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WATER RESOURCES (SEBS)

Exercise 1

Introduction

This practical contains three exercises related to earth observation of water resources.

These exercises were developed originally for the ESA-MOST Dragon programme advanced
training course in land remote sensing.

Exercise 1 deals with the preparation of MODIS Level 1B data as input for SEBS, which
includes preparing software for reading MODIS products, ordering and downloading the
MODIS Level 1B data, and viewing and getting familiar with the MODIS data products in
HDF format.

Exercise 2 leads you though the different steps in processing satellite data (e.g. MODIS
Level-1B data) in the ILWIS system (Integrated Land and Water Information System, an
open source Remote sensing and GIS system developed by ITC, University of Twente,
downloadable from http://www.itc.nl/research_programme, following the ‘ILWIS - Remote
Sensing and GIS software’ link). In a step by step procedure, this exercise enables you to
derive land surface geophysical parameters and energy balance components, including
evaporation rate.

Exercise 3 describes similar steps as in Exercise 2 but using the BEAM software environment
(http://www.brockmann-consult.de/cms/web/beam/). BEAM is an open-source toolbox and
development platform for viewing, analysing and processing of remote sensing raster data.
BEAM supports image data from Envisat's optical instruments, raster data formats such as
GeoTIFF and NetCDF as well as data formats of other EO sensors from MODIS, AVHRR,
AVNIR, PRISM to CHRIS/Proba. Various data and algorithms are supported by dedicated
extension plug-ins. Similarly you go though the different steps in processing satellite data
(e.g. AATSR Level-1B data) to derive surface geophysical parameters and energy balance
components, including evaporation rate by using the SEBS plug-in.



http://www.itc.nl/research_programme
http://www.brockmann-consult.de/cms/web/beam/
http://github.com/bcdev/beam
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Exercise 1
By Lichun Wang, July, 2012

Exercise 1: Preparing MODIS Level 1B data as input for
SEBS

In this exercise we will apply various procedures to estimate evaporation from MODIS L1B
products (L1B is radiometricaly calibrated, but not atmospherically corrected data). The tasks
in this exercise are to perform:

*  Preparing the software for MODIS products

e Ordering and downloading the MODIS Level_1B data

* Viewing and Getting familiar with the MODIS data products (HDF datasets) used in
this exercise

1.1 Preparing software for using MODIS products

1.1.1 HDFView

HDFView is a tool for browsing and viewing the contents of HDF files. The software can be
downloaded from http://www.hdfgroup.org/hdf-java-htmli/hdfview/

If not installed already, installed the package as follows:

1. Type hdfview_install_windows_novm.exe to install
2. Start from Start -> programs -> HDFView 2.8 -> HDFView 2.8

Note: Before the installation of the software, Java JDK1.5.0 (or higher) must be installed
on your machine.

1.1.2 ModisSwathTool

The Modis Reprojection Tool Swath allows you to reproject swath MODIS level-1 and level-
2 data products. It is free and can be obtained from:
http://Ipdaac.usgs.gov/landdaac/tools/mrtswath/index.asp

In this exercise, assuming you have downloaded the software as the zip file MRTSwath.zip.

1. Unzip the MRTSwath software to a folder, for example, D:\MRTSwath directory.

2. Edit the ModisSwathTool.bat file in D:\MRTSwath\bin directory. You will need to
update the MRTDATADIR to the MRTSwath data directory, the path to the Java
executable, and the path to the ModisSwathTool.jar file. For example, the Java
executable path is C:\Program Files\Java\jre1.5.0_11\bin, and the MRTSwath is
installed in the D:\MRTSwath directory, the sample ModisSwathTool.bat file looks
like as follows:

- set MRTDATADIR=D:\MRTSwath\data
"c:\WINDOWS\system32\java.exe" —classpath
"D:\AMRTSwath\bin\ModisSwathTool.jar" mrtswath.ModisSwathTool

Note that the blue statement is all on one line. Do not break this statement into
multiple lines!


http://www.hdfgroup.org/hdf-java-html/hdfview/
http://lpdaac.usgs.gov/landdaac/tools/mrtswath/index.asp
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3. Start MRTSwath with ModisSwathTool.bat from the D:\MRTSwath\bin directory, or
to create a shortcut to MRTSwath, and click on the shortcut.

1.2 Ordering and downloading the data

For this exercise, you will be using the following MODIS products, covering the Nagu site on
the Tibetan plateau, China:

MODIS calibrated L1B swath file:

MODIS L1B file MOD021KM.A2008186.0430.005.2010188194504.hdf
Geolocation L1A file:

MODO03.A2008186.0430.005.2008186113434.hdf

Corresponding to an overpass on July 4, 2008 (Julian day186), recorded at 04:30 GMT.

You can order these products from NASA’s LAADS Web:
http://ladsweb.nascom.nasa.gov/browse_images

@/ GODDARD SPACE FLIGHT CENTER | + Visit NASA.gov

LAADS Web

Level 1 and Atmosphere Archive and Distribution System

; gt
| ewowe | som | mass | oo | ewEp |

Images

Level 2 Browser

Visually browse MODIS level 2 atmeosphere productiz. Selected products may then be downloaded directly from the website or retrieved from the
LAADS FTP site.

Level 3 Browser

Visually browse MODIS level 3 atmesphere products. Selected preducts may then be downloaded directly from the website or retrieved from the
L&ADS FTP site.

Webmaster: Karen Horrocks
+ Privacy Policy and Important Notices NASA Official: Ed Masuoka

+ 3end Us Your Comments

Figure 1.1 Overview of the web page for MODIS data downloads

For downloading MODIS L1B product, Clicking on DATA filed, then clicking on Search for
MODIS level 1, atmosphere and land products.

The page that corresponds to this selection is shown in the picture below:
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Product Selection
Please select one or more products:

Satellite/Instrument:

Terra MODIS @ Aqua MODIS © Combined Terra & Agua MODIS © Ancillary Data ©
Group:

Terra Level 1 Products -

Products:

MODO0A - Level 1A Scans of raw radiances in counts

MOD021KM - Level 1B Calibrated Radiances - 1km

MOD02HKM - Level 1B Calibrated Radiances - 500m
MOD020BC - Level 1B Onboard Calibrator/Engineering Data
MOD02QKM - Level 1B Calibrated Radiances - 250m

MOD0255H - MODIS/Terra Level 1B Subsampled Calibrated Radiances S5km
MOD03 - Geolocation - 1Tkm

MODASRVM - AERONET-based Surface Reflectance Validation Network

Please read the disclaimer about the Collection 5 MOD04_L2 and MYD04_L2 products.

Temporal Selection
Please enter the temporal information in either MM/DDAYYYY or YYYY-DDD format:

Temporal Type:

Date and Time Range -
Start Date and Time: End Date and Time:
07/04/2008 04:00:00 07/04/2008 05:00:00

Figure 1.2 Overview of MODIS data search
Select the following options for:

Satellite/Instrument:
Terra MODIS

Group:
Terra Level 1 Products

Products
MODO021KM - Level 1B Calibrated Radiances — 1km
MODO3 - Geolocation — 1km

Search Date and Time
Start Date and Time: 04/07/2008 Time (UTC): 04:00:00
End Date and Time: 04/07/2008 Time (UTC): 05:00:00

Collection Selection
5o0r51

Special Selection
Latitude/Longitude

Search Area

Type in Lat/Lon range
Northern latitude: 35
Southern latitude: 27
West longitude: 86
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East longitude: 95

Please enter the coordinates for your area of interest.
Coordinate System:

Latitude/Longitude -

In addition to entering the coordinates, users with Javascript enabled browsers may use their mouse to select a region on the ms
predefined regions.

Specify Bounding Box Coordinates as:
MNorth, West, East, South -

Morth:
35

West: East:
86 95

South:
27

Figure 1.3 Overview of selected MODIS data coverage
Coverage Selection
Day (containing day data only)
Clicking on Search
The search should find two images having the following names on your screen after some

time:

MODO021KM.A2008186.0430.005.2010188194504.hdf
MOD03.A2008186.0430.005.2008186113434.hdf

Note that July 4, 2008 is day-of-year 186.
Note: You can preview the scenes.

Clicking on Order Files Now
Providing your e-mail address, and checking FTP pull option, and then clicking “Order”.

After this is done you will receive an e-mail informing you that your order has been
received. Within some time (it may take several hours, or one or two days), you will
receive an e-mail with FTP details, with which you can download the data.

Sometimes it can take quite some time to order the data. In order to speed up the exercise,
the above two files are provided to you, which are located in the MODISL1B directory.

1.3 Getting familiar with the MODIS data with HDFView tool

Run HDFView
You can run the HDFView from
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Start->Program Files->HDFView?2.8

Open afile:

You can either click the “open” button or select the “open” from the file menu. In the
Open file pop up window, choose this file
MOD021KM.A2008186.0430.005.2010188194504.hdf

After you open this file, the structure of the file is displayed in the tree panel on the left
side of the Main Window.

View data content:
Double click “MODIS_SWATH_Type_L1B”, and then double click “Data Fields” to see
the content of the data fields (see picture below).

