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Annex I

Curriculum for the first three courses

A. Modules

Table 1
First course at a glance

Number of
%anuffcei{de Topic lectures
1 Fundamentals of meteorology, climatology and remote sensing
1.1 Concepts in meteorology and climatology
Basic concepts of meteorology 25
Basic concepts of climatology 20
1.2 Concepts in satellite meteorology
Introduction to satellite meteorology 23
Meteorological satellite orbits, instrumentation and data products 26
1.3 Applications of satellite imagery and digital image processing
Use of satellite imagery in meteorology and weather forecasting 15
Statistics, digital image processing techniques and GIS 17
Advanced concepts in satellite meteorology, parameter retrieval and applications
2.1 Radiative transfer and parameter retrieval
Concepts of radiative transfer 25
Meteorological and oceanographic parameter retrieval 38
2.2 Applications using digital satellite data
Applications of digital satellite data in meteorology and weather forecasting 29
Applications in oceanography 23
Applications in climate studies 15
2.3 Environmental problems and numerical models
Environment issues and societal impacts 17
Satellite data assimilation and modelling 28
3 Pilot projects (three months)
Figure 1

Percentage of time spent on each activity during the first course

Technical visits and
orientation Tutorials

10% 4% Practical exercises

Seminars

Library'
8%

Lectures
Projects 22%
26%

Tests etc.
4%
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Table 2

Second course at a glance

Module/ Number of
submodule Topic lectures
1 Fundamentals of meteorology, climatology and remote sensing (three months)
1.1 Concepts in meteorology and climatology
Basic concepts of meteorology 20
Basic concepts of climatology 10
1.2 Concepts in satellite meteorology
Mathematical and computational techniques for satellite meteorology 20
Introduction to satellite meteorology 25
Meteorological satellite orbits and instrumentation 20
1.3 Applications of satellite imagery and digital image processing
Use of satellite imagery in meteorology and weather forecasting 20
Statistics, digital image processing techniques and GIS 15
2 Advanced concepts in satellite meteorology, parameter retrieval and applications
(three months)
2.1 Radiative transfer and parameter retrieval
Concepts of radiative transfer 30
Meteorological and oceanographic parameter retrieval 30
22 Applications using digital satellite data
Applications of digital satellite data in meteorology and weather forecasting 25
Applications in oceanography 15
Satellite data assimilation and numerical models 10
2.3 Applications in climate and environmental studies
Climate studies 15
Environment issues and societal impacts 15
2.4 Advanced applications (electives)
Advanced meteorological and oceanographic parameter retrieval 20
Advanced applications in climate studies 20
Advanced satellite data assimilation and modelling 20
3 Pilot projects (three months)
Figure II

Percentage of time spent on each activity during the second course

14

Technical visits and Tutorials Practical
orientation 4% exercises Current weather
12% 20% discussion
2%
Libra .
8"2, Seminars

3%

Projects Lectures

216% Tests etc. 22%

3%
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Table 3

Third course

Module/ Number of

submodule Topic lectures

1 Fundamentals of meteorology, climatology and remote sensing (three months)

1.1 Concepts in meteorology and climatology

1.1 MATH Mathematical and computational techniques for satellite meteorology 20
Matrices

Partial and total differential equations
Integral and derivatives
Basic concepts of statistics
1.1 MET Basic concepts of meteorology, climatology and oceanography 30
Dynamic and physical meteorology
Extra-tropical weather systems
Tropical weather systems
Climate of the region
Ocean and climate
1.2 Concepts in satellite meteorology
1.2 SM Radiative transfer in satellite meteorology 25
Characteristics of electromagnetic radiation
Passive remote sensing
Active remote sensing
Parameter retrieval and validation
1.2 MSI Meteorological satellite orbits and instrumentation 15
Orbits and navigation
Operational polar-orbiting satellites
Operational geostationary satellites
Other satellites
Satellite data archive
1.3 Image processing and interpretation
1.3 WF Image interpretation in meteorology and weather forecasting 30
Satellite imagery
Spectral properties
Identification of meso-scale systems
Tropical synoptic systems
Extra-tropical synoptic systems
Radar imagery
1.3 DIP Image processing techniques and GIS 15
Map projection
Satellite positioning systems
Image registration, radiometric and geometric correction
Image classification

