Secondary Scholarly Activity 2006/2007

Branch — 02 Physics

The Changes of Meteorological and Physical
Quantities during Annular and Total Solar Eclipse

Author:

Miloslav Machon

3E

Grammar School Cheb
Nerudova 7

350 40 Cheb

Expert Consultants:

Lumir Honzik
Observatory and Planetarium in Plzen

Vaclav Svab
ENVIC — Environmental Information
Centrum Plzen

Mgr. Karel Martinek
Grammar School Cheb

English Language Consultants:
Ing. Dalibor Boubin

Zbysek Ouhleda

Cheb, 2007

The Karlovy Vary Region

The Czech Republic



Annotation

The subject of this work is a study of the changksneteorological and physical
guantities during annular and total solar eclipgecontent is founded on the measurements
of the quantities that were implemented during #meplar eclipse in Spain in 2005 and total
solar eclipse in 2006 in Turkey.

There are an experiment and measuring devices foseadeasurements described in
the first part of the work. There is also shorerefice of project’s history.

Main principles for successful performance of nueasient and description of data
processing are stated in the methodics.

The content of the next part is mainly about tharabteristics of the solar eclipse
during which the measurements were made. In thistipareader can even get to know about
the state of the observation sites.

The concise characteristic of measured quantsissated in the fourth part the work.

The largest part of the work is set of descriptiamischanges meteorological and
physical quantities during annular and total saalipse. A reader can find graphic and
numerical data processing here.

There are the main differences in progressionshef dhanges meteorological and
physical quantities during annular and total seleipse mentioned in the conclusion of the
work, and even the assessment of the project aodmmendations for eventual other
measurements are not missing in this part.

There are also the appendixes included in the wahi¢h inlude all graphs in high
resolution, photos of measuring devices and therdatgs of meteorological situation.

The photos created by satellite MSG-1 for areacoddirseclipses and all graphs of
progressions measured quantities can be found aenCbsed.
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1 Introduction

Solar electromagnetic radiation is the only essémtnergy source for the actions on
the Earth.

The solar electromagnetic radiation is transforrmed other kinds of energy during the
passage throughout the Earth’'s atmosphere andfaltten the Earth’s surfacge.g. thermal
energy, energy of highwawe radiation et@.he marked decrease in the intensity of the solar
radiation occurs during solar eclipdespecially during annular and total solar eclipsi)is
displayed in changes of standard meteorologicalpdmygical quantities. Recent meteorology
does not deal with these problems in much detdihodgh the decrease of the intensity of
the electromagnetic radiation is a unique natwahg(according to the attributes mentioned
below)

a) Speed and amount of the decrease. There is a mdekedase of the intensity of the
solar radiation during very short time interval.

b) The decrease of the intensity of solar radiatiocaigsed by non-atmospheric object —
by the Moon crossing the Sun.

Some foreign astronomical expeditions were conckmi¢h the changes of standard
meteorological quantities during solar eclipsehe past(e.g.: Andrew White and Stephen
McCann — Zambia 2001, Francis Massen — Luxembuf@p 1fhstitut fir Bioklimatologie —
Germany 1999, Laboratory Optical Radiometry — ltéi of Electronicg Academican Emil
Djakov* — Bulgaria 1999) Czech expeditions are mentioned in the sectidrHistory. The
scale of measured quantities was very small. Tipediions were usually carried out only
measurement of the intensity the incident’s radratind air temperature at the bottom layer
of the atmosphere. Measurements of the other n@tgical and physical quantities were not
common in the past.

The measured devices had other fl{@g.: low sensitivity, low resolution, and low
speed of indication and high inaccuracy of measeminSome of the measurements were
carried out by common thermometers for home useaaretord was usually carried out by
the observer. A lot of the measurements miss aerefe measurement, and because of this it
is not possible to compare between the day of selgf the Sun and the day of standard
progression of the meteorological and physical tties. Published results have been from
the measurements during total solar ecligees annular solar eclipses)

The measurements of the intensity of the solaatemi and the air temperature at the
bottom layer of the atmosphere displayed the deere&these physical quantities during total
solar eclipse, but because of the low sensitivitthe measured sensors, it was not possible to
determinate the minimal value of the intensity lo¢ tsolar radiation during the total solar
eclipse. The measurements showed time delay betwlsenminimal value of the air
temperature and the minimal value of the intensityhe solar radiation too. But the low
speed of the indication and the low resolutionhaf ineasurement disallowed to determinate
the time difference.

The measurement of the air relative humidity impeted by Andrew White in 2001
in Africa refer to the rising character the quaniit the short time after the total phase of the
total eclipse of the Sun. [16]



Measurement of the colour of solar radiation wasied out by Bulgarian expedition
Laboratory Optical Radiometry — Institute of Elemtics ,, Academican Emil Djakov'in
1999. It shows that the colour during total phasetatal solar eclipse is different in
comparison to before sunrise / after sunset. [7]

Francis MassefLuxemburg)measured the speed of wind during total solapselon
11-th August 1999. The data indicate the decrefgeantity during total phase of total solar
eclipse. [6]

The purpose of this work is to implement the fdstailed description and comparison of
the changes of meteorological and physical quastitiuring annular solar eclipse and total
solar eclipse. The contents of the work are basethe data from expedition to Spain for
annular solar eclipsgon the 3-rd October 2005nd expedition to Turkey in 2006 for total
solar eclips€on the 29-th March 2006)

Author of the work was a member of expedition takBy for observing of the total solar
eclipse in 2006. In Turkey he operated the metegichl device and he took photos of the
total solar eclipse. After ending of the expedisidie did process of measured data by devices
of the 3-rd generation of project SEMM.



2 Experiment SEMM

2.1 Description of the Experiment

The experiment called SEMM ensued for accurate ureagent of the changes
meteorological and physical quantities during seldipse.

The biggest decrease of the incident solar radiabiccurs in particular during total
solar eclipses and annular solar eclipses. Plabesews possible to observe to(ahnular)
solar eclipses named Total Solar Eclipse Pgihsiular Solar Eclipse Pathslts width is 100
— 200 km. Imaginary line in the middle of toahnular) solar eclipse path is called central
line. The longest duration of tot@nnular) phase of solar eclipse is in a place in centnal. li
Considering small frequency of annular and totdarseclipse(1-2 eclipses per yearnd
small width of solar eclipse paths the probabilibat a stationary weather station will be in
central line, is very low.

Considering the characteristics of the solar selimentioned above, the measuring
instruments for the experiment SEMM were built widmphasis on the following
requirements:

1) High speed of measurement — The duration of thed pdtase of a solar eclipse is a
few of the minutes and the changes of the incidadtation occurred in a few
seconds, the value of the period of the measuremmrdt be in seconds too.
Professional weather stations usually save the unedwvalues every 15 minutes.

2) High sensitivity and resolution of the measuremenihe amount of the intensity of
the global solar radiation is about 4-5 orders myria solar eclipses. The
professional stations are not able to measurestaike.

3) The choice of measured quantities — The profeskiweather stations measure the
meteorological and the climatic quantities, butyth@éo not measure special
guantities, which are useful during the solar edgp A few of weather stations are
equipped by sensors for measurement of the injemditthe solar radiation or
sensors for measurement of the radiation’s colour.

4)  The mobility and impendent from electricity — Witbgard to narrow width of the
path of the solar eclipse it is possible that theti@al line passes over a lifeless areas,
where is not source of electricity too. The weatstation must be feed from the
accumulator with capacity c. 50h that is sufficidot the realisation of the
referential measurements and the measurement amathef the solar eclipse. It is
requisite for realization most of the measurement.

5) Automatic operation — The observers must carryaolait of the astronomical tasks,
who are connected with recording of the solar selife.g.: photography and
shooting)and they can not operate the weather station

6) Comparability of the data — The comparing with pinefessional weather stations is
important for the measured data evaluation. Dugngstruction of the weather
stations of the experiment SEMM the references yQWvere taken in addition,
which help to achieved required comparability.

It was processed in accordance with [11], [12].



2.2 History

The plan for compilation of the measuring devidbsat would record the changes of
the air temperature and the illumination intensitying total solar eclipsghe 11-th August
1999) ensued in The West Branch of CAS in 1998.

The central line of this eclipse of the Sun paseedr the border of the Czech
Republic. So it was possible to organize large ndag®n program. 9 astronomical groups
were created; they were situated in France, Germamtria, Hungary, Romania and
Bulgaria. The target of the observational actioat ttvas organized by Observatory and
Planetarium in Plzen, Observatory in Rokycany ahd West Branch of CAS was carrying
out astronomical observations and compare theteeBoin different places in paths of total
solar eclipse. Between astronomical experimentyethwas inserted a meteorological
experiment: measurement of the air temperaturdtandlumination intensity during the total
solar eclipse Three identical measuring modulegwenstructed by Vaclav Svab and Bc. Jiri
Hofman for that occasion. The measurements weres drthe observational programs of
groups in Austria, Hungary and Romania.

The air temperature was measured by the resissarsor Pt 100, it was in tubular
tunnel of measuring module with a ventilator, whgdcured the air streaming around the
sensor of the air temperature. The illumination wesasured by 2 silicon photodiodes, the
first one measured the whole spectrum of the galdiation within the frame of its spectral
scale and the second one measured only infra-méefine solar radiation. The difference of
signals was recorded from the photodiodes, theerdiffce referred to with intensity of the
illumination in visible part of the spectrum. Medsg modules were constructed for the
simplest servicing and for the automatic operatjib]

The second generation of 2 measuring devices wasddehe expeditions for the total
solar eclipse to Angola and Zambia by Observatowy Blanetarium in Plzen in 2001. The
expeditions were organised by Observatory in Umoe FEE CUT. Scale of measured
quantities was the same as the modules of the queweneration. The calibration of the
measuring sensors was implemented more precisahyiththe second generation. [13]

Process of the data of expeditions mentioned abowaght an interesting results and
it was decided to continue in experiment SEMM. Ehidentical weather stations of the third
generation were constructed by Vaclav Svab andJBcHofman in term of years 2001 —
2005. Producing of the weather stations was metdigi and financially delivered by
Observatory and Planetarium in Plzen. The scateeomeasured physical and meteorological
quantities was extended during the constructiomoflules of the third generation; accuracy
and resolution of measurement were improved too.

Construction of 3 identical weather stations wassfied at the beginning of the year
2005, where they were devolved upon Observatory Rliadetarium in Plzen, that is the
owner and user of them. The first measuring wasraptished at the beginning of October in
2005 during the expedition for the annular solalipse to Spain. The expedition was
organised by Observatory and Planetarium in PlZdm® Western Branches of CAS and
Observatory in Rokycany. The experiment was a péarthe scientific program of an
expedition to Turkey for observing total solar psé in March 2006, the expedition were
jointly prepared by organisations mentioned above.
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2.3 The Devices of the Third Generation of the Proj&EMM

A weather station of the third generations is cetesi of the 5 modules:
DAM — Data Acquisition Module

The module is basic part of the device, there actiraulators, and these are needful
for feeding of the devicéapacity c. 50h)There are a master component of the system and a
high-capacity memory FLASH for the collecting oetmeasured data too. Even a RTC and
interface RS232/USB is not missing here, the iat®fis indented for a communication
between module DAM and PC. A measurement is nosiples to carry out without
connection of the module.

THM — air Temperature and Humidity measuring Module

The module is indented for measuring of the tentpegaand humidity of the air at 2
m above the ground. Measuring of the temperatuggrasided by the resistance sensor Pt
1000. A capacitive sensor with an integrated caevehe capacity — the voltage was used for
determination of the humidity. A ventilator is leed within the module, which secured
constant streaming of the air around the sensdrs. Module is equipped with the white
radiating shield that absorbed a minimal valuéhefgolar radiation.

The calibration of the sensors mentioned above e@aged out in the calibrating
laboratory of CHMI in Prague — Libus. The deterntiora of the calibrating constants for
every module THM was the result of the calibrations

. Measuring . Uncertainty of Measuremeent
Quantity Label Range Unit (o= 2)
Air Temperature at 2 m tazm - 40 + 60 °C 0.5°C
Relative Humidity at 2 m RH 0+ 100 % 3%

Table no. 1: The View of the Measured Quantities by the Modut&Mr

TTM — air Temperature and ground Temperature measuing Module

The target of the module is measuring of theeammgerature at 5 cm above the ground
and the soil temperature at 5 cm under the grodm sensors Pt 1000 secured the
determination of the temperatures. The air sers@quipped with the radiating shield with
louvers. The underground sensor is located withennbetal probe.

The calibration of the sensors was carried otihéncalibrating laboratory of CHMI in
Prague — Libus with module THM.
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. Measuring . Uncertainty of Measuremeent
Quantity Label Range Unit (= 2)
Air Temperature at 0.05 m tascm - 40 + 60 °C 0.5°C
Soil's Temperature at — 0.05|m {g -40 + 60 °C 0.5°C

Table no. 2.  The View of the Measured Quantities by the ModuleVT
WAM — Wind Anemometer Module

The module is indented for measuring of the speedl the direction of wind. It is
consisted of the cup anemometer and the wind vBme.indicator of the wind is equipped
with the air vane, which is connected with a pdteneter. The direction of wind is possible
to determinate from the aberration of the potenéten

The measuring of the speed and the direction ntiws carried out at 2 m above the
ground, it is not standard height of the measur¢ménhe wind attributes by WMO. The
height was chosen from practical reason, becawséransport and the hoisting of 10-meter
column are not possible.

: Measuring . Uncertainty of Measuremeent
Quantity Label Range Unit (o= 2)
. _ ] below 5 m.5 0.5 m.§,
wind Speed v 0+ 30 m.g above 5 m-t 10%
Wind Direction® 2 d 0+ 360 ° 5°

Table no. 3:  The View of the Measured Quantities by the ModulaMv

SPM — Solar Pyranometr Module

The module operate at 2 meters above the grotrmhnsist of the sensors for the
determination of the intensity of the global sofadiation, of the reflected solar radiation
from the Earth’s surface and sensor of the radiaioolour(RGB colorimeter,)

Sensing of the global solar radiation is carriatlwy a silicon photodiodes, who are in
casings. The casings secured the cosine correatiite sensors with the filters. The sensor
of the colour of the incident radiation is congistd a integrated sensor with 3 photodiodes,
who have got the R, G, B filters. The value of thege of vision of the both sensors is 180°.

Sensor of the reflected solar radiation from treetlEs surface is the same as the
sensor for sensing of the global solar radiatiart,the value of the range of vision is 160°,
because the sensor must not influenced by solati@a about the time of sunrise or sunset.

! The module WAM measures only the horizontal eleroéthe wind
2 Wind direction recording has been run a wind spefedore than 1.5 m*5during both of the expeditions.
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The recommended spectral scale of the sensorg ablar radiation by WM@0.3 — 3
um) was not adhered. Sensors with the narrow scate the non-uniform spectral
characteristic were used. A high sensitivity, commeapplication during meteorological
measurements and existence of the mathematical lspodleo specify the measurement by
the sensors, were reasons for their usage.

The measurement of the intensity of the globaarsohdiation were calibrating in
Laboratory for Solar and Ozone Research of CHMHmadec Kralove during 2 days. The

calibration of the colorimetric sensor was carread in the Department of Radiometry and
Photometry of CMI.

In addition to the quantities mentioned above thedule SPM counts the other
quantities after transferring of data to PC.

Measurin Uncertainty of
Quantity Label R 9 Unit | Measuremeent
ange —
(C.=2)
0
Intensity of the Global Solar Radiation I 0+1550| W*m? 3 % from
daylong sum
. — 5
Intensity of the’ Reflected Solar Radiation | 0 = 1550 WA 3 % from
from the Earth’s Surface daylong sum
Albedo of the Earth’s Surfate a 0+ 100 %
Correlated Colour Temperature of the .
Solar Radiatioh Te | 1000500009 K
Colour of the Light in SRGB sRGB 0+1 -
Chromaticity Coordinates of the Light | CIE xy 0+1 -
Intensity of the Illluminatioh E 0 + 250 000 Ix

Table no. 4. The View of the Measured Quantities by the ModutVIS

It was processed in accordance with [11].

The photos of the measuring devices are partseohpipendixes.

® The quantity is counted. Record is counted omlgase if the intensity of the global solar radiatérosses a
considerable countable limit.
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2.4 The Length and the Periodicity of the Measurement

The recommended length of the measurement wasngeisgp that it covers the whole
progression of a solar eclipse. The duration ofttha&l (annular) phase of a solar eclipse and
the velocity of changes in progression of the metiegical quantities during the phase were
taken into account most during the choice of riglbasurement’s period.

The duration of the measurement is 10 h, the measant is dived into 3 parts, who
tie together, but the period of the second patiifferent:

1) Atthe time 5 h before JJax the weather station starts the measurement. Tiedpzity
of a record of the measured values is 10 s, thatidarof the phase is 4h 45 min.

2) 15 minutes before . the phase of measurement starts, which has gettbhe of the
periodicity of the record 1 s. The duration of giese is 30 min.

3) The weather station automatically over passed eoother mode after ending of the
measurement’s part mentioned above. The periodaity the duration of the mode
are the same as the mode at the second part. Tdmureenent will be finished at the
time 5 h after fax

The times these determinate launching of the measemt’'s parts are fixed by the
servicing software before departure to an expeditithe times 1, T,, Tz a T, of an solar
eclipse are the input values for counting of thetaning times of the measurement.

It was processed in accordance with [12].

“ Before the start of the measurement the compemsgtinode runs, its length is 20 min. The recorthef
measured values does not carry out during thisgphas

14



3 Methodics

3.1 Measurement

The recommendations mentioned below are had to tate account for right
implementations of the meteorological measurements.

The same configurations of the measured quantteslesirable to use for all weather
stations during the solar eclipse.

The recommended locating of the measuring devices:

1) The weather stations are placed in a central lfree solar eclipse’s path, the distance
between the devices is a few of hundred of kiloesetiThe way of lay-out of the
meteorological devices is suitable for comparinghaf changes of the meteorological
quantities during the solar eclipse from differplaices.

2) The weather stations are placed at different placéise solar eclipse’s path and they
are in the line, which is upright to the centraleli This way of lay-out of the
meteorological devices is possible to use for caigaof the changes of the
meteorological quantities from different placesha path of the solar eclipse.

In addition to measurement on the day of solapselthe 2 referential measurements
must be carried out, if the meteorological condisi@llow so: on the day before and after the
day of solar eclipse A referential measurement rhaseé the same time interval, period of the
measurement and the scale of the measured quaisti@ measurement on the eclipse’s day.

It was processed in accordance with [11], [12].

3.2 Data Processing

Process of the measured data, which was acquirdé\ges of the third generation of
project SEMM, has not carried out up to now. It waquired to create the consecution of
data’s processing that will be applied for the ottneasurements.

