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F 0 R E W 0 R D 

Atmospheric processes profoundly affect every facet of the 
economic and social welfare of nations and communities and cannot be ignored 
in planning the development and use of natural resources. 

Awareness of the influence exerted by weather has long ago been 
forced upon mankind in such activities as agriculture and transport by sea. 
More recently, meteorology has played an increasingly important role in achiev­
ing safety and efficiency of air transport. And there are many other fields 
in which the judicious application of meteorological sc ience wil l bring equal 
or greater rewards. 

Every agricultural operation involves meteorological factors 
which must be correctly assessed before any decision is made. In planning land 
utilization, a choice must be made of those farming activities that are most 
suited to the local climate. Introduction of new plant varieties or animal 
breeds must be determined by an appreci ation of the similarities and differences 
of climate between the original and new locations. Knowledge of l ocal weather 
variability guides the farmer in providing shelter for crops against wind and 
s a ndstorms, irrigation in periods of deficient rainfall and protection against 
f r ost . In his day-to - day decisions, the farmer relies upon detailed weather 
forecasts for 48 hours and general weather outlooks for longer periods. 

The safety of sea transport depends largely upon weather condi ­
tions. Forecasts of weather over the oceans lead to forecasts of the state of 
the sea and weather hazards, and these forecasts in turn make possible the choice 
of the fastest and safest routes. 

The critical importance of weather in air transport has l ed 
governments to invest heavily in observation stations, forecast centres, and 
basic reseaich. Meteor ologists provide advice on choice and timing of f lying 
r outes, enabling pilots to avoid weather conditions that may be dangerous or 
uncomfortable to their passengers and to choose routes for minimum flying time 
between airports. The age of supersonic flight demands much more extensive 
application of meteorological science. 

Land transport is often hampered or brought to a standstill by 
snow, freezing rain , high winds, heavy rains and extremes of tempe r ature which 
ca use icing on highways, freezing of rail switches, buckling of pavements, and 
ma lfunction of motor transport. Warnings of these conditions are of inestimable 
value. Climatological information enables the engineer to design highways that 
avoid marshy regions with frequent fog, provide shelters or fences to keep drift­
ing snow off the pavement, a llow for expansion or contracti on in t e mperature 
extremes, and install adequate drainage to prevent flooding in heavy rains . 
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Water resources are best utilized when the location and design of 
dams and reservoirs are based upon climatological records of average precipitation 
and extremes of heavy precipitation and drought. The meteorologist also can give 
essential information to the engineer such that utilization of water resources 
is accompanied by practical means of flood control. 

The effects of weather, climate and microclimate on life o f all 
forms are continually being revealed in more and more detail. Further research 
in this area will certainly dis cover many other ways in which man can live more 
nearly in harmony with his environment. Steadily increasing pollution of our 
atmosphere is in part a meteorological problem since a stagnant, subsiding air 
mass traps and accumulates pollutants that might otherwise be dispersed through 
a large volume of air. 

Me teorological factors have too often been ignored in the si ting 
and design of buildings, construction of electric power systems, and planning of 
cities. The result has been unnecessary damage by soil erosion, flooding, 
failures of huge power networks, and air pollution. 

In the recent past, meteorology has evolved from a science of 
observation and empirical deduction into a sophisticated branch of physics, 
utilizing the most advanced methods of math~matics and numerical processes to 
describe the state of the atmosphere accurately and to predict its future state 
by objective, scientific methods. 

The intelligent application of science of meteorology will yield 
great profits in national and private enterprises. It is the purpose of this 
publication to recommend appropriate syllabi for education and training of 
meteorological personnel, to the end that maximum benefits will be gained from 
the practical application of the science of meteorology. 

For the past ten years, WMO has been acutely conscious of the 
urgent need for a publication of this nature. The emergence of many newly 
independent nations in the late fifties and early sixties emphasized the need 
for guidance material for training of meteorological personnel. With the approval 
of the thirte enth session of the Executive Committee (1961), the Secretary-General 
engaged a h i ghly qualified and experienced consultant, Professor J, Van Mieghem 
(Belgium), to prepare reports on various aspects of the probl em. One of these 
repor ts "The problem of the professional training of meteorological personnel of 
a ll grades in the less-developed countries" was subsequently published as WMO 
Technical Note No. 50 and contained detailed syllabi for training the various 
classes of meteorological personnel mainly in the fields of dynamic and synoptic 
meteorology. This Technical Note was received with great enthusiasm and used 
wide ly in training schools throughout the world. 

In view of this development, the eighteenth session of the 
Executive Committee (1966 ), requested its Panel of Experts on Meteorological 
Education and Training under the chairmanship of Professor J. Van Mieghem 
to prepare comprehensive syllabi for specialization in all fields of meteorologi­
cal activities and for all classes of personnel. The fruits of this important 
undertaking are contained in this publication. 
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I wish therefore to take this opportunity to convey the gratitude 
of the Organization to the Chairman and Members of the Panel for their excellent 
work in compiling the syllabi. 

I would also like to thank the Chairmen and Me mbers of the vari ou s 
Working Groups on Training set up by the WMO Technical Commissions who prepared 
many of the syllabi included in the publication. I am likewise grateful t o 
Professors M. Petrosiants (Director of the Institute of Experimental Meteorology, 
Obninsk, USSR), P . Sheppard (Imperial College , London , UK), R.C. Sutcliffe 
(University of Reading, UK , and President of the International Association of 
Meteorology and Atmospheric Physics), and A. Wiin-Nielsen (Universi ty of Michigan, 
USA) , who acted as special advisers to the Panel, and to the many Professors and 
staff members of the various Universities and other training Institutions through­
out the world who contributed to the material contained in this publication. 

Finally I wish to pay special tribute to the Permanent 
Representatives of Members of WMO whose constructive comments and constant en­
couragement made this publication possible. 

~· 
~ 

(D. A. Davies) 
Secretary-General 
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P R E F A C E 

by 
Professor J. Van Mieghem 

Chairman of the Executive Committee Panel of Experts 
on Meteorological Education and Training 

Since its creation, WMO has concerned itself with the problems 
related to the training of meteorological personnel of all grades. In so doing, 
it has fulfilled its responsibilities as stated under Article 2 (e) of the WMO 
Convention . As many WMO Members became independent, these problems assumed much 
greater importance. Consequently, in 1959 the Third Congress of WMO recommended 
that more attention be paid to these problems than had been the case in the past. 
On the initiative of the Secretary-General of WMO, the Executive Committee, at 
its thirteenth session (1961), entrusted a Consultant with the task of preparing 
overall plans for the Organization's future activities in the field of education 
and training of meteorological personnel. In January 1962, the Consultant 
presented the following three reports: 

The problem of the professional training of meteorological 
personnel of all grades in the less-developed countries. 

Plan for the development of professional meteorological 
training in Africa, 

Establishment of a training section in the WMO Secretariat 
to be in charge of problems arising out of the professional 
training of meteorological personnel in the less-developed 
countries. 

The following year, the Consultant prepared a second plan: "Plan 
for the development of professional training of meteorological personnel in South 
America" . 

On the express recommendation of the Fourth Congress of WMO (1963), 
a Training Section was subsequently created in 1964 within the Secretariat. One 
of the first tasks of the Head of the new Section was to complete a survey on the 
training of personnel of the national meteorological services in Central America 
and the Caribbean. At its seventeenth session (1965), the Executive Committee 
created the Panel of Experts on Meteorological Education and Training. 

At its eighteenth session (1966) , the Executive Committee requested 
the Panel to "prepare a Comprehensive Guide containing syllabi for both basic and 
specialized fields of meteorological training". 
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Two preliminary remarks should be made: 

Although the objectives of education and training are 
the same throughout the wbrid, it . should be borne in 
mind tha t this publication has been prepared in r es­
ponse to the explicit requests of national Meteorolo­
gi cal Services of developing countries . The latter 
wil l fi nd i n it the information which they seek . 
Nevertheless, the need for highly- qualified staff is 
j ust as great in developed as in developing countries. 
For this reason, n o effort should be spared in main­
taining t he training of meteorological personnel at 
as h igh a standard as possible in all regions of the 
world. 

In drawing up syllabi for the different grades of 
meteorological personnel, the Organization's purpose 
is to apprise the academic and educational communities 
of its Members of the levels of general and specialized 
training that should be attained by meteorologists of 
all grades to enable them to carry out their respective 
ta sks. It is therefore hoped that this volume will 
provide a source of information for those who wish to 
make use of it. 

* 
* * 

Before dealing with the problems involved in the training of meteo­
rological personne l of all grades and the requisite basic education, it is essential 
to be quite clear in one's mind a s to the purposes of a national Meteorological 
Service. 

A na tional Meteorological Service is a scientific institution 
which discharges, at national and internat ional levels, all public service res­
ponsibilities related to meteorology, and carries out research within its sphere 
of scientific activity. It is essential that the scientific staff of a na tional 
Meteorological Service engage in research, not only because it provides a bene­
ficial and necessary source of competition amongst themselves, but also because 
i t is the only effective way of keeping abreast of scientific progress other­
wise, methods of work are apt to deteriorate very rapidly, as also the quality of 
service to the community. In this connexion, it should be recal l ed that meteo­
rology has evolved from a natural into a physical science. Empiricism belongs 
to the past. Over the past twenty years, not only has mathematics been increas­
ingly applied to meteorology, but als o the world of instruments has been taken 
over by advanced electronics, and methods of observations and data processing 
invaded by automation. Routine manual operations are gradual l y becoming obsolete, 
and men are progressively being re placed by machines. Meteoro logical Services 
today are making use of all kinds of information technique s (automatic a.ata 
collection and processing): automati c plotting and analysis of aerological 
soundings and synoptic charts are one example. Finally, computers are being in-· 
creasingly used by more and more meteorological services, not only for research 
but also to carry out public service tasks seven days a week. 
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When tackl ing the problems involved in the education and training 
of meteorological personnel, it is important to take the above facts into account. 
It follows clearly that the scientific staff of a Meteorological Service should 
have specialized University training in mathematics or physics (or better still, 
in both subjects if possible ) , before beginning their meteorological training. 
Every Meteorological Service keen to maintain its scientific standing should be 
ready to put all necessary facilities at the disposal of any of its scientific 
staff who wish to prepare a thesis for a doctorate. It is impossible to carry 
out research, to accomplish scientific work of value to the public or to implement 
certain essential parts of the World Weather Watch (WWW), for instance the Gl obal 
.Atmosphe r ic Research Programme (GARF) , :without highly qualified meteorological 
personnel. It goes without saying that the scientific personnel of every Meteo­
rological Service should be supported by assistants. 

The purpose of the Guide-lines is twofold: (1) to define the 
various Classes of meteorological personnel required for public service and 
scientific research; and (2) to draw up detailed syllabi of the basic and pro­
fessional knowledge required of meteorological personnel of all grades. 

Many different systems are used throughout the world to define the 
various types of mete orological personnel , It is not possible to draw up a uni­
form system applicable to all countries . The Guide-line~ propose, four Classes, 
with detailed courses for each Class, ranging from University graduates called 
upon to discharge highly scientific duti e s , down to staff to carry out humble but 
essential tasks, such as observing the weather. 

Meteorological personnel may be classified according to the basi c 
education required or ·the level of professional training to be attained. Both 
classifications are equally logical and at first sight equally reasonable. In 
prac ti ce, however, curricula - whether at primary school, general or technical 
secondary school , professional and high technical school, or Univers ity level -
are so diverse everywhere that a classificati on according to basic education do es 
not appear to be feasible. On the other hand, because meteorology must be orga­
nized on an international basis, it is essential to aim, so far as possible , at a 
standard level of professional training for each Class: many of the tasks of 
na tional Meteorological S~rvice s must be carried out in accordance with regula­
tions agreed upon by all WMO Members. The implementation of the World Weather 
Watch will in fact require even greater uniformity of professional training at 
the various levels; and consequently, a classification of meteorological person­
nel according to level of professiona l training would be more appropriate. 

To direct scientific operations, carry out ce r t ain essential 
scientific functions and to carry through r e search to a successful conclusion, 
Class I personnel are essential . Routine professional tasks requiring some degree 
of initiative and a sense of responsibility can be carried out by Class II person­
nel. To assist members of Class I and II, personnel of Class III will be required, 
while personnel of Class IV will perform the humbler everyday tasks. 

It is clear, however, that there exists some correlation between 
the level of professiona l training and that of basic knowledge: when the former 
is high, the latter must also rise in proportion. Thus , Class I meteorolo gica l 
personnel must be University- trained; Class II should have completed one or two 
preliminary years at University, or hold a diploma of a higher technical school ; 
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Class III should have successfully completed their secondary education (general 
or technical); while Class IV should have passed through primary school and the 
lower grades of general or technical secon dary education (first three years in 
secondary school). 

While practically all WMO Members are in agreement as to the defi­
nitions of Classes I, III and IV , a substantial minority have formulated objec­
tions concerning Class II. It should be recalled, in the first place, that Class 
II is not a temporary substitute for Class I , and secondly, that Class II meteo­
rological personnel do not operate solely in the na ti onal meteorological services 
of the developing countries. Members of this Class are also to be found in a 
growing number of developed countries. 

National Meteorological ~ervices throughout t he world will require 
an ever-increasing number of Class II personnel, in particular, forecasters and 
climatologists, and also specialists in telecommunications and information tech­
niques, and in programming and electronics . In addit i on, one inevitable conse­
quence of the World Weather Watch will be a substantial reduction in the quantity 
of "pre- processed data" circulating among meteorological tel ecommunication cir­
cuits, with a corresponding increase in "end products" . The implementation of the 
World Weather Watch will thus re sult in an increase in Class II personne l . While 
Class I personnel must be available in order to obtain "end products", it will be 
sufficient to have Class II personnel, with the assistance of Class III, to 
utilize them. 

In the syllabi, a very sharp distincti on is made for each Class 
between the prior basic knowledge required and meteorological training as such. 
Similarly, where the latter is concerned, those elements of meteorology which all 
members of any one Class must know are set out in the syllabi along with a des­
cription of the knowledge necessary a t the level of that Class in each field of 
specialization. 

It should be noted that the syllabi provide only a quali tative 
indication of the subj ects taught. Their actual scope is more difficult to 
determine. This is a complex task, and in practice can only be carried out by . 
recommending textbooks or by setting test-questions with detailed model answers. 
It is also possible to set out the contents of a teaching-course by preparing 
lecture notes or problem workbooks with keys to selected exercises. 

The period required for teaching a sub j ect depends as much on the 
teacher ' s abi lity as on the average level of intelligence of his students . 
Teaching weak and brilliant pupils in the same class is part icularly unrewarding. 
That is why syllabi do not specify the time needed for the various curricula. 

A defini tion of "satisfactory knowledge" of a subjec t isnot given in 
the Guide-lines since this type of appreciation i s subjective in the extreme. 
Satisfactory knowledge can only be indicated by the candidates ' replies and the 
marks awarded - a highly complex and invidious task . 

Finally, recent advance s i n meteorology have been so swift and 
working methods have developed with s uch rapidity, that it is absolutely essential 
to see t o it that the various parts of the Guide - lines are continually kept up -
to-da te . 
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To conclude, I now enumerate the sources of information used in 
drawing up the syllabi: 

(1) 

(ii) 

(iii) 

(iv) 

(v) 

(vi) 

(vii ) 

(viii) 

The surveys carried out in the last ten years 
by the WMO Secretariat 

on all questions related to meteorological education and 
training in the national Meteorological Services. 

Report on meteorological training facilities 

published for the first time in 1959 by the WMO Secretariat 
and since then kept regularly up-to-date. 

The problem of the professional training of meteorological 
personnel of all grades in the lees-developed countries 

by J. Van Mieghem (WMO Technical Note No. 50 (196 3) ) . 

Plan for the development of professional meteorological 
training in Africa 

by J. Van Mieghem (WMO Information Report (1963) ). 

Plan for the development of professional training of 
meteorological personnel in South America 

by J. Van Mieghem (WMO Information Report (1964) ) . 

Survey cnthe national Meteorological Services of 
Central America, the Caribbean countries and territories 

by H. Taba (WMO Information Report (1965) ) . 

Reports by Working Groupe on meteorological education 
and training of the WMO Technical Commissions 

Documents prepared for the various WMO Conferences on 
meteorological education and training 



(ix) 

(x ) 
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Reports of the Leningrad Conference 

organized in July 1967 by the Hydrometeorological 
Service of the USSR. 

Minutes of meetings of the Executive Committee 
Panel of Experts on Meteorological Education 
and Training 

held from 1966 to 1969. 
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GENERAL 

The purpose of this chapter is to illustrate the wide variety of meteo­
rological personnel required in order to carry out the operational 
duties of a national Meteorological Service. The need for qualified 
scientists and trained technicians is also emphasized. 

In the following paragraphs the duties of a national Service and the 
personnel required are considered; then the role of the World Meteoro­
logical Organization in education and training is discussed . Finally, 
there is an outline of the objectives of the World Weather Watch, which 
will demand a substantial increase in the number of qualified personnel 
of all grades. 

Subsequent chapters will define the grades of personnel, from the meteo­
rologist to his assistants, and will recommend curricula in the basic 
sciences, in fundamental meteorologi cal education, advanced training 
and in various fields of spe c ialization. 

DUTIES OF A NATIONAL METEOROLOGICAL SERVICE 

The functions carried out by a national Meteoro~ogical Service can be 
summed up as follows: 

(1) The organization, operation and maintenance of networks of surface 
and upper-air observing stations. 

(2) The evaluation, processing and archiving of the observational data . 

(3) The establishment, operation and maintenance of an efficient tele­
communication system for the collection and dissemination of both 
observational and processed data. 

(4) The provision of meteorological infor mation and advice including 
weather forecasts, climatological statistics and information on 
physics of the atmosphere. 

(5) Advancement of meteorology by scientific research. 

(6) Application of the science of meteorology. 

(7) The promotion of meteorology throughout the world by international 
co-operation, 

In order to carry out these duties efficiently the Service must have 
qualified and trained personnel. 
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FIELDS OF SPECIALIZATION 

The variety of fields of human endeavour that can benefit from the 
science of meteorology is so wide that no one meteorologist can be 
expected to acquire the knowledge which would permit him to give expert 
advice on all of these topics. Consequently, as in other scientific 
fields, the science of meteorology has been conveniently subdivided in to 
a number of branches, each of which calls for specialized study. The 
main fields of specialization including border fields and fields of 
application, are: 

(a) Dynamic meteorology; 

(b) Synoptic meteorology; 

(c) Physical meteorology; 

(d) Aeronautical meteorology; 

(e) Climatology; 

(f) A.gricul tural meteorology; 

(g) Hydrometeorology; 

(h) Maritime meteorology; 

(i) Meteorological instruments; 

(j) Chemistry and radioactivity of the atmosphere. 

In accepting any such subdivisions of the science of meteorology, it 
must be borne in mind that no single field of specialization is 
completely independent of the others. In some cases a major portion 
of the knowledge required for specialization in one field may also be 
required for specialization in another. In all cases a basic minimum 
knowledge of meteorology is required. Moreover, not all branches of 
specialization are covered in the above classification: refinements 
of the main fields will uncover additional areas such as urban meteo­
rology ( including air pollution), biometeorology, and micro-meteorology. 
Although the latter fields will not be the subject of detailed syllabi 
in this publ ication , some general i deas will be given where possible, 
on the background and experience required by personnel engaged in them . 
In the following paragraphs, a brief description of the various fields 
of specialization is givena 

Dynamic meteorology : This is the study of the basic thermohydrodynamic 
processes which determine the motions of the air and the phenomena it 
produces . Within dynamic meteorology the study of numerical models fo r 
simulating atmospheric processes and for numerical weather prediction 
has developed since the late forties. Because of the rapid calculations 
possible on modern computers, the theories of dynamic meteo rology are 
being applied directly to the existing weather situation to calculate 
its future development. Dynamic meteorology covers motions of all 
scales including meso and small scale systems. 
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Synoptic meteorology: This is the branch of meteorology in which the 
analysis and study of the atmosphere are performed in order to under­
stand its behaviour and to predict its future evolution. The basic 
sciences for synoptic meteorology are dynamical and physical meteorology , 
the basic tools being weather charts of synchronous observati ons describ­
ing the three dimensional physical state of the atmosphere. 

Physical meteorology: This field includes thermodynamics, cloud physics , 
radiation, chemical composition and optical, electrical, acoustical 
phenomena of the atmosphere. As generally accepted, it does not include 
mathematical theory of the motions of the atmosphere and the forces 
responsible for them (which fall in the field of dynamic meteorology) . 
Atmospheric thermodynamics lies so near the borderline of physical and 
dynamical meteorology that it is treated as often in one as in the other 
branch. All these subjects have received much attention during recent 
years. The experts in the field of physical meteorology have the 
advantage that most of the problems they deal with are amenable to the 
techniques of experimental physics and most of their experiments can be 
carried out both in the laboratory and in the free atmosphere. 

Aeronautical meteorology: Aeronautical meteorology was developed as an 
application of the synoptic and dynamic branches of the science to 
answer the specific meteorological problems of air transport and air­
craft design and performance. The results of synoptic analyses and 
prognostic fields of atmospheric parameters are used to develop flight, 
route, area and aerodrome terminal weather forecasts for use in flight 
planning operations and briefing of crew members. Aeronautical 
meteorology includes also aeronautical climatology. 

Climatology: Climatology is the study of the collective state of the 
atmosphere at a given place or over a given area within a specified 
period of time. It can be subdivided into distinct fields of speciali­
zation such as micro-climatology, bioclimatology and applied climatology. 

Agricultural meteorology: This is concerned with the application of the 
knowledge of the atmosphere to agricultural practice. Its scope is wide 
and includes the study of the relationship between meteorological 
factors and such things as the soil, plants, animals and the related 
diseases and pests. Its ultimate aim is to provide meteorological, in­
cluding climatological, information to the agriculturalist, in a form 
suitable for use in his day-to-day operations, and at the same time give 
accurate guidance for his seasonal and long-range planning. 

Hydrometeorology: This is the study of the surface wate r regime (rivers, 
lakes, reservoirs, etc.) and of the interaction between the water cycle 
and meteorological processes. It includes the computation of the water 
balance, hydrological and meteorological calculations of related para­
meters and the preparation of forecasts necessary for water management. 

Maritime meteorology: To be completed later. 

Meteorological instruments: This field is becoming increasingly 
important with the appearance of an ever-widening variety of instruments. 
The instruments at present in use, range from the simple ones found at 
most weather stations such as barometers, barographs and anemometers 
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to more complicated types including meteorological radar, automatic 
weather stations, and meteorological satellites. 

Chemistry and radioactivity of the atmosphere: This is the study of 
the atmospheric processes influencing chemical composition ~f the air 
and precipitated water and of air pollution. 

WMO AND METEOROLOGICAL EDUCATION AND TRAINING 

The Convention of the World Meteorological Organization*, 
requires the Organization to encourage training in meteorology and to 
assist in solving the problems of co-ordination arising out of the 
training of meteorological personnel of all grades. Weather knows no 
national boundaries. Its effects are international. Consequently, the 
degree of efficiency of any one country's Meteorological Service will 
obviously affect that of all other national Meteorological Services, 
especially those of neighbouring countries. No country can for example 
dispense with the meteorological observations carried out by a neighbour . 
Thus, any defects in a national Meteorological Service have immediate and 
troublesome international repercussions. 

WORLD WEATHER WATCH 

In view of its impl~cations in the field of meteorological education 
and training, it is appropriate to include in this publication a brief 
summary of the purposes and plans for the World Weather Watch . 

The primary aim of the World Weather Watch is to ensure that all national 
Meteorological Services obtain the meteorological information they 
require for operational and research purposes. It is conceived as a 
world-wide system composed of the facilities provided by indivi dual 
nations, as co-ordinated and in some cases supported by WMO and other 
International Organizations. 

Its organization and functions can be loosely compared to those of a 
highly developed national Meteorological Service, as outlined before . 
Its essential elements are therefore: 

(a) An observational network, and other observational facilities, 
called the Global Observing System; 

(b) Arrangements for the processing of observational data and for the 
storage and retrieval of data, called the Global Data Processing 
System; 

(c) Telecommunications facilities and arrangements for the rapid 
exchange of observations and processed data called the Global Tele­
communications System; 
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(d) A comprehensive research programme; 

(e) The education and training of meteorological personnel, 

The implementation of the World Weather Watch plans is the concern of 
Members of WMO. However, not all the Members are in a position to meet 
their full responsibilities in order that the objectives of the WWW can 
be attained, Substantial assistance is required by many developing 
countries. For this purpose a Voluntary Assistance Programme (VAP) 
was designed by the Congress of WMO. Under this programme, assistance 
is provided by the Members of WMO who are in a position to offer 
such assistance, This is normally in the form of meteorolo gica l 
equipment, cash contributions or long-term fellowships. 

In the actual implementation of the World Weather Watch, it is essential 
that maximum use be made of existing facilities and arrangements, 
especi ally of advanced facilities such as meteor olo gical satellites, 
electronic computers, high-speed telecommunications, etc. In addition, 
n ew techniques of observation telecommunications and data processing 
should be introduced as soon as they have proved s u ff iciently reliable 
and economical. The World Weather Watch programme will therefore 
consist of two continuous and parallel streams of ac tion. 

In the first stream, proven ·~echnology will be introduced into the 
existing interna tional meteorological system. 

In the second, new technology will be developed in order to achieve the 
ultimate goals of the World Weather Watch. 

In broad terms, the objectives of the first stream are: 

(i) 

(ii) 

(iii) 

A substantial improvement in the Global Observing System to 
provide better and more complete data for meteorological 
analysis and forecasting; 

The implementation of the Global Data Processing System; 

The improvement of the Global Telecommunication System. 

If all these projects are to be properly implemented, qualified staff 
must be available. Thus, a concentrated effort must be made to 
accelerate the programme of education and training of meteorological 
personnel, both at the national level and under international auspices. 
The importance of training cannot be over-emphasized. In the training 
of meteorological personnel, the United Nations Development Programme 
and VAP play an important role. 
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C H A P T E n 2 

CLASS:CFICATION OF METEOROLOGICAL PERSONNEL AND TiillIH DUTIES 
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GENERAL 

Establishing a uniform classification of meteorological personnel which 
will satisfy the requirements of the various branches of meteorology 
and the various national Meteorological Services is a difficult task. 
The wide variety of functions carried out by a national Meteorologica l 
Service and the equally wide range of personnel required have a l ready 
been discussed in the previous chapter. Moreover, the diversity of 
personnel grading systems among the various countries has been clearly 
demonstrated in the "Report of Meteorological Training Facilities"* 
published by the WMO, and in the training curricula prepared by certain 
nationa l meteorological t r aining schools. As a prerequisite, however , 
to establishing syllabi for guidance in the training of meteorologica l 
personnel, we must first have a clear idea of the grades of personnel 
involved, and so far as possible the duties carried out by each grade. 

There is no doubt that meteorological personnel can be graded in a 
number of ways, each with its ovm particular merit and convenience. 
It is equally certain however , that no one system will adequately 
define all types of personnel required. It is therefore necessary 
to accept a compromise classification, all the \lhile recognizing its 
deficiencies and limitations. With this in mind, one can develop a 
system of classification which can be usefully employed as a basis for 
establishing syllabi for the education and training of meteorological 
personnel. 

The following classification of meteorological personnel has been 
adopted in this publication on the basis of the duties to be undertaken 
and qua lifications required. 

CLASS I 

These are University trained personnel with ad.equate educ a tion in 
mathema tics and physics and who have successfully completed a course 
in meteorology to the standard specified by the syllabi. In this 
group there can be various levels, or degrees of qualifications. 

All meteorological services should have personnel of . this Class. 
Their duties should include, inter alia operational da y-to-day work 
such as weather forecasting as well as consulting, dire c ting and 
decision-making and management. Clearly also they will be responsible 

* ill10. Ho. 240 .TP.1 31 
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for research and development. This may require additional training 
either through systematic academic courses or as a result of personal 
study. 

CLASS II 

Such personnel will have undergone a complete secondary or equivalent 
school education and introductory training in mathematics and physic s 
to the standard specified by the syllabi as well as successfully 
completing a meteorological course. Such training should be given at 
a university or other appropriate institution having Class I instructors. 

The function of Class II meteorological personnel is to carry out dutie s 
relative to the analysis and interpretation of observational data. 
More specifically, their duties will include under guidance by Class I 
personnel the analysis of synoptic charts, weather forecasting, study 
of data relating to physical meteorology (radiation, ozone, etc.), 
observational instruments and methods, telecommunications, inspections 
of meteorological networks, etc. 

The distinction between Class I and Class II personnel lies not in the 
skills acquired, since Class II may have a very high degree of skill 
in some fields, but in the fund of knowledge as organized into a 
consistent body of theory which supports those skills. 

CLASS III 

They will have received complete secondary or equivalent school 
education and training in meteorology either with emphasis on the 
utilization of observational data or training of an applied and 
technical nature with emphasis on the use of observational instruments. 

Class III personnel should be suitably qualified to carry out a wide 
variety of tasks in connexion with the processing of observational data 
or the handling of meteorological instruments. They are responsible 
for the decoding and checking of incoming messages, plotting of 
meteorological charts, aerological diagrams and cross sections. They 
should assist personnel of higher classes in the analysis and inter­
pretation of observational data, supplying meteorological information 
under supervision, checking monthly weather summaries of the network 
stations, and calculating statistical parameters on the basis of such 
summaries. In accordance with their qualifications, Class III 
personnel would also be responsible for the calibration of meteorologica l 
instruments used in the surface observation network, calibration of 
aero logical s_ondes, operation of aerological and radiation stations, 
and other allied duties. 
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CLASS IV 

They should have sufficient training in meteorology to enable them to 
observe meteorological phenomena accurately and objectively and to 
understand the underlying significance of their routine tasks. The 
duties of Class IV meteorological persolUlel will include all routine 
surface observations such as atmospheric pressure, temperature, humidity, 
evaporation, rainfall, speed and direction of wind, sunshine, total 
radiation, grass minimum temperature, ground temperature, cloud 
visibility and present weather. They will also maintain instruments 
such as barometers and barographs, thermometers and thermographs, 
maximum and minimum thermometers, psychrometers and hygrographs, and 
all other instruments us e d in surface observations. In addition, 
their duties may include office work such as the reduction of 
observation data, transmission of synoptic messages, maintenance of the 
observation log and preparation of monthly summaries, processing of 
recording diagrams and the calculation of hourly totals, means and 
extreme values. Class IV persolUlel may also be required to plot 
meteorological charts and diagrams. 

TOTAL PERIOD OF STUDY FOR VARIOUS CLLSSES OF METEOROLOGICAL PERSONNEL 

In view of the fact that the periods of primary and secondary school 
are also the school entry age vary from country to country an indication 
of the total period of study is highly necessary. For this purpose 
the following scheme is presented on the assumption that the age at 
school entry is 6 years: 

Class IV The background education should correspond to at least 9 
years of schooling. This should be supplemented by a minimum of 4 
months formal training in meteorology and an extensive period of on-the­
job training. 

Class III A minimum of 12 years schooling is required before the 
candidat~s embark on meteorological study. This corresponds ~Q GCE 
"A'' level in the United Kingdom. The period of the meteoroloe-ical 
course should be 8-10 months supplemented by adequate practic a l and 
on-the-job training. 

Class II The same general background education as Class III. Thi s 
should be supplemented by courses in mathematic s , physics and other 
pre - requisite subjects togethe r with meteorological training over a 
period of 2 years. A minimum of 9 months on-the-job training will b e 
required to complete training . 

Class I The same general background educa tion as fol' Classes III 
and II plus university training in pre-requisite subjects and 
meteorology for a period of at l east 4 years. Thio should be 
supplemented by on-the-job training of at l e ast 6 months in a 
Meteorological Service. 



In this publication syllabi for training personnel in each of the above 
four classes are presented. Attention is given to variations or 
additions to these syllabi for personnel engaged in the various fields 
of specialization of meteorology. 

It should be understood, however, that in establishing these syllabi, 
it is not the intention to lay down standard curricula. To do so 
would be inadvisable. Training programmes throughout the world must 
take into account local circumstances and, consequently, variations 
in the syllabi adopted in the various countries are inevitable. It 
is hoped, however, that the syllabi presented here will serve as 
guidance material for meteorological training required for the various 
classes of personnel. 

It ±s emphasized once more that the above classification is not 
expected to be adopted universally since some countries do have other 
systems which are more suitable to their requirements. It is however 
the most readily acceptable compromise as demonstrated by many members 
of WMO. 
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C H A P T E R 3 

CURRICULA FOR TRAINING ALL CLASS I_METEOROLOGICAL PERSONNEL 

IRRESPECTIVE OF THEIR FIELDS OF SPECIALIZATION 
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GENERAL 

Although in some cases the syllabi for Class I are g~ven in less 
detail than for Class1 II,it is, of course, expected that the Class I 
courses will cover the whole of Class II. 

Since courses in mathematics and physics for Class I personnel are 
taught by mathematicians and physicists, it is unnecessary for WMO 
to elaborate detailed syllabi in these subjects. The re is suffi c i ent 
uniformity of nomenclatur e to permit the scope of the material to 
be indicated briefly. Furthermore although university education 
may vary f rom country to country the level of knowl e dge r e quired in 
these subjects is implied by the sylla bi in meteorology. 

The syllabi given below therefore list, without going into detail, 
the main topics to b e cove.red. However in hydrodynamics and 
the rmodynami c s, whi ch are of prime importance in meteorology and in 
oceanography a certain amount of detail has b een maintained. 

EDUCATION IN THE BASIC SCIENCES (CLASS I) 

Mathematics 

Classic linear and non-linear algebra with special emphasis 
on vectors and tensors; elements of modern a l gebra: fields, 
rings, groups, lattices. 

The classical course in d ifferential and integral calculus 
including the theorems of Green, Ostrogradsky, Stokes and Gauss; 
methods of evaluating the asymptotic value of integrals . 

Functions of a c omplex variable. 

Classical cou rse in series, including Fourier seri es and 
orthogonal functions; Fourier integrals. 

Ordinary differential equations including linear and higher 
order and degree equat ions; solutions in series and the theory 
of special functions. 

Classical course in differentia l and integral v ector and tensor 
calculus. 

Calculus of variation. 
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Boundary value problems in heat conduction. 

Special functions. 

Eigen functions and Eigen values. 

Foundations of probability theory. 

The statistical method and its scope. 

Contingency and correlation. 

Time series; random series; trends in time series; harmonic 
analysis; spectrum analysis (power spectra). 

Numerical calculation of an expression involving only ari t hmetical 
operations. 

Numerical differentiation and integration. 

Numerical calculation of series. 

Solution of ordinary differential equations; numerical 
approximation and graphical method. 

Simultaneous linear equations. 

Partial differential equations; relaxation methods. 

Non-linear algebraic equations; numerical solution of cubic 
equations; graphical methods. 

Approximation functions. 

Solution of the standard transcendental equations; graphical 
methods. 

Standard integral equations. 

