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Meteosat: channel 3.9µm colouring HRV

2006-July-7 16:00

Fire and...



Meteosat-10 HRV

2015-Aug-5 12:00

... drought



Drought versus fire

Accumulated

climate-like

Instantaneous

weather-like
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Image library: FEATURE: drought

Drought satellite monitor

Trigger for fires

Cumulative effect for years

Dust connection



Monitoring drought with satellites

DROUGHT (extensive)

High values in reflectivities and 

brightness temperatures (BT)

Low variability in reflectivities and 

BT  (little cloud)

Low emissivities in the IR 

window, e.g. as calculated by LSA 

SAF

Can be monitored through the 

fractional vegetation cover (FVC)

Stands out in series as 

accumulation events

Channel 0.8-1.6µm

FIRE (intensive)

Hot spots at 3.9µm channel

Scars with low reflectivity

Smoke and pyro-cumulus at 

height

Optimal sensitivity  in the near 

infrared

Stands out in series as 

exceptional events

Channel 3.9µm

MIN 1.6µm 

values for August 

2015

13%-30%

on land



Hydrology SAF 



10.8 µm

3.9 µm - 10.8 µm

Daily cycles for different soils



Meteosat solar channels10

landsaf.meteo.pt



VIS 0.6

NIR 0.8

SWIR 1.6

Normalized reflectance K0

BRDF

Training 

soil-vegetation

Gaussian fit

Bayesian class 

likelihood

Fractional vegetation 

cover (FVC)

Land-surface 

emissivities
Emissivity 

maps
Desert

Forest

The long path to monitor drought: from solar to thermal

solar 

thermal

Vegetation and

bare-ground

tables



Proxies for soil heating

Composite of IR window channel differences 

12th July 2017

IR 10.8µm day-night variance

12th July 2017



Heating-cooling asymmetry



Imagery summaries for drought



Fractional vegetation cover (FCV)



20172016

1 June 2016/2017 Leaf Area Index from LSA SAF

Leaf area index (LAI)



1-2 August 2017 

northbound passes 

ASCAT

2-3 August 2017 8-27cm 

depth layer

H-SAF products from ASCAT (+ models)



Metop-B ASCAT 13 April 2017

Product H14 from HSAF

ASCAT on Metop



ASCAT double swaths reflectivities



Forecasting heating in the course of the day

Based on 7 UTC Meteosat channel values, a prediction of pixel heating is done 

based on regression. The thermal value is better predictor than the solar reflectivities

Explained variance= 73%. Typical increase: (20 +-8)K, Resulting uncertainty +-4K



Meteosat solar channels

21

Earth Surface Channel 01 (VIS0.6)           Clouds
High reflectance

thick clouds

thin clouds 

over land

thin clouds 

over ocean

Low reflectance

Sun Glint

Snow

Desert

Bare Soil

Forest

Ocean, Sea

31 October 2003, 11:30 UTC



Meteosat solar channels22

Sun Glint

Snow

Desert

Gras, Rice 

fields

Forest

Bare Soil

Ocean, Sea 31 October 2003, 11:30 UTC

High reflectance

thick clouds

thin clouds 

over land

thin clouds 

over ocean

Low reflectance

Earth Surface Channel 02 (VIS0.8)           Clouds



Meteosat solar channels23High reflectance

Water clouds 

(small 

droplets)

Water clouds 

(large droplets)

Ice clouds 

(small 

particles)

Ice clouds 

(large 

particles)

Low reflectance

Sun Glint 

Sand Desert

Gras, Rice 

fields

Forest

Bare Soil

Snow

Ocean, Sea
31 October 2003, 11:30 UTC

Earth Surface Channel 03 (NIR1.6)
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Vegetated and dry soils

dry soil

vegetation

6

Room for new 

vegetation 

index!

Room for true 

‘RGB’  (human eye)

Room 

for traditional 

NDVI

The vegetation response to wavelengths in our eye colour perception is proportional to

those at 0.6µm, 0.8µm and 1.6µm: happy coincidence!
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A AB

B

E

E

D

D

C

C

Index (3-2)/(3+2)

B (dry)= 12%   

C (vegetated)= -20%

Index (2-1)/(2+1)

B (dry)= 25%   

C (vegetated)= 40%

C
h
3
-C

h
2

Ch 2

E

ABC

D

Now, 2-1 in vertical. Your turn!

C
h
2
-C

h
1

Ch 2

Dry soil shows brown in the natural RGB!

