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ABSTRACT 

 

EVALUATION OF NUMERICAL WEATHER PREDICTION MODELS 

FOR FLASH FLOOD WARNINGS IN TURKEY 

 

 

 

 
Aksoy, Mehmet 

Master of Science, Civil Engineering 
Supervisor: Prof. Dr. İsmail Yücel 

 
 

October 2020, 156 pages 

 

Flash floods are among the most destructive natural disasters in both Turkey and 

world that cause loss of life and property. In this study, monthly distribution of 

heavy rainfall events in the period of 2015-2019 is examined to show the frequency 

and distribution of flash floods associated with these heavy rainfall events in 

Turkey. The monthly distribution of lightning observations for the period of 2015 

and 2019 is also studied to release the relationship between heavy rainfall events 

and lightning flashes during warm season. 

Black Sea and Middle East Flash Flood Guidance System (BSMEFFGS) is used 

for flash floods warnings in Turkey. The system compares rainfall threshold values 

(Flash Flood Guidance, FFG) with basin-based rainfall estimates and predictions. 

ALARO, ECMWF and WRF numerical weather prediction (NWP) models provide 

rainfall predictions within the system. In this study, ten flash flood events resulted 

from different precipitation characteristics occurred between 2017 and 2019 in 

Turkey are determined to evaluate the NWP models. The success of the NWP 

models is measured with whether FFG threshold values were exceeded by rainfall 

predictions through these flash flood cases. 
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In this study, it is determined that heavy rainfall events often occur over interior 

parts of Turkey during warm season due to convective instability conditions 

especially in May and June. It is proven in this study that lightning observations 

have the potential to be used for nowcasting flash flood warnings because of 

similar distribution of heavy rainfall events and lightning flashes during warm 

season. It is derived from the flash flood case studies that the NWP models within 

the BSMEFFGS are successful in capturing the flash floods caused by non-

convective heavy rainfalls, while the models up to some extent are capable for 

convective-induced events. 

 

Keywords: Flash Flood, Flash Flood Guidance, Heavy Rainfall, Lightning and 

Numerical Weather Prediction Models. 
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ÖZ 

 

TÜRKİYE'DE ANİ TAŞKIN UYARILARI İÇİN SAYISAL HAVA TAHMİN 

MODELLERİNİN DEĞERLENDİRİLMESİ 

 

 

 
Aksoy, Mehmet 

Yüksek Lisans, İnşaat Mühendisliği 

Tez Yöneticisi: Prof. Dr. İsmail Yücel 
 

 

Ekim 2020, 156 sayfa 

 

Ani taşkınlar, hem Türkiye’de hem de tüm dünyada ciddi can ve mal kayıplarına 

yol açan en önemli doğal afetler arasındadır. Bu çalışmada, öncelikle ani 

taşkınların ülkemizdeki sıklığını ve dağılımını göstermek için şiddetli yağışların 

2015-2019 arasındaki dönem içerisinde aylık dağılımları incelenmiştir. Yaz ve 

bahar aylarındaki şiddetli yağışlarla şimşekler arasındaki ilişkiden dolayı,  2015-

2019 arasındaki dönem için şimşek gözlemlerinin aylık dağılımı incelenmiştir. 

Karadeniz ve Orta Doğu Ani Taşkın Erken Uyarı Sistemi (BSMEFFGS), 

Türkiye'deki ani taşkın uyarıları için kullanılmaktadır. Sistem içerisinde yağış eşik 

değerleri (FFG) havza bazlı yağış hesaplamaları ve tahminleriyle karşılaştırır. 

ALARO, ECMWF ve WRF sayısal hava tahmini (SHT) modelleri sisteme yağış 

tahminlerini sağlar. Bu çalışmada, ani taşkın uyarıları için kullanılan SHT 

modellerini değerlendirmek için Türkiye’de 2017-2019 arasında gerçekleşen, farklı 

yağış karakter kaynaklı, on adet ani taşkın hadisesi seçilmiştir. SHT modellerinin 

başarısının ölçütü olarak, ani taşkın vaka çalışmalarında hadisenin gerçekleştiği 

yerdeki havzada FFG eşik değerlerinin aşılıp aşılmamasına bakılmıştır. 
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Bu çalışma kapsamında, şiddetli yağışların en fazla konvektif kararsızlık nedeniyle 

Türkiye’nin iç kesimlerinde bahar ve yaz aylarında, özellikle Mayıs ve Haziran, 

gerçekleştiği belirlenmiştir. Bahar ve yaz aylarındaki şiddetli yağış ve şimşek 

gözlemlerinin benzer dağılım göstermesi sebebiyle şimşek gözlemlerinin anlık ani 

taşkın uyarıları için kullanım potansiyeli olduğu tespit edilmiştir. Örnek ani taşkın 

vaka çalışmalarında, BSMEFFG sistemi içerisindeki SHT modellerinin konvektif 

kaynaklı olmayan şiddetli yağışların neden olduğu ani taşkınları yakalamada 

başarılı olduğu görülürken konvektif kaynaklı hadiselerde kısmen başarı 

gösterebildikleri görülmüştür. 

 

Anahtar Kelimeler: Ani Taşkın, Ani Taşkın Erken Uyarı, Şiddetli Yağış, Şimşek ve 

Sayısal Hava Tahmin Modelleri. 
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CHAPTER 1  

1 INTRODUCTION  

1.1 Background 

Flash flood defined as a rapid rise of water or extreme flow in a relatively small 

basin usually occurs within minutes to a few hours (less than six hours) as a result 

of mostly intense rainfall or release of impounded water (NOAA, 2019). Among 

several flood types such as coastal, river, urban and flash flood, flash and river 

floods are basic types, while the first generally cause greater loss of life the latter 

generally cause greater loss of property (USGS, 2020). Flash floods are among the 

deadliest natural disasters with significant socio-economic impacts and represented 

with the highest mortality rate (defined as the number of deaths per number of 

people affected) among the flood types (Jonkman, 2005). Flash flood is one of the 

most widespread disasters in Turkey and frequently triggered by severe downpour. 

In recent years, numerous devastating flash floods occurred with high rate 

casualties. For instance, during September 2009 and August 2015, 32 and 11 

people are killed by flash floods in Istanbul (Kömüşçü and Çelik, 2013) and Artvin 

(Baltacı, 2017) provinces respectively.  

The methods for flood damage mitigation can be divided into two namely, 

structural and nonstructural flood controls. Structural methods usually become 

expensive precautions while operational flood warning systems are used commonly 

as a non-structural method. River floods can be forecasted using a river hydraulic 

model at the downstream of a large basin once upstream flow data is available 

(Hossain and Katiyar, 2006). The monitoring the observed flow at upstream of a 

river basin is commonly used within river flooding forecast systems. For instance, 
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General Directorate of State Hydraulic Works (DSI in Turkish acronym) 

established an operational system in Ergene Basin through which river flows are 

monitored and forecasted in real time manner (Erkal and Topgul, 2015). The lag 

time between rainfall and runoff in a river basin increases with the size of the 

basin. However, response time is quite short for flash floods. Hence, dependable 

and suitable flash flood forecasting methods are necessary within the context of 

flash flood warnings. 

National Weather Service (NWS) is responsible for providing flash flood warnings 

in the United States. In the early 1970s, NWS began producing flash flood 

guidance (FFG) values to support flash flood warning issuance mission (Schmidt et 

al., 2007). Sweeney (1992) described the FFG as necessary rainfall volume over a 

relatively small watershed during a specified period of time to cause flash flood 

occurrence. As stated by Carpenter et al. (1999), “the basis of FFG is the 

computation of threshold runoff values, or the amount of effective rainfall of a 

given duration that is necessary to cause minor flooding”. 

The FFG method has been started to use more frequently after the decision of 

World Meteorological Organization (WMO, 2007) that aims to enhance capacity of 

effective flash flood warnings issuance globally. Therefore, Flash Flood Guidance 

System (FFGS) project was initiated worldwide under the leadership of WMO by 

implementing regional operational systems. The Black Sea and Middle East Flash 

Flood Guidance System (BSMEFFGS) was established as part of this concept. 

Turkish State Meteorological Service (TSMS) has been serving as a regional center 

of the system since 2012 to support flash flood warnings in Turkey and member 

countries by providing FFG system products. 

In the FFG systems, the main idea of estimating sub-basin based threshold values 

relies on comparison between observed and predicted rainfall for nowcasting and 

forecasting flash floods (Georgakakos, 2006). The threat of flash flood should be 

considered if the quantitative precipitation estimation (QPE) or quantitative 

precipitation forecast (QPF) is greater than the threshold rainfall value (FFG). 
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Thus, performance of the system depends on both FFG values and precipitation 

estimations/predictions. Several performance evaluation studies for FFG 

calculations have been done in various regions over the world (Carpenter et al., 

1999; Georgakakos, 2006; Ntelekos et al., 2006; Schmidt et al., 2007; Gourley et 

al., 2012). In addition, QPE evaluation using radar or satellite (Scofield and 

Kuligowski, 2003; Yücel et al., 2011; Nikolopoulos et al., 2013; Modrick et al., 

2017; Herman and Schumacher, 2018; Özkaya and Akyürek, 2019; Cho and 

Kurdzo, 2020) and QPF evaluation with different numerical weather prediction 

models (Vincendon et al., 2011; Yücel et al., 2015[a]; Silvestro et al., 2019; 

Erickson et al., 2019) are also available in the literature. Numerical weather 

prediction (NWP) models are used to predict weather conditions by simulating the 

atmosphere, oceans, land surface and their interactions. TSMS provides NWP 

model rainfall predictions for using flash flood warnings within the BSMEFFGS. 

In Turkey, precipitation mostly in the cold season results from synoptic scale air 

systems such as deep cyclones but orographic rainfall events initiated by 

geographic obstacles like mountains can occur during entire year. However, 

precipitation during the warm season is often guided by meso/small-scale 

convective processes. Several studies related wit flash floods stated (Borga et al., 

2011; Gaume et al., 2009; Barredo, 2007) that the intense rainfall events in the 

Mediterranean area frequently occur in fall season while events in the inland 

continental region commonly occur in summer. The predictability of intense 

rainfall-induced flash flood disasters is influenced by the seasonality of extreme 

precipitation occurrences. 

In a nutshell, flash floods are generally resulted from intense rainfall with very 

short duration events (less than 6 hour) in the relatively small watersheds. Heavy 

rainfall events occur over Mediterranean areas where non-convective 

(frontal/cyclonic/orographic) weather systems during cold season are common. 

Furthermore, convective weather conditions are effective over hot and warm 

surfaces of coastal and inland areas of continental regions under humid 

environmental conditions during warm season. 
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1.2 Precipitation Characteristics of Turkey 

Flash floods take place usually as a result of heavy or short term intensity 

precipitation in Turkey so that understanding of precipitation formation becomes 

essential. The first condition for precipitation occurrence is to see ordinarily cloud 

development in the atmosphere. Clouds mostly form as air parcel ascent, cools, and 

condense. A lifting mechanism which can be through convection, orography, 

convergence by low pressure and weather fronts is required to move air parcel 

upward (Ahrens, 2007). Cloud is not adequate always for precipitation process 

therefore there are a few theories that happen inside of the cloud and help growing 

cloud droplets through collision-coalescence and ice-crystal process. The ice 

crystal process is also known as the Bergeron-Findeisen process, after the 

meteorologists Tor Bergeron and Walter Findeisen, who suggested and further 

developed that all raindrops originate from ice crystals and liquid rain droplets 

(Bergeron, 1935; Findeisen, 1938). However, precipitation type can be classified as 

convective and non-convective (orographic and cyclonic, frontal) which are 

effective in different seasons and regions depend on climatic and meteorological 

conditions. 

Arid (B), temperate (C), cold (D), and polar (E) climate conditions are mostly 

dominant around Central Anatolia, coastal areas, East of Anatolia and small part of 

north eastern Turkey respectively. Minor climate classes change quickly due to 

special conditions of Turkey such as distribution of land and water, topography 

with altitudes, existence of dynamic pressure systems (Icelandic, Siberian and 

Azores), shifting Hadley Cell and North Atlantic Oscillation (NAO) elements.  

Turkey is located mainly in the sub-tropical zone between the humid mid-latitude 

zone and dry/hot tropical zone. The climate in Turkey is strongly influenced by the 

coupled dynamic and thermal pressure systems that occur over Iceland (low), 

Azores (high) and Siberian (high) (see Figure 1.1).  

https://tr.wikipedia.org/w/index.php?title=Walter_Findeisen&action=edit&redlink=1
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Figure 1.1 Schematic diagram of air masses influencing winter and summer climate 

of the eastern Mediterranean region (Sariş et al., 2007). 

 

In generally, Icelandic and Mediterranean based low pressure cyclones are 

effective during winters but Azores high pressure systems become more effective 

during summers over Mediterranean coast of Turkey. Mediterranean depressions 

(low) control climate of Turkey during winter. These low pressure cyclones cause 

frontal systems which bring steady and heavy rainfall during winter and autumn 

seasons.  

In Central Anatolia, less rainfall occur than coastal region because of continental 

effects and less moisture. Icelandic Low and Siberian High pressure systems are 

effective over this region in a way that low pressure systems bring snow and high 

pressure systems cause cold, misty and cloudless weather conditions during winter 

months. On the other hand, during summer convective instability conditions may 

cause short and intensity downpour. 
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In East of Anatolia, the altitudes change between 2000 and 2200 meters. During 

spring and summer season convective and orographic systems may cause extreme 

rainfall due to overheated surface air and height. In this region, Siberian high 

pressure systems support the cold and snowy weather conditions once it mixed 

with humid based frontal systems over high topography. Since snowfall is the main 

water source of this region rapid snow melting is one of the flood reasons in the 

beginning of spring. 

According to Sariş et al. (2007), cP air mass causes orographic rains if it becomes 

saturated while crosses the Black Sea while mP air mass causes rainfall in coastal 

areas (Black Sea and Marmara) and snowfall at higher elevations which originates 

from the Atlantic Ocean and travels across Balkans. 

Annual long term (normal) areal average rainfall is 574 mm across the Turkey for 

the period of 1981–2010 (TSMS, 2019[a]). On the other hand, this average rainfall 

disperses not homogeneously since precipitation shows great variability in timing, 

intensity and localization. In general, coastal regions are wetter than the interior 

parts of Turkey, especially eastern Black Sea coasts. 

Western Turkey, located in the eastern Mediterranean extending between 26° and 

38° E, is a region where plenty of cyclonic (low pressure area) precipitation occurs 

because of its geographic and topographic conditions. The cyclonic systems with 

heavy rainfall are more common between autumn and winter seasons for 

Mediterranean coast of Anatolia. The density of cyclonic systems shows inter-

monthly variations over eastern Mediterranean, maximum in January and minimum 

in July. The track of cyclonic frequency decreases after May and tends to increase 

in October (Flocas et al., 2010).  

Convective rainfall events are more common over inland parts of Turkey due to 

convenient instability conditions. According to a recent study which investigates 

severe convective environment of Turkey (Kahraman et al., 2017); complicated 

topography is suitable for creating local severe storm environments by modifying 

low-level winds and severe hail is widespread for interior parts of Turkey.  
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However, Mediterranean rainfall regime shows an important decreasing trend but 

summer rainfall regime has a significant increasing trend for continental 

Mediterranean and central Anatolia regions of Turkey in last several decades 

(Türkeş et al., 2009). On the other hand, Black Sea region is the wettest area of 

Turkey. The mountains facing north on the eastern Black Sea coasts receive 

excessive amount of precipitation due to their coastal formation and orographic 

lifting (Kadioglu, 2000). In this way, flash flood and landslide events occur very 

frequently in Black Sea coastal parts due to heavy rainfall which causes 

considerable loss of life and property.  

Climate change is one of the most major environmental concerns facing humanity 

in the twenty-first century. Climate change does not mean only warmer weather or 

melting polar glaciers, it also causes increasing frequency of extreme heavy 

precipitation in the 21st century (Beniston et al., 2007). Many studies show that 

average temperature is increasing not only globally but also regionally due to the 

climate change. In Turkey, the warming from 1960s or 1970s to the 2000s is close 

to 1.5°C (Şen, 2019). According to Demircan et al. (2017), the average annual 

temperature rising for the period of 2016-2099 in Turkey is expected to vary 

between 1°C and 5°C. 

Figure 1.2, 1.3 and 1.4 indicate annual average temperature anomalies, total rainfall 

anomalies and heavy rainfall events in Turkey for the period of 1961-2019, 1981-

2019 and 1940-2019 respectively. The annual temperature and rainfall anomaly 

graphs are published in “Climate Assessment for 2019” document by TSMS 

(2019[a]). The annual heavy rainfall events plot is prepared by TSMS and 

published in “Meteorological Disasters in 2019” (TSMS, 2019[b]). The data of 

graphs was taken from involved TSMS divisions and plotted over again with R 

scripts in the scope of this study. The anomaly is calculated as the average for the 

present year minus the average for the long term period (1981-2010). The long 

term (normal) temperature average is 13.5°C for Turkey. In recent years near-

surface temperature of Turkey has been increasing significantly as shown in the 

anomaly plot (Figure 1.2). 
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Figure 1.3 indicates anomaly of annual total precipitation in percentage between 

1981 and 2019 for Turkey. In this figure, year to year variability appears while the 

year 2008 is direst with twenty two percent decreases and the year 2009 is the 

wettest with twenty five percent increases. On the other hand, flood occurrence is 

not only related with the amount of precipitation but also precipitation intensity, 

soil properties and socioeconomic factors are critical. 

