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Vulcan, God of Fire and volcanoes, isn't the sort of being you'd ordinarily associate with the world's worst—and coldest—weather. But he's responsible—as Jameson shows.



 


IT would be the height of irony if this coming winter Japan should annihilate Hitler and Nazidom. If it is done—and it may very well be—it will be done without intention or malice; even unwittingly. For by Japan is meant Japan, not its rulers, its armed might, or its people, but the island of Honshu itself—an inanimate thing of rock and soil. Islands before this have wrecked empires, and there are signs now—summer, 1942—that it is about to be done again. Asamayama is reported to have erupted! Will Hitler, who but recently complained of the unfairness of last winter's cold, freeze outright next? He well may. That will depend upon the magnitude of Mount Asama's action—let us pray that the violence of its explosion was of the first order. For only that will freeze over the Baltic, exterminate the invaders of Russia, and reduce the fuel-impoverished inhabitants of Germany to shivering wretches whose only thought is to obtain warmth at any cost.


Extravagant? Fantastic? Not at all. We are too prone to think of volcanic catastrophes in terms of local disaster. While such explosions do wipe out entire populations and level cities to the ground, the aftermath of them is far more widespread than that. Eruptions of terrific violence—the kind that in the course of a few seconds vomit millions of cubic yards of stones, bombs and cinders into the high heavens—cause darkness to fall upon all the regions around, and thermometers to tumble the world over. The latter effect is, as often as not, the more serious, since it affects more people and is more persistent. The desolation wreaked in the immediate vicinity of the restless mountain may be done in a matter of hours, after which there is peace. The blizzards and gloom that are spread over all mankind may endure for months and years. It is those byproducts which we hope that Asama will endow us with in this particular year. For Asama is the king of ice-makers. It is conceivable that a score of Asamas, erupting in stately rotation like the firing of the massive cylinders of a Gargantuan motor, could start another glacial age.


Possibly Asama first exerted itself in modern times in the year 1707. Of its identity there is no certainty, as Japan at that time was closed to all outsiders except a handful of Portuguese missionaries, but there is little doubt that an "unknown Japanese volcano" was the chief culprit responsible for the extraordinarily cold years 1708 and 1709. Two other volcanoes participated, Vesuvius and Santorin—on There, in the Aegean—but judging from Asama's subsequent performance later in the century, their role was probably a minor one. The results were these: following the triple eruptions of 1707 there was bitter cold all over Europe and in the colonies of North America for two years. The River Thames and the Adriatic froze; there was ten feet of snow in Spain and Portugal. Even the summer of 1709 was cold and rainy.


This was not a freak performance, though it is the first time that a Japanese volcano is mentioned in connection with European or American harsh winters. From the days of the destruction of Pompeii the literature of the times reveals that bitter weather usually followed in the wake of violent eruptions. Hekla, in Iceland, was an occasional offender, being charged with the cold winters of 1637 and 1694. 1695 was a bad year, too, with long and severe cold followed by a chilly summer, but that was due to the activity of an East Indian trio of craters—Celebes, Amboina, and Gunong Api. Europe's own Vesuvius went into eruption in December, 1631, almost equaling its performance in 79 A. D. It threw up dust clouds to the height of forty-eight kilometers, and the resultant murk brought intense cold in its train. The following year was marked by destructive snows, a short summer, and again early frosts and more snow. While it was yet early fall—October 4th—a detachment of soldiers froze to death between Montpellier and Baziers, which is in the south of France and close to the Mediterranean.*


* The instances cited above and hereafter are selected from a table correlating volcanic activity with unusually severe winters in the chapters on "Vulcanism as a Factor In Climatic Control," "Physics of the Air," W. J. Humphreys, published by the Franklin Institute, 1920. The writer is deeply indebted to this work for what appears herein, and much else. It is highly recommended to anyone desiring a good grounding in its subject.


From 1707 to 1783 there were several instances of volcanoes bringing snow and ice to the world, but it was not until the latter year that another really major eruption occurred. And that, when it did come, was the most frightful and devastating on record. When Asama exploded in 1783 the damage it did to Japan was vast, but it also spread intense cold and dimmed the skies over all the world. This state of affairs endured for three years, assisted no doubt by the concurrent explosion of Skaptar Jokull, in Iceland, and prolonged by one of Vesuvius in 1785.


