
INDEX



INDEX



INDEX



INDEX



C O N T E N T S  

Foreword .............................................................. xix 
Preface to the Third Edition .......................................... xxi 
From the Preface to the First Edition ................................. xxiii 

P A R T  1 

EDUCATION AND TRAINING OF PERSONNEL IN METEOROLOGY 

CHAPTER 1 . INTRODUCTION AND BACKGROUND INFORMATION .............. 
1.1 General ....................................................... 
1.2 Duties of a national Meteorological Service ................... 
1.3 Fields of specialization ...................................... 
1.4 WMO and meteorological education and training ................. 
1.5 Major WMO Programes .......................................... 

1.5.1 World Weather Watch .................................. 
1.5.2 World Climate Programme .............................. 
1.5.3. Research and Development Programme ................... 
1.5.4 Hydrology and Water Resources Programe .............. 
1.5.5 Education and Training Programe ..................... 

CHAPTER 2 . CLASSIFICATION OF METEOROLOGICAL PERSONNEL 
AND THEIR DUTIES .................................... 

2.1 General ....................................................... 
2.2 Class 1 ....................................................... 
2.3 Class 11 ...................................................... 
2.4 Class 111 ...................................................... 
2.5 Class IV ...................................................... 
2.6 Total period of study for various classes of 

meteorological personnel ...................................... 
2.7 Note on cyllabi and WMO classification ........................ 
2.8 Revision of the definitions of the Classec 1. 11. 111 

and IV categorizations ........................................ 

3 

5 

5 

6 

9 

10 
10 
11 
11 
12 
12 

13 

15 

15 

15 

16 

16 

17 

17 

18 

INDEX



iv CONTENTS 

CHAPTER 3 . CURRICULA FOR TRAINING ALL CLASS 1 METEOROLOGICAL 
PERSONNEL IRRESPECTIVE OF THEIR FIELDS OF 
SPECIALIZATION ....................................... 

3.1 General ....................................................... 
3.2 Education in the basic sciences (Class 1) ..................... 

3.2.1 Mathematics .......................................... 
3.2.2 Physics .............................................. 

3.3 Fundamental meteorological education (Class 1) ................ 
3.3.1 Dynamic meteorology .................................. 
3.3.2 Synoptic meteorology ................................. 
3.3.3 Physical meteorology ................................. 
3.3.4 Statistics and thermodynamics of the 

atmasphere ........................................... 
3.3.5 Climatology .......................................... 
3.3.6 General hydrology .................................... 
3.3.7 General oceanography ................................. 
3.3.8 Interaction of the ocean and the atmosphere .......... 
3.3.9 Meteorological instruments and methods of 

observation .......................................... 
3.3.10 Meteorological data processing ....................... 
3.3.11 Satellite meteorology ................................ 
3.3.12 Air pollution meteorology ............................ 

CHAPTER 4 . ADVANCED TRAINING FOR CLASS 1 METEOROLOGICAL 
PERSONNEL ............................................ 

4.1 General ....................................................... 
4.2 Advanced 

4.2.1 
4.2.2 
4.2.3 
4.2.4 
4.2.5 
4.2.6 
4.2.7 
4.2.8 
4.2.9 
4.2.10 
4.2.11 

dynamic meteorology (Class 1) ........................ 
Hydrodynamics ........................................ 
Formulation of basic equations ....................... 
Energetics of the atmosphere ......................... 
Atmospheric wave motion .............................. 
The circular vortex .................................. 
Barotropic stability ................................. 
Baroclinic stability .................................. 
Mountain waves ........................................ 
The theory of turbulence ............................. 
Numerical methods .................................... 
Laboratory work ...................................... 

4.3 Advanced physical meteorology (Class 1) ....................... 
4.3.2 Scattering in the atmosphere ......................... 
4.3.3 Solar radiation and its disposition .................. 
4.3.4 Long wave or terrestrial radiation ................... 
4.3.5 Radiative and heat balances .......................... 
4.3.6 Ozone ................................................ 
4.3.7 Physics of the upper atmosphere ...................... 

4.3.1 Basic radiation laws ................................. 

4.3.8 Cloud physics ........................................ 

19 

21 

21 
21 
23 

25 
25 
29 
31 

32 
33 
36  
36 
37 

37 
39 
40 
40 

41 

43 

43 
44 
44 
44 
45 
45 
45 
45 
45 
45 
46 
47 

47 
41 
47 
48 
48 
49 
49 
49 
50 

INDEX



CONTENTS V 

Page 

50 
5 1  

4.3.9 Radar meteorology .................................... 
4.3.10 Atmospheric electricity .............................. 

