Relation of Geomagnetic
Disturbances to Circulation
Changes at 30,000-Foot Level

Abstract. From analyses of waves in the
circulation pattern at the jet-stream level
of the atmosphere during the winters of
195657 and 1957-58, it was found that,
in comparison with other waves, those
which appeared in the Alaska-Aleutian
area about 3 days after a magnetic dis-
turbance subsequently developed inta
large-amplitude disturbances.

In a recent review of solar-terrestrial
relationships, Roberts (/) has empha-
sized the importance of corpuscular
emissions from the sun as a possible fac-
tor in solar-weather relations. In the in-
vestigation discussed in this report, our
solar index is the Cheltenham A-index
(Agm) of geomagnetic field fluctuation
at Cheltenham, an index generally taken
to measure the strength of solar corpus-
cular energy received at the earth.

A preliminary survey (2) of charts of
the 300 mbar (30,000 ft or “jet stream”)
level, covering the half hemisphere from
180°W to 0°, indicated that “troughs”
in the wave development at this level
appeared to amplify or deepen more fre-
quently following abrupt increases in the
Ay index than at other times (3). To
test the magnitude of the change, an ob-
jective “trough index” (I,) was devel-
oped. The trough index, which describes
the amount of wave amplification by the
degree of cyclonic curvature of a trough,
was computed for all troughs from the
day they first appeared at the western
extremities of the charts—that is, north
of 40°N, west of 120°W, and east of
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180°W—until they dissipated or moved
off the limits of the maps. The Alaska-
Aleutian area is near the auroral zone,
where, on the average, the maximum
particle flux occurs in the high atmos-
phere. But that region was chosen be-
cause it marks the western limit of our
maps, and we wanted to follow each
eastward-moving trough as long as pos-
sible. Individual troughs exhibited vary-
ing values of I, depending on the large-
scale features of the circulation, but at
some time a maximum I, occurred for
each trough. From the distribution of all
the maximum values of I, each trough
was classified large, medium or small;
these three classes were approximately
equal.

“Magnetically disturbed days” (“Agg
key days”) were chosen to include all
those on which magnetic storms and
magnetic disturbances described in the
weekly “Preliminary Reports of Solar
Activity” (4) occurred—days when, pre-
sumably, corpuscular clouds arrive from
the sun. During the pilot-study period,
from October 1956 through March 1957,
an Agg key day was defined as any day
when the value of Agy reached or ex-
ceeded 23 and had increased by a value
equal to, or greater than, 12 over its
value on the preceding day. During this
period of time 19 key days occurred. It
should be noted that the frequency dis-
tribution of the daily values of Agg and
I, shows some skewness toward large
values and that there is a slight auto-
correlation (~.2) over intervals of a
day or two.

The total number of troughs that had
appeared before and after all the key
days was then determined. Using this
superposed epoch method, we found
that, over the pilot-study period, troughs
which appeared in the Alaska-Aleutian
area about 3 days after an Agy key day
quite often developed into troughs with
a large amplitude. T'o determine whether
the association of trough development
and Agg key days was statistically sig-
nificant, we compared the occurrence of
large, medium, and small troughs with
the occurrence of Agy key days; this
comparison is shown in Table 1. In the
table we have listed troughs as “Agg”
if they first appeared in the Alaska-Aleu-
tian area 3 * 1 days after an Ay key day

%

and “no Agg” if they appeared in the
same area at any other time.

Application of the chi-square test to
these data shows that the probability p
of no association between Agg and
trough development is .01. Thus, the
1956-57 statistics support the hypothesis
that larger troughs tend to follow mag-
netic disturbances.

Our analysis of trough development at
the 300-mbar level during the past winter
half year (1957-58) has just been com-
pleted. We followed the same procedure
as that used in the pilot study. However,
to remove any possible unconscious bias
based on our knowledge of the occur-
rence of magnetic storms, the dates of
first appearance of troughs in the Alaska-
Aleutian area were determined from the
maps by two meteorologists who had no
prior knowledge of the behavior of Aggy
over the study period.

Unlike 1956-57, this year there were
very few abrupt increases or sharp, well-
defined peaks of Agg. The criterion used
in the pilot study was met only nine
times from October 1957 through March
1958. In order to include all the days on
which magnetic storms had occurred
during this period, the magnetic key days
were chosen as those days when Agg was
equal to or greater than 21 and had in-
creased at some time during the previous
3 days, by an amount equal to or greater
than 10. Using this criterion, we found
six additional 4gg key days (and six ad-
ditional troughs) over the winter half
year of 1957-58. This criterion, if ap-
plied to the 1956-57 data, would not
change the number or dates of key days.

Table 2 shows the distribution of the
three classes of troughs (large, medium,
and small) in relation to Agg key days.
The designations of the columns and
rows are the same as in Table 1. The
numbers not in parenthesis were obtained
by the lower-disturbance level criterion
used in 1957-58, by which 15 key days

Table 1. Troughs and magnetic disturb-
ances, 195657,

Troughs Acn Nodea  Total
Large 11 8 19
Medium 3 13 16
Small 4 15 19
Total 18 36 54

Table 2. Troughs and magnetic disturb-
ances, 1957-58.

Troughs Acu No 4on Total
Large 11(8) 11(14)  22(22)
Medium 3(1) 16(18)  19(19)
Small 3(2) 19(20) 22(22)
Total 17(11)  46(52)  63(63)
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were obtained. The numbers in paren-
theses show the distribution when geo-
magnetic key days were chosen in exactly
the same manner as they were in 1956-57.
On two occasions, two troughs followed
a single magnetic disturbance; this ac-
counts for the numbers 17 and (11)
shown in the totals.

