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Measurements of hourly totals of atmospheric long-wave emission (L!) made over
a two-year period at sites in and near Christchurch, New Zealand, are used to evaluate
the performance of several semi-theoretical estimation equations for L.

At both sites the estimation equations of Brutsaert, Brunt and Idso-Jackson all give
similar systematic diurnal estimation errors, with general underestimation of
atmospheric emissivity late evening and early morning and overestimation at other
times, although the underestimation is much greater and the general performance
of the equations much poorer in the urban situation. The systematic estimation error
appears to result from an inability to reconcile surface data input to the equations
with a bulk atmospheric emission. However, in the urban situation, it seems that
pollution emissivity coincident with early morning inversion conditions is superimposed
upon the model underestimation caused primarily by the inversion conditions.
Accordingly, a method is described by which pollution emissivity can be derived from
a ‘grey body’ emissivity approximation model utilising vertical soundings and
incorporated into the predictive equations resulting in significant improvements to

prediction of L! in central Christchurch.

Introduction

In the absence of measurements of incoming long-
wave radiation from the atmosphere (L!) many
investigators of surface energy balances have used
various semi-theoretical equations relating Li at
point locations to screen-level humidity and/or
temperature data. Such an approach has been
applied to numerical simulations of the diurnal
course of the surface energy balance (Dozier and
Outcalt 1979; Tapper et al. 1981; Hockey, Owens
and Tapper 1982), regional climatologies of the
surface energy exchanges (Chang 1969; Hare 1972),
and as an investigative tool to examine systematic
deviations of measured L1 from that expected (Oke
and Fuggle 1972; Brazel and Osborne 1976).

The most common approach of those investigators
seeking to develop predictive equations for L{ at the
ground has been to relate the measured atmospheric
apparent emissivity (¢,") to atmospheric moisture
content (usually vapour pressure or dew-point
temperature) and/or temperature using the equation

e,/ = LI/oT} o

where o is the Stefan-Boltzman constant and T is
screen level air temperature. Although many
formulae have been developed to predict ¢,’, only
three such methods are utilised here. Brunt (1932)
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produced a formulation for atmospheric emissivity
of clear skies

€, = a + b e Lo 2

where ¢, is estimated atmospheric emissivity, a and
b are regression coefficients and ¢ is screen level
vapour pressure (mb). The regression statistics in the
Brunt relationship are not constants, but are variable
coefficients dependent on the spatial variability of
e with temperature. Sellers (1972) suggested median
values of a = 0.605 and b = 0.048 from twenty-
two observations from around the world. These
values are used in the present application.

Idso and Jackson (1969) produced a formula
deemed to be of more general validity

€, = 1 —0.261 exp [—-7.77 x 104 (273-Ty)*]. . . 3

While the Brunt relationship provides for no
temperature dependence of ¢, except through that
inherent in vapour pressure (e), the relation
established by Idso and Jackson, as well as including
temperature effects on L, implicitly includes vapour
pressure through the nature of correlation of air
temperature with vapour pressure.
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While the constants in both the Brunt and the Idso-
Jackson formulations are empirically derived,
Brutsaert (1975) in a significant advance produced
a derivable formula for prediction of L! from clear
skies. By direct solution of the governing
Schwarzschild equation for standard atmospheric
conditions (using assumed profiles of temperature,
pressure and water vapour) and using an algebraic
relationship for the emissivity, Brutsaert produced
an approximation of atmospheric emissivity

6 = 1.24 (e/T)/7 .4

Although the assumed profiles represent actual
vertical profiles for brief periods only, Brutsaert
considered his formulation to yield satisfactory
results for representative weather conditions under
clear skies.

It is evident from the outset that there are likely
to be two major limitations to the applicability of
the expressions described above. Firstly, since all the
predictive models approximate an emissivity based
on screen level observations of temperature and/or
humidity to a bulk atmospheric emissivity, there is
likely to be some estimation error when the models
are applied over short time periods (less than one
day) because of the diurnal variability of temperature
and humidity profiles away from the surface. Since
some 72 per cent of atmospheric irradiance originates
within the first 87 metres of the atmosphere (Geiger
1973) the error will not usually be large. The second
limitation is an inability of any of the expressions
to account for any variation of emissivity due to
atmospheric constituents other than water vapour.
This may be an extremely important consideration
when estimates of LI are required for dusty, polluted
or urban environments.

