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INTRQDUCTION

One aim of the Moor House IBP programme was to provide an assessment
of primary and secondary productivity in a noorland ecosystem and
an understanding of the factors influencing this productivity.
Clearly one of the climatic factors involved is solar radiation,
particularly in relation to plant photosynthesis; therefore,

when the Moor House IBP programme was being planned, it was decided
to record total incoming solar radiation continuously,

- Initially, a Kipp solarimeter linked to a Kent recorder was
installed, but proved unsatisfactory mainly because of problems
with the electricity supply from the generators and mechanical
problems with the recorder. Dr, J. Grace, then a research student
at Sheffield University, connected the Kipp solarimeter to a Kent
clockwork recorder, and a useful run of data was obtained from '
May 1968 to April 1969. Extraction of data from the charts was
difficnlt and, in April 1969, a Lintronic solarimeter and
integrator-recorder were installed. Some runs of data were obtained,
but, on the whole, the early performance of the equipment was very
poor, due mainly to the following reasonsi~ o

1, Unreliability of the integrator~recorder;
2. Condensation inside the Lintronic solarimeter dome;

3. The effect of changes in the ambient air temperature on the
output of the Lintronic solarimeter;

4. The appreciable non-linearity of the Lintronic solarimeter:
i.e. for zny given temperaturxe, the sensitivity of the solarimeter
is not independent of the radiation intensity.

After consultation with the Meteorological Qffice (formerly Kew
Observatory, Richiond, Surrey, and now Beaufort Park, Easthampstead,
Wokingham, Berks,), the Lintronic solarximeters were abandoned and

" a Kipp solarimeter was connected to the Lintronic integrator-recorder,
The use of a Kipp solarimeter overxcomes most of the difficulties
listed above. Compared with a Lintronic solarimeter, the sensitivity
of the Kipp is more stable, it is less temperature sensitive, and is
relatively free from condensation problems. The Kipp solarimeter
was installed in September 1971, and, since that date, a continuous
run of good data has been obtained up to the present day. It is
pronosed to continue data collection for the time being, particularly
a5 the Metecrological Office are interested in receiving data from

a high level station in the Pennines.

This papex describes the equipment and its maintenance; it also
documents the results obtained to date, The feasibility of predicting
solar radiation input from standard meteoxological recording of
sunshine is also examined.




METHOD

- The equipmeﬁt consists of the followingi~

1_0‘.

2,

'Solarimeter

This conslfts of a standaxd Mbll-Gorrzynskl solaxlmeter '

‘manufactured by Kipp and Zonen, Delft, Holland. It is mounted

on a concrete pillar 1.2 metres high situated on a knoll about
72 metres from the main laboratory. Care mist be taken to
prevent condensation inside the solarimetex. At Mooxr House,

"this is accomplished by insexting a small specimen tube

containing dry gilica gel crystals up the metal tube on the
underside of the solarimeter body, and holding the tube in
nlace with a tightly-fitting rubber bung; this method has -
proved cuite satisfactory. The anpearance of condensation
would probably indicate an appreciable leak, due to the
deterioration of either the cement used to seal the glass
domes, or the xubber O-ring seal.

The solarimeter is connected to the integrator-recoxdex by a
length of standard twin microphone cable. This cable has an
internal metal braided screen surrounding the 2 corxes; this
screen is earthed to the casing of the integrator-recoxder,
and prevents electrical 'mick-up! on the cable causing

extraneous counts on the integrator.

Integratoxr

This is a Lintronic Mk,IV 1ntegrat ng counter, which has an

"'1nput signal range of 0=30 mV, a2nd a count rate of 100 counts

per mV hour. Read-ont is on a six-place digital indicator,
The unit is powered by 9 Malloxy Duracell type MN 1300 size D
batteries, which must he changed as soon as the overall battery

- voltage falls below 11 volts, In practice, the ba*terles are
~ changed approximately 5-6 times per year. :

Recorderx-

This is a Llntronic recoxder comprising a battery operated

clock and a Sodeco printer, The printer is powered by two

i2«volt car accumulators, normally producing 18 volts, and
never less than 12 volts. The recorder is switched to provide
a'pxinted record of the integrated count once every hour,