4.4 Advanced synoptic meteorology (Class 1) ....................... 
4.4.1 The kinematics of horizontal motion .................. 
4.4.2 Relationships between wind. pressure. and 

temperature fields ................................... 
4.4.3 Fronts and frontogenesis ............................. 
4.4.4 Quasi-geostrophic diagnosis .......................... 
4.4.5 Prediction models for large-scale flow ............... 
4.4.6 Prediction of subsynoptic and meso-scales. by 

statistical and probability methods .................. 
4.4.7 Prediction of surface temperature .................... 
4.4.9 Analysis and prediction in low latitudes ............. 
4.4.11 Fore’cast verification and evaluation ................. 

4.4.8 Prediction of cloudiness and precipitation ........... 
4.4.10 Objective analysis ................................... 

4.5 Advanced course on weather modification (Class 1) ............. 
4.5 .1  Special synoptic aspects ............................. 
4.5.2 Cloud microphysics ................................... 
4.5.3 Cloud dynamics ....................................... 
4.5.4 Weather modification theory .......................... 

modification experiments and operations .............. 
4.5.7 Technology of weather modification ................... 
4.5.8 Other related aspects ................................ 

4.5.5 

4.5.6 Observational systems and techniques ................. 
Design and evaluation of weather 

4.6 Advanced course in numerical weather prediction ............... 
4.6.1 Basic dynamic meteorology ............................ 
4.6.2 Physical processes ................................... 
4.6.3 Numerical methods .................................... 
4.6.4 Objective analysis and initialization 

(Data assimilation) .................................. 
4.6.5 Forecasting models ................................... 
4.6.6 Laboratory sessions .................................. 

(Class 1) 

CHAPTER 5 . CURRICULA FOR TRAINING ALL CLASS 11 METEOROLOGICAL 
PERSONNEL IRRESPECTIVE OF THEIR FIELDS OF 
SPECIALIZATION AND SPECIALIZATION IN SYNOPTIC 
METEOROLOGY (CLASS 11) ............................... 

5.1 General ....................................................... 
5.2 Education in the basic sciences (Class 11) .................... 

5.2.1 Mathematics .......................................... 
. 5.2.2 Physics .............................................. 

5.2.3 Chemistry ............................................ 
5.3 Fundamental meteorological education (Class 11) ............... 

5.3.1 Dynamic meteorology .................................. 

5 1  
5 1  

52 
52 
52 
53 

53 
53 
54 
54 
54 
55 

55 
55 
56 
56 
56 

57 
58 
58 
59 

59 

59 
59 
60 

60 
6 1  
6 1  

63 

65 

65 
65 
69 
71 

7 1  
12 

INDEX



vi CONTENTS 

Page 

73 
75 
76 
78 
79 

5.3.2 
5.3.3 
5.3.4 
5.3.5 
5.3.6 
5.3.7 

5.3.8 
5.3.9 

Physical meteorology ................................. 
Synoptic meteorology ................................. 
Climatology .......................................... 
Hydrology ............................................ 
Oceanography ......................................... 

Interaction of the ocean and the atmosphere .......... 
Elements of air pollution meteorology 

Meteorological instruments and methods of 
observation .......................................... 

................ 
79 
80 
80 

............. 5.4 Specialization in synoptic meteorology (Class 11) 80 

CHAPTER 6 - CURRICULA FOR TRAINING ALL CLASS 111 METEOROLOGICAL 
PERSONNEL IRRESPECTIVE OF THEIR FIELDS OF 
SPECIALIZATION 85 ....................................... 

6.1 General ....................................................... 81 

6.2 Education in the basic sciences (Class 111) ................... 87 
6.2.1 Mathematics 87 
6.2.2 Physics 89 

.......................................... 
.............................................. 

.............. 6.3 Fundamental meteorological education (Class 111) 90 
6.3.1 General meteorology .................................. 

6.3.3 Climatology 93 

90 

instruments and methods of observation) 92 
6.3.2 Upper-air measurements (meteorological 

.............. 
.......................................... 

CHAPTER 7 - CURRICULA FOR TRAINING ALL CLASS IV 
METEOROLOGICAL PERSONNEL IRRESPECTIVE OF THEIR 
FIELDS OF SPECIALIZATION 97 ............................. 

.................... 7.1 Education in the basic sciences (Class IV) 99 
7.1.1 Earth science 99 ........................................ 

