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Some important questions about the 
future Earth System

n Clouds, water vapor, radiation, and 
precipitation
n Will changing cloud cover enhance or offset 

warming caused by increasing CO2?
n Is California likely to get more rain and less 

snow in the future?
n Ocean productivity and climate
n How will air-sea exchange of CO2 respond to 

changing atmospheric concentrations and 
warmer temperatures?

n How will precipitation change over the ocean, 
and how will such changes affect circulation?

[Dozier, UCSB]
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Questions, cont.

n Changes in land use, land cover, and the 
hydrologic cycle?
n How will land cover change affect climate?
n What are the likely effects of future changes in 

precipitation chemistry?

n Polar ice sheets and sea level
n Will a warmer climate cause sea level to rise? 

Over what time scale?

[Dozier, UCSB]
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The good news: all variables can be retrieved using EO and 
modells, BUT how to validate?



Remote Sensing ProcessRemote Sensing Process

Statement of 
the Problem

• In Situ  
    - Field 
    - Laboratory 
    - Collateral data 
 
• Remote Sensing of  
  Biophysical and  
  Hybrid Data  
    - Passive analog 
         - Camera 
         - Videography 
    - Passive digital  
         - Camera 
         - Multispectral scanners 
         - Linear and area arrays 
         - Spectroradiometers 
    - Active 
         - Microwave (radar) 
         - Laser (Lidar) 
         - Sonar

• Select Appropriate 
  Logic 
   - Inductive 
   - Deductive 
   - Technological  
 
• Formulate  
  Hypothesis

• Analog and Digital  
    - Images  
     - Image maps 
     - Orthophotomaps 
     - Thematic maps 
     - Spatial databases 
    
• Error Report  
     - Geometric 
     - Thematic  
    
• Image Lineage 
     - Genealogy 
 
• Statistics 
     - Univariate 
     - Multivariate 
 
• Graphs 
     - 1d, 2d, 3-dimensional 

• Analog (Visual) Image Processing 
     - Using the “Elements of Image 
        Interpretation”  
 
• Digital Image Processing  
     - Pattern recognition 
            - Statistical, syntactical  
     - Expert systems 
            - Using a knowledge base 
               and inference engine 
     - Neural networks 
     - Modeling 
            - Spatial modeling using GIS data 
            - Scene modeling based on physics  
               of energy/matter interactions 
 
• Scientific Visualization 
 
• Hypothesis Testing  
     - Accept or reject hypothesis

Data  
Collection

Data  
Analysis

Information   
Presentation

Jensen, 2000Jensen, 2000
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Airborne Visible 
Infrared Imaging 

Spectrometer 
(AVIRIS) Datacube 
of Sullivan’s Island 

Obtained on October 
26, 1998

Airborne Visible 
Infrared Imaging 

Spectrometer 
(AVIRIS) Datacube 
of Sullivan’s Island 

Obtained on October 
26, 1998

Color-infrared color
composite on top 

of the datacube was 
created using three 
of the 224 bands 

at 10 nm 
nominal bandwidth.

Jensen, 2000Jensen, 2000



Spatial 
Resolution

Spatial Spatial 
ResolutionResolution

Jensen, 2000
Jensen, 2000



Temporal
Resolution
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June 1, 2001June 1, 2001June 1, 2001 June 17, 2002June 17, 2002June 17, 2002 July 3, 2003July 3, 2003July 3, 2003

Remote Sensor Data AcquisitionRemote Sensor Data AcquisitionRemote Sensor Data Acquisition

16 days16 days16 days

Jensen, 2000
Jensen, 2000



Radiometric ResolutionRadiometricRadiometric ResolutionResolution

8-bit
(0 - 255)

88--bitbit
(0 (0 -- 255)255)

9-bit
(0 - 511)

99--bitbit
(0 (0 -- 511)511)

10-bit
(0 - 1023)

1010--bitbit
(0 (0 -- 1023)1023)

0

0

0

Jensen, 2000
Jensen, 2000



NOAA Vegetation
Index (ARTEMIS)

Data 
Availability



From: Scole & Gunawan, GOFC Implementation

Data Availability (example ETM+)



VEGETATION (on SPOT)

GLC2000 (Global Landcover 2000 Project)

Launch: 24.3.1998
Altitude: 820 km
Swath 2250 km, Revisit 1 day, off nadir viewing
Spatial Res. 1160 m
Spectral Res.: red, nir, mr



SPOT-4 VEGETATIONSPOT-4 VEGETATION      the first the first operational operational global
vegetation monitoring capability at 1 km resolution;vegetation monitoring capability at 1 km resolution;
FAOFAO access to global VEGETATION data enabled in access to global VEGETATION data enabled in
April 1999 on demonstration basis through a April 1999 on demonstration basis through a cooperativecooperative
agreement with the EC Joint Research Centre, agreement with the EC Joint Research Centre, IspraIspra;;
near near realtime realtime access on fully operational basis throughaccess on fully operational basis through
SPOT Image with EC funding support since May 2000SPOT Image with EC funding support since May 2000



