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Abstract

There are two methods, the “direct” and the “indirect (or subtraction)”,
in obtaining the hemispherical (downward or upward) longwave radiation
flux in the daytime. Both of them have some defects. The defect of the
direct method is that the method is not practicable in the field where
weather conditions vary, whlile that of the indirect method is troubles
coming from difference in the sensitivity of the total radiometer as between
the shortwave and the longwave spectral region.

Here is presented a methed by which the troubles in the indirect
method can be eliminated and consequently the hemispherical longwave
radiation flux in the daytime can be adequately obtained. An example of
downward longwave radiation flax obtained by the method is presented.

1. Introduction

There has been increased the need to measure the longwave radiation flux in con-
nection with the radiation budget in the atmosphere and on the ground surface and with
the climatic variation of the earth.

For the measurement of net longwave radiation flux in the daytime, there are two
kinds of method. One is a direct method in which the net flux of longwave radiation is
measured by a net total radiometer (e.g. FUNK radiometer) covered with a spherical black
polythene, which cuts off the shortwave radiation, rotating around the net total radiometer
(PALTRIDGE, 1969). The other is an indirect (or subtraction) method in which the net
total (shortwave-longwave) radiation flux is measured with a net total radiometer and
simultaneously the net shortwave radiation flux is measured with a net pyranometer and
then the net shortwave radiation flux is subtracted from the total radiation to get the
net longwave radiation flux (JENSEN and ASLYNG, 1967).

For the measurement of hemispherical longwave radiation flux in the daytime, too,
the above two methods can be used. In applying the direct method, however, it is nec-
essary to set a hemispherical black body with a known temperature at the side of the
net radiometer opposite to the direction of radiation being measured (PALTRIDGE, 1969).
This may not be practicable in the field where weather conditions vary. When the in-
direct method is applied, the deduction of hemispherical longwave radiation flux from the
measurements of total and shortwave radiation fluxes is not so simple as in the case of
getting net longwave radiation ‘in the daytime.
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The defect of the indirect method is that the sensitivity of the total radiometer in
the shortwave spectral region differs from that in the longwave spectral region. As far
as this point is concerned, the “ventilation-type” radiometer (e.g. GIER and DUNKLE
radiometer) is superior to the “wind-shield-type” radiometer (e.g. FUNK Radiometer) be-
cause of the less spectral dependency of its sensitivity. The ventilation-type radiometer,
however, has its sensitivity influenced by the wind more seriously than the wind-shield-
type radiometer (KANO et al., 1976). On the other hand, troubles due to the spectral
dependency of the sensitivity of the radiometer mentioned above can be eliminated by
the method proposed in the present paper. On the whole the wind-shield-type radiome-
ter is, therefore, preferable for the measurement of radiation flux in the field.

The authors presented a method to obtain the hemispherical longwave radiation flux

in the daytime using the indirect method (1974). The present paper is based on that
report.

2. Estimation of hemispherical longwave radiation flux in the daytime

The hemispherical shortwave radiation flux, S, is given by Equation (1)
S=%V (1)

where V is an electric potential caused by the temperature difference between the black
and the white sensor surface (e.g. EPPLY pyranometer) or between the sensor surface and
the sensor base (e.g. GORCZINSKY pyranometer). K is an instrumental constant of the
pyranometer which can be easily determined by the ordinary calibration procedure.

The hemispherical total radiation flux obtained directly from the total radiometer
calibrated in the usual way is erroneous, because the sensitivity of the radiometer in the
shortwave spectral region differs from that of the longwave spectral region. Consequently
the hemispherical longwave radiation flux deduced from such a hemispherical total radia-
tion flux is also erroneous. A procedure eliminating the error is, therefore, necessary in

order to obtain the hemispherical longwave radiation flux in the daytime. The procedure
is as follows.

The heat balance of a sensor surface of a wind-shield-type radiometer is given by
the following equation:

asTgS arr L o (l—z,—7r;)oT* a?rioTs
1—rs(l—ag) 1—7,(1—ay) 1—r;(1—ay) 1—7r,(1—ayz)
=0T+ KVsip (2)

where

S(Ly: hemispherical shortwave (longwave) radiation flux incident on the radiometer,

ag(ay):mean absorptivity of the sensor surface in the shortwave (longwave) spectral region,

T5(rz): mean transmissivity of the polythene dome in the shortwave (longwave) spectral
region,

rg(rz): mean reflectivity of the polythene dome in the shortwave (longwave) spectral region,

Tg+r: temperature of the sensor surface exposed in the shortwave and longwave radia-
tion field, '

Vassz: electric potential between the sensor surface and the sensor base of the radiometer
exposed in the shortwave and longwave radiation field,
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T* temperature of the polythene dome

o: Stefan-Boltzmann Constant

K Constant depending upon the materials of which the sensor surface and sensor
base consist, and the thermal conductivity of air.