............................ 7.2 Meteorological training (Class IV) 100 
7.2.1 General meteorology 100 
7.2.2 Meteorological instruments and- methods of 

observation 101 
7.2.3 Climatology 103 

.................................. 
.......................................... 
.......................................... 

CHAPTER 8 - ClJRRICüLA FOR TRAINING ALL METEOROLOGICAL 
.......... PERSONNEL IN THEIR FIELDS OF SPECIALIZATION 105 

. ....................................................... 8.1 General 107 

8.2' Fields of specialization for Class 1 and Class 11 ............................. meteorological personnel 107 

8.3 Fields of specialization for Class 111 meteorological 
............................................ personnel 107 

INDEX



CONTENTS vi i 

8 . 4  Fields of specialization for Class IV meteorological 
............................................ personnel 107 

CHAPTER 9 - SPECIALIZATION IN CLIMATOLOGY FOR ALL CLASSES 
.......................... OF METEOROLOGICAL PERSONNEL 109 

....................... 9.1 Specialization in climatology (Class 1) 111 
9.1.1 Introduction 111 
9.1.2 General climatology; the physical basis 

of climate 111 
9.1.3 Organization of a climatological service 111 
9.1.4 Instruments and observing procedures 112 
9.1.5 Physical climatology 112 
9.1.6 Dynamic climatology 112 

......................................... 
........................................... 

. . . . . . . . . . . .  
. . . . . . . . . . . . . . . . .  

................................. 
.................................. 
................................. 9.1.7 Synoptic climatology 113 

9.1.8 Upper-air climatology ................................. 113 
9.1.9 Regional climatology 113 
9.1.10 Meso- and micro-climatology 113 
9.1.11 Climatic change and variability 114 
9.1.12 Climate methods and statistics 114 
9.1.13 Data-processing methods 115 
9.1.14 Applied climatology 116 

................................. 
.......................... 

...................... 
....................... 

.............................. 
.................................. 

9.2 Specialization in climatology (Class 11) ...................... 
9.2.1 General climatology: the physical basis 

of climate ........................................... 
9.2.2 Organization of a climatological service ............. 
9.2.3 Regional climatology ................................. 
9.2.4 Meso- and micro-climatology .......................... 
9.2.5 Applied climatology .................................. 
9.2.6 Climatic change ...................................... 
9.2.7 Climatic methods and statistics ...................... 
9.2.8 Data-processing methods .............................. 
9.2.9 Climatic services .................................... 

120 

120 
120 
12 1 
12 1 
12 1 
12 1 
12 1 
122 
122 

...................... 9.3 Specializaton in climatology (Class 111) 122 
9.3.1 Climatological data and observations 122 
9.3.2 Physical climatology 122 

................. 
................................. 
.................................. 9.3.3 Synoptic climatology 12 3 

9.3.4 Regional climatology 12 3 
9.3.5 Meso- and micro-climatology 12 3 
9.3.6 Climatic change 12 3 
9.3.7 Applied climatology 123 
9.3.8 Climatic methods and statistics 124 
9.3.9 Data-processing methods 124 

9 . 4  'Class IV personnel engaged in climatology 12 4 
9.4.1 General climatology 125 
9.4.2 Regional climatology 125 
9.4.3 Applied climatology 125 
9.4.4 Climatic change 125 
9.4.5 Climatic services 12 5 
9.4.6 Climate data handling 12 5 

................................. 
.......................... 

...................................... 
.................................. 

...................... 
.............................. 

..................... 
.................................. 

. ................................. 
.................................. 

...................................... 
.................................... 

................................ 

INDEX



viii CONTENTS 

9.4.7 Methods of climatological analysis ................... 
9.4.8 Practica1 exercises .................................. 

CHAPTER 10 . SPECIALIZATION IN MARINE METEOROLWY FOR ALL 
CLASSES OF METEOROLOGICAL PERSONNEL .................. 

10.1 Introduction .................................................. 
10.2 Classification of personnel requiring training in ............. 

marine meteorology 

10.3 Specialization in marine meteorology (Class 1) ................ 
10.3.1 General .............................................. 
10.3.2 Knowledge and appreciation of marine 

actiyities influenced by the environment ............. 
10.3.3 Environmental information requirement ................ 
10.3.4 Oceanography ......................................... 
10.3.5 General knowledge of agencies and 

organizations concerned with ocean areas. 
their functions and facilities ....................... 
environment .......................................... 

10.3.6 Specialized knowledge related to the marine 

10.4 Specialization in marine meteorology (Class 11) ................ 
10.5 Specialization in marine meteorologg (Class 111) ............... 

