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The period of damaging frosts in the interior of the South 
Atlantic and Gulf States extends from November to April. 
Damaging frost is likely to occur in Florida from the middle 

~ ~ ~ ~ _ _ _ _ _ _ _  

of October until nearly the middle of April. Freezes of a 
character to injure oranges and orange trees in Florida, are, 
however, practically unknown in March. 

NOTES BY THE EDITOR. 

SNOW URYSTALS. 

On page 541 of the MONTHLY WEATHER REVIEW for Decem- 
ber, 1900, we have referred to the extensive collection of snow 
crystals accumulated by Mr. W. A. Bentley, of Nashville, 
Vt., by the process of micro-photography. Mr. Bentley has 
kindly promised that the readers of the MONTHLY WEATHER 
REVI%W shall be favored with a very complete series of photo- 
graphs and notes, and the Editor hopes by this publication 
to contribute to the foundation of our knowledge of the 
formation of clouds and rain. In Appleton’s Popular Science 
Monthly for May, 1598, Mr. Bentley published a first account 
of some of his general deductions from the study of the snow- 
flakes and the weather that is associated with them. By per- 
mission of the editor we reproduce some paragraphs from 
that work : 

Careful examination of the illustrations will soon convince one that, 
great as is the charm of outline, the internal ornamentation of snow 
crystals is far more wonderful and varied. Many of the specimens, 
we might almost say all of them, exhibit in their interior most fascina- 
ting arrangements of loops, lines, dots, and other figures in endless 
variety. So far aa is known to the writer, the illustrations are the 
first that have been published which show in any adequate manner 
these interior figures, and surely they add greatly to our interest and 
delight aB we study snow crystals. So varied are these figures that, 
although it is not difficult to find two or more crystals which are nearly, 
if not quite the same in outline, it  is almost impossible to find two which 
correspond exactly in their interior figures. 

It is asserted by some observers that man of the lines or rods seen 
in the interior of snow crystals are really tutes filled with air. 

Perfect crystals are by no means alwa s common in snowstorms, 
most of the forms produced being more or res8 unsymmetrical or other- 
wise imperfect. It rarely happens that during a single winter there 
are more than a dozen ood opportunities for securing com lete crys- 
tals, and there may notse  half so many. The greater numEer of per- 
fect crystals is found in widespread stormsor blizzards, while the local 
storms produce most often granular or imperfect forms. So marked is 
this distinction that very often thecharacter and extent of a storm may 
be in general determined by an examination of the crystalline forms 
obtained. Extensive storms produce smaller crystals, more uniform in 
size, less clustered in flakes, and in greater variety than local storms. 
When the tern erature is very low while a local storm is raging, its 
crystals resembre those of the blizzard more closely. 

Some forms are common to both classes of storms. Probably because 
identical conditions do not occur frequently, the crystalline fornis of 
each storm during a winter may differ from each other, one type ap- 
pearing abundantly in one storm, a different type in the next, and so 
on. Conversely, the typesmost common in agivenstorm may reappear 
after an interval of months or years. 

Not only do different storms afford different types of crystals, but 
different parts of the same storm, if it be general, give different forms. 
I n  this region the northern and western portions of the storm area pro- 
duce more perfect crystals than the southern and eastern, and from 
this we infer a difference in the atmospheric conditions in these por- 
tions, the former being more quiet and otherwise favorable to crystal- 
lization. 

I n  what has been called granular snow we find only loose, irregular 
subcrystalline forms, which are larger and heavier than others. This 
is formed in the middle or lower oloud layers, and when these are rlis- 
turbed by wind or otherwise rendered unsuitable for crystallization. 
Sometimes, perhaps always, these granular masses have nuclei of true 
crystals. Granular snow may esplain the origin of the great raindrops 
which often fall during a thundershower. It is probable that such 
drops have a snow origin. Most, if not all, hailstones also originate in 
granular snow, as their thin, opaque centers and concentric rings of 
opaque, snowlike ice show. 

