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1. SOLAR RADIATION AND OZONE MEASUREMENTS AT
THE BUDAPEST MAIN OBSERVATORY OETHE
HUNGARIAN METEOROLOGICAL SERVIC'E"

2. BRIEF HISTORY OF S\TUDYINWIOSPHE&L’

TRANSPARENCY IN THE BUDAPEST MAIN OBSERVATORY

(SCIENTIFIC BACKGROUND FOR THE STUDY TO BE
PRESENTED)

3. RELATIONSHIP BETWEEN UV AEROSOL OPTICAL DEPTH
AT 320 nm AND VISIBLE AEROSOL OPTICAL DEPFH

SPECTRA ,(” &



MEASURED DATA AVAILABLE:

Total global radiatien (1936- ) ¢
Direct solar radiation (1967-)

Diffuse solar radiation (1967- ) -
Longwave downward radiation (1967-) L
Shortwave Upward (keflected) radiation 1967- ) z"

L ongwave upward radiatien (1967-° ~
Erythemally weighted broad band global radlatlon In UV (1994-)
Erythemally weighted spectral global radiation in UV (1998- )
Spectral global radiation in VIS and near IR (1995-1997)
Spectral direct radiation in VIS and near IR (1996-)
Spectral global radiation in UV (1998- )

Aerosol optical depth ~ W '
Total ozone (1969-) !"’ | £
Total sulphur-dioxide (1998- ) |

PAR




PHYSICAL QUANTITIESUSED TO STUDY
ATI\/IOSPHER& TRANSPARENCY ™%

-

1. SCATTERING PARAMETER © "Q".'

2. GRAYBODY (BROAD BAND)WCAL DEF?.@--(GBOD)

3. AEROSOL OPTICAL DEPTH (AOD)

4. WAVELENGTH EXPONENT O



SCATTERING PARAMETER @
-

o _ DG
DR/GR “e

where: . . M (”'

D : diffuse irradiance measured at the Earth’s surface
G : total global irradiance measured at the Earth’s surface
Dy diffuse irradiance that can be theoretically measured
at the Earth’s surface in case of Rayleigh atmosphere
Gg: total global irradiance that can be theoretically measured
at the Earth’s surfigs i‘f case of Rayleighgftmosphere

D, and Gg from model calculations



GRAYBODY (BROAD BAND) OPTICAL DEPTH
-~
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Can be determined if definition of monochromaticoptical depth is
extended tosa wider spectral range (practically to th senS|t|V|ty
range of pyrheliometer) |f4rrad|anc measured at &surface are
available (it is actually reversal of the®s6=Called graybody approach
that is well-known in astorphysics):

optical thickness iIs independent from frequency = opacity

In theory: mathematically complicated averaging technique to obtain
opacity:
- Planck __“ W

: ~
- Chandrasekhar {"’ P4
- Rosseland - generally used in stellar photospheres

Reversed version iIs far more simple!



GRAYBODY (BROAD BAND) OPTICAL DEPTH
-

-

Udz = ( [ 15,d2)e ™

SPYR SPYR

where:
I,:  monochromatic irradianeg.at the surface measuring point

l,,: monochromatic irr;ﬁﬂéé at the top of the#fmosphere
Spyr: sensitivity range of the pyrheliometer (kb. 300 — 3000 nm)

dsg-. graybody (broad band) optical depth
m: relative optical airmass



AEROSOL OPTICAL DEPTH
-

l,(A) P

Onl4 )_Mlnl(/i)S P,

ahol: | g - & ,”'
oA(4) . aerosol optical depth M '

l,(4) @ extraterrestrial irradiance at mean solar distance
I(7) : Irradiance at the measuring site

Or(A)+00;(4))

S . correction factor for solar distance (ratio of momentary to
mean solar distance)
M :relative optical airmass , -

d03(4): absorption optiw of 0z0Ne : doa(A)FXo3 o3
where: ag,(4):0Z0ne absorption coefficient,
Xos- alr columnar total ozone content

ox(4) : optical depth of Rayleigh-scattering of air molecules

P, P, : momentary and standard sea level pressure



AEROSOL OPTICAL DEPTH
>
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1. Sunspectrophofometer L 1-1800
(manufactured by LI-COR, Nebraska, US)

Monoch rometer mstrument N i"

Sensitivity ranges300 — 1100 nm
Spectral resolution: 1 nm

Wavelengths used to estimate AOD:
368, 380, 412, 450, 500, 610, 675, 778, 862, 1024 nm

Wavelengths used for afmogpheric transpare ’;y studies: 500 nm
(most generally used&2

Beginning of measurements: 1996

‘.




AEROSQ

2. Sunphotometer SF ﬁ“"

(manufa;l ), ;dleton -Solar, Auslara .




