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Application of Mann-Kendall and Innovative trend test methods to

analyze rainfall and groundwater level variation trends in the
Pingtung Plain
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Abstract

The Pingtung Plain is an important agricultural area in Taiwan, and groundwater is an
important alternative source of irrigation water in the area. Understanding the spatiotemporal
trends of rainfall and groundwater in this area under climate change will help to formulate a
complete groundwater management strategy. According to the observation data obtained from
9 rain gauges and 96 groundwater observation wells (34 in the first aquifer, 27 in the second
aquifer, 26 in the third aquifer layer I, and 9 in the third aquifer layer I1) in the Pingtung Plain
from 2000 to 2023, two non-parametric trend detection methods, including the recently
proposed Innovative Trend Analysis (ITA) and the widely used Mann-Kendall (MK) test, was
applied to the trend analysis of rainfall and groundwater level, and the differences and
applicability between the two methods are was compared based on the verification results. For
rainfall, the MK test results show no significant trends at on the annual and monthly scales.
ITA mainly shows a significant decrease on the annual scale, while there are differences on
the monthly trends. The significant increase mainly occurs in the dry season, a significant
decrease occurs during the wet season. As for the trend of groundwater levels, both annual
scale trend analyzes reveal that the number of observation wells showing a significant
downward trend in each aquifer, including the first, second and third-1 aquifers, is higher than
that of the upward trend, and the Proximal-fan area is dominated by a downward trend, the
Distal-fan tail area is dominated by an upward trend, and the Mid-fan area is a transition zone.
In terms of groundwater level trends in each month, the proportion of downward trends in
each of the aforementioned aquifers in each month is overwhelmingly higher than the upward
trend. Except for the first aquifer, it can be found that the proportion of upward trend in some
wet season months is higher than that in other months, other aquifers are less affected by the
wet and dry seasons. The insufficient rainfall in recent years has led to the need for increased
groundwater extraction to supplement the irrigation water shortage. This study also indicates
that some observation wells show significant declining trends in multiple aquifer layers
simultaneously, which may be related to the competition for groundwater resources among
different water users and deserves further tracking and control. Furthermore, compared with
MK test, ITA has a higher significant trend test detection rate, and it can also obtain detailed
trend change information at low, medium and high levels through graphical scatter point
distribution, providing a more comprehensive analysis result. The results of this study can
serve as a reference for other related hydrological trend studies, and can also provide a basis
for water authorities to formulate sustainable water resource management strategies.
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