FF HDFView
File MWindow Taools Help

=l @EE

FileflURL |DADragonZ01MSEESWOD021 KMAZOOR 26.0420.005.20101 835194504 hdf

(] MOD021 KM AZO081 86,0430, 005,201 01 88194504 hdf |+ |
¢ @ MODIS_SWATH_Type_L1E ;
o= ) Gealocation Fields
 @pstareie

i Ev_1KkM_RefSE
B EV_1KM_RefSE_Uncert_lndexes
fEh Ev_1KM_Emissive
ﬁ Evw_1kM_Emissive_Uncert_Indexes
B Ev_250_Agor km_RefSE
ﬁ Ew 250_Aggrikm_RefSB_Lincer_Indexes
ﬁ Ew _280_Agari km_Ref3B_Samples_Used
B Ev_s00_Agor km_RefSE
ﬁ Ew_a00_Aggrikm_RefSB_Lncer_Indexes
ﬁ EY_a00_Agari km_RefSB_Samples_Lzad
fEh Height
& Sensorfenith
) SensarAzimuth
& Range
& SolarZenith :
& SolarAzimuth L

Figure 1.4 Overview of the tree panel of the Main Window

Examine the band attributes of the file:

To view the attributes of data fields, you can right click an individual field e.g.
EV_250 Agglkm_ RefSB, in the context-menu, then select “Show Properties” menu,
then in the pop up window, click on Attributes tab. The following figure shows an
example of the information of the selected data field.
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FF HDEView (== ][=]

File Window Tools Help

File/URL  |DADragon201 MSEEBSWIOD021KMAZO08186.0430.005.201 0188194504 haf V‘

(4] MODO21 KM AZ00E186.0430.005. 2010188194504 Properties - /MODIS, SWATH Type L18/Data Fields/EV 250 Aggrlkm RefSB
¢ @ MODIS_SWATH Type L1E

_— [ General I’Aﬂributes |
o= 2} Geolocation Fields

¢ @ Data Fields Mumber of attributes = 14

) Ev_1KM_RersE | Marne Walue Type

m EY_1KKM_RefSE_Uncert_Indexes Iontg]_name Earth Wiew 2500 Aggreq... SEII cnaracier
units none -hit character

B EV_1KM_Emissive walid_range 0, 32767 16-hit unsigned integer

i EV_1KM_Emissive_Uncert_Indexes _Fillvalue A5535 16-hit unsigned integer
band_names 1,2 3-hit character

i Ev_250_Agorikm_RefSB Iradiance_scales 0.026244134, 0.0099289... 32-hit Noating-paint

B Ev_250_Agarikm_RefSE_Uncert_Indd |[radiance_offsets -0.0,-0.0 32-hit Noating-point
(Iradiance_units VWattsim*2imicrometerist. . |8-hit character

B EV_250_Agartkm_RefSB_Samples_J reflectance_scales 5306173365, 3.049691...] 32-hit Noating-paint

i Ev_s00_Aggri km_RefSE ([reflectance_offsets -0.0,-0.0 32-hit floating-point

ﬁEv 500_Agor kim_RefSE_Uncert_Inds reflectance_units none 8-hit character

- - - - - carrected_counts_scales |01249733, 012449733 32-bitfloating-paint

B Ev_500_Agort km_RerSE_Samples_U |[corected_counts_offsets |-0.0,-0.0 32-hit loating-point

corrected_counts_units  |counts B-bit character

HOFYiew root - CAProgram Filestthoihofiiew: 2.4

ser property file - CAllsersilaptopl hdfview? 4 | 5 0R17IIE-5 2740601 5E-5
java.netMalformedURLException: unknown protacal: :

Hilo ™0 il Pl ol i L. NIl ol ol ClDSE
Log Info L tetadata |

Figure 1.5 Overview of attributes of the selected data field

Take some time to examine the data attributes of the products from the Data Field list on
the left side of the HDFView screen, e.g. band names, reflectance/radiance scales,
reflectance/radiance offsets, valid range etc.

Obtain the calibration parameters (reflectance and radiance) from the following bands:

& Type the reflectance scales and offsets of MODIS bands in this table

Band name Reflectance scale Reflectance offset
Band1
Band2
Band3
Band4
Band5
Band6
Band7
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& Type the radiance scales and offsets of MODIS bands in this table

Band name Radiance scale Radiance offset
Band2

Band17
Band18
Band19
Band31
Band32

The obtained calibration parameters will be applied to calculate the reflectance and
radiance products in the next step of this exercise.

Listing of the data fields and the MODIS bands to be used in this exercise in the
MODO021KM product

Data Field Band
EV 250 Aggrlkm RefSB 1,2

EV 500 Aggrlkm RefSB 3,4,5,6,7
EV_1KM_RefSB 17,18,19
EV_1KM Emissive 31,32

View the Geolocation file:

Click the “open” command button, in the Open file pop up window, choose this file
MODO03.A2008186.0430.005.2008186113434.hdf

Follow the above steps to check the scale factors for the SensorZenith, SensorAzimuth,
Solarzenith, SolarAzimuth and Height bands.
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Exercise 2: Processing MODIS Level 1B data for use in
SEBS for ILWIS

2.1 Introduction

SEBS for ILWIS provides a set of routine for bio-geophysical parameter retrievals. It uses
satellite earth observation data, in combination with meteorological information as inputs, to
retrieve a set of geo-physical parameters, evaporative fraction, net radiation, and soil heat flux
parameters etc. This document describes the overview procedure of SEBS for retrieval of bio-
geophysical parameters by using MODIS Level 1B data.

It concerns the files over the Naqu site on the Tibetan plateau, China:

In this exercise, we will be using the following MODIS files:
MODIS calibrated L1B swath file:

MODIS L1B file MOD021KM.A2008186.0430.005.2010188194504.hdf
Geolocation L1A file:

MODO03.A2008186.0430.005.2008186113434.hdf,

which corresponds to an overpass on July the 4th 2008 (Julian day186), recorded at 04:30
GMT.

The MODIS Level-1B and Geolocation (the MODO03, for Terra, and MYDO03, for Aqua)
products are usually available through the GSFC DAAC website

http://ladsweb.nascom.nasa.gov/browse_images.

The following MODIS bands will be extracted and pre-processed for further SEBS processing
in ILWIS.

. From data file (MOD021KM.A2008186.0430.005.2010188194504.hdf):
- bands 1 and 2 from the EV_250 Aggrlkm_RefSB data field,
- bands 3, 4, 5, 6 and 7 from the EV_500_Aggrikm_RefSB data field,
- bands 17,18 and 19 from the EV_1km_RefSB data field
- bands 31 and 32 from the EV_1KM_Emissive data field.
. From Geolocation file (MOD03.A2008186.0430.005.2008186113434.hdf ):
- Height,
- SensorAzimuth,
- SensorZenith,
- SolarAzimuth and,
- SolarZenith.

2.2 Install ILWIS and BEAM software

We will need to install the ILWIS and BEAM software for further data processing and
analysis.
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ILWIS

ILWIS is a remote sensing and GIS software, which can be downloaded from
http://www.52north.de

If not installed already, installed the package as follows:

1. Type setup.exe to install
2. Start from Start -> programs -> ILWIS

BEAM

Down and install the BEAM software (http://www.brockmann-
consult.de/cms/web/beam/).

2.3 Main Processing Steps

There are 4 main processing steps.
I.  Reprojecting & converting MODIS level-1B data with ModisSwathTool software

Il.  Importing images into ILWIS

1. Pre-processing for SEBS
Raw to radiance/reflectance
Brightness temperature computation
Water vapor content estimation
SMAC for atmospheric correction
Land surface albedo computation
Land surface emissivity, NDVI, vegetation proportion and emissivity
difference computation

g. Land surface temperature computation

IV.  SEBS core model for bio-geophysical parameter extraction

hD OO0 o

Figure 1 shows a simplified flowchart for these steps.

10
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WATER RESOURCES (SEBS)

Exercise 2
MODISL1B (HDF)
Reprojecting & format converting
ModisSwathTool (GEQTIFF)
Import of MODIS bands to ILWIS
v !
Reflectance calculation Radiance calculation
l Water Vapor Brightness Temperature
v Radiation
SMAC corrected bands Radiation
v v v v v
LAI ALBEDO NDVI EMV EMV dif =» Land surface temperature

h 4 ¢ h 4 ¢

Calculation of ET & energy balance terms using the SEBS algorithm

v ¢ v Voo |

‘Ins.ETHDainET‘ ‘ GO H Rn H H H AE

Figure 2.1 Simplified flowchart - Processing of MODIS L1B for SEBS

2.3.1 Step I: Reprojecting MODIS Level-1B Data

The MODIS L1B data are in swath (orbit based) format, therefore in this part, we need
to reproject the data to a standard projection and format compatible with GIS software.
The MODIS Reprojection Swath Tool (ModisSwathTool) allows the user to transform
MODIS L1B data from swath format to other widely supported projections and formats
for GIS applications.

For the current exercise, both the MODIS Level-1B and geolocation products should be
converted to TIFF/GeoTIFF format, and reprojected to Geographic projection ready for
importing into ILWIS.

The procedure with ModisSwathTool software is as follows:

Start MRTSwath program with ModisSwathTool.bat from the D:\MRTSwath\bin directory, or
to create a shortcut to MRTSwath, and click on the shortcut

11
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| £| ModisSwathTool == | =]

File Action Help

Source Destination
Input File - -
I A2008186 0430 005 2010155194504 hdf | Dpeninitisec ‘ | Specify Output File ..
Output File
Input File Info: | View Metadata ... ‘ |D'\Drag0n201D\SEEIS\tif
Total Number of Bands: 85 Output File Type
Data Type: (UINT16, UINT16, UINT16, UINT16, UINT16, UINT16, UIN
Number of lines: ( 2030, 2030, 2030, 2030, 2030, 2030, 2030, 2030, 2{= |GEOTIFF -]
Number of samples: { 1354, 1354, 1354, 1354, 1354, 1354, 1354, 135 Resampling Tybe
LatiLong of Upper-Left Comer: ( 47.53411458 81.308272002 ) LI TE
LatiLong of Upper-Right Corner. ( 47.53411458 112775407662 ) |Nearest Neighbor |v
] [*] Output Projection Type
Geographic hd

Available Bands: 73 Selected Bands: 12 | P |
EV_1KM_RefSB_b10 EV_1KM_RefSB_b11 |+ | Edit Projection Parameters ...
V1K Rots Uncort Output Data Type
EV_1KM_RefSB_Uncert |5"'"‘e"‘5 Input Data Types |'
A ] [] Output Pixel Size

Spatial Subset: |||“'_|ut Lat/iLong |v|

Commands
Latitude Longitude | Load Parameter File ... |
UL Corner:  [35 | lg6 | :
| Save Parameter File ... |
LR Corner: 30 | o2 | Parameter File
Geolocation File
3.A2008186.0430.005.2008186113434.ha | Open Geolocation File . ‘ | Run || Exit |

1

Figure 2.2 Example for the settings in the ModisSwthTool

. Converting desired channels in the given MODIS level-1B file into GeoTIFF

e Start by clicking on the “Open Input File” button to the right of the Input file field, and

then select the desired input file, in this case,

MODO021KM.A2008186.0430.005.2010188194504.hdf from the input file selection

dialog box.

o Select the desired bands to process. By default, all the available bands in the input file

are selected. In this exercise we wish to extract the following bands:

- EV_250_Aggrlkm_RefSB_bO - channel 1
- EV_250 Aggrlkm_RefSB_bl - channel 2
- EV_500_Aggrikm_RefSB_bO0 - channel 3
- EV_500_Aggrikm_RefSB_b1 - channel 4
- EV_500_Aggrikm_RefSB_b2 - channel 5
- EV_500_Aggrlkm_RefSB_b3 - channel 6
- EV_500_Aggrlkm_RefSB_b4 - channel 7
- EV_1km_ RefSB_b11 - channel 17

- EV_1km_RefSB_b12 - channel 18

- EV_1km_RefSB_b13 - channel 19

- EV_1KM_Emissive_b10 - channel 31

- EV_1KM_Emissive_bll - channel 32

e Select Input Lat/Lon from the spatial subset field.

