Feeruary, 1916.

Russia has apparently taken the lead in trying t
determine the most critical period of growth for field
crops, although Canada has recently started investiga-
tions along similar lines.

The United States Weather Bureau has long main-
tained special services in the interest of agriculture
which may be classed under agricultural meteorology,
such as the special corn and wheat region service, cotton
and rice service, fruit service, etc.

The personal investigations of the author have becn
to find the critical period for farm crops and the weather
most affecting them by correlating the crop yields with
the weather conditions for periods long enough so that
accidental coincidences will be eliminated.

This has been done graphically by the curve chart
and the dot chart, as well as by the mathematical cal-
culation for giving the exact measure of relation between
two factors, as expressed in the correlation coeflicient.

The crops considered in this paper have bheen corn,

otatoes, and winter wheat, and the periods covered
Eetween 50 and 60 years.

Most of the correlations have been made between the
yields and the temperature and rainfall for calendar
months and groups of months. From these correlations
it has been found that the most important weather
factor for corn is rainfall and the most important month
July. For potatces the most important factor is tem-
perature, and the critical month is also July. March is
the critical month for winter wheat and temperature is
the most important weather factor.

The critical rainfzll peint for July, in its effect upon
the corn yield, is 3 inches. It is found that a variation
in the rainfall of one-fourth inch in July in Ohio at this
critical rainfall point riakes a variation in the corn yield
of nearly $3,000,000, and a variation of one-half inch
in the rainfall a variation in the yield of over 15,000,000
bushels. In the four greatest corn States of the central
part of the United States a variation of one-half inch of
rain at this critical point makes a variation in the value
of the amount of corn raised of $5 an acre, or a total of
$150,000,000.

When the rainfall in Ohio in July is more than 1 inch
above the normal the probability of the corn yield bein
above the normal is 92 per cent, and when the rainfa
is 1 inch or more below the normal, the 1probabilit,y of
the corn crop heing above the normal is only 13 per cent.

While July must be wet and moderately warm for the
best crop of corn, it must be cool and moderately wet for
the best development of potatoes. If July averages more
than one degree a day warmer than the normal the
probability of the potato crop being above the average
is only 12 per cent. When the temperature hus been
above the normal and the rainfall more than one inch
either greater or less than the normal, the yield of pota-
toes has always been less than the normal.

Weather effects for shorter periods than months have
been determined, and it has been found that the most
important 10 days for corn is immediately following
blossoming, when it must be wet and moderatcly cool.
For potatoes the 10 days following blossoming niust be
cool and should be moderately wet. For arbitrary 10-
day periods the most critical for corn is from August 1
to 10, and for potatoes from July 1 to 10.

In connection with winter wheat it is found to he
much more difficult to determine the dominant weather
factor as well as the critical period of growth for any
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all-seeded crop or one with a long growing period than
for spring-seeded crops or those with a comparatively
short-growing period.

Careful correlations between rainfall for months and
groups of months and the yield of winter wheat in Ohio
show that the rainfall is neither too great nor too little
often enough to have an appreciable effect upon the yield
in calculating for the correlation coefficient.

Neither are the temperature variations great enough
to show a dominating effect except for the month of
March. If we consider only those years when the mean
temperature has varied two degrees or more a day from
the normal the probability of a wheat yield being above
the normal is 94 per cont with a warm March and only
25 per cent with a cold March.

It is customary to credit a good snow covering with
a good yield of winter wheat or to say that a lack of
snow blanket is sure to cause a poor yield. But careful
corrclations made in Ohio seem to show no beneficial
result from a snow covering or damage from lack of it.
At least the snow covering does not have a dominating
influence.  On the other hand, the studies seem to show
that bare ground with freczing and thawing weather
in January 1s beneficial.

Further, while a snowfall in January seems to be favor-
able it is found, contrary to the usual opinion, that
snowfall in March is decidedly detrimental to winter
wheat. In several counties of the State it has been
found that in nearly every instance the greater the snow-
fall in March the less the wheat yield, and that when
the snowfall is light the yield is nearly always above
the normal,

It is believed that ene of the first developments of
agricultural meteorology should be to find the critical
period in the growth of the various staple crops in differ-
ent sections of the country, and that when these are
found all farm activities can be put on a much more
profitable basis.