The integrator and recorder are located inside the main
laboratory on a vibration free mounting, and are shielded from
the direct rays of the sun. It will be noted that the entire
installation is independent of mains electricity. Notes on the
calibration of the solarimeter and integrator are contained in
Appendix 1.
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The followlnq are the units commonly used-in solar radiation
measurements, together with their conversion factors:-

1 Langley_a,l_gm. Calorig/cm-; . ‘
1 om. .calof_ie/cm‘? _x"i.‘J_._d, = 1 milliwatt hour/cm* ;
1 milliwatt hour/cm?jk 0.86 = 1 gnm, caiorie/bng
1 watt hour x 3600 # 1 joule;
1 ¢gm, calorie/min. x 69,7 = 1 milliwatt;

1 milliwatt x 0.014 = 1 gm. calorie/min.

The valwes of solar radiation are derived as follows:~

where I_'i - Ij_

3 average input per hou£ ih ™\
T % 100 : .
and Ii f-intearztor-counter Icadlnj,
I_}__1 = previous intearator countex ieédinq;
T = time in hours since prevﬁous readlnq,

= sensitivity of solarimeter 1n mV/mW cm 2.

o

At the end of each calendar month, the hourly prlnt—out from the
Lintronic recorder is removed, annotated_to indicate the output for
each day in that month, and then posted to Mérlewood, The data are
punched in 4-yeekly batches, and run with a FORTRAN computer program
-which produces, as a prlnted output, hourly, daily, weekly and
4~weekly totals, all in both milliwatt hours/cm® and gm. calories/
em2 , Two copies of each output are produced; one is filed at
HMerlewood, and the other is sent to the Meteorological Office
(Beaufort Park), Finally, calendar monthly totals and annual totals
are calculated by hand, : -

RESULTS

As stated in the 1ntroduct10n, the first rellable run of data was
obtained by Dr. J, Grace, using a Kipp solarimeter linked to:a
.clockwork Kent recorder. His results are summarised in Table. 1.

The present run of data, derived from z Kipp solarimeter linked to
a Lintronic integrator-recorder, commenced in September 1971, and-
will be continuing. Monthly and annual totals, up to the end of
1974, are listed in Table 2,




A brief comnarison was made between Moor House and two othex
radiation recording stations. One of these was Eskdalemuirx,
Dumfriesshire; +this is the nearest official Meteorological Office
radiation recoxding site to Moor House, The other was Bracknell

" Berkshire, another official radiation recording station, selected
to make a comparison with a site in southern England. A comnarison
of monthly totals is illustrated in Fig., 1, while a comparlson of
annual totals is shown in Table 2. It is clear that, in general,
the southerly station receives more solar radiation, both in wintex
and summer., Also the overzll results for the two northerly stations
agree fairly closely.

PREDICTION

Measurements of solar radiation are available for only a few sites
in Great Britain, However, sunshine recording, using Campbell-Stokes
recorderxs, is widespread. A relationship between these measurements
was expected anxl therefore the possibility of predicting solar
radiation from sunshine records was examined. Prediction is also
valuable when radiation data at a particular site are incomplete,
because of instrument failure or because recording has to be
discontinued for some other reason. There are now three years of
reliable radiation data for Moor House, Usiug this information,
some preliminary work has been carried out on the prediction of
rediation in one year from relationships defined in aqother vear,
and then comparing predicted and observed regalts.

Most xelationshibs between solar radiation and duration of bright
sunshine are of the form:-

)4
O = o kol .
=0, (2 + b N)

where (3 = radiation actually recelved on a horizontal surface at
ground level in gnm, cals/cm? /d“Ya

A:.radlatlon received on a horlzontal surface at the top of
the atmosphere in gm.cals/cm?/day;

n = daily hours of bright sunshine measured on a Campbell-Stokes
' sunshine recorder;

© N = maximum possible duration of sunshlne i.e, day length in
- hours‘

a = regression constant;

b = regression coefficient,

Values of QA and N

Qa is the theoretically possible mean solar radiation per unit
horizontal surface per day at the top of the atmosphere. It is
obtained using a method based on the ecuation given by Sellers (1965),
u51ng slightly different notation:~

_ 1440 2 | Cos
Qp = = .Io/q (H, sin @ sin-3+ cos Q@ am3 =in H)

where 1440 = no, of minutes per 24 hours;




L . . L 2, .
I = solar constant = 2,00 calories/cm /ming

o

e = radius véctor, i,e. ratio of the ecarthe=towsun distance,
at a particular time, to its mean;

H = wt, where w = angulax velocity of earth's rotation = 15

degrees per hour and t = % daylength (hours)s
.8 '=,texxésfxial latitude; ' R
5 = solar déclination.

