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ABSTRACT 

 

SENSITIVITY AND SEA SURFACE TEMPERATURE 

 ANALYSES OF WRF MODEL FOR 

PREDICTING HEAVY RAINFALL EVENTS OBSERVED 

IN EASTERN BLACK SEA AND 

MEDITERRANEAN REGIONS OF TURKEY 

 

 
Pilatin, Heves 

Master of Science, Earth System Science 
Supervisor : Prof. Dr. İsmail Yücel 

Co-Supervisor: Prof. Dr. Elçin Kentel Erdoğan 
 

 
August 2020, 204 pages 

 

With this thesis it is aimed to enhance the prediction accuracy of the Weather 

Research and Forecasting (WRF) model on the extreme precipitation events of 

Mediterranean and Eastern Black Sea regions of Turkey. While the first part of 

sensitivity analysis was conducted for the physical parameters (microphysics, 

cumulus and PBL) and the initial boundary conditions, the second part has only 

focused on the impact of sea surface temperature (SST).  After choosing 4 

microphysics, 3 cumulus, 2 PBL and 2 input meteorological sources options, in total 

96 scenarios have been tested through the first part of sensitivity analysis for each 

region. Among all of the schemes, generally for microphysics Eta / Ferrier (ES) 

scheme, for cumulus Grell Freitas (GFES) sheme and finally for PBL Mellor 

Yamada Janjic (MYJ) scheme performed better than the other options in 

Mediterranean event cases. However, for Eastern Black Sea region, Aeresol Aware 

Thomspon (AATS) and WRF Single Moment 6 (WSM6) as microphysics, Betts 

Miller Janjic (BMJ) and GFES as cumulus and MYJ as PBL scheme become 

prominent. Again, WRF model usually performs better by using the Global 



 
 

vi 
 

Forecasting System (GFS) meteorological input dataset in Mediterranean region 

whereas it produces more realistic forecasts for Eastern Black Sea, if it uses ERA5 

Reanalysis (ERA5, ECMWF) meteorologic data. For SST analysis, three SST data 

sources were selected to use. Through detailed examination, the Medspiration and 

NCEP sources were found successful for the prediction of the Mediterranean event 

cases. In Eastern Black Sea region, the two satellite based sourced datasets 

(Medspiration and GHRSST) performed better than the other two. 

Keywords: Sensitivity Analysis, WRF, Sea Surface Temperature, Extreme 

Precipitation Events 
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ÖZ 

 

TÜRKİYENİN DOĞU KARADENİZ VE AKDENİZ BÖLGELERİNDEKİ 

SAĞANAK YAĞIŞLI HAVA OLAYLARINI TAHMİN ETMEK İÇİN 

OLUŞTURULAN WRF MODELİ DUYARLILIK VE DENİZ YÜZEY 

SICAKLIĞI ANALİZLERİ 

 

 

 
Pilatin, Heves 

Yüksek Lisans, Yer Sistem Bilimleri 

Tez Yöneticisi: Prof. Dr. İsmail Yücel 
Ortak Tez Yöneticisi: Prof. Dr. Elçin Kentel Erdoğan 

 

 

Ağustos 2020, 204 sayfa 

 

Bu tezdeki çalışmalarla amaçlanan, Türkiye’nin Akdeniz ve Doğu Karadeniz 

bölgelerindeki ekstrem yağış olayları ile Hava Araştırma ve Tahmin modeli olarak 

da bilinen WRF’u kullanarak; bu bölgeler için model tahmin doğruluğunu 

arttırmaktır. Bu bağlamda, biri fizik parametrelerinin (mikrofizik, kümülüs ve yüzey 

tabaka sınır) ve girdi verilerinin, diğeri ise deniz yüzey sıcaklığının (DYS) ekstrem 

yağışlara etkisini incelemek adına iki farklı duyarlılık analizi yapılmıştır. İlk 

çalışmada denenmek üzere, 4 mikrofizik, 3 kümülüs, 2 PBL ve 2 veri kaynak 

seçenekleri olmak üzere toplam 96 senaryo belirlenmiş ve modele konulmuştur. 

Bütün seçenek ve analizlerin sonucunda Akdeniz’de; mikrofizik için Eta / Ferrier 

(ES), kümülüs için Grell Freitas (GFES), PBL ve veri kaynağı için ise sırasıyla 

Mellor Yamada Janjic (MYJ) ve GFS daha iyi performans göstermiştir. Doğu 

Karadeniz’de çalışılan olaylar bazında, Aeresol Aware Thomspon (AATS) and WRF 

Single Moment 6 (WSM6) mikrofizik, Betts Miller Janjic (BMJ) and GFES 

kümülüs, MYJ yine PBL ve bu sefer ERA5  Re-analiz (ERA5, ECMWF) girdi veri 
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seçenekleri öne çıkmıştır. DYS analizine gelindiğinde ise 3 farklı deniz yüzey 

sıcaklığı veri kaynağı belirlenmiş ve bu kaynakların olay tahminlerindeki başarıları 

kıyaslanmıştır. Buna göre Akdeniz üzerinde çalışan model, Medspiration ve NCEP 

datasetleri kullandığında daha gerçekçi sonuç verirken;  bu model Doğu Karadeniz 

bölgesi için uydu bazlı kaynaklar olan GHRSST ve Medspiration ile çalıştığında 

daha iyi sonuçlar üretmiştir.  

Anahtar Kelimeler: Duyarlılık Analizi, WRF, Deniz Yüzey Sıcaklığı, Ekstrem Yağış 

Olayları 

 

 



 
 

ix 
 

to my beloved family



 
 

x 
 

ACKNOWLEDGMENTS 

 

First of all, I would like to give my biggest thanks to my supervisor and my mentor 

Prof. Dr. İsmail Yücel for his guidance, advice, encouragement, trust and patience 

with gratitude. I would also thank to Prof. Dr. Elçin Kentel Erdoğan as my Co-

Advisor and Assoc. Prof. Dr. M. Tuğrul Yılmaz for their support and assistance 

throughout the studies conducted under this thesis. 

Without their love, friendship, encouragement and continuous support, I could not 

achieve to complete this study as it is done now. Therefore, I would like to give my 

sincerest thanks to my dearest friends: Berina Mina Kılıçarslan and Research 

Assistant Eren Düzenli for always being there for me, no matter what.   

Last but not least, I would like to thank and say my deepest gratitude to my family 

by using this platform. I would be always grateful for their endless love, patience 

and trust that they show to me. After this thesis, I am once again realizing that they 

are my biggest luck in this life. So, I personally thank to my mother Ayla Pilatin and 

my father Kenan Pilatin who always wait for me with open arms and I also want to 

thank to my partner in life, Olcay Bacakoğlu for his understanding, love, honesty 

and encouragement that he gives me for many years.  

This study is supported and funded by The Scientific and Technological Research 

Council of Turkey (TUBITAK) with the grant number 110Y193. 

  



 
 

xi 
 

 

TABLE OF CONTENTS 

 

ABSTRACT........................................................................................................ v 

ÖZ .....................................................................................................................vii 

ACKNOWLEDGMENTS.................................................................................... x 

TABLE OF CONTENTS .................................................................................... xi 

LIST OF TABLES ............................................................................................xiv 

LIST OF FIGURES ...........................................................................................xvi 

LIST OF SYMBOLS .........................................................................................xxi 

CHAPTERS 

1  INTRODUCTION ........................................................................................... 1 

1.1 Introduction ........................................................................................... 1 

1.2 Literature Review .................................................................................. 4 

1.3 The Scope of Thesis ............................................................................... 5 

1.4 Description of Thesis  ............................................................................. 7 

2  METHODOLOGY .......................................................................................... 9 

2.1 General Information............................................................................... 9 

2.2 The Study Areas .................................................................................. 10 

2.3 Selection of Extreme Precipitation Events and Observation Stations for 

Each Region .................................................................................................. 12 

2.4 Weather Research and Forecasting Model – WRF................................. 24 



 
 

xii 
 

    2.5       Operating Mechanism of WRF Model.................................................. 25 

3  MODEL CONFIGURATION ARRANGEMENTS ........................................ 31 

PART I - Sensitivity Analysis  ........................................................................ 31 

3.1 Selection of Input Datasets................................................................... 32 

3.2 Selection of Parameterization Schemes................................................. 34 

       3.2.1 Cumulus Parameterization................................................................ 34 

       3.2.2 Microphysics Parameterization ......................................................... 42 

       3.2.3 Planetary Boundary Layer Parameterization...................................... 48 

3.3 WRF ARW Model Set Up for Sensitivity Analysis  ............................... 52 

PART II – Sea Surface Temperature (SST) Analysis ...................................... 62 

3.4 Importance of SST on Mediterranean and Eastern Black Sea Regions  ... 64 

3.5 SST Data Sources’ Arrangement .......................................................... 65 

3.6 WRF ARW Model Set Up for SST Analysis ......................................... 68 

4  RESULTS OF EVENT CASE STUDIES ........................................................71 

PART I - Sensitivity Analysis Event Cases ..................................................... 71 

4.1 TOPSIS Analysis................................................................................. 71 

4.2 Mediterranean – Autumn Event ( 2017/11/26 - 2017/11/29) .................. 81 

4.3 Mediterranean – Summer Event ( 2017/08/29 - 2017/09/01) ................. 95 

4.4 Eastern Black Sea – Autumn Event ( 2016/11/13 - 2016/11/16) ...........105 

4.5 Eastern Black Sea – Summer Event ( 2016/09/20 - 2016/09/23) ...........117 

4.6 Taylor Diagram Analysis ....................................................................130 

PART II – SST Analysis Event Cases ...........................................................138 

4.7 Mediterranean – Winter Event ( 2018/12/10 - 2018/12/20) ...................138 

4.8 Eastern Black Sea – Summer Event ( 2015/08/17 - 2015/08/27) ...........160 



 
 

xiii 
 

5  DISCUSSION AND CONCLUSION ............................................................179 

5.1 Discussion of Sensitivity Analysis  ...................................................... 179 

5.2 Discussion of SST Analysis  ............................................................... 181 

5.3 Summary, Conclusions and Recommendations  ................................... 182 

REFERENCES.................................................................................................189 

 

 

 



 
 

xiv 
 

LIST OF TABLES 

 

TABLES  

Table  1.3.1 The WRF model configuration options of GDM ............................... 6 

Table  2.3.1 Numbers of extreme precipitation events recorded  in Antalya Basin 

through the seasons between 2008 - 2017 ........................................................... 13 

Table  2.3.2 Numbers of extreme precipitation events recorded  in Eastern Black Sea 

Basin through the seasons between 2008 - 2017 ................................................. 13 

Table  2.3.3 The characteristic features of heavy precipitation events occured in 

Antalya Basin between 2008 - 2017 ................................................................... 15 

Table  2.3.4 The characteristic features of heavy precipitation events occured in 

Eastern Black Sea Basin between 2008 - 2017.................................................... 18 

Table  2.3.5 Selected event dates of regions to be used in Sensitivity Analysis  .... 23 

Table  3.3.1 Selected event dates and determined model run periods for Sensitivity 

Analysis ............................................................................................................ 52 

Table  3.3.2 General outline of WRF model configurations determined for two 

regions .............................................................................................................. 52 

Table    3.3.3 Radiation and Land Surface Schemes to be used in Sensitivity Analysis

 ......................................................................................................................... 58 

Table  3.3.4 The model configurations determined to be tried in the Sensitivity 

Analysis............................................................................................................ 59 

Table   3.5.1 The event dates to be studied by SST Analysis............................... 75 

Table  3.5.2 Determined scenarios and their model configuration options on each 

region ............................................................................................................... 68 

Table   4.1.1 The Algorithms of TOPSIS Analysis (Nurmi, 2007) ...................... 72 

Table   4.1.2 The Algorithms of Categorical Forecasts ....................................... 74 

Table  4.1.3 Top 10 of model configurations in each event case through TOPSIS 

Analysis Results ................................................................................................ 75 



 
 

xv 
 

Table  4.1.4 Best and worst scenarios of GFS and ERA5 datasets for domain 1 (9 

km) ................................................................................................................... 78 

Table  4.1.5 Best and worst scenarios of GFS and ERA5 datasets for domain 2 (3 

km) ................................................................................................................... 79 

Table  4.1.6 Rankings among SST model configurations in each event case through 

TOPSIS Analysis Results ................................................................................... 79 

Table  4.7.1 Statistical analysis of SST scenarios for 2018/12/12– 2018/12/20 event 

period.............................................................................................................. 142 

Table  4.8.1 Statistical analysis of SST scenarios for 2015/08/19 – 2015/08/27 event 

period.............................................................................................................. 163 

Table  5.3.1 Summary Table of the Best Options for Sensitivity and SST Analyses

 ....................................................................................................................... 183 

  



 

xvi 
 

LIST OF FIGURES 

FIGURES 

Figure 2.2.1 Methodology Overview ................................................................. 14 

Figure 2.3.1 The location of 511 observation stations in Mediterranean and Black 

Sea regions represented on the map.................................................................... 14 

Figure 2.5.1-1 The illustration of the relation among the nests and their parent 

domains ............................................................................................................ 27 

Figure 2.5.1-2 An example to how to fill the parent_id section in the namelists of 

WRF model ...................................................................................................... 27 

Figure 2.4.1 Flowchart of WRF Model System .................................................. 30 

Figure 3.1.1 The mechanism of how ERA5 Reanalysis dataset has obtained by 

ECMWF ........................................................................................................... 33 

Figure   3.2.1-1 General Representation of the clouds and their related processes 35 

Figure   3.2.1-2 The need for cumulus parameterization ......................................... 

 ........................................................................................................................432 

Figure   3.2.2-1 Main physical components of the atmospheric system and their 

relations with each other ........................................................................................ 

