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Abstract Ma and Zhang (2017) note a concern they have with our rescaled Complementary Relationship
(CR) for land surface evaporation when daily average wind speeds are very low (perhaps less than 1 m/s).
We discuss conditions and specific formulations that lead to this concern, but ultimately argue that under
these conditions, a key assumption behind the CR itself may not be satisfied at the daily time scale. Thus,
careful consideration of the reliability of the CR is needed when wind speeds are very low.

1. Introduction and Discussion

We would like to thank N. Ma and Y. Zhang for opening up a conversation on the rescaled Complementary
Relationship (CR) proposed in Crago et al. [2016, hereinafter C16]. The CR relates E (actual regional evapora-
tion) to Epa (potential evaporation—estimated here with the Penman [1948] equation) and Ep0 (regional
wet-surface evaporation—estimated with the Priestley and Taylor [1972] equation). C16 introduced Epads,
‘‘the value Epa would have if the regional surface was devoid of all moisture.’’ We are pleased that Ma and
Zhang agree with the need to adjust the boundary conditions for y 5 E/Epa 5 0 and to rescale the CR, as
suggested in C16. We agree with them that Epads could be defined using a version of Penman’s equation.
We also agree that there are situations in which equation (3) given by Ma and Zhang could result in
Epads< Ep0, so that xmin 5 Ep0/Epads> 1, which falls outside the physically valid range.

The use of the Penman [1948] equation to estimate Epads fits well with the definition given above, because
Epa itself is calculated with the Penman equation. Szilagyi et al. [2017, hereinafter S17] suggested that the
temperature used to estimate Epads using this method should be Td, the air temperature that would result
from adiabatic drying to a humidity of zero. S17 obtained excellent results with the rescaled CR in this way.
We also note that the definition of Epads might be best met if the same temperature and humidity measure-
ment height is used to estimate Epa and Epads.

The behavior of xmin displayed in Figure 1 of the Comment appears to be correct. Use of the Penman equa-
tion will reduce or eliminate values of xmin> 1. The extent to which nonphysical values of xmin will occur
depends in part on the wind function chosen for the drying power term in Penman’s equation. Use of the
wind function originally suggested by Penman [1948], that is, f(u) 5 a(b 1 cu), where a, b, and c are con-
stants and u is wind speed (usually at 2 m height), avoids xmin> 1 because the wind function remains
greater than zero even as u! 0. Wind function formulae based on Monin-Obukhov Similarity (MOS) Theory
result in f(u) ! 0 when u ! 0. In this limiting case, MOS Theory results in the second term of Penman’s
equation equaling zero, so that Epads 5 (1/a)Ep0, where a is the Priestley and Taylor parameter. Since a> 1
for saturated regions [e.g., Brutsaert, 2005], this results in xmin> 1. The MOS wind function could conceivably
be modified by replacing all values of u less than umin with umin, where umin is a parameter, to prevent
f(u) 5 0 and xmin> 1.

However, we suggest caution using any CR in the limit as u ! 0. In this situation, there is no shear-driven
turbulence. At the same time, at the daily time step, stability is assumed to be neutral, so there is no
buoyancy-driven turbulence either. With minimal turbulence, the lower atmosphere would be disconnected
from the properties of the surface. This violates an assumption of the CR, namely, that the lower atmosphere
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is well-adjusted to the moisture status of the surface in the region. Furthermore, under these same condi-
tions, x 5 Ep0/Epa can exceed 1.0, thus exceeding the theoretical limit postulated for example, by Brutsaert
[2015]. Therefore, rather than seeing nonphysical values of xmin as a mathematical problem to be solved, we
see them as a sign that the CR is unlikely to be reliable under those conditions.
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