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Effect of nonuniform spectral dome transmittance
on the accuracy of infrared radiation
measurements using shielded pyrradiometers and

pyrgeometers

F. Miskolczi and R. Guzzi

We discuss the problem arising from the nonuniform distribution of spectral transmittance of the
instrument’s shielding dome. Recently, by using high-resolution atmospheric radiation software, it
became possible to evaluate both the real downward IR spectral flux density and the transmitted spectral
flux density of the instrument’s dome. By using a simplified model we obtained a theoretical formula
that describes the effect of dome transmittance on the instrument’s response. By the formula, the
effective dome transmittance (average dome transmittance weighted by the spectral flux density) is
directly proportional to the calibration constant of the instrument. In order to obtain a quantitative
relationship we computed the effective dome transmittance for several domes and model atmospheres.
According to our results the maximum difference in effective dome transmittance of individual domes is
20% for Eppley-type silicon domes and 10% for polyethylene domes. These relatively large differences
must be corrected when the domes are replaced. The effective dome transmittance shows strong
correlation with precipitable water and the total downward IR flux density. The combined effect on the
calibration factor is a maximum 2% for the Eppley domes and 5% for the polyethylene domes. By using
the linear regression method these types of error can be minimized.

Introduction

There is an increasing need for high-accuracy mea-
surements of the downward atmospheric (IR) radia-
tion. So far the dependence of the calibration of
commonly used pyrradiometers and pyrgeometers on
related climatological data (air temperature, wind
speed, humidity, etc.) has not been evaluated prop-
erly; therefore, the error in the measured downward
IR flux density may be unacceptable.

The most commonly used nonspectral infrared
radiometers are of two general types. The instru-
ment that measures only IR radiation is called a
pyrgeometer and its sensor is shielded with a material
that is opaque in the visible spectral range. The
second type is a pyrradiometer and it measures the
total downward radiation (IR + visible). The shield-
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ing material is generally polyethylene. Pyrradiome-
ters and pyrgeometers oeprate on the same principle.
One has to monitor the equilibrium temperature of a
sensor as maintained by the balance between ab-
sorbed and emitted radiative fluxes. Pyrradiome-
ters and pyrgeometers are similar in structure, there-
fore they have the same fundamental sources of
instrumental errors.!? While the deviations of the
sensor absorption characteristics from the ideal co-
sine law and the nonuniform absorptivity of the
sensor coating in the visible and in the IR spectral
range are more or less considered in the design and
calibration of the instrument, not too much is known
about the effect of the instrument’s protective dome
on the calibration and accuracy.

According to the measurements in the 3-25 pm
region (400-3300 cm~!), the polyethylene exhibits
three major absorption peaks at 3.55, 6.9, and 14 pm.
It is also known that the aging of the polyethylene
dome seriously affects the transmittance characteris-
tics by producing strong additional absorption peaks
around 5 um and considerably decreasing transmit-
tance)in the 8-12- and 2.8-3.2-pm regions (see Figs. 3
and 4).

The total amount of water vapor in a vertical air
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column is highly variable, and the water vapor is
known to have line-type and coninuum-type absorp-
tion characteristics over the whole IR spectrum.
Theoretically, the coincidence of the strong atmo-
sphere water vapor emission lines with the
polyethylene absorption lines may introduce a water-
vapor-dependent systematic error into the radiation
measurements. Independent of the spectral distribu-
tion of the downward IR flux, any changes in the
transmittance characteristic of the dome might be
the source of calibration error.

Dome Effect

In this section we compare the responses of a shielded
and an open sensor by using a simplified model.

Open sensor

It is relatively easy to obtain the relationship between
the measured thermopile voltage V and the down-
ward IR flux density F. By neglecting the tempera-
ture changes of the hot junction that are due to the
Peltier effect, V will depend only on the temperature
difference between the sensor and the cold junction:

V= CoS(Ta - Tg) = CoSﬁTs, (1)

where ¢, is the sensitivity of the thermopile, T's is the
temperature of the sensor plate, and T, is the temper-
ature of the cold junction. For all practical purposes
the cold junction temperature is equal to ambient air
temperature. Details of the computation of a thermo-
couple signal are discussed in Ref. 3.

