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Temperature Correction of Solar Radiation on Clear Sky Using by
Modified Pyranometer
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Abstract : Pyranometer have many uncertainty factors (sensitivity function, thermal offset, other spectral effect,
geometric, environment, and equipment etc.) than pyrheliometer. The solution for most of the uncertainty factors
have been researched, but the problem for thermal offset is being continued research so far. Under the clear sky,
due to the thermal offset of pyranometer, the diffuse and global radiation have been negative value for the nighttime
and lower value for the daytime, respectively. In order to understand the uncertainty of the thermal offset effect,
solar radiation are observed and analyzed using Ji and Tsay method and data from modified pyranometer.

As a result of performing temperature correction using the modified pyranometer, the slope (dome factor; k) and
intercept (r,) from a linear regression method are 0.064 and 3.457 g-m >k, respectively. And the solar radiation
is decreased significantly due to the effect of thermal offset during nighttime. The solar radiation from modified
pyranometer increased approximately 8% higher than its observed by general pyranometer during daytime. By the
way, these results did not generalize because its result is for only single case in clear sky. Accordingly, it is to

required for accurate results obtained by the various cases (clear, cloudy and rainy) with longterm observations.

Key Words : 13 U A (Pyranometer), 55 YA (Modified pyranometer), =X~} % (Thermal offset), Bl ¥&A}

(Solar radiation), ¥ Al4~(Dome factor)

wrxt A FH (WA A AL o o] oot gl ZA U = A & **#*F Jee Joon-Bum(corresponding author) : Weather Information
571 Service Engine, Hankuk University of Foreign Studies
E-mail : rokmcjjb717@gmail.com, Tel : 070-4617-3764 E-mail : rokmcjjb717@gmail.com, Tel : 070-4617-3764

*Z2 YA L A AT A AT & *Zo Il-Sung : Research Institute for Radiation-Satellite,
s WA S AF S BA-AAA T &

6 Gangneung-Wonju National University.
FedFden o7 g7 skt * **Jeong Myeong-Jae : Department of Atmospheric & Environmental
w60 HE] 0 AT AT T BA-Ad AT A Sciences, Gangneung-Wonju National University.
Fedaoega o737 2k} * ¥ ee Kyu-Tae : Department of Atmospheric & Environmental
wAH-Q 0 A dFsta o) 7] 87 75t} Sciences, Gangneung-Wonju National University.

**Kim Bu-yo : Department of Atmospheric & Environmental
Sciences, Gangneung-Wonju National University.

Journal of the Korean Solar Energy Society Vol. 35, No. 1, 2015 9



[=2] def oA es] =24

it D oF7bo| A o] Eo] & (1)
Télu,ytime _Z|_Zl_o1]}\~10 5-94 L <°C)
7 A= A (W m-2)

1% DEEE AF (mV)
Pe i E URel 1% (mb)
aglA 2R
o 2HF-Z =R A5

ot
e
rlr
g
=

i

BB ATYE SHelt 1349
AEoln AP RE ARA AES
S

o
0,

=2
=

HA¢ 8 A(component) #=o] ulz} 2lg

of AHYAHAZ v}, drtEd 352
WMO (World Meteorological Organization)”
2} WRC (World Radiation Center)”2] 77l
o) Aste] #FE I glom Fedo]l HFH A
T9] 7% BSRN (Baseline Surface Radiation
Network)”ell 525 o] [Mx| o] Atz s}
Aol AFEETH

10

A DA = sensitivity function, thermal
offset, other spectral effect, geometric, environmental,
equipment 59 EZAdo TS wr] uf
woll gule] ] @ HFo] Fosfof g}’
o] B3aA QB g3k AFEL o
n] 218 % o} thermal offsetoll thak A=
|t 25 AtEoix] L @itk Thermal offset