It is unfortunate that the depth and solidity seen in some crystals, 
when the photographs are mounted as stereoscopic views, can not be in  
some adeqiiate manner reproduced in engravings, for this adds not a 
little toan understandingof the manner in which thecrystals have been 
formed. * * * A careful study of this internal structure not only re- 

* * * * * 

veals new and far greater elegance of form than the simple outlines ex- 
hibit, but b means of these wonderfully delicate and exquisite figures 
much may l e  learned of the history of each cr strrl, and the changes 
through which it has passed in its journey througg cloudland. Wasever 
life history written in more dainty hieroglyphics? It is well known that 
crystals which form in a low temperature are smaller and more com- 
pact than those formed in a warmer atmosphere. As the higher cloud 
strata are colder than those nearer the earth, the snow crystals which 
originate there are smaller and less branched than those from lower 
clouds. it * * The small compact crystals of the upper clouds do 
not always remain of their original form and size, for, as they fall 
through layer after layer of clouds, each layer subjectin them to its 
own special conditions, they may be greatly modified, a n f b y  the time 
they reach the earth they ma closely resemble the crystals from lower 
clouds, though they can usuafiy be distinguished from them by an ex- 
amination of the internal structure, as well as by, in some cases, their 
general form. All crystals falling from high cloud strata, the cirrus or 
cirro-stratus, are not changed; especially is this true in a great storm, 
or when the temperature of the lower clouds is low, and in any case 
some are much more completely transfornied than others. One crystal 
ma pass through cloud layers not very unlike that from which it came, 
anB of course will not be greatly changed. Another may encounter 
here a uiet cloud layer and there a tumultuous layer; here a lower, 
there aliigher temperature ; here a dense and there a thin cloud mass; 
and by all of these conditions may be affected. *. * * Total trans- 
formation, such as the change from one type into another, does not 
often occur. The nucleus retains its original form to which various 
additions are made during the downward passage. bomposite crystals 
may, however, be formed during the passage through diverse cloud 
layers, though they are not common. Usually, however, the tabular, 
compact, small crystals of the high clouds continue their development 
at lower levels upon the original plan, though becoming larger and 
more complex by the addition of branches at the angles. The triangu- 
lar forms are less common than the others figured, and occur usually in 
the greater storms. A very unique composite crystal, which beginning 
in the higher clouds as a simple hexagon, received the peculiar addi- 
tions which are well shown in one of the figures. An exceedingly 
unusual figure is that of a com osite crystal formed from two, each of 
which haa been in some way eroken apart, and the ortions then so 
brought in contact as to unite and form a single crystarof very nearly 
the original form of each of its parts. 

CHARTS OF ATMOSPHERE HUMIDITY. 

At the last meeting of the British Aseocia.tion for the Ad- 
vancement of Science Dr. E. G. Ravenstein read a paper on 
the geographical distribution of relative humidity, a sum- 
mary of which was given in the annual report of the associa- 
tion for 1900, page 817, about as follows : 

