot

Figure 32

Figure 33

This operation can be very useful for evaluate the behavior of the signal at the tail of the lidar profile relative
to the zero line.

Compare with figure 3.
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Start calculation process

The program allows you to handle multiple profiles simultaneously. Just check the box «Mark» with any
number to secure the entry list (figures 36 and 37).

Mark _ Localip | ostart | start | Tstop | Accum|Wavelen| polar| Bgd | zenith] Atttude] step|ontnear  Honsync| Sync| Reg um Left| mioht| Base [ R0 ro2| 61 [re2| a3 re | Lr [Re orrr] re oa| e Gas| et [d-ractor|icractor | -
1  mi120920002.000 2012-09-03 06:21:31 06:23:11 1000 10640 0 2.37e+4002 0.0 200.0 1500 0.000000 0.00 0.00 164 0 1999 0.00 199 399 2 4 8 599 50.00 0.10 0.02 0.10 0.20 0.00 0.00

mi120920002.001 2012-09-03 06:21:31/06:23:11 1000 3550, 0 | 4.12e4002 0.0 200.0 15.00 0.000000 0.00 0.00 161 0 1999 000 199 399 2 4 8599 5000 0.0 0.02 010 020 0.00 0.00

|1 | m120920002.002) 2012.09-03] 06:21:31] 06:23:11]__1000] __532.01 3 | 1.65e4002 00| 200.0 115.00] 0.000000 __0.00l 0.000 162 | ol 1999 000 199l 9 2l 4 85995000 0.0l 002 0.0l 0.0 000 000
200.0 199 399 0.10 0.02 0.10 0.20 0.00

mi120920002.003 2012-09-03 06:21:31|06:23:11 1000 5320/ 2 | 1134003 0.0 1500 0,000000 0.00 0.00 163 0 1999 0,00 2 4 8 599 50,00 0.00

1 mi120920002.004 2012-09-10 07:39:03 07:46:41 3997 10640, 0  1.70e4002 0.0 2000 1500 0,000000 0.00 000 164 0 1999 000 199 399 2 4 8599500 010 002 010 020 0,00 0.00
mi120920002.005 2012-09-10 07:39:0307:46:41 4043 3550/ 0 5934002 0.0 200.0 1500 0.000000 0.00 0.00 161 0 1999 0.00 199 399 2 4 85995000 0.0 0.02 010 020 0.00 0.00

1 mi120920002.006 2012-09-10 07:39:03 07:46:41 4008 5320, 3 | 1.22e4002 0.0 2000 15.00 0000000 0.00 0.00 162 0 1999 000 199 399 2 4 85995000 0.0 002 010 020 0.00 0.00
mi120920002.007 2012-09-10 07:39:03 07:46:41 4003 5320, 2 | 582e+002 0.0 200.0 15.00 0.000000 0.00 000 163 0 1999 0.00 199 399 2 4 85995000 0.0 0.02 010 0.20 0.00 0.00 _

Figure 36

Figure 37

Press «Process» button to start calculations (figure 34).

Process

Figure 34
Smoothing calculated plot

If necessary, smooth the profile obtained processing result by pressing the «Delimiter» button (figure 35)
and is given gate in the grid table for averaging.

) 4

Delimiter

Figure 35




Saving results
Press «Save DB» button to store results into database (figure 36).

&)

Save DB

Figure 36

Program version info

Press «About» button (figure 37) to become familiar with the current version of the program (figure 38).

o

About

Figure 37

VYersion 5.2013.05.29
Programmed by Sergei Denisov

‘Special thanks for a coffee cups
Tamarz Skroiskaya

‘Special thanks for mathem
Bnztol Chakowsky
Natz z Baiashevich

.-
[}

Figure 38




Error messages

In the case of erroneous actions of the operator program inform of the pop-up window prompts, for
example (figure 39).

Figure 39

Mathematical algorithm of data processing

Input signal

The input signal is the output signal of the program Synthesizer:

o A wavelength, given parameter in the database;
* *
P =P (In); ne(NLN2) lidar signal, icon (*) denotes a measured value. The values of the primary
and the synthesized signal are recorded in the OLEData array into field “Array”;

*
. background value recorded in the parameter “Background” field, in the synthesized (joint) signal is
always equals to zero;

* * *

. Bn background for the raw signal, By =B effective background for the synthesized signal, specified
as an array into field “Barray”;

e accumulation value in the raw signal is stored into field “Accumulation”. In the synthesized signal is
stored into “Aarray” field array;

Z . . . ) . . . - . .