 ......................................................................................................................... 43 

Figure   3.2.2-2 Water species and the cycles among them ................................. 43 

Figure   3.2.2-3  Microphysics Parameterization Schemes .................................. 46 

Figure 3.2.3-1 General Representation of the PBL Interactions and Related 

Processes .......................................................................................................... 49 

Figure   3.2.3-2  Representation of the mechanics of the local and non-local closures

 ......................................................................................................................... 50 

Figure  3.3.1 The representation of determined domains to be used in WRF model 

configuration for each region ............................................................................. 53 

Figure 4.2.1 Precipitation and Temperature time series of the main station 

(Manavgat - Antalya) for Mediterranean – Autumn event through the model run 

period between 2017/11/26 – 2017/11/29 ........................................................... 82 

file:///C:/Users/pilat/Downloads/son_duzeltmeler/thesis1_completed/Heves_Pilatin_thesis.docx%23_Toc49088449


 

xvii 
 

Figure 4.2.2 Average precipitation and bias raster plots of observation and model 

forecasts throughout the run period.  ................................................................... 83 

Figure 4.2.3 The performance comparison among 96 scenarios based on some 

statistical parameters.......................................................................................... 85 

Figure 4.2.4 Precipitation maps of observation and model predictions at the peak 

hour of Mediterranean autumn event (2017.11.28_19:00:00)............................... 88 

Figure 4.2.5 Precipitation maps of observation and model predictions at the 

maximum mean precipitation hour of Mediterranean autumn event 

(2017.11.28_00:00:00)....................................................................................... 89 

Figure 4.2.6 Precipitation maps of observation and model predictions at the end of 

Mediterranean autumn event model run period (2017.11.29_00:00:00)................ 91 

Figure 4.2.7 Variance analysis of the physical parameter schemes based on the 

observation stations’ and model scenarios’ precipitation data through the run period 

of autumn event of Mediterranean region. .......................................................... 94 

Figure 4.3.1 Precipitation and Temperature time series of the main station (Sutculer 

– Isparta) for Mediterranean – Summer event through the model run period between 

2017/08/29 – 2017/09/01 ................................................................................... 96 

Figure 4.3.2 Average precipitation and bias raster plots of observation and model 

forecasts throughout the run period .................................................................... 97 

Figure 4.3.3 The performance comparison among 96 scenarios based on some 

statistical parameters.......................................................................................... 98 

Figure 4.3.4 Precipitation maps of observation and model predictions at peak hour 

(and also the maximum mean precipitation hour) of Mediterranean summer event 

(2017.08.30_13:00:00)..................................................................................... 100 

Figure 4.3.5 Precipitation maps of observation and model predictions at the end of 

Mediterranean summer event model run period (2017.09.01_00:00:00).  ............ 102 

Figure 4.3.6 Variance analysis of the physical parameter schemes based on the 

observation stations’ and model scenarios’ precipitation data through the run period 

of autumn event of Mediterranean region ......................................................... 104 

file:///C:/Users/pilat/Downloads/son_duzeltmeler/thesis1_completed/Heves_Pilatin_thesis.docx%23_Toc49088470
file:///C:/Users/pilat/Downloads/son_duzeltmeler/thesis1_completed/Heves_Pilatin_thesis.docx%23_Toc49088470
file:///C:/Users/pilat/Downloads/son_duzeltmeler/thesis1_completed/Heves_Pilatin_thesis.docx%23_Toc49088470


 

xviii 
 

Figure 4.4.1 Precipitation and Temperature time series of the main station 

(Camlıhemsin – Rize) for Eastern Black Sea – Autumn event through the model run 

period between 2016/11/13 – 2016/11/16 ..........................................................106 

Figure 4.4.2 Average precipitation and bias raster plots of observation and model 

forecasts throughout the run period.  ..................................................................107 

Figure 4.4.3 The performance comparison among 96 scenarios based on some 

statistical parameters. .......................................................................................108 

Figure 4.4.4 Precipitation maps of observation and model predictions at the peak 

hour of Eastern Black Sea autumn event (2016.11.14_06:00:00)  ........................111 

Figure 4.4.5 Precipitation maps of observation and model predictions at the 

maximum mean precipitation hour of Eastern Black Sea autumn event 

(2016.11.15_11:00:00) .....................................................................................112 

Figure 4.4.6 Precipitation maps of observation and model predictions at the end of 

Eastern Black Sea autumn event model run period (2016.11.16_00:00:00)  .........114 

Figure 4.4.7 Variance analysis of the physical parameter schemes based on the 

observation stations’ and model scenarios’ precipitation data through the run period 

of autumn event of Eastern Black Sea region.....................................................116 

Figure 4.5.1 Precipitation and Temperature time series of the main station 

(Besikduzu – Trabzon) for Eastern Black Sea – Summer event through the model 

run period between 2016/09/20 – 2016/09/23 ....................................................118 

Figure 4.5.2 Average precipitation and bias raster plots of observation and model 

forecasts throughout the run period ...................................................................119 

Figure 4.5.3 The performance comparison among 96 scenarios based on some 

statistical parameters. .......................................................................................120 

Figure 4.5.4 Precipitation maps of observation and model predictions at the peak 

hour of Eastern Black Sea summer event (2016.09.21_09:00:00)  .......................123 

Figure 4.5.5 Precipitation maps of observation and model predictions at the 

maximum mean precipitation hour of Eastern Black Sea summer event 

(2016.09.21_12:00:00) .....................................................................................124 

Figure 4.5.6  Precipitation maps of observation and model predictions at the end of 

Eastern Black Sea summer event model run period (2016.09.23_00:00:00) ........126 



 

xix 
 

Figure 4.5.7 Variance analysis of the physical parameter schemes based on the 

observation stations’ and model scenarios’ precipitation data through the run period 

of autumn event of Eastern Black Sea region .................................................... 129 

Figure 4.6.1 Taylor Diagrams of the model scenarios according to the microphysics 

schemes they use in each event case. ................................................................ 134 

Figure 4.6.2 Taylor Diagrams of the model scenarios according to the cumulus 

schemes they use in each event case ................................................................. 135 

Figure 4.6.3 Taylor Diagrams of the model scenarios according to the PBL schemes 

they use in each event case............................................................................... 136 

Figure 4.6.4 Taylor Diagrams of the model scenarios according to the input 

meteorological sources they use in each event case ........................................... 137 

Figure 4.7.1 Precipitation and Temperature time series of the main station (Ovacık 

– Antalya) for Mediterranean – Winter event between 2018/12/14 – 2018/12/17.

 ....................................................................................................................... 139 

Figure 4.7.2 2018.12.10_00:00:00 – 2018.12.20_00:00:00 run period.  .............. 141 

Figure 4.7.3 a) The average precipitation and  b) bias raster plots of observation and 

SST model forecasts throughout the model run period.  ..................................... 144 

Figure 4.7.4 2018.12.10_00:00:00 – 2018.12.20_00:00:00 run period. The 

precipitation maps with 3 km horizontal resolution at the peak hour when the highest 

rain dropped over the Mediterranean region...................................................... 147 

Figure 4.7.5 2018.12.10_00:00:00 – 2018.12.20_00:00:00 run period. The reflection 

and sea surface temperature (SST) maps with 3 km horizontal resolution of 

Mediterranean region....................................................................................... 150 

Figure 4.7.6 2018.12.10_00:00:00 – 2018.12.20_00:00:00 run period. The map at 

the top, shows the location and the terrain height that the AB line covers, the rest 

demonstrates the model forecasts by the vertical profile of atmosphere along AB line

 ....................................................................................................................... 156 

Figure 4.7.7 2018.12.10_00:00:00 – 2018.12.20_00:00:00 run period. The map at 

the top, shows the location and the terrain height that the CD line covers, the rest 

demonstrates the model forecasts by the vertical profile of atmosphere along CD line

 ....................................................................................................................... 158 



 

xx 
 

Figure 4.8.1 Precipitation and Temperature time series of the main station (Arhavi 

– Artvin) for Eastern Black Sea – Summer between 2015/08/23 – 2015/08/26 ....161 

Figure 4.8.2 2015-08-17_00:00:00 – 2015-08-27_00:00:00 run period. The 

timeseries graphs of observation and SST model forecasts in terms of precipitation 

(mm), temperature (°C) ,  wind speed (m/s) and relative humidity (%) ............. 1615 

Figure 4.8.3 a) The average precipitation and  b) bias raster plots of observation and 

SST model forecasts throughout the model run period.  ......................................168 

Figure 4.8.4 2015.08.17_00:00:00 – 2015.08.27_00:00:00 run period. The 

precipitation maps with 3 km horizontal resolution at the peak hour when the highest 

rain dropped over the Eastern Black Sea region .................................................167 

Figure 4.8.5 2015.08.17_00:00:00 – 2015.08.27_00:00:00 run period. The reflection 

and sea surface temperature (SST) maps with 3 km horizontal resolution of Eastern 

Black Sea region ..............................................................................................170 

Figure 4.8.6 2015.08.17_00:00:00 – 2015.08.27_00:00:00 run period. The map at 

the top, shows the location and the terrain height that the AB line covers, the rest 

demonstrates the model forecasts by the vertical profile of atmosphere along AB line

 ........................................................................................................................174 

Figure 4.8.7 2015.08.17_00:00:00 – 2015.08.27_00:00:00 run period. The map at 

the top, shows the location and the terrain height that the CD line covers, the rest 

demonstrates the model forecasts by the vertical profile of atmosphere along CD line

 ........................................................................................................................176 

  



 

xxi 
 

 

 

 

 

LIST OF SYMBOLS 

      SYMBOLS 

AATS : Aerosol Aware Thompson Scheme  

ACM2 : Asymmetric Convective Model Version 2.0 Scheme  

BMJ : Betts Miller Janjic Scheme  

CAPE : Convective Available Potential Energy  

CCN : Cloud Condensation Nuclei 

CERSAT : The Centre European Remote Sensing d’Archivage et de 

Traitement 

CIN : Convective Inhibition  

COSMO : The Consortium for Small-scale Modeling 

CSI : Critical Success Index 

ECMWF : The European Centre for Medium-Range Weather Forecasts 

ERA5 : ECMWF Reanalysis 5th Generation 

ES : Eta / Ferrier Scheme  

FAR : False Alarm Ratio 

FBI : Frequency Bias Index 

GFES : Grell-Freitas Scheme  

GFS : The Global Forecast System 

GHRSST : The Group for High Resolution Sea Surface Temperature Level 4  

Ultra High Resolution 

IFREMER : Institut Français de Recherche pour L’Exploitation de la Mer 

K : The Eddy-diffusivity for Heat and Eddy-viscosity for Momentum 

KFS : Kain-Fritsch Scheme 

KS : Kessler Scheme  



 

xxii 
 

LCL : Lifting Condensation Level  

MBE : Mean Bias Error 

MEDS : The Medspiration L4 Ultra High Resolution SST Data 

GDM : General Directorate of Meteorology  

MM5 : The Fifth Generation NCAR/Penn State Mesoscale Model  

MMAB : Marine Modeling and Analysis Branch 

MYJ : Mellor- Yamada-Janjic Scheme  

NCAR : National Center for Atmospheric Research 

NCEP : National Centers for Environmental Prediction 

NOAA : National Oceanic and Atmospheric Administration  

NWP : Numerical Weather Prediction 

PBL : Planetary Boundary Layer  

PC : Percent Correct 

POD : Probability of Detection 

R : Correlation Coefficient 

RMSE : Root Mean Square Error 

RRTM : Rapid Radiative Transfer Model 

RTG_SST_HR : The real-time, global, sea surface temperature 

SD : Standard Deviation Error 

SST : Sea Surface Temperature 

TOPSIS : Technique for Order of Preference by Similarity to Ideal Solution 

YSU : Yonsei University Scheme  

WRF : Weather Research Forecasting 

WRF ARW : Advanced Research WRF 

WRF NMM: Non-hydrostatic Mesoscale Model 

WSM6 : WRF Single Moment 6 Class Scheme 



 

 

 
1 

 

CHAPTER 1  

INTRODUCTION 

1.1 Introduction 

Due to global warming and climate change over the years, the number of catastrophic 

events around the world and their impacts on life are becoming more important. As 

they cause the major changes in the precipitation types, amount and the water cycle 

that create some meterological disasters. For instance, some regions may suffer from 

the floods because of the sudden extreme precipitation occurences whereas the lack 

of rain at other regions may cause the widespread droughts (Yucel & Onen, 2014). 

At this point, the forecasting of these events is crucial to take precautions before it 

happens because their frequencies get often while their magnitudes are also growing 

so fast that makes them basically threat to the life and the property on the earth.  

Additionally, some of the main needs that are essential to sustain the life such as the 

agricultural production, food security and economy, are also directly affected by the 

sudden extreme precipitation events (Conforti, 2018). Since the irregulary in 

precipitation patterns cause to diminish agricultural activities and threat the food 

security as well as the water reservoirs for the future.  This leads great risk to health, 

hunger and economy crises all around the World.  

The researches and the weather forecasts for future are mainly done by the numerical 

weather prediction (NWP) models where both mesoscale and synoptic/regional 

simulations of atmosphere can be achieved with temporal and spatial variations for 

the long and short periods. Currently, the Weather Research and Forecasting (WRF) 

model is the most commonly used regional forecasting model among all NWPs such 

as COSMO, MM5, GFS and ECMWF.  The study conducted by Abualkishik, 
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(Abualkishik, 2018) supports this claim via referring the WRF is a community 

supported model by the users of all around the world. Hence,  it is opened to public 

and flexible and also it has strong software utilities’ architecture which mostly 

enables it to provide more accurate results than the other NWP models (Abualkishik, 

2018).  

However, of course, like in the other NWP models, the sensitivity analysis of WRF 

is essential to identify the parameters that have most influence on the model 

predictions. Knowing the parameters having great impacts, enables the users to 

determine the best options for the configuration. The’best options’ refer the 

configuration options that lead the model providing the most accurate forecasts, 

closest to the reality.  

Here, the key point is following the path of how the model builds its dynamic 

atmospheric system. Since the WRF is a ‘fully compressible nonhydrostatic model’, 

it uses the governing equations in order to calculate atmospheric physics (UCAR, 

2019). Therefore, the equations used in the WRF model forecasts, can alter through 

the different approachs / schemes that are prefered to use for establishing the physics 

of its cloud system. This indicates that the schemes of model physics, are quite 

important in the model predictions as well as the physical parameters of atmospheric 

system itself such as radiation, cumulus, microphysics and etc. Since each of them 

can affect the results after all. 

Just as the physical parameters, the initial boundary conditions of WRF model also 

has huge impact on the predictions because the model takes the starting weather 

conditions of the run period from there. Then, it builds up its future predictions based 

on this dataset.  

So overall, both the initial boundary conditions and the selected approachs to be used 

in physical parameters can be considered as the most sensitive parts of WRF model 

that can change the forecasts entirely.     
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From this perspective, the sensitivity analysis of WRF model in the first part of this 

thesis is planned to conduct through these parts. Since the best configuration options 

have been tried to find for heavy precipitation events, only some of the physical 

parameters that are known for having the direct effect on rainfall production, have 

been chosen to focus under this study. These parameters are listed as follows: 

cumulus, microphysics and planetary boundary layer. The initial boundary 

conditions to include into the WRF model sensitivity analysis, on the other hand, are 

selected among commonly used meteorological datasets like Global Forecasting 

System (GFS) and The European Centre for Medium-Range Weather Forecasts 

(ECMWF - ERA5).  

