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Part 2 –  Analysis of rainfall data 
 
Earth’s climate has constantly changed over a geological timeframe. The global average temperature 
today is about 15 degrees Celsius, although geological evidence suggests it has been much higher and 
lower in the past. However, the current period of global warming is occurring much more rapidly than 
observed in past events. There is a scientific consensus that theses natural fluctuations are being 
overtaken by a rapid human-induced warming that has serious implications for the stability of the 
planet's climate. With this in mind, we decided to conduct a short investigation into local climate 
data. 
 
We obtained monthly rainfall data from the Eskdalemuir weather station, which is freely available 
from the Met Office. Eskdalemuir is a small village in Dumfries and Galloway, Scotland (55.269°N 
3.177°W). An observatory was first established in here in 1908 and so Eskdalemuir has one of the 
longest rainfall records in the UK, which makes it particularly suitable for this study. However we 
must note that any conclusions we draw from this study come with the caveat that they only drawn 
from a data set obtained at a single location. Indeed, a future study incorporating data from other 
Met Office weather stations would be a welcome extension to this work. 
 
Figure 1 shows a plot of the raw data, immediately we note large fluctuations in the data. This is 
clearly due to seasonal fluctuations; the UK is classified as having a temperate ocean climate [1] and 
so is general characterised by warm relatively dry summers and mild wet winters. To facilitate a more 
meaningful analysis of the data we de-trend to remove these seasonal fluctuations, which is can be 
seen in Fig. 1. 
 
 
 
 

 

 

 

 

 

 

 

 

Figure 1: Monthly rainfall data from the Eskdalemuir station plotted in time. The thick red curve 
shows seasonally de-trended data. 



If we restrict ourselves to the post-war period (plotting the rainfall data from 1950 to present day) 
then there appears to be a moderate increase in the amount of rainfall.  
 

Figure 2: (Red) Detrended rainfall data from the Eskdalemuir station plotted in time. The black 
dashed line shows a linear fit to the data, note the amount of rainfall appears to have increased by 
approximately 50% in the last 60 years. 

 
 
This is more apparent when we seek a linear fit to the data, see Fig 2. We note that a recent study [2] 
has pointed to the fact that global warming appears to be leading to increases in rainfall extremes and 
this is somewhat borne out it in our data. Since the work of Allan & Soden (2008) concerns 
precipitation extremes, in the final part of this study we turn our attention to the underlying 
statistical properties of our data. If we define our original rainfall data !(#) and our de-trended data 
!′(#) then we can compute a new time series !& = ! − !′ which removes the increase in rainfall we 
have explored in Fig. 2. This allows us to purely focus on the fluctuations of the data and to 
investigate rainfall extremes. Perhaps the most important question to address here is does the rainfall 
follow a normal distribution, which is the most important and widespread statistical distribution [3]. 
We begin by computing the mean ) and standard deviation * of !& and then normalising to create a 
time-series of + = (!& − ))/* which is displayed in Fig 3. 
 
 

Figure 3: A normalised time series of rainfall fluctuations from 1910 to the present century.  
 



We then plot an estimate of the probability density function (PDF) of + and compare that to the 
PDF of a standard (zero mean, unit standard deviation) normal distribution; this is displayed in Fig. 
4. We note that the rainfall data has a heavier tail than the normal distribution. Hence we may 
expect more extreme rainfall (and thus flooding) than would be expected if the rainfall was normally 
distributed. This is an important consideration which should go into the planning of housing and 
retail developments close to natural flood plains. 
 

Figure 4: A histogram estimate of the Probability Density Function (PDF) of the normalised rainfall 
time-series Z. The red dashed line shows the PDF of the standard normal N(0,1) 
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