The purpose of this paper is to explore the utility
of the described expressions for estimating diurnal
variations and short-period totals of L| under clear-
sky conditions and to suggest a means by which they
may be empirically reformulated to account for
atmospheric pollution.

Data acquisition

The data used in this study were collected from two
sites in the Christchurch (New Zealand) region (Fig.
1); an urban site 800 m due north of Cathedral
Square and a rural site at Lincoln 30 km southwest
of the city centre, each selected for its
representativeness and suitability for measurement
of energy fluxes. Sensors employed for measurement
of LI at both sites were Swissteco Model S-1 versions
of the CSIRO Funk net radiometers adapted for
measurement of L| by the attachment of a black
body cavity to their underside. Black body cavity
temperatures were monitored using a silicone diode
temperature sensor. Solar radiation input was
derived from an adjacent Kipp and Zonen CMS35
pyranometer. Signals from all of these transducers
were recorded automatically and semi-continuously
over a two-year period on an integrating
millivoltmeter at the urban site and electronic

polyrecorders at the rural site. Radiation sensors were
calibrated by the respective manufacturers
immediately prior to the study (quoted accuracy
+2Y% per cent); and two further extensive
calibrations were performed during the study to
ensure maintenance of relativity between the two sets
of equipment. It is believed that absolute and relative
errors in measurements of L| are better than + 5 per
cent (712 Wm-2 at typical levels of long-wave
irradiance).

Temperature and humidity data at both sites were
recorded in screens at the 2 m level on Kohari
thermohygrographs carefully calibrated to give
maximum errors of 0.25° and 3 per cent for
temperature and humidity respectively. During clear-
sky periods the continuous measurements of
temperature and humidity at the surface were
supplemented with profiles of temperature and
humidity to 500 m obtained with an instrumented
kytoon system (Tapper and Sturman 1980). Upper
air temperature and humidity data were obtained
from daily or twice-daily radiosonde soundings made
by the New Zealand Meteorological Service at
Christchurch International Airport. Throughout the
study average hourly smoke particulate
concentrations at the 2 m level were monitored with
a Research Appliance Company AISI Model F2
paper tape sampler. Using a reflectometer and the
recommended WHO procedure (WHO 1976), it is
possible to obtain average smoke concentrations (ug
m-3) with an accuracy of =+ 10 per cent.

All continuous measurements were integrated over
hourly periods at both sites and, to eliminate cloud
effects, only periods with ten or more hours
continuously free of cloud were considered. In this
way it was possible to extract 497 hours from the
total record of 7300 hours. In addition, a total of
82 kytoon ascents were made at both sites during
periods of clear weather.

Evaluation of unmodified equations

Diurnal variability of predictive errors

For each of the three formulae used, the mean hourly
deviation between estimated clear-sky atmospheric
apparent emissivity (e,), and measured clear-sky
atmospheric apparent emissivity (e,") at the two sites
has been plotted against time of the day (Fig. 2). Also
plotted are the results of Arnfield (1979) for a site
in rural Ontario which will be referred to presently.
The vertical axis indicates the percentage estimation
error, calculated as ¢," minus e, expressed as a
percentage of ¢,’; therefore positive error values
indicate a model underestimation. To give some
measure of the variability of individual point
deviations, Fig. 3 shows the individual data points
for the Brutsaert formula at each site. All error
curves are derived from 5-hour running means.
Of immediate note at both sites and for all
equations is a non-random distribution of estimation
error throughout the day. The diurnal variation is
most marked at the urban site where, apart from a
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Fig. 1 Simplified landuse map of Christchurch showing the location of the two measurement sites.
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slight over-estimation of ¢, in the late afternoon and
early evening (maximum error 3 to 4 per cent), there
is a continuous but variable model underestimation.
Model underestimation increases steadily throughout
the evening, rising more abruptly to a peak
underestimate of 10 to 12 per cent; at approximate
0900 h, followed by a decline into the late morning
— early afternoon period. Generally speaking, the
Brutsaert " formula appears to perform most
satisfactorily, the underestimation being ~ 3 per cent
less than the Idso-Jackson formula and 1 to 3 per
cent less than the Brunt formula. All three models
give similar overestimation during the late afternoon.

