From the Journal, Asiatic Society of Bengal, Vol. LI, Part 11, 1882.

~a



Some further results of sun-thermometer observations with reference
to atmospheric absorption and the supposed variation of the solar heat.
—2By Hexey F. Brawvorp, I'. R. 8., Meteorological Reporter to the

Government of India,
[Received 28th December, 1882.]

In 1875, I read a paper before the Society, in which I discussed the
temperatures observed with the sun-thermometer, at eleven Indian stations,
during the years 1868-1874, and arrived at the conclusion that the solar
heat had undergone a rapid increase from 1868 to 1871, and a less rapid
decline afterwards, up to 1874,

The data were discussed according to various methods, but that on
which I chiefly relied, as taking count of the largest amount of data, and
being the best calculated to exclude the disturbing influence of atmospheric
variation, was to select days on which there was either no cloud, or on
which the cloud canopy, on the average of the 10 A. n. and 4 . M. observa
tions, did not exceed one-fifth of the sky expanse; and baving taken the
monthly averages of all the sun-thermometer readings on such days, to
compare these averages for homounymous months at each station, in each
pair of consecutive years, The months June, July, August and September
were excluded from this comparison, inasmuch as, at nearly all the stations,
the registers of which were discussed, these months are too cloudy to fur-
nish a sufficient number of available readings. For the remaining months,
the mean progressive variation of all the stations was taken, for each pair
of years; and finally, the mean of the eight months gave the adopted varia-
tion for the consecutive years.

In order to ensure that such comparison should be valid, the investi-
gation was restricted to stations, at which the same instrument had been
in use in each pair of years compared, exposed in the same way, and on
the same site. The curve of annual variation, resulting from these data,
coincided, in a marked ranner, with the sun-spot curve; but, in reality,
striking as it was, this result was vitiated by errors from two sources, both
of which tended to disturb and diminish the coincidence. One of these
was the inclusion of the Silchar registers, which, as T afterwards discovered,
had not been kept under similar conditions throughout ; so that those of
all the earlier years gave too low a temperature ; and hence a marked inerease
of insolation temperature, shewn by this station in the later years, (when,
according to the general result, that temperature was falling,) was not real,
The other, the effect of which was however small, was an error of method :

2

¥



S

73

the figures discussed were the actual readings of the sun-thermometers,
readings which notoriously depend, not only on the intensity of the sun,
but also on the temperature of the air; and it has been shewn by Képpen
and others, that there is a cyclical variation of air temperature, of the
opposite character to that disclosed in the curve, resulting from the regis-
ters of insolation temperatures. Xence it is at least probable that, the
deduction of the air temperatures, and the discussion of the residual excess
of temperature due to the solar action would have resulted in a curve of
the same type, and of still greater amplitude.

Since this paper was published, I have attempted to carry on the
comparison of the insolation temperatures, from year to year, by a rough
and ready method; but as I am now convinced, one of very precarious
validity. In the first place, all sun-thermometers are compared before
being issued, with a common standard, by actual exposure to the sun, side
by side, for 80 or 40 days, and their registers are corrected for the differ-
ences thus determined. All readings are recorded as excess temperatures
(above those of the maximum thermometer in the shade), and in order to
avoid the tedious process of picking out days of comparative clearness, I
have taken simply the highest difference recorded at each station in each
month, and the average of all these monthly maxima, as representing the
solar intensity for the year. This method is, however, open to many objec-
tions, which I need not here specify ; and I have therefore now reverted to
my former method, (with one essential improvement), as the only one
which is caleulated to yield any trustworthy information, on the question
of the supposed variation of the solar heat,

In the present paper, which is to be regarded only as a first instalment,
I have taken the registers of eight stations, representing a great variety of
climates, and which fulfil the three essential conditions, that the register of
each station is that of the same instrument throughout ; that it is exposed
in the same manner, and also at the same place. Those of one and the
same station are therefore as rigorously comparable in consecutive years,
as can be ensured by the ordinary arrangements of our observations. The
selected readings are those of days, on which the average estimated cloud
at 10 A. m. and 4 ». M. did not exceed one-fifth of the sky expanse ; and
the figures compared, are those of the excess temperature, shewn by de-
ducting the self-registered maximum shade temperature, for each day, from
the reading of the masimum black-bulb thermometer in vacuo,* on the
same day. It is unnecessary to give these first results in exfenso. As an
example of the data thus obtained for one year at a single station, I
reproduce the following, which is a fair specimen of the whole :

* Except in the case of Vizagapatam, where the thermometer is not enclosed in an
exhausted tube,
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Tasre L.—Observed differences of shaded and exposed (blackened bulb in

vacuo) maximum thermometers, and cloud proportion, at Allahabad
during the year 1878 on clear days.
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* There seems no reasoh to question this reading., A little rain had fallen the
previous evening.
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Peshawar, being situated in a very dry region, affords sufficient com-
parable observations for every month of the year ; Jessore and other’stations,
within the reach of the heavy monsoon rains, do not afford a sufficient
number of valid observations from June to September, and these months
are accordingly excluded. Allahabad and Sirsa hold an intermediate place.

