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Lesson 4.4: Digital number to reflectance conversion 

Data Source: dataset5.zip 

Landset8 OLI 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 a 16-bit number or called digital number data (DN). 
For NDVI purpose, these images should be converted back to reflectance value. 

Schema of the process from Landsat7 digital number to reflectance:  

 

Reflectance Calculation 

Step 1: Reclassify DN Image. 

1. In the project saved from Lesson 4.3, right-click on NIR.TIF and select Symbology. Change 
Primary Symbology to Unique Values. 

2. Search Reclassify. Change the Old 0 Value to NODATA. Name the new layer NIR_r. 
3. Repeat steps 1-2 for RED.TIF. 
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RED_r    Resultant Layer                                       NIR_r  Resultant Layer 

 

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

 

1. Search Raster Calculator. 

2. Create radiance images for RED_r based on the above expression. Name the output RED_ra. 
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3. Repeat the same process for NIR_r using the appropriate values from the table for NIR. 

Step 3: Convert radiance image to reflectance image. 

1. Formula to find reflectance. 

 
2. Find the necessary values for the above equation. 

• Esu,λ 

 
• ΘSE 

Find SUN_ELEVATION = 62.47 = 62.47 (degree) 
Note: in ArcGIS, the value for sin() should be in radians.  
So, = 62.47(degree) = 62.47 * π/180 (radians) = 0.703978 (radians) 
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• d 
To find the earth-sun distance, we should find which day of the year (DOY) the 
image was taken. DATE_ACQUIRED = 2018-08-06, which means DOY = 159 (the 
159th day of the year). 

 

 
3. Creating the reflectance image. Search Raster Calculator. 
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4. For RED_ra:  
Equation = (3.151592654*"RED_r"* Square(1.01500))/(1533* Sin(62.47*3.141592654/180)) 
Output = RED_ref 
 
For NIR_ra:  
Equation = (3.141592654 *"NIR_ra.TIF" *Square(1.01500))/(1039* Sin(62.47 
*3.141592654/180))  
Output = NIR_ref 

 
 

Step 4: Correct reflectance image.  

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

1. Search Raster Calculator.  
Equation = Con("RED_ref" <0 ,0,"RED_ref") and  Con("NIR_ref" <0 ,0,"NIR_ref") 
(meaning: if value of NIR_ref < 0, set value = 0, if not, keep same value) 
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2. Results of RED_refc and NIR_refc: 

 


