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Satellite remote sensing can contribute to increase accuracy by: 
•  updating the land cover maps, 
•  directly estimating some surface biophysical parameters.

We simulated the dispersion of the pollutants emitted from

industrial sources using ASTER satellite images to feed the model with:

•  updated CORINE Land Cover map 

•  calculated surface albedo map

Work SummaryWork Summary

But WE NEED   operational methodologies of data processing; 

  suitable interfaces to feed atmospheric models

Work RationaleWork Rationale



Aria Industry Package
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Tinarelli G. et al., 1998; Geai P., 1987; ARIANet R2006.23, 2006



The ARIA Industry Package includes 22 parameterization schemes:

Surface Parameters:
• Roughness length
• Albedo
• Bowen ratio
• Soil heat flux
• Leaf area index
• Canopy height
• Internal resistance

Land-Surface ParameterizationLand-Surface Parameterization

in the SURFPRO modelin the SURFPRO model

LOOK-UP
Tables

(2D array)

(season dependent)

Aggregate CORINE SchemeAggregate CORINE Scheme and BATS Scheme 

Land Cover Land Use map



used to run the model 

using the Remote 

Sensing updated 

maps

Classes added for remote sensing

Parameters were assigned 

using values of the original 

class, for the season when the 

considered phenological 

condition is predominant

Remote Sensing schemeRemote Sensing scheme

used to run the model 

using the original 

CORINE maps. 

based on the European 
CORINE Land Cover 

classification

21 land use categories obtained 
grouping the 44 classes of the

CORINE Level 3 legend

Aggregated CORINE schemeAggregated CORINE scheme

Slightly modified by the authors



Simulation Domain and Model SetupSimulation Domain and Model Setup

30 km x 40 km domain 
 Part of the Venice lagoon 
(N Italy) 
Porto Marghera industrial 
site
 Almost flat coastal area
 Sea-breeze development
 Complex land use pattern

(urban and industrial areas, cultivated 
land, sea, lagoon, marsh areas)

Emission sources: 2 virtual stacks

Height: 100 m
Diameter:  4 m
Temperature of gases: 140 oC
Efflux velocity: 10 m s-1
Emission: 3240 
particles h-1

264000 m East, 5017140 
m North  UTM33-WGS84

Period:  5 -15 September 2007 (10 days)

Time step:  1 hour

Spatial domain of the  3D grid:

Horizontal: 121 x 161 nodes, step = 250 m; 

Vertical: 30 nodes, from ground to 1500 m, 

variable step starting from 10 m 



Meteorological DatasetMeteorological Dataset

Hourly time series of: Wind speed 
and direction, Air Temperature, 
Air Pressure, Relative Humidity, 
Solar radiation

Atmospheric Vertical Profiles of 
Wind speed and direction and Air 
Temperature

Water (Sea, lagoon) Temperature

“Ente Zona” – 
Porto 

Marghera

“Istituto 
Cavanis” – 

Venice
ARPA Veneto

4 
Statio
ns

1 SODAR-RASS 
Station

Data setData set



CLC2000 CORINE map – Level 3 Aggregated CORINE map

Land Cover mapLand Cover map

Resolution: 100 m

Resolution: 250 m

grouped
resampled

Data setData set



ASTER Satellite ImageASTER Satellite Image

ASTER SensorASTER Sensor
Image acquired on 5 September 2007

Pre processed to obtain geroreferenced 
images of spectral surface reflectance, 

corrected for atmospheric effects.

Data setData set



Calculation of Surface Albedo from ASTER dataCalculation of Surface Albedo from ASTER data

ρi = surface reflectance in the ASTER band i

1 3 5 6 8 90.484 0.335 0.324 0.551 0.305 0.367 0.0015       �  �  �  �  �  � 

computed for each pixel of the ASTER image using the relation of Liang (2000):

 Albedo was computed with a ground resolution of 30 m;

 The average value for each land cover class was calculated;

 The obtained values were used in place of the values contained in the  

parameterization scheme.

Information retrieval 1Information retrieval 1

Processing steps:



Updated CORINE Classification ASTER Albedo Image

Pixels 
belonging 
 to class i

Albedo Mean 
Value and 
Standard 

Deviation for 
Class i

Surface Albedo from ASTER dataSurface Albedo from ASTER data

ResultsResults



Updating the CORINE dat setUpdating the CORINE dat set

with ASTER retrieved land cover mapwith ASTER retrieved land cover map

Information retrieval 2Information retrieval 2

We developed a set of rules and procedures, with the goal of increasing the repeatability 

of the process, reducing errors and subjectivity.