The use of computers in meteorology : computers, working 
principles; coding; general construction, central unit, in- and 
output devices; memories; principles; lineprinters; tapes 
and cards, tape and punch-card machines; sorting and selection 
stages; programming principles; flow diagrams; programming 
languages (ALGOL, FORTRAN); compilers; statistical, accounting 
and information handling machines; application of machine methods 
in meteorological servicesi· analogue computers; processing of 
continuous variables; app ications. 
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Physics 

Kinematics of a particle. 

Dynamics of a particle. 

Kinematics of a rigid body. 

Dynamics of a rigid body. 

Elastic media 

Equilibrium of elastic bodies. 

Elastic waves. 

Kinematics 

Eulerian and Lagrangian variables; de composition of a field of 
motion in the vicinity of one of its points into a field of 
translation; a field of rotation and a field of deformation 
and divergence; physical significance of vorticity and divergence; 
application to plane motion. 

Statics 

Pressure; force due to the pressure gradient; equations of 
state and of change of state of a fluid; perfect gas equation; 
surface tension of fluids; capillarity; barotropic and 
baroclinic fluids; isobarisostere solenoids; Pascal's law; 
Torricelli's experiment; barometer; Archimedes' principle and 
buoyancy applications; hydrostatic equation along the vertical ; 
altimetry, application to the atmosphere; Laplace's equation. 

Eulerian and Lagrangian motion; boundary and initial conditions; 
continuity equation; case of gases and liquids; compressibility 
and incompressibility. 

Work-energy theorem, balance of mechanical energy (potential and 
kinetic energy); application to aerodynamics; Bernouilli' s 
theorem. 
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Vorticity and divergence; rotational form of the equations of 
motion; irrotational . motion and two or three-dimensional 
rotational motion ; irrocational motion in three dimeftsi ons due to 
sources~sinRs, doublets and line sources; images;flow around an 
ooscac.Le. 

Circulation and vorticity : absolute and relative circulation and 
vorticity; case of the barotropic fluid : the Lagrange-Helmholtz 
theorem; case of the baroclinic fluid : V. Bjerknes's theorem 
and its interpretations. 

Small disturbances and the ir propagation in a fluid in equi librium; 
compressibility waves (sound waves); gravity and inertia waves . 

Viscous fluids; coeffici ent of viscosity; case of gas; case of 
liquids; Navier-Stokes' tensor; integration of the viscous fluid 
equations in s imple cases; Poiseuille's flow and Couette's flow ; 
resis tance of fluids to the motion of immersed bodies ; Stokes' 
formula, limiting velocity, applications. 

Turbulent fluids; one and two-dimensional turbulent flow ; 
boundary layer; eddy lines and eddy motions in the wake of an 
obstacle; Reynolds' number; Reynolds' tensor ; turbulent 
diffusion of heat and momentum, eddy conductivity and eddy 
viscosity; application to the atmosphere, turbulent diffusion 
of water vapour in air. 

Object of thermodynamics : thermodynamic system; definition; 
exchanges of energy and matter with the external world; closed 
and open .systems; physical state of a system; variables of 
state; ( p,v) systems; Clapeyron's diagram . 

Definition of temperature : temperature scales (Celsius , Fahrenheit, 
Kelvin): variables of state and the equation of s t ate of a system; 
homogeneous and non-homogeneous systems; thermal expansion of 
solids, liquids and gases; case of gases : the laws of 
Boyle-Mariette,. Gay-Lussac, Avogadro and Dalton (gas mixtures); 
equation of state of a gas : perfect gas and Van der Waal's gas. 

Definition of heat : quantity of heat; calories; thermal 
conductivity; specific heat; case of gases; heat of change of 
phase; heat of reaction (chemistry); calorimetry . 

First law of thermodynamics : various forms of energy (work, heat, 
elec trical and chemical energy, etc.); principle of the conserva­
tion of energy; principle of the e quivale ncy of heat and work 
(Joule) ; statement and meaning of the first law in the cases of 
systems at rest and in motion (atmospheric air); in the cases of 
closed and ope n systems (clouds in the case of precipitation); 
case of systems in motion; consequences of the first law and of 
the kinetic energy theorem as applied to the system; intern a l 
energy; enthalpy; Gibbs's system; work acc omplished by the 
expansion of an ideal fluid; reversible exchange of work and 
heat; calorimetric coefficients of a fluid; adiabatic trans­
formations; case of the perfect gas. 
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Electrostatics . 

Direct current. 

Magnetostatics . 

Alternating current . 

