
 

 

Abstract: Climate has a dynamic structure 
denoting perpetual variability in temporal and 
spatial scales. Depending on space and time, 
rainfall amount has the most variation of the 
components of the climate system. In this study, 
the remote sensing dataset Tropical Rainfall 
Measurement Mission (TRMM) product at the 3-
hour time scale has been validated with daily rain 
gauge measurements in order to characterize 
rainfall variability and to evaluate satellite rain 
estimates for agricultural and hydrological 
applications in the Southeastern Anatolia region. 
The precipitation retrievals from the TRMM satellite 
were compared with data from seven surface rain 
gauges within the period of 1998-2012. 
Spatiotemporal patterns through statistical 
analyses and regional frequency relationship were 
identified by fitting Generalized Extreme Value 
(GEV) rainfall distribution to the rainfall time 
series, and the fitting results were analyzed 
focusing on the behaviour of the shape parameter. 
In addition, spatial patterns and correlations of 
rainfall events across the study area were also 
analyzed by the calculation of the 90

th
, 95

th
 and 99

th
 

percentiles. Furthermore, the recurrence intervals 
of large rainstorms have been identified for the 
rain gauge stations with the associated TRMM grid 
time series and spatial patterns in the study area 
have been evaluated. Thematic maps of the 
appropriate distribution function parameters were 
produced by performing the spatial evaluations of 
the designated regions with pixel-based point 
frequency analysis. Results indicate that there 
exist large discrepancies between rain gauge and 
TRMM data at mean rainfall values; however, least 
squares fits indicate reliable and quite linear 
correlation for the 90th, 95th and 99th percentiles 
(r

2
=0.70, 0.77 and 0.75 respectively) and the annual 

maximum daily amount of precipitation (r
2
=0.69). 

Recurrence intervals derived from rain gauge 
measurements for 10 to 40-year periods and a 
moving-window of 14-year intervals yielded similar 
results. Ultimately, the spatiotemporal pattern 
analysis of the computed extreme statistics is 
conducted using geographic information systems. 
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Although rainfalls from each TRMM 3B42 grid cell 
are generally overestimated compared against rain 
gauge data, data compare well for stations that 
were located at approximately the mean elevation 
of the related TRMM 3B42 grids. The validated 
products can also be used as a framework for 
predicting the impact of hydrologic events in this 
area. 
 

Index Terms: Frequency Analysis, TRMM, GEV, 
Extreme Value Theory, Spatial Analysis. 
 

1. INTRODUCTION 

XTREME climatic events, such as heavy 
rainfall, floods and droughts, associated with 

both natural and human in nature, are being 
observed in recent years all over the world [1-4]. 
Increases in extreme events can have severe 
impacts on society and economy. Although 
hydrological extreme events occur randomly in 
time and space, their occurrences are generally 
regional phenomena by nature that exhibit a 
certain degree of areal-wide similarity and 
continuity. Existing approaches to estimating the 
recurrence intervals of extreme events are mainly 
based on statistical analyses of long-term 
observational data. Therefore, frequency 
analysis, which constitutes a theoretical basis for 
the understanding of hydrological processes, is of 
considerable importance for coping with heavy 
rainfall events and resulting floods [5-9]. 

The interest in studying these extreme natural 
events is to alleviate their impact on humans, 
properties and sources of income such as 
agricultural fields. Extreme value theory has long 
been applied to the study of these infrequent 
events and has been proven to be reliable in 
fitting models to historical data. The application of 
the extreme value theory has been used 
extensively in diverse fields such as in finance, 
environmental studies, economics, hydrology and 
climatology [10, 11]. Extreme value distributions 
are the limiting distributions for the minimum or 
the maximum of a very large collection of random 
observations from the same arbitrary distribution. 
The knowledge of the variation of rainfall 
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distribution in the hydrological cycle has a great 
importance in order to understand and to predict 
climate change and weather anomalies.  

Hydrologic frequency analysis is usually 
performed based on the appropriate probability 
distribution, which is selected based on statistical 
tests for extreme hydrologic data collected in a 
specific region [12]. A number of frequency 
distribution models have been used in the past 
for hydrologic frequency determination. Though 
several probability models have been developed 
to describe the frequency distribution of extreme 
hydrologic events, major problems arise when 
selecting the best method to use. The reason for 
that is the fact that there is no general agreement 
as to which distribution, or distributions should be 
used for the frequency analysis of extreme 
hydrologic events. Therefore, the selection of an 
appropriate model depends mainly on the 
characteristics of available data at the particular 
site [13]. 

