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ABSTRACT: 

 

Extreme environmental events, such as floods, droughts, rainstorms, and strong winds have severe consequences for human society. 

Changes in extreme weather and climate events have significant impacts and are among the most serious challenges to society in 

coping with a changing climate. The cost of damage caused by extreme climate events is rising all over the world. The European 

Environment Agency (EEA) report (“Climate Change, Impacts and Vulnerabilities in Europe 2012”) stated that the cost of damage 

had increased from € 9 billion in the 1980s to €13 billions in the 2000s. In the United States, the National Oceanic and Atmospheric 

Administration (NOAA) reported that $188 billion in damage was caused by the severe weather events in 2011 and 2012. 

Understanding and identifying hydrometeorologic extreme events and their changes through time are key in sustaining agriculture 

and socio-economic development. Planning for weather-related emergencies, agricultural and reservoir management and insurance 

risk calculations, all rely on knowledge of the frequency of these extreme events. The assessment of extreme precipitation is an 

important problem in hydrologic risk analysis and design. Erosion and removal of the fertile soil layer through hydroclimatic 

extreme events is also a serious problem in semi-arid to arid regions, especially in mediterranean climates. Accurate measurements of 

precipitation on a variety of space and time scales are important to climate scientists and decision makers, including hydrologists, 

agriculturalists and emergency managers. 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 Region. While rain gauge measurements are often used to tune hydrologic 

models, they are limited by their spatial coverage. Remote sensing techniques using spaceborne sensors provide an excellent 

complement to continuous monitoring of rain events both spatially and temporally. In this study we compare ground-station data 

with Tropical Rainfall Measurement Mission (TRMM) products at the 3-hour time scale to evaluate satellite rain estimates for 

agricultural and hydrological applications in Turkey. The remote sensing dataset TRMM product 3B42 has been validated with daily 

rain gauge measurements in order to characterize rainfall variability in the Southeastern Anatolia region. The precipitation retrievals 

from the TRMM satellite were compared with data from 7 surface rain gauges within the period of 1998 - 2012. Spatiotemporal 

patterns through statistical analyses 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. Spatial patterns and correlations 

of rainfall events across the study area were also analysed by the calculation of the 90th, 95th and 99th percentiles. Regional frequency 

relationship were developed using the chosen GEV distribution. The recurrence intervals for different years have been estimated 

using the GEV distribution and their spatial variability has been described. The recurrence intervals of large rainstorms have also 

been identified for the rain gauge stations with the related TRMM pixel time series and spatial patterns in the study area have been 

evaluated. Preliminary 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, 99th percentiles (r2=0.70, 0.77, and 

0.75 respectively) and the annual maximum daily amount of precipitation (r2=0.69). In other words, TRMM product 3B42 can be 

used to assess first-order rainfall statistics and recurrence intervals, but rainfall magnitudes vary significantly from ground 

measurements. 
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1. INTRODUCTION 

Spatiotemporal determination of increases in extreme events 

associated with both natural and human in nature are being 

observed in recent years all over the world (e.g., Zscheischler et 

al., 2013; Boers et al., 2013; Bookhagen, 2010; Kunkel et al. 

1999). 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 
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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 

in diverse fields such as extensively in finance, environmental 

studies, economics, hydrology and climatology (e.g., Jenkinson, 

1955; Embrechts et al., 1999). 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 

distribution in the hydrological cycle has a great importance in 

order to understand and to predict climate change and weather 

anomalies. Changes to the magnitude, character and spatial 

distribution of extreme rainfall may have serious social and 

economic implications. The Generalized Extreme Value (GEV) 

distribution is a family of continuous probability distributions 

developed within extreme value theory, which is a robust 

framework to analyse the tail behavior of distributions. 

Accurately estimating the tails of distributions is important for 

many risk-based applications. In environmental sciences, using 

specific thresholds such as the 90th and 99th percentiles of 

precipitation days or block maxima with GEV distribution 

approach to define extreme events can help decision makers 

determine the maximum level of risk against which they should 

protect (e.g., Kunkel et al., 1999). 

 

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; yet rainfall remains one of the most difficult 

meteorological quantities to accurately measure. The 

spatiotemporal structure of precipitation greatly impacts land 

surface hydrological fluxes and states (e.g., Fekete et al., 2003; 

Gottschalck et al., 2005). In semi-arid to arid regions, 

landscape-shaping hydrologic events are often associated with 

extreme rainfall or flooding events (Bookhagen et al., 2005; 

Boers et al., 2013; Wulf et al., 2010; Wulf et al., 2012). 

Accurate measurements of precipitation over a wide range of 

both space and time scales are important to emergency 

managers, and decision makers with the intention of hydro-

meteorological and agricultural studies (Ebert et al., 2007). 

