
Radiative transfer of the Secchi/black disk*

•What is the Secchi disk and why is it used?

•What does the Secchi depth depends on?

•How can we improve Secchi depth readings?

•The horizontal and black disk.

http://www.hao.ucar.edu/public/e
ducation/sp/images/secchi.gif

Angelo Secchi, 1818-1878

The Secchi disk originated with Fr. Pietro
Angelo Secchi, an astrophysicist, who was 
requested to measure transparency in the 
Mediterranean Sea by Commander Cialdi, head 
of the Papal Navy. Secchi was the scientific 
advisor to the Pope. Secchi used some white 
disks to measure the clarity of water in the 
Mediterranean in April of l865. 
(http://www.mlswa.org/secchi.htm)

*with some input from a talk by M. Lewis



Secchi disks images from 
WWW:

http://www.epa.state.il.us/water/conservation-2000/volunteer-lake-
monitoring/secchi-disk.jpg

So what is the secchi depth depending on?



Blue ocean

Coastal ocean

Inland pond

Why does the Secchi disk depth vary?



Observation of Secchi disk detailing long term change:

Lake Tahoe (Jasby et al., 1999):

Lake Tahoe clearest in 10 years, bucking 40-year decline

- SCOTT SONNER, Associated Press Writer

Tuesday, February 25, 2003 

Lake Tahoe is the clearest it has been in 10 years, but researchers don't know if it's 

the result of scientific efforts to reverse four decades of declining clarity or part of a 

natural drought cycle. 

A white plate used to measure the lake's clarity could be seen as deep as 78 feet 

on average in 2002, researchers announced Tuesday. 

"These are encouraging results and we hope they indicate the beginning of the 

lake's recovery," said Charles Goldman, director of the University of California-

Davis Tahoe Research Group.



Observation of Secchi disk detailing long term change:

Canadian lake (Ontario):



Data banks store Secchi data for future generations:



http://dipin.kent.edu/whatis.htm

Since July, 1994
Volunteers have provided Volunteers have provided 
30,26830,268 transparency records transparency records 
On 6,626 On 6,626 waterbodieswaterbodies
By 9,220 volunteersBy 9,220 volunteers
Belonging to 394 Programs, 
both volunteer and 
professional inin

50 US states, 
9 Canadian provinces, and 
6 other countries

Secchi disking provides great data and friends:



The equation of radiative transfer applied to the Secchi disk

Zaneveld and Pegau, 2003 (based on the pioneering works of Duntley, 
Preisendorfer and Jerlov):

Separate target radiance (LT) from background radiance (LB)



Zaneveld and Pegau, 2003 (based on the pioneering works of Duntley, 
Preisendorfer and Jerlov):

What happens when θ=π/2?



Blue ocean

Coastal ocean

Inland pond

What wavelengths are the Secchi
reading indicative of?



So far we worked with monochromatic light. But what 
is the light our eye perceive from the disk?

The eye perceives photopic parameters, that is, it observes light spectra 
convolved with the spectral sensitivity of the human eye.

THE PHOTOPIC LUMINOUS EFFICIENCY FUNCTION 

http://www.4colorvision.com
/files/photopiceffic.htm

Y(λ)

Photopic attenuation:



If we view the disk vertically (r=z) it follows that:

Preisendorfer 1986, L&O “Secchi disk science: Visual optics of natural waters”:

Sea surface effects

All of the things that one might think would interfere – the illumination 
conditions, sea-state, the nature of the disk, and human-to-human variability –
actually have little effect since they are all contained inside the logarithm.   The 
primary source of variability in the Secchi disk depth is the optical properties of 
the sea, specifically the attenuation of light.

Rules of thumb: Γ ~ 8-9 and K/α ~ 0.4



Example for an empirical relationship (field cals) from Tangier Sound

http://cblcbos1.cbl.umces.edu/sone/IR17_Chapter5.pdf



Dealing with issues associated with the surface:

Smith, 2000

“Even Secchi (1866) and his helpers 
instinctively used hats and umbrellas to 
make τ= 1.”



Preisendorfer concludes:

•(i) the Secchi disk reading yields a quantitative estimate 
of the apparent optical property α + K of a medium.

•(ii) The primary function of a Secchi disk is to provide a 
simple visual index of water clarity via zso or α + K. 

•(iii) To extend the use of the disk with auxiliary 
objective measurements (of α or K, or both) is to risk 
obviating or abusing this primary function.



Another approach: the horizontal black disk:

Zaneveld and Pegau, 2003



Davies-Colley (1988): A black disk is superior to the white disk
Contrast=-1.



Smith and Davies-Colley, 2000

Relationship with turbidity:



A robust visibility parameter: relationship of a beam-c @532 and the visibility range.

Zaneveld and Pegau, 2003



Conclusion: How to build a horizontal black disk 
(http://depts.washington.edu/cwws/Outreach/FactSheets/secchi%20rev.pdf).