Benjamin Franklin, in May, 1784, wrote:


 


During several of the summer months of the year 1783, when the effects of the Sun's rays to heat the Earth in these Northern regions should have been the greatest, there existed a constant fog over all Europe and a great part of North America. This fog was of a permanent nature; it was dry, and the rays of the Sun seemed to have little effect toward dissipating it, as they easily do a moist fog arising from the water. They were indeed rendered so faint in passing through it that, when collected in the focus of a burning glass, they would scarce, kindle brown paper. Of course, their summer effect in heating the Earth was exceedingly diminished.


Hence the surface was early frozen.


Hence the first snows remained on it unmelted, and -received constant additions.


Hence perhaps the winter of 1783-4 was more severe than any that happened for many years.


The cause of this universal fog is not yet ascertained. Whether it was adventitious to this Earth, and merely a smoke ball proceeding from the consumption by fire of one of those great burning balls or globes which we happen to meet with in our course round the Sun, and which are sometimes seen to kindle and be destroyed in passing our atmosphere, and whose smoke might be attracted and retained by our Earth; or whether it was the vast quantity of smoke, long continuing to issue during the summer from Hekla, Iceland, and that other volcano which arose out of the sea near that island, which smoke might be spread by various winds over the northern part of the world, is yet uncertain.


It seems, however, worthy the inquiry, whether other hard winters, recorded in history, were preceded by similar permanent and widely extended summer fogs.


 


THIS excerpt has been quoted at length because it gives both a description of the effects of extreme volcanic action, whatever its point of origin, and hits closely at the explanation of them. Franklin was a shrewd and observant man, and the bulk of his surmises and speculations have since been confirmed by the findings of science. The fog he spoke of was Asama's volcanic dust, a potent obstacle to the Sun's rays.


As a virtually solo performance, the great blast of Asama of 1783 is supreme. For a full century no other single mountain approached in ferocity its outbreak of that date. Nevertheless, in the interim a very interesting phenomenon occurred—the coldest and most sustained period of misery in the annals of man. It was due, not to the terrific explosion of one virulent mountain, but to the activities of a group of them acting seriatim. This series of eruptions was initiated in the year 1812—the one that ruined Napoleon—by Soufrière on St. Vincent. On April 30th, just when Bonaparte was about to launch his ill-fated attack on Russia, Soufrière—not to be confused with the mountain of the same name on neighboring St. Lucia, or Grand Soufrière on Guadaloupe—blew off. That it was bitterly cold in northern Europe during the winter that followed no one needs be told. Though Napoleon may have blundered, and granting that Kutusoff's Cossacks did their work well, adequate credit is due the smoky frost giant of the West Indies.


Soufrière's blowoff was only the beginning. Two years later mighty Mayon, one of the more murderous of Luzon's many explosive cones, thundered into eruption, so there was no relenting of the frigid weather. But worse was yet to come. On April 7, 1815, Tomboro let go with appalling violence, killing fifty-six thousand persons at one stroke. For three days darkness prevailed for three hundred miles around, so vast was the quantity of ash and dust heaved up by the mountain. And Tomboro, being situated on Sumbawa, which lies between Java and Timor and therefore in the midst of a hotbed of craters, jolted many of those into activity by its blast.


It is not to be wondered at, then, once the relation between Vulcan's fires and iciness is conceded, that the succeeding year should break all records for bleak chilliness. The period 1812-16 culminated in what is variously known as "the year without a summer," "poverty year," or, in the quaint American idiom of the day, "eighteen-hundred and froze-to-death." It was in that year of 1816 that snow lay unmelted throughout the summer in districts as far south as the Ohio, and when the current seasonal illness for August was frostbite, not sunstroke.


In the six decades subsequent to that pinching year there were nine other major eruptions, but none of sufficient violence to cause more than a single winter of undue inclemency. Their listing is omitted here for the sake of brevity, but the fact that each of them was trailed by much lower temperatures than was reasonable to expect adds to the already impressive accumulation of evidence of the linkage between vulcanism and cold. It was in 1883 that Asama's runner-up for the volcanic championship made its bid for fame. Krakatoa, between Java and Sumatra, tore itself asunder in a blast second only to that of the old master in 1873. Thousands of people were killed; titanic forces were unleashed. The mountain itself and the islet on which it stood disappeared, and tidal waves of such size and force as to be perceptible as far away as Cape Horn were set up. The amount of volcanic dust ejected was prodigious, and it is estimated that much of it was hurled to the incredible height of eighty kilometers.