Difference
image for 
wheat growing
areas



MODIS 
(Moderate 
Resolution Imaging 
Spectroradiometer)
:



TERRA – MODIS-Produkte

• surface temperature

• water leaving radiance

• chlorophyll fluorescence 

• concentration of chlorophyll-a within 35 percent, net ocean primary 
productivity, other optical properties; 

• vegetation/land-surface cover, conditions, and productivity; 

• cloud mask containing confidence of clear sky (or the probability of 
cloud), shadow, fire, and heavy aerosol at 1-km resolution; 

• cloud properties characterized by cloud phase, optical thickness, 
particle size and mass transport; 

• fire occurrence, temperature, and burn scars; 

• global distribution of total precipitable water; 

• cirrus cloud cover. 
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Biomass information requirements

The terrestrial carbon balance:

n Mass balance equation (Inventory approach)

∆ C= ∆ Above Ground Biomass +  ∆ Below Ground Biomass +
∆ Litter + ∆ Soil Carbon

n Process equation (Dynamic Vegetation Model Approach, 
Productivity Efficiency Approach)

∆ C=  Gross Primary Production- Autotrophic respiration-
Heterotrophic respiration − Loss by disturbances

(GPP and Ra: depend on biomass)



Use of biomass in satellite driven models

Autotrophic respiration = function of Temperature and Biomass
(Biomass map (1°) by Olson (1985) used in models)

NPP=ε * IPAR * fAPAR - Autotrophic Respiration

Photosynthetic Efficiency (literature)
From NDVI (e.g. Spot/Vegetation)

Incoming Radiation (e.g. ECMWF)



ERDE Kunstwerk (DLR, GEO)
Kansas, Landsat 7 ETM+



(Jensen, 10-4)



Normalised Difference Vegetation Index: no information on type and structure!
Multispectral and bi-directional information needed.



(3) Canopy:
- optical properties
- structural parameters
- vegetative components 

(5) Detector:
- design 
- relative position

(1) Solar irradiance:
- spectral intensity
- location at hemisphere

(2) Atmosphere:
- optical properties

(4) Soil:
- optical properties
- surface roughness
- moisture etc...



Schematic Illustration of Radar Backscatter Mechanisms from Crops in X-, 
C- and L-Band (~ 3, 5 and 20 cm). 



Multitemporal C-VV Radar Backscatter Profile from Wheat using ERS-1Time Series

(ESA-SP 1994)



Myneni, Tucker et al.



Inventory approaches -
cannot be done with inaccurate 
biomass maps!

Seven estimates of storage of carbon 
in forest biomass for the Brazilian 
Amazon

Houghton, R. A., K. T. Lawrence, J. L. Hackler, and S. 
Brown. 2001. The spatial distribution of forest biomass in the 
Brazilian Amazon: a comparison of estimates. Global 
Change Biology. 7: 731-746.



Above-ground   

( approx. 80% )

Below-ground

i.e. roots (ca. 20 %)

Stem (> 90%)

Branches (< 10 %)
Leaves (2-4 %)

Undergrowth (?)Phytomass (>  90%)

Zoomass (< 10 %)

What IS biomass?
Main components of biomass distribution

Stem Biomass accounts for an estimated > 90% of the above-ground biomass 
in well developed natural forests and all comercial forests.

Stem Biomass is strongly related to the commercially interesting biomass.

The major part of forest biomass is concentrated in the major trees. The 

contribution of minor trees (and hidden biomass) to total biomass is rather low.

Characterizing biomass using tree height will cover 75-95 % of the vegetated 
earth and could directly characterize 80-90% of the aboveground biomass 

stock After Mette et al. (2002)
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Picea abies
(Norway Spruce)

Assmann 1963  
(moderate thinning)

Stand conditions 
affect the forest

growth rate,
but typically not the 
allometry between 
height & biomass 
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The Effect of Age and Stand Conditions

Mette, Hajinsek, 
Papathionassou et al. 

(2002), DLR



Backscatter Mechanisms in a Forest Canopy

LE TOAN et al. 2001: 4



• AIRSAR  
(NASA/JPL) 
polarimetric C-, L-
and P-Band with
Incidence Angles
of 40° and 50°

IMHOFF 1995: 514



Classification Source Data
ERS intensity JERS intensity ERS Tandem Coherence

• Small dynamic range

• Variable response to 
water

• Variable response to open 
areas

• Can be used as indicator 
of environmental effects 
effecting the coherence 

•Medium dynamic range

•Stable response to water

•Possible to identify 
agricultural fields

•Higher frame to frame 
variations

•Higher contrast between 
forest/non forest

•Higher sensitivity to 
forest volume

•Confusion between water 
and dense forest

•Frame to frame variations 

(L. Eriksson)





Vegetation Data Resources
Above Ground Biomass

Nothing as yet global and accessible
as Above Ground Biomass

Regional - SIBERIA (1mio km2 at 50m,
1998) based on SAR Interferometry

Future - SIBERIA-II (from 2002-5)
Other SAR methods
ESSP VCL?

http://pipeline.swan.ac.uk/siberia/