. 0 zenith angle for the raw signal into field “Zenith”, in the synthesized (joint) signal — 3eHUTHbII yron
Tpaccbl, Ha KOTOPYHO NPOEKTUPYIOTCA BCE IMAAPHbIE CUTHANbI, 3aMMCaH B CTPOKE NMapameTpoB B AYeiKe
“Zenith”;

Z Z,n=7 o

. N nna npocroro curHana N 0 g CUHTE3NPOBAHHOM CUTHaNe — 3eHUTHbIN Yroa Tpacchl, No
KOTOPbIM NPOU3BOAUTLCA 30HANPOBaHME, 3anncbiBaeTca maccuBom ZenithArray (B Excel Tabaunue —
“ZArray”)




* * *
N (n) 5 N (n)=P,
- UCXOAHbIW CUTHaN, ANA NPOCTOro CUrHana ; D151 CUHTE3MPOBAHHOIO CUrHana ??7?
* * *
N . N (n)=P, o
. is initial signal (for a simple signal and for a synthesized signal ???)
*
N (n) .
° 3anucaH maccueom OriginalSignalArray, (8 Excel Tabaunue — SArray);
*
N () R . .
° is written by array OriginalSignalArray, (in the Excel table it corresponds SArray);

e Tabnuua CIRA — pernoHanbHas mogens atmocdepsl, xls — darin.

e Table CIRA represents regional atmospheric model (see the corresponding xls file).

4.2. NapameTpbl ana o06paboTkun
4.2. Parameters for the data processing

- B - Base — gononHnTenbHasa K d)OHy NOCTOAHHAA COCTAaBAAOLWAA,
onpeaendaeTca B Ta6J'II/ILI,e rMaBHONro MeHK NPorpammel TropoServer;

-Bor Base is an additional to the background constant component that is
defined in the Table by the basic menu of the computer code TropoServer;

- N1, RD1, RD2, N2 — rpaHMYHble TOYKU LLKaNbl PACCTOAHUA NPU YyCPeaHEHUN;
RD1, RD2 onpeaenatotca B Tabanue rnaBHoro meHto nporpammbl OpticalCalculator;

- N1, RD1, RD2, N2 are the boundary points of the distance scale after
the averaging; RD1, RD2 are defined in the Table of the main menu of the
code OpticalCalculator;

- RG1; RG2; RG3 — 3HaYeHUA NONYLIMPUHbI OKHA ycpegHeHua M, (4ncno

CTpo60B) B rpaHMYHbIX To4YKax (RD1; RD2, N2). B rpaHnyHOM TouKe N1 oKHO
ycpeaHeHua pasHo 0; onpeaenaoTca B TabMue raBHOro MEHIO NPOrpammbl
OpticalCalculator;

- RG1; RG2; RG3 are the values of the half-width of the window averaging
(number of gates) at the boundary points (RD1; RD2, N2). At the boundary point N1




averaging window is equal to 0. These values are defined in the table of the main
menu of OpticalCalculator;

- S — War AucKpeTnsaymu;
- sis the sampling step;

- pa()=ga(A1)! Ba(A,1) - aspo3onbHOE MnaapHoe OTHOLWeHUe; BBOAUTCA

Tabnnuen meHto Parameters, oTKpbiBaemon KHonKow Parameters B Tabanue
rMaBHOro MEHI0; 3a4aeTCA KaK KOHCTaHTa UM KYCOYHO-MOCTOAHHAA;

- pa() =54, 11 B4(4,1) is the aerosol lidar ratio, which is defined by the basic

menu in the Table of parameters. The menu can be opened by the button
Parameters in the Table of the basic menu (is defined as a constant or piecewise
constant);

= Pm=&mA.N)! fn(A,n) =87/3=8.377 - moNeKynapHoe nnagapHoe oTHoLWeHne

molecular lidar ratio;

- A - A/IHa BOJIHbI, 3a4aeTcsa napametpom 2?72 wavelength is defined by
parameter ???