12
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Enter the upper left and lower right corner coordinates in the Latitude and Longitude to
cut the area of interest, in this case the coordinates are filled with following coordinates:
UL Lat 35

UL Long 86

LR Lat 30

LR Long 92

Select the associated Geolocation file for the given MODIS swath file. Note: This file
needs to be of the same date and time as the input MODIS swath file, otherwise the
Geolocation data will be incorrect.

Specify the name of an output file by clicking the “Specify output file” button. In the
output file dialog box, type in .tif for the output file as shown below. Make sure the data
is stored in the proper output folder.

Select [Z|
Look In: | SebsExercise - |I3§| |ﬁ'| |Ij| | Eigil 8=
] coefficients [y _Ev_500_Aggr1km_Ref
[ _Ev_1KM_Emissive_b10.tif [y _Ev_500_Aggr1km_Ref]
[y _EV_1KM_Emissive_b11.tif [y _Ev_500_Agar 1km_Ref!
[y _Ev_250_Aggr1km_RefSB_b0.tif [y _Ev_500_Aggr1km_Ref]
[y _Ev_250_Aggr1km_RefSB_b1.tif [ _Height.tif
[y _Ev_500_Aggr1km_RefSB_b0.tif [ _sensorAzimuth.tif

4 l | [ »
File Name: |t |
Files of Type: |*hdr, *.hdf, *tif v

Select Cancel

Figure 2.3: Output file selection dialog box, the extension you choose .tif (Tagged Image File

Format TIFF) will determine the output file format.

The output band name is automatically appended to the base output file name, in this
case, EV_250_Aggrlkm_RefSB_bO0.tif for bandl and
_EV_250 Aggrlkm_RefSB_b1.tif for band2, respectively.

Select GeoTIFF format from the output File Type.

Leave the default resample method to Nearest Neighbor

Set Output Projection Type to Geographic
Leave the default the same as input data types for the Output Data Type
Set the output pixel sizes to 0.01 degree

Press Run to complete the data conversion process. Note that a window will open that
shows the processing status of the process.

< Why do you think that the pixel size of 0.01 degree was selected?

13
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2. Converting satellite and solar zenith and azimuth angle bands from Geolocation file
into GeoTIFF

o Apply the same steps to the Geolocation file, in this case, open the file
MOD03.A2004186.1045.005.2007287062243.hdf. Select bands SolarZenith,
SolarAzimuth, SensorAzimuth, SensorZenith and Height to the selected bands list.

e Specify the file extension .tif for the output filename in the Select File dialog.

e Leave the other input parameters as the same for the processing of the MODIS L1B
file.

e After the processing finished, bands SolarZenith, SolarAzimuth, SensorAzimuth,
SensorZenith and Height are converted into the GeoTIFF format named

- _SolarZenith,

_SolarAzimuth

_SensorAzimuth,

_SensorZenith

_Height

Jvoassentod BN el . T B
—

File Action Help

Source Destination
Input File : :
3.A2008186.0430.005.2008186113434.nd | Open Input File ... ‘ | Specify Output File ...
QOutput File
Input File Info: | View Metadata ... ‘ |D'1.SEEIS ol

[Total Number of Bands: 8 il Output File Type
Data Type: (INTA6, INT16, INTAG, UINTAE, INT16, INT16, UINTS, UINT
Number of lines: ( 2030, 2030, 2030, 2030, 2030, 2020, 2030, 2030 ) |= GEOTIFF v
Mumber of samples: ( 1354, 1354, 1354, 1354, 1354 1354, 1354, '135_ Resampling Type
LatiLong of Upper-Left Cormer: [ 47 53411458 81398272002 ) pling fyp
Lat/lLong of Upper-Right Caorner: ( 47.53411458 112775407662 ) = |Nearest Neighbor |v
al l [ 1°] Output Projection Type
Geographic -
Available Bands: 2 Selected Bands: 6 | P |
Land/SeaMask Height il | Edit Projection Parameters ...
gflags SensorZenith
SensorAzimuth = Output Data Type
Range |Same As Input Data Types |v
SolarZenith =
. il Output Pixel Size
|
Spatial Subset: ||||pm Lat/Long |v|
Commands
| Latitude Longitude | Load Parameter File ... |
UL Corner: 35 26
| | | | | Save Parameter File ... |
LR Comer:  [30 | b2 | Parameter File

Geolocation File

3.A2008186.0430.005.200818611 3434.hdf|

| Open Geolocation File ... ‘ |

Run | | Exit

Figure 2.4 Example window for the setting to the Geolocation file

Upon completion of the data conversion, close ModisSwathTool and start ILWIS.

At this point: ILWIS should be installed before continuing.
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2.3.2 Step I1: Importing GeoTIFF files into ILWIS raster files

Start ILWIS and navigate to the working directory that contains the GeoTIFF files just
created.

Go to File-Import to open the ILWIS Import tool.

Select Geospatial Data Abstraction Library (GDAL) option.

Select raster->GEOTIFF format.

Click on the “Open Input File” button to the right of the Input file field, and then select
the desired input file, in this case _EV_250_Aggrlkm_RefSB_b0.tif from the input file
selection dialog box.

e Uncheck Output name matches input option

e Specify band1_dn for the output filename. (see Figure 5)

B oot N ™ =--

Drivers
- EUMETSAT Archive native [.nat] » Geospatial Data Abstraction Library[GDAL) GeaTIF
3 EﬁHli!:BV'4La”dS°ape Fiee lep Input [_Ev_250_Agarikm_RetSE_bi tf | ]
- Fuji BAS Scanner Image
- Genenic Binary [ hdr Labelled)
- GeoSoft Grid Exchange Format S| Dutput [ard_dn.rpe | L]
- GeaTIFF )
- [olden Software 7 Binary Grid [.gn [ Dutput name matches input
- [olden Software &5CH Grid [ grd) ™ Use as
- [alden Software Binary Grid [grd]
- Giraphics Interchange Farmat [ gif]
- GRIdded Binary [.arb)
- Gnound-bazed SAR Applications T
- @5 Geogrid i
r III"['\[[JIIHI._._I.L(._IJ [ r
ok Cancel
Figure 2.5 Import MODIS bands into ILWIS screen
e Click on OK, an ILWIS object collection (see Figure 6)
containing the raster image, na}med bandl_dn will be (3 DA\SEBS,out
created. The created file is assigned automatically a
geo-reference and a coordinate system, in this case =] band17_dn R
files named band1_dn.ref for the georeference and B band18_dn oreign o
band1_dn.csy for the coordinate system respectively. B band19_dn|
2] bandl_dn | = ——
. . . e band1_dn
Repeat the steps above 16 times in order to obtain all Bl band?_dn | | hard! dn
MODIS channels in GeoTIFF into ILWIS images. 5] band31_dn ii: bardl dn
(see the complete list of input and output files in B band32_dn| b bardl ref
Table.1). Blband3 dn | [ -
2] bandd_dn
Verify that all images have been correctly imported 5] band5_dn
(check the coordinate system georeference) 5] bandf_dn
2] band?_dn
Figure 6 Object collection after
importing
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Table 1: GeoTIFF files used in this exercise

Input GeoTIFF filename Output Filename in ILWIS
_EV 250 Aggrlkm RefSB bO0.tif Bandl dn
_EV 250 Aggrlkm RefSB_bl.tif Band2 dn
_EV 500 Aggrlkm RefSB_bO0.tif Band3 dn
_EV 500 Aggrlkm RefSB_bl.tif Band4 dn
_EV 500 Aggrlkm RefSB_b2.tif Band5_dn
_EV 500 Aggrlkm RefSB b3.tif Band6_dn
_EV 500 Aggrlkm RefSB_bA4.tif Band7 dn
_EV_1KM RefSB b11.tif Band17 dn
_EV_1KM_RefSB b12.tif Band18 dn
_EV_1KM_RefSB b13.tif Band19 dn
_EV_1KM Emissive b10.tif Band31 dn
_EV_1KM Emissive b11.tif Band32_dn
_SolarZenith.tif sza_dn
_SolarAzimuth.tif saa_dn
_SensorAzimuth.tif vaa_dn
_SensorZenith.tif vza dn
_Height.tif Height

@ Open some maps and check the values. What are the units?

Note that in order to import all the files in a faster way, you can create an ILWIS script and

run it

Select File menu > Create menu > Script ...

A new script window will be opened.

Go to the main ILWIS window, click on the arrow on upper right of the window to
have a view on the command history.

Look for the line starting with open and end with -method=GDAL -import (which is
the ILWIS command to import data via GDAL). Click and copy the command line.
Paste the command line in the new script window (see Figure 1). Repeat this step 17
times in order to have 17 command lines in the new script.

Change the name of input and output file in order to run the import command on all
MODIS GEOTIFF files. (See the red circles in Figure 6)

Save the new script.

To run the new script, click on “Run Script” button (see the red circle).