In Turkey, severe-weather/extreme-event reports are issued by local TSMS 

meteorological offices for the purpose of their own internal usage. These records 

are performed by local observers of TSMS who generate them not just for heavy 

rainfall events but also for other extreme meteorological events such as heavy 

snowfall, heat wave, hail, thunderstorm etc. However, there is no specific flash 

flood record in Turkey. Thus, heavy rainfall observations are used in place of flash 

floods in this study since heavy rainfalls often result in flooding.  

Globally, economic losses due to floods exceeded 19 billion $ in 2012 and it is 

obvious that damages are rising exponentially (Ward et al., 2013). The frequencies 

of heavy rainfall events have indeed increased in Turkey for last two decades 

remarkably (Figure 1.4). This increasing of extreme rainfall events shows that 

damages caused by floods are increasing in Turkey too. 

The predictability of intense rainfall-induced flash flood disasters is influenced by 

the seasonality of extreme precipitation occurrences. Rapid snow melt is another 

case for flash flood occurrence at the beginning of warm season. Borga et al. 

(2011) refer the seasonality effect on the occurrence of flash flood events. They 

stated that the events in the Mediterranean area frequently occur in fall season 

while events in the inland continental region commonly occur in summer. In 

relation to different climatic variability, the spatial extent and duration of the flash 

floods for the inland area are ordinarily smaller than those in the Mediterranean 

area. Under these circumstances, heavy rainfall events over Mediterranean and 

inland continental regions are associated with non-convective and convective 

weather conditions as one of the most efficient reason of flash flood occurrence.  
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Figure 1.2 Annual average temperature anomalies in Turkey (TSMS, 2019 [a]). 

 

 

Figure 1.3 Annual total rainfall anomalies in Turkey (TSMS, 2019[a]). 

 



 

 
10 

 

Figure 1.4 Annual heavy rainfall events in Turkey (TSMS, 2019[b]). 

 

1.3 Problem Statement 

Issuing the reliable warning with the use of operational BSMEFFG system depends 

on many factors that are basin geometry, snow melting, soil moisture accounting, 

FFG calculation and the accuracy of the spatiotemporal QPE and QPF. Satellite- 

and radar-based precipitation systems provide data at the lead time less than 1 hour. 

However, the NWP models are the only sources provide precipitation outputs at 

much longer lead times. Therefore, the utilization of NWP outputs (QPF) in issuing 

the warning for possible flood/flash flood events is crucial. However, these models 

have also many limitations in precipitation forecast because the accuracy of the 

outputs from these models relies on initial and boundary data, the solutions of the 

number of appropriate model physics, and dynamics. On the other hand the 

systems originated from a convective structure triggered over complex 

topographical terrain make the model simulations more challenging. BSMEFFGS 

uses operational products of QPF from three different NWP models namely; 
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ALARO, ECMWF and WRF over Turkey. Comprehensive comparison among 

these three models in issuing the flash flood warning from BSMEFFGS for 

different rainfall systems is missing. 

According to NWS, overall threat scores in terms of QPF have increased 

consistently over the past 50 years but the majority of this improvement was for the 

cold season with fewer achievements during the warm season (Barthold et al., 

2015). Therefore, different approaches are necessary for precipitation forecast 

during warm season in terms of flash flood warnings. 

Additionally, verification of the FFG systems and evaluation of their products are 

lacking in spite of its worldwide prevalence for flash flood warning such as in the 

U.S., Asia, and Europe (Gourley et al., 2012). Thus, it is important to evaluate the 

NWP models and BSMEFFGS products to increase the performance of the system 

further. It is also necessary to include added values of supportive tools (satellite, 

radar and gauge based precipitation) besides the NWP models for more reliable 

flash flood warnings. 

1.4 Scope of the Study 

The aim of this study is to test and evaluate the success of precipitation forecasts 

from three different NWP models applied for different weather system signatures 

for promoting the flash flood warnings in the BSMEFFGS. In the evaluation, the 

NWP model predictions averaged over each sub-basin within the system are 

compared with updated FFG values (rainfall threshold) acquired from a soil 

moisture accounting model available in the system. 

In this study, the spatial and temporal distributions of extreme rainfall events is 

also prepared to show the occurrence of flash floods resulted from heavy rainfall 

throughout Turkey between the years 2015 and 2019. As a supporting data, the 

distribution of lightning flashes for the same period is also assessed because severe 
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weather conditions such as thunderstorms, heavy rainfall and hail factors are highly 

related with lightning strikes.  

Since the success of the system depends on accuracy of NWP model outputs 

besides FFG values, three different model (ALARO, ECMWF and WRF) outputs 

have been evaluated with different case studies in this thesis. For the evaluation, 

ten flash flood events occurred at different locations and seasons across Turkey 

between 2017 and 2019 are selected. The criterion of selecting flash flood case 

studies is determined as heavy rainfall induced by convective (four cases) or non-

convective (five cases) weather conditions. There is also one extra case study to 

show importance of snow melting for flash flood occurrence. 

This study consists of five chapters. Chapter 1 introduces the study, provides 

insights into precipitation characteristics of Turkey and describes the content of the 

thesis. Chapter 2 describes background of BSMEFFG system with its technical 

components and products. Chapter 3 presents data and methodology in the study. 

Chapter 4 provides the analyses and results including extreme rainfall events, 

distribution of lightning flashes and flash flood case studies in Turkey. Finally, 

Chapter 5 presents the conclusions and recommendations.  
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CHAPTER 2  

2 BSMEFFG SYSTEM 

At the Fifteenth Congress of the WMO in 2007, it was decided to enhance National 

Meteorological and Hydrological Services capacity to issue effective flash flood 

warnings and alerts (WMO, 2007). Therefore, a Memorandum of Understanding 

was signed in February 2009 among the World Meteorological Organization 

(WMO), the U.S. Agency for International Development/Office of U.S. Foreign 

Disaster Assistance (USAID), the U.S. National Oceanic and Atmospheric 

Administration/National Weather Service (NOAA/NWS) and the Hydrologic 

Research Center (HRC) to work together under a cooperative initiative to 

implement the Flash Flood Guidance System (FFGS) worldwide.  

The FFGS was designed and developed for interactive use of meteorological and 

hydrologic forecasters by HRC which is a non-profit public benefit corporation 

located in San Diego/USA and responsible for technical issues in the FFGS. A 

number of regional FFGS projects have been implemented, while others are under 

implementation, currently more than sixty countries are covered and serve more 

than two billion people worldwide (WMO, 2017). For instance, Black Sea and 

Middle East, South East Europe, Central America, Southern Africa, Central Asia 

South Asia and Southeast Asia FFGS are one of the systems among the regional 

FFGS projects (see Figure 2.1). 
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Figure 2.1 Flash Flood Guidance System with global coverage (adopted from 
WMO, 2017). 

 

The Black Sea and Middle East FFG System (BSMEFFGS) was designed and 

developed as part of this concept with the implementation initiated in 2010. In the 

present, the system covers many countries such as Armenia, Azerbaijan, Bulgaria, 

Georgia, Iraq, Israel & Palestinian Authority, Jordan, Lebanon, Syria and Turkey 

(see Figure 2.2). Turkey is both the regional center of Black Sea and Middle East 

and South East Europe FFG Systems (SEEFFGS) and systems have been 

established in own servers of TSMS. 

The implementation of the BSMEFFG system can be considered into three phases. 

First, spatial data such as digital elevation model, soil, vegetation cover, streams, 

lakes, reservoirs and hydro-meteorological observations are processed using GIS 

applications to a priori estimate of the model parameters. Second, the selected 

meteorological and hydrological data are used to calibrate model.  
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Figure 2.2 Black Sea and Middle East Flash Flood Guidance System (adopted from 
WMO, 2017). 

 

Most of the spatial and observational data were provided to Turkey from related 

institutions but open source global data are used for remaining countries (TSMS, 

2015). In the last phase, the system run and disseminates the products dynamically 

on the BSMEFFG server. Forecasters from member countries of the system can 

reach products of the system via a web interface with an individual password and 

username. However, the system is not public because it was created for operational 

using.  

The BSMEFFGS is considered as a semi-distributed model with the hydro-

meteorological model configured and the parameters estimated for each sub-basin. 

Figure 2.3 shows the sub-basins for Turkey in the BSMEFFGS. HRC delineated 

the sub-basins by using through GIS spatial analysis of digital elevation data with 

30 meters resolution (TSMS, 2015). There are 11888 sub-basins with special 

identification number for each basin and an average drainage area of 50 – 150 

square kilometers.  
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Figure 2.3 BSMEFFGS sub-basins for Turkey (adopted from TSMS, 2015). 

2.1 Technical Components of the BSMEFFG System 

The technical components of the BSMEFFGS utilize the available real-time data 

from gauge measurements and remote sensing platforms. Flash flood guidance 

(FFG) estimates of various durations over small catchments are produced based on 

soil moisture and snow models and suitable bias corrections. The BSMEFFGS 

technical components and flow of information are demonstrated in Figure 2.4 

(HRC, 2019). Threshold Runoff Model is used to estimate threshold runoff volume 

which causes bankfull conditions at the outlet of catchment and computed once for 

each sub-basin. Soil moisture accounting model (SAC-SMA) for accounting soil 

moisture conditions and snow model (SNOW-17) for modeling snowpack for each 

catchment are also used in the system. These components promote the flash flood 

guidance estimates (FFG). FFG is defined as the characteristic volume of rainfall in 

a given duration which is needed to produce flash flood for a given sub-basin. In 

other words, it is the volume of rainfall causes bankfull conditions at the outlet of 

catchment (Modrick et al., 2014). 
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Figure 2.4 BSMEFFGS technical components (adopted from HRC, 2019). 

 

Products from BSMEFFGS merged mean areal precipitation (MAP) and forecast 

mean areal precipitation (FMAP) products are derived by using real-time 

precipitation inputs and numerical weather prediction model outputs into the 

BSMEFFGS, respectively. The basic reason of the FFG estimation is that 

comparison of observed (nowcasting, MAP) or predicted (forecasting, FMAP) 

rainfall volume to characteristic volume of rainfall for given duration and over sub-

basin which cause bankfull flow conditions at the outlet of catchment 

(Georgakakos, 2006).  

If the observed or predicted rainfall volume is greater than the characteristic 

threshold then flash flooding is quite possible. The flash flood threat (FFT) is the 

amount of rainfall of a given duration that is greater than the FFG value for a basin; 

meaning that it is the difference between the FFG value and the corresponding 

estimated or forecast precipitation for the same duration and basin. BSMEFFG 
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system generates two different type flash flood threat products such as imminent-

persistence and forecast flash flood threat (IFFT-PFFT and FFFT). Therefore, 

performance of the system depends on both FFG values and precipitation 

estimations/predictions.  

2.1.1 Threshold Runoff Model 

The threshold runoff is defined as the effective rainfall of a given duration that is 

just enough to cause bankfull conditions while effective rainfall is the residual 

rainfall after the infiltrative or evaporative losses are extracted. The threshold 

runoff model is used to compute the threshold runoff volume for just once during 

the initial phase of BSMEFFGS (HRC, 2013[a]). The FFG estimates are derived 

from threshold runoff calculations and relationship between FFG and threshold 

runoff is a function of the current soil moisture conditions, which are estimated in 

real time by operational soil moisture accounting model (SAC-SMA) (Carpenter et 

al., 1999). 

Threshold runoff can be mathematically expressed as:  

R =  Qp qpRA⁄         (2.1) 

 

R (m3) is the threshold runoff, Qp (m3/s) is the flooding flow which means 

bankfull discharge at the outlet of the stream, qpR is the unit hydrograph peak for a 

specific duration tR normalized by catchment area (m3/s/km2/m3) and A (km2) is 

the watershed area (eq. 2.1). There are different options for estimation of bankfull 

discharge (Qp) as described by Carpenter et al. (1999) in Table 2.1. The first 

method based on Manning’s steady flow resistance formula and using two-year 

return period flow as flooding flow is the other one. The first method needs 

measurements of cross-sectional parameters. The two-year return period flow 

method is used to estimate threshold runoff for Turkey due to data availability 

(HRC, 2013[b]).  
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Table 2.1 Options for threshold runoff computation (Carpenter et al., 1999). 

 

 

“In each method, GIS is utilized to process digital terrain data and compute 

catchment-scale characteristics, such as drainage area, stream length and average 

channel slope” (Carpenter et al., 1999). The catchment-scale characteristics are 

derived with GIS applications by HRC for the BSMEFFGS (see Figure 2.5a and 

2.5b). Regional relationships are created for Turkey based on two-year return 

period flow and catchment properties by HRC such as basin area. Published 

surveys (mostly surveys done in USA) were used to develop regional regression 

relationships based on similar climatological conditions (HRC, 2013[a]). In this 

way, BSMEFFG region was divided into the sub-regions.  

Figure 2.5[c] represents the 10 bias regions identified for the BSMEFFGS and the 

currently used standardized relationships for the estimation of bankfull flow. Figure 

2.5[d] is shown for linear regression relationship between two-year return period 

flow and area for a bias region of Turkey as an example. Figure 2.6 indicates the 

estimated threshold runoff values for BSMEFFG for six-hour rainfall duration. The 

relationship between FFG estimates and threshold runoff (R) is a function of the 

current soil moisture conditions. Therefore, a linear relationship is created with the 

threshold runoff and FFG for each catchment and durations (e.g., one, three and six 

hours) by considering soil moisture deficit (Georgakakos, 2006). The soil moisture 

deficit for upper level is computed dynamically by using SAC-SMA model. 
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Figure 2.5 For the BSMEFFG System, catchment properties (a), catchment slope 
(b), bias regions (c) and linear regression relationship example in Turkey (d) (HRC, 
2013[a] and [b]). 

 

 

Figure 2.6 Six-hour threshold runoff values for BSMEFFG (HRC, 2013[a]). 
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2.1.2 Sacramento Soil Moisture Accounting Model (SAC-SMA) 

The Sacramento soil moisture accounting (SAC-SMA) model is a conceptual, 

continuous and aerial-lumped model that describes moisture condition in the soil. 

The SAC-SMA model is used by most of the NWS forecast centers to simulate the 

rainfall-runoff processes within their operational modeling system (Burnash, 1995).  

The SAC-SMA model simulates a soil column within two layers such as an upper 

and a lower zone. Each layer includes tension and free water storages, which 

interact to generate soil moisture states and five runoff components (Koren et al., 

2000). The main components of the SAC-SMA are tension water, free water, 

surface flow, evapotranspiration and percolation. The SAC-SMA model 

components are illustrated in Figure 2.7. Ajami et al. (2004) described the 

interaction of soil moisture in various layers particularly and the parameters are 

listed in Table A. 1 (in Appendices). 

Soil, terrain and land cover data are used to a priori estimate the model’s time 

invariable parameters (Shamir et al., 2013). In the BSMEFFGS, soil, terrain and 

land cover data are obtained from Ministry of Forestry and Water Affairs for 

Turkey (TSMS, 2015). The SAC-SMA model is run in BSMEFFGS by using six-

hour mean areal precipitation, potential evapotranspiration and snow melt real-time 

data and simulates the state of the soil moisture. Merged mean areal precipitation 

(MAP) is produced in the BSMEFFGS. Potential evapotranspiration is calculated 

dynamically with Thornthwaite method in the BSMEFFGS (HRC, 2013[a]). HRC 

calibrated estimated evapotranspiration values with observations by using one 

hundred and seventy nine stations in Turkey for a period of twenty six years 

(TSMS, 2015). Snow melt is derived from SNOW-17 model which is one of the 

outputs of the model.  

Average soil moisture (ASM) product is output of SAC-SMA model and it shows 

six hour water deficit for given date and time.ASM product indicates the upper soil 

moisture content and used for dynamical FFG threshold values estimation. 
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Figure 2.7 Components of the SAC-SMA model (Ajami et al., 2004). 

2.1.3 Snow Accumulation and Ablation Model (Snow-17) 

The Snow-17 snow accumulation and ablation model is used and coded in NWS 

River Forecast System for its snow products. The Snow-17 is an index model using 

air temperature to determine the energy exchange between the snow cover and air 

(Anderson, 2006). In addition to temperature, the other input parameter is 

precipitation. Air temperature is used an indicator for snowmelt and its 

measurement is simple. An energy balance equation is used to simulate physical 

processes of a snow cover and the equation is given in Figure A. 1 (in Appendices) 

(Anderson, 2006). Figure 2.8 indicates flowchart of the Snow-17 model. 
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Figure 2.8 Flowchart of the SNOW-17 model (Anderson, 2006). 

 

In the SNOW-17 model, physical processes that occur in a column of snow 

approach is used and applied to an area. The main physical processes in the model 

are; form of precipitation, accumulation of the snow cover, energy exchange at the 

snow-air interface, internal state of the snow cover, transmission of water through 

the snow cover and heat transfer at the soil-snow interface (Anderson, 2006). 

A single threshold temperature (PXTEMP ~ about 1.5 ˚C) is used to distinguish 

between rainfall and snowfall events in the model. If the air temperature is less than 

or equal to PXTEMP, all the precipitation is assigned as snow for the given 

duration. If the air temperature is greater than PXTEMP, all the precipitation is 

assumed to be rain. In the BSMEFFGS, NOAA/NESDIS Interactive Multisensor 
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Snow and Ice Mapping System (IMS) product is used for its areal extent of the 

snow cover. 