__%Pn()
Y ()

paccesHNA MONEKYNAPHOTrO paccesHUs; BBOAUTCA U3 TabauLbl MeHo

- OTHOCUTE/IbHAA NOrpewHOCTb OULEHKN NMOKa3aTenA O6paTHOFO

Parameters, oTKpbiBaeMol KHOMKoM Parameters B TabnLe rNaBHOrO MEHI0;
3a4aeTcA KaK KOHCTaHTa;

__%Pn()
Y ()

coefficient, which is introduced from the table menu Parameters. It can be

is the relative error of the estimated molecular backscattering

opened by Parameters button in the table of the main menu and is defined as a
constant value.




g=Pa

a

relative error of the estimated lidar ratio;

- OTHOCUTE/IbHAA NOrpewHOCTb OUEHKN NN AAPHOIo0 OTHOLWEHNA is the

-V - napameTp HeJIMHEMHOCTU KaHana peructpaummn; onpegenaertcsa
napameTpom nonleniar B Tabanue rnaBHOro MeHo NPorpammbl
OpticalCalculator is the nonlinearity parameter of the registration spectral
channel, which determined by the nonleniar parameter in the table main menu
OpticalCalculator;

- g - aMNAMTyAa Wyma TEMHOBOIO TOKa M C/Iy4alHOro Wyma B KaHane
perncrtpaumm, onpegensetcs napametrpom Nonsinchron B Tabauue rnaBHoro
MeHto nporpammbl OpticalCalculator is the amplitude of the dark noise and
random noise in the channel registration, which is defined by the parameter in
the table Nonsinchron main menu of OpticalCalculator;

- U - aMNInTy4a CUHXPOHHOM NOMEXM B KaHane pernctpauum, onpegenserca
napameTpom Sinchron B Tabanue rnaBHoro meHwo nporpammel OpticalCalculator
is the synchronous amplitude noise in the channel registration, which is defined
by the parameter in the table Sinchron main menu OpticalCalculator;

- g - KoappumumeHT Apob6OBOro Wyma B KaHaNe PErncTpaLmmn, XapakTepPUCTUKA
KaHana perncrpauuu; BBogMTca napameTpom shot_noise B danne prn.ini
nporpammHoro naketa OpticalCalculator is a shot-noise ratio in the channel
registration. We introduce this important characteristic by parameter
shot_noise in the prn.ini file of OpticalCalculator software package;

4.3. MpepBaputenbHasa 06paboTka
4.3. Preliminary data processing

npOVI3BOLI,F|TCF| onepaunu:

The following operations are performed:




- pacuet curHana signal calculations B, =P (1,)-B - B

- OCpeaHeHUE CUrHana c I'IOﬂVLIJMpVIHOVI OKHa Ay, VI3M€HFHOLLI,€I\/'ICFI JIMHENHbIM

obpa3om no WKane pacctosiHnii co 3HadeHuamm (0, RG1; RG2; RG3) B rpaHMYHbIX
Toukax (N1, RD1; RD2, N2)/

Averaging of the signal under the half-width of the window A,,. In so doing, the

half-width is changed linearly on the distance scale with values (0, RG1; RG2; RG3) at
the boundary points (N1, RD1; RD2, N2) /

n+A, -
<F3’:>:2A:+1 2 (P”) )

n+A,

4.4. Pacuet noKasaTtensa obpaTtHOro pacceasHuUsa MmoneKkyaapHou atmocdepbl
4.4. Computations of the molecular backscattering coefficient

MpeaycmaTpuBatoTCA TPU BapuaHTa pacyeta MOJIEKYAAPHON Moaenn??? (NNOTHOCTU

atmocdepbl).

There are three ways of how to compute the molecular model (the density of the

atmosphere).

a)- CmaHoapmHaa modesns ammocgepsi Standard model of the atmosphere:
Pacyem nokazameneli monekynapHo20 ocnabaeHua??? u o0bpamHo20 pacceaHusA:
Computations of the molecular extinction and backscattering:

[ns pacyeTa nokasatenein MoONeKyNAPHOro ocnabaeHns n pacceaHusa UCNonb3yTca

OUEHKN U Ta6I'II/ILI,bI, noayyeHHbIE B pa60Tax:

To compute the molecular extinction and backscattering we use data from the

following references:




1. Cloud-Aerosol Lidar Infrared Pathfinder Satellite Observations. CALIOP
Algorithm Theoretical Basis Document. Document No: PC-SCI-201. 2006.

