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Su li 4 pm
Mo 9T 12 am

Mo 217 5 pm
Tu 9T 12 am

Tu 21 5 pm
We 91 12 am

We 21 5 pm
Th 97 12 am

Th 27 5 pm

Fr9i 12 am

Fr2i 5pm
Sa9i 12 am

Lecturel

Lecture 2

Instruments and Orbits
Radiative Transfer in the Earth Atmosphere

Homework 1 (due Thursday)

Lab 1
Review
Lecture 3
Lab 2
Review

Lecture 4

Quiz 1
Lab 3
Review

Planck Function and Intro to Hydra

Lecture1& 2, Lab 1

Spectral signatures from Earth

Interrogating Multispectral Data

Lecture 3, Lab 2

Sounding with broad band and hyperspectral IR

Investigations with Imagers and Sounders
Quiz 1, Lecture 4, Lab 3

Homework 2 (due Satday)

Lecture 5

Lab 4

Lab
Review
Lab
Lab
Lab
Review
Lecture 6
Quiz 2

Microwave and time continuous (geostationary)
measurements

Investigations of clouds and moisture with M{3D
AIRS and AMSU

Assign and start Student Projects

Homework 1, Lecture 5, Lab 4

Student Projects

Student Projects

Student Presentations using MODIS, IASI, AIRS, SEVIRI
Homework 2

Summary



Remote Sensing Schools
have been held in
Bologna, Italy (Sep 01)
Rome, Italy (Jun 02)
Maratea Italy (May 03)
Bertinorq Italy (Jul 04
AndanesNorway (Feb 06)
Cape Town, South Africa (Apr
Krakow, Poland (May 06)
Ostuni Italy (Jun 06)
Benevento, Italy (Jun 07)

Sao Paulo, Brazil (Nov 07)
Monteponj Sardinia (Sep 08)
Istanbul, Turkey (Oct 08)
Perth, Western Australia (Feb 0O
Sassali Castaldaltaly (Jul 09
New Dehli, India (Feb 112
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Objective of School

An in depth explanation of methods and techniques
used to extract information from environmental
satellite data, with emphasis on the latest
measuring technologies. The course will consist of
lectures, laboratory sessions, group lab projects,
homework and tests. The results from each of the
group projects will be presented to the class by the
participating students. English is the official

anguage of the School. All provided material will
e In English.
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Lectures and Labs

Lectures and laboratory exercises emphasize investigation of high spatial resolution vis
Infrared data (from MODIS and SEVIRI), high spectral resolution infrared data (from AlR
IASI), and mcrowave sounding data (AMSU). Text for the classroom and a visualization t
the | abs are provided free; fAApplication
from ftp://ftp.ssec.usc.edu/pub/menzelind HYDRA is used to interrogate and view multispe
data in the labs frorhttp://www.ssec.wisc.edu/hydraHomework assignments and classroom
are administered to verify thabgd progress is being was made in learning and masteri
materials presented. Classroom size is usually between twenty and thirty students
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Applications with Meteorological Satellitesis used as a resource te:
It is available for free dtp://ftp.ssec.wisc.edu/pub/menzel/