With the purpose to obtain more accurate estimates and a wider 

areal coverage of precipitation, satellite-based rainfall sensors 

with various spatial scales and resolutions have been deployed 

over the last decades. Rain gauges and other ground-based 

instruments are supplementary components of the satellite 

precipitation algorithm validation studies. They play a key role 

in both constructing and validating remote-sensing based 

rainfall estimates (Wolff et al., 2005). A unique platform used 

with the aim of characterizing tropical rainfall with remote 

sensors from space is the Tropical Rainfall Measuring Mission 

(TRMM), a joint project between NASA and the Japan 

Aerospace Exploration Agency (Wilheit, 2003). TRMM has 

provided rain radar and microwave radiometric combined data 

with a precipitation radar (PR) and a TRMM microwave imager 

(TMI) radiometer (Okamoto, 2003) since 1997. It measures the 

vertical distribution of precipitation in a band between latitudes 

± 36° and provides sampling of the complete diurnal cycle of 

rainfall. The current operational TRMM satellite combined with 

other satellite platforms, has enabled a wide range of 

precipitation products (Simpson et al., 1988; Kummerow et. al. 

2000). Among these products, several studies suggest that the 

TRMM product 3B42 surface-rainfall rate is comparable to the 

other surface observation (e.g., Huffman et al., 2007; Koo et al., 

2009; Sapiano and Arkin, 2009), although the spatial scale of 

the rainfall data makes direct comparison to gauge data difficult 

(Bookhagen, 2010). We employ product 3B42, which merges 

TRMM satellite observation with other passive microwave 

radiometers that covers the latitudes latitudes ± 50°. Some 

global and regional validations have been reported for different 

satellite rain products (Xie and Arkin, 1995, Krajewski et al., 

2000, Adler et al., 2001, Gebremichael et al., 2005). Also, a 

number of efforts have been made to compare TRMM products 

with other measurements (Adler et al., 2003; Nicholson et al., 

2003; Bookhagen and Burbank, 2010; Bookhagen and Strecker, 

2008), but these studies have usually been limited to 

comparisons on a monthly scale. In southeastern region of 

Turkey, where remotely sensed informations are arguably 

needed most, there has been very little validation work. 

 

This study validates and compares remote sensing rainfall data 

from 15 years (1998–2012) of TRMM product 3B42 through 

comparison with 7 rainfall gauges (entire length 43 years, 1970-

2012) in order to characterize rainfall variability in a part of 

semi-arid Southeastern Anatolia region. Daily rainfall amounts 

of extreme events have been determined by the calculation of 

the 90th, 95th and 99th percentiles of the distribution for days 

with precipitation. The recurrence intervals for different years 

have been estimated using GEV distribution tion 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 behavior of the shape parameter for both rain 

gauge stations and the associated TRMM 3B42 grid cells. 

 

2. STUDY REGION AND DATA DESCRIPTION 

The study area in the Southeastern Anatolia region has the 

highest share of agricultural production in Turkey and displays 

major climatic features of the Eastern Mediterranean with 

strong continental influence. The long summers are hot and dry. 

The winters are cold with rainfall or snowfall. The annual 

average temperature is 18 °C and annual rainfall is around 350 

mm. There is significant seasonal variation in precipitation. 

Rainfall is highly seasonal, with more than 80% concentrated in 

the period November through March. The area receives almost 

no rain during the summer, at which time irrigation becomes 

crucial. The mean annual rainfall rates have been decreased 

significantly for the past 42 years, however summer rainfall 

series indicate a significant upward trend in this region. 

Increased rainfall amounts, with flush flooding, may have led to 

exist soil erosion more disastrous in this semi-arid region with 

sparse vegetation 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 

(Ozcan et al., 2012). Daily rainfall data for each station have 

been compared to the associated TRMM 3B42 grid cells 

(Huffman et al., 2007). The TRMM data come in a gridded 

format with a spatial resolution of 0.25° x 0.25° (~30 km x 30 

km) and a temporal resolution of 3 hours. For all spatiotemporal 

analyses, daily rainfall amounts have been used as integrated 

from the 3-h data. 
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Fig 1. The study region and the locations of the rain gauge stations. The inset graphics represent the monthly mean diurnal rainfall 

variations of each associated rain gauge stations within the period of 1970 to 2012.  

 

3. METHODOLOGY 

GEV distribution is built into the extreme value theory to 

combine the Gumbel, Frechet, and Weibull distributions, 

known as the extreme value distribution of type I, II, and III. On 

the GEV distribution, x is the random variable that only takes 

continuous real values. The probability density function (PDF) 

and cumulative distribution function (CDF) of a GEV 

distribution are defined respectively by equations 1 and 2. 
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where   0/1   x , 

 

In a GEV distribution, there are three model parameters: the 

location parameter µ, the scale a parameter σ, and the shape 

parameter . Shape parameter determines the behavior of the 

tail of the distribution and in general, improves the fit to the 

upper tail (i.e., extremely large values). Distribution type 

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. One 

approach to define extreme precipitation events is to calculate 

return periods of the event based on the annual maximum daily 

rainfall series (e.g., Kunkel et. al., 1999). The return period, 

also called the recurrence interval, 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 (Gilli et al., 2003):  
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Maximum annual and daily rainfalls from TRMM 3B42 dataset 

were calculated based on the 3-h measurement intervals over 

the time period from 1998 to 2012. The performance of the 

GEV distribution have been investigated by CDF and 

probability-probability (P-P) plots for all 7 stations (Fig. 2).  