In the second part of this thesis, Sea Surface Temperature (SST) impact on heavy 

precipitation production has been investigated by using the best physical and initial 

boundary configuration options for each region, which were found from the previous 

sensitivity analysis results.  

In some cases, the SST changes can trigger the intense precipitation event occurences 

over the regions. Since certain catastrophic rainfalls that regularly influence the 

World climate cycle such as summer monsoons in India or the tropical cyclones, are 

considered as the SST sourced events, its impacts on precipitation can be taken as 

synoptic. Yet, some researches claim that especially on the mountainous regions near 

to the sea, the heavy rainfall production may be triggered by the rapid changes in 

SST. From this perspective, it may be possible to say, the scale of SST triggered 

occurences can also be mesoscale.  

So, does SST really trigger or contribute the intense precipitation event occurence 

around a region? The answer of this question has been tried to find out in the second 

portion of this thesis. Actually, this can be also thought as an another perspective of 

sensitivity analysis for WRF because SST is one of the variables in meteorogical 

dataset that is also used to define the initial boundary conditions in the model. For 

this purpose, one heavy precipitation event for each of Mediterranean and Eastern 

Black Sea regions has been studied. Additionally, the model configurations 



 

 

 
4 

determined to be used in this study, are directly taken from the results of the 

sensitivity analysis conducted in the first part of the thesis.    

1.2 Literature Review 

The literature review is the key term of any research before it has conducted. Since 

it offers the specific questions to be answered by the study as well as the right 

conditions and the detailed strategy to get those answers.  Hence, for having 

comprehensive aims to obtain, this thesis uses many reference studies as the 

backbone of its two analyses. 

For instance, in sensitivity analysis, the goal is always finding the parameters that 

affect the model forecasts most. To be able to make a proper analysis, every possible 

option which are considered as having huge impact on precipitation occurence are 

included into this part of thesis. Some of these option are the orographical and 

climatic effect on WRF. As it is already known from many sensitivity studies 

conducted so far (e.g. Rontu, 2013; Elvidge, et.al., 2019; Iriza, et.al., 2015; Arthur 

et al., 2018), the orographic features and the climatic regimes of a region have 

incontrovertible impact on the weather prediction simulations.  

As mentioned in Yucel et.al’s (2014) and Jee et.al’s (2016) articles, the sensitivity 

analyses of weather prediction models generally focus on initial boundary conditions 

and some physical components of atmosphere such as cumulus, microphysics, 

planetary boundary layer components, especially for precipitation studies as they can 

entirely change the model predictions. The specific parameterization studies of these 

components (Arakawa, 1974; Bister, 1998; Bright et.al, 2002; Mayor et.al, 2015; 

Hong, 2010) also proof this theory.  

The initial boundary conditions and the physical schemes to use in the sensitivity 

analysis of thesis are determined based on their working mechanisms and some 

reference studies (Zeyaeyan et.al, 2017; Rebora et.al, 2013; Argüeso et.al, 2011; 
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Flesch et.al, 2012;  Gelpi et.al, 2016; Hong et.al, 2009a; Miao et.al, 2014) which 

share similar climatic features with Mediterranean and Eastern Black Sea regions. 

According to recent studies of Senatore and his colleagues (Senatore et.al, 2014; 

2020), SST has also undeniable impact on WRF prediction accuracy since the 

continuous circulation of vertical fluxes are transfered by the interface between the 

sea surface and the atmosphere (Bigg et.al, 2003).  As these and many other studies 

(Jee et.al, 2017; Cisneros et.al, 2016; Robinson et.al, 2012; Senatore et.al, 2014; 

Senatore et.al, 2020) suggest that some mesoscale extreme precipitation events are 

triggered by the changes in SSTs, particularly for the regions with complex 

topography. Because this effect is wished to be investigated, the second part of the 

thesis focuses on the WRF model precipitation performances via using different SST 

sources.   

1.3 The Scope of Thesis  

While the weather forecast is a must to plan the daily life, it is also a good tool to 

establish the overall picture of the future.  By looking at the model’s predictions, any 

catastrophic event like heavy precipitation, storm, tornado can be detected earlier so 

that the possible risks may born from these events can be eleminated before they 

happen. Additionally, the continuous forecasts for the long and short time periods on 

any region and the globe itself, can give a helpful representation about the changes 

occuring in the water cycle, the annual mean precipitation – temperature data and the 

shifting in climate regimes.  Since the starting point of this cycle is atmosphere, it is 

vital to obtain an accurate weather prediction outcome from the NWP models.  

However, the accuracy of the model varies via the study area and its topographical 

properties, the meterological data used, the physical parameters selected and many 

other factors for every run because the NWP models use these factors together to 

mimic the complete atmospheric simulation in the real life. Therefore, the models 

are sensitive to extrinsic parameters that can change the whole forecast results.  
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For the weather predictions conducted in Turkey, it is already known that the General 

Directory of Meteorology (GDM) uses only one model configuration with WRF 

model on all regions of the country. The GDM’s configuration options are given in 

Table 1.3.1. 

 

Table 1.3.1 The WRF model configuration options of GDM  

 

Grid Space 

/ 

Horizontal 

Resolution 

 

Initial 

Boundary 

Condition 

Data 

 

 

Cumulus 

 

 

 

Microphy

sics 

 

 

PBL 

 

 

Shortwav

e 

Radiation 

 

 

 

Longwav

e 

Radiation 

 

 

 

Land 

Surface  

 

 

 

4 km 

 

Integrated 

Forecast 

Systems 

(IFS) 

 

 

- 

 

WRF 

Single 

Moment 

Class 3 

and 5 

 

 

Yonsei 

University 

 

Dudhia 

Shortwave 

Scheme 

 

RRTM 

Longwave 

Scheme 

 

 

5 Layer 

Thermal 

Diffusion 

 

Yet, as it was mentioned above, the prediction accuracy of model has been enhanced 

by the working mechanisms and content of many atmospheric components. 

Therefore, it is not much possible to believe that one configuration suits every region 

and climate in Turkey well and produces the ‘most realistic’ forecast for the heavy 

precipitation events. The biggest motivation underlies the sensitivity analysis is to 

determine the special model configuration options which usually offer the most 

successful rain predictions in Mediterranean and Eastern Black Sea regions and  

improving the model forecast performance and accuracy to the reality.  
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Since this kind of detailed sensitivity analysis has not been done before in Turkey, 

the study carries great importance for atmospheric research and also contributes the 

best chance to observe the impact of climate change on precipitation regimes which 

is also the other motivation under the thesis.  

Similar comments can be said for SST analysis. The WRF model provides different 

outcomes when an external updated SST source has been used in its configuration. 

Othervise, the SST data is taken constant for each day of the run period which does 

not suit with the real case. Thus,  observing the impact of this parameter on forecast 

and again finding the ‘best option’ (among SST sources) for future operational 

studies, are the aims of this study. As the power of climate change is rising, the 

frequency and the impact size of convective heavy precipitation events triggered by 

the changes in SSTs,  are also increasing.  

1.4 Description of Thesis  

This thesis study consists of 5 chapters with two seperate studies:  

 

 Initially, the aim of the studies and the general principles to follow while 

conducting those, are explained by Chapter 1. 

 

 In Chapter 2,  the methodology is represented. Accordingly, the study areas, 

the event dates, the numerical weather prediction model, its main working 

steps, are placed into this chapter.  

 

 Chapter 3 shows the model configuration arragements in both sensitivity 

and SST analyses. The first three subsections of this chapter explain the 

selection criteria of the input and physical parameters be used in Sensitivity 

Analysis and how the model configurations has been arranged through the 
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mentioned study whereas Chapter 3.4 & Chapter 3.5 cover the event dates, 

the selection and the arrangement processes of SST sources for SST Analysis.  

 

 The results of sensitivity and SST analyses for each event date and region 

that are evaluated by various perspectives, are offered via Chapter 4.  

 

 As the last chapter of this thesis Chapter 5, discusses the general outcomes 

obtained from both studies, highlights the important factors and finally offers 

some suggestions for future climate studies.   
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CHAPTER 2  

METHODOLOGY 

2.1 General Information 

  

The flowchart of methodology that has been followed through this thesis, is given in 

Figure 2.2.1 By looking at this figure, it can be easily seen that for both parts or 

studies, the WRF model is common. Then, the sensitivity study showed under 

‘PART I’ has conducted by determining the extreme precipitation event dates and 

station locations and choosing the initial and boundary conditions and the physical 

parameters of WRF.   

 

The results of this study are evaluated by many different aspects. Depending on the 

general outcomes from all of these aspects, the best configuration options which give 

the most accurate prediction, have been chosen for each study area. After this step, 

the second part of the thesis (PART II) has been carried out. Once again, the heavy 

rainfall event dates and the SST data sources are estimated but the important point 

here has been illustrated by orange line comes from the PART I. As this line indicates 

that the best options determined from sensitivity analysis, are directly used during 

the model configuration of SST analysis. By this way, both of the studies are 

connected to each other. Afterwards, the obtained results from the four different SST 

sources’ model performances are investigated with some different analyses and tried 

to find the best performer source among all for the extreme precipitation forecasts. 
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2.2 The Study Areas 

The studies that are aimed to conduct under this thesis, are chosen from the events 

occured on two regions of Turkey: Mediterranean and Eastern Black Sea. The main 

reason behind this decision is actually finding the similarities as well as the 

diversities that the WRF model applies onto its forecasts based on the region. Since 

the climates of these regions are quite different from each other whereas the 

orographic features are close.  

As the name itself implies, Mediterranean climate dominates the Mediterranean 

region. The summers usually pass dry and high temperatures while the winters are 

moderate.  On the other hand, Eastern Black Sea region has oceanic climate with 

warm and humid summers, wet and cold winters. Both of the regions have mountains 

at the coastal area and these mountains are located as parallel to the sea. Therefore, 

the altitude, the complex topography and the climatic impacts from the seaside 

towards the inlands are quite similar among these two regions. Hence, as a first step 

of sensitivity analysis conducted on Turkey, initially these two regions are selected 

to study and it is aimed to see how the model sensitivity on forecast accuracy has 

changed due to their climate regions but still have common orographical features.   

Normally, all of the studies examined in the scope of this thesis are applied on the 

specific basins in Mediterranean and Eastern Black Sea regions. According to that, 

Antalya and Eastern Black Sea basins are determined for Mediterranean, Eastern 

Black Sea heavy precipitation events, respectively.  

  



 

 

 
11 

 

 

Figure 2.2.1 Methodology Overview 
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2.3 Selection of Extreme Precipitation Events and Observation Stations for 

Each Region 

The hourly precipitation data recorded via the observation stations for the last 10 

years, between 2008.01.01 – 2017.12.31, is acquired from GDM. Throughout this 

dataset and the information about the events, the numbers of heavy precipitation 

frequencies took place in each season has shown on Table 2.3.1 and Table 2.3.2. 

Based on these tables, the maximum number of extreme precipitation events in 

Antalya basin (Mediterranean region) occured during autumn season. Comparing to 

other seasons, with 23 events, the autumn forms almost one third of the sum of total 

event numbers at this region. For Eastern Black Sea basin (Eastern Black Sea region) 

the result is the same. Here, more than half of the other seasons’ total event number 

were recorded in autumn season. Nearly the half of 100 events in Eastern Black Sea 

on the other hand, were observed in summer season. This examination indicates that 

the autumn is a rainy season that influence the most of the extreme events taking 

place in both areas; even though the event frequencies also vary from one year to 

another as well as the seasons.  

Therefore, the years and the seasons of selected events carry great importance while 

trying to find the best configuration conditions for each region. One autumn and one 

summer events are selected for each of region so that beside orographical and 

climatic features, the seasonal effects on the study areas can also be included into the 

WRF sensitivity analysis.  
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Table 2.3.1 Numbers of extreme precipitation events recorded  in Antalya Basin through 

the seasons between 2008 - 2017   

  

 

2008 

 

2009 

 

2010 

 

2011 

 

2012 

 

2013 

 

2014 

 

2015 

 

2016 

 

2017 

 

TOTAL 

SPRING 0 0 0 3 2 0 1 1 0 7 14 

SUMMER 1 1 0 0 0 1 1 2 1 5 12 

AUTUMN 0 5 4 1 1 1 5 2 0 4 23 

WINTER 0 3 4 0 3 1 1 1 0 0 13 

SUM OF ALL 62 

 

Table 2.3.2 Numbers of extreme precipitation events recorded  in Eastern Black Sea Basin 

through the seasons between 2008 - 2017   

  

 

2008 

 

2009 

 

2010 

 

2011 

 

2012 

 

2013 

 

2014 

 

2015 

 

2016 

 

2017 

 

TOTAL 

SPRING 1 2 2 0 0 2 0 4 0 2 13 

SUMMER 6 13 4 3 4 3 3 4 4 1 45 

AUTUMN 0 7 2 4 6 1 4 6 3 5 38 

WINTER 0 1 1 0 0 1 0 0 0 1 4 

SUM OF ALL 100 

 

The hourly precipitation data of the last decade (2008.01.01 – 2017.12.31) are 

delivered from GDM for all available observation stations located in the study areas 

However, since this study only focuses on Antalya and Eastern Black Sea basins, the 

stations which are not located within the boundaries of these basins, are eliminated 

from the others.  
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After this step,  50 observation stations for Antalya, 109 observation stations for 

Eastern Black Sea have remained. Yet, still not all of these stations have the 

continuous dataset for each time step or the precipitation data percentage to be used 

in the validation process. Because of this reason, the quality control analysis has been 

applied on the stations. In quality control analysis, the stations which their means 

during the event period are equal to ‘0’ and and also the stations which provide less 

than 95 %  of valid data during the model run time (73 hours for this study) of that 

event were disqualified from the set. Thus, the analysis was not conducted by 

considering the stations’ data for the whole 10 years period but investigating them 

based on their data quality during 3 days event period.  

The selection process of observation station that are planned to use in Sensitivity 

Analysis is shown by Figure 2.3.1.  

