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(MT 113 Physics)
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(MT 115 Information and Communication Technology)
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(MT 117 Basic of Geography and Geographic Information System
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5.1.2.1 am 121 A1919angy
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(MT 132 Meteorological Information Services)
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(MT 133 Government Regulations and Administrative
Regulations)
5.2 vun2v19nileningl (Meteorological Subjects)
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(MT 212 Basic Physical and Dynamic Meteorology)
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(MT 213 Basic Oceanography and Marine Meteorology)
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5.2.2.1 8m 223 A15AT3901NA 1
(MT 223 Weather Observations 1)
5.2.2.2 9% 224 N19HFI90INA 2
(MT 224 Weather Observations 2)
5223 an 226 Lﬂ%ﬂﬁ@ﬂﬂﬁﬂﬁ;@ﬁ&lﬁmml
(MT 226 Meteorological Instruments)
5224 on 227 \esesilonegniloninen 2

(MT 227 Meteorological Instruments 2)

5.2.3 nguivnanlesivenduuenAnuazwleaina (Synoptic and Mesoscale
Meteorology
Groups)
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(MT 241 Basic Synoptic and Messoscale Meteorology)
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524.1 9% 251 Qﬁmmmﬁaaé’u
(MT 251 Basic Climatology)
524.3 an 261 Q@ﬁauﬁma%ﬂwmiﬁaqé{u
(MT 261 Basic Agrometeoeology)
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53.1 an 216 UfURMsanleninen

(MT 216 Meteorological Practices)
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The overall aim of the BIP-MT is to provide an individual with a basic

related to the application of this knowledge.

To satisfy the requirements of the BIP-MT, it is necessary for an

individual to achieve the learning outcomes that cover:

- The acquisition of basic knowledge concerning physical principles

and atmospheric interactions, methods of measurement and data

analysis, a basic description of weather systems, and a basic

description of the general circulation of the atmosphere and climate

variations;
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- The application of basic knowledge to observe and monitor the
atmosphere and interpret commonly used meteorological diagrams
and products;

The intent in satisfying the BIP-MT requirements is to provide
individuals with the knowledge, skills and confidence to carry on developing

their expertise and provide a basis for further specialization.

Individuals wishing to work in areas such as weather observing, climate
monitoring, network management, and provision of meteorological
information and products to users will need to undertake further education
and training to meet the specialized job competencies in the these areas. In
addition, individuals are expected to continue enhancing their knowledge and
skills by participating in continuous professional development throughout

their careers.

FOUNDATION TOPICS IN MATHEMATICS, PHYSICS AND COMPLEMENTARY
SUBJECTS
An individual achieving the learning outcomes dealing with the
foundation  topics shall be able to:

- Demonstrate the knowledge of mathematics and physics that is
required to successfully complete the meteorological components
of the BIP-MT;

- Demonstrate the Knowledge of other sciences and related topics
that complements the development of the meteorological
expertise covered in the BIP-MT;

- Analyse and utilize data, and communicate and present information.

It is expected that the supporting knowledge can be acquired using

several approaches or a combination of them, as follows:
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- Completion of a programme of study in the foundation topics at a
school or college before attending an institution to study the topics
in atmospheric science;

- Taking an introductory programme of study in the foundation
subjects at the same institution where the topics in general
meteorology are to be studied;

- Integrating the acquisition of the supporting knowledge associated
with the foundation topics into the studying of the topics in general

meteorology.

Mathematics
Learning outcomes — able to handle:

- Trigonometry: Define sine, cosine and tangent, describe their
relationship with their inverse functions, and manipulate basic
trigonometrical equations;

- Logarithms and exponentials: Manipulate logarithms and
exponentials;

- Vectors: Add and subtract vectors, and multiply a vector by a
scalar;

- Algebra: manipulate polynomial equations and solve basic
algebraic equations, including quadratic equations;

- Geometry: Calculate the areas of right-angled and isosceles
triangles, circumference and area of circles, and areas and volumes
of rectangular blocks, cylinders and spheres, and describe the
relationship between radians and degrees;

- Coordinate geometry: Interpret the slope and intercept of a linear

graph, recognize standard curves such as the parabola, ellipse and
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hyperbola, and convert between cartesian and polar coordinate
systems;

- Statistics: Select suitable ways of displaying statistical data and
interpret the results, use different measures of central tendency
(mean, median and mode) and variation (range, interquartile range
and standard deviation), and explain the concepts of sampling,
linear regression by least squares, correlation, normal distribution,

percentiles and hypothesis testing.