The melt factor is used for ablation processes in the model. In the model, Mf (mm 

˚C-1 6 h-1) regulates the production of snow melt during non-rainy periods: 

 

M = Mf(Ta − Tbase)              (2.2) 

 

where M is the melt (mm 6 h-1); Ta (˚C) is surface air temperature and Tbase (˚C) 

is a threshold parameter that represents the temperature above which melt occurs 

(Shamir, E., et al, 2006). The maximum and minimum melt factor parameters are 

estimated for BSMEFFG region by HRC (Shamir et al, 2012). Historical on-site 

precipitation, temperature, snow depth and snow water equivalent data were taken 

from NCDC for the each country of the BSMEFFG region. SNOW-17 model 

outputs for BSMEFFG region are calibrated and validated with historical data by 

HRC (Shamir et al, 2012).  

Merged mean areal precipitation and mean areal temperature values are used as 

input for snow model within BSMEFFGS. SNOW-17 model produces two snow 

products; SWE and MELT. SWE means snow water equivalent source from 

current snow cover and MELT shows melted amount of snow in mm for each sub-

basin. 
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2.2 SAC-SMA and SNOW-17 Model Outputs and Flash Flood Guidance 

Product in BSMEFFGS 

SAC-SMA model is used in BSMEFFGS for developing six-hour average soil 

moisture (ASM) product. The dynamic inputs of model are gauge mean areal 

temperature (GMAT) and merged mean areal precipitation (MAP). ASM product 

shows six hour water deficit for the upper zone (approximately 20-30 cm depth) of 

each catchment in the system for given date and time. ASM product is updated 

each six hour interval (00, 06, 12, and 18 UTC) in BSMEFFGS. 

SNOW-17 model produces two snow products in BSMEFFGS such as snow water 

equivalent (SWE) and snow melt (MELT). The real-time inputs of model are gauge 

mean areal temperature (GMAT), merged mean areal precipitation (MAP) and 

snow cover area (SCA). SWE is produced each six hour (00, 06, 12, and 18 UTC) 

and reflects the state of the snowpack in millimeters (mm) for each watershed in 

the BSMEFFGS. MELT product indicates cumulative snow melt in millimeters 

(mm) over the period of twenty four and ninety six hours for each sub-basin. 

SCA product in the BSMEFFGS indicates that the fractions of each watershed area 

with snow cover. SCA product is generated in the BSMEFFGS by using the 

Interactive Multisensor Snow and Ice Mapping System (IMS) from NOAA-

NESDIS. SCA is derived from various geostationary and polar orbital satellite 

images with 4 km spatial and daily (at 00:00 UTC) temporal resolution. 

Gauge mean areal temperature (GMAT) product in the BSMEFFGS shows sub-

basin average temperature over a six hour period ending at 00, 06, 12, and 18 UTC. 

GMAT is generated by using interpolation of six-hour temperature gauge data for 

each watershed in °C. There are 839 in-situ temperature gauges which are well 

distributed in Turkey.  

The primary indicator used by forecasters at hydrological and meteorological 

services around the world to predict the onset of flash flooding is when rainfall 

predictions (forecasting) or estimates (nowcasting) exceed FFG values over 
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durations of one, three or six hours. FFG values can be considered as threshold 

values to show potential of flash flood occurrence. FFG is defined as the 

characteristic volume of rainfall in a given duration which is needed to produce 

flash flood for a given sub-basin. In other words, it is the volume of rainfall causes 

bankfull conditions at the outlet of catchment (Modrick et al., 2014). Soil moisture 

accounting model (SAC-SMA) for accounting soil moisture conditions and snow 

model (SNOW-17) for modeling snowpack for each catchment are also used in the 

system. These components promote the flash flood guidance estimates (FFG) as 

described in section 2.1 of this study. Gourley et al. (2012) explained in their study 

that “threshold runoff is defined very similarly to FFG, but it is the amount of 

rainfall excess required to cause flooding at the basin outlet; rainfall excess is the 

effective volume of rainfall that is transformed into surface runoff at the basin 

scale”. The amount of rainfall excess is mostly less than the actual rainfall because 

of losses such as infiltration, interception and evaporation etc. These hydrological 

processes are simulated in real time by using Snow 17 and SAC-SMA. However, 

threshold runoff values are assumed to be constant and computed once before the 

initiating the system. The computation of threshold runoff values for basins in 

Turkey are explained in section 2.1.1 of this study. The FFG estimates are derived 

from threshold runoff calculations and relationship between FFG and threshold 

runoff is a function of the current soil moisture conditions, which are estimated in 

real time by operational SAC-SMA model (Carpenter et al., 1999). 

Figure 2.9 is shown for as an example of for daily SCA, six-hour GMAT, six-hour 

SWE and MELT products, at 00:00 UTC on 25 December 2019, in BSMEFFGS. It 

can be interpreted form the figure that eastern and some parts of southern Anatolia 

are covered by snow and water potential is more than one hundred mm for many 

basins over there. Figure 2.10 is given as an example for ASM and FFG products 

of BSMEFFGS for Turkey at 00:00 UTC on 25 December 2019. The ASM product 

shows that the basins are highly saturated for last six hours in southern coastal 

Anatolia. Additionally, FFG values are noticeably low (purple basins) for these 

basins which mean that these basins have hazardous in terms of flash flooding.  
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Figure 2.9 Sample BSMEFFG products for daily snow cover area (SCA) (a), six-
hour gauge mean areal temperature (GMAT) (b), six-hour snow equivalent (SWE) 
(c) and daily snow melt (MELT) (d) at 00:00 UTC on 25 December 2019. 

 

 

Figure 2.10 Sample BSMEFFG products for six-hour average soil moisture (ASM) 

(a) and six-hour flash flood guidance (FFG) (b) at 00:00 UTC on 25 December 
2019. 
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2.3 Precipitation Estimates in BSMEFFGS 

There are different sources for estimation of precipitation in the BSMEFFGS such 

as radar, satellite and gauges.  Figure 2.11 is shown for sample of six-hour rainfall 

estimates within BSMEFFGS for Turkey at 00:00 UTC on 25 December 2019. 

These products are called as RADAR, GHE, MWGHE, GMAP and MAP in the 

BSMEFFGS. RADAR, GHE and MWGHE remotely sensed rainfall estimates are 

available in gridded format. GMAP and MAP are available in areal format. 

Additionally, it is possible to download all rainfall estimation data for given date 

and duration from the BSMEFFGS server. 

As indicated Figure 2.11a, radar based gridded precipitation data is available in the 

BSMEFFG system, which is provided from Doppler weather radar network of 

TSMS. There is 10 C-band radar in the system while covering mostly the coastal 

regions although TSMS has 17 C-band radar currently. These C-band radar 

systems collect the data in a 7-min sampling frequency with a 720-meter range 

interval along a 120 km radius from the radar location (Yücel, 2015). However, a 

radar mask study has been carried out for TSMS radars by HRC in order to reduce 

measurement-related errors and uncertainty (TSMS, 2015). RAIN1 product is used 

to represent realized rainfall in BSMEFFGS for last one, three, six and twenty-four 

hour time steps. The radar rainfall estimates are displayed in the system with a 

latency of approximately 10 minutes, without any bias correction except TSMS 

implementations, over a background of the sub-basin boundaries.  

The quantitative precipitation estimation techniques by satellites can be dived into 

two based on infrared (visible) and microwave. These techniques also involve 

cloud indexing, temperature-threshold and cloud growth methods. Thus, two 

different satellite precipitation products are available in the BSMEFFGS such as 

Global Hydro Estimator (GHE) and Microwave-adjusted Global Hydro Estimator 

(MWGHE). NOAA-NESDIS provides satellite-based precipitation estimates 

operationally for flash flood analyses. Hydro Estimator precipitation estimate 

technique is based on infrared window (10.7μm) channels from geostationary 
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operational environmental satellites (GOES) from which cloud-top infrared (IR) 

brightness temperature is derived. In this way, GHE provides gridded global (60°S 

to 60°N) 15-min quantitative precipitation with high spatial resolution of 4 km 

(Scofield and Kuligowski, 2003). 15-min rainfall estimates are aggregated to 

hourly quantitative precipitation values in the BSMEFFGS. As shown in Figure 

2.11b, the GHE rainfall estimates are provided on a grid without any adjustment 

which is displayed over a background of FFGS sub-basin boundaries with latency 

of up to twenty five minutes.  

The second satellite based rainfall product of BSMEFFGS is Microwave-adjusted 

Global Hydro Estimator (MWGHE) which is produced by HRC as indicated Figure 

2.11c. The GHE data is available with high temporal and spatial resolution in 

BMSEFFGS but infrared channel measure cloud top temperature which does not 

always correlate well with rainfall. Since rainfall is not just associated with cold 

clouds (-40 °C >), incorrect estimations are probable if infrared data alone is used. 

For example, cirrus clouds are classified as high and cold; however, these clouds 

are mostly associated with clear sky and non-precipitating systems. In contrast to 

the infrared, passive microwave signals sense scattering of radiation that coming 

inside of the cloud, which means better rainfall estimations because of adding into 

account raindrops and ice particles (Joyce et al., 2004). However, microwave 

sensors are not applied on geostationary platforms because of the technical 

challenges so that polar orbiting satellites are in used and it cause longer latency 

times. In the BMSEFFGS, CMORPH algorithm is used for microwave based 

estimations which is provided from NOAA/Climate Prediction Center. Microwave 

based rainfall estimations are not used directly in the system but it is used for 

adjusting the GHE data. Because of the latency issues as explained above, the 

adjustments are not performed consistently. Previously calculated climatological 

bias adjustments are implemented for the BMSEFFG region by HRC. The 

MWGHE product is updated every hour with a latency of approximately 45 

minutes in the BSMEFFGS.  
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The interpolation of the gauge precipitation is the last source for rainfall estimates 

in the BSMEFFGS. Gauge mean areal precipitation (GMAP) is performed on the 

observations made by 839 on-site rainfall observations which are well distributed 

in Turkey. The GMAP product is derived for all sub-basins from the interpolated 

six-hourly station observations by using inverse distance weighting deterministic 

method. Figure 2.11d is shown for a sample of GMAP product in BSMEFFGS. 

Merged mean areal precipitation (MAP) is a bias corrected product within 

BSMEFFGS that exhibits estimated rainfall for 1, 3, 6 and 24 hour time steps. 

Figure 2.11e is shown for a sample of MAP product in BSMEFFGS. The MAP is 

generated from surface rain gauges and remote sensing platforms such as radar and 

satellites. Figure 2.12 indicates merged mean areal precipitation production 

procedure with using various precipitation sources. MAP product is derived for 

each basin from first radar then bias-adjusted MWGHE or GHE or the gauge 

interpolation based on the best available sources. The remote sensed estimates are 

available in the system without any correction but bias-adjustment processes are 

performed for just MAP calculations. Climatological and dynamic bias adjustments 

of MAP are explained by Georgakakos et al. (2013). Shamir et al. (2012) explained 

climatological bias adjustment procedures and results for the BSMEFFG region for 

the period of 2008-2010. The MAP product can be considered as the best 

precipitation estimate of available in real-time and it is used as input for flash flood 

threat products besides the hydrological model components (HRC, 2019).  
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Figure 2.11 Sample of six-hour rainfall estimates within BSMEFFGS for Turkey at 

00:00 UTC on 25 December 2019; Radar (a), GHE (b), MWGHE (c), GMAP (d), 
and MAP (e). 

  

Figure 2.12 Flow chart of MAP production. 
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2.4 Numerical Weather Prediction Models in BSMEFFGS 

Numerical weather prediction (NWP) models use mathematical models of the 

atmosphere and oceans with their interactions among themselves to predict the 

weather. Mathematical models based on the same physical principles can be used 

to generate either short-term weather forecasts or longer-term climate predictions. 

For an example, hydrostatic equation is one of the basic physical principles which 

are describes pressure gradient with density of the air and gravity. However, the 

Earth’s atmosphere is not only physical but also dynamical and chemical system. 

NWP models have to contain solution of all dynamical, physical and chemical 

equations but it is almost impossible to solve these equations exactly because of 

chaotic nature of these partial differential equations. The model dynamics can be 

listed as conservation of momentum, mass, energy and moisture. Physical terms are 

vital due to properly model the atmosphere such as friction, radiation, heat flux and 

condensation parameters and solved in boundary layer, radiation transfer, land 

surface layer, microphysics (large-scale precipitation) and convection schemes 

respectively. These physical processes, given in Figure 2.13, need to be 

approximated in models because of huge simulation computer time which is called 

as parameterization. Therefore, different models use different numerical methods 

for solution or ignore someone and it is the reason why different models have 

different predictions. 

NWP models have been started using for many decades earlier to forecast 

precipitation besides other atmospheric variables. Nevertheless, prediction of 

precipitation is challenging for many reasons; such as discontinuity, changing 

rapidly in space and time features of precipitation. The precipitation process 

depends not only on the synoptic conditions, but also on processes that are not 

explicitly considered by NWP models, including condensation, vertical convective 

transport of heat and moisture and phase transitions of water between vapor, clouds 

and ice (Damrath et al., 2000). 
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Figure 2.13 Physical processes in the atmosphere referred as the physical 
parametrization in NWP models (ECMWF, 2020). 

 

Increased computing power and improving NWP models led to a significant 

advance in precipitation forecast. However, the ability to predict precipitation of 

NWP models is comparatively low, especially for very short lead times (eg <12 

hours), long lead times (eg> 5 days) and local-regional convective systems (Cuo et 

al., 2011). 

Prediction of precipitation can be very useful for not only synoptic forecasts but 

also for operational and research uses in hydrological studies. Accurate 

precipitation forecasts can reduce forcing uncertainty in hydrological models and 

can greatly improve the quality of their outputs. Hydrological models are sensitive 

to uncertainty in the precipitation forecasts, which are propagated to the model 

outputs because of stochastic processes. However, NWP precipitation forecasts are 

inherently uncertain and subject to three types of error; localization, timing and 

intensity of precipitation events, which potentially limit their usefulness for stream 

flow forecasting (Shrestha et al., 2013).  
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There are several NWP models exist in TSMS for almost two decades to predict 

precipitation and other atmospheric variables such as ECMWF, ALARO 

(ALADIN), AROME (ALADIN), WRF and WW3; each of them has different 

horizontal/vertical resolution, run time and domain. Nevertheless, ECMWF, 

ALARO and WRF models are in use within BSMEFFGS for hydrological purposes 

starting from different periods. 

Figure 2.14 indicates that NWP model domains within BSMEFFGS; ALARO 

model domain is the narrowest, ECMWF has the largest domain and WRF model 

has moderate coverage area. Therefore, some parts of the region are not covered by 

ALARO such as south of Jordan, Israel and east of Azerbaijan. ECMWF and WRF 

model cover the entire region of BSMEFFGS.  

 

 

Figure 2.14 NWP model domains for precipitation forecast within BSMEFFGS. 

 

The gridded prediction values of NWP models are converted to areal for each sub-

basin by taking average of the pixels over a basin within BSMEFFGS. Forecast 

mean areal precipitation (FMAP) products of BSMEFFGS are derived for varied 
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hour accumulations by using each NWP model. The FMAP product represents 

predicted amount of precipitation over each sub-basin for multiple durations such 

as one, three, six and twenty-four hours.  

Figure 2.15 is shown for sample of six-hour both gridded and areal NWP products 

within BSMEFFGS for Turkey at 00:00 UTC on 25 December 2019. Figure 2.15a 

and b indicate gridded and areal ALARO rainfall predictions for next six hours 

respectively. Figure 2.15c and d indicate gridded and areal ECMWF rainfall 

predictions for next six hours respectively. Figure 2.15e and f indicate gridded and 

areal WRF rainfall predictions for next six hours respectively. In the figure, each 

NWP model shows precipitation forecast over southeast Mediterranean coastal 

parts of Turkey but rainfall amounts are different for the period 00:00 UTC and 

06:00 UTC 25 December 2019. 

 

 

Figure 2.15 Sample of six-hour NWP products within BSMEFFGS for Turkey at 
00:00 UTC on 25 December 2019; FCST-ALARO (a), FMAP-ALARO (b), FCST-
ECMWF (c), FMAP-ECMWF (d), FCST-WRF (e) and FMAP-WRF (f). 
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2.4.1 ALARO 

ALADIN is a system and developed by the international ALADIN consortium for 

operational weather forecasting and research studies. Being developed by the 

international consortium of European and North African countries under the 

leadership of Meteo-France it is widely employed by various national 

meteorological services particularly in Central and Eastern Europe (Farda et 

al., 2010).  Therefore, ALADIN is very popular among Mediterranean countries as 

a mesoscale numerical weather prediction model. The system based on a code 

which is shared with the global circulation model IFS of the ECMWF and the 

ARPEGE model of Meteo-France (Termonia et al., 2018).  

Global models are insufficient in local weather forecast due to their low horizontal 

and vertical resolutions. In order to overcome this issue the limited-area model 

(LAM) configurations operated at higher resolutions than global models were 

needed. Today, there are three different LAM configurations exist in the ALADIN 

system which are called as ALADIN, AROME, and ALARO. AROME and 

ALARO models are running in TSMS for weather forecasting purposes currently. 

ALARO is a hydrostatic version of ALADIN and operationally run with the 

forecast input data from Action de Recherché Petite Echelle Grande Echelle 

(ARPEGE) as a limited area model in TSMS.  

The primary relevant features of the ALARO are given in Table 2.2 as 

operationally runs in TSMS. The basic physics parameterizations of the ALARO 

with references are listed which are the most related with precipitation formation. 