All quantities were not processed in the referepfcthe work’s target. The quantities
mentioned above were eliminated; they were acqusethe module SPM. These quantities
are counted after transferring to the PC; theigpssions depend on the other quantities,
which are mentioned below.

- the albedo of the Earth’s surface
- chromaticity coordinates of the light
- the intensity of the illumination

The rounding of the quantities’ values was donéoree the numerical and the
graphical data’s processing, it consist in the nezd attributes of a sensor and the amount of
the measured noise. The resolution of the measamddthe calculated quantities, which is
mentioned in the work, is stated in the table no. 5

15



The numerical and the graphical process of tha aetre done in the computer
program Microsoft® Excel 2003.

Quantity Accuracy Unit
Intensity of the Global Solar Radiation 140 | W*m~
Inten§|ty of the Reflected Solar Radiation from the 1#10° W2
Earth’s Surface
Temperature of the Air at 2 m above the Ground 1) °C
Temperature of the Air at 5 cm above the Ground 0t*1 °C
Temperature of the Soil at 5 cm under the Groupd 10%* °C
Relative Humidity of the Air at 2 m above the
Ground 1*10° %
Colour of the Light in Colour Space sRGB 1*10 -
Correlated Colour Temperature of the Solar

o 1 K
Radiation
Speed of the Wind 1*1D m*s™
Direction of the Wind 10 °

Table no. 5: Denoted Accuracy of the Quantities

The values in the interval of time #f.>-2 min;Tumn °) Were chosen for the
calculation of an average value before the stadotdr eclipse. The soil temperature is the
exception from the others, the time,° was stated considering the start of the quantity’s
decreasingno considering the time, Df solar eclipse)

The searching of the minimé&naximal)values of the measured quantities that were
caused by solar eclipse was proceeding by this wagtly the interval of time, where was
the searched minimal value, was chosen from thehgrahe function MINIMUM
(MAXIUMUM) by Microsoft® Excel 2003 was used for the accurd&termination the
minimal or maximal value of the quantity.

The minimal(maximal)values of the quantities, which were caused bipselof the
Sun, the values of the reference measurement hérsame the time as the found minimal
(maximal)values were chosen for the comparison betweemefieeence day and the day of
solar eclipse®

The decrease or the proportion of the quantity’duevaduring eclipse day was
determined by the relevant mathematical operatietwéen the average value before the
beginning of the eclipse and the minimal value miyithe solar eclipse.

The decrease or the proportion of the quantitylseravas determined by the relevant
mathematical operation between the minigma&ximal)value during the time of solar eclipse
and th6e value from the reference day with the same as the searched minim(aaximal)
value.

® T1min i the time of the beginning of the last minutéobe the time T.

® If the value of the periodicity of the record wagher than the periodicity of the record from tfay of solar
eclipse, the value with the most similar times tamhe times of the minimal respectively maximaies were
chosen.
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Before the graphical processing the graphs wereoiiad by the trend lines of the
moving average with the period. This step was dsedimplification of the descriptions of
the graphs. But the mentioned times of importamietinstantgthe minimal and maximal
values)were subtracted from the original curve of graph.

The resolution of the description of the time imtds consists in the speed of
guantity’'s changgviz. table no. 6) The exception can be the time of sunrise, whih i
mentioned with the accuracy of the informationalrse.

Quantity Resolution of the time interval
Intensity of the Global Solar Radiation 19
Intensity of the Reflected Solar Radiation from the 1s 7
Earth’s Surface

Temperature of the Air at 2 m above the Ground A mi
Temperature of the Air at 5 cm above the Ground i m
Temperature of the Soil at 5 cm under the Ground miril
Relative Humidity of the Air at 2 m above the 1 min
Ground

Colour of the Light in Colour Space sRGB 158
Correlated Colour Temperature of the Solar 15 7
Radiation

Speed of the Wind 1 min
Direction of the Wind 1 min

Table no. 6: Denoted Resolution of the Time Intervals

Every word description is replenished with sma#ifr for better orientation. All
graphs described in the part no. 6 are componémigpendixes.

" The resolution of the time interval depends onpi@eodicity of the record.
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4 Characteristics of the Solar Eclipses

4.1 Annular Solar Eclipse on the 4 October 2005

On the 3-rd October 2005 the eclipse of the Sumiroed, it was visible as the annular
solar eclipse from some Earth’s places. The anradbar eclipse path started in the northern
part of the Atlantic Ocean, it continued in the ESEection, and then it turned toward to the
south-east direction and it passed though Spaicoritinued over the Mediterranean Sea to
Africa. From there, he crossed from Algeria to layeind Sudan. The duration of the eclipse’s
annular phase was 4 min 31.6 s. It then continwedsa Ethiopia, Kenya and Somalia to
western part of the Indian Ocean and ended up@®gttonut Islands. [9]

The global map of visibility of the solar eclipsea part of the appendixes.

The target of the expedition was comparing of tretemrological changes in different
places in the path of solar eclipse. 3 weatheiosigif experiment SEMM were used for the
measurement. The long-term weather forecast by Esgnak(NASA)and Jay Anderson
(NASA) accessibility of the site and financial possit@k of the members of expedition were
taken into account during the choice of the sugatiiservational site.

The places along the eastern coast of Spain wereea as possibility observational
sites. They are located near Alicane, the proliglwfi clean sky on the day of annular eclipse
was about 60%. The weather station no.0 was locat8@% of depth of the path of annular
eclipse. Its co-ordinates ares = 38° 36’ 20.4" N;A = 00° 02 '28.2” W; altitude:0 m The
weather station no.1 was located in 60% of depththef path of annular eclipse. Its co-
ordinates arep = 38° 36’ 20.4" N;A = 00° 18 ' 31.8" W; altitude: 40 m The weatheatsbn
no.2 was located on the edge of path of annular salipse. Its co-ordinates age= 38° 07°
40.2" N; L = 00° 38‘ 24.6" W; altitude: 5 m

Considering orientation of the work here is usaty the values measured by weather
station no.0, which was located the nearest towlaedcentral line of the annular path. The
service of the weather station was created by Magek and Jan Vit. The service did not
accomplish records about meteorological situatibtha place. The photos of the area by
satelit MSG-1 in spectral channel IR 10.8 are in CD

Due to the lack of time the®lreferential measurement on October 2, 2005 was no
accomplished. On the day of annular eclig®etober &, 2005) the measurement was
launched at 05:00:00 UTC,; it was ended at 14:1TJOC. The Sun rose after the start of
measurementat 05:57 UTC)and it set after the ending of measuren{ahtl7:41 UTC)on
the day.
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T1 07:42:24 UTC

T, 09:00:23 UTC
Tmax 09:02:01.6 UTC
T3 09:04:37 UTC
Ta 10:31:04 UTC

Magnitude of the Eclipsg95.170 %

Table no. 7:  The Elements of the Annular Solar Ecligse the & October2005)
It was counted by [1].
On the 4-th October 2005 the second reference marasat was started at 05:00:00

UTC, it was ended at 14:17:00 UTC. The Sun roser dlfte start of measuremefat 05:58
UTC)too and it set after the ending of measurenfent7:39 UTC)on the day.

19



4.2 Total Solar Eclipse on the 2®March 2006

On the 29-th March the eclipse of the Sun occuritedias visible as the total solar
eclipse from some Earth’s places. The total sotdéipge path started in the eastern part of
Brazil; it continued in E up to NE direction thoutite Atlantic Ocean to Africa. Here, it went
across the land of Ghana, Toga, Benin, Nigeria,eNigChad, and Lybia — near the
Chad/Lybian border the total path was reaching ntaximum width of (183.5 km).
The duration of the eclipse’s annular phase wasm3h.6 s. The maximal duration was 4
min 06 s. The last state in Africa, where was pgmesio observe the total solar eclipse, was
Egypt. Then the total eclipse path continued okerMediterranean Sea to Turkey, the Black
Sea, Geogria and Russian Federation Caucasus.tReoenit continued into the northern part
of the Caspian sea, crossed the land of Kazaclstdnreturned to Russia, as people in
Mongolia were able to observe this total eclipsemglthe total path has ended [10]

The global map of visibility of the solar eclipsea part of the appendixes.

The long-term weather forecast by Fred Espdha&SA)and Jay AndersofiNASA) the
weather statistics by RNDr. Martin Setvak, C8EHMI) and financial possibilities of the
members of expedition were taken into account duttie choice of the observational site.

Town Side was chosen as suitable observationalisitelocated on the southern edge
of coast of the Turkish Republic. The central liokethe eclipse passed 4 km from the
observational site and the probability of the clekyp was 50-55% on the day of eclipse. Co-
ordinates of the place are:= 36° 46* 48.2" N;A = 31° 23' 20.8" E; altitude: 2 m. Service of
the weather station no.2 was consisted of Martimmadvsky, Lumir Honzik, Miloslav
Machon and Ondrej Trnka. The records about weaihgation, whose were doing during the
measurements, are the parts of the appendixespfAdtes of the area by satelit MSG-1 in
spectral channel IR 10.8 are in CD.

The first reference measurement was started on2&®&.2006, but an unexpected
problem with servicing of the weather station cautigat the measurement started 12 min
later than was expected and the period of the mesmuint was manually set on 10 s for all
duration of the measurement. The Sun rose bef@estdrt of the measuremefat 03:46
UTC) and it set after the ending of the measurer(ari6:12 UTC)on the day.

On the day of the total solar eclip@9.3.2006)n0 problems occurred during the start
of the measurement, it was automatically start :&7:50 UTC. The measurement was
automatically ended to@t 15:57:00 UTC) The Sun rose before the start of the measurement
(at 03:45 UTC)and it set after the ending of the measurer(arit6:15 UTC)on the day.
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T1 09:38:23 UTC

T, 10:55:00 UTC
Tmax 10:56:52.5 UTC
T3 10:58:45 UTC
Ta 12:13:34 UTC

Magnitude of the Eclipsgl05.015 %

Table no. 8:  The Elements of the Total Solar Ecligs® the 28' March2006)
It was counted by [1].

The changes of the weather situation caused byria dant that the second reference
measurement was not launched on the 30.3.2006.
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5 Characteristics of the Measured Quantities

5.1 Intensity of the Global Solar Radiation

The intensity of the global solar radiation is aygibal quantity that is defined as the
sum of the intensity of the diffusion and the dirsolar radiation that strike upon the
horizontal surface. Its amount and the abundanceach item of the solar radiation are
changed in dependence on the height of the Sumvkia horizon, amount of the cloud cover
and air pollution. The main unit of the physicahgqtity is W*ni?.

The global solar radiation is consisted of the atffused solar radiation during cloudy
days, before a sunrise and after a sunset. Thetdiatar radiation is the major part of the
intensity of solar radiation during clear days affigr sunrise. The intensity of the direct solar
radiation grows up with the height of the Sun betberhorizon. [5]

The amount of the quantity would grow up or deceeagth the size non-covered part
of the solar disc during the solar eclipse.

5.2 Intensity of the Reflected Solar Radiation from th&arth’s Surface

The intensity of the reflected solar radiation frane Earth’s surface is a physical
guantity that determinate the amount of the refiéolar radiation from the Earth’s surface.
The main unit of the physical quantity is W*mThe changes of the quantity’s amount that
are observed during the day are caused by the ekaofjthe intensity of global solar
radiation in particular. [5]

The amount of the quantity would grow up or deceeagth the intensity of the global
solar radiation during the solar eclipse.

5.3 Temperature of the Air at 2 m above the Ground

The air temperature at 2 m above the ground isyasipdl quantity and a standard
meteorological element that determinate the thestzé of the air at the bottom layer of the
atmosphere, it is the ability of the air to tramsfe receive the heat energy. Quantity’s unit is
°C in this work. The change of the quantity depemshe change of the soil temperature. [5]

During the solar eclipse the temperature of th@ air above the earth should increase

respectively decrease with a certain delay towlaedncrease respectively decrease of size of
the uncovered part of the solar disc.
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5.4 Temperature of the Air at 5 cm above the Ground

The air temperature at 5 cm above the ground ibByaipal quantity and a standard
meteorological element that determinate the thestzé of the air at the bottom layer of the
atmosphere, it is the ability of the air to tramsfe receive the heat energy. Quantity’s unit is
°C in this work. The change of the quantity depemashe change of the soil temperature.

The measurement of the quantity makes possiblghimgnal state of the air at the
atmosphere’s bottom layer.

During the solar eclipse the temperature of theoapheric ground layer should
increase respectively decrease with a certain delagrd the increase respectively decrease
of intensity value of the global solar radiance.

5.5 Temperature of the Soil at 5 cm under the Ground

The soil's temperature at 5 cm under the groural pdiysical quantity and a standard
meteorological element that determinate the thestaé of the soil at the depth 5 cm of the
soil, it is the ability of the soil to transfer orceive the heat energy. Quantity’s unit is °C in
this work. The change of the quantity depends enctienge of the intensity of the global
solar radiation and the thermal capacity of thé soi

The measurement of the quantity makes possibleeterminate the thermal state of
the soil.

During the solar eclipse the temperature of thié¢ Sloould increase respectively
decrease with a certain delay toward the increesgectively decrease of intensity value of
the global solar radiance.

5.6 Time Comparison of the Minimal Values of the Tempagure and Global
Solar Radiation

The time comparison between the temperatures nmaatibelow and the intensity of
the global solar radiation was inserted in to trerkatoo, because it enabled to demonstrate
the model of the transfer of the thermal energyben the soil and the air layers.

During the solar eclipse the time retardation ef ttmperature minimal values toward
the minimal value of the intensity of the globallasoradiation would display. The soll
temperature at 5 cm under the ground would havehitjeest value of the retardation; it
would be cause by the thermal capacity of the Jdie air retardations would have smaller
values, rather the retardation of the air tempeea#tt 5 cm would have smaller value of the
because of the convective exchange of the energyeba the atmosphere’s layers than the
retardation of the air temperature at 2 m aboveytband.
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5.7 Relative Humidity of the Air at 2 m above the Grodin

The relative humidity of the air at 2 m above theund is a physical quantity and a
metrological element too that indicates the degifethe air saturation by water. It is defined
as the ratio between the actual pressures of wafgour and saturated water vapour at a
given temperature or the radio between the actbablate humidity of the air and the
absolute humidity at a given temperature in thersétd air. The quantity assumes values
from 0 % to 100 % in according to the definitioB] [

If the constant amount of water vapour will be e tair, the quantity’s value would
grow during solar eclipse because the temperatatgdadecrease.

5.8 Colour of the Light in Colour Space sRGB

One of the possible ways how express the colouheflight is via using the co-
ordinates in a colour space. During constructionthaf weather stations the colour space
named sRGHEstandard RGB Colour Spacejs chosen.

The colour space was defined by Hewlett-PackaddMitrosoft and then it became
the most expanded colour space. The sRGB triarfgllieeonoticed colours was defined into
the gamut of the human eye. If the noticed coloas wot into the triangle, it was re-counted
for the most conformable colour on a side of tientyle(viz. picture 1)[8]

It was taken from [8].

Picture no. 1: Colour Space sRGB
In the light of physics the quantity is dimensiss, it is only proportional abundance

of the single parts of the colo@red, green and blug)and the addition of colour’'s part is
always 1.
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The colour of solar radiation is influenced by ttigfusion of solar rays in the
atmosphere. We differ the 2 kinds of diffusionsil@cular and aerosol

The molecularRayleigh’s)diffusion occurs on molecules of ggsg.: the air) The
kind of diffusion of the light is mostly influencatie short-wave lighfe.g.: violet and blue
light), at least the diffusion is effected the long-waghbt (e.g.: red light)[5]

The aerosol diffusion occurs on the aerogelg.: water and salt)The king of light's
diffusion is mostly influenced the long-wave lighit the least the short-wave light. During
the diffusion the radiation is absorbed and thes @mitted in the form of the calorif({infra-
red) radiation.

In addition to the kinds of scatterings mentionbd\e the colour of solar radiation is
influenced by phenomenon limb darkening.

Colour of the solar limb is more dark then the ocendf solar photosphere. The
phenomenon is caused by a inclined viewing angte dbsorption caused, that we have an
eye to lower depth of the photosphere. The temperain the limb is colder than in the
centre of photosphere, because the temperaturesgnitiv the depth in solar photosphere.
The long-waved photons arrived to us from the Sota. [4]

5.9 Correlated Colour Temperature of the Solar Radiatio

The next way how express the colour of the lighties the colour temperature of
radiation. The physical quantity determinate wieahperature has got the black body, if its
radiation evokes the same coloured sensation inahusye as the measured radiation.
Quantity’s unit is K in this work.

If the shape of a spectral curve of an emittingybisddifferent from the spectral curve
of the black body, the expression “the correlateldur temperature” was used. The physical
quantity is defined as the temperature of the blao#ty, which has got an approximately
similar progression of the spectral curve in theeegched spectral domain as the shape of the
spectral curve of the black body. Quantity unKias well.

B

1ROk AT BBk BIO0E 1200, 1GOE0K

It was taken from [15].

Picture no. 2: The Colour of the Visible Light Couched in the Qoid@emperature
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5.10Direction and Speed of the Wind

Wind is a basic meteorological element that charas the streaming of the air in a
determinate place in the Earth’s atmosphere inreiceinstant of time considering Earth’s
surface.[5]

In the light of physics the wind is a vector qugnthat is possible to disarticulate to
the horizontal and the vertical component, but mtheasuring sensors of WAM module
measured the only horizontal component of the wind.

The wind is possible to describe by the 2 quastitiee speed and the direction of the
wind

The wind direction is the direction from where thimd blows. It usually indicates in
the angular digresses or in decades of angulaeamglgeographical azimuth, if necessary in
8, 16 or 32 segmented scale with the help of iat@wnal abbreviations issuing from the
English terms of individual cardinal points from evk the wind blows.

The speed of the wind is a distance, which a mowemetter of the air travel per unit
of the time. The value of the quantity is mentiofredh*s™.

In general the formation of the wind is conditiort®dthe non-uniform heating of the
single places on the Earth. In consequence of tlengmenon the different values of
temperature(or atmospheric pressurajse above the places and it is the reason of the
formation of the wind.

The formation of a local wind is conditioned by then-uniform heating of the land
and the sea, it induce the wind. Breeze is a typioad for these areas.

The breeze is possible to divided into two basimdgi the sea breeze and the land
breeze

The sea breeze is a local wind, which blows fromdéa. If the air temperature above
the sea is lower than the air temperature abovéatite the wind ensued. The temperature’s
difference caused the formation of the high-lewelspure area above the sea compared with
the value of the atmospheric pressure above thk lan

The land breeze is a local wind, which blows frdme tand. If the air temperature
above the land is lower than the air temperaturevalthe sea, the wind ensued. The
temperature’s difference caused the formation efhigh-level pressure area above the land
compared with the value of the atmospheric pressioge the sea.