CHAPTER 1- EVOLUTION OF SATELLITE METEOROLOGY

CHAPTER 2- NATURE OF RADIATION *

CHAPTER 3- ABSORPTION, EMISSION, REFLECTION, AND SCATTERING *

CHAPTER 4- THE RADIATION BUDGET

CHAPTER 5- THE RADIATIVE TRANSFER EQUATION (RTE) *

CHAPTER 6- DETECTING CLOUDS *

CHAPTER 7- SURFACE TEMPERATURE *

CHAPTER 8- TECHNIQUES FOR DETERMINING ATMOSPHERIC PARAMETERS *

CHAPTER 9- TECHNIQUES FOR DETERMINING ATMOSPHERIC MOTIONS

CHAPTER 10- AN APPLICATION OF GEOSTATIONARY SATELLITE SOUNDING DATA

CHAPTER 11- SATELLITE ORBITS

CHAPTER 12- RADIOMETER DESIGN CONSIDERATIONS *

CHAPTER 13- ESTABLISHING CLIMATE RECORDS FROM MULTISPECTRAL MODIS MEASUREMENTS

CHAPTER 14- THE NEXT GENERATION OF SATELLITE SYSTEMS

CHAPTER 15 INVESTIGATING LAND, OCEAN, AND ATMOSPHERE WITH MULTISPECTRAL
MEASUREMENTS *

* indicates chapters covered

References, problems sets, and quizzes are included in the Apper



Agenda includes material from Chapters 2, 3, 5, and 12

CHAPTER 2- NATURE OF RADIATION

2.1 Remote Sensing of Radiation 2-1
2.2 Basic Units 2-1
2.3 Definitions of Radiation 2-2
2.5 Related Derivations 2-5
CHAPTER 3- ABSORPTION, EMISSION, REFLECTION, AND SCATTERING

3.1 Absorption and Emission 31
3.2 Conservation of Energy 31
3.3 Planetary Albedo 3-2
34 Selective Absorption and Emission 3-2
3.7 Summary of Interactions between Radiation and Matter 3-6
3.8 Beer's Law and Schwarzchild's Equation 3-7
3.9 Atmospheric Scattering 3-9
3.10 The Solar Spectrum 3-11
3.11 Composition of the Earth's Atmosphere 3-11
3.12 Atmospheric Absorption and Emission of Solar Radiation 3-11
3.13 Atmospheric Absorption and Emission of Thermal Radiation 3-12
3.14 Atmospheric Absorption Bands in the IR Spectrum 3-13
3.15 Atmospheric Absorption Bands in the Microwave Spectrum 3-14
3.16 Remote Sensing Regions 3-14
CHAPTER 5- THE RADIATIVE TRANSFER EQUATION (RTE)

5.1 Derivation of RTE 5-1
5.10 Microwave Form of RTE 5-28
CHAPTER 12- RADIOMETER DESIGN CONSIDERATIONS

12.3 Design Considerations 12-1



Lectures are given with powerpoint presentations
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Material includes equations

C/aT
Pl anckds LaBaT) =qgl/e/[e -11  (mW/n¥/sterkm)
where &= wavelengths in cm

T = temperature of emitting surface (deg K)
c, = 1.191044 x 16 (mW/n¥/ster/cnt)
c, = 1.438769 (cm deg K)

Wien's Law dB(®y,,, 1) / do-= Owherea{max) =.2897/T
indicates peak of Planck function curve shifts to shorter wavelengths (greater wavenumbe
with temperature increase. Nddor .., T) ~ T°.

0]
StefanBoltzmann Law E = p iB(a;T) do-= sT4 wheres = 5.67 x 168 W/m2/deg4

0O
states that irradiance of a black body (area under Planck curve) is proportiochal to T

Brightness Temperature
Cq
T = ¢/ [&In(——+ 1)] is determined by inverting Planck fulrg)ction
B

o~



And some derivations

| = 5B (T(p)) t; (P +Se (Dp) B (T(P)t,(p)
P

The emissivity of an infinitesimal layer of the atmosphere at pressure p is equ.
to the absorptance (one minus the transmittance of the layer). Consequently,

e ((Dp)t,(p) = [1-t,(Dp)]t, (p)
Since transmittance is an exponential function of depth of absorbing constitue

p+Dp p
t,(Do)t;(p) = exp[-A k qgg'dp] * exp[- ik qg*dp] =t,(p+Dp)
P (0]

Therefore

g ([Dp)t;(p) =t;(P)-t,(p+Dp) =-Dt(p).
So we can write

I, = B, (T(py)) t, () - S B, (T(p)) D t(p) .

p
which when written in integral form reads

Ps
| =B, (T(p)) t, (p) - N B (T(p)) [dt;(p)/dp] dp.
0] 11
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