If we consider only the heat exchange perpendicu-
lar to the sensor surface, the stationary energy
balance equation of the sensor plate takes the next
form:

ES(F = {TTS4) = [Cls + CgS(W)].&Ts, (2)

where €S is the emissivity of the sensor coating, ¢,5 is
the conductive heat loss toward the cold junction,
¢25(w) is the heat loss that is due to convection, and w
is the wind speed. The convective term might also
depend on the wind direction and relative humidity.
Under normal measuring conditions it is reasonable
to assume that |ATg| < T,; therefore Ts* = T4 —
4T 3ATs.

Substituting ATs from Eq. (2) into Eq. (1) and
taking the derivative with respect to F' we get

aV CQSES
R=-%=—5 s S 8" (3)
aF C + Co (W) - 40‘TA
where R is the response of the instrument. A typical

value of R is 10 pVm?/W. With careful design the
conductive heat loss can be maintained at a small
level, therefore c,S is generally negligible.* InEq.(3)
c25(w) is the most problematic term. Either the
convective heat loss is controlled by ventilation or the
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wind speed and direction are monitored during the
measurements. For example, in the case of the
Yanishevsky net pyrradiometer the correction factor
to R is 25% at 12-m /s wind speed.®

If the spectral emissivity of the sensor, €,5(7T'), is
constant (i.e., not dependent on the wave number and
temperature),

va(T)%S(T)dv

S = ,

i oT i ! 4)
where B,(T') is the Planck blackbody function. In
this case the calibration of the instrument does not
depend on the spectral distribution of the downward
IR flux by unwanted spectral selectivity. The varia-
tion of €5 that is due to the degradation of the black
paint coating of the sensor plate might still be signifi-
cant and necessary to consider.

Shielded Sensor

To suppress the convective heat loss one can place a
transparent sheet or dome over the sensor plate for
shielding. In what follows we deal only with the case
when the shielding is performed by a hemispherical
dome. To obtain the response of a shielded sensor
we must make some assumptions:

The dome has a perfectly hemispherical shape with
relatively large radius compared with the size of the
sensor plate.

The dome temperature is uniform on the surface of
the dome.

The space between the dome and sensor is perfectly
transparent in the IR.

For simplicity, processes related to the reflection
are neglected.

There is no convective heat transport between the
dome and the sensor.

The spectral transmittance of the dome is tempera-
ture independent.

Assume the cylindrical symmetry of the IR radia-
tion field.

Under the above assumptions the stationary en-
ergy balance equation of the sensor plate is

o (1
2‘“’_,‘ J‘ [I.(w)r.” + B,(Tp)e,PJudpdv
0 Yo

= O'T34 +

¢,SAT
1 : s, (5)
where T} is the temperature of the dome, 1,2 and €,?
are the spectral transmittance and emissivity of the
dome, respectively, and 7,2 = 7,2(T) = 1 — ¢2. I(p)
is the spectral radiance and p = cos(8), where 0 is the
zenith angle.
By expanding B,(Tp) around T, and preserving



only the first two terms we can write

dB,(T)

B,(Tp) = B,(Ta) - [

where ATp = Ty — Tp. By substituting Eq. (6) into
Eq. (5) and neglecting again the higher-order terms of
ﬁT3XTA and ATD/TA we get

d
F*+ 1w | B, (Ty)eldv — ATp = | B,(T4)eldv
o Ty J,

S
= ol - (407:,,3 - %)ATS, (7)

where

oo 1
Fr= f F*dv = 2w _r_'. I(p)r,Pudpdv,  (8)
0 0 vo

F.* is the transmitted downward spectral flux den-
sity, and F'* is the total transmitted downward IR flux
density. In Eq.(7) AT is obviously unknown.