 

 

Figure 2.3.1 The location of 511 observation stations in Mediterranean and Black Sea 

regions represented on the map. Red points indicate the stations do not locate within the 
boundaries of study areas whereas white points refer the stations that could not pass the 

quality control analysis. Black points show the actual stations which can satisfy both 

conditions 
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In Table 2.3.3 and Table 2.3.4,  the possible event dates and the total number of 

stations survived from data quality control analysis for each event, additionally the 

ID number, coordinates and the peak precipitation amount of main station in which 

maximum hourly rain recorded during that event period, are represented for 

Mediterranean and Black Sea regions, respectively. The cumulative precipitation and 

the peak hour when maximum precipitation dropped over the region, are calculated 

based on 73 hours dataset period of each event date.  Apart from it, the percentage 

of total precipitation stated under ‘Precipitation Data (%)’ column has prepared by 

using all avaliable rain data of the valid stations according to their event periods. 

Table 2.3.3 The characteristic features of heavy precipitation events occured in Antalya 

Basin between 2008 - 2017 

Event Date 

Main 

Station’s 

Number 

 

Latitude 

(°) 

 

Longitude 

(°) 

Maximum 

Precipitation 

(mm) 

Cumulative 

Precipitation 

(mm) 

Maximum 

Precipitation 

Hour 

Percentage 

of 

Precipitation 

(%) 

 

Total 

Number 

of 

Stations 

to be used 

in 

Validation 

Study 

20.09.2008 17927 37.0968 31.5952 37 91.6 69 12 14 

6.01.2009 17310 36.5507 31.9803 33 60.6 47 24 13 

13.02.2009 17302 36.8851 30.6828 48 144.4 37 32 14 

20.09.2009 17310 36.5507 31.9803 23 30.2 40 3 14 

13.10.2009 17310 36.5507 31.9803 43.8 120 56 18 14 

14.10.2009 17310 36.5507 31.9803 43.8 120 32 20 14 

3.12.2009 17895 36.9393 30.898 19 83.6 30 29 12 

15.12.2009 17895 36.9393 30.898 43.6 118.8 50 29 13 
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Table 2.3.3 (cont’d) The characteristic features of heavy precipitation events occured in 

Antalya Basin between 2008 - 2017 

18.12.2009 17310 36.5507 31.9803 6.8 41.6 38 20 13 

28.12.2009 17302 36.8851 30.6828 42.8 151.6 46 16 14 

23.01.2010 17954 36.7895 31.441 23.6 83.4 19 23 14 

28.01.2010 17895 36.9393 30.898 13.8 186.6 51 27 14 

7.02.2010 17302 36.8851 30.6828 12.6 128.8 49 36 13 

24.02.2010 17954 36.7895 31.441 22 48 50 14 14 

25.11.2010 17895 36.9393 30.898 22 59 7 26 13 

10.12.2010 17927 37.0968 31.5952 12.2 109.4 43 45 3 

14.12.2010 17927 37.0968 31.5952 11.6 184.8 39 45 3 

16.12.2010 17927 37.0968 31.5952 15.2 272.8 48 53 4 

2.04.2011 17310 36.5507 31.9803 37 141.4 54 30 12 

3.04.2011 17310 36.5507 31.9803 37 152 30 39 13 

12.06.2011 17302 36.8851 30.6828 15.6 24.2 63 9 13 

9.10.2011 17927 37.0968 31.5952 56.8 162 47 35 7 

1.01.2012 17954 36.7895 31.441 14.4 111.2 22 39 6 

6.01.2012 17954 36.7895 31.441 13.8 109 69 44 14 

10.01.2012 17302 36.8851 30.6828 18.2 57.2 53 49 13 

18.04.2012 17826 38.1047 30.5577 7.4 18.6 38 9 13 

19.05.2012 17954 36.7895 31.441 25.4 36.6 28 25 14 

18.12.2012 17927 37.0968 31.5952 11.6 201.4 50 54 14 

14.02.2013 17954 36.7895 31.441 43.2 65.6 64 20 26 

17.07.2013 17240 37.7848 30.5679 23 44.8 35 4 26 

25.11.2013 17895 36.9393 30.898 26.8 118.2 48 29 26 
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Table 2.3.3 (cont’d) The characteristic features of heavy precipitation events occured in 

Antalya Basin between 2008 - 2017 

7.06.2014 18013 36.866 31.775 23.6 34.7 60 11 30 

18.08.2014 18015 36.9703 30.4339 6.9 7.3 34 2 30 

23.10.2014 17915 36.8604 31.0627 61 258.2 69 30 26 

24.10.2014 17917 36.8886 31.2494 53.4 267 45 40 25 

25.10.2014 17917 36.8886 31.2494 53.4 297.8 21 35 25 

14.11.2014 18307 37.0987 30.6425 28 109.1 34 21 29 

12.12.2014 18016 36.9501 30.6025 38.7 123.3 35 19 30 

26.12.2014 18306 36.9517 31.1189 13.1 49.6 47 21 14 

12.01.2015 18016 36.9501 30.6025 78.2 310.8 48 40 31 

27.03.2015 18111 37.3792 30.8228 20.8 107.9 60 42 32 

21.06.2015 18047 37.0468 31.7971 11.1 13.9 14 3 32 

1.08.2015 17927 37.0968 31.5952 22.6 39 20 4 34 

22.10.2015 17954 36.7895 31.441 78.2 236.2 47 29 35 

23.10.2015 17954 36.7895 31.441 78.2 255.4 23 34 36 

20.09.2016 18014 37.1046 30.9345 51 86.9 70 10 36 

3.05.2017 17240 37.7848 30.5679 24.5 40.2 42 3 43 

22.05.2017 18111 37.3792 30.8228 21.4 49 35 9 41 

30.05.2017 17917 36.8886 31.2494 53.4 54 44 9 43 

4.06.2017 17926 37.0565 30.191 24.4 27 59 5 44 

5.06.2017 17926 37.0565 30.191 24.4 25.6 35 5 44 

17.06.2017 18610 37.2478 31.7747 28 33.1 38 4 44 

19.06.2017 17917 36.8886 31.2494 29.9 64.7 31 8 44 

4.08.2017 18846 38.4558 31.0531 27 27.7 39 8 34 
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Table 2.3.3 (cont’d) The characteristic features of heavy precipitation events occured in 

Antalya Basin between 2008 - 2017 

5.08.2017 18846 38.4558 31.0531 27 31.3 15 7 32 

6.08.2017 18611 36.7886 32.2792 18.3 19.5 13 5 34 

21.08.2017 18609 37.3017 30.1767 14 27.3 38 3 32 

30.08.2017 18844 37.5242 31.1881 59.2 66.2 38 4 34 

24.10.2017 17954 36.7895 31.441 31.3 131.7 47 20 41 

25.10.2017 17954 36.7895 31.441 31.3 144.3 23 25 44 

29.10.2017 17310 36.5507 31.9803 22.8 82.8 35 15 42 

27.11.2017 17954 36.7895 31.441 29.6 163.2 68 28 43 

 

Table 2.3.4 The characteristic features of heavy precipitation events occured in Eastern 

Black Sea Basin between 2008 - 2017 

Event Date 

Main 

Station’s 

Number 

Latitude 

(°) 

Longitude 

(°) 

Maximum 

Precipitation 

(mm) 

Cumulative 

Precipitation 

(mm) 

Maximum 

Precipitation 

Hour 

Percentage 

of 

Precipitation 

(%) 

 

Total 

Number 

of 

Stations 

to be used 

in 

Validation 

Study 

29.05.2008 - - - - - - - - 

22.06.2008 - - - - - - - - 

30.06.2008 - - - - - - - - 

3.07.2008 - - - - - - - - 

8.07.2008 - - - - - - - - 

14.09.2008 - - - - - - - - 
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Table 2.3.4 (cont’d) The characteristic features of heavy precipitation events occured in 

Eastern Black Sea Basin between 2008 - 2017 

18.09.2008 - - - - - - - - 

6.06.2009 - - - - - - - - 

18.06.2009 - - - - - - - - 

30.06.2009 - - - - - - - - 

15.07.2009 - - - - - - - - 

17.07.2009 - - - - - - - - 

21.07.2009 - - - - - - - - 

22.07.2009 - - - - - - - - 

25.07.2009 - - - - - - - - 

27.07.2009 - - - - - - - - 

28.07.2009 - - - - - - - - 

8.08.2009 - - - - - - - - 

10.09.2009 - - - - - - - - 

16.09.2009 - - - - - - - - 

17.09.2009 - - - - - - - - 

20.09.2009 - - - - - - - - 

23.09.2009 17042 41.4065 41.433 23 154.8 35 43 9 

28.09.2009 17624 41.143 37.293 14.4 50.8 29 43 9 

6.10.2009 17040 41.04 40.5013 11.6 46.2 30 13 12 

28.10.2009 17040 41.04 40.5013 14.4 24.8 54 19 11 

30.10.2009 17628 41.1777 40.8993 19 141 26 64 11 

20.11.2009 - - - - - - - - 

21.11.2009 - - - - - - - - 
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Table 2.3.4 (cont’d) The characteristic features of heavy precipitation events occured in 

Eastern Black Sea Basin between 2008 - 2017 

21.12.2009 17628 41.1777 40.8993 8.4 57.6 13 26 4 

4.01.2010 17040 41.04 40.5013 7.2 41.2 57 22 11 

16.06.2010 17042 41.4065 41.433 26 80.8 31 21 13 

17.06.2010 17042 41.4065 41.433 26 88.8 7 26 14 

14.07.2010 17040 41.04 40.5013 41.8 118 42 16 14 

24.07.2010 17628 41.1777 40.8993 24.2 87.2 62 22 14 

26.08.2010 17040 41.04 40.5013 39.8 200.8 43 14 14 

14.09.2010 17042 41.4065 41.433 27.6 103.2 43 15 13 

23.09.2010 17628 41.1777 40.8993 27.4 129.4 21 21 14 

30.09.2010 17628 41.1777 40.8993 28.4 103 67 17 13 

22.07.2011 - - - - - - - - 

12.08.2011 17033 40.9838 37.8858 23.2 62.2 68 23 14 

18.08.2011 17033 40.9838 37.8858 31.8 168.4 52 14 14 

24.09.2011 17040 41.04 40.5013 33.2 211 33 27 13 

25.09.2011 17628 41.1777 40.8993 33.6 128 65 32 13 

12.10.2011 17569 40.6193 40.4435 4.2 22 71 21 2 

18.10.2011 - - - - - - - - 

25.06.2012 17088 40.4598 39.4653 2.6 8.6 43 6 3 

29.07.2012 17040 41.04 40.5013 40.4 64.8 51 4 13 

31.07.2012 17040 41.04 40.5013 40.4 88.6 3 7 13 

6.08.2012 17624 41.143 37.293 34.4 180.8 31 20 14 

22.09.2012 17042 41.4065 41.433 49.2 310.6 52 21 14 

23.09.2012 17042 41.4065 41.433 49.2 306.8 28 18 14 
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Table 2.3.4 (cont’d) The characteristic features of heavy precipitation events occured in 

Eastern Black Sea Basin between 2008 - 2017 

4.10.2012 17686 40.5592 38.4397 9.6 20.6 38 10 14 

9.10.2012 17040 41.04 40.5013 22.6 67 36 21 14 

11.10.2012 17040 41.04 40.5013 16.2 31.6 48 17 14 

12.10.2012 17040 41.04 40.5013 16.2 30.4 24 15 14 

16.03.2013 17626 41.0325 39.5615 7.2 28.6 46 28 23 

18.06.2013 17769 41.0503 40.8992 41.8 79.2 65 22 23 

19.06.2013 17769 41.0503 40.8992 41.8 80.2 41 17 24 

10.07.2013 17624 41.143 37.293 62.6 117.2 46 6 35 

31.08.2013 17628 41.1777 40.8993 26.8 67.8 47 24 35 

21.09.2013 17772 41.1528 41.0703 35.2 123.6 43 44 33 

3.10.2013 17624 41.143 37.293 23.6 212.8 62 49 34 

22.06.2014 18558 40.9146 38.1942 61 139.7 44 19 64 

4.08.2014 18566 40.98972 40.42889 75.5 118.6 43 9 66 

5.08.2014 17040 41.04 40.5013 46 119.4 19 13 45 

24.09.2014 18554 41.3166 41.2928 55.3 174.5 28 21 62 

18.10.2014 17040 41.04 40.5013 22.4 93.4 54 47 63 

31.10.2014 18567 41.2703 41.1556 45.4 180.4 43 40 63 

21.11.2014 17689 41.0405 37.4878 32.2 109 52 29 65 

21.03.2015 18562 40.8522 38.5714 15.6 48.8 54 41 65 

16.05.2015 18222 40.5894 38.2789 12.1 15 43 4 49 

23.05.2015 18227 40.5686 39.2989 8.7 15.5 38 2 62 

19.06.2015 18531 40.8561 37.2486 61.2 64.9 38 11 65 

25.06.2015 18531 40.8561 37.2486 20.2 40.2 18 30 62 
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Table 2.3.4 (cont’d) The characteristic features of heavy precipitation events occured in 

Eastern Black Sea Basin between 2008 - 2017 

23.08.2015 18554 41.3166 41.2928 36.9 225.7 2 13 78 

24.08.2015 18568 40.8711 40.5825 32.6 102.3 26 14 78 

29.08.2015 17624 41.143 37.293 44.6 77.6 8 5 79 

7.10.2015 18560 41.0175 38.9519 38.6 235 39 34 77 

13.10.2015 17800 40.9898 40.6083 39.8 151.4 61 38 24 

14.10.2015 17800 40.9898 40.6083 39.8 169.8 37 37 24 

15.10.2015 17800 40.9898 40.6083 39.8 166.6 13 26 80 

11.11.2015 17569 40.6193 40.4435 32.2 78.8 56 45 75 

12.11.2015 17569 40.6193 40.4435 32.2 77 32 46 74 

31.08.2016 18567 41.2703 41.1556 64.9 279.4 57 18 76 

1.09.2016 18567 41.2703 41.1556 64.9 279.4 33 18 76 

4.09.2016 17628 41.1777 40.8993 53.4 201.2 34 18 78 

21.09.2016 18231 41.0328 39.2144 81.1 299.7 34 23 75 

28.09.2016 18560 41.0175 38.9519 30.8 71 44 26 78 

25.10.2016 17781 41.0603 40.7417 19.9 168.7 30 35 77 

14.11.2016 19059 40.9758 41.1125 40.1 398 31 27 87 

14.04.2017 17775 40.98353 40.33194 8.8 24.4 32 17 87 

20.06.2017 19060 40.8039 39.9689 23 42.9 59 28 91 

15.08.2017 18905 41.0408 40.7669 36.4 68.5 64 8 81 

23.09.2017 18554 41.3166 41.2928 51.5 248.2 63 24 60 

27.09.2017 18905 41.0408 40.7669 33 135.8 72 21 65 

1.10.2017 17040 41.04 40.5013 20.9 74.8 55 30 76 

14.10.2017 18554 41.3166 41.2928 11.3 46.9 49 10 91 
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Table 2.3.4 (cont’d) The characteristic features of heavy precipitation events occured in 

Eastern Black Sea Basin between 2008 - 2017 

16.10.2017 18554 41.3166 41.2928 25.9 104.2 33 30 90 

23.12.2017 18527 40.9756 37.9672 7.6 70.1 7 59 58 

 

As mentioned before, the one of the aims is to observe how the best configuration 

options of the model forecasts have changed through the seasonal difference over the 

same region. According to this aim,  one summer and one autumn time events have 

been decided to use for each study area in the sensitivity analysis under this thesis. 