2. Rayleigh scattering coefficients and linear depolarization ratios at several
EARLINET lidar wavelengths. Volker Freudenthaler, Feb. 2010, version 1.4d

CnekTpasibHble 3aBUCUMOCTM KoapoduumeHToB B GOpMynax, Onpeaenatomx
NOKa3aTe/IM  MONEKYNAPHOro ocnabneHma U pacceAHua, annpPOKCMMUPYIOTCA
aHANUTUYECKMMM BbIPAXKEHUAMMW N COOTBETCTBYHOT pe3yabTaTam pacyeTtoB B [1, 2] ¢

TOYHOCTbIO A0 0.1%.

The spectral dependence of the molecular extinction and scattering are
approximated by analytical expressions and the approximation errors are within 0.1%
as compared with the reference data in [1, 2].

[NoKa3aTenb MONEKYyNIAPHOro pacceaHna oy (n,A) Ha pacctoaHuun |, =ns

paccymTbiBaeTca no ¢opmyne

The molecular scattering coefficiant o,(n, 4) at the distance I, =ns is calculated using

the following equation

(nsxcosZ,y)+Hy) M R* R* Y )
(nchosQ0)+HO)$V—VCS(MC’(”S cos(Zy)+Ho)= 2

— 287.05287C, (A)d(nsx cos(Z,) + H, 1/ m]

on(N2) =C, ()=

H, =nsxcos(Z)+H,) - BbicoTa Haj ypOBHEM MOPA.
where H, =nsxcos(Z)+H,)is altitude above sea level.
3pecb: Z - 3eHUTHbIN yron; H, - BbICOTA pa3meLLeHma Anaapa Hag, yPoOBHEM MOPA.

Here Z is zenith angle and H, is the lidar altitude location above sea level.




MapameTtp Cs(1) onpeaenaerca Gpopmynon:

Parameter C4 (1) is defined by the equation:

Cs(A) = o.01(a+ bA T; [K /(Pa*m)] (3)
A[nm],
roe where a=-21.693798344267826;
b=0.00087342438635830215;
c=2.2366776150227192;

d=0.55824437003908689

Moka3aTenb 06PaTHOro MOJIEKY/IAPHOrO pacceaHua onpeaenseTca Gopmyon:

The molecular backscattering coefficient is defined by the following equation:

3 om(nsxcos(Zg)+Hg, 4)

Pm(nA) = ) ) (4)
Nnn
or
Bm(NA) = E;ECS (A\)d(nsxcos(Zy)+Hg)= 34.26441;@ (Md(nsxcos(Zy)+Hg)
81 ket (LAL) M ke (A ALY

87
Pn(1) = 3 ke 1 (4,A4)




rae ke 1(4,A1) - noNpaBoYHbI KO3GPULMEHT, yUUTLIBAIOLLMIA LONHO MONEKYIAPHOTO

BpalaTesibHOro KOMOMHALMOHHOIO CUTHANA B PETUCTPUPYEMOM NUAAPHOM CUrHaNe
[1,2];

where k¢ 1(4,A2) is a correction coefficient that accounts for the proportion of

molecular rotational Raman lidar signal in the recorded lidar signal [1,2];
ke 1 (4, A4) =K (4) — AK(AW (4, A4) (5)
AK(A) =K (A) — kg (4, AA)
B dopmyne (5) napametpbl k. (1), Ak onpeaenatoTca BbipaxKeHUAMM

In equation (5), parameters are defined by the following expressions

kc(k):\/al+a2x2+i—§+i—j, (6)
roe
where
a; = 1.0779363729155738;
a,=-1.4114618324124403E-11;
a3 = 896.96823089693635;
a; = 52062355.046277404
b+l
Ak(L)=ar * +d, (7)

roe  a=5.371109819764088;

b=-1.48754255361213716;




c= 81.002440828712594;

d=0.024633566682161448

MNapameTp W(A4,AA) BblMUCNAETCA U3 BbIPaXKEHUA:

Parameter W(1,AA1) can be defined by the following equation

Xo X X2
W (4,A2) =W (Xg) = j—zexp - i (8)
o b 2b
nnum
or
W(1,AL) =W (xg) =1—e 5 (9)
A=) =700 T a50g
roe
where
11
X =107| = - (10)
A /1+A—/1
A[nm]
b= 42

AA - CNEKTpa/sibHan WUpMHa NHTepdepeHUNOHHOro GMAbTPA B KaHaNe perncTpauum

NMNOapPHOro CMrHana




AZ is a spectral width of the interference filter in the channel registration lidar signal

W(xg) = 0 ecan if xg =0 nand
W (xg) =1 ecnm if xg = o, TO4HEe AL >10nm.

Mpu obpaboTke AaHHbIX MHCTUTYTA PpU3nKM Byaem B6patb AL =4nm naun, B 06paTHbIX
CaHTUMmeTpax — 88.

In the data processing at Institute of Physics we will assume A1 =4nm or, in the
reciprocal centimeters - 88. As this takes place W(xg) ~ 0.75.

4.5. Pacuert BbICOTHbIX Npoduneit gaBneHna n Temneparypbl

4.5. Calculation of vertical profiles of temperature and pressure

P, - aTmocdepHoe gasneHue B a, T,, - TemnepaTtypa B rpagycax KenbsuHa.

[aBneHue n TemnepaTtypa BO34yXa PacCYMTbIBAOTCA NOCAOMNHO.
Pressure and temperature are calculated in layers.

BBegem nepemeHHoe:

Let us consider a variable

rHp

L. =
n r+Hnn

(11)

r - pagmyc 3emnu
where r is radius of the Earth

Toraa TemnepaTypa BO34yXa ONpPeaennTbCA BbiparkeHUEeM:

Then the temperature is determined by the expression:




T, =T +b(L,—Lp), (12)
3HaK * 0603HaqaeT HUXHIOK rpaHULLY CNOA,

The sign™ indicates the lower boundary layer;

*

= (13)
r+Hp,

H, - HWXHAA rpaH1LLa C/108, KOTOPOMY NPUHAANEKMUT CTPO6 n.

H; is the lower boundary layer, which owns the strobe

[JaBneHune onpeaenseTca BblparKeHUsMN:

The pressure can be defined by the following equations

P, =10'9F; (14)
lgP, =1lg P*—S—élg(T" +b(|;“ _L“J ecamif b>0 mamor b<o0. (15)
Tn

0'434?949(: (L - L

lgP, =g P - n) ecnmn if b=0. (16)

MapameTpsbl cioeB aTmocdepbl, UCNOIb3yeMble A5 pacyeTa npodpunen
TemnepaTypbl U gaBaeHMa atmocdepsbl, npuBeaeHsl B Tabanue 1.

Atmospheric parameters used to calculate the temperature and pressure profiles of
the atmosphere are given in Table 1.

Mpumep pacyeta npuseaeH B Excel panne Atmosph_mol_model.xls

A typical example of the calculations are given in Excel file Atmosph_mol_model.xls
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Tabnunua 1 - Tabanua napameTpoB c/10eB aTMocdepbl

Table 1 - Table represents parameters for different Atmospheric layers

Homep . ~ Ak ~
H*(min H(max T b r p*
cnon (min) (max) Oc M R
m m K K/m m m/(c”2) kg/kmol J/(K*kmol) J/(kg*K) Pa
1 287.0528
0 11019 288.15 0.0065 6356767 9.80665 28.96442 8314.32 2 101325

2 287.0528

11019 20063 216.65 0 6356767 9.80665 28.96442 8314.32 7 22632.28
3 287.0528

20063 32162 216.65 0.001 6356767 9.80665 28.96442 8314.32 7 5474.992
4 287.0528

32162 47350 228.65 0.0028 6356767 9.80665 28.96442 8314.32 2 868.0056
5 287.0528

47350 51412 270.65 0 6356767 9.80665 28.96442 8314.32 2 110.9071
6 287.0528

51412 71802 270.65 0.0028 6356767 9.80665 28.96442 8314.32 7 66.94258
7 287.0528

71802 86152 214.65 -0.002 6356767 9.80665 28.96442 8314.32 . 3.956316
8 287.0528

86152 95411 186.65 0 6356767 9.80665 28.96442 8314.32 7 0.363404

b)-Ce30HHaA pe2uoHanbHasas modenb ammocgeps CIRA-86

b) regional seasonal model of the atmosphere CIRA-86

MpeacTtaBneHa cneunanbHon Excel-rabnnuen CIRA.xls.