26



6 Measured Quantities

6.1 Intensity of the Global Solar Radiation
6.1.1 Annular Solar Eclipse — Spain 2005
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Graph no. 1:  Progression of the Intensity of the Global Soladig&on — Spain 2005

The progression of the intensity of the global scdaliation is possible to see in graph
no. 1. The blue curve represents the referenti@somement from the 4-th October 2005 and
the red curve illustrates the measurement duriegddy of the annular solar eclipgen
October &, 2005) Both of the curves mentioned above were smootyetthe trend lines of
the moving averages with the periods of 50 valtles,characteristic of graph no. 1 derives
mostly from these trend lines. A larger sized vasif this graph is added in the appendixes
as Appendix no. 4.

The Referential Measurement

The white trend line of the moving average with plegiod of 50 values from the day
of the referential measureme@ctober &', 2005)is mostly concave throughout the whole
running. The character of the curve is stagnardightly increasing too in the time interval
from the beginning of the measurement to sunriseGM0O0 UTC; 05:58 UTC), which was
caused by the decreasing depth of the Sun beloWwdtizon. The value of the intensity of the
global solar radiation is close to 0 W¥mparticularly in the first half of the time intervah
the time interval <05:58 UTC; 11:52:10 UTC) the rdwter of the curve is increasing; that
was caused by the increasing height of the Suneabtioe horizon. The value measured at
09:01:50 UTC was chosen for to determine the qobté the intensity of the global solar
radiation between the referential day and the dath® annular solar eclipse, and which is
531.226 W*n¥. The decrease of the Sun’s height above the hodaased that the curve has
got a decreasing character in the time intervat52:10 UTC; 14:17:00 UTC).
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The Measurement on the Eclipse Day

The black trend line illustrating the moving awggavith the period of 50 values from
the day of the annular solar eclipse has got anatago slightly increasing character in the
time interval from the beginning of the measuremntenthe time of sunrise <05:00:00 UTC,;
05:57 UTC), which was caused by the decrease ofthes depth below the horizon. The
intensity value of the global solar radiation issg to 0 W*nf particularly in the first half of
the time interval. The increasing character ofahese was inflicted by the increasing height
of the Sun above the horizon in the time inten@$:57 UTC; 06:36:40 UTC). The noticeable
variations that are noticeable in the time inter¢@6:36:40 UTC; 07:00:00 UTC) were
caused by the transition of the Sc cloudiness tverSun. The increasing character of the
curve was again caused by the increasing heigtiteoSun above the horizon too in the time
interval <07:00:00 UTC; 08:03:20 UTC). The variatan the time interval mentioned above
were caused by the transition of cloudiness over3hn. The values in the time interval
<07:37:00 UTC; 07:40:00 UTC) were chosen to deteemdf the average value of the
intensity of the solar radiation before the stdrthee solar eclipse, their arithmetic mean is
322.851 W*n¥. The decreasing character of the curve in the titterval <08:03:20 UTC;
08:15:30 UTC) is caused by the gradual shadinghef $un by the Moon. The steeper
decreasing character in the time interval <08:18J3@; 08:28:20 UTC) and the stagnant
character of the curve in the time interval <08B8UTC; 08:32:50 UTC) were caused by the
cloudiness and the Moon covering the Sun. The ahafghe character from a stagnant to an
increasing character was caused by the cloudinessvaring the Sun in the time interval
<08:32:50 UTC; 08:42:00 UTC). The decreasing characf the curve was caused by the
shading the Sun by the Moon in the time interva8:40:00 UTC; 09:01:51 UTC). The lowest
value of the intensity of the global solar radiatiis at the time 09:01:50 UTC, and it is
38.260 W*n’. The increasing character that is noticeable @ titne interval <09:01:50
UTC; 10:33:20 UTC) was caused by the growth ofhlb&ght of the Sun above the horizon
and tge uncovering of the Sun by the Moon. The euras got more moderate increasing
character in the time interval <10:33:20 UTC; 119BUTC), its cause is the increasing
height of the Sun above the horizon. The variatiooisceable in the ascending part in graph
no. 1 were caused by the transition of the clowstintbough the Sun. The declension of the
Sun’s height below the horizon caused that theecimas got a decreasing character in the
time interval <11:58:50 UTC; 14:17:00 UTC).

The important values are summarized in the tabkestioned below.

Value Time / (hh:mm:ss)
Average Value before;T  [322.851 W*nf <07:37:00 UTC; 07:40:00 UTC)
Minimum during the Eclips¢38.260 W*m? 09:01:50 UTC
Referential Measurement 531.226 W#n] 09:01:50 UTC

Table no. 9:  The Intensity of the Global Solar Radiation — SEz005:
The View of the Important Values

Quotient during the Eclipse Day 8.438 times
Quotient between 3. and 4. 10. 2005 13.885 times

Table no. 10: The Intensity of the Global Solar Radiation — SpE2005:
The Quotients of the Important Values
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6.1.2 Total Solar Eclipse — Turkey 2006
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Graph no. 2:  Progression of the Intensity of the Global SoladiB#on — Turkey 2006

The progression of the intensity of the global sddaliation is possible to see in graph
no. 2. The blue curve represents the referentiasomrement from the 28-th March 2006 and
the red curve illustrates the measurement duriegdtly of the total solar eclipgen March
29" 2006) Both of the curves mentioned above were smoothethe trend lines of the
moving averages with the periods of 50 values, dharacteristic of graph no. 2 derives

mostly from these trend lines. A larger sized \@rf this graph is added in the appendixes
as Appendix no. 5.

The Referential Measurement

The white trend line of the moving average with plegiod of 50 values from the day
of the referential measurement (March 28th, 208Gnostly concave throughout the whole
running. The increasing character was caused byntiteasing height of the Sun above the
horizon in the time interval <05:57:00 UTC; 10:0%:0TC). The decreasing character of the
curve is possible to see in the time interval <&MO0 UTC; 15:57:00 UTC), it was caused by
the decreasing height of the Sun above the horikla.value measured at 10:56:50 UTC was
chosen to determine the quotient of the intensityhe global solar radiation between the
referential day and the day of the annular soléipge, and which is 855.564 W*m-2. The
steeper decreasing character of the curve was atdonysthe shading of measuring sensors in
the time interval <15:33:00 UTC; 15:37:00 UTC). Thevering of the Sun by the Ac
cloudiness caused that information on the interwitihe global solar radiation was distorted
in the time interval <15:37:00 UTC; 16:02:40 UTC).
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The Measurement on Eclipse Day

The black trend line illustrating the moving avexagth the period 50 values from the
day of the total solar eclipse has got an incregashmaracter in the time interval <05:57:00
UTC; 09:40:30 UTC), that was caused by the increpbeight of the Sun below the horizon.
The values in the time interval <09:34:00 UTC; 0O UTC) were chosen to determine the
average value of the intensity of the global scdaliation before the start of the partial phase
of the solar eclipse, their arithmetic mean is 829.W*m?. The decreasing character of the
curve is possible to see in the graph no. 2 intithe interval <09:40:30 UTC; 10:56:48),
which was caused by the gradual shading of theldyutne Moon. The lowest value of the
intensity of the solar radiation is at 10:56:47 U&®d it is 0.021 W*m. The curve has got
the increasing character in the time interval <G8 UTC; 12:12:10 UTC). It was caused by
the gradual uncovering of the Sun by the Moon. deereasing character of the curve was
caused by the decreasing height of the Sun ab@vadhzon in the time interval <12:12:10
UTC; 15:57:00 UTC). The variations of the intensafythe global solar radiation in the time
intervals mentioned below were caused by the tiiansof cloudiness over the Sun. The steep
decreasing character was caused by the shadinge @un by the Ac cloudiness in the time
interval <15:06:30 UTC; 15:22:00 UTC). The sequanthoderate decrease was caused by
the shading of the Sun by the As cloudiness intithe interval <15:22:00 UTC; 15:57:00
UTC).

The important values are summarized in the tabkestioned below.

Value Time / (hh:mm:ss)
Average Value before;T  [871.629 W*n¥ <09:34:00 UTC; 09:37:00 UTC)
Minimum during the Eclips¢0.021 W*ni? 10:56:47 UTC
Referential Measurement 855.564 W*n| 10:56:50 UTC

Table no. 11: The Intensity of the Global Solar Radiation — Tey006:
The View of the Important Values

Quotient during the Eclipse Day 41506.143 tim
Quotient between 28. and 29. 3. 2006 40741.143time

[
(72}

Table no. 12: The Intensity of the Global Solar Radiation — TeyR006:
The Quotients of the Important Values
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6.1.3 Evaluation

The fact that the quantity decreased about 88.60% the original value during the day
of the annular solar eclipse in Spain in 2005 fldwsn the processing of the intensity of the
global solar radiation. The value of this decreasced during the total solar eclipse was
99.998 % in Turkey in 2006.

These numbers confirmed that the value of the dser®f the global solar radiation
decrease respectively increase with the valueeoéttipse magnitude.

The difference between the measured time of themnmainvalue of the intensity of the
global solar radiation during the annular solaipsel and the time L« of the eclipse from the
prediction(viz. table no. 7yas founded. It is 48.6 s.

The difference between the measured time of thenmainvalue of the intensity of the
global solar radiation during the total solar esfipand the time L« of the eclipse from the
prediction(viz. table no. 8yvas founded. Itis 5.5 s.

The differences mentioned above were probably chbgehe inaccuracy of the entry
parameters of the prediction.
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6.2 Intensity of the Reflected Radiation from the EatrthSurface
6.2.1 Annular Solar Eclipse — Spain 2005
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Graph no. 3:  Progression of the Intensity of the Reflected Riamliafrom the Earth’s
Surface — Spain 2005

The progression of the intensity of the reflectadiation from the Earth’s surface is
possible to see in graph no. 3. The blue curveesgmts the referential measurement from the
4-th October 2005 and the red curve illustratesnteasurement during the day of the annular
solar eclipsgon October %, 2005) Both of the curves mentioned above were smootlyed
the trend lines of the moving averages with thdaoger of 50 values, the characteristic of
graph no. 4 derives mostly from these trend lidelarger sized version of this graph is added
in the appendixes as Appendix no. 6.

The Referential Measurement

The white trend line of the moving average with plegiod of 50 values from the day
of the referential measuremef@ctober &', 2005)is mostly concave throughout the whole
running. The character of the curve is stagnardightly increasing in the interval from the
beginning of the measurement to sunrise <05:00:0C;W5:58 UTC), which was caused by
the increasing of the incident solar radiation loe Earth’s surface. The value of the intensity
of the reflected radiation from the Earth’s surfixelose to 0 W*ni? particularly in the first
half of the time interval. The character of theweuis increasing in the time interval <05:58
UTC; 11:52:40 UTC) too, it was caused by the insmeg height of the Sun above the
horizon. The causes of the variations that arecaalile in the time interval <06:25:30 UTC;
06:56:40 UTC) are not possible find, because theeders did not make the records. The
value measured at 09:01:13 UTC was chosen to deteritine quotient between the
referential day and the day of the annular soldipse, and it is 121.529 W*h The
declension of the Sun’s height above the horizarsed that the curve has got the decreasing
character in the time interval <11:52:40 UTC; 14007UTC).
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The Measurement on the Eclipse Day

The black trend line illustrating the movement ager with the period of 50 values
from the day of the annular solar eclipse has gaiagnant to slightly increasing character in
the time interval from the beginning of the meameant to sunrise <05:00:00 UTC; 05:57
UTC); it was caused by the decreasing of the Symthdieelow the horizon. The value of the
intensity of the reflected solar radiation from tRarth’s surface is close to 0 W*m
particularly in the first part of the time intervalhe increasing character of the curve in the
time interval <05:57 UTC; 06:36:40 UTC) was caubgdhe increasing Sun’s height above
the horizon. The variations that are noticeabléhentime interval <06:36:40 UTC; 07:00:00
UTC) were caused by the transition of the low Swidiness over the Sun. The increasing in
the time interval <07:00:00 UTC; 08:03:20 UTC) wamsiused by the increasing of the Sun’s
height above the horizon. The variations in thestinterval mentioned above were caused by
the transition of the cloudiness over the Sun. Jdlaes in the time interval <07:37:00 UTC;
07:40:00 UTC) were chosen to determine the avexadige before the start of the solar
eclipse, their arithmetic mean is 78.422 W*m

The cause of the decreasing character of the ¢umée time interval <08:03:20 UTC,;
08:15:30 UTC) is the gradual shading of the Sunth®y Moon. The steeper decreasing
character in the time interval <08:15:30 UTC; 084®7UTC) and the stagnant character of
the curve in the time interval <08:27:40 UTC; 085RUTC) are consequences the shading
of the Sun by the cloudiness and the Moon. The ganf the curve’s character from a
stagnant to an increasing was caused by the uringvef the Sun by cloudiness. The
decreasing character of the curve was caused bgthiee gradual shading of the Sun by the
Moon. The lowest value of the intensity of the eeted radiation from the Earth’s surface is
at 09:01:13 UTC, and it is 9.304 W*mThe steep increasing character of the curveishat
noticeable in the time interval <09:01:14 UTC; 102D UTC) was caused by the growth of
Sun’s height above horizon and the gradual uncogesf the Sun by the Moon. The change
of the curve’s character from a steep increasing tess moderate that is noticeable in the
time interval <10:33:20 UTC; 11:58:50 UTC) was caidy the end of the partial phase of
the solar eclipse. The variations that are notieeabthe ascending part in the graph no. 3
were caused by the transition of the cloudiness theeSun. The decreasing character of the
curve in the time interval <11:58:50 UTC; 14:17100C) was caused by the decrease of the
Sun’s height above the horizon.

The important values are summarized in the tabkestioned below.

Value Time / (hh:mm:ss)
Average Value before;T | 78.422 W*ny <07:37:00 UTC; 07:40:00 UTC)
Minimum during the Eclips¢9.304 W*m? 09:01:13 UTC
Referential Measurement 121.529 W*n| 09:01:13 UTC

Table no. 13: The Intensity of the Reflected Radiation from Heeth’s Surface —
Spain 2005: The View of the Important Values

Quotient during the Eclipse Day 8.429 times
Quotient between 3. a 4. 10. 2005 13.031 times

[0}

Table no. 14: The Intensity of the Reflected Radiation from Heeth’s Surface —
Spain 2005: The Quotients of the Important Values
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6.2.2 Total Solar Eclipse — Turkey 2006
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Graph no. 4:  Progression of the Intensity of the Reflected Rimliafrom the Earth’s
Surface — Turkey 2006

The progression of the intensity of the reflectedass radiation from the Earth’s
surface is possible to see in graph no. 4. The ueve represents the referential
measurement from the 28-th March 2006 and the weckdllustrates the measurement during
the day of the total solar eclipgen March 28, 2006) Both of the curves mentioned above
were smoothed by the trend lines of the moving ayes with the periods of 50 values, the
characteristic of graph no. 4 derives mostly frévase trend lines. A larger sized version of
this graph is added in the appendixes as ApperaliX.n

The Referential Measurement

The white trend line illustrating the movin% avezagith the period of 50 values from
the day of the referential measuremékitarch 28", 2006) has got mostly concave shape
throughout the whole running. The increasing chtaraof the curve was caused by the
increasing Sun’s height above the horizon in tineetinterval <05:57:00 UTC; 10:05:00
UTC). The value measured at 10:56:50 UTC was choseatetermine the quotient of the
intensity of the reflected radiation from the E&tburface between the referential day and the
day of the annular solar eclipse, and it is 215.98n™%. The decreasing character of the
curve is possible to see in the time interval <66 UTC; 15:57:00 UTC), it was caused by
the decreasing Sun’s height above the horizon.stéeper decreasing character of the curve
in the time interval <15:33:00 UTC; 15:37:00 UTCaswaused by the shading of the Earth’s
surface under the measuring sensors. The covefitigeoSun by the Ac cloudiness caused
that information on the intensity of the globalasaladiation was distorted in the time interval
<15:37:00 UTC; 16:02:40 UTC).
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The Measurement on the Eclipse Day

The black trend line illustrating the movement ager with the period of 50 values
from the day of the total solar eclipse has gotititeeeasing character in the time interval
<05:57:00 UTC; 09:40:30 UTC) that was caused byitizeeasing Sun’s height above the
horizon. The values measured in the time inten@:34:00 UTC; 09:37:00 UTC) were
chosen to determine the average intensity of tflected radiation from the Earth’s surface
before the start of the solar eclipse, their argtimmean is 216.792 W*f The decreasing
character of the curve is possible to see in taplgno. 4 in the time interval <09:40:30 UTC;
10:56:48 UTC) and it was caused by the gradualisgaaf the Sun by the Moon. The lowest
value of the intensity of the reflected radiatioonf the Earth’s surface is at 10:56:47 UTC, it
is 0.004 W*n¥’. The curve has got the increasing character intithe interval <10:56:48
UTC; 12:12:10 UTC). It was caused by the gradualowering of the Sun by Moon. The
decreasing Sun’s height above the horizon causadthie curve has got the decreasing
character in the time interval <12:12:10 UTC; 15007UTC). The variations of the intensity
of the reflected solar radiation from the Earthisface in the time interval mentioned above
were caused by the transition of the Ci cloudinessr the Sun. The steep decreasing
character in the time interval <15:06:30 UTC; 1502RUTC) was caused by the covering of
the Sun by Ac cloudiness. The sequent moderateedserof the curve in the time interval
<15:22:00 UTC; 15:57:00 UTC) was caused by the gogeof the Sun by the As cloudiness,
its consequence was the decrease of the interfsthyeaeflected radiation from the Earth’s
surface.

The important values are summarized in the tabkestioned below.