AHLAHA ] A& BH5ehs AAJD
%] (thermopile) 7} B @Fell A EWE ofue}
25o JEFS ol A= QAE ofnlgit)
Kato et al.”& W o &t50] S w7}
34 v B 397 o 5 293, Drummond
and Roche¥& 712 B3lo] 222 F43
og,yﬂ o] Ejﬂré 71—/\/\] 2] z,: 0] q_J—y_ 39\1
gk BSRN #52 e v F2t AAMAE 33k
¥} OP*OE “740}04 Ao zpol&
5} 5
o

By

) rlo

7P B3kl vehdS gels?
AA G B (Global

GCM)3} BSRN¢| 94} #2 252
of AxHel FFEe A AT Hd s
Alalehl s w GCM A2t w5 2f gl v s
g’k 9~ 18 W'mfz Zé]]j_‘; = Zi._i E—@,E]‘}}E}.IO)’H)'IZ)
WRCel 4] MODTRAN (MODerate resolution
atmospheric TRANsmission) 2@} <12
deEzts R A EAA 9 et dAMAIES
o]-gsto] A A dAE #HSAETF F
9l oo wrg ¥

Circulation Model;
RES o] g3

%37 (underestimation) ¥ 1.
aEa A Agz AR A AA 7E
3 BA W e ATLE 3t thermal
offset?] +24< sttt L3 Ji and
Tsay'”&= ©]2] 8 thermal offset —rxﬂ qe B
gal7] fla] AHUAAA o 2%



= 21 A}
AH S A3} thermal offsete] & 3}E

fo X
=
o|\
XN
IS
[e]

I AA 4AMAY] thermal offset
o] 37t F Aozl Wi we & AldE

o] Qo] WHE FEo &% A
A7l v A A F(unit: mV)Y ¥S A3}
a7 12 AAFARMIE(WRC)AN A 5579
AL AA ST 55 (ventilation) 2 71<E
(heater) &5 o] &3l WAIZF Ftell YAL=F
Wsts AEd Aiolrt. CM229F CM21+
Kipp&Zonenjit &] A JAAI &)1 B&WS
PSP+ Eppleyiit-©] A3 JAA o]t} HEgF B&W
o} PSP_Ref9] 49+ 5% 9 7td A7 £
e A gotom yu A Al 7hA] A E ol
v A7 28 H ATk 00LSTHE 02LST7h
A= TF 2 7ME A7 7bs A @okow
02LSTH-E O03LSTZHA = &F FA% 7hs
F ek 223 03LSTH-E 0ALSTZHA &= %

2 7t A BFE 7bsE A ow 04LST
= | 275 7HsshA gtk @
B&W dAHAle] A= 0
WA A7y 7R #FekaL o
o AAAEL ZAE 03 Wm? oA 24

7 W-m 74 @2 7F YEbT) o] g5
Foll AN (LA 7E §l= et &(-)
Ao AFEHE B A >
7 GAMA W] 2E T} B m oo

2

o2
l

5
T

offt all

,
2 5ol
2

N

b3
=

o = e 2 ol
B\

o
o 10 g
folo &

Mo R

& )

stoli= AAMAS] Fd L% Wt uio] 4]
#Euojo} shi= Arlga vjaste] e

V+H off |_Von _y VeHon , V+Hoff
I I T
%] 3
Ve |
2 el j
o
w
=
S 4
=}
=
— oMz Chaz1
v BAW PSP
PEP_Fet
(] 1 2 3 a 5
Time [LST]
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hours of 3 October 2001. Fig. 2 from Philipona, 2002'%)
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Fig. 3 PSP mounted in front of an integrating
sphere(Grande, a) and its monitoring software(b)
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Fig. 4 The relationship between PSP and integrating
sphere (Grande) with 8 lamps

Table. 1 C(calculation constant) and f(dome factor)
according to lamps status in laboratory test

Status f ¢ (Wm=3/mV)
8 Lamps 2.3 114.2
6 Lamps 22 114.3
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Fig. 5 Potos of modified pyranometer(a) mounted on
Gangneung-Wonju National University and observation
environment(b) on site by shades of trees on hill
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Table. 2 Procedure of thermal dome effect(by Ji and Tsay, 2010/