Regionalization of hydrologic processes takes 
advantage of and utilizes the similarities in 
extreme hydrologic events by pooling data from 
different sites to enhance estimation reliability 
and/or to transfer information from gauged sites 
to ungauged locations where the data information 
is needed but unavailable. Point measurements 
of precipitation serve as the primary data source 
for territorial analysis. However, even the best 
measurement of precipitation at one point is only 
representative of a limited area. The spatial and 
temporal variability of precipitation, along with 
surface characteristics and topography, are of 
paramount importance in understanding 
hydrological processes and land-atmosphere 
interactions over semi-arid and arid regions. In 
semi-arid to arid regions, landscape-shaping 
hydrologic events are often associated with 
extreme rainfall or flooding events [4, 14-16]. The 
spatiotemporal structure of precipitation greatly 
affects land surface hydrological fluxes and 
states [17, 18]. With the purpose to obtain 
estimates that are more accurate and a wider 
areal coverage of precipitation, satellite-based 
rainfall sensors with various spatial scales and 
resolutions have been deployed over the last 
decades [19, 20].  

The Tropical Rainfall Measuring Mission 
(TRMM) which is a unique platform used with the 
aim of characterizing tropical rainfall with remote 
sensors from space, has provided rain radar and 
microwave radiometric combined data with a 
precipitation radar (PR) and a TRMM microwave 
imager (TMI) radiometer [21] since 1997. The 
product 3B42 merges TRMM satellite observation 
with other passive microwave radiometers that 
measures the vertical distribution of precipitation 
between the latitudes ± 50° with providing 
sampling of the complete diurnal cycle of rainfall. 

Several studies suggest that the TRMM product 
3B42 surface-rainfall rate is comparable to the 
other surface observation [22-24], although the 
spatial scale of the rainfall data makes direct 
comparison to gauge data difficult [2].  

Rain gauges and other ground-based 
instruments play a key role in both constructing 
and validating remote-sensing based rainfall 
estimates [25]. Some global and regional 
validations have been reported for different 
satellite rain products [26-29]. In addition, a 
number of efforts have been made to compare 
TRMM products with other measurements [30-
33], but these studies have usually been limited 
to comparisons on a monthly scale. In 
southeastern region of Turkey, where remotely 
sensed information is needed most, there has 
been very little validation work.  

Extreme-value theory is often required to find 
return values for recurrence intervals that amply 
exceed the record length. In environmental 
sciences, using specific thresholds such as the 
90

th
, 95

th
 and 99

th
   percentiles of precipitation 

days or block maxima with Generalized Extreme 
Value (GEV) distribution approach to define 
extreme events, can help decision makers 
determine the maximum level of risk against 
which they should protect [34]. The GEV 
distribution is a family of continuous probability 
distributions developed within extreme value 
theory, which is a robust framework to analyze 
the tail behaviour of distributions. Accurately 
estimating the tails of distributions is also 
important for many risk-based applications. 

In the present study, 15 years (1998–2012) of 
TRMM product 3B42 was validated and 
compared with 7 rainfall gauges (entire length 43 
years, from 1970 to 2012) in order to characterize 
the rainfall variability in a part of semi-arid South-
eastern Anatolia region.  

Daily rainfall amounts of extreme events have 
been determined by the calculation of the 90

th
, 

95
th
 and 99

th
 percentiles of the distribution for 

days with precipitation. The recurrence intervals 
for different years have been estimated using 
GEV distribution of annual maximum daily rainfall 
amounts and described how they vary among the 
rain gauge stations and the TRMM 3B42 grid 
cells. Besides, spatiotemporal patterns through 
statistical analyses were identified by fitting GEV 
rainfall distribution to the rainfall time series, and 
the fitting results were analyzed focusing on the 
behaviour of the shape parameter for both rain 
gauge stations and the associated TRMM 3B42 
grid cells. 

2. STUDY AREA AND DATA STRUCTURE 

 
The Southeastern Anatolia Region is under the 



 

influence of both the continental climate and the 
Mediterranean climate. The long summers
and dry. The winters are cold with 
snowfall. The annual average temperature
°C and annual rainfall is around 350 
is significant seasonal variation in precipitation.
Rainfall is highly seasonal with more
concentrated in the period November
March. The area receives almost no 
the summer at which time irrigation
crucial. The mean annual rainfall 
been decreased significantly for the
years; however, summer rainfall series
a significant upward trend in this
Increased rainfall amounts, with flush
may have led soil erosion to be more
in this semi-arid region with sparse
cover. 

