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METEOROLOGY AND RESEARCH FOR THE FUTURE
FGGE* — THE GLOBAL WEATHER EXPERIMENT
WORLD METEOROLOGICAL ORGANIZATION

The World Meteorological Organization (WMO) has launched one of the largest
and most complex scientific undertakings ever attempted. Thousands of scientists from
virtually every country in the world will be using the most sophisticated tools such as earth
satellites, instrumented aircraft, ships, balloons, free-floating ocean buoys, and gigantic high-
speed computers to subject the entire atmosphere of the earth and the sea surface to the
most intensive surveillance and study ever made. The experiment will last for one full year
with two separate periods of two months for special observations in the tropics and
southern hemisphere. The purpose of this highly coordinated international effort is to ascer-
tain the attainable limits of weather forecasting and to investigate the mechanisms under-
lying climatic change. Extending the range of accurate weather forecasts and better under-
standing of climate variations have enormous economic value.

This vast deployment of scientific and technological research facilities makes
it particularly fitting that the theme of World Meteorological Day for the year 1978 should
be Meteorology and Research for the Future. That theme is highlighted by what is perhaps
the most ambitious, and promising research effort ever undertaken through international
scientific cooperation. It is a model of what can be achieved internationally through the
application of goodwill and common sense to global problems.

Meteorology — both public service and science

The research side of meteorology has so far not caught the public eye. Govern-
ments and the citizens at large have tended to see meteorology exclusively as a public
service. There is, however, an increasing recognition that the science of meteorology must
develop further to meet the ever-increasing national needs for extended weather forecasts
and warnings to protect life and property and to meet the many other daily requirements
for weather information. On the international level this recognition was evidenced by
United Nations General Assembly resolutions adopted as far back as 1961 and 1962. These
resolutions are the immediate origin of the World Meteorological Organization’s major
operational activity, the World Weather Watch, and the important research activity, the
Global Atmospheric Research Programme (GARP). The success of both of these pro-
grammes has made possible the Global Weather Experiment.

The fundamental problem of meteorology

What then is this gigantic research project involving so many thousands of
scientists and their ingenious technological equipment? In order to find out how far ahead
the weather can be forecast, meteorologists must obtain a better understanding of the
behaviour of the global atmosphere and the physical processes underlying that behaviour.
This will enable them to develop improved mathematical-physical models of the atmosphere
which will be utilized in the effort of making weather forecasts more reliable and of longer
validity. Successful accomplishment of these two formidable tasks will also make it possible

*FGGE is the acronym for First GARP (Global Atmospheric Research Programme) Global Experiment.
GARRP is a highly successful joint programme of WMO and the International Council of Scientific Unions
(ICSU). The Global Weather Experiment is a major element of the overall programme which, by agreement
with ICSU, is a WMO responsibility.
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are due to the inadequacies of the models and those caused by the lack of good observa-
tions. A good global data set for the whole year and thus covering all the seasons would be
invaluable. This is the task of Global Weather Experiment.

The Experiment and the need for more data

One thing is clear. In order to improve atmospheric models, the Global
Weather Experiment must collect a more complete set of data on the condition of the
atmosphere globally than is presently available from existing observational stations.

The build-up year for the Global Experiment began on 1 December 1977.
Some of the scientific tools needed for the Experiment such as satellites and the com-
munications and data-processing system will be brought into operation. The preliminary
data-collection period started on 1 January 1978. Observations from World Weather Watch
stations and satellites in operation will be collected and analysed to enable the data trans-
mission and processing system to be tested. The operational year begins on 1 December
1978 when the basic observing and data processing system goes into full operation. This
phase of intense global coverage will last for twelve consecutive months. During that year
there will be two special observing periods: 5 January — 5 March, and 1 May — 30 June
1979.

The Basic Observing System

The basic observation system during the whole twelve-month period of ex-
periment will of course be WMO’s global weather system, the World Weather Watch (WWW).
In any 24-hour period WWW collects and transmits to processing centres, standard meteoro-
logical observations from the following impressive array of stations and platforms: more
than 9200 land stations making surface observations; nearly a thousand stations making
upper-air observations; 9 fixed ocean weather ships and some 7400 merchant ships making
surface observations only; reconnaissance and commercial aircraft providing more than
3000 reports daily. The Global Experiment will be the first occasion where a truly in-
tegrated system of satellites is used to observe the earth’s atmosphere. Five geostationary
satellites will continuously monitor the equatorial and sub-tropical belts the world around,
and a series of polar-orbiting satellites will be used to determine the temperature structure of
the atmosphere as well as to provide information on cloudiness and the temperature of the
sea.