After these steps, you will see the complete list of output files in the Catalog shown in
the main window of ILWIS.
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i ILWIS Cpen - E\DATANSERS |
— | e—
|| File Edit Operations View Window Help
=3 "
FEDRREND ey @@ RRBR =+ DBEMNS 6=
|upen EADATM\SEBS_EX\_EV_250_Aggrikm_RefSB_b0.tif -output=EADATAMSEBS_EXZ2\band1_dn.mpr -method=GDAL -import
x
Operation Tres Navigatu[lFinde[l (O E\DATA\SERS EXO = W I]
-] DATA i E] import_medis_images.is| - ILWIS =e=n |
-] DEM Fie Edit View Help
[]"g ?\:DAS Description
- 2 o
[]__D GRACE = E M é
- GRACE ref Sonpt | Parameters | Default Walues
[]--D in-situ-runoff yaN
D Lichunl open EADATAVSERS_Ex2%_EV/ 250N Agarikm_FefSE_bOti -output=E:\DATANSEBS_EX2Wand]_dn mpr -method=GDAL -import
Bl ichun E open E:\DATAMSEBS Ex2% ey 280 kagrikm_refsh_b1HF -output=E \DATANSEBS_EX2\bahdZ gn mpr -method=GOAL -import
| -0 masks open E:A\DATAVSERS EX2Y el grTkm_refsh_bO0bF -output=E \DATAASERS_EX2\bAnd3_ap mpr -method=G0AL -import
. open E:ADATAMSERS EX2Y gy 500_apgrikm_refzb_b1 4 -output=E \DATANSEBRS_EX2\blandd_dh mpr -method=GDAL -mport
-1 Mod13_2012
- open EXADATAVSERS_EX2Y_gv_500_afgrikm_refsh_b2 tif -output=E: \DATANSERS_EX2%HandS_dimpr -method=GDAL -import
-0 OUT basins open EADATANVSERS_Ex2\_gv 500 agarlkm_refsb_b3 tf -output=E ADATANSERS_Ex2\HandE_dh mpr -method=GDAL mport
| B0 OUT_TWS open E:ADATAMSERS. EX2Y e 500_aggrikm_refzb_bd b -output=E \DATANSERS_EX2\band?_dp mpr -method=GDAL -import
| -2 River open E:ADATAMSEBS EX2Y e Tkm_efniesive_b10LGF -output=E \DATANSEBS, Ex2\band31_dn.mpr -method=GDAL -import
open EADATAMSERS EX2Y #v Tkm_emissive_b11.bif -output=E \DATANSERS Ex25\band3E_dn.nipr -method=GDAL -import
[ SEBS_EX2 open E:ADATAMSERS. EX2Y_dv_Tkm_rgfsh_b11bif -output=E:\DATANSER band17_dA mpy-method=GDAL -mpart
&-L0 tmp open EADATAVSERS_EX2_eb_Tkm_gefsh_bl 2 hf -output=E:\DATANSERS band18_dn.gr -method=GDAL -mport
23 TRMM open EXADATAVSERS EX2% et Tkm fefsb bl 3t -output=E:\DATANSER S \e2s8\band19_dn.mpr -method=GDAL -impart
- open E:ADATAMSERS. EX2_helght tiff-output=E \DATANSEBS_Ex2%height mpr -method=GDAL -impart
w23 TWS_Out open EADATAVSERS_Ex2Y_Soldenith tf -output=E:\DATAVSEBS_EX2veza_dn mpr -method=GDAL -impart
a5 Worldmap open E:\DATAVSEBS Ex2% Solarhzimuth tif -output=E:\DATAMSERS_EX2hsaa dnmpr -method=GDAL -impart
o open E:ADATANVSERS. EX2Y_Sensordzimuth bif -output=E:\DATANSEBS_Ex2'waa_dnmpr -methad=GDAL -mpart
- wribasin open E:ADATAMSEBS_EX2_SensoZenith tf -output=E \DATAASERS_EXMwza_dn mpr -method=GDAL -mport
@17 Fducation

Figure 2.6 How to create a script to import MODIS GEOTIFF files used in this
exercises

2.3.3 Step 111: Pre-processing Tools for SEBS

e Raw to radiances/reflectance (MODIS)

The MODIS Level 1b data are given in Sl (simplified integer number); therefore, once
imported into ILWIS, DNs corresponding to all considered bands must be converted into
reflectances (for bands 1 to 7), radiances (for bands 2, 31,32, 17,18 and 19) and angles
(SensorZenith, SensorAzimuth, SolarZenith, and SolarAzimuth). The SEBS for ILWIS
provides the tools to convert the imported MODIS channels in digital number /simplified
integer into radiances or reflectance, which is done by applying the proper calibration
coefficients. The calibration coefficients consist of a scale and offset and are provided in the
HDF header file.

The calibration coefficients were extracted in a previous exercise. Please use them.

The procedure for converting raw data/digital number into radiances/reflectance is as
follows:

1. Select Operations-SEBS Tools- Pre-processing - Raw data into radiances/reflectance

(MODIS)

Select input data file

3. Provide the scale and offset values for radiance/reflectance correction, which can be read
from HDFView software.

4. Assign a proper name for the output file.

5. Click on Show, an ILWIS raster file in radiance/reflectance will be created and opened.

N

Note: bands 1 to 7 need to be corrected by the reflectance scales and offsets; while bands 2,
17, 18, 19, 31 and 32 need to be converted by applying radiance scales (8.40022E-4,
7.296976E-4) and offsets (1577.3397, 1658.2212) respectively in this case.
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T Raw to radiance/reflectance (MODIS) @
Input B aw Data File |ﬁ bandl_dn ﬂ

Radiance/Reflectance scale  |53061733e-F

R adiance/R eflectance Offzet

Output B aster Map |I:|and1|

Dezcription:

Shiow | D efine | Canicel |

Figure 2.7 Example for converting band1 into reflectance dialog box

ET Raw to radiance/reflectance (MODIS) @

Imput B aw Data File |ﬁ band31_dn ﬂ

Radiance/Reflectance scale  |B.40022e-4
Radiance/Reflectance Offzet | 15773357
Output B aster b ap Iband31|

Dezcription:

Shiow | D efine | Caricel |

Figure 2.8 Example for converting band31 into radiances dialog box

The conversion from Sl (simplified integer)/raw data to reflectance is conducted using the
equation below:
reflectance = reflectance_scale ( SI — reflectance_offset)

The conversion from Sl/raw data into radiance is conducted using this equation:
radiance = radiance_scale ( SI — radiance_offset)

The next step is the re-scaling of the zenith and azimuth angle maps:

Note: in this case all solar and satellite zenith and azimuth angles need to be re-scaled by
multiplying maps with a scale factor 0.01; this operation can be done 4 times, one for each
map, using the ILWIS map calculator or applying the following formulas in the command
line. e.qg.:

sza=sza_dn*0.01

saa = saa_dn * 0.01

vza=vza_dn*0.01

vaa =vaa_dn *0.01
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e Brightness temperature computation

Converting the bands 31 and 32 of MODIS from radiances to blackbody temperatures is done
by applying the well-known Planck equation

C
_ 2
T‘; =

- <y .

A, lOg s, T 1
Al

where:
T. = brightness temperature, from a central wavelength
A = the sensor's central wavelength

cl and c2 are blackbody constant.
The procedure for computing the brightness temperature is as follows:

1.  Select Operations -> SEBS Tools -> Pre-processing -> Brightness temperature

computation

Select MODIS sensor

Select input radiance bands 31 and 32, band31 and band32 in this case

4.  Specify a proper name for the output files, btm31 and btm32 for bands 31 and 32
respectively.

5. Click on Show to start computing.

wmn

#® Compute Brightness Temperature

Sensor | MODIS j

Input B adiance Band 31 | Ef band31 ﬂ

Output B aster Map |I:utm31 |

Description:

Input B adiance Band 32 | Efband3z ﬂ

Output M ap for Band 32 |I:utm32 |
Shows | Define | Cancel |

Figure 2.9 Computing brightness temperature for band 31 and 32 user interface

& Open the SZA and the SAA maps and verify the minimum and maximum values and
fill the following table. Units should be in degrees.

SZA SAA

Min

Max
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& Open the reflectance map in channels 1 to 7 and select a water, a soil and a vegetated
pixel and fill the following table with reflectances:

Water Vegetation Soil

Lat, long: | | |

Channel 1

Channel 2

Channel 3

Channel 4

Channel 5

Channel 6

Channel 7

These will be the reflectance before atmospheric correction.

@ For the same pixels find out the Brightness temperature in channels 31 and 32.

BT 31 BT32

Water

Soil

Vegetation
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e Water vapour content estimation

Water vapour content is estimated using the radiance values of MODIS bands 2, 17, 18, and
19.

The procedure for water vapor estimation is as follows:
1. Select Operations-SEBS Tools-Pre-processing-Water vapor computation
2. Select input radiance bands
3. Specify a proper name for the output file
4. Click on Show to start computing

D Compute Atmospheric Water Vapour @

Sensar |MEIDIS

L

Radiance channel 2 |ﬁ band2_rad

Fadiance channel 17 |ﬁ band1?

Fadiance channel 13 |ﬁ band13

L Lef Ledle]

Fadiance channel 19 |ﬁ band19

Output Raster Map |watervapu:ur|

Dezcription:

Shiows | Define | Cancel |

Figure 2.10 Example settings in Water Vapor computation

At the end of this step all input maps are ready for the atmospheric correction preprocessing
step, for the visible and the thermal channels.

e Atmospheric Correction (SMAC)

The correction of the atmospheric absorption and scattering in the visible channels is essential
for any approach dealing with the energy balance equation. If atmospherically corrected maps
are already available they can be imported into the project and this step can be skipped.

The tool available in SEBS for ILWIS to perform the atmospheric calibration of the visible
channels is the SMAC algorithm (Rahman H., Dedieu G. (1994). Smac: A Simplified Method
for the Atmospheric Correction of Satellite Measurements in the Solar Spectrum. Int. J.
Remote Sensing. 15 (1), 123-143.).