In recent years, some changes have been 
experienced in the climate in the region related to 
the dam construction and lake formation within 
the scope of the Southeastern Anatolia Project 
(GAP) (Fig. 1). The research region has a higher 
variability in crop yield and studies showed that 
the rainfall had a very significant impact on 
agricultural production in the region [35]
rainfall data for each station have been compared 
to the associated TRMM 3B42 grid cells 
TRMM data come in a gridded for
spatial resolution of 0.25° x 0.25° (~30 km x 30 
km) and with a temporal resolution of 3 hours. 
For all spatiotemporal analyses, daily rainfall 

Fig 1: The locations of the rain gauge stations with associated TRMM grid cells. The inset graphic represents the 
monthly long-term mean rainfall and temperature variations of the entire rain gauge stations within the period of 1970 
to 2012 in the study region.  
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In recent years, some changes have been 
experienced in the climate in the region related to 
the dam construction and lake formation within 
the scope of the Southeastern Anatolia Project 

The research region has a higher 
yield and studies showed that 

the rainfall had a very significant impact on 
tural production in the region [35]. Daily 

rainfall data for each station have been compared 
to the associated TRMM 3B42 grid cells [22]. The 
TRMM data come in a gridded format with a 
spatial resolution of 0.25° x 0.25° (~30 km x 30 

temporal resolution of 3 hours. 
For all spatiotemporal analyses, daily rainfall 

amounts have been used as integrated from the 
3-h data. 

3. METHODOLOGY

The first purpose of the study is to collect the 
field data sources such as historic climate and 
hydrologic data in order to identify the extreme 
events. To find the most appropriate 
distribution(s) for describing the annual maxima 
of daily variable, GEV (Generalized Extreme 
Value), Gamma and EV (Extreme Value) 
distributions were compared by using different 
goodness of fit (GOF) criterion such as Chi

Squared ( 2 ) and Kolmogorov

tests. Once a distribution function is assume
be selected for study at hand, it remains to 
estimate its parameters from the sample data 
and to test the goodness of fit.  

In regional frequency analysis
and important objective is to determine the 
robustness of the selected distribut
constructing reasonable and reliable estimation 
at all sites. The capabilities of the selected 
regional frequency distribution 
investigated for estimation of design variable 
quantiles of specific recurrence intervals
variations among the stations and the associated 
TRMM 3B42 grid cells were described

3.1. Distribution Functions 

GEV distribution is built into the extreme value 
 

The locations of the rain gauge stations with associated TRMM grid cells. The inset graphic represents the 
term mean rainfall and temperature variations of the entire rain gauge stations within the period of 1970 
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Value), Gamma and EV (Extreme Value) 

by using different 
goodness of fit (GOF) criterion such as Chi-

Kolmogorov-Smirnov (K-S)  

tests. Once a distribution function is assumed to 
be selected for study at hand, it remains to 
estimate its parameters from the sample data 

In regional frequency analysis [36], the final 
and important objective is to determine the 
robustness of the selected distribution in 
constructing reasonable and reliable estimation 
at all sites. The capabilities of the selected 
regional frequency distribution were further 
investigated for estimation of design variable 
quantiles of specific recurrence intervals and the 

among the stations and the associated 
were described. 

distribution is built into the extreme value 

 

The locations of the rain gauge stations with associated TRMM grid cells. The inset graphic represents the 
term mean rainfall and temperature variations of the entire rain gauge stations within the period of 1970 



 

theory to combine the Gumbel, Frechet, and 
Weibull distributions, known as the extreme value 
distribution types of I, II, and III.  