10.5.1 Elements of oceanography ............................. 
10.5.2 Meteorological instruments and methods of 

observation .......................................... 
10.5.3 Marine meteorology ................................... 
10.5.4 Marine meteorological cervices ....................... 
10.5.5 Marine climatology ................................... 

10.6 Class IV meteorological personnel engaged in marine 
meteorology .......................................... 

10.7 Training of port meteorological officers (PMOs) in 
marine meteorology ................................... 

10.7.2 Training ............................................. 
10.7.1 Duties ............................................... 

10.8 Training of seafarers in marine meteorology whilst at 
sea and in navigation school ......................... 

10.8.1 Duties ............................................... 
10.8.2 Training ............................................. 

10.9 'Syllabus for masters and chief officers in marine 
meteorology .......................................... 

10.9.2 Climatology .......................................... 
10.9.3 Synoptic meteorology ................................. 

. 10.9.1 Meteorology .......................................... 

10.9.4 Marine meteorology ................................... 

125 
126 

127 

129 

129 

129 
129 

131 
132 
132 

133 

134 

135 

135 
135 

136 
138 
138 
139 

139 

139 
139 
140 

140 
140 
141 

141 
141 
142 
142 
143 

INDEX



CONTENTS ix 

10.10 Syllabus for deck officers and marine observers on 
board ships .......................................... 

10.10.1 Meteorology .......................................... 
10.10.2 Marine meteorology ................................... 

CHAPTER 11 . SPECIALIZATION IN AERONALJTICAL METEOROLOGY 
FOR ALL CLASSES OF METEOROLOGICAL PERSONNEL .......... 

11.1 Specialization in aeronautical meteorology (Class 1) .......... 
11.1.1 Aeronautical meteorological knowledge ................ 
11.1.2 Aviation knowledge ................................... 

11.2.1 Synoptic meteorology ................................. 
11.2.3 Aviation knowledge ................................... 

11.2 Specialization in aeronautical meteorology (Class 11) ......... 
11.2.2 AeFonautical meteorological knowledge ................ 

11.3 Specialization in aeronautical meteorology (Class 111) ........ 
11.3.1 Aeronautical meteorological knowledge ................ 
11.3.2 Aviation knowledge ................................... 

11.4 Class IV personnel engaged in aeronautical meteorology ........ 
11.4.1 Aeronautical meteorological knowledge ................. 
11.4.2 Aviation knowledge ................................... 

143 
143 
144 

145 

147 
147 
149 

153 
153 
153 
153 

153 
154 
155 

157 
157 
158 

CHAPTER 12 . SPECIALIZATION IN AGRICULTURAL METEOROLOGY 
.......... FOR ALL CLASSES OF METEOROLOGICAL PERSONNEL 159 

12.1 General ....................................................... 161 

12.2 Syllabus 1 . For meteorological personnel ..................... 
12.2.1 Agricultura1 and hiological sciences ................. 
12.2.2 Agricultura1 meteorology ............................. 

stations. networks and processing of data . . . . . . . . . . . .  
12.2.3 Agrometeorological observations. instruments 

12.2.4 Micrometeorology. microclimatology and 

12.2.5 

12.2.6 
12.2.7 
12.2.8 
12.2.9 

12.2.10 
12.2.11 
12.2.12 

topoclimatology ...................................... 
Instrumentation and methods of observation 
for micrometeorological and microclimato- 
logical measurements ................................. 
Soil climate ......................................... 
The hydrological cycle in agriculture ................ 
Biological measurements (phenology) .................. 
Weather and climate in relation to plants. 
crops. animal production. insects and 
plant diseases ....................................... 
Agroclimatic classifications ......................... 
Frost and protection against frost ................... 
Windbreaks and shelterbelts .......................... 

162 
162 
163 

164 

166 

167 
167 
168 
169 

169 
172 
172 
173 

INDEX



X CONTENTS 

12.3 

12.4 

12.5 

12.6 

12.7, 

12.2.13 Information. forecasts and warnings for 
agriculture and forestry ............................. 

12.2.14 Artificial climates .................................. 
Syl labus 
12.3.1 
12.3.2 
12.3.3 
12.3.4 
12.3.5 
12.3.6 
12.3.7 

12.3.9 
12.3.10 
12.3.11 
12.3.12 
12.3.13 

12.3.8 

12.3.14 

11 . For agricultural scientists (Class 1) ........... 
Introduction ......................................... 
The atmosphere and pressure variation ................ 
Radiation in the atmosphere .......................... 
Meteorological elements .............................. 
Climatology .......................................... 
Ecology of crops. animals and insects ................ 
Agroclimatic stations ................................ 
Crop forecasts ....................................... 
Investigations and research .......................... 
Forest meteorology ................................... 
Satellite applications in agrometeorology ............ 
Special weather forecasts for agriculture ............ 
Practical work on meteorological instruments 
and methods of observation ........................... 
Practical work based on the theoretical 
course ............................................... 

