On the determination of trends in rainfall
Philip Lloyd*

Energy Research Centre, University of Cape Town, Private Bag, Rondebosch 7701, South Africa

Abstract
The question of how to assess trends in rainfall data is very relevant to that of climate change. A short review of prior work
revealed that there was little consensus on the methodology to be adopted. Many methods had been tried and abandoned.
Some methods had found comparatively wide acceptance although they employed a statistical software package that is not
readily available, and which does not have tools common to other more widely available packages. In the light of this review,
it was decided to start from the inherent distribution of rainfall and develop a method for determining temporal trends based
on the underlying distribution. Data sets from 4 different locations and covering sample periods from every 5 min to every
week were assessed. In each case it was found that the data could be represented extremely well by a log-normal distribution,
which meant that normal statistics could be applied to the transformed data. When it was so applied, clear trends emerged,
the significance of which could be readily judged via an F-test or t-test. Some worked examples are provided. Attention is
drawn to the possibility of estimating the likelihood of extreme events by this method. It is also noted that the usual method
of reporting rainfall as an arithmetic average overstates the precipitation, and that on statistical grounds use of a geometric
mean is to be preferred.
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Introduction
The problem of estimating trends emerged during an assessment of precipitation chemistry using data from the US National
Atmospheric Deposition Program [NADP]. NADP has established some 200 monitoring stations across the United States
(NADP, 2007a). Some are no longer operational; a new station
nearby usually replaces one no longer active. Composite samples are collected once a week, comprising all the precipitation
collected over the week. The samples are sealed and sent to central laboratories for analysis. The raw data are available from the
NADP website (NADP, 2007b), and are usually complete up to
about 6 months before present.
The problem was to find a reliable means of determining the
trend in rainfall with time. There are many methods published
in the literature, some of which are reviewed below. But there is
no general consensus of a methodology for what would, at first
sight, appear to be a simple task.
The NADP data have been extensively assessed by NADP
staff. Long-term trends in the data have been evaluated (Lehmann et al., 2005; 2007) using the Seasonal Kendal Trend (SKT)
test. The SKT test is a non-parametric test for trend which is
insensitive to the existence of seasonality (Hirsch et al., 1982).
The difficulty of this approach is apparent from the description
of the methodology, as applied to the flux of chemical species
(i.e. rainfall x concentration) rather than rainfall per se:
“Statistical seasons were based on meteorological seasons
(December- February = winter, etc.) stratified into high and low
precipitation sample volume classes. The high sample volume
class included samples with volumes at or above the seasonal
median sample volume. The low sample volume class included
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samples with volumes below the seasonal median sample volume.
This subdivision by seasonal median sample volume resulted in
eight statistical seasons in each year (e.g. high volume spring,
low volume spring, etc.). To compare the statistical ability of this
proposed method, trend analyses were also performed using one
statistical season per year (annual averages) and four statistical
seasons per year (seasonal averages).
The SKT analysis was performed using the EnvironmentalStats Version 2.0 package of S-PLUS 6.1 (Millard and Neerchal,
2000). The null hypotheses were that the trend is zero (Kendall’s
tau statistic = 0), and that the seasonal taus were homogeneous
(Kendall’s tau values were equivalent) over all statistical seasons. An example of a homogeneous trend is one in which the
trends are of equivalent magnitude and direction in all statistical
seasons.
The magnitude of the trend slope was determined by taking
the natural log of the concentration data (as meq/ℓ) and determining the Sen’s median estimator (Gilbert, 1987; Helsel and
Hirsch, 1992; Millard and Neerchal, 2000). The Sen’s median
estimator of log-transformed concentrations provides a nonparametric estimate of the percent change of concentration over
the period. Equation (1) gives the trend magnitude in per cent
change over analysis period.
ΔC = (eS -1)100t 										

(1)

where:
ΔC per cent change in concentration over period
S Sen’s median estimator of trend slope
t length of trend period (years)
Weekly samples whose analytical concentrations fell below
reporting limit were handled as follows as per Helsel and Hirsch
(1992). For the trend analysis, statistical seasonal averages that
fell below reporting limits were set to zero. For the Sen’s median
estimator calculations, statistical seasonal averages that fell
below reporting limits were removed from the data set.”
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