On the GEV distribution, x  is a random 

variable that only takes continuous real values. 
The probability density function (PDF) and the 
cumulative distribution function (CDF) of a GEV 
distribution are defined by Equations 1 and 2, 
respectively. 
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In a GEV distribution, there are three model 

parameters: the location parameter  , the scale 

parameter  , and the shape parameter . The 

location parameter (  ) describes the shift of a 

distribution in a given direction on the horizontal 
axis; the scale parameter (α) describes how 
spread out the distribution is, and defines where 
the bulk of the distribution lies. As the scale 
parameter increases, the distribution will become 
more spread out. Shape parameter determines 
the behaviour of the tail of the distribution and in 
general, improves the fit to the upper tail (i.e., 
extremely large values). The shape parameter is 
derived from skewness, as it represents where 
the majority of the data lies, which creates the 
tail(s) of the distribution. Distribution type is 

defined with 0 , 0 , and 0  and can be 

likened to the Gumbel, Frechet, and Weibull 
distribution. In this study, GEV distribution 
parameters have been estimated by using 
Maximum Likelihood Estimation (MLE) at 5% 
level of significance. Assuming the data 
stationary, the annual maximum daily rainfalls at 
different return periods can be estimated using 
the inverse cumulative distribution function of the 
GEV distribution 

The PDF and CDF of Gamma distribution 
having shape (α), which allows a distribution to 
take on a variety of shapes, and scale (β) 
parameters which stretch/squeeze the pdf 
function, are given in Equations 3 and 4.  
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where  x  is incomplete Gamma function. The 
PDF and CDF of EV distribution having location   
(  ) and scale (β) parameters are given in 

Equations 5 and 6, respectively. 
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The shape parameter governs the shape of the 

rainfall distribution and the scale parameter 
determines the variation of rainfall series that is 
given in the same unit as the random variable  .  

Maximum annual and daily rainfalls from 

Fig 2: Comparisons of cumulative distribution functions 
(CDFs) for (a) Sanliurfa station and (b) the related 
TRMM grid. The inset graphics represent the 
probability-probability (P-P) plots of each distribution 
function. 
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TRMM 3B42 dataset were calculated based on 
the daily measurement intervals over the time 
period from 1998 to 2012. The performance of 
the distribution functions has been investigated 
by CDF and probability-probability (P-P) plots 
(Fig. 2).  

The P-P plot, which is a graph of the empirical 
CDF values plotted against the theoretical (fitted) 
CDF values, was used to determine the 
goodness of fit. Figure 2 shows an example of 
comparisons of CDFs for Sanliurfa Station and 
the related TRMM grid. In order to remove any 
spatial inconsistencies regarding the precision of 
the observed data related to recording of the 
trace values, all wet days for each grid of TRMM 
(rainfall <0.1mm/day) were extracted. The rainfall 
statistics were calculated by fitting GEV, Gamma, 
and EV with comparing these datasets to the 
available station data established on the study 
region for the same periods. 

Examples of parameter derivation from the 
TRMM data for the three distributions are shown 
in Figure 3. In general, a distribution with a larger 
number of flexible parameters would be able to 
model the input data more accurately than a 
distribution with lower number of parameters [37]. 

3.2. Goodness of Fit (GOF) Tests 

The goodness of fit involves identifying a 
distribution that fits the observed data. When 
computing the magnitudes of extreme events, 
such as excessive precipitation, it is required that 
the probability distribution function is invertible, 

so that a given value of recurrence interval and 
the corresponding value of frequency factor can 

be determined. In this study, Chi – Square ( 2 ) 

test and a Kolmogorov–Smirnov (K–S) tests were 
performed to determine the goodness of fit (GOF) 
for the proposed distribution functions. The 2  

test statistics were obtained by Equation (7) after 
calculating the sample frequency and the 
theoretical frequency for the specific probability 
distribution function. 
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where n is the number of sample data points and 
k is the number of class intervals. Therefore, in

and inp  are the frequencies and theoretical 

frequencies in the thi  interval of sample data, 

respectively. ip  is the theoretical probability for 

the thi  interval of data. The value of 2  

approaches 2  distribution with the degree of 

freedom 1 hkv  where h  is the number of 

parameters. In this study, the 2  test was 

performed at a significance level of 5 %. 
 
The K–S test statistics indicate the maximum 

deviation between the empirical distribution and 
the theoretical distribution, which is calculated 
using Equation (8). 

   xFxFMaxDMax 0  (8) 

where  xF  is empirical distribution of the 

observed data, and  xF0  is theoretical 

distribution. If the value of MaxD  is larger than the 

critical value 
x
nD , then the null hypothesis is 

rejected. This test was performed in this study 
and P-values of this GOF statistics have been 
calculated for GEV, Gamma and EV distributions 
with a significance level of 5 % using MLE. 