Specialization in agricultural meteorology (Class 11) ......... 
12.4.1 Agricultural and biological sciences 

(Reference: section 12.2.1) .......................... 
12.4.2 Agricultural meteorology ............................. 
12.4.3 . Optional courses ..................................... 
12.4.4 Projects and seminars ................................ 
Specialization in agricultural meteorology for ................ 
12.5.1 Synoptic meteorology ................................. 
12.5.2 Climatology .......................................... 
12.5.3 Agricultura1 meteorology ............................. 
Specialization in agricultural meteorology (Class 111) ........ 
12.6.1 Agrometeorological observations ...................... 
12.6.3 Processing of agrometeorological data ................ 
12.6.4 Microclimatology ..................................... 
12.6.5 Soil temperature ..................................... 
12.6.6 Soil moisture ........................................ 
12.6.7 Weather hazards adversely affecting 

agricultural output .................................. 
12.6.9 Agrometeorological research .......................... 
12.6.10 Practical training ................................... 
Class IV personnel engaged in agricultural meteorology ........ 
12.7.1 General meteorology .................................. 
12.7.2 Meteorological instruments and methods of 

observation .......................................... 
12.7.3 Climatology .......................................... 

agricultural engineers 

12.6.2 Agrometeorological instruments ....................... 

12.6.8 Practical applications ............................... 

173 
174 

174 
174 
175 
175 
176 
177 
177 
177 
177 
177 
177 
1 7 8  
178 

179 

iao 

i a o  
i a o  
182 
iai 

187 
i a a  

INDEX



CONTENTS xi 

12.7.4 Air and coi1 temperature ............................. 
12.7.5 Water vapour in the atmosphere and coi1 

moisture ............................................. 
12.7.6 Biological measurements (phenology) .................. 
12.7.7 Agrometeorological stations .......................... 

CHAPTER 13 . SPECIALIZATION IN HYDROMETEOROLOGY FOR ALL 
CLASSES OF METEOROLOGICAL PERSONNEL .................. 

13.1 Specialization in hydrometeorology (Class 1) .................. 
13.1.1 Analysis of meteorological data for design 

purposes ............................................. 
13.1.2 Analysis of hydrological data for design 

purposes ............................................. 
13.1.3 Meteorological aspects of water management 

ope'rations ........................................... 
13.1.4 Hydrological aspects of water management 

operations ........................................... 
13.2 Specialization in hydrometeorology (Class 11) ................. 
13.3 Specialization in hydrometeorology (Class 111) ................ 

purposes ............................................. 
operations ........................................... 

13.3.1 Analysis of meteorological data for design 

13.3.2 Meteorological aspects of water management 

13.4 Class IV personnel engaged in hydrometeorology ................ 

CHAPTER 14 . SPECIALIZATION IN ATMOSPHERIC CHEMISTRY AND 
AIR-POLLUTION METEOROLOGY FOR ALL CLASSES OF 
METEOROLOGICAL PERSONNEL ............................. 

14.1 General ....................................................... 
14.2 Specialization in atmospheric chemistry and air- 

14.2.1 Principles of atmospheric chemistry and 
pollution meteorology (Class 1) ...................... 

14.2.2 Principles of air-pollution meteorology .............. 
14.2.3 Monitoring and instrwnentation ....................... 
14.2.4 Effects of air pollution ............................. 

air-pollution ........................................ 

14.3 Specialization in atmospheric chemistry and air- .............. 
pollution meteorology (Class 11) 

14.4 Specialization in atmospheric chemistry and air- .............. 
pollution meteorology (Class 111) 

14.4.1 Principles of air pollution .......................... 
14.4.2 Monitoring and measurements .......................... 

188 

188 
188 
188 

189 

191 

191 

191 

192 

192 

192 

192 

193 

193 

193 

195 

197 

197 

197 
198 
200 
200 

201 

201 

201 
202 

INDEX



xi i CONTENTS 

Page 

203 14.5 Class IV Personnel engaged in atmospheric chemistry ........... 
14.5.1 Principles of air pollution .......................... 
14.5.2 Air-pollution monitoring ............................. 

and air-pollution meteorology 

CHAPTER 15 . SPECIALIZATION IN METEOROLOGICAL INSTRUMENTS 
FOR ALL CLASSES OF METEOROLOGICAL PERSONNEL .......... 