Physics
Learning outcomes — able to handle:

- Kinematics: Solve problems using the equations describing the
relationship between distance, speed, acceleration and time for
uniformly accelerated motion in a straight line;

- Dynamics: Solve basic problems when a system is in equilibrium,
solve basic problems using Newton’s Second Law of Motion, and
solve basic problems using the principle of the conservation of
momentum;

- Work, energy and power: Explain the concepts of work, kinetic
energy, potential energy, potential energy, internal energy, and
solve problems using the principle of the conservation of energy
and the relationship between power, work and force;

- Motion in a circle: Explain the concept of centripetal acceleration
and describe circular orbits by relating the gravitational force to the
centripetal acceleration;

- Phases of matter: Describe the physical differences between

solids, liquids and gases, explain the concept of latent heat
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associated with a phase change, and describe the processes
associated with changes of phase with emphasis on condensation
and evaporation;

Temperature and heat: Explain the concepts of temperature and
heat, describe how physical properties of a substance that varies
with

temperature can be used to measure temperature, and describe

how

heat is transferred by conduction, convection and radiation:

Thermodynamics and kinetic theory of gases: Solve problems
using the equation of state for an ideal gas, give a qualitative
description of the First Law of Thermodynamics, explain what is
meant by an adiabatic process with emphasis on the adiabatic
expansion of a gas, and describe the concepts behind the kinetic
theory of gases;

Oscillations and waves: Describe the properties of oscillations and
waves, describe simple harmonic motion, solve problems using the
relationship between speed, frequency and wavelength for waves,

explain

the difference between longitudinal and transverse waves, and explain

the concepts of reflection, refraction, diffraction and interference;,

Electromagnetic radiation: Describe the characteristics of
electromagnetic radiation and the key features of the
electromagnetic spectrum, describe the processes of reflection,
absorption and scattering of radiation (including reflection and

refraction of light), describe what is meant by a black body, and
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outline the implications of the Stefan-Boltzmann Law and Wien
Law;

- Electricity and electromagnetic induction: Describe the physical
basis of current, voltage and resistance and how these quantities are
measured, solve circuit problems (including those with two or more
resistors) using Ohm'’s Law and Kirchhoff’s Laws, and describe the

process of electromagnetic induction.

Complementary subjects
Learning outcomes — able to handle:

(@) Other sciences and reated topics

- Historical context: Outline the scientific and technological
advanced that have contributed to the development of
meteorology and its application;

- Basic oceanograph: Describe the general circulation and thermal
structure of the oceans, and describe how measurements of
temperature, salinity and sea state are made;

- Basic hydrology: Describe the hydrological cycle, indentifying the
key factors determining runoff, groundwater and surface water
resources and the water balance, and describe how hydrological
measurements are made (precipitation, evaporation, soil moisture,
river flow, groundwater, etc.);

- Basic geography: Describe the main geographical characteristics of
the region of responsibility, including a description of the local

terrain.
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(b) Communications

Written communications: Prepare written communications within
specified time limits in a concise, accurate and comprehensible way,
including use of word processing and presentation programmes;
Oral presentations; Make presentations within stated time limits in
which the content and style of delivery accurately conveys

information in a way can be understood by the audience.

© Data analysis and utilization

Programming: Use basic computer programming principles, and
construct a basic computer programme;

Data processing: Perform data processing and statistical analysis
using spreadsheets and databases;

Accessing and obtaining information: Find meteorological
information using libraries, databases and internet searches;
Creating and publishing online material: Create, publish and

update a basic webpage.

TOPICS IN GENERAL METEOROLOGY

In order to provide structure to the learning outcomes

associated with general meteorology, they have been organized into the

following brad categories of knowledge:

Basic physical and dynamic meteorology
Basic synoptic and mesoscale meteorology
Basic climatology

Meteorological instruments and methods of observation.
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It should be noted, however, that this is not intended to specify the
structure of a programme of study. There are many ways of structuring a
programme that will ensure all the learning outcomes are satisfied.