IMPORTANT NOTE: According to the authors of SMAC, the model can't be applied for
solar zenith angles greater than 60 degrees and/or satellite zenith angles greater than 50
degrees. So be aware on the use of MODIS images in winter time. SEBS4ILWIS is able to
accept atmospherically corrected maps from external sources, in case other algorithm is used.
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Atmospheric correction data required by SMAC

Aerosol optical thickness (AOT evaluated for 0.55 um): The value ranges from 0.05 to 0.8.
Aerosol in the atmosphere has an extreme dynamic behavior. As a reference aerosol
conditions may change in time scales less than an hour with high spatial variation. At such it
is difficult to get accurate information on the aerosol optical thickness.

Use could be made of the aeronet service http://aeronet.gsfc.nasa.gov/ (that might help to
evaluate a reasonable value of aerosols in case that a station is located close to the area of
interest).

By exploring the Aeronet site information of the kind showed in the graph below can be
retrieved for the sunphotometer stations closest to the area of interest and at the time of the
image.

Cordoba—-CETT . S 31 31, W 64 27, aAltr 730 m,
PI : Bremt Holben, brentfaeromet.gsfc.nasa.gow
Lewel 2.0 A0T Data from & MAY 2002
OT_1020 : <0.02%>
oT_&F0 D <0.032
oT_&F0 : <O 030> Satelite pass
- OT_500 : <0.053> &
[ OT_440 : <0.0643> £
_g h oT_ZF80 <0080
= 0.11 - % AODT_ 340 : <0.098> %W &
£ 0.10 |- =
—_ o.0o9 -
£ olor [ 2
= ) B =)
g 0.06 |3/ &
— 0.05 B
£ 0.0a T =
H 0.03 — B
= 0.02 | == =
0.01 12 13 14 15 16 A7 s «— Hour in GMT
06 «<«— Day inm GMT
MAY
2O

Figure 2.11 AOT is evaluated from sunphotometers at different wavelengths. The vertical line
in the previous figure indicates the satellite pass

Ozone content: Ozone can be also measured in DU (Dobson Units. 1000 DU = 1 g.atm.cm).
Ozone content is less dynamic than the AOT component (changes during days or weeks).

Ozone is monitored quite intensively from satellites and other ground resources.
A good source of ozone in the net is http://macuv.gsfc.nasa.gov/. Use TIFF high resolution on
the same date. Earth-Probe sensor.

SMAC model has in-built standard coefficients for different sensors e.g. MODIS, AATSR,
MERIS, NOAA, SPOT and two atmospheres (desert and continental). SMAC for ILWIS
allows the user to select from a list.

In this exercise, we are going to use the values from the table below:

AOT 550 nm 0.30
Ozone content [atm.cm] 0.288
Surface pressure [HPa] 592
Water vapour(grams. cm™® map
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The procedure for SMAC is as follows:

Select Operations -> SEBS Tools -> Pre-processing —> SMAC

In this exercise, the procedure of atmospheric correction needs to be repeated seven times
(one for each visible channel). In order to import all the other files in a faster way, you can
create an ILWIS script and run it. In the end the interface should look like this (values are
only example in there, you need to use your own data)

B Atmn ospheric Effect Correction (SMAC) @
Top atma. reflectance channel |ﬁ bandl j
Coefficient file for sensor | coef MODIST_CONT  +|

Atmospheric carection data [zource]

[ Optical thickness map [nm)

Iv ‘“wfater vapor content maplg.cm™-2) | EEh watervapar ﬂ

| Ozone content map [atm.cm) 0.2ga
[T Surface pressure map (hpa) G071

Sundzatelite angle data [source]

I Salar zenith angle map [degree) |ﬁ 275 ﬂ
I Salar azimut angle map [degree) |ﬁ +aa ﬂ
[¥ Sensor zenith angle map [degree] |ﬁ vz ﬂ
¥ Sensor azimut angle map [degree] |ﬁ vaa ﬂ
Output Raster Map |band1_smau: |
Dezcription:

Show | D efine | Cancel |

Figure 2.12 Example settings in Atmospheric correction for MODIS bandl

1. Top atom. reflectance channel: Select an input raster map. The input map should be
a band with top of the atmosphere reflectance.

2. Coefficient file for sensor: Select a coefficient file that contains calibration
parameters of a particular sensor and channel needed for the SMAC algorithm.

3. Optical thickness map: Check the option when you wish to use a map that contains
optical thickness (depth) values. Otherwise type a value that will be applied to all
pixels. AQT is unitless, and the value range is between 0.05 to 0.8

4. Woater vapor content map: It refers to the total column of water. Check the option
when you wish to use a map for water vapor values. Otherwise type a value that will
be applied to the entire image. The unit of the value is grams. cm™, and the value
range is between 0.0 to 6.0

5. Ozone content map: Check the option when you wish to use a map containing ozone
content values. Otherwise provide a value that will be applied to the entire image.
The unit of it is gram. atm. cm, and the value range is 0.0 to 0.7
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6. Surface pressure map: Check the option when you wish to use a map that contains
surface pressure values. Otherwise provide a constant value for all pixels. The unit of
the value is hpa (Hecto Pascal or millibars).

7. Solar zenith angle map: Check the option when you wish to use a map that contains
solar zenith angle values. Otherwise type a value for all pixels. Unit is degree.

8. Solar azimuth angle map: Check the option when you wish to use a map that
contains solar azimuth angle values. Otherwise type a value for all pixels. Unit is
degree.

9. Sensor zenith angle map: Check the option when you wish to use a map that
contains satellite azimuth angle values. Otherwise type a value for all pixels. Unit is
degree.

10. Sensor azimuth angle map: Check the option when you wish to use a map that
contains satellite azimuth angle values. Otherwise type a value for all pixels. Unit is
degree.

11. Output raster map: Type a name for the output raster map.

e Land surface albedo computation

The surface albedo can be computed as follows:
Using MODIS reflectance bands 1, 2, 3, 4, 5 and7, the formula by Liang et al., 2001, 2003 is
used:

albedo = 0.160*r1 + 0.291*r2 + 0.243*r3 + 0.116*r4 + 0.112*r5+0.018*r7 — 0.0015

Where, r1, r2, r3, r4, r5, r7 are the surface reflectance derived from MODIS’s bands 1, 2, 3, 4,
5,and 7

The procedure for land surface albedo calculation is as follows:

1. Select Operations -> SEBS Pre-processing —> Land Surface Albedo Computation
2. Select sensor type MODIS

3. Provide the input bands. (Raster maps that are the output of a previous SMAC
operation)

Assign a proper name for the output file

Click on Show to start computing.

ok
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L*.';; Compute Land Surface Albedo

Sansor [MODIS |
Band |ER) band1_smac -]
Eand2 | bandZ_smac |
Band3 |ER) band3_smac |
Band4 |ﬁ band4_smac j
BandS |ﬁ bandS_smac j
Band? |ﬁ band?_smac j
Output Raster Map  [albedo |
Descriphion:
|
Shaow | Define | Cancel |

Figure 2.13 Computing surface albedo using surface reflectance derived from MODIS
bands 1, 2,3,4,5, and 7.

@ Display the albedo map and check the values for the same pixels as before:

Albedo

Water
Soil
Vegetation

e Land surface emissivity computation

The Land surface emissivity computation operation is used to produce the surface emissivity
using the visible and near infrared bands Bred and Bnir (Sobrino et al, 2003, Int. J. Remote
Sensing), which considers three different types of pixels depending on the NDVI value:

1. for bare soil pixels, NDVI < 0.2
Emissivity e = 0.9832 — 0.058 * Bred
Emissivity difference de = 0.0018 — 0.06 * Bred

2. for mixed pixels 0.2 =< NDVI < =0.5
Emissivity e = 0.971 + 0.018 * Pv
Emissivity difference de = 0.006 * (1 — Pv)

3. for vegetation pixels NDVI > 0.5
Emissivity e = 0.990 +de
Emissivity difference de = 0.005

This method is restricted to land pixels. The emissivity for water pixels have been extracted
depending on the surface albedo value:

For water area, albedo < 0.035

Emissivity e = 0.995

The NDVI values have been calculated with the equation below:

25



WATER RESOURCES (SEBS)

Exercise 2
NDVI = (Bnir-Bred)/(Bred+Bnir)

Atmospherically corrected (after SMAC operation) surface reflectance maps derived from
MODIS bandl and band2 should be used for Bred and Bnir respectively.

A vegetation proportion Pv is given by:

Pv = (NDVI - NDVImin)"2 / (NDVImax — NDVImin)"2
Where, NDVImax = 0.5 and NDVImin =0.2.

Optionally, you can also obtain the following surface parameters as outputs
. NDVI
. Spectral emissivity difference
. vegetation proportion

< Display the emissivity and NDVI maps and check the values for the same pixels as
before:

NDVI Emissivity

Water

Soil

Vegetation

The procedure for land surface emissivity calculation is as follows:

1. Select Operations -> SEBS Pre-processing —> Land Surface Emissivity Computation

2. Select the visible and near infrared reflectance bands, which are derived from a
previous SMAC operation for MODIS bands 1 and 2.

3. Optionally, select an albedo map, if available.

4. Assign a proper name for the output file

5. Optionally, select Create NDVI map check box to obtain a NDVI map

6. Optionally, select Create emissivity difference map check box to obtain an emissivity

difference map.