Electromagnetism. 

~~~~!~~~~~~!!~-~~~!~~!~~ 

Geometric optics. 

Wave optics . 

Spec troscopy . 

- 2.1 -

Theor y of e l ectromagne tic radiation. 

!~~~!~-~~~-~~!~~~!~~-E~l~!~~ 

Concept of the composition of matter. 

Elements of wave and quantum mechanics, and atomic physics. 
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FUNDAMENTAL METEOROLOGICAL EDUCATION (CLASS I) 

In any Meteorological Service there will be day-to-day operational 
tasks calling for the exercise of independent judgement based on 
scientific principles. Work of this kind will necessitate a cadre 
of well-qualified and skilful personnel. Such personnel must have a 
th.crough grounding in dynamic, synoptic and physical meteorology. 
Syllabi in these subjects are given in paragraphs 3.3.1, 3.3.2 and 
3.3,3 respectively. For convenience the syllabus on the statics and 
thermodynamics of the atmosphere, an essential aspect of both dynamic 
and synoptic meteorology and also necessary background for the study 
of cloud precipitation physics, has been reproduced separately in 
paragraph 3.3.4 rather than under dynamic or synoptic meteorology 
as is often the case. Further, Class I personnel should also have 
basic knowledge of climatology, hydrology and the interaction of the 
ocean and atmosphere. Appropriate syllabi are given in paragraphs 3.3.5, 
3.3.6 and 3.3.7 respectively. 

Dynamic meteorology 

Equations of motion in vector form as derived from Newton's second 
law; discussion of pressure force and gravitation; transformation 
from non-rotating to rotating co-ordinate systems; discussion of 
centripetal acceleration and Coriolis force ; the concept of gravity. 

Equations of motion in Cartesian co-ordinates (tangent plane approxi­
mation)and in spherical co-ordinates; orders of magnitude of 
variol.tl3 terms (based on observations) leading to the simplified 
equations. 

Introduction of the hydrostatic approximation; justification of 
this approximation. 

Equation of quasi-hydrostatic motion using pressure as vertical 
co-ordinate. 

The continuity equation; Cartesian co-ordinates: pressure as 
vertical co-ordinate; homogeneous and incompressible fluid. 

The hydrodynamic equation and equation of state. 

Principles of dimensional analysis. 

2!E~~!~!!£~L-!£E!!~!!lL-~!!~~~~~~~-~~~-~~f £E~~!!~~ 

Vorticity and circulation; Bjerknes' circulation theorem with 
interpretations. 
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Divergence of the three dimensional and horizontal wind field. 

Vorticity and divergence equations in co-ordinate systems with 
pressure as independent variable; discussion of the order of 
magnitude of the various terms. 

Introduction of the stream function and velocity potential -
Helmholtz theorem; streamlines and trajectories. 

Equilibrium stratification of mass in the gravity field; pure 
gravity oscillation; stable, unstable and neutral stratification . 

The circular vortex 

The stationary circular vortex ; the thermal wind relationship; 
stable, unstable and neutral conditions; elementary treatment of 
stability criteria. 

Sea breezes. 

Mountain-valley winds. 

Thunderstor ms and tornadoes . 

The nature of turbulent flow; flow near a boundary ; the mixing­
length hypothesis; velocity profile near a boundary (smooth 
surface, rough surface); power-law profiles; the vorticity trans­
port hypothesis; statistical theories of turbulence . 

Eddy transport of momentum, heat and water vapour, in the plane­
tary atmospheric boundary layer; the Taylor-Ekman theory of the 
vertical variation of the wind in the boundary layer. 

The heat flux equation and the problem of convection; Richardson 
criterion; forced and free convection. 

Small scale turbulence convection 

Plumes. 

Bubbles, 

The elements of linear perturbation theory; compressibility waves; 
gravity waves; i nternal and external gravity waves; the importance 
of t he boundary conditions; r igid and free surfaces. 
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Inertia waves; inerti~ stability; calculation of the inertia 
circle; combined gravity-inertia waves. 

J3arotropic waves (Rossby waves). 

Elementary t r eatment of barocl~nic waves. 

Observational studies 

A description of the mean state of the atmosphere and its variation 
with the seasons; di s tributions of the zonal wind and the zonal 
tempe ra ture field as a function of latitude and pr essure; the 
latitudina l, vertical and seasonal variation of the intens ity of 
atmospheric disturbances; definition of zonal and eddy quantitie s ; 
algebra of average values and the associated f1uctuations; di s ­
tinction between stationary and transient disturbances. 

Momentum he a t a nd wate r balance 

The time variation of absolute and r elative a ngula r momentum; the 
meridional tra ns port of relative a ngular momentum by atmospheric 
disturba nces; the convergence of the mom2ntum trans port a nd its 
importance for changes in the mean zonal wind; the impo r tance of 
the mean meridiona l circulation and of the f riction fo r cha n ges in 
the mean zonal winds. 

The maintenance of the mean zonal temperature field; the ·meridion a l 
t ransport of sensible and latent heat by atmospheric disturbance s ; 
the convergence of the eddy heat t r ansport and its importance f or 
cha nges in the mean zonal temperature field; the importance of the 
mean meridional circulation for changes in the mean zona l temper a ­
ture field; temperature changes caused by the zonal heat sources 
and sinks. 

Global water circulation; evaporation; precipitation; transport 
and divergence of the transport. 

Definition of kinetic, potential and internal energy ; the propor­
tionality between potential and internal energy in quasi-static 
flow; the concept of available potential energy1 conservation 
theorems. 

Der iva tion of the kinetic energy equation for a finite volume, in 
pa rticular in a zonal ring; transport of kinetic energy in the 
meridional and vertical di r ection. 

The ma intenanc e of temperature variance in a finite volume, in 
particular a zonal ring; the importance of horizontal a n d verti cal 
heat transports. 
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General treatment of atmospheric energetics considering available 
potential energy and kinetic energy in their zonal and eddy forms 
and their interaction. 

General principles of objective analysi s. 

Models of l a r ge -scale atmospheric motion systems : scale analysis 
of atmospheric motions; the filtering of scales of motions 
without met eoro logica l significance such as externa l gravity waves 
and the short internal gravitational and ine rtial waves. 

Bala nced motions : horizontally balanc e d motion; motion with no 
tangential acce leration; gradient wind r e l at ion; geost rophic 
wind relation; comparison of geostrophic and gradient winds with 
actu a l winds; the divergence a nd the velocity of the ge ostrophic 
wind; the geostrophic therma l wind; deduction of the balance 
equation from the divergenc e equation; simplified forms; tile 
balance equati on as a generalization of the cco~trophic and 
e-radient wind relations. 

The barotropic model. 

Some simple baroclinic models. 

Numerical computation of map factors and of geostrophic winds 
from height data given in grid points; static stability 
computations; barotropic and elementary baroclinic forecasts 
by the relaxation method, etc. 

Synoptic meteorology 

In these suggested outlines no syllabus relating to organization and 
historical development of meteorological services, and t echnical 
aspects of communication systems has been given with the thought that 
this material is appropriate for on-the-job tra ining within the v a rious 
national Meteorological Servi ces. 

For laboratory exercises, where a high-speed computing faci lity is 
not available graphical methods can still be u se d to advantage in a 
numb e r of instances. 

Availability of the products of a meteorological service is assumed to 
broade n the student's experience through contact with a large number 
of weather situations in real time. It is difficult otherwise to 
obtain a feel for the processes and problems of forecasting. 



3.3.2.1 

3.3.2.a 

3,3,2.10 

26 -

Surface, upper- ai r and special observations; satellite data; radar; 
sferics , etc.; repre sentati on a nd a nalysis of f ields of mete oro­
logical elements , 

Air masses 

Charac teristics and analysis; production and modification. 

Geostrophic and thermal wind; gradient wind; streamlin es; d iver ­
gence; vorticity and other kinematical aspects ; fr ic tion layer; 
barotropic and baroclinic systems. 

Fronts 

Frontogenesis and frontolysis; structure of fronts; kinematics 
and dynamics of fronts. 

Frontal and baroclinic models; structure development . 

Jet stream and frontal climatology; long waves; blocking, 

Streamline analysis; 
convective systems; 

easterly waves; monsoon circulation; 
tropical cyclones. 

Surface analysis; analysis in constant pressure surfaces and 
other surfaces; cross-section analysis, 

Convection systems; local winds and other weather phenomena. 

Short-range forecasting by traditional methods; medium r ange and 
long-range forecasting; objective analys i s and numerical weather 
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prediction; prediction of individual weather elements, 

~~!~!!~!~-~~!~-~~~-~!~~~-~~~~~~-!~~~~S~~~-~~-~~~~!~E~~ 

Applications to synoptic meteorology of satellite photography and 
radiation measurements; constant level balloons; automatic 
buoys; rockets, etc. 

Practical work in synoptic laboratory is a necessary part of the 
course of instruction, This should cover a wide range of methods 
of analysis and prediction, 

Physical Meteorology 

Basic black body laws; definition of terms and units used in 
radiation; the exponential extinction law; absorption; Rayleigh 
and Mie scattering; the solar constant; transmission of solar 
radiation in the atmosphere; effects of clouds; surface albedo; 
sky radiation; empirical formulae for solar radiation at surface; 
instruments used for measuring solar radiation; spatial and 
temporal distribution of solar radiation over the earth including 
astronomical factors; origin and nature of long-wave radiation 
in the atmosphere; simple discussion of spectral lines, line 
shape, bands, effects of pressure and temperature and band models; 
absorption and emission by water vapour; carbon dioxide and ozone; 
radiation charts; effects of clouds; nocturnal or net radiation 
and empirical formulae; diurnal and annual variations of the 
radiative balance; the heat balance of the earth and atmosphere; 
principles of radiative sensing of vertical struc ture of the 
atmosphere from artificial earth satellites; ozone and its 
relation to radiation; temporal and spa tial variation of ozone 
and its use as an atmospheric tracer; radiative processes in 
the stratosphere and mesosphere. 

Refraction of electromagnetic radiation in the atmosphere; micro­
wave ducting, optical mirages as examples; review of the ge ometric 
optics of reflection, refraction and diffraction; applications 
to rainbow, halo, mock sun, sun pillars, glory, corona; trans­
parency of the atmosphere; the visual range; turbidity and its 
measures. 

Solid, liquid and gaseous phases of water; saturation vapour 
pressures over liquid/solid; specification of water substances 
in a tmosphere; relative, specific, etc. humidity; liquid/solid 
water content; variation of humidity with height; evaporat ion; 
condensation; sublimation at (a) earth's surface, (b) suspended 
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particles; formation of fog, mist and cloud; classification of 
clouds; precipitation; types and classification; snow cover, 
properties; melting and evaporation; broad features of water 
cycle in the atmosphere. 

Nucleation of the liquid phase from the vapour; condensation 
nuclei, their properties and distribution; ice nuclei and their 
properties and distribution in time and space; growth of cloud 
drops and ice crystals by diffusion, snow crystal habit; size, 
number, fall speed of drops and crystals; limit on diffusional 
growth and need for precipitation mechanisms; Bergeron-Findeisen 
process; coalescence of cloud drops; growth of warm rain; 
formation of graupel and hail, growth of precipitation in 
convective, stratiform and orographic clouds; icing of aircraft; 
artificial modification of clouds; critical assessment of 
techniques for stimulation of rain, prevention of hail, 
dissipation of fog and cloud. 

The fair-weather electric field of the atmosphere; ions and 
ionizing radiations; the conduction current; world-wide aspects 
of the diurnal variation of electric field and conductivity; 
observational aspects of thunderstorm electrical properties; 
theories of thunderstorm electrification; the lightning discharge; 
thunderstorms as a mechanism for maintaining the fair-weather 
electric field. 

Statics and thermodynamics of the atmosphere 

Atmospheric pressure and its variation with altitude; geopotential 
and the geopotential metre; the hydrostatic equation, its 
importance in meteorology; height of a pressure surface and thick­
ness of a pressure layer; altimetry; barometric pressure and its 
precision; the standard atmosphere . 

Additional thermodynamics ·: second law of thermodynamic s ; general 
statement and meaning; reversible transformations; statement and 
implications of the law; one and two- source cycles; Carnet's 
theorem; thermodynamic temperature s cale; entropy; irreversible 
transformations; statement of the law; Clausius's inequality 
and non-compensated heat; entropy; evolution of an isolated 
system; degradati on of the energy of a system. 

Conseque nces of the two laws : thermodynamic potentia l ; Gibbs's 
e quations; chemi c al potential, application to ideal sys tems ; 
mixtures of perfect gases (moist air) a nd dilute solutions; 
thermodynamic and chemical equilibrium; displacement from 
equilibrium; change of phase; interphase equilibrium ; h e at of 
change of phase; Clapeyron's equation; lag in change of phase; 
dilute solution; osmotic pressure; Van't Hoff's l aw : chemic a l 
equilibrium between a solution and the solid phase of the solvent; 
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electrolytic solutions; phase rule; Nernst's and Le Chatelier 's 
laws : capillary systems, application to water drops (Kelvin's law) 
and to ice crystals; steam and internal combustion engines; 
efficiency; Watt's indicator; refrigeration; jets and nozzles . 

Thermodynamic systems in meteorology : dry air; liquid water; 
water vapour; ice; non-saturated moist air; aqueous clouds; 
ice clouds; clouds t'ormed of water droplets and i ce crystals; 
thermodynamic properties of water in its three phase s and the 
changes of phase; properties of dry a ir and moist air; virtual 
temperature. 

Adiabatic transformations of dry and moist air ; potential 
temperature; wet-bulb t emperature and the psychrometric formula; 
equivalent · temperature; wet-bulb pseudo-potential temperature and 
pseudo-potential equival ent temperature; dew-point temperature 
and its variation with alti t ude; dry and saturated adiabati c 
lapse rates; Clausius-Clapeyron equation; mixing of the masse s 
of moist air. 

Aerological diagrams; 
choice of a diagram; 

diagrams equivalent to Clapeyron's dia gram; 
use of diagrams in synoptic meteorology . 

Stability of vertical dry and moist air; stabili ty cri t eria and 
ins tability criteria; conditional ins tability and l atent 
instability; the parcel and slice methods and a comparison of 
the two1convective flow in the atmosphere; importance of relief; 
diurnal variation of stability and convection . 

Precipitable water; quantitative prec ipitation forecasting; 
l a tent heat relationship; the thermodynamics of the hail stage; 
energy changes on the thermodynamic diagrams; stability changes 
and large-scale vertical velocity fields; entrainment during 
convection; the bubble theory of penetrative convection . 

Climatology 

Notions of climate, definition of climate. 

Physical fact ors of climate : h eat ; light ; moi s ture. 

Astronomical factors : so lar climate a n d climatic zones; solar , 
lunar , planetary ~nu cosmi c influences; influence of latitute; 
effects of variation in the earth's axis of inclination and in 
e lements of the earth ' s orbit ; zona l contrasts and continentality; 
mean temperature of the earth's s u rface as a functi on of the solar 
const ant, a lbedo , emissivity; geometry of r a diation - "meridional 
contrast" (contrasts meridional). 

Geographical factors of c limate : environmental influences on 
climate; distribution of sea and land surfaces; dc8'2'ee of 
continentality; topoeraphy and a spect ; soil a nd subsoil 
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(physical state and wat er retention capacity of t he s oi l ); 
regional and local i nfluences ; i nfluences of water masses ( oceans, 
l akes , rivers); effects related to the natur e of t he earth ' s 
surface ( snow, ice, f orests , prairies, crops); i nfluence of t owns, 
buildings and other human activities; effects of volcani c 
e ruptions on climate; geographical distribution of climates . 

Climatic factors : air, water and soil t emperature; a t mospheric 
pressure , wind, humidity, evaporation, evapotranspiration, sun­
shine duration, r adiation, cloud amount, visibility; composi t ion 
of air ; atmospheric pollution; state of the ground; s tate of 
the sea; hydrometeors; lithometeors ; photometeors; electro­
meteors; instruments and methods of observation for t he various 
c limatic elements; variability of the climatic elements , their 
variations and ranges (daily, monthly, seasonal, annual , etc. ) ; 
variability of the climatic elements in space. 

Thermal radiation; energy and water balance of the earth's 
surface ; geographical distribution of the energy balance; 
geographical distribution of s olar and terrestrial radiation 
a lbedo; comparison of the normal values and variability of 
climatic elements at the various latitudes in the two hemispheres; 
hydrological cycle ; region to region variations of the water 
balance; climatic aspects of t urbulence and diffusion; heat 
transfer in the soil; heat capacity; evaporation and evapo­
t ranspiration; frequency and variations of electrical phenomena 
(potential, conductivity, vertical currents, etc.); geographical 
distribution of thunderstorms over the earth's surface. 

Climatological aspects of the general circulation of the 
a tmosphere and of t he centres of activity; possible circulation 
pat t erns; :Bjerknes ' circulation theorem and "cold anticyclones" ; 
experimental models ; Rossby number; wave number and air blocking 
in the mountains; autoregulation in open sea and pack-ice; 
surface wind f ield and upper wind field; divergent fields and 
vorticity; metastable and multistable behaviour of the 
atmosphere ; climatological aspects of dynamical meteorology; 
preparation of numerical models; long-range forecasting; 
forecasts for contingency tables; use of the information ratio 
in the choice of "predictors". 

Climatology of air masses; mean values or frequency of climatic 
elements associated with types of weather; frequency of simult­
aneous occurrences of two or more climatic elements; natural 
synoptic periods ; special phenomena; geographical and seasonal 
distribution of fronts, convergence z ones and air masses; fronts; 
polar front waves; movi ng anticyclones ; o ther disturbances and 
c limatological phenomena as soc i ated with them. 
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Troposphe r e and lower stra tosphe r e; climato logica l da t a for 
standard l eve l s ( s t andard isobaric s u rfaces) an d s i gnificant 
levels ; t emperature ; wat er vap ou r (mixing ratio of mois t a i r) ; 
pressure ; wind ; radia tion ; o z one; atmospheric chemistry; 
geopotential; thickne ss of isobaric layers; freezing l eve l ; 
tropopause (geopotential, pressure , temperature) ; jets treams 
(position of axis); temperature inversion (base , tog , ge opoten tial, 
temperature, humidity) ; height of fre e zing level (o isotherm ) ; 
cloud base ; correction of observational errors; pres entation 
of climatologi cal uppe r air data ; presentation of charts, diagrams, 
etc.; stratosphere; mesosphere; thermosphere (ionosphe re) ; 
importance of the upper atmospheric layers for thermal proces s e s 
in the atmosphere in general. 

Cause of formation of climates; principles of climatic 
classifications; one example of classification. 

Seasonal variations of the atmospheric circulation; monsoons ; 
local and diurnal winds; climatic elements, their frequency, 
characteristics and distribution; climate source regions; role 
of oceans and continents; storm trajectories and frequencies; 
complex of weather types and grouping of climatic elements 
according to air masses; geographical distribution of air masses 
and frontal zones; regionalization of climates; effects of 
relief, oceans, vegetation, etc.; climatological conditions of 
continents and oceans. 

Elements of aeronauti cal climatology, agricultural climatology, 
urban climatology and bioclimatology. 

Application of climatological methods to industrial activ ities, 
insurances, legal proceedings, tourism, sports, transportation, 
etc. 

Elements and basic notions . 

Elements and basic notions of random variable and proba bility 
theory; description of population by means of frequency 
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distribution; estimation problems; test of hypothesis; 
relationships problems. 

General hydrology 

Role of water in economic activities; bodies of water on the 
globe; general information on oceans; seas, large lakes and 
rivers; the water cycle on the globe; the general principles 
of water balance; general information on the structure of water, 
ice, snow and water vapour; river systems and basins; definition 
of rivers; formation of river system; watershed divides; 
definition of a basin; boundary and configuration of basins; 
measurement of basins; morphological and physico-geographical 
characteristics of basins; characteristics of river systems; 
c lassifications of tributaries; river valleys and channels; 
river valleys and their types; river beds and flood plains; 
plane formation of river channels; formation of bed cross-section; 
types of movement of water in river beds, circulation currents 
and vortex motion; sources of runoff; runoff from rainfall; 
runoff from snowfall, glaciers and permanent snow; runoff from 
groundwater; influence of climate, re lief , soil, geological and 
other factors on runoff processes ; water stage and runoff regime; 
typical hydrographs; phases of the hydrologic year; regulated 
regime (natural and artificial); floods, their development and 
laws governing their movement; general principles of streamflow 
and water balance; water balance equation and its analysis; 
characteristics of streamflow; discharge, vo lume, depth of ru.noff 
discharge in seconds; litre per km2 and runoff coefficient; 
average annual runoff; long-term average annual runoff; seasonal 
runoff; thermal variations in rivers; temperature variations in 
rivers; river freezing processes and ice formation; ice break 
processes; sediment transport; energy of running water; erosive 
action of rivers; suspended load and its transport; relationship 
of suspended load to water stage and discharge; sediment transport 
of rivers and factors governing the degree of it; bed load, its 
formation and regime; deformation of the river channel; channel 
formation processes and their variation in time and along the 
length of the river; influence of hydraulic structures on channel 
formation processes; chemical sediment; basic elements of 
chemical regime of rivers; river estuaries and their hydrological 
peculiarities; hydrology of lakes and reservoirs; lake formation 
processes and the inflow-outflow balance of lakes; temperature 
variations in lakes; calculations of the heat balance of l akes; 
salinity, chemical and gaseous composition of lake water; waves 
on lakes and reservoirs; calculations of wave height; erosion 
banks; current in lakes and reservoirs; l ake deposits, their 
classification and morphology; main characteristics of the 
hydrological regime of reservoirs; biology of lakes and rivers; 
relation between the biology of lakes and rivers and the chemical 
composition of waters; notions on hydrology of marshes. 

Interaction of the ocean and the atmosphere 

Wind currents and wind waves. 
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Stru c ture of the u pper ocean. 

Interac tion be tween the atmo ~ phere and the oceans : character of 
interac tion; the ocean s a nd the c limnte ; the oceans and the 
weather. 
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C H A P T E R 4 

ADVANCED TRAINING AND SPECIALIZATION FOH 

CLASS I METEOROLOGICAL PERSONlfEL 





GENERAL 

Specialization in dynamic, synoptic and physical meteorology will 
normally occur only at the research level. The syllabi in sections 
4.2, 4.3 and 4. 4 respectively below indicate the advanced training 
required in each of these fields to equip personnel for research work. 
The syllabi for specialization in the essentially practical fields of 
aeronautical meteorology, climatology, agricultural meteorology, 
hydrometeorology, maritime meteorology, meteorological instruments 
and atmospheric chemistry are given in sections 4.5 to 4. 11 • 

.AilVANCED DYNAMIC METEOROLOGY (CLASS I) 

A characteristic feature of the development of the natural sciences is 
the steadily increasing use of numerical theoretical investigation 
methods. In meteorology, in particular, this process has been very 
rapid , especially as regards the general laws governing atmospheric 
motion , their theory being part of the study of dynamic meteorology . 

The programme has therefore been divided into two parts - the first 
part deals with the classical studies of the analytic solutions of 
simple models of the atmosphere, including the structure of baroclinic 
waves on a model with a constant shear basic current. More realistic 
and therefore more complex models require the use of numerical methods. 
These are dealt with in the second part of the programme . Here the 
method is applied in two directions : as a tool for weather prediction 
or as a tool for research. In the second case it should be kept in 
mind that numerical solutions provide numerical results but not 
physical explanations. The researchers should therefore take the 
nlll!lerical results as the starting point for the physical study of the 
processes involved. 

This method of investigation has been called numerical experimentation . 
At the present time, numerical experiments are used to study a very 
wide variety of atmospheric processes, from general atmosphere 
circulation to small-scale processes of a local nature . Numerical 
experiments are used to investigate not only atmospheric dynamic s but 
also other atmospheric processes. Recently, the numerical experimental 
method has also come to be used in the solution of problems in applied 
meteorology, agriculture, building, aeronautics, and so on . 

In particular , several important developments have occurred in the 
field of dynamic meteorology over the last few years. 

( a ) Objective analysis : the techniques for objective numerical 
weather analysis developed since the mid-fifties in several parts 
of the world have been adopted by weather services to such an 
extent that the standard synoptic weather map analysis carried out 
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by the professi onal meteorologist now plays a minor role in many 
countries. It is therefore, of the highest importance that 
meteorologists using such objective weather map analyses should 
understand the principles underlying the ana lysis procedure s . The 
standard procedures applied in weather map analysis are therefore 
included in the syllabus given below. 

(b) Numerical weather prediction : numerica l weathe r foreca s t s of 
height, temperatur e and wind fields, including vertical ve locity, 
are now available to many meteorological forecasting offi ces 
throughout the world . Clearly , t he user of numeri ca l forecasts 
must know how they are prepared i n order to make us e of them in his 
particular region . It is therefore essential that the gradua t e 
student receives a thorough grounding in numerical wea ther 
predi ction techniques, including the detailed analysis of t he 
possible sources of error inherent in such a fo r ecast . 

(c ) Simulation models of the atmosphere : during the last de cade, great 
progress has been ma de in simulating long-ter m developments i n t he 
a tmosphere by means of numerical models, which a re i n f act very 
s imilar to the most advanced short- range prediction mode l s. A 
description of the models, and the results obtained from their use 
are therefore included in the syllabus for dynamic meteorology . 

The syllabus given in section 3.2.2.4 should be expanded as follows : 

Small disturbances and their propagation in fluids with mass and 
velocity stratification; stability studies of linear models : 
two and three layer models wit11 Jensity discontinuities (Helmholtz 
waves); waves on a single layer shear flow (Kelvin waves); two 
and three layer models with shear discontinuities (Rayleigh waves); 
combination of shear and density discontinuity effects on the wave 
motion; models with continuous variations of density and velocity 
profiles. 

Small disturbances and their propagations in rotating fluids -
inertial effects. 

Section 3.3.1.1 should be supplemented as follows: 

Equations of quasi-hydrostatic motion using potential temperature 
or density as vertical co- ordinate - the equation of motion ino 
co-ordinate systems. 

The continuity equation in co-ordinates other than pressure; 
homogeneous and incompressible fluid. 
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Section under 3.3. 1,9 should b e expanded as f ollows: 

Conversion and transport processes with reference to pre s sure 
averages and corresponding fluctuations. 

The selective role of the various sca l es of atmospheri c motions in 
the energy processe s ; the generation, convers ion and transfer of 
energy as a function of wave number. 

Short wave lengths (ray the ory); a nalysis of the propagation of 
stable gravity; accoustic and Rossby v1aves in a variable bas ic 
state; fundamental oscillation; e i gen modes of model atmosphere; 
atmospheric tides. 

The circular vortex 

Symmetric perturbations of a circular vortex; the stability 
tensor; application of calculus of variation and other methods to 
reduce the stability criteria; meridional circulations generated 
by heat and momentum sources and sinks. 

Horizontal motion on a sphere of an inviscid non-divergent fluid; 
stable and unstable distribution of the vorticity field. 

Baroc linic waves on a bas ic current which is a line ar function of 
height; stabili zing influence of the static stability on short 
waves and of the ~-effec t on long waves; various models. 

Mountain waves 

Le e waves; short and long waves. 

Atmo s pheric a nd oceanic turbulence; the oc currence of turbulence; 
the energy equation for turbulence; the spectrum of turbul e nce; 
local similarity theory; the maintenance of Reynolds s t ress e s; 
turbul ence in the surface layer ; entrainment . 
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Numerical method 

Integration of quasi-geostrophic models : formation of the 
equival ent-barotropic model; the equivalent-barotropic level; 
vertical velocity and divergence in the equivalent-barotropic 
model; formulation of multi-level models, in particular the two­
leve l model; the modification of the equat ions due to the map 
projection; finite difference approximation in space and time for 
the quasi-geostrophic equations; the hori zontal grid distance; the 
time step: truncation errors; solution of Lap lace; Poiss on and 
Helmholtz equa tions by iterative methods; Liebmann procedure; 
extrapolated Liebmann proc e dure; over-re l axat ion factors : f ilters 
designed for special purposes such as eliminating a lmost a ll short­
wave noise; investigat ion of the typical errors in quasi­
geos trophic forecas ts, in particul ar errors due to the neglect of 
topographic effects; energy sources a nd s inks; frictional dis­
sipation and erron e ous bounda ry conditions; considerations of the 
performance of ultra-l ong waves in quasi-geostrophic forecas t s, i n 
particular the e quiva l ent barotropic in determining the speed of 
very long waves; the e ffects of mountains, friction a nd h eat 
sources a nd sinks; incorpora tion of a moisture parameter in a 
numerical prediction model for precipitation f orecas ts. 

The stability properties of the two-level quasi-geostrophic mode ls; 
derivation of explicit formulae for the rea l and imaginary parts 
of the phase spee d; the neutral or critical s tability curve; a 
calculation of the amplifica tion rate of purely baroclinic 
disturbances. 

Quasi-static formulation of a non-geostrophi c model in a diabatic 
and frictionless flow; the numerical stability problem (in 
particular the length of the time in relation to the grid size); 
finit e difference formulations of the non-ge ostrophic equations on 
a map projection; a compari son of the ba roclinic stability problem 
for the non-geostrophic equations and the quas i-geos trophic 
equations. 

The formulation of numerical mode l s used in s imulating the general 
circulation; integrations over very long time periods; des­
criptions of the performance of the experiments; initial states; 
time developments of the f low; zonal and eddy flow; the 
energe tics of the numerical models; comparisons betwe en the 
energetics of the models and the energetics of the real atmosphere; 
problems of parameterization and limits of predictability. 

Detai l e d treatment of v a rious general c i rcul a tion models. 

Numerical methods of long-range forecasting. 
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The purpose of ob jective an a l ysis; procedure u sed by a numeri cal 
p re dict i on uni t; a n a l ys i s by s u rface f i tt i n[S over s ma ll r egions; 
ope r a tiona l ob jective a n a l ys i s ; the ' u se of nume rical f or ecasts as 
a f i rst guess; the u se of h e :lght and wind dat a in h e i ght anal ys i s ; 
we i ghting f unc tions , empi r i cal a n d ideali zed ; applicati on of 
n orma l chart s or other c lima t o l ogi cal informat ion; a n a l ys i s in 
data spa r se r egions; the e s timation of upper- a ir dat a f rom s u rface 
data ove r oceans; compa risons of ob jective and conven t iona l 
a nalys is. 

Rotating t ank s , tornado mode ls, low speed wind tunne l s , e t c . 

To famili a rize the s tude nts with t 11e various t echniques used in 
numerical model s , a laboratory course should be introduced to s olve 
exerci s es. In or d e r to perf orm t;1e probl e 1~1 s with out e xce s sive h a nd 
calculations it is a dvisable to hav3 a cce ss to a me dium size ele ctronic 
computer. 
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ADVANCED '.WNOPTIC METEOROLOGY (CLASS I) 

The kinemati cs of horizontal motion 

Field of hori zontal motion represented by z onal and meridional 
components and by direction and speed; features of the fi e ld of 
flow: t roughs; ridges ; singular - point s ; axes o f c onfluence and 
diffluences; relation between streamlines a nd trajec t ories in 
moving featu~c s o~ the field of flow ; dive r gence, relative vor­
ticity, a nd de f o r ma t i on in cartesian co-ordinates and in n a tural 
co-ordinaten ; stream function and velocity potential. 

La boratory exercises : a na lys is of i s ogons, streamlines and is otachs 
for a selected synopt ic case; samp l e measurements o f divere;ence , 
relative vort i c ity a nd de f ormation; dis cussion o f effects of error 
in the uind measurement; sample construction of trajector i e s; 
calcula tions of stream f unc tion a nd v e locity potential for a given 
wind field. 

The gcostrophic and therma l wind; a cce l e ration a nd ge ostrophic 
departure; gradient a nd cyclost r ophic winds; balance of forces 
in the surface friction l aye r; the Ekman spiral; the balance 
equation; the slope and modification of pressure systems with 
h e i ght; thickness a nd temperature f i e lds; advection of thickness 
and temperature by the geostrophic wind. 

Laboratory exercises : analysis of height and thickness fields for 
various pressu re l evels f or a se lected synoptic case; sample 
calculations of geostrophic a nd gradi ent winds and comparison with 
observed winds; sample calcula tions of thickness and temperature 
advections associated with cyclonic and anticyclonic systems; 
calculation of balance wind fo r a given pressure field. 

Discont inuities of zero, first and second order; relationships 
b etween pressure a nd temperature fields in the vicinity of frontal 
discontinuities; kinematics of frontogenes is; the horizontal 
confluence effect a nd the effec t of vertical motions; character­
istics of the f r ontal structure in surfaces , cyclones a nd in u pper­
l eve l troughs; theories of frontogenesis in linear fields of 
motion and numerical models; dynami cs of fronts. 

La boratory exercises : analyses of cases of frontogenesis in the 
lower a nd in the u pper t roposphe re; anal yses of frontal structure 
in vertical cross-sec tions; samp l e f rontogen e tical calculations. 

The thickness tendency equation; the effects of advection, 
a diaba tic heat ing and cooling; the quasi-ge ostrophic vortic i ty 
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e qua ti on; t h e e ffec ts of a dve ction a nd divergcm ce; the 
ge opot entia l t e nde n c y equ a tion . 

Application s : s t ee ring of s hort wav es by l arge - scal e f l ow; 
deepening a n d f illing of ridges a nd trou~1s du e to fi e ld of 
t emperature a dv e ction; s t eering of s h a ll ow cyclones and anti­
c y clones by u pper-level flow. 

Associ a tion of v e rtical motion with fi e lds o f vortic ity a dvection 
a nd t e mp e r a ture advec tion; orogr a phic vert i cal illot ion a nd 
orographi c cyclogencsi s ; v e rtica l motions gen e rate d within the 
surfa ce f ri c tion l a yer ; the so-calle d omc~a equ a tion. 

The effe ct s of dia b a tic heating. 

Conditions f or surfa ce cyclogene sis. 

Distribution of geopotential tendency and vertica l motion for 
idealize d cyclonic and anticyclonic syste ms and f or jet entrance 
and exit r e cions. 

Labora tory e xercis e s : diagnostic c a lcul a tion of ceopote ntial 
tende ncie s and vertical motions for a sele cte d sy11optic c a s e ; 
qua lita tive a pp lic ation of conce pts to analysis from opera tiona l 
forec a st c antra . 

Equiva lent barotropic model; limits of applicability; associa ted 
vertica l motions; control of ultra-long waves. 

Structure of a simple two-layer baroclinic mo de l. 

Structure of non-geo s trophic models. 

Laboratory exercises : graphical methods of predic tion with 
barotropic and simple baroclinic models; critica l an~raisal of 
circulation forecasts prepared at operational fore cast centre. 

Prediction s creening techniques. 

Regression methods. 

Fore cas t p r obability statements. 

Re lation of s u r f a ce temperature to thickness. 

Effe ct s of h eat t ran s f er betwe en a tmo s phe r e a n d s u rface of earth. 

Effect s of \find in the tur bulent bounda r y l ayer : effects of cloud 
cover. 
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Laboratory exercises : practice . forecasting of surface temperature ; 
critical appra isal of objectiv~ forec as t s prepared at operational 
forecast centre. 

Morphology of cloud systems; use of satellite information. 

Statistical relationship of cloudiness and precipitation to large­
scale circulation parameters. 

Dynamical models for large-scale humidity prediction : s tatistical 
relationship of cloudiness and precipita tion to large-scale 
humidity. 

Cumulus convection; stability indices; relationship to l a rge-scale 
vertical motion; structure of instability lines and mesa-scale 
circulations; use of radar information . 

Fog : radiation, advection, upslope and frontal types; geographical 
and temporal distribution. 

Laboratory exercises : analysis of patterns of cloud, precipitation 
and humidity for a selected synoptic case; graphical prediction of 
large-scale moisture field; mesa-ana lysis of a selected case of 
severe convective phenomena; practice forecasting of cloud and 
precipitation; critical appraisal and use of objective forecasts 
prepared at operational forecast centre. 

Structure of circulation features; low-level easterlies and high ­
tropospheric vortices; monsoon circulations; intertropica l con­
vergence z·one; wind information from satellite data. 

Tropical s torms; geographical a nd temporal distributions; struc­
ture and evolution; statistical and dynamical prediction of tracks; 
numerical models of tropical storm development. 

La boratory exercises : analysis of a selected synoptic case with 
tropical storm activity; application of satellite information ; 
sample statistical and dynamical predictions of storm track . 

Surface fitting methods. 

Scanning methods; weighting factors. 

Regression methods; correlation as a function of separation 
distance. 

Detection of erroneous data. 

Treatment of data sparse regions. 
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Laboratory exercises : preparation of objective analyses for a 
selected synoptic case; comparison with manual analyses; critica,l 
appraisal of a n a lyses prepared by operational iorecas t centre. 

Forecast verification and evaluation 

Measures of forecast skill and forecast utility; use of c limat­
ology and persistence as control forecasts. 

Statistical analysis of probability forecasting and analysis. 

Present levels of forecast skill for various elements as a function 
of time range. 

Limit s of predictability. 

Laboratory exercises : verificat ion and evaluation of practice 
forecasts. 
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ADVAHCED PHYSICAL METEOROLOGY (CLASS I) 

Basic radiation laws 

Rayleigh-Jeans l aw; r eview of quantum theory of radiation; 
Planck distribution law , Wien's displacement law and the Stefan­
Boltzmann law; Kirchoff's law and its dependence on thermodynamic 
equilibrium; the black body and the grey body; the exponential 
relation of Bouguer; absorption, scattering a nd extinc tion 
coefficients. 

Rayl e igh scattering, its angular distribution and polarization; 
Mie scattering, its angular distribution and polarization; 
Rayleigh scattering and geometric optics as limiting cases of Mie 
scattering; molecular scattering in the atmosphere; scattering 
by the typical atmospheric aerosol; scattering by absorbing 
partic les and the effects of absorption in the gaseous medium; 
scattering by non-spherical particles; multiple scattering. 

Solar physics as relat ed to solar radiation; photosphere, revers­
ing layer and Fraunhofer lines, chromosphere, corona, sunspots, 
flares, faculae; the solar constant and methods for its deter­
mination; the solar spectrum outside the atmosphere; the solar 
wind and corpuscular emissions; critique on the variability of 
solar emissions; transmissivity of the atmosphere as a function 
of wavelength and its decomposition into absorption and scat t ering; 
astronomical and ge ometric factors; diffuse or sky radiation as a 
result of multiple scatter in a Rayleigh atmosphere and modifica­
tions due to the aeroso l ; scattering and absorption by clouds as 
computed from multiple scattering theory and the observed albedo 
and transmissivity; empirical formulae for the effect of clouds; 
the temporal and spatial distributions of global, diffuse and 
direct beam solar radiation; surface albedos; the planetary 
albedo of the earth and comparisons with albedos of other planets; 
the vertical variation of absorption in the atmosphere. 

Atmospheric aerosols . 

Interpretation of radiation data obtained from meteorological 
satellites. 

Introduction to the theory of spectra; e lectroni c lines; vibra­
tional and rotational modes and their interaction; infrared bands 
of the triatomic molecules; survey and identification of the 
principal a bsorption bands of the atmosphere; spectral line shapes 
and dependence on temperature and pressure; foreign gas and self-
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broadening ; limits on appli cability of Kirchoff ' s law a nd 
re l axa tion e mission s; b a nd mo d e l s of La de nburg and Reiche, 
El sasser, Goody; observations of band absorp tion and fit of ba nd 
models; pressu re scaling and the Curtis-Godson approximation; 
derivation of the r adioac tive transfer equa tion; numerical a nd 
graphical me thods for determining radiative fluxes a nd the vert i cal 
f lux dive r ge nce; methods of treat i ng ba n d over l ap ; effects of 
clouds; e mis sivity of the surface ; n e t r a di a tion a t the s urface 
and empirical formulae; inst ruments f or l ong-wa ve radiation; the 
determination o f the vertical di stributions of temperature and 
water va pour from obse rva tions of long-wa v e r a diat i on taken by 
a rtifi cial satellites. 

Radiative and h eat ba lances 

Ozone 

Diurna l v ar iation of radia tive and he a t balances at the s urfa ce; 
annual and se as onal radi a tion balance of the earth a tmosphe re and 
in the at~osphere ; radi a tive b a l a nce in troposph e re and strato­
sphere a n d implications relative to tropop aus e ; r ad i ative pro ­
cesses in the mesosphere . 

Observa ti on a l i n f ormation on geographical a nd tempor a l vari a tions 
of tot a l ozone a nd on its vert i cal di s tribution; a bsor p tion a nd 
emissi on ba nds of ozone; photo-chemica l t h e ory of ozone and com­
parisons of the oretica l a nd observa tional distributions; effects 
of vertica l and horizontal c ircula tions on ozone di s tribution a nd 
corre l a ti ons be twe e n ozone and weather systems ; r a d i a tive e ffe c ts 
of ozone, the sha rp lower limit of the UV solar spectrwn at the 
surfac e a nd the r ad i a tive contribution to the tropopause; ozone 
des truc tion near the surfa ce; ozone as an a tmospher i c tracer; 
me a surements of ozone by Dobson spectrophotometer, ozone sondes, 
Umke hr method, f rom s a t e llites a nd during s olar ec lipse . 

Compo s ition a nd str u c ture ; s tandard atmosphe r e . 

Solar radi a tion; a b sorpt ion in the upper a tmosphere ; a b sorpt i on 
s pect ra of N2 , o

2
, o

3
, etc. 

Energy e xcha n ge by collisions. 

Trans por t processes : (mean) circula tion; eddy tra n sport . 

Hodel a tmospheres ; photochemi cal equilili1·im-i ; the effec t of 
transport processes on mode l atmosphere . 

Atmos phe ric tides . 

The ionosphere; composition and ge ne r a l p r oper tie s ; obse r vat iona l 
me thods. 
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Aurora a nd air g low. 

Noc tilucent c louds ; nac r eou s c louds . 

Thermodynamic-k ine tic theory of nucleat i on; homogene ous and 
heterogen eous nucleation; condensa tion nucle i and their properties; 
Kohler curves; observational me thods and results on size and con­
centration of c ondensation nuclei; mari time and continen tal nuclei 
spectra; sources of condensation n uc l e i ; homogeneous nucleati on 
of i ce in water; heterogeneous nucleati on of ice and properties 
of i ce nuclei; sublimation nuclei, crystal l a ttice, epitaxy, 
bonding forces; strain , steps, dislocations, adsorption; obser­
vations of natural ice-forming nuclei and evidence of their nature; 
i ce crystal habit in relation to temperature and supersaturation; 
equations for diffusion a l growth of drops and crystals; effec ts of 
s h ape and fall speed; comput a tions of evolution of c l oud drops 
from nuclei; comparison with observed cloud drop spectra and 
possible explanations; computations of growth of ice crystals and 
comparison with observations; limi ts on s ize of cloud drops and 
i ce crystal s attainabl e by diffus ional growth ; the two major 
precipitation processes and computations to show conditions 
required for each and part i c l e sizes attain e d; comparison s with 
observed sizes; the coal escence of drops; collec tion efficiency; 
effec t s of electric f i e l ds and charges; d i sruption of rain drops 
and the Langmuir chain reaction; growth by a ccretion in the form 
of ice-graupel and hail; c lump ing of snow crystals; melting of 
snow and hail; evaporat ion of liquid drops; observational data 
on the characteristics of precipitating clouds; evidence on t he 
occurrence of i ce in natura l clouds; the release of precipitation 
from convective clouds, from stratiform c louds, from orographic 
clouds; artificial modifications of the precipitation process on 
the bas i s of the foregoing; the a rtif icia l dis s i pat ion of fog and 
low c loud. 

Basic princip l es of microwave radar; wavelengths; antenna factor; 
peak power; pulse l en g th ; pulse repet ition rate; scanning modes; 
polariza tion; methods of presenting data; calibration techniques; 
propagation of microwaves in the atmosphere and attenuation; back­
scatter of microwaves from hydrometeors on the bas i s of Rayleigh and 
Mi e theory; convec tive prec i pitation as seen by radar and deduc­
tions; t h e radar first echo; radar echoes of hail and tornadoes; 
stratiform precipitation on radar; the bright band and rain versus 
snow; ce llular struc ture of stratiform prec i pitation; the hurri­
cane as seen by r adar; the use of Dopp ler radar for me asuring 
horizontal a nd vertical mot ions; the pulse integrator and the " l{" 
meter; i soecho contou r ing c i rcui t s; automat i c d a ta handling 
systems ; the me asurement of rain-fa ll by rada r; t l1e Z-R relation­
ships from observed rain- drop spectra; comparisons of rainfall 
observe d by radar with tha t from rain ge.uge networks ; mi ll ime tre 
radars for observat ions o f non-precipita ting cloud s . 
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The fair weather e lectrical structure of the atmosphere; ionizing 
radiations and the formation and recombination of small ions; 
general orientation on the ionosphere (full discussion should be 
given under upper atmosphere); large or Langevin ions: method of 
formation , mobilities, variations in time and space; electrical 
conductivity of the air and its variations; the air-earth currentt 
gross electrical structure of the thunderstorm and methods of 
observation ; the space charge; shielding of cloud charge; 
observed electrical properties of non-thunderstorm clouds; charge 
on blowing snow and triboelectric effects; rate of charge separa­
tion in thunderstorms from observations; theories of thunderstorm 
electrification and comparison of their possible charging rates 
with observations; the lightning discharge: stepped leader, dart 
leader, main stroke, repetitive strokes; observational evidence 
of time sequence of events in discharge, quantity of charge in a 
stroke, peak current and waveform, time between strokes, fraction 
of total strokes to ground; discussion of the physics of the 
lightning stroke; thunder, its origin and propagation; the 
thunderstorm as a mechanism for maintaining the earth-atmosphere 
charge; vertical electric current above a thunderstorm; estimates 
of the total number of thunderstorms required and that observed; 
the diurnal variations of the electric field in universal time and 
its implications; electric charge on hydrometeors; corona dis­
charges; lightning strikes on aircraft; instruments for the 
measurement of atmospheric electrical paramaters. 
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SPECIALIZATI ON IN AERONAUTICAL METEOROLOGY (CLASS I) 

The development of a world-wide air transportation system calls for 
efficient meteorological service in all parts of the world, thus 
enhancing the need for guidance to administrations in regard to the 
standard they should aim at in the recruitment and training of personnel 
for the field of aeronautical meteorology. The quality of the 
meteorological service provided is a major factor in safe and economic 
air transportation. Changes in navigational systems enable the new 
types of aircraft to land under lower minima; meteorological observa­
tions and forecasts of even greater accuracy than before will thus be 
required. This will make it imperative that the personnel engaged in 
the activities of an aeronautical Meteorological Service are highly 
qualified and fully aware of the importance of their responsibilities. 

Those engaged in the provision of meteorological forecasts should be 
Class I persollllel. Their education and training should be programmed 
in a similar mallller to that of Class I persollllel engaged in dynamic or 
synoptic meteorology. This should be supplemented by special courses 
in aviation knowledge and procedures for meteorological service to inter­
national air navigation. Syllabi for these subjects are given below. 

!~E~~~~~!~~!-~~~~~E~!~~!~~~-~~~!~~~~ 

!i;:c;:a!t_i~i!!g 

Theory of formation; processes and dependence upon temperature; 
drop size; liquid water content; airframe configuration and air­
craft speed. 

Types of icing: clear ice, rime ice and hoar frost . 

Ice accre tion rates; association with cloud types (stratiform and 
cumuliform clouds); thunderstorms; freezing precipitation; 
orographic and frontal lifting effects. 

Methods of forecasting the risk of ice formation and means of 
avoiding icing areas. 

Effects of inflight structural icing on wing and tail surfaces, 
propellers, Pitot tube, antennas and windshield. 

Turbulence 

Turbulence near the ground; mechanical turbulence as a function of 
wind speed, wind shear and terrain roughness; convective turb­
ulence as related to hydrostatic instability; effects of boundary 
layer turbulence on take-offs and landings of aircraft; turbulence 
related to clouds, fronts, and thunderstorms. 
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High-l e ve l turbulence (CAT); assoc i a tion with horizonta l and 
vertical wind shear, jet stream, stabil ity and tropop au se inversion. 

Mountain wave turbulence applied to both boundary l a yer and high­
l eve l. 

Effects of severe turbulence on the contro l of the aircraft and 
possibility of struc tura l damage. 

Methods of forecast ing the r i sk of the existence of turbulence; 
means o f avo i ding turbul e n ce areas. 

Reduced surface visibility: 
sipation; the relat ionship 
to the various h ydrome t eors 
polluta nt s such as smoke. 

fog - its manner of forma tion and dis~ 
of v isibility t o fog t ype a nd durat ion, 
as rain , drizzle, s now a nd to a ir 

Knowl edge of the theory a n d prac tical techni que s for the a rtificial 
di ss ipat ion of fog. 

Thunderstorms; assoc i a tion with in-f l i ght '~urbulence, h a il icing 
and lightning; s urfac e conditions rel ;i,ted t o thunder s torms s uch 
as strong, gusty winds, wind shifts, poor v i sibi lity; front a l and 
air mass thunders torms; squall line thunders tor m. 

Specific knowledge in t he int erpr e t a tion of weather r adar info r ma­
tion towar d s making short-term termina l forecas ts. 

Effects of accU!llulated s now, s lus h and water du r ing t ake -off , 
l anding a nd t axi~ing operations. 

Me teorolog i cal bas is for pressu re patte rn f l ying ; definit i ons of 
Rhumb line , e-reat c irc l e , a nd coraposi t e tracks ; Hind comrionents. 

Minimal f ligh t paths; l east t ime tracks ; us e of "D" f a c t or ; 
de termina tion of drift angl e ; singl e he a ding· fl i ght; radio­
n aviga tion . 

Meteorolo g i cal requirements for en- rout e winds a nd t empe ratures , 
ueath e r and terminal forecasts for a dvance opera tiona l p l a nning, 
pil'.'e-flight planning and in-flight planning. 

P r e para tion of area forecasts , rout e forecasts ( e.c. cross - sect ions ) 
and flight fore casts. 

Special emph o.s i s on the importance and techniques of briefine; of 
flight crews a n d operational personne l. 
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Definition 

Definition and meaning of the following terms used in international 
air operations: 

Air report; 
information; 

briefing; forecast; landing forecast; me teorological 
me teorological r eport; observat ion; SIGMET. 

Altitude; cruising level; transition a ltitude; tra ns i tion level; 
transition layer. 

Operator; operator's local representative; pilot-in-command. 

Airway; control area; 
information region. 

control zone; controlle d airspace; flight 

Aerodrome; instrument runway; l anding area; movement area; 
ae rodrome traffic zone. 

"Service"; "provide"; "issue"; "make available" ; "supply". 

Procedures for meteorological services for international air 
~a!i~a!~~n- - - - - - - - - - - - - - - - - - - - - - - - -

Knowledge of the functions or the appropriate regional procedures 
~ssociated with the items listed below: 

Me teorological offices; 
meteorological offices; 

main, dependent and s upplementa r y 
meteorological watch offices. 

Aeronautical meteoro logical observations; 
observations; s e lected specia l report s; 
l a nding. 

routine and spec i a l 
reports fo r take-off or 

Aerodrome forecast; area covered ; period of val idity; amendment 
criteria. 

Information f or ope rators or operators' local r epresentatives; 
a dvance , preliminary, and pre-flight planning ; in- fl ight opera­
tional planning; briefing and display of meteorological inf orma­
tion required by operators; information required from operators. 

Informa tion for pilots-in-command 
documentation; f light forecasts ; 
aerodrome forecasts; surface a nd 
char t s . 

prior t o departure; briefing; 
p ictorial cross-sec t ion s; 

u pper-air charts; prognostic 

Information for pilots-in-command du r ing flight; scope and 
responsibility of area meteorological watch; en-route forecast 
servi ce; informa tion available from ocean weather vessels; suppl y 
of meteorol ogical informa tion in exceptiona l c i rcums t ances; 
diversion procedure. 

Information for and from a i r traffic servi ces; types of meteor­
ologica l information r equired by ae rodrome control towers, approach 
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contro l offices and area contro l /flight information centres; 
collection of aircraft meteoroloeical reports. 

Forms of meteorological mes sages ; routine a n d spec i a l reports in 
code or p l a in l a n guage; reports fo r take-off a n d for l a n d ing; 
forecasts a n d amendment s to forecasts; tre n d forecas t s; d itching 
reports; f light, route a n d area forecasts; SIGHE'r information; 
d ime nsional units. 

Information for s earch aml. rescu e accordine- to loca l procedures. 

Aeronautical climatologica l information; f orms used; publicat i on 
of r ecords. 

Air traffi c services 

Knowl e dge of the functions of a nd di s tinct i ons between a r ea control 
centre s , approach control office a nd aerodrome control tower and 
fli ght informa tion centres, and the part played by the a i r traff i c 
servicc!s in the provision of in-flight ci c;, t eorological service. 

Knowledge of operational t e rras s u ch a s IFll, Il IC, VFR , VMC, the rules 
eove rning terrain clearance a nd v e rtica l separat ion; quadrantal 
cruising l e v e l s ; methods of e ff e cting horizont a l separation; 
a l ert ing and search and r escu e se rvices; methods o f aer i a l search; 
holdinc a nd a pp r oach procedu res . 

Aerodrome me t eorologica l minima and the minima a pplica ble to a t 
leas t t h e r e gular a n d a lte rna t e intern a tiona l aerodromes. 

Al t i r1e t e r se tting proce dures a n d the ICAO St a n dard Atmosphere. 

Knowl e dge of gen eral fli ght navica tion; the principal a i ds t o 
n avigation a nd me thods of deteroinine; u pper wi11ds in f lic h t . 

The effec t s of a i r dens i ty , humid i ty , i c ing , turbul e n ce and wind on 
a i rc r af t performances; fue l consump tion of a i rcraft ; the effe cts 
of v ariou s ueath e r ph e nome n a on aerodroue GTOund servi ces ; a i ds to 
app r oach a nd l a n cling . 

Private aviation a nd aerial work - - - - - - - - - - - - - -
rle teorolo.:;i cal r equirements for pri vate p ilot s , for ac-r icultural 
f light s a nd other non- s chedul e d opera tions . 

Organ i zation fo r tho provi s i on of se rvic es in meteoro l oc;y to i nte r ­
n a tional civil aviation; t e lecommunications , mean s , sys t ems a nd 
p l a n s fo r the concen tration and diffus i on of inf ormation; fon.1s of 
traffic; inte rna tiona l co - ordi nat i on of procedures ( i!l!O a n cl ICLO ). 
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J?arni liarization with the following documents: 

HMO 

Technical Regulations, 
Chapter 1 2 

Publication No . 9 -
TP . 4 Volume B - Codes 

Annex 3 
PANS-HET 

Regional Supple-

Doc 7 605 -
MET/526/4 

rnen t ary Proc e dures. Doc 70 30 
ICAO Abbreviations 
and Codes •... • ...• Doc 8 400 
Loc a tion indicators. Doc 7 910 
Meteorological 
t a bles for inter-
n a tional air naviga-
tion .......•..•.•. Doc 7155 -

HET/522 

NOTE - Use has been made of the part dealing with "Aviation 
Knowledge" of ICAO Doe. 7192-AN/857 PART 7/2, Traini~g Manual, 
Part 7 - Aeronautical Meteorological Forecasters. 
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SPECIALIZATION IN CLIMA'rOLOGY (CLASS I) 

General notions and principles of chemistry. 

Basic laws of chemi stry. 

Periodic system of the e l ements. 

Isotopes. 

Metalloid elements; methods of preparation; their components. 

Hetals; extract ion methods; their components. 

Radioactive e lements: disintegration of r adium; the families of 
r adioactive e lements; natura l and artificial transmutation. 

General notions and methods of organic chemistry; gen eralities on 
the categori es of organic matters. 

Celestial sphere : diurnal motion; horizontal and equatori a l co­
ordinates : hour angle; height and declina tion of a star; theodo­
lite and sextant; e lements of spherical astronomy related to the 
determination of the celestial position of the sun; general 
characteristics of the p lanet earth; shape and dimensions of the 
earth; horizon; laws governing the motion of the earth; reception 
of solar energy by the p l anets; causes of the unequal distribution 
of solar energy over the surface of the g lobe; a lternation of day 
and night; equinoxes and solst ices; seasons of the year; thermal 
zones of the g lobe; grid points; geographical co-ordinates; 
types of maps; continents; oceans of the globe and their distri­
bution. 

Lithosphere : structure of the earth; core; biosphere ; tectonics; 
secular land changes; folding and the forma tion of mountains; 
folds and f aults in the earth's crust; reasons for carthr uakes; 
seismic-centre; epicentre; outside exoe-enous forces a ltering the 
surface of the earth; erosion, physic a l, chemical and organic 
(biologica l) ; erosive and accumulative action of the wind, stree.ras, 
rivers, snow a nd ice; the role of endogenous and exogenous factors 
in the formation of the earth's surface; na ture of the coastlines 
of continents; peninsulas and isla nds; continental, volcani c and 
coral isla nds; the main i s lands a n d penins ulas of v a rious parts of 
the world; seas and gulfs; various types of shor:; s; rel i e f a n d 
its forms; indication of relief on ma ps; flat l a nd r e lief ; 
mountainous r e lief and its forms; earth ' s r~ac;nctism. 
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Hydrosphere : hydroloe;i cal cycle; oceans a nd seas; principal 
ocean currents; water on land; riveniand the ir basins; river 
valleys; main rivers of the world; l akes; c l a ssifica tion of 
lakes; principal l a kes of the world; g l ac iers; s now line; 
g l acier movement; role of glaciers in river fee d; mounta in flood 
watersi ava lanches ; marshes; formation of ma rshe s; type s of 
marshes. 

Landscape (natural) zones : biosphere; soils; des cription of 
natural (landscape ) zones; landscape zones of the c old, temperate 
a nd tropical zones of the earth, their geographical distribution 
and brief description of natural conditions; mount a inous areas; 
vertical zonality. 

General physical geographical description of continents : 
ge ographical situation, coastline, relief, inland water; soil and 
flora of continents : Eurasia, North and South America . Africa 
and Australia, Antarctic. 

Elements of palaeontology, stratification and fossils, historical 
geology, geo logical periods. 

Mineralogy and petrography : forms of minerals, systems of crystal­
lization, the various categories of minerals; rocks : eruptive 
rocks, aqueous rocks, crystallophyllic rocks. 

Topography : instruments and methods of topography, measurement of 
level differences (contouring), topographic maps, determining the 
position of a meteorological station on a topographic map . 

Botany : organography, morphology, anatomy and histology of plants; 
physiology of plants : mineral nutrition through the roots, trans­
piration, assimilation, respiration, effect of meteorological 
elements on physiological funqtions; classification of plants : 
the principal branches of cryptograms a nd phanero,isram~. 

Biology : reproduction, heredity, genetics, variation and mutation 
of the types of living beings; evolution of living beings, mecha­
nism of the evolution (Darwin, Lamark) . 

Ecology : geography of living beings (phytogeography, zoogeography, 
anthropogeography). 

Classification based on atmospheric circulation and geographical 
conditions; genetic classification; classification based on the 
effects originated at the surface; types of climates; v a rious 
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classifica tions of climates (Kappen, Thornthwaite, Handel etc.) 
one of which will be described in det a il. 

Function a nd physica l description of the climates of the differE:nt 
continents and oceans; detailed climatology of the country where 
the education is given; qualitative description; nwnerical data; 
maps and at lases. 

Radiation properties of natural surfaces; radiation in crops, 
forest canopy, cities, dwellings; response functions; vertical 
variation and distribution of clima tic elements; convective pro­
cesses; heat exchange and conduction near the soil surface; 
interaction between climate and plants; atmospheric pollution; 
effect of stability and wind on air pollution in the boundary 
layers; rnicrocl i mates due to special features, to details of the 
nature of the soil, to surface topography, microclimates of slopes, 
thermal belts, cold air pooling, frost pocke ts, etc. 

Climatological aspects of the organization of observations on ships 
(ocean weather ships, commercial vessels, etc.); preparation of 
climatic atlases and the publication concerning the oceanic reeions 
for general meteorological purposes of the users; the climates of 
oceanic regions in relation to maritime activities (transport, 
fishing, etc.). 

Ilioclimatology : biocliEw.tology in relation to b otany , zoology, 
medicine, physiology, pathology and other therapeutic factors; 
bioclimatolot,--y in relation with he a ting; ventil a tion; regulation 
of humidity; man in unfavourable environment (desert, arct ic, 
tropics, index of comfort, effect of a ltitude, etc.); man in 
controlled or partly controlled environment (dwe llings, tunnels, 
mines, caves, etc.); biochemica l, physical and biological effects 
of h e at and cold; l e thal temperatures; acclimatization; 
temperature regulation.; evolution, a nd mechanism in man; stress 
and homeostas i s; he a t budget of the body; hous in[,' and climate; 
solar and ionizing r a diation, and e ffects . 

Urban a nd building climatology: urba n climate; ge neral principles, 
concepts a nd definitions of climatic conditions a t the boundary 
l ayer and modification of these conditions caused by buildings -
isolated or in groups; urban climatology a nd tovm p l anninr; for 
v arious types of climate on scal es r a n c ing from regional to local; 
study of the var i ations in air flow, radi a tion exchange, tempera­
ture, degree of o.ir pollution, humidit~r, visibility :.:md i;ro­
cipitation ( a mount and intensity); buildinc c limate : t cn peratu:cc 
of mater i a l s; a lbe do; thermic variations ; corros i on etc; wind 
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and its t echnical aspects; humidity, evaporation a nd enthal py of 
a ir; rain a nd snow - intensity, den s ity and we i ght; present 
appl i cation and presentation of clima tologica l data for t echnical 
use. 

Applica tion of climatological methods to indu s tria l activities, 
insurances , l egal proceedings , tourism, sports, t ransportation , 
etc. 

Some fundamental meteoro l ogical f a ctors affecting the c lima te; 
climatic change during the past two hundred ye a r s as g i ven by 
meteorological observations, loca l and planetary; historical a nd 
archeologi cal evidence of climatic change; methods of paleo­
climatology; climatic indicators of warm and cold, w~t rgd dry 
c limates, e tc.; the cl4 - method for dating; the ole;o method 
for det e rmining tempera ture; some fundamental f ac t ors determining 
the pale oclimate; general circula tion dur ing a warm age and during 
an ice age; paleographic conditions affec ting t he climates through 
the ages ; pole wandering and continental drift; description of 
the p a leoclima t e from Cambrian t o the present time; possibl e causes 
of c lima tic changes; extraterrestrial c limatic factors ( Simpson' s 
ice age hypothesis, changes in the orbital e l ement s of earth, 
climate and sunspots); terre s t rial c limatic factors with special 
emphas is upon the b ack-feeding e f fects of a tmosphere and surface 
conditions; influence of man on c lima tic changes. 

Climatological s tatistics : random variable and probability theory 
frequency ( absolute - relative); probability (prior - posterior); 
likelihood ; Bayes theorem ; independent, j oint, conditional 
probabilities; random variable (Von Mises definition); discre te, 
continuous random vari a ble , clima tological series; popula tion -
sample; application to climatological data. 

Description of populations by means of frequency distributions 
(climatologica l prediction) : probabi lity a nd s t atistical dis­
t r ibution; frequency distribution; frequency function; cumula­
tive distribution (discrete and continuous case ) ; symmetrica l, 
asymetrical, multivariate, conditional, margina l distributions; 
truncated distr ibutions; mixed distributions; climatological 
series; mean r ecurrence interval ; mean ; median; mode, quintiles; 
variance ; s t a ndard deviat ion ; moments ; moment generat ing function; 
binomial, Poisson, nega tive-binomial, multinomial distributions; 
normal di stribution ; central limit theorem; skew, mesokurtic, 
lep t okurti c distributions; gamma distribution; log-normal dis­
t r ibution; transformation to normal distributions; Edgeworth 
series; distribution of extremes; ~mal lest, l arges t value; the 
three asymptotes; t-distribution , X -distribution, F-di s tribution; 
degre e of freedom. 

Es tima tion problems empirical frequency est imates; parame t ric 
est imation; point estimation; es tima tor ; sampling error ; bia sed, 
unbiased, consistent, efficient, sufficient e stimator; information 
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procedure s; me thod of moment s; maximum like li­
minimum chi-squa r e ; interva l es tima tion, con­
a djus tment of c limatologi c a l par ame t e rs f or 

the station loca tion . 

Te st of hypothes is : null hypothes is and a lte rna tive , s t a ti s tic; 
level of s ignificanc e ; type I error; type II error; power; 
parame t r ic a nd non-pa rametric t e sts; order sta tistics; Student's 
test; Fisher-test; Behrens-Fisher problem; varia nce analysis; 
likelihood ratio; Chi-square -te st; one-sample ; two-sample; 
le-sample c a ses; test of normality; tests of goodness of fit; 
tests of homogeneity; sequential tests. 

Relationship problems : correlation; covariance in normal bivariate, 
multivaria te distributions; coefficient of correlation; partial, 
multiple correlation; tests of correlations ( parametric or dis­
tribution free); rank correlation; contingency tables; regres­
sion (linear, non-linear, multiple); significant, non-significant 
regression coefficients in adjusted relations; discriminent 
analys i s; factor analysis. 

Time serie s : stochast i c processes; random series; stabilization 
of variance; test for randomness; t e st against trend; test for 
autocorrelation; space-time representation of c limatological 
variables; filters; Markov processes; spectral analysis; power 
spectrum; white noise; cross spectrum. 

Computation - mathematical tools : digital computer; programming; 
numerical models; Fourier analysis; doubl e Fourier-series; 
spherical harmonics; Fourier-Bessel functions; orthogonal poly­
nomials, Tshebycheff-Hermite; matrix calculus; Eieenvectors. 
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SPECIALIZATION IN AGRICULTURAL METEOROLOGY (CLASS I) 

The personnel employed in agricultural meteorology can be grouped in 
two main classes: 

Personnel with a basic training in meteorology. 

Personnel with a basic training in agricultural sciences. 

In each of these two classes, a further distinction should be made 
between graduates and non-gradua tes. 

In preparing syllabi for the various classes of personnel, distinction 
is made between the following groups: 

(a) 

(b) 

(c) 

Professional meteorological personnel (graduates with basic train­
ing in meteorology); 

Agricultural scientists (graduates with basic training in agri­
cultural sciences); 

Technical assistants in Agrometeorological Services (non-graduates 
with training in mathematics and physics at secondary school l evel) . 

~~!~~~-~~~-!E~~~!~~-~f _!~~-~~E~~~~-~~~E~-~f-~~E~~~!~~E~!~~~~~! 
E~E~~~~! 

The graduate personnel (professional meteorological pers onnel and agr i ­
cultura l scientists) are responsible for the organization and super­
vision of Agrometeorological Services and for research in agricultural 
meteorology. 

Technical assistants would carry out the following duties : agro­
meteorological observations ( instrumental, visual, phenological); 
ins t a lla ti on maintenance, checking and calibration of instruments, with 
the exception of very delicat e instruments, the adjustment of which 
should be entrusted to prof essional officers ( a ) a nd (b) above; e l e­
mentary processing of agrometeorological data; routin e computations of 
averages, normals, frequencies, etc; preparat~on of punched cards; 
statist i cal anal ys i s of agrometeorological data under guidance of the 
professional officers; assisting in research projects. 

The qualifications and training programmes proposed for these classes of 
personnel are s h ovm in the form of syllabi indicating the standard of 
knowledge required and the extent to which the subject should be covered. 
The syllabi are prepared for the three c l asses of personnel mentioned 
above, and an a dditiona l syl l a bus is given for the purpos e of teaching 
agricultura l meteorologiJ in secondary leve l schools of agriculture, 
horticulture and forestry. Further, in the case of professional 
meteoro l ogical personnel (Syllabus I) the candidates must have attained 
the required standard in physics, mathem~tics, meteorology and c lima­
tology, and have a sufficient background in the biological ancl agr i ­
cultural sciences (if he has not already t aken a degree in agriculture ) . 
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This syllabu a can b e covered : 

( a ) As part o f <'.. f our-yea r B.Sc. Agric. cou rse in agrometeorolog-y; 

(b) During p ost-c r ci.duate work in agri cultura l r.ieteoro l ogy aftQr a 
degree in pure sc i enc e ; 

( c) During pos t- gr aduat e \JOrk in agri cultural mete orol ogy a ft e r a 
de gree in a gricultura l sc i enc e . 

vrnile in::i truction in biome try, bot a ny (including p l ant physiolog<J)' 
crop science and soil sc i e nc e is conside red essenti a l f or thi s course 
in agri cultura l me t e orology, a knowledge of a nimal science , ento~1ol oc;y 

a nd p l a nt p a thology will, under certain circumstances, a l so b e des ira ble . 

Sylla bus I must b e con s ide red as the minimum r er1uirement for the train­
ing of Class I agromete orologi c a l personne l. Personne l engage d i n 
advi s ory tasks in a grome t eorol ogy , s houl d r ece ive training in the 
appropri a te p a rts of this sylla bus . 

A one -year course in agr i cultura l meteorology ( Sylla bus II) i s p rop os ed 
for candidat e s holding degrees i n agr i cultural sciences. Th e purp ose 
of this cour s e i s to make the agricultura l sc i entist more conscious of 
weather and c lima t e and to tra in him to measure meteoro l ogi cal a nd 
climatic influe n ces whe never he s hould e n gage in res e arch. The stan­
dard of mathematics a nd phy sics re quire d will be that of the first year 
at University. I f the postgraduate work of the a gricultural e-raduate 
leans towards agricultural meteorology in a nima l, crop and soil studies, 
he may r ece ive t raining in a p propri ate parts of Syllabus I for p ro­
fessional meteorological personnel. 

The syllabus for technical a ssistant s in Agr ometeoro l ogi cal Services 
(Syllabus III) is g iven in Chapter 8 of this Guide . The s t a n dard of 
mathemathics a nd phys i cs require d will b e thRt of seconda r y or high 
school. 

The syllabus for teaching agri cultural meteorolo gy at seconda ry level 
schools of agriculture, horticulture and forestry (the word " se condary " 
in this context implies advanced education below univers ity l eve l) 
(Syllabus IV) is given in Chapter 9 of this publication, a nd consists 
of a number of l ec tures and practical exercises. The purpose of in­
cluding these le c ture s and exercises i s twofold: 

(a) To avoid elementary meteorology being taught at Univers itie s. 
The time thus saved can be devoted to agricultural meteo ro lo gy; 

(b) To prepare a certain number of obse rvers fo r a grome t eoro l ogica l 
stations. 

Syllabi I and II are given below. 
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SYLLAJJUS I 

Soil science : composition a nd forma tion of soils; we a therine of 
rocks anu minera ls; the s oil profil e ; s imple clas sification of 
soi l s; plant nut r ition and soil fertility; oreanic matte r in 
soi l s; micro-organi sms ; the phys i cal and chemica l properties of 
soil; soil and p l ant relationships; soi l e rosion - types , causes; 
princip l es of soil conservation. 

Botany : the morphology , ana tomy a nd histology of flowering plants; 
systematic c l assification of plants; life-hi stories and reprodu c­
tion of the more import ant plants; economi c botany . 

Plant physiology : the plant cell; solutions and membranes; the 
roots of plants; the intake of water and s olut es by plants; the 
loss of water by plants; the processes of photosynthesis , inc luding 
C02 requirements; r espiration and growth in plants; the trans­
loca tion of water and materials in plants; frost and drought hardi­
ness; photoperiodicity. 

Ecology : plant association, s uccess ions and climaxes. 

Fie ld crops : phys iographic, c limatic, edaphic and biotic factors 
in relation to plant growth; crop production in r e lation to the 
a gro-ecological conditions of the country conce rned ; agronomic 
pract ices; crop and fodder production; l and utilization and 
industrial crops. 

Horticultural crops : c l ass ification of horticultural pl ants ; 
climatic and soil r equir ements; elementary morphology and 
phys iology; propagation; pruning; orcha rd layout and cul t ure. 

Pas tures : the orie in, deve lopment and s t a biliza tion of vege t at ion 
in relation to the e nvironment; vege t a tion types, the ir management 
and application i n veld ma nagement; the es t a blishment and manage ­
ment of cultiva t ed pas tures. 

Plant patholoB"Y : importance of p l an t d i sea ses; cau ses a nd 
c l ass ification; di se ases caused by paras itic bac teri a an d fungi, 
v i r u ses a nd non-pa r as ites ; influence of environmental factors on 
diseases of economic plants; princ i p l es of p l ant disease cont rol . 

Zoo logy : the e l ements of an at omy, histoloey and physiology; 
distinguishing charac teristi cs of the major groups of the anima l 
kin gdom; a knowl e dge of the morphology, physio logy and reproduc­
tion of repres e nt a tive types; e l ement a ry cytol ogy , embryology and 
genet i cs . 

Animal anatomy and phys iology : the form, s truc ture a nd fm10ti ons of 
the locomo t ory, ne rvous , c i rculatory , resp i ratory, tl i ces tive , 
excretor y , endocrine a nd reproductive sys t ems of farm anima l s . 

Animal husba ndry nntl dise a se of lives toc~ : the princ i p l es o~ 
::.n ima l pro duct ion ; the nutrit i on of farm a nioe-.ls ; pl1ysiolo,s·ica l 
reac tion to e nvironment~l ch anges in relation to fo od utilization ; 
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ecology of livestock; factors influencing growth and development; 
important a nimal diseases. 

Entomology : embryology, histology, physiology, ecology and the 
chemical, biological or other methods of control of the more 
important insect pests injurious to vegetables, fruit trees, field 
crops and pastures, stored grain and grain products, forests. 

Introduction 

The importance of weather and clima te for agricultural production: 
the adaptation of plants, crops and animals to the climate; the 
necessity of adjusting farming systems to the n a tural environment; 
critical growth periods in relation to temperature a nd soil 
moisture; the importance of weather and climatic data in deter­
mining the irrigat ion requirements of crops; climate in relation 
to insect pests and plant diseases; production a nd cultivation 
practices in relation to climate; climatic hazards affecting agri­
cultural output, e.g. drought, hai l, frost, strong wind, etc.; 
effects of climate and weather upon storage and transportation. 

Agricultural meteorology : definition, aims and scope; difference 
betl-reen meteorology and agricultural meteorolog-y; a short history 
of agricultural meteorology in relation to the needs of agriculture 
a nd the development of meteorologica l appar atus . 

National Meteorological Services and the World Meteorological 
Organization (WHO); national agrometeorological organizations and 
the Commission for Agricultural Heteoroloc;y (CAgN). 

Agrometeorological observations, instruments , stations, networks, and 
E~~~~~~~~~=~f =~~!~---------------------------------------------------

Meteorological observations : units; accuracy r e quired; sources of 
errors; exposure of inst ruments; General rules and procedures for 
the observation and recording of pressure, a ir temperature, atmo­
spheric humidity, wind, sunshine and radiation, precipitation, soil 
temperature, soil moisture content and soil moisture tension , eva­
poration, evapo-transpiration; interpretation and analysis of 
autographic charts; cloud classification; cloud cover; estimation 
of cloud base; horizontal visibility; existing weather conditions; 
state of the ground, 

Biological observations : observations on n a tive plants, cultivated 
crops and trees, farm animals, diseases, insect pests and general 
act ivities on the land. 

Instruments a nd methods of observation : the choice of a s ite for 
an instrument enc losure; a detailed study of the procedure s for 
installation, maintenance, checking and calibration of the instru­
ments used in agricultura l meteorology. 

? re s sure : the mercury barome ter : method of obse rvation, exDosure , 
tran sportation and instal l ation; correction of barome t er r cndines 
to s tandard conditions; index error, gravity correct ion, t el'.ipc ra-
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ture correction; the ba rogra1Jh; the aneroid ba rome t e r; the 
hypsorneter. 

Surface wind : the pressure pla t e a n emomet er ; cup and f an anemo­
meters; the h and anemometer; th e tot a lizing an emometer; contact 
and eene r a tor types of anemometer and anemograph; the pressure 
tube anemograph; the h o t-wi r e an emometer; etc. 

Dura tion of suns hine : sunshine re c orders ; exposure , ma inten ance 
a nd evalua tion of r ec ords. 

Ra diation : pyrheliome t ers ; s olarime ters; pyranometers; pyrradio­
me t ers ; net r adiometers ; illuminome ters and devices for measuring 
the spectral distribution of solar r adiation; instruments designe d 
for us e within crop canopies ; es tima tes of radi a tion u sing sun­
shine, cloudiness and haze da ta. 

Temperature : liquid-in-glass thermometers - ordina r y thermometers , 
ma ximum thermometers, minimum the rmometers, soil thermome t ers; 
reading a the rmometer ; electrical thermometers --re sistance 
thermometers , the rmocouples, thermistors ; auxiliary e l ec trica l 
equipment; the rmographs - -bimetallic type , Bourdon-tube type, 
mercury-in-stee l type; the rmome te r and thermograph exposure - ­
general requirements in order to obt a in r epresenta tive a i r tempera ­
ture; thermome ter screens; a rtificia l ventilation; exposure of 
grass minimum thermome t e rs; the importa n ce of calibra tion certi­
ficates; poss ible sources of defects in thermome t e rs and the 
various procedures to r e ctify them. 

At mospheric humidity : psychrometers - -simple psychr omete r without 
a rtificial ventil a tion; the s ling psychrome ter; the Assmann-type 
psychrometer; exposure and obs ervational procedure; c a r e of the 
we t bulb; ope r a tion of wet bulb below fre ezing ; source s cif error 
in psychrometry; the psychrometric formul a ; t a bles and s lide rules; 
hair hygroe;raphs - · general requirements, exposure, management and 
transport a tion, a ccuracy and sources of errors, washing the h a irs; 
dew-point a nd frost-point hygrome t e r s ; e lectrical absorption-type 
hygrometers. 

Precipitation : the ordina ry and totalizing raingau ges ; rainfall 
recorders --na tura l siphon type, flo a t type , tilting-bucke t type, 
weighing type; r a infall inte n s ity recorders; snow measurement s - -
snow depth a n d den s ity ; the measurement of rainfall and hail by 
radar. 

Dew : a rtificial grass mats a nd asbestos p l a t es ; Parchincer's 
a bsorpt ion me t h od; the Leick p orce l a in pla t e ; the paper-strip 
dew indicator; the Hiltner dew r ecorder; the Kess l e r dew r ecorder ; 
the dew ba l a n ce of Honte ith; leaf-wetness recorders. 

Soil moisture : soil moisture cont ent ; e l e ctric2.l res i stanc e units; 
e lect:rica l capacitance; the r mal conductivity; n eu tron scatter ing; 
me chanic a l a nd chemical res i s t a nce; gamma-ray a bsorption; nuclear 
magnetic resona nce; soil moisture t e n s ion ; t ensiomGters; s uction 
pla t e , pr e ssure plate and p r essure membra ne s; absorpt i on by porou s 
material; v a pour pressure and free zing p oint . 
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Soi l temp e rature, heat flow and soil properties : differcmt k inds 
of soil thermome ters and thermographs; methods of measurement of 
heat flux; heat flux plates1 methods of meas uring h eat capacity, 
conductivity and diffusivity. 

Evaporation a nd evapotranspiration : evaporation - small and large 
evaporation pans, porous porcelain bodies, porous wick devices, 
lysimeters; exposure, maintenance, scale; observations and entries; 
c a lculations; advantages and disadvantages of different types of 
pan let into the ground and exposed above the surface; factors 
influencing evaporation from a pan - depth of evaporat ing surface, 
rim effect, colour and size of pan, netwire cover, microclima te; 
comparison of different types of pan; evaporation from a free 
water surface (pan) in relation to evaporation from other types of 
evaporimeter; estimating evaporation from empirical formul ae based 
on Dalton's l aw; aerodynamic and energy balance approaches; eddy 
correlation and water balance techniques; evapotranspira tion 
lysime ters, types and app lication; various types of atrnometer and 
evaporation pan; micrometeoroloe-ical methods - - a.erodynaoic energy­
b a l ance, eddy corre l at ion; approa ches of Thor nthwaite, Penman, 
Blaney-Criddl e , Ha ude, Turc, Prescott, Hedke , Lowry and Johnson, 
Hoffmann and others; the r e lation between ci.c tual a nd potential 
evaporation. 

Agrometeorolotsical stations and networks : class ification of 
s t ations - · principal, ordinary and auxiliary; de s i5Il of netuorks. 

Processing of agrometeorological data : meaning of an observa tion; 
errors of observation; observations as samples of a popula tion; 
the use of statistical methods for · the quality control a nd pro­
cessing of observations; the collection, treatment, repres entation 
and storage of climatic da tal the tabula tion and cat a loGUine of 
c lima tic observations; the public a tion of climatic data; nomen­
clature of different maps used in olima toloG'J, climogra ms a nd 
phytoclimograms; corre l at ion between agrometeoroloeical and 
biologica l data; preparation of plans for sta tistical studies ; 
sys tematic and acc idental errors; machine me thods ; the need for 
simultaneous biological and meteorological measurements of c om­
parable accuracy and validity of samp l e ; 

Definition and scope of microrneteorolo(;Y, mi c ro- a nd topoclima tolo(;Y. 

Heat budget a t the earth' s surface : incoming and outgoing 
radiation types; n e t r adiation; heat flux in the soil; soil 
temperature; llG a t tra nsfer in the lower air l a yers; fre e con­
vection; turbulence; latent heat f lux. 

Temperature , -humidity a nd wincl r e l '1. tions n ear the ground surface 
var i a tions in a ir teopcrature; t emperature profiles (day a nd 
night ); humidity fluctuat ions; \·ret a nu dry type riloi s tu::_'e d is­
tribution profiles; wind structure n ear the ground; l aminnr a nd 
tur bulent f l ou ; wind profiles; effect of wind on rai c ro c lim~ t c , 

a ir pollution a nd dispersal of spores a nd seeds . 

The influe nc e of the ground surface on the ::tic r oc lima t c : type, 
colour and structure of the soil; microclimatic s oil c ove r and 
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cultural practices ; the influence of soil moisture a nd soil 
freezing on the air l ayer near the ground; the microclima te above 
wa ter s urfaces : pool s, l a kes, rive rs, sea; the influence of snow 
cover a nd ice on soil a nd microclima t e ; the microclimate in the 
bound;:i,ry zone between different types of soil s urface . 

The inf luence of p l a nt cover (crops) on rnicrometeorology a nd micro­
cl imato logy : the heat budget of pla nts; radiation penetration and 
exchange within a low plant cover (crop) a nd within a tall plant 
cover (forest); air temperature and hwnidity within a plant cover; 
evapotranspiration within a p l ant cover; the leaf area index; 
dew; rainfall interception; leaf-wetness within agricultural crops 
a nd fores t s; the influence of forests on the clima te of the 
surrounding area. 

The influence of topo ,gT<.1phy on the microclimate : the radia tion 
budge t of different s lopes; the influence of topocraphy on day­
a nd night-time temperature profiles, on terJperature distribution, 
cold aii· llraino.ge, frost hollows, etc; the influenc e of topography 
on air humidity; the influence of topoeTaphy on wind speed and 
wind direction; l ocal winds : dovm- and up-slope winds, dovm- and 
up-valley winds; the influence of topography on soil t empera ture 
a nd soi l moisture; the influence of topography on rainfall. 

Ins trume nt a tion and methods of obs e rvation for micrometeorologic a l and 
~~~~~~!~§~~~!~~~~~!=~~~~~~~~~~~~--------------------------------------

