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Response to Anonymous Referee #1
Part 2 - Brutsaert-Nieber model

The first response has addressed questions about the IFP transform. This second
response will address those about Brutsaert-Nieber (BN) model as commonly imple-
mented.
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1. Sensitivity of the —dQ/dt ~ @ recession plot to change in the time-step size At
(Page C7376, Paragraph 2)

Referee 1 asks for a demonstration of the effect of At on the accuracy of the recession
data points or cloud (@, —d@/dt). To address this question, it will require exploring for
me the newer and different paths trodden by Brutsaert and many others (e.g. Troch et
al. , 2013; Mutzner et al., 2013). It is not the intent of this technical note to re-trace
these footsteps, but below are a few hesitant ones of mine.

First, let me de-compose the BN recession plot (—dQ/dt ~ Q) back to two source plots
having a common time axis ¢t: (Q ~ t), and (dQ/dt ~ t). The first one is a familiar
recession hydrograph (¢, @), and the second one a computed de-acceleration graph
(t,dQ/dt). Directions of computed errors for dQ/dt can be determined from its second
derivative with respectto ¢ .

BN model (Eq. 1) defines: dQ/dt = —aQ® . The first derivative of it is: d(dQ/dt)/dt =
dQ?/dt?* = —abQ®1(dQ/dt) = a*bQ?*~1 .

The second derivative of dQ/dt is: dQ3/dt? = a®b(2b — 1)Q?*2(dQ/dt) = —a3b(2b —
1)Q3b72 .

Since the second derivative is negative, the curvature at point (¢, dQ/dt) is convex up-
ward. Being the peak of a convex de-acceleration curve, dQ/dt > AQ/At, if the latter
is replaced by, say, a central difference approximation: (Q(t + At) — Q(t — At))/(2At).
Changing the sign, —AQ/At > —dQ/dt .

In a recession plot, the —AQ/At ~ @ curve thus lies above —dQ/dt ~ @ one. To
maintain equality between both sides of BN model, parameter «a, or b, or both on the
right-hand side will have to increase in value to compensate for the increase in —dQ/dt
on the left-hand side. For individual recession events, this helps explain why values of
parameter b determined by linear regression in a —dQ/dt ~ Q plot are generally higher
than its true values (Table 4).
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2. Interpretations of the lower envelopes (Page C7377, Paragraph 1)

| appreciate the clarification by Referee 1 on the physical meaning of the lower en-
velopes for the recession data cloud. Indeed as BN (1977) originally intended, the
lower envelope represents the slow release from the groundwater storage only. That
it also represents a minimum rate of evapotranspiration is a later interpretation (e.g.
Chen and Wang, 2013).

3. Advantages of the lower envelopes method (Page C7377, last paragraph)

| appreciate the clarification by Referee 1 on the advantages of the classical lower
envelopes method. This also lends support to a statement of mine that parameters
have meaning only within their model such as BN, and, | should add, its implementation
scheme such as the lower envelopes method (Page 15669, Line 25, to Page 15670,
Line 2).
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