6. Optionally, select Create Vegetation Proportion map check box to obtain the
vegetation proportion map.

7. Click on Show to start computing.
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E Compute Surface Emissivity .

Sensor | MODIS =]
Input Red Map |ﬁ bandl_smac j
|nput Mear Infrared bMap | EfhbandZ_smac ﬂ
W Input Albedo Map [ albedo -]
Cutput B aster Map |emis |
Dezcrption:

[v Create MDY Map |n|:|vi |

[ Create Emizsivity Difference Map |emis_|:|iﬂ

[ Create Vegetation Propartion Map

Show | Define | Cancel |

Figure 2.14 Computing surface emissivity dialog box

e Land surface temperature computation

This operation computes the land surface temperature using a split window method. The
formula by Sobrino et al., 2003 is used:

LST = btm31+1.02+1.79*(btm31-btm32) +1.2*(btm31 - btm32)"2+
(34.83-0.68*W) *(1-e)+ (-73.27-5.19*W)*de
Where:
- LST - Land surface temperature
- btm31 - brightness temperature obtained from MODIS band 31 using a
previous Brightness temperature computation operation
- btm32 - brightness temperature obtained from MODIS band 32 using a
previous Brightness temperature computation operation
- W - Water vapor content
- e — Surface emissivity
- de — Surface emissivity difference

If dataset for water vapor is not available, the simplified formula by is used:
LST = btm31+1.02+1.79*(btm31-btm32) +1.2*(btm31 - btm32)"2

The procedure for land surface temperature (LST) calculation is as follows:

1. Select Operations -> SEBS Pre-processing —> Land Surface Temperature
Computation

2. Select brightness temperature bands 32 and 31 of MODIS obtained from a previous

Brightness computation operation.

Optionally, select a map that contains water vapor content values.

Assign a proper name for the output file

Click on Show to start computing.

gk w
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D Compute Land Surface Temperature @
Sensor | MODIS |
Brightnezs Temperature Band3 |ﬁ bt ﬂ
Brightnezs Temperature Band32 |ﬁ bt 32 j
Surface Emizzivity |ﬁ Emig j
E rizzivity Difference |ﬁ emiz_dif ﬂ
v ‘wiater vapor content mapjg.cm™-2] |ﬁ watervapor ﬂ
Output Raster Map |I$ﬂ |
Dezcrption:
S b | Define | Cancel |

Figure 2.15 Land surface temperature calculation dialog window

< Display the surface temperature map and check the values for the same pixels as
before:

LST

Water
Soil
Vegetation
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2.3.4 Step VI: Running SEBS core module (Surface Energy Balance System)

The SEBS operation estimates the radiation balance components, atmospheric turbulent
fluxes, surface evaporative fraction, and daily evaporation etc. from remote sensing data in
combination with field measurements of near surface meteorological variables or output from
an atmospheric model (radiation data and meteorological variables).

In this exercise, you will be using the land surface parameter maps (e.g. land surface
temperature, land surface albedo, NDVI, land surface emissivity) obtained from this exercise,
and the meteorological data (specific humidity, wind speed, air temperature, and air pressure)
extracted from GLDAS (Global Land Data Assimilation System) for forcing the SEBS model.
Meteorological data from other analysis and predictions systems, e.g. ECMWF, NCEP, can
be used equally.

For the current exercise, a GLDAS file with global coverage has been already downloaded.
GLDAS data can be accessed via NASA DISC Hydrology Data and Information Services
Centre (HDISC) from the internet at the following address:

http://disc.sci.gsfc.nasa.qov/hydrology/data-holdings

It concerns the file: GLDAS_NOAHO025SUBP_3H.A2008186.0300.001.2008296215855.nc

3 hourly 0.25 degree Experiment 1 GLDAS-1 Noah data, recorded at 03:00, on July the 4th
2008 (Julian day186) in netCDF format.

For the current exercise, we will extract the following bands and convert them into ILWIS
raster maps:

1. Air temperature (K))

2. Air pressure (Pa)

3. Specific humidity (kg/kg)
4. Wind speed (m/s)

Here, BEAM and ILWIS software are used for converting the images into the ILWIS format
for further processing.

BEAM-part:
e Go to menu File -> Open Products... to open the GLDAS file
e Go to menu File -> Export->Export to GEOTIFF Product...
e You can keep the default settings in the output dialog box
ILWIS-part:
e Import the GLDAS files to ILWIS

Import the TIFF file you just created in BEAM into ILWIS. After this step you will
obtain a new maplist which contains all the GLDAS bands automatically numbered from
1to 22.

Note that bands from 19 to 22 will be used for the present exercise, which correspond to
specific humidity (kg/kg), wind speed (m/s), air temperature (K) and surface pressure (Pa)
maps respectively.

e Assign georeference coordinates
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Right click on this map list file. Select the properties and change the georeference into

GLDAS (provided under working directory)

e Mirror/Rotate maps: Reflect line
numbers in a horizontal line.

Select Mirror Rotate operation. The input
raster map is the GLDAS band e.g.

LDAS files_band19 (specific humidity, see
figure 16). After the map is rotated, change

the georefference of the mirrored map to
GLDAS. The Mirror Rotate operation
needs to be repeated 4 times (one for each
GLDAS required file).

e Resample the GLDAS images from
0.25 degree spatial resolution to
MODIS (1km) scale.

S

2 Mirror Rotate

Rraster Map \ERGLDAS fies_19 vl
(¢ Miror Horizantal

" Mirror Vertical

" Transpose

(" Mirrar Diagonal

(" Fotate 30 degrees clockwise

(" Riotate 180 degrees clockwmise
(" Ratate 270 degrees clockwize

Output Raster Map |

Description:

Show ‘ Define | Cancel | Help ‘

Figure 16: Mirror Rotate map

Go to Spatial Reference Operations -> Resample. This step needs to be repeated 4 times

(one for each required file)

In this exercise, the pre-processing GLDAS for images required was done already and

provided. Please use them (see table below).

Map Description

Tair_rs Air temperature (K)
Wind_rs Wind speed (m/s)
Qair_rs Specific humidity (kg/kg)
Psurf _rs Air pressure (Pa)

SEBS estimates roughness height either using field observations and literature values from a
look-up table associated to a land-use map, or using empirical equations with NDV1 values,
when the filed observations/literature values are not available.

You can start SEBS from Operation —> SEBS Tools -> SEBS
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m Surface Energy Balance System (SEBS) & ¥ B -

aprwn

o

Land Surface Temperatue |ﬁLST j Land use map with associated surface parameters
Bty |ﬁ o j [ Canopy height map [m]
[ Displacement height map m
Land Surface Abedo |ﬁalbedo j F gl o]
[ Surface ioughness map [m]
NDYI idvi v
|ﬁn " J v ulian day rumber 186
[ Vegetation Fraction [Fc]
I Leafealrdex Reference Height [m)
¥ Sun Zenith &ngle Map (dearee |ﬁ 528 j FBL heighl n 100000
¥ DEM nap [EET | Speciic hunidiy nap B 7]
[ Inst. dowrward solar radiation map(/atts/m”?) ¥ Windspesd map i) |ﬁW‘ p J
nd_rs v
¥ Inst. dowrward solar radiation valuefwatis/m™2)  [1025.00 T —— |mTair " j
IV Pressue at reference height map (Pal |m Purf_rs j
[ Presswe a swiace map [Pa) G610
[ Mean daly air emperature map (Celsiug) EI
[ Sunshing hours per day 10.000000
[ InputkB"1
(utput Raster Map |SEBS_ET| | Diescriptior ‘
Shaw Define

Figure 2.16 Example: SEBS operation user interface.

Land surface temperature map: Select an input map that contains land surface
temperature values; In this case, select Ist derived from a previous Land surface
temperature computation operation.

Emissivity map: Select an input map that contains land surface emissivity values.
Land Surface Albedo map: Select an input map that contains surface albedo values.
NDVI map: Select an input map that contains NDVI values.

Vegetation fraction map: Select this option when you wish to use a map containing
vegetation fraction (proportion) values.

Leaf Area Index map: Select this option when you wish to use a map containing leaf
area index values, if this is not available, empirical equation with NDVI values is
used to estimate the LAI. MODIS products also contain LAI product. The data is
almost compulsory for a real case because the validity of empirical equations is
mostly site limited. For the exercise leave the data blank.

Sun zenith angle map: Check the option when you wish to use a map containing sun
zenith angle (Select sza in this case). Otherwise type a sun zenith angle value that will
be applied to all pixels.

DEM map: Check the option when you wish to use a digital elevation map (Select
height in this case). Otherwise type a height value that will be applied to all pixels.
Downward Solar radiation map: Select this option if you wish to use a map
containing downward solar radiation. The user is entitled to build the map, which
uses the same georeference to all other maps.
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10.

11.

12.

13.

14.

Downward Solar radiation: Select this option to type a downward solar radiation
value to be applied to the whole study area;

The solar radiation is a very important parameter and it is highly recommended for its
direct input with a map or an actual value. If both a map and a actual value are not
available, the horizontal visibility will be used in SEBS as surrogate for the
calculation of the incoming shortwave radiation needed in the SEBS equation.
Horizontal visibility: Type a value for the horizontal visibility in kilometers. Enter
39.20. The user interface will not use this value if the shortwave radiation map/value
is entered.

Canopy height map: Select this option to calculate SEBS results with the canopy
height values (hc) from the attribute table associated to a land-use map. Otherwise,
empirical equations for the calculation of canopy height values are used. For
additional information over the attribute table, refer to the figure below.

Displacement height map: Select this option when you wish to calculate SEBS
results with the displacement height values (d0) from the attribute table associated to
a land-use map. Otherwise, empirical equations for the calculation of the
displacement height values are used.

Roughness height map: Select this option when you wish to calculate SEBS results
with the roughness height values (zOm) from the table associated to a land-use map.
Otherwise, empirical equations for the calculation of the roughness height values are
used.

For options 11, 12 and 13, leave the uncheck box. For the sake of time concerns, we will
not calculate the landuse map (normally very much needed). Leaving the uncheck boxes
will trigger a routine to calculate these values. This is not adequate for a proper real
case!l!

15.

16.

17.

18.

19.

20.

21.

22,

Julian day number: Select this option to type a Julian day number. Unselect the
option if you wish to use the routine in SEBS to obtain it.

Reference height: Type a value for the reference height in meters (at which the
meteorological variables are measured or computed from a model). Enter 2 m.

PBL height: Type a value for the PBL (Planetary Boundary Layer) height in meters.
Enter 1000 m.

Humidity map: Select the Check box if you wish to use a map containing humidity
values. Otherwise type a value for the specific humidity at reference height in kg per
kg. Assuming that the relative humidity is 45%, calculate the specific humidity. (Use
formula by Brutsaert for specific humidity)

Wind speed map: Select the Check box if you wish to use a map containing wind
speed. Otherwise type a wind speed value in meters per second. Type 2 m/s.