The large-scale precipitation (microphysics) scheme is used for resolved 

precipitation estimation (Lopez, 2002) and includes prognostic variables such as 

liquid and solid water etc. ACRANEB2 is the second version of radiative transfer 

scheme in ALADIN system (Masek et al., 2016) and it is used to calculate cloud-

radiation interaction. The ISBA surface parametrization scheme (land surface) is 

used for accounting surface fluxes of energy interactions between sub-surfaces 

such as land, urban, water, and inland waters (Noilhan and Planton, 1989). Davies 
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scheme (Davies, 1976) has been chosen as boundary layer in the ALARO system 

for calculation of momentum and energy exchanges between lowest model level 

and ground. 3MT and TOUCANS schemes are used in ALARO for deep and 

shallow convection type precipitation respectively (Gerard et al., 2009; Duran et 

al., 2014).  

 

Table 2.2 Physics options of ALARO model as operationally using in TSMS.  

 

 

ALARO model is the first NWP model in BSMEFFGS and it has been used 

operationally since April, 2013 for precipitation forecast. The horizontal resolution 

of ALARO is 4.5 km, forecast period is 72 hours and model is updated for each six 

hours (00/06/12/18 UTC) in TSMS. ALARO provides hourly quantitative 

precipitation forecast so that 1-hour, 3-hour, 6-hour and 24-hour accumulation 

precipitation forecast outputs are available in BSMEFFG System.  

2.4.2 ECMWF 

The European Centre for Medium-Range Weather Forecasts (ECMWF) was 

officially established on 01 November 1975 as an independent international agency 

to overcome medium-range forecast problem. Turkey officially became a member 

of the ECMWF since 1975. ECMWF makes a forecast to ten days ahead and 
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distributes to members via a dedicated telecommunication network (Persson, 

2001). The missions of ECMWF can be summarized as follows; produce numerical 

weather forecasts and monitor, carry out scientific and technical research to 

improve forecast skill and maintain an archive of meteorological data.  

ECMWF uses a global general circulation model known as the Integrated 

Forecasting System (IFS) to produce probabilistic ensemble forecasts. IFS consists 

of several components that are coupled together in various ways such as 

an atmospheric model, ocean wave model, ocean model, land surface model and 

four-dimensional data assimilation analysis (ECMWF-IFS). The version of the IFS 

is often referred to as the ECMWF and it is used in this study in the same way. 

The primary relevant features of the ECMWF are listed in Table 2.3 with their 

references (Tiedtke, 1993; Forbes, 2011; Mlawer, 1997; van den Hurk and Viterbo, 

2003; Koehler, 2011; Tiedtke, 1989; Bechtold, 2008). These schemes are used to 

fulfill the requirements of model physics, for instance microphysical and 

convection schemes are convenient to calculate convective and non-convective 

precipitation processes. 

 

Table 2.3 Physics options of ECMWF model as operationally using in TSMS. 

 

 

https://software.ecmwf.int/wiki/display/FUG/2.1.2+Model+Configurations
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ECMWF model has been used operationally since August, 2016 for its 3-hr, 6-hr 

and 24-hr accumulation precipitation forecast outputs in BSMEFFG System. The 

horizontal resolution of ECMWF model is 9 km, forecast period is 240 hours and 

model is updated for each twelve hours (00/12UTC) in TSMS. 3-hr rainfall 

estimates are provided by ECMWF and these estimates are aggregated to six and 

twenty-four hourly values in the BSMEFFGS.  

2.4.3 WRF 

The Weather Research and Forecasting (WRF) model is a next-generation open 

source mesoscale numerical weather prediction system. As it is open source, it has 

a very flexible structure that allows it to be used by met-offices, universities and 

atmospheric research centers. The effort to develop WRF began in the latter 1990's 

and was a collaborative partnership of the National Center for Atmospheric 

Research (NCAR), the National Oceanic and Atmospheric Administration 

(NOAA), the U.S. Air Force, the Naval Research Laboratory, the University of 

Oklahoma, and the Federal Aviation Administration (WRF web page). WRF 

operationally run with the forecast input data from Integrated Forecast System – 

IFS as limited area model in TSMS (Karadavut, 2015).  

The physics options of the WRF are given in Table 2.4 as operationally run in 

TSMS. The basic physics parameterizations of the WRF with references are listed 

which are the most related with precipitation formation (Hong, 2004; Dudhia, 

1989; Mlawer, 1997; Dudhia, 1996; Hong, 2006). It is noted that there is no 

parameterization for convection unlike other NWP models but remained various 

features are available in WRF. Convective tendencies are usually resolved within 

1–4 km grid scale and therefore convective scheme is generally not used lower 4-

km grid resolution in WRF modeling (Yücel, 2015). 
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Table 2.4 Physics options of WRF model as operationally using in TSMS.   

 

 

WRF model has been used operationally since August, 2016 for its 1-hr, 3-hr, 6-hr 

and 24-hr accumulation precipitation forecast outputs in BSMEFFG System. The 

horizontal resolution of WRF is 3 km, forecast period is 72 hours and model is 

updated for each six hours (00/06/12/18 UTC) in TSMS. WRF provides hourly 

quantitative precipitation forecast so that 1-hour, 3-hour, 6-hour and 24-hour 

accumulation precipitation forecast outputs are available in BSMEFFG System. 
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CHAPTER 3  

3 DATA AND METHODOLOGY 

3.1 Severe Weather Reports and Lightning Observations 

TSMS provides a database of severe (exceptional) weather event reports, including 

extreme rainfall events that eventuate along Turkey. These reports are performed 

by local observers of TSMS who generate them not just for rainfall events but also 

include other extreme meteorological events such as heavy snowfall, heat wave, 

thunderstorm etc. The reports for extreme rainfall events mostly trigger flooding 

occurrence frequently. There is no flash flood record specifically in Turkey. 

Therefore, extreme rainfall events are used in this study in place of flood events. 

These reports include valuable information such as beginning and ending time of 

an event, direct and indirect damages, loss of life and property -if it is available-, an 

event narrative, images of event and location of the event. The locations are stored 

as province and district. Unfortunately, the reports are not open for public using but 

can be obtained from TSMS by applying for scientific studies. 

TSMS has been used the Lightning Detection Network System (LDNS) 

operationally since the ending of 2014 for nowcasting of severe weather warnings 

with 41 passive sensors on the ground across Turkey (TSMS, 2016). The system 

provides lightning data in split-second level with their current values. The location 

of accuracy of LDNS is 200-meter. The number and locations of cloud-to-cloud 

and cloud-to-ground lightning flashes are obtained from the LDNS in the scope of 

this thesis. Lightning data assist forecasters to assess the evolution of thunderstorm 

activities, flashes are mostly related with cumulonimbus clouds which are formed 

by convection and cause severe weather conditions and downpours over a region. 

Thus, the lightning data of the LDNS is used in this study to show usage capacity 

of lightning flashes for heavy rainfall events during warm season in Turkey.  
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3.2 Data for Event Cases   

Criteria for selecting case studies are determined as follows: whether convective or 

non-convective intense rainfall caused flash flooding, occurrence in different 

seasons and distributed homogeneously in Turkey. Figure 3.1 shows the province 

of selected case studies. There are ten different cases; non-convective (five), 

convective (four) and snowmelt (one) induced cases. The success of each NWP 

model is tested in capturing and issuing flash flood warning for different event 

signature, geographical location, and season. 

The main BSMEFFGS products for the case studies are flash flood guidance (FFG) 

as threshold and forecast mean areal precipitation (FMAP) obtained from ALARO, 

ECMWF and WRF numerical weather prediction models. Rainfall estimates within 

BSMEFFGS are also used in the cases such as merged areal precipitation (MAP), 

gauge mean areal precipitation (GMAP), radar, GHE and MWGHE. Snow products 

of BSMEFFGS are snow cover area (SCA) and snow melt (MELT) which are used 

in the cases if they are necessary. FFG, FMAP, MAP, GMAP, SCA and MELT 

products are available in areal format in BSMEFFGS. However, satellite based 

(GHE and MWGHE) and radar rainfall estimates are gridded in the BSMEFFGS. 

Thus, the grid data of radar, GHE and MWGHE remotely sensed precipitation 

estimations are downloaded from system server and extracted with selected basins 

by using an R script. Remaining rainfall and FFG threshold products are in areal 

format within the BSMEFFGS, the data are just downloaded from the system 

server. 
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Figure 3.1 Selected case studies across Turkey for the period of 2017 and 2019. 

 

There are many data source used in these case studies beside BSMEFFGS products 

such as observed daily rainfall, TSMS severe weather reports and web news for 

verification of flash flood events, observed hourly rainfall - dew point temperature 

– surface temperature and lightning flashes.  

In the cases, R programming is used for simple inverse distance weighting 

interpolation of daily rainfall amounts to distribute and visualize.  

Observed hourly rainfall, dew point temperature and surface temperature data are 

used in the non-convective rainfall induced cases. The hourly data during an event 

period are plotted to detect signature of rainfall. The plots are generated by using R 

programming with creating a script.  

Distribution of lightning flashes map during an event is given in each non-

convective rainfall induced cases. It is aimed to show that lightning flashes have a 

potential for flash flood warning during warm season.   
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3.3 Methodology  

In the most general form, the flow chart of the analyses in this study is presented in 

Figure 3.2. Distribution of extreme rainfall events and lightning flashes are 

performed primarily. Subsequently, event-based flash flood case studies are 

implemented for evaluation of NWP models.  

Severe weather reports of TSMS are used to show distribution of heavy rainfall 

events across Turkey between 2015 and 2019. Furthermore, lightning data is also 

used to show distribution of lightning flashes across Turkey between 2015 and 

2019. 

The success of FFG method is depending on both FFG threshold values and 

forecasted/estimated precipitation. Thus, NWP precipitation predictions within 

BSMEFFGS are evaluated by case studies in this thesis. Precipitation predictions, 

precipitation estimates and FFG threshold values within BSMEFFGS are used in 

flash flood case study analyses. Comparison of NWP results with FFG products are 

presented in the last part of each study. 

Assessment of extreme rainfall events is given to show importance and frequency 

of events which mostly cause flash flooding. Additionally, distribution of lightning 

flashes over Turkey for recent years is performed because lightning is related with 

intense rainfall events. In total 10 event-based flash flood cases, occurred along 

Turkey for the period of 2017 and 2019, were selected to evaluate the NWP models 

on a smaller scale.  
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Figure 3.2 Flow chart of the analysis performed in this thesis. 
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CHAPTER 4  

4 ANALYSES AND RESULTS  

The MAP and FMAP products (ALARO, ECMWF, WRF) of BSMEFFGS have 

been evaluated for an overall performance evaluation of NWP models before the 

analyses within the scope of this thesis. The monthly distribution of six-hour MAP 

and FMAP products for the period of 2017 and 2019 are given in Appendices (see 

Figure B.1 and B.2). In addition to, correlation coefficient and root mean square 

error calculations between six-hour MAP and FMAP products are performed for 

the same period (see Figure B.3 and B.4). These analyses were done by creating R 

scripts specifically for this thesis. 

In this chapter, precipitation forecast used in the BSMEFFGS for flash flood 

warning is discussed. Firstly, assessment of extreme rainfall events for the period 

of 2015 and 2019 is done by using TSMS severe weather reports. Then, 

distribution of lightning flashes over BSMEFFG sub-basins (for Turkey) for the 

period of 2015 and 2019 is given. Finally, through event based flash flood case 

studies a more detailed assessment to measure performance of NWP outputs with 

the comparison of threshold (FFG) values is performed.  

4.1 Assessment of Extreme Rainfall Event Distribution in Turkey 

Investigating temporal and spatial distribution of heavy rainfall events can be very 

useful to understand the causes and occurrence of flash flood events. The most 

common reason for flash flood occurrence is attributable to heavy and intense 

rainfall while the type of precipitation formation is not always unique. For instance, 

frontal activities are more effective over coastal regions but convective instability 

is more favor over inland parts of Anatolia. Under these circumstances, flood 
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events should be studied with their temporal and spatial distributions under climatic 

and meteorological phenomena. 

Thus, temporal and spatial distribution of extreme rainfall events are examined by 

using TSMS severe weather reports between the years 2015 and 2019 in this study. 

The reports for the period of 2015 and 2019 were downloaded from database of 

TSMS in the scope of this study.  

An event list is prepared for each year by using these reports which contains date 

and location information. Monthly distribution maps and graphs are performed for 

last five years with using this list. A script is created for producing these plots in R 

programming which is an open source script language. R programming has several 

libraries to solve various issues. For instance, “ggmap” library was used (Kahle and 

Wickham, 2013) to create poly maps in one plot.  

Figure 4.1 is shown for spatiotemporal distribution of extreme rainfall events in 

Turkey during 2015, 2016 and 2017. Figure 4.2 indicates the same analysis for 

2018, 2019 and the period of 2015 – 2019. Legend of maps represents number of 

events for same location and period. 

In 2015, during winter and autumn months extreme rainfall events occur mostly 

over coastal regions as a result of frontal or Mediterranean based low pressure 

cyclones effects (Figure 4.1a). In June 2015, extreme events show homogeneous 

scattering over west of Turkey because of the possibility of convective short term 

downpours. 

In 2016, there are fewer events in winter and autumn months than previous year 

while scattering of extreme events are dominant over Mediterranean coasts (Figure 

4.1b). May, June and August are abundant in terms of flood; events are spreading 

homogeneously in May and June. On the other hand events take place mostly over 

Black Sea coast during August where mountainous area allows for formation of 

orographic precipitation. 



 

 
49 

In 2017, there is a similar pattern with previous years for winter and autumn 

seasons. June and August are the top months in case of flooding (Figure 4.1c). 

In 2018, there are few events appeared in winter and autumn seasons but also most 

of the flood events occurred on coastal regions (Figure 4.2a). For example, most of 

the blue points fall over Aegean and Mediterranean shores but multiplicity and 

well-scattered of events are remarkable in May and June months. 

In 2019, during winter and autumn months events occur mostly over coastal 

regions as a result of frontal or Mediterranean based low pressure cyclones (Figure 

4.2b). 

The same analysis is performed over 5 year period from 2015 to 2019 to drive 

more meaningful spatiotemporal distribution of extreme rainfall occurrence in 

Turkey. Figure 4.2c shows the monthly distribution of extreme rainfall events 

occurred between 2015 and 2019. May through August heavy/intense rainfall 

events more spread over the inland parts of Anatolia due to the fact that convective 

instability is more dominant while other months generally flooding can be seen 

over coastal regions as a result of frontal systems. Most of the events took place 

over Aegean and Mediterranean coastal regions because of low pressure based 

cyclonic depressions except September. In August and September, Black Sea coast 

is the most affected region between these years because of the coupled frontal, 

convective and orographic based systems. However, May and June are the top 

months with respect to heavy/intense rainfall events considering the fact that 

convective instability conditions are effective during these months 
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Figure 4.1 Spatiotemporal distribution of extreme rainfall events in Turkey during 
2015 (a), 2016 (b) and 2017 (c). 
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Figure 4.2 Spatiotemporal distribution of extreme rainfall events in Turkey during 
2018 (a), 2019 (b) and for the period of 2015-2019 (c). 
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Figure 4.3 and 4.4 indicates monthly occurrences of extreme rainfall events in 

Turkey for the five-year period from 2015 to 2019. These bar plots are created by 

using the event list and the R script which are generated for this thesis. The 

horizontal axes of plots represent months of the current year and vertical axes show 

the relative frequency of events. The relative frequency is calculated by dividing 

each monthly total event to the annual total number of events. 

Among total 229 extreme rainfall events occurred in 2015 throughout Turkey, June 

is the month with the highest occurrence while August, September and October 

also show remarkable high values in Figure 4.3a. Sum of extreme rainfall events is 

134 in 2016. Furthermore, the highest frequency rates occur in May, August and 

June in terms of flooding events in Figure 4.3b. Number of total extreme rainfall 

events is 186 in 2017. The highest frequency rate is observed in June during 2017 

(Figure 4.3c). 

The year 2018 is the extreme year for Turkey with respect to TSMS extreme 

rainfall events records (TSMS, 2019[b]) since 1940. 331 extreme events occurred 

in total and May is the month with the highest event occurrence during 2018 

(Figure 4.4a). Sum of extreme events is 245 in 2019 and the highest frequency 

rates appear for June clearly (Figure 4.4b). However, May and June are the top 

months with respect to extreme rainfall events considering the fact that convective 

instability conditions are effective during these months. According to the TSMS 

reports, sum of the extreme rainfall events is 1125 between 2015 and 2019 periods. 

June and May months have the highest frequency rate as compared to the 

remaining months (Figure 4.4c). 
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Figure 4.3 Monthly occurrences of extreme rainfall events in Turkey during 2015 

(a), 2016 (b) and 2017 (c). 
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Figure 4.4 Monthly occurrences of extreme rainfall events in Turkey during 2018 

(a), 2019 (b) and for the period of 2015-2019 (c). 
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Under these circumstances, it is clear that Turkey faces the extreme rainfall events 

often throughout the year but it generally concentrates during spring to autumn 

months depending on the system signature of precipitation and the geographical 

location. Frontal influence is dominant over coastal regions during winter and 

autumn months. Orographic upward is effective over north east of Anatolia where 

reasonably a mountainous region and convective instability is more common 

during spring and summer seasons.  

It should not be ignored that heavy rainfall may be the main reason for flood but it 

is not sole; remaining reasons can be listed as snowmelt, landslide, disputes of dam 

operation and etc. A flood caused by snowmelt runoff is common in eastern Turkey 

at the beginning of the spring season where heavy snowfall occurs during winter. 