It can be shown by detailed computation (see, for
example, Refs. 6 and 7) that the temperature differ-
ence between the dome and the cold junction is
directly proportional to the downward IR flux density.
Therefore we may approximate AT as

ATp = CZD(W)QTS’ 9)

where c,2(w) is again a constant that depends on the
thermal characteristics of the dome, wind speed and
wind direction, and relative humidity. The response
of a shielded sensor can be obtained by using Egs. (1),
(7), and (9):

cSeSt.D
RP = —5— uae D. D ? (10)
" = 40TA [1 — €°Cg (w)]
where
r Bv(T,)e,Pdv
0
Dilas' § coallime o e
P =1-1D Tyt (11)
is the dome emissivity and
5 rF,"dv
0
1l = FETF (12)

is the definition of the effective dome transmittance.
One can recognize that the responses R and R? [Egs.
(3) and (10)] are similar. Equation (10) clearly indi-
cates the basic effect of a shielding dome. The
response of an instrument with a perfect dome (7,” = 1
and €? = 0) would be completely independent of the
wind, however, in general, higher dome emissivity
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Fig. 1. Measured spectral transmittance of the D-4 dome, which
is representative of the first group of Eppley silicon domes.

will produce higher sensitivity to the wind. Since
e? < 1andc,?(w) < 1, the most significant term that
affects the linearity of the response is the effective
dome transmittance. In an ideal case 7,” should not
depend on the magnitude and spectral distribution of
the downward IR flux density. To study the behav-
ior of 7,2 under different atmospheric conditions one
has to compute the downward high-resolution spec-
tral radiance at several zenith angles and for different
model atmospheres.

When we compare the measured spectral transmit-
tance of different kinds of dome, it is sometimes
useful to introduce parameters that are independent
of the radiation field. These may be defined by the
following equations:

h 7 v2
P = J‘ 7,2dv, (13)
V2 = V1,
50
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Fig. 2. Measured spectral transmittance of the D-8 dome, which

is representative of the second group of Eppley silicon domes.
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Fig. 8. Measured spectral transmittance of the D-A dome, which
is the polyethylene dome.

1 v2
=___ =& D _ =D
Kl = - vﬂ.[ |7,P — 7P| dv, (14)

1

where 72 is the average dome transmittance and «? is
a nonuniformity factor. A good dome is character-
izedby7? = 1and «? = 0.

Computation of IR Flux Density

By definition the downward IR flux density at the
surface is given by the following equation:

=) 2w M
F= f Fdv = r f f I(n, d)ndpdddy
0 0 vo 0

= 2ﬂ_r f I(p)pdpdy, (15)

where I,(n, &) = I,(n) is the monochromatic radiance
at the ground and ¢ is the azimuth angle. The usual
way to evaluate the wave-number integral numeri-
cally is to divide the spectral domain into several
reasonably small subintervals and, by using available
radiation software, to compute the averaged spectral
radiance over the subinterval. The length of the
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Fig. 4. Measured spectral transmittance of the D-C polyethylene
dome, which is an aged polyethylene dome.

subinterval depends on the required spectral resolu-
tion.

Because of the small anisotropy in the angular
distribution of the downward IR radiance the integra-
tion with respect to the zenith angle can be performed
by any type of simple numerical technique. In our
case Eq. (15) takes the following form:

NS 16, (8) + 1n,00544)

N
F=§Fu‘=i=21;§ 27!
) — sin®(6;)], (16)

where N is the number of wave-number subintervals,
M is the number of zenith angles, and IM‘.(B‘,-) = dvils,,
(8;) where I, (8;) is the averaged spectral radiance over
dv; in the 6,- direction and 3v; is the length of a
subinterval. A similar equation exists for the trans-
mitted flux denisty:

X [sin%(8;,,

N
F*= 3 F*=3%0F, (17)

i=1 i=1

where ?,'_D is the dome transmittance averaged over
Svi.