Me thods of evalua ting and presenting micro- a nd topoclimatological 
data : the us e of statist ics in microclimatology ; methods for 
es timating long-range macroclimatological poss ibilities from short­
term microclimatic measurements; representation of microclimatolog­
ical results : diagrams, l arge-scale maps, e tc. 

Importance for agriculture of the air l aye r n ear the ground : 
influence of the variation in and the distribution of radiation 
temperature, humidity, and wind profi l es on plants, animals, 
insects and plant dise a ses; influence of the microclimate on soil 
management practices , plant disease control (spraying, dusting), 
irrigation, combined-harves ting, etc. 

riod ification of the rnicroclimatol ogical environment : the modi­
fication of the clima t e within plant c overs ( crops) by planting , 
manuring, cultivation, etc; the influence of shading, mu l ching , 
glass screen s, walls, changing the colour of the s oil or screens , 
a nd irrigation on the heat and wa ter budget of p l ant covers a n d on 
the whole microclimate . 

Soil c lima t e 

Soil 
heat 
h ee. t 

temperature : heat exchan&e at the 
flux as part of the ene r gy budget; 
flux; sharing of heat between a ir 

soil surface; the soil 
f ac tors affecting the soil 

and soil. 

Heat conduction in the s oil : the c l assical the ory of heat c on­
duction in solids; tra nsfer of h eat by movement of water and water 
vapour within a soil. 
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Thermal properties of soils, their variation and measurement 
heat capacity; conductivity; diffusity. 

Soil temperature variations : diurnal and annual cycles at the 
surface and other depths; theory of periodic tempe r ature 
variations; equations for calculation of temperature at any depth 
and time given certain boundary conditions; Fourier analysis of 
soil temperatures; non-periodic variations of soil temperature ; 
application of Laplace transforms to soil temperature studies; 
sinusoidal temperature variations in n a tural layered soils. 

Factors influencing soil tempe rature : source and amount of heat; 
the energy balance; latitude, slope of land, distribution of land 
and water soil colour; albedo in different parts of the spectrum; 
thermal properties of soil; soil moisture, evaporation and con­
densation; vegetative cover, snow cover; frost penetration. 

Modification of soil temperature by cultural practices : shading; 
mulching; changing colour of surface; irrigation and drainage; 
tillage; glass and plastic covers. 

Influence of soil temperature on agricultural production : influence 
of soil temperature on plant growth; germination and seedling 
emergence, sprouting of bulbs and tubers, growth of roots and 
shoots, effect on nutrient uptake; interactions between soil and 
air tempera tures on plant growth, crop quality; extreme soil 
temperatures and plant injury, plant dise a ses, extent, thickness 
and duration of snow cover, alternate freezing and thawing, soil 
heaving, moisture movement; influence of soil temperature on 
activity of micro-organisms : distribution, growth and numbers; 
decomposition of organic matter; ammonification anu nitrification; 
soil aggregation; influence of soil temperature on insect life. 

Soil moisture : soil moisture content - -percentage by volume, bulk 
density; hygroscopic water, capillary water, gravitational wate r ; 
soil moisture-energy relations; total potential in the soil system, 
the capillary potential, free energy, soil moisture potential pF 
and log-tension, relation between soil moisture content and soil 
moisture tension for different types of soil; the movement of 
water in the soil; movement of liquid water in saturated and 
unsaturated soils; movement of water vapour; movement in relation 
to plant-root extraction; the influence o f soil moisture content 
and potential on plant growth; field capacity; wilting point; 
available soil moisture in relation to germination, transpiration 
and vegetative growth, maturation and yield of c r ops; critical 
growth periods; farming systems in relation to available soil 
moisture; the importance of water conservation for agricultural 
purposes. 

Evaporation and evapotranspiration : evaporation; the the ory of 
evaporation; factors influencing the evaporation from a free 
water surfa ce : radiation, tempe r ature of the water surface, wind 
movement, air pressure, quality of water; evaporation losses and 
the future of evaporation pans in agricultural research; evapo­
transpiration; the individual and combined influence of soil, 
plant and climatic factors on evapotranspiration; irrigation 
scheduling; effect of soil, crops and climatic factors on irriga­
tion needs; application of estimating evapotranspiration on the 
scheduling of irrigation. 
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The hydrological cyc le : rainfall and its interception by plants, 
crops and forests; runoff; infiltration; moisture retention of 
the soil; percolation; evaporation; evapotranspiration, its 
importance in agriculture; effects of agricultural practices on 
component parts of the cyc le; soil moisture budgets; use of models 
appropriate to alternative husba ndry practices, fallow periods, 
irrigation, etc. 

Droughts (long-period) : definition; possible causes; frequency; 
principal drought-afflicted areas and countries; long-term planning 
against drought; the possibility of cloud stimulation. 

Excess of precipitation : runoff, soil erosion and their control; 
flood causes, frequency, prediction and control; snow melt. 

Hail : occurrence and frequency of hail storms; extent and pattern 
of hail damage; meteorological conditions favourable for the 
formation of hail; types of hailstones; artifici;:il nrevention of 
hail; statistical evaluation of experimental results; experiment~l 
p~oced~~e fo~ growing artificial hailstones; radar studies in conne­
xion with hail storms. 

Dew : the theory of dew fo .cma tion; conditions favouring the forma­
tion of dew; the importance of dew for plants, plant diseases, 
animals and insects. 

Introduction : definition, history; the need for phenological data 
and studies for agriculture. 

Phenological observa tions for agriculture : phenological obser­
vations of plants; plants (native and cultivated) and their growth 
phases; time of germination, energence, shooting, flowering, 
ripening, harvesting, defoliation , etc; measurement of plant-growth 
(phenometry); l eaf-size, length of stalks, thickness of tubers, 
etc; observations of birds, insects and diseases; migration; 
appearance; outbreak of diseases and epidemics; colle c tion of 
data; networks and stations; phenological gardens. 

Evaluation of phenological data : examination of data and possible 
errors; statistical methods; mean values, parallelism of different 
phases, duration of growing periods, etc; representation of data, 
diagrams, maps, profiles, etc. 

Research : research on observations made at one station (time 
sequence, etc.); research on observations at different stations 
(area analysis, etc.); periodicity and prediction; influence of 
weather, climate, topography, soil, etc. on biological events . 

Application to agriculture : delimitation of natural growing 
(farming) areas; phenological climatology; management decisions, 
irrigation, etc.; improvement of cultural practices; forecasting 
of biological phenomena for crop production; plant disease-control 
and seasonal operations; advising for agTicultural trade and 
commerce (export, import, etc.). 
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Plants and crops : growth and development in plants - annual life 
cycle, phasic divisions of the plant, measurement of growth and 
development, effect of weather factors on the growth and develop­
ment of plants and on quality and quantity; a ir temperature : 
plant temperatures; cardinal temperatures; optimal temperature 
ranges; temperature efficiency; temperature and transpiration ; 
thermoperiodism; low temperatures - · stimulating effects, cold 
injury, the hardiness problem, frost damage and frost resistance; 
insufficient cold during dormant period; delayed foliation of 
deciduous fruit trees; high temperature injury; sun-scald; 
importance of temperatures over the whole growing season and during 
critical growth periods; heat unit systems; intensity, dura tion 
and quality of light; effects on photosynthesis; optimum l eaf 
area index; photoperiodism; transpiration; germination; 
reproduction; growth forms; physiological characteristics; 
atmospheric humidity; optimum humidity ranges for growth; effects 
on transpiration and plant diseases; wind : effects on trans ­
piration, desiccation, dwarfing, deformation, anatomical modi­
fications, pollination, dissemination, soil temperature, soil 
moisture; the climatic requirements of crops, e.g. corn, wheat, 
small grains, sorghum, cotton, tobacco, sugar cane, sugar beet, 
fruit trees (tropical, subtropical and deciduous ), vines, berri es, 
vegetables, etc.; the adaptation of plant to the environment ; 
use of climographs in introducing new varieties; plant-climate 
relationships and the use of phenology in ascertaining the thermal 
and photo-thermal requirements of crops, e.g. wheat, barley, rye; 
well-established relations between weather and climatic factors, 
severally or jointly, on the growth and quantitative yield of crops; 
critical periods for growth and production; significance of such 
studies for crop forecasting; influence of weather and climate over 
the growing season upon the quality of the crop, the l ength of its 
storage life or storage behaviour, e.g. deciduous fruit. 

Animal production: thermal balance - · the neces s ity of maint a ining 
a thermal balance in animals between heat production or gain from 
the environment and heat lost to the environment; the therma l 
balance equation; the direct effects of weather and climate upon 
livestock production; the effects of solar radiation, tempera ture 
(high or low), atmospheric humidity, l ength of day and altitude, 
severally or jointly, upon respiration, pulse rate and body tempera­
ture; loss of water from the body; growth rate and body weight; 
reproduction; grazing habits and food intake; mild production; 
sunburn, skin cancers and photosensitive disorders; the indirect 
effects of weather and climate upon livestock production ; effects 
of weather on the gross yield and quality of feed supply and hence 
on rate of growth and on milk production; regional effects of 
seasonal weather and climate upon the type, spread and intensity of 
parasitic diseases; influence of weather on diseases caused by 
viruses, bacte r i a, protozoa, helminths and metabolic disorders; 
use of meteorological data for forecasting disease outbreaks; 
effects of weather on the storing and handling of animal products. 

Acclimatization : comfort z one for di fferent breeds of animals; 
di ffere nces between species a nd breeds in their a bility to withstand 
ext reme climatic conditions; symptoms of inadaptability; adaptation 
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to new environments ; heat stress in relation to acc limatization; 
the Be r gman law ; physiological adaptation; use of cliruographs in 
evaluating the possibility of adaptation to new environments; 
overcoming cl imatic disadvantages by selecting and breeding. 

The climatic aspects of livestock production in super-humid, humid, 
subhumid, semi - arid and desert areas. 

Protection against co ld and excessive radiation : los s of s~ock in 
cold weather; the need for shelter --shade trees, artificial 
shelters and air conditioned barns; protection against excessive 
radiation ~ ameliorating thermal stress on animals by such methods 
as shading, sprinklers, mechanical air circulation, wallows and 
air conditioning; the effect of heated barns on milk and butterfat 
production; effect of shade on rate of growth. 

Research : instrumentation - direct observations in the field; 
psychrometric chambers; thermometers, thermocouples and thermistors 
for measuring rectal and skin temperatures; instruments for 
measuring the cooling power of the air, e.g. the katathermometer, 
frigorimeter, coolmeter, hot-wire anemometer; climatic indices for 
indicating heating or cooling power of the air. 

Insects : effects of weather factors on insect life and activity -
the effect of radiation, temperature, atmospheric humidity, light, 
air movement, atmospheric pressure and electricity on such physio­
logical processes and insect activities as respirat ion, development, 
duration of life , reproduction, stridulation, movement, flight and 
dispersion; effect of daily and seasonal changes in weather on the 
daily rhythm and seasonal cycles of insects. 

Climate and insect distribution : vital limits for insect life; 
climatic factors ass isting and limiting the dispersal of insects; 
the importance 01' ecoclimates and microclimates in the distribution 
of insects; use of climographs in studying insect distribution; 
acc limatization. 

Effec t of climate on abundance : direct effects of temperature, 
precipitation, wind, atmospheric pressure, thunderstorms or a 
combination of these factors in insect abundance; influence of 
climate upon the number of generations; indirect effects of ciimate 
on food and natural enemies; climate in relation to control, course 
and periodicity of outbreaks. 

Bioclimatic studies on insect pests : procedure; field studies ; 
physiological life-history; climatic observations (normal and 
microclimatic); analysis of meteorological data; quantitative 
studies on insect abundance; correlation of c limatic data with 
quantitative data; artificial climatic studies; controlled 
climatic chambers, biotron. 

Plant diseases : weather fac tors conducive to infection; tempera­
ture 1 optimum temperatures for infection; effect of temperature 
on incubation period; effect of high temperatures on sporulations 
of fungus pathogens and longevity of spores; temperature in rela­
tion to disease proneness of the host; humidity - the importance 
of free water (rain, fog, dew, water of guttation)lsnow c over,and 
duration of surfac e wetness for spore germination and infection; 
the effect of high atmospheri c humidity on sporulations of fungus 
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p a thogen s and on long e v ity of sp or e s; light - injur i es to infec ­
tion p r oc ess by light; wind - dissemina tion of fungu s spore s a nd 
b a cteria by wind; windbreaks in relation to infec tion ; e l ec tro­
static charge - possible effects of electrostatic char ges c arri e d 
by .fungus spores on epidemiology of disease. 

Effects of tempe r ature a nd moisture on the season a l a nd ge ographi c 
distribution of d i seases. 

Me thods a nd techniques : corre l ations between n a tural or induced 
diseases and meteorological records or of synthesized envi ronments; 
the n ee d for micro c limati c observations; artificial clima t es - -
greenhouses and phytot rons. 

Dise ase forecasting. 

Treatme nt of a few typical plant dise a ses r e.g. apple 
scab, caused by fungus Venturia inaegua l is; potato l ate blight, a 
fungus disease cau sed by Phytopthora infes tans ,- wheat stem r u st 
caused by a fungus Puccinia amin tritici. (Diseases appro­
priate to the area concern e d to b e selected . 

Ex isting c l ass i f i cations : the n ee d for agroc limatic c lass ifica­
tions; existing c lassifications (for det a ils, see section 7. 3 of 
the Guide to Agricultural Meteorological Practices . WI10 - No . 
1 34. TP. 61); limitat ions of the pre sent c lassifications. 

Factors to be considered in agroclimatic classifications : e lement s 
import a nt to the vegetative growth of plants, e.g . water bala n ce, 
t emperature, duration of frost-fr ee period, duration of sunshine; 
e lements impor tant to the deve lopme n+. of s u ccess i ve phases in plant 
life, e.g. day length; annual temperature variation; daily 
temperature range, both in the warm and cold seasons; dura tion of 
frost-free period; duration of rainy and dry seas ons. 

Economi c phase s of frost protection; the extent of damage to crops 
by frost during the growing season and by free zine t emp e r atu j:es 
during the wi n t er ; the pos sibility of minimizing frost d aE1age to 
plants. 

Physical p r ocesses involved : c auses of frost. 

Radiation and a dvec tive f r osts : seasonal occurrence; r e l ated 
weather patterns; donor areas a nd the f l ow a nd pooline o r co ld a ir; 
temper atur e inversions; effect of soil condi tions, g r ound cove r 
a nd cul t u ral practices on f r os t intensity. 

Physiological processes involv e d : theories on me chanism of f rost 
injury; frost hardiness; critical temperatures for plants and 
crops . 
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Frost protection methods : diminution of frost damage by changing 
the microclimate by temporary or permanent measures; pas sive 
methods ; location of growing areas; choice of growing s eason; 
time of planting and sowing; selection and breeding; cultiva tion 
practices - ~oil management, plant management, use of growth 
regulators; active methods - pre-irrigation, coverings , smoke and 
artificial fogs, wind machines ; sprinkler irrigation, , orchard 
and soil heating,, a combination of two or more of thes e methods. 

Frost combating : operational procedure; applicable frost protec­
tion methods; critical temperatures and when to protect; coverage, 
economic phases of frost protection; type of crop to be protected; 
installation, overhead, operation, fuel storage costs; comparative 
costs of frost protection methods. 

Advisory services to farmers : climatological temperature surveys 
and microclimatological variations; advice to farmers on choice of 
crop species and varieties, choice of growing areas, choice of 
planting dates, source regions of cold air, frost risks, average 
date of last frost in spring and first frost in fall, length of 
growing season, probability of frost occurrence, frequency and 
severity of frosts; establishment of microclimatic frost stations; 
local frost-fighting organizations. 

Frost forecasts and warnings. 

Windbreaks and shelterbelts 

Introduction : definition of windbreaks and shelterbelts; the need 
for protecting soil, soil water, plants and animals, or for 
improving the soil micro and crop climates by windbreaks or shelter­
belts. 

Effects of shelterbelts on the micro and soil climate : the modi­
fication of the microclimate, especially wind speeds, by using 
shelterbelts and windbreaks. 

On airflow : the effect of width, shape and density of shelterbelts 
on airflow when wind is blowing perpendicular, oblique or parallel 
to the belt; the effectiveness of different systems (parallel rows 
or networks of belts) on air flow; wind conditions at the ends of 
and at gaps in shelterbelts; the effect of surface roughness and 
thermal stratification; the effect of topography. 

On heat balance : on radiation; air and soil temperature. 

On water balance : on atmospheric humidity; 
precipitation; precipitation; snow-cover; 
soil moisture. 

dew-fal l and fog 
evapotranspiration; 

Counteracting wind and water erosion by shelterbelts. 

Effects of shelterbelts : on crops, livestock, fauna and buildings. 

Climatological information required in the regional planning of 
shelterbelts and windbreaks. 
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Meteorological , agricultural and biological observations in long­
term trials on the effects of she lterbelts and windbreaks. 

Selecting, planting, care and maintenance of shelterbelts. 

Agrometeorological information : bulletins (pentad, weekly, decadal, 
monthly); organization of information service - -code, network, 
communications, sending in reports, synoptic method of working out 
bulletins , issue and distribution. 