The mean value for each month of each year, obtained from such
data as the above, is given in the following Talle (II) for each station
separately.

5



76

TanLe IX.—2Monthly mean values of the excess of sun over shade tempera-
tures at eight stations.
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It is evident, on a simple inspection of the above table, that the
intensity of the insolation, on days apparently equally clear, undergoes
a distinet annual variation. And moreover, that this variation is not
determined by the thickness of the atmosphere traversed by the sun’s rays,
as the sun varies in declination ; since it is differeat in character at
different stabions; and at some stations, viz. Allahabad, Vizagapatam and
Bombay, is greatest in the winter, when the sun is at or near its lowest
altitude, and the absorbing atmospheric layer, therefore, at its thickest.
Its character, at the several stations enumerated in Table 1T, is best shewn
in Table ITI, which exhibits the mouthly anomaly of each station, com-
puted on the general average of the months under consideration; ¢ e.»
not an annual mean, but the mean of as many monthly mean values as
are shewn in Table I1.

Tanre HIL—dnnual variation of insolation excess temperature on cle<r
(or but slightly clouded) days.
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This table shews that, under a sky apparently clear, the abmosphere
is most and least diathermanous, respectively, in the following months
at the stations enumerated; it being borne in mind that, except at the
Punjab stations, and, in part, at Allahabad, the months of the summer
monsoon are left out of consideration,

TvsonaTION.

StarTIONS. GREATEST. Lzast.
Vizagapatam. November, December April, May.
Sironcha. Qetober, November. Mureh.

Bombay. Fehruary. May.

Jessore. October. April.

Hazaribagh, October. Decr., Feby., March.
Allahabad, February. June.

Sirsa. March, April, June,

Peshawar, February, March. July.

The results of the laboratory investigations of Professor Tyndall,
as well as Mr. 8. A. Hill’s discussion of Mr. Hennessey’s actinometric
observations at Mussooree, obviously suggest the vapour constituent of
the atmosphere as the variable element on which the actinic absorption
of the atmosphere, may be expected to depend. And, on comparing the
above results with the monthly averages of vapour tension, humidity
and cloud proportion, (the last being regarded as an index of the relative
humidity of the higher abmospherie strata), this expectation is confirmed
in the case of the two coast stations Bombay and Vizagapatam ; at least,
with a near approximation. The results of the comparison in the_case
of these two stations are as follow : (Table IV, A). The maximum ph se
of each element is indicated by an (¥) the minimum by a (+).

Tapre IV.—Comparison of the annual variution of insolation tempera-
ture on elear days with those of vapour tension, relutive humidity and
cleud proportion.

A.—Cnust stations.

{ Jan. | Feb. | Mar | April. | May. | Oct. | Nov, | Dec.
£
E Tnsolation..... eiees | 801 292 260 | 2483+ 244 | 281 | 305 | 307%
2 Y| Vapour Tension ,,.. | ‘586 | 644 | 754 853 | -OL6*| 818 & 663 | 553+
€ || Relative Jumidity .. | 65 |64t 66 ' 68| 69| 72% 66| 64
= [ Cloud seesenenvans 174 ;1 44t 176 | 266 | 418 ' 450% 323 | 231
w, (| Insolation...iouevus | 590 | 60:0%) 588 | 57-8 | 567+ 582 | 575 | 586
= ( Vapour Tension .... | '683+ ‘616 | 720 [ .822 | ‘886% ‘850 [ 700 | 62
& } | Relative Humidity .. 70+ 70+ 73 75 75 81% 71 0%
& ( | Cloud seveve eeness | 160 | 1°38% 1:01 | 288 | 4:12 | 4042%| 2:22 | 176
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The chief point in which the inverse variation of insolation and
humidity, otherwise distinctly indicated, seems to fail is, that the minimum
of the former, at both stations, occurs in April or May, while the maxi-
mum of the latter as tested by relative humidity and clowd proportion
falls in October ; but, as regards the absolute humidity of the lower atmos-
phere, the coincidence holds good. And it will presently be seen that there
is good reason why, other things being equal, the atmosphere should be
somewhat more diathermanous after than before the beginning of the rains,

When, however, we turn from the coast stations to those in the interior
of the country, where moreover, the range of insolation temperature is
in some cases greater, this concomitance of absolute humidity and atmos-
pherie absorption, which holds good at maritime stations, fails more or
less completely ; and it is evident that the latter is mainly determined by
some cond ition of a very different nature.