Yücel et al. (2015[b]) show that the peak timing of snowmelt runoff is shifted to 

earlier times significantly in the eastern basins of Anatolia because of warming 

resulted from climate change. This may also turn in increasing the probability of 

sudden flooding. Nevertheless, the analyses of spatial and temporal distribution of 

extreme rainfall events show that connective induced intense precipitation has 

primary importance in terms of flooding. 

4.2 Distribution of Lightning Flashes over Turkey 

Cumulonimbus is the only cloud type that can produce hail, thunder or lightning. 

These type clouds and super cells are associated with severe weather conditions 

such as heavy torrential downpours. The lightning detection also shows presence of 

huge amount of energy, explaining the intense precipitation activity. It has been 

proven by many studies that rainfall estimates derived from lightning observations 

are of potential use for short-term prediction of flash floods. 

There are several studies in the literature which have been investigated the 

relationship with lightning and rainfall amount. Tapia, Dixon and Smith (1998) 

developed a technique to use lightning flashes for estimating convective rainfall 
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which includes the ratio between lightning and rainfall, spatial and temporal 

distribution of both lightning and rainfall. Pineda et al. (2007) used Tapia method 

successfully for estimating summer season rainfall over northeastern Spain. Gungle 

and Krider (2006) proved that lightning observations can be used to estimate the 

location and intensity of convective rainfall over Florida. A lightning-based 

nowcast-warning method also developed and tested for short-term storms during 

the warm season which cause intense rainfall and flash flood events (Wu et al., 

2018). Lightning observations were also used in the studies for improvement of 

radar (Rigo et al., 2010) and satellite (Xu et al., 2013) precipitation estimations. 

In this study, cloud-to-ground and cloud-to-cloud lightning flashes data is provided 

from the LDNS which has been used by TSMS since 2015. The lightning data for 

the five-year period from 2015 to 2019 was taken from TSMS within the scope of 

this study. The data includes date, location, elevation, direction and current 

information in point scale.  

An R script is created for reading the data and counting the flashes which are fallen 

inside of the BSMEFFG basins. The flashes data are classified as monthly and 

visualized by using the script. There are more than eleven thousand sub-basins 

available in the BSMEFFGS for Turkey. The basin border data exist in shapefile 

format in the system that is derived by HRC. In addition to basins, approximately 

more than three million lightning strikes exist for each year. Computing time for 

counting the flashes over catchments and visualizing it monthly is huge due to size 

of the data. Thus, ten percent of lightning data was selected randomly for each year 

and the five-year period by the R script.  

The spatiotemporal distribution of lightning flashes over BSMEFFG watersheds for 

the period of 2015 and 2019 are presented in Figure 4.5 and 4.6. Legend of maps 

represents the frequency of lightning flashes. The frequency is calculated by 

dividing monthly number of flashes to monthly maximum value for each basin. 

The distribution of lightning strikes between 2015 and 2019 has a similar pattern in 

each year. During cold season (winter and autumn) lightning flashes mostly placed 
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over coastal regions. However, flashes show homogeneous scattering over Turkey 

during warm season, especially in May, June and August. The lightning flashes are 

denser over northwestern Anatolia. These situations were mostly caused by 

effectiveness of instability conditions. Thus, lightning flashes are denser during 

warm season than cold one as a trace of intensity rainfall. Oztopal (2017) found 

similar results in his study which is performed for Turkey between 2010 and 2014.  

Figure 4.7 and 4.8 indicates monthly occurrences of lightning flashes in Turkey for 

the five-year period from 2015 to 2019. In the bar plots, horizontal axes of plots 

represent months of the current year and vertical axes show the relative frequency 

of flashes. In each year, monthly occurrences of lightning flashes show a similar 

pattern. May and June are top months in terms of flashes for each year and all 

period. It is the fact that convective instability conditions are the most effective 

during these months. Approximately twenty five million strikes are calculated in 

total from 2015 to 2019 over Turkey. However, five and seven million flashes were 

occurred during same period for May and June respectively. It shows that May and 

June are the top months in terms of convective instability conditions for Turkey 

(see Figure 4.8c). Additionally, instability conditions are more effective over 

western and northeastern part of Turkey during these months (see Figure 4.6c). 

There is a remarkable similarity between lightning observations and extreme 

rainfall events during warm season both spatially and temporally between 2015 and 

2019 (distribution of the extreme rainfall events in Turkey is given in Figure 4.1 

and 4.2). May and June are the top months for both extreme rainfall events and 

lightning strikes. Extreme rainfall events and lightning flashes are more frequent 

over western inland and northeastern part of Turkey in May, June and August. 

There is no doubt that cloud to ground or cloud to cloud lightning flashes have 

insights for warm season intense rainfall events. Thus, lightning flashes should be 

considered for rainfall estimation during warm season in Turkey. Eventually, 

lightning topic should be investigated for nowcasting flash flood warnings in future 

research.  
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Figure 4.5 Spatiotemporal distribution of lightning flashes over BSMEFFG sub-
basins for Turkey during 2015 (a), 2016 (b) and 2017 (c). 
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Figure 4.6 Spatiotemporal distribution of lightning flashes over BSMEFFG sub-
basins for Turkey during 2018 (a), 2019 (b) and for the period of 2015-2019 (c). 
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Figure 4.7 Monthly occurrences of lightning flashes in Turkey during 2015 (a), 
2016 (b) and 2017 (c). 
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Figure 4.8 Monthly occurrences of lightning flashes in Turkey during 2018 (a), 
2019 (b) and for the period of 2015-2019 (c). 
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4.3 Non-Convective-Induced Flash Flood Case Studies 

4.3.1 Flash Flood Events of 16-17 December 2018 in Kemer and Antalya 

Mediterranean Sea behaves as storage of energy and moisture for the coastal 

surface of southwestern Turkey, especially from the beginning of autumn to end of 

winter when frontal systems related deep troughs are effective. These synoptic 

formations mostly cause flash flood events by generating large amounts of 

precipitation in the city. Antalya province is located in southwestern Mediterranean 

coast of Turkey. Antalya was hit by a low pressure storm during a period of two 

days of December, 2018. A low pressure depression was displaced over 

southwestern Mediterranean coast on 16 December and continued to move over 

Antalya on 17 December. Kemer district and downtown of Antalya city were 

affected by flash flood events due to heavy rainfall. Figure 4.9 indicates location of 

study area, selected sub-basins from BSMEFFGS for comparing NWP model 

rainfall predictions with FFG thresholds and in-situ rainfall gauges in Antalya. 

 

Figure 4.9 Location of Antalya province, rainfall gauges and selected watersheds. 
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The appropriate sub-basins are selected within the BSMEFFGS to perform 

individual analysis for this case. Identification numbers 2021402741 and 

2021402929 are used for these basins in the BSMEFFGS. The basins are located in 

Antalya and Kemer borders respectively. 

The surface and upper atmosphere charts are used to define rainfall signature for 

this case (see Figure C.1 and C.2 in Appendices). Flash flood events are verified by 

related severe weather report from TSMS and newspaper articles (WEB1 and 

WEB2). The images of flash flood events for Kemer and Antalya can be seen in 

Figure 4.10. 

 
 
Figure 4.10 Flash flood event images for Kemer (a) (WEB1) and Antalya (b) 
(WEB2). 
 

Figure 4.11 and Figure 4.12 are shown to define spatial distribution of observed 

rainfall on 16 and 17 December. Daily precipitation data from meteorological 

stations in the region were used to create the maps. At 06:00 UTC on 16 December 

2018, heavy rainfall observed over southwest of Turkey, especially amount of 

rainfall values are higher than 200 mm in Kemer district. At 06:00 UTC on 17 

December 2018, observed rainfall values are much higher than previous day and 

exceed 100 mm in Antalya.  

Rainfall gauges in the region and observed daily amounts during the event are 

given in Table 4.1. The highest daily quantities were observed at station Antalya 

Bolge (17302), Dosemealti (18307) and Kemer-Ovacik (19152) on 17 December 

with 124.2, 168.0 and 491.5 mm respectively. 
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Figure 4.11 Distribution of daily total precipitation at 06:00 UTC on 16 December.  
 

 

 

Figure 4.12 Distribution of daily total precipitation at 06:00 UTC on December 17. 
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Table 4.1 Rain gauges in Antalya province and daily precipitation amounts 
throughout the event period. 

  

Cumulative hourly precipitation plots are given in Figure 4.13 for stations 17302 

(Antalya) and 19152 (Kemer) respectively. Shape of the both curves are similar 

except amounts, it can be interpreted that the rainfall signature for both stations is 

same frontal system since lines are rising gradually. The slope of curves indicates 

that the highest intensity of precipitation observed at station 17302 between 18:00 

UTC December 16 and 00:00 UTC December 17. Additionally, the highest 

intensity was recorded at station 19152 between 12:00 - 18:00 UTC December 16. 

The duration of rainfall is longer than six hours so it may lead to the interpretation 

that the event is not a flash flood. Nevertheless, the highest rainfall intensity was 

observed in six hours therefore this event was considered as flash flood.  
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Figure 4.13 Cumulative hourly rainfall curves between 12:00 UTC 15 and 17 
December 2018 for station 17302 (a) and 19152 (b). 

The both selected sub-basins are covered by Antalya Radar so that radar rainfall 

estimation is used while MAP calculation within the BSMEFFGS for these basins. 

Figure 4.14 and Figure 4.15 show that comparing FFG threshold values with six-

hour forecast and estimated precipitation amounts between 12:00 UTC 15 

December and 00:00 UTC 18 December for catchments 2021402741 (Antalya) and 

2021402929 (Kemer) respectively.  

For both basins the remotely sensed precipitation shows under-estimation but 

particularly MAP values are very small for Kemer basin even though on-site gauge 

data is used for bias adjustment of MAP. However, station 17302 is available in the 

BSMEFFGS and GMAP value exceed FFG threshold for catchment 2021402741 at 

00:00 UTC on 17 December. Unfortunately, GMAP values don’t exceed FFG 

threshold for watershed 2021402929 because station Kemer-Ovacik (19152) is not 

included within the BSMEFFGS where extreme precipitation is recorded and less 

rainfall amounts are observed by rain gauges near the watershed. FFG values are 

lower than ECMWF and ALARO rainfall predictions at 00:00 UTC on December 

17 for sub-basin Antalya (2021402741). However, WRF precipitation forecasts 

never exceed the threshold for this period and it means that ALARO and ECMWF 

models can be assumed as convenient to prepare flash flood warnings for this 

watershed in contrast to WRF model. When similar analyses are implemented for 

sub-basin Kemer (2021402929), each NWP model predictions are higher than 

threshold at 18:00 UTC on December 16. The analysis shows that ECMWF and 

ALARO models are very functional to prepare flash flood warnings for this case. 
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Figure 4.14 Comparison of FFG thresholds with six-hour estimation and forecast 

rainfall products within BSMEFFGS for sub-basin 2021402741 (Antalya). 
 

 
 
Figure 4.15 Comparison of FFG thresholds with six-hour estimation and forecast 
rainfall products within BSMEFFGS for sub-basin 2021402929 (Kemer). 
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4.3.2 Flash Flood Events on 28 September 2019 in Arhavi and Borcka 

Artvin province is located in the Black Sea coast and represented by mountainous 

topography hence orographic precipitation evolution is dominant. Convective 

instability is dominant at the end of the summer and beginning of fall over the 

Eastern Black Sea area and that phenomenon causes mostly intense precipitation 

and flooding over this region. The eastern Black Sea coastal region is one of the 

wettest areas in Turkey because of mountainous topography and its orographic 

effect. Thus, the flash flood events took place not only because of frontal 

depression or orography or convective activities but also realized coupling all of 

them together. On 28 September 2019, several devastating flash floods affected 

Artvin province. In particular, Arhavi and Borcka towns of Artvin have been 

affected by intense downpour. Heavy rain started early times of 28 September and 

ended at night of same day because of coupling frontal and orography activities. 

Figure 4.16 indicates location of study area, selected sub-basins from BSMEFFGS 

and in-situ rainfall gauges in Artvin province.  

 

Figure 4.16 Location of Artvin province, rainfall gauges and selected watersheds. 
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The appropriate sub-basins are selected within the BSMEFFGS to compare NWP 

model rainfall predictions with FFG thresholds for this case. Identification numbers 

2021600875 and 2021600518 are used for these basins in the BSMEFFGS. These 

basins are located in Arhavi and Borcka districts borders respectively. 

The surface and upper atmosphere charts are used to define rainfall signature for 

this case (see Figure C.3 and C.4 in Appendices). Flash flood events are verified by 

related severe weather report from TSMS and newspaper article (WEB3). Figure 

4.17 shows images of flash flood events for Borcka and Arhavi. According to the 

TSMS severe weather report, there is no casualty due to flash flood but event 

caused landslide. The highway - which connects Borcka and Arhavi districts - was 

damaged with covering mud and huge amount of water; trucks were dragged from 

road to stream by water. 

Figure 4.18 shows distribution of daily precipitation on 28 September at 06:00 

UTC.  The figure shows that more than 100 mm rainfall is observed at many 

stations in Artvin province. 

Rainfall gauges in the region and observed daily amounts during the event are 

given in Table 4.2. The highest daily precipitation was observed at station Arhavi / 

Boyuncuk Koyu (18931) and Borcka / Cankurtaran Gecidi (19046). On morning 28 

September, 89.4 mm and 134.2 mm daily rainfall amounts were observed at 

stations 18931 and 19046 respectively. 

Figure 4.19 shows cumulative rainfall curves for these stations. Hourly rainfall data 

between 18:00 UTC 27 September and 18:00 UTC 28 September is used for the 

plots. Station number 18931 represents Arhavi and the other one is for Borcka. 

Slope of curves indicate that the highest intensity of precipitation is found between 

00:00 and 06:00 UTC on 28 September for both station. 
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Figure 4.17 Flash flood event images for Borcka (a) and Arhavi (b) (WEB3). 

 

Figure 4.18 Distribution of daily total precipitation at 06:00 UTC on 28 September. 

 

 

Figure 4.19 Cumulative hourly rainfall plots between 18:00 UTC 27 September 
2019 and 18:00 UTC 28 September 2019 for station 18931 (a) and 19046 (b). 
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Table 4.2 Rain gauges in Artvin province and daily precipitation amounts 
throughout the event period.  
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The basins 2021600875 (Arhavi) and 2021600518 (Borcka) are not covered by any 

radar so that only satellite and on-site observations are used to produce MAP in the 

BSMEFFGS.  

Figure 4.20 and Figure 4.21 indicate that comparing FFG threshold values with six-

hour forecast and estimated precipitation amounts between 18:00 UTC 27 

September and 18:00 UTC 28 September for catchments 2021600875 (Arhavi) and 

2021600518 (Borcka) respectively.  

For both basins the remotely sensed precipitation shows under-estimation. 

However, station 18931 is available in the BSMEFFGS and GMAP value exceed 

FFG threshold for catchment 2021600875 at 00:00 UTC on 28 September. 

Unfortunately, GMAP values don’t exceed FFG threshold for watershed 

2021600518 because station 19046 is not included within the BSMEFFGS where 

intense rainfall was observed.   

Over both sub-basins FFG values are lower than values for ALARO, ECMWF and 

WRF rainfall predictions at 00:00 UTC on 28 September. It means that flash flood 

occurrence risk exist as per all NWP model, especially WRF. The analysis shows 

that these three NWP models are successful and can be assumed as convenient to 

prepare flash flood warnings for this case study. 
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Figure 4.20 Comparison of FFG thresholds with six-hour estimation and forecast 
rainfall products within BSMEFFGS for sub-basin 2021600875 (Arhavi). 

 

 

Figure 4.21 Comparison of FFG thresholds with six-hour estimation and forecast 
rainfall products within BSMEFFGS for sub-basin 2021600518 (Borcka). 
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4.3.3 Flash Flood Event on 08 February 2017 in Bodrum 

Aegean Sea is storage of moisture for the western coasts of Turkey, especially from 

the beginning of autumn to end of winter when frontal systems are effective related 

deep troughs. These synoptic formations may result with catastrophic flash flood 

events by generating large amounts of precipitation. The Mugla province affected 

by the flash floods frequently is one of the wettest area in Turkey with 805 mm 

long term average. It is noted that the normal of Turkey is 574 mm (TSMS, 

2019[a]). On 8 February 2017, a deep low pressure system with heavy rainfall hit 

the southwestern coasts of Turkey and caused flash flood in Bodrum district of 

Mugla province. The flash flood caused destructive impacts in terms of social and 

economic losses. 

Figure 4.22 indicates location of study area, selected watershed from BSMEFFGS 

for Bodrum to compare NWP model rainfall predictions with FFG thresholds and 

in-situ rainfall gauges in Mugla province.  

 

 

Figure 4.22 Location of Mugla province, rainfall gauges and selected watershed. 
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The appropriate watershed is selected within the BSMEFFGS to compare NWP 

model rainfall predictions with FFG thresholds for this case. Identification number 

2021402733 is used for this basin in the BSMEFFGS. The basin is located inside of 

Bodrum district border. 

The surface and upper level synoptic charts are used to define rainfall signature for 

this case (see Figure C.5, C.6 and C.7 in Appendices). In this case, the flash flood 

event was caused by a low pressure depression therefore the rainfall system is 

classified as frontal type precipitation. Flash flood events are verified by related 

severe weather report from TSMS and newspaper article (WEB4). The image of 

flash flood event for Bodrum can be examined in Figure 4.23. 

Figure 4.24 indicates the spatial distribution of observed rainfall on 08 February at 

06:00 UTC. The daily precipitation data from meteorological stations in the region 

were used to create the maps. On 8 February, heavy rainfall is observed over 

southwestern coast of Turkey with more than 40 mm rainfall amounts. 