GIS

2.1 Geophysical parameter retrieval

2.1 AP Atmospheric parameters 15
Winds

Temperature profile
Humidity profile

15
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Module/

submodule

Topic

Number of

lectures

2.2 LOP

2.2
2.2 AWF

2.2 NM

23
2.38C

23LC

2.3 ESI

Precipitation
Outgoing longwave radiation
Clouds and aerosols
Land and oceanic parameters
Sea-surface temperature
Sea-surface winds
Vegetation index
Land-surface parameters
Applications of satellite-derived parameters
Applications in meteorology and weather forecasting
Onset of monsoon
Intra-seasonal and inter-annual variability
Tropical cyclones
Extra-tropical cyclones
Drought monitoring
Air-sea interaction
Satellite data assimilation in numerical models
General circulation models
Concepts of data assimilation
Satellite data assimilation
Impact of satellite data assimilation
Global climate and environment
Short-term climate variability
El Niflo and tele-connection
Cloud climatology
Land-surface changes
Ozone and other trace gases
Long-term climate change
Climate change
Greenhouse effect and global warming
Changes in cryosphere
Future climate scenario and satellite missions
Environment issues and societal impacts
Oceanic biological productivity
Coastal zone environment
Pollution
Disaster management
Mass communications
Pilot projects (three months)

10

30

15

25

25

10

30

16



A/AC.105/L.238

B. Practical exercises

1. List of practical exercises for the first course

Module 1.
1.
2.

NSy »n Ak

Module 2.
1.

10.
11.
12.
13.

Operational meteorological satellite data handling and applications
Computer facilities and familiarization

Geostationary satellite (Indian National Satellite System (INSAT) and
geostationary meteorological satellites (GMS)) data applications

National Oceanic and Atmospheric Administration (NOAA) advanced
very high resolution radiometer (AVHRR) data applications

Cloud motion vectors from INSAT and their applications
Applications of satellite data in tropical cyclone intensity estimation
Applications of satellite data in tropical cyclone track prediction

Multimedia demonstration of Meteosat/Geostationary Operational
Environmental Satellite (GOES)/cyclone data

Visualization packages

Parameter retrieval and numerical modelling

Estimation of outgoing longwave radiation (OLR) using INSAT very
high resolution radiometer (VHRR) and GMS data

Estimation of daily and weekly rainfall using INSAT-VHRR data

Sea-surface temperature estimation from NOAA-AVHRR data and
applications in oceanic circulation studies

Study of average layer humidity and temperatures over different
regions using NOAA television and infrared observation satellite
(TIROS) operational vertical sounder (TOVS) finished products

Processing of the International TOVS Processing Package
(ITPP) 5 software for estimation of the temperature profile using
NOAA/TOVS data

Interpretation of general circulation model results

Study of model simulation results from CO,-doubling using general
circulation models

Snow-cover estimation from NOAA-AVHRR data
Normalized vegetation index from NOAA-AVHRR data
Use of satellite meteorological data in GIS

Surface winds from scatterometer data

Sea level from altimeter data

Familiarization with the low resolution transmittance (LOWTRAN)
calculation package

17



A/AC.105/L.238

18

2. List of practical exercises for the second course

Module 1.
1.

2

3

4.

5

6

7
Module 2.

1.
2.

hdl

o x® 2o

10.

3. Suggested
Module 1.
1.

2
3
4.
5

Operational meteorological satellite data handling and applications
Computer facilities and familiarization

Geostationary satellite (INSAT, GMS) data applications
NOAA-AVHRR data applications

Cloud motion vectors from INSAT and their applications
Applications of satellite data in tropical cyclone intensity estimation
Applications of satellite data in tropical cyclone track prediction

Multimedia demonstration of Meteosat/GOES/cyclone data and
visualization packages

Estimation of OLR using INSAT-VHRR and GMS data, Meteosat
applications

Parameter retrieval and numerical modelling

Estimation of daily and weekly rainfall using INSAT-VHRR data

Sea-surface temperature estimation from NOAA-AVHRR data and
applications in oceanic circulation studies

Processing of the ITPP 5.01 software for estimation of the temperature
profile using NOAA/TOVS data

Interpretation of general circulation model results

Snow cover, normalized vegetation index, sea ice, forest fire from
NOAA-AVHRR data

Use of satellite meteorological data in GIS

Surface winds from scatterometer data

Familiarization with LOWTRAN package (demonstration)
Multichannel scanning microwave radiometer (MSMR) retrieval

Aerosol applications

list of practical exercises for the third course

Operational meteorological satellite data handling and applications
Computer facilities and familiarization