Those who irrigate in the western districts will know
better just when to apply the water for the best results,
and farmers in the central and castern districts will
learn that it will pay to aid natural rainfall by irriga-
tion.

It is believed that this new agricultural meteorology
when properly developed will enable us to express
rainfall in terms of cash value rather than in inches,
temperature in the ability of the farmer to buy instead
of in degrees, and sunshine in the increased number of
automobiles and tractors rather than in calories.

Ty 7 e
BREATHING WELLS AND PRESSURE CHANGES.

Mr. John Free, of New Carlisle, Clark County, Ohio,
has kept a daily record of the ** breathing” of his well
(see this REvIEW, Nov., 1915, p. 562) through the month
of February, 1916, and has seut it to this bureau with
the remark ““In looking over the high and low pressure
maps for November I see that none crossed Ohio; but
my well was active just the same.”

"This record is very interesting for it permits us to
compare the subterranean conditions with the pressuré-
changes going on at the earth’s surface and recorded
at our Weather Bureau stations. The following table
presents Mr. Free's observations, and in addition the
12-hour changes in pressure at Columbus, Ohio, as tele-
graphed to the central office at 8 a. m. and 8 p. m. daily.
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Tasrx 1.~ Record of breathing well at New Carlisle, Ohio, and pressure-
changes at Columbue, Ohto, February, 1916.

Columbus, Ohio,
‘Well blow— l:-hour Pressure-
changes.
Date. Weat Remarks. gos
AM. | P.M, 8a.m. | 8p.m,
B ﬂnigh 822 N0.16
now flurry at tl  —0.1 one.
..................... 0.10 0.08
.} Into9a, m.; outat 0.08 -0.18
1p.m.
Out till evening....| —0.22 —0.04
Stopped blowingin| —0.22 None.
evening.
.| Quiet at 8p. m..... 0.26 0.26
....................... —0.06 ~0.34
Quist at9a. m..... 0.06 0.24
.| In till 9 a. m,; out 0.08 —0.02
atlp, m.
Inatép.m........ —0.14 -0.14
LNo record]......... —0.10 0.12
now flurries,p.m . 0,22 0.24
./ Outat4p. m...... 0,10 —0.08
wee| =0.08 —0.16
—0.18 -0.22
—0.08 —0.04
—0.16 0.28
+0.10 -0.10
—0.24 024
0.34 —0.10
-0.16 -0.20
..| Out until 9 a. m.; —0.06 0.10
in in evening.
...................... —0.14 —0.06
...................... —0.06 0.10
Outuntil2p.m...; -—0.18 0.08
..................... 0.22 0.14
eo.Inuntil2p.m..... 0. 06 —0.14
In.....| Outuntit9a. m....| —0.04 0:16
Columbus, Ohio, is about 55 miles (87 kilometers)

almost due east of New Carlisle, and its pressure changes
may be taken as sufficiently representative of those taking
place at New Carlisle to serve for comparison with the
well breathings. It appears from Table 1 that, out of
56 recorded pressure-changes and well ‘‘breathings,” ris-
ing pressure-changes were accompanied by inspirations 22
times and no breathing in 4 cases, while falling pressure-
changes were accompanied by expiration 27 times and by
no breathing only twice. On one occasion (afternoon of
the 11th) there seems to have been a case of inspiration
during apparent falling pressure, which may represent an
occasion of temporary rise in pressure between the two
telegraphic reports given in the table.

e table will make it plain that even though the daily
weather maps show no centers of high or of low pressure
Sa.ssing directly over Ohio, and certainly not over New

arlisle, neveitheless the atmosphere over the State was
constantly var#lllxg in pressure as storms traveled across
.the country. us, from the morning of the 1st to the
evening of the 4th of February, 1916, Mr. Free’s well was
taking in air, predominantI;, while the synchronous

pressure changes were predominantly positive. This was:

under the influence of the general rise in pressure due to
the eastward movement of the high area whose crest
occupied the Dakotas, Nebraska, and Kansas on the
morning of February 1, but had moved across Ohio to
West, Vglrginia. by the morning of February 4.

