
Turbidity: background information and measurement 

This physical property measures light-
scattering by suspended particles in 
water. Turbidity is related to the sus-
pended solids (SS) concentration in 
water bodies, but several factors, 
including the number of particles, their 
shapes, and their surface properties, 
affect light scattering in addition to the 
mass of particles measured by SS. 
Consequently, there is no general 
relationship between turbidity 
measurements and SS concentrations, 
although good correlations may be 
found for specific water bodies where 
only small variations occur in the afore-
mentioned factors. Many techniques are 
available to measure turbidity, but they 
do not all yield the same results; typically, 
each technique measures a different 
aspect of particle-caused light scattering. 
Today, turbidity of natural waters is most 
often determined by direct measurement 
of light scattered at 90° from incident light. 
This is done with field and lab instruments 
called nephelometers calibrated with 
suspensions of “formazin,” a synthetic polymer. Formazin has an important advantage over 
natural substances: it forms particles highly reproducible in size, shape, and surface properties. 
Consequently, they yield reproducible amounts of light scattering. 
 
Turbidity results are reported as oper-
ationally defined formazin turbidity units 
(FTU) or the equivalent nephelometric 
turbidity units (NTU). Turbidity levels in 
pristine lakes are ~ 1 FTU; algal-rich 
eutrophic waters may have up to 10 FTU. 
Turbidity levels in reservoirs and rivers 
affected by agricultural drainage, urban 
runoff or soil erosion can reach hundreds 
or even thousands of FTU. 
 
Because turbidity is an optical property, it 
is feasible to derive equations to retrieve 
turbidity data from satellite imagery; 
indeed, for reasons described above, 
turbidity results might be more accurate 
than satellite-derived SS estimates. 
Several empirical models are available in 
the literature, and they tend to be similar 

Clear water of the St. Croix River at its confluence with 
highly turbid, SS-laden water of the Mississippi River near 
Prescott, WI. Turbidity and SS levels are not always this 
high in the Mississippi. The turbidity/SS source likely was 
the Minnesota River, which drains mostly agricultural land 
in southern Minnesota and flows into the Mississippi near 
the Minneapolis-St. Paul airport. (Photo by Pete Howell). 

Landsat 7 view of western Lake Superior June 21, 2012, 
showing very high SS and turbidity from record-setting 
rainfall in the Duluth-Superior area (at left edge of image) 
that caused massive amounts of soil erosion. 



in form to SS retrieval equations. In previous work our group found high correlations of turbidity 
with reflectance in the red-edge band (~ 705 nm), which is available on Sentinel-2 satellites 
(Olmanson et al. 2013). 
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