~All angles are calculated in radians; /ezcan be interpolated from
values given by Frank and Lee {1966). sing a program SLRD in
conjunction with the Merlewood TSS~8 computex, it is possible to
obtain a tape or printout listing the values of 0a in gm.calories/

" cm?/day for each day in the year for any specified latitude.

N is the maximum possible duration of sunshine i,e. the daylength.
The calculations have been macde for the passage of the sun's centre
past the horizon., The method it based on the equation agiven by

- Frank and Lee {(1966)t- : ' :

cos Wt =—tan © tan &

whexe . w = angulax velocity of earth's rotation = 15 degrees
: per hour : ‘ :
t = time in hours from noon;

n

e terrestrial latitude;

§ = solar declination

The neahisdnily Sblaf?dnclihation'herrmoﬁfh can:beuinterpolateé;from
Lis% (193%7). : SR S ‘ S D

Using a program SOLD, it is possible to obtain values for the
half-day length (in hours and minutes) for each day in the yeax
for any specified latitude, '

' Célculétioﬁs

i. Regression parameters

The values of 0} & G, (gm, calories/cmz/day) and n & N (hours)
fox each day thxougﬁbut 1972, 1973 and 1974, were listed, and
the monthly totals of each were calculated. Using the equation

Q=2 +b.n T )
QA N
the regression between £ 2nd- n was computed for
0 N
A

each month separately, and thereby the monthly values. of the
regression constant (a), the regression coefficient (b) and the
correlation coefficient {r) were obtained (Table 4),



2. Predictions from monthly reqgression parameters
Equation (1) was then transposed into the form

Dm0, (a+ by %j : {2)
The monthly values of 7 for one year were predicted by
substituting the corresponding monthiy totals of Dpr 0 &
N for the same year, and the monthly values of the regression
parameters a & b {from Table 4), for another year. Thus, to
rredict monthly values of  for 1972 from the 1973 regressions,
monthly totals of Z,, n and N for 1972 and the monthly values
of a &b for 1973 were substituted in equation (2). The
‘predicted values obtained are tabulated in Tables 5, 6 and 7,
which also 1ist the corresponding observed values, and t}e
deviations from them,

The regression equations hetween observed {x) and predicted (y)
values are listed in Table 13, and, as an example, observed
values for 1972 are shown plotted against predicted values,
derived from the 1973 regressions, in Fig. 2.

3. Prediction from annual mean regression parameters

Tt will be noted from Table 4 that there is an absence of any
apparent seasonal pattern in the regression constants and
coefficients, The previous calculations were therefore repeated
using the annnual means of the regression parameters a &b (from
Table 4) in place of the monthly values. The predicted values
ohtained are tahulated in Tables &, 9 and 10 which also 1list
the corresponding observed values and the deviations from them.
The reqression equations between observed (x) and predicted (v)
values are listed in Table 132, and, as an example, observed
values for 1972 are shown plotted agalnst predicted values,
derived from the 1973 regression, in Fig. 3.

4, Prediction of dailv values

Finally, the use of this method to predict daily values was
tested. Using the months of February and August in both 1972
and@ 1973, daily values of {) were predicted for each month using
the corresponding monthly regression parameters determined for
the same month during the other vear, The predicted values
vvere then compared with the corresponding observed values; as
examples, daily values during February and August 1973 prefiicted
from the corr95pond1ng regr9531ons for February and August 1972
are listed in Tables 11 and 12, togethex with the corresponding
:observed values and the dev1atlons from themn. The regression
equations are' listed in Table 13, and, as an exanple, daily
observed values for February 1973 are shown plotted against
preglctpd values, derived from the February 1972 regression,
in Fig. 4.

ggsugts
The correlation coefficients in Table 13 are all very highly
significant (¥<0,001), However it will be seen from Tables 4

‘and 13 that the poorest fits (r values) occur during the winter




months, This is also shewn in Fig, 5 where deviation {expressec .
as a percentage of the observed value) between observed and
pzeclcted monthly values in 1972, 197% and 1974 (from Tables 5, .