The larger magnitude of model underestimation and
the longer period during which this occurs are
responsible for the overall tendency of all formulae
to underestimate urban atmospheric emission. For
the Brutsaert relation the mean diurnal underestimate
is 3.2 per cent, and for the Brunt and Idso-Jackson
relations 4.7 and 5.1 per cent respectively.
Diurnal variability at the rural site, although
exhibiting the same pattern, is considerably reduced.
Late afternoon overestimates of 2 to 3 per cent are
similar, but the magnitude of the early morning
underestimate is only half that at the urban site (4
to 6 per cent). Accordingly, the overall daily
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Fig. 2 Diurnal variation of clear-sky apparent atmospheric emissivity estimation error (various formulae).
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Fig. 3 Diurnal variation of clear-sky apparent atmospheric emissivity estimation error (Brutsaert formula),
showing variability of the individual point deviations.
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performance of the predictive formulae is better for
the rural site, with the Brutsaert formula
underestimating daily emissivity by 0.05 per cent
only, and the other two formulae by less than 2 per
cent.

The differences between urban and rural error
curves are worth further comment here. Diurnal
trends are quite similar indicating that the basic
mechanism promoting this systematic behaviour is
the same, but the effect at the urban site is either
magnified, or more likely a purely urban influence
is being superimposed upon the underlying
mechanism. Probably the most significant point
arising from the error curve exhibited in Fig. 2 is the
similarity with results of previous studies, indicating
that the probable basic mechanism for the systematic
estimation error is not unique to the present study.
Arnfield (1979) plotted a diurnal error curve for the
Idso-Jackson formula for Simcoe, a rural site in
southern Ontario. His curve is superimposed on the
error curves exhibited for the urban and rural sites
in this study. The units used in both studies are
identical, therefore the curves are directly
comparable. At the urban site, apart from the period
0600 to 1200 h, the degree of convergence is quite
remarkable, while at the rural site the predictive
formulae utilised in the present study appear to
operate more effectively, particularly during the
evening.

Figure 4 shows the urban error curve of the
Brutsaert formula used in this study plotted with the
results of Paltridge (1970), Idso (1972) and Arnfield
(1979). In the manner of Arnfield the error curves
have been standardised to the same daily range,
phase differences eliminated by employing separate
time scales on the horizontal axis, and zero error lines
for the individual studies have been plotted on the
right vertical axis. Apart from a nocturnal divergence
of the Christchurch error curve, there is a close
correspondence between all curves, this despite
differences between studies in which they were
obtained (Table 1). The most significant difference
between studies appears to be in the position of the
zero line, those of the present study and that of

Table 1. Summary of studies from which error curves in Fig.

Fig. 4 The diurnal variations of clear-sky apparent
atmospheric emissivity estimation error
obtained in four different studies. The zero
line (no error) is shown on the right-hand axis.
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Arnfield being well removed from those of 1dso and
Paltridge respectively. This in fact may be related
to differences in equipment and instrumental
technique, as Arnfield’s study and the present one
use almost identical equipment. Despite this, the
systematic trend evident in all error curves suggests
that the common deviations observed are unlikely
to be purely the result of instrumental techniques or
entirely localised atmospheric phenomena.

The trend exhibited in Fig. 4 has been attributed
by Paltridge (1970) and Idso (1972) to the problem
inherent in L! predictive models of obtaining
representative input to the equations. Paltridge
suggests that the temperature of air at a height of
200 to 300 m would be more representative than
screen-level temperature and that since inversion
conditions prevail at night and lapse conditions
during the day, screen-level temperature would
underestimate the temperature for bulk atmospheric
emission at night and overestimate it during the day.

4 were obtained (after Arnfield 1979).

Study Location Season Formula(e) Instrumentation

Paltridge (1970) Aspendale, Victoria, Summer-Autumn Swinbank Net pyrgeometer with
Australia unidirectional adaptor

Idso (1972) Phoenix, Arizona,  Winter Idso-Jackson Unidirectional Fritschen-type
USA net pyrradiometer, Eppley

Arnfield (1979) Simcoe, Ontario,

Canada

This study Christchurch,

New Zealand and Winter

Summer-Autumn

Summer-Autumn

pyranometer
Idso-Jackson Funk-type net pyrradiometer
with unidirectional adaptor;
pyranometer — Funk-type
radiometer with glass dome
Brutsaert (Fig. 4) Funk-type net pyrradiometer
with unidirectional adaptor;
Kipp and Zonen
pyranometer with glass dome
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Criteria for agreement with Paltridge and Idso would
appear to be a similar phase relationship and a zero
error point at a time consistent with an isothermal
lower atmosphere. With the Christchurch data there
is little descrepancy on the first point, but the latter
criterion is more difficult to resolve. Part of the
problem for the position of the zero line may relate
to instrumental techniques (note similarity with
Simcoe curve), and could be due to calibration
differences in equipment. An arbitrary upward
movement of the zero line on the vertical axis for
both the urban and rural error curves for
Christchurch would improve the explanation in terms
of the Paltridge and Idso hypothesis. In the absence
of evidence to the contrary, the hypothesis of
Paltridge and Idso would appear to be the only
plausible explanation for the observed systematic
errors in e,.