This model is presented by a special Excel-table CIRA.xIs.




Mogenb 3agaeT npoduan AaBNeHUs U TeMNepaTypbl Ha FPaHNLAX aTMOChEPHbIX
cnoes B CeBepHOM NonyLwapum Ana onpeaeneHHon noaochl WMPoT U
onpeaeneHHoro mecaya.

The model defines pressure and temperature profiles at the borders of the
atmospheric layers in the Northern Hemisphere for a certain latitude band and for a
certain month.

ANMPOKCUMALLAA BHYTPU C/IOA:
Approximation within the layer:

- ANA Temnepatypbl - anHeitHan  T(h)=T(i)+(T(i+1)-T(i))*(h-h(i))/(h(i+1)-h(i))
It is linear for the temperature T(h)=T(i)+(T(i+1)-T(i))*(h-h(i))/(h(i+1)-h(i))

- Ans aasneHunsa — norapupmmyeckn nuHenHas Igp(h)=Ilgp(i)+(lgp(i+1)-lgp(i))*(h-

h(i))/(h(i+1)-h(i))
and log-linear for the pressure Igp(h)=Igp(i)+(lgp(i+1)-Igp(i))* (h-h(i))/(h(i+1)-h(i))




c) - custom model

Mo»KeT ncnonb3oBaTbCA MOAENb, CO34aHHAA Nosib3oBaTenem. MNpeacraBnaeTcs
dannom, aHanornyHbim CIRA . xIs mogenu CIRA.

It is possible to use any other model created by the user. In this case, the custom
model is represented by a file, which is similar to CIRA.xIs of CIRA model.

4.6. PacuyeTt nokasartens 06paTHOro a3apo30/bHOro pacceaHUA

4.6. Computational of the aerosol backscattering coefficient

PacueT nokasartesnn 06paTHOro asapo30/IbHOTO paccesHus B,, =P, (l,) no Tpacce
30HAMPOBAHMUA B TOYKE N HA PACCTOAHMM |, =nxS OT Anaapa NpoM3BOAMTCA NO

dopmyne

Computational of the aerosol backscattering coefficient B,,, = B.(l,) along the track

of sensing at a point of n and at a distancel, =nxs from the lidar is based on the

following equation

Ban =B +
X'(l,)ex0 zllj ()P Bm()m
o LONIS, B Ol
(17)
3pecb

In this equation




dl >0, df >0 ecamif I, >1, (n>ng)
n and
dl <0, dg <0 ecamif Iy <ly (n<n;)

B BbipaxkeHnu (16) ncnonb3oBaHbl 0603HAYEHUSA:

In equation (16) we use the notation:
X ()= (P13,
roe where  I(n)=nxs - paccTtoaHue is a distance;

|, =N, xS - paccToAHWe A0 penepHoOMn TOYKM is a distance to the

reference point;
S — war guckpetmnsaumu is the sampling step;
n —Homep cTpoba is a number of strobe;

n, - Homep cTpoba penepHoM ToYKM is a number of strobe for the

reference point;

B,(l) - nokasaTenb a3apo30/1bHOro 06paTHOrO pacceaHwms is the aerosol

backscattering coefficient;

Bm(l) - NoKasaTenb monekynAapHoro obpaTtHoro pacceAanus is the

molecular backscattering coefficient;

p.(1) =&, (A1) /B, (A1) - a9p0o30abHOE NInJAPHOE OTHOLWeEHMUe is the

aerosol lidar ratio;

Py =&m(AN)/ B, (A,N)=8n/3=8.739 - monekynapHoe nuaapHoe

oTHoweHue is the molecular lidar ratio for aerosol;