Therefore, two events are selected from Table 2.3.3 to be conducted on 

Mediterranean region and two others are also determined from Table 2.3.4 for Eastern 

Black Sea region.  

The selected event dates can be seen in Table 2.3.5. It should also be kept in mind 

that the value of peak precipitation amount as well as having the high percentage of 

precipitation data and the valid stations number during the event periods (established 

as 73 hours in this analysis) are important factors to look during the event dates 

selection process.   

 

Table 2.3.5 Selected event dates of regions to be used in Sensitivity Analysis 

Selected Events 

Dates 
Mediterranean Eastern Black Sea 

Autumn Event Date 27.11.2017 14.11.2016 

Summer Event Date 30.08.2017 21.09.2016 
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2.4 Weather Research and Forecasting Model – WRF 

With a basic definition, WRF is a tool to observe the state of art atmospheric 

simulation system (Abualkishik, 2018). It is a mesoscale NWP model and like other 

NWPs, it is designed for use in atmospheric research and operational forecasting 

applications. 

 Since the model is mesoscale, it can work on a wide range scales, starting tens of 

meters to thousands of kilometers from the Earth surface. However, WRF is 

generally preferred to use on synoptic/regional studies and it is one of the most 

common models comparing to other NWP. Since WRF has strong software utilities’ 

architecture and it is an open source model that has been supported and improved by 

its users all the time. Therefore, it is much flexible (Abualkishik, 2018).  

WRF includes two dynamic cores: the Non-hydrostatic Mesoscale Model (NMM) 

(Janjic, 2003) core and the Advanced Research WRF (ARW) (Skamarock et al. 

2005) core. Each of these cores has developed by different institutions and contains 

diverse dynamic solvers which is the key component of the model system for 

processing on map projections, grid staggering (Arawaka E grid for NMM, C grid 

for ARW), vertical coordinate systems (Hybrid sigma-pressure for NMM, Mass-

based terrain-following for ARW) and data assimilation capabilities (Bernardet et 

al., 2006;  Balseiro, 2008).  

NMM is a product of the National Centers for Environmental Prediction (NCEP) and 

had been converted from Eta model physics whereas ARW is created by the National 

Center for Atmospheric Research (NCAR) and had been converted from MM5 

model physics (Bernardet et al., 2006). 

NMM and ARW are nonhydrostatic models and they both can be used for similar 

applications: 

 Idealized simulations (e.g. LES, convection, baroclinic waves) 

 Parameterization research 
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 Data assimilation research 

 Forecast research 

 Real-time NWP 

 Regional climate research 

 Coupled-model applications 

 Teaching 

(UCAR, 2019) 

 

Yet, they have quite implication variety in their simulations. ARW has more complex 

dynamic and more physical settings than NMM. Additionally, some studies 

(Bernardet et al., 2006; Szunyogh, 2015; Szoke et.al., 2007)  which have been 

conducted by both cores to compare their forecast performances, claim that the 

model works with the ARW core gives better predictions on multiple downscaling 

nestings because it offers more dynamic and physical options to shape the model 

atmospheric system. Therefore, it can be considered that the WRF ARW core usually 

gives better predictions for multiple nested domains.  

By looking at these judgements, WRF ARW core (Version 4.0) has determined to 

be used in both sensitivity and SST analyses of this thesis.  

2.5 Operating Mechanism of WRF Model 

There are two main process systems for WRF model to follow. The first one is a pre-

processing system which is called WPS and it includes three parts: geogrid, ungrib 

and metgrid (UCAR, 2019). Static and dynamic features of every event are 

introduced to the model within these parts. After these steps have completed, the 

WRF model system is ready to be used in further steps to produce forecasts. This 

portion of the model includes real.exe and wrf.exe programs to be run, respectively 

(UCAR, 2019) 

. 
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WRF model runs via the setting options specified in the namelists by the user. The 

model has two seperate namelists: namelist.wps and namelist.input. The first one, 

namelist.wps, is required to adjust for pre-processing system of the model (UCAR, 

2019). It includes sections for each of three programs of WPS. In each section, the 

model has been formed about how to combine input data with study area and in 

which format that the output files will be created. By the second namelist, 

namelist.input, all of the model parameters are defined into the model, including the 

previous sections of WPS namelist and many more such as the physics, dynamics, 

body and control (UCAR, 2019). This namelist is very crucial as the WRF model 

itself provides forecasts by directly using the directives in the namelist.input. 

The purposes and the working mechanisms of the process programs under the model 

are explained below. 

2.5.1 Geogrid.exe 

Geogrid is the first step of WPS system to be run.  In this step, the projection,  the 

geographic coordinates and the grid size (or the resolution) of study areas (domain) 

that are wished to be work by the model, are defined (UCAR, 2019). 

 

Since the WRF model can be run for multiple small areas (nests) under a big common 

region (parent domain), it is very important to define the numbers of these nests 

correctly into the model namelists. According to this, the example Figure 2.4.1 shows 

how the model domains are numbered in order to be specified in the namelists.     

Let’s assume, the locations of all domains are shown in Figure 2.4.1. As it can be 

observed from the illustration here, the biggest common domain among these options 

is “d01” and it can be considered as the ‘parent domain’ of the model but not for all 

nests because the parent domain of each nests indicates the one size bigger domain 

option (Carlos F. Balseiro, 2008; Davies, 2014).  
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In Figure 2.4.1, the colorful arrows pointing out from each nest refer that nest’s parent 

domain. Based on this, while the parent domain of d02 and d04 is d01, the one size 

bigger domain of d03 is d02. It should be also kept in mind that the nests must be 

completely smaller than their parent domains and fit in it perfectly. None of the nests 

or the parent domains can intersect with each other.    

. 

 

Figure 2.4.1 The illustration of the relation among the nests and their parent domains. “d” 

letter before the numbers indicate the “domain” word 

 

Therefore, the parent_id section in both namelists (namelist.wps and namelist.input) 

are filled with each parent domain number based on this perspective (Figure 2.4.2).   

The first column refers to the main parent domain so its ID is 1 but rest of columns 

represent the nests and their parent domains’ IDs with respect to Figure 2.4.1.  

 

Figure 2.4.2 An example to how to fill the parent_id section in the namelists of WRF 

model. “d” letter before the numbers indicate the “domain” word 

After geogrid process, as the static data (do not change depending on time), the 

orographic features of the study areas are builded up in the model configuration.  
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2.5.2 Ungrib.exe 

As the second step of WPS system, ungrib program is highly important because the 

initial boundary conditions of the model are determined here (UCAR, 2019). WRF 

model has the starting and ending dates to make run in between that period and it 

also needs meteorological condition file of these days to feed its forecasts with the 

data provided from this source by specific interval hours so that the accuracy of the 

predictions have been improved. That meteorological dataset which contains the 

atmospheric data of each day of the run period is given to the model by ungrib 

program. Hence, ungrib.exe open the input meterological dataset and make it 

possible for the model to read it. 

2.5.3 Metgrid.exe 

The last program that is run under WPS, is metgrid.exe. So far, the static 

(orographical features from geogrid) and dynamic (meteorological input dataset 

from ungrib) data have given into the WRF model. Yet, these are not combined over 

the domain area. Therefore, these two components are needed to be match to be able 

to mimic real atmospheric conditions. At this point, metgrid does that job by 

horizontally interpolating (UCAR, 2019) the input data over the domain area. It 

should be kept in mind that the metgrid program produces an output per by every 

interval hour for each domain.  

2.5.4 Real.exe 

After all WPS steps are completed, WRF process system is ready to read and 

differenciate the parameters as initial and boundary condition files. Initial condition 

file includes constant atmospheric and orographic variables provided by the first two 

steps of WPS whereas the boundary condition file is filled with the variable that will 

change through the time (Carlos F. Balseiro, 2008).  
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This step is applied for wrf.exe program so that it can easily read the inputs and make 

the WRF run (UCAR, 2019).  

2.5.5 Wrf.exe  

Finally the WRF model is ready to run. Since everything (horizontally and vertically) 

has already arranged before, the model now can produce the forecasts for the 

specified run period by wrf.exe program (UCAR, 2019). 
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(UCAR, 2019) 

Figure 2.4.1 Flowchart of WRF Model System 
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CHAPTER 3 

MODEL CONFIGURATION ARRANGEMENTS 

PART I - Sensitivity Analysis 

Through the reference studies (Argüeso et al., 2011; Gelpi et al., 2016; Zeyaeyan et 

al., 2017; Yao et al., 2017; Sikder et al., 2016; Jee & Kim, 2017) that are conducted 

on similar climatic regions, it has found that the microphysics, cumulus and planetary 

boundary layer (PBL) are the most powerful physical components of the atmospheric 

system for precipitation forecasts in NWP models. Therefore, only these three 

parameters of physics are included into the sensitivity analysis.   

The input meteorological dataset, as mentioned before, is also another essential 

parameter for WRF model predictions because the model takes the initial boundary 

conditions by using this dataset. Normally, WRF generates prediction for each hour 

from its calculated simulations but first the model needs to know the initial states of 

atmosphere as the starting point. The input meteorological dataset supplies this 

information to the model. However after the initial hour,  the model keeps to update 

its atmospheric boundary conditions by using this dataset for every time interval. 

The time interval is determined via the user and it is usually preferred as 3 or 6 hours 

(UCAR, 2019).      

With respect to the conducted studies under this thesis, the interval time to update 

boundaires has  been determined as 6 hours (21600 seconds).  This period is valid 

for all forecasts that will run by both the sensitivity and SST analyses.  

As the model redefines the boundary conditions from this dataset during the run 

period, that actually helps to its prediction profile to be kept through the real aspect 

of the event so the accuracy has enhanced.   
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The selections of physical parameter schemes and the meteorological datasets which 

have been decided to use through the sensitivity analysis of heavy precipitation 

events occured on Mediterranean and Eastern Black Sea regions, are explained in 

the following pages.    

3.1 Selection of Input Datasets  

The Global Forecast System (GFS) (Peng, 2014a,b) and the ERA5 Reanalysis 

(ERA5) (ECMWF, 2020) datasets are selected for the meteorological data sources 

to be used in the WRF model sensitivity analysis of this thesis.  

The GFS is provided under the same named model (The Global Forecast System 

model)  product via the National Centers for Environmental Prediction (NCEP).  

Since it is a coupled model, it combines four seperate models: an atmosphere model, 

an ocean model, a land/soil model, and a sea ice model (Iracema et al., 2014). The 

coupled models are important to describe an accurate picture of weather conditions 

because they mimic the real Earth system.  

Additionally, because they compose the four seperate models, the GFS dataset 

includes all the seperate models’ variables together. However, the specific feature of 

this dataset to be selected to use in the current study, is containing only the forecasts 

results. This indicates that the outcome of the previous day forecast has been entered 

as the input meteorological data for the next forecast. The GFS does not include 

observational data (Iracema et al., 2014). In this sense, it may be said that the GFS 

dataset actually shows the model forecast’s performance by using its resulted 

prediction as the new input dataset of the coming model run.  The GFS dataset can 

be found out up to 16 days in the future. The horizontal resolution or the grid space 

in this source’s data is around 28 kilometers.    

The ERA5 Reanalysis, on the other hand, is a product of European Centre for 

Medium – Range Weather Forecast (ECMWF). It is also a coupled model that 

contains the multiple variables on the atmospheric, oceanic, land/soil models 
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(Hersbach et al., 2020). Since this is a reanalysis product, it contains both the forecast 

and the observation data in its sets.  

Through the ERA5 process (Hersbach et al., 2020), the forecast has been run for 12 

hours. Here, 12 hours refer the assimilation window (Figure 3.1.1). This time period 

has been decided, is because according to the researchers  the optimal forecast range 

that gives the most accurate prediction is 12 hours. At the end of this time period, 

the first forecast has been produced. Then, the observation stations’ data on the same 

interval are collected and added to the system. By adjusting the previous forecast 

with the real observational data, the corrected forecast can be established.  

After this step, the forecast re-run one more time. That’s why, this meteorological 

input data type is called ‘reanalysis’. By looking at the difference between previous 

and corrected forecasts on the y axis of this graph, once again the importance of the 

input dataset on the initial boundary conditions can be observed clearly. The ERA5 

Reanalysis dataset has been provided for 137 levels from the surface up to a height 

of 80 km and like GFS, the horizontal resolution or the grid space in this source’s 

data is around 28 – 30 kilometers.  

 

Figure 3.1.1 The mechanism of how ERA5 Reanalysis dataset has obtained by ECMWF 

(Hersbach et al., 2020) 
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As the ERA5 Reanalysis data combines the reality with the forecast and make the 

corrected predictions, it is expected to give more accurate results for the past time 

event forecasts and this is the main reason why it has been included into the planned 

sensitivity analysis. Correspondingly, there is no chance for a reanalysis data 

provided for the future predictions because it needs the observation records to 

continue in time. Therefore, the ERA5 Reanalysis data can be valid or updated to the 

users within 5 days of real time, not any further.  

To sum up,  the GFS and the ERA5 Reanalysis meteorological data sources are 

selected due to the presence of the observational data and the methods of creating 

these datasets.  

3.2 Selection of Parameterization Schemes 

For this study, the parameters that are known to be more effective on rainfall 

occurence are selected to be used in the sensitivity analysis so that their levels of 

impact can be analysed. Based on this perspective, the analysis has been aimed to 

conduct for only cumulus, microphysics and planetary boundary layer (PBL) 

parameterizations. Therefore, while various approachs (schemes) to be used in the 

calculations of these physics are selected for the sensitivity analysis, only one 

approach (scheme) has determined for the other physical components in the model 

configurations.  

