METO624 (old METO658A)

SATELLITE APPLICATIONS FOR SURFACE CLIMATE

INSTRUCTOR:
Professor R. T. Pinker, Room 2427, Space Sciences Building, Phone: (301)-405-5380 pinker@atmos.umd.edu
This course deals with the theory and development of algorithms for deriving several climatically important parameters using remote sensing methods. Methods for analysis of satellite observation for parameters that have demonstrated their usefulness in climate research will be emphasized.

Since satellites observe the entire earth/atmosphere system, attention will focus on the flow of the interpreted information from the top of the atmosphere to the surface, making allowances for atmospheric effects.  Topical currency would be maintained by supplementing textbook materials with recent research papers.  

Some of the topics in the syllabus (e.g., infrared sensing from satellites; microwave sensing from satellites) would only be shortly reviewed for completeness and establishing a common base of reference.

Syllabus-First Draft
1.
INTRODUCTION
1.1 Information about the atmosphere and surface we require on:

a.
Synoptic scale

b.
Climate scale

1.2 Principles of Remote Sensing

a.
The inverse problem

b.
Spectral regions of most use

c.
Passive and active techniques

1.3 Inherent Problems of Remote Sensing

a. spectral response of instruments;

b. viewing geometry;

c. anisotropy; 

d. accuracy requirements; 

e. Wide Field of View(WFOV); Narrow field of view (NFOV) 

f.
Calibration of satellite sensors

2.
REVIEW OF CONCEPTS IN RADIATION
2.1
Basic concepts

a.
Radiometric quantities

b. Material Characteristics (e.g., emittance; 

absorption; reflectance; transmittance)

c. Solar constant and insolation at the Top of 

the Atmosphere (TOA)

d. The spectral regions relevant for remote 

sensing of surface parameters

e. The cosine and inverse square laws of 

irradiance; Lambertain surfaces

f.
Radiation Laws

2.2
The Electromagnetic Theory
2.3
The radiative transfer equations

3.
MEANS OF REMOTE SENSING
3.1
Scattered Sunlight as Means of Remote Sensing

a. Transmitted Sunlight (total ozone; turbidity 

and precipitable water)

b.
Reflected Sunlight (total ozone; cloud properties)

3.2
Infrared sensing from satellites

a.
Upwelling radiation at TOA

b.
Temperature Profile Inversion

c.
Direct linear inversion methods

d.
Numerical iteration methods

e.
Limb scanning methods  

3.3
Microwave sensing from satellites  

a.
MW spectrum and MW radiative transfer

b.
Atmospheric water information from microwave

c.
Temperature retrieval from microwave sounding

3.4
Lidar (Radar) backscattering

4.
U.S. WEATHER SATELLITES
4.1
Polar Orbiting

4.2
Geostationary

4.3
Satellite Missions

a.
Qualitative data

b.
Quantitative data

c.
Communication functions

d.
Relay functions

e.
Distribution of products

4.4 TIROS Polar Orbiting Satellite Sensor Systems

a.
TIROS Operational Vertical Sounder (TOVS)

b.
Advanced Very High Resolution Radiometer (AVHRR)

c.
High Resolution Picture Transmission (HRPT)

d.
Automatic Picture Transmission (APT)

e.
Direct Sounder Broadcast (DSB)

f.
Space Environment monitor (SEM)

g.
Search and Rescue (S and R)

h.
ARGOS Data Collection and Platform Location System

4.5
Geostationary Operational Satellite Sensor Systems
5.
INTERNATIONAL WEATHER SATELLITES 
6.
LAND SATELLITES
7. THE EOS MISSION

8.
PLANETARY EARTH RADIATION BUDGETS
8.1
Determination of Planetary Radiation Budgets

a.
Calculation of shortwave fluxes

b. Calculation of long wave fluxes from “window” observations

8.2
Survey of Radiation Budget Studies

9.
CLOUD DETECTION METHODS
a.
Threshold

b.
Bi-Spectral

c. Spatial Coherence 

d.
ISCCP algorithm

10.
DETERMINATION OF SEA SURFACE TEMPERATURE (SST)
10.1 From Polar Orbiting Satellites

a.
Single window

b.
Split window

c.
Multi-window

10.2
From Geostationary Satellites  

11.
SURFACE TEMPERATURE AND FLUXES OVER LAND

12.
SURFACE ALBEDO
13.
SOIL MOISTURE 
14.
SOLAR RADIATION
15
MEASUREMENT OF PRECIPITATION FROM SPACE

a.
Visible/Infrared-past and present

d. Passive microwave and millimeter regimes

e. Radar-future

16.
PLANNING FOR FUTURE OPERATIONAL SENSORS
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Extended Bibliography on the following topics will be provided at the beginning of the semester: 

Calibration

Cloud detection

Aerosols

Top of the Atmopshere Radiation Budget

Surface albedo

Sea surface temperature

Land surface temperature

Surface Radiation Budget

Surface Energy balance

Soil moisture

Vegetation Index

Semester-practical items
Required text:

None.

Recommended text:
Remote Sensing of the Lower Atmosphere: An Intoduction, G. L. Stephens, Oxford University Press, 1994 

ISBN- 0-19-508188-9

Homework:
About 4-5 assignments; reading of selected review papers and short presentation on one of these.

Course credit summary:

Homework:
15%

First quiz:
15%

Mid-term:
30%

Final:
40%