INSAT-VHRR data applications

NOAA-AVHRR data applications

Visualization techniques

Cloud motion vectors from geostationary satellites and their
applications

Applications of satellite data in tropical cyclone intensity estimation
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7.  Application of satellite data in tropical cyclone track prediction

8. Multimedia demonstration of Meteosat/GOES/cyclone data and
visualization packages

9.  Estimation of OLR using VHRR data and applications

Module 2. Parameter retrieval and numerical modelling

1.  Estimation of daily and weekly rainfall using VHRR data

2. Sea-surface temperature estimation from NOAA-AVHRR data and
applications in oceanic circulation studies

3. Estimation of the temperature and humidity profile using
NOAA/TOVS data

4.  Interpretation of general circulation model results

hdl

Snow cover, normalized vegetation index, sea ice, forest fire from
NOAA-AVHRR data (demonstration)

Use of satellite meteorological data in GIS (demonstration)
Surface winds from scatterometer data (demonstration)

Familiarization with LOWTRAN package (demonstration)

o 2o

Geophysical parameter retrievals from microwave radiometers
10. Objective analysis of wind

11. Objective analysis of temperature

Pilot projects

Pilot projects carried out by participants in the first course

1.

Soil moisture estimation using the normalized difference vegetative index
(NDVI) from NOAA/AVHRR data over Mongolia

Retrieval, validation and applications of the sea surface temperature (SST)
around Sri Lanka using the European remote sensing satellite (ERS)
along-track scanning radiometer (ATSR) data

Rainfall estimation using cloud indexing
Cloud analysis of western disturbances

Wildfire danger estimation and monitoring using NOAA-AVHRR, Indian
Remote Sensing Satellite (IRS) and GIS techniques

NDVT and estimation of soil moisture over Bangladesh

Retrieval, validation and applications of atmospheric temperature and
humidity profiles from NOAA/TOVS satellite sounding data over Mongolia

Tropical cyclone track prediction using cloud top temperature and chaos
theory

19
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9.  Onset of monsoons over Nepal using satellite data

10. Rainfall estimation over Bangladesh and the Bay of Bengal by Arkin’s
method

11. Temperature and humidity profile over Uzbekistan using NOAA/TOVS data
12.  Study of coastal upwelling in the Persian Gulf and Oman Sea
13. Rainfall estimation over the Indonesian region

14. Validation of NWP model output with satellite-derived products vis-a-vis
conventional meteorological observations

15. Rainfall estimation over a cyclone using the cloud indexing technique
16. Break and active monsoon over Nepal

17. Ocean circulation modelling using satellite data

2. Pilot projects carried out by participants in the second course

1. Movement of tropical cyclones near the Philippines using GMS
water-vapour imagery

2. Tropical cyclone intensity and track prediction using INSAT-VHRR data

3. Study of tropical cyclone track prediction over the Vietnamese region using
GMS data

4.  Identifying oceanic and atmospheric features from NOAA-AVHRR data

5. A study of sea-surface temperatures and sea-surface winds over the Indian
Sea using the Tropical Rainfall Measuring Mission (TRMM) microwave
imager and IRS-P4 MSMR data

6.  Retrieval of humidity profiles from MSMR water vapour using the method
of empirical orthogonal function analysis

7.  Study of MSMR brightness temperature data over India and Kazakhstan and
its potential for large-area soil moisture estimation

8.  Humidity and temperature profile from NOAA/TOVS satellite data and its
comparison with radiosonde and National Centers for Environmental
Prediction (NCEP) data

9.  Humidity and temperature profile from the NOAA/TOVS package and a
comparison with NCEP and Meteosat data

10. Climatology of Mongolia using NCEP National Center for Atmospheric
Research (NCAR) data

11. Rainfall estimation over the Indian region derived from the Defense
Meteorological Satellite Program (DMSP) special sensor microwave imager
(SSM/T) and IRS-P4-MSMR

12. Diurnal cycle of rainfall during the Asian summer monsoon using TRMM
observations

13. Multispectral cloud classification using TRMM observations for improving
rainfall estimation from visible/infrared techniques
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14.
15.

16.
17.

18.

19.
20.

21.

