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On the existence of temporary depresssions in the solar 
climate of Siam. 

I 
.uy LADISLAS GORCZYNSKI 

Dr lls Sciences. 

I. Dep'Y'essions cansed by 1Jolcanic C?'~bptions. 

In modern Meteorology under the denomination of solar climate 
we do not understand the theorical distribution o£ solar heat resulting 
only £ro,m the inclination o£ the sunrays in the zone in question, but 
the re111l distribution of the intensity' and of the duration o£ sunshine, 
which results from direct measurements made with the actinometcrs 
and the sunshine recorders. 

' 'l1he results which were obtained with these instruments in 
Europe and in U. S. A. show that in the monthly values of the 
intensity of solar radiation, observed at the surface of the earth, 
there exist certain temporary and periodical depressions caused 
above all by volcanic eruptions. 

During the period from 1883 to 1920 the following depres
sions have been observed. 

a) Eruption of the small is
land of Krakatoa (near Java) in 
summer 1883. 

Depre5sions in 1884, 1885 and 
1886 in the values of the inten
sity of solar radiation at the 
earth's surface. 

b) Eruptions of Bandaisan in Intermittent depressions during 
1888, of Eogoslof in 1890 and the period 1888-1892 of ex
of A woe, on Great Sangir in 1892. ceptional volcanic activity. 

c) Eruptions of So,~ta Maria Depressions of solar radiation 
(1902), of Mount Pele-Martinique intensit.ies observed in 1902, 1903 
(1902) and Colima (1903). and 1904. 

d) Eruption of Katmai (Alas
ka) in June 1912. 

Depressions in 1912 and 1913. 

One has furthermore observed a certain actinometric depres
sion in 1907, a very short one in the summer 1916 and one in 1920, 
the origins of which are not yet known. It is not excluded that 
they depend on the fluctuation of the solar activity a~cl not alone on 
the exceptional opacity of the earth's atmosphere caused by the 
volcanic dust. 
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II. Act·inonwtric clepres,qion.'l olJ8Cr''l.wZ in the cl1:0~e?•ent plaae,q 

ancl e:r.pecially in Polancl. 

According to Professor H. H. IGmbn.ll, who luos nr:;ed the 

aetinometric measnrements made at :rvfontpellim:, Pari:-;, Wa.rsaw, 

Lans!tnne, Simla and Wa.shington, W('. find the following variations 

in the yalnes of the solar mdiation intensity, which we present by 

way of departures from the average of tho observed vnJues at f1ll 

stf1tions during the period 1883-1913. 

'!'ABLE 1 

Departmes (in %) of the anmml values of the intensity of 

sola.r radiation during the pel'iod 1883/191.3. A vern.ge for 6 stations 

Montpellier, PfLris, Warsaw, Lammnne, Simla and Washington. 

Year 

1883 
84 
85 
86 
87 
88 
89 

1890 
91 
92 

1893 

Departme I 

+ 4% 

- 7 } -10 :: 
- 3 " 
+ 6 " 
+ 2 " 
+ 1 " 
- 3 " 
- 4 " 

0 " 
+ 5 " 

Year 

1894 
95 
96 
97 
98 
99 

1900 
01 
02 
03 

1904 

Depn,l'tme 

+ 3% 
+ 4 " 
+ 4 " 
+ 4 " 
+ 5 " 
+ 4 " 
+ 2 " 
+ 3 ., 

0 " -11,} 
- 3 " 

Year 

1905 
06 
07 
08 
09 

1910 
11 
12 

1913 

Departure 

+ 1 % 
+ 3 " 
- 1 " 

0 " 
+ 3 " 
+ 3 " 
+ 4 " 
- 7 } 
- 6 :: 

We see here the influenee of all four yolcanic eruptions o£ 

which we have spoken above. 

For the period 1883/1892, solely based in the Table 1 

upon the measurements o£ the intensity of solar radiation 

made at Montpellier (France), we add the corresponding values 

obtained wit.h the actinometer Hershell-Arago at the observatory of 

Zi-Ktt-Wei near Shanghai (China.) and compiled by P. Stanislas 

Chevn,lier S . .J. We give the depa.rtnres o£ the annun,l values, 

calculated from the avera.ge for the period 1875/1892. 
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TABLE II. 

IntmlHity of Hohtr rn.ditttion at Zi-Ka-Woi (ChiM), Departures 
of annual VtLltws from t.he n.vemge 18'75/1892. 