Value Time / (hh:mm:ss)
Average Value before;T  [216.792 W*n¥ <09:34:00 UTC; 09:37:00 UTC)
Minimum during the Eclips€0.004 W*ni? 10:56:47 UTC
Referential Measurement 215.146 W#n| 10:56:50 UTC

Table no. 15: The Intensity of the Reflected Radiation from Heath’s Surface —
Turkey 2006: The View of the Important Values

1%

Quotient during the Eclipse Day 54387.474 times
Quotient between 28. and 29. 3. 2006 53974.591stime

Table no. 16: The Intensity of the Reflected Radiation from Heeth’s Surface —
Turkey 2006: The Quotients of the Important Values
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6.2.3 Evaluation

The fact that the quantity decreased about 88.60% the original value during the day
of the annular solar eclipse in Spain in 2005 fldwsn the processing of the intensity of the
reflected solar radiation from the Earth’s surfatke value of this decrease noticed during
the total solar eclipse was 99.998 % in Turkeydo&

These numbers confirmed that the value of the dser®f the global solar radiation
decrease respectively increase with the valueeoéttipse magnitude.
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6.3 Temperature of the Air at 2 m above the Ground

6.3.1 Annular Solar Eclipse — Spain 2005
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Graph no. 5: Progression of the Temperature of the Air at 2 ovab
the Ground — Spain 2005

The progression of the air temperature at 2 m alblogeground is possible to see in
graph no. 5. The blue curve represents the refateameasurement from the 4-th October
2005 and the red curve illustrates the measurerheirig the day of the annular solar eclipse
(on October ¥, 2005) Both of the curves mentioned above were smodtlyetie trend lines
of the moving averages with the periods of 50 v&|tiee characteristic of graph no. 5 derives
mostly from these trend lines. A larger sized \@rf this graph is added in the appendixes
as Appendix no. 8.

The Referential Measurement

The white trend line of the moving average with gegiod 50 values illustrating the
referential measurement from the day the 4-th Gat@005 has got the decreasing character
in the time interval from the beginning of the maasnent to sunrise <05:00:00 UTC; 05:58
UTC) that was caused by the meteorological sitnatibove the observational site. The sky
was clear; the heat energy was radiate in the fafrthe infra-red radiation from the Earth’s
surface. The decreasing character of the curveeismarked in the time interval after the
sunrise <05:58 UTC; 06:07 UTC), because the aiptrature at the bottom layers of the
atmosphere start to increase after a certain titee sunrise, that was mostly caused by the
caloric capacity of the Earth’s surface. The cumas got the increasing character in the time
interval <06:07 UTC; 08:10 UTC) it was caused by ifficreasing height of the Sun above the
horizon. The moderate character of the curve isiptesto see in the time interval <08:10
UTC; 10:36 UTC) too, it was caused by the incregsihthe wind speed that blew from the
sea(SE)and the sea’s temperature was probably lower ttiatemperature of the land at the
moment. The value measured at 09:11:03 UTC wasechts determine the difference
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between the referential day and the day of sollpss; it is 20.83 °C. The character of the
curve is stagnant to moderately decreasing inithe interval <10:36 UTC; 114:17:00 UTC);

it was caused by the decreasing height of the ®omeathe horizon and the relatively high
caloric capacity of the land, which obviated of theeper decrease of the air temperature.

The Measurement on Eclipse Day

The black trend line representing the movementameewith the period of 50 values
from the day of the annular solar eclipse has etrhoderately increasing character in the
time interval from the beginning of the measurentergunrise <05:00:00 UTC; 05:57 UTC);
it was caused by the presence of the cloudinesgealt® observational site that blocks the
dissipation of the heat energy in the form of thia-red radiation. The curve has got this
character also after sunrise in the time inten@8:57 UTC; 07:01 UTC), and it was caused
by the presence of the cloudiness above the oligmrahsite too. The curve’s character in
the time interval <07:01 UTC; 07:40 UTC) is incregsand its causes are the decay of
cloudiness above the sea and the consecutive secoddeeding of the heat energy that come
in the form of the solar radiation. The increasimgght of the Sun influenced the increasing
character of the curve too. The change of the charaf the curve from stagnant to moderate
increasing was caused also by the presence obthelbudiness above the observational site
and the gradual shading of the Sun by the Moorhéntime interval <07:40 UTC; 08:15
UTC). The values in the time interval <07:37:00 4T3Z:40:00) were chosen to determine
the average value of the air temperature at 2 nvalbloe ground before the start of the
eclipse. It is 20.02 °C. The decreasing charadtdreocurve in the time interval <08:15 UTC,;
09:11:04 UTC) was caused by the gradual shadirtgeoSun by the Moon, the variations in
the time interval were caused by the transitiorthef cloudiness over the Sun. The lowest
value of the air temperature at 2 m above the gtouas at 09:11:03 UTC; itis 17.82 °C. The
increasing character of the curve is possible &is¢he time interval <09:11:04 UTC; 10:46
UTC) that was caused by the gradual uncovering®Sun by the Moon. The time of the end
of the majority effect the solar eclipse on thegoession of the temperature is not possible to
determine from the graph no.5 because at the fmelbudiness covers the Sun. The curve
has got a moderate decreasing character in theini@eal <10:56 UTC; 13:20 UTC) and it
was caused by the decreasing height of the Suneabime horizon and the occasional
transition of the cloudiness over the Sun, it bfothe heat of the Earth’s surface and the
atmosphere. The increasing character of the curwhe time interval <13:20 UTC; 13:40
UTC) was caused by the decrease in the amounedfitludiness transition over the Sun. The
curve has got the decreasing character in the itibeeval <13:40 UTC; 14:17:00 UTC) that
was caused by the considerable decrease of the Beight above the horizon.

The important values are summarized in the tabkestioned below.
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Value Time / (hh:mm:ss)

Average Value before T 20.02 °C <07:37:00 UTC; 07:40:00 UTC)
Minimum during the Eclips¢ 17.82 °C 09:11:03 UTC
Referential Measurement 20.83 °C 09:11:03 UTC

Table no. 17: The Temperature of the Air at 2 m above the Grougbain 2005:
The View of the Important Values

Decrease during the Eclipse Day 2.20 °C
Difference between 3. and 4. 10. 2005 3.01°C

Table no. 18: The Temperature of the Air at 2 m above the Grougbain 2005:
The Differences of the Important Values

6.3.2 Total Solar Eclipse — Turkey 2006
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Graph no. 6:  Progression of the Temperature of the Air at 2 ovab
the Ground — Turkey 2006

The progression of the air temperature at 2 m alblogeground is possible to see in
graph no. 6. The blue curve represents the refafemeasurement from the 28-th March
2006 and the red curve illustrates the measurethairig the day of the total solar ecligea
March 29", 2006) Both of the curves mentioned above were smooliyethe trend lines of
the moving averages with the periods of 50 valtles,characteristic of graph no. 6 derives
mostly from these trend lines. A larger sized \@rf this graph is added in the appendixes
as Appendix no. 9.
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The Referential Measurement

The white trend line representing the movementayewith the period of 50 values
is mostly concave throughout the whole running dndhas got a moderate deformed
asymmetric shape. In the time interval <06:09:0@CyT1:45 UTC) the character of the curve
is a moderate increasing. The value measured 82200 UTC was chosen to determine the
difference between the referential day and the afathe solar eclipse, it is 19.15°C. The
decrease of the air temperature at 2 m above thendrin the time interval <11:45 UTC;
12:17 UTC) is consequence of the wind shocks froenseaSE) with the speed 2.8 m*s
the air temperature above the sea was lower tharaithtemperature above the land. The
cause of the decreasing character of the curvéantime interval <12:17 UTC; 16:02:40
UTC) is the decreasing height of the Sun abovédtnizon.

The Measurement on Eclipse Day

The black trend line illustrating the movement ager with the period of 50 values
from the day of the total solar eclipse is mostigreasing character in the time interval
<05:57:00 UTC; 09:43 UTC) that was caused by tloeeiasing height of the Sun above the
horizon. The values in the time interval <09:34:00C; 09:37 UTC) were chosen to
determine the average value before the beginninbeopartial part of the solar eclipse, their
arithmetic mean is 18.80°C. The curve has got #@eahsing character in the time interval
<09:43 UTC; 11:01:56 UTC) that was caused by tlaelgal shading of the Sun by the Moon.
The lowest value of the air temperature at 2 m aldbe ground was at 11:01:55 UTC, it is
16.20°C. The cause of the increasing charactehefcurve is the increase of the incident
solar radiation in the time interval <11:01:56 UTX2;17 UTC), it was caused by the gradual
uncovering of the Sun by the Moon. The curve igelsing again in the time interval <12:17
UTC; 15:57:00 UTC) that was caused by the decrgdseight of the Sun above the horizon.

The important values are summarized in the tabkestioned below.

Value Time / (hh:mm:ss)
Average Value before T 18.80 °C <09:34:00 UTC; 09:37:00 UTC)
Minimum during the Eclipse 16.20 °C 11:01:55 UTC
Referential Measurement 19.15 °C 11:02:00 UTC

Table no. 19: The Temperature of the Air at 2 m above the Groufidirkey 2006:
The View of the Important Values

Decrease during the Eclipse Day 2.60|°C
Difference between 28. and 29. 3. 2005695 °C

Table no. 20: The Temperature of the Air at 2 m above the Groufidirkey 2006:
The Differences of the Important Values
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6.3.3 Evaluation

The fact that the quantity decreased about 11.60% the original value during the day
of the annular solar eclipse in Spain in 2005 fldmesn the processing of the temperature of
the air at 2 m above the ground. The value of tleisrease noticed during the total solar
eclipse was 28.7 % in Turkey in 2006.

These numbers confirmed that the value of the dseref the air temperature at 2 m
above the ground decrease respectively increabehdtvalue of the eclipse magnitude.
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6.4 Temperature of the Air at 5 cm above the Ground

6.4.1 Annular Solar Eclipse — Spain 2005
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Graph no. 7:  Progression of the Temperature of the Air at 5 bwva the Ground —
Spain 2005

The progression of the air temperature at 5 cm altle ground is possible to see in
graph no. 7. The blue curve represents the refafameasurement from the 4-th October
2005 and the red curve illustrates the measurethemntg the day of the annular solar eclipse
(on October %, 2005) Both of the curves mentioned above were smodblyetie trend lines
of the moving averages with the periods of 50 vs|tiee characteristic of graph no. 7 derives
mostly from these trend lines. A larger sized varsiof this graph is added in the appendixes
as Appendix no. 10.

The Referential Measurement

The white trend line illustrating the movement age with the period of 50 values
from the referential measuremed@ctober 4', 2005)has got the decreasing character in the
time interval from the beginning of the measuremergunrise <05:00:00 UTC; 05:58 UTC).
It was caused by the meteorological situation alibeeobservational site. The sky was clear
and the heat energy could leak from the Earth’fasarin the form of the infra-red radiation,
its consequence was a decrease of the temperattire bottom layer of the atmosphere. In
the time interval <05:58 UTC; 06:02 UTC) the desirg character of the curve is possible to
see, because the value of the air temperature eobtiitom layer starts to increase after
certain time after sunrise that was caused mamwlye caloric capacity of the Earth’s surface
and the retardation during the convective heahefair from the surface. In the time interval
<06:02 UTC; 11:03 UTC) the character of the cusvéncreasing; its cause is the increasing
height of the Sun above the horizon. But in theetimerval <08:22 UTC; 11:03 UTC) the
character of the curve is the moderate increadiay) was caused mainly by the increased
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speed of the wind from the s€aE) the temperature of the sea was probably lower tha
temperature of the land. The value measured aDOBI1UTC was chosen to determine the
difference between the referential day and theafdiie solar eclipse, and it is 25.73°C. The
cause of the decreasing character of the curveleascreasing height of the Sun above the
horizon in the time interval <11:03 UTC; 14:17:00C).

The Measurement on the Eclipse Day

The black trend line representing the movementageewith the period of 50 values
from the day of the annular solar eclipse has getoderate increasing character in he time
interval from the beginning of the measurementuiorise <05:00:00 UTC; 05:57 UTC) that
was caused by the presence of the low cloudinesgeaie observational site that blocks the
steeper decrease of the heat at ground layer ofatim@sphere. The curve has got this
character after the sunrise in the time interva:5@ UTC; 07:02 UTC) too and it was also
caused by the presence of the low cloudiness ath@vebservational site. In the time interval
<07:02 UTC; 07:20 UTC) the curve’s character isr@asing; its cause is the decay of the
cloudiness above the sea and the increase of tinsity of the incident solar radiation. The
increasing height of the Sun above the horizon ntgjmfluenced the increasing character of
the curve. The cause of the decreasing charackeraurve in the time interval <07:20 UTC;
07:33 UTC) is the transition of the cloudiness ttetised the decrease of the intensity of the
global solar radiation. The increasing charactethef curve is possible to see in the graph
no.7 in the time interval <07:33 UTC; 07:46 UTQ)wias caused by the uncovering of the
Sun by the cloudiness and the increasing heigthefSun above the horizon. The values in
the time interval were chosen <07:37:00 UTC; 0Q80JTC) were chosen to determine the
average value of the air temperature at 5 cm alloeeground before the beginning solar
eclipse, its arithmetic mean is 23.67°C. The tramsiof the cloudiness over the Sun caused
the decreasing character of the curve in the tmerval <07:46 UTC; 07:57 UTC). In the
time interval <07:57 UTC; 08:16 UTC) the characatéthe curve is increasing again, it was
caused by the increasing Sun’s height above thedroragain. The decreasing character of
the curve in the time interval <08:16 UTC; 08:33@)Tis caused by the gradual shading of
the Sun by the Moon and the cloudiness. The suddange of the curve’s character from the
decreasing to increasing in the time interval <G8tBIC; 08:40 UTC) was caused by the
uncovering of the Sun by cloudiness that enabledh&ating of the ground layer of the
atmosphere. The lowest value of the air temperasir® cm above the ground was at
09:10:43 UTC, it is 17.56°C. The increasing chaaaf the curve in the time interval
<09:10:44 UTC; 10:41 UTC) is consequence of thelgmh uncovering of the Sun by the
Moon and the increasing height of the Sun abovédnizon. In the graph no 7 is possible to
see that the curve has got the increasing charactie time interval <10:28 UTC; 10:41
UTC), it is caused only by the increasing heighth&f Sun above the horizon. The decreasing
height of the Sun caused that the curve has gotlé¢beeasing character in the time interval
<10:41 UTC; 14:17:00 UTC). The variations in thime interval were caused by the
transition of the cloudiness over the Sun.

43



The important values are summarized in the tabkestioned below.

Value Time / (hh:mm:ss)
Average Value before T 23.67 °C <07:37:00 UTC; 07:40:00 UTC)
Minimum during the Eclipse 17.56 °C 09:10:43 UTC
Referential Measurement 25.73 °C 09:10:43 UTC

Table no. 21: The Temperature of the Air at 5 cm above the GdeuSpain 2005:
The View of the Important Values

Decrease during the Eclipse Day

6.11 °C

Difference between 3. and 4. 10. 200}

D

8.17 °(

I~
-

Table no. 22: The Temperature of the Air at 5 cm above the Gdeuspain 2005:
The Differences of the Important Values
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6.4.2 Total Solar Eclipse — Turkey 2006
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Graph no. 8:  Progression of the Temperature of the Air at 5 bwva the Ground —
Turkey 2006

The progression of the air temperature at 5 cm altle ground is possible to see in
graph no. 8. The blue curve represents the refatemeasurement from the 28-th March
2006 and the red curve illustrates the measurethemtg the day of the annular solar eclipse
(on March 28, 2006) Both of the curves mentioned above were smoabiyettie trend lines
of the moving averages with the periods of 50 vs|tiee characteristic of graph no. 8 derives
mostly from these trend lines. A larger sized varsif this graph is added in the appendixes
as Appendix no. 11.

The Referential Measurement

The white trend line illustrating the movement age with the period of 50 values
from the referential measuremearch 28", 2006)has got concave shape throughout the
whole running without the beginning. It has got thothe increasing character in the time
interval <06:09:00 UTC; 06:28 UTC) that was caubgdhe increasing Sun’s height above
the horizon. The sudden change of the curve’s cterérom the increasing to decreasing in
the time interval <06:28 UTC; 07:04 UTC) was prdgataused by the increased speed of the
cooler wind. In the time interval <07:04 UTC; 11:4TC) the curve has got the increasing
character that was also caused by the increasigpthef the Sun above the horizon. The
value measured at 11:02:30 UTC was chosen to deiatenthe difference between the
referential day and the day of the solar eclipsis 22.97°C. The steep decrease of this value
that is noticeable in the time interval <11:41 UTK2;14 UTC) and its increase in the time
interval <12:14 UTC; 12:26 UTC) were caused byhed shocks from the sd&W) their
duration was a few minutes. Average speed of thedwias 2.8 m*rt. The decreasing
character of the curve in the time interval <12tZ6C; 16:02:40 UTC) was caused by the
decreasing height of the Sun above the horizon.
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The Measurement on the Eclipse Day

The black trend line representing the movementameewith the period of 50 values
from the day of the total solar eclipse has gottipascreasing character in the time interval
<05:57:00 UTC; 06:17 UTC) that was caused by thereiasing Sun’s height above the
horizon. The sequent decrease of the air temperatiub cm above the ground in the time
interval <06:17 UTC; 06:46 UTC) was probably caubgdhe cold wind at the ground layer
of the atmosphere. In the time interval <06:17 UDG;59 UTC) the curve has got mostly
increasing character, it was caused by the inargdseight of the Sun above the horizon and
the heating of the air at the ground layer of ttracgphere. The values in the time interval
<09:34:00 UTC; 09:37:00 UTC) were chosen to deteenthe average value before the solar
eclipse. The arithmetic mean of the values intilme interval is 23.31°C. The curve has got a
decreasing character in the time interval <09:5€{T1:02:31 UTC) that was caused by the
decrease in the incident solar radiation; its cauae the gradual shading of the Sun by the
Moon. The lowest value of the air temperature aimbabove the ground is at 11:02:30 UTC.
It is 16.63°C. The cause of the increasing charaxtthe curve in the time interval <11:02:31
UTC; 12:10 UTC) is the increase of the incidentasaladiation that was caused by the
gradual uncovering of the Sun by the Moon. The e of the temperature is in the time
interval <12:10 UTC; 15:57:00 UTC) again that wasised by the decreasing height of the
Sun above the horizon.

The important values are summarized in the tabkestioned below.

Value Time / (hh:mm:ss)
Average Value before T 23.31°C <09:34:00 UTC; 09:37:00 UTC)
Minimum during the Eclipse 16.63 °C 11:02:30 UTC
Referential Measurement 22.97 °C 11:02:30 UTC

Table no. 23: The Temperature of the Air at 5 cm above the Greuidrkey
2006: The View of the Important Values

Decrease during the Eclipse Day 6.68 °C
Difference between 28. and 29. 3. 2006 6.34 °C

Table no. 24: The Temperature of the Air at 5 cm above the Greuidrkey
2006: The Differences of the Important Values
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6.4.3 Evaluation

The fact that the quantity decreased about 25.8% the original value during the day
of the annular solar eclipse in Spain in 2005 fldmesn the processing of the temperature of
the air at 5 cm above the ground. The value of dieisrease noticed during the total solar
eclipse was 28.7 % in Turkey in 2006.