Inadequacy of the Basic Observing System

The enormous masses of observational data collected are nevertheless in-
adequate for a valid global experiment. The ideal requirements of research meteorologists
are for a data set consisting of intensive meteorological observations from the entire globe
for a full year. This is impossible for financial reasons alone. As a measure of how expensive
this kind of research is, the annual cost of operating one fixed ocean weather ship is about
$2 million. An ideal project would call for 200 ships just to cover upper-air observations
in the tropics alone. A compromise is necessary between what is scientifically desirable,
what is technologically feasible and what is economically attainable.

Additional Special Observation Systems to attain global coverage

The scientists managing the experiment have therefore gone ahead with a less
perfect but reasonably satisfactory scheme. They will fill the gaps by means of Special
Observing Systems. The observational plan includes two specially chosen periods mentioned
above, (5 January — 5 March, and 1 May — 30 June 1979). During each of these periods
there will be concentrated observational coverage for 30 days.
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connaitre le comportement de I'atmosphére globale et les procesuss physiques qui déter-
minent ce comportement. En possession de ces renseignements, ils pourront élaborer des
modéles mathématiques et physiques plus précis de ’atmosphére, grice auxquels on s’ef-
forcera d’augmenter la fiabilité et la durée de validité des prévisions météorologiques. La
réalisation de ces deux tiches immenses permettra aussi d’entreprendre la conception
d’un systéme mondial plus rentable d’observations et de prévisions, utilisable couramment
par tous les pays du monde, c’est-d-dire une Veille météorologique mondiale encore plus
efficace.

L’essentiel — et cela n’a pas sensiblement changé depuis plus d’un siécle
d’existence de ’'OMM et de son prédécesseur ’'OMI — est de savoir comment améliorer les
prévisions. On se heurte ici a deux difficultés fondamentales majeures. D’une part, il faut
obtenir rapidement une somme considérable de données précises d’observation sur la
pression atmosphérique, la température, ’humidité, la vitesse et la direction du vent 4 la
surface de la terre et a différentes altitudes, grace 4 un réseau mondial adéquat de plates-
formes utilisant différentes techniques d’observation. A I’heure actuelle, on ne dispose
pas encore d’'un nombre suffisant de stations d’observation météorologiques, en particulier
au-dessus des océans et dans ’hémisphére austral. D’autre part, il faut traiter, rapidement
aussi, ces énormes quantités de données (sinon la prévision risque fort d’étre périmée avant
méme d’étre diffusée).

Jusqu’a une date récente, les prévisions quotidiennes courantes étaient
obtenues en portant les observations sur des cartes et en analysant les principaux systémes
météorologiques, c’est-d-dire les zones de basse et de haute pression. En s’appuyant sur des
considérations théoriques, mais aussi et trés largement sur sa propre expérience, le prévision-
niste déterminait la vitesse et la direction future de déplacement de ces systémes ainsi
que leur degré d’intensification et d’atténuation. Cela lui permettait enfin de prévoir le
temps correspondant a ces systémes.

La révolution mathématique

Il y a une soixantaine d’année, un météorologiste britannique, L.F. Richardson,
mettait au point une procédure permettant de prévoir le temps 4 partir d’équations mathé-
matiques fondées sur des lois physiques connues. A I’époque, cela tenait de la science
fiction. 11 aurait fallu que 64 000 mathématiciens travaillent jour et nuit, toute ’année, sur
des machines 4 calculer pour traiter les données d’observation en surface et en altitude,
communiquées par 2000 stations météorologiques réparties sur tout le globe. Pourtant
Richardson n’était pas un réveur puisqu’il a inventé ce que nous appelons maintenant la
prévision numérique du temps. Vingt-cinq ans plus tard le mathématicien américain, John
von Neumann, fut le premier a utiliser un ordinateur commandé par une équipe de météoro-
logistes et de mathématiciens pour réaliser I’analyse et la prévision du temps par les mathé-
matiques et la machine.