Rainfall gauges in the region and observed daily amounts during the event are 

given in Table 4.3. The highest daily rainfall amount was observed at station 

Bodrum (17290) with 56.8 mm. 

Bodrum meteorological station with 17290 identification number is the closest one 

to flooded region so its data have been used to explain the event. Figure 4.25 shows 

cumulative rainfall curve for this station. Hourly rainfall data between 12:00 UTC 

07 February and 12:00 UTC 08 February is used for the plot. It can be interpreted 

from the line that rainy period lasted just within six-hours interval between 00:00 

UTC and 06:00 UTC on 08 February. Thus, observed daily rainfall with 56.8 mm 

at Bodrum station should be considered as six-hour rainfall which is considered as 

very heavy precipitation intensity.   
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Figure 4.23 Flash flood event image for Bodrum (WEB4). 

 

 

Figure 4.24 Distribution of daily total precipitation at 06:00 UTC on 08 February. 

 

 



 

 
77 

Table 4.3 On-site gauges in Mugla and daily rainfall amounts on 08 February.  

 

 

 

Figure 4.25 Cumulative hourly rainfall curve between 12:00 UTC 07 February 
2017 and 12:00 UTC 08 February 2017 for station Bodrum (17290). 
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The selected basin (2021402733) is covered by Mugla Radar umbrella thence radar 

rainfall is used to estimate MAP product of BSMEFFGS. Figure 4.26 indicates the 

comparison of FFG threshold values with six-hour forecasted and estimated 

precipitation amounts between 12:00 UTC 07 February and 12:00 UTC 08 

February 2017 for catchment 2021402733 (Bodrum). Remotely sensed 

precipitation estimations such as radar, GHE and MWGHE exceed the FFG 

threshold value at 06:00 UTC on 08 February. Meteorological station 17290 is 

available within the BSMEFFGS so that GMAP value exceed threshold at 06:00 

UTC on 08 February. As expected, MAP product is above the FFG for the same 

period. Only WRF model predictions are higher than FFG threshold for 00:00 UTC 

and 06:00 UTC on 08 February, particularly for six-hour prediction at 06:00 UTC. 

It can be assumed that WRF model is suitable in context of precipitation prediction 

and flash flood warning for this case study.  

 

 

Figure 4.26 Comparison of FFG thresholds with six-hour estimation and forecast 

rainfall products within BSMEFFGS for sub-basin 2021402733 (Bodrum). 
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4.3.4 Flash Flood Event of 11-12 January 2019 in Susurluk 

Over the northwest Aegean coastal region, heavy precipitation may be result of 

either frontal or non-frontal processes as air mass lifted up by convective or 

orographic procedures- or a combination of both. Kaz Mountains are located near 

the Gulf of Edremit with more than 1700 meter altitude therefore heavy rainfall and 

snowfall is common during fall and winter terms respectively. These 

hydrometeorological and topographical conditions often cause flash flood events in 

Balikesir by generating large amount of water volume. Balikesir city was hit by a 

low pressure storm between 11 and 12 January 2019. The frontal system depending 

on that low depression caused intermittent heavy precipitation over northwestern 

Turkey. Susurluk district and Balikesir center were affected by destructive flash 

floods due to this frontal system.  

Figure 4.27 indicates location of study area, selected sub-basin from BSMEFFGS 

for Susurluk and on-site rainfall gauges in Balikesir province.   

 

 

Figure 4.27 Location of Balikesir province, rainfall gauges and selected watershed. 
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The appropriate watershed is selected within the BSMEFFGS to compare NWP 

model rainfall predictions with FFG thresholds for this case. Identification number 

2021400845 is used for this basin in the BSMEFFGS. The watershed is located 

inside of Susurluk district border. 

The synoptic analysis is done to define rainfall signature for this case by using 

surface and upper atmosphere charts (see Figure C.8, C.9 and C.10 in Appendices). 

Synoptic analysis shows that flash flood event was caused by frontal heavy rainfall 

with a deep low pressure depression in this case. Flash flood events are verified by 

related severe weather report from TSMS and newspaper article (WEB5). 

According to the TSMS report, snow melting contributed to flash flood occurrence 

in addition to frontal rainfall. In Susurluk, agricultural areas, roads and property 

were damaged by heavy rainfall. The image of flash flood event for Susurluk can 

be examined in Figure 4.28.  

Figure 4.29 indicates that spatial distribution of observed rainfall at 06:00 UTC on 

12 January; more than 40 mm amounts were observed in Balikesir province and its 

surrounding.  

On-site rainfall gauges in the region and observed daily amounts along the event 

period are given in Table 4.4. At the stations Balikesir (18433), Susurluk (17705) 

and Kepsut (18082), considerable rainfall amounts were observed during the three-

day period. On 12 January, 50.4 mm, 51.4 mm and 40.2 mm amount of rainfalls 

were observed at these stations respectively.  

Gauge 17705 (Susurluk) is the closest one to the selected watershed and flooded 

area so that its data have been used to explain the event. Figure 4.30 indicates the 

cumulative rainfall curve for this station for the period 00:00 UTC 10 January and 

23:00 UTC 12 January. It can be it interpreted from the plot that rainfall signature 

is frontal because curve is rising gradually. Additionally, the highest intensity that 

refers the possible reason for flash flood was observed between 06:00 UTC and 

12:00 UTC on 11 January 2019.  
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The rainfall duration is more than six hours, so it may lead to the interpretation that 

the event was not a flash flood. However, this event was considered as a flash flood 

because the highest rainfall intensity was observed in six hours. 

 

 

Figure 4.28 Flash flood event image for Susurluk district (WEB5). 

 

 

Figure 4.29 Distribution of daily total precipitation at 06:00 UTC on 12 January. 
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Table 4.4 Gauges in Balikesir and rainfall amounts throughout the event period.  

 

 

 

Figure 4.30 Cumulative hourly rainfall curve between 00:00 UTC 10 January 2019 
and 23:00 UTC 12 January 2019 for station 17705. 
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The flash flood event in Susurluk was caused by not only frontal heavy rainfall but 

also snow melting when winter weather conditions were effective. Figure 4.31 

shows daily snow cover area and four-day accumulated snow melt at 00:00 UTC 

on 10 January and at 00:00 UTC on 12 January respectively. The data for these 

products are derived from BSMEFFGS server (via Snow 17 Model) and visualized 

by using QGIS application. As indicated on the image each basin is fully covered 

by snow before the event and approximately 30 mm snow melted in the catchment 

located in Susurluk district. Thus, some contribution from snowmelt can be 

expected during the flash flood event and it should be be taken into account while 

evaluating the event. 

The selected watershed (2021400845) is covered by Balikesir Radar so that radar 

rainfall estimation is used while MAP calculation.  

Figure 4.32 indicates the comparison of FFG threshold values with six-hour 

forecasted and estimated precipitation amounts between 06:00 UTC on 10 January 

and 18:00 UTC on 12 January for catchment 2021400845 (Susurluk). Rainfall 

estimation products are lower than FFG threshold values during the event except 

radar. The rainfall estimation which is derived from radar exceeds the FFG value at 

12:00 UTC on 11 January. Additionally, none of the NWP rainfall predictions are 

higher than threshold values. There is no satisfactory NWP model to forecast the 

flash flood process for this case. However, snow melt is a key element for flash 

flood occurrence beside intense rainfall in this case.  
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Figure 4.31 Snow cover area at 00:0 UTC on 10 January 2019 (a) and 4-Day snow 
melt accumulation at 00:0 UTC on 12 January 2019 (b). 

 

 
 

Figure 4.32 Comparison of FFG thresholds with six-hour estimation and forecast 
rainfall products within BSMEFFGS for sub-basin 2021400845 (Susurluk). 
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4.3.5 Flash Flood Events on 29 March 2018 in Tarsus and Camliyayla 

Mediterranean acts as storage of energy and moisture for the coastal surface of 

southeastern Turkey, especially from the beginning of autumn to end of winter 

when frontal systems are effective. Frontal systems bring severe weather conditions 

with warm and humid air at ground level along the Mediterranean coastal region 

while passing over the sea. The low pressure depressions cause destructive flash 

flood events frequently in southeastern Mediterranean coast of Turkey. Mersin 

province and its surroundings were hit by a low depression storm between 28 and 

29 March 2018. Tarsus and Camliyayla districts of Mersin were affected by flash 

flood events because of the frontal system. Tarsus is one of the most crowded and 

economically important residential places in terms of industrial and agricultural 

affairs for southeast of Turkey. Camliyayla district is near to Tarsus and has a high 

altitude with respect to its surrounding.  

Figure 4.33 indicates location of study area, selected basins from BSMEFFGS for 

Tarsus and Camliyayla districts and on-site rainfall gauges in Balikesir province.  

 

Figure 4.33 Location of Mersin province, rainfall gauges and selected watersheds. 
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The appropriate sub-basins are selected within the BSMEFFGS to perform 

individual analysis for this case. Identification numbers 202150630 and 202150640 

are used for these basins in the BSMEFFGS. The basins are located in Camliyayla 

and Tarsus district borders respectively.  

The surface and upper atmosphere charts are used to define rainfall signature for 

this case (see Figure C.11 and C.12 in Appendices). Flash flood events are verified 

by related severe weather report from TSMS and newspaper articles (WEB6). 

Agricultural lands, roads and settlements were damaged by heavy rainfall in 

Mersin, the results of flash floods in Tarsus and Camliyayla can be seen in the 

Figure 4.34.  

Figure 4.35 indicates the distribution of daily precipitation at 06:00 UTC on 29 

March 2019. At 06:00 UTC on 29 March 2018, observed rainfall values are around 

60 mm over inland part of Mersin. Rainfall amounts are higher over the inland part 

of Mersin than coastal region since orographic effect of Taurus Mountains. 

Rainfall gauges with their geographical positions and altitudes in Mersin and their 

daily rainfall amounts on 29 March 2018 are given in Table 4.5. The highest daily 

amounts were observed at stations 18060 and 18286 on 29 March with 75.4 and 

60.1 mm respectively. Gauges 18060 and 18286 are closest ones to Camliyayla and 

Tarsus districts, elevation of stations are 1115 and 775 meters respectively.  

Cumulative rainfall curves are given in Figure 4.36 for gauges 18060 (Camliyayla) 

and 18286 (Tarsus). Hourly rainfall data between 12:00 UTC on 28 March and 

12:00 UTC on 29 March is used for the plots. It can be interpreted that rainfall 

signature for both stations is frontal system because lines are rising gradually. The 

highest intensity of precipitation is found between 21:00 UTC 28 March and 03:00 

UTC 29 March for both stations. 

The basins 202150630 (Camliyayla) and 202150640 (Tarsus) are not covered by 

any radar so that radar rainfall estimation is not used while MAP calculation within 

the BSMEFFGS. 
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Figure 4.34 Flash flood event images for Tarsus (a) and Camliyayla (b) (WEB6). 

 

 

Figure 4.35 Distribution of daily rainfall at 06:00 UTC on 29 March 2018. 

 

 

Figure 4.36 Cumulative hourly rainfall curves between 12:00 UTC 28 March and 

12:00 UTC 29 March for station 18060 (a) and 18286 (b). 
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Table 4.5 On-site gauges in Mersin and daily rainfall amounts on 29 March 2018. 

 

Figure 4.37 and Figure 4.38 indicate the comparison of FFG threshold values with 

six-hour forecasted and estimated rainfall amounts between 12:00 UTC on 28 

March and 00:00 UTC on 30 March for catchments 202150630 (Camliyayla) and 

202150640 (Tarsus) respectively. Satellite rainfall and MAP products are lower but 

GMAP product is higher than FFG threshold at 00:00 and 06:00 UTC on 29 March 

2018 for both the basins 202150630 and 202150640. Nevertheless, each NWP 

model predictions exceed threshold value at 00:00 and 06:00 UTC on 29 March. It 

is noted that the highest rainfall occurred between 21:00 UTC on 28 March and 

03:00 UTC on 29 March when the event probably was effective. The analysis 

shows that these three NWP models are successful and can be assumed as 

convenient to prepare flash flood warnings for this case study. However, ECMWF 

model has higher rainfall predictions for this case study that provides higher 

performance for flash flood warning issuance. 
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Figure 4.37 Comparison of FFG thresholds with six-hour estimation and forecast 
rainfall products within BSMEFFGS for sub-basin 202150630 (Camliyayla). 

 

 

Figure 4.38 Comparison of FFG thresholds with six-hour estimation and forecast 
rainfall products within BSMEFFGS for sub-basin 202150640 (Tarsus). 
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4.4 Convective-Induced Flash Flood Case Studies  

4.4.1 Flash Flood Events of 23-24 August 2019 in Salipazari and Terme 

Mesoscale convective systems cause heavy rainfall over Black Sea coast and 

mostly resulted with flash floods during beginning of summer and end of autumn 

seasons. The circumstances of Black Sea region are very efficient for developing of 

thunderstorms and heavy rainfall while Black Sea is a source of energy-moisture 

and mountainous topography supports orography. A mesoscale convective system 

developed over central Black Sea coastal region during the late evening and early 

morning of 23-24 August 2019 and produced intense rainfall. The convective 

system caused flash floods and landslides in Salipazari and Terme districts of 

Samsun province. Flash floods caused property damage and loss of life in these 

districts.  

Figure 4.39 indicates location of study area, selected basins from BSMEFFGS for 

Salipazari and Terme districts and on-site rainfall gauges in Samsun province. 

 

Figure 4.39 Location of Samsun province, rainfall gauges and selected watersheds. 
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The appropriate watersheds are selected within the BSMEFFGS to compare NWP 

model rainfall predictions with FFG thresholds for this case. Identification numbers 

2021501624 and 2021501642 are used for these basins in the BSMEFFGS. The 

catchments are located in Salipazari and Terme district boundaries respectively.  

The meteorological analysis is done to define rainfall signature for this case by 

using appropriate synoptic charts, radiosonde observation and sounding indices 

(see Figure C.13, C.14, C.15 and C.16 in Appendices). Synoptic analysis shows 

that flash flood events were caused by a mesoscale convective storm in this case.  

Flash flood events are verified by related TSMS severe weather reports and 

newspaper article (WEB7). According to TSMS report and newspaper article, two 

people were swept away by flood waters and killed due to flash flood in Salipazari. 

In both districts, flash floods caused economic and social losses such as resulting in 

damage to buildings, agricultural lands, bridges, power poles and trees. The images 

of flash flood events for Salipazari and Terme can be examined in Figure 4.40. The 

image for Salipazari was taken from coastal side and high mountains are viewed 

clearly, damaged bridges on the creek and buildings are shown in the figure. 

 

Figure 4.40 Flash flood event images for Salipazari (a) and Terme (b) (WEB7). 

 

Considerable daily amount of rainfall values across the event region between 22 

and 25 August 2019 are given in Table 4.6. One of the highest daily rainfall 

amounts were observed at stations Salipazari (18542) and Terme/Kozluk (18544) 

on 24 August with 201.1 and 86.3 mm respectively.  
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Figure 4.41 indicates the cumulative rainfall curves for the period 00:00 UTC and 

23:00 UTC on 23 August 2019 for 18542 and 18544 stations. Slopes of curves are 

raised abruptly which proves convective instability. Additionally, there are two 

different intense rainfall periods available between 06:00-12:00 UTC and 18:00-

21:00 UTC. 

Figure 4.42 shows distribution of daily precipitation at 06:00 UTC on 24 August 

2019. Interpolated rainfall amounts are more than 150 mm and 200 mm over 

Salipazari and Terme districts respectively. 

 

 

Figure 4.41 Cumulative hourly rainfall curves between 00:00 UTC and 23:00 UTC 
23 August 2019 for gauges 18542 (a) and 18544 (b). 

 

Distribution of lightning strikes between 00:00 and 23:59 UTC on 23 August 2019 

over Samsun are shown in Figure 4.43. The vast majority of lightning records were 

observed between 06:00 UTC and 21:00 UTC over Salipazari and Terme districts.  

This period was the most severe in terms of rainfall intensity. Heavy rainfall and 

dense lightning flashes areas look like very similar. These circumstances indicate 

that lightning data should be considered for flash flood warning issuance in this 

case.  
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Table 4.6 Gauges in Samsun and daily rainfall amounts along the event period.  

 

 

Figure 4.44 shows the observed hourly temperature, dew point temperature and 

precipitation values between 00:00 UTC on 22 August and 23:00 UTC on 24 

August for stations 18542 and 18544. In the Figure 4.44a, surface temperature is 

higher prior to the rainfall events which support convective instability and 

developing severe weather conditions. Surface temperature decreases during the 

events and get closer with dew point temperature due to condensation. It can be 

interpreted from the graphs that rainy weather conditions were available in two 

periods for both gauges. The highest hourly rainfall intensity values are 73.2 and 

32.9 mm/hour at 21:00 UTC and 19:00 UTC on 23 August for stations 18542 and 

18544 respectively. 

The basins 2021501624 (Salipazari) and 2021501642 (Terme) are covered by 

Samsun Radar so that radar rainfall estimations are used to produce MAP in the 

BSMEFFGS.  
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Figure 4.42 Distribution of daily rainfall at 06:00 UTC on 24 August 2019. 

  

 

Figure 4.43 Lightning flashes over Samsun on 23 August 2019. 
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Figure 4.44 Hourly time series of air temperature, dew-point temperature and 
precipitation as recorded at stations 18542 (a) and 18544 (b) for the period 00:00 
UTC 22 August and 23:00 UTC 24 August. 