These numbers confirmed that the value of the dseref the air temperature at 5 cm
above the ground decrease respectively increabehdtvalue of the eclipse magnitude.
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6.5 Temperature of the Soil at 5 cm under the Ground

6.5.1 Annular Solar Eclipse — Spain 2005
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Graph no. 9:  Progression of the Temperature of the Soil at Juoder the Ground —
Spain 2005

The progression of the soil’'s temperature at 5 ageuthe ground is possible to see in
graph no. 9. The blue curve represents the refafeameasurement from the 4-th October
2005 and the red curve illustrates the measurerheirig the day of the annular solar eclipse
(on October ¥, 2005) Both of the curves mentioned above were smodtlyetie trend lines
of the moving averages with the periods of 50 v&|tiee characteristic of graph no. 9 derives

mostly from these trend lines. A larger sized \@rf this graph is added in the appendixes
as Appendix no. 12.

The Referential Measurement

The white trend line representing the movementagewith the period of 50 values
from the day of the referential measuremédttober 4, 2005) has got the decreasing
character in the time interval from the beginnifigh® measurement to the sunrise <05:00:00
UTC; 05:58 UTC) that was caused by the dissipatibtihe heat energy in the form infra-red
radiation. The value measured at 09:26:00 was chtseletermine the difference between
the referential day and the day of the solar eelifiisis 23.81°C. The sequent change of the
curve’s character from decreasing to increasingoigceable in the time interval <09:26:00
UTC; 14:17:00 UTC), its cause is the increasinghefintensity of the global solar radiation.
In the conclusion of this time interval the cau$¢he increasing curve’s character is not the
varying height of the Sun above the horizon, big & high caloric capacity of the soil.
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The Measurement on the Eclipse Day

The black trend line representing the movementameewith the period of 50 values
from the day of the annular solar eclipse has gdéaeasing character in the time interval
from the beginning of the measurement to sunris&G@M00 UTC; 05:57 UTC) that was
caused by the dissipation of the heat energy iridime the infra-red radiation. The decreasing
character of the curve is noticeable in the tinteriral after the sunrise <05:57 UTC; 06:46
UTC), and it was caused by the high caloric cagadfitthe soil. In the time interval <06:46
UTC,; 08:37 UTC) the curve’s character is increasamgl it was caused by the increasing
height of the Sun above the horizon. Considerirgg lilgh caloric capacity of the soil the
values determining the average value before thabieg of the solar eclipse were chosen in
the time interval <08:35:00 UTC; 08:38:00 UTC), It partial part of the solar eclipse was
running in this time interval. The temperature @aged before the chosen time interval, it is
noticeable in the graph no. 9. Their arithmetic mea20.88°C. The decreasing character of
the curve is possible to see in the time inten@8:87 UTC; 09:26 UTC), the decrease of the
soil’s temperature at 5 cm under the ground wasezhby the gradual shading of the Sun by
the Moon. The lowest value of the soil's tempertatr 5 cm under the ground is at 09:26:00
UTC, it is c. 24 min after the maximal phase of #maular solar eclipse. It is 20.68°C. The
character of the curve is increasing in the timeriral <09:26 UTC; 14:17:00 UTC) that was
caused by the gradual uncovering of the Sun byMben and the increasing height of the
Sun above the horizon.

The important values are summarized in the tabkestioned below.

Value Time / (hh:mm:ss)
Average Value before T 20.88 °C <08:35:00 UTC; 08:38:00 UTC)
Minimum during the Eclips¢  20.68 °C 09:26:00 UTC
Referential Measurement 23.81 °C 09:26:00 UTC

Table no. 25: The Temperature of the Soil at 5 cm under the GdeuBpain 2005:
The View of the Important Values

Decrease during the Eclipse Day 0.20 °C
Difference between 3. and 4. 10. 2005 3.13 °(

)

Table no. 26: The Temperature of the Soil at 5 cm under the GdeuBSpain 2005:
The Differences of the Important Values
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6.5.2 Total Solar Eclipse — Turkey 2006
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Graph no. 10: Progression of the Temperature of the Soil at Juonder the Ground —
Turkey 2006

The progression of the soil’'s temperature at 5 aagteuthe ground is possible to see in
graph no. 10. The blue curve represents the refataneasurement from the 28-th March
2006 and the red curve illustrates the measuretheing the day of the total solar ecligea
March 29", 2006) Both of the curves mentioned above were smooliyethe trend lines of
the moving averages with the periods of 50 valtles characteristic of graph no. 10 derives
mostly from these trend lines. A larger sized varsif this graph is added in the appendixes
as Appendix no. 13.

The Referential Measurement

The white trend line representing the movementagewith the period of 50 values
from the day of the referential measurem@march 28", 2006)has got a increasing character
in the time interval <06:09:40 UTC; 09:38 UTC) thaas caused by the increase of the
amount of the heat energy under the ground, itsec@&ithe increase of the intensity of the
global solar radiation. The shadow’s transition \ebdhe measuring sensor caused the
decreasing and the increasing of the soil’s tempearan the time interval <09:38 UTC; 10:05
UTC). The increasing character of the soil's terapge was caused by the increasing height
of the Sun above the horizon in the time intervdD:@5 UTC; 12:08 UTC). The value
measured at 11:38:50 UTC was chosen to determmalitfference between the referential
day and the day of the solar eclipse, and it iS2&. The cause of the sequential change of
the curve’s character from increasing to decreasmdhe timer interval <12:08 UTC;
16:02:40 UTC) is the decrease of the intensityhef incident solar radiation caused by the
decreasing height of the Sun above the horizon.
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The Measurement on the Eclipse Day

The black trend line illustrating the movement ager with the period of 50 values
from the measurement of the day of the total setdipse has got the increasing character in
the time interval <05:57:00 UTC; 10:34 UTC); it weamused by the increasing the intensity of
the incident solar radiation on Earth’s surfacen€idering the high caloric capacity of the
soil the values determining the average value keefloe beginning of the solar eclipse were
chosen in the time interval <10:30:00 UTC; 10:33t0DC), but the partial part of the solar
eclipse was running in this time interval. Theiitranetic mean is 23.02°C. The decreasing
character of the soil’'s temperature is noticeablneé graph no. 10 in the time interval <10:33
UTC; 11:38:51 UTC), and it was caused by the desred the incident solar radiation, its
cause was the gradual uncovering of the Sun byMben. The lowest value of the soil’'s
temperature at 5 cm under the ground is at 11:38/5G, and it is 21.99°C. The curve’s
character is increasing in the time interval <11538JTC; 14:27 UTC) again that was caused
by the gradual uncovering of the Sun by the Modre Gase of the decreasing character of the
curve is the decrease of the incident solar razhan the time interval <14:27 UTC; 15:57:00
UTC), it was caused by the decreasing height ofilve above the horizon.

The important values are summarized in the tabkestioned below.

Value Time / (hh:mm:ss)
Average Value before T 23.02 °C <10:30:00 UTC; 10:33:00 UTC)
Minimum during the Eclips¢  21.99 °C 11:38:50 UTC
Referential Measurement 28.32 °C 11:38:50 UTC

Table no. 27: The Temperature of the Soil under 5 cm under tfoai® — Turkey
2006: The View of the Important Values

Decrease during the Eclipse Day 1.03 °C
Difference between 28. and 29. 3. 2006 6.33 °C

Table no. 28: The Temperature of the Soil at 5 cm under the GacuTurkey
2006: The Differences of the Important Values

6.5.3 Evaluation

The fact that the quantity decreased about 0.960% the original value during the day
of the annular solar eclipse in Spain in 2005 fldmesn the processing of the temperature of
the soil at 5 cm under the ground. The value of tlecrease noticed during the total solar
eclipse is 4.47 % in Turkey in 2006.

These numbers confirmed that the value of the dseref the temperature of the solil at
5 cm under the ground decrease respectively inengdh the value of the eclipse magnitude.
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6.6 Time Comparison of the Minimal Values of the Temjagure and Global
Solar Radiation

6.6.1 Annular Solar Eclipse — Spain 2005

Considering the fact, that on th€ @ctober 2005 the total solar eclipse did not occur
the processing of the data from this day was notechout.
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Graph no. 11: The Comparasion of the Moments of the Temperaturenhal Values
and the Minimal Value of the Global Solar Radiatio8pain 2005

The progression of the intensity of the global so#aliation is possible to see in the
graph no. 11 that is illustrating by the red cumie, values of the quantity were applied onto
the left axis of the graph. The others three curuegresent the progressions of the
temperatures, the yellow curve illustrates the msgjon of the air temperature at 5 cm above
the ground, the azure curve represents the pragnestthe soil's temperature at 5 cm under
the ground and the blue curve illustrates theamperature at 2 m above the ground. Their
values were applied onto the right axis of the braphe curves represent the progressions of
the quantities mentioned above from the day ofatireular solar eclips@ctober &, 2005)

A larger sized version of this graph is added mdbpendixes as Appendix no. 14.
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The most interesting points of the curves are ti@mums that were caused by the
total solar eclipse. In the graph no. 11 a cettiane retardation of the temperature minimums
toward the minimum of the intensity of the globalas radiation is noticeable. The accurate
time differences are mentioned in the table no. 2% calorimetric capacity of the Earth’s
surface and the retardation caused by the coneehgating of the air by the Earth’s surface
are causes of the time retardations between thenmms measured temperatures of the air
and the minimum of the intensity of the global saladiation. The relatively high time
difference between the minimum of the soil's tenap@re at 5 cm under the ground and the
minimum of the intensity of the global solar rathatwas caused by the high calorimetric
capacity of the soill.

Time

Temperature of the Air at 2 m above the Ground 09 min 13 s
Temperature of the Air at 5 cm above the Ground  h 08 min 53 s
Temperature of the Soil at 5 cm under the Ground h 20 min 10 s

Table no. 29: The Retardations of the Temperature Minimal Vakloggard the
Minimal Value of the Global Solar Radiation — Spab05

6.6.2 Total Solar Eclipse — Turkey 2006

Considering the fact, that on the™Blarch 2006 the total solar eclipse did not occur,
the processing of the data from this day was nwiezhout.
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Graph no. 12: The Comparasion of the Moments of the Temperaturenhdl Values
and the Minimal Value of the Global Solar Radiatiofurkey 2006
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The progression of the intensity of the global so#aliation is possible to see in the
graph no. 12 that is illustrating by the red cumie, values of the quantity were applied onto
the left axis of the graph. The others three curuegresent the progressions of the
temperatures, the yellow curve illustrates the msgjon of the air temperature at 5 cm above
the ground, the azure curve represents the pragneskthe soil's temperature at 5 cm under
the ground and the blue curve illustrates theamperature at 2 m above the ground. Their
values were applied onto the right axis of the braphe curves represent the progressions of
the quantities mentioned above from the day oftoh@l solar eclipséMarch 29", 2006) A
larger sized version of this graph is added inajiygendixes as Appendix no. 15.

The most interesting points of the curves arentim@mums that were caused by the
total solar eclipse. In the graph no. 12 a cettiane retardation of the temperature minimums
toward the minimum of the intensity of the globalas radiation is noticeable. The accurate
time differences are mentioned in the table no.T3®& cause of the higher time difference
between the minimum of the air temperature at ova the ground and the minimum of the
intensity of the global solar radiation than betwélee minimum of the air temperature at 5
cm above the ground and the intensity of the glcmddr radiation is probably the higher
speed of the wind at the ground layer of the atrhesp

Time

Temperature of the Air at 2 m above the Ground 06 min 08 s
Temperature of the Air at 5 cm above the Ground h08 min 43 s
Temperature of the Soil at 5 cm under the Ground h 82 min 03 s

Table no. 30: The Retardations of the Temperature Minimal Vakloggard the
Minimal Value of the Global Solar Radiation — Tuyk2Z006

6.6.3 Evaluation

The processing of the data showed that the tinaedation of the temperature minims
towards the minimum of the global solar radiaticctwrred during the both of the solar
eclipse. The cause of this phenomenon is mostlyricatapacity of the soil and the speed of
the atmospheric flowing.

The fact that meteorological conditions were défdr during total solar eclipse in
Turkey in 2006 and during the annular solar eclipseSpain in 2005 flowed from the
comparison of the size of the time retardation leetwthe air temperature at 2 m above the
ground and the intensity of the global solar radratind between the air temperature at 5 cm
above the ground and the intensity of the glob#&hrsmadiation. The different conditions
caused the different values and they probably weteonnected with the solar eclipses.

This comparison of the soil's temperature at 5 amides the ground showed the

different caloric capacity of the soil in Spain2@05 and in Turkey in 2006 where the sensors
were located.
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6.7 Relative Humidity of the Air at 2 m above the Grodin

6.7.1 Annular Solar Eclipse — Spain 2005
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Graph no. 13: Progression of the Relative Humidity of the Air2atn above the
Ground — Spain 2005

The progression of the air relative humidity at Z2bove the ground is possible to see
in graph no. 13. The blue curve represents thearfial measurement from the 4-th October
2005 and the red curve illustrates the measurethemtg the day of the annular solar eclipse
(on October %, 2005) Both of the curves mentioned above were smodblyetie trend lines
of the moving averages with the periods of 50 walube characteristic of graph no. 13
derives mostly from these trend lines. A largeedizersion of this graph is added in the
appendixes as Appendix no. 16.

The Referential Measurement

The white trend line representing the movementayewith the period of 50 values
from the day of the referential measuremé@ttober 4, 2005) has got the decreasing
character in the time interval from the beginnirfgttee measurement to sunrise <05:00:00
UTC; 05:58 UTC); it was caused by the feeding ef dny air from the land by the wir(®l).
The curve has got the steep decreasing charactireitime interval after sunrise <05:58
UTC; 08:08 UTC) that was caused by the increasimgtemperature. The decreasing
character is noticeable in the graph no. 13 irtithe interval <08:08 UTC; 10:49 UTC) and it
was also caused by the increasing air temperatu2 a above the ground. The value
measured at 09:12:49 UTC was chosen to determmnelifference between the day of the
referential measurement and the day of the solgrsec¢ and it is 53.04 %. But the curve has
got the increasing character in the time inten):49 UTC; 14:17:00 UTC) that was caused
by the decreasing air temperature at 2 m abovgrthend.
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The Measurement on Eclipse Day

The black trend line representing the movementameewith the period of 50 values
has got the decreasing character in the time iakérom the beginning of the measurement to
sunrise <05:00:00 UTC; 05:58 UTC) that was causethé increasing air temperature at 2 m
above the ground. This character of the curve tg@able in the time interval after sunrise
<05:58 UTC; 07:58 UTC). The values in the time imé <07:37:00 UTC; 07:39:00 UTC)
were chosen to determine the average value of ithbuaidity at 2 m above the ground
before the beginning of the solar eclipse. Theitharetic mean is 44.06%. The increasing
character of the curve in the time interval <O07t%BC; 09:12:50 UTC) was caused by the
decreasing air temperature at 2 m above the grthatdvas caused by the gradual shading of
the Sun by the Moon. The highest value of the amidity at 2 m above the ground was at
09:12:49 UTC, and it was 52.17%. The decreasingacher of the curve in the time interval
<09:12:50 UTC; 10:52 UTC) was caused by the in@edghe air temperature at 2 m above
the ground, that was caused by the gradual uncayefithe Sun by the Moon. The cause of
the increasing character of the curve in the tinterval <10:52 UTC; 13:22 UTC) was the
decreasing air temperature at 2 m above the grothmelchange of the curve’s character from
the increasing to the decreasing was caused bfgéuaéng of air with the low content of the
water vapour.

The important values are summarized in the tabkestioned below.

Value Time / (hh:mm:ss)
Average Value before T 44.06 % <07:37:00 UTC; 07:39:00 UTC)
Maximum during the Eclipse 52.17 % 09:12:49 UTC
Referential Measurement 53.04 % 09:12:49 UTC

Table no. 31: The Relative Humidity of the Air at 2 m above theo@d — Spain
2005: The View of the Important Values

Increase during the Eclipse Day 8.11 %
Increase between 3. and 4. 10. 2005 -0.87 %0

Table no. 32: The Relative Humidity of the Air at 2 m above theo@d — Spain
2005: The Differences of the Important Values
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6.7.2 Total Solar Eclipse — Turkey 2006
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Graph no. 14: Progression of the Relative Humidity of the Air2atn above the
Ground — Turkey 2006

The progression of the air relative humidity at Z2bove the ground is possible to see
in graph no. 14. The blue curve represents theaefi@l measurement from the 28-th March
2006 and the red curve illustrates the measuretheing the day of the total solar ecligea
March 29", 2006) Both of the curves mentioned above were smooliyethe trend lines of
the moving averages with the periods of 50 valtles characteristic of graph no. 13 derives
mostly from these trend lines. A larger sized varsif this graph is added in the appendixes
as Appendix no. 17.

The Referential Measurement

The white trend line representing the movementayewith the period of 50 values
has got mostly decreasing character in the timervat <06:09:00 UTC; 12:36 UTC) that was
caused by the increasing value of the air temperatu2 m above the ground. But in the time
interval <12:03 UTC; 12:36 UTC) the curve’s chaeads influenced by the feeding of the
dry air. The value measured at 11:03:30 was chtséetermine the difference between the
referential day and the day of the solar eclipgeth/s time the value of the air humidity at 2
m above the ground was 55.65 %. The increasingacterof the curve in the time interval
<12:36 UTC; 16:02:40 UTC) was caused by the deorgaar temperature at 2 m above the
ground.
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The Measurement on Eclipse Day

The black trend line illustrating the movement ager with the period of 50 values
has got the decreasing character in the time iaker05:57:00 UTC; 06:17 UTC), but the
character of the curve is increasing in the timeriral <06:17 UTC; 06:27 UTC). The
variation was probably caused by the decrease lamdntrease of the wind speed that is
noticeable in this time interval in the graph nd. The decreasing character that is noticeable
in the time interval <06:27 UTC; 10:08 UTC) was sed by the increasing temperature of the
air at 2 m above the ground. The values in the titerval <09:34:00 UTC; 09:37:00 UTC)
were chosen to determine the average value befwestart of the solar eclipse. The
arithmetic mean is 61.79%. The increasing charaxfténe curve in the time interval <10:08
UTC; 11:03:28 UTC) was caused by the gradual sigadirihe Sun by the Moon. The lowest
value of the air humidity at 2 m above the grourabwat 11:03:27 UTC and it was 76.72%.
The gradual uncovering of the Sun by the Moon caisat the air temperature at 2 m above
the ground increased, its consequence is the d@ageaharacter of the curve in the time
interval <11:03:28 UTC; 12:16 UTC). The cause a ttecreasing character of the relative
humidity of the air at 2 m above the ground is jatulp the increase of the wind speed of the
dry air in the time interval after the ending oé tsolar eclipse <12:16 UTC; 13:14 UTC). The
decrease of the wind speed caused that the inogeasitemperature at 2 m above the ground
has got the majority influence on the curve’s cbaain the time interval <13:14 UTC;
15:17:00 UTC). The variations that are noticealvigle curve throughout the whole running
were caused by the different speed of the wind.