15.1 Specialization in meteorological instruments (Class 1) ........ 
15.1.1 Technical practices .................................. 
15.1.2 Electronics .......................................... 
15.1.3 Meteorological instruments ........................... 

15.2 Specialization in meteorological instruments (Class 11) ....... 
15.2.1 Technical practices .................................. 
15.2.2 Elektronic principles ................................ 
15.2.3 Meteorological instruments ........................... 

15.3 Specialization in meteorological instruments (Class 111) ...... 
15.3.1 Technical practices .................................. 
15.3.2 Meteorological instruments ........................... 

15.4 Class IV personnel engaged in meteorological 
instruments .......................................... 

15.4.1 Electricity and electronics .......................... 
15.4.2. Engineering drawing .................................. 
15.4.3 Workshop technology .................................. 
15.4.4 Meteorological instruments ........................... 

CHAPTER 16 . SPECIALIZATION IN METEOROLOGICAL 
TELECOMMUNICATIONS FOR ALL CLASSES OF 
METEOROLOGICAL PERSONNEL ............................. 

16.1 Specialization in meteorological telecommunications ........... 
(Class 1) 

16.1.1 Fundamental meteorological education for Class 1 
meteorological telecommunications personnel .......... 

16.1.2 Electronics .......................................... 
16.1.3 Meteorological telecommunications .................... 
16.1.4 Other related subjects ............................... 
16.1.5 Technical practices .................................. 
16.1.6 Organization and telecommunication procedures 

for the exchange of meteorological information ....... 
16.2 Specialization in meteorological telecommunications ........... 

(Class 11) 
16.2.1 Fundamental meteorological education for Class 11 

meteorological telecommunications personnel .......... 
16.2.2 Electricity and electronics .......................... 
16.2.3 Telephony and telegraphy ............................. 
16.2.4 Radio techniques ..................................... 
16.2.5 Technical practices .................................. 

203 
203 

205 

207 
207 
207 
208 

209 
209 
209 
219 

211 
211 
211 

212 
212 
213 
214 
221 

217 

219 

219 
220 
220 
221 
222 

222 

225 

225 
226 
226 
226 
226 

INDEX



16.3 

16.4 

16.5 

CONTENTS 

16.2.6 Meteorological telecommunications .................... 
16.2.7 Organization and telecommunication procedures 

for the exchange of meteorological information ....... 
16.2.8 Meteorological telecommunication equipment ........... 

(Class 111. Category A) .............................. 
Specialization in meteorological telecommunications 

16.3.1 Fundamental meteorological education for 
Class 111 meteorological telecommunications 
personnel (Category A )  ............................... 

16.3.2 Electricity and electronics .......................... 
16.3.3 Telephony and telegraphy ............................. 
16.3.4 Radio technique ...................................... 
16.3.5 Technical practices .................................. 
16.3.6 Meteorological telecommunication equipment ........... 
Speciai izat ion in me t eoroiogicai te lecommunicat ions 

(Class 111. Category B) .............................. 
16.4.1 Fundamental meteorological education for 

personnel (Category B) ............................... 
16.4.2 Electricity and electronics .......................... 
16.4.3 Telephony and telegraphy ............................. 
16.4.4 Radio technique ...................................... 

Class 111 meteorological telecommunications 

16.4.5 Organization and telecommunication procedures 
for the exchange of meteorological 
information .......................................... 

Class IV personnel engaged in meteorological 

16.5.1 Categories of meteorological 

16.5.2 Meteorological education for Class IV 

telecommunications ................................... 
telecommunications personnel ......................... 
personnel engaged in meteorological 
telecommunications ................................... 

16.5.3 Category A meteorological telecommunications 
personnel ............................................ 

16.5.4 Category B meteorological telecommunications 
personnel ............................................ 

CHAPTER 17 . SPECIALIZATION IN METEOROLoGICAL DATA 
PROCESSING FOR ALL CLASSES OF METEOROLCGICAL 
PERSONNEL ............................................ 

17.1 Specialization in meteorologi. cal data processing 
(Class 1) ............................................ 

17.1.1 Numerical analysis ................................... 
17.1.2 Computers and programming ............................ 
17.1.3 Objective weather analysis ........................... 
17.1.4 Numerical weather prediction ......................... 
17.1.5 Meteorological data handling ......................... 
17.1.6 Organization ......................................... 