Taste IV.—B. Interior.
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%7 |RelHuma, 60 55t 55+ 67‘ 72 7S¢ 63 63
JLCloud 1150 176 274 1836 | 473% | 466‘710 132
& [|InsoL 1566 | 56:24156 24 571 541 v ] e ] e ] .. |B8B* 566562+
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& (Insol. 1571 1563|547 561 1560 v | e | | e 18016044 575
€ ) Vap.Ten. 445+ -484 510 627 | e | o | oL l‘727*"56{ 462
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(Cloud  |276 :4:33%4-17 [870 {293 324 |520 | 1287 [103+|1-46 | 253
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A feature common to all these stations, and, at first sight, sufficiently
remarkable, is that, at all, the month in which the maximum insolation,
(or the least atmospherie absorption) oceurs, is one characterized by a high
proportion of eloud, indieating comparatively high humidity in certain
of the higher abmospheric strata. In the case of Hazaribagh and Pesha-
war, the most cloudy months of the whole year, (or as far as is shewn
in the tables,) are also those in which the insolation is greatest; at
Sironcha and Sirsa, the greatest insolation occurs in the month imme.
diately following that of most cloud ; and, both ab Sirsa and Jessore, the
average cloud proportion, at the epoch of the former, differs by only
an insignificant amount from the maximum. At Allahabad, the maximum
insolation temperature coincides with a secondary cloud maximumn, (that
of the winter rains). It appears, therefore, that the rule, at stations in
the interior of the country, is, in a measure, the reverse of that which
we have found to hold good for the coast region ; and that a humid state
of the cloud-forming strata of the atmosphere, as indicated by the
cloud proportion, is coincident with more than average diathermancy.

The association of a high degree of insolation with a highly humid
state of the atmosphere has been prominently noticed bobh by the late Baron
Hermann von Schlagintweit®* and Mr. J. Park Harrison,t and each has
suggested an esplanation. That put forward by Mr. Park Harrison is
based upon experimental results, which, as far as they go, appear to be
perfectly valid. He finds that, when clouds are clustered about the sun,
without obscuring it, the (probably reflected) heat, from the illuminated
clouds, raises the equilibrium temperature of the sun thermometer, some-
times by several degrees ; and moreover, that * the action does nob appear
0 be confined to days on which there is wisible cloud, for even on cloudless
days, (so called) very high readings o solar radiation appear to be due
to the presence of opalescent vapour,” ar 1that “an apparent increase of
solar radiation occurs, as the sun enters a white cloud, of sufficient tenuity
to allow free passage to its rays.” Now with respect to the effect of
visible clouds aboub the sun, it is very probable that many eases, which
may be observed in the original registers, in which the maximum insolation
temperature exceeds by several degrees that abtained on other days in the
same month, may be due to this cause. But observation with the actino-
meter shows that diffused amorphous cloud, which simply lowers the tint of
the sky, making it pale and sometimes almost colourless, far from increasing
the insolation, greatly reduces it.§ Aund it is the frequent presence of