L1-1800 spectrophotometer

(modified by using a suitably-designed pipe with
diaphragms — same geometry like Eppley
pyrheliometer)
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Sunphotometer SP02 - -
(Budapest, Kékestet6), 2010 - -

- manufactured by: ‘Midleton-Solar, Australia \




Relationshipbetween GBOD ane®e00 nm AOD
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PARAMETRIZATION TEEHNIQUE TO ESTIMATE 500 nm
AOD BY USING GBOD VALUES

-

Parametrization: v o

’

§Aﬂ, — CO}tgGB _Cuxw _szxo3 +C3/1 :

ahol:

0 4, - aerosol optical depth at wavelength 4

dsp - graybody optical depth

Xy - total precipita W}g Ueely radlosondpobservatlons)
Xo3 - total ozone con

Cm, C,,, Cy, C;, : constants to be détermined



PARAMETRIZATION TECHNIQUE TO ESTIMATE 500 nm
AODBY ™=
/USING GBOD VAL UES

e

_

Result: % & £ .
reased by 30 %

- correlation coeff. between O 4; €S Og
Advantage:

AQOD values can be estimated for stations where pyrheliometric
measurements are carried out by using GBOD

e

\



YEARLY MEANS OF GRAYBODY OPTICAL DEPTH,

BUDAPEST, 1967-2012
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Yearly means of calculated aerosol optical depth
(solid line) and'graybody optical dépth. (dashed line)
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Yearly means of scattering parameter @ for two
filtrations &
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SCATTERING PARAMETER @
-

Yearly course of monthly absolute minimum values of D/G
and calculated values of D/G for Rayleigh atrposphere

0,15 -~ (DIG)R —=—— abs. min. of D/G
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Average yearly course of graybody optical depth for Budapest
-




Average yearly course of AOD computed from the
homogenized dataseries (solid line) andTfem the measured data
only (dashed line)




Relationship between AOD 500 and wavelength exponent
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AEROSOL PARTICLE SIZE DISTRIBUTIONS COMPUTED BY
USING KING’S INVERSE METHOD (for different wavelength
exponents)
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Relationship between AOD-500 and HB macrosynoptic codes
-~

AOD-500

1 2 3 456 7 8 9101112131415161718192021222324252627282930

He ss - Br ezows k

Low AOD: 4 (corner-like westgm skuation)
5 (anticyclonars@uth-western situation)
8 (cyclonar north-western situation)
High AOD: 22 (anticyclone extended over Central Europe with centre above
North Sea and Scandinavia)
26 (anticyclonar southern situation)




Relationship between. @ and HB macrosynoptic codes
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Hess - BrezowsKk

e I .
Higha : 14 (Anticyclone witlém're above North Sea ext@hded over Central

Europe)
16 (Anticyclone with centre above British Isles)
8 (Cyclonar north-western situation)???
Low a : 22 (anticyclone extended over Central Europe with centre above North
Sea and Scandinavia




Verification of solar radiation outputs of the ALADIN model, 2002:
Dependence of difference between predicetd and measured direct

Irr. on AOD-500

DIF_DIR
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Fig. 14. Values of DIF _DIR at different aerosol optical depths
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Verification of solar radiation outputs of the ALADIN model, 2002:
Dependence of difference between predicetd and measured diffuse

Irr. on AOD-500

DIF_DIF
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Fig. 15. Values of DIF_DIF at different aerosol optical depths
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Verification of solar radiation outputs of the ALADIN model, 2002:

Dependence of difference between predicetd and measured total
global iIrr. on AOD-500

Fig. 16. Values of DIF_GL at different aerosol optical depths
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Verification of predicted global rad. of the AROME model, 2013:

Dependence of difference between predicetd and measured total
global irr. on AOD-500
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For Budapest Main Observatory:

-

Mean of many years for AODgy,: 0.27 —0.29,_2

/. (urban and mdustrlal areas: AO '>O.3
rural areas: 4 AOD%g=0.2)

L e

= typical suburban'situation

Mean of many years for wavelength exponent o 1.31 —1.33
= typical average value -

" Ry



RELATIONSHIP BETWEEN UV AEROSOL OPTICAL DEPTH
AT 320 nm AND VISIBLE AEROSBE.ORTICAL DEPTH
SPECTRA

-

BREWER: 320 nm
LI-COR: 368, 380; 412, 450, 500, 612,675, 7/8, 86} nm

SP02: 412,500, 675, 862,1m M

1. Relationship betwéen the AOD values

2. How does UV AOD depend on visible AOD spectra (relationship
between UV AOD and wavelength exponent a)

3. Case studies — peculiar. sigations ’,'.

Comparison of LI-COR AODs and SP02 is not analyzed here



- Dataset: 2010 —2043 -

(Brewer software vgrgion calculating AOD was installed in 2010, calculations
for the earlier B files have not been performed so far)

- Cases when solar disc was uncovered by any a'qu were used
/ .

only )} = % g i"

- Measuring times have to be in 5 minutes (in some cases
Interpolation was performed to increase data number)

- 412 nm channel of SP02 started to fail gradually during 2013, so
It was not used for the study

. : x>
- Problems with extrenjﬁfi’a’tions (what can #€.considered
extreme situation exactly) :



CALIBRATION
-~

-
'f

BREWER:
As usual (biannual 10S calibration — the last has been in May 2013,
monthly external lamp tests, daily routine che'é:lég,etc.)