 

To obtain recurrence intervals, first a series of extreme values 

are obtained from the historical data set. Then a 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. To illustrate the model ability to 

reproduce extremes, the observed time series of annual 

maximum daily rainfall at each gauge was plotted (43 years), 

along with their corresponding simulated rainfalls obtained. 
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Fig 2. A) CDF, B) P-P and C) Return Period plots of Akcakale 

rain gauge station within the period from 1970 to 2012.  

 

The capacity of the model to represent annual maximum daily 

rainfall for various return periods has been assessed by plotting 

the observed and the simulated annual maximum daily rainfall. 

In regional frequency analysis (Hosking and Wallis, 1997), 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 

described how they vary among the stations and the associated 

TRMM 3B42 grid cells. Spatiotemporal patterns across the 

study area and correlations of rainfall events between rain 

gauges and TRMM 3B42 grid cells through statistical analyses 

were identified and individual maps were produced. 

 

4. RESULTS AND DISCUSSION 

In the study, statistical evaluations include the calculation of the 

90th, 95th, 99th percentiles and the estimation of the recurrence 

intervals for different years. 15 years of precipitation retrievals 

from the TRMM satellite were compared with data from 7 

surface rain gauge stations for the same time interval. 

 

 
Fig 3. Correlations of the annual daily maximum rainfalls and 

the 90th, 95th, 99th percentiles between rain gauges and TRMM 

3B42 grid cells. 

 

Based on the chosen threshold of the percentiles, we determined 

daily rainfall amounts of extreme events for all rain gauge 

stations and compared them to the related TRMM grid cells 

(Fig. 3). 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). Preliminary 

results indicate that there exist large discrepancies between rain 

gauge and TRMM data at mean rainfall values; however, least 

squares fits indicate some high and quite linear correlation for 

the 90th, 95th, 99th percentiles (r2=0.70, 0.77 and 0.75 

respectively) and the annual maximum daily amount of 

precipitation (r2=0.69). The regional frequency relationship has 

been developed by fitting GEV distribution, which comprises 

the three limiting types as special cases for specific values of its 

shape parameter. For the comparison of the return periods, the 

largest daily value in each of n years, known as block maximum 

series, was chosen. 

 

 
Fig 4. Return Periods of rain gauges and TRMM 3B42 data for 

different timescales. 

 

The annual maximum daily rainfall values associated with 

different return periods have been determined within the period 

of 1970 - 2012 (Fig. 4). Recurrence intervals derived from rain-

gauge measurements for 10 to 40-year periods yielded similar 

results. Although rainfalls from each TRMM 3B42 grid cells 

are generally overestimated compared against rain gauge data, 

data compare well for stations which were located at 

approximately the mean elevation of the related TRMM 3B42 

grid cell. The spatiotemporal pattern analysis of the computed 

extreme statistics is conducted using geographic information 

systems. The comparison of the spatial distributions for the 20-

year return period of extreme events is shown in Figure 5. 

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. In Figure 6, 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 center of the 

study area, some significant differences were encountered in the 

north-western and the south-eastern part of the study area. 
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Fig 5. Spatial distribution of extreme events defined by 20-year return values (15-year and 20-year results are similar) of the annual 

maximum daily rainfall using the GEV distribution. Color background shows results from Inverse Distance Weighted (IDW) and is 

based on TRMM values. Circles indicate gauge-based recurrence intervals within a 20-year period. 

 
Fig 6. Spatial distribution of the GEV shape parameter for rain gauges (circles) and TRMM 3B42 for the period of 1998 to 2012. 

 

5. CONCLUSIONS 

Understanding the study area and the hydro-meteorological data 

is important because it reflects weather systems and the 

characteristics of its meteorological and hydrological cycle. 

Considering the sensitivity of agricultural production to climate 

factors, adoption strategies must be carefully developed based 

on knowledge and observation. The purpose of the present 

study is the analysis of spatiotemporal patterns of extreme 

precipitation events by comparing  the TRMM 3B42 product 

versus rain gauge network. Satellite rainfall estimates are being 

used widely in place of gauge observations or to supplement 

gauge observations. Our limited analysis and comparions 

indicate a relatively weak correlation of mean rainfall amounts 

between rain gauge and TRMM 3B42 data. Rainfall amounts 

between the two datasets 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. 
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