3.2.1 Cumulus Parameterization 

In atmospheric system, all physical components work together. For instance, 

according to Arawaka’s report (Arakawa, 2004), the cloud formation is directly 

related with the momentum and heat fluxes that are carried up and down through the 

planetary boundary layer (PBL). Since these fluxes are formed by the emission, 
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absorption and the reflection of radiation in atmosphere – oceans coupling, the solar 

energy can also be considered as one of the main components of whole the cloud 

system (Arakawa, 2004; Stensrud, 2012). 

 

 

 

Figure 3.2.1 General Representation of the clouds and their related processes 

(Arakawa, 2004) 
 
Based on the impact size and power of these components, some synoptic and 

mesoscale circulations such as cyclones, tornadoes, thunderstorms (Stensrud, 2012) 

can be generated. By this way, the cloud system influences on not only the dynamic 

atmospheric system but also the hydrological cycle of the World (Arakawa, 2004).   

 

There are two types of precipitation: convective and non-convective. The convective 

precipitation is produced by the cumulus clouds whereas non-convective 

precipitation has provided from microphysics processes. That’s why, it is critical to 

include these two parameters into sensitivity analysis of WRF model, especially if 

this study has conducted to observe the forecast performance efficiency for the 

intense precipitation events.  
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Due to various physical - chemical interactions within the cumulus and the 

surrounding atmosphere, the size and height of cumulus clouds can change a lot. This 

also shapes the type of cumulus clouds (deep or shallow) and their effects on the 

atmosphere and the land. However, that does not mean that the same type of clouds 

also behaves exactly the same. Since the cumulus behaviours are formed by the 

orographic and atmospheric features (temperature, wind, humidity etc.) of the region 

they accumulated over. Therefore, as represented on Figure 3.2.2 The need for cumulus 

parameterization, even in a single location,  the cumulus clouds depths and impacts 

may vary (Jakop & Miller, 2003). 

 

   

 

Figure 3.2.2 The need for cumulus parameterization 

(Mironov, 2015) 
 
The convection is a sub-grid process so to be able to observe the collective effects of 

these cluster clouds,  the cumulus parameterization can be used in the numerical 

weather prediction models. As the objective of cumulus parameterization is to obtain 

a ‘closed system’ for predicting weather and climate  (Stensrud, 2012). Taking 

cumulus clouds as a cluster, is important to built that closed system and to produce 

more accurate convective precipitation especially for the investigation of large grid 

size models by using sub-grid scales (Parker, 2002).  
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The reason why cumulus parameterization is much needed in larger grids comparing 

to small grid sizes, is because the surface fluxes that are mostly effective on sub-grid 

cumulus cloud formation, may miscalculated and become unstable for the larger 

scale models but with the cumulus parameterization these grids can be downsized to 

the sub-grid scale so the accuracy of the model simulation has enhanced.   

Here, the closure assumption carries great importance for the cumulus 

parameterization as it offers a relation or describes the statistical interactions 

between the sub-grid-scale convection and the large scale model predicted variables 

such as the Convective Available Potential Energy (CAPE), moisture content, 

boundary layer characteristic of the ensemble cumulus clouds  (Stensrud, 2012; 

Suhas & Zhang, 1955). The problem with the closure assumption is choosing the 

right type of parameterization and closure variable that can actually match with the 

current convection. Thus, the relation between the closure variable and the 

convection is essential in cumulus parameterization.  

There are many different approachs (schemes) to calculate the cumulus physics of 

atmospheric system in the WRF model. These schemes have various triggering 

functions to active and sustain the convection in their system. Since by using 

triggering functions, the temperature, momentum and the moisture profiles of 

atmospheric layers has redistributed throughout the vertical grid columns of model. 

This process continues until the convection inside the column has deactivated 

(Pennelly, et.al, 2014). Some of the common triggering functions are stated as 

follows: 

 Convective Available Potential Energy (CAPE): “the maximum energy 

available to an ascending air parcel” (represents the deep layer existance). 

The energy which is available to lead the way for convection.  

 

 Cloud Depth: help to determine the possible convection type; shallow or 

deep 

 



 

 

 
38 

 Convective Inhibition (CIN): “the energy necessary to lift a parcel 

pseudoadiabatically to its level of free convection” (low level sub-cloud 

convergence) 

 

 Moist Convection: occurs when the warm air rises and the excess water 

vapor in the air parcel condenses to form a cloud  

 

 Sub-grid-scale convection: comprising one or more clouds within a grid box 

 (Stensrud, 2012) 

 

Most of the time, the model builds up its cloud system and decides the time period 

and the power of cumulus activity based on these variables by using the cumulus 

parameterization schemes. Especially, the CAPE, the CIN and the cloud depth are 

quite important decision makers for shaping this system (Zheng, et.al, 2016). 

According to the article of D.J. Parker (2002), both the CAPE and CIN are two 

primary thermodynamic parameters of the deep convection systems. While the 

CAPE indicates how the upward winds will be strong if the convective storms 

develops, the CIN refers the minimum lifting energy to be overcomed (to reach its 

level of free convection, LFC) so the deep convection has activated (Suhas & Zhang, 

1955). Therefore, the CIN usually acts like a starting point of a convective system to 

overcome its inhibition level and pass the control to the CAPE in order to grow the 

atmospheric system from the surface based storms to larger deep scale storms 

(Parker, 2002).   

For instance, some cumulus schemes -the mass fluxes type schemes- use the CAPE 

as a triggering parameter of the convection (Gerard et al., 2013) as it helps to 

rearrange the mass flux gradients such as the concentration, moisture, heat or 

momentum between the surface and the cumulus clouds, breaks the stability of 

atmosphere and brings convective precipitation into the model predictions. Thus, it 
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feeds the convection activity (deep storms) until there is not much of it left in the 

system 

Generally two types of cumulus parameterization are used in the numerical weather 

models: adjustment and mass flux. Mass flux parameterization calculates the 

cumulus mass flux profiles and termodynamic variables whereas the adjustment type 

of parameterization, as name indicates, adjusts the modeled resolved heat and 

moisture fluxes based on pre-specified profiles (Gerard et al., 2013).  

 

Even though, the WRF model offers many cumulus parameterization options to the 

users, only 3 of them are decided to use in the sensitivity analysis of model physics 

in the scope of this thesis. These are Kain-Fritsch (KFS) (Kain, 2004) and Betts-

Miller-Janjic (BMJ) (Betts et.al, 1986a,b) and Grell-Freitas (GFES) (Grell et.al, 

2014). These schemes have continuously improved and commonly used for cumulus 

parameterization. However, among many, these three schemes are selected based on 

their calculation assumptions and their performances on some reference studies 

which are also conducted for similar climate patterns with Mediterrean and Eastern 

Black Sea regions. 

 

The Kain – Fritsch (KFS) scheme uses the mass fluxes assumption for its deep 

cumulus calculations. The KFS determines the cumulus depth (shallow or deep) 

based on the Lifting Condensation Level (LCL). If the LCL as the updraft source 

layer, determined from mixing vertically-adjacent layers over the 60 hPa nearest the 

ground is colder than the environmental LCL temperature then it descents, if it is 

warmer then it ascents (Stensrud, 2012). 

  



 

 

 
40 

 

 Here, the essential point for KFS scheme to decide the minimum cloud depth where 

the vertical velocity remains positive whether the cloud is a shallow or deep cumulus.  

Based on this approach, if the vertical velocity remains positive over a cloud depth 

with 2-4 km or less, shallow cumulus (the LCL is colder than the environmental LCL 

temperature) but if this depth bigger than 4 km (the LCL is warmer than the 

environmental LCL temperature), deep cumulus has activated in KFS 

parameterization (Stensrud, 2012). Yet, to be able to trigger the shallow cumulus, 

still the ascending parcel must have an LCL temperature warmer than its 

environment.  

Since the KFS is a mass fluxes scheme,  for both shallow and deep cumulus cases, 

the scheme modifies the temperature, moisture and the mixing ratios along the 

vertical layers. Especially in deep cumulus, all grid-scale mass fluxes as well as the 

entrainment and detrainment components of the cloud system are considered and 

their mass distributions are vertically readjusted. This process continues until 90% 

of the CAPE is removed from the system. Unless the deep convection has not 

activated, only than the shallow convection has activated (Stensrud, 2012).  

The Betts Miller Janjic (BMJ) on the other hand, is a adjustment scheme which 

means it uses a reference profile to modify the temperature and moisture fluxes 

(separate for T and q) through the vertical layers  (Stensrud, 2012; Jeworrek et al., 

2019). In regards to this approach, the model identifies the most unstable and has 

non-zero CAPE parcel in at least 200 hPa pressure levels. Based on this selected 

parcel’s pressure and CAPE energy, the scheme determines the levels that this 

parcel’s ascent in the air, including the cloud base and top. Then, the most appropiate 

path to follow for ascending the air parcel has been decided among many other 

possibilities. This path is called the ‘reference profile’ to be used in BMJ scheme and 

it generally produced from the field campaign observations in tropical convections  

(Stensrud, 2012). After the profile has been determined, the vertical traces of 

temperature and moisture in the model are arranged depending on the reference 
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point. While the traces are adjusted, their vertical entalpy do not change through the 

different pressure levels.   

Like the KFS scheme, the BMJ has also some conditions to trigger the scheme 

activation. In the KFS, the scheme decides the type of cumulus (shallow or deep) by 

looking at the cloud depth distance (3-4 km from the surface). Here in the BMJ, the 

cloud depth determined in terms of pressure. If the cloud depth over the selected 

point on the reference profile, is less than 200 hPa (Stensrud, 2012), the shallow 

cumulus becomes activated in the scheme. However, if it is more than 200 hPa then 

the deep cumulus convection is triggered in the system. The enthalpy of the 

temperature and the moisture, conserve for both shallow and deep convections in the 

BMJ’s approach.  

The Grell-Freitas (GFES) is very similar to the Kain – Fristch (KFS) approach as it 

also uses the mass flux assumption in its scheme calculations (Jeworrek et al., 2019). 

Yet, the GFES scheme can make a smooth transition from the sub-grid cumulus scale 

for convective precipitation to cloud-resolving microphysic scales for non-

convective precipitation (UCAR, 2019). Therefore, the GFES has more scale aware 

assumption comparing to the KFS scheme.   

Regarding to some of the similar researches, the KFS and the GFES schemes and 

their performances are considered as better to obtain convective heavy precipitation 

events in which the rain has suddenly formed and vanished, comparing to the BMJ. 

This outcome has been reached by the idea of the cloud base usually becomes dry 

and stable within the KFS and the GFES schemes after the precipitation falls out. 

Yet, in BMJ approach,  not all moisture levels can be removed at the cloud base with 

convective precipitation as to be able to continue the deep convection (Jeworrek et 

al., 2019), there should be some moisture remained at the cloud base level. That’s 

why, the BMJ can be considered as the better cumulus scheme performer for the 

synoptic / frontal precipitation events (Jeworrek et al., 2019). 
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However, since there is not a certain answer to give about their performances, three 

of them are wished to include into this sensitivity analysis for both Mediterrean and 

Eastern Black Sea regions. 

3.2.2 Microphysics Parameterization 

In weather forecasting models, as mentioned before,  all physical parameters are 

connected to each other. Among these parameters, the microphysics is quite 

important component of the cloud system (Sonkaew, et.al 2016). 

 

 
 

Figure 3.2.3 Main physical components of the atmospheric system and their relations with 
each other 

(Jarno, et.al 2014) 
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The microphysics processes have control on the cloud formation as they are dealed 

with one of the essential liquid presence for the world’s mechanism to maintain: 

‘moisture’ (Zheng, et.al, 2016). 

Moisture or moist processes can change the phase of water species. Hence, the water 

vapor, cloud droplets, rain droplets, snow, ice crystals, graupel and hail are some of 

the types of microphysical species that are worked with the numerical weather 

prediction models (Eltahan, et.al, 2017). The microphysics investigates the physical 

phase processes to identify the shape, size and mixing ratio of the water species by 

looking at the latent heat exchanges in the system (Stensrud et.al,2010).  

 

Figure 3.2.4 Water species and the cycles among them. The black lines indicate loss of water 

vapor; red lines indicate loss of rain drops; blue lines indicate loss of cloud droplets; yellow 

lines indicate loss of cloud ice; green lines indicate loss of snow; and purple lines indicate 

loss of graupel/hail 

(Stensrud et.al,2010) 
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That’s why, the microphysics basically represents the phase, amount and mixing 

ratios of these species in the cloud. Additionally, it is useful to observe the interaction 

between the other components of the cloud system. For instance, as it can be 

observed from Figure 3.2.3, the detrainment (some air drawn out from the cloud to 

surrondings) of the cumulus cloud changes all microphysics calculations. As the 

various water species’s mixing ratios and their amounts are directly affected via any 

change in the cumulus so they are needed to be determined again. Based on these 

calculations, the cloud depth and its stability can be identified.  

While the depth of the cloud (the deepness) are growing, the penetration of the 

radiation that comes from the sun through the cloud becomes harder (Eltahan & 

Magooda, 2017). It mainly reflects and since this situation affects the total radiation 

budget reached the Earth surface, the surface fluxes also change. Depending on them, 

the vertical turbulent mixing so the flux exchanges in the planetary boundary layer 

(PBL) have activated. As a result of all, this will influence the cloud formation first 

and then the other physical parameters all over again.   

Based on these facts, it can be easily said that microphysics plays the key role in the 

weather and the climate system as well as the hydrological cycle                                                                                                             

(Eltahan & Magooda, 2017). Additionally, it should be kept in mind that the non-

convective precipitation in forecasting models are produced from the microphysical 

dynamics. Therefore, the microphysic parameterization is essential in the sensitivity 

analysis of atmospheric physics. 
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The microphysics schemes that will be included to be tested in the sensitivity 

analysis, have been decided by their working principles and some similar reference 

studies. Through this perspective, the Kessler (KS) (Kessler, 1995), Eta / Ferrier (ES) 

(Ferrier et.al, 2002), Lin et al. / WRF Single Moment 6 (WSM6) (Hong et.al, 2006) 

and Aerosol Aware Thompson (AATS) (Thompson, 2014) schemes are selected for 

the sensivity analysis of heavy rainfall events occured in Mediterranean and Eastern 

Black Sea regions of Turkey.  

