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Summary Zekai Sen provides several comments on our paper (Chang, C.L., Lo, S.L., Yu, S.L.,
2005. Applying fuzzy theory and genetic algorithm to interpolate precipitation. J. Hydrol. 314,
92–104). More discussions could create different opinions and ideas, and they are all very sig-
nificant for the development of methodology or study application. However, Sen has some mis-
understanding on our paper. The following discussions follow the order of Sen’s comments.
ª 2006 Elsevier B.V. All rights reserved.
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The inverse distance method

Sen considers that the weighting factors presented in our
paper are only based on geometrical concept of inverse dis-
tance method, whereas flexibility in the weighting factors
should include the effects of precipitation amounts re-
corded in each gauge. Sen refers to some drawbacks of
the weighting functions, which do not take into consider-
ation the natural variability of meteorological phenomenon
(Cressman, 1959; Sasaki, 1960; Barnes, 1964; Thiebaux and
Pedder, 1987). Sen also states ‘‘The weighing functions
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must reflect the behavior of the meteorological phenomena
in addition to the station configuration geometry.’’ Cer-
tainly, the meteorological phenomenon would also have
some influence on weighting functions. However, no litera-
ture could accurately predict or control meteorological phe-
nomenon. Therefore, it is valuable to quantify the weighting
factors of each rainfall gauge on the basis by taking into
consideration the station configuration geometry. Our paper
introduces a new methodology for adjusting the weighting
factors of each rainfall gauge to represent the relative influ-
ence in precipitation estimation. Even though it is not the
optimal methodology for estimating precipitation, the esti-
mation error of precipitation is definitely lowered by this
method developed in our study, compared with traditional
methods.
.
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Fuzzy theory and GA

Sen deems that it is not valid to express the weighting fac-
tors in the IDW interpolation method and the membership
function in the fuzzy theory with the same idea in different
words. However, the relative influence of each surrounding
rainfall gauge is an abstract factor, so it is not easy to use
absolutely binary classification, i.e. completely related
and completely unrelated classes. Thus, it is valuable to ap-
ply fuzzy logic for addressing these situations by allowing
variables to be ‘‘partially true’’ and/or ‘‘partially false’’
(Abdel-Kader et al., 1998). IDW method does the same
way to describe the relative influence of each rainfall
gauge. The effect of site configuration and elevation-differ-
ence variability of rainfall stations is considered in our pa-
per to decide the weighting factors, and the fuzzy
membership functions is clearly defined for representing
the weighting factors.

Sen has some misunderstanding on the definition of the
methodology developed in our paper. Our paper explains
that ‘‘Although the tendencies of these two membership
functions are resemble, the scales of horizontal distances
and elevation differences are different. In this study, nor-
malization technology (Craig and Karen, 1995) was applied
for avoiding the misleading analysis due to various scales
of horizontal distances and elevation differences. The ele-
ments in set U, and V are redefined as normalized horizontal
distances and elevation differences’’ (Chang et al., 2005).
The variable ‘‘d’’, horizontal distances, and the variable
‘‘h’’, elevation differences, are transformed to the same
scale without any unit by normalization procedure. The val-
ues are fixed between 1 and 10. The calculation of trans-
forming a parameter with unit to a normalized
dimensionless value can be shown as following equations:

d0 ¼ 1þ 9
d � dmin

dmax � dmin

� �
ð1Þ

h0 ¼ 1þ 9
h� hmin

hmax � hmin

� �
ð2Þ

where d 0 and h 0 are normalized d and h separately. When
d! 0 (or h! 0), d 0 ! 1 (or h 0 ! 1) and the membership
functions, lpd(d) and lph(h), would close to 1 as well. Since
d 0 and h 0 are always bigger than (or equal to) 1 and m and n
are bigger than 0, the membership functions are always less
than (or equal to) 1. The definition of the methodology is
reasonable and logical.

Moreover, Sen states ‘‘It is not clear why minimum and
multiplication operations are adopted for better solution’’.
The results are searched by GA procedure, and Figs. 6 and 7
in our paper can obviously demonstrate the statement. If
Sen could carefully ruminate our paper, he would have more
clear understanding.

Applying fuzzy sets to interpolate precipitation

Although our paper does not consider the meteorological
phenomena in the allotment of weighting factors for each
rainfall gauge, it combines the effect of horizontal and ele-
vation differences between each rainfall station. The re-
sults verify that the consideration of the influencing factor
of elevation difference could lower the estimation error.
For instance, the differences between the elevations of
the Feitsui rainfall station and its nearby gauges are large
and various, and the results show that the estimation error
is much more reduced by applying the method developed in
this work based on the fuzzy theory than other methods,
which do not take into consideration of elevation-difference
variability (Chang et al., 2005).

Again, Sen states ‘‘All the discussions concerning the
estimation errors are related to horizontal distances, which
are static and do not change with time, but there is no men-
tion about the rainfall amount variations that are significant
from hydrology point of view’’. Rainfall characteristic might
be an effect for estimating precipitation. The methods,
which only consider station configuration geometry, always
assume that the difference of rainfall amount is influenced
by the site configuration or elevation differences between
each rainfall gauge. This assumption is reasonable, even
though sometimes it is not absolutely true. Therefore, it is
still valuable to take into consideration the station configu-
ration geometry only, because the meteorological phenom-
enon cannot be easily controlled. The results in our work
show that the estimated error of precipitation at Taiping
rainfall station cannot be effectively reduced by any meth-
od, because the average horizontal distance between the
Taiping rainfall gauge and its nearby rainfall stations is so
large (Chang et al., 2005). It shows that the methodology,
which only considers the site configuration, could result in
some errors, when the assumption mentioned above is not
valid. The methodology developed in our study is, of course,
not perfect or the best one. However, it certainly improves
the traditional methods in the consideration of the effect of
site configuration and elevation-difference variability.

Moreover, Sen has a query about the word ‘‘peak’’ used
in our paper. It is a tiny mistake on the statement. The word
‘‘valley’’ is definitely much better for presenting the mini-
mum error point than the word ‘‘peak’’. Sen’s suggestion
is highly appreciated.

Conclusions

Some unclear statements have been explained herein. Sen
emphasizes the importance of meteorological phenomenon
in precipitation estimation. However, our study focuses on
the improvement of the consideration of the effects of sta-
tion configuration geometry, and combines the effects of
horizontal and elevation differences by the concept of fuzzy
membership functions. Although Sen does not consider that
the weighting factors in the IDW method and fuzzy member-
ship functions are in the same idea, we still insist the impor-
tant opinion and application in our work. The achievements
and innovation of the methodology development is signifi-
cant, even though a new method could not be a perfect one.
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