Dr. Ravenstein stated that the importance of relative humidity as a 
climatic factor was fully recognized. Having illustrated its influence 
upon organic life, u on agriculture and human industries, he expressed 
his regret that neitter in number nor in trustworthiness did humidity 
observations meet the requirements of a person desirous of illustrating 
its distribution over the globe by means of a map. This waa owing 
largely to defects in the instruments employed, incompetence of the 
observers, and nnsuitability of the hours chosen for the observations. 
As to the humidity over the ocean, we were still de endent upon the 
observa.tions macle 011 board passing vessels, and {e waa afraid the 
time had not yet come when floating meteorological observatories 
would be stationed permanently throughout a whole year at a few 
well-chosen localities in mid ocean. Notwithstanding this paucity of 
available material, he had ventured, in 1894, to publish in Philip’s Sys- 
tematic Atlas a small chart of the world showing the distribution of 
humidity. The subject had not been lost sight of by him since then, 
and he now placed the results before this meeting. He  did so with 
some diffidence, and over cautious meteorologists might condemn his 
action, but they must remember that when Berghaus, in 1838, acting 
upon suggestions made by Zimmermann and Humboldt, published the 
first isothermal chart, the observations on temperature were even leas 
numerous than those on humidit were at present. His charts, of 
course, must be looked upon as seetches, but he  felt confident that 
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January .. . . . . . . . . . . . . . . . . . . . 
February .. ..... . ........ .... 
March ............ ..... ...... 
April ... . . . . . .... . .. . . . . . . . . . . 
May ...... ..... ...... ........ 
June .. ..... . . . . . . . ... . ... . . . . 
July .. .......... ............ 
August . . . . . . . . . . . . . . . . . . . . 
September . .. . . . . . . . . . .. .. . . 
October . . . . . . . . . . . . . . . . . . . . . . 
November .. . . . . . . . . . . . . . . . . . . 
December . . . . . . . . . . . . . . . . . . . 

MONTHLY WEATHER REVIEW. 

Mean. 
.- 

Inches. 
29.W 
99.98 
1.95 
28.W 
29.88 
09.85 
29.132 
29.83 
29.88 
29.813 
29.90 
29.96 
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Absolute 
maximum. 

OF. 
85.0 m. 7 
96.9 
99.0 
100. 0 
97.0 
61.8 
94. a 
85.7 
94.8 
99.1 
91.9 

100. 0 

they brought out the broad features of the subject, and to reduce the 
sources of error he had limited himself to indicating four grades of 
mean annual humidity, the upper limits of which were, respectively, 
50 per cent (ver dry), 65 per cent, 80 er cent, and 100 per cent (very 

The refative humidity over t i e  ocean might exceed 80 per 
%Pkut in certain regions (horse latitudes) it was certainly much less, 
and 'in a portion of the Southern Pacific it seemed not to exceed 65 per 
cent, a feature seemingly contirmed by the salinity of that portion of 
the ocean which exceeded 3.6 per cent. 

His second chart exhibited the annual range of humidity, viz, the 
difference between the driest and the dampest months of the year. 
In  Britain, as in many other arts of the world, where the moderating 
influence of the ocean was aEowed free mope, this difference did not 
exceed 16 per cent, but in the interior of the continents it occasionally 
exceeded 45 per cent, spring or summer being exceedingly dry whilst 
the winter was excessively damp, as at Yarkand, where a humidity of 
30 per cent in May contrasted strikingly with a humidity of 84 per cent 
in December. 

This great range directed attention to the influence of temperature 
(and of altitude) upon the amount of relative humidity, for during 
temperate weather we were able to bear a great humidity with equa- 
nimity, whilst the same degree of humidity accompanied by great 
heat, such as is occasionally experienced during the "heat terms" of 
New York and recently in London, may prove disastrous to men and 
beaats. Hence, combining humidity and temperature, the author sug- 
gested mapping out the earth according to sixteen h . Y g T 0 ~ ~ ~  t y p ,  
as follows : 
1. Hot (temperatures 73' and over) and very damp (humidity 81 per 

cent or more): Batavia, Camaroons, Mombaaa. 
2. Hot and moderately damp (GG-80 per cent): Havana, Calcutta. 
3. Hot and dry (51-155 per cent): Bagdad, Lahore, Khartum. 
4. Hot and very dry (50 per cent or less): Disa, Wadi, Halfa, Kuka. 
5. Warm (temperature 58' to 72') and very damp: Walwisch Bay, 

6. Warm and moderately damp: Lisbon, Rome, Damascus, Tokio, 

7. Warm and dry: Cairo, Algiers, Kimberley. 
8. Warm and very dry: Mexico, Teheran. 
9. Cool (temperature 53' to 57') and very damp: Greenwich, 

10. Cool and moderately damp: Vienna, Melbourne, Toronto, Chicago. 
11. Cool and dry: Tashkent, Binila, Cheyenne. 
12. Cool and very dry: Yarkand, Denver. 
13. Cold (temperature 32' or less) and very damp: Ben Nevis. 
14. Cold and moderately damp: Tomsk, Pikes Peak, Polaris, House. 
15. Cold and dry. 
16. Cold and very dry: Pamir. 
The actual mean temperature of the earth amounted, according to 

his com utation to 57' F., and this isotherm, which separated types 8 
and 9, arso divided De Candolle's " Mikrothermes" from the plants re- 
quiring a greater amount of warmth. 