. . .  
Xlll 

Page 

227 

227 
227 

227 

228 
228 
228 
229 
229 
230 

231 

231 
232 
232 
232 

232 

232 

232 

233 

233 

237 

241 

2 4 3  
244 
244 
245 
246 
247 
247 

INDEX



xiv CONTENTS 

17.2 Specialization in meteorological data processing (Class 11) ... 
17.2.1 Numerical analysis ................................... 
17.2.2 Computers and programming ............................ 
17.2.3 Numerical weather analysis and prediction ............ 
17.2.4 Meteorological data handling ......................... 
17.2.5 Laboratory and practica1 work ........................ 

17.3 Specialization in meteorological data processing (Class 111) .. 
17.3.1 Computers and programming ............................ 
17.3.2 Meteorological data handling ......................... 
17.3.3 Numerical weather analysis and prediction ............ 
17.3.4 Laboratory and practica1 work ........................ 

17.4 Class IV personnel engaged in computerized 
meteorological data processing ....................... 

CHAPTER 18 . SPECIALIZATION IN SATELLITE APPLICATIONS 
FOR CLASSES 1 AND 11 METEDROLOGICAL PERSONNEL ........ 

18.1 Specialization in satellite applications (Class 1) ............ 
18.1.1 Introduction (a brief history) ....................... 
18.1.2 Satellite systems .................................... 
18.1.3 Satellite sensors .................................... 
18.1.4 Satellite data formats ............................... 
18.1.5 Extraction of cloud information 

(e.9. cloud amount. cloud top height. 
cloud types) ......................................... 

18.1.6 Interpretation of satellite imagery - 
Local phenomena ...................................... 

18.1.7 Interpretation of satellite imagery - 
Extra tropical systems ............................... 

18.1.8 Interpretation of satellite imagery - 
Tropical systems ..................................... 

18.1.9 Determination of wind direction and speed 
from satellite data .................................. 

18.1.10 Determination of vertical temperature and 
humidity profiles from satellite data ................ 

18.1.11 Estimation of precipitation from satellite 
data .................................................. 

18.1.12 Radiation balance parameter from satellites .......... 
18.1.13 Satellite applications in océanography ............... 
18.1.14 Satellite applications in hydrology .................. 
18.1.15 Satellite applications in air-pollution 

monitoring ........................................... 
18.1.16 Satellite applications in agriculture ................ 
18.1.17 Satellite applications in climatology ................ 
18.1.18 Quality control of satellite data .................... 

18.2 Specialization in satellite applications (Class 11) ........... 
18.2.1 Introduction ......................................... 
18.2.2 Satellite sensors .................................... 
18.2.3 Image interpretation ................................. 
18.2.4 Quantitative information from satellites ............. 

247 
248 
248 
248 
248 
248 

248 
248 
249 
249 
249 

249 

251 

253 
253 
253 
253 
253 

254 

254 

254 

254 

255 

255 

255 
255 
255 
256 

256 
256 
256 
256 

257 
257 
257 
257 
258 

INDEX



CONTENTS xv 

Page 

18.2.5 Satellite applications to oceanography and 
hydrology ............................................ 258 

18.2.6 Future satellite systems ............................. 258 

CHAPTER 19 . SPECIALIZATION IN THE APPLICATION OF 
METEOROLOGICAL INE'ORMATION TO ECONOMIC AND 
SOCIAL DEVELOPMENT FOR CLASS 1 METEOROLOGICAL 
PERSONNEL ............................................ 259 

19.1 Specialization in application of meteorological 
information to economic and social development 
(Class 1) ............................................ 

19.1.1 Operations research .................................. 
19.1.2 Economics and econometrics ........................... 
19.1.3 Statistics ........................................... 
19.1.4 Management science ................................... 
19.1.5 Communications ....................................... 
19.1.6 Computer science ..................................... 
19.1.7 Mathematics .......................................... 
19.1.9 Climatology .......................................... 
19.1.10 Introduction leve1 course work in one or 

19.1.11 Thesis research ...................................... 

19.1.8 Dynamic meteorology .................................. 

more other weather sensitive disciplines ............. 

P A R T  11 

EDUCATION AND TRAINING OF PERSONNEL IN OPERATIONAL HYDROLOGY 

CHAPTER 1 . INTRODUCTION ......................................... 
1.1 General ....................................................... 
1.2 Professional hydrologists ..................................... 
1.3 Hydrological technicians ...................................... 
1.4 Hydrological observers ........................................ 
1.5 Curricula ..................................................... 

CHAPTER 2 . CURRICüLA FOR EDUCATION AND TRAINING OF 
PROFESSIONAL PERSONNEL IN OPERATIONAL HYDROLOGY 
(Corresponding to full university education) ......... 