General weather forecasts : weather forecasts covering a period of 
time as required by agriculture (period of vegetation,, ten days, 
a week, five days) given in simple clear wording; sti~ss on factors 
particularly important for agriculture such as strong winds and cold 
waves, frost possibility, heavy rain, storms, droughts, etc.; daily 
weather forecasts on a regional scale giving a rough estimate of the 
essential factors, e.g. t emperature, cloudiness, precipitation 
( seasonal a nd climate change forecasts). 

Special weather forecasts and warnings : weather forecasts relating 
to the seasonal requirements of cultivated plants, e.g. the planting 
and growing season, frost, plant diseases, noxious ins ects, spraying 
and dusting operations, irrigation requirements, harvest conditions, 
post-harvest and storage conditions, weather during transport of 
agricultural products, forestry operations, fire weather (including 
forest fire warnings), agricultural aviation, etc. 

Agrometeorological forecasts : local frost forecasts; formulae for 
predicting minimum air temperature; the importance of the "no­
danger" forecast; soil humidity forecasts; forecasts of dates of 
successive phases of plants development; forecasts of yield and 
crop quality; forecasts and warnings concerning livestock; 
disease forecasting; forecasts on relative abundance, expected 
periods of increase or decrease, time of peak infestation; fore­
casts on the distribution, outbreaks and seasonal events of insects 
(pests and bene f icial); parameters used in forecasting; the most 
widespread methods; i ssue of forecasts and warnings. 

Artificial climates 

Glasshouses, cloches, hotbeds, etc. : venti l ation; heating and 
cooling; i llumination; soil moisture and evapotranspiration. 

Growth cabinets, growth room, phytotron, c limatron, biotron : the 
variation of al l meteorological entities over a wide range. 

Animal and poultry houses : site orientation; co lour; t exture; 
construction; ventilation; heating and cooling; air composition; 
humidification; illumination; photoperiodicity; quality of 
light; air and litte r moisture content; a ir circulation. 

Storage rooms, clamps, pits. 
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SYLLABUS II 

Introduction 

The concepts weather and climate (macro, meso and microclimate). 

The importance of weather and climate for agricultural production 
the adaptation of plants, crops and animals to the climate; the 
necessity of adjusting farming systems to the natural environment; 
critical plantgrowth periods in relation to tempe rature a nd soil 
moisture; the importance of weather and climate data in deter­
mining the irrigation requirements of crops; climate in relation 
to insect pests and plant diseases; production and cultivation 
practices in relation to climate; climatic h azard s affecting 
agricultural output, e.g. drought, hail, frost, strong winds, etc. 

Agricultural meteorology : definition, aims and scope; difference 
between meteorology and agricultural meteorology; a short hi s tory 
of agricultural meteorology in relation to the needs of agriculture 
and the development of meteorological apparatus. 

National Meteorological Services and the World Meteorological 
Organization (WMO); national agrometeorological organizations and 
the Commission for Agricultural Meteorology (CAgM) . 

Its n a ture, composition and properties ; air pollution1 carbon 
dioxide; extent and structure -- troposphere, s tratosphere, meso­
sphere, ionosphere and exosphere; pressure of the atmosphere; 
units; variation of pressure with height; mercury barometers; 
t he aneroid barometer; the barograph; altimeters. 

Daily and seasonal variations; some effects of variations in air 
pressure upon animals and insects. 

Sources of heat for the atmosphere; the sun and r adiant e ne rgy; 
the electro-magnetic spectrum; Wien and Stefan-Boltzmann radiation 
laws; Lambert's law; the solar constant. 

Seasonal and latitudinal variation in length of day; factors 
influencing the amount of radiation incident upon the earth's 
surface; a bsorpt i on, reflection a nd transmission; albedo; 
terrestria l radiation. 

Ins~ruments for measuring incoming solar radiation; pyrheliometers 
of ~gstrom and Abbot (silver disk) for measuring direct radiation; 
the Eppley and Moll Gorczynski actinometers and the Robitzch 
bimetallic actinograph for measuring direct and diff u se radiation. 

Energy in different part s of the spectrum and its biological 
significance; illumination; penetration of r adiation through a 
crop canopy. 
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Radiation balance : its importance to plant and animal processes; 
bright sunshine duration and its measurement, e.g. with the 
Campbell-Stokes, Marvin and Jordan photographic recorders. 

Air temperature : different temperature scales; representative air 
temperature and its measurement; thermometers and thermographs 
(liquid-in-glass, deformation, liquid-in-metal, electrical resist­
ance thermometers, thermocouples, thermistors); maximum, minimum 
and mean air temperature; daily and seasonal variations; vertical 
temperature gradient; temperature inversion; isotherms; the 
importance of temperature in the growth of plants; frost-free 
growing season; vegetative period. 

Atmospheric humidity : water vapour in the atmosphere and its 
variation with height; importance in determining the possibility 
of rain, snow and hail and its role in the development of thunder­
storms; importance in the growth of plants; effect on the loss of 
heat from the hllillan and animal body; absolute humidity, relative 
humidity, saturation deficit, dew point, specific hlllilidity, mixing 
ratio, vapour pressure; daily variation of the absolute and 
relative humidity, and their variation with height and latitude; 
instruments for measuring humidity; absorption hygrometers; the 
psychrometric formula. 

Condensation, precipitation and evaporation : the process of con­
densation in the atmosphere; its importance in the formation of 
fog, clouds, rain, hail, snow, frost and dew; fog and cloud forma­
tion --a simple classification of clouds, cloud covers; thunder­
storms : formation, frequency; lightning; precautions against 
lightning; hail; the structure of hailstones; theories of hail 
formation; precipitation; the size and rate of fall of raindrops; 
types of rain; seasonal variation of rainfall; the measurement of 
rainfall (the ordinary raingauge and continuous rainfall recorders, 
rate-of-rainfall recorder); snow and its measurement; statistics 
on extreme precipitation; the process of evaporation; factors 
influencing the rate of evaporation; simple formulae for calculat­
ing the rate of evaporation; instruments for measuring evaporation; 
the relation between evaporation from a free water surface and 
evaporation from moist soil and leaf surfaces; degrees of error 
inherent in measurements and in estimates from calculations. 

Winds and circulation patterns : wind and air currents; the cause 
of winds; direction, speed and pressure; wind roses; daily and 
seasonal variations and variation with height; the measurement of 
wind direction and speed isobars, field of pressure, pressure grad­
ient. 

The general circulation of the atmosphere; the effect of the 
earth's rotation on the flow of winds across the isobars; Buys­
Ballot's law; planetary, terrestrial and continental winds; land 
and sea breezes, mountain and valley winds of local importance, 
e.g. Fohn or Chinook, Bora, Harmattan, Mistral, Sirocco; the 
tropical cyclone or hurricane; tornadoes; water-spout s ; dust 
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storms; the extra-tropical cycloner its origin; the polar front 
theory; air masses; weather along the cold and warm fronts; the 
occluded front; anticyclonic or high pressure systems and assoc­
iated weather. 

Weather and climate 

Pressure systems and other factors such as latitude, altitude and 
sea currents affecting the country's weather and climate; dis­
cussion of climate of the country concerned; the distribution and 
intensity of rainfall and its efficiency for agricultural produc­
tion; temperature : seasonal variation and extremes of tempera­
ture affecting agricultural output; lack of sufficient sunshine; 
excessive evaporation; climatic trends and changes. 

The importance of the air layer near the ground to agriculture; 
heat exchange at the ground surface; the flow of heat into the 
ground; soil temperature and its effect on plant growth and soil 
activity; factors affecting soil temperature; instruments for 
measuring soil temperature; air temperature, humidity and wind 
variations in the micro-layer; the importance of these variations 
for plants, animals, insects and plant diseases; influence of type 
and soil condition, plant cover and topography on the microclimate; 
influence of the microclimate on the formation and occurrence of 
frost; diminishing frost damage by altering the mic r oclimate; the 
influence of shelterbelts and framing systems on the microclimate. 

Insufficient soil moisture during critical growth periods; the 
hydrological cycle - rainfall, infiltration, moisture retention 
capacity of the soil, percolation, runoff, evaporation, transpira­
tion and evapotranspiration; the importance of soil moisture for 
plant growth; soil moisture measurements, soil moisture con­
servation; farming systems in relation to available soil moisture 
in the arid, semi-arid, sub-humid and humid regions; irrigation 
and supplementary irrigation; water conservation; application 
of climatic data in scheduling irrigation; estimating actual and 
potential evapotranspiration. 

Droughts (long period) : definition; possible causes; frequency; 
principal drought-afflicted areas; long-term planning against 
drought; the possibility of cloud stimulation. 

Hail : frequency of hail storms; hail damage and its prevention. 

Frost and frost combating : extent of frost damage; intensity a nd 
frequency of damaging frosts; sensitivity of plants to low 
temperatures; radiation and advective frosts; methods for pre­
dicting frost conditions; methods of preventing frost damage at 
the time of planting; ways of diminishing frost damage, e.g. 
cloches, chemical smokes, orchard heating , sprinkler i rrigation, 
wind machines. 
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Strong winds : the importance of windbreaks and shelterbelts; the 
detrimental effects of strong winds on plants, animals and the 
soil; the effects of windbreaks upon the environment; different 
types of windbreak; the advantages and disadvantages of shelter­
belts; trees and types of shelterbelt suitable for local con­
ditions. 

Well-established relations between meteorological and climatic 
factors, severally and jointly, on the growth and yield of crops 
and animals; effect of weather and climate on insect pests and 
plant diseases; climatic requirements of crops, fruit trees and 
ani mals with respect to heat, light and moisture; adaptation of 
plants and animals to the climate. 

Classification (principal, 
observations; equipment; 

ordinary and auxiliary); networks; 
relevant biological observations. 

The processing, tabulation and interpretation of aerometeorological 
data; statistical and mathematical methods of analyses. 

Crop forecastine techniques and examples of forecasting time of 
emergence of seed, vegetative growth periods, f l owering, maturity 
and yield of crops. 

Development of crop-weather relationshi ps; u se of semi -empirical 
models. 

Elementary forecasting technique, interpretation of daily weather 
charts; frost danger warning for crop protection; veld and forest 
fire warni ngs; planting and harvesting weather forecast; insect 
and disease forecast; sprayine and du sting weather forecast; 
l ivestock weather fo r ecast; postharvest and storage forecast; 
agricultural aviat i on forecast; warm and cold spells; wet and dry 
spel l s; severe weather. 

Pressure : units and relation between different units; reduction 
of pressure to other levels; mercury barometers; method of obser­
vation; corr ection of barometer readings to standard conditions -
index error, gravity correction, temperature correction; exposure , 
transportation and insta llation of the mercury barome ter; the 
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barograph ~ care and maintenance, evaluation of the records; the 
aneroid barometer. 

Surface wind : units; relation between different speed units; 
determination of true North, the compass points; estimation of 
wind speed, the Beaufort scale; different types of anemometer and 
anemograph; evaluation of the records; exposure of wind equipment. 

Temperature : Fahrenheit, Celsius and Absolute temperature scales; 
liquid-in-glass thermometers 7 the ordinary thermometer, the maxi­
mum thermometer, the minimum thermometer, the soil thermometer; 
reading a thermometer; electrical thermometers - - the resistance 
thermometer, thermocouples, the thermomistorr auxiliary e lectrical 
equipment; thermographs - · the bimetallic type, the Bourdon-tube 
type, the mercury-in-steel type; evaluation of the records; 
thermometer and thermograph exposure; general requirements in 
order to obtain representative air temperature; thermometer 
screens; artificial ventilation; exposure of soil thermometers 
and grass minimum thermometers; the importance of calibration 
certificates; possible sources of defects in thermometers and the 
various procedures to rectify them. 

Duration of sunshine : sunshine recorders; exposure and instal­
lation of sunshine recorders; evaluation of the records. 

Atmospheric humidity : uni t s and methods; simple psychrometer 
without artificial ventilation; the sling psychrometer; the 
Assmann type psychrometer; exposure and observational procedure; 
care of the wet bulb; operation of wet bulb below freezing; 
sources of error in psychrometry; the psychrometric formula; 
tables and slide-rules; hair hygrographs ~-general requirements, 
exposure, management and transportation; accuracy and sources of 
errors; washing the hairs; evaluation of the records; dew-point 
and frost-point hygrometers; electrical absorption-type hygro­
meters. 

Precipitation : units; errors and accuracy of reading; the 
ordinary and totalizer raingauges; rainfall recorders; rainfall 
intensity recorders; evaluation of the records; exposure of rain­
gauge, ,general rules; influence of strong and ·gusty winds; rain­
fall measurement on slqpes; snow measurements; dew and leaf­
wetness measurements. 

Evaporation : the main classes of evaporimeter; large evaporation 
tanks; small evaporation t anks; porous bodies; porous paper wick 
devices; exposure, maintenance, scale, observations and entries; 
calculations. 

Soil moisture : units of measurement; visual observation; gravi­
metric method; obtaining percentage moisture by volume; tensio­
meters; e lectrical methods; thermal methods; neutron scattering 
method; gamma-ray absorption method. 

Radiation : units, types of instrument; estimates from simple da ta. 
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Practical work based on the theoretical course 

Climatological a nalysis : processing of observation data pre paratory 
to ultimate us e and interpretation , e.g. averages, normals, fre­
quencies, s t a ndard deviation, etc; study of the climate of the 
reg-ion or continent concerned-· statistical ana l ys is of representa­
tive clima tic e lements, the drawing of isopleths, etc. 

Calculation of derived parameters, e.g. evaporation, radiation, 
climatic indices; testing of "models" . 

A study of the variation of temperature, humidity and wind in the 
microlayer; a microclimatological study of a suitable area. 

A study of the influence of different windbreaks and she lterbe lts 
on the microc lima te. 

A study of frost-protection methods. 

A study of meteoro l ogi cal aids to irrigation practice . 

Analysis and int e rpretation of elementary synoptic charts; pre­
paration of rout ine forecasts; examples of special weathe r fore­
casts for aer iculture. 

Pr ac tica l crop-forecasting, inc luding yields, qua lity, sowing and 
harve s t dates. 

A monograph by each student on the application of agrometeorology 
to his or her p a rticular field of study in agricultura l science. 
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SPECIALIZATION IN HYDROMETEOROLOGY (CLASS I) 

Owing to the increasing demand for water for agricultural, industrial 
power, transport and domestic purposes, a large number of countries are 
obliged to undertake comprehensive water management measures with a view 
to the re-organization of the water balance of river basins, major river 
diversions, the creation of reservoirs, the regulation and transfer of 
run-off from one basin to another, etc. 

These measures in turn call for a timely and detailed investigation of 
water resources and the hydrological regime of rivers and lakes; 
similarly, all hydrometeorological factors and the possibility of their 
modification must be studied. 

However, these investigations are hampered in developing countries by 
the shortage - or even the total absence - of national cadres of hydro­
logists (hydrometeorologists).*) 

During the past few years, in connexion with the International Hydro­
logical Decade (under UNESCO auspices), a number of steps have been taken 
to train hydrological experts for the developing countries. WMO 
naturally also wishes to contribute to the task of training national 
cadres of hydrometeorologists. 

A distinction is made between the following four categories of 
personnel : 

(a) Class I hydrometeorologists (specialists with a University degree 
in engineering or appropriate science); 

(b) Class II hydrometeorologists (specialists with a thorough training 
in hydrometeorology but who need not necessarily have obtained a 
University degree; 

(c) Class III hydrometeorologists (specialists trained to a semi­
professional technician level); 

(d) Class IV hydrometeorologists (specially trained observers, hydro­
metric assistants). 

This section is devoted exclusively to the syllabi for training Class I 
hydrometeorologists. 

Class I hydrometeorologists are highly qualified specialists with com­
prehensive training in one or more· branches of the hydrologica l 
discipline - such as hydrological design, the organization of hydro­
logical investigations, the study of the laws governing hydrological 
and related meteorological processes, the hydrolo gical analysis and 
forecasting, hydrological and related meteorological surveys, and the 
management and control of station networks for hydrological purposes. 

*) In referring to these specialists (hydrologists) we shall, for the sake of 
convenience, use the WMO term "hydrometeorologist", which emphasizes the close 
rela tionship between hydrological and meteorological processes. 
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The recommended standard curricula for training Class I hy dro­
meteorologists a re given below. The y are optimum programmes and prov ide 
for the study of special subjects, as well as of a large number of 
genera l subj e cts. For this reason, the content of the course may be 
modifie d in the light of circumstances and the qualifications of the 
students. 

General chemistry : atomic-molecular the ory; structure of the atom 
and the periodic system of elements; chemical combination and the 
structure of molecules; kinetics and chemical equilibrium; theory 
of solutions; basic principles of electrochemistry; g eneral 
properties of metals; alloys; first group of the periodic system 
of elements; second group; third group; fourth group; orga nic 
combination; fi f th group; sixth group; seventh group; eighth 
group; zero group. 

Hydrochemistry; water as a solvent; its properties; electrolyte 
solutions; principles of physico-chemical analysis; surface 
phenomena and absorption; basic problems of colloidal chemi s try; 
chemical composition of natural water; chemical composition of 
atmospheric precipitation; chemistry of rivers, lakes and reser­
voirs; chemistry of ground water; chemistry of seas and oceans. 

Water pollution. 

Principles of geophysics and general informa tion about the globe 
shape, dimensions and types of motion of the globe; layers 
surrounding the globe - ·· atmosphere, hydrosphere, biosphere, li tho­
sphere and bathysphere; their composition, struc ture, thermo­
dynamic conditions and state of aggregation; terrestrial mag­
netism, density of the earth and distribution of gravity forces 
over its surface; distribution of and rel a tionship of water and 
land on the earth's surface. 

Principles of geology : composition of the earth's crust, dis­
tribution of chemical elements in the earth's crust; minerals and 
rocks; geological processes, tectonics and mountain formation 
phenomena; historical geology methods. 

Principles of geomorphology : classification of types of reli e f - -
morphological, orographic and genetic; action of flowing wat e r a nd 
erosion; rivers and climate; water-accumulation forms of relief; 
karst and glacier forms of relief; forms of relief in deserts and 
mountainous areas. 
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Principle s of soil science : soil formation, soil as polydispe rsion 
system; physics of soil; chemistry of soil; classifica tion of 
soils; soil and water; movement of soil water; hydrological 
properties of soils; soil water balance. 

Pla n and map; principles of theory of errors in measurements; 
measurement of lines in the fi e ld; optica l parts of geodetic 
instruments; theodolite and theodolite survey; levelling; com­
bined planime tric-altimetric surveys; approximation surveys; 
geodetic network; geodetic applications in stationary and field 
hydrological surveys; principle s of aerial photography; prin­
ciples of cartography • . 

gl~~~~!!~~! __ ~E~~-~~~~~!_f!~~-~~~~!~~-~~~-~~~~~!_E~~~~~~~~-l~!~~E-~~~ 
formation; ---------

General hydraulics : hydrostatics; principles of hydrodyna mics; 
flow through small and large orifices at constant and variable 
pressure; steady flow in open channel; pressure flow of a liquid 
in pipes; non-steady flow; spillways and flow over structures; 
hydraulic jump and energy dissipators. 

River hydraulics : non-uniform flow in channels; flow with a 
v a riable discharge; unsteady flow in open channels; hydr aulics of 
bifurcations and estuaries. 

Principles of similitude. 

Principles of the dynamics of streams with a non-erodable bed : 
mechanics and structure of two-dimensional channel flow; hydro­
mechanical analysis of two-dimensional turbulent flow; non­
rectilinear flow and additional resistance of channel to flow. 

Physical and hydromechanical basis of the theory of flow in an 
eroding channel : main mechanical and hydraulic characteristics of 
river beds and sediments; mechanism of sediment transport. 

Channel processes : hydrodynamic and hydromorphological approach to 
the channel processes theory; basic river bed processes produced by 
the construction of hydraulic structures. 

Runoff process theory. 

The use of mathematical statistics and the probability theory in 
hydroloBY• 

Meteorological conditions governing streamflow : air temperature as 
a factor in the transformation of water balance elements; prec­
ipitation, its various tYIJeS and intensity; c a lculations of average 
precipitation in river basins; evaporation from free water surface 
and from the surface of a river basin; instruments for measuring 
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evaporation and evaporation ca l culation nct i1ods . 

Uater and heat ba lance equa ti ons; the use of wa te r a nd heat 
ba l a n ce equations for solving various water oanage~ent probl ems . 

J.Iean annua l runoff; determina ti on of a nnua l runoff fo r sub seque n t 
hydrological calculations a~d it s accuracy; influence of cl iua t i c 
a nd other phys ica l geos-raphi c fa c tors on mean annual runoff; 
compilation of maps of mean annual runoff i sol ines, their acc uracy 
and importance. 

Variability of annual r unoff : me tf. ods c :' dc t c:·mininc variations in 
a nnual runo ff on t he bas i s o f the re lationsh i p with precipita tion 
a nd variations in type s of circulation; u se of freq uency dis­
tribution curves to determine a nnual runoff v a r i at i ons; co­
efficients of variations of a nnua l runoff ser i es a nd the ir depe nd­
e nce on the size of the drainage basin a nd other physiographi c 
factoro; methods of d e te rmining coe ffi c i e nt of skewness. 

Distribution of flow during the year : stat i st i ca l a nd physical 
methods o f calculating this distribution; nature and types of river 
inflow methods of compiling runoff hydroeraph s ; runoff i soline 
maps a nd thei r u se; mass cu rves of dai l y f low; metho ds of cul ­
cul atin c min i mum and maximum discharges; me t eoro log i ca l f acto r s 
of rain runoff; methods of calculatinc the intensity and dep th of 
rains torus . 

Flood f low : defin ition of flood, r a infa ll a nd snow me l tinc flood s , 
maximum proba ble flood, design flood, recurrence interva l f lood; 
over l a nd flow of flood, inf il tration; hydro[;r ap h a naly s i s , unit by 
hydrograph concept; f lood estimation in small bas ins, e mpiri ca l 
formul ae, s ynthetic hydrograph; f lood f requency a na lysis; minimum 
flow, depl e tion curves. 

Discharge of suspended a nd chemi cal l oad; method s of calculat ing 
this load. 

Special aspects of hydro logical cal c ul at ions : oct hodc of cal­
culating runoff in planning drainage and irr i gati on; me thods of 
calculating irrigation requi rements on the bas i s of water a nd heat 
ba l ance equations; fl ood rout ine ; cal cul at ion of ma xi1num wa t e r 
stage of various freque n cy ; cal c ulation of evaporation from fre e 
water s urface and fr om bare soil; other hydrolo gica l ca l cu l at ions . 

Water balance s u rveys : organ ization and me thods of multipurpo se 
studies of the water balanc e of basi ns of rivers and l al :e s; 
method s o f stationary and f i e ld surveys of water balance elements . 

~ tat e regime s tudies : principles of thn stage regime of rivers , 
li1kes '1.nd reservoirs; e·auges a n d datum sys tems; types of 1::auges ; 
cho i ce of reac hes for hydrometric observa tion s ; observation times 
a n d the ir depe ndence on water level regime ; recordinc of oaxiQum 
a nd minimum stace.; me flsu~· emcnt of the hydr.:mlic slo p·:: ; instru­
me n ts f or s t age obser~ati ons (inc ludin g sta[;e re corde rs) ; water 
temperature observat i ons ; processinc of hydrome tr i c observations 
(stage a n d temperature). 
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Soundings : organizat ion of soundings; river soundi ngs by c ros s ­
sec tions, longitudinal s e ct ions and diagona l s ; determination of 
sounding profi les; sounding instruments - manual , me c hani ca l, 
hydrostati c and acoustic; proces sing of sounding d a t a. 

Measurement of stream velocity : general notions on streamflow 
regime; basic principles of flow; distribut ion and pulsation of 
velocities; po int and integration me thod s of measuring velocity; 
points on the vertical; instruments for measuring amount and 
direction of flow and their classific ation; gauging station equip­
ment, calibra tion of hydrometric instruments; processing of velo­
city data. 

Determination of discha rge; classifi cation of discharge measure­
ment methods; volumetric method; slope-a r ea method and its 
various applications; control cross-sections and conditions of 
their use; floats; weirs and flwnes; dilution method; use of 
isotope s; processing of discharge data by graphical and analytical 
me thods and processing of integration me asurements. 

Relationship between discharge and stage, and c a lcula tions of mean 
daily discha rge; plotting of a rating curve, eva luation of its 
accuracy a nd extrapol a tion of it; discontinuous rating curves; 
calculation of mean daily discharge and compilation of discharge 
yearbooks. 

Sediment discharge computations : basic dat a on the regime and the 
movement of sediment in rivers; measurement of suspended sediment; 
methods and instruments; measurement of bed load; methods and 
instruments; laboratory analysis of samples of transported sus­
pended sediment and bed load and sedimentation; processing of 
suspended sediment transport and bed load discharge data. 

Other types of observations; their conduct and processing; use of 
instruments : thermal regime observations a nd winter regime obs e rva­
tions (snow, i ce , ice phenomena); water transparency and colour 
observations; obs e rvations of chemical quality of water; wave 
observations. 

Special work : determination of the discha rge of small rivers using 
hydraulic structures; measuring of discharge at hydraulic struc­
tures and hydro-power plants. 

Technical instructions for hydrologic a l st a tions and the ir inspe c ­
tion. 

Methods of hydrometric me asurements in l a boratory; principles of 
the similarity theory and modelling methods. 

Hydro logic f ield investiga tions : r e lati onship between inves tiga­
tions, pl a nnine- and c onstruction; stages of an investi t;at ion; 
characteristic features of investigations us e d as a bas is for the 
planning and construction of hydraulic engineerine; works (hy dro­
power plants); characteristic features of investiea tions for 
navication and timber floating; characteristic fea tures of inves ti­
gations fo r planning and construction of irriga tion sys t e ms; 
characteri s tic features o i' inves tieations f or desi[,'7ling and con­
struc ti nc roads and bridges . 
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Basic safety techniques and l a bour protection rul es to be observed 
in carrying out hydrological ob servat ion s on rivers and l ake s. 

Ge ne ra l i nforma tion on hydrological fo r ecasts : orcanization of a 
hydrological informa ti on network and a hydr olocic a l forecast 
servi ce; types of hydrolo i; i ca l and me teorol ocical inform::i.t ion; 
codes for transmission of hydrological and meteoro loc ica l informa­
tion and fo rec a sts; collection of sc ienti f i c a nd opera tional 
hydrolo g i cal and meteorologi ca l data necess ary for the computation 
of hydro l ogi cal forecasts; eva luat ion of forec ast e rrors; relia­
bility of specific me thods and n a tura l r e liab ility. 

Short-te rm flow forecast s (stage and d i sch a r c;e ) : c l ass ification of 
s hort-ranee hydrological forecasts a nd forec as ti nc 1;ie t hods; 
physico- empiri ca l relationships; corre l ation r e l at ionships ; iso­
chrone rJcthod ; rainfall - lo ss rat e - uni t hydroc-raph r.i e thod; 
stage forecas ting . 

Long - tern f l ow f orecasts : c l ass ificat ion of long-t erm runof~ 
forecasts a nd forecasti ng rae thods ; methods of correspondins vo lwnes 
(by volwnc of wa ter in channe l system) ; water balance method ; 
method s of analogy a nd method s of s t a nd<:!.rd for e c ast s. 

Forecas ting of temp e r atures. 

Short-term a nd long-term forec a sts of ic e phenomena. 

Us e of comput e rs and model s in h ydro l ogical forcc<.s t s. 

Gene ra l hydroee oloBY : unity of the natural wa t e rs in the wor l d; 
rol e of ,;-roundwa ter; c l ass ificat ion o f ro cks a nd th(~ ir physica l 
properties; forms of the physi cal s t a te and movement of c,-round­
water; physi ca l properti es , che1nica l composit i on and radioactivity 
of groundwat e r; origin a n d c las s i fica tion of croundwater ; water 
of the a eration zon e a nd water in the soil; non-ar t er> i a n (cr ound) 
and artes ian wa t er ; groundwater in fis s ure d r o cl:s ; mineral w2ters . 

Dynamic s of c-roundwater· : laws o f rrr:oundwater dynam i cs ; deter­
mination of percolat ion coefficient and yield for variou s type s of 
wells; me thods of determining velocity a nd direction of c,rround­
water flow. 

Hydrogeol ogical investiga tion : networks of hydrological obs e rva­
tion well s ; hydrogeologica l calculations for wa t e r manaeeme nt . 