Yetw l)eJHLl'LllJ:O Yt.\tw Departure Year Departure 

1875 I 2 (x; 18R1 - 2 % 1887 + 4 % 
76 + f) 

" 82 - 4 88 - 4 , , 
77 I G 83 - 5 89 -12 , , 
7H i :1 84 - 3 90 - 3 

" 
79 +11 K5 - 3 91 - 1 , 

" 
1880 t 2 1886 + 8 , 1892 + 1 

We m1n see here very distinctly the influence of the eruption 

of Krakatm1 aud furthermore the decreaHed value during the period 

of exceptional voleanic aetivity in the years 1888, 1889 and 1890. 

In ordor to eomplete the data in the Table I lly those of the 

more recent yotLrH, we arld the vu.lues obt11ined in Warsaw dUl'ing 

the last years, 

'l'ADLE III. 

Intensity of solar ru.diation at Warsaw (Poland). Departures 

of annual valuos from the f1Vt.mtge 190lfl918. 

Year Departure Year Departuro Year Departure 

1912 - 6 /{) 
1901 + 4 ~;{, Hl07 + 2 % 

13 - 3 
02 1 08 0 

, 
·-

" 14 - 2 
03 -13 09 ·I 2 " 

" " 15 - 1 
04 - :{ 10 + 1 " 

" " 16 - 2 
" 05 ·I 3 191] + 7 ., " 1'7 + 1 
" Hl06 + 4 

" 1918 + 3 
" 

Ft•om the Fmccessive months of the period 1901/1918 we 

obtt1in the following departureR, 
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TABLE IV. 

Monthly maxima or the intensity of solar radiation at War

saw, Poland. Departures (in%) from the respective monthly means 

cluring the periocl1901fl918. 
M o n t h s 

____ I_._! _F __ M_ A M J 

1901 
02 
03 
04 
05 
06 
07 
08 
09 

1910 
1911 

12 
13 
14 
15 
16 
17 

1918 

-1 . 13 -4 6 5 3 
0 8 6 2 -9 -5 

-23 -19 -15 -17 -21 -3 
-21-13 3-2 6-8 

1 3 -1 2 8 5 
8 -6 3 4 4 4 

-1 4 0 1 1 -3 
9 -15 -7 -4 3 2 
0 -1 2 -3 5 1 
5 2 5 -1 1 0 

6 12 5 8 7 
37 17-1 10-4 3 

-14 -1 -5 -2 -1 -3 
-22 -4 -7 -1 -2 2 
-17 -6 3 3 1 4 

8 l 0 1 -1 -3 
14 5 -3 3 5 -4 
14 5 6 -5 -4 3 

.J A 8• 0 N D 

3 9 2 4 5 14 
7 5 8 -2 -13 -16 

-7 -14 -11 -7 
4 1 0 1 
5 3 7 2 
2 -3 -1 9 

-2 4 1 8 
3 5 7 2 

3 0 -4 
-2 1 2 

-p -9 
-G 1 

23 16 
13 -3 
2 -4 

4 
-1 

9 5 7 11 13 
-16 -14 -26 -27 -24 -16 
-3 -1 4 1 -12 -4 

2 2 -4 -2 1 -3 
-5 2 1 7 -6 -1 
-5 -10 1 -5 -6 -2 

4 4 1 -1 0 1 
3 211115 

Note. During the months for which the departures are not 
indicated, the sky has not been sufficiently clear at Warsaw and 
therefore no actinometric measurements have been made. 

We note that the monthly maxima of the intensity of solar 
radiation at Warsaw (obtained with the electric pyrheliorneter of 
Angstrom and the bimetallic a.ctinometer or M.ichelson) have been 
uniformly reduced to tl10 sa.me value of air-mass and to the tension 
of vapour characteristic for each month. 

The values in gram-calories per minute and 1 cm2 of the 
surface normally exposed, have furthermore been reduced to the 
mean distance of the earth from the sun. 

Further details may be found in tho following publications 
o£ the author of the present paper : 

o,) Sur lo, ma,rche o,nnuelle de l'intensite du myonnement 
solo,ire a Varsovie ( 8°, pp. 202, Montpcllier et Varsovie, 1906 ). 



( 55 ) 

b) On the depre::;sion in the value of the total intensity of 
the solar radio,tion in 1903, according to measurement!-! made at the 
Central Station of the PoliRh Meteorological Service at Warsaw. 
(Monthly Weather Review, April 1907, Washington). 

c) Valeurs pyrheliomt'Jtriques et los sommes d'insolation a 
Varsovie (Warsaw, 1914. Polish text with a French resume) 

In the 'l'able IV one is immediately struck by the very great 
negative departures in 1903 and in 1912; we see there that the 
months ~ith the particularly decreased values group themselves in a 
systematic manner from November 1902 to February 1907 and from 
July 1912 till January 1913. 