5 and 7) is plotted against the ohferved radiation level, and

+he deviation clearlv increases at low radiation levels. This
demonstrates a poorer relationship between radiation and sunshine
hours at low levels of radiation; appreciable radiation is
received on dull days when thexe is no burn on the sunshine .chart,
and this effect is more marhed during the w1nter months,

Fron Table 13 it can be seen that when predlctlng monthly values

using monthly Tegression parameters, 42-75% of the predictions
are within + 5% of the observed values; when using annual mean
regression parameters, 25~67 are within + 5% of the observed
values. Lhe prediction of daily valuec from monthly regression
parameters is much less accurate; for the four months examined
only 1i-32% of the predictions are within + 5/ of the observed
values

Conclusion

As only three vears data are compared, conclusions must be
tentative, Howrever, by using monthly regression parameters it
appears that reasonably accurate and useful predictions of monthly
totals of incoming solar radiation can be ma ade from corresponding
monthly totals of sunshine duration. The accuracy diminishes when
attemmts are made to predict radiation for shorter periods, and
daily predictions based on corresponding daily sunshine duration
records would be unreliable. If severzl vears records of both
solar radiation and surshine duration are available for comparison,
the method could probably Le slichtly refined by determining mean
monthly reqression parsmeters which could then be used for predicting
the incoming solar radiation in futnre years. It should be
emphasised that ithe reqression parameters nsed in this paper have
been determined specifically for the latitude of Mdor House, and
that, for another location at a different latitude, the parameters
would have to be re-calculated.
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APFENDIX 1

Calibration

i, The Kiovn solarimetex

Calibration is carried out by the Meteorological Cffice. Kipnp
selarimeters in continuous use should be ealibrated at
intervals of not more than two years, unless condensation
appears, in which case the instzument should be repalred and
re~calibrated as soon as possible. When a solarimeter is
returned for re-calibration, a spare instrument is installed
so that recording remains uninterrupted.

2. The intearstox

The inteqrator count rate should be 100 counts per mV houxr,

It is necessary to check the consistency of this calibration
factor from time to time; this is done aprroximately every
six months. On ench occasion that the recorder has bheen
checked it was found to be approximately + 3% off calibration.
The pattern of this dzift and the reasons " for it have not
been determined.

- To re-calibrate the intedgrator it is necessary to carry out
the following procedure:-

i) Cover the Kinn solarimeter with a tin to exclude all

v light.
ii) Place a 10 nV test source in series with the head, so that
. the complete circuit, including the head, is tested., It

may be necessary to check beforehand that the test source
is enitting exactly 10 mV,

iii) Svitch on the intcgrator and note the number of counts
over a period of ewactly onz hour,.

iv) I£f the number of counts is greater or less than 1000
X 5, remove the back of the integrator to expose the
printed circuit.

v) Locate a grey rectangular potientiometer at the edge
of the printed circuit, about 3" long by 2/16" wide,
with an adjustable screw fac1ng upwards.

vi) Note the position of the screw. If the count recorded
at iii was qreater than 1000 + 5, turn the screw counter-
clockwise 3 turn.

vii) Re-check the number of counts per hour with the 10 nV
source. If still abkove 1000 + 5, turn the screw back
another % turn. The first % turn may be ineffective
due to backlash in the screw adiustment.

viii) Repeat the procedure until the number of counts per houxr
is exactly 1000 % 5,

ix) If the number f counts per hour at iii was less than
- 1000 + 5, the procedure is similar ewcept that the screw
is turned clockwise each time, until the number of counts
per hour Is exactly 1000 + 5.




The accuracy of the integrator is cucted as follows: Y+ 3%
of reading or # 2 least significant digits, whichever is the
greater". For example, at 100 counts the accuracy is within
+ 2 counts (& 2 least significant digits), and at 1000 counts
the accuracy is within % 5 counts (& 3% of reading).



TABLE 1. OSolar mdiation recorxded at Moox House by Dr, J. Grace
using a Kipp solarimeter and Kent clockwork recoxder
(gm.cal/em2) (Grace, 1970).

Period Radiation received
1963
May : ' . 9,500
June. e : . 12,200
Julw S C 7,800
Auvcast S o 8,200
Sentember L o 5,000
October . 2,500
Novenber o - ' 1,400
December 1,100
1969
Jénuary : ' 900
February 3,000
Maxch o . 5,000
April 7,000

Annual total 63,600



TABLE 2. Solar radiation recorded at Moor House, using a Kipp
solarimeter and Lintronic integrator/recorderxr
(cm.cals/cn?).