The performance of distributions has been 

investigated using 2 and K-S GOF tests and the 

maximum precipitation values for each year have 
been calculated from two different datasets. An 
example for a comparison of a station to related 
TRMM grid statistics is given in Figure 4. The 
values of GOF criteria were calculated and the 
best distribution was chosen based on the 
minimum error of GOF tests. The distributions 
were ranked in ascending order based on the 
obtained values. The results showed that the EV 
distribution performed poorly whereas GEV and 
GAMMA distributions provided good estimates 
for rainfall retrievals in the region. According to 
the test results, the GEV distribution could be 

Fig 3: Parameter estimation of the distribution 
functions of TRMM grids by using Maximum Likelihood 
Estimation (MLE) at 5% level of significance. 



 

applied to most of the stations considered in this 
study. 

3.3. Recurrence Intervals 

One approach to define extreme precipitation 
events is to calculate recurrence intervals of the 
event based on the annual maximum daily rainfall 
series [1]. The recurrence interval, also called the 
return period, refers to the maximum value that is 
expected to be reached within the period of time 
T with period p, or in other words, in the T and p 
period, precipitation will reach the maximum 
value one time [36, 38]. 

In the study, GEV distribution was selected as 
regional frequency distribution depending on 
GOF test results for estimation of design variable 
quantiles of specific recurrence intervals. Then it 
was described how they vary among the stations 
and the associated TRMM 3B42 grid cells by 
using Equation (9). To acquire recurrence 
intervals, first a series of extreme values are 
obtained from the historical data set and the GEV 

CDF is calculated from this series. 
 

This function contains shape, location, and 
scale parameters that are estimated based on 
the temporal length and distribution of values 
contained in the dataset. To fit values one can 
get the median and then vary μ until it fits the list 
of values. The observed time series of annual 
maximum daily rainfall at each gauge was plotted 
for 43 years along with their corresponding 
simulated rainfalls to illustrate the model ability to 
reproduce extremes. Figure 5 shows the 
comparisons of rainfall quantiles corresponding 
to return periods for Sanliurfa station based on 
different timescales and the related TRMM grid 
that is based on 1998–2012 timescale. When the 
station timescale is expanded to 1970 - 2012, the 
station curve significantly converges to the 
TRMM curve. Accordingly, comparison of gauge 
and TRMM based recurrence intervals has also 
been determined for different timescales. 
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Fig 4: Comparisons of probability density functions
(PDFs) for (a) Sanliurfa station and (b) the related 
TRMM grid. The inset tables represent the goodness 
of fit test results. 
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Fig 5: Comparisons of rainfall quantiles corresponding 
to return periods for Sanliurfa station based on (a) 
1998-2012, (b) 1970-2012 timescale and the related 
TRMM grid (based on 1998–2012 timescale).  
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4. RESULTS AND DISCUSSION 

The regional frequency relationship has been 
developed by fitting the best distribution function 
that was achieved by applying GOF tests. In the 
study, GEV distribution, which comprises the 
three limiting types as special cases for specific 
values of its shape parameter, yielded the 
optimal result. The largest daily rainfall values in 
each of n years, known as block maximum 
series, was chosen for the comparison of the 
return periods. 

The annual maximum daily rainfall values 
associated with different return periods have 
been determined within the period of 1970 - 
2012. Besides, comparison of gauge-based and 
TRMM-based recurrence intervals has been 
evaluated within 10 to 40-year periods and a 
moving-window of 14-year intervals (Figure 6). 
Recurrence intervals derived from rain-gauge 
measurements for 10 to 40-year periods and a 
moving-window of 14-year intervals yielded 
similar results at all stations. Nevertheless, the 
comparison of 15 years of precipitation retrievals 
from the TRMM satellite with data from seven 
surface rain gauge stations shows that the most 
remarkable result observed in Akcakale station 
that is located in the southernmost part of the 
study region.  