• Standard legend of cover types to be 

retrieved from the image. CRITERIA: 

classes easily separable with remote 

sensing and having significant differences 

in the bio-physical properties affecting 

surface-atmosphere interactions.



• Standard procedure of image 

classification. CRITERIA: use of 

binary decisions wherever possible, 

to assign pixels to classes.

Updating of the CORINE land cover mapUpdating of the CORINE land cover map

with ASTER informationwith ASTER information

Information retrieval 2Information retrieval 2

We developed a set of rules and procedures, with the goal of increase the repeatability 

of the process, reducing errors and subjectivity.



CORINE Classification
(New Aggregated Scheme) R.S. Classification

Class 
Code
CCOR

Class 
Code
CRS

 Is the CRS class 
allowed to change 

CCOR class?

 In which class 
(New Aggregated  
Scheme) CCOR have 

to be changed? 

New Class 
Code
CCOR

Class 
Code
CCOR 

Unchange
d 

Updated CORINE Classification
(R.S. Aggregated Scheme)

Rules

YesNo

Rules

• Set of RULES  that control the way the remote sensing classification modifies the 

Aggregated CORINE Land Cover. CRITERIA: maximizing the input of significant information; 

minimizing the influence of possible R.S. classification errors.



CORINE Classification
Updated CORINE 

Classification

CORINE Classification

Updated CORINE 
Classification

R.S. Classification

“Cultivated 
Land” 

(Code 50)

Rule:
R.S. Class “Fallow 

ground” 
can change 

Aggregated Scheme 
Class

“Cultivated Land” 
in 

“Fallow ground” class 

“Fallow 
ground”

(R.S. Code)

“Fallow 
ground”

(Code 51)

R.S. Classification

“Industrial” 
(Code 3)

Rule:
R.S. Class “Fallow 

ground” 
cannot change 

Aggregated Scheme 
Class

“Industrial”  

“Fallow 
ground”

(R.S. Code)

“Industrial”
(Code 3)

Way the remote sensing classification modifies the Aggregated CORINE Land Cover. 

Examples of RULES



Land Cover changes induced by Remote SensingLand Cover changes induced by Remote Sensing

ResultsResults

Land Cover changes induced by Remote SensingLand Cover changes induced by Remote Sensing

ResultsResults

Aggregated CORINE map R.S. updated CORINE map



Percents of Coverage have been 
extracted from the land cover maps 
given as input to the dispersion model 
(250 m x 250 m grid) 

Land Cover changes induced by Remote SensingLand Cover changes induced by Remote Sensing

ResultsResults



Effects of ASTER information on Dispersion resultsEffects of ASTER information on Dispersion results

ResultsResults

 z0 : roughness length
u* : friction velocity
w*: convective scale velocity
L:   Monin-Obukhov length
h:   mixing height

R.S. changed the spatial distribution of the outputs.

Their statistic distribution is little affected.

Changes are more important over water than over land, 

and during day than during night.

 R0 = reference run
 R1 = run using remote sensing

 
1 0

2€ " � � R RRMSD mean f f  f : model output



Particle 
Trajectory

Particle Cell
Horizontal: 250 m x 250 m
Vertical: 20 m, ground based 

Effects of ASTER information on Particle distributionEffects of ASTER information on Particle distribution

ResultsResults

Number of surface cells (n) crossed by a n. of particles greater than a given threshold nt 

 R0 = reference run
 R1 = run using remote sensing

The reference run produces more cells with high 

number of particles than run R1

            the Run using R.S. produces more dispersion 

mean and standard deviations obtained 
from the two runs differ by less than 10-2 



ConclusionsConclusions

Updating the land use map with ASTER classification

•  Very small differences on the mean values of the outputs of the model; 

•  Significant changes in their distribution over the domain. 

•   Causes of these differences should be further investigated. 

Using ASTER albedo in the model

•   Satellite albedo values are very close to the values contained in the model internal 

tables;                  Remote sensing images can be used as an alternative way to obtain 

reliable values of this parameter.

Further work

•   Application to different case studies, to confirm the present first results; 

•   Attempt to extract other surface parameters needed by the models.

Results for a single 
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