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Appendix 1 

Calibration of data to reflectance 

Pixel values (digital number, DN) over the calibration standard are averaged and the reflectance (ρ) 

for each band in each photo is calculated as  

𝜌 𝑝ℎ𝑜𝑡𝑜 =   
𝐷𝑁 𝑝ℎ𝑜𝑡𝑜 𝜌(𝑝𝑎𝑛𝑒𝑙)

𝐷𝑁(𝑝𝑎𝑛𝑒𝑙)  

where 𝜌 𝑝ℎ𝑜𝑡𝑜  is the reflectance at each pixel in the photo; 𝜌(𝑝𝑎𝑛𝑒𝑙) is the reflectance of the 

calibration standard, which is a known constant; 𝐷𝑁 𝑝ℎ𝑜𝑡𝑜  is DN at each pixel in the photo and 

𝐷𝑁 𝑝𝑎𝑛𝑒𝑙  is the average DN of the pixels over the calibration standard (Murphy et al. 2006). 

Calibration is part of a java-routine on ImageJ program with which each ADC-photo is processed. 

Calibration of data to reflectance is of fundamental importance when one wants to compare 

chlorophyll amounts estimated from photos acquired at different times and places. 
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Appendix 2 

Calculation of the generalized dimension spectrum Dq 

Generalized dimensions are exponents estimated by the box counting method: the plot is covered 

with a grid of N(ε) squares of side ε and for each square a value of standardized biomass is 

calculated as 

𝑀! 𝑞, 𝜀 = (!! ! )!

(!! ! )!
!(!)
!

.         (1) 

where µμ is the measured biomass and q is called the moment order and can be considered an 

arbitrary exponent. An adjustment corresponding to +(minimum observed biomass)/100 has been 

applied to all biomass values before the standardization in order to avoid zeros. 

Then the partition function is computed as: 

𝑍! 𝜀 = (𝑀! 𝑞, 𝜀 )
!(!)
!          (2) 

The operation is performed for different values of ε and q. In order to exactly divide the plots, a grid 

size range of ε in power of two with a minimum of 22 = 4 and a maximum of 27 = 128 or 210 = 1024 

pixels was chosen; the q exponent ranged between –20 and +20.  

The generalized dimension is calculated as:  

𝐷! =
!

!!!
   lim!→!

!"#  (!! ! )
!"#   !

         (3) 

This limit cannot be determined. Hence the second term in Dq is calculated as the slope of the 

regression of log(Zq) versus log(ε). A linear relation is assumed, which is estimated using the least 

squares method.  

For q = 1, the denominator of the first term in Dq is undefined, so Eq. 3 is replaced by: 

lim!→!
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 (4) 

To see that Dq is actually an exponent, Eq. 3 can be rearranged to obtain:  

𝑍! ≈    𝜀!!(!!!)             (5) 

Eq. 5 determines how Zq varies with the scale ε and it is evident that it is a power law.  

 

Details of results 
We found a linear relation between log(Zq) and log(ε) for all plots sampled and all q used. As a 

measure of goodness of fit, we calculated the coefficient of determination R2, which was always 

larger than 0.99. 
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Figure A2.1. Example of a typical graph for the determination of the generalized dimension Dq for 

one subplot 1024 × 1024 pixels. It shows all the regression lines for ten values of q.   
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Appendix 3 

 

Figure A3.1. Power spectra of EMPB biomass separately for each transect. The spectral density is 

plotted against frequency of observation (pixel-1) on a natural log-log scale. Data are from the first 

date of sampling (26.01.2012). 
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Figure A3.2. Power spectra of EMPB biomass separately for each transect. The spectral density is 

plotted against frequency of observation (pixel-1) on a natural log-log scale. Data are from the 

second date of sampling (16.11.2012). 
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Appendix 4 

Table A4.1. β coefficients and R2 from linear regressions of the power spectrum of EMPB biomass 

data obtained from quadrats of 80 × 80 pixels against frequency of observation for the two sampling 

dates. All the coefficients were significantly different from zero (p < 0.001). 

  

Transect Series 
January 2012 November 2012 

β (SE) R2 β (SE) R2 

1 
1 1.71 (0.050) 0.92 0.88 (0.036) 0.80 

2 1.29 (0.058) 0.82 0.97 (0.033) 0.88 

2 
1 1.11 (0.034) 0.90 0.76 (0.045) 0.66 

2 1.35 (0.039) 0.91 0.86 (0.045) 0.71 

3 
1 1.17 (0.070) 0.72 1.36 (0.052) 0.86 

2 1.27 (0.050) 0.77 1.16 (0.054) 0.81 

 