Table 1. Precipitable Water (u in g/cm?), Surface Air Temperature (T, in K), and the Downward Flux Density (F in W/m?) of the Different Atmospheres«

Profile Remarks u Ta F AF
P-S1 Denver, 31 October 1988, 14:00 GMT 0.637 277.8 241.3 -93.82
P-S2 Denver, 31 October 1988, 20:00 GMT 0.403 2944 269.8 -153.4
P-S3 Denver, 1 November 1988, 11:00 GMT 0.377 278.0 233.2 -102.9
P-TR Tropical 4170 299.7 396.5 -58.07
P-MS Mid-latitude summer 2.960 294.2 351.6 -70.40
P-MW Mid-latitude winter 0.860 272.2 223.2 —85.60
P-AS Subarctic summer 2.100 287.2 301.9 —82.67
P-AW Subarctic winter 0.420 257.2 172.3 -71.70
P-US Standard, USST-1976 1.430 288.2 287.7 -100.8

°In the last column AF = F — o¢T4* and o = 5.67032 x 10-8 W/(m2K#). The product of AF with the instrument response is equal to the
measured signal. GMT, Greenwich mean time; USST, U.S. Standard Atmosphere.

3260 APPLIED OPTICS / Vol. 32, No. 18 / 20 June 1993



-

o

=]
1

-

=]

=]
1

?

%]

2

=]
N

8
g

: E

Downward IR spectral flux density, mW/(m? cm—1)
8 g
1

o
o

T T T
6500 1000 1500 2000 2500
Wave number, cm—1

Fig. 5. Downward IR spectral flux density versus wave number
computed for profile P-S1 at Denver on 31 October 1988 at 14:00
GMT. Spectral resolution is 1 em™!, u = 0.637 g/cm? Ty =
2778 K.

In this study we deal only with the 110-3390-cm™!
spectral region. The reason for this wave-number
limitation is purely practical, i.e., most of the polyeth-
ylene transmittance measurements are made inside
this interval. Besides, more than 90% of the ther-
mal IR flux density is within this spectral range.
In the 110-3390-cm~! interval, I, (8;) was computed
with 1-cm~1! resolution (3v; = 1 em~!, N = 3281) and
for six zenith angles (0°, 30°, 45°, 60°, 80°, and 90°).

Although the LOWTRAN and fast atmospheric signa-
ture code (FASCODE) computer codes were also avail-
able, for the sake of higher accuracy, the computation
of I;,(6;) was performed by using the high-resolution
atmospheric radiance /transmittance code (HARTCODE)
radiation software.®? Compared with other codes and
with high-resolution spectral radiance measurements
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Fig. 6. Downward IR spectral flux density versus wave number

computed for profile P-S2 at Denver on 31 October 1988 at 20:00

GMT. Spectral resolution is 1 em~!, © =0.403 g/cm?, Ty =

294 4 K.
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Fig. 7. Downward IR spectral flux density versus wave number

computed for profile P-TR (tropical model atmosphere). Spectral
resolutionis lem~Y, u = 4.17 g/em?, Ty = 299.7K.

the accuracy of the HARTCODE is quite sufficient for
our relatively low resolution modeling purpose.

Input Data

For this study eleven high-resolution measured trans-
mittance spectra of two types of dome were available.
From the National Atmospheric Radiation Centre in
Downsview, Canada, we obtained the plotted transmit-
tance spectra of eight Eppley (silicon) IR domes.?
The measurements were taken in the 400-3333-cm™!
interval. The temperatures during the measure-
ments were not recorded. Figures 1 and 2 show two
measured Eppley IR dome transmittance spectra.
Another three measured transmittance spectra of
polyethylene domes were obtained from the Depart-
ment of Radiation of the Institute for Atmospherics
Physics in Budapest, Hungary.l® In this case the
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Fig. 8. Downward IR spectral flux density versus wave number
computed for profile P-AW (subarctic winter model atmosphere).
Spectral resolutionis 1 em~}, u = 0.420 g/cm?, Ty = 257.2K.
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measurements were taken at room temperature and
in the 400-4000-cm~! spectral interval with 2-cm™!
resolution. Two polyethylene domes were new and
one had been in use for approximately a year. The
transmittance spectra of a new and old polyethylene
dome are plotted in Figs. 3 and 4.

Unfortunately, no details of the IR spectral reflec-
tance of the domes were given. It is known, how-
ever, that assuming normal incidence the spectral
reflectance of the polyethylene is approximately 1-3%
and there are small local maxima at the wave num-
bers at which the spectral transmittance is low.
Similarly, we had no information on the temperature
dependence of the spectral transmittance, but in the
temperature range at which the domes operate, the
transmittance is fairly constant.1?