Air Temperature map: Select the Check box if you wish to use a map containing air
temperature measurements. Otherwise type a value of air temperature at reference
height in degree Celsius. Type 25 C.

Pressure at reference height map: Select the Check box if you wish to use a map
containing pressure at reference height. Otherwise type a value for the pressure at
reference height in Pa. Use airmap.

Pressure at surface: Select the Check box if you wish to use a map containing
pressure at surface. Otherwise type a value for the pressure at surface in Pa. Use
airmap.
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23.

24.

25.

26.

Mean daily air temperature map: Select this option to provide a map containing
mean daily air temperature. Otherwise type a value for the mean daily air
temperature.

Sunshine hours per day: Select this option to provide a sunshine hours/day map.
Otherwise type a value for the sunshine hours per day.

kB/-1: Where B/-1 is the inverse Stanton number, a dimensionless heat transfer
coefficient. Select this option to type a value for kB”-1, otherwise, use the model
output for the estimation of the kB”-1 in SEBS.

Output Raster Map: Type a name for the output raster map containing evaporative
fraction.

il he  (m) Z0m () dd  (m) J
Bare soil o.ooo0o 0.aos0 o.ooo0
Stubble 0.1500 0.0150 0.100
Forest nursery 0.3500 O.0e00 0.228
Vineyvard 1.2500 0.1500 0.5813
Grassland o.0z00 0.0025 0.013
Sunflower 1.0000 0.1z250 0.ae50
coarn Z.0000 0.2500 1.300
Waterbody o.ooo0o 0.0004 o.ooo0
Crops 0.z2500 0.0313 0.163

Figure 2.17 Look-up table associated to a land-use class map containing field
observations/literature-based surface parameters for canopy height (hc), roughness
length for momentum transfer (Z0m) and displacement height (d0)

Outputs of SEBS

After the successful completion of the SEBS operation in ILWIS, you should see the
following main raster maps in the Current Catalog:

CoNTO~WNE

sebs_ evap: Evaporative fraction
sebs_daily_evap: daily evaporation
sebs_evap_relative: relative evaporation
sebs_GO: Soil heat flux

sebs_H_dry: Sensible heat flux at the dry limit
sebs_H_i: Sensible heat flux

sebs_H_wet: Sensible heat flux at the wet limit
sebs_Rn: Net radiation

sebs LE: Latent heat flux

For this exercise, a special version of SEBS4ILWIS is available that also allows seeing some
intermediate maps like:

Sebs_LAI: Leaf area index

Sebs_z0m: roughness height for momentum transfer (m)
Sebs_C _i: Stability corrections

Sebs_z0h: scalar roughness height for heat transfer (m)
Sebs_TOta: Difference between LST and air temperature
Sebs_kb: kB”-1 value

You can inspect the SEBS output maps using ILWIS pixel information window:
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- Go to File menu -> Open Pixel Information. Then go to Option -> Customize and
deselect the option ‘Continuous’
- Select and drag all the SEBS output maps to the pixel information window
—  Move the cursor over the map and inspect the resulting maps.

Your results should resemble those in figure below:

\ -
JE) sebs_daily_evap: Map sebs_daily evap - ILWIS =@ = | £ Pixel Information - ILWIS S=Rr=

File Edit Layers Options Help File Edit Options Help

[FACoordinate 34°12'47.67"N, £8°13'11.94"E

E¥pand31l dn 78,222
sebs_daily evap 4.009
sebs_evap 0.6805
sebs_evap_relative 0.734
sebs_H_dry 461.234
=sbs_E_wet 33.375
==bs_GO 169.026
sebs H i 147.356
sebs_LE 313.878
sebs_Rn 630.259

== WRRWI%H

[ ———

|79,le ‘ 34712'47.7"N, 88°12'42.63"E |34'12'4167"N, 88°12'4263"E | || | Customize the Pixel Information Window 4!

Figure 2.18 Pixel information window with SEBS resulting maps

By now you have successfully completed this exercise. Congratulations!
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By Lichun Wang July 2010
Exercise 3: BEAM plug-in for SEBS

This document provides a general description for SEBS processor (Plug-in) in BEAM for use
of AATSR data. It describes the user interface, the requested input parameters and presents
the results of the SEBS. The algorithms in SEBS for retrieval of bio-geophysical parameters
including surface albedo, temperature, and emissivity, etc. are briefly presented.

At this point: SEBS.jar file should be installed:

1. To install, simply copy the sebs.jar file into the module directory of the BEAMA4.8
installation

2. Start BEAM.

3.1 Generating SMAC outputs in BEAM

Since SEBS processor requires as inputs the atmospherically corrected bands
‘reflect_nadir_0670" and ‘reflect_nadir_0870" of AATSR, hence, firstly SMAC processor is
lunched to obtain the atmospherically corrected bands:

Start BEAM (VISAT) and go to Tools -> SMAC processor

& BEAM SMAC Processor 1.5.101
File Help

L)0 Parameters | Processing Parameters

Input product file:
|D:1Dragnnznnsmatamm5mnaquxms_Ton_lCPLRn20050525_D41535_000000??2033_00251_1?349_04?2.N1 |E]

Qutput praduck file:
|D:'I,DragnnZDEIEE'I,Data'l,.ﬁ..ﬁ.TSR'l,naqu'l,smac | E]

Cutput product Format;

BEANM-DIMAP

Loq filename prefix:

|sma|:

[ ]Extra log ta output directory

[ Run ]| Close |[ Help ]

Figure 3.1 Overview of the SMAC processor
1. Input product file: Select the input AATSR file to be atmospherically corrected as
requested input for SEBS processing. This input product file is the same as the input
AATSR file in the SEBS processor.

2. Output product file: Select the SMAC output file.
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3. Output product format: Select BEAM-DIMAP format.

4. Bands: Select the bands ‘reflect_nadir_0870 and ‘reflect_nadir_0670’ from the list
of available bands.

& BEAM SMAC Processor 1.5.101

* File Help
I/ Parameters | Processing Parameters
Bands: Aerosol bype: Continental
! Aerosol optical depth: nz

reflec_nadic_0870 ® P P

reflec_nadic_0670 () Horizontal visibility: ki
reflec_nadir_0S50 Use MERIS ECMWF Data

flec_Fraard_1600
:FI:E:FE::::I:DB?D Surface air pressure; 559.0 |hPa
reflec Frard D670 Ozone conkent: 0.15 |cm * akm
reflec_Fward_0550 Waker vapour: 3.0 | gfcmz
Defaulk value For invalid pixels:
Bitrnask Forward: |cIDud_FIags_Fward.L.ﬁ.ND and not cloud_flags_Fward, CLOUDY | E]
Bitrmask nadir; ||:I|:|uu:|_ﬂags_nau:|ir.L.ﬁ.I"-.ID and not cloud_Flags_nadir, CLOUDY | E]
[ Fun “ Close “ Help ]

Figure 3.2 Input to the SMAC processor

Change the other requested input parameters as shown in the picture above as needed,
then press “Run” button to start the SMAC processing. After a successful completion of
the SMAC processor, you should see the following contents of the SMAC output file in
the BEAM (VISAT) application.

rPdeuctUiew rPierView |

Open Products
T = [1] smac_image
o (23 Metadata
L | Flag Codings
o~ (2 Tie Paint Grids
T 23 Bands
] reflec_nadir_0870
] reflec_nadir_0&70
@ confid_flags_nadir
& confid_flags_fward
& cloud flags_nadir
& cloud flags_fward

Figure 3.3 Output of the SMAC processor
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3.2 Generating SEBS outputs

& SEBS Processor 1.0
© File Help

I/C Parameters | Landuse Parameters

Reference height: 3.0 | ()
Hurnidity: 0.04 |Ckafka)
Wind speed: Z2.0|{m/s)
Temperature: 10.0|{C)
Pressure: 52000.0 |(Pa)
Pressure at surface: 59100.0 |{Pa)
PEL height: 1000.0 | {r)
Horizonkal wisibility: 39,2 | (k)

[] Solar radiation

[ 1weso]

Input AATSR. File:
NATS_Tow_1CPLRAZO0S0625_041636_0000007 720538 _00261_17349_0472.M1 D

Input SMAC File:
[:\Dragonz2003iDatal A TSR nagulsmac, dim D

[]Land use File

[] Leaf area index File

Cukput product File:
D:'l,Dragu:unZElElB'I,Data'l,.ﬁ..ﬁ.TSR'l,naqu'l,sel:us.dim| D

Oukput product Format:

EEAM-DIMAP »

[ Run ][ Close ][ Help ]

Figure 3.4 Overview of the SEBS processor input — meteorological data

3.2.1 SEBS requested meteorological and radiation input values

1. Reference height: Type a value for the reference height in meters.
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2. Humidity: Type a value for the specific humidity at reference height in kg per kg.

3. Wind speed: Type a value for the wind speed at reference height in meters per
second.

4. Temperature: Type a value for the air temperature at reference height in degree
Celsius.

5. Pressure: Type a value for the pressure at reference height in Pa.

6. Pressure at surface: Type a value for the pressure at surface in Pa.

7. Horizontal visibility: Type a value for the horizontal visibility in kilometers.

8. Solar radiation: Select the solar radiation by typing in a value for the downward

solar radiation, and run the routine in SEBS (by leaving the solar radiation box
unchecked) to calculate the downward radiation value.

3.2.2 SEBS requested satellite input files

1.

Input AATSR file: Select the AATSR file by either typing the file path into the text
field or pressing the file selection button | .. to invoke input AATSR file dialog.