Month 1971 1972 1973 1974
Januvary 951 1,286 927
February 2,152 3,397 2,252
Maxch - 5,749 5,400 5,532
April 7,111 7,809 9,369
May : 8,322 10,083 1,532
June 10,115 11,201 12,497
July 10,938 10,422 G,111
August 9,577 9,744 7,999
September _ 6,403 5,910 5,202
October 3,449 3,833 3,288 2,634
November 1,526 1,590 1,908 1,276
Decembex 668 1,027 869 - 651

Annual total - 67,778 72,407 69,482




TABLE 3, Annual totals of solar radiation at Moor House and
Eskdalemuir, compared W1th thooe at Bracknell
((}no alo/m : :

1972 . 1973 . . 1972 Mean % of Bracknell
Moor House 67,778 72,407 69,482 69,889 81.6
Eskdalemuir 73,462 71,924 71,325 = 72,237 84,4

Bracknzll 82,619 89,550 84,675 . -85,618 100
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TABLE 6, Monthly values of sclar radiation ﬁﬂnonwwm\nﬁwu at Moor House for 1973,
predicted from individunal monthly regression parameters for 1972 and
19724 (Table 4), together with the noHHmmﬂonanJ@ observed values

1972 paraneters | o . 1974 parameters
Month Cbserved Davidtien . MMCWnMM o Deviation Mmqw_uwm. on
Predicted (Obs-Prod)) observed Predicted (Obs-Pred)observed
January 1,286 1,298 ~12 ~0.9 1,269 +17 41,3
February 3,397 3,013 +284 +11.3 3, 000 +397 +11.7
Maxrch , 6,400 6,353 +27 20,6 5,591 ~191 -3.0
April 7,810 = 7,825 ~15 -0.2 7,630 +180 +2,3
May " 10,002 10,106 -23 -0,2 10,41 -334 -3.3
June _ 11,201 10,921 +280 +2.5 12,007 +806 47,2
July 10,422 10,500 -78 -0.7 10,170 4252  ° +2.4
August 9,744  ©,543 +201 “2,1 g,889 +855 +2,8
September’ 5,010 5,958 -£8 '-0.8 5,407 +502 +8.5
October 3,288 2,075 +213 46,5 3,211 +77 +2,3
November 1,998 2,425 -427 -21,4 2,140 -142 -7.1
December 869 923 -S4 -6.2 766 +103 " +13.9

Anmmal nean 6,027 5,906 143 1.5 5,958 21 5.8
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TABLE 8. Monthly values of solar radiation ﬁaﬂ.owwm\nawu at Moor House for 1972,
predicted from annual mean regression parametexrs for 1973 and 1974 (Table 4},
together with the corresponding observed values,

1973 parameters 1974 parameters
Month OCbserved Deviation Deviation
Predicted Deviation as % of . Predicted Deviation as % of
{Cbs-Pred) observed . {Obs~Pred) observed
January 961 1,060 -99 -10.3 1,017 ~-56 -5.8
February 2,152 2,035 +117 +5.4 1,362 +190 +8.8
March 5,749 5,313 +4.36 +7.6 5,193 +558 +6.7
April 7,111 6,850 +261 C+3.7 6,677 +434 +6,1
May 8,522 8,804 -482 -5.8 8,549 “227 -2.7
June 10,115 10,619 =504 ~5.0 10,378 «~2673 ~2.6
July 10,938 11,280 -342 -3.1 11,070 -122 -1.2
August 9,577 9,071 -304 -4, 1 9,795 -218 -2,3
September 6,403 6,456 253 -0.8 6,314 +85 +1,4
Cctober 2,824 4,119 ~-Z85 -7 4 4,028 -104 -5.1
November 1,500 1,476 1114 47,2 1,422 +167 +10,5
December 1,027 1,07z ~ 26 -4.5 1,042 -15 -1.5

Anmial mean @ 5,648 5,755 - 2671 5.4 5,621 212 . 4.8
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TABLE 10.