The computations of the downward flux density
spectra were based on three measured atmospheric
temperature and water vapor profiles and six model
profiles. The radiosonde measurements were sup-
plied with simultaneous high-resolution downward
spectral radiance measurements in the 0.0° zenith
angle. The spectral measurements were taken in
the 600-1400-cm~! spectral range with 0.5-cm~! res-
olution by the high-resolution interferometer sounder
instrument.!’ These high-quality spectral measure-
ments were used to test the accuracy of the HARTCODE
computations. The other six profiles were the five
standard LOWTRAN model atmospheres and the U.S.
Standard Atmosphere 1976. The details of the in-
put profiles are summarized in Table 1, and some
computed downward IR flux density spectra for four
selected profiles are presented in Figs. 5-8.

In Fig. 9 we compare the computed flux density
spectra of the tropical model atmosphere that con-
tains 4.17-g/cm? precipitable water with the same

2
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Downward IR spectral flux density, mW/(m?2 em—1)

\ ;

800 1000 1500 2000 2500

Wave number, em—1
Fig. 9. Effect of the atmospheric water vapor on the downward
spectral flux density. The upper curve was computed for the
tropical model atmosphere, taking into consideration all seven
major absorbers (H;0, CO;, O3, N3O, CO, CHy, and O;). In this
case F = 396.5 W/m2. The lower curve was obtained by the same
computation but without Hy0. The total flux density reduced to
F =96.62W/m?.

e,
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Fig. 10. Dependence of the total downward IR flux density on the

water vapor content of the atmosphere. Log(u) is the ten based

logarithms of precipitable water (z is in g/cm?). In this numerical

experiment the water vapor content of the tropical model atmo-

sphere was gradually decreased from 4.17 g/cm? to zero. The
shape of the water vapor profile was not changed.

atmosphere that contains no water atall. The depen-
dence of the flux density on the water content is
shown in Fig. 10. These two figures clearly indicate
the importance of the atmospheric water vapor in the
IR radiative transfer of the Earth’s atmosphere.
In Fig. 11 we plotted the dependence of the downward
radiation on the zenith angle for three model atmo-
spheres.

Results

Independent of the spectral structure of the real
downward IR flux density we can compare the aver-
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Fig. 11. Angular anisotropy in the downward radiance. The
uppermost curve belongs to the tropical atmosphere, the lower-
most curve was computed for the mid-latitude winter profile, and
the curve in between belongs to the mid-latitude summer profile.
This anisotropy might disturb the uniform temperature distribu-
tion on the surface of the dome.
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Table 2. Average Measured Dome Transmittance 72, Nonuniformity Factors «2, and the Dome Transmittance +° at Two Different Temperatures

(250 and 290 K)©

Dome Remarks T kP 72507 72007 AD
D-1 Eppley (silicon) 29.82 9.19 33.19 33.53 .34
D-2 Eppley (silicon) 35.16 3.48 34.86 35.09 28
D-3 Eppley (silicon) 26.05 9.41 30.14 30.37 .23
D-4 Eppley (silicon) 27.85 14.1 36.33 36.52 .19
D-5 Eppley (silicon) 35.65 2.54 34.48 34.53 .05
D-6 Eppley (silicon) 35.11 4.19 35.62 35.74 12
D-7 Eppley (silicon) 34.43 3.51 34.06 34.21 15
D-8 Eppley (silicon) 26.29 3.58 26.73 26.78 05
D-A Polyethylene (new) 74.79 17.7 84.81 82.91 -19
D-B Polyethylene (new) 73.15 17.6 82.80 81.03 -1.8
D-C Polyethylene (old) 67.72 17.0 77.56 75.08 -1.7

aIn the last column At? = 7902 — 72502. The values are given in percent and the wave-number interval is from 110.0 to 3390.0 cm 2.

