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Appendix A: Explicit descriptions of flow-assistance
equations

Each of the nine figures below (A.1 - A.9) contains a complete and explicit
overview of a particular flow-assistance equation. Along the left column of
each figure, from top to bottom, is the flow-assistance equation itself, a graphical representation of the equation’s components, a text summary describing
the equation’s components and assumptions, and a circular plot indicating
the resulting flow-assistance values for different combinations of flow speed
(0 - 20 ms−1 ) and direction (0 - 360◦ ). In these circular plots, flow speed
is indicated by the distance from the center of the circle with the edges corresponding to flow speeds of 20 ms−1 . In both the circular plots and the
graphical representation of the equation’s components, a gray arrow indicates
the preferred direction of movement (pdm). Note that in the graphic indicating the components of the model, the pdm is equivalent to 90◦ ; whereas in the
circular plot representing the resulting flow-assistance values, the pdm is equal
to 225◦ . For the circular plots, the preferred air- or ground speed, whenever
required by an equation, was set to 12 ms−1 , and, for Fig. A.9, the proportion
of compensation (f ) was set to 0.5. Along the right column of these figures
are the partial derivatives (i.e. sensitivities) of the flow-assistance equation to
each of its respective assumptions. For each of an equation’s assumptions,
we provide the partial derivative equation and a circular plot indicating the
sensitivity of the equation to that assumption for particular combinations of
flow speed (0 - 20 ms−1 ) and direction (0 - 360◦ ). Some equations do not have
assumptions that allow calculation of partial derivatives, so their sensitivity
(i.e. the right column) contains only ‘NA’. As with the other circular plots,
flow speed is indicated by the distance from the center of the circle with the
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edges corresponding to flow speeds of 20 ms−1 . The contoured surface of these
plots indicates the change in flow-assistance (ms−1 ) that would result from a
one-unit change in the specified assumption for the particular combination of
flow speed and direction. In these plots, the pdm was set to 225◦ ; any speedrelated assumption was set to 12 ms−1 ; and, for Fig. A.9, the proportion of
compensation (f ) was set to 0.5. We show the sensitivity of each equation to
specific amounts of uncertainty in Figure 3.3 of the main text.
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