El e mentary principl e s of hydraulic machinery . 

~~~~~~E~~~-~£-~~~~~~~~ ~ - -~~~~~~~~~~~L-~~!~~-~~~~C~~~~!-~~~-~~!~~-~~~~~~: 
ment calculationo 

Pr i n c ipl es of hydrauli c e n g inee ring : construc tion operat ion s and 
ma teri a l s us e d in hydraulic e n g ineering; basic h ydrauli c e ngineer ­
ing s truc ture. 
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Water re sou~ces utilization and control : hydropower deve l opment; 
inland waterways; t r ansport of timber by water (floating); 
irrigation; drainage ; water supplies to population and industry; 
hydrauli c engineering in the fishery indus try; soil erosion 
control; hydraulic engineering, bridges. 

Water r e source s mana gement : water resources, their evaluation and 
economic importance; water requirements of various sectors of the 
economy and flow'regulation regime; average per capita consumption 
for urban water supply and variations in domestic and industrial 
consumption. 

Water management calculations : water resources management instal­
lations and reservoirs; basic data in water resources management 
planning; basic principles of flow regulation theory; calculations 
using mass diagrams and demand lines; flow regul a tion calculations 
using stochastic methods; regulation calculations using storage 
behaviour dia grams for developing release role graphs; other 
applications of statistical methods to water resour ce problems; 
hydrauli c power calculations; flood control and flood damage 
mitigation methods; reservoirs in series and compensation reg­
ulation and methods of calculation. 
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SPECIALIZATION IN MARITIME METEOROLOGY (CLASS I) 

To be provided by the WMO Commission for Maritime Meteorology. 

SPECIALIZATION IN METEOROLOGICAL INSTRUMENTS (CLASS I) 

To be completed by the CIMO Working Group on Training in 
Instruments and Methods of Observation. 

SPECIALIZATION IN CHEMISTRY AND RADIOACTIVITY 
OF THE ATMOSPHERE (CLASS I) 

To be completed later. 





- 89 -

C H A P T E R 5 
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GENERAL 

Class II meteorological personnel must exercise skill and judgment in 
the interpretation of meteorological data. They must have a thorough 
understanding of the underlying meteorological principles. Their edu­
cation must be broadly based but, since their work is concerned mainly 
with application of meteorological knowledge, the emphasis should be on 
practice. The Class II syllabi, although just as extensive in many 
respects, will consequently not contain the same amount of theor y as 
that for Class I. This is an important factor which should be borne in 
mind by I .nstructors in connexion with the syllabi given below. 

In the syllabi for the basic sciences those parts of the general sub­
jects which are considered prerequisites for meteorological training at 
Class II level, namely mathematics and physics, are emphasized. As a 
general principle, it is recommended that the instruction in thes e sub­
jects be confined to those fields which are essential for that level. 

As has already been stated elsewhere, in many .Meteorological ~ervices 
Class II personnel are engaged mainly in forecasting. Consequently, to 
train personnel for fields such as climatology or meteorological instru­
ments, it may be necessary to adjust the syllabi given - which are 
primarily based on forecasting - by placing more emphasis on certain 
aspects at the expense of others. The extent of such alterations is of 
course a matter for decision by the training institution. In this publi­
cation provision is made for specialized training in synoptic meteorology, 
aeronautical meteorology, climatology, hydrometeorology, maritime meteo ­
rology and meteorological instruments. 

Class II meteorological training is often carried out at Centres where 
a well-established mathematics or physics institution does not exist. 
In such cases the Instructors should have at their di sposal detailed 
syllabi and it is for this purpose that in the following paragraphs 
syllabi for mathematics and physics are given in detail. 

EDUCATION IN THE BASIC SCIENCES (CLASS II) 

Mathematics 

Permutations and combinations; binomial theorem. 

Arithmetic and geometric progressions; calculations of the nth 
termJsum of the first!!. terms. 
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Infinitely large and infinitely small quantities; limit of a 
variable; limit of a function; operations on limits . 

Calculation of a limit - examples : elementary knowledge of the 
continuity of a function; algebraic functions. 

Real numbers; complex or imaginary numbers; conjugate imaginary 
numbers; graphical representation of complex numbers; modulus; 
arguments; formula x + iy = x (cos a . + i sin a ) • 

Limits; sequences; convergence and divergence of sequences; seriesi 
convergence and divergence of series; criteria of convergence of 
series of positive terms deduced from the study of 

U 
1
;u , n/U , na U ; absolutely convergent series; alternating 

n+ n n n 

series; limit of (1 + l.)n and (1 + .!.)n where n is infinite; the 
n n 

number e; Napierian logarithms1 series defining the exponential 
function ex and the inverse function lgx; the hyperbolic functions; 
function defined by a complete series in x with real coefficients; 
interval of convergence; addition and multiplication within this 

interval; expansion of : 1 (1 ~ x), lg (1 ~ x ) and lg/f.1- x) / (l+x~ 
exponential series ex and ax; binomial series; expansion of circular 
functions; hyperbolic functions and their inverses; the complex 

variable z = x + iy; functions e'l!, sin z, cos z .; relations ex + iy = 
ex eiy = ex (cos y + i sin y); hyperbolic sines and cosines, their 
relation to ordinary sines and cosines. 

Determinants and systems of linear equations : solution of 2 or 3 
linear equations; definition of a determinant of order n; inter­

·change of rows and columns; interchange of two columns or two rows; 
expansion, removal of factors; sum of determinants; addition of 
columns and rows; rank, systems of n linear equations in n unknowns. 

Solid analytic geometry : co-ordinate systems in space; the distance 
between two points in space; direction numbers or direction compo­
nents of a line; parametric equations of a line; direction angles; 
direction cosines; equation of a plane in space; conditions under 
which two planes are parallel, coincide or are perpendicular; the 
"normal form" of a plane in space; quadratic surfaces in space as 
represented by the equation 

A 2 2 c 2 x + By + z + Dxy + Ex z + Fy z + Gx + Hy + J z + K 0 

Cylindrical co-ordinates; spherical co-ordinates. 

Introduction to spherical trigonometry; spherical triangle; proper­
ties of spherical triangles; formulae relating to right spherical 
triangles; Napier's rules; solution of right spherical triangles; 
isosceles and quadrantal spherical triangles; oblique spherical 
triangles; the law of sines; the law of cosines for sides; the law 
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of cosines for angles; formul ae f or the tangents of the half angl e s; 
formulae for the co- t angents of half the side s; a r eas of spher ical 
triangle; areas of a spherical triangle; brief description of the 
applications of spherical trigonometry . 

Much greater emphasis should be given to the prac tical aspects of the 
subject and the applications to me teorolo gy. 

Concept of a function of a variable and of a continuous function; 
concepts o f limit, de r ivative and infinite s imal s, principal par t, 
f irst differenti a l of a func tion ; elements of leng th, area and 
volume in various systems of variables; de rivatives of the function~ 

of a function; derivatives of the common functions : 

xm (m~ o), sin x, •••• arc sin x, •••• ex, ax, lgex/ lgax; 

derivatives of a compound function; application of the concept of 
derivative; slope of a curve at a point, tangent at that point; 
study of the varia tion of a f unc tion; ex tremes of a function ; 
maximum and minimum meaning of the sign of the second derivati ve; 
curvature; infl ec tion. 

Functi on of a variable; Rolle's theorem on finite increments; gra­
phica l representation; function of two independent varia bles; gra­
phical representation using a surface; function of several variables; 
partial derivatives; formulae for finite increments; application to 
error calculation; higher order derivatives of a f unction of several 
variables. 

Taylor's th~orem for functions of one a nd several variables and its 
application; convergence of the Taylor ser i es and the remainder of 
the series; MacLaurin's formula; a pplication of Taylor ' s theorem to 
the study of the quotient of two f unctions of x in the n e i ghbourhoo d 
of a given value of x; case where the two functi on s of x are zero for 
this value; othe r forms of indeterminacy; rate of change of 

ex and lg x compared t o that of xm; determination of the limit of 

ex/xm for infinite x and of xmlgx for x = 0 • 

Implicit functions; Jacobians; change of inde pendent variables. 

Concept of the primitive function s ; Riemann definition of a n inte­
gral; indefinite integral; integration of rational functions and of 
some special common functions;integration by parts and by change of 
variable definite integrals; theorem of the mean; mean values of a 
function in an interval; limit of definite integrals when a limit 
of integratio n approaches infinity or when the func tion under the 
integral sign becomes infinite; rule for differentiation under the 
integral sign and differentiation of definite integrals; line in­
tegral; circulation of a vector; double integrals (flux of a vector 
across a surface) and multiple integrals. 

Numerical calculation of definit e integrals; l e n g th of a curve; 
areas and volumes; calculation of the moment of inertia a nd of the 
co-ordinates of the centre of gravity. 

Exercise s in differential and integral calculus. 
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Y~~~~E-~~~~~E~-~~~-~~~~£E_~~!~~!~~ 

Introduction ; definitions; addition a nd subtraction of vectors; 
magnitude of a vector; scalar time vector; appll cations to geo­
metry; scalar product of two vectors; unit vectors ; dire ction 
cosines; direction numbers; orientation in space; vector pro duc t; 
scalar triple product; vector triple products; vec tor identities; 
vector functions of one variable; derivative of a vector f unc tion; 
velocity vector; application of vectors in mechanics ; vec tor fields 
and scalar fields; the gradient field; divergence of a vector; curl 
of a vector. 

This subject should be considered as a course of applied mathematics. 
All matter relative to partial differential equations should be reduced 
to a strict minimum. Emphasis will be given primarily to the subject's 
practical aspects. Numerous examples should be taken from meteorology 
with particular reference to atmospheric disturbances. 

Ordinary differential equations : equations of the first order and 
degree; integral curves; equation of higher degree; equations of 
second and higher order; linear equation; a brief description of 
how the ordinary differential equations could be s olved in series, 
in particular in the Taylor and Fourrier s eries. 

Partial differential equations: linear partial differential equa­
tions of first and second order in two independent variables; the 
wave equation i n one dimension; the vibrating s tring; normal modes 
of vibration and heat equation. 

The statistical method and its scope; presentation of data; popula­
tion and sample; discrete and continuous variables; frequency dis­
tributions; histograms; cumulative frequency distributions; ogives; 
vectorial frequency di s tributionsr wind roses . 

Elementary probability theory; statistical parameters of central 
tendency, mean, median, mode; quintiles; statistical parameters of 
variability, range, mean deviation, standard deviation and variance; 
coefficient of variation; moments, skewness and kurtosis. 

Theoretical frequency distributions; the binomial distribution, 
the normal distribution, the Poisson distribution; transformations 
and probability papers. 

Sampling theory; sampling distributions, Central Limit Theorem, 
standar d error; estimation of parameters, confidence intervals and 
limits; tests of hypothesis and signifiance. 

Small sampling theory; Student's test; Chi 2 test. 

Curve fitting; scatter diagrams; method of least squares; linear 
regres s ion, scatter about a regression line; the linear correlation 
coefficient, covariance , significance of the correl a tion co-effi­
cient; multiple regression, multiple and partia l co rre l ation. 
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Ana l ysis of variance; the F test. 

Extreme value distributions; return period. 

Time series, trends, moving averages; h&rmonic a n a l ys i s; auto­
correlation and spec t r um analysis. 

Tabula tion a nd diffe rences. 

Interpo l ation; appli ca tion of the method of leas t square s. 

Brief de scription of numerical differentia tion and integration : 
numerical approximation of the derivatives of a function; graphical 
calculation; numerical approximation of de finite i ntegral s ( Simpsorrs 
rule); graphical approxima tion of definite integral s; numerical 
approximation of double integral s. 

Machine computation: for those Class II personnel who will u se 
numerical technique s in their work, a course on this s ub ject should 
be organi zed, In view of the rapid advances which are t a king place 
in construction of computers and the relatively wide variations in 
their types no suitable sylla bi for s uch tra ining could be included 
here. This is left t o the Instructors conduc ting s uch courses. 

Physics 

Kinematics 

Kinemati cs of a point: r e ctilinear and curv ilinear motion; relative 
motion. 

Rectil inear motion : velocity, acce l eration; uni f orm and accelerated 
motion, vibratory motion4 simpl e harmonic oscillation and damped 
harmonic oscillation; superposition of simpl e harmonic oscillations. 

Motion referred to rectangular , polar, cylindrical a nd spherical 
co-ordinates. 

Kinematics of solid b odi es: trans l ation; rotation about a fixed axis; . 
helicoidal motion. 

Change of reference sys t ems: absolute and relative motion1 e ntrain­
ment; composition of velocitie s and accelerations (Coriolis' s 
theorem). 

Properties o: ma gnets; sta tic e le c tricity; e lectric cui·rents; e lec­
tromagnetism; radi o-electr icity. 
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Geometric optics: laws of reflection and refraction; index of re­
fraction; plane and spherical mirrors; lenses,prisms; regular and 
diffuse reflexion; diffusion. 

Wave optics; theory of light; periodp frequency and velocity of 
propagation; interference; diffraction; Doppler effect ; polarization 
of light; velocity of light; phase and group velocity. 

Fluid mechanics: fluid kinematics expressed brie fly in Eulerian and 
Lagrangian variables; decomposition of a field of motion in the 
vicinity of one of its points into a field of translation, a field 
of rotation and a field of deformation; physical signi f i cance of 
vorticity and divergence; application to plane motion; continuity 
equation; case of gases and liquids, compressibility ; ideal fluid, 
pressure force due to the pressure gradient; equation s of state and 
of change of state of a fluid, perfect gas equation; surfa ce tension 
of fluids, capillarity; barotropic and baroclinic flu ids, isobar­
isostere solenoids; fluid equilibrium (hydrostatics) , Pascal's law, 
Torricelli's experiment, barometer, Archimedes' pr inciple and buoy­
ancy; applications: hydrostatic equation along the ver t ica l; alti­
metry, application to the atmosphere; fluid dynamics , Eulerian and 
Lagrangian motion equations, boundary and initial conditions ; work­
energy theorem, balance of mechanical energy (potent ial and kinetic 
energy); Bernouilli's theorem; vorticity and divergence; rotational 
form of the equations of motion; irrotational motion an d two or 
three dimensional rotational motion; circulation and vorticity; 
absolute and relative circulation and vorticity; case of the baro­
tropic fluid; cyclonic and anti-cyclonic circulation. 

Emphasis should be laid on the applications to meteorology. 

Object of thermodynamics; thermodynamic system . ~.definition, ex­
changes of energy and matter with the ex ternal world , clo sed and 
open systems; physical state of a system, variables of state, (p.v) 
systems, Clapeyron's diagram. 

Definition of temperature, temperature scales (Celsius , Fahrenheit, 
Kelvin); variables of state and the equation of state of a system; 
homogeneous and non-homogeneous systems; thermal expansion of solids, 
liquids and gases; case of gases - the lawi of Boyle- Mariette, Gay­
Lussac, Avogadro and Dalton (gas mix tlll"es); equation of state of a 
gas~perfect gas and Van d~r Waa.ls' gas. 

Definition of heat .:· quantity of heat,. calorie, thermal conductivity, 
specific heat, case of gases, heat of change of phase, heat of 
reaction (chemistry); calorimetry, 

First law of thermodynamics: various forms of energy (work,heat, 
electrical and chemical energy, etc.); principle of the conservation 
of energyi principle of the equivalency of, heat and work (Joule); 
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sta t ement and meani ng of the fi rs t law in the cases of systems a t 
rest and i n moti on (a tmospheric a i r) , i n t h e cases of c l os ed and 
open systems (clouds in the case of precipitation); case of s ystems 
i n motion ; cons equences of the first law and of the kinetic energy 
theorem as appli e d to the system ; internal energy, enthalpy; work 
accomplished by the expansion of an ideal fluid; reversible ex­
change of work and heat; calorimetric coefficients of a fluid; 
adiabatic transformations, case of the perfect gas . 

Recourse to equations and formulae should only be made where they are 
indispensable to the understanding of the subject matter; only the very 
sim_ples't of su·ch equations and formulae shoula be referred to. 

Concepts of the composition of matter1 the molecule; the atom; 
structure of the atom~ nucleus and electrons; ions. 

Atomic and molecular theory: atomic and molecular spectra; X-rays 
to infrared; continuous and discontinuous spectra; width of spectral 
lines; thermionic electrons; photoelectric effect; nuclear structure 
and elementary particles; natural radioactivity; X-rays; cosmic rays. 

Chemistry 

It is desirable that all Class II meteorological personnel possess some 
knowledge of chemistry. Since however chemistry forms part of the 
curriculum in practically all secondary school systems, students will 
normally have acquired sufficient basic knowledge of chemistry during 
their secondary school studies. A deeper knowledge of chemistry will 
only be required by those Class II personnel whose work is related to 
such subjects as atmospheric chemistry, radioactivity or air pollution. 
A broad outline of the knowledge likely to be required by such personnel 
is given below. In general, however , it is left to Instructors to decide 
on whether, and to what extent, chemistry should be a prerequisite to 
meteorological training. 

Introduction; basic laws of chemistry; structure of the atom and 
Mendeleiev's periodic system of elements; chemical bonds and struc­
ture of molecules; speed of chemical reaction; oxidizing-reduc tion 
processes; basic principles of electro-chemistry. 
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FUNDAMENTAL METEOROLOGICAL EDUCATION (CLASS II) 

Class II meteorological training in the fields of dynamic and synoptic 
meteorology is essentially the same as that for Class I personnel. In 
principle, therefore, the syllabi for these subjects for both classes 
should be the same (see sections 3.3.1 and 3.3.2 ) . For Class II, 
however, topics should be taught with a view to their practical appli­
cations. 

Dynamic meteorology 

Equations of motion in vector form as derived from Newton's second 
law; discussion of pressure force and gravitation; transformation 
from non- rotating to rotating co-ordinate system; discussion of 
centripetal acceleration and Coriolis force. 

The concept of gravity. 

Equations of motion in Cartesian co-ordinates (tangent plane appro~ 
~imation) and in spherical co-ordinates; orders of magnitude of 
various terms (based on observations) leading to the s implified 
equations. 

Introduction of the hydrostatic approximation; justification of 
this approximation. 

E~uation of quasi-hydrostatic motion using pressure as vertical 
co-ordinate. 

The continuity equation; Cartesian co-ordinates; pressure as 
vertical co-ordinate; homogeneous and incompressible fluid . 

Vorticity and circulation; Bjerknes' circulation theorem with 
interpretations. 

Divergence of the three dimensional and horizontal wind field. 

Vorticity and divergence equations in co- ordinate systems with 
pressure as independent variable; discussion of the order of 
magnitude of the various terms. 

Introduction of the stream function and velocity potential -
Helmholtz theorem - streamlines and trajectories. 
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Balanced motions 

Hori zontally balanced motion; motion with no tangential 
tion;gradient wind relation; geostrophic wind relation; 
son of geostrophic and gradient winds with ac tua l winds; 
divergence and the velocity of the geostrophic wind; the 
phic thermal wind . 

The circular vortex 

accelera­
compari­
the 
geostro-

The stationary circular vortex; the thermal wind relationship ; 
stable, unstable and neutral conditions; elementary treatment of 
stability criteria. 

This section should be reduced to its simplest form. 

Disturbances superposed on a state of hydrostatic equilibrium in 
the field of gravity -.static stability; compressibility and gra­
vity waves in the atmosphere; waves in a surface of discontinuous 
flow and discontinuous specific mass; di s turbances superposed on 
a rectilinear flow; barotropic waves and cases of two- dimens iona l 
disturbances. 

Rossby long waves; brief description of the baroclinic waves and 
baroclinic instability. 

Angular momentum of the atmosphere about the earth's axis; relative 
and absolute momentum; balance of angular momentum; meridional 
transport by atmospheric disturbances ; relation between this tra ns ­
port and zonal circulation; the balance of the atmosphere's kinetic 
energy and internal energy; production, destruction and transport 
of energy; the role of baroclinicity; the energy cycle of the 
general circulation; influence of oceans, continents and large­
scale orographic features on the general c irculation. 

Reference should be limited to equations and formulae which are essential, 
with particular emphasis on those employed in synoptic meteorology. 

The nature of turbulent flow; flow near a boundary; the mix ing­
length hypothesis; velocity profile near a boundary (smooth surface, 
rough surface); power-law profiles; the vorticity transport hypo ­
thesis; statistical theories of turbulence. 

Eddy transport or momentum, heat and water vapour in the plane tary 
atmospheric boundary layer; the Taylor-Ekman theory of the vertical 
variation of the wind in the boundary layer. 
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The heat flrix equation and the problem of convection; Richardson 
criterion; forced and free convection. 

Physical meteorology 

Dry air and its composition : water vapour; carbon dioxide and 
ozone; properties of these gases ., their distribution in space; 
weather and climate in relation to meteorological phenomena; the 
aerosols; atmospheric pollution. 

Radiant energy : emission and propagation; solar radiation both 
outside the atmosphere and within it; reflection, diffusion and 
absorption of solar radiation; direct solar radiation on the sur­
face of the globe as a function of geographic latitude; time of 
day and season of the year; sky radiation, global radiation and 
sunshine duration; infra-red radiation of the ear t h-atmosphere 
system; temperature of the surface of the globe and temperature 
of the atmospheric air; long-term radiation equilibrium and thermal 
equilibrium of the earth-atmosphere system; radiati on measurements 
from meteorological satellites . 

Electrical field of the earth; electrical conductivi ty of the 
atmosphere; atmospheric ionisation; electrical currents in the 
atmosphere; electrical charges in clouds; electrical discharge 
in the troposphere. 

Atmospheric transparency; atmospheric turbidity; turbidity co­
efficient~vi8ibility. 

Mirages, rainbows, halos, coronas and other optical phenomena. 

Dry air; liquid water; water vapour; ~ce; non-saturated moist 
air; aequeous clouds; ice clouds; clouds formed of water droplets 
and ice crystals; thermodynamic properties of water in its three 
phases and the changes of phase; properties of dry air and moist 
air; virtual temperature. 

Atmospheric pressure and its variation with a ltitude; 
and the geopotential metre') the hydrostatic equation, 
ance in meteorology; height of a pressure surfac.e and 
of a pressure layer; altimetry; barometric pressure, 
the standard atmosphere. 

geopotential 
its import­
thickne ss 
its precision; 



- 101 -

Adi a batic transformations of dry and mo i st air; potentia l tempera­
ture; wet-bulb temperature and the psychrome tric formula; equiva­
lent temperature; wet-bulb pseudo-potential tempera ture and pseudo­
potential equivalent temperature; dewpoint temperature and its 
variation with altitude; dry saturated adiabatic l apse ra t es; 
mixing of the mass es of moist air. 

Aerological diagrams; 
choice of a diagram; 

diagrams equivalent to Clapeyron's diagram; 
use of diagrams in synoptic meteorolo gy. 

Stability of vertical dry and moist air; stability criteria and 
instability criteria ; conditional instability and latent insta­
bility; the parcel and slice methods and a comparison of the two ; 
convection in the atmosphere; the importance of relief; diurnal 
variation of stability and convection. 

Cloud microphysi cs and precipitation microphysics ; condensation o f 
water vapour in the atmosphere; condensation nuclei; influence on 
the saturation pressure of water vapour, surface t ension a nd so lu­
bility of nuclei in water; formation of raindrops and of ice cry­
stals; cloud structure, size of drops and crystals; raindrop 
formation processes. 

Clouds : large-scale and small-scale cooling of moist a ir by adia­
batic and non-adiabatic processes; stratiform clouds (up-draught 
of air on the synoptic scale); cumuliform clouds (small-scale 
up-draught); international cloud classification; genera; species 
and variety; cloud cover; radiation fog and advection fog . 

Frontal clouds; cloud systems and their classification. 

Current techniques on artificial stimulation of precipitation. 

Snow and ice 

Snow cover and its properties; snow thawing; products of ground 
condensation and conditions of their formation. 

Synoptic meteorology 

This syllabus should be followed only be personnel working in fields 
other than synoptic and aeronautical forecasting. For the latter fields, 
additional material is given in section 6.1. 

The meaning of weather : the synoptic method. 

World weather network : surface synoptic network; upper-air net­
work; ocean network; automatic weather station network; radar 
network; rocket network; satellite observations. 



- 102 -

Synoptic weather ana lysis : the concept of s ynoptic analysis ; 
preparation of synoptic charts; symbols; drawing of isobars ; 
synoptic representation of the pressure field; isobars on a level 
surface and contours on an isobaric surface; geostrophic wi nd; 
thermal wind; geopotential of isobaric surfaces and thi ckne ss of 
an isobaric layer; geometry and kinematics of surface isobars; 
contours of constant pressure; surfaces and thickness lines. 

Air masses : source, characteristics and classifications ; frontal 
surfaces and frontal zones; cold front, warm front and occluded 
front; patterns of the pressure field; patterns of the vertical 
component of the geostrophic vorticity and the flow patterns 
associated with them; air mass analysis. 

Outline of frontal disturbances : polar front waves; evolution of 
frontal depressions; occluded depressions; jet streams and their 
analysis; satellite cloud pictures and data as an aid to synoptic 
analysis. 

Elements of surface and upper-air analysis in low latitudes; mon­
soons and tropical disturbances. 

General circulation : the average fields of the atmosphere; the 
atmosphere as a circular vortex; the meridional profile of tempera­
ture; the meridional profile of pressure; the meridional profile 
of mass; the meridional profile of zonal geostrophic wind; the 
maintenance of the atmospheric field of temperature; the geographi­
cal distribution of net radiation; the principles of the general 
circulation; the budget of angular momentum in zonal r i ngs. 

The normal fields of temperature and pressure at sea level : normal 
sea level isotherms and isobars in the Northern and Southern Hemi­
spheres; zonal averages of sea-level temperature with two hemi­
spheres; zonal averages of sea-level pressure in the two hemispher­
es. 

The normal three-dimensional fields of temperature and pressure in 
the Northern Hemisphere : the polar vortex; quasi-stationary dis­
turbances superimposed on the polar vortex; the monsoon circulation; 
the quasi-permanent subtropical highs; the doldrum zone; surface­
air and upper-air currents in the equatorial belt. 

Weather forecasting : progress of weather forecasting; scope and 
essential nature of the forecast problem; types of weather forecast­
time, range,content and performance; forecasting techniques or 
aids - their merits and limitations; extrapolation techniques; 
kinematic methods; statistical methods; physical techniques of 
forecasting the weather; approach to the problem of numerical 
weather forecasting. -

Laboratory exercises : surface and upper-air synoptic observations; 
special observations by means of electronic equipments; coding and 
decoding synoptic information; plotting of data on surface and 
upper- air synoptic charts; synoptic analysis of scalar functions 
on a plane; pressure field analysis; synoptic analysis of charts 
of isobaric surfaces; geopotential temperature and moisture; 
analysis of relative topographies between isobaric surfaces; 
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isallobaric, isallophysographic and i s a ll o thermic charts; computa­
tions of geos t rophic gradient and the r mal wind; anal ysis of 
plotted thermodynamic a nd wind data; applicat i on of the various 
stability criteria (hydrostati c, slice method, convec tive stability, 
en t rainment, etc. ); analysis of surface a nd upper-air synoptic 
sequences for typical weather situation!!,.. 

Climatology 

General climatology : notion of climate; definition of climate . 

Physical factors of climate : importance of heat, radiation a nd 
humidity in clima tology. 

Astronomical and geographical factors : noti ons of so l ar climates; 
influenc e of latitude; environmental influences on climate; 
effects of the distribution of sea and land; degree of continenta~ 
lity; effects of water masses. 

Climatic e lements : mean climatic elements; class ification; re­
presentation (mean, sum, frequency, no rmal, variability); instru­
ments and methods of observation for the var ious climatic elements. 

Physical climatology notions re latine; to the radiation, h eat, 
energy and water balances; elementary notions on diffusion and 
turbulence; comparison of n ormal values and variability of c limatic 
elements a t the various l a titudes. 

Dynamical climatology : general atmospheric circulation; centres of 
activity and types of climate associated with them; climatolo gical 
aspects of dynamical meteorolo gy; representation of climatolo gical 
data. 

Synoptic climatology . : grouping of climatic e l ements according to 
the nature of the air masses; mean or f requency of climatic ele­
ments assoc iated with types of weathe r ; e eo e,Taphical distributi on 
of fronts; frontal zone s and air masses a nd climatological 
phenomena associ a ted with them. 

Regional climatology description of the climate of the globe; 
climatology of the region or country where the training i s g iven­
quali tative description, numerical data, map s a nd a tlase s. 

Meso- a nd microclimatology : general principles, concepts and 
definitions; examples of microclimates. 

Bioclimatology general principles, concepts and definitions; 
bioclimatology related to the various human activities and associa­
ted fields. 

Applied climatology gen eral notions on the application of clima­
tology to the various human activiti es ( agTiculture, aeronautic s , 
marine, public works, transport, etc.). 

Climatic changes : bas ic notions. 
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Special climatologic al methods. 

Climatological statistics : emphasi s should be laid particularly on 
the practical aspects . This training should be illustra t e d by many 
examples. 

Machine processing of climatological data 
tapes, punched tapes, etc. 

punched ca rds, magnetic 

Use of computers : programming (principles and simple a pplications). 

Hydrology 

Same as for Class I (section 3.J.6, page ?2 ) . 

Meteorological instruments and methods of observation 

General - general knowledge of instruments and methods of observa­
tion; basic principles of measurement in meteorology ; ·.., ·1e idea of 
scale; synoptic scale and local scale; choice of s ite for an 
instrument enclosure; precision of measurements and readings; 
procedures for installation, maintenance and checking of i nstruments; 
calibrating procedures . 

Surface observations 

Air temperature : thermometers and thermographs; mercury and 
alcohol thermometers; maximum and minimum thermometers ; bimetallic 
thermometers and their time constants. 

Ground temperature : soil thermometers and thermographs . 

Atmospheric pressure : mercury barometers; aneroid baromete rs; 
hypsometers; corrections a nd reductions to be applied to reading . 

Humidity : psychrometric measurements; naturally vent ilated psy­
chrometer; aspirated psychrometer; hair hygrometer ; dewpoint 
hygrometer; use of psychrometric tables. 

Precipitation : raingauges and siphon-type recording raingauge s; 
rates of rain-fall recorder; dew measurement . 

Evaporation : evaporimeter; evaporation pan . 

Speed and direction of the wind : wind vanes; anemome t e rs and 
anemographs; definition of the surface wind for synoptic purposes. 

Duration of sunshine and of gl obal solar radiation; sunshine re­
corders; actinometers and actinographs. 

Horizontal visibility : estimation from the use of landmarks by 
day and light at night. 
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Cl ouds : genera, species and variety; c loudiness; measurement of 
the ceiling by estimation,us ing pilot balloons in the daytime and 
cloud searchli ghts at night by the optical echo method; automatic 
c loud base recorder; the comb nephoscope for measuring c l oud speed 
and direction. 

Hydrometeor s : exploration at a distance u sine radar echoes, radar. 

Thunderstorms : atmospherics direction-finder . 

Distant recording : automati c instr ument s ; automat i c stations. 

Pilot balloons ; radiosondes; radio and radar measurements; a nal y­
sis of a sounding and presentati on of the results of the sounding on 
an aero lo gical diagram; us e of diagrams. 

Informat i on from meteorolo gical rockets (tempera ture u p to approxi­
mate ly 60 km, wind, pressure, density). 

Meteorological observations carried out from artificial satellites: 
clouds; albedo; infra-red radiation. 

Meteorolo gical codes fo r transmi ttinb synoptic surface aml upper-air 
data~ spec i al codes. 

Record keeping. 

Interaction of the ocean and the atmosphere 

Only a general treatment of the topics given below is required 

Transfers beh1een atmosphere and ocean: momentum; heat; water 
vapour; carbon dioxide. 

The atmosphere's action on the ocean : sea-surface winds and currents; 
waves; swell; bores and tidal waves; storm tides; cold upwelling. 

The ocean's action on the atmosphere : climatic action; modification 
of air masses due to h eating or cooling; sea fogs. 
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C H A P T E R 6 

FIELDS OF ::>FiX IALIZATIOl1 (CLASS II) 
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SPECIALI ZATI ON IN SYNOPTIC Mli!TE01IiOLOGY (CLASS II) 

For specialists in the fields of synoptic and aeronautica l meteorology 
paragraph 5. 3.3 should be supplemented by the f ollowing : 

Kinematic analysis, wind and pressure : class ification of winds; 
the effect of changing pressure distribution; the effect of 
friction ; comparison of gradient wind with obs erved winds ; the 
geostrophic wind scale; boundary conditions ; traj e ctories ; 
streamlines; relation between trajectories and streamlines; 
divergence and convergence . 

Kinematic analysis - frontogenesis : definition of frontogene s is ; 
frontogenesis in a conservative field of property ; linear fields 
of motion ; frontogenetical and frontolytical sectors . 

General circulation in the troposphere:. air masses and the polar 
front; the subtropical high pressure belt; the subpolar low 
pressure belt; the cyclonic polar vortex; jet stream : the flow 
lines and isotachs of a jet stream ; troposph e ric and strato s pheri c 
circulations and the jet stream; the polar front jet strea m; 
frontal jet stream; the multiple jet stream; the subtropical jet 
stream; stratospheric jet streamst climatography of tropospheric 
jet streams . 

The characteristic large- scale patterns of standard isobaric sur­
faces , of their relative topography (tempe r a ture fi e ld) and of the 
field of the vertical component of geostrophic vorticity ; stable 
and unstable waves of the zonal we sterly current of middle latitudes ; 
formation in the middle and upper troposphere of mobile troughs and 
wedge l i nes in the pressure field, of cold cyclones in low latitudes 
and of warm anticyclones in high latitudes; the phenomenon of 
blocking; stable and unstable waves of the easterly zona l current 
i n low latitudes ; tropical cyclones. 

Common characteristic s of atmospheric circulation on the synoptic 
scale , from 700 to 100 mb; tropospheric and stratospheric distur­
bances; contour patterns at the 50 mb level and at higher levels ; 
the seasonal changes in the stratospheric circulations; the cyc­
lonic vortex of the polar night and the jet stream associated with 
it . 

Polar me _teorology as applied to weather analyses and forecasting . 

Tropical meteorology : representative value of surface and upper­
air measurements of meteorological elements; their diurnal varia­
tions; local factors; the orders of magnitude of the terms used 
in dynamical meteorology (motion, continuity, thermodynamics) in 
the tropical latitudes; relation between the wind and the isobars 
in the low latitudes; validity of the geostrophic hypothesis; 
stream lines and synoptic analysis; computation of the horizontal 
divergenc e and the vertical component of vorticity in the tropical 
latitudes; inter- tropical convergence; the trade winds; the 
interaction of tropical and mid- latitude weathe r systems; the 
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general circulation in the low latitudes; mean flow at the sur­
face and in the upper-air; tropical tropopause; seasonal varia­
tions of the pressure and wind fields; equatorial low pressures; 
anticyclones of the subtropical high-pressure belt; trade winds 
and monsoons; tropical clouds; hydrometeors and meteors of the 
inter tropical zone; air masses in the tropics and thei r transfor­
mations; waves of the easterly current; squall lines; tornadoes; 
tropical cyclones; their evolution and trajectories; the inter­
action between the low and middle latitudes; penetration of the 
polar front in the tropics, its transformations; upper-air front; 
associated pressure troughs; zonal weaterly circulation; shear­
lines; analysis and evolution of s tream lines on synoptic charts. 

Forecasting large- scale patterns of the height and temperature 
fields by using the vorticity equation; graphical and numerical 
methods. 

Analysis and forecasting of large-scale patterns of atmospheric 
distribution of water vapour, cloud cover and precipitation : 
physical relation between these patterns and those of the forecast 
horizontal flow and the forecast field of vertical motion; formula­
tion of the physical forecast (temperature, cloudiness, hydrometeors) 
from the numerical forecast of the field of motion. 

Fine structure associated with the large-scale pattern of the field 
of motion : convection clouds; use of aerological diagrams; thun­
derstorms; squall lines; tornadoe§i clear-air turbulence; icing; 
fog; influence of local geographical factors on wind, temperature, 
clouds and hydrometeore; mountains and hills, coastal and urban 
area effects. 

Preparation of general and special forecasts; forecasts for ship­
ping1agriculture, etc. (storm warnings, flood forecasting, etc.) 

Extended weather forecasting : synoptic extrapolation for two or 
three days; extended forecasting based on extrapolation of indivi­
dual upper long waves; extended forecasting based on five - day mean 
circulation; extended forecasting based on analogous sequences of 
weather maps; extended forecasting by means of statistical extra­
polation; general form of long-range weather forecast; long-range 
forecasting by means of physical models; n'limerical long-range fore­
casting. 

Satellite data in meteorological analysis and forecasting; use of 
satellite data in weather analysis; large-scale cloud system; 
synoptic application of satellite-borne infra-red window measure­
ments; local circulations as seen from satellite cloud pictures; 
satellite cloud pictures and jet stream structure; use of satellite 
data in mesometeorology; uses of satellite data in severe thunder­
storm detection; use of satellite data in the tropics; brief des­
cription of the technical aspects of meteoro logical satellite pho to­
graphy; satellite radiation measurements; radiometric measurements 
of midstratospheric temperatures; water vapour content from satel­
lite radiation measurements; participation in the workshop on the 
use of satellite data in meteorological research. 
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Meteorologi cal t e l ecommunications : principles of organizing inter­
communication between s tations; utiliza tion of the various trans­
mission methnds, their advantages and disadvantages ; e l emen t ary 
notions of telegraphy; description and working of the t eleprinter 
and facsimile; electronic programming devices . 

Collection and diffusion of meteoro logical data; need fo r an inter­
national organization ; international and national tel e communication 
proce dure s; continental or world broadcasts; sub-continental 
broadcasts; transmission of data required for the protection of 
aircraft; sub-regional and regional broadcasts . 

Systems for transmitting data in flight . 

Meteorological transmission programmes; message writing, exercises. 

Practical exercises on operational regulations concerning telephon~, . 

telegraphy and radiotelegraphy and on the functioning of the princi ­
pal apparatus used (teleprinter , facsimile , radiotelegraphy recep­
tion apparatus, telegraph switchboard) , installation and day to day 
maintenance of this equipment; s imple repairs; so·und reception. 

Laboratory exercises : graphical arithmetical operations and graphi­
cal differentiation ; graphical constructions of thermodynamic 
charts or nomographs; plotting of data on thermodynamic and wind 
sounding charts; isobaric advection of scalar synopti c parameters 
computation and analysis; thermal wind analysis; thermal advection 
as advection of thickness lines ; hodographic analys is ; isogon and 
streamline analysis; horizontal and isobaric trajectories; compu­
tation of the fields of isobaric divergence, vertical vorticity 
component and deformation; methods for analysi s - at synoptic scale 
- of vertical velocity fields; evaluation of frontogenetic factor; 
constant absolute vorticity trajectories computation; Rossby long 
waves computation; isotach and jet stream analysis; analysis of 
tropopause ; analysis of maxi mum wind layer; isentropic analysis, 
isentropic thermal and relative pressure field; surface synoptic 
analysis : air-mass analysis ; allobaric fields; cloud and weather 
systems analysis; frontal analysis; tropical analysis : streamline 
and isotach analysis; vertical time-section analysis; isobaric 
analysis in the low latitudes; plotting of data on synoptic cross­
sections and time-sections; space cross-section analysis; local 
analysis and time-section analysis; cloud weather systems analysis 
by satellite photos and radar echoes; synoptic weather forecasting 
and construction of surface and upper- air prognostic charts : dis­
placement of upper-air troughs and ridges, jet-stream prognosis; 
displacement of fronts and surface systems; intensity change of 
weather systems (graphical kinematical extrapolation, - graphical 
application of vorticity equation, interpretation and utilization 
of numerical weather prediction, etc . ); forecasting of weather 
elements (cloud systems, precipitation, winds, temperature, severe 
weather conditions ) ; synoptic weather analysis and forecasting on 
the basis of current synoptic surface and upper- air data, collected 
in a didactical simulated meteorological office; objective fore­
casting; local forecasting techniques; verification of forecasts; 
coding and decoding synoptic analyses and forecasts . 
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SPECIALIZATION IN AERONAUTICAL METEOROLOGY (CLASS II) 

~~£E!!~-~~!~£E£!£~ 

As for Specialization in Synoptic Meteorology (Class II): see 
section 6 . 1, page 10~). 

~i:;c:;:aft_i~i~g 

Theory of formation; processes and dependence upon temperature; 
drop size; liquid water content; airframe configuration and air­
craft speed. 

Types of icing: clear ice, rime ice and hoar frost . 

Ice accretion rates; association with cloud types (stratiform and 
cumuliform clouds) ; thunderstorms; freezing precipitati on; oro­
graphic and frontal lifting effects . 

Methods of forecasting the risk of ice formation and means of avoid­
ing icing areas. 

Effects of inflight structural icing on wing and tail surfaces, 
propellers, Pitot tube , antennas and windshield, 

Turbulence 

Turbulence near the ground; mechanical turbulence as a function of 
wind speed, wind shear and terrain roughness; convective turbulence 
as related to hydrostatic instabili ty; effects of boundary layer 
turbulence on take- offs and landings of aircraft; turbulence 
related to clouds, fronts, and thunderstorms. 

High-level turbulence (CAT); association with horizontal and 
vertical wind shear, jet stream, stability and tropopause inversion. 

Mountain wave turbulence applied to both boundary layer and high­
level. 

Effects of severe turbulence on the control of the aircraft and 
possibility of structural damage. 

Methods of forecasting the risk of the existence of turbulence; 
means of avoiding turbulence areas. 



6.2.3 

Reduced surface visibility: 
sipation; the re l ationship 
to the variou s hydrometeors 
pollutants such as s moke, 

fog - its manne r of formation and dis­
of visibility to f og type and dur ation, 
as rain, drizzle, snow and to air 

Knowledge of the theory and practical techniques f or the artificial 
dissipation of fog. 

Thunderstorms ; asso c iation with in-flig~-~ turbulence, hail icing 
and lightning; surface conditions related to thunderstorms such 
as strong, gusty winds, wind shifts, poor visibility ; frontal and 
air mass thunders torms; squall line thunder s torm, 

Specific knowledge in the interpretation of weather radar informa­
tion towards making short-term ter minal forecasts. 

Effects of accumulated snow, slush and water during take-off, land­
ing and taxi~ing operations. 

Meteorological basis for pressure pattern flyin g ; definitions of 
Rhumb line , great circle, and composite tracks ; wind components. 

Minimal flight paths; least time tracks; use of "D" factor; 
determination of drift angle; single heading flight; radio­
navigation . 

Meteo ro logical requirements for en-route winds and temperatures, 
weather and terminal forecasts for advance operational planning, 
for pre-flight planning and in-flight planning. 

Preparation of area forecasts, route forecasts (e.g. cross-sections) 
and flight forecasts. 

Special emphasis on the importance and techniques of briefing of 
flight crews and operational personnel. 

Definition 

Definition and meaning of the following terms used in interna tional 
a i r operations: 

Air report; 
information; 

briefing; forecast; landing forecast; meteorolo gical 
meteorological report; observation; SIGMET. 

Altitude; cruising level; transition altitude; transition level; 
transition layer. 

Operator; operator's lo cal representative; pilot-in-command. 
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Airway; control area; control zone; controlled airspace; flight 
information region. 

Aerodrome; instrument runway; landing area; movement area; aero­
drome traffic zone. 

"Service"; "provide"; "issue"; "make available"; "supply". 

Procedures for meteorological services for international 
~i~ ~a!i~!:L§n- - - - - - - - - - - - - - - - - - -

Knowledge of the functions or the appropriate regional procedures 
associated with the items listed below1 

Meteorological offices; main, dependent and supplementary meteoro­
logical offices; meteorological watch offices. 

Aeronautical meteorological observations; 
observations; selected special reports; 
landing. 

routine and special 
reports for take-off or 

Aerodrome forecast; area covered; period of validity; amendment 
criteria. 

Information for operators or operators' local representatives; 
advance, preliminary, and pre-flight planning; in-flight operation­
al planning; briefing and display of meteorological information 
required by operators; information requir ed from operators. 

Information for pilots-in-command prior to departure; briefing; 
documentation; flight forecasts; pictorial cross- sections; aero­
drome forecasts; surface and upper-air charts; prognostic charts. 

Information for pilots-in-command during flight; scope and res­
ponsibility of area meteorological watch; en-route forecast ser­
vice; information available from ocean weather vessels; supply of 
meteorological information in exceptional circumstances; diversion 
procedure. 

Information for and from air traffic services; types of meteorolo­
gical information required by aerodrome control towers , approach 
control offices and area control/flight information centres; 
collection of aircraft meteorological reports. 

Forms of meteorological messages; routine and special reports in 
code or plain language; reports for take-off and for landing; 
forecasts and amendments to forecasts; trend forecasts; ditching 
reports; flight, route and area forecasts; SIGMET information; 
dimensional units. 

Information for search and res-cue according to local procedures. 

Aeronautical climatological information; forms used; publication 
of records. 
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Air traffic service s 

Knowl e d ge of the functions of and dist~nctions between area control 
centres , approach control office and aerodrome control tower and 
flight informa tion centres , and the part played by the air t r affic 
services in the provision of in- flight meteor ological service. 

Knowledge of operational terms such as IFR, IMC, VFR, VMC, the rules 
governing terrain clearance and vertical separation; quadrantal 
cruising levels; methods of effecting horizontal separation; 
alerting and search and rescue services; methods of aerial search; 
holding and approach procedures. 

Aerodrome meteorological minima and the minima applicable to at 
least the regular and alternate international aerodromes. 

Altimeter setting procedures and the ICAO Standard Atmosphere. 

Knowledge of general flight navigation; the principal aids to 
navigation and methods of determining upper winds in flight. 

The effects of air density, humidity, icing, turbulence and wind on 
aircraft performances; fuel consumption of aircraft; the effects 
of various weather phenomena on aerodrome ground services; aids to 
approach and landing. 

Private a~iation and aerial work 

Meteorological requirements for private pilots, for agricultural 
flights and other non-scheduled operations. 

Organization for the provision of services in meteorology to inter­
national civil aviation; telecommunications, means, systems and 
plans for the concentration and diffusion of information; forms of 
traffic; international co-ordination of procedures (WMO and ICAO). 

Familiarization with the following documents: 

Technical Regulations, 
Chapter 12 

Publication No. 9 -
TP.4 Volume B - Codes 

Annex 3 
PANS-MET 

Regional Supple-

Doc 7605 -
MET/5 2 6/ 4 

mentary Procedures. Doc 7030 

ICAO Abbreviations 
and Codes ••••••••• Doc 8400 
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Location indicators . Doc. 7910 

Meteorological 
tables for inter-
national air navi ga-
tion . . . • • . . • . • • . . . J)oc . 7155 -

MEl'/522 

NOTE - Use has been made of the part dealing with "Aviation 
kiiO'Wledge" of !CAO Doc. 7192- AN/857 PART 7/2, Training Manual , 
Part -7 - Aeronautical Meteorological Forecasters. 
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SPECIALIZATION IN CLIMATOLOGY (CLASS II) 

Isotopes; metalloid elements, methods of preparation, their compo­
nents; metals; extraction methods, their components; radioactive 
elements; disintegTation of radium; the families of radioactive 
elements; natural and artificial transmutation; general notions 
and methods of organic chemistry; generalities on .the categories 
of organic matters. 

Celestial sphere : diurnal motion; horizontal and equatorial co­
ordinates ~ hour angle; height and declination of a star; theodolite 
and sextant; elements of spherical astronomy related to the deter­
mination of the celestial position of the sun; general characteris­
tics of the planet earth; shape and dimensions of the earth; hori­
zon; laws governing the motion of the earth; reception of solar 
energy by the planets; causes of the unequal distribution of solar 
energy over the surface of the globe; alternation of day and night; 
equinoxes and solstices; seasons of the year; thermal zones of 
the globe; gTid points; geogTaphical co-ordinates; types of maps; 
continents; oceans of the globe and their di s tribution. 

Litho s phere : structure of the earth ; crust; core; biosphere; 
tectonic; secular land changes; folding and the formation of 
mountains; folds and faults in the earth's c r ust; reasons fo r 
earth- quakes; seismic centre; epicentre; outside exogenous 
forces altering the surface of the earth; erosion , physical chemi ­
cal and organic (biological); erosive and accumulative action of 
the wind, streams , rivers, snow and ice ; the role of endogenous 
and exogenous factors in the formation of the earth's surfa ce; 
nature of the coastlines of continents; peninsulas and isla nds; 
continental, volcanic and coral isla nds; the main i s lands and 
peninsulas of various par ts of the world ; seas and gulfs; various 
types of shores; relief and its forms; indication of relief on 
maps; flat land relief; mounta inous r e lief and its fo r ms; earth' s 
magnetism. 
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Hydrosphere : hydrological cycle; oceans and seas; principal ocean 
currents; water on land; rivers and their basins; river valleys; 
main rivers of the world; lakes; classification of lakes; princi­
pal lakes of the world; glaciers; snow line; glacier movement; 
role of glaciers in river feed; mountain flood waters1 avalanches; 
marshes; formation of marshes; types of marshes. 

Landscape (natural) zones : biosphere; soils; description of 
natural (landscape) zones; landscape zones of the cold, temperate 
and tropical zones of the earth, their geographical distribution 
and brief description of natural conditions; mountainous areas; 
vertical zonality. 

General physical geographical description of continents : geographi­
cal situation, coastline , relief, inland water, soil and flora of 
continents- Eurasia, North and South America,-. Africa and 
Australia, Antarctic. 

Elements of palaeontology, stratification and fossils; historical 
geology, geological periods. 

Mineralogy and petrography : forms of minerals, systems of crystal­
lization , the various categories of minerals; rocks : eruptive 
rocks, aqueous rocks, crystallophyllic rocks. 

Topography : instruments and methods of topography, measurement of 
level differences (contouring) , topographic maps, determining the 
position of a meteorological station on a topographic map. 

Botany : organography, morphology, anatomy and histology of plants; 
physiology of plants : mineral nutrition through the roots, trans­
piration, assimilation, respiration, effect of meteorological 
elements on physiological functions; classification of plants : 
the principal branches of cryptograms and phanerograms. 

Biology : reproduction, heredity, gene tics , variation and mutation 
of the types of living beings; evolution of living beings, mecha­
nism of the evolution (Darwin, Lamark). 

Ecology : geography of living beings (phytoge ography, zoogeography , 
anthropngeography). 

Regional climatology 
world. 

climatic classifications; climates of the 

Applied climatology : importance of climatological data to agricul­
ture, public works, road traffic and other human activities; par­
ticular needs of the users ( early and late frosts, importance of 
precipitations, intensity and frequency of precipitat ions , droughts , 
etc.) . 
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Climatic changes : existence of climatic changes; purposes and 
nature of paleoclimatology. 

~p~c!a! ~l!m~t~l~g!c~l_m~t~o~s 

Random variable and probability theory : elementary notions of 
frequency (absolute-relative), probability (prior-posterior) ; like­
lihood; random variable (Von Mises definition); discrete , contin­
uous random variable climatological series; population: sample; 
application to climatological data. 

Description of populations by means of frequency distributions 
(climatological prediction) : practical notions on following topics 
and use of tables : climatological series; mean recurrence interval; 
mean; median; mode; qu-intiles; variance; standard deviation; 
moments; moment generating function; binomial, Poisson; negative­
binomial; multinomial distributions; normal distribution; gamma 
distribution; log-normal distribution; transformation to normal 
distributions; Edgeworth series; distribution of extremes; 
smallest, largest value; the three asymptotes. 

Estimation problems : practical notions on : empirical frequency 
estimates; parametric estimation; estimation procedures; methods 
of moments, maximum likelihood, least square, minimum chi-square; 
interval estimation, confidence intervals; adjustment of climato­
lo gical parameters for discontinuities of the station location. 

Test of hypothesis : practical notions on : parametric and non­
parametric tests; order statistics; Student's-test; Fisher-test; 
variance analysis; Chi-square-test; test of normality; tests of 
goodness of fit; tests of homogeneity. 

Relationship problems : practical notions on : coefficient of 
correlation; partial, multiple correlation; tests of correlation 
(parametric or distribution free); rank correlation; contingency 
tables; regression (linear, non-linear, multiple); significant, 
non-significant regression coefficients in adjusted relations; 
discriminant analysis; factors analysis. 

Time series : practical notions on : test for randomness; test 
against trend; test fo r auto-correlation. 

Computation mathematical tools : practical notions on : digital 
computer; programming; Fourier analysis; matrix calculus. 



- 120 -

6.4 SPECIALIZATI ON IN HYDROMETEOROLOGY (CLASS II) 

Class II hydrometeorological personnel must have a thorough training 
in hydrometeorology to enable them to carry out some of the functions of the 
Class I personnel. Their duties, though of an essentially routine and practical 
nature, demand' complete understanding of the principles involved. Therefore the 
syllabi for training Class II personnel in this field are essentially the same as 
those given for Class I in sections 4.s.1 to 4.s.9 (pages 81 - 86 ) 

It should be mentioned, however, tha t for Class II personnel more 
emphasis should be placed on practical aspects of the programme. Due consideration 
should also be given to the eventual field in which the student would be employed. 

SPECIALIZATION IN MARITIME METEOROLOGY (CLASS I I) 

To be prepared by the WMO Commission for Maritime Meteorology. 

6.6 SPECIALIZATION IN METEOROLOGICAL INSTRUMENTS (CLASS II) 

To be completed by the CIMO Working Group on Training in Instruments 
and Methods of Observation . 
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C H A P T E R 7 

CURRICULA FOR TRAINING ALL CLASS III METEOROLOGICAL PERSONNEL 

IRRESPECTIVE OF THEIR FIELDS OF SPECIALIZATION 
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GENERAL 

In their work , the higher Classes of meteorological personnel are assis­
ted by Class III, namely, plotters of synoptic charts and aerological 
diagrams, assistant forecasters, assistant climatologists , radiation and 
aerological station personnel , surface observing station inspectors with­
in national networks , and so on . When they have acquired sufficient 
experience, Class III personnel may participate in the interpreting of 
observational data and, under supervision, provide users with meteorolo ­
gical information or inspect the observation network. In view of the 
wide spectrum of duties carried out by this Class, it is not easy to 
draw up training syllabi which will be suitable for all staff, irrespec­
tive of their individual functions. 

As mentioned in chapter 2 (Section 2.4), Class III meteorological 
personnel can in principle be divided into two categories : 

Category A : the training of these personnel will require 
particular emphasis on the utilization of observational 
data. In the fields of synoptic and aeronautical meteo­
rology, they will work closely with forecasters. 

Category B : the training of these personnel will place 
especial emphasis on the use of observational instruments. 
Within this category will be operators of radiosonde, 
rawin and radar equipment. 

The syllabi given in 7. 3.1 "General Meteorology", 7. 3. 2 "Meteorol,ogi-
cal Instruments and Methods of Observation" and 7.3.4 "Climatology" are 
primarily designed for personnel of Category A. For Category B, the 
syllabi given in 7.).1 and 7.3.4 could be reduced. However, the syllabus 
given in 7.3.2 should be supplemented as indicated in paragraph 7.3.3, 

EDUCATION IN THE BASIC SCIENCES (CLASS III) 

It is essential that all meteorological staff have a thorough under­
standing of the science of meteorology if they are to carry out their 
duties efficiently. To acquire this understanding a preliminary ground­
ing in the basic sciences is necessary. The duties of Class III 
personnel are of the utmost importance and must therefore be carried out 
in full awareness of their value and the uses to which they ar·e directed. 

The purpose of the syllabi in mathematics and physics given in the 
following paragraphs is to indicate in broad lines, the knowledge in 
these subjects which one would normally expect Class III personnel to 
possess prior to taking up meteorological studies. Except, perhaps, for 
the section on integral calculus a student with 12 years primary and 
secondary schooling is already familiar with the material contained in 
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the syllabi. The syllabi will however be of value to instructors con­
ducting refresher courses, or preparing supplementary courses for 
promotion of Class IV personnel. 

Mathematics 

Natural logarithms. 

~uadratic equations, algebraic and graphical solution; real and 
imaginary roots; sign of the quadratic expression; biquadratic 
equation; transformation of a double radical into the sum of two 
simple radicals. 

Concep t of the function of a variable, its graphical representation; 
examples, among others, 

y 

y 

ax + b, y = (ax + b)/(cx + d) with c f o, 

ax
2 

+ bx+ c with a~ o. 

Infinitely large and infinitely small quantities; limit of a 
variable; limit of a function; operations on limits; calculation 
of a limit - examples : elementary knowledge of the continuity of 
a function; algebraic functions. 

Geometric loci poi nts equidistant from one or two other points; 
points equidistant from one or two straight lines; geometric con­
struction of loci. 

Theorem of the external and internal bisectors of an angle of a 
triangle. 

Polygons : similarity of polygons; regular polygons and their 
properties; equilateral triangles; square; regular hexagons; 
polygons inscribed in, and circumscribed abou~ , a circle . 

Length of a circumference and of an arc; definition and value of~ 

Surface : unit of surface; equivalent surfaces. 

Angle between a straight line and a plane; trihedrons; polyhedrons; 
regular polyhedrons; prisms; pyramid; frustum of a pyramid; cy­
linder; cone; frustum of a cone; their surface areas and volumes; 
surface and volume of the sphere; surface of spherical zone; the 
solid angle. 
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Cartesian, rectangular and polar co-ordinates; change of cartesian 
co-ordinates; distance between two points; co-ordinates of the 
mid-point of a segIDent; geometric locus, its equation. 

Equation of a straight line : general form; equation of the 
straight line passing through two points; equation of two parallel 
and of two perpendicular straight lines; equation of a circle. 

Some standard, simple, plane curves : parabola; ellipse; hyper­
bola; their equations and construction in the plane. 

Definition of arc and angle; measurement of an angle; units; posi­
tive and negative angles; circular functions of an angle; sine, 
cosine, tangent, cotangent, secant, cosecant and their variation 
as a function of the angle and their graphical representation; 
circular functions of the sum or difference of two ·angles; circu­
lar functions of two complementary or supplementary angles, of ver­
tically opposite angles, and of two angles whose sum or difference 
equals 2; reduction to the first quadrant; noteworthy values of 
the circular functions; classical elementary formulae; relation 
between the trigonometric functions of the same angle; conversion 
of the sum or the difference of two sines or cosines into their 
product and vice versa; trigonometric tables and their use; solu~ 

tion and discussion of certain classic~l trigonometric equations; 
relation between the sides and angles of a triangle; solution of 
triangles. 

Continuous function o.f a variable derived from a continuous diferen­
tial function; derivative of the sum and the difference of two 
functions and of the product and the quotient of two functions; 
derivative of 

n 
x (n ~O), sin x and cos x. 

Applications : (1) tangent to a curve and slope of a curve, at a 
point; gradient of a scalar; rate of increase or decrease; 
(2) movement of a point on a straight line : relation between the 
distance covered and the time taken and between the velocity of the 
point and the time; maximum and minimum of the function of a 
variable. 

Simple cases of functions of a function. 

Intuitive notion of the integral of a function; integral of common 
functions : xn t sin x, cos x. 

Applications : the area defined by the arc of a curve; the 
the abscissae and the ordinate of the end points of the arc; 
ral area and volume of a body of revolution. 

axis of 
late-
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Statistics 

Purpose and scope of statistics; frequency distribution. 

Tabulation and graphical representation of statistical data. 

Mean; median; mode; variance; percentile. 

Method of least squares; contingency and correlation; harmonic 
analysis. 

Measures of dispersion : mean deviation and standard deviation. 

Exercises in statistics. 

Physics 

Properties of matter : fundamental physical measurements; linear 
motion of a particle; Newton's laws of motion, definition of unit 
force; circular motion and simple harmonic motion; work and energy; 
equilibrium of systems of co-planar forces; motion of rotation; 
moment of inertia; compound pendulum; friction; viscosity; im­
pact; hydrostatics; gases; elasticity; surface tension; diffu­
sion; osmosis; occlusion. 

Heat : temperature, thermometry; expansion of solids ; expansion 
of liquids; expansion of gases; gas thermometers; quantity of 
heat; specific heat; calorimetry, fusion; vaporization; relation 
between temperature, pressure and volume of any substance; Dalton 's 
law; dew point; hygrometry; modes ·or transference of heat; 
nature of heat; mechanical equivalent of heat; adiabatic expansion 
of a gas; kinetic theory of gases. 

Acoustics : nature of sound; wave motion and sound; determinations 
of frequency; vibrating systems producing sounds; resonance ; 
composition and resolution of harmonic vibration; D8ppler's prin­
ciples. 

Light : reflection and refraction of light; principles of optica l 
measurements; optical instruments; colour; the eye; nature of 
light; visible and invisible radiation; corpuscular and wave 
theories; polarization effects; velocity of light. 

Magnetism : magnetic phenomena; law of magnetic force; 
potential; magnetic intensity; terrestrial magnetism; 
ty; susceptibility; magnetic circuit. 

magnetic 
permeabili-

Static electricity : elementary phenomena; induction of electricity; 
law of electric force; electric potential; capacity; condensors; 
energy of charged conducting systems; electrical machines; electro­
meters. 

~urrent electricity : elementary phenomena; cells; electric cir­
cuits; magnetic action of an electric current; electrical llllits; 
Ohm's law; resistance of Kirchhoff's laws; measurement of 
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resistance; electro- thermal and thermoelectric effects; chemical 
action of a current; electrolysis; electromagnetic induction; 
galvanometers; ammeters; voltmeters; high-frequency oscillations; 
wireless telegraphy. 
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FUNDAMENTAL METEOROLOGICAL EDUCATION (CLASS III) 

The syllabus in general meteorology, meteorological instruments and 
methods of observation, and climatology, given below, are designed 
primarily for those Class III personnel who are responsible for 
processing observational data (Category A of WMO Technical Note No. 50). 