The first term of the left-hand side of (2) is the absorption by the sensor surface of
shortwave radiation incident on the radiometer and multi-reflected between the sensor
surface and the polythene dome. The second term is the absorption of longwave radia-
tion which is incident on the radiometer and multi-reflected in a similar way. The third
term is the absorption of longwave radiation emitted by the polythene dome and multi-
reflected in a similar way. The fourth term is the absorption of longwave radiation
emitted by the sensor surface and multi-reflected in a similar way. The first term of
the right-hand side of (2) is the longwave radiation emitted by the sensor surface, and
the second is the one which corresponds to the heat flow from the sensor surface to the
sensor base and to the air.

For a conventional wind-shield-type total radiometer, ag, ay, 7g, 7, and z; have the
following values: ag, a;=~0.97, rg, 7,~0.15 and 7;,~0.80. Taking these figures into ac-
count, Equation (2) becomes

astsS+toartLta,(1—1,—7r)oT*+airoTd,=a,0 T +KVs.p (3)
The first and second terms on the left-hand side of Equation (3) can be rewritten by
astsStoart i L=as:17541 (S+L) (4)
where 7g5,; and ag.; are a mean transmissivity of the polythene dome and a mean
absorptivity of the sensor surface in the spectral region including both the shortwave and

longwave radiations. From Egs. (3) and (4), we have

KS+L

L

- 1—
S+L= [oT;+L+KLVs+L—(1—14“—@)0'&&(1— T”)aTﬂ] 5a)

TrL L

Taking Tg.z—T*<10°C and taking the above figures of a; and 7, into account, Equa-
tion (5a) can be transformed into the following simple expression (5), in which the error
of the order of one percent of ¢T¢, . is neglected,

S+L:%[g ;+L+KLVS+L] (5)
where |
K
o (6)
s= Tglg

From Egs. (4) and (6), K¢+ becomes
K _ K
Toarser  (S/(S+L))rsas+ (LI (S+L))rraz
or 1/ Ky =1/K;+(S/S+L) (1/Ks—1/K}) (7)

KS+L=
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The hemispherical longwave radiation flux can be obtained by the subtraction of S
given by (1) from the hemispherical total radiation flux given by (5). The total radia-
tion flux given by (5), however, contains Kg,; which is not a constant but a function of
K;, Kg, Sand L. K, and K are instrumental constants and S is measured independ-
ently by a pyranometer. L is an unknown quantity which is to be obtained. Therefore
the longwave radiation flux in the daytime can not be obtained by the direct subtraction
of (1) from (5) but can be obtained from Eqgs. (1), (6) and (7) by the following iteration
method:

R®, =K, , ' )
RO=S+I®O=¢Td,,+K; Vs, (8)
LW=RW_g§ J

KGR =1 K +(S/(S+LM)) (1/Ks—1/Ky)
RO = (KGRI Ky ) (6T + K Visar) (9)
L@t — R+ _ S J

where R is the hemispherical total radiation flux. The superscription () denotes the
order of iteration. L®+V is the longwave radiation flux L in the daytime is to be obtained
when the iteration is continued until the following condition is satisfied:

[(L(m—l)_L(n)) /L(n)‘<€ ‘ . (10)

3. Determination of the sensitivity of the total radiometer in the shortwave spectral
region K

In the previous section, K; and Ky are assumed to have known values. Although
the determination of K, is not so easy, it can be carried out with a calibration device
(e.g. KANO et al, 1976). The determination of Kg is more troublesome compared with
that of K, because of the difficulty of obtaining a uniform light source and the dis-
turbances from surrounding longwave radlatmn sources. In the following, a method by
Wthh Ky is determined is shown.