Month

Janvaxy
February
March
April
Moy
Jnne
July
August
Sentenber
Octobex
November

December

Annual mezn

Monthly values of solar radiation Aoa.nmwm\nﬁmu ot Moor House for 1974,
nredicted from annual mean xegression parameters for 1972 and 1973
(Table 4), together with the corresponding observed values. _

1972 parameters 1973 parameters

Cbserved Deviation Deviation
Predicted Deviztion as % of Predicted Devistion as % of

(Cbs-Pred) observed (Obs~Pred) observed

927 1,041 ~114 -12.3 1,046 -119 -12.8
2,252 2,123 +129 S.7 2,131 +121 15,4
5,532 5,115 +417 7.5 5,115 +417 +7.5
9,869 10, 080 -211 -2.1 10,058 -189 -1.9
11,532 11,332 ' -300 =2.6 11,804 -272 ~2.4
12,497 11,977 " +520 4,2 11,047 4550 w44
9,111 9,630 -519 -5.7 9,630 «519 ~5,7
7,999 8,914 ~915 -11.4 8,914 4915 alled
5,202 5,780 ~578 ~11.1 5,780 ~578 ~11.1
2,634 2,871 ~237 ~9.0 2,882 ~248 ~9.4
1,276 1,423 ~147 ~11.5 1,423 ~147 -11.5
651 843 " -102 -29,5 847 196 -30.1

5,790 5,969 357 9.4 5,965 3586 2.5




"TABLE ii, Predicted d%ily values of solar radiation
(om.cals/cm®) ot Moor House for February 1973,
using the regression parameters derived for
February 1972 (Table 4}, together with the
corresponding observed values,

3 : Deviation
Date Obhserved Predicted Deviation as % of
{Obs-Pred) observed

1 95 77 +18 +18.9
2 29 105 - 6 - 6.1
3 64 a1 +23 +35.9
4 67 42 +25 +37.3
5 93 111 -18 -19.4
6 7 A4 -27 ~528,6
7 70 107 -37 -52.9
8 69 69 0 0.0
o 57 = +13 +17.4
10 107 96 +11 +10.3
11 A5 2] - 7 ~15.6
. 12 49 52 -4 : - 8.2
T2 135 28 +57 +27.4
i4 154 101 +53 +34 .4
. 15 159 120 +59 +23.1
15 183 163 +20 +10.9
i 182 _ 144 +38 +20.9
i 85 58 +27 +31.8
19 108 3 +45 +41 .7
20 139 158 ~29 ~20.9
21 102 102 Q o
22 71 a2 ~21 -29.,6
23 119 72 +47 +39.5
24 196 182 : +14 + Tl
25 217 174 343 - +19,.8
26 210 174 +36 +17.1
27 245 N 170 +75 +30.6
23 251 241 +10 + 4,0

Méan . 26.2 40,0




TABIE 12. Predicted daily values of solar radiaztion
' ~ {gm.cals/cu?) at Moor House for August 1973,
. using the regression parameters derived for
‘August 1972 (Table 4), together with the
corresponding observed values,

Deviation
Date Ohserved Predicted Deviation ac % of
(Obs-Pred) observed
i 5za 644 =110 ~20.5
3 152 15x - 3 - 2.0
2 189 167 + 22 +11.67
A 286 279 &7 T 2.4
5 561 49 4112 +20,0
B 207 220 - 3 -15.5
7 232 260 - 28 - 8,4
8 277 332 * 27 4 9,9
O 7L 1.8 - 72 -103.0
10 288 227 + 61 +21.2
11 2732 2.8 + 31 +13,4
iZ2 403 A8 + 1z 2.8
1z E28 22 + & + 1.3 -
14 561 557 + A + 0.7
i5s 551 BEO7 - 40 - 3.3
16 435 4317 + 18 4 4.1 .
3 505 40 + 65 S SRR
13 502 279 +123 +24.,5
ie CZ2 137 - 45 -43 .0
20 76 135 - 60 78,5
23 277 186 3 1 +52,.9
=2 76 123 - 57 -75,0
23 460 444 + 16 + 3.5
24 2098 128 + 11 + 5,3
zZ5 121 1233 - 32 - 0.9
26 260 £57 - 67 -17.2
27 262 224 + 3 : +14,5
28 257 294 + G5 +17.6
20 137 127 O . 0
30 3312 318 T -~ 1.9
31 120 125 + 5 + 3.8

Moan 40,7 18.9
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