In addition to the estimation of the recurrence 
intervals for different years, statistical evaluations 
also included the calculation of the 90

th
, 95

th
 and 

99
th
 percentiles in the study area. Based on the 

chosen threshold of the percentiles, daily rainfall 
amounts of extreme events for all rain gauge 
stations were determined and compared with the 
related TRMM grid cells (Figure 7a). In the 

calculation of percentiles, all days with no 
precipitation or days with precipitation of less 
than 0.1 mm were ignored (i.e., we only 
considered wet days). Results indicate that there 
exist large discrepancies between rain gauge and 
TRMM data at mean rainfall values however, 
least squares fits indicated some high and quite 
linear correlation for the 90

th
, 95

th
, 99

th
 percentiles 

(r
2
=0.70, 0.77 and 0.75 respectively) and the 

annual maximum daily amount of precipitation 
(r

2
=0.69).  
The spatiotemporal pattern analysis of the 

computed extreme statistics is conducted using 
geographic information systems. The spatial 
distribution of extreme events defined by 90

th
 

percentile is shown in Figure 7b. Although 
rainfalls from each TRMM 3B42 grid cells are 
generally overestimated compared against rain 
gauge data, data compare well for stations that 
were located at approximately the mean 
elevation of the related TRMM 3B42 grid cell. In 
Figure 7c, the spatial distributions of the GEV 
shape parameter of rain gauges and TRMM 
3B42 states that the increase in the shape 
parameter explains the differences between the 
changes in large quantiles of the daily 
precipitation extremes. Large positive shape 
parameter estimates can be a consequence of a 
few extremely high rainfall events and describes 
situations where extremes have an upper bound. 
Although there were similar results in shape 
values between the TRMM and rain gauge data 
in the northern (Siverek) and the southern 
(Akcakale) of the study area, some significant 
differences were encountered in the northwestern 
(Hilvan and Bozova) and the southeastern 

 
Fig 6: Comparison of gauge-based and TRMM-based recurrence intervals within (a) 10 to 40-year periods and (b) a 
moving-window of 14-year intervals. 
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(Ceylanpinar) part of the study area. The 
comparison of the spatial distributions for the 20-
year return period of extreme events is shown in 
Figure 7d. Values indicate maximum daily rainfall 
associated with 20-year recurrence intervals. The 
spatial gradient is based on an inverse-distance-
weighted (IDW) interpolation algorithm and 
applied to 15-years of TRMM data. Similar results 
in recurrence intervals were obtained between 
the TRMM and rain gauge data for the entire 
region especially in the southern stations 
(Akcakale and Ceylanpinar).  

Rainfall amounts between rain gauge and 
TRMM 3B42 data vary significantly. However, 
some statistical and spatial results are 
remarkable well correlated. We conclude that 
TRMM 3B42 can be used to assess first-order 
rainfall statistics and recurrence intervals. 
Ultimately, the validated products can be used as 
a framework for predicting the impact of 
hydrologic events in this area. 

5. CONCLUSION 

Since the purpose of the study is to validate 
and to analyze the spatiotemporal patterns of 
extreme precipitation events, the TRMM 3B42 

product was compared with the rain gauge 
network in the study area. Accurate 
measurements of precipitation on a variety of 
space and time scales are important because it 
reflects the weather systems in the region and 
the characteristics of its meteorological and 
hydrological cycle. While rain gauge 
measurements are often used to tune hydrologic 
models, they are limited by their spatial coverage. 
Satellite rainfall estimates are being used widely 
in place of gauge observations or to supplement 
gauge observations since remote sensing 
techniques provide an excellent complement to 
continuous monitoring of precipitation events 
both spatially and temporally. Beside this, the 
historical record of precipitation observations is 
limited mostly to land areas where rain gauges 
can be deployed, and measurements from those 
instruments are sparse over large and 
meteorologically important regions of the Turkey, 
such as over the Southeastern Anatolia. 

Identifying hydrometeorologic extreme events, 
planning for weather-related emergencies, both 
rely on knowledge of the frequency of 
hydroclimatic extreme events. In particular, 
erosion and removal of the fertile soil layer 

Fig 7: (a) Correlations of the annual daily maximum rainfalls and the 90
th
, 95

th
, 99

th
 percentiles between rain gauges 

and TRMM 3B42 grid cells and spatial distributions of extreme events defined by (b) 90th percentile, (c) the GEV 
shape parameter, (d) 20-year recurrence intervals of rain gauges (in circles) and TRMM 3B42 for the period of 1998 to 
2012. Coloured backgrounds show the result from Inverse Distance Weighted (IDW) interpolation and are based on 
TRMM values. 
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through these extreme events is one of the most 
serious problems in semi-arid to arid regions, 
especially in Mediterranean climates. This kind of 
problems and their effects through time are keys 
in sustaining agriculture and socio-economic 
development, and adoption strategies must be 
carefully developed based on knowledge and 
observation.  
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