On a clear day, the hemispherical total radiometer and the pyranometer are alternately
exposed to and shield with sunsades from the direct solar radiation in the field. When
the total radiometer and pyranometer are shielded from the direct solar radiation, the
downward longwave radiation flux is given from Equation (5) as follows:

KS'+L

L= [UTS/+L+KLVS'+L] - (11D

where S’ is the downward diffuse solar radiation flux measured with the pyranometer.
When the total radiometer and the pyranometer are exposed to direct solar radiation, the
hemispherical shortwave radiation flux and the total radiation flux are given by Egs. (1)
and (8). In Egs. (5), (7) and (11), S, S"; T4z, Tsivz; Vsir, Viiz are directly measured
and the physical parameters are all known except Kj.

Ky can be obtained from (1), (5), (7) and (11) by an iteration method similar to that
in the previous section. That is,
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LO=¢T¢, +K, Vs —S 12
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KS'+L K, ]

U R@iP=1/K, +(S'/ (S'+L™)) (1/ (K —1/K)
L= (K@K, (0 Tsrar+H Ky Virr) =S’
Kgn++£) =K (S+L®D) [(¢Té, ;. +K; Vsir)
1/Kg+D = (14 Lo+ [S) [Kgd — (Le+D S |K,

(13)

K{*Y is the instrumental constant Kg we shall get when the iteration is contmned until
the following condition is satisfied:

I(Kg"“)—Kg”)) /Kg")|<6 :,‘: (14)

4. Downward longwave radiation flux in the daytime

The downward

longwave radiation flux in the daytime is obtained with the method
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Fig. 1. A schematic diagram of the total radiometer used.
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Fig. 2. A schematic diagram of the pyranometer used.
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described in the previous sections from observations.

A schematic diagram of the structure of the total radiometer used is shown in Fig. 1.
The sensor surface of the radiometer is painted with black lacquer and covered by a
polythene dome. The inside of the dome is slowly ventilated to expand the dome and
the outside of it is also ventilated to prevent it from frosting. The ventilation outside
the dome has the additional effect of eliminating the difference in sensitivity asserted by
BERTRAND ROGER to exist between the sensor surface which faces a cold object and
that which faces a warm one.

The pyranometer used is shown in Fig. 2. The sensor surface consists of three black
and three white flakes alternately arranged around a center of the sensor plate.

In Fig. 3 is shown a downward longwave radiation flux observed on the 24th of
February, 1975 at Naha Aerological Station. The sky was mostly clear with less than
0.1 of fractional cloudiness except 7% to 9" and 16* to 18 Obtaining L, the iteration
was carried out by #=2. This is enough if the value of ¢ in (10) is 0.001.

The figure shows large errors in the values which were obtained from the total

radiation and solar (shortwave) radiation fluxes without consideration of difference of
sensitivity described in the previous sections. On the other hand, the values obtained

Feb. 24,1975, Naha
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Fig. 3. An example of measured downward longwave radiation flux. +: the downward flux
obtained from the total radiation and solar (shortwave) radiation fluxes without considera-
tion of difference of sensitivity of the total radiometer in the shortwave and longwave
spectral regions. @: the downward longwave radiation flux obtained using the method
described in the present paper. (: the downward longwave radiation flux computed
from the temperature and humidity profiles observed at Naha Aerological Station using
the method developed by two of the authors (1974).-
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using the method described above agree well with the theoretical values. The theoretical
values are obtained from the temperature and humidity profiles observed at Naha Aer-
ological Station using the method doveloped by two of the present authors (1974).

5. Discussion

The difference of sensitivity of the wind-shield-type total radiometer in the shortwave
and longwave spectral regions is mainly due to the differnce of transmissivity of the
polythene dome in the shortwave and longwave spectral regions (JENSEN et al., 1967;
BERTRAND). Thus the ventilation-type total radiometer is superior to the wind-shield-
type radiometer, as far as this point is concerned. As described in the previous sections
the ventilation-type radiometer has a larger wind effect than that of the wind-shield-type
radiometer (KANO et al., 1976) and troubles due to the sensitivity difference in measure-
ments of the hemispherical longwave radiation flux in the daytime can be eliminated as
described in the previous sections. Thus the wind-shield-type radiometer is, on the whole,
preferable for use in the field.

In the above was presented a method by which the hemispherical longwave radiation
flux in the daytime can be obtained from those measured by a wind-shield-type radio-
meter and a pyranometer. The method can be also applied to cases where use is made of
any type of total radiometer with different sensitivities as between the shortwave and
the longwave spectral region.
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