Study of western disturbances using satellite data

Verification of different model forecasts over Kazakhstan with the analysis
and satellite data

Comparison of extended range model forecast with Oceansat-1 data

A comparative study of sea state estimated by satellite data and conventional
fleet forecast over the Arabian Sea

SST monitoring during El Nifio from satellites and linkage with rainfall over
Indonesia

Snow monitoring over the western Himalayas

Vegetation monitoring using multi-temporal coarse resolution satellite (and
weather) data over the Korean peninsula

Monitoring of major crops in the Democratic People’s Republic of Korea
using NOAA-AVHRR channel 1 and 2 satellite data
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Table 4

Evolution of the satellite meteorology curricula (theory)

First course

Second course

Third course

Module Submodule title Number of hours
1 Concepts in meteorology 45 30 30
Mathematical techniques - 20 10
Concepts in satellite 49 45 40
Applications  of  satellite 32 35 45
2 Radiative transfer and 63 60 25
Applications of digital data 52 40 40
Climate and environmental 32 30 60
Data assimilation 28 20 15
Orientation - 20 35
Total 301 300 300

Note: In laboratory exercises, more stress is put on the data products from operational satellites. The recent
microwave remote sensing data are introduced in more detail. Emphasis on the validation of satellite data
and their use in numerical models is being introduced in the third course.
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Annex 11

Recommended teaching material

Barrett, E. C., and D. W. Martine. The use of satellite data in rainfall monitoring.
London, Academic Press, 1981.

Images in weather forecasting: A practical guide for interpreting satellite and
radar imagery. M. J. Bader and others, eds. Cambridge, Cambridge University
Press, 1995.

Henderson-Sellers, A., and K. McGuffie. A climate modeling primer. 2. ed. New
York, John Wiley and Sons, 1997.

Houze, Jr., R. A. Cloud dynamics. San Diego, Academic Press, 1993.

Kidder, S. Q., and T. H. Vonder Haar. Satellite meteorology: An introduction. San
Diego, Academic Press, 1995.

Kondratyev, K. Ya., and A. P. Cracknell. Observing global climate change.
London and Bristol, Taylor and Francis, 1998.

Centre for Space Science and Technology Education in Asia and the Pacific.
Lecture notes on satellite meteorology. 1: Basics, 2: Retrievals, 3: Modeling
Climate Change.

Printed by the Space Application Centre, Indian Space Research
Organization, 2000.

Liou, K. N. An introduction to atmospheric radiation. New York, Academic Press,
1980.

Menzel, W. P. Notes on satellite meteorology. Geneva, World Meteorological
Organization, 1997. (WMO/TD 824, SAT-17)

Robinson, I. S. Satellite oceanography. Chichester, Ellis Horwood, 1985.

Rao, P. K., and others. Weather satellites: Systems, data, and environmental
applications. Boston, American Meteorological Society, 1990.

Trenberth, K. E., ed. Climate system modeling. Cambridge, Cambridge University
Press, 1992.

Ulaby, F. T., R. K. Moore and A. K. Fung. Microwave remote sensing: Active and
passive. II: Radar remote sensing and surface scattering and emission theory.
Reading, Massachusetts, Addison-Wesley Publishing Company, 1981.

World Meteorological Organization, Preliminary statement of guidance regarding
how well satellite capabilities meet WMO user requirements in several
application areas. Geneva, WWW/SAT, 1998. (WMO/TD/913, SAT-21)
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Annex II1

Explanatory notes for the curriculum

0-D zero-dimensional

1-D one-dimensional

2-D two-dimensional

3-D three-dimensional

APT automatic picture transmission

ATSR along-track scanning radiometer

AVHRR advanced very high resolution radiometer

CCD charge-coupled device

DMSP Defense Meteorological Satellite Program

ENSO El Nifio Southern Oscillation

ERS European remote sensing satellite

GIS geographic information system

GMS geostationary meteorological satellite

GOES Geostationary Operational Environmental Satellite
GPCP Global Precipitation Climatology Project

HRPT high-resolution picture transmission

INSAT Indian National Satellite System

IRS Indian Remote Sensing Satellite

ISCCP International Satellite Cloud Climatology Project
ISLSCP International Satellite Land Surface Climatology Project
ITPP International TOVS Processing Package

LOWTRAN low resolution transmittance

MSMR multichannel scanning microwave radiometer
NCAR National Centre for Atmospheric Research

NCEP National Centres for Environmental Prediction
NDVI normalized difference vegetative index

NOAA National Oceanic and Atmospheric Administration
NWP numerical weather prediction

OLR outgoing longwave radiation

SSM/1 special sensor microwave imager
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SST
TIROS
TOVS
TRMM
VHRR
WEFAX
WMO

sea surface temperature

television and infrared observation satellite
TIROS operational vertical sounder
Tropical Rainfall Measuring Mission

very high resolution radiometer

weather facsimile

World Meteorological Organization
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