However, since most investigations of temperature
structure over urban areas show less stable conditions
with fewer surface-based inversions (De Marrais
1961; Oke and East 1971; Tapper 1981) it is not
possible to relate the very large early morning model
underestimate at the Christchurch urban site (Fig.
2) to enhanced urban inversions. It would seem that
in this case pollution emissivity coincident with the
early morning inversion conditions appears to be
superimposed upon the model underestimate caused
primarily by the inversion conditions. This more than
doubles the quite modest model underestimate of ¢,’
observed at the rural site.

Performance characteristics of individual equations

To more fully evaluate the performance of individual
formulae, regression analysis of ¢,” and ¢, has been
performed on up to 497 clear-sky hourly observations
for each site. A summary of this regression analysis
is included in Table 2. Performance characteristics
tabulated for each equation include the correlation
coefficient (r) and per cent variance of ¢,’ explained
(r?), the coefficient of variation (v) calculated from
the root-mean-square error, and the ratio of average
€, to average €,'. Two major points are evident from
Table 2. Firstly, the theoretically derived Brutsaert

relation appears superior to the other two empirical
formulae in the prediction of ¢,’, particularly for
the rural site. Secondly, all equations perform
markedly better for rural than for urban data in all
respects.

While the predictive formulae estimate ¢,’
reasonably for the rural location it is obvious from
the preceding discussion that their predictive ability
for hourly data would be enhanced considerably by
the incorporation of a lapse rate adjustment,
although such a necessity will clearly reduce the
flexibility of application. Srinivasan (1980) recently
produced an equation for prediction of L!
incorporating a lapse rate adjustment, but obviously
vertical profile information is required for input to
the equation.

On the other hand, the problem of an anomalous
urban atmospheric emissivity has not previously been
addressed. The remainder of this paper describes a
simple method for empirically incorporating a
pollution emissivity adjustment into the predictive
equations which results in significant improvement
in predictive performance in urban areas.

Modification of the
equations

Methodology

Measured L ! at the surface is comprised of the flux
density of radiation due to the distribution of water
vapour, carbon dioxide, ozone, trace gases and
atmospheric aerosol in the atmosphere and the
vertical profile of temperature. An obvious method
of evaluating atmospheric pollution emissivity is
therefore to compare measured L! with that
predicted by a model which allows for the
contribution of the major atmospheric constituents
and the vertical variation of temperature, but which
excludes the contribution of atmospheric pollution
(excessive quantities of trace gases and aerosol). In
this way atmospheric pollution emissivity could be
considered as a residual from the equation. For
example, a profile computed atmospheric apparent

predictive

Table 2. Performance statistics — predictive formulae.

Rural data Urban data
Data type No. of Obs Formula r coeff. r’(%) v (%) Ratio r coeff. r’(%) v (%) Ratio
Brutsaert 0.44* 19 7.4 0.9995 0.03 0.1 10.2  0.9680
All data 497 Brunt 0.43* 19 7.9 0.9875 0.04 0.2 9.2 0.9534
Idso-Jackson 0.36* 12 8.3 0.9826 0.04 0.2 9.6 0.9457
Brutsaert 0.55* 30 6.1 0.9987 0.21% 4.6 8.6 0.9470
Daytime data 178 Brunt 0.54* 29 6.3 0.9759 0.22% 4.9 8.5 0.9250
Idso-Jackson 0.32* 10 7.1 0.9710 0.17% 1.3 9.1 0.9190
Brutsaert 0.34* 12 8.0 09999 -0.05 0.3 10.1  0.9890
Night-time data 319 Brunt 0.34* 11 8.1 0.9991 -0.04 0.1 10.0 0.9818
Idso-Jackson 0.26* 7 8.7 0.9943 —0.007 — 10.4 0.9788
Brutsaert 0.48* 23 6.3 0.9987 -0.33* 11 10.2  0.9671
Winter data 339 Brunt 0.46* 21 6.6 0.9965 —0.33* 11 10.3  0.9598
Idso-Jackson 0.37* 14 7.4 09878 —0.23* 5 10.5 0.9547

*Significant at 0.01 level.
1Significant at 0.05 level.
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emissivity at the surface would be €, = L}¢/0T ",
where L1, is the computed long-wave flux density
at the surface. With both aerosol and gaseous
pollution emission present, measured apparent
emissivity would be

€' = € + JE= (Ll + Lig)/eT ... 5

where fé is the effective emissivity of the atmosphere
for pollution and L, is the flux density of long-
wave radiation due to pollution.