Figure 4.45 and Figure 4.46 indicate the comparison of FFG threshold values with 

six-hour forecasted and estimated precipitation amounts between 18:00 UTC on 22 

August and 00:00 UTC on 24 August 2019 for basins 2021501624 and 

2021501642 respectively. Rainfall estimation products are below the FFG values 

for basin 2021501624. Satellite rainfall estimations are above the threshold values 

at 12:00 UTC on 23 August and 00:00 UTC on 24 August for basin 2021501642. 

However, GMAP values exceed FFG thresholds for both catchments at 12:00 UTC 

on 23 August and 00:00 UTC on 24 August. None of NWP model prediction 

exceed FFG threshold before and during the event in both watersheds. 

Consequently, there is no satisfactory NWP model to forecast the flash flood 

process for this case. 
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Figure 4.45 Comparison of FFG thresholds with six-hour estimation and forecast 
rainfall products within BSMEFFGS for sub-basin 2021501624 (Salipazari). 

 

 

Figure 4.46 Comparison of FFG thresholds with six-hour estimation and forecast 
rainfall products within BSMEFFGS for sub-basin 2021501642 (Terme). 
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4.4.2 Flash Flood Event on 17 June 2018 in Cal 

Convection conditions are mostly favorable for developing thunderstorms for early 

summer months over inner Aegean region of Anatolia due to climatological 

conditions and topography. Severe thunderstorms often cause local heavy rainfall 

and flash flood occurrences in the region. Denizli province is located inner Aegean 

region of Turkey and Cal district is situated north of Denizli. Viticulture is vital for 

farmers of Cal district and its villages where is very famous with endemic grape 

species in ancient Greek mythology. Therefore, flash floods mostly damage grape 

cultivation and other agricultural activities in Cal.  

A mesoscale convective system developed over inner region of Aegean of Turkey 

on June 17 2018 and contributed developing short-term downpour which lasted just 

two hours. The convective storm that leaded to flash flood in Cal resulted in the 

loss of the property and damages in agricultural areas. 

Figure 4.47 indicates location of study area, selected basins from BSMEFFGS for 

Cal districts and on-site rainfall gauges in Denizli province. 

 

Figure 4.47 Location of Denizli province, rainfall gauges and selected watershed. 
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The appropriate watershed is selected within the BSMEFFGS to compare NWP 

model rainfall predictions with FFG thresholds for this case. In the BSMEFFGS, 

identification number 2021402402 is used for selected basin which is located in 

Cal district boundary. 

The meteorological analysis is done to define rainfall signature for this case by 

using appropriate synoptic charts, radiosonde observation and sounding indices 

(see Figure C.17, C.18 and C.19 in Appendices). Synoptic analysis shows that flash 

flood event was caused by a mesoscale convective storm in this case.  

Flash flood event is verified by related TSMS severe weather report and newspaper 

articles. Figure 4.48 shows image of flash flood for Cal (WEB9). According to 

severe report and newspaper articles, social and economic losses are listed as 

damages in buildings, agricultural lands, roads and infrastructure due to covered by 

mud and flood waters. Agricultural damage is estimated by local authorities 

approximately 35-40 million liras in total because of the flash flood (WEB10). 

 

 

Figure 4.48 Flash flood event image for Cal (WEB9). 
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Remarkable daily rainfall amounts across the event region for the period of 16 June 

and 18 June 2018 are given in Table 4.7. The highest daily rainfall amount was 

observed at stations Cal (18067) on 17 June with 49.7 mm.  

Figure 4.49 indicates that cumulative rainfall curve for station 18067 for the period 

00:00 UTC 16 June and 23:00 UTC 18 June 2018. Slope of curve is rising 

gradually in first but it reached to peak in just two hours, between 12:00 UTC and 

14:00 UTC 17 June, which proves that intensity precipitation induced by 

convective instability conditions.  

Figure 4.50 indicates spatial distribution of daily precipitation at 06:00 UTC on 18 

June 2018. Interpolated rainfall amounts are more than 40 mm over Cal and its 

surrounding.   

Spatial and temporal distribution of lightning from 12 UTC to 15 UTC 17 June 

2018 is shown in Figure 4.51. The lightning flashes are intense over Cal district 

with respect to the figure. The lightning period is similar with intensity rainfall 

period. Thus, the lightning data should be considered for flash flood warning 

issuance in this case.  

Figure 4.52 show that observed hourly temperature, dew point temperature and 

precipitation values between 00:00 UTC 16 June and 23:00 UTC 18 June 2018 for 

gauge 18067. Relatively high surface temperature enhances convective activity 

which contributes air mass upward rising. However, surface temperature decreases 

because of condensation and get close to dew point temperature. This mechanism is 

valid for gauge 18067 in Figure 4.52. The blue bars symbolizes hourly rainfall 

accumulations, 15.9 mm and 29.5 mm amounts were measured at 13:00 and 14:00 

UTC on 17 June respectively, total amount is 45.4 mm in just two hours. Hourly 

rainfall peaks are triggered by high surface temperature and low dew point 

temperature values relatively. In short, there is no doubt that intensity precipitation 

caused by convective weather conditions in this case. 
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Table 4.7 On-site gauges in Denizli and daily rainfall amounts along the event 
period.  

 

 
 
 



 

 
101 

 

Figure 4.49 Cumulative hourly rainfall curve between 00:00 UTC 16 June and 
23:00 UTC 18 June 2018 for station 18067. 

 

The selected watershed (2021402402) is not covered by any radar so that radar 

rainfall estimation is not used for MAP calculation. Figure 4.53 indicates the 

comparison of FFG threshold values with six-hour forecasted and estimated 

precipitation amounts between 06:00 UTC on 17 June and 06:00 UTC on 18 June 

2018 for catchment 2021402402 (Cal). FFG threshold values are not exceeded by 

satellite based rainfall estimations or MAP values during the event. However, 

GMAP product is above threshold value at 18:00 UTC on 17 June while the 

product represents occurred rainfall between 12:00 UTC and 18:00 UTC. FFG 

values are far higher than values of ALARO, ECMWF and WRF model rainfall 

predictions during the event period. NWP models are under-estimated with respect 

to occurred amount of rainfall for the event period. The analysis shows that these 

three NWP model predictions are not skillful in terms of capturing threshold 

values. Thus, these models are not convenient to prepare flash flood warnings for 

this case study. 
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Figure 4.50 Distribution of daily rainfall at 06:00 UTC on 18 June 2018. 

 

 

Figure 4.51 Lightning flashes over Denizli for the period 12:00 UTC and 15:00 
UTC 17 June 2018. 
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Figure 4.52 Hourly time series of air temperature, dew-point temperature and 
precipitation as recorded at station 18067 for the period 00:00 UTC 16 June and 
23:00 UTC 18 June 2018.  

 

 

 
 
Figure 4.53 Comparison of FFG thresholds with six-hour estimation and forecast 
rainfall products within BSMEFFGS for sub-basin 2021402402 (Cal). 
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4.4.3 Flash Flood Event on 27 May 2018 in Selendi 

Convective instability conditions are mostly favorable for developing severe 

weather during spring and summer seasons over inner Aegean region of Anatolia 

because of meteorological, climatological and topographic factors. Thunderstorms 

cause local intense rainfall and flash flood occurrences in this region frequently. 

Manisa province is located in western inner part of Turkey. 

On 27 May 2018, a localized strong convective storm developed over Selendi 

district of Manisa province and lead to short-term downpour which lasted just one 

hour. The short-term convective rainfall caused a flash flood event with devastating 

impacts in terms of social and economic losses. 

Figure 4.54 indicates location of study area, selected catchment from BSMEFFGS 

for Selendi district and in-situ rainfall gauges in Manisa province.  

 

 

Figure 4.54 Location of Manisa province, rainfall gauges and selected watershed. 
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The appropriate watershed is selected within the BSMEFFGS to compare NWP 

model rainfall predictions with FFG thresholds for this case. In the BSMEFFGS, 

identification number 2021401725 is used for selected basin which is located in 

Selendi district boundary. 

The meteorological analysis is done to define rainfall signature for this case by 

using appropriate synoptic charts, radiosonde observation and sounding indices 

(see Figure C.20 and C.21 in Appendices). Synoptic analysis shows that flash flood 

event was caused by a mesoscale convective storm in this case.  

Flash flood event is verified by related TSMS severe weather report and newspaper 

articles. Figure 4.55 is shown for image of flash flood for Selendi (WEB11). 

According to severe report and newspaper articles, social and economic losses are 

listed as damages in buildings, agricultural lands, roads and infrastructure. 

 

Figure.4.55 Flash flood event image for Selendi (WEB11). 

 

The daily precipitation totals across the event region between the days before and 

after the event are given in Table 4.8. The highest daily amount is observed at 

station Selendi (18453) on 28 May with 29.6 mm and there is no significant rainfall 

in other days. 
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Table 4.8  On-site gauges around Selendi and daily rainfall amounts between 27 
and 29 May 2018.  

 

 
 

Figure 4.56 indicates that cumulative rainfall curve for station 18453 for the period 

00:00 UTC and 23:00 UTC on 27 May 2018. Slope of curve is rising abruptly in 

just one hour, between 11:00 UTC and 12:00 UTC 27 May, which proves that 

intense rainfall induced by convective instability conditions.  

 

 

Figure 4.56 Cumulative hourly rainfall curve between 00:00 UTC and 23:00 UTC 

27 May 2018 for station 18453. 
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Figure 4.57 shows the spatial distribution of daily rainfall amounts at 06:00 UTC 

on 28 May 2018. On the rainfall interpolation map, approximately 25 mm rainfall 

amounts are available over Selendi district. 

Spatial and temporal distribution of lightning over Manisa from 11 UTC to 13 UTC 

on 27 May 2018 is shown in Figure 4.58. The lightning flashes are intense over 

Selendi district with respect to the figure. The lightning period is similar with 

intense rainfall period. Thus, the lightning data should be considered for flash flood 

warning issuance in this case.  

Figure 4.59 show the observed hourly temperature, dew point temperature and 

precipitation values between 00:00 UTC on 26 May and 23:00 UTC on 28 May 

2018 for station 18453. Surface temperature increases prior to the beginning of a 

convective storm that contributes convective activity. As usual, it decreases after 

the storm terminates due to precipitation. This mechanism is valid for station 8453 

according to analysis plot. At 12 UTC on May 27, 29.6 mm hourly rainfall is 

recorded when surface temperature reached to peak. Thus, the localized intense 

rainfall must be triggered by a strong convective storm. 

The selected watershed (2021401725) is not covered by any radar so that radar 

rainfall estimation is not used for MAP calculation. Figure 4.60 indicates the 

comparison of FFG threshold values with six-hour forecasted and estimated 

precipitation amounts between 06:00 UTC on 27 May and 06:00 UTC on 28 May 

2018 for catchment 2021401725 (Selendi). It can be interpreted from figure that 

neither rainfall prediction of NWP models nor remote sensed rainfall exceed FFG 

threshold. However, GMAP product is above threshold value at 18:00 UTC on 27 

May while it represents occurred rainfall between 12:00 UTC and 18:00 UTC. 

Eventually, there is not any capable NWP model in terms of rainfall prediction and 

flash flood warning issuance for this case.  
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Figure 4.57 Distribution of daily rainfall at 06:00 UTC on 28 May 2018. 

 

 

Figure 4.58 Lightning flashes over Manisa for the period 11:00 UTC and 13:00 
UTC 27 May 2018. 
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Figure 4.59 Hourly time series of air temperature, dew-point temperature and 
precipitation as recorded at station 18453 for the period 00:00 UTC 26 May and 
23:00 UTC 28 May 2018. 

 

 

Figure 4.60 Comparison of FFG thresholds with six-hour estimation and forecast 

rainfall products within BSMEFFGS for sub-basin 2021401725 (Selendi). 
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4.4.4 Flash Flood Event on 09 June 2019 in Ankara 

Convective instability conditions are mostly favorable for developing severe 

weather during spring and summer seasons over inland parts of Anatolia because of 

meteorological, climatological and topographic factors. Convective instability 

conditions often trigger thunderstorms, local heavy rainfall and flash flood 

occurrences in the region. On afternoon 09 June 2019, a major convective system 

hit central Anatolia which leaded to severe storm with intensity rainfall and hail. 

The downtown of Ankara and its surrounding rural counties were affected by a 

devastating flash flood on 09 June 2019. The flash flood caused loss of life, 

economic and social damages in Ankara, especially in Etimesgut and Sincan 

districts.  

Figure 4.61 indicates location of study area, selected watershed (around Etimesgut 

and Sincan districts) from BSMEFFGS for Ankara province and on-site stations. 

The appropriate watershed (2021502559) is selected within the BSMEFFGS to 

compare NWP model rainfall predictions with FFG thresholds for this case.  

 

Figure 4.61 Location of Ankara province, rainfall gauges and selected watershed. 
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Synoptic analysis is done to define rainfall signature for this case by using 

appropriate synoptic charts, radiosonde observation and sounding indices (see 

Figure C.22 and C.23 in Appendices). Synoptic (large-scale) analysis ensured 

minor insight into the causes of severe weather events during summer or spring 

over Central Anatolia. However, sounding indices release that flash flood event 

was caused by a mesoscale convective storm in this case.  

Flash flood event is verified by related TSMS severe weather report and newspaper 

articles. Figure 4.62 shows image of flash flood for Ankara (WEB12). According 

to severe report and newspaper article, flash flood lasted for just a few-hour period 

but damaged buildings, roads and infrastructure. However, the most distressing 

result of the flash flood disaster was that three people were killed in Sincan and 

Etimesgut districts (WEB12). 

 

 

Figure 4.62 Flash flood event images for Ankara (WEB12). 

 

On-site gauges in Ankara and daily rainfall amounts between 09 June and 11 June 

2019 are given in Table 4.9. In station Sincan (18244) located in downtown of 

Ankara, 33.3 mm amount of rainfall was recorded on 10 June. . Station 18244 is 

the closest station to selected watershed within BSMEFFGS.  
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Table 4.9 On-site gauges in Ankara and daily rainfall amounts during the event.  

 

 

Figure 4.63 indicates the cumulative rainfall curve for station 18244 for the period 

00:00 UTC and 23:00 UTC on 09 June 2019. Slope of curve is rising abruptly in 

just one hour, between 13:00 UTC and 14:00 UTC on 09 June, which proves 

rainfall intensity induced by convective instability conditions.  
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Figure 4.63 Cumulative hourly rainfall curve between 00:00 UTC and 23:00 UTC 
09 June 2019 for station 18244. 

 

Figure 4.64 displays the spatial distribution of observed total daily rainfall over 

Ankara, for the 24-hr period from 06:00 UTC on 09 June to 06:00 UTC on 10 June 

2019. It can be interpreted from the interpolation map that around 40 mm rainfall 

amounts were observed in several points over Ankara. 

Spatial and temporal distribution of cloud-to-cloud and cloud-to-ground lightning 

for the period 11 UTC and 17 UTC on 09 June 2019 is shown in Figure 4.65. The 

lightning flashes are dense between 13:00 UTC and 14:00 UTC over downtown of 

Ankara province with respect to the figure. The lightning period is very similar 

with intensity rainfall period. Eventually, the lightning data should be considered 

for flash flood warning issuance in this case.  
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Figure 4.64 Distribution of daily rainfall at 06:00 UTC on 10 June 2019. 

 

 

Figure 4.65 Lightning flashes over Ankara for the period 11:00 UTC and 17:00 
UTC 09 June 2019. 
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Figure 4.66 represents time-series of temperature, dew point temperature and 

rainfall in hour for station 18244 for the period from 00:00 UTC on 08 June to 

23:00 UTC on 10 June 2019. Convective instability conditions develop more once 

surface temperature is relatively high and cooling is high enough (dew point 

temperature approaches to air temperature) while rainfall is occurring. . This 

mechanism is valid for station 18244 with respect to the plot. It can be appraised 

from the plot that temperature decreased dramatically at 13 UTC and duration of 

precipitation was very short, from 12 UTC to 15 UTC. 25.6 mm rainfall was 

observed only in one hour at 14:00 UTC on 09 June. Thus, the localized intense 

rainfall must be triggered by a strong convective storm. 

The selected watershed (2021502559) is inside of Ankara Radar coverage so that 

radar rainfall estimation is used for MAP calculation within BSMEFFGS. Figure 

4.67 indicates the comparison of FFG threshold values with six-hour forecasted 

and estimated precipitation amounts between 06:00 UTC on 09 June and 06:00 

UTC 28 on 10 June 2019 for catchment 2021502559 (Ankara). It can be interpreted 

from the plot that neither rainfall prediction of NWP models nor satellite based 

rainfall exceed FFG threshold during the event. On the other hand, radar, MAP and 

GMAP rainfall estimations are above threshold value at 18 UTC on 09 June.  The 

occurred rainfall is represented between 12:00 UTC and 18:00 UTC. In short, none 

of the NWP models were accomplished in terms of rainfall amount prediction and 

flash flood warning issuance for this case. 
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Figure 4.66 Hourly time series of air temperature, dew-point temperature and 
precipitation as recorded at station 18244 for the period 00:00 UTC 08 June and 
23:00 UTC 08 June 2019.  

