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Tutorial Set 4: Remote sensing

Exercise Site20_4-4 Digital number to reflectance conversion

Learning objective: Converting a Landset 7 ETM image from a digital number to
reflectance

Techniques: Reclassifying and compositing new rasters using the Reclass and Raster
Calculator

Data Source: Dataset5

Schema of the process from Landsat7 digital number to reflectance:

Landset7 ETM images used in this tutorial are

Raw Landset?
image \ acquired from USGS Global Visualization Viewer.
These images should not be used directly to
DN image calculate  NDVI because they have been pre-
(nonOvalue) corrected and formatted as an 8-bit number
(ranges from 0-255), or called digital number data

Reflectance .

Radiance image calculation (DN). For NDVI purpose, these images should be

converted back to reflectance value.

Reflectance
image

Corrected ]
reflectanceimage

Part 1: Reflectance calculation

Step 1: Reclassify DN image.

Reclassify 0 value to NoData using Reclassify (Spatial Analyst Tools). Cells with value =0 ina
Landsat image indicates missing data.

1. Go to ArcToolbox > Spatial Analyst Tools > Reclass > Reclassify.
2. Reclassify RED.TIF (Band 3) and NIR.TIF (Band4).


http://glovis.usgs.gov/
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N Reclassify
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Input raster

NIRTIF

Reclass field
Value

Reclassification

all | Input image = NIR.TIF
sl /< P &

Output raster

oK Cancel Environments...

F: '\CIass'\EducationalData_SSites'l;l'utoriaIPackages_2DB=24\Site2D'\Dat§/@/v

Old va - 2lue -
3 M?“ Closely.. Click “Unique” and then change
3 3 Unique /‘1/' 0Old values = 0 to New Values =
j j NoData
c : Add Entry
? ? Delete Entries

Load... Save... Reverse New Values Precision...

\

/< Output image = NIR_r.TIF

Show Help ==

3. Result:

Before reclassifying. Cells value range 0-255

RED.TIF RED_r.TIF
Value Value

- High : 255 - High : 255
- Low: 0 - Low: 1

After reclassifying. Cells value ranges 1-255

Step 2: Convert DN image to radiance image (Chander et al, 2009)

Formula: L, =(gain, x DN7)+bias,

L3 : Radiance [Watts/(m2*um*ster)]
DN7: Landsat7 digital number data

Band Gain Bias
3 (RED) | 0.621654 -5.62

gain; and bias; : Band specific number 4 (NIR) | 0.639764 -5.74
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1. Go to ArcToolbox > Spatial Analyst Tools > Map Algebra > Raster Calculator
2. Create radiance images for RED_r.TIF.
3. Repeat the same process for NIR_r.TIF.

L
N

Raster Calculator

- EN

Map Algebra expression

> RED_refc.TIF
> NIR_ref. TIF
>RED_ref
<NIR_ra.TIF
<{>RED_ra.TIF
<»NIR_r.TIF
<»RED_r.TIF
<> ColorMap

~

v

Output raster

0.621654 *"RED_r.TIF" - 5.62

Conditional
Con
Pick
SetMull
Math
Abs
Exp
Expl0

~

v

/" 0.621654 * “RED_r.TIF” - 5.62

RED_ra.TIF

Output = RED_ra.TIF

2511

OK Cancel

Environments...

Show Help ==

Step 3: Convert radiance image to reflectance image

1. Formula: R, =

rxL,xd?

E., xsin(0s)

R : Reflectance [unitless ratio]
L;: Radiance [Watts/(m2*um*ster)]
d: earth-sun distance [in astronomical units]
Eeua: Band-specific radiance emitted by the sun
fsk : Solar elevation angle

2. Find values:

o E:a
Eswa [Wats / (m2 *um)]
Band (Chander et al,, 2009)
1 1997
2 1812
3 1533
4 1039
5 230.8
7 84.9
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o Osg
Open the file “*_MTL. txt”. Find SUN_ELEVATION = 40.334696985
Pse = 40.33496985 (degree)
Note: in ArcGIS, the value for sin() should be in radians.
So, P55 = 40.33496985 (degree) = 40.33496985 * 11/180 (radians) = 0.703978 (radians)

|= LE70130282002267EDCO0_MTL.txt - Mi... = &

Home Insert Page Layout References Mailings Review View  Add-Ins

[l =1 s al = [ r |
I ||

3
y ()] @
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GROUND_CONTROL_POINT_FILE_NAME ="LE70130282002267EDCOD_GCP.Dxt"
. METADATA_FILE_MAME ="LE7(130282002267EDCOD_MTL. tet"

— CPF_NAME = "LYCPF20020701_20020930.06"

) END_GROUP=PRODUCT_METADATA

[u]