. .

&

LI-COR: N M \

With Optical Calibrator Unit L1-1800%02 with two lamps in every 6
months (according to manufacturer’s recommendation)

Electronics was inspected in factory in early 2013 because of an
electronic part failure

-

SP02: , -

Langley method — in-siteisedeh clear day, and y;yKékes (highest
peak of Hungary, 1044'm a.s.l.) two times a year

(Langley is a big problem in respect of logistic and schedule
planning , work organization, suitable weather conditions etc.)



CONCLUSION AT FIRST LOOK:
' -
- :
UV AOD IS IN GOOD CONNECTION WITH VISIBLE S AOD
SPECTRA, BUT THERE ARE SOME STRAN CASES:
AOD VALUE OF ONE OF THE THREE DEVI 'ES DOESN°T

FIT IN THE OTHER§ M

SOME CAN BE EXPLAINED BY A PECUL IAR EVENT, BUT
OTHERS NOT (AT LEAST SO FAR))




EFFECT OF ICELANDIC VOLCANO ERUPTION,
Apr 10, 2011 ™

Apr 10, 2011

& AOD-500
® AOD-320
AU

1000 , 1050 1100
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SAHARAN DUST ABOVE HUNGARY,
July 4, 2011 ™%

¢ AOD-500
® AOD-320
U




Dependence of AOD-320 on the wavelength exponent

* *
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RELATIONSHIP BETWEEN AOD-320 AND VISIBLE AOD

VALUES ™=
/

Expected: better correlation for LICOR than for SP02

‘
-
surprise: ,c,orrelatign Is better for SPO2 than for L‘}COR
. S 4 -

&

‘Peculiar days’ — only. very few; fil % out from the used days




AOD 320 - SP02-AOD 500

R%=0,9613

Av. error of est: 0.023 (8.67 %), St. dev. of error: 0. 022




AOD 320 - LI-AOD
-

2 R?=0,8987
R?=0,8873

L 2

R%=0,9266




AOD 320 - LI-AOD
-

R?=0,9087 R?=0,8251

2 _
R? = 07615 R?=0,6462




AOD 320 - LI-AOD
-




368

380

412

450

500

610

675

778

862

Ave. error of
est.

0.039

0.035

0.029

0.027

0.027

0.031

0.033

0.035

0.037

Rel. error of est.
(%)

12.55

13.42

9.93

11.60

15.86

18.45

24.12

26.54

26.10

STD of error of
est.

0.029

0.027

0.021

0.020

0.021

0.024

0.026

0.031

0.042



Some days result in separated population of the dots
-




Some days result in separated population of the dots
-
Icelamdic volcano eruption, Apr 10. 2011

500 - SP02




Some days result in separated population of the dots
-
Icelandic volcano eruptuon, Apr 10. 2011

500 - SP02

& AOD-500
® AOD-320
AU

950 1000 , 1050 1100

A

Brewer detects the effect soon, while SP02 detects censiderably
later g P

But: some other cases SPO2 or LICOR detects the dominant size of
aerosol piricles like this

Further peculiar days are needed to understand the phenomenon



. Nov 15, 2011; ™
SP02 and LICOR detects the effect, while Brewer doesn’t

.

¢ 500 - SPO2
® 500 - LICOR
A 320 - BREWER

WU

750 800

minutes of the day




SAHARAN DUST ABOVE HUNGARY,
July 4, 2011 ™%

.~
. g

e B B than i
- =ower separaton, than in case
of the volcanic dust




CONCLUSIONS

-~
1. Wavelengths sharetr than 610 hm are suitable to estimate visible

AOD from AOD-320, but the extreme events

2. The estimation has considerably lower accuracy for the longer
wavelengths due to they poorly represents the vatiation occuring
in aerosol contentiof the airm column

3. If we have a good Brewer, it is wMestimate %nm or
shorter AODs ratherthan operate a sometimes problematic
sunphotometer or lower quality spectroradiometer — but if one
can estimate wavelength exponent!

4. No relationship was found between AOD-320 and wavelength

exponent at first step — two component regression Is needed
' ~

TO MAKE RESULTS I\/I?E'XCCURATE: P

1. Further occuring peculiar days are needed to understand the
phenomenon (physical beackground + some cluster-analysis-like
study)
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