La révolution technologique: satellites et ordinateurs

La révolution technologique qui a produit les calculateurs électroniques ultra-
rapides a également fait apparaitre, dans les années 50, les satellites terrestres artificiels qui
ont donné une dimension nouvelle & la capacité d’observation du temps. Aujourd’hui,
pour reprendre les termes du grand météorologiste norvégien, le regretté Sverre Petterssen,
“les principales barriéres techniques ont ¢édé . . . Il est devenu possible de garder sous
surveillance constante la totalité de ’atmosphére et de procéder au traitement immédiat
de quantités immenses de données.” Sans cette révolution, le programme global d’observa-
tion qu’est la Veille météorologique mondiale n’existerait pas et il n’aurait pas été possible
de lancer cette expérience.
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dollars environ. Or, pour bien faire, il faudrait 200 navires, uniquement pour les observa-
tions en altitude dans les seules régions tropicales. Il fallait donc trouver un compromis
conciliant les besoins scientifiques, les moyens techniques disponibles et les possibilités
financiéres.

Systémes d’observation spéciaux supplémentaires pour une couverture globale

Les spécialistes scientifiques assurant la gestion de I’Expérience ont donc
adopté un programme moins complet mais relativement satisfaisant. Les lacunes seront
comblées grice aux systémes d’observation spéciaux, et le plan d’observation comporte les
deux périodes spécialement choisies citées précédemment (5 janvier — 5 mars et ler mai —
30 juin 1979). Il est prévu, au cours de chacune d’elles, une couverture d’observations
intensive pendant 30 jours.

STRATOPROBE IV
by R. H. Hoogerbrug

Recently the Experimental Studies Division of the Atmospheric Environment
Service conducted the fourth in a series of stratospheric balloon investigations of the at-
mosphere. This series consisted of four launches, one by AES, one by Dr. T.A. Clark of the
University of Calgary, one by NCAR from Boulder Colorado and one by Dr. Weber from the
University of New Hampshire. These launches took place at Yorkton, Saskatchewan in
August and September of 1977. The AES effort was a cooperative venture between the
Service, Canadian university groups and private industry, with AES providing the payload
and the launch itself. The AES team was headed by Wayne Evans abley assisted by Dave
Wardle, Jim Kerr, Hans Fast, Rick O’Brien (Australia), Tom McElroy, Bill Gee, Bill Clark,
Clive Midwinter, Archie Asbridge, John Bellefleur, Bob Hoogerbrug, Claude Drouin
(ACTU), Griff Toole (ACTU) and Brian Gould (U of T). The Canadian Balloon Facility
(CBF), operated by the National Research Council for the scientific community, provided
the launch services for the entire project.

Seven instrument systems were flown on a modified payload plus one on
board camera system. The camera system consisted of a fully automated 16 mm military
strike recording camera. The various sensing instruments included an infrared radiometer
to measure HNO3, O3 and CHy: a UV scattering spectrophotometer to measure OH and
CLO; a UV visual spectrophotometer to measure for HNO,: a UV spectrophotometer
measuring for CLO: an infrared Michelson interferometer measuring CHy, HCL, CO, and
H,O and finally a chemical snooper measuring NO and NO». The instruments were intended
primarily to investigate the modification of the stratospheric ozone layer by freons from
aersol cans and exhaust gases from supersonic aircraft.

As part of the meteorological support provided by AES for the CBF, an aero-
logical station was set up in an ACTO mobile office. A GMD II was obtained from AIMC
and set up by Norm Simon with assistance from the technical staff on hand. This unit
functioned well and good results were obtained. Special high altitude aerological balloons
(KAYSAM 120G) were employed. The highest ascent attained was 3 mbs on two occasions.
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Sponsored by the Environmental Protection Service, the program is modeled
on successful pilot schemes at three Environment Canada buildings in Ottawa/Hull. JoAnn
Opperman, a consultant on contract with EPS was at AES for the month of March to help
get the program going. She says the challenge is for people to break the habit of stashing
paper into trash baskets. During briefing sessions and individual visits she’s been urging
people to get addicted to their desk top holders. She recommends moving waste baskets
to a new spot under desks so there’s less temptation to use them for recyclable paper.

