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Evaluation of the Influence of Obstacles on
Downward Long-wave Radiation Measurement

Yasuo HIROSE and Kohei HONDA

Abstract

This paper describes a trial method for evaluating measurement error induced by surrounding surface obstacles

such as buildings or vegetation in downward long-wave radiation measurement utilizing the Moderate-Resolution

Transmittance Code (MODTRAN) for four standard model atmospheres. The geometrical distance distribution of the

obstacles viewed from the sensor is an important factor in estimating the influence of obstacles on DL measurement.

Diagrams were constructed for this purpose. A series of evaluating procedures was applied to an existing urban sky,

providing a good reference relation between the obstacle condition and the influence.
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Fig. 1 Sky and surrounding obstacles projected on the
celestial sphere as downward long-wave radiation sources.
Temperature on the celestial sphere is represented by effective
blackbody radiation temperature of atmosphere and obstacles
viewing from the sensor (0).
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Fig. 2 Angular distribution of effective temperature for clear
sky calculated by MODTRAN4. Each curve corresponds to the
model atmosphere of tropical (top), mid-latitude summer
(upper middle), US standard atmosphere 1976 (lower middle),
and mid-latitude winter (bottom), respectively.
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Fig. 3 Effective temperature of obstacle viewing from the
sensor as function of the distance from obstacle. Temperature
of obstacle is assumed to be 20°C higher than air temperature
in each case of model atmospheres. The notation of curves are
the same as Fig.2.
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Fig. 4 Effect of obstacle on downward long-wave radiation
calculated for model atmospheres. Sensor is surrounded by ——0.01 km +——=0.05 —=—0.1
circular wall located at horizontal distance D and rising up to s () D —¥%—0.4 0.6
the elevation expressed by abscissa. The maximum height of ——038 .- -1 —_—
wall is about 300 m. Distance D runs from 0.01 to 4 km where .- .- ——airtemp

the influence of obstacle becomes practically negligible. The
wall is assumed to be at ambient surface air temperature plus
20°C in each case. Solid curve with no marker corresponds to
the wall at the same temperature as ambient air.
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Fig. 5 Schematic image of an urban sky viewing from the sensor. Each block has its horizontal distance, top

elevation, and azimuth range, respectively. Here, the distance of the background obstacles (shadowed blocks)

are assumed to be 4 km apart from the observer.

LLEDFIETRD 2GR % Figd IR T. HETIIKRE
200D T & T, 23R, BfEfEs Lz, BEHOS
EZ300m £ TELTWEEYD, KEHEOBKE &L
WCEEY ORRMAIT/NEL< 205, B 4km TREDO
HEBITFEEMICRL D, AKIZIE, BEEYOREEE
DERIRICHE L WGEOMMHE S BAIERTHRLTND. 2
DA, IR E L2V,

Figd4 OFA DL FHIZ, UTFoLEBY Ths.

FHE 1) HSEED S L7 SRR A A 1 <
FIE2) REEHZEMENAICLE>TEKSL,N o7

0y o5,

Twy s j o KD,

W a,

FrfaE Ag ; (FEHAL)

FIE3) WERKKETLVORELZRY, £7 0 v 7

ST 6,(D ;. a;) EHEATS.

TIE4) LLFicEb, BBES 2k,

N A¢
6= 0,(D.,a)x—
jz:; 0( J j) 360

@)

BB, BTy XTI oMM E THRE L TWDMNEN
D, LIzho>T, EomiomkoE®Izd 5 EE
Wioxt LTk, (MDAOBEAICEL CHEEZE L3I EHE M
D,

5. REFo &R

ATE Gk <7z FINEO A Fl &2 k< 5. Fig.5 14d 2 H)5
AT DO RBIT Y & DVNTHER L 72X 22 E ) Ok +
ART. EEWITry s L LTEIN, TNERNE
WS R ATIERE, A, G AREEZR> TnD.
ERITEYOBEmSCHA R ENRELTEY, KV
H R TIERWA, 22 TIHKTEREEZ 2T 4km & LT,
&R EY O AR L% Table 1 1277,

Table 1 D 5 FNI R THIAL SN2 B RIL, Fig4 (o)
DORERERE KR 1976 1I2H & DN TWS., = ZTIERIM®
JEIZIR o 2T — DL HEBERDTNDDOT, D 2 (L
FCTOMETZALE. £/, 7y 7 G DADHAE
1L, 7oy HLEEHLTWBEESE2ELSIWTWSS
CHYT 5. TREO~ZQ)DEERIL 08 W -m?, Zh
EROVIZEEDA~ODEERILS.65W-m? L, &



nﬂf

JERRBFEH

X

Table 1
Normalized and actual infrared effects by each block are also

Parameters of each obstacle block illustrated in Fig. 5.

shown in irradiance. Actual effect is the normalized irradiance
multiplied by the fraction of the azimuth range. Estimation is
based on the US standard atmosphere 1976.

block | distance(km) | elevation(deg) | azimuth range(deg) | 6, (W'm'z) S (W-m’z)
A 0.07 20 16 17.53 0.78
B 0.12 15 4 9.06 0.10
C 0.15 23 9 22.40 0.56

0.15 17 3 11.75 0.26
D 0.08 10 32 3.79 0.34
E 0.10 30 12 39.31 131
F 0.10 14 9 7.81 0.20
G 0.10 15 4 9.14 0.10

0.10 5 -4 -0.82 -0.01
H 0.07 5 17 0.85 0.04
I 0.08 32 4 45.54 0.51
J 0.03 33 2 51.46 0.29
K 0.12 11 6 4.58 0.08
L 0.06 20 9 17.71 0.44
M 0.10 16 10 10.47 0.29
N 0.10 15 5 9.14 0.13
0 0.10 13 13 6.68 0.24

zO 4.00 7 23 1.00 0.06

7@ 4.00 9 15 1.72 0.07

V) 4.00 10 3 2.15 0.02

4.00 10 7 2.15 0.04

7@ 4.00 10 6 2.15 0.04

4.00 10 56 2.15 0.33
70 4.00 10 5 2.15 0.03
4.00 6 12 0.70 0.02

z® 4.00 6 5 0.70 0.01

z® 4.00 6 6 0.70 0.01

z® 4.00 6 21 0.70 0.04

z® 4.00 7 4 1.00 0.01

Z 4.00 7 4 1.00 0.01

Y40 4.00 6 5 0.70 0.01

Z® 4.00 7 32 1.00 0.09

sum 6.45
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