Step Action Equation
%" %ol_|-g| Sght 4 1/4
1 T A TP = (T, +a V) +cV/fol
ENE LT
L=RsE= )
2 g <lf P /Tn ight _ ot k‘( ’)/ ]—;771 ight

Tdmghlo OI 2 °H
I'ogl' k ﬂ'g

I’og|' k= (
) 1—k)P,+ kP,
3 ol sl Tddaytlme T[;bnymw: d
AL To
2z 2dE
4 QIAIZE AL =cV+ fo(T! Td)

Step 1014 &= dAFEo] 0 W-m ?o] 5=
Al Zkol digte] 77k A
(B o] &3t o= dA
o2 HZHo] Qo] ¥ o] &
Ao AEgh 18 9=
o]~ &&E(T)¢t Step 12
Ty AAEE YEbd 1o
Ao Fro] Hholl= Fo] &7} Aol
B zhol & Abole] =X QS

F7F 9 59 dAbEFo] yEUA

2
T
ol
ol
rlr
av
3
tt
Rt

-
=
E I
)

o,
A oo
2

2

>~
=
)
Y

e

Fﬁrﬂ&"+

44
2%

%—Eﬂinﬁgﬂ
G

Do om0 = o
bW e o

i

o},

N
©
=]

Temperature(K)
N
&

280 A

Time(Hour)

Fig. 9 Time series of case temperature(Tc, red) and dome
temperature at nighttime(T,"™™ | blue) on October 18 2011

(8)} o] Frje] Gow Aoy
A @sh A 10)3} ol erd

P,=P,+4P, (®)
By=r,T, 9
6P, =k(P,—P,) (10)

A7IM pE 71 &4l fls W w4 7]

Journal of the Korean Solar Energy Society Vol. 35, No. 1, 2015 15



(=] d=ejgaiAets] =4

PO E FEHEA S o] &35t A (9)¢F ol
UER £ 9tk =3 spE A (1003 2o] &
2o oz =A% VgoR F e 959
719 A= 9Ju)ehy k= B Al9=(dome factor)
olal P& w719 71 (air pressure)E 2]
ghet. 2 ()l A (9)¢F A (10)& ol &3l A
st ofj e} o] vERE 4 QlTh

Py =r,T,+k(P,—P,) (11)

e
it
g
-
u
>
1>
o
=
2
oS
E
o |r

Step 19 A Ak
T, % Yol 12h378 4] Fej= v r,(yE3H)

AAT RS FF2 2F(standard error)+= Z+

Z}F 0.889%F 0.0008= hEl%L

3.60

y =0.064x + 3.457
R?=0.889
355 1 sE=0.0008

3.50 -

3.45 —— e b

Pdnightlenight

3.40

3.35

3.30 T T T T T T
-0.24 -0.22 -0.20 -0.18 -0.16 -0.14 -0.12 -0.10

(Pdnight_P night),-l-dnight

Fig. 10 Estimation of r, and k from nighttime measurement

Step 2014 A& 2011 109 18l 9}
k 72 2 ADel ddstar pol digk 2ol A
2 (12)¢F 2ol 7,0 tieh A ow AHelste] v

e Fo] 2EE AT 5 A HAu ¢

16

o] 71sH(p) 3 71 715t

==,
o ] =1
(p) L8] aL ¥k &t AR E o] &) AF=EH g
St kB F3 1Y 9% o] sk Fete] pui
Fho] AhEH o] Mt
(1—k)P,+ kP,
T;aynme ) d (12)
o

a9 118 Aol 2o L%(7),)8 ¥ Fete
#2 F SR(rimir)E A vl Ao
Wk BUSA Aol ze] LI Fe| EW
0ot Ae 4 5 Ak F 2R Aol
ol vt Eetel AAapgko] Al AAACl &
SHA = Au A HEhve 2s & F
glow] v el LEAnT U Ble] £
Aol 7F B =7] wiiEel v Eetel A E 4o
Abepel Wt F Aeleht AL FFY 4
Atk