After March the paper reclamation scheme will be monitored by Christine
Samardak in Administration at —4948. That’s the number to phone for information, to
order replacement desk top holders or to report full floor bins. AES staff are reminded
that the new reclamation scheme does not affect two existing practices in the building:
Those who are taking computer printout and cards to the fourth floor north location for
reclamation, should continue to do so because that paper grade commands a higher price
on the market; those who send files and certain other confidential documents to the Re-
cords Branch for destruction, should still do so too. In other words, the new paper reclama-
tion scheme which segregates a grade of paper called ‘‘coloured ledger” is only intercepting
high grade paper that would normally go into the garbage.

While every desk top holder has a list of what can and can’t be recycled, there

are still some contaminants that need clarification. On the other hand, some recyclable
paper is still going into wastebaskets. So here are some extra cues:
Acceptable for recycling: yellow telephone message slips; AES phone directories with covers
removed; tan file folders; all pastel coloured papers except cardboard; white envelopes even
though they have labels and glue (but windows must be torn out first); all ““dull’’ photo-
copies (that’s all xerox and IBM and most 3M); ““dull” staple-bound magazines with glossy
or dark coloured covers removed; staples and paper clips need not be removed. Not
acceptable for recycling: yellow/brown kraft envelopes; also reproduced maps; facsimile
paper; ozalid paper; teletype and telecopy; glossy 3M copies; glued edge reports; chemically
treated papers that look shiney; newspapers; glossy magazines.

The key to knowing if a paper is allowed or not is really common sense. During
recycling the paper is mashed and dissolved in water. Therefore if it’s glossy or plastic it
won't dissolve so it’s not acceptable. Secondly if it’s newsprint, teletype or cardboard the
short fibers are different from the long fibered papers being collected here. Glue bound re-
ports are not allowed because that glue melts in the paper pulper and gums up the drains;
it doesn’t dissolve.

Ms. Opperman says that Ottawa buildings show that 85% of the employees
are participating, there is 54% less garbage, and paper sales are bringing in profits. She
hopes that AES staff will show that success can be repeated in Toronto. The key is partici-
pation by every staff person. “We must dispel the myth that one individual’s contribution
doesn’t matter; environmental protection is the sum of individual contributions.”

AES people have suggested some slogans for the program such as “Habits are
made to be broken” referring to old trash stash reflexes, or “The job’s not done ’til the
paperwork is finished.”

Staff have also been quick to point out that reducing the amount of waste is
the real solution to energy and materials conservation. So it’s important to share memos
and reuse paper that’s only printed on one side. In response to many questions about what
other action can be taken against garbage, AES staff are urged to:
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Par exemple, saviez-vous qu’il ne peut y avoir dans la nature plus de 17 modéles de forme
différente de tuiles, de mosaiques ou d’autres objets de ce genre? C’était connu des Anciens,
il y a plusieurs millénaires. Pourtant, la preuve formelle a été établie en 1924 par le célébre
mathématicien George Polya qui a utilisé la théorie des groupes.

A METEOROLOGIST LOOKS AT SOME ASPECTS OF CROP SPRAYING
C.J. Wendell
CFWO CFB Trenton

In Eastern Ontario, particularly in the Counties of Hastings, Prince Edward and
the adjoining Counties, Northumberland to the west and Lennox and Addington to the
east, a considerable acreage of fruit and vegetables are grown which are quite weather sen-
sitive during certain times of their development if not during the whole of the growing
season. In its provision of weather service to the public and to agriculture in particular,
the Weather Office at CFB Trenton supplies weather information to some of the fruit
growers who number approximately 175 farmers with 3700 acres of orchard producing
an annual crop valued at 3.3 million dollars! as well as to others in dairy, livestock, cash
crop etc.

The fruit and vegetable grower as well as the other farm operators must apply
chemicals to their crops in order to control insects, diseases, weeds and crop growth. These
chemicals are usually applied in a liquid spray using water as a carrier with the chemical in
solution or suspension.

Disease control is usually effected by the application of a fungicide at critical
times. Apple scab, the main disease confronting the apple grower develops ascospores
during the winter and early spring on the old leaves on the ground that were infected the
previous seasonZ. Ascospores — similar to small seeds are usually ripe about the time first
green apple tissue is expected in the springi.e., late April to early May.