# Proe. Roy. Soc. vol. XTIV, p. 111.
+ Proc. Roy. Soc. vol. XV, p. 356 ; also vol. XVII, p. 515 and Phil. Mag. 4th

Ser. vol. 39, pp. 70 and 299,

1 Abundant evidence of this is afforded by the actinometric observations made at
Alipore and printed by the Solar Physics Committee of the Royal Society in Appendix
of their report,
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this amorphous cloud, in the driest weather, to which 1T would attribute,
in part, the low average temperatures of the (as recorded) cloudless mounths ;
but there is another absorptive agent, which has not been noticed by either
of the autliorities above quoted, and which is certaiuly much more powerful
in dry than in damp weather, and to observers on the plains of India,
is not easily separable from what I have above termed amorplious cloud;
since, when seen from below, it has, like the latter, the effect of lowering
the tint of the sky. This is the impalpable haze, which, as a general rule,
and always'in the dry season, rvests on the plains of India, extending
frequently to heights mueh exeeeding 7,000 feet, and sometimes extends
over the outer Himalaya, in such density, that, at Simla in the months of
May and June, at a height of more than 7,000 feet, the bills, four or five
miles distant only, are sometimes almost or quite invisible. The indepen.
dence of these two absorbing agents is only observable at cousiderable
elevations, and in certuin states of the atmosplere; and the following
observation, communicated to me by Mr. J. B. N. Henessey, M. A, F. R. S,
whose experience in actinometric work invests his observations with unusual
importanee, is therefore especially interesting. ¢ Youremark” he writes on
“the paleness” of the sky at Caleutta. Now, last April and May, having
coached three of my assistants to use the actinometer exactly as T do, I left
them to do the bulk of the observing. Thesky, at first, was quite blue ; and
standing on the Mussoorie ridge, the Dehra valley with the Sivaliks beyond,
and the plains, still further away, were all well seen.  As the dry weather
progressed, fires, as usual, appeared in the Doon, giving rise to smoke ; and
this, aided by dust, gradually filled the valley and dimmed objects in that
direction by means of what may be called a smoke haze. The actinometer
however stood at 6,940 feet above the sea, while Dehra station is only
2,200 feet. The haze lay a long way below uw; at a guess, say 8,000 feet,
and, to all appearances, hanging over the Doon only. At the time however
a brisk south wind Dblows here daily, inereas.:g in strength as the day
advances, so that, at first, 1 paid little abtention to my assistaut’s remarks
as to the risiug of the smoke, until, at Jast, the observations began to shew
inconsistencies, which, however, were complicated by the fact, proved in
previous years, that actinometric maximum radiabion occurs before apparent
noon. On watching the phenomena, Isaw this,  Far above me, at a guess,
not under a mile, very thin and very light yet defined clouds were being
driven northwards as the wind blew. I say clouds, from want of any other
name ; they were whife, not brown or yellow, as if of steam, with soft
graceful outlines along the advancing edges, which could be scen by watch-
ing against the blue sky. Imagine something between a mist and a cu-
mulus, very thin and quite white. Now this steam-cloud (a mere phrase)
was, say, a mile above, and the smoke § a mile below, and there was nothing
11
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to show that the former was fed by the latter. WNo doubt my steam-cloud
would induce paleness of sky, an evil which you speak of as prevailing at
Caleutta ; and it is highly probable that such steam-clouds, not by any
means prominent, were driven over Mussoorie for days and days in the dry
weather at least. What were they composed of ? not smoke and not dust
as far as I could judge.

“As to the haze, to all appearances, dust haze, being visible befween
showers, as you mention, we have noticed that here tou. I have water
barrels ab the corners of our house ; they are fed exclusively by iron pipes
from a clean iron roof. _dfter a few showers had fallen, I had the barrels
well cleaned in my presence ; the water was clear. Subsequently a heavy
fall of rain occurred, I examined the barrels, expecting the water to be
quite clear; instead, the water was charged with yellow clay ; and yet,
after tlie first showers, I should have thought that the air was too saturated
with moisture, not to arrest dust a long way below 7,000 feet.

“ Again last year, in the dry weather, I was watching day after day for
actinometric weather; the hills were obscared or dimmed by haze, obviously
dust haze. T cav see the Chor where I write; between that mountain and
this, the dust haze was quite plain ; suddenly there was a change in the haze
about 2 ». nr. one day, it was a skeet ; it began to roll about in waves and
I may say visibly changed into clouds of vaponr, which rose like ordinary
clouds, leaving me a clear view of the Chor, &c., looking gquite blue. Note
there wus no rain.”

It results from what has been said above, that (excepting on the coast)
up to a certain point, which cannot be strictly defined, a humid condition
of the abmosphere teuds to increase the readings of the sun-thermoneter
aud the actinometer ; indirectly by reducing the (dust?) liaze which in
dry weatoer forms a absorbing stratum of many thousands of feet in thick-
ness, and directly by causing the formation of cloud masses which when
clustering round the sun, reflect the solar rays and add the effect of
the reflected to the direct radiution. On the other hand the amorphous
cloud which exists ab great elevations in dry weather and especially in the
winter and spring months, and is generally only appreciable by its lowering
and blanching the sky tint, is also a potent absorber. The sheets of Pallio-
cirrus and pallio-cumulus which are result of a highly humid condition,
and are especially the clouds of the rainy seasou, are of course the most
impervious of all solar sereens,