A few months later an Alaskan volcano went into violent eruption, adding its not insignificant contribution to the dust of the stratosphere. For the next several years there was unseasonable cold and harsh winters, but by way of amelioration the Earth was treated to gorgeous sunsets everywhere, colored by the dusty atmosphere. Often by day the reddish-brown corona known as Bishop's ring could be seen surrounding the sun, which itself shone feebly as through a veil—corresponding to the phenomenon remarked upon by Franklin the year after Asama. And then, just as the dust clouds were about to settle, New Zealand's Tarawera, far in the south, belatedly exploded in 1886, prolonging the period. All the winters from 1883 to 1886 were severe, and old New Yorkers still speak with awe of the great blizzard of '88, though that may have been from other causes.


The great trio of ice giants—Asama, Krakatoa, and Tomboro—are aided and abetted by many lesser members of their tribe. Bogoslof and Awoe gave us the hard winters of 1890-91-92; Pelée, Santa Maria, and Colima, the ones of 1902-03. Greater than these was our own Alaskan Katmai, which erupted with immense violence in 1912, throwing out a vast amount of cinders and ash, and darkening and denuding the country for hundreds of miles around. It was on account of its action that the winter of 1912-13 was so biting. Heavy snows fell far south—in Texas, Mexico,
and some in the desert States. That was the year that icicles hung from Los Angeles buildings, and the orange-planters burned smudges in their groves night and day in the effort to save them. (Outraged Angelenos please consult the record before sitting down to write.)


 


THERE it is, a convincing list. Well, not quite. It also happens that there have been many severe winters preceded by no volcanic activity whatever. Also many volcanoes have erupted without appreciable effect on the weather except immediately and locally. The above list admittedly is one of selected coincidences, but with the difference that it is wonderfully consistent—there is a common denominator somewhere. And about forty years ago scientists set out to find out what it was.


Climate, as distinct from weather, is made up of a number of things. Roughly speaking, they may be divided into two classes, local factors, and general ones. The local factors are more apparent and more readily understood. Thus, the climate of Greenland differs from that of Sumatra chiefly because of difference in latitude; that of California from that of Nevada, though the States are sitting side by side, a difference due to the existence of a high mountain range between them, shutting the inner State off from the moist air of the sea. The altitude of Mexico City makes it cool, while Vera Cruz, nearby at sea level, has typical tropical climate. And so on.


The exterior factor affects them all together—cooling or heating more or less equally from pole to pole. That factor—I use the singular for convenience—is insolation—the measure of the intensity of solar radiation as received at the outer edge of the atmosphere. Insolation itself is affected by a number of factors, but the complexity of them is of scant interest to the majority of us who live down here on the surface of the Earth. It varies from time to time within a range of about ten percent due to diurnal irregularities and a number of cyclical ones. Solar activity, solar distance, perihelion phase—which has a period of about twenty-one thousand years—and other changes of far greater periods all enter. The only one we feel, as a rule, is the variation due to the sunspot cycle, which has a period of between ten and eleven years. For obscure reasons we receive less heat from the Sun when sunspots are most numerous than when they are few. Thus, in the main, every eleven years we should expect several winters in a row that are rather more severe than the average, followed by increasingly milder years, until we come to the middle of the cycle where we have fairly warm winters for a year or so. It is this feature that gives meaning to Humphreys' comparative table of eruptions and succeeding cold weather. The cold winters he lists as "discrepancies." That is, they came at a time in the sunspot cycle when they should normally "be
warm. And they were experienced all over the world; not locally from identifiable special conditions prevailing. Curves of pyrheliometric values kept since 1882 come down invariably when a big volcano goes into action. It was apparent that there must be a connection. What was it that volcanoes did to make things cold?


