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Price and Carlyle-Moses (2003) (hereafter PCM)
quantified the water balance of precipitation on a forest
canopy by measuring rainfall, throughfall, and stemflow. In using the data to calibrate the Gash model
of evaporative loss (Gash, 1979; Gash et al., 1995;
Valente et al., 1997), PCM improved predictions by
varying the storage capacity parameter, Sc , conditional
on rainfall intensity. PCM concluded that this improvement is evidence that supports the hypothesis of Calder
(1986, 1996) that “the storage capacity of a stand is
reduced when rain-drops and thus, rainfall intensities
are large.”
In this comment, I show that this conclusion is
not warranted by the data presented in the paper, and
that there is evidence that storage in the canopy may
have been actually higher during events of greater
intensity.
By splitting their data into storms of high and low
mean intensity, PCM also split the data into storms of
short and long duration (t-test; P = 0.05), and more
and less rain amount (t-test; P = 0.11) (Fig. 1). Therefore, it is clear that differences in interception between
the two groups cannot be attributed solely to intensity,
and PCM have no basis to form any conclusions about
simple effects of rainfall intensity.
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Ever since Horton’s (1919) pioneering work,
canopy interception scientists have understood that
duration of rainfall is most related to storm-total
evaporation, but the most readily available data is
normally the total amount of rainfall. This is partly
why Gash’s model is so useful in application, and
why work such as presented by PCM is important.
Because rainfall intensity is the ratio of amount to duration, examining the relationship between intensity
and canopy interception processes is only meaningful
when the analysis controls for duration. Complicating
matters is that longer-duration storms normally have
lower average intensity.

1. Re-analysis, controlling for event duration
Comparing storms of equivalent durations but different intensities in PCM’s data reveals greater evaporation in high-intensity storms (Fig. 2). Three common
assumptions allow use of this relationship to estimate
differences in canopy storage among storms: (1) total
evaporation is the sum of evaporation during the storm
and storage at the end of the storm (Horton, 1919); (2)
the rate of evaporation was the same during all storms
in PCM’s experiment (Gash, 1979); and (3) the canopy
was fully wet during all storms in PCM’s experiment,
so that storage did not limit evaporation. Given two
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peratures were presumably higher. More information
would be required to draw a strong conclusion about
the actual canopy storage.
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Fig. 1. Total rainfall in storms of different durations in a hardwood forest in Ontario. Dots indicate storms with mean intensity <7 mm h−1 and crosses indicate storms with mean intensity
>7 mm h−1 . Data are from Price and Carlyle-Moses (2003) (Table 3).

storms of equal duration, then, these assumptions dictate that the storm with the greatest total evaporation
must have had the greatest storage at the end.
This logic dictates that the high-intensity storms
measured by PCM would have had more water stored
on the canopy. Systematic violations of assumptions
(2) and (3) would invalidate this conclusion, however. For example, the assumption of equal evaporation rates among storms may been violated because
the high-intensity storms in PCM’s experiment tended
to occur during the middle of the summer when tem7
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Calder’s (1986) hypothesis that canopy storage decreases with rainfall intensity enjoys widespread acceptance. However, published data have refuted the
concept. Field measurements of canopy storage during
rainfall have generally shown storage increases during
periods of higher rainfall intensity (e.g., Calder and
Wright, 1986; Klaassen et al., 1998). In the laboratory,
Aston (1979) found storage on branches was higher
at simulated rainfall of higher intensity. Finally, Hall
(2003) has shown recently that predictions of evaporation by the model of Calder’s (1986) are insensitive
to assumptions about intensity-dependent storage, and
the superior performance of that model is mainly the
result of an improved representation of canopy wetting.
The simplifying assumptions of the Gash model
are assets for estimating evaporation, but are not conducive to detailed physical interpretation of model
parameters or results. Klaassen (2001) recently highlighted this fact, and suggested that the usefulness
of even the full Penman–Monteith equation (e.g., by
Rutter et al., 1971) depends on compensating errors.
Examples of this problem can crop up in measurements of fluxes and stores that are normally only estimated in application (e.g., Calder and Wright, 1986).
Specifically, Vrugt et al. (2003) found that measurements of throughfall are inadequate for identifying
canopy storage and evaporation during rainfall. Thus,
physical interpretation of parameters estimated by
statistical calibration of the Gash model is risky, and
the conclusion by PCM that intensity reduces storage
cannot be accepted without supporting data.
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Fig. 2. Total evaporation (rainfall–throughfall–stemflow) during
storms of different durations in a hardwood forest in Ontario.
Dots indicate storms with mean intensity <7 mm h−1 and crosses
indicate storms with mean intensity >7 mm h−1 . Data are from
Price and Carlyle-Moses (2003) (Tables 3 and 5).

3. Conclusions
One of the main conclusions by Price and
Carlyle-Moses (2003) was that canopy storage decreased during rainfall of high-intensity in their field
study. However, this conclusion is based on the faulty
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reasoning that correlation between meteorological
conditions and optimized model parameters is sufficient evidence of physical phenomena. This commentary has shown that their conclusion is not supported
by the data they presented, and that those data more
strongly support the conclusion that canopy storage
was actually greater during storms of higher intensity.
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