However, these schemes are not needed to be used all microphysical species in their 

parameterizations calculations. While some of them focus on the liquid and gas form 

of the water like rain droplets, cloud droplets, water vapor and use only their 

processes (e.g. Kessler scheme), others may combine the liquid, gas and frozen 

microphysical species together such as Eta and WSM6 (Stensrud et.al,2010).  This 

variability can be seen in Figure 3.2.5. The particle distributions of the water species 

are taken as the picture of the air circulation of that region.  
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Figure 3.2.5 Microphysics Parameterization Schemes. Mixing ratios Qv (water vapor), Qc 

(cloud water), Qi (cloud ice), Qr (rain), Qs (snow) and Qg (graupel) are modeled 

 (Sonkaew, et.al 2016) 

The Thompson scheme’s representation on Figure 3.2.5, refers the Aerosol Aware 

Thompson (AATS). Since their working principles are quite similar, the Thompson 

scheme mixing ratios of water species and their relations have been shown on this 

figure. The AATS is a double moment scheme which means it can predict both the 

mixing ratios and the total number of concentration of at least one specie whereas 

the single moment schemes such as the Kessler or the WSM6, can not make any 

prediction about the total concentration of a specie but calculate only the mixing 

ratios. This condition makes the double moment schemes more flexible and capable 

for giving the accurate microphysical process simulation in model predictions.   

Since the double moment parameterization scheme can predict the maximum total 

number of concentration (N0) of at least one specie, it can give the particle size 
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distribution for that specie (Stensrud et.al,2010). The more microphysical specie 

concentrations are predicted, the more realistic particle size’s range can be supplied. 

Therefore, it is a benefit for the cloud droplets distribution determination.  

Another advantage for the double moment schemes is the sedimentation or the size 

– sorting. Because the particle sizes can be determined from the maximum the total 

number of concentration for a diameter of zero (N0),  the relation between those 

particle sizes and their fall speeds can be useful for the model to represent the 

sedimentation state of the atmosphere (Stensrud et.al,2010; Hong et al, 2004). This 

implies that the larger particles fall faster than the small size particles. Therefore, 

working on a climate where the snow, hail, graupel and rimed iced are commonly 

observed, the double moment schemes are considered better in terms of giving the 

closest forecast results to the reality because they are more sensitive about the 

microphysical particle sizes and distribution.  

Yet both of the types are not perfect. The single moment schemes are relatively much 

more efficient and easy to compute as the double moment schemes are very 

sensitivite to the particle sizes which creates uncertanity on deciding the 

concentration. Apart from this, the double moment schemes can adopt different 

environments but still the validation is harder than the single moment (Stensrud, 

2010; Kaufeld, 2010). 

Moreover to the approach differences between these schemes were mentioned above 

and also shown in Figure 3.2.5, each sheme uses various water species and their 

relations in its calculations. That’s why, using the microphysic parameterization 

scheme that is coherent with the climate of working region, may create a significant 

diversity among the schemes’ performances in the model forecasts.  

For instance, if the climate on the study region (the domain) has cold and wet winters, 

the Kessler microphysics scheme may not be considered as suitable to run for the 

weather forecast of that region during the winter season. Since the Kessler approach, 

includes only the liquid (Qc, Qr ) and vapor phase (Qv) of the water in its calculations 

whereas the rest three selected schemes (Eta, WSM6, AATS) take snow, graupel, 
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hail or ice forms of the water into consideration for the parameterization (Stensrud 

et.al,2010). Therefore, it may expect to obtain more accurate non-convective 

precipitation results from the models working with those three schemes.  

In the scope of this study, the Aerosol Aware Thompson (AATS) is defined as the 

fourth option to try in the sensitivity analysis of WRF model. The main reason of 

this choice actually lies under the name itself. This scheme makes the calculations 

by considering the potential aerosols in the air (UCAR, 2019).  Being aware of the 

aerosols is important because the aerosol particles act as the cloud condensation 

nuclei (CCN) which means they create a base for the water vapor to condensate to 

the liquid phase (Lim, 2010). As the water vapor condensates the liquid and stucks 

onto these particles, the cloud droplets’ sizes that should be naturally formed in the 

cloud is getting smaller. This leads them to collide and coalescence less and 

eventually can not provide enough rain droplets which is also known as precipitation  

(Song & Zhang, 2011). Hence, if more aerosol particles exist in the cloud, the cloud 

becomes more dry and warm, the precipitation amount decreases and because of the 

high number of particles, the radiation has scattered more through the clouds. The 

AATS scheme includes the water and ice-friendly aerosols while shaping the 

atmospheric state (UCAR, 2019). The initial and the boundary conditions of the 

model has builted by considering the aerosol variables.  

Consequently, having both single and double moment schemes as well as using 

multiple working mechanisms in calculations, offer great opportunity to observe 

which microphysical scheme/s contribute to the model for giving the most accurate 

predictions on each region.  

3.2.3 Planetary Boundary Layer Parameterization 

For weather forecasting models, not just the cumulus clouds or their chemistry but 

also the interaction between the atmosphere and the Earth surface is crucial to 

consider. From this perspective, planetary boundary layer (PBL) becomes a must 
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parameter which represents the turbulent vertical mixing of thermodynamic and 

kinematic profiles such as the heat, momentum or atmospheric constituents like 

moisture (Hu et.al, 2010). To be able to parameterize these fluxes through the 

atmosphere, various PBL schemes are used and their boundaries are generally 

assumed up to three kilometers from Earth surface (Cohen et.al, 2015). 

 

Figure 3.2.6 General Representation of the PBL Interactions and Related Processes  

 (Dudhia, n.d.) 

 

Although the goal here is providing the vertical turbulent mixing fluids (heat or 

moisture) by eddy fluxes at the turbulent boundary layers because each scheme 

adopts a difference assumption, their performances on every model domain will be 

different (Cohen et.al, 2015). 

Planet boundary layer has two types of schemes: local and non-local. The difference 

between these approaches is, as seen in Figure 3.2.6, the interaction between the 

layers. While the local schemes take the adjacent vertical levels solely, the non-local 
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schemes can reach to much more deeper layers in PBL where the vertical turbulent 

mixing is also estimated among the distant levels (Cohen, et.al, 2015). 

 

 

Figure 3.2.7 Representation of the mechanics of the local and non-local closures a) 

interactions in local closures b) and c) interactions in non-local closures 

(Collins, 2016) 
 

The common PBL models are Mellor- Yamada-Janjic (MYJ) (Mellor et.al, 1982) by 

using the local approach, whereas Yonsei University  (YSU) (Hong et al, 2006b) and 

the asymmetric convective model, Version 2 (ACM2) (Pleim, 2007a) are the non-

local model types. Actually, ACM2 is a hybrid model that combines a transilient 

term with local mixing (Hu et.al, 2010). 

 

In planetary boundary layer, since the turbulent motions of the momentum, heat or 

moisture are provided with eddies (Tagesson, 2012), there is direct dependence 

between the diffusivity coefficients of eddies and the local instability (or stability) at 

that level of air (Jansirani, et.al, 2016). Therefore, the model equations use K (the 

eddy-diffusivity for heat and eddy-viscosity for momentum) in their formulas to 

represent the turbulent movements (the K theory) where the liquid can be traced and 
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observed through the distribution of this turbulence along the mixing length 

(Jansirani et.al, 2016; Tagesson, 2012). At the end, they illustrate the state of air 

whether it is stable or unstable.  

Among these two models (MYJ, YSU), depend on the spatial and temporal 

differences, the closest one to the reality may change from a research to another. Yet,  

based on the various studies so far conducted at various locations, there are still some 

general aspects for each model.  

For instance, as a local scheme MYJ, is usually the less sensitive PBL model to build 

the model’s height. According to Mellor and Yamada’s study (1982), the MYJ is 

generally more useful scheme for the stable or neutral air conditions rather than 

unstable since it takes the local gradients (pressure, concentration, temperature at 

that point), it is easy to focus on the small eddies’ turbulent transfer. Although this 

is important, the real turbulence in atmosphere is provided by the large eddies as they 

can transport the fluid (heat, moisture)  to the longer distances (Cohen, et.al, 2015). 

Therefore, the MYJ is a local scheme which is too moisty near the surface with a 

very thin layer and that makes it incapable of producing the strong vertical turbulent 

mixing (Hu, et.al, 2010). 

The non-local PBL approaches, on the contrary, usually give more accurate 

predictions about the turbulent kinetic mixing in models, more appropiate for the 

convective air systems rather than the MYJ. The reason lies behind this statement, 

because of the non-local schemes, as mentioned before, parameterize many adjacent 

and distant layers so their level of model heights (the  mixing length) are thicker, 

which may start from the boundary layer to the top layer of PBL (Cohen et.al, 2015). 

So they are much more influenced by the surface layer fluxes interactions such as 

the wind speed and direction, potential surface temperature, latent and sensible heat 

(represented non-local mixing in the Figure 3.2.6) and their effects on turbulence are 

carried through the deep layers.  

When considering a full day, it can be said, most of the turbulent mixing occurs in 

day time rather than night time. That’s why, investigating how the model 
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performances change during a day is also important. In some cases, the rised 

temperature (warm and dry) during the day, may cause strong turbulence 

(convective) which creates unstable air conditions at the boundary layer (Cohen et.al, 

2015). For this perspective, the YSU might be the model that can offer more accurate 

forecast for this time period of the day.  

However, as the day turns to night, the air usually becomes more stable (eddy 

diffusivity / viscosity declines near the surface) (Hu et.al, 2010). The MYJ may be a 

better option now but it still does not have a systematic sensitivity for the height, not 

interact with the surface fluxes.  

Overall, the YSU seems the most sensitive PBL model for the determination of 

model mixing lenght where the vertical turbulent movements of fluids are caused by 

the eddy fluxes. Even though, this gives an advantage to the WRF model for building 

a convective system in its predictions, it does not indicate that YSU is always the 

‘right scheme’ to be used in all type of event simulations. As like the other physical 

components of atmosphere, the PBL activity has also shaped by the orographic, 

climatic, seasonal and even the hour of event features. That’s why, both the MYJ 

and YSU are selected to use in the model simulations of the events which are 

determined to be conducted under this sensitivity analysis. 

3.3 WRF ARW Model Set Up for Sensitivity Analysis  

From Chapter 2.3, the event dates determined to be used in the sensitivity analysis 

have shown on Table 3.3.1.  

 

Table 3.3.1 Selected event dates and determined model run periods for Sensitivity 

Analysis 

 

Region 

 

Event 
Season 

 

Event Date 

 

Main Station 

Peak 
Precipitation 

Amount (mm) 

 

Model Run 
Period 
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Table 3.3.1 (cont’d) Selected event dates and determined model run periods for 

Sensitivity Analysis 

Mediterranean Autumn 28.11.2017 Manavgat / 

Antalya 

29.6 26.11.2017 – 

29.11.2017 

Mediterranean Summer 30.08.2017 Sutculer / 
 Isparta 

59.2 29.08.2017 – 
01.09.2017 

Eastern Black 

Sea 

Autumn 14.11.2016 Camlıhemsin / 

Rize 

40.1 13.11.2016 – 

17.11.2016 

Eastern Black 
Sea 

Summer 21.09.2016 Besikduzu / 
Trabzon 

81.1 20.09.2016 – 
24.09.2016 

 
 
It has been planned to work on the model with one parent and one child (nest) domain 

for each region. To be able to obtain the effects of the interaction between the parent 

and the nests on the predictions, two-way nesting option has been applied. The parent 

domain is common for both Mediterranean and Eastern Black Sea regions and the 

sea impacts on the model predictions are wanted to investigate in this analysis for 

both regions. Therefore, the parent domain has drawn from little outside of the 

Turkey borders and placed between 43.5 – 38.7N, 23.5 – 29.9E with a horizontal 

(spatial) resolution 9 km (Figure 3.3.1).  

 

 

Figure 3.3.1 The representation of determined domains to be used in WRF model 

configuration for each region.  d01 at the top left corner, represents Domain 1 with 9 km 
grid size (common for both Mediterranean and Eastern Black Sea regions), d02 indicates 

Domain 2 with 3 km grid size for each region, respectively 
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The area is covered by 232 grids in West-east and 111 grids in South-north direction. 

The nested domains, on the other hand, are seperately determined. Here, the key is 

to cover the main basin area. The nest domain on Mediterranean region is placed in 

47.5 – 32.4N, 34.5 – 36.4E coordinates. The horizontal resolution is 3 km and the 

grid points are decided as 73 and 88 for West-east and South-north directions, 

respectively. The nest of Eastern Black Sea region has also been specified with 3 km 

resolution in horizontal aspect but its grids aligned through West-east direction are 

estimated as 136 and 52 for South-north direction. The area overlays 47.5 – 41.6N, 

23.5 – 36.9E.   

 

Table 3.3.2 General outline of WRF model configurations determined for two regions 

 

Regions  

 

Mediterranean 

 

Eastern Black Sea 

 

Domain 1 Domain 2 Domain 1 Domain 2 

 

 

Coordinates 

 

43.5 – 38.7N, 

23.5  –  29.9E 

 

47.5 – 32.4N, 

34.5  –  36.4E 

 

43.5 – 38.7N, 

23.5  –  29.9E 

 

47.5 – 41.6N, 

23.5  –  36.9E 

 

 

 

 

Grid Numbers 

 

232 grids in 

West-east and 

111 grids in 

South-north 

 

73 grids in 

West-east and 

88 grids in 

South-north 

 

232 grids in 

West-east and 

111 grids in 

South-north 

 

136 grids in 

West-east and 

52 grids in 

South-north 

 

Grid Sizes or 

Horizontal 

Resolution 

 

9 km 

 

3 km 

 

9 km 

 

3 km 
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Table 3.3.2 (cont’d) General outline of WRF model configurations determined for two 

regions 

Vertical 

Metgrid 

Levels 

 

32 

 

32 

 

32 

 

32 

 

Soil Levels 

 

4 

 

 

4 

 

4 

 

4 

Pressure Top 

(p_top, hPa) 

 

50 

 

 

50 

 

50 

 

50 

Interval 

Seconds (∆t) 

 

21600 s (6 h) 

 

 

21600 s (6 h) 

 

21600 s (6 h) 

 

21600 s (6 h) 

GFS 

Horizontal 

Resolution 

 

0.25º (around 28 

km) 

 

 

0.25º (around 28 

km) 

 

0.25º (around 28 

km) 

 

0.25º (around 28 

km) 

ERA5 

Horizontal 

Resolution 

 

0.25º (around 28 

km) 

 

 

0.25º (around 28 

km) 

 

0.25º (around 28 

km) 

 

0.25º (around 28 

km) 

 

 

Apart from cumulus, microphysics and PBL, the WRF model also uses radiation and 

land surface parameters to build up the atmospheric system. Yet, because these 

parameters are not included into sensitivity analysis, only one scheme has been 

determined for each of them.  