1.6µm reflects better than 0.8µm on dry 

ground, but worse in vegetated areas

1.6µm 0.8µm



Meteosat solar channels
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VIS0.6

VIS0.8

Solar channel differences over land

•VIS0.8: higher land surface contribution, 

especially over vegetated areas

•The difference can be sliced to remove cloud, by 

restricting to non-cloud high values (+25% ... 

+50%)

VIS0.8 – VIS0.6 Meteosat 2011-05-19 09:30 UTC



Suspicion and truth

Hipothesis: “too dry”

Numeric analysis

Confirmation or

refusal through 

statistical 

analysis

Correction of the 

display

technique that 

generated the 

wrong 

assumption

The two images are identical, just 

differently enhanced or processed



Meteosat solar channels

62
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Exercise: identify the clusters in the 0.6 and 0.8 µm channels

dry

vegetate

d

snow

sea

Meteosat-9

RGB Natural

colours

2008-04-06 

12UTC

Ch 2

C
h
 2

-C
h
1

Where are 

the 

growing 

vegetation 

pixels on 

the graph?
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Normalized vegetation index = (2-1)/(2+1)

Desert and tropical forest in the solar channels

0
.8

 µ
m

0.6 µm (albedo %)



A
B

C

D

E

F

Comparison of 1.6µm and 0.8µm channels



Channel reflectivities on soil
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0.6µm 0.8µm 1.6µm

6 UTC     9             12           15

Evolution in the day of BT10.8µm and of  % 

reflectivity at Meteosat channels 1,2 and 3:

-Simple reflectivity formula shows directionality 

in reflection for

Sun-sat 90, 47, 15, 47

Solar:    77,41,  26, 54



Maximum of infrared composite: dust presence

20June- 19July 2015



Maximum of infrared channel (3.9µm): soil conductivity

20June- 19July 2015

Sand and rock areas discriminated by conductivity



Warm water surfaces, rocky grounds and fires show in de-

clouded images (maximum value in several days)

Sand is less emissive and cools off faster than rocky ground, 

which has texture

Rock 

Emiss:0.9

Conduct: 2.0 W/m/K

Sand

Emiss: 0.7

Conduct: 0.1

Thin cloud, emissivity, conductivity

IR max imagery:

-Indication of soil emissivity-

conductivity (i.e. separates 

rock from sand). 

-Water and soil humidity raise 

the emissivity (higher 

brightness temperatures, BT)

-Removes cloud in long image 

series

-Sunglint-affected under 4 µm 

(water surfaces, reservoirs)



Channel 3.9µm before-after flooding, on consecutive nights



Solar: cloud influence. MIN image

Solar min imagery:

-On dry surfaces, 1.6µm 

albedo is very high, so icy cloud 

(lower albedo) hides it.

-Lowest albedo at solar 

channels indicates vegetation

maxima.

-Over water, low surface 

albedos prevail and are shown 

black.

-Sunglint removed at min 

image

Meteosat-10 20 July – 17 Aug 2015: MIN solar RGB at midday



Drought as a fire risk indicator

Dry + Vegetation = Fire risk

Algorithm based on RGB=(  min_in_period(max_on_pixel(c3,c2))

min_in_period(c2) 

min_in_period(c1)      )

Fire risk areas in brown or red.

c3: sandy

c1: dry c2: growing



Midday-midnight oscillation: dry and humid ground + cloud



Skin layer entropy: connection between drought and fire risk

Temperature

Thermal entropy

Solar entropy

TIME of DAY

Hypothesis, TBC on imagery:

“Skin layer entropy peaks lead to 

fires, and shows a high 

correlation with fires”

There is a slow conductive term 

between surface and depth, which 

regulates the surface temperature and 

moderates the entropy changes.

Fast components are solar and 

thermal radiation.

Problem: No simple evaluation of the 

solar energy with cloud

Ground temperature and emissivity 

estimated from BT10.8µm and 

BT12µm

Solar entropy = cos θ * solar contant  / soil temperature

Thermal entropy = emissivity * σ *  temperature^3



Conclusions

 Solar channels at 0.6µm and 0.8µm are designed to measure 

vegetation growth

 Channel 1.6µm in Meteosat is a detection tool for dry sandy areas, 

and is used, concurrently with 0.6 and 0.8µm, for monitoring 

fractional cover of vegetation

 LSA SAF offers an excellent palette of vegetation products on a 

regular operational schedule. A library of case analyses with 

satellite imagery is being built. Please contribute!

 Studies relating accumulated heat in soil and fire onset expect 

your cooperation!

THANK YOU FOR YOUR 

ATTENTION!