Arica. 

New Orleans. 

Cochambo. 

Absolute 
minimum. 

0 R. 
62.1 
81.0 
88.8 
86.0 
71.1 
70.9 
70.0 
69.1 
iu. 6 
68.7 
64.9 
60.8 

60.8 

The author fully illustrated his paper by a number of dia- 
grams giving the curves of the temperature, rainfall, and hu- 
midity, and also by a chart of the world exhibiting the 
number of rainy days. 

January.. . . . . . . . . . . . . . . . . . . . 
February.. . . . . . . . . . . . . . . . . . . . 
March . . . . . . . . ... . , , . . .... .. .. 
Aprll.. . . . . . . . . . . . . . . . . . . . . . . . . 
May ... ........... ..... . ..... 
June.. . . . . . . . . . . . . . .. . . . . . . . 
July ...... ...... ... .... ...... 
August.. . . . . . . . . . , . . . . . . . . . . 
September . . . . . . . . . . .. . . . . . 
October .. .. . . .. . . . . . . ..... . 
November.. .... ... ..... . .... 
December . . . . . . . . . . . . . . . . .. . . 

Annual.. . . . . . . . . . . . . . . . . . 

J. BROWN HICKLIN. 

We regret to aunounce the death of Mr. J. Brown Hicklin 
on March 21,1901. Mr. Hicklin entered the Weather Bureau 
on February 1,1897, by transfer from the Government Print- 
ing Ofice. His entire service in the Bureau was performed 
at  the Denver, Colo., station. The reports from the official 
in charge a t  that point were invariably favorable to Mr. 
Hicklin. He was iudustrious, painstaking, and reliable in 
every respect.-D. J. C. 
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0 F. 
77.0 
n.7 
80.4 
80.9 
83.8 
1 . 0  
80.8 
80.8 
(w.4 
80.4 
79.0 
77.4 

80.8 

~ .... -e--- 

Absolute 
maximum. 

NORMALS FOR MANILA. 

The Manila Observatory has lately published, in a conve- 
nient pamphlet form, its normal clin~atological data. The 
pressure, temperature, and hiimidi ty data are bused upon 
the years 1883-1898, during which period hoiirly observa- 
tions have been made night and day. The rainfall data 
represent the longer period, from 1865-1895. The barometric 
record has been reduced to sea level, but i t  is not definitely 
stated that the mean values have been reduced to standard 

Absolute 
mlnimnm. 

gravity. The latitude of Manila is 14O 36' N., and the mean 
height of the barometer is769.31 millimeters, or 29.89 inches, 
the correction for gravity is, therefore, -1.77 millimeters, or 
-0.070 inch, which correction is probably still to be applied 
to the figures given in the table below in order to conform 
to the rules of the International Meteorological Congress and 
Committee. 

TABLE l.--NmwI ainaospkwic prwurm at Manila, 1883-1898. 

Per cent. 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 1w.o 
100.0 
100.0 
100.0 
100.0 

. 100.0 

Per 

Highest 
mean. 
. . . - 

Inches. 
80.06 
80.01 
80.08 
a9.96 
29.88 

29.87 
29.87 
29.90 
29.98 
29.m 
80.oa 

as. e8 

January .......... ............ ........ .... ...... 
February ....... ...... ............ .... .... ...... 
March ...... . . ................ ...... ..... ...... 
April ...... ............ ....................... .. 
May ............................... .............. 
June ............ ...... .... . .... .... .... ........ 
July ..... ...... ..... .................. ........ 
bugust ...... ...... ...... . ..... ..... ...... ...... 
September ..... ..... . ..... ...... ...... ........ 
Dctober . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
November . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
December . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

AUUUUI ...... . ...... ...... ...... .... ........ 