&, - MOKa3aTeNb a3apo30/bHOro ocnabneHus is the aerosol extinction

coefficient;




&, - MOKa3aTenb MmoaekynapHoro ocnabnenus is the molecular extinction

coefficient;

A - BVHa BO/HbI is wavelength




4.7. Pacuyet cpeaHeKBaApPaTUYHONO OTK/IOHEHUA OLLeHKU NOKa3aTens
06paTHOro asapo30/1bHOro paccesHUsn

4.7. The calculation of the standard deviation for the estimated aerosol
backscattering coefficient

2 26 F 2

iz+i2 0> +v2(N*(n))2+ 1+9 +q*N (n) >+ — u* > +

R RZ AM+1) (VM-8 f (N (m-8;f (M +1)
1+g%+g°N'(n,) N u? +52[3a,n, N

A M1 (N'(n)-8; f PP@M+D) L,

MR scos(Z,) ? o[t scos(Z,) ?
+4¢ [ Y PinBmi ﬁ] +46 [ 2. PaiBa; c—]

o 0s(Z,) o 0s(Z,)

5Ba,n = Rr%Ban,n

(18)

3aecob In this equation

_ Ba,n +Bm,n

Rn
Bm,n

4.8. Pacuet noKasatensa 06paTHOro asapo3o0/1IbHOro paccesHUsA NpPU HaNYMm
AaAHHbIX pagMomeTpa

4.8. Computation of the aerosol backscattering coefficient when the
radiometer data are available

Mpu3HaKkom nepexosa K pacyeTy No ZaHHOMY anropuTMy ABAAETCA HaZMYMe 3anucu
7R B AYenke CTau rnaBHoM Tabaumupbl meHto nporpammel OpticalCalculator.

Sign of the transition to the calculation according to this algorithm is the existence of
a record in the primary table cell CTau (menu OpticalCalculator).




B aTom cnyyae dopmyna pacyeta noKasatena obpaTHOro pacceaHUsa OCTaeTcs TaKoM
e, Kak (16).

In this case, equation for calculating the backscattering coefficient remains similar to
that in equation (16)

OpHako B (16) BmecTo napameTpa Ba,n, ¥ NapameTpa p,, 3aAaBaemble B OCHOBHOWM
Tabnuue B pasaene Parameters, UCNONb3YHOTCA UX ONTUMA/IbHbIE 3HAYEHUSA ,Ba,nr n

p,, KOTOpPble ONpeaenarTCa U3 YCN0BUA MUHUMYMA GYHKUMOHANA:

At the same time, instead of parameters g, , and p,in equation (16) we have to

utilize their optimal values that could be found by minimizing the following quadratic

form:
n2 2
TR_COS(Z)pa{Zﬂa(mﬁa,nr,f’a)"‘ﬂa(nl)xnlst B )2
We i +C12exp(( 2~ o) ]
TR CoPRr

roe where 7R - @3p030abHaA ONTUYECKanA TOLWA HA A/IMHE BOHbI is the aerosol

optical thickness at a wavelength of 1 13 pagnometpuyecknx namepeHui from
radiometric measurements, 3anncaHHaa B rnaBHoM TabanLLe MEHIO NPOrPaMMbl
OpticalCalculator, B auelike CTau The wavelength is indicated in the main table
menu in the sell CTau;

PR - TMaapHOe OTHOoWeEHNME, NoN1Iy4eEHHOE N3 PaaNOMETPUYECKNX M3Mep6HMVI,

3anncaHHoe B rNaBHOW Tabanue meHto nporpammsbl TropoServer, B Aa4enke CLR.

Ecnum 3anuce OTCYTCTBYET, CHNTAETCA, YTO PR = Py - TAE Py - 3HAYEHUE




NNAAPHOro OTHOLLEHMA, 3aNMCaHHOe B OCHOBHOM Tabauue B pasaene
Parameters;

Pr is the lidar ratio retrieved from the radiometric measurements. The ratio is
recorded in the basic menu of the Table (sell CLR). If there is no recorded value
in the cell then it means that yto Py = p, where p, is the lidar ratio value

recorded in the basic table (section Parameters).

