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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 

acquired from USGS Global Visualization Viewer. 

These images should not be used directly to 

calculate NDVI because they have been pre-

corrected and formatted as an 8-bit number 

(ranges from 0-255), or called  digital number data 

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

converted back to reflectance value.  

  

 

 

 

 

 

 

Part 1: Reflectance calculation 
 
Step 1: Reclassify DN image. 
 

Reclassify 0 value to NoData using Reclassify (Spatial Analyst Tools). Cells with value = 0 in a 
Landsat image indicates missing data.  
 
1. Go to ArcToolbox > Spatial Analyst Tools > Reclass > Reclassify. 
2. Reclassify RED.TIF (Band 3) and NIR.TIF (Band4). 

Reflectance 
calculation 

 

http://glovis.usgs.gov/
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3. Result: 

RED.TIF

Value
High : 255

Low : 0  

RED_r.TIF

Value
High : 255

Low : 1  

Before reclassifying. Cells value range 0-255 After reclassifying. Cells value ranges 1-255  

 

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

Formula:  biasDNgainL  )7(    

 

: Radiance [Watts/(m2*µm*ster)] 

DN7: Landsat7 digital number data 

  and  : Band specific number 

Band Gain Bias 

3 (RED) 0.621654 -5.62 

4 (NIR) 0.639764 -5.74 
 

 

  

Input image = NIR.TIF 

Output image = NIR_r.TIF 

Click “Unique” and then change 
Old values = 0 to New Values = 
NoData 
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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. 

 

 

Step 3: Convert radiance image to reflectance image 

1. Formula: 
)sin(,
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: Reflectance [unitless ratio] 

: Radiance [Watts/(m2*µm*ster)] 
d: earth-sun distance [in astronomical units] 

 : Band-specific radiance emitted by the sun 
: Solar elevation angle 

 

2. Find values: 

  

Band 
 [Wats / (m2 *µm)] 

(Chander et al., 2009) 

1 1997 

2 1812 

3 1533 

4 1039 

5 230.8 

7 84.9 

 

0.621654 * “RED_r.TIF” – 5.62 

Output = RED_ra.TIF 
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  

Open the file “*_MTL. txt”. Find SUN_ELEVATION = 40.334696985 
 = 40.33496985 (degree) 

Note: in ArcGIS, the value for sin() should be in radians.  
So,  = 40.33496985 (degree) = 40.33496985 * π/180 (radians) = 0.703978 (radians) 

 

 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 267th day of the year). 
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Earth-Sun distance (d) in astronomical unit DOY is listed below (Chander et al., 2009): 

 

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

 

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 

d = 1.00318 for DOY = 267 
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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.  
 

1. Go to ArcToolbox > Spatial Analyst Tools > Map Algebra > Raster Calculator. 
2. Create corrected reflectance image for RED_ref.TIF and NIR_ref.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 : 0  

Equation = CON(“NIR_ref.TIF”<0,0,”NIR_ref.TIF”) 
 
(meaning: if value of NIR_ref.TIF < 0, set value = 0, if 
not, keep same value)  
 
 
Output = NIR_refc.TIF 