Lowest 
mean. 

Inches. 
!a. 91 
2% 89 
29.85 
29. 88 
29.82 
29.81 
28.78 
as.80 
29. n 
99.62 
29.81 
86.88 

Inchen. Incks. 
1.198 7.m 
0.41d 1.W 
0.5'88 8.945 
1.14s 5.870 
4.197 10.114 
9.898 1.m 
14.567 81.839 
18.868 48.184 
14.m 57.888 
7. WI 28.817 
5.128 16.8fB 
8.184 18.853 

m.ur 57.862 

Absolute 
maxlmum. 

Inches. 
90.81 
80.19 
80.15 
80.08 
80.08 
80. 08 
80.00 
80.08 
80.08 
m. 011 
80. 18 
80. 18 

InChd6. 
0.m 
0.000 

0.O00 
0.O00 
0.978 
5.m 
5.150 
8.000 
1.556 
1.178 
0.008 

0.000 

mlnlmum. Absolute 

Inche6. 
7.w 
1.498 

1.724 
8 . W  
9.949 
11.481 
8.917 

18.838 
B.?llS 
7.110 
8.548 

a.m 

InCh46. 
29.71 
29.68 as. aa 
89.81 
89.80 
29.59 
OD. 48 
29. I 
29. 
m .4  
as. M 
m. n 

Annual ................... I 20.891 80.08I 29.781 80.21) 29.1 

TABLE 2.--N01mal lonparature8 at dfani.a, 1883-1898. __ 
I 

Month. I Mean. Hlghest 
mean. 

OF 
78.4 
79.5 
81.9 
R4.9 
86.5 
M. 1 
81.b 
81.9 
81.7 
81.5 
80.2 
78.8 

88. 5 

_- 
Lowest 
mean 

0 F. 
74.5 
7s. 9 
79.0 
81.1 
81.7 
80.8 
79.0 
is. 5 
79.8 
:9.0 n. 7 
76.4 
74.5 

TABLE 3.- Nmnal al9noapheric moisiw.r6 at Nanila, 1883-1898. 

Relative bumldity. 

Month. 

January.. . . . . . . 
Frbruary ...... 
March. .. . . . . ... 
A ril.  ...... .... 
June .... ... . ... 
July.. . . .. . . . . . 
August.. . . . . . . . 
September ..... 
Dctober . . . . . . . . 
November . . . . . 
December.. . . . . 

dy . . . . . . . . . . . . 

-- 

Per cl. 
77.7 
74.1 
71.7 
70.9 
76.9 
81.8 
84. 9 
84.4 
85.8 
1 . 8  
81.6 
80.7 

- 
,cent. 

40.0 
88.0 
81.5 
88.0 
82.0 
88.0 
69.5 
68.0 
61.0 
46.0 
89.0 
88.5 

, Vapor pressure 

Mean. 

Inchen. 
0.718 
0.891 
0.786 
0.784 
0.888 
0.888 
0.m 
0.889 
0.888 
0. e50 
0. m 
0.7M 

h C h 4 6 .  
1.024 
0. ma 
1.142 
1.138 
1.109 
1.067 
1.075 
1.089 
1.071 
1.051 
1.018 
1.W 

h ~ h # 6 .  
0.489 
0.m 
0.890 
0.472 
0. Em 
0.587 
0.817 
0.889 
0.814 
0. lmll 
0.441 
0.468 

0.811 1 1.149 1 0.888 

TABLE 4.-Nomwl TainfaU at Manib, 1865-1898. 

Month. 

- I-- 

Lowest Qreutest 
mean. Dally. 

0.O00 I 18.888 