For example:

- The learning outcomes associated with several topics could be
divided up differently (for example, some learning outcomes listed
under basic

physical and dynamic meteorology could be covered when dealing with
basic synoptic meteorology and vice versa);

- The learning outcomes for one topic could be covered in several
modules of the programme of study that go into more detail than in
required for the minimum qualification (for example, separate
modules on thermodynamics and dynamics);

- The learning outcomes could be covered in increasing detail as the
programme of study progresses (for example, there could be an
initial module on the introduction to meteorology, with topics then
being covered in more detail at a later stage);

- The learning outcomes could be covered as part of a programme of
study that in aimed at preparing participants for a particular role
(for example, a course aimed primarily at training observers could
cover all the required learming outcomes in the BIP-MT, in addition

to developing more practical skills);

The priority is for each institution to develop a programme of study
that takes account of the prior knowledge of the participants, the best way to
structure the programme to meet local requirements, and the purpose of the
overall programme of study that may of beyond what is needed to satisfy the

learning outcomes specified here.
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Basic physical and dynamic meteorology

An individual achieving the learning outcomes dealing with basic

physical and dynamic meteorology shall be able to:

Explain the basic physical and dynamical processes that take place
in the atmosphere;
Explain the physical principles used in instruments to measure

atmospheric parameter.

Learning outcomes — able to handle:

Atmospheric composition and structure: Describe the
composition of the atmosphere and explain its vertical structure;
Radiation: Explain the diurnal, latitudinal and seasonal variations in
the radiation reaching the Earth’s surface, describe the differences
between shot-(solar) and long-wave (terrestrial) radiation, describe
the processes affecting short-and long-wave radiation (i.e., reflection,
scattering and absorption of radiation), outline the heat budget of
the Earth’s atmosphere, explain the greenhouse effect, explain the
role of ozone in affecting ultraviolet radiation, and describe the heat
balance at the surface and how it varies with latitude;

Atmospheric pressure: Explain why pressure varies with height,
explain the effect of temperature and humidity on the variation of
pressure with height, and explain why pressure is often reduced to
mean sea level;

Atmospheric temperature: Describe the heating and cooling effect
of convection, advection, turbulence and evaporation/condensation,
explain the effect of water vapour, cloud and wind on the surface

air temperature, explain the diurnal variation in surface air
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temperature, and describe the main factors that affect the global
distribution of surface air temperature;

Atmospheric humidity: Explain why humidity is important, explain
the concepts of vapour pressure, saturated vapour pressure, dew
point and relative humidity, and describe the factors that affect the
rate of evaporation;

Atmospheric stability: Describe the causes of variations in
atmospheric stability, explain the concepts of dry adiabatic lapse
rate, saturated adiabatic lapse rate and environmental lapse rate,
explain various types of stability (for example, absolute, conditional,
neutral), explain the role of temperature inversions, and describe
how stability and instability develop;

Wind: Explain why winds occur, describe the pressure gradient
force and Coriolis force, and explain concepts of the geostrophic
and gradient winds, describe the effect of friction on the wind, and
explain the causes of common local winds caused by topography
(for example, sea/land breezes, foehn winds and katabatic/anabatic

winds);

Clouds, precipitation and thunderstorms: Explain why rising
motion leads to the formation of clouds, describe the main
mechanisms for the formation of clouds, describe the processes
that produce precipitation, and describe the triggering processes for
thunderstorms and their life cycle;

Dew, frost and fog: Describe the factors affecting visibility, explain
the formation of dew and frost, and explain the causes of fog, with

emphasis on radiation and advection fog;
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Atmospheric optics and electricity: Explain the formation of

rainbows, haloes, blue skies and lightning.

Basic synoptic and mesoscale meteorology

An individual achieving the learning outcomes dealing with basic

synoptic and mesoscale meteorology shall be able to:

Describe the formation, evolution and characteristics of synoptic-
scale and mesoscale tropical, mid-latitude and polar weather
systems, and analyse weather observations;

Describe the forecast process and the use made of the associated

products and services.

Learning outcomes — able to handle:

Weather at a specific location: Explain how the weather
experienced at a specific location is a combination of effects acting
of different time and space scales;

Bodies of airs: Describe and explain the origin, characteristics,
movement and modification of bodies of air;

Mid-latitude and polar weather systems: Describe the
characteristics of depressions, anticyclones, troughs and ridges and
their associated weather, with emphasis on those affecting the
region of responsibility, describe the characteristics of warm, cold
and occluded fronts and the weather associated with their passage,
and describe the relationship between jet streams and weather

systems;

Main tropical disturbances; Describe the main tropical

disturbances and their associated weather, including the ITCZ,
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tropical depressions, monsoons and El Nino-Southern Oscillation
(ENSO);

Mesoscale Systems: Describe the formation and Characteristics of
important mesoscale features affecting the region of responsibility;
Hazardous weather; Describe the formation and characteristics of
hazardous weather system (for example, thunderstorms, and
tropical cyclones) affecting the region of responsibility, the extent
to which they can be forecast, and their impact on society;