Rain is necessary for spore discharge and enough rain to wet the surface of the
aves will cause the ascospores to be shot into the air where air currents carry them upward
into the trees. When these spores land on green foliage or fruit, infection is caused if the
tissue stays wet for a number of hours. This infection is a function of both moisture and
temperature. At the cooler temperatures, say 1°C the green tissue must remain wet for
more than 48 hours in order that the infection take place, while at a temperature of 15°C
only 9 hours are required for this Primary Infection3. These Primary Infections if uncon-
trolled. produce spores which result in Secondary infections later in the season requiring
a shorter leaf wetness period.

A protective fungicide applied to the developing fruit and other green tissue
before a wetting period will prevent a scab infection. If a scab infection has occurred, a
fungicide may be applied as an eradicant within certain time limits, but normally at a higher
rate of chemical per acre increasing the cost of control. Regular fungicide spray programs
usually start near the end of April and continue at regular intervals until late June and
through July and August if the period of primary scab infection is not controlled to the
end of June. In a dry season some of the protective sprays may be omitted.
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Insect control is also accomplished by periodic sprays of insecticides and in
many cases both insecticides and fungicides are applied in the same spray. As for the im-
portance of insect control, one researcher claims? that the progenies of a single over-
wintering codling moth, if uncontrolled can destroy about 140 bushels of apples in one
season (retail value $1000). The timing of insect sprays are also weather dependant but to
a lesser extent than the apple scab sprays. Insect development through various stages is
monitored by the Extension Horticulturists as well as some growers so that timely advice
can be provided for their control.

Other types of sprays are applied to agricultural crops, for example some
fertilizers are applied as a spray to be absorbed through the foliage of the plants. Chemicals
can be sprayed to thin the fruit trees, that is, cause some of the fruit to fall in order that the
remaining fruit grow to a marketable size. Thinning sprays seem to be very weather sensitive
and should be applied during periods of high humidity, nil wind, overcast sky and tempera-
tures in the 21 to 26°C range as these conditions prevent the rapid drying of the liquid
spray solution, otherwise there is little time for absorption through the leaves 3.

Weeds are also controlled by the application of chemicals. Some of the many
herbicides used in weed control require precipitation within a certain period after their
application to activate them. In some cases rain should follow almost immediately for
effective control of weeds while some require rain within ten days. A re-spraying of the crop
may have to be carried out in a dry season or if a forecast rain does not occur.

The Sprayer

Orchard sprays are normally applied by either a hand held high pressure hose
or with an air blast mist type sprayer. In the hand held application the trees are ‘‘washed”
or “‘hosed-down” with a dilute chemical spray as the spray holding tank is towed through
the orchard. This type of machinery requires about four to six hundred gallons of liquid
per acre applied under a pressure of about 500 psi which results in water droplets in the
20 to 600 micron range?.

The air blast mist type sprayer on the other hand applies the same amount of
chemical but in a more concentrated form. In many cases amounts as low as twenty gallons
of water per acre are applied with the air blast sprayer using a high RPM fan producing air
blasts of over 240 km/hr (150 mph) to drive the mist up into the trees to provide the spray
coverage. Water droplets in this case are in the 5 to 100 micron range4 and are much more
vulnerable to being carried away by the wind thus wasting spray chemical and contam-
inating the surrounding environment. On a hot summer day (27T) as much as half of the
water can be lost in the 30 ft travel to the tree top due to evaporation?.

In one of the protectant sprays for apple scab one half pound of actual
chemical (benomyl) is applied per acre on an orchard consisting of 50 trees per acre. At
that rate each tree receives 0.16 oz of chemical. Spraying on a hot windy day leaves little
for the tree!

Effects of Rain

Rain or lack of it has quite an effect on agriculture, it causes the release of
apple scab spores and if it persists long enough may result in an infection period. Some
apple growers commence their apple scab protectant program near the end of April and
continue to spray at weekly intervals until the end of July when sprays are reduced to bi-
weekly for the next two months, a total of twelve to fourteen applications.
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These protective sprays may be reduced by a few if accurate forecasts of no
rain are made. Based on the 1977 Fruit Production Recommendations (OMAF Pub. 360)
and an Agricultural Chemical Wholesale Price List (NM Bartlett Mfg. Co. Ltd., Beamsville
Ont.), protectant scab sprays cost from five to over twelve dollars per acre for the fungicide
material. If only one quarter of the 3700 acres of apple acreage in the Quinte District were
not sprayed one time because of a no rain forecast, a saving of from five to twelve thousand
dollars could be realized by the growers. On the other hand, a poor no rain forecast could
result in as much as a twelve thousand dollar eradicant spray for the same thousand acres.