~~~~~~!-~~~~~~~!~~ 

The syllabus for Class IV personnel (section 9,2,l) should be supplemented 
as follows : 

Thermodynamics of the atmosphere : adiabatic transformation of non­
saturated air and of air saturated with water vapour; the psychro­
metric formula (Regnault); potential wet-bulb temperature; ele­
mentary aerological diagram theory; choice of a diagram; problems 
that can be solved using this diagram; ver tical stability and in­
stability of air; conditional equilibrium and latent instability; 
thermal convection and convection clouds; moisture indicators : 
absolute humidity; specific humidity; mole fraction : virtual 
temperature. 

Clouds, fog and precipitation : basic knowledge of their formation; 
saturation, condensation nuclei; influence of the surface; tension 
of raindrops and of the hygroscopicity of nuclei on saturation 
pressure; the process of raindrop formation; large-scale and small­
scale cooling of the air due to adiabatic and non-adiabatic pro­
cesses; frontal, generally stratiform, clouds (up- draught on the 
synoptic scale); cumuliform clouds (thermal up-draught) ; orograph­
ic clouds; turbulence clouds (small-scale up-draught); internatio­
nal cloud classification; fog cla ssification; meteors; artificial 
rain . 

* Dynamic meteorology : ideas of scale in meteorology; motion on 
different scales; synoptic wind; geostrophic approximation (Buys­
Ballot' s law); ageostrophic local winds; equations of motion on 
the synoptic scale; geostrophic wind and gradient influence of the 
temperature field on the wind field; thermal wind; horizontal 
divergence and convergence and the e x istence of vertical velocities; 
consequences of the existence of vertical velocities; detection of 
horizontal convergence and divergence regions on synoptic charts. 

* Synoptic meteorology : air masses; their sources; their physical 
characteristics on the surface and in the upper air; their circu­
lation; the phenomena of condensation associated with them; their 
c lassification; geographical and thermodynamic classifications and 
their development; fronts; their formation and development; col~, 

warm and occluded fronts; secondary cold fronts; fronts and 

*To be redu ced to essentials for Category B. 
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temperature; fronts and wind; fronts and clouds; fronts and pre­
cipitation; frontal depression of the temperature regions; the 
incipient depression (wave); the warm sector depression; the 
occluded depression; the phenomena of condensation (cloud systems) 
and of precipitation associated with them; families of frontal 
cyclones; influence of orography on fronts and frontal disturbances; 
mobile troughs and wedge lines of the pressure field; retrograde 
depressions; tornadoe~; tropical cyclones. 

Atmospheric turbulence; turbulence of mechanical and of thermal 
origin; turbulent diffusion of heat and of water vapour ; effect 
of the earth's friction on air movement on the synoptic scale; 
change of wind direction with height in the surface layer (friction 
layer). 

Local circulation of the air : sea breezes and land breezes; dyna­
mic and thermal action of hills and valleys; height and range of 
influence of a mountain; orographic clouds; modifications of the 
thermal field caused by topography; Fohn effect. 

General circulation of the atmosphere; the use of monthly mean 
isobaric charts at the earth's surface and monthly mean contour 
charts at 700, 500, 300 and 100 mb levels; average general circula­
tion and instantaneous general circulation, index of zonal circula­
tion, circulation pattern; average general circulation a nd air 
masses., introduction of average positions of the polar and Arctic 
fronts. 

The synoptic observation network; representative value of a meteo­
rological element; synoptic weather charts; fundamental rules and 
analytical techniques; weather charts and their analysis; synop­
tic representation of the pressure field; the isobars of a level 
surface and the contours of an isobaric surface; quasi-static 
approximation; geopotential (height) of isobaric surfaces and 
thickness of an isobaric layer; geostrophic approximation; geo­
strophic wind and thermal wind; pattern and movement of isobars, 
contours and lines of equal thickness. 

Jet streams : streamlines and isotachs of a jet; the wind field 
and the temperature field of a jet; tropospheric and stratospheric 
circulations and jets; the polar front jet; frontal jets; multi­
ple jets; subtropical jets; stratospheric jets; climatography of 
tropospheric jets. 

Tropical meteorology : representative value of surface and upper­
air measurements of meteorological parameters; their daily varia­
tion; local factors; general circulation at low latitudes; sea­
sonal variations of the pressure and wind fields; equatorial lo.w 
pressure areas; intertropical convergence; intertropical front; 
sub-tropical anticyclones; trade-winds and monsoons; air masses in 
the tropics and their transformation; penetration of polar air in­
to the tropics; wave-motions of the zonal easterly current; tro­
pical cyclones; squalls; tornadoes; upper front; pressure troughs 
associated with the zonal westerly circulation; analysis and evolu­
tion of stream lines on synoptic charts. 

Elements of atmospheric optics and electricity : refraction, rainbow; 
halo; corona; blue of the sky; transparency of the atmosphere and 
visibility; application of notions of static electricity to the 
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electric field of the atmosphere; atmospheric ions and the con­
ductivity of the air; lightning discharge and thunderstorms. 

Meteorological instruments and methods of observation (Category A) 

The syllabus for Class IV (section 9.2.2) should be supplemented by the 
following : 

Pilot balloons 
gen generators 

lift speed; valve adjustment; inflation; hydro­
principle and use. 

Wind measurement : principles ;_ description and setting up of the 
theodolite; sighting pilot balloons with the theodolite ; recording 
theodolite; 7 analysis and graphic representation of a sounding; 
meteorological code. 

Measurements relating to clouds : height of cloud base determined by 
pilot ballo.an in the daytime and by a cloud searchlight at night; 
cloud speed and direction determined by using the comb nephoscope; 
the theodolite used as a nephoscope. 

Data from radiosondes and rawins. 

Upper-air observation codes; symbolic forms and description of 
radiosonde and radiowind codes. 

Technical messages (special observation codes, forecast codes, etc.) 

Meteorological instruments and methods of observation (Category B) 

The syllabus in section 7.3.2 above should be supplemented as follows 

Vertical measurement of air pressure, temperature and humidity : 
principle of radiosonde, telemetering systems in use, radiosonde 
types , description , working, adjustment, preparation for a release; 
basic equipment of a radiosonde station; day to day functioning 
and maintenance; release; reception; analysis of the sounding; 
representation of the sounding on an aerological diagram, compu­
tation of altitudes. 

Wind measurement : radio- theodolite and radar; description, work­
ing principles; preparation for a releas e, release, reception, 
analysis of the sounding, day to day maintenance of the equipment. 
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Principles of organizing intercommunication between stations; 
collection and dissemination of meteorological data; meteorological 
transmission. 

* Climatology 

Physical, astronomical and geographical factors of climate; clima­
tic elements; succinct notions. 

Notions relating to the radiation, heat energy and water balances; 
elementary notions on diffusion and turbulence; comparison of 
normal values and variability of climatic elements at the various 
latitudes. 

General atmospheric circulation; centres of activity and types of 
climate associated with them; climatological aspects of dynamical 
meteorology; representation of climatological data. 

Grouping of climatic elements according to the nature of the air 
masses; mean or frequency of climatic elements associated with 
types of weather; geographical distribution of fronts; frontal 
zones and air masses and climatolo gical phenomena associated with 
them. 

Geographical distributi on of climates; climatography of the region; 
numerical data; maps. 

General principles and concepts; various types of microclimates. 

~~~~!~~~~~!~~ 

General principles; bioclimatology related to human activities 
(notions ). 

* To be reduced to essentials for Cate 5ory B. 
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!EE!~~~-~!~~~~~!~~ 

Succinct notion~ on the application of climatolo~ (agriculture , 
aeronautics, marine, public works transport, etc.) . 

:Ba.sic notions. 

:Ba.sic notions. 

:Ba.sic notions. 

Basic notions. 
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C H A P T E R 8 

FIELDS OF SPECIALIZATION (CLASS III) 
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GENERAL . 

In several fields of specialization, such as dynamic meteorology, 
physical meteorology, or chemistry and radioactivity of the atmosphere, 
there is no requirement for Class III personnel. In other fields, such 
as synoptic meteorology, no further training over and above that given 
under fundamental meteorological education is necessary . In certain 
applied fields, however, such as aeronautical meteorology, climatology, 
agricultural meteorology, hydrometeorology, maritime meteorology, 
or meteorological instruments, additional training is required. The 
syllabi for these areas of specialization are given below. 

SPECIALIZATION IN AERONAUTICAL METEOROLOGY (CLASS III) 

Observations for aeronautical purposes are characteristically different 
from those for synoptic purposes. While the synoptic observations aim 
at determining a representative value for the area concerned, meteorolo­
gical observations for aeronautical purposes (made for the value to be 
consider, 1 ;n consequential changes in a rather short period necessary 
for operat_onal requirements) are taken over rather limited areas such 
as approach, touch down, take-off area and/or areas along the direction 
of runway as necessitated by the prevailing present weather and the 
operational requirements. 

Surface wind direction and speed, including changes and variations. 

Visibility and runway visual range, including spatial and temporal 
variations; RVR observations, associated with precision instrument 
runway systems (ILS, PAR, etc.), by visual means or by use of auto­
matic instruments such as transmissometer. 

Clyud amount, height and type and spatial and temporal variations; 
ceilingobservations using automatic instruments such as ceilometer. 

Accurate pressure measurements for the purpose of determining Q,FE, 
Q,NH. 

Aircraft icing; elementary knowledge of icing types; formation, 
accretion rates and association of icing with clouds, freezing pre­
cipitation, orographic and frontal lifting. 
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Turbulence i elementary knowledge of turbulence near the ground as 
related to topography, air mass stability, clouds, fronts and 
thunderstorms. 

Elementary knowledge of high-level turbulence (CAT) and its associa­
tion with wind shear and jet stream. 

Meteorological aspects of flight planning : meteorological basis for 
pressure pattern flying; meteorological requirements for en-route 
winds and temperatures; weather and terminal forecasts. 

Interpretation of area, route and terminal forecasts and preparation 
of material for briefing of flight crews. 

Elementary understanding of the operational effects of wind direc ­
tion and speed and runway temperature on the take- off and landing 
length of the runway. 

The effects on aerodrome ground services of various weather pheno­
mena such as fog, sandstorm, smoke, hydrometeors, thunderstorms and 
associated phenomena; squalls; hail; lightning, etc. 

Reporting and dissemination of weather information --------------------------------------------------
Complete kllowledge of International Meteorological Codes, especial~ 
ly : METAR, SPECI, PILOT, TEMP, etc., and TAF, ARFOR , ROFOR, 
FIFOR, etc. 

Knowledge of procedures for dissemination of weather information at 
the aerodrome. 

Definitions 

Altitude; elevation; height; 
rological report; observation; 

meteorological information; 
SIGMET. 

Air-report; briefing; flight level; forecast. 

meteo-

Elementary understanding of the definitions and procedures listed below: 

Functions of various types of meteorological offices and stations; 
the part played by the meteorological offices in the exer cise of 
operational control; notification required by meteorological 
offices; aircraft observations; meteorological watch; dissemina­
tion of meteorological information; register of meteorological 
information requested and issued; dimensional units; ICAO region­
al supplementary procedures for meteor ology. 
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Air traffic services 

Functions of the air traffic services units, including the part 
played by these units in the exercise of operational control. 

Definition and significance of aerodrome meteorological minima. 

Definitions of aerodrome elevation, density altitude, instrument 
runway and landing area. 

Flight planning; in-flight procedure; duties of flight operations 
officers when exercising operational control; diversion procedures; 
navigation and landing aids. 

An introduction to the work of ICAO and WMO. 

Familiarization with the following documents 

fil1Q. 

Technical Regulations, 
Chapter 12 

Publication No. 9 -
TP.4 Volume B - Codes 

Annex 3 
PANS-MET 

Regional Supplemen-
tary Procedures ..... 
ICAO Abbreviations 
and Codes ........... 
Location indicators 

Doc 7605 -
MET/526/4 

Doc 7030 

Doc 8400 

Doc 7910 

1'0TE - Use has been made of the part dealing with "Aviation 
Knowledge" of ICAO Doc. 7192-AN/857 PART 6/ 2, Training Manual, 
Part 6 - Aeronautical Meteorological Assistants. 
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SPECI!LIZATION IN CLIMATOLOGY (CLASS III) 

Lithosphere structure of the earth; crust; core; biosphere; 
tectonics; secular land changes; folding and the formation of 
mountains; folds and faults in the earth's crust; reasons for 
earth-quakes; seismic centre; epicentre; outside exogenous 
forces altering the surface of the earth; erosion, physical,chemi'­
cal and organic (biological); erosive and accumulative action of 
the wind',, streams, rivers, snow and ice; the role of endogenous and 
exogenous factors in the formation of the earth's surface; nature 
of the coastlines of continents, peninsulas and islands; continen­
tal volcanic and coral islands; the main islands and peninsulas of 
various parts of the world; seas and gulfs; various types of 
shores; relief and its forms; indication of relief on maps; flat 
land relief; mountainous relief and its forms; earth's magnetism . 

Hydrosphere : hydrological cycle; oceans and seas; principal ocean 
currents; water on land; rivers and their basins; river valleys; 
main rivers of the worl&; lakes; classification of lakes; princi­
pal lakes of the world; glaciers; snow line; glacier movement; 
role of glaciers in river feed ; mountain flood waterr avalanches; 
marshes; formation of marshes; types of marshes. 

Landscape (natural) zones : biosphere; soils; description of natu­
ral (landscape) zones; landscape zones of the cold, temperate and 
tropical zones of the earth, their geographical distribution and 
brief description of natural conditions; mountainous areas; ver­
tical zonality. 

General physical geographical description of continents; geographical 
situation, coastline, relief, inland water, soil and flora of 

continents ..,. Eurasia',, North and South America·,-- Africa and 
Australia-,-. Antarctic . 

Elements of palaeontology, stratification arid fossils , histor:Fcal 
geology, geological periods. 

Mineralogy and petrography : forms of minerals, systems of crystal­
lization, the various categories of minerals; rocks : eruptive 
rocks, aqueous rocks, crystallophyllic rocks. 

Topography : instrwnents and methods of topography; measurement 
of level differences (contouring), topographic maps , determining 
the position of a meteorological station on a topographic map. 

~~~~~~!-~!~~~~~!~~ 

Main climatic elements; el&ments representative of 
climate : means, normals, frequencies, deviations. 
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Comparison of normal yalues and variability of climatic elements at 
the various latitudes; notions of general circulation, centres of 
activity, air masses and types of climate associated with them. 

Regional climatology 
--------------------

Climatic classifications. 

Random variable and probability theory : elementary notions of : 
frequency (absolute-relative); probability (prior-posterior); 
likelihood; random variable (Von Mises definition); discrete, 
continuous random variable; climatological series; population 
sample; application to climatological data. 

Description of populations by means of frequency distributions 
(climatological prediction) : practical notions of the following 
topics and use of tables : climatological series; mean recurrence 
interval; mean; median; mode; quintiles; variance; standard 
deviation; moments; moment generating function; binomial, 
Poisson, negative-binomial, multi-nomial distributions; normal 
distribution. 

Estimation problems practical notions of : estimation procedures; 
method of moments; maximum likelihood; least square; minimum 
chi-square; adjustment of climatological parameters for discontin­
uities of the station location. 