" Again on February 13-14 the well was breathing in
under the influence of a slightly rising pressure which
changed to falling pressure on the afternoon of the 14th,
and the ~well aled continuously for four days as
the pressure steadily fell before the advance of the
southern Ren;phery of a great low whose center never
came south of the Great Lakes. During this period Ohio
was always on the southern skirts of the depression; the
center of the low did not pass over Ohio.

Yemxvary, i

Applications of this phenomenon.—This relation beiw
pressure-changes and earth breathing Lias been recogn’
and studied for some time. Private efforts huve b
made in England, and to some extent in this country,
utilize the ]iressure—changes inforecasting conditionsfa.
able to exg) osions of gasesin mines. England hasnot
made public efforts to forecast such conditions for -
benefit of the mine operators, but Dr. W. N. Shaw, D
tor of the Meteorological Office, has outlined & sck.
looking toward the &re{pamtion of such forecasts.! In‘
United States the Weather Bureau does not issue off..
forecasts or warnings of conditions vroducing mine exz
sions; but it authorizes certain of :ts local forecasters
telegraph marked changes in pressure to the mine op-
tors and thus enables the latter to form their own con:
sions as to the probability of danger.—o. A, jr.

s5h 3./~
ALTO-CUMULUS WITH VIRGULUS.

The cloud form illustrated by a rough sketch in.
REview for December, 1915, p: ge 814, but more prop~
called ‘‘alto-cumulus with virglus'’ (as was pointed. -
by Prof. Talman in the issue feér Junuary, 191§, p. Z
seems to be better known in the i‘nired States than
first correspondent thought.

Mr. J. B. Willsea, of Fruita, Celo.. wriies under dats
Mareh 25, 1915,—

This class of clouds is seen frequ;+ tly in this valley [Grand Ri.
especially in the spring when we .:re watrhing for frosts that &=
our fruit blossoms.

Possibly some may be interested in rhe <hape of these clouds as
see them here. I will try to make sketcheas of them this spring.

Mr. Willsea calls our attention to the fact that th.
clouds were described and sketched but not specifies
named at Blue Hill, Mass.. o= long ago as 1888. The
lowing is taken from H. H. Clayton’s ‘‘Discussion of ¢
cloud observations:’’ 2

The formation of cirrus from clouds of the cirro-cumulus
alto-cumulus ty{)le has been repeatedly observed. Fi m,n, -
[op. cit., Plate VI], are all taken from rough sketches made by
writer at the time of observation, These forms apparently all r=-~
from descending cloud particles. The heavy icles fell :-.:
and succeeding particles followedl the same path on account of
Iess resistence, and thus formed long fibers which were usually -
ried backward from the cloud on account of the decrease of wind
locity with lower altitude. The form m, with fibers suspended =~
vertical, was observed on several occasions, and care was taken to -
tain that the apparently nearly vertical direction of the fibers was
an effect of perspective. As a rule, the suspended fibers were *
backward in the direction from which the cloud moved, as shown -
On watching these clouds it is seen that the fibers move contin::
outward from the clouds, until the entire cloud is drawn out into
cirrus. Several times cirrus (!) were observed to elongate from
top of cirro-cumulus clouds, as shown in figure ¥, Plate VI, fi-
sketch made July 3, 1888, the cirrus beintiagpuentg drawn viii-
by a more rapid current at the top than at the base of the cirro-cu:
Similar formations of cirrus from the tops of the cirro-cumulus *
were observed on several occasions. .

The writer has also repeatedly seen cirrus-like fibers drawn out ~
small cumulus clouds, sometimes from the top and sometimes from
base of the cloud, and once from both at'the same time, thus giviz.
the cloud a very fibrous appearance. Most of these cases i’
du:'u;g the latter part of winter or in the spring, and usually 2c

anied the setting in of a very low temperature, sometimes below
Eahrenheit. These clouds appear to float at the same altitude as
nary cumulus, The following note of measurements made on £..
locities and altitudes of this type of cloud was recorded on Masz
1894: “At 8 p. m., one or two large cumulus in the south had -

1 See his ¢ Forecasting weather’”, London, ete., 1911, pp. 306-312,

3 Observations made at the Blne Hill Mateorolo omr’:.
the cloud observations, by H. Helm Clayton. Cambridge, , P
(Annals, Astronomical Observatory, Harvard College, 80, pt. 4.)