Step 3014 Bt Bte] % & LEE A

S ZRAAC A (2)&

295 L
— TC
T, ddaytime

290 -
—
X
=
[
=
=
-
© 285
3
o
§
[

280 -

275 T T T T T

[} 4 8 12 16 20 24

Time(Hour)

Fig. 11 Time series of case temperature and dome
temperature at daytime on October 18 2011

a9 12+ 20119 109 189 s Tkl
A 22w WstE ekl e i

g koA 8k3] =54 Vol. 35, No. 1, 2015



b)ell A B %ol
W-m o] = ojoFsr} %
(=) YA Fs JERAT ©
He A
zkol (el F 3 Aol &=
olste] ofztol 5(-)°] YA Fhol YELY]
HAol Jostn 5
$-(blue line) 0 W-m %ol 7}7}-&
e o AT

ol AR ==

]

g

Solar Radiation(W/m’)

Solar Radiation(W/m®)

Fig. 12 Time series of data(a) solar radiation, b)
captured TDE(Thermal Dome Effect)

ue
>
-
i
o

|

ol
o
N

[

=
r ML s do

e rle

2 ofo 3
e,

i

r.{
1%

GFSC9 Ji and Tsay°l 23] 7/dd Aoz
e A ook Wi = Abole] T8t Fk
S #=3lY B9 225 A4S Al thermal
offset®] &= UAHA WF-9F 2o 2=AS

QA PEel E Be

‘?3'%

H)et kCIE7DE A=A & A7 A
el Ek = ﬁ]-?(dome actor ;k)+= 0.064
o] v Toﬁug’ 57 g'm >k 'o] At} Step 32
A 2= BAA S o] §ato] vt 5o 2
GA L ot kE o] &3t 7w E AbEshe]
Step 4914 RAHE dA =S 2S99

AAHA &% WAl A} o] 59 74 & A

—

mlo

9

b glo o e

ool

s ofof frt. E3 o]
HoEoke] oluA] wstE v Alzke] o
of A B At dAE B del 4
=¥ A vlalste] of 8% A
FH A ol AgAT A
T 222 dubE e A

2
2 98 #= 9 (3~5%) KT} 2
LS|
3]

¢

=8
5 7
@
TR
o
lle}
offl
2

ol
S

2o ool KoHo n2 ®

Journal of the Korean Solar Energy Society Vol. 35, No. 1, 2015 17



W
H_g‘
rok
1
=
o2
<,
ivs)
>
ot
toly
(i
Sk
o

g do] A, dAMAIE B3 A B
oM 2xrRA gyE wlg F o F4
= 7] wfEe o] g ol ek A AR Ak
F % HFo] &aFHY VE YA #59
HA gk A7t FalEojof & Ao %
GE T B o] At AdeE e g v
Atelell gk Aol 7] wiiel Fr]H <l #5

Gy sdd 58 B F

B A 7)dA VR 2 Z871E N
HALS) (KMIPA 2014-21080)¢] Aoz 8w
=

Reference

1. Jee. J. B, Zo. 1. S, Lee. K. T, and Choi. Y. ],
Distribution of photovoltaic energy including
topography effect, Journal of Korea FEarth
Science Society, Vol. 32, No. 2, pp. 190-199,
2011.(in Korea with English abstract)

2. C. G. Abbot and L. B. Aldrich, The pyranometer
- An instrument for measuring sky radiation,
Smithsonian Miscellaneous Collections, Vol. 66,
No. 7, pp. 1-7, 1916.

3. WMO, WMO-8 Guide to Meteorological Instruments
and Methods of Observation, Secretariat of the
World Meteorological Organization, 1997. [Available
from World Meteorological Organization, Case
Postale 2300, CH-1211 Geneva 2, Switzerland.]

4. C. Frohlich, World Radiometric Reference:
WMO/CIMO Final Report, WMO No. 490, pp.
97-100, 1977.

5. L. J. B. McArthur, Baseline Surface Radiation
Network (BSRN), Operations Manual, WMO/TD-No.
1274, WCRP/WMO, 2004.

18

6. A. G. Christian and R. M. Daryl, Modeling
solar radiation at the earth surface - Chapter
1 Solar radiation measurement: progress in
radiometry for improved modeling, Springer,
PP. 12-17, 2007.