2.1 Education in the basic sciences ............................... 
2.1.1 Mathematics .......................................... 
2.1.2 Physics .............................................. 

261 
261 
261 
261 
261 
261 
262 
262 
262 
262 

262 
263 

267 

269 

269 

269 

270 

270 

271 

273 
273 
273 

INDEX



xvi CONTENTS 

2.2 Education in operational hydrology and related 
subjects ............................................. 

2.2.1 Principles of descriptive geometry and 
technical drawing .................................... 

2.2.2 Theoretical mechanics and fluid mechanics ............ 
2.2.3 General chemistry and hydrochemistry ................. 
2.2.4 Principles of geophysics, geology. 

geomorphology and soil science ....................... 
2.2.5 Surveying ............................................ 
2.2.6 Hydraulics: open-channel flow dynamics 

and channel processes (river bed formation) .......... 
2.2.7 General meteorology and climatology .................. 
2.2.8 Synoptic meteorology ................................. 
2.2.9 Physical meteorology (cloud microphysics) ............ 
2.2.10 Hydrological instruments and methods of 

observation .......................................... 
2.2.11 Desígn of networks ................................... 
2.2.12 Collection, processing and publication of 

data ................................................. 
2.2.13 Hydrological analysis ................................ 
2.2.14 Hydrological forecasting ............................. 
2.2.15 Applications to water management ..................... 
2.2.16 Organization of Hydrological Services ................ 

273 

273 
273 
273 

274 
27 4 

274 
275 
276 
276 

276 
277 

277 
278 
278 
279 
280 

CHAPTER 3 - CURRICULA FOR EDUCATION AND TRAINING OF SENIOR ......... TECHNICAL PERSONNEL IN OPERATIONAL HYDROLOGY 28 1 

3.1 Education in the basic sciences ............................... 283 
3.1.1 Mathematics 283 
3.1.2 Physics .............................................. 283 

3.2 Education in operational hydrology and related subjects ....... 283 
3.2.1 Descriptive geometry and technical drawing ........... 283 

3.2.3 General chemistry and hydrochemistry ................. 283 

hydrogeology, geomorphology and soil science ......... 284 
3.2.5 Surveying ............................................ 284 

channel processes (river-bed formation) .............. 284 
3.2.7 General meteorology and climatology .................. 285 

.......................................... 

.................................. 3.2.2 Technical practices 283 

3.2.4 Principles of geophysics, geology. 

3.2.6 Hydraulics: open-channel flow dynamics and 

................................. 3.2.8 Synoptic meteorology 285 
3.2.9 Hydrological instruments and methods of 

observation .......................................... 285 
3.2.10 Design of networks ................................... 286 
3.2.11 Collection, processing and publication 

of data .............................................. 286 
3.2.12 Hydrological analysis 287 

. ............................. 3.2.13 Hydrological forecasting 287 
3.2.14 Applications to water management 287 

................................ 
..................... ................ 3.2.15 Organization of Hydrological Services 288 

INDEX



CONTENTS 

CHAPTER 4 . CURRICULA FOR EDUCATION AND TRAINING OF JUNIOR 
TECHNICAL PERSONNEL IN OPERATIONAL HYDROLOGY ......... 

4.1 Education in the bacic sciences ............................... 
4.2 Education in operational hydrology and related subjects ....... 

4.2.1 
4.2.2 
4.2.3 
4.2.4 
4.2.5 
4.2.6 
4.2.7 
4.2.8 

4.2.9 

4.2.10 
4.2.11 

A N N E X -  

Technical drawing .................................... 
Technical practices .................................. 
Hydrochemictry ....................................... 
Principles of geophysics ............................. 
Surveying ............................................ 
General meteorology and climatology .................. 
Synoptic meteorology ................................. 
Hydrological instrumentc and methods of 
observation .......................................... 
CoUection. proceccing and publication of 
data ................................................. 
Hydrological forecacting ............................. 
Organization of Hydrological Servicec ................ 

WMO EDUCATION AND TRAINING PUBLICATIONS .............. 
General information ........................................... 
Clacsec 1 and 11 meteorological perconnel ..................... 
Classec 11 and 111 meteorological perconnel ................... 
Clasces 111 and IV meteorological personnel ................... 
Other related WMO education and training publications ......... 

xvi i 

Page 

289 

291 

291 
291 
291 
291 
291 
292 
292 
292 

292 

293 
293 
293 

295 

295 

296 

297 

297 

298 

INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX



INDEX