Although in some other months the solar radiation intensity 
was decreased at Warsaw, these months have had altogether isolated 
and local character. This especially applies to the winter months 
in Poland, where the clear days are rare. After the marked depres
sion of 1912 we observe at Warsaw a short depression in the summer 
1916, which has also been found at Florence (Italy), at Canary Is
lands and at some other places. 

III. Depress,ions in the monthLy values of solar radiation 
ternvpe?·at•u.,rres in Banglcolc. 

After the general remarks, mu.de in the foregoing pa,ragraphs, 
we now al'l'ive at our principal task to inquire whether and how the 
great volcanic eruptions manifest themselves in Siam and especia-lly 
in Bangkok as the only place in thi~:~ country, where the meteorolo
gical observations have been made during a longer period. 

Unfortunately the capital o£ Siam does not possess a meteo
rological observatory; therefore neither actinometrical measurements 
nor observations of sunshine-duration have been made in Bangkok. 

A superficial examination of the monthly means and maxima 
o£ the air-temperatures in :Bangkok shows immediately t1 period of 
exceptional low values from June 1903 UJJ to January 1904, cor·res
ponding-with a well understood delay-with the eruption of 

Martinique. 
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But instead of consulting Htill closer the means of air-tempe
rature in shadow, which represent a very compliea,ted and indirect 
£unction of the solar radiation and of the atmospheric tmmnnissi
bility, we will use the " solar radiation" temperatures, observed at 
Bangkok with the special thermometers directly exposed to the sun. 
In modern meteorological equipment these "solar radiation" thermo
meters are hardly any more in use on account of their various 
sources of errors. But before exact measurementR of the intensity 
of solar radiation by means of actinometers will be introduced in 
Bangkok, we are obliged to utilise the values observed 'with the 
solar radiation thermometers directly exposed to the sun. If 

0 

we can 
arrive at a good result with these defectuous instruments, it will 
prove that the influence of volcanic eruptions manifest itself-on 
account of its mightiness-even undet· most difficult conditions. 

'rhis said we give now two tables (Va and Vb), one calculated 
from the data published by Dr. Campbell Highet (Vol. IX of " Jour
nal of the Siam Society"), and the other from the" Statistical Year
Book of the Kingdom of Siam " (1922). 

TABLE V (a, b) 

Solar radiation temperatures in Bangkok. Departures CF) 
o£ the monthly means from the averageA of ten yettrs. 

Va. Departures (H'} from the monthly avemgoH: Hl02j1911. 

M 0 n t h A 

J' ]j' M A M J J A s 0 N D 
·----~-----------------------~-----·-·~- ~---

1902 2 -2 -1 -5 -2 -1 1 -4 6 0 0 1 
03 1 -3 -3 -4 -1 -12 -6 -10 -11 -10 -12 -12 
04 -]10 -6 l 0 8 2 -2' 2 4 () 2' 0 
05 5' 4 1 2 -2 1 3 4 -2 -7 -:3 6 
06 1 4 0 2 -6 -2 -5 -3 -5 -4 -6 -2 
0·7 -2 -5 -6, -2 -6 -7 -10 -10 -8 -7 -1 -8 
08 -1 -2 -2 -6 -5 0 0 -5 -7 -8 -8 -1 
09 -2 -4 -2 0 1 8 6 8 7 12 6 6 
10 5 8 5 7 6 5 7 10 3 7 7' 4 

1911! 5 4 7 8 7 4i () 10 9 ]0' ]2' ]{)I 
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vu. Veptwtures (1!') from the lllOllthly averages: 1912/1920. 

-·----- . ····~···-··-·-·-·-·--- ···--··-· ~--·-·-

1912 2 3 1 1 2 4 5 2 4 2 --2 2 

13 -1 --2 0 -·15 4 H -2 4 3 -1 

14 -2 1 --2 5 2 -3 -·· 2 1 l 4 :J 

15 -1 - 1 0 -1 0 :J 3 -1 - <1 -2 -7 

Hi ~ 2 -2 -( -1 -] -4 -11 2 -2 0 -- '~. -2 

17 -2 () -11 -1 2 0 B -1 -1:1 -12 -};j _,~ 

lH --5 -3 -1 -1 -2 2 7 5 5 5 8 

19 0 1 4 -1 -1 -2 4 2 ;j (i 2 

1920 -2 2 1 0 4 - 9 -](j -10 --10 -7 -2 -D 

Frum tho 'L'ahlo v (a and u) the following <.l01Wlnsi0l;H Cltll bu 

derived. 