The important values are summarized in the tabkestioned below.

Value Time / (hh:mm:ss)
Average Value before T 61.79 % <09:34:00 UTC; 09:37:00 UTC)
Maximum during the Eclipse 76.72 % 11:03:27 UTC
Referential Measurement 55.65 % 11:03:30 UTC

Table no. 33: The Relative Humidity of the Air at 2 m above theo@d — Turkey
2006: The View of the Important Values

Increase during the Eclipse Day 14.93 %
Increase between 28. and 29. 3. 200621.07 %

Table no. 34: The Relative Humidity of the Air at 2 m above theo@d — Turkey
2006: The Differences of the Important Values

58



6.7.3 Evaluation

The fact that the quantity increased about 18.4ftd¥h the original value during the
day of the annular solar eclipse in Spain in 200%d$ from the processing of the relative
humidity of the air at 2 m above the ground. Thiigaf this increase noticed during the total
solar eclipse was 24.16 % in Turkey in 2006.

These numbers confirmed that the value of the asg®f the air humidity at 2 m above
the ground decrease respectively increase withidhe of the eclipse magnitude.
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6.8 Colour of the Light in the Colour Space sRGB
6.8.1 Annular Solar Eclipse — Spain 2005
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Graph no. 15: Progression of the Colour of the Light in the Col8pace sRGB from
the Day of Referential Measurement

The Referential Measurement

The progression of the colour of the light in th@nslard colour space sRGB from the
day of the referential measuremé@ttober 4, 2005)is possible to see in the graph no. 15.
The red curvésR)represents the red element of the light. The Kbl curve illustrates the
blue element of the light. The last curig) which is green illustrates the green element of
the light. A larger sized version of this grapladded in the appendixes as Appendix no. 18.

The curves were not processed in the time inter@&116:20 UTC; 05:30:50 UTC) by
the reason of the high noise. The cause of theesvharacters in the time interval from the
beginning of the civil twilight to the time of thegppearing of the first part of the Sun above
the horizon <05:30:50 UTC; 05:58:50 UTC) is the ewnllar diffusion of the solar radiation
in the atmosphere’s layers. At the beginning of tinge interval only the diffused solar
radiation struck on the measuring sensors of tHd.SMPe blue photons diffused most on the
air molecules, the amount of the green and redisgi photons was minimal. The amount of
the solar photons gradually increased at the botayar of the atmosphere. The aerosol’s
diffusion started influenced the ratio of the rgdgen and blue photons in the reference to
probable high amount of the aeros@sy.: dust, saltat the bottom layers of the atmosphere.
The report from the observers about the observinthe red sky confirmed the increased
amount of the red photons. Maximal amount of #eephotons is possible to see in the graph
no. 15 at 05:45:50 UTC. The depth of the Sun belmevhorizon decreased and the photons
run throughout the atmosphere’s layers with the domount of the dust particle and the water
molecules, the influence of the aerosol diffusi@tréased. It is possible to see in the time
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intervals before the sunrise <05:45:50 UTC; 05:880rC) and after it <05:58:00 UTC,;
06:08:40 UTC) too. The characters of the curvegha time interval <06:08:40 UTC,;
07:37:50 UTC) were caused by the increasing haftiie Sun above the horizon with which
the intensity of the direct solar radiation incexsThe variations that are noticeable in the
time intervals mentioned above were caused byrémsition of the cloudiness over the Sun.

The cause of the curves’ character in the timewate<07:35:50 UTC; 11:37:50 UTC)
Is the increasing height of the Sun above the bariZhe Sun was relatively lowly above the
horizon, the solar photons run throughout the tiglyer of the Earth’s atmosphere. The
molecular diffusion influenced the colour of thght. So the long-waved photofred) had
majority abundance in the direct solar radiatitve, ¢urve sR has got the highest value at the
beginning of the time interval. The blue photongevdiffused most, so their amount at the
bottom atmosphere’s layer was very low, the curBehsss got the lowest value at the
beginning of the time interval. The character &f green curvésG)is constant, because the
relative amount of the green photons is constaat ihe blue curve charact€sB) is
increasing and the red curve charac¢gR) is decreasing in the whole time interval. Such
behaviour is caused by the gradual decrease dithusing of the blue photons, which the
observer could note more than at the beginning@titme interval. The red photons quantity
is also decreased and that is why the influendbefed photons on the colour of the light in
the same time is decreased too. The curves’ clesracthe time interval <11:37:30 UTC;
14:17:00 UTC) was caused by the decreasing heigtieoSun above the horizon. The solar
photons run throughout the denser atmosphere’'s.|#s a result the photons were more
diffused on the air molecules and hence the quaafithe blue photons in the direct solar
radiation that arrived at the bottom layer of th@sphere is decreased and concurrently the
red photons quantity is increased at the bottorarlay the atmosphere. Minor variations that
are noticeable in the end of the time interval wemased by the slight cloudiness shifting
over the Sun.
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Graph no. 16: Progression of the Colour of the Light in the Col8pace sRGB from
the Day of the Annular Solar Eclipse

The Measurement on the Eclipse Day

The progression of the colour of the light in thanslard colour space sRGB during
the day of the annular solar eclipgcfober &, 2005)is possible to see in the graph no. 16.
The red curvésR)represents the red element of the light. The gl curve illustrates the
blue element of the light. The last curfg) which is green illustrates the green element of
the light. All of the curves were smoothed by trend lines of the moving averages with the
periods of 50 values by the reason of the highatians. The black trend line illustrates the
progression of the moving average of the red lggetement with the period of 50 values. The
light yellow trend line represents the progressabithe moving average of the green light’s
element with the period of 50 values. The whitedrdine illustrates the progression of the
moving average of the blue light's element with theriod of 50 values. A larger sized
version of this graph is added in the appendixespgpendix no. 19.

The curves were not proceed in the time intervdl:¥6:00 UTC; 05:32:00 UTC) by
the reason of the high noise. The cause of theesuioharacters in the time interval from the
beginning of the civil twilight to the time of thegppearing of the first part of the Sun above
the horizon <05:32:00 UTC; 05:57:00 UTC) is the ewnllar diffusion of the solar radiation
at the atmosphere’s layers. At the beginning of tihee interval only the diffused solar
radiation struck on the measuring sensors of tHd.SMPe blue photons diffused most on the
air molecules, the amount of the green and rediski photons was minimal. The amount of
the solar photons gradually increased at the botayar of the atmosphere. The aerosol’s
diffusion started influenced the ratio of the rgdgen and blue photons in the reference to
probable high amount of the aeros@sy.: dust, saltat the bottom layers of the atmosphere.
The report from the observers about the observinthe red sky confirmed the increased
amount of the red photons. Maximal amount of #eephotons is possible to see in the graph
no. 16 at 05:50:30 UTC. The depth of the Sun belmevhorizon decreased and the photons
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run throughout the atmosphere’s layers with the domount of the dust particle and the water
molecules, the influence of the aerosol diffusi@tréased. It is possible to see in the time
intervals before the sunrise <05:50:30 UTC; 05:867t0TC) and after it <05:57:00 UTC,;
05:59:30 UTC) too. The characters of the curvegha time interval <05:59:30 UTC,;
06:35:50 UTC) were caused by the increasing haftite Sun above the horizon with which
the intensity of the direct solar radiation incexsThe variations that are noticeable in the
time intervals mentioned above were caused byrémsition of the cloudiness over the Sun.

The distinct variations that were caused by thasiteon of the cloudiness over the
Sun are noticeable at the beginning of the timerual <05:59:30 UTC; 07:42:24 UTC) too.
If 0 % of cloudiness was in the sky, it is possitlleexpect that the shape of the curve was the
same (in the part of the graph mentioned above thentime interval <05:57:00 UTC;
07:42:00 UTC)) as on the day of the referential sneemen{October &4, 2005)in this time
interval.

The gradual shading of the Sun by the Moon infleenthe progressions of the colour
elements of the solar radiation in the time intere@7:42:24 UTC; 09:01:50 UTC). A
phenomenon limb darkening started to show espgarathe second half of the time interval.
The character of the red curve is sharply incregdmit the blue has got a sharp decreasing
character. The variations in this time interval &veaused by the transition of the cloudiness
over the Sun.

The cause of the steep decreasing character aethelement of the solar radiation,
decreasing character of the green element of ther sadiation and the steep increasing
character of the blue curve in the time intervaB:€Q:50 UTC; 10:31:04 UTC) was the
gradual uncovering of the Sun by the Moon. The phemnon of the limb darkening shows in
this time interval, the amount of the red and grpkatons decrease, but the amount of the
blue photons increased. The opposite charactdtseafurves are noticeable in the end of the
time interval that was caused by the moleculauditin which influenced relative amount of
the elements of the colour of the light. The vaoiad that are noticeable in this time interval
was caused by the transition of the cloudiness the=B5un.

The character of the curves in the time interva):81:04 UTC; 14:17:00 UTC) was
caused by the decreasing height of the Sun ab@védhzon. The diffusion of the photons
increased. The blue photons had got the large @moedin the direct solar radiation at the
bottom layer of the atmosphere in according to gkl diffusion, but the relative amount of
the red photons increased and the relative amduheagreen photons was constant.
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6.8.2 Total Solar Eclipse — Turkey 2006
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Graph no. 17: Progression of the Colour of the Light in the Col8pace sRGB from
the Day of Referential Measurement

The Referential Measurement

The progression of the colour of the light in thenslard colour space sRGB during
the day of the referential measurem@varch 28", 2006)is possible to see in the graph no.
17. The red curvésR)represents the red element of the light. The (B89 curve illustrates
the blue element of the light. The last cu(s&) which is green illustrates the green element
of the light. A larger sized version of this graghadded in the appendixes as Appendix no.
20.

The cause of the curves’ character in the timervatl <06:09:00 UTC; 09:54:20 UTC)
is the increasing height of the Sun above the bariAt the beginning of the time interval
mentioned above the Sun was low above the horizba.solar photons run throughout the
thick layer of the atmosphere. The molecular diffasmostly influenced the colour of the
light. After transmission of the solar radiatiomabighout the Earth’s atmosphere the long-
wave photongred) was the biggest relative amount in the directrs@diation, and the cure
SR has got the maximal value at the begging ofithe interval. Blue photons with very short
wavelength were insofar diffused that only just fefvthem reached the low atmosphere
layer, so blue sB curve has got the lowest valubeabeginning of the time period. Character
of the green curve sG is constant in the whole inqhof the time interval, because the
amount of the green photons is constant. The ctearadf the blue curve is moderate
increasing in the whole time interval and the chemaof the red curve is moderate decreasing
that was caused by the gradual decrease of thesiiff of the blue photons of which have
reached more strongly to the observer in comparisotihe beginning of the time interval
situation. The character of the curves in the timerval <09:54:20 UTC; 14:45:40 UTC) was
caused by the decreasing height of the Sun ab@/édhzon. The solar photons permeated
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throughout thick layer of the atmosphere with tleerdasing height of the Sun above the
horizon. As a result, they were more diffused. &h®unt of the blue photons which arrived

at the bottom layer of the atmosphere decreasedthBiamount of the red photons increased
at this atmosphere’s layers. The shading of thesaresy sensors in the time interval

<14:45:00 UTC; 15:40:00 UTC) blocked the impacttioé direct solar radiation and the

amount of the incident green and red photons dsece@nly the diffused radiation struck on

the measuring sensors, as a result, the relativeiainof the blue photons at the bottom layer
of the atmosphere increased. The variations tiegahaticeable in the time interval <15:40:00

UTC; 16:02:40 UTC) were caused by the shading®f3tn by the cloudiness Ac.
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Graph no. 18: Progression of the Colour of the Light in the Col&pace sRGB from
the Day of the Total Solar Eclipse

The Measurement on the Eclipse Day

The progression of the colour of the light in thenslard colour space sRGB during
the day of the total solar eclipdarch 29", 2006)is possible to see in the graph no. 18. The
red curve(sR)represents the red element of the light. The (g curve illustrates the blue
element of the light. The last cur¢geG) which is green illustrates the green element ef th
light. A larger sized version of this graph is adide the appendixes as Appendix no. 21.

The cause of the curves’ character in the timewate<06:09:00 UTC; 09:54:20 UTC)
is the increasing height of the Sun above the bariAt the beginning of the time interval
mentioned above the Sun was low above the horiddre solar photons permeated
throughout the thick layer of the atmosphere. Tldegular diffusion mostly influenced the
colour of the light. After transmission of the soladiation throughout the Earth’s atmosphere
the long-wave photonged) was the biggest relative amount in the directrs@diation, and
the cure sR has got the maximal value at the bgggfithe time interval. Blue photons with
very short wavelength were insofar diffused thalygaost few of them reached the low
atmosphere layer, so blue sB curve has got theslowedue at the beginning of the time
period. Character of the green curve sG is congtatfite whole running of the time interval,
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because the amount of the green photons is con3tamtvariations that are noticeable in the
time interval mentioned above were caused by tasgmce of the cloudiness Ci in the sky.

The different shape of the curves is noticeabl¢hantime interval <09:39:10 UTC,;
12:12:05 UTC). It is caused by the solar eclipsethke time of the partial solar eclipse or in
the time interval <09:39:10 UTC; 10:54:35 UTC) tleel curve has got the steep increasing
character, the green curve has got the increasiaacter and the character of the blue curve
is steep decreasing. It was caused by the gradwariog of the Sun by the Moon rather by
the phenomenon of limb darkening.

Considering the short period of the total phas¢hefsolar eclipse is here mentioned
detailed view of this quantity during this timeantal. A larger sized version of this graph is
added in the appendixes as Appendix no. 22.
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Graph no. 19: Progression of the Colour of the Light in the Col&pace sRGB
during the Total Phase of the Solar Eclipse

The highly sharp characters of the curves are eafile in the time interval <10:54:35
UTC; 10:55:03 UTC) and they were caused by thd shtading of the Sun by the Moon. As a
result the direct solar radiation was blocked amly the diffused solar radiation struck on the
sensors of the measuring sensors of the SPM théios the most of the blue photons.

The asymmetric shapes of the curves in the timieftotal phase of the eclip§e

the time interval <10:55:03 UTC; 10:58:46 UTC)were caused by the location of the

weather station near the sea that was 200 m far the observational site. The cause of the
curves’ characters at the beginning of the timeriral <10:55:03 UTC; 10:57:30 UTC) is the

presence of the majority part of the Moon’s shadalvove the sea. The reflected solar
radiation from the land arrived in this time intelhand was also diffused by air molecules and
the red photons have got the minority relative amhotihe intensity of the reflected solar

radiation decreased with the gradual shading oMben by the Sun.
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The cause of the curves’ character in the timewate<10:57:30 UTC; 10:58:46 UTC)
is the presence of the majority part of the Moatiadow above the land that enabled input of
the reflected solar radiation from the sea lewekdnsequence of the increased amount of the
aerosols(e.g.: water, saltfhe solar radiation is diffused on the mentionetsols and the
amount of the green and red photons increasessfElep change of the curves is possible to
see in the graph no. 18 in the time interval <1®68JTC; 10:59:19 UTC) and that was
caused by the end of total phase of the solarssligfter that the limb of solar photosphere
appeared.

The roughly parabolic shape of the curves thatdsceable in the time interval
<10:55:03 UTC; 10:58:46 UTC) was caused by the atnmircular shape of the Moon’s
shadow and the almost circular shape of the hori¥dnile the speed of the motion of the
shadow on central line is possible to considerdpemform for this short time, the change of
the area that was covered by the shadow is nowumiin consequence of the shape of the
Moon’s shadow and the horizon.

The cause of the curves’ character during the tetédr eclipse was probably the
different horizon above the inland part and the s&eg and the amount of the reflected
photons that was diffused was higher above thengtdlian above the land.

In consequence of the phenomenon of limb darkeamgthe Rayleigh’s diffusion the
amount of the red and green photons decreasecharatriount of the blue photons increased
in the time interval <10:59:19 UTC; 12:12:05 UTChe variations that are noticeable on the
all 3 curves were caused by the transition of tbadiness Ci over the Sun. The cause of the
curves’ character in the time interval <12:12:05QJ15:06:20 UTC) is the decreasing height
of the Sun above the horizon. The diffusion of fhetons increased, in according to
Rayleigh’s diffusion the short-waved photons waluded more than long-waved photons
and the blue photons have got minority relative amban the direct solar radiation at the
bottom layer of the atmosphere. The relative amairthe red photons increased and the
relative amount of the green photons was constdré.variations that are noticeable in this
time interval were caused by the transition of¢lmidiness over the Sun. The shading of the
Sun by the cloudiness As in the time interval <6520 UTC; 15:57:00 UTC) caused that the
relative amount of the red and green photons dsedeand the relative amount of the blue
photons increased, because only the diffused latetar radiation struck on the sensors and
according to Rayleigh’s diffusion the blue photahBused the most, because they relative
amount was the biggest.
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6.8.3 Evaluation

The progression of the colour of the light in theotr space sRGB showed that the
progression of the single elements of the radiatvas different during the annular and total
solar eclipse.

The total blockading of the direct solar radiatatid not occur during the annular solar
eclipse, the red photons mostly struck on the magisensors of the module SPM in
consequence of a phenomenon of limb darkening.ahi@unt of the green and blue photons
decreased.

The total blockading occurred during the total saalipse. Only the diffused solar
radiation struck on the measuring sensors of thduleoSPM and the blue photons diffused
on molecules of the air the most. In addition te diffused solar radiation the solar radiation
which was indented from the land respectively fritre sea and then it was diffused in the
Earth’'s atmosphere. The relatively amount of thbtls element depended on the shape of the
horizon and the composition of the Earth’s atmospl®g.: the presence of the aerosols at
the air layers) The aerosols caused the aerosols diffusion tifatenced more the long-
wavelength photons.

The high changes of the character of the curvedtenoticeable in the time interval
during the total phase of the solar eclipse coaldlétermine the times,Tan T3 from the
measurement. The values of the start and the etk abtal phase are; £ 10:55:03 UTC;
T3=10:58:46 UTC

But it is difference from the predictigwiz. table no. 8)The difference between the
predicted and measured 1 3 s and this difference of theg © 1 s. These differences
mentioned above were probably caused by the inacguof the entry parameters of the
prediction.
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6.9 Correlated Colour Temperature of the Solar Radiatio

6.9.1 Annular Solar Eclipse — Spain 2005
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Graph no. 20: Progression of th€orrelated Colour Temperature of the Solar
Radiation from the Day of the Referential Measuneime

The Referential Measurement

The progression of the correlated colour tempeeagipossible to see in the graph no.
20. The blue curve represents referential measurefrem the ' October 2005. A larger
sized version of this graph is added in the app@&sdas Appendix no. 23.