 

 

Figure 4.67 Comparison of FFG thresholds with six-hour estimation and forecast 

rainfall products within BSMEFFGS for sub-basin 2021502559 (Ankara). 
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4.5 Snowmelt-Induced Flash Flood Case Study 

4.5.1 Flash Flood Event on 02 May 2019 in Karliova 

The region of eastern Anatolia is quite different from other regions of Turkey in 

terms of altitude (> mean elevation 1500 meter) and continental climate. Severe 

weather conditions influence the eastern part of Turkey during winter months in 

which the region receives heavy snowfall. Indeed, snowfall in this region is very 

significant for Turkey since it feeds Euphrates and Tigris rivers which are vital in 

terms of energy producing and agricultural activities. Snow melting is beneficial 

during early spring months for Euphrates and Tigris which are the longest two 

rivers of Turkey. However, spring rain showers over snowpack or heat waves cause 

snow melting and may produce flash flooding in eastern part of Turkey during 

early spring days.  

On 02 May 2019, Bingol province and its districts located in eastern part of 

Anatolia were affected by flash floods. . Genc and Karliova districts were exposed 

to flash floods triggered by combination of rainfall and snowmelt. In this case 

study, only Karliova flash flood is studied due to data availability. 

The goal of this case study is showing importance of snow melting for flash flood 

occurrence unlike other case studies in this thesis. However, rainfall prediction of 

NWP models data are also used and compared with each other since moderate 

amount of rainfall contributed the flash flood event.  

Figure 4.68 shows location of study area, watershed from BSMEFFGS for Karliova 

district and on-site stations in Bingol province. The appropriate catchment is 

selected within the BSMEFFGS to compare NWP model rainfall predictions with 

FFG thresholds for this case. In the BSMEFFGS, identification number 

2021603322 is used for selected basin which is located in Karliova district. 
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Figure 4.68 Location of Bingol province, rainfall gauges and selected watershed. 

 

The synoptic conditions have been evaluated to explain moderate rainfall over 

eastern Turkey by using synoptic charts for 00:00 UTC on 02 May 2019 (see 

Figure C.24 in Appendices). On the upper atmosphere charts, a weak trough 

extended from southwest to northeast of Turkey that brought humid-warm air over 

eastern Anatolia. In this case, it can be assumed that flash flood event was caused 

by a synoptic scale system which increased the surface temperature and leaded to 

moderate rainfall.  

Flash flood event is verified by related TSMS severe weather report and newspaper 

articles. Figure 4.69 shows image of flash flood for Karliova (WEB13). According 

to severe report and newspaper article, a little kid was killed because of flooding in 

Genc and the flash flood caused economic and social damages in Karliova district. 
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Figure 4.69 Flash flood event image for Karliova (WEB13). 

 

On-site gauges in Bingol and daily rainfall amounts between 01 May and 04 May 

2019 are given in Table 4.10. In Karliova (18177) and Karliova/Kaynak (18764) 

gauges 19.8 mm and 28.7 mm amount of rainfall was recorded on 03 May 

respectively. Station 18764 is used for further analysis in this case since it is close 

to selected watershed within BSMEFFGS. 

Figure 4.70 indicates the cumulative rainfall curve for station 18764 for the period 

00:00 UTC on 01 May and 23:00 UTC on 02 May 2019. Slope of curve is rising 

between 12:00 UTC and 14:00 UTC on 02 May and total rainfall is 23.1 mm 

between these hours. Spatial distribution of observed daily rainfall totals over 

Bingol is shown on the Figure 4.71. It can be interpreted from the rainfall 

interpolation map that around 20 mm rainfall amounts were observed in several 

points across Bingol province.  

Figure 4.72 shows the observed hourly temperature, dew point temperature and 

precipitation values from 00:00 UTC on 01 May to 23:00 UTC on 03 May 2019 for 

station 18764. It can be appraised from the graph that surface temperature values 

are higher on 01 May than following two days which might cause snow melting. 

Thus, combination of rainfall and snowmelt initiated flash flood on 02 May. 
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Table 4.10 On-site gauges in Bingol and rainfall amounts along the event period.  

 

 

 

Figure 4.70 Cumulative hourly rainfall curve between 00:00 UTC 01 May and 

23:00 UTC 02 May 2019 for station 18764. 
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Figure 4.71 Distribution of daily rainfall at 06:00 UTC on 03 May 2019. 

 

 

Figure 4.72 Hourly time series of air temperature, dew-point temperature and 
precipitation as recorded at station 18764 for the period 00:00 UTC 01 May and 
23:00 UTC 03 May 2019. 
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Figure 4.73 shows snow cover area (SCA) product of BSMEFFGS at 00:00 UTC 

on 01 May 2019. Karliova district is covered by snow with approximately % 50. 

The product proves that the catchments in Karliova were covered by snow on 01 

May. Figure 4.74 indicates the four-day snow melt product of BSMEFFGS for sub-

basins in Bingol on 02 May. Snow melt amounts were more than 50 mm during 

last four days in several watersheds of Karliova. 

The selected watershed is not covered by any radar so radar rainfall estimation is 

not used for MAP calculation within BSMEFFGS. Figure 4.75 indicates the 

comparison of FFG threshold values with six-hour forecasted and estimated rainfall 

amounts between 06:00 UTC on 01 May and 06:00 UTC on 03 May 2019 for 

catchment 2021603322 (Karliova). It can be interpreted from the plot that neither 

rainfall prediction of NWP models nor satellite based rainfall exceed FFG 

threshold during the event. However, only MAP rainfall estimation is above 

threshold value at 18 UTC on 02 May. In short, none of the NWP models were able 

to issue a warning for this snow-dominated flash flood event. 

 

Figure 4.73 Snow cover area at 00:0 UTC on 01 May 2019. 
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Figure 4.74 4-Day snow melt accumulation at 00:0 UTC on 02 May 2019. 

 

 

Figure 4.75 Comparison of FFG thresholds with six-hour estimation and forecast 

rainfall products within BSMEFFGS for sub-basin 2021603322 (Karliova). 
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4.6 Summary of Flash Flood Case Studies  

A summary table for examined flash flood case studies is presented in Table 4.11. 

It includes date and location information for each flash flood event. The system 

signature(s) of the events reported as non-convective, convective and snowmelt are 

also presented in the table. NWP models are listed if a forecast model exceeded the 

FFG threshold value in a flash flood event for a selected basin during an event 

period. It is used as a measure of being considered successful a NWP model in 

terms of flash flood warning. Additionally, the selected basin areas in km
2 

are 

given in the table.  

There are five flash flood case studies triggered by frontal or orographic activities 

or combination of both. These flash floods occurred in Kemer (Antalya), Arhavi-

Borcka (Artvin), Bodrum (Mugla), Susurluk (Balikesir) and Tarsus-Camliyayla 

(Mersin) are located mostly on coastal regions of Turkey. ALARO and ECMWF 

models were convenient for Kemer and Antalya events. All models were 

considered as successful for the Arhavi-Borcka and Tarsus-Camliyayla flash 

floods. Only WRF model captured the FFG threshold value for Bodrum flash flood 

event. However, there was no convenient model for Susurluk flash flood that was 

caused by combination of precipitation resulted from frontal weather system and 

snowmelt runoff. In addition, satellite-derived rainfall estimates (GHE, MWGHE) 

were not able to exceed the FFG threshold for non-convective events occurred in 

Tarsus and Borcka while forecasted precipitation amounts from three NWPs 

captured the threshold.  

There are four flash flood case studies triggered by convection. These flash floods 

occurred in Salipazari-Terme (Samsun), Cal (Denizli), Selendi (Manisa) and 

Ankara. None of the NWP model was successful for any event caused by 

convectively intense rainfall. The six hourly forecasted rainfall amounts along the 

event period from each NWP model were lower than the corresponding FFG 

threshold values for each of these four convective-induced flash flood events. Even 

though all NWP models predict less precipitation than threshold amount for these 
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four cases their performances are different in temporal changes and event total. 

Similarly, satellite and radar rainfall products also show weakness in reaching the 

FFG threshold values for flash floods originated from convective systems. It should 

be noted that the calculated FFG threshold value is dynamic changing with time 

within the event as it is updated by soil moisture accounting model in the system. It 

may also contain errors from these sources. Hence, the success of NWP model in 

capturing the FFG value may depend on these factors. Like the difficulty in solving 

convective precipitation, the calculation of soil moisture due to precipitation 

involves a lot of uncertainty. However, precipitation resulted from frontal systems 

contributes less uncertainty in soil moisture processes within a hydrological model. 

There is no significant relationship was found between catchment area and NWP 

models success. For example, area of the basins is 39.66 and 408.61 km2 for 

Bodrum and Selendi districts respectively. However, WRF model was considered 

convenient for Bodrum flash flood case but not for Selendi. 

There is only one snowmelt-induced event that occurred in Karliova district to 

evaluate the NWP models. There was no convenient NWP model for this case in 

terms of flash flood warning. However, ALARO model shows a better performance 

than WRF and ECMWF as the discrepancy between ALARO-forecasted 

precipitation and the FFG threshold is much smaller than the other two models. 

ECMWF model released the worst performance for this event.  

Among these total 10 cases WRF, ALARO and ECMWF exceeded the FFG 

threshold values that are assigned to three non-convective induced precipitation 

events. There are also cases for which estimated rainfall products from radar, 

satellite-based algorithms (GHE, MWGHE) are not able to capture the FFG 

threshold value. 
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Table 4.11 Summary table of flash flood case studies. 
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CHAPTER 5  

5 CONCLUSIONS AND RECOMMENDATIONS 

In this study, spatiotemporal distribution of extreme rainfall events and lightning 

flashes over Turkey for the period of 2015 and 2019 are examined. Additionally, 

the ten different flash flood events categorized as convective, non-convective and 

snow-dominated are selected throughout Turkey to provide spatial 

representativeness for each of these events. Among these ten events five, four and 

one events are from non-convective, convective and snow-dominated respectively. 

In order to evaluate the performance of numerical weather prediction models 

(ALARO, WRF, and ECMWF) in capturing the FFG threshold values for issuing 

flash flood warnings, event-based flash flood cases are analyzed with BSMEFFGS 

products and supportive meteorological observations.  

The following main conclusions are derived from this study based on ten selected 

events: 

 The flood-based extreme rainfall event distribution shows strong 

seasonality and spatiality in Turkey. Interior parts particularly for western 

Anatolia and northwestern Anatolia show the highest extreme events from 

May to August. Black Sea coastal region had the highest number of events 

in August and September while Mediterranean coastal parts showed higher 

events from autumn to winter. 

 The convective instability of warm season is the main factor for forming 

flash flood events over inland parts of Turkey while frontal systems of 

cyclonic depressions were the dominant factor for occurrence of flash flood 

events over Mediterranean coastal parts of Turkey. On the other hand, 

combination of frontal, convective and orographic conditions were effective 
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over Black Sea coastal region for developing intense rainfall and flash 

flood. 

 Lightning flashes showed low frequency over coastal regions in autumn 

while they released homogeneous distribution over Turkey during warm 

season with high frequency over northwestern of Anatolia. May and June 

were the top months in terms of frequency of lightning flashes.  

 The spatiotemporal distribution of lightning flashes helps verify the 

occurrence of flash floods. The distributions from lightning and extreme 

rainfall event showed strong similarity during warm season. May and June 

were the top months for both frequency of heavy rainfall events and 

lightning flashes. 

 NWP models were successful in four non-convective cases in terms of flash 

flood warnings during cold season when non-convective conditions are 

effective. Nevertheless, each NWP model was considered as unsatisfactory 

based on four convective cases during warm season when convective 

instability conditions are effective. Even, rainfall products derived from 

satellite and radar mostly missed the FFG threshold for these events. 

 There is no significant relationship was found from selected ten case studies 

between catchment area and NWP models success in releasing a warning.  

 Performances of NWP models show variability in approaching and 

exceeding the FFG threshold to issue a warning depending on location and 

time feature. For some events, radar and satellite rainfall products act as 

efficient supplementary data.   

The following future recommendations can be drawn from this study: 

 In this study, extreme rainfall event records of TSMS have been used 

instead of flash flood events due to lack of such data availability. Thus, a 

flash flood database should be created in Turkey for future studies and 

applications.  

 In the success of issuing a warning from the system, errors in FFG 

threshold value calculation are important as much as errors in forecasted 
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rainfalls from NWP models. Thus, FFG threshold values within 

BSMEFFGS should be reviewed for Turkey. Furthermore, sensitivity of 

FFG values should be analyzed for Turkey in future research.  

  NWP models were failed for both Karliova and Susurluk flash flood events 

where snow melt was the main and supportive reason respectively. Snow 

products within BSMEFFGS provided some important insights for these 

cases but it wasn't enough to generate flash flood warning. Thus, available 

snow observations should be added into the BSMEFFG. 

 In the convective-induced case studies, GMAP and MAP products were 

mostly successful to capture the FFG threshold values with respect to the 

NWP models. It shows the importance of using gauge observations and 

utilization of radar rainfall estimations. Therefore, rainfall gauge and radar 

networks should be improved in the BSMEFFGS.  

 The assessment of lightning flashes and convective-induced cases in this 

study showed the importance of lightning data for heavy rainfall events 

during warm season. There are several studies in the literature that 

investigate on determination of rainfall amount and location by using 

lightning as given in section 4.2. Thus, lightning flashes should be used for 

nowcasting flash flood warnings in Turkey by estimating rainfall amount. 

In order to achieve this, utilization a proven method, which is previously 

used in the literature for different regions, or developing a new one for 

Turkey may be beneficial. 
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APPENDICES 

A. Additional Information From Literature  

Table A. 1 Parameters of the SAC-SMA model (Ajami et al., 2004). 
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Figure A. 1 Energy balance equation (Anderson, 2006). 

B. Spatiotemporal Analyses of NWP Models within BSMEFFG System 

 

Figure B. 1 Monthly distribution of MAP between 2017 and 2019. 
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Figure B. 2 Monthly distribution of ALARO (a), ECMWF (b) and WRF (c) rainfall 

predictions between 2017 and 2019. 
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Figure B. 3 Monthly distribution of correlation coefficient values between MAP 
and ALARO (a), ECMWF (b) and WRF (c) for the period of 2017 and 2019. 
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Figure B. 4 Monthly distribution of root mean square error values between MAP 

and ALARO (a), ECMWF (b) and WRF (c) for the period of 2017 and 2019.
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C. Synoptic Charts and Radiosonde Soundings  

 

Figure C. 1 Surface analysis for (a) 00:00 UTC 16 December 2018 and (b) 00:00 
UTC 17 December 2018. 

 

 

Figure C. 2 The 500-mb analysis for (a) 00:00 UTC 16 December 2018 and (b) 
00:00 UTC 17 December 2018, the 300-mb analysis for (c) 00:00 UTC 16 

December 2018 and (d) 00:00 UTC 17 December 2018. 
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Figure C. 3 Surface chart at 00:00 UTC on 28 September 2019. 

 

 

Figure C. 4 Upper level synoptic analyses for 850-mb (a), 700 (b), 500-mb (c) and 

300-mb at 00:00 UTC on 28 September 2019. 
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Figure C. 5 Surface analysis for (a) 00:00 UTC 07 February and (b) 00:00 UTC 08 
February 2017 (wetter3.de Archive). 

 

Figure C. 6 The 850-mb analysis for (a) 00:00 UTC 07 February 2017 and 500-mb 

analysis (b) for 18:00 UTC 07 February 2017 (wetter3.de Archive). 

 

 

Figure C. 7 The 300-mb analysis for (a) 00:00 UTC 07 February 2017 and 300-mb 
analysis (b) for 18:00 UTC 07 February 2017 (wetter3.de Archive). 
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Figure C. 8 Surface analysis for (a) 12:00 UTC 11 January 2019 and (b) 00:00 
UTC 12 January 2019 (wetter3.de Archive). 

 

 

Figure C. 9 The 850-mb analysis (a) and (b) 500-mb chart for 00:00 UTC 12 
January 2019 (wetter3.de Archive). 

 

 

Figure C. 10 The 300-mb charts at 00:00 UTC on 12 January 2019; (a) wind (b) 
and advection (wetter3.de Archive). 
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Figure C. 11 The 500-mb analysis (a) and K-index convective instability map (b) 
for 00:00 UTC 29 March 2018. 

 

 

Figure C. 12 Surface and 850-mb chart for 00:00 UTC 29 March 2018. 
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Figure C. 13 Surface chart at 00:00 UTC on 23 August 2019. 

 

 

Figure C. 14 850-mb (a), 700-mb (b), 500-mb (c) and 300-mb analyses (d) for 
12:00 UTC 23 August 2019. 

 



 

 
152 

  

Figure C. 15 500-mb and K index analyses for 00:00 UTC 23 August 2019. 

 

 

Figure C. 16 Radiosonde sounding and indices for Samsun (17030) at 12:00 UTC 
on 23 August 2019. 
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Figure C. 17 Surface and 500-mb analyses for 12:00 UTC (a) and 00:00 UTC (b) 
17 June 2018. 

 

 

Figure C. 18 300-mb analysis and surface wind directions for 00:00 UTC (a) and 
12:00 UTC (b) 17 June 2018. 
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Figure C. 19 Radiosonde sounding and indices for Isparta (17240) at 12:00 UTC on 

17 June 2018. 

 

 

Figure C. 20 Surface (a) and 500-mb (b) analyses for 12:00 UTC 27 May 2018. 
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Figure C. 21 Radiosonde sounding and indices for Izmir (17220) at 12:00 UTC on 
27 May 2018. 

 

 

Figure C. 22 Surface (a), 850-mb (b), 500-mb (c) and 300-mb (d) charts for 00:00 
UTC 09 June 2019. 
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Figure C. 23 Radiosonde sounding and indices for Ankara (17130) at 12:00 UTC 

on 09 June 2019. 

 

 

Figure C. 24 Surface (a), 700-mb (b), 500-mb (c) and 300-mb (d) charts for 00:00 
UTC 02 May 2019. 

 