Table 3. Computed Effective Transmittance of the Eppley Domes in Percent

Profile D-1 D-2 D-3 D-4 D-5 D-6 D-7 D-8

P-51 33.30 34.84 30.28 36.27 34.61 35.95 34.90 27.27
P-52 33.48 35.02 30.44 36.40 34.73 36.13 35.12 27.46
P-83 33.31 34.89 30.29 36.32 34.66 36.02 34.97 27.35
P-TR 33.54 35.06 30.41 36.41 34.55 35.82 34.56 26.99
P-MS 33.46 34.98 30.35 36.34 34.54 35.82 34.63 27.04
P-MW 33.23 34.79 30.22 36.25 34.59 35.90 34.78 27.21
P-AS 33.36 34.89 30.29 36.27 34.53 35.83 34.70 27.10
P-AW 33.15 34.79 30.19 36.32 34.68 35.98 34.711 27.27
P-US 33.37 34.88 30.32 36.27 34.56 35.89 34.83 27.20

age dome transmittance [7° in Eq. (13)], the nonuni-
formity factors [x? in Eq. (14)], and the dome transmit-
tance at different temperatures [t in Eq. (11)]. The
results of these calculations are summarized in Table
2. With regard to the data in Table 2 we might
immediately conclude that none of the Eppley domes
is interchangeable. The maximum difference be-
tween the transmittance of the individual domes is
more than 20%.

In addition, if we consider the dependence of T° on
the temperature as an indication of the variation of
the 72 with the wave number (on a smaller scale) we
can distinguish two groups of Eppley dome. (Note
that t° is a weighted average with respect to the
Planck function.) In the first group (D-1, D-2, D-3,
and D-4), 72 is generally larger than 2 while «? and
ATP are relatively large positive numbers. In the
second group (D-5, D-6, D-7 and D-8), 2 is close to 7°
and «? and Ar? are small values.

The basic differences between the two kinds of
dome are the significantly smaller transmittance of
the Eppley IR domes, the larger values of the nonuni-
formity factors, and the relatively large negative
values of AP of the polyethylene domes. It is also
evident that the aging of the polyethylene dome is
related to the lower value of the average transmit-
tance. Since the maximum difference between the
individual dome transmittance is more than 10%,
these domes are also not interchangeable. The vari-
ation of 72 with temperature implies that there must
be a correlation between F and 7,°.

The effective dome transmittance was computed
for each profile and each dome. The results are
included in Tables 3 and 4. The usual statistical
parameters of the linear regression analysis are in-
cluded in Table 5. From the results we can conclude
that the variations of 7.,” with respect to the different
atmospheric profiles are small compared with the
ones for different domes. The dependence of 7. on
the water vapor is related to the dependence of the
downward spectral radiance on the continuum- and
line-type absorption of water vapor. Because of the
continuum-type absorption, if we increase the water
vapor content, the spectral radiance will increase
similar to the Planck function, i.e., the maximum will
be shifted toward the larger wave numbers, and 1,°
will follow the behavior of 2. (Assume a negative
vertical temperature gradient.) Because of the line-

Table 4. Computed Effective Transmittance of the Polyethylene Domes

(In percent)

Profile D-A D-B D-C

P-S1 83.85 81.72 71.71
P-S2 83.27 81.14 77.14
P-S3 83.58 81.43 77.55
P-TR 82.62 80.70 75.45
P-MS 82.91 80.95 76.01
P-MW 84.36 82.22 78.19
P-AS 83.37 81.35 76.77
P-AW 85.15 82.94 79.20
P-US 83.43 81.37 77.03
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Table 5. Average Effective Dome Transmittance 7°, Standard
Deviations o,, Maximum Difference Ar,°, and the Regression
Coefficients Related to the Water Amount and the Total Downward IR

Table 6. Regression Coefficients A,, A,, and A; and the Correlation
Coefficients r.- Related to Eq. (18)

