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Abstract

It is important to evaluate precisely whether observational data that include screen-level air temperatures could be
affected by the environment around meteorological surface observation stations. It is well known that atmospheric
radiation (downward long-wave radiation) from the atmosphere and clouds affects the temperature of the ground as well
as observational air temperature data, but there are few stations that observe atmospheric radiation. Therefore, various
formulas have been proposed and developed to estimate the atmospheric radiation under clear sky conditions that use air
temperature and water vapor pressure; these are used in earth surface models to estimate average hourly thermal energy
budgets in the planetary boundary layer. It is necessary to verify whether the formulas are applicable for recent data in
Japan, because these formulas were developed with data collected at local observation stations during specific periods.

In this study, the accuracy of the familiar formulas used for estimation of diurnal atmospheric radiation under clear
sky conditions was evaluated. Results from the formulas were compared with observational data from five stations,
namely Sapporo, Tateno (Tsukuba), Fukuoka, Ishigaki Island, and Marcus Island, at which renovated solar and infrared
radiation observations commenced on 31 March 2010. It was found that there were noticeable differences between
observations and calculations as well as their seasonal variations. Therefore, the coefficients of Brutsaert (1975), which
are comparatively theoretical, were adjusted to fit the regional meteorological conditions. The new Brutsaert-type
formulas caused the differences and seasonal variations to disappear. Furthermore, in order to be applicable to various
meteorological conditions including cloudy skies, the new formula for clear sky conditions was corrected by using
sunshine duration and optical air mass. With these corrections, the average of differences between observations and
calculations became close to zero.
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Fig. 1 Diurnal temperatures observed at the domestic surface
stations in 2011.

Fig. 2 Diurnal water vapor pressures observed at the domestic
surface stations in 2011.
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Fig. 3 Diurnal downward long-wave radiation observed at the
domestic surface stations in 2011.
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Fig. 8 Atmospheric emissivity calculated as the ratio of

diurnal observed atmospheric radiation to black
body radiation under clear sky conditions during the
period from 2011 through 2013. Both the vertical
and horizontal axes are logarithmic scales.
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Fig. 9 Calculated atmospheric radiation versus diurnal observed atmospheric radiation at Tateno under
clear sky conditions from 2011 through 2013. The black solid line indicates y = x, and the red dotted
line is the regression line.

Table 1 Comparison between observations and calculations.

Formula Yamamoto and Brunt (YB) Brutsaert (BT) Plata (PR)
Radiation Lower Upper Lower Upper Lower Upper
Sapporo () Q) () (++) (++) (++)
Tateno () Q) *) (++) (++) (+)
Fukuoka *) () () (++) (++) (++)
Ishigaki N/A *) N/A (+4) N/A (+4)
Marcus N/A ™) N/A (++) N/A (++)

(--): underestimation, (-): slight underestimation, (*): good, (+): slight overestimation, (++): overestimation.
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\ZHE B DT, kmﬁ&%;@{ﬁ@%nl ZEoT, AT 7= BT DA 7 213K 0.4 TIEIF 012UV, PRIZ, 10
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WL CTRIENE S AKBKIENZ VIS T, KA S MMELS KRR EBEDODRNWEFTIIAL T ANNEL 2D
BORZWEECTHAEICEZ< A YB AR L W) EWVSFEFHEBMAAOND, T, [RIBSOKEKE

FERIZIR Do DEFMEFHN R EWVET T, BEFRITRKBH &N K
k. EREED (2012) (3, BIROFER LITRRY | &< AFICREBEHEDP/NE NI RS & D

BT ° YB &2~ T PRIC L 5 iR O K& B0 OB L > THEEREE N R 22 Z IR L TW
WEEBRENRL/NIVWZ EZ2HEL TS, T, HEEZOLND,

T — 2 WM 201245 1 H 14 H~2H 6 AD 23 Hi & Fig. 11 (1) (2. 2011 4F 0 B s KIF 0> K e
B & ROEHERE O &/ NBOEER BT 1 7 OBIBIMEI AT DFFMEDO A T 2 2R F, YBIE, £
FORRTHD Z LItk EEbh D, HEBLEBRHT/NSRIEANL T A LR, 8T, &6