7. S. Kato, T. P. Ackerman, E. E. Clothiaux, J. H.
Mather, G. G. Mace, M. L. Wesley, F. Murcray
and J. Michalsky, Uncertainties in modeled
and measured and measured clear—-sky surface
shortwave irradiance. Journal of Geophysics
Earth Research, Vol. 32, No. D22, PP. 25881-25898,
1997.

8. A. J. Drummond and J. J. Roche,

to be applied to measurements made with wppley

Corrections

(and other) spectral radiometers when used
with schott colored glass filters, Journal of
Applied Meteorology, Vol. 4, pp. 741-744, 1965.

9. M. S. Amie, Prediction and measurement of

thermal exchanges within pyranometers, pp. 8,
1999.

10. J. R. Garratt, Incoming shortwave fluxes at
the surface - a comparison of GCM results
with observations. Journal of Climate, Vol. 7,
pp. 72-80, 1994.

11. M. Wild, A. Ohmura, H. Gilgen, E. Roeckner,
Validation of GCM simulated radiative fluxes
using surface observations, Journal of Climate,
Vol. 8, pp. 1309-1324, 1995.

12. M. Wild, A. Ohmura, H. Gilgen, E. Roeckner,
M. Giorgetta, J. J. Morcrette, The disposition
of radiative energy in the global climate system:
GCM versus observational estimates, Climate
Dynamics, Vol. 14, pp. 853-869, 1998.

13. A. Berk, G. P. Anderson, P. K. Acharya and
E. P. Shettle, "MIODTRAN®5.2.1 User’s Manual,”
April 2011, to be published.

14. R. Philipona, Underestimation of Solar Global
and Diffuse Radiation Measured at Earth’s
Surface, Journal of Geophysics Research, Vol.
107, No. D22, pp. 4654, 2002.

g koA 8k3] =54 Vol. 35, No. 1, 2015



15

16.

17.

18.

19.

20.

Journal of the Korean Solar Energy Society Vol. 35, No. 1, 2015

. J. J. Michalsky, R. Dolce, M. Rubes, D. Nelson,
T. Stoffel, M. Wesley, M. Split and J. DeLuisi,
Optimal measurement of surface shortwave
irradiance using current instrumentation. Journal
of Atmospheric Ocean Technical, Vol. 16, pp.
55-69, 1999.

E. G. Dutton, J. J. Michalsky, T. Stoffel, B.
W. Forgan, J. Hickey, D. W. Nelson, T. L.
Alberta and I. Reda, Measurement of broadband
diffuse solar irradiance using current commercial
instrumentation with a correction for thermal
offset error, Journal of Atmospheric Ocean
Technical, Vol. 18, pp. 297-314, 2001.

Q. Ji and S.C. Tsay, A novel nonintrusive
method to resolve the thermal dome effect of
pyranometers: instrumentation and observational
basis, Journal of Geophysics Research, Vol. 115,
2010. doi:10.1029/2009JD013483.

Q. Ji,, S. C. Tsay, K. M. Lau, R. A. Hansell,
J. J. Butler and J. W. Cooper, A novel
nonintrusive method to resolve the thermal dome
effect of pyranometers: radiometric calibration
and implications. Journal of Geophysics Research,
Vol. 116, 2011. D24105, doi:10.1029/2011]JD016466.
B. M. Hickey, Physical Oceanography. Pages
19-70 in M. D. Dailey, D. J. Reish and J. W.
Anderson (eds), Ecology of the Southern
California Bight. University of California Press,
Berkeley, California, 1993.

J. Walker, C. L. Cromer and J. T. McLean, A
Technique for Improving the Calibration of
Large—area Sphere Sources, Proc. SPIE, 1493,
pp. 224-230, 1991. doi:10.1117/12.46707.

19