Accurate and dependable forecasting can in most years reduce the number of
spray applications necessary enough to pay the salaries of a couple of meteorologists.

Other growers require accurate and timely advice on the weather. One grower
in Sidney Township claims that an accurate forecast he received and made use of resulted
in a considerable cash gain on his part. During the planting season of 1975 he received a
forecast that the beginning of a period of wet weather would commence shortly after mid-
night that night. On this advice he acquired an extra corn planter, some help and planted
all his corn as well as his neighbours, finishing well after midnight in the rain. Because of the
clay type soil in his area and the subsequent rains, most farmers in the area were unable to
plant crops for two weeks.

If corn planting is delayed beyond its optimum date, a yield reduction of as
much as 3/4 of a bushel per acre per day results’ . With many farmers planting an average of
100 acres of corn, the two week delay would have cost this particular farmer over 1000
bushels of corn having a value near $2500.

Hay is another crop which is quite weather sensitive, particularly in June when
most is cut, cured and bailed during dry weather. The OMAF Publication 20, Agricultural
Statistics for Ontario 1975 shows that the counties of Hastings and Prince Edward has a
total of 121 thousand acres in hay with a farm value of over 14 million dollars. With this
crop as in fruit spraying an accurate forecast of rain or no rain could help individual farmers
harvest this crop at the optimum time. A one percent loss due to wet hay could cost over
100 thousand dollars.

Weather forecasts which are consistantly reasonably accurate and timely are
well worth the effort to produce them. Like the plough, the meteorologist can be a useful
tool helping the agricultural community to turn over greater profits.
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The following Table #1, which should have accompanied “Les Prévisions du
Quinziéme Jour” Par Ron Robinson CMC, in the December, January issue of Zephyr, was
unfortunately omitted. Our sincere apologies!

Editor

Le tableau N©O 1 qui suit, aurait di paraitre dans I’article de M. Ron Robinson
du CMC intitulé “Les prévisions du quinziéme jour’ publié dans le numéro de décembre —
janvier du Zéphyr, mais il a malheureusement été omis. Nous vous prions de nous en
excuser!

La rédactrice

Tableau I
Canada — 43 Prévisions 4 70 Stations

Observées

TRES TRES
> AU-DESSOUS | AU-DESSOUS | NORMALE | AU-DESSUS | AU-DESSUS
R|MB 236 118 97 66 35 552
£E|B 170 163 123 154 131 741
V[N 115 140 160 159 204 778
1A 64 99 115 138 220 636
S |MA 21 30 27 72 153 303
I
0 _
N 606 550 522 589 743 3010

Nombre de prévisions correctes — 850
Nombre probable de prévisions correctes dii au hasard — 581
Degré de performance =-11

Degré de performance régionale

Atlantique et Ungava -.01
(18 stations)

Québec méridional et C.B. .08
(18 stations)

Ontario — Prairies — Yukon.18
(34 stations)












Festina lente

Honoris causa
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“Hite-toi lentement.” Mots attribués 4 auguste, selon Suétone:
Allez lentement pour arriver plus vite 4 un travail bien fait.

“Pour 'honneur.”” Se dit de grades conferés sans examen et a titre
honorifique a des personnages de distinction.

ART OF METEOROLOGY

It is the science of the pure air and the bright heaven, its thoughts are amidst
the loveliness of creation, it leads the mind as well as the eye to the morning mist, the
noonday glory and the twilight cloud, to the purple peace of the mountain heaven, to the
cloudy repose of the green valley; now expatiating on the silence of stormless aether, now
on the rushing of the wings of the wind. It is indeed a knowledge which must be felt to be
in its very essence full of the soul of the beautiful.

My lord, they say five moons were seen tonight;

by John Ruskin 1839

“WEATHER” IN SHAKESPEARE

A red morn: that ever yet betokened
Wreck to the seamen, tempest to the field,
Sorrow to shepherds, woe unto birds,
Gust and foul flaws to herdsmen and to herds.

Venus and Adonis

For raging winds blow up incessant showers,
And when the rage allays, the rain begins.

Henry 1V

Give not a windy night a rainy morrow.
Sonnets

So foul a sky clears not without a storm.
King John

Four fixed, and the fifth did whirl about
The other four in wondrous motion.

King John