Surface pressusre diagrams; |dentify the main synoptic features
on surface pressure diagrams and the associated satellite and radar
imagery, and describe the typical weather associated with those
features;

Upper-air diagrams: Describe different types of upper-air diagrams,
including height charts on constant pressure surfaces, identify the
main synoptic features on the diagram and the associated satellite
and radar imagery, and describe the typical weather associated with
those features;

Aerological diagrams; Describe the physical ideas of aerological
diagrams and perform basic operations on the diagram;

Display and mapping systems: Discuss the common systems
used within Meteorological Services to (a) display and map data and
(b) prepare products and services for users, along with the benefits
and shortcomings of the systems;

Forecast process; Describe the forecasting process, describe the
principles behind numerical weather prediction (NWP), and interpret

basic operational NWP output;
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- Key products and services; Describe the key products and
services, including warnings of hazardous weather conditions, based
on current and forecast weather information, that are provided to
the public and other users;

- Function of National Meteorological Services; Describe the
function of National Meteorological Services in monitoring and
forecasting and forecasting the weather and the role of other service

providers.

Basic Climatology
An individual achieving the learning outcomes dealing with basic
climatology shall be able to:

- Describe the general circulation of the atmosphere and the
processes leading to climate variability and change;

- Describe the use made of products and services based on climate
information.

Learning outcomes — able to handle:

- Features of the global circulation: Explain the main features of
the global circulation of the atmosphere and oceans and their
temporal (diurnal, seasonal, annual) variability;

- Regional and local climates: Explain the factors that determine
regional and local climates;

- Classifying and describing climates: Describe the techniques for
classifying the climate, including the Koppen Method;

- Local climate: Describe the climatology and seasonal changes of

the region of responsibility and the climatic trend in that region;
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Climate variability and climate change: Describe the difference
between climate variability and climate change, describe the basic
concepts behind the greenhouse effect and the basic science
involved in human-induced change, and describe the basis for
climate predictions;

Seasonal forecasts: Outline the process and scientific basis for
making seasonal forecasts;

Climate data; Describe how climate data is captured, collected
and quality-controlled in the meteorological service;

Climate statistics: Describe how climate data is analysed in terms
of its distribution (for example, frequency and cumulative
frequency), central tendency and variation;

Key products and services; Describe the key products and
services based on climate information that are provided to the

public and other users.

Meteorological instruments and methods of observation

An individual achieving the learning outcomes dealing with

meteorological instruments and methods of observation shall be able to:

Explain the physical principles used in instruments to measure
atmospheric parameters;

Make basic weather observations.

Learning outcomes — able to handle:

WMO Integrated Global Observing System: Describe the main
components of the WMO Global Observing System and WMO
Information System (including the Global Telecommunications

System) that are used for making and transmitting meteorological
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and other environmental observations on a global scale using
surface-based and space-based systems;

Siting of instruments: Describe the factors that need to be taken
into account when siting surface instrumentation;

Surface instrumentation: Explain the physical used in instruments
to make surface measurements of temperature, moisture, pressure,
precipitation, wind, cloud height, visibility, sunshine and radiation
(including instruments used in automatic weather stations), describe
how these instruments operate, and outline the kinds of errors that
might occur;

Hydrometeors: Describe the various hydrometeors and how they
are observed;

Clouds: Describe the main cloud types, their characteristics, usual
height range, and associated weather phenomena;

Weather phenomena: Describe the various weather phenomena
considered when taking a visual surface observation, describe their
characteristics and explain their formation;

Monitoring and observing the weather: Monitor the weather,
make surface observations using remote and directly-read
instruments and visual assessments (including identifying cloud
types, cloud amount and weather type), and explain the reasons for

the visual assessments;

Standards, quality control, calibration and intercomparison:
Describe national and international measurement standards and
best practice for the quality control of observations and calibration

and intercomparison of instruments;
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- Upper-air observations: Explain the physical principles and the
limitations of instruments used to make upper-air measurements;

- Remote-sensing systems: Describe the means by which remote
sensing from ground and space (including use of satellites, radars,
wind profilers, and aircraft, marine and lightning-detection systems)
provides information about the atmosphere;

- Coding: Outline how observations are coded and transmitted, and
describe the differences between different types of messages
(SYNOP, SHIP, CLIMAT, etc.),

- Use of observations; Describe the main uses of observations from
the WMO Integrated Global Observing System and other sources of

information.
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