=i Input AATSR file

Look in: |[ﬁnaqu V| ,E ,-’lElE

) | sebs.data

\_"‘5 |5) smac.data
My Recent Ml 475_TOA_1CPLRAZO0S0625_041636_000000772038_00261_17349_0472
Documents Ml ~Ts_TOA_1CPLRAZ0050711_041353_000000772038_00490_175758_0060

Deskkop

\&

My Documents

[y Computer

File name: [BTS_TOA_1CPLRAZ00S0625_041636_000000772038_00Z| | SelectFile |
My Mebwork

Places Files af bype: |Envisat product: files (*,M1, *.prd) w | Cancel

Figure 3.5 Overview of the SEBS processor input — satellite data

In the file selection dialog that appears, navigate to the folder that contains the
dataset, and select Envisat product files (*.N1, *.prd) from the list of the Files of
Type. This input AASTR file must contain bands named ‘btemp_nadir_1200 and
‘btemp_nadir_1100’.

Input SMAC file: Select the input SMAC file. In the input SMAC file dialog, select
BEAM-DIMAP Files (*.dim), then select the SMAC file. This input SMAC file must
contain bands named ‘reflect_nadir_0670’ and ‘reflect_nadir_0870’. These bands
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must be atmospherically corrected (use the SMAC processor on the AATSR product
in BEAM).

3. Land use file: Select this option if you wish to use land use classes with associated
vegetation height values for the estimation of the sensible heat fluxes. This input
product must contain a band named ‘land_use_class’. If you select this option, then
you are able to define the values of vegetation and roughness height via Landuse
Parameters Tab.

4. Leaf area index file: Select this option and select an input file. The input file must
contain a band named ‘leaf_area_index’. Unselect this option if you wish to use the
routine in SEBS to estimate the leaf area index values.

5. Output product file: Select the SEBS output product file by typing the product path
into the text box or by pressing to invoke the file selection button.

6. Output product format: Select the output format (BEAM-DIMAP).

Note that after the successful completion of the SEBS processor, you should see the
following bands over the SEBS output file in the BEAM (VISAT) application.

L —

-5 [1] ATS_TOA_LCPLRAZ00S0625_041636_000000772038_002
- [7] smac
=& [3] sebs
.20 Metadata
+- (23 Flag Codings
+- (23 Tie Point Grids
=-(C] Bands
----- B sebs_slbedo
----- B sebs_Temperature
----- B sebs_Rn
----- B sehs_ao
----- B sebs_H_dry
----- B sehs_H_wet
----- B sehs_H_
----- B schs_evap_fr
----- B sebs_daily_evap

sebs_watervapor
Figure 3.1 Overview of the SEBS processor output

sebs_Albodo: Surface albedo
sebs_Temperature: Land surface temperature
sebs_Rn: Net radiation

sebs_GO: Soil heat flux

sebs_H_dry: Sensible heat flux at the dry limit
sebs H_wet: Sensible heat flux at the wet limit
sebs_H_i: Sensible heat flux

sebs_Rel _evap: Evaporative fraction

9. sebs_daily_evap: Actual evaporation on daily base
10. sebs_le : Latent heat flux

11. sebs_emissivity: Surface emissivity

12. sebs_watervapor: Water vapour

NGO E
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3.2.3 SEBS Landuse Parameters

If you choose to use Land use file in the 1/O parameter tab, the Landuse parameter tab appears
as the following screen shot:

& SEBS Processor 1.0

File Help
/0 Parameters Landuse Parameters
Land-use classes and associated wegetation and roughness height values {m)
Land-use classes Veqgetation height{h) Roughness height{Z0m) Use Z0m=0.136%h Use default{Z0m)
Class 1: Grass: 0. 25] 0.034 O O
Class 2: Maize: 3.6515 O
Class 3: Patatoes: 0.4699 O
Class 4: Beets: 0.4699 O
Class 5: Cereals: 3.6515 O
Class &: Other crops: 0.4699 O
Class 7: Greenhouses: 2.9597 O
Class &: Orchards: 4.4595 O
Class 9: Bulbs: 0.4699 O
Class 10; Deciduous Forest: 39309 O
Class 11: Coniferous Farest: 39309 O
Class 12: Heather: 0.3 O
Class 13: Other open spaces in natual areas: 0.3 O
Class 14: Bare soil in natural area: 0.0033 O
Class 15: Fresh water: 0.0015 O
Class 16: Salt water: 0.0015 O
Class 17: Continuous urban area: 3.1265 O
Class 18 Build-up areain rural area: 4.0353 O
Class 1%: Deciduous Forest in urban area: 39309 O
Class 20: Confiferous Farest inurban area: 39309 O
Class 21 Build-up area with dense Farest: 39309 O
Class 22: Grass in builld up area: 0.2456 O
Class 23: Bare soil in build up area: 0.0033 O
Class 24: Main roads and railways: 0.0257 O
Class 25 Buildings in rural areas: 4.0353 O
[ Run ] [ Close ] [ Help ]

Figure 3.1 Overview of the SEBS landuse parameters

Vegetation height h (meters):

In the first column of the text fields, you are able to change the vegetation height values. The
roughness height value in the second column of the text fields is calculated automatically
based on the formula used, if the Use Z0m=0.136*h option in the third column is selected.

Where zOm is the roughness height of vegetation, and h is the height of vegetation with
associated land use class.

Roughness height Z0m (meters):

This column shows the roughness height values associated to the land use classes. The default
value is used, if the Use default ZOm option in the fourth column is selected. Checking the
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Use Z0m=0.136*h option in the third column lets the ZOm value being calculated using the
formula Z0m=0.136*h. Also you are able to define the value of roughness height, if neither
Use default ZOm nor Use Z0m=0.136*h is selected.

Use Z0m=0.136*h:

Checking this option in the third column lets the roughness height value being calculated
using the relationship Z0m=0.136*h. The Use default ZOm option in the last column is
unchecked automatically, if this option is selected.

Use default ZOm:

The default value for the roughness height is used, if this option is checked. The Use
Z0m=0.136*h option in the last column is unchecked automatically, if this option is selected.

Algorithm in SEBS processor (plug-in)
SEBS provides a set of methods for retrieval of bio-geophysical parameters:

Land surface albedo: The land surface albedo is expressed as a function of the given bands
named ‘reflect_nadir_0670" and ‘reflect_nadir_0870’ from the input SMAC file as:

Albedo = ¢4 + ¢5* reflect_nadir_0670/100 + c6 * reflect_nadir_0870/100
Where ¢4=0.035, ¢5=0.545, and c6=0.32 are weighting factors.

Land surface temperature and emissivity: The spilt-window method for the retrieval of the
temperature is implemented in SEBS.

The land surface temperature is expressed as a function of the given AATSR bands in nadir
views named ‘btemp_nadir_1200" and ‘btemp_nadir_1100’, and water vapor content. The
land surface emissivity is expressed as a function of NDVI. For additional information about
the algorithms, refer to Sobrino et al. 2007, AATSR Land-Surface Temperature & Emissivity
algorithm theoretical basis document.

The water vapor algorithm implemented in SEBS is expressed as a function of the ratio of
transmittance estimated from the given AATSR channels in the nadir views (Li et al. 2003. A
new approach for retrieving precipitable water from ATSR2 split-window channel data over
land area. Int. J. Remote Sens.)

Net radiation, Soil heat flux, Sensible heat flux at the dry limit, Sensible heat flux at the
wet limit, Actual sensible heat flux, Evaporative fraction, and Actual daily evaporation:
You can find the algorithms implemented in Su, 2002, Estimation of the surface energy
balance. Hydro. Earth Sys. Sci.

3.3 References
Li, Z.-L., L. Jia, Z. Su, Z. Wan, R.H. Zhang, 2003, A new approach for retrieving precipitable

water from ATSR-2 split window channel data over land area, International Journal of
Remote Sensing, 24(24), 5095-5117.

43



WATER RESOURCES (SEBS)
Exercise 4

Rahman, H. and G. Dedieu, 1994, SMAC : a simplified method for the atmospheric correction of
satellite measurements in the solar spectrum . Int. J. Remote Sensing, 1994, vol.15, no.1, 123-143.

Sobrino, J.A. and G. Soria, AATSR Land-Surface Temperature & Emissivity, Algorithm
Theoretical Basis Document. EU FP6, GMES EAGLE project, SST3-CT2003-502057.

J. A. Sobrino, J. El Kharraz & Z.-L. Li (2003): Surface temperature and water vapour
retrieval from MODIS data, International Journal of Remote Sensing, 24:24, 5161-5182

Z. Su, 2002, The Surface Energy Balance System (SEBS) for estimation of turbulent heat
fluxes, Hydrology and Earth System Sciences, 6(1), 85-99.

Su, Z., T. Schmugge, W.P. Kustas, W.J. Massman, 2001, An evaluation of two models for
estimation of the roughness height for heat transfer between the land surface and the atmosphere,
Journal of Applied Meteorology, 40(11), 1933-1951.

Su, Z., 2005, Estimation of the surface energy balance. In: Encyclopedia of hydrological

sciences : 5 Volumes. / ed. by M.G. Anderson and J.J. McDonnell. Chichester etc., Wiley &
Sons, 2005. 3145 p. ISBN: 0-471-49103-9. Vol. 2 pp. 731-752.

44



	Introduction
	Exercise 1: Preparing MODIS Level 1B data as input for SEBS
	1.1 Preparing software for using MODIS products
	1.1.1 HDFView
	1.1.2 ModisSwathTool

	1.2 Ordering and downloading the data
	1.3 Getting familiar with the MODIS data with HDFView tool

	Exercise 2: Processing MODIS Level 1B data for use in SEBS for ILWIS
	2.1 Introduction
	2.2 Install ILWIS and BEAM software
	2.3 Main Processing Steps
	2.3.1 Step I: Reprojecting MODIS Level-1B Data
	2.3.2 Step II: Importing GeoTIFF files into ILWIS raster files
	2.3.3 Step III: Pre-processing Tools for SEBS
	2.3.4 Step VI: Running SEBS core module (Surface Energy Balance System)

	2.4 References:

	Exercise 3: BEAM plug-in for SEBS
	3.1 Generating SMAC outputs in BEAM
	3.2 Generating SEBS outputs
	3.2.1 SEBS requested meteorological and radiation input values
	3.2.2 SEBS requested satellite input files
	3.2.3 SEBS Landuse Parameters

	3.3 References