To take one last look at the general observational data before seeing what answer the physicists found, let's mention a few of the salient discrepancies noted. After Asama's great outbreak mean temperatures tumbled two degrees Centigrade. That may not seem much, but a two-degree drop in mean temperature, if prolonged indefinitely, would give rise to a mild glacial age, since it would lower the snow-line about a thousand feet. This drop occurred in a year when there were very few sunspots—about twelve. In like manner, the year 1811 was one of minimum sunspots—the fewest ever observed, zero, to be exact, if I read the curve correctly. Yet Soufrière, despite the indications calling for an exceptionally mild winter, did what it did to the Grand Army of France. Tomboro, on the other hand, blew off at one of the sunspot peaks, when cold weather was to be expected, though the number of spots was low for a maximum, being but forty-five. The very exceptional sequel of "the year without a summer" could certainly not be attributed to such a few sunspots.*


* Curiously enough, the only "discrepancy" listed by Humphreys of opposite sign to the ones being discussed was the year 1778, which was inexplicably warm. That year the greatest number of sunspots ever observed were counted—one hundred and fifty! No volcanoes were involved. He is at a loss to account for the absence of icy weather unless the solar constant jumped unaccountably for a short time.


The explanation of why volcanic eruptions impair the warmth of the Earth is simple—like all other scientific explanations, once a score or more of hard-working scientists have given years to piecing the jigsaw puzzle together for us and boiling the answer down to a phrase or so. It is the high-flung dust that does it, by reflecting and scattering the incoming solar radiation, while at the same time not barring the escape of terrestrial radiation of heat.


Thoughtful men from Franklin's time, or perhaps earlier, had noticed the connection and suggested the answer. But the argument post hoc ergo propter hoc has never met with much respect in scientific circles. The scientists wanted to know, not what, but how and why. Mathematics had to back up empyrical knowledge. Their earlier attempts to find justification for the action of the dust as a filter of radiation produced a disappointing answer. Rock dust, they computed—for rock it must be—would absorb terrestrial radiation and reradiate it, thereby raising the mean temperature slightly rather than otherwise.


Later it was suggested that a lot might depend upon the size and shape of the rocky fragments. Ascertaining the size of particles of a cloud hanging fifty kilometers overhead would seem to be quite a chore, but Pernter tackled the job and gave us a formula for it. He approached it by starting with the Bishop's rings. Those are about ten degrees wide and have an outer radius of twenty-three degrees. From that and the known laws of diffraction of sunlight he arrived at something under two microns as the dimensions of the particles.


Since volcanic dust is known to be often in the form of thin-shelled bubbles, or fragments of such bubbles, both their tiny size and nature made them far more efficient reflectors and scatterers of the short-waved solar radiation than of the longer-waved terrestrial radiation, the ratio being thirty to one, about. The obvious result would be that so long as the veil of dust persisted, a fifth or more of incoming solar heat would be shut out while virtually none of the escaping Earth heat would be shut in—a sort of inverse hothouse effect. So long as that prevailed, the equilibrium of heat normally maintained between incoming and outgoing radiation would be upset and the Earth rapidly cooled.


But even high, wind-borne dust falls if given time. Other computations were made as to the rates of fall. The various factors are many, but the rough answer is that dust ejected far up into the stratosphere will require from one to three years to settle, depending upon its fineness and initial height. Some dust is as small as half a micron in diameter. So far, theory amply jibes with observed facts. Terrific eruptions do create cold. Perhaps, now that we have balloons capable of exploring the air, when next there is such an explosion more direct data can be gathered.


It is worth noting, also, that the dust is a better reflector of oblique rays than of those falling nearly normal, and, therefore, the chilling effect is the more pronounced in the higher altitudes, thus steepening the interzonal temperature gradients. This gives rise to gales, rains and snows which accelerate the cooling process in the middle latitudes. One is tempted to speculate on the effects of a long, continued series of scattered volcanic explosions, since the situation of the volcano has no bearing whatever on the consequences. They are world-wide in every case in which the dust reaches the stratosphere, where the high winds spread it evenly all over the world. Humphreys has computed that the mean temperature of the Earth has been a half of a degree (C) lower since 1750 than it would have been had there been no volcanic activity; four or five times the amount of activity we have experienced could easily start another ice age. We should be thankful, therefore, that eruptions are as infrequent as they are.


By the same token, let's hope, for this year at least, that Asama will give us an encore to the performance of 1783. It will mean shoveling snow for us, shivering and ice-bound rivers, but I think we can take it. The Russians have proved they can; the Nazis have proved that they cannot. So up and at 'em, Asamayama, boy—do your stuff!




THE END
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