 

As it has already known that the radiation is one of the major component of climate 

change as it regulates the Earth’s energy bugdet. The Earth energy balance is 

basically the relation among the incoming solar radiation and the outgoing infrared 

radiation. Moreover, solar radiation determines the surface temperature which is 

critical parameter for both land and the atmospheric models so as precipitation 
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analyses. As mentioned in Chapter 3.2.1, by absorbing or reflecting the radiation, the 

clouds affect the current weather or the climate differently. For instance, some clouds 

allows the solar radiation (the sunlight) to react the surface of the Earth whereas 

some of them, mostly the deeper cumulus clouds, react the sunlight as reflection to 

the space and not allow reaching the surface. 

 

Even though the radiation schemes’ options are various in the WRF model, through 

the perspective of this sensitivity analysis, only one radiation is used in all physical 

combinations. Therefore, the sensitivity effect of radiation on the precipitation has 

not been looked up in this study. Yet, that does not change the importance of 

selecting appropriate radiation scheme to use in the analysis itself.  

Among many alternatives, the ‘Rapid Radiative Transfer Model  (RRTM)’ radiation 

scheme is selected to be used in all configurations in the sensitivity analysis of WRF 

model.  This scheme is one of the most common radiation options prefered by the 

users because it can specify the size of hydrometeors (water vapor, CO2, ozone and 

trace gases) regardless of cloud type or amount for radiation calculations (UCAR, 

2019).  

Dudhia shortwave scheme, on the other hand, has selected because it one of the 

common options that represents a simple downward integration of solar flux (UCAR, 

2019). This scheme is simple, fast and inexpensive to compute.  During its 

calculations, it accounts clear – sky absorption (where it is assumed that no cloud 

exist) and scattering by water vapor, trace gases and aerosols but not ozone (Dudhia, 

n.d.). 

Land surface is also important physical parameter in numerical weather forecasting 

models (NWPs). Since it is basically the layer we walked on and it is kind of the 

coverage between the underlying soil and the atmosphere. Therefore, it can be 

considered that the land surface processes occur at this interface. The impacts of 

these processes are pretty visible to realize such as the evaporation of surface water, 

melting snow, the runoff or condensation water on vegetation turn into leaf drips as 

well as transpiration (Orth, et.al, 2016). 
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Thus, land surface processes shape the lower boundary conditions of the atmospheric 

models. Since the vertical turbulent mixing (kinetic movements) of heat, water and 

the blowing wind within this boundary layer are redistributed as well as the 

pollutants or the other constituents of atmosphere over the surface by its processes  

(Zhao, et.al, 2015; Hahmann, 2005). However, most of the time atmospheric 

prediction models, e.g the WRF, are not much sensitive to this parameter. Even 

though, the land surface is kind of a bridge among the atmosphere, the hydrological 

cycle and the biosphere, it is more crucial for the hydrological models, e.g.WRF-

Hydro (Hahmann, 2005).  

For the sensitivity analysis, Unified Noah Land Surface Model has been chosen as 

the land surface parameterization scheme of WRF model. Although there are not 

huge differences among the schemes of land surface, still the selected one has four 

layers (10, 30, 60, 100 cm thick) to calculate the soil temperature and moisture (Ek, 

2013; UCAR, 2019). Additionally, it offers fractional snow cover and frozen soil 

physics into the model which contributes the accuracy of land processes.  

Lastly, as one of the common used methods, Eta Similarity scheme has determined 

for the surface layer physics option in WRF namelists. This scheme works with 

Monin-Obukhov theory principles (UCAR, 2019) where the mean of surface fluxes 

such as the momentum,  water vapor, sensible and latent heat fluxes are determined 

by scaling lengths (thermal roughness length and surface roughness, zero plane 

displacement) and scaling velocity (friction velocity) (Bianco, 2008) and this enables 

the scheme offers horizontally homogenous surface layer.  

  

http://glossary.ametsoc.org/wiki/Momentum_flux
http://glossary.ametsoc.org/wiki/Sensible_heat
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Table 3.3.3 Radiation and Land Surface Schemes to be used in Sensitivity Analysis 

 

Shortwave 

Radiation 

(ra_sw) 

 

Longwave Radiation 

(ra_lw) 

 

Surface Layer 

(sf_sfclay) 

 

 

 

Land Surface 

(sf_surface) 

Dudhia Shortwave 

Scheme (1) 

(Dudhia, 1989) 

 

RRTM Longwave 

Scheme (1) 

(Conley, 2011) 

Eta Similarity 

Scheme (2) 

(Bianco, 2008) 

Unified Noah Land 

Surface Model (2) 

(Chen et al, 2001) 

 

After the selection processes for both input meteorological and physical schemes to 

be tested by WRF model in sensitivity analysis,  the whole list of configuration 

ensembles are given on Table 3.3.4. As it can be seen from the columns’ names, this 

table demonstrates the number of scenarios and their run options in terms of the 

domain size, physical parameters and input datasets. Selected approachs of every 

physical parameter are matched with each other and produce new configuration. 

Because of this, in total 96 scenarios are determined to examine the prediction 

performance through the scope of sensitivity analysis.  

Here, it is clear that each simulation number contains two scenarios where one of 

them indicates the parent domain (9 km, domain 1) while the second one is prepared 

for the nested domain (3 km, domain 2) configuration in WRF model. Based on this 

order between two domains, the even numbered scenarios refer the nested domain 

whereas the odd numbered scenarios represent the parent domain ensembles.  

Additionally, for the nest domain’s (3 km horizontal resolutions) scenarios, no 

cumulus parameterization has been applied (Table 3.3.4), this is the reason why their 

cumulus columns are filled with ‘0’, which means ‘turned off’. Since the objective 

of cumulus parameterization is to obtain a closed system for predicting weather 

events. It is usually used for convective precipitation calculations in the model 
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because this type of rain events generally occur local and placed as distributed on the 

large scale of grids (Jeworrek et al., 2019). Therefore, it is very hard to observe their 

total impacts on the model’s atmospheric system without using a parameterization 

scheme. From this perspective, for the model domains determined with a lower 

horizontal resolution (> 4 km), the cumulus parameterization is considered as 

‘benefical’ on the prediction of convective systems (Jeworrek et al., 2019). However, 

when the resolution is better which means smaller than that range (≤ 4 km) like the 

resolution of domain 2 in this study (3 km), the cumulus clouds can be easily resolved 

by the microphysics (Jeworrek et al., 2019; Done et al, 2004; Gilliland et al, 2007) 

of each grid without requiring a parameterization scheme. Thus, the cumulus 

parameterization in the studies of this thesis, has not been activated on the nested 

domain’s (domain 2, 3 km) model simulations.  

Thus, overall there are 96 different configurations are estimated to test in WRF 

model forecasting performance for the sensitivity analysis of this thesis. The 48 of 

them belong to the domain 1 (9 km) whereas the other half contains domain 2 (3 

km)scenarios. Yet, because the model runs over both domains together, each of two 

domain scenarios are taken under one simulation number (from Simulation Number 

column of Table 3.3.4). Since there are also only two options available in input 

meteorological dataset type, the half of 96 scenarios are determined to be worked 

with GFS dataset whereas the rest uses ERA5 dataset in their model simulations. 

Apart from these, all of the physical parameters’ schemes are aligned through the list 

of scenario configurations.  

Table 3.3.4 The model configurations used in the Sensitivity Analysis 

Scenario 

Grid Sizes 

or 

Resolution 

(km) 

Microphysics Cumulus PBL 

Input 

Dataset 

Type 

Simulation 

No 

Scenario 1 9 KS (1) KFS (1) YSU (1) GFS 
1 

Scenario 2 3 KS (1) 0 YSU (1) GFS 

Scenario 3 9 ES (5) KFS (1) YSU (1) GFS 
2 

Scenario 4 3 ES (5) 0 YSU (1) GFS 
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Table 3.3.4 (cont’d) The model configurations used in the Sensitivity Analysis 

Scenario 5 9 WSM6 (6) KFS (1) YSU (1) GFS 
3 

Scenario 6 3 WSM6 (6) 0 YSU (1) GFS 

Scenario 7 9 AATS (28) KFS (1) YSU (1) GFS 
4 

Scenario 8 3 AATS (28) 0 YSU (1) GFS 

Scenario 9 9 KS (1) BMJ (2) YSU (1) GFS 
5 

Scenario 10 3 KS (1) 0 YSU (1) GFS 

Scenario 11 9 ES (5) BMJ (2) YSU (1) GFS 
6 

Scenario 12 3 ES (5) 0 YSU (1) GFS 

Scenario 13 9 WSM6 (6) BMJ (2) YSU (1) GFS 
7 

Scenario 14 3 WSM6 (6) 0 YSU (1) GFS 

Scenario 15 9 AATS (28) BMJ (2) YSU (1) GFS 
8 

Scenario 16 3 AATS (28) 0 YSU (1) GFS 

Scenario 17 9 KS (1) GFES (3) YSU (1) GFS 
9 

Scenario 18 3 KS (1) 0 YSU (1) GFS 

Scenario 19 9 ES (5) GFES (3) YSU (1) GFS 
10 

Scenario 20 3 ES (5) 0 YSU (1) GFS 

Scenario 21 9 WSM6 (6) GFES (3) YSU (1) GFS 
11 

Scenario 22 3 WSM6 (6) 0 YSU (1) GFS 

Scenario 23 9 AATS (28) GFES (3) YSU (1) GFS 
12 

Scenario 24 3 AATS (28) 0 YSU (1) GFS 

Scenario 25 9 KS (1) KFS (1) MYJ (2) GFS 
13 

Scenario 26 3 KS (1) 0 MYJ (2) GFS 

Scenario 27 9 ES (5) KFS (1) MYJ (2) GFS 
14 

Scenario 28 3 ES (5) 0 MYJ (2) GFS 

Scenario 29 9 WSM6 (6) KFS (1) MYJ (2) GFS 
15 

Scenario 30 3 WSM6 (6) 0 MYJ (2) GFS 

Scenario 31 9 AATS (28) KFS (1) MYJ (2) GFS 
16 

Scenario 32 3 AATS (28) 0 MYJ (2) GFS 

Scenario 33 9 KS (1) BMJ (2) MYJ (2) GFS 
17 

Scenario 34 3 KS (1) 0 MYJ (2) GFS 

Scenario 35 9 ES (5) BMJ (2) MYJ (2) GFS 
18 

Scenario 36 3 ES (5) 0 MYJ (2) GFS 

Scenario 37 9 WSM6 (6) BMJ (2) MYJ (2) GFS 
19 

Scenario 38 3 WSM6 (6) 0 MYJ (2) GFS 

Scenario 39 9 AATS (28) BMJ (2) MYJ (2) GFS 
20 

Scenario 40 3 AATS (28) 0 MYJ (2) GFS 

Scenario 41 9 KS (1) GFES (3) MYJ (2) GFS 
21 

Scenario 42 3 KS (1) 0 MYJ (2) GFS 
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Table 3.3.4 (cont’d) The model configurations used in the Sensitivity Analysis 

Scenario 43 9 ES (5) GFES (3) MYJ (2) GFS 
22 

Scenario 44 3 ES (5) 0 MYJ (2) GFS 

Scenario 45 9 WSM6 (6) GFES (3) MYJ (2) GFS 
23 

Scenario 46 3 WSM6 (6) 0 MYJ (2) GFS 

Scenario 47 9 AATS (28) GFES (3) MYJ (2) GFS 
24 

Scenario 48 3 AATS (28) 0 MYJ (2) GFS 

Scenario 49 9 KS (1) KFS (1) YSU (1) ERA5 
25 

Scenario 50 3 KS (1) 0 YSU (1) ERA5 

Scenario 51 9 ES (5) KFS (1) YSU (1) ERA5 
26 

Scenario 52 3 ES (5) 0 YSU (1) ERA5 

Scenario 53 9 WSM6 (6) KFS (1) YSU (1) ERA5 
27 

Scenario 54 3 WSM6 (6) 0 YSU (1) ERA5 

Scenario 55 9 AATS (28) KFS (1) YSU (1) ERA5 
28 

Scenario 56 3 AATS (28) 0 YSU (1) ERA5 

Scenario 57 9 KS (1) BMJ (2) YSU (1) ERA5 
29 

Scenario 58 3 KS (1) 0 YSU (1) ERA5 

Scenario 59 9 ES (5) BMJ (2) YSU (1) ERA5 
30 

Scenario 60 3 ES (5) 0 YSU (1) ERA5 

Scenario 61 9 WSM6 (6) BMJ (2) YSU (1) ERA5 
31 

Scenario 62 3 WSM6 (6) 0 YSU (1) ERA5 

Scenario 63 9 AATS (28) BMJ (2) YSU (1) ERA5 
32 

Scenario 64 3 AATS (28) 0 YSU (1) ERA5 

Scenario 65 9 KS (1) GFES (3) YSU (1) ERA5 
33 

Scenario 66 3 KS (1) 0 YSU (1) ERA5 

Scenario 67 9 ES (5) GFES (3) YSU (1) ERA5 
34 

Scenario 68 3 ES (5) 0 YSU (1) ERA5 

Scenario 69 9 WSM6 (6) GFES (3) YSU (1) ERA5 
35 

Scenario 70 3 WSM6 (6) 0 YSU (1) ERA5 

Scenario 71 9 AATS (28) GFES (3) YSU (1) ERA5 
36 

Scenario 72 3 AATS (28) 0 YSU (1) ERA5 

Scenario 73 9 KS (1) KFS (1) MYJ (2) ERA5 
37 

Scenario 74 3 KS (1) 0 MYJ (2) ERA5 

Scenario 75 9 ES (5) KFS (1) MYJ (2) ERA5 
38 

Scenario 76 3 ES (5) 0 MYJ (2) ERA5 

Scenario 77 9 WSM6 (6) KFS (1) MYJ (2) ERA5 
39 

Scenario 78 3 WSM6 (6) 0 MYJ (2) ERA5 

Scenario 79 9 AATS (28) KFS (1) MYJ (2) ERA5 
40 

Scenario 80 3 AATS (28) 0 MYJ (2) ERA5 
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Table 3.3.4 (cont’d) The model configurations used in the Sensitivity Analysis 

Scenario 81 9 KS (1) BMJ (2) MYJ (2