Test of hypothesis : practical notions on 
test; Chi-square test. 

Student's test; Fisher 

Relationship problems : practical notions of : coefficient of 
correlation; partial, multiple correlation; regression (linear, 
non-linear, multiple). 

Time series: practical notions of : test for randomness; test 
against trend; test for autocorrelation. 

Computation - ma~hematical tools : practical notion of : digital 
computer; progTamming; Fourier analysis; matrix calculus. 
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SPECIALIZATION IN AGRICULTURAL METEOROLOGY (CLASS III) 

Biological sciences 
gical sciences. 

an elementary knowledge of appropriate biolo-

Scope of agricultural meteorology : definition, aims; the relation­
ship between weather, climate and agriculture; soils; plants; 
farm animals;di•ennes and pests of crops and animals; farm build­
ings and equipment; artificial modifications of the meteorological 
and hydrological regi.me; a short history of agricultural meteorolo­
gy in relation to the needs of agriculture and the development of 
meteorological apparatus; national 1-foteorological $'ervices; the 
World Meteorological Organization (WMO); the Commission for Agri­
cultural Meteorology (CAgM). 

Meteorological observations : units; accuracy; importance; ex­
posure of instruments and general rules for the observation of 
pressure, air temperature, atmospheric humidity, wind, sunshine and 
radiation; precipitation; evaporation; soil temperature; soil 
moisture content and soil moisture tension; interpretation and 
analysis of autographic charts; cloud classification; genera; 
species and varietiesf the synoptic classification; significant 
cloud; cloud cover; estimation of cloud base; horizontal visi­
bility; existing weather conditions; state of the ground (dew, 
etc.). 

Biological observations : observations on native plants and on cul ­
tivated crops and trees, farm animals, diseases, insect pests, and 
general activities on the land. 

The choice of site for an instrument enclosure; 
of the procedures for installation, maintenance, 
bration of the following instruments,. ' 

; 

a detailed study 
checking and cali-

Pressure : the mercury barometer, method of observation ; exposure; 
transportation and installation; correction of barometer readings 
to standard conditions; index error; gravity correction; tempera­
ture correction; the barograph; the aneroid barometer. 

Surface wind : the pressure plate anemometer; cup and propeller 
anemometers; the hand anemometer; the totalizing anemometer; 
cont ac t and generator type of anemometer and anemograph; the 
pressure-tube anemograph; the hot-wire anemometer; etc . 

Radiation : the exposure and maintenance of the major instruments 
for measuring short-wave, long-wave, and net radiation ; spectral 
distribution; the measurement of illumination; evaluation of the 
records. 
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Dui·ation of sunshine : sunshine recorders; exposure and installa­
tionj maintenance; evaluation of recor ds. 

Temperature : liquid-in-glass thermometers; ordinary thermometerG; 
maximum thermometers; minimum thermometers; soil thermometers; 
reading a thermometer; electrical thermometers; resi s tance 
thermometers; thermo-couples; thermistors ; auxiliary electrical 
equipment; thermographs; the bimetallic type; the Bourdon-tube 
type; the mercury-in-steel type; thermometer and thermograph 
exposure; general requirements in order to obtain a representative 
air temperature; thermometer screens; artificial ventilation; 
exposure of soil thermometers and grass minimum thermometers; the 
importance of calibration certificates; pos s ible sources of de­
fects in thermometers and the various procedures to rectify them. 

Atmospher ic humidity : psychrometers; simple psychrometer without 
artificial ventilation; the sling psychrometer; the Assmann-type 
psychrometer; exposure and observational procedure; care of the 
wet bulb; operation of wet bulb below freezing; sources of error 
in psychrometry; the psychrometric formula; tables and slide­
rules; hair hygrographs; general require ments; exposure; main­
tenance and transportation; accuracy and sources of error; wash­
ing the hairs; dew-point and frost-point hygrometers; electrical 
absorption-type hygrometers. 

Precipitation : the ordinary and totalizing raingauges; rainfall 
recorders; rainfall intensity recorders; snow measurements; 
depth and density. 

Dew and leaf wetness : the Duvdevani dew block; Leick plates; 
weighing type of apparatus; leaf wetness recorders. 

Evaporation and evapotranspiration : the main classes of evapori­
meter; large evaporation tanks; small evaporation tanks; porous 
porcelain bodies; porous paper wick devices; lysimeters; expo­
sure; maintenance; scale; observations and entries; calculation. 

Soil moisture content and soil moisture tension : tensiometers; 
the gravimetric determination of soil moisture content; resistance 
of porous blocks; the neutron moisture meter. 

Statistics : meaning of an observation; errors of observation; 
observations as samples of a population; quality control and 
processing of observation; climatological data; collection; 
treatment; storage; cataloguing; publication. 

Statistical methods : frequency distributions; relative frequency; 
cumulative frequency; histogram; statistica l parameters; mode; 
median; quartiles; percentiles; arithmetic mean; standard devia­
tion; variance; weighted and adjusted means; mea ns from grouped 
data; significance tests; Student's t-te st ; the x2 test; re­
gression; significance o f a regres sion coeff:i.ci en t; correlation; 
significance of a correlation coefficient; analysis of varianc e . 
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Importance of the air layer near the ground for agriculture; varia­
tions of leaf and air temperature; humidity and wind in the micro­
layer; influence of topography; soil type; soil condition and 
vegetation on the microclimate. 

Flow of heat in the soil; diurnal and seasonal variation of soil 
temperature at different depths; factors affecting soil tempera­
ture; the importance of soil temperature for plant growth. 

Soil moisture 

The hydrological cycle; the importance of soil moisture for plant 
growth. 

Droughts : definition; frequency; long-term planning against 
drought; the possibility of cloud stimulation. 

Hail : frequency of hail storms; hail damange and its prevention. 

Frost : extent of frost damage; sensibility of plants to low tem­
peratures; radiation and advective frosts; taking account of 
frost in agricultural planning; ways of diminishing frost damage; 
artificial methods of combating frost damage - e . g. orchard heating, 
sprinkler irrigation. 

Strong winds : the importance of windbreaks and shelterbelts; the 
detrimental effects of strong winds on plants, animals and the soil; 
the effects of windbreRks upon the environment; different types of 
windbreak; the advantages and disadvantages of shelterbelts; trees 
and types of shelterbelt suitable for local conditions . 

~~~!!~~!-~EE!!~~!!£~~ 

Practical application of meteorological and climatological data of 
plants, crops, animals, insects and plant diseases. 

!.§!~~~!~£E~!~~!~~!-~~~~~~~~ 
A discussion on research problems applicable to the region or 
country concerned. 

~~~!!~~!_!E~!~!~~ 

The theoretical course must be supplemented by an intense training 
in outdoor practical work, especially concerned with the maintenance 
of instruments and the taking of observations . 
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SPECIALIZATION IN HYDROMETEOROLOGY (CLASS III) 

A summary of the main findings of the Working Group on Training in 
Hydrometeorology, set up by the WMO Commission for Hydrometeorology, 
has already been presented in Chapter 4 (page 80). 

Class IIfhydrometeorological personnel are qualified specialists 
thoroughly trained in the conduct of all types of hydrological and 
meteorological observations, the processing of observation data and 
their preparation for publication in yearbooks or reference books, the 
installation, checking and field repair of hydrological instruments and 
equipment, and the management and control of hydrological station net­
works. 

The recommended standard curricula for training Class III 
hydrometeorological personnel are given below. These are optimum pro­
grammes and provide for the study of special subjects, as well as of a 
large number of general subjects. For this reason, the content of the 
courses may be modified in the light of circumstances and the qualifi­
cations of the students. 

Geometrical drawing; drawing instruments and equipment; forms of 
drawings; inscriptions used in drawing; geometrical constructions; 
scales of drawings; graphs and collation maps; projection geo­
metry; general information on projections; projection methods; 
projection of a point and straight line; projection of plane 
figures; projection of geometrical bodies and objects; section 
of geometrical bodies by a plane surface; mutual intersection of 
the surfaces of geometrical bodies; axonometric projections; 
principles of axonometric projections and their classification; 
construction of axonometric projections; principles of topographic 
drawing; principles of topographic maps and plans; agreed symbols 
in topographic drawings; relief and cross-sections; conventional 
signs in topographical plans; peculiarities of drawings of hydro­
logical structures. 

General information; plans and maps; orientation of plans and 
maps; measurement of azimuths and rhumbs; simple surveying mea­
surements; measurement of lines and vertical angles; angular­
theodolite surveys; instruments and the conduct of surveys; 
processing of angular survey data; geometrical levelling; instru­
ments and the conduct of levelling; processing of levelling data; 
graphic representation of local relief; plane-table topographic 
survey; plane-table and alidad; conduct of plane-table surveys; 
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processing .of plane-table survey; data tacheometric survey; 
instruments for and conduct of survey; processing of tacheometric 
survey data; barometric levelling and approximation surveys; baro­
metric levelling; approximation surveys; surveying work in hydro­
logical stations; levelling of the lonc itudinal se ction of a 
water surface; levelling of the cross-section of a river valley; 
altitude relation of the station datum level to the levelling 
network; levelling of gauging instruments; semi-instrumental and 
instrumental survey of reaches at hydrol o gical stations; elemen­
tary principles of aerial photogrammetry. 

Physical properties of water and the water cycle on the globe : 
physical properties of water; the hydrological cycle on the earth; 
ground water; origin and classification of gro1..Uld water; physical 
properties of rocks in relationship to water; physical states and 
movement of ground water; ground water and its relationship to 
rivers; confined aquifer ground water and its role in the river 
feeding; lakes and reservoirs; morphology of lakes; sources of 
inflow to lakes; water balance of lakes; dynamic phenomena on 
lakes (waves and currents); heat regime of lakes; chemical compo­
sition of lake water; biological processes in lakes; reservoirs, 
their regime and water balance; swamps; formation and classifica­
tion of swamps; hydrological regime of swamps; formation and m·ove­
ment of glaciers, their influence on river inflow and regime; 
rivers; river systems; river basins; river valleys and channels; 
sources of river flow; temperature regime of rivers; regime of 
river stages; movement of water in rivers; flow velocity; dis 7 
charge in rivers, hydrograph analysis; sediment transport; chemi­
cal composition of river water; channel formation processes; water 
balance and runoff; units used to measure r1..Uloff and flow; water 
balance of bodies of water; calculation of evaporation from the 
surface of a basin. 

Average long-term annual runoff : distribution of annual runoff in 
months and seasons; flow duration curves, mass diagrams and storage 
behaviour diagrams; maximum discharge and its calculation; mini­
mum flow and its calculation; sediment discharge and its calcula­
tion. 

Water stage and water temperature observations : choice of area for 
a gauging station and its establishment; observations of water 
stage and water temperature; processing of observation data ; 
sounding; instruments used for soundings; sounding methods; pro­
cessing of sounding data; measurement of flow velocity; general 
notions; velocity at a point; pulsation; instantaneous and aver­
age velocity; distribution of velocity in verticals, across and in 
the plane of the cross- section of the river; instruments for 
measuring velocity and direction of flow; calibration of current 
meters; measurement of flow velocity using current meter s ; 
calculation of velocity; measurement of discharge; general notions 
on discharge; methods of measuring discharge; choice of emplace­
ment of the gauging station and its equipment; measurement of 



- 145 -

discharge by current meter; measurement of discharge using floats; 
methods of measuring discharge on small rivers; calculation of flow 
at hydro-power stations; measurement of suspended sediment and bed 
load discharge; measurement of suspended sediment calculation of 
suspended sediment discharge; measurement of bed load; calculation 
of suspended and bed load discharges; proce ssin g of suspended sedi­
ment and bed load samples; observations of ice phenomena and of 
physical properties and chemical composition of water; observations 
of ice conditions; determina tion of the physical properties of 
water; determination of the chemical composition of water; estima­
tion of discharge and sediment transport; plotting of i.·a ting curve 
and calculation of discharge; extrapolation of rating CQrve; cal­
culation of discharge in unstable channel; calculation of discharge 
with a variable back water and in channels with vegetation; calcu­
lation of discharge at hydro - power station; hydrological observa­
tions on reservoirs and lakes; observations of stage and water 
temperature; observations of transparency, colour and chemical 
composition of water; observations of wind waves, current and ice 
phenomena; observations of resi s tance of reservoir banks; hydro­
logical observations in swamps; technical instructions for hydro­
logical stations and their inspection; organization of field 
hydrological surveys and technical investi ga tions; basic safe ty 
techniques and labour protection rule s to be observed in carrying 
out hydrological surveys on rivers and lakes. 

Coll ec tion of hydrological a nd meteorologica l da ta for hydrological 
information and forecasts; codes for transmission o f hydrological 
and meteor ological informa tion and forecasts; processing of hydro­
logical and meteorological data required f or hydro l ogical forecasts; 
basic principles for developing and evaluating the reliability of 
hydrological forecast methods; physical elements of hydrological 
foreca s ts; physico-empir.i co. l relationships ; correlation relation­
ships; general principles for the evaluation of forecas t me thods 
and reliability; permissible error; r ive r regim e forecasts; 
forecast s of stage and discharge on river reach<:s without tribu­
taries; forecasts of stage and discharge on river reaches with 
tributaries; forecasts of stage and discharge on the basis of 
corresponding discharge and amount of water in river channels; 
general principles of rainfall flood forecasts; cenera l principles 
of mountain river flow forecasts a nd i ce foreca sts . 

Elements of hydrauli c engineering, water resources 
~~~~~~§~~!=~~~=~~!~~!~!~~~~-----------------------

Main types of hydraulic engineering structures; the use of water 
power; water t ransport and timber floatinc; i rr igation and drain­
age; water supply and sewerage systems; water po llution; puri­
fica ti on and filtering of waste waters; noti on s on and elements 
of water management calculations. 
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SPECIALIZATION IN MARITIME METEOflOLOGY (CL.ASS III) 

To be prepared by the WMO Commission for Maritime Meteorology. 

SPECIALIZATION IN METEOROLOGICAL INSTRill1ENTS ( CLASS III) 

To be completed by the CH10 Working Group on Training in Instruments 
and Methods of Observation. 
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C H A P T E n 9 

CUillUCULA Fon TTIAINING ALL CLASS IV IiliTEOc'.OLOGICI1.L PEli~ONNEL 

IIl..IlESPECTI V::!: OF TllEIIl. FIELDS OF Sl'i:..CIALIZA'l' ION 
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EDUCATION I N THE' J3ASIC SCIENCES (C V ·.::;'::; I V) 

The minimum pre-rcquisi te is nine years primary an:d secondary school 
education . It is assumed that t ne student will by then ha ve reached a 
certain l evel in mathematics, phys i cs, chC'mi;, tr~r a nd ph ys ica l ge ography . 

Since countries' educational programmes va£y considerably a n d, thus 
a lso, the depth of treatment of the .bas ic · sci ences~ no a tt e mp t is made 
here to se t ou t detailed syllabi in· ma them.::iti cs , phy.s i cs, chemi.:;try and 
physica l ge ogr aphy. Thi s is l eft to national educat i onal au thorities . 

As against t hat , it is felt that ·an indication·· should be [;iven of the 
general leyel of knowledge. which a student choulQ. .have reached pr io i· t o 
entering on the study of meteorology : the syllabus on Ear th Sc i ence 
given below cov~rs a ll that a student · needst.o k now .bti f ore · commcncinc; 
the Class IV course. If - a s .'j;udent . is weak in . some subjects, it is l e f t 
to the Instructor to decide whether he requires, supplementary tra ininc . 

Earth science 

Structure of the_ ~arth lithosphere; hydro.sphere; a t n osphe r e ; 
the structure of the earth's crust; , c.omposition . of the atmosph8re 
and hydrosphere ; shape of the earth; various dimensions of the 
earth; the shape of the earth as a resul t of exte rna l forces ; 
formation of rocks due to processes within the earth . 

Motions of the earth : rotation of the e arth a round it s ~~is; 
revolution of the earth around the mm; variouc s()asons ; the 
cause of tides. 

The gravitational field of the earth; l aws of gr&vit n tion; 
measurements of earth's gravity . 

Earth's interior; the distribution of t he mass of the earth; the 
stru c ture of the earth's interior; the tem}cr~ ture of the earth ' s 
interior; the state of the earth's interior. 

Magnetic field of th0 ear th ; the direc tion of the w·'.1Q"tet i 8 fie ld; 
the chanees o ,~ the e arth's magnetic field. 

Energy : definition of energy; flow of enerw; cha ngr" oE en0r[;"y; 
relat i on between various kinda of enerGY; cons•2 rvc:.ti on o . t0tal 
energy; the source of the energy of the eartl1. 

Definition of heat a nd tenpe r ature ; t he fl ow of he a t fro~ the 
interio:::- of the earth; the energy output from the sun; c onversion 
of mass into energy in the interior of the sun. 

Solar radi2.tion : the radiant enere:Y f rom the sun; t he ef1'o c t of 
the atmosphere on the inc m~ing r ad i at ion; tho distribution of 
insolution on the earth . 



The causes of the motion of the atmosphere : the effects of.' the 
earth's rotation on the winds; the effects of lands and water in 
modifying the motion of the air. 

Water in the atmosphere : the definition of water cycle; evapora­
tion; condensation; release of the condensed water from the 
atmosphere; latent heat. 

Waters of the land : the movement of the water in the earth; 
storage of wa ter in the ground; flow of water over and through the 
ground; definition of water budget; inves ticatin[; and interpret ­
ing the water budget. 

Sea water : the composition of the sea water; the motion of the 
sea; waves; transport of energy by waves; winds and water 
currents; currents caused by - nifferences in density. 

Measurement of time : the definition of time; relative time and 
measured time; clocks and calendars; geologic clocks; geologic 
time scales. 

Solar system : planets and their motion; the two distinct groups 
of planets; difference among planets; asteroids and meteoroids; 
origin of the solar system; nebular theory. 

Other solar systems : luminosity of the stars; radiation from the 
stars; movement of the stars in space; stellar tempera tures; 
the origin of the stars; the life history of a star; what is a 
galaxy; what is the Milky Way; various groups of galaxies. 
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METEOROLOGICAL TilAINING (CLASS IV) 

The concept o.f .fundamental and spe cialized training of meteorological 
personnel as envisaged in previous chapters of the Guidelines does not 
strictly apply in the case of Class IV meteorological personnel. On 
the other hand it is true that not all such personnel cci.rry out the same 
duties; some are engaged in taking synoptic observa tions and others man 
agrometeorological or hydrometeorological observinG stations. As a 
result the training o.f these personnel is more need oriented than .for 
other Classes. Various working groups o.f the WHO Technical Commissions 
have proposed appropriate syllabi .for traininG Class IV personnel in 
speci.fic .fields. As .far as available these syllabi are quoted belo1·1. 

For Class IV meteorological personnel who a~e engaged in taking synoptic 
observations, the syllabi given in sections 9.2.l, 9.2.2 and 9.2.3 are 
quite adequate. For aeronautical, climatological, agrometeorological 
and hydrometeorological observers, these syllabi could be reduced and 
be supplemented by additional material as given in Sections 9.3 to 9.8. 

An important factor in training Class IV meteorolocit::ri.l p•.:":sonnel is 
on-the-job training. Every ef.fort should therefore be oade to 
strengthen this aspect• 

Horizontal and vertical dimensions of the atmosphere the 
composition of the atmosphere : dry air and mo i3t a ir; the 
meteorological elements; air temperature , ~ t~ospheric pressure, 
density of dry air; moisture content of the a i r ; speed and 
direction o.f the wind. 

Heat exchange processes in the atmospher e : r adiat ion; conduction 
and convection; the air motion; advoction and turbulence; 
mechanical and thermal turbulence (or thermo-c onvection); the 
fundamental rol e o.f solar radiation in the atmosphere ' s heat budce t; 
global solar radiation; nocturnal radiation; the influence of 
clouds on radi a tion phenomena. 

Air t em~erature; rudiments of thernometry; the the r wooetric sca l es 
(C e lsius, Fahre nhe it, Kelvin). 

Thermomete rs (dry, max., thermograph); the i:r: b2.s i c pi·incip les a nd 
handling; a ir temperature, its horizonta l and vorb.ciLl vo.:· i 2 tions 
a s a function of the time o.f day and the season of the yea~ ; 

t emperature in troposphere and s trato s1ilwre ; trO_i)Q~Jause. 

'I'he effect of r;rav i ty on the atmocphcre ; ;>. i r cl nri:-; i t~r ; su":fri.co a n rl 
upper- :oLir pressure; horizont a l a nd vc1·tic2.l v c· rin. tion:3 in pr(-~ ssurc : 
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the hydrostatic equation; significance of pressure gradientt 
reduction of pressure to sea level; the mercury barometer; its 
principle, setting up and handling; the aneroid barometer; the 
standard atmosphere; the barometer used as an altimeter. 

Humidity : density of moist air; evaporation; water vapour 
pressure; dry vapour and saturated vapour; condensation, freez­
ing,- sublimation and solidification; latent heatt moisture 
indica tors : vapour pressure; relative humidity; mixing ratio 
and dew point; rudiments of cloud, fog and precipitation formation; 
elementary theory of the wet bulb thermometer; principles of the 
psychrometer and the hydrome ter; visibility, the influence of 
water vapour, of water drops and dust (aerosols). 

Expansion or compression of a rising or falling air bubble : 
variation of the bubble's temperature with height ; isobaric 
expansion and adiabatic expansion; the influence of c ondens a tion; 
basic knowledge of the vertical stability or instability; non­
saturated air and saturated air. 

Elementary knowledge of synoptic and dynamic meteorology : air 
motiont significance of scale; the winds and their causes ; rudi­
ments of the general circulation in the tropics and in non- tropical 
regions; local winds; diurnal wind variation (breezes) and annual 
wind variations (monsoons); relation between the horizontal 
pressure gradient and the windJ Buys-Ballot's law and the geo­
strophic wind; cyclones and anticyclones; air masses, their 
sources and the frontal zones. 

Surface observations 

Sunshine recorder : correct position of the instrument according 
to whether the station is situated North or South of the equa t or; 
types of charts used; measurement of sunshine duration. 

Thermometers for measuring the temperature of the air : mercury 
thermometers and alcohol thermometers; observation hours; cor­
rection and coding; meteors; setting; observation hours; 
bimetallic thermometers; meteorological screens; types and 
orientation; thermographs; calibrating corrections and analysis. 

Thermometers for measuring water temperature. 

Thermometer for measuring ground temperature at 10, 20 and 50 cm 
depth; observation hours. 

Mercury barometers : Fortin and Kew; observation hours; reading 
the barometric height to 0.1 mm; corrections and reduction. of the 
reading to mean sea level; conversion of mm to mb; use of cor­
rection tables; coding the corrected and reduced measurement; 
barograph; · bar.ometric tendency and characteristic; barograms; 
calibration. 
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Psychror~o t er : principle' maintenance; readine; 
use of psychrometric tables; rela tive humidity 
computa tion of dew point; coding; hygrograph; 
bration; corrections and analysis. 

of thermometers; 
and dew point, 

d.1.aGTams; cali-

Eva porimeter (Piche) : principle ; maintenance; , re~ding; ev~po; 
ration pans. 

Wind moa::mrement on tho surfn.ce : wind s poo cl units; methods of 
observing wind di r ection; methods of obt aining wind speed; types 
of anemometers; analysis of anemographs; custine.ss ;" squalls; 
coding of wind directi6n ~nd wind speed. 1 

Direct-mea surine; raingauges and snow gauges : .obser-ya tion hours and 
procedures; codin,s- r ct.infa.11 me ci. surements; rer::ordine rainge.uge; 
analysis of r a infall curves; rate of rainfa ll re corder. 

Vi sibility : horizontal visibility, measured by e'stirria tion or using 
Lmdmarks in the daytime and licht sources . at night_; : coding of 
observed visibility; horizontal, obliQUe and vertical visibility. 

Clouds : inte :!:·national· classification of ·clouds;· · c;enera l; spee:j.es 
and variety of clouds ; · oroGraphic clouds · ancl" special clouds; the 
meteorolocical code of clouds; cloud amount; _heigh:t _of cloud ba se 
and estimat8d classi f i cation of foe accordine tp its formation; 
cloud system and .cross-sections of cloud systems; 

Hydrometeors: ; rain; drizzle; -snow; . snou _[le llets-1 s.nou .::;rains; 
ice pellets; hail~ ice prisms; . mist; d;:i f tip.g S!).O\l;: and blowing 
snow; spra.y; dei·/j boar-frost; .rimo ; . claze ·, (clear ice); water 
spout; li thometeors-; haze (optical haze); 'sand . ha.~e; smoke; 
clriftine and blowing dust or - sand; dust (or sand) storm; dust 
(or sand) whirl; photometeors; halos; corona; irisa.tions; glory; 
rainbow; electrometeors; liGhtning; thunderstorm; St. Elmo's 
fire (pola,r aurora-). 

Principal for!!ls oi'· iwecipi tation· and the · clouds a ssoc i a ted with 
them; cloud systems; present weather and past weather; meteoro­

· logical · codes of present we 2. ther and -p2.st_ weat).1.e;r. 

State of gz·ound and sea. 

~!~~~!~!~§! 

-General climatology : notion of climate; climatic el'emonts 
(temperature, pressure, wind, humidity, evaporation, sunshine 
duration, radiation, cloud amount, visibility, state of the sea, 
sto.te of the groundh hydrometeors; li thometeors; photometeors; 
electrometeors; elements representative of climate: means, 
normals, deviation; brief description of the climates of the 
world; the main clima te of the region; daily Rnd monthly clima­
tological reports. 

Microclimatology and bioclimatology : general princirilos . 

.Applied climatology : importance of clima tic fa.ctors in various 
human activities. 

Spebial ~limatological methods : mechanica l co~p~tation. 

Exercises in clima tolOG'J : dra fting of monthly climatologica l 
bulletins. 
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CLASS IV EERSONNEL ENGAGED IN AERONAUTICAL METEOROLOGY 

(See section 9.2.1) 

Meteorological instruments and methods or-ooservation _______________________ _ 

(See section 9.2.2) 

£!!!!!~~~!~~ 

(See section 9.2.3) 

Observations for aeronautical purposes are characteristically different 
from those for synoptic purposes. While the synoptic observations 
aim at determinine a representative value for the area concerned, 
meteorological observations for aeronautical purposes (made for the 
value t9 be considered in consequential changes in a rather short period 
necessary for operational requirements) are taken over rather limited 
areas such as approach, touch down, take-off area and/or areas along the 
direction of runway as necessitated by the prevailing present weather 
and the operational requirements. 

9E~~E!'.:!!~~~-E~~~!~~E-~~-~!~'.:!!~~-~~!~~E2!~tr'l 

Surface wind direction and speed, including changes and variations. 

Visibility and runway visual range, including spatial and temporal 
variations; RVR observations, associated with precision instru­
ment runway systems (ILS, PAR, etc.), by visual means or by use of 
automatic instruments such as transmissometer. 

Cloud awount, height and type and spatial and temporal varia tions; 
ceiling observations using automatic instruments such as ceilometer. 

- Accurate pressure measurements for the purpose of determining QFE , 
QNR. 

Elementary understanding of the operational effects of wind 
direction and speed and runway temperature on the take-off and 
landing length of the runway. 

The effects on aerodrome ground services of various weathe:r pheno­
mena such as fog, sandstorm, smoke, hydrometeors, thunderstorms and 
associated phenomena, squalls, hail, lightning, etc. 
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Reporting and dissemination of weather information 
----------------------~-----~~--~~-----~---------- · ! 

Complete ·knowledge of Int·ernati·orial r1eteorological Codes, 
espe:c·ially .: i"IET·AR; SPECI,. PIIiOT, TEMP·; Ei'fo,; artd TAF, ARFOR, ROFOR, 
FIFOR, etc. 

Knowledge of procedures for dissemination of weather information at 
the aerodrome. 

Definitions 

Altitude; elevation; 
meteorological report; 

height; meteorological information; 
observation; SIGMET. 

Air-report; briefing; flight level; forecast. 

Elementary understanding of the definitions and procedures listed below: 

Functions of various types of meteorological offices and stations; 
aircraft observations; dissemination of meteorological information; 
register of meteorological information requested and issued; 
dimensi onal units. 

Air traffic services 

Elementary understanding of the functions of the air traffic 
services units, including the part played by these units in the 
exercise of operational control. 

Definition and full significance of aerodrome meteorological minima. 

Definitions of aerodrome elevation, instrument runway and landing 
area. 

:.i'a.miliarization with the following documents 

!illQ 

- Publ. No. 9.TP.4 
Volume B - Codes, 
especially the part 
dealing with aeronau­
tical meteorological 
codes 

- Annex 3, Attachment A, 
Aeronautical Meteoro­
logical Codes and Notes 
on their Use 

- ICAO Abbreviations and 
Codes ••.••••....•.... 

- Locations indicators •• 
Doc 8400 
Doc 7910 
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~ Use has been made to a large extent of the part dealing 
with "Aviation Knowledge" of !CAO Doc. 7192 - AN/857 PART 6/2, 
Training Manual, Part 6 - Aeronautical Meteorological Assistants. 



9.4 

9.4.3 

- 157 -

CLASS IV PERSONNEL ENGAGED IN CLIMATOLOGY 

(see section 9.2.1) 

~~!~~~~!~~~~~!-~~~!~~~~~!~-~~~-~~!~~~~-~£-~~~~~~~!!~~ 

(see sec tion 9.2.2) 

The syllabus in section 9.2.3 should be s u ppl emen t ed as follows. 
Particular attention should be paid to the practical aspects of 
climatology. 

Special climatological methods and practi <::a l wa ,: ks : r :1 ndor;i 
variable and probability theory: e lementary noLions of fre quency 
(absolute, r e l a ti ve); deE cription of pop Ill G. i, i ans by r.-1e11ns of 
frequency dis t r i bu tions (climatological predic -Lion); pr.ac tical 
notions of climatological seri es, mean, median, mocie and ~;tandard 
deviation, and use of tables; relationships problems; practical 
notions of coefficient of correlation. 
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CLASS IV PERSONNEL ENGAGED IN AGRICULTURAL METEOROLOGY 

(see section 9.2.1 ). 

(see section 9. 2 ,2). 

2!!~::~~!~~ 

(see section 9.2,3), 

Air temperature measurements; daily and annual variation of air 
temperature; vertical air temperature distribution; temperature 
inversions; horizontal distribution of air temperature; charts of 
isotherms at sea-level and at surface; soil temperature measure­
ments; daily and annual variation of soil temperature; factors 
influencing soil temperature; inf luence of air and soil tempera­
ture upon plants and the processes of growth; photosynthesis and 
respiration; resistance of plants to high and low temperature; 
frost and frost protection. 

Atmospheric humidity; definitions, significant values, measure­
ments; evaporation; evaporation process; measurement of evapo­
ration from water and land surfaces; transpiration and evapo­
transpiration; soil moisture; · kinds of soil water; agro­
hydrological soil properties; soil moisture measurements; soil 
water balance. 

Importance of phenology for meteorology and agriculture; pheno­
logical observations; phenological seasons; phenological carto­
graphy. 

Stress to be laid on observations dealing with practical 
agriculture. 

Organization; equipment; measurements; ollservations; information 
provided. 
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CLASS IV PERSONNEL ENGAGED IN HYDROMETEOROLOGY 

~~~~~~!-~~!~~~~!~~ 

(see section 9. 2. 1) 

~!!~~!~!~~ 

(see section 9.2.3) 

~~:!::!~l!~~ 
General informa tion; plans and map s ; scale; type of relief and 
its representation on pla ns and maps; cross sections and longi­
tudinal sections; indicat ion of ground points and bench marks; 
measurement of lines; methods of dete r mining e;round distances; 
simplest instrwnents; horizontal and verti c al surveys; principles 
of measuring horizontal units; instrwnents u sed; principl e s of 
levelling ; simple l evelling· and the instrwncnt u sed; leve lling 
of a e;uage ; processing of gau ae da ta. 

Physical propert ies of water ; the hydr oloc ical cycle; hydro­
graphic networks~ rive r bas ins; rive r v;:,l l e y s c:,nd channels ; 
ground water; origin of cround water and .i.ts c l a ssi f ic0,tion; 
rel a tionship between surface and ground wat e r; l :::J:es a nd re servoirs; 
origin and cla ssifica tion of l a%e s; bas i c morpholog i cal a nd hycl.ro ­
log ica l characteristics of l akes and reservoirs; marshes, their 
origin a nd hydrological r egime ; formation ond type s of e;l ac i ers, 
the ir influence on river feecl inc ; str eam flows , ::;ources of stre am 
flow; thermal regime of rivers; stage r cci c1e of rivers; stream 
velocity in rivers; discharge in rive rs; sediments (suspe nded and 
bed loa d); chemical composition of water ; e l e~ent n of the water 
bala nc e . 

Water stage observations; ty1Jes of aau ein::; inst ;·wnents crn d. the ir 
ma intenance; datum l eve l; reduc tions; tho cond.u ct ;::.nd til'1es o f 
obs ervation a t gau g ina s tations ; ini tin l process inc of ob serv2,tion 
ma t e rial s ; compilation of tables a nd craphs; observations of wate r 
tempere.tur e and i ce phenomena on rivers; s ound ini:;s , sim:;i l c ins t r u­
ments used in sounding a nd sounding methods; processine; o f soundinc 
data; compi l a tion of cross-section profi l es ; measu rement of s tre am 
velocity; instrume nts; bas ic infor mation on ::; trear.i ve locity a n d 
its distribution; me thods of measuring s tream ve l oc i ty ; types a nd 
design of instruments used for measu r inc s t ree.m velocit~r a nd it s 
direction; maintena nce of instruments; e qu i pr.1ent of hydrome t ric 
station and it s maintena nce; clischarce r:ieo,su rer.ient; discharge 
measu rement methods ; methods o f proc css inc discharge da t a ; ratinc 
curves ; calcul a tion of mean dai l y di sch arce; the thr~ ory of l'lm-off; 
suspended sediment and b e d load discharae mc asurcne11t; measu~ement 

of s u spended sediment ,types of instrwnents ; methods of m·~ asurinc 

b ed loa d; tY11es and design of im;trwne n ts ; initial :rirocessini:; of 
suspended s ediment a n d b e d load di scharcc mc~surcmcnts ; observa ­
tions o f the chemic a l comp osit ion of 11a t er ; c ollection 2.n d sto:!.'<C ge 
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of water samples; first day chemical analyGis; basic safety 
techniques and labour protection rules to be observe d in carrying 
out hydrological observations on lakes and rivers; information 
~ctivities of the hydrologica l stations; codes for the trans­
mission of hydrological information; records; maintenance of 
instruments; installation in stations. 
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CLASS IV P.811SONNEL ENGAGED IN MARITIME IfilT:COROLOGY 

To be prepared by the WMO Commission for Mari time i-leteorology. 

CLASS IV PEllSONNEL ENGAGED IN METEOllOLOGICAL IH:3TIUJI£HTS 

To be completed by the CIMO \forking Group on Tr["!,ininc in Inn t rwncnts 
and Methods of Observation. 
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