tt) Tho influence of tho eruption of MnrtiuiiJUO (WeHt Iuclios) 

itl uloarly Lo be seen at l~angkok, where the depression in the conrHo 

of solar radiation temperatures especially manifests itself from ;rune 

1903 to Februa,ry 1904 inclusive. We a,dd tlutt at Wn,l·sa,w the cor

responding depreHsion has alHo been observed u11til February 1904. 

b) 'rho influence of eruption of Ka.tmai (Alaska) in June 

1912 has been much leHs felt in 13angkok, than ~he eruption of :Thiar

tinique. We nevorthelesH find tho solar temperatures in Bn.ngkok 

sy~:~tonmtica.11y decreased in tho firsL months of 1913. 

c) Tho depressions of 1917 a.nrl of 1907, which lHLV(~ heen 

found in some places and were only slightly visible at WanJtLW, a.re 

however very much pronounced in Bangkok. As to the depression 

in 1920, so marked in the monthly va.lue's of sohtr radiation tempera

tures in Bangkok, it has also been founJ. in North-America by Mr. 

Abbot. 
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IV. Depressions ·in Btmg!.:ok eu111paretl with tlume of 

Singa1Jor'e cmcl Batnvin. 

For better control of the aforementioned dat!t of Siam, let us 

now examine, in whn,t degree the variations of tho solar tempemtures, 

obr>erved under the same conditionH in Singnpore, coincide with thoHe 

of Bangkok. For thiH purpose we extract from the mmual meteoro

logicl11 reports in Straits Settlements the following values. 

'l'ABLE VI. 

Solar radiation temperatures at Singapore (Kampong Kerbau 

Hor>pital). Departures CF) of the monthly means from the average 

I902JI9I6. 

]!:J02 

03 

04 

05 

OG 
07 

08 

09 

I9IO 

I911 

I2 

I3 

I4 

15 

I9I6 

0 11 t h s 

JF MA M J J AS 0 KD 

-I3 -2 -7 -4 -2 -2 -4 -3 -4 -8 -4 -7 

-4 -9 -5 1 -2 -G -9 -11 -G -8 -13-4 

-16 -5 -2 -4 -2 -:3 -5 -3 -3 -3 -5 

2 -8 -1 -2 -7 -3 -2 -4 -4 -4. -IO I 

I -5 -4 -2 -4 -8 -4 0 

1 

2 

9 

11 7 

13 3 

6 0 

7 -9 

-I 5 

I 

7 

9 

8 

9 

4 

3 

3 

9 

2 5 -1 

3 -14 o· 

5 

3 

5 

I 

5 

-5 -2 6 -14 -12 -I 

2 -I6-2 -1 -I 

2 4 7 -2 

6 6 6 7 

I 

-7 
0 

3 

5 

9 

4 -4 

3 2 

-1 -I 

-1 -1 

2 7 

2 

5 

7 

8 

7 I 5 1 -1 '-5 

6 

2 

-3 1 -8 

2 (j 0 0 

4 7 3 12 

7 (j 5 7 

0 3 2 (j 

-5 -2 -G -12 

1 

0 

4 

4 

-2 -1 2 

1 ti 2 

1 8 4 

0 5 -:-1 

5 4 3 
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It rOFmlts from the 'fable VI that the depression of 1903 
exists in Singapore. just ttH well aR in Bangkok. The depression of 
191.2/191.3 is in both places much less pronounced. The decrease in 
the summer Hll6 is very slight, but nevcrthclesr; it exists in Singa
pore as well as in Bangkok. 

As to the decrease o£ 1007 which haFJ been so pronounced in 
Bangkok in July and AuguFJt or this year, we find in the curve of 
Singapore during these months only an inflection in relation to the 
values o\1served in the first six months of 1.907 and 1908. 

Analogical conclusions are also to be obtained from the obser
vations of maxima temperatures (blttck bulb in vacuum) in the sun, 
made at the meteorological station in Penang ( Lt1t. 5o 34' N, 
J_,ong. lOOo 20' E. W., H = 5m). 

In order to compat·e the values obtained in Siam and in the 
Malay Peninsula-by means of thermometers directly exposed to the 
sun-with a long series of observations made under more scientific 
conditions in another equatorial place, we will now regard the 
different meteorological data published by the Meteorological Obser
vatory at Batavia (Java). 

For the period of 1880/1915, embracing all the principal 
eruptions beginning from Krakatoa, we obtain the following t.able 
for Batavia, which on the one hand gives the departures from tfw 
annual mean of the cloudiness and of the relative humidity and on 
the other ha.nd the direct obsel'Vecl values for the amounts of rainfall 
and for the numbers of rain clays during three months and a whole 

year. 