The curve was not proceed in the time interval ¥620 UTC; 05:32:50 UTC) by the
reason of the high noise. The cause of the curslegsacter in the time interval from the
beginning of the civil twilight to the sunrise dig first part of the Sun <05:30:50 UTC;
05:58:00 UTC) is the diffusion of the solar raddatiat atmosphere’s layers. At the beginning
of the time interval only the diffused solar ratat struck on the measuring sensors of the
SPM. The radiation with the higher correlated coltamperature diffused most on the air
molecules. In according to molecul@Rayilegh’s) diffusion the radiation with the higher
correlated colour temperature diffused more tham rddiation with the lower correlated
colour temperature, so the incident solar radialias got very high correlated temperature at
the beginning of the time interval. The value waghbr than 20 000 K that corresponds to
blue colour. The cause of the steep decreasingactearof the curve in the time interval
mentioned above was diffusion of aerosols thauerited mostly the light with the lower
correlated temperature. The report from the obssrabout the observing of the red sky
confirmed the increased amount of the radiationhwite increased correlated colour
temperature. Maximal amount of the red photonsossiple to see in the graph no. 20 at
05:50:50 UTC. lts value is 7 823 K. The amounth# aerosol diffusion decreased with the
decreasing depth of the Sun below the horizon thated the increase of the correlated
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colour temperature of the radiation. It is possiiolesee in the time interval <05:50:50 UTC,;
05:58:50 UTC), the maximal value 8 788 K was ab@&0 UTC.

The cause of the decreasing character of the ¢umée time interval <06:02:50 UTC,;
07:37:50 UTC) is the increasing amount of the disetar radiation.

In the time interval <07:37:00 UTC; 14:17:00 UTQetcorrelated temperature is
higher than 5 500 K considering the direct soldiaton. This value is very close toward the
surface temperature of the Sun (5570 K). The diffee between the correlated colour
temperature and the surface temperature off thewiisncaused by the refraction of the light
at atmosphere, its amount increase with the heafjihe Sun above the horizon, and the
phenomenon of the limb darkening.
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Graph no. 21: Progression of th€orrelated Colour Temperature of the Solar
Radiation from the Day of the Annular Solar Eclipse

The Measurement on the Eclipse Day

The progression of the correlated colour tempeeagipossible to see in the graph no.
21. The red curve represents the measurement dtirenglay of the annular solar eclipse
(October &, 2008. The curve was smoothed for better lucidity by theck trend line with
the period of 50 value®\ larger sized version of this graph is added i@ dppendixes as
Appendix no. 24.
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The curve was not proceed in the time interval #6880 UTC; 05:32:00 UTC) by the
reason of the high noise. The cause of the curdlesacter in the time interval from the
beginning of the civil twilight to the sunrise dii¢ first part of the Sun <05:32:00 UTC;
05:57:00 UTC) is the diffusion of the solar racdvatiat atmosphere’s layers. At the beginning
of the time interval only the diffused solar radat struck on the measuring sensors of the
SPM. The radiation with the higher correlated coltemperature diffused most on the air
molecules. In according to molecular (Rayilegh’#fudion the radiation with the higher
correlated colour temperature diffused more tham rddiation with the lower correlated
colour temperature, so the incident solar radialias got very high correlated temperature at
the beginning of the time interval. The value waghbr than 20 000 K that corresponds to
blue colour. The cause of the steep decreasingactearof the curve in the time interval
mentioned above was diffusion of aerosols thauerited mostly the light with the lower
correlated temperature. The report from the obserabout the observing of the red sky
confirmed the increased amount of the radiationhwtite increased correlated colour
temperature. Maximal amount of the red photonsoissiple to see in the graph no. 21 at
05:51:50 UTC. Its value is 7 823 K. The amounth# aerosol diffusion decreased with the
decreasing depth of the Sun below the horizon thated the increase of the correlated
colour temperature of the radiation. It is posstiolesee in the time interval <05:51:50 UTC,;
05:57:10 UTC), the maximal value 8 732 K was ab@30 UTC.

The correlated colour temperature decreased intithe interval after the sunrise
<05:57:10 UTC; 07:12:40 UTC) in consequence ofitftteeased amount of the direct solar
radiation, the amount of the direct solar radiatiooreased in this time interval. The
variations that are noticeable in part of the tinterval mentioned above were caused by the
transition of the cloudiness over the Sun.

Almost stagnant character of the curve represerdfnipe correlated temperature of
the solar radiation in the time interval <07:1240C; 07:42:24 UTC) was caused by the
impact of the direct solar radiation on the sensbtie module SPM.

If 0 % of cloudiness was in the sky, it is possitieexpect that the shape of the curve
was the same (in the part of the graph mentionesieabin the time interval <05:32:00 UTC,;
07:42:24 UTC)) as on the day of the referential sneemen{October &4, 2005)in this time
interval.

The gradual shading of the Sun by the Moon infleeinthe progression of the
correlated colour temperature of the light in timaet interval <07:42:24 UTC; 09:01:51
UTC). The decreasing character of the curve isceable in this time interval in the graph no.
21 that was caused by the gradual shading of the I8uthe Moon during which a
phenomenon of limb darkening showed.

The cause of the increasing character of the curttee time interval <09:01:51 UTC;
10:31:04 UTC) is the gradual uncovering of the Burthe Moon. A phenomenon of the limb
darkening showed in this time interval again.

The character of the curve in the time interval :8104 UTC; 14:03:30 UTC) is
decreasing that was caused by the impact of tleetdsolar radiation from the Sun that height
above the horizon decreased. The variation thabigeable in the time interval <14:03:30
UTC; 14:17:00 UTC) was caused by the shading oftne by the cloudiness.
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6.9.2 Total Solar Eclipse — Turkey 2006
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Graph no. 22: Progression of th€orrelated Colour Temperature of the Solar
Radiation from the Day of the Referential Measuneime

The Referential Measurement

The progression of the correlated colour tempeeagipossible to see in the graph no.
22. The blue curve represents referential measurefrem the 28 March 2006. A larger
sized version of this graph is added in the app@&sdas Appendix no. 25.

In the time interval <06:09:00 UTC; 14:45:40 UTQjetcorrelated temperature is
higher than 5 500 K considering the direct soldiation. This value is very close toward the
surface temperature of the Sun (5570 K). The wdiffee between the correlated colour
temperature and the surface temperature off thewisncaused by the refraction of the light
at atmosphere, its amount increase with the heaglihe Sun above the horizon, and the
phenomenon of the limb darkening.

The shading of the measuring sensors by the shaddke time interval <14:45:50
UTC; 15:40:00 UTC) blocked the increasing of theedi solar radiation. In this time interval
only the diffused solar radiation struck on the sueang sensors of the SPM, the blue
spectrum of the light was diffused the most, beeahs character of the curve is increasing.
Maximal value(8 057 K)of the correlated colour temperature in the timerval mentioned
above was at 15:39:40 UTC. The variations thanateeable in the time interval <15:40:00
UTC; 16:02:40 UTC) were caused by the coveringhef$un by the Moon.
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Graph no. 23: Progression of th€orrelated Colour Temperature of the Solar
Radiation from the Day of the Total Solar Eclipse

The Measurement on the Eclipse Day

The progression of the correlated colour tempeeagipossible to see in the graph no.
23. The red curve represents measurement duringaheof the total solar eclipgdarch
29" 2006) A larger sized version of this graph is addethim appendixes as Appendix no.
26.

The moderate increase is noticeable in the timenmt from the beginning of the
measurement to the beginning of the partial phdsthe solar eclipse <05:57:00 UTC;
09:39:10 UTC) that was caused by the impact ofdihect solar radiation. The value of the
correlated colour temperature was more than 5 50th& difference between the correlated
colour temperature of the light and the surfacepienature of the Sun changed depending on
the refraction of the light at Earth’s atmospherd a phenomenon of the limb darkening.

The curve has got the decreasing character inrtreeibterval during the partial phase
of the eclipse <09:39:10 UTC; 10:54:35 UTC) thaswaused by a phenomenon of the limb
darkening. The influence of the radiation from gw@ar limb increased with the gradual
shading of the Sun by the Moon.

Considering the short period of the total phas¢hefsolar eclipse is here mentioned

detailed view of this quantity during this timeantal. A larger sized version of this graph is
added in the appendixes as Appendix no. 27
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Graph no. 24: Progression of th€orrelated Colour Temperature of the Solar
Radiation during the Total Phase of the Solar Eelip

The steep increasing character of the curve is@alble in the graph no. 24 in the time
interval <10:54:35 UTC; 10:55:03 UTC), the maximadlue of the correlated colour
temperature was at 10:55:02 UTC and it was 10 43Bh¢ character was caused by the total
shading of the Sun by the Moon; the direct soldratéon was blocked in the consequence of
the total shading of the Sun by the Moon. The d#fili solar radiation had the biggest
substitution in the incident radiation, the lighittwthe highest correlated colour temperature
is diffused the most.

The roughly parabolic shape of the curves thatdsceable in the time interval
<10:55:03 UTC; 10:58:46 UTC) was caused by the atmmircular shape of the Moon’s
shadow and the almost circular shape of the hori¥dnile the speed of the motion of the
shadow on central line is possible to considerdpemform for this short time, the change of
the area that was covered by the shadow is nowmumiin consequence of the shape of the
Moon’s shadow and the horizon.

Asymmetric shape of the curve in the time periodheftotal phase of the eclipse was
caused probably by the different diffusion of tioéas radiation above the sea, where was the
aerosol diffusion and above the land, where tha lgas diffused on molecules of the air.

The steep change of the curve is possible to ségeitime interval <10:58:46 UTC;
10:59:19 UTC) with maximal value of the correlatadour temperature at 10:58:46 UTC that
was caused by the ending of total phase of the sclgpse, the blockading of the direct solar
radiation ended in consequence of this.

The character of the curve is increasing in thetimerval <10:59:19 UTC; 12:12:05
UTC) that was caused by a phenomenon of the limkedang. As s result of the gradual
uncovering of thee Sun by the Moon, the light cagrfirom the centre of the Sun has got the
majority substitution in the incident radiation.
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Almost stagnant character of the curve in the timerval <12:12:05 UTC; 15:06:20
UTC) was caused by the impact of the direct scdaiation. The low variations that are
noticeable in the part of the graph no 23 menticatealve were caused by the transition of the
thin cloudiness Ci over the Sun.

The covering of the Sun by the cloudiness As intthe interval <15:06:20 UTC,;
15:57:00 UTC) caused the blockade of impact ofdihect solar radiation, only diffused solar
radiation struck on the measuring sensors of thdueoSPM. The light with the highest
correlated colour temperature diffused the mosbimsequence of the Rayleigh’s diffusion.
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6.9.3 Evaluation

The progression of the correlated colour tempegasinowed that its progression was
different during the annular and total solar edips

The total blockading of the direct solar radiataid not occur during the annular solar
eclipse, the radiation with the lower correlatedouoo temperature mostly struck on the
measuring sensors of the module SPM in consequ#racphenomenon of limb darkening.

The total blockading occurred during the total saalipse. Only the diffused solar
radiation struck on the measuring sensors of thdueoSPM and the radiation with the
higher correlated colour temperature diffused oneades of the air the most. In addition to
the diffused solar radiation the solar radiatioricihwas indented from the land respectively
from the sea and then it was diffused in the Earttmosphere. The size of the correlated
colour temperature of the light depended on theelwd the horizon and the composition of
the Earth’'s atmospher@.g.: the presence of the aerosols at the airriglyélhe aerosols
caused the aerosols diffusion that influenced mivee light with the lower correlated
temperature.

The fact that the coronal light was in minorityagamparison with the diffused solar
radiation was found after the comparison of the suesd correlated temperature and
correlated colour temperature that was acquirethbyprocessing of the photos of the total
solar eclipse by worker of the Observatory and &kmum in Plzen Mr. Ing. Jiri Polak. The
value of the correlated colour temperature of tlarscorona was 4 800 K.
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6.10Wind Direction and Speed
6.10.1Annular Solar Eclipse — Spain 2005
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Graph no. 25: Progression of the Wind Speed (4.10.2005) — Sp2d5 2
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Graph no. 26: Progression of the Wind Direction (4.10.2005) —i8[2®05

77



The Referential Measurement

The progressions of the wind speed and directiomfthe day of the referential
measurementOctober &4, 2005)are possible to see in the graphs no. 25 and 26.blte
curve represents the running of the wind speedratabove the ground in the graph no. 25;
the curve was smoothed for better lucidity by theitevtrend line with the period of 100
values. The direction of the wind is illustratedthg dark blue points in the graph no. 26; the
wind was sensed during the speed more than 1.5.m*arger sized versions of these graphs
are added in the appendixes as Appendixes no.®28%n

The characters of the wind direction and speece wdluenced by the presence of the
sea throughout the whole running; the sea was @.mMiZar from the observational site. It
caused the breeze.

The higher air temperature above the sea andvther lair temperature above the land
caused the character of the wind speed and direatidhe time interval <05:00:10 UTC,;
08:11 UTC). The value of the atmospheric presshova the sea at the bottom atmosphere’s
layer was lower then the value of atmospheric pmesabove the ground at the same layer of
the atmosphere. As a result, the air was flowingifthe land (north-west direction). The low
speed of the flowing was probably caused by theddference of air temperature above the
sea and the land.

The steep increasing curve’s character illustgatime speed of the wind in the time
interval <08:11 UTC; 10:06 UTC) and the increastugve’s character in the time interval
<10:06 UTC; 12:20 UTC) were probably caused byiticeeasing height of the Sun above the
horizon that probably caused the heating of thaiihe bottom layers of the atmosphere. In
consequence of the low soil’s caloric capacityomparison with the sea’s caloric capacity in
this time interval the air temperature above thedldas the higher value than the air
temperature above the sea. The value of the aspre at the bottom layer of the atmosphere
was lower than the value of the air pressure atbibitbom layer above sea. It verifies the
direction of the wind too, because it is mostly @ie direction from the seah the time
intervals <08:11 UTC; 10:06 UTC) and <10:06 UTC;2IRUTC).

The moderate decrease of the speed of the windauesed by the decreasing quantity

of the pressure gradient above the land and thengba time interval <12:20 UTC; 14:17:00
UTC).
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Graph no. 28: Progression of the Wind Direction (3.10.2005) —i§{2905
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The Measurement on the Eclipse Day

The progressions of the wind speed and directiainguhe day of the annular solar
eclipse(October ¥, 2005)are possible to see in the graphs no. 27 and 28.r&th curve
represents the running of the wind speed at 2 nvealiee ground in the graph no. 27; the
curve was smoothed for better lucidity by the whiend line with the period of 100 values.
The direction of the wind is illustrated by the relde points in the graph no. 28; the wind
was sensed during the speed more than 1.5'mtsirger sized versions of these graphs are
added in the appendixes as Appendixes no. 30 and 31

The characters of the speed and the diredidW) of the wind were caused by the
lower air temperature at the bottom layers of ttrecaphere above the land than the air
temperature at the bottom layers of the atmosphém/e the sea in the time interval
<05:00:10 UTC; 07:45 UTC).

The character of the wind speed and the diregtiothe time interval <07:45 UTC;
08:47 UTC) was caused by the higher temperaturéhefair at the bottom layer of the
atmosphere above the land compared with the ape¢esture above the sea.

The gradual shading of the Sun by the Moon caubed decrease of the air
temperature at the bottom atmosphere’s layers at@vebservational site which showed by
the marked decrease of the wind speed; it is radtleein the graph no. 27 in the time interval
<08:47 UTC; 09:12 UTC). The consequence of the phmmon is the decrease of the
pressure gradient at the bottom layer of the atimergpabove the sea and the land. The
change of the wind direction is possible to sethéengraph no. 28 in the time interval <08:47
UTC; 12:54 UTC). Considering long time durationibthe solar eclipse probably did not
mostly influence the change, but the cause wasabiglrovering of the sky by the cloudiness
that decreased the quantity of the temperatureigrathetween the sea and the land. The
increasing character of the wind speed in the tmerval <09:12 UTC; 14:17:00 UTC) was
caused by the increasing pressure gradient bettleesea and the land. The air flowing in
the time interval <12:54 UTC; 14:17:00 UTC) is gbsto designate as the sea breeze in
according to the direction of the wind.
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The Referential Measurement

The progressions of the wind speed and directiomfthe day of the referential
measurementMarch 28", 2006)are possible to see in the graphs no. 29 and 30.blte
curve represents the running of the wind speedratabove the ground in the graph no. 29;
the curve was smoothed for better lucidity by theitevtrend line with the period of 100
values. The direction of the wind is illustratedthg dark blue points in the graph no. 30 the
wind was sensed during the speed more than 1.5.m*arger sized versions of these graphs
are added in the appendixes as Appendixes no.B3&n

Mostly increasing character of the white trend lofethe moving average with the
period of 50 values in the time interval <06:09100C; 12:14 UTC) was caused by the
unequal heat of the Earth’s surface and the seaa Assult, the temperatuf@ressure)
gradient between the bottom layers of the atmospakove the land and the sea occurred. In
this time interval the area of the high pressure alaove the sea in comparison with the value
of the air pressure above the land, it caused théloaving from the sea to the lan(b
direction) The curve representing the moving average ofwtimel speed has got mostly
decreasing character in the time interval <12:1420716:02:40 UTC) which was caused by
the decreasing height of the Sun above the horit®rtonsequence was the decrease of the
guantity of the temperatufpressure)gradient between the sea and the land.
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Graph no. 32: Progression of the Wind Direction from the Day v Total Solar

Eclipse (29.3.2006)

83



The Measurement on the Eclipse Day

The progressions of the wind speed and directiainguhe day of the total solar
eclipse(March 29", 2006)are possible to see in the graphs no. 31 and 32.r&t curve
represents the running of the wind speed at 2 nvaalile ground in the graph no. 31; the
curve was smoothed for better lucidity by the whitand line with the period of 100 values.
The direction of the wind is illustrated by the kiaed points in the graph no. 32; the wind
was sensed during the speed more than 1.5'mtsirger sized versions of these graphs are
added in the appendixes as Appendixes no. 34 and 35

Character of the wind speed and the directiBhwere caused by the increasing
temperature gradient between the bottom layerseatiwrland and the sea in the time interval
<05:57:00 UTC; 10:55 UTC). The value of the airgstere above the sea was higher than the
pressure above the land in this time interval. h@den decrease of the wind speed and the
sudden change of the direction in the time interd0:55 UTC; 11:11 UTC) were caused by
the total shading of the Sun by the Moon. The valiughe air pressure in the place where was
possible to see total solar eclipse was probaldy gulittle bit higher than the value of the
pressure in the places where was possible to dgdhenpartial solar eclipse. The increasing
character of the curve representing the movingamgeenof the wind speed and the S direction
of the wind in the time interval <11:11 UTC; 12:WgdC) was caused by the unequal heating
of the land and the sea too that caused the fosmatfithe temperatur@ressure)gradient at
the bottom layers between the sea and the landdé&trease of the incident solar radiation in
the time interval <12:48 UTC; 15:57:00 UTC) causieel decreasing of the pressure gradient
at the bottom layers of the atmosphere betweenséaeand the land that showed as the
decreasing character of the curve representingithe speed.
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6.10.3Evaluation

The progression of the wind speed and the diredlmowed that its progression was
partialy different during the annular and totalessaclipse.