£(nl) - 3Ha4YeHWe NnoKaszaTena obpaTHOro pacceaHms B HUKHEN TOUKe

namepeHnii is value of the backscattering coefficient at the lower measuring
point;

C, =cf_br - BecoBoi MHOXUTe/b, 3aaeTcA B MapameTpax paina prn.ini,

3anuncaHo
cf_br=1.000000
C, =cf_pl - macwTabHbI MHOXWUTENDb, 3a4aeTcA B NapameTpax danna prn.ini,

3anucaHo cf_pl=1.000000

MapameTp ,éa,nr MOXET N3MeHATbCA B gnanasoHe [bs_min - bs_max]*Ref Backs, rae

BennYMHbl bs_min 1 bs_max yka3saHbl B panne prn.ini; 3anuncanol: bs_min=-
2.000000; bs_max=2.000000

The parameter ,éa'nr can range [bs_min - bs_max] * Ref Backs, where the quantities

bs_min and bs_max are listed in the file prn.ini; they are written as bs_min = -
2.000000; bs_max = 2.000000

MapameTp P, MOXKET U3IMEHATbCA B AnanasoHe [p_min - p_max]* Py, rae Be/iM4nHbI

p_min 1 p_max ykasaHbl B panne prn.ini; 3anucaHol p_min=0.400000;
p_max=4.000000.




The parameter p, can range [p_min - p_max] * Py, where the quantities p_min and

p_max are listed in the file prn.ini and recorded as p_min = 0.400000; p_max =
4.000000.

W
Mocne nonyYyeHUs peweHma paccymTtaTb ero 3pPpeKTMBHOCTb: OTHOLEHME ﬁ -
0

OTHOLLEHME pe3ybTUpYHoLWero 3HaYyeHna pyHKunMoHana W K ero HayanbHoOMy
3HAYEHUI0, PACCYMTAHHOMY MO HYNEBOMY NPUBANKEHMUIO, KOTAa NapameTpbl Ba,n, 7

ﬁa paBHbI UX TabNYHBbIM 3Ha4YeHnAM, 3Ha4YeHune 3(I)(I)eI-(TMBHOCTM 3aMnnCaTb B OKOLWLKO

rnaBHoro meHto. OnpegenaeTca noporosoe 3HadyeHmne 3GPeKTUBHOCTH
(relerror=1.00000 B prn.ini). Ecnn adpHeKTUBHOCTb peLleHmn Bbille NoporoBoro,
CYMTAETCA, YTO PeELLUEHME He HANAEHO M OCTAaB/IAETCA HY/IeEBOE PeELLEHME.

The computer code permits estimation of the retrieval efficiency. By this reason, we

estimate the ratio of the resulting functional value to its initial value(%)calculated
0

by the zero-order approximation, when the parameters Ba,nr and p, are equal to

their tabulated values. The efficiency value is written in the main menu window.
Determined threshold efficiency (relerror = 1.00000 in prn.ini). If the efficiency of the
solution exceeds the threshold, it is assumed that the solution has not been found
and remains to the trivial one.

Mocne nony4yeHns peweHnsa napameTpbl Ba'nr M P, 3aMMCbIBAOTCA B OKOLLIKM

rMaBHONro MeHIo.

We recorded parameters Ba,n, and p, in the windows of the main menu when the

retrieval is completed.

Ecnm onTummnsnMpoBaHHOe pelleHne Ana nokasatens 06paTHOro a3po30bHOro
paccesHUs NoNy4eHo, TO NOrPELLHOCTb ero OLEHKM ONpeaenseTca no cneayrouen

dopmyne:

When an optimized solution for the aerosol backscattering coefficient is obtained

then, the error of its assessment is determined by the following equation:




op an =

(20)
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2n2
Ran,n

[R_lz +0x iz}p? +v2(N*(n))2 +

n n

1+9° +g°N'(n,)

1+g% +q°N"(n)

u

2

(
A@M+1) (N'(n)

A (2M+1) [N'(n,)-B; )

i=n-1 scos(Z
4 402 . 0
2 ¢ (i_znrmemJ COS(Zn)

+

o

i=n-1

z paj Ba,i

i=n;

—g;f (N"(n)-B;fam+1)

+

cos(Z,)