'fhe dept1rtures for Batavia are calculated in % in relation to 
the corresponding averages for 36 years 1880/1915 viz.: 60% as the 
mean annual cloudiness of the sky and 83% 1\S the annual average 
of the relative humidity o£ the air.-'l'he average numbel's of min
clays dming three months: July, August and September and for the 
whole year, and also the amount of rainfall in millimeters during 
three months above mentioned are given in the 'l'able VII. 
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TARLE VII. 

Annual mcn,ns of the cloudineRs and of the reln.tivo humidity, 

and totals of minfn,ll rtnd of ntimbys in :Rat1tvin,. Departures 
(in%) from the !1Vemge foe the period 188011805. 

I DEPAltTlllti'H 0BSJ<:l\YIW YAT.lm>~ ! 1----- ___ .... __ ······-···· ---- ··-· -~· I ----- -~-

I I 
Cloudinn~s Reltttiv0 .lnly, Angnst, !All months! 
o[ the sky Humidity Heptember 

l 
----------- --:---~---~-~----- ---- 1-. -- -~--: . 

GO'){, 8B'}{, 20 Hmn- 177 .11 . 1 HlO 1111111-
Avemge 1111 1111.1 l . 

tb,VH ; ( lt.)'S , • 
----~~----~- --~-.----- -- ----~---"----!~---··-··-

! I I 
I 

I I 

i 420 2H3 
I 

18RO () 1 :lR 
81 -5 1 lil : 104 1H7 
82 I a 1 :l4 :.lOB liH 
83 I -a -2 \) I 29 ! lB·l i)r 1 t ! 84 I -2 -1 lB : 12il Hi4 If \l'lt \lt "Oil. 
811 

! -il -2 il ~2 lBO 
S!i 4 0 16 \JO liiH ! 

fl7 3 0 2B 264 HH 
! :- Bf\lldltiHI\11 88 -fi -2 10 H2 ' liHl ! 

ll\) il 0 1\1 1(\fi 
' 

liil 
I ltlllO 3 0 H2 279 lGO 

lll91 -tl -4 10 102 llO )-Bogoslo! 
92 4 0 27 249 lU1 
93 7 1 24 

' 
22H lRO 

94 2 -1 \1 64 15H 
95 -5 0 19 24!i 162 
96 -1il -B 7 49 131 \}Origin 97 -6 -2 13 102 131 unknown 
98 -2 -1 11l 164 l!iO 
99 -1 0 27 292 llll 

1\lOO 2 1 21 1B9 175 • 1901 -2 () 21 90 16il 
02 -10 -a 7 12 131) } i\hrtiniquo 03 -3 0 12 204 wo 
04 il 1 ill B22 190 
05 -2 5 1H ur. 14H 
06 5 4 il2 ill)l 17'1 

I 07 6 il 1H 1110 l!Jil 
08 ll 1 Bil 237 17H 
09 12 2 20 211 1H1 

1910 12 1 ill 260 184 
1911 (J -1 :24 HH l!i7 

12 -4 -1 27 il66 172 
I}AlfiHlm 1:l -4 -1 22 (i7 lHB 

14 -9 -2 2 6 1411 
15 1 0 20 227 194 

I -\Ve see in the '1\tble VII th1tt all volcanic eruptions o£ whtch 
we luwe spoken before, luwe left well visible and important traces 
in tho course of meteorological elements in Bat11via. 
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The eruption of the Kr11katoa in 1883 as well as the erup
tion of Mtwtinique in 1902 and those of Alasca in 1912, have 
produced a diminution in t.l1e cloudiness and in the humidity, and at 
the same time conHidemble deficits in the amounts of rainfall and in 
the number o£ raindays. In B11tavia. we do not observe the decrease 
of 1907, which is found 11t Bangkok, but we see in ret.tun a depres
sion in 1896 luwing probably a local character only. 

In every case 11ll the examples which we have given, autho
rize us 'to the conclusion that the volcanic eruptions produce 
everyw.here periods of exceptional opacity of the earth's atmosphere. 

These periods, having a monclial character, can be found not 
only by the direct measurements of the intensity of solar radiation 
at the earth's Hurface, made with the actinometerH, but can also be 
proved (the example of Eangkok shows this amply) by the otherwise 
very critisable observations made with the thermometers directly 
exposed to the sun, 'l'hc example of Batavia show8 furthermore 
that the influence of these \lepressions also affects the rainfall, which 
is of great practical importance in tt tropical country as Siam. 

Banglcolc, JJI[ai 19FJ3. 