) GROUP= IMAGE_ATTRIBUTES

= CLOUD_COVER = 3.00

i IMAGE_QUALITY =9

- SUMN_AZIMUTH = 153.99337182

2 SUMN_ELEVATION = 40.33496985
GROUND_CONTROL_POINTS_MODEL=1
GEOMETRIC_RMSE_MODEL=3.651
GEOMETRIC_RMSE_MODEL_Y = 2.867 .
GEOMETRIC_RMSE_MODEL_¥=2.127

END_GROUP=IMAGE_ATTRIBUTES

GROUP = MIN_MAY_RADIANCE a
i RADIANCE_MAXIMUM_BAND_1= 151600
- RADIANCE_MINIMUM_BAND _1=-£.200 ¥
4 | 1 [ 2
Page: 2 of 4 | Words: 3/565 | < | ||§fﬂ B E = 6%(-) [} (+) .

o (d

To find the earth-sun distance, we should find which day of the year (DOY) the image
was taken. This information is recorded in the file “*_MTL.txt”. Find DATE_ACQUIRED =
2002-09-24, which means DOY = 267 (the 267t day of the year).

(W]l d @~ = LE70130282002267EDCOO_MTLDXGE - Mi.. — O

Home Insert Page Layout References Mailings Review View Add-Ins % (2]
O I I D L O O =

& EERFERENEREY RN EREE IRERERET IR KNI (]
F's

UUII'ILJ i Ur\:\'l.l"ll - \EILUI ni

EPHEMERIS_TYPE="DEFINITIVE"

SPACECRAFT_ID="LANDSAT_7"

SENSOR_ID="ETM"

SENSOR_MODE = "SAM"

i WRS_PATH =013

— WRS_ROW =028 .
) DATE_ACOUIRED = 2002-05-24

. SCEMNE_CENTER_TIME=15:15:52. 20601237 F
o+ CORMER_UL_LAT_PRODUCT =46.98655 o
i CORMER_UL_LON_PRODUCT =-73.10575

CORMER_UR_LAT_PRODUCT =47.05718 =

4 | [
Page: 1 of 4 | Words: 3/565 | ﬂ;‘é | |@ &

Ml

1)
-
(B~

68% (—)
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Earth-Sun distance (d) in astronomical unit DOY is listed below (Chander et al., 2009):

DOY d DOY d

241 100992 301 0.99359
242 100969 302 0.99332
243 100946 303 0.99306
244 100922 304 0.99279
245 1.00898 305 0.99253
246 100874 306 0.99228
247 100850

248 100825

249 1.00800

250 100775

251 100750

252 100724

253 100698

254 100672

255 100646 d =1.00318 for DOY =267
256 100620

257 100593

258 1.00566

259 100539

260 100512

261 100485

262 100457

263 100430

264 100402

265 100374

IE AT T TS

267 1.00318

268 100290

260 100262

3. Go to ArcToolbox > Spatial Analyst Tools > Map Algebra > Raster Calculator
4. Create reflectance image for RED_ra.TIF and NIR_ra.TIF.

2 Raster Calculator - o “

# Map Algebra expression

Layers and vari..
<>RED.TIF
< N_ref
<> SLref
<> NDVI_refc
<>NIR_refc.TIF
<> RED_refc.TIF
< NIR_ref. TIF ) [

[ RS N
SRR RS
wlla || o

Conditional @a
Con
Pick
Sethiull
Math
= Abs

Exp
I |~ | epto v

&)

ancel Environments... || Show Help >>

For RED ra.TIF:

Equation = (3.141592654 * "RED_ra.TIF" * Square(1.00318)) / (1533 * Sin(40.33496958 *

3.141592654/180))
Output = RED_ref.TIF

For NIR ra.TIF:

Equation = (3.141592654 *"NIR_ra.TIF" *Square(1.00318))/(1039* Sin(40.33496958

*3.141592654/180))
Output = NIR_ref. TIF
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Step 4: Correct reflectance image, i.e., reclassify the negative value to 0.

During the previous calculation, some negative values are produced We have to correct them
and set them to 0.

=

Go to ArcToolbox > Spatial Analyst Tools > Map Algebra > Raster Calculator.
2. Create corrected reflectance image for RED_ref.TIF and NIR_ref.TIF.

Map Algebra expression

CRED_refeTTF ~ Conditional ~

-Gt 12 1 I [ O
N 7

<>RED_ref / Pick

e Plllslle] ]l

<{>RED_ra.TIF Math

qum et N[N EX I B RS

<»RED_r.TIF

< ColorMap v 0 D E| e

Con("NIR_ref.TIF"<0,0,"NIR_ref. TIF")

Equation = CON(“NIR_ref.TIF”<0,0,”NIR_ref.TIF")

Output raster

NIR_refc.TIF (meaning: if value of NIR_ref.TIF < 0, set value = 0, if
not, keep same value)

oK ‘ | Cancel | ‘ Environments...

Output = NIR_refc.TIF

3. Result of RED_refc.TIF and NIR_refc.TIF.

RED_refc.TIF
Value

-* High : 0.487195

— Low:0

NIR refc.TIF
Value

- High : 0.712912

_Low:O