W, FEIEE % 5 LB & G O FEM 725 s TRERANAT ATH -T2, BTIE, FLIR & £HE T

BRE R 5720, 2011 EDREEFICHIT 5 YB, BT LD AT ABIZFIE 0 TholR, @i, FHEEXROMEE
PR OEMDOKERE; (SD = 1.0) O RE S & OBIIE TRERESNLATATHoT-, LT, PRIZ, HHIC
L:%ﬁ“é?ri%ifﬁ@?@ (Calc.—0bs.) DFEZRFIX % Fig. 10 I3, BRICKERESLTATH ST,
WZRd, KINCIE, EHERZE (ME: Mean Error) (BLF, Fig. 11 (2) 2, 2011 4D B[ D KIRF 0O R &
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Table 2 Re_gression coefficients apd_ their error estima_tes — ::W_ :z
(estimated standard deviations for regression £ _ y L
coefficients) for Brutsaert-type fitting formulas. § 87 -8
Station Co C z 7] -4
Sapporo 1.04 £ 0.00 0.092 + 0.001 j: — = YEEE;?: o :j
Tateno 1.12 +£0.00 0.116 + 0.001 T | | T |
Fukuoka 1.12 +0.00 0.120  0.001 SIPOro. TAeN0 O i Mereus
Ishigaki 1.17 £0.00 0.137 £0.001 (2) RMSE
Marcus 1.24 +£0.00 0.156 + 0.001 Fig. 11 Bias and RMSE for the difference between observed and

calculated diurnal atmospheric radiation at the five
domestic stations under clear sky conditions in 2011.
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Fig. 15 Histogram of the diurnal Sunshine Duration (SD)
observed at the stations from 2011 through 2013.
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Table 3 Regression coefficients for cloudy sky corrections when SD > 0.

Station Yo A pow

Sapporo 1.222 £ 0.012 -0.244 £ 0.010 -0.398 + 0.035
Tateno 1.283 £ 0.047 -0.293 + 0.046 -0.162 + 0.033
Fukuoka 1.251 £ 0.017 -0.268 + 0.016 -0.296 + 0.029
Ishigaki 1.129 £ 0.005 -0.134 + 0.005 -0.454 + 0.031
Marcus 1.129 + 0.007 -0.133 £ 0.007 -0.355 £ 0.030

Table 4 Regression coefficients for cloudy sky corrections when SD = 0.

Station Ko K1 K2
Sapporo 0.9503 + 0.0021 -0.0072 + 0.0011 0.00028 + 0.00011
Tateno 0.9594 + 0.0024 -0.0055 + 0.0015 0.00019 + 0.00018
Fukuoka 0.9478 + 0.0021 -0.0030 + 0.0013 -0.00033 + 0.00016
Ishigaki 0.9553 + 0.0013 -0.0030 + 0.0009 0.00016 + 0.00011
Marcus 0.9591 £ 0.0020 -0.0068 + 0.0013 0.00035 + 0.00017
Table 5 Effects of cloudy sky corrections when SD > 0.
Bias (W/m?) RMSE (W/m?)
Cloudy sky correction Yes No Yes No
Sapporo 1.04 -17.31 18.49 28.29
Tateno 0.61 -10.32 13.95 19.91
Fukuoka 2.47 -14.37 16.85 25.13
Ishigaki -0.33 -15.56 12.40 21.79
Marcus 1.63 -9.54 13.51 18.74

Table 6 Effects of cloudy sky corrections when SD = 0.

Bias (W/m?) RMSE (W/m?)

Cloudy sky correction Yes No Yes No
Sapporo 0.54 32.50 15.82 39.95
Tateno -2.31 24.82 14.65 32.99
Fukuoka -0.97 31.24 14.81 38.16
Ishigaki 0.96 28.03 10.33 3241
Marcus -3.41 29.22 11.26 34.46

LT, BILEDHEBORD, RAMHEIIRKEL 25,
ZORBEMIET 5702, SDICH L TRIEAIT S
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DKL b &, RRz@BBTHHEMNELS DD T,
ELRKUTEY . KN E S, BREHIAS T
LI0F8< eD, TREMET 272D, KRR
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ZDX I REZITITH - T, 2011~2013 FEO K&kt
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Fig. 16 Time series of the difference between observed and
calculated diurnal atmospheric radiation in 2014.
Brutsaert-type fitting formulas were used for the
calculations. The cloudy sky correction was applied (blue
circles) or not applied (red crosses) when SD > 0.
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Fig. 18 (1) Bias and (2) RMSE for the difference between
observed diurnal atmospheric radiation and calculated
radiation with Brutsaert-type fitting formulas at the five
stations under various meteorological conditions
including cloudy skies in 2014. The cloudy sky
correction was applied (outlined) or not applied (filled)
when SD = 0 (circle) or SD > 0 (square).
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