
 
 

 

 

 

Supplemental Material 
Journal of Hydrometeorology 

New Allometric Equations for Arctic Shrubs and Their Application for Calculating the Albedo of 

Surfaces with Snow and Protruding Branches 

https://doi.org/10.1175/JHM-D-20-0012.1 

 

© Copyright 2020 American Meteorological Society 

Permission to use figures, tables, and brief excerpts from this work in scientific and 

educational works is hereby granted provided that the source is acknowledged. Any use 

of material in this work that is determined to be “fair use” under Section 107 of the U.S. 

Copyright Act or that satisfies the conditions specified in Section 108 of the U.S. 

Copyright Act (17 USC §108) does not require the AMS’s permission. Republication, 

systematic reproduction, posting in electronic form, such as on a website or in a 

searchable database, or other uses of this material, except as exempted by the above 

statement, requires written permission or a license from the AMS. All AMS journals and 

monograph publications are registered with the Copyright Clearance Center 

(http://www.copyright.com). Questions about permission to use materials for which AMS 

holds the copyright can also be directed to permissions@ametsoc.org. Additional details 

are provided in the AMS Copyright Policy statement, available on the AMS website 

(http://www.ametsoc.org/CopyrightInformation). 

http://www.ametsoc.org/PUBSCopyrightPolicy
http://www.copyright.com/
http://www.ametsoc.org/CopyrightInformation


S1. Error Propagation 

The errors of the fitted coefficients a and b in Eq. (2) (Table 1) were calculated from the covariance 

matrix returned by the scipy.optimize.curve_fit (which is a wrapper of the scipy.optimize.least_squares 

function). To calculate the errors propagated from the fitted coefficients to BAItotal, BAIexposed, k, χ and 

finally αmix, we used the variance formula of Gauss. The propagated errors are thus calculated from the 

partial derivatives of each respective equation for BAItotal, BAIexposed, k, χ and αmix which are shown 

below (together with the original equations). 

The equation for BAItotal is: 

𝐵𝐴𝐼𝑡𝑜𝑡𝑎𝑙 = 𝑎 ⋅ 𝐻veg
𝑏  

and the error ΔBAItotal is calculated from: 

𝛥𝐵𝐴𝐼𝑡𝑜𝑡𝑎𝑙 = 𝐻𝑣𝑒𝑔
𝑏 ⋅ 𝛥𝑎 + 𝑎 ⋅ 𝐻veg

𝑏 ⋅ 𝑙𝑜𝑔(ℎ𝑣𝑒𝑔) ⋅ 𝛥𝑏 

The equation for BAIexposed is: 

𝐵𝐴𝐼𝑒𝑥𝑝𝑜𝑠𝑒𝑑 = 𝑓𝑒𝑥𝑝 ⋅ 𝐵𝐴𝐼𝑡𝑜𝑡𝑎𝑙 

and the error Δ BAIexposed is given by: 

𝛥𝐵𝐴𝐼𝑒𝑥𝑝𝑜𝑠𝑒𝑑 = 𝑓𝑒𝑥𝑝 ⋅ 𝛥𝐵𝐴𝐼𝑡𝑜𝑡𝑎𝑙  

The equation for k is: 

𝑘 = 1 + 𝛼𝑠𝑛𝑜𝑤 ⋅ (1 − 𝐵𝐴𝐼𝑒𝑥𝑝𝑜𝑠𝑒𝑑) 

and the error Δk results from: 

𝛥𝑘 = −𝛼𝑠𝑛𝑜𝑤 ⋅ 𝛥𝐵𝐴𝐼𝑒𝑥𝑝𝑜𝑠𝑒𝑑 

The equation for χ is: 

𝜒 = 𝑘 ⋅ 𝑓𝑒𝑥𝑝 ⋅ 𝐵𝐴𝐼𝑡𝑜𝑡𝑎𝑙 

and the error Δχ is calculated from: 

𝛥𝜒 = 𝑓𝑒𝑥𝑝 ⋅ 𝐵𝐴𝐼𝑡𝑜𝑡𝑎𝑙 ⋅ 𝛥𝑘 + 𝑘 ⋅ 𝑓𝑒𝑥𝑝 ⋅ 𝛥𝐵𝐴𝐼𝑡𝑜𝑡𝑎𝑙  

Finally αmix results from: 

𝛼𝑚𝑖𝑥 = (1 − 𝜒) ⋅ 𝛼𝑠𝑛𝑜𝑤 + 𝜒 ⋅ 𝛼𝑣𝑒𝑔 

and the error Δαmix is given by: 

𝛥𝛼𝑚𝑖𝑥 = (𝛼𝑣𝑒𝑔 − 𝛼𝑠𝑛𝑜𝑤) ⋅ 𝛥𝜒 
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S2. Wind speed coast vs. valley 

Wind speed on the coast is almost always greater than in the valley. As an example, Figure S2 

compares average hourly wind speed data from a station located 10 m from shore to those obtained in 

the valley. Both stations used a Young anemometer at the top of a 10 m tower. The wind speed 

distribution curve for the coast is clearly significantly higher than that for the valley. In the valley, wind 

speed is >10 m s-1 3.85% of the time, whereas that value is reached 10.62% of the time on the coast.  

 

Figure S2. Comparison of wind speed distributions on the coast and in the valley for the year 2013.  
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