Of all the methods of predicting L.| at the surface
from vertical profiles of temperature and humidity,
various forms of the emissivity or ‘grey-body’
approximation method have been the most widely
used and evaluated. These methods essentially
comprise radiation chart procedures and the various
numerical derivatives of that method. Sellers (1972)
and Paltridge and Platt (1976) discuss in detail the
principles involved in these methods. Essentially they
all make use of empirical and/or theoretical
relationships between the isothermal emissivity of a
slab of radiating material and the optical thickness
of that material. The atmosphere is divided into
homogeneous layers and the product of the effective
emissivity for each layer is calculated with the black
body radiation at a mean layer temperature. The
method used in this study follows that advocated by

Table 3. Measured and computed urban excess L.

Dalrymple and Unsworth (1978) and is described in
detail in Tapper (1981, p.273-280). The model
includes H,0, CO,, 0, absorption and an H,0/CO,
overlap correction (Staley and Jurica 1972), but does
not allow for aerosol or continuum absorption. The
small errors involved in applying emissivities for
homogeneous slabs to computations of the flux
density of L1 have been discussed by Rodgers (1967)
and Staley and Jurica (1972). In this application
division of the atmosphere into homogeneous slabs
involved 20 m (~2 mb) slabs to 200 m and 50 m
("5 mb) slabs to the top of the kytoon profile
at ~500 m. Above the kytoon profile slabs were of
50 mb thickness to 800 mb (~200 m) and of 100 mb
increments above that level to the tropopause at ~ 250
mb.

The prediction method was initially applied on all
occasions when simultaneous urban and rural
profiles were available. Table 3 shows the percentage
of measured urban excess L} ((Llurban-

100
Lirural/Llrural) X T) accounted for by profile

characteristics for the 26 paired profiles. In the
nocturnal case (Table 3(a)), the mean measured
urban excess L| at the time of profiling is 7.5 per
cent while the corresponding profiles predict an

Date Time Measured urban Computed urban  Urban excess L1(%)
(N.Z.S.T.) excess L1 (%) excess L (%) unaccounted for

(a) Nocturnal
15.7.78 2200 0.0 1.8 —
16.7.78 2100 -0.9 1.7 —
22.7.78 2145 13.6 1.3 12.3
19.8.78 2135 2.0 3.0 —
2.4.79 2305 8.8 1.3 7.5
5.4.79 2325 11.0 3.5 7.5
16.4.79 0520 0.8 -0.4 1.2
23.4.79 0040 6.4 -3.6 10.0
26.4.79 2315 7.4 1.8 5.6
7.7.79 2300 13.1 -0.5 13.6
8.7.79 1930 29 0.9 2.0
10.7.79 2230 3.6 4.0 —
21.7.79 2220 15.6 5.8 9.8
3.8.79 2400 7.1 0.0 7.1
15.8.79 2200 13.4 5.6 7.8
16.8.79 0700 15.5 3.3 12.2
X 7.5 1.8 5.7

(b) Daytime

12.8.78 1300 9.9 ~-5.4 15.3
20.8.78 0845 -4.5 -2.7 —
3.4.79 0845 5.0 3.2 1.8
16.4.79 1045 2.6 3.8 —
7.7.79 1335 10.8 0.9 9.9
10.7.79 1440 0.7 0.4 0.3
21.7.79 1405 10.9 1.3 9.6
22.7.79 1040 11.9 0.5 11.4
3.8.79 1330 10.3 0.4 9.9
10.8.79 1150 9.8 0.5 9.3
X 6.7 0.3 6.4
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urban excess of less than 2 per cent due to urban
excess temperature and humidity in the boundary-
layer. This leaves about 75 per cent of measured
urban excess L| to be accounted for by other factors
not considered in the model, the most likely source
of excess radiation being urban particulate and
gaseous pollution. In the daytime case (Table 3(b))
small urban-rural profile differences result in only
a small computed urban excess L1 of 0.3 per cent.
This leaves almost 96 per cent of the measured urban
excess L1 unaccounted for.