Flux Density (r, and ry, respectively) Dome Ag A, Ap ruF
Dome %P (L ArP ry rF D-1 32.60 -0.08733 0.003202 0.9729
D-2 34.38 —0.05789 0.002206 0.8849
D-1 33.36 0.1266  0.3925 0.6860 0.9013 D-3 29.78 —0.08416 0.002388 0.9192
D-2 3490 0.0968 0.2687 0.6303 0.8240 D-4 36.15 —0.01560 0.000689 0.5006
D-3 30.31  0.0797 0.2441 0.4797 0.7506 D-5 34.59 —0.05428 0.000329 0.7516
D-4 36.32 0.0596 0.1663 0.3885 0.4807 D-6 35.75 —0.12240 0.001299 0.8553
D-5 3460 0.0693 0.1956 —0.7489 —0.6326 D-7 34.27 —0.26450 0.000364 0.9773
D-6 3593 0.1038 03107 -0.7870 -—0.5862 D-8 27.01 —0.18100 0.001712 0.9539
D-7 3481 0.1734 0.5698 -0.8253 —0.5539 D-A 88.27 0.53220 -0.01979 0.9882
D-8 27.21 0.1472 0.4604 -0.9020 -0.7102 D-B 85.90 0.55820 —-0.01888 0.9852
D-A 8362 07644 25311 -0.6990 -0.9171 D-C 82.72 0.30790 —-0.02162 0.9952
D-B 8154 0.6844 22400 -0.6475 -0.8873
D-C  77.28 1.1229 3.7556 -0.8487 -—0.9845

type absorption the increased amount of water vapor
will increase the spectral radiance selectivity. If the
dome absorbs at the wave numbers of the water vapor
absorption lines the increased spectral radiance will
not contribute to F’*; therefore 7,2 will always decrease.
The overall effect of water vapor on 7,2 is governed by
the basic tendency of the dome transmittance (indi-
cated by Ar”) and the result of the two competing
processes related to the continuum- and line-type
absorption.

In the first group of Eppley domes and the polyeth-
ylene domes the behavior of 72 and 7,2 is similar, the
correlation coefficient r, is small, while rp is large.
This means that the effect of line-type H;O absorp-
tion is suppressed by the larger effect of F and the
continuum absorption.

In the second group of domes the small positive At?
and the large negative correlation coefficients r,
clearly indicate the effect of line-type water vapor
absorptionon1,”2. The small rris also not surprising.
As an example, Fig. 12 shows how the 7.2 of the D-8
(Eppley) dome depends on the precipitable water

content of the atmosphere. In practice the quantita-
27.7 1 1 1 1
®
3. 27.5 ]
c .
£ 8=27.35
E . b=-0.10
2 2134 r=0.902 B
g .
g ] |
.g 27.1 4 ._
2 .
2 28.9 4 -
w
28,7 +—————T T ———————

Precipitable water, g/cm’

Fig. 12. Dependence of the effective dome transmittance, 7.2, on
the precipitable water content of the atmosphere u for the D-8
(Eppley) dome.
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tive correction of the instrument calibration with
respect to the dependence of » and F can be per-
formed by using the following equation:

Tec(us F)=Ag+Au + AyF, (18)

where 7.(u, F) is the actual computed effective dome
transmittance and z and F are now measured quanti-
ties (u is in g/cm? and F is in W/m?2). Ay, A,, and A,
are regression coefficients and were determined by a
simple least-squares linear regression. The numeri-
cal values for each dome are presented in Table 6.

The computation of 7.°(u, F) for other domes re-
quires the measured spectral dome transmittance,
which can be obtained from the manufacturer, and
the computed high-resolution flux density spectra of
the nine model atmospheres, which are available
from the authors upon request.

Conclusions

In the case of Eppley domes the effect of water vapor
on the calibration is very small, always less than
2.0%. Because of the low effective dome transmissiv-
ity the calibration of the Eppley instrument is more
sensitive to the wind. The water vapor effect on the
calibration is a maximum of 5.0% for polyethylene
domes. Because of the large differences between the
individual dome transmittances (more than 20% for
Eppley domes and 2.5% of the new polyethylene
domes) recalibration of the instrument is necessary
when the dome isreplaced. The aging of the polyeth-
ylene dome will change the calibration of the instru-
ment by approximately 10% within a year; therefore,
frequent recalibration of the pyrradiometer is advis-
able.
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