Both sets of data show an association
of large troughs following geomagnetic
disturbances. A chi-square test of the
cases selected by the “loosened” Agg
criterion shows that the probability, p,
is slightly less than .01. The p for the
1956-57 criterion is slightly greater
than .02.

The assumption of a normal distribu-
tion of the underlying population of Agy
and I, values necessary for chi-square

tests may be questioned, but we chose-

this simple test because of the obvious
significance of the table.

It should also be pointed out that the
theoretical frequencies shown in the 4gg
columns in both Tables 1 and 2 are only
slightly larger than the minimum of five
set by Yule and Kendall (5). But the
1957-58 sample is independent of the
pilot study, and a table combining both
samples would yield theoretical cell fre-
quencies well in excess of 10 and proba-
bility, p, of less than .001.

The pilot study had also suggested that
the deepening troughs reach a maximum
about 8 or 9 days after an Agy key day,
and that this results in a maximum
length of the 30,400-ft contour between
180°W and 90°W. This is not supported
by the 1957-58 data.

A third hypothesis, based on the
1956-57 sample—namely, that the large
troughs follow a set pattern of develop-
ment—was partly supported by this
year’s analysis, but the statistics would
not be, by themselves, significant.

We do not offer any suggestions about
the physical mechanisms which must be
in effect if the statistical analyses are
valid. Indeed, most numerical-dynami-
cal investigations of the vertical propa-
gation of disturbances from high levels
to the troposphere indicate that this is
a weak mechanism (6). Thus, even
though the statistical level of significance
is reasonably convincing, no real con-
fidence can be attached to the observed
relationships until the analyses have been
extended further in time and over a
much larger area of the earth. To do
this, we plan to use similar procedures
at the 500-mbar (18,000-ft) level, for
which data are available for the whole
Northern Hemisphere back to 1946.
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Tenderness, Climate,
and Citrus Fruit

Abstract. Tenderness of coastal-grown
citrus fruit to fumigation, spray, and stor-
age practices, and to frost, as compared
with fruit grown in the drier interior dis-
tricts of southern California, is correlated
with lower puncture-pressures and higher
moisture content of peel. The hardening
effect of moisture stress is also exhibited
by fruit from tree tops.

It has been common horticultural ex-
perience that plants grown in submaxi-
mum light intensities and near maximum
soil moisture (mesophytic habitat) are
more tender than those grown in maxi-
mum light intensity and low soil mois-
ture (xerophytic habitat). This concept
of tenderness is associated with the suc-
culence and edible quality of vegetables,
but plants grown in mesophytic habitats
cannot be transferred abruptly to xero-
phytic habitats without severe injury.
Plants known to be sensitive to low tem-
peratures may be made more resistant
or “hardened” by exposure to short pe-
riods of sub-low temperatures. Tender-
ness in these cases has  generally been
associated with high moisture content.

Maximov (1) reviewed evidence show-
ing the responses of leaf structure to
xerophytic conditions. These responses
were smaller leaf area, thicker leaves,
thicker cuticles, epidermal layers, and
greater palisade development. Cellular
responses were those that might be asso-
ciated with a lower moisture content—
that is, smaller cells and thicker cell
walls. Leaves appear to be the organs
most sensitive to water supply and in-
solation and, because of their relatively
simple structure, are more readily stud-
ied than other organs. But the few stud-
ies on other plant organs have not been

definitive. This has been a result of the
complexity of fibers, vessels, collen-
chyma, epidermis, and so forth, and of
their cellular organization as well.

A greater sensitivity of citrus fruit
grown in coastal locations in southern
California to fumigation with hydro-
cyanic acid and to damage from oil
spray (2) has also been referred to as
tenderness. Also, it has been shown that
coastal fruit keep in storage for a shorter
period than fruit from the interior (3).
Careful observers have noted also that
coastal fruit freeze at higher tempera-
tures than those growing in the desert.

A study has been recently completed
in which the peels of four varieties of
mature citrus fruit from four climatic
districts in southern California were ex-
amined for moisture content and tender-
ness, as'measured by the puncture-pres-
sure of the peel. As many of the vari-
ables as possible were put under control
before the fruit was randomly picked.
The population was defined as (i) four
varieties, (ii) two rootstocks, (iii) four
climatic districts further defined by mean
daily air temperature and evaporation,
(iv) mature fruit, (v) without suiface
scars, (vi) one season, (vii) eight posi-
tions on the tree (0.5 to 6 ft high, N-S-
E-W, and 6 to 30 ft high, N-S-E-W),
(viii) shaded fruit, (ix) midway be-
tween irrigations, (x) commercially pro-
ductive grove or equivalent, (xi) without
bruises, (xii) controlled nonexperimen-
tal water loss, (xiii) moisture variation
within individual fruits, (xiv) noninter-
planted, (xv) nonshaded, (xvi) after-
noon samples, (xvii) uniform tree spac-
ing, (xviii) clear, quiet weather.

Five fruits were picked from low on
the tree and five fruits were picked from
high on the tree, at random, from each
of five distantly spaced trees randomly
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Fig. 1. Regression lines for four varieties
of citrus fruit. 4, puncture-pressures of
peels; B, dry matter per unit volume of
fresh peels; C, percentage of moisture in
peels of whole fruit, plotted as percentage
of the interior against mean daily air tem-
perature and total evaporation for June,
July, August, and September of 1955 for
four climatic districts in southern Cali-
fornia (4). Squares represent puncture-
pressure; circles, dry matter per unit vol-
ume of fresh peel; triangles, percentage
of moisture.
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