Since then, the athermancy of the atmosphere is enhanced by such
opposite conditions of dryness and humidity, and, at present, we have no such
records of these conditions as might enable us to frame a law of numerical
concomitance, and thus apply an empirical correction to our actinometric
results, it might seem almost hopeless to seek for evidence of any variation
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of the intensity of the solar radiation, in the registers of insolation tem-
peratures, or even those of actinometric observations on the plains of India;
but this I think would be a hasty conclusion. The effect of cloud reflection
may be pretty well eliminated by careful selection, and even although
the effect of the solar variation (supposing such to exist) may be small
in comparison with those effects which depend immediately on atmos-
pheric absorption, since in comparing the registers of different years,
the former must affect all stations simultaneously and similarly, whereas
the latter vary indefinitely at different stations, it may yet be possible by
taking the mean vesult of a large number of stations in different parts of
the country, to eliminate such atmospheric effects, as continue to manifest
themselves prominently in the individual registers, after taking such
obvious precautions as have been specified above ; and I am the more encour-
aged to entertain this view, by the very striking coincidence between inso-
lation and sun-spot frequency which resulted from my former investigation.
And the results of the present attempt, though less striking than the former
investigation had led me to anticipate, are, still, not such as to discourage
turther enquiry in this field. They must however be regarded, at present,
as provisional only ; and, indeed, the number of stations here considered is
too small to admib of any other estimate of their validity.

T4rLE V.— Progressive differences of insolation temperatures on clear
days from the monthly means of Table I1.

1875-6. | 1876-7. | 1877-8. | 1878-9. | 1879-80. | 1880.81.-

% g i1 | & | | z %

g % |4 € |4 5 ¢ 8 |2 & |4 3

El g lel 2 le & 1g =2 18 8 1 &

Ele |8l g (El € |53 € 18 8 |§ €

sl alzldls &z Aalzl &8 la A
JanuaTy evevensens | 1 | + 084 |— 496 |— 887 — 4~3’ 6|— 96/ 6 |— 07
February ..eee |1 — 08 4 — 47| 8 —2024 7 |+ 66 6 |— 19 6 .~ 93
Marxch..vvenvonn | 1 — 02| 4 |~ 13} 8 |—205) 7+ 41| 6 |—181] 6 | +116
April mvoiewvee | 1— 2:3{ B +103] 8 | —143 6 —188 6| 0 |6+ 61
Moo seenmeen | 1|+ 48] 5+ 16 8 |— 771 6 | 14016 | + 56/ 6 — 94
June ., 0 .. 14+ 018 |—~66]81— 213!+ 5683 |— 03
July..... o .. 01 w |2 |—692]+ 022+ 38 2|+ 32
AUGUSE crvverenen [ O] o O L fL—88 1+ 1911+ 421 |+ 21
September w0 | oo |0 o j2 =142+ 022+ 622 | — 14
October .....ovvieee | 8 1 +12%] 6 |—13.4 8 |—130] 6 [— 496 | + 44] 5 |— 53
November ...oe.c.. | 314+ 886 —21'818 |+ 2216 |— 48/ 6 |— 22 5 |— 347
Decomber uenn.n. 3|+ 5461 —220]8+ 79 6|—10%6|— 55 5 |— 58
SUMS vevveere |14 | +282M41 1 —56-1}70 | -106'3]59 | —47-5:56 | — 7-8l53 | —12:0
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The data, being those given in Table 11, have been summarized in the
above Table to shew the mean variation, from year to year,in the following
manner. The differences of the corresponding months, in each pair of
consecutive years, being first taken out and tabulabed, the sums of these
differences in the same pair of months and years is computed from as many
stations as are represented. These monthly sums and the number of stations
yielding them, in each case, are shewn in the table, and the annual sums
and means of the whole given at foot.

If the first pair of years be rejected as furnishing insufficient data, the
table would seem to shew a continuous fall of solar intensity ; rapid from
1876 to 1879, and subsequently only just appreciable. As is well-known,
the sun-spot minimum oceurred in the 1st quarter of 1879, so that it can-
not be said that the present table shews a decided concomitance of the
solar intensity and sun-spot frequency’ such as resulted from the former
discussion. At the same time, if not conclusively favourable, still less is
it conclusively adverse to the former conelusion, and the enquiry appears
to be well worth following up with such further evidence as the Indian
registers may yield. This I propose to de.

B N e T W
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