The marked decrease of the wind speed occurredglthie both of the solar eclipses
after the time Tax that was caused by the decrease of the amouhé éémperature gradient
between the sea and the land. The change of thet @uiaction is noticeable during both of
the solar eclipses, but the change of the wincctioe was very long during the annular solar
eclipse in Spain. Considering the long duratioit tfe change was caused by the presence of
the cloudiness above the observational site. Time finterval of the change of the wind
direction was shorter during the measurement duhegotal solar eclipse and 0% of cloud
cloudiness. During a complete phase of solar eglipsbrief high air pressure has probably
occured in comparison to places where only a pastiar eclipse was showing. (out of total
path)
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7 Discusion

A study of changes in meteorological quantity ie grocess of total eclipse was a part
of observational programs of several expeditionsthe Czech Republic in the past:
Observatory and Planetarium in Plz@®99) FEE CUT and Observatory in Upi¢2001)
These abroad expeditions were concerned with thesteorological problems: : Andrew
White a Stephen McCann — Zambia 2001, Francis Mkasskeucemburg 1999, Institut fur
Bioklimatologie — Germany 1999, Laboratory Opti€ddiometry — Institute of Electronics
»Academican Emil Djakov“ — Bulgaria 1999

The measurements realized by the expeditions nmedi@bove measured only the
intensity of the solar radiation and the tempemtifrthe air(The exemption is formed from
the Laboratory Optical Radiometry—Institute of Eteaics ,Academican Emil Djakov*.)

The facts mentioned below were acquired from thenparison between the
measurement of the air temperature and the injeokthe global solar radiation at 2 m above
the ground during the total solar eclipse in Turkey2006 and the conclusions of the
measurements of the expeditions mentioned above.

 The existence of the decrease of the intensity hef global solar radiation
(respectively of the intensity of the luminescerae®) the air temperature during
the total solar eclipse. It is accordance.

* The consistent result was found in comparison eftitme of the minimum of the
air temperature and the intensity of the globalasahdiation. The previous
measurements showed a certain retardation of mmiroti the air temperature
towards the minimum of the intensity of the globalar radiation respectively the
intensity of the luminescence.

* The decrease of the wind speed was noted by thmeiBrilassen from Lucemburg
during the total solar eclipse in 1999 that is élteordance with results from the
measurement during the total solar eclipse in Twike&006.

* The consistent result of the measurement of thetivel humidity was noted in
comparison with the measurement of this quantigt thas carried out by the
Adrew White in Africa in 2001.

* The partial consistent result was noted in comparid the colour of the sky that
was measured by the Laboratory Optical Radiometipstitute of Electronics
»<Academican Emil Djakov* in Bulharka in 1999. Thelour of the sky during the
total solar eclipse in Turkey in 2006 was probatifyerent from the part of the
measurement before the sunrise in Spain in 200&.a€nhosol diffusion influenced
of the colour of the sky before the sunrise andnieasured data was not able to
compare with the Bulgarian expedition.

Considering the fact that the measurement of theragjuantities was not carried out
during the total solar eclipse; the carrying outhaf other comparison was not possible.

The information about measurement of the meteorcdéb@nd the physical quantities
during the annular solar eclipse has not found.
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8 Conclusion

The marked variations in progressions of the metegical and physical quantities
during the annular and the total solar eclipsewdhb from the processing of the measured
data during the annular solar eclipse in Spain0@52and the total solar eclipse in Turkey in
2006.

The amount of the measured increases of the rabe¢eatures was lower during the
annular solar eclipse in consequence of the lowerease intensity of the global solar
radiation during the annular solar eclipse in cosspan with the total solar eclipse.

The different kind of the solar eclipse did notlilgince the time retardation between
the minimal value of the global solar radiation d@ne minimal value of the air temperature at
5 cm above the ground; the other factors influeribégl time delay(e.g.: the observational
site, the actual meteorological situation)

The marked variation was noted during the progoessif the colour of the solar
radiation. The phenomenon of the limb darkeninguariced the progression of this physical
guantity during the annular solar eclipse. While tbtal blockade occurred during the total
solar eclipse and only the diffused solar radiastmick on the measuring sensors that was
influenced by the observational s(e2g.: the distance from the sea and the non-umifiyr of
the horizon)

The variation in progression of the speed and thection of the wind is noticeable
too; the wind speed decreased during the both efstilar eclipses. But the change of the
wind direction was not proved during the annuldaseclipse but the change of the wind
direction in Turkey in 2006 was caused by the astnoical phenomenon that could be
concerned with the forming of the higher value loé atmospheric pressure in area of the
eclipse shadow in comparison with its neighbourhood

The insertion of the measurement of the atmosphamssure to the experiment
SEMM would help to confirm respectively refute ttieeory about the higher value of the
atmospheric pressure at the shadow of the totat sclipse.

The work brought an interesting study about theeoreiogical phenomenons that
occurred before the sunrise in addition to the fiestailed description of the changes of the
meteorological quantities during the annular amdttital solar eclipse.

Because not much attention is recently paid tatdpec of changes of meteorological
and physical quantities during solar eclipses arhbse the measurements made so far with
the 3-rd generation SEMM project devices have bnouig new or refined already known
information about the time behaviour of the metdmywal quantities, it is desirable to
continue this meteorological measurements.

Meanwhile, during future measurements, it would reasonable to monitor the
meteorological station and the sky by cameras ailime base, as it can minimize the risk of
not having records on the weather conditions, drewteffects that could influence the
measurements, available for further data processing
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Appendix no. 1: Records about Meteorological Situation — Turkey@00

28. 3. 2006
uTC Description
5:20 | Sunis c. 20° above the horizon; Clear skghtivind
6:10 | Clear sky, Light wind(S) from the sea
~ 7:30| Noteless Cu is low above the SW horizon
7:50 | Clear sky, Light wind, Cu increase above tihé®rizon, altitude c. 5°
8:30 | Clear sky, Light wind from the S — SW direati€u is static above the SW horizon
9:00 | Weather is the same: Clear sky, light windjri@ibease above the horizon A = 340° to 040°;wad8tc. 12°
9:40 | Weather is the same, Cb increase above thwikbhn (alt. c. 15°); cloudiness = 1/10
10:00 | Clear sky, cloudiness = 1/10 (A = 340° toQ&lt. cca 20° to 25°). Increase of the Cb abtneN horizon, Cu is static above the SW

horizon, Light wind S-SW

10:35

Slightly Clouded Sky, Cloudiness 2/10 (A = NOWE) alt. c. 20° to 25°; Cu and Cb decay, Ac—Qiight wind rom the S direction

11:15

Slightly Clouded Sky Cloudiness 2/10 to 2/AG& NW to NE alt. c. 20° to 25°, Cb is static alkdhe N horizon, It delays to the zenith, Lig
wind from the S. Ac delay c. 30° above the horizon

ht

12:00

Slightly Clouded Sky, Cloudiness below 1A% horizion, Cu — low and static; Cu is above thiedxizon (Cb delay alt. c. 10° to 12°, a fe
disintegrating Ac alt. 15° to 20° above the honigibight wind;

W

13:10 | The meteorological situation is without araes.

13:30 | The amount of the cloudiness decrease belbly gloudiness above the N horizon decreasel@tto 12°), Light wind: S to SE

14:40 | Clear sky, disintegration of the cloudiness A man entrances into the area around weathigorsta

15:05 | Clear sky, Disitengration of the rest of Aght wind from the SW

15:30 | The shadow trasition over the bottom senseifcre 15:30, The top sensors are light illuminaetl5:35, they are at the shadow after 15:]
16:05 | The clouds above the horizon shading the Banol down. Slightly Clouded Sky, Cloudiness@/Cc, Ci, Ac. Smoke is above the horizq

at the atmosphere. Light wind from the S direction.

n

16:10

End of the measurement
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29. 3. 2006

uTC Description
5:10 Launch of the weather station, the Sun isat®8t/e the horizon, Ci
5:23 A man entrace toward the weather stafilbba weather station does not measure - compemsdtinode)
5:47 The sensors are actived, Clear sky, Sun a8/ the horizon, The shadows leave from theafrdee weather station.
5:57 The measurement starts.

7:20 Clear sky (cloudiness 0/10), Light wind fromt8WE. Thin Ci cloudiness.

8:00 Clear sky (cloudiness 0/10); Light wind fromt@VNW. Thin Ci (N and E) — alt. 30°.

8:35 Clear sky, Cs cloudiness A = 0° to 90°, &f. 2

8:50 Clear sky, cloudiness — less than 0/10, Cu dissoakove the NE horizon, A = 0° to 90°, Ci — altLl8? above the horizon, Light wind fragm
' SW

9:30 Clear sky, Cloudiness — less than 0/10, LowN)uCs is noticed suddenly above W horizon. Ligirid from the SW

10:05 | Speed of the wind increase (S) , Clear slgydiness 1/10, Cu above the NE horizon, Cs (SW)—Wmoves toward the south.

10:25 Ci cloudiness moved from the W horizon to the Zenithe illuminance decreased. The colour of thietlapange from 10:10. Noticeable
' decrease of temperatuteefore the eclipse)

11:40 After eclipse — intensity and colour of the illuramce increase, The cirrus cloudiness Cs (N) ishpenith, Cs S-SW, Cloudiness 1/10,
' Speed of the wind decrease.

12:43 A man entraces into the area aroud the westhion

12:55 | Clear sky — Light wind, cloudiness — belowqQl/The cloudiness (Cs, Cc, Ci) trasition.

~13:20 | The man is on edge of the area around dagher station

14:03 | A dog entraces into the area around the \weathtion.

14:45 Cloudiness Cs arrives from the W

15:03 | Ci moved to the zenith, cloudiness 2 or 3(ight wind

15:12 The Sun is shadowed by the Ac.

Cloudiness is from W to the zenith — 5/10 (Cs, As, Ci) , Light wind, The Sun is covered by thewdiness, A dog run over the
15:25 |observational site — near the weather station

15:45 | Cloudiness 6 or 7/10 — W (As), light wind

15:55 | Cloudiness 7/10 — W (As+Ac), light wind

16:10 End of the measurement, Cloudiness 8/10ay&t4, Sun is low above the horizon and coverethéglouds
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Appendix no. 2: The Weather Station of th&'&eneration of the SEMM

Photography no. 3:THM

Photography no. 5WAM

Photos 1,2,3,4,5 were taken from [11].

Photo no. 6:The eathr Staton of th IGneration
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Appendix no. 3: Global Maps of the Solar Eclipses

Annular Solar Eclipse of 2005 Oct 03

Geocentric Conjunction = 10:10:42.0 UT J.D. = 2453646.924097
Greatest Eclipse = 10:31:42.4 UT J.D. = 2453646.938685

Eclipse Magnitude = 0.95758 Gamma = 0.33058
Saros Series = 134 Member = 43 of 71

Sun at Greatest Eclipse Moon at Greatest Eclipse
(Geocentric Coordinates)

N (Geocentric Coordinates)
R.A = 12h37m55.0s | RA = 12h38m30.3s
Dec. = -04°05'04.2" Dec. = -03°49'04.7"

SD. = 00°15'59.1" S.D. = 00°15'05.3"
HP. = 00°00'08.8" HP. = 00°5522.1"

External/Internal
Contacts of Penumbra Contacts of Umbra
P1=07:35:34.7 UT N . Ul =08:40:59.1 UT
P2 =09:59:152 UT | U2 =08:45:03.4 UT
P3 =11:04:40.3 UT

External/Internal

s 3 = 12:18:36.3 UT
P4 = 13:27:52.9 1T Local Circumstances at Greatest Eclipse U= 1222352 UT
Lat. = 12°53.4'N Sun Alt. = 70.6°
Ephemeris & Constants Long. = 028°44.1'E Sun Azm. = 209.4° Geocentric Libration
Eph. = DE200/LE200 Path Width = 162.2km  Duration = 04m31.65 (Optical + Physical)
AT= 6485 1= 3.93°
Kkl = 02725076 b= -0.43°
k2= 02722810 o= 2155°
Ab= 00" Al= 00"

Brown Lun. No. = 1024

I S R R I SR INEAI |
0 1000 2000 3000 4000 S000
Kilometers

F. Espenak, NASA/GSFC - 2004 Apr 15, Thu

h.gsfe.nase. lipr lipse. ktmi

FIGURE 1: ORTHOGRAPHIC PROJECTION MaP OF THE EcLIPSE PATH

Total Solar Eclipse of 2006 Mar 29

Geocentric Conjunction = 10:33:17.4 UT JI.D. = 2453823.939784
Greatest Eclipse = 10:11:17.7 UT 1.D. = 2453823.924510
Eclipse Magnitude = 1.0515 Gamma = 0.3843
Saros Series = 139 Member = 29 of 71
Sun at Greatest Eclipse Moon at Greatest Eclipse
(Geocentric Coordinates) N (Geocentric Coordinates)
R.A =00h31m31.7s R.A. =00h30m46.6s
Dec. = +03°24'10.3" R Dec. = +03°44'36.3"
3.D. = 00°16'01.1" s e > S.D. = 00°16'35.0"
P = 00°00008.8" oo riy™ (o - HP. = 01°00'51.4"

{ J9—

%

External/Internal External/Internal
Contacts of Penumbra ) Contacts of Umbra
P1=0736485UT ) g Ul=08:34244UT
P2 =09:44:372UT | U2 =08:36:286 UT
P3=10:3728.0UT S U3 =11:45545UT
P4=12:45406 UT Local Circumstances at Greatest Eclipse Ud= 1147564 UT
Lat. = 23°09.1'N Sun Alt. = 67.3°
Ephemeris & Constants Long. = 016°44.9'E Sun Azm. = 148.6° Greocentric Libration
Eph. = DE200/LE200 Path Width = 1835 km  Duration = 04m06.7s (Optical + Physical)
AT= 649s 1= 2.1%8°
kl = 0.2725076 b= -052°
k2 =0.2722810 Lot c=-2171°
Ab= 0.0" Al= 0.0" 0 1000 2000 3000 4000 5000 Brown Lun. No. = 1030
Kilometers

NASA 2006 Eclipse Bulletin (F. Espenak & J. Anderson)

It was taken from: [2]. It was taken from: [3]
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Appendix no. 4: Graph of the Progression of the Intensity of theh@l Solar Radiation — Spain 2005
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Appendix no. 5: Graph of the Progression of the Intensity of theb@l Solar Radiation — Turkey 2006
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Appendix no. 6: Graph of the Progression of the Intensity of Re#dcSolar Radiation from the Earth’s Surface — S@805
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Appendix no. 7:
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Appendix no. 8:
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Appendix no. 9:

l:atzm/cC

Graph of the Progression of the Air Temperatur2 @mtabove the Ground — Turkey 2006
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Appendix no. 10:  Graph of the Progression of the Air Temperaturg @n above the Ground — Spain 2005
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Appendix no. 11:  Graph of the Progression of the Air Temperature @h above the Ground — Turkey 2006
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Appendix no. 12:  Graph of the Progression of the Soil's Temperaati® cm under the Ground — Spain 2005
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Appendix no. 13:  Graph of the Progression of the Soil's Temperaati® cm under the Ground — Turkey 2006
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Appendix no. 14:
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Appendix no. 15:
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Appendix no. 16:
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Appendix no. 17:  Graph of the Progression of the Air Relative Hunyidit 2 m above the Ground — Turkey 2006
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Appendix no. 18:
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Appendix no. 19:
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Appendix no. 20:  Graph of the Progression of the Colour of the Lighthe Colour Space sRGB (28.3.2006) — Turkey 2006

0,45

—— SR (28.3.2006)
——sG (28.3.2006)
—— sB (28.3.2006)

0,4

0,35

sRGB

0,3

0,25

0,2

00:0€:S
00:00:9
00:0€:9
00:00:2
00:0g:.
00:00:8
00:0€:8
00:00:6
00:0€:6
00:00:0T
00:0¢:0T
00:00:TT
00:0¢:TT
00:00:¢T
00:0¢:¢T
00:00:€T
00:0¢:€T
00:00:vT
00:0¢€:vT
00:00:9T
00:0€:ST
00:00:9T

UTC/(hh:mm:ss)

117



Appendix no. 21:  Graph of the Progression of the Colour of the Lighthe Colour Space sRGB (29.3.2006) — Turkey 2006
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Appendix no. 22:  Graph of the Progression of the Colour of the Lighthe Colour Space sRGB during Total Phase oStilar Eclipse
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Tc/K

Appendix no. 23:  Graph of the Progression of the Correlated Col@mperature of the Solar Radiation (4.10.2005) -rSp@05

15000

——Tc (4.10.2005)

14000

13000

12000

11000

10000

9000

8000

7000

6000

5000

00:0gv
00:00:9
00:0€:S
00:00:9
00:0€:9
00:00:2
00:0€:L
00:00:8
00:0€:8
00:00:6
00:0€:6
00:00:0T
00:0€:0T
00:00:TT
00:0€:1T
00:00:¢T
00:0¢:¢T
00:00:€T
00:0¢:€T
00:00:vT

UTC/(hh:mm:ss)

120



Appendix no. 24:
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Tc/K

Appendix no. 25:  Graph of the Progression of the Correlated Col@mperature of the Solar Radiation (28.3.2006) «k&y2006
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Tc/K

Appendix no. 26:  Graph of the Progression of the Correlated Col@mperature of the Solar Radiation (29.3.2006) «k&y2006
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Tc/K

Appendix no. 27:  Graph of the Progression of the Correlated Col@mperature during Total Phase of the Solar Eclipse
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Graph of the Progression of the Wind Direction (42005) — Spain 2005
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Graph of the Progression of the Wind Direction 32005) — Spain 2005
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Appendix no. 32:
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Graph of the Progression of the Wind Direction 88006) — Turkey 2006
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Graph of the Progression of the Wind Speed (290&20 Turkey 2006
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Graph of the Progression of the Wind Direction 88006) — Turkey 2006
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