In addition the prediction method was applied to
all winter profiles available for the urban site. Results
of profile analysis (using Eqn 5) to derive values of
atmospheric pollution emissivity (f¢€) are presented
in Table 4 along with profile identification data and
near surface smoke particulate concentrations.
Daytime levels of computed pollution emissivity
range between 0.04 and 0.23 (mean fé(fé) = 0.13)

‘while nocturnal levels are much lower, ranging

between 0.006 and 0.19 (fé = 0.08).

The papers of Robinson (1947, 1950) and
Dalrymple and Unsworth (1978) emphasise the effect
of atmospheric aersol, particularly within the more
important ‘atmospheric window’ (8 < \ > 13um), in
contributing to excess atmospheric emissivity.
Accordingly, the relationship between f¢ and log,,
near surface particulate pollution has been plotted
(Fig 5), and correlation and regression analysis
applied to the daytime and nocturnal data which
appear to form discrete populations. Strong, positive
relationships are shown for both daytime and
nocturnal data, with the variation of f¢ explained by
particulate concentration being 78 and 66 per cent
respectively.

Apart from the obvious strength of relationships
shown, two points are worth further discussion.
Firstly, there is a significant difference between the

Table 4. Summary of profile analysis for the urban site.

Log, near
surface
Measured Profile _ pollution
Date Time LI (Wm-2) LI (Wm?) ' (Meas) e, (Profile) Je (ng m-3)
(a) Daytime data
17.7.78 1000 299 221 0.8794 0.6500 0.2294 2.23
2.8.78 0815 295 221 0.8899 0.6667 0.2232 2.18
5.8.78 1405 279 242 0.7373 0.6395 0.0978 1.18
12.8.78 0945 296 235 0.7899 0.6272 0.1627 1.60
12.8.78 1300 292 241 0.7700 0.6355 0.1345 1.30
20.8.78 0845 243 219 0.7304 0.6582 0.0722 1.00
3.9.78 1300 310 242 0.8192 0.6395 0.1797 1.48
7.7.79 1335 286 224 0.7927 0.6208 0.1719 1.78
8.7.79 0810 270 205 0.8684 0.6594 0.2090 2.18
8.7.79 0930 280 222 0.8682 0.6884 0.1798 2.11
8.7.79 1050 290 225 0.8283 0.6427 0.1856 2.11
8.7.79 1500 275 233 0.7400 0.6270 0.1130 1.40
8.7.79 1630 256 232 0.7107 0.6441 0.0666 1.10
10.7.79 1440 277 261 0.7088 0.6679 0.0409 1.00
21.7.79 1405 285 225 0.7768 0.6132 0.1636 1.84
22.7.79 1040 252 203 0.7332 0.5906 0.1426 1.81
3.8.79 1330 310 252 0.7878 0.6404 0.1474 1.20
10.8.79 1150 255 217 0.7139 0.6075 0.1064 1.30
16.8.79 1250 250 218 0.7161 0.6245 0.0916 1.30
(b) Nocturnal data
15.7.78 2200 230 219 0.6827 0.6500 0.0327 2.32
16.7.78 2100 232 230 0.6860 0.6800 0.0060 2.04
22.7.78 2145 294 231 0.8359 0.6568 0.1791 2.69
31.7.78 2225 272 230 0.8259 0.6976 0.1283 2.75
19.8.78 2135 250 223 0.7159 0.6386 0.0773 2.41
20.8.78 0645 237 211 0.7427 0.6612 0.0815 1.54
3.9.78 0045 279 228 0.8169 0.6676 0.1493 2.58
7.7.79 2300 259 197 0.8086 0.6150 0.1936 3.00
8.7.79 0605 256 218 0.8279 0.7050 0.1229 2.38
8.7.79 1930 237 232 0.6682 0.6532 0.0150 1.78
10.7.79 2230 253 244 0.7093 0.6840 0.0253 1.84
21.7.79 1815 225 214 0.6592 0.6270 0.0322 2.36
21.7.79 2010 239 209 0.7258 0.6347 0.0911 2.46
21.7.79 2220 263 223 0.7998 0.6782 0.1216 2.46
3.8.79 2400 253 235 0.7402 0.6875 0.0527 2.30
15.8.79 2200 232 215 0.7119 0.6597 0.0513 1.80
16.8.79 0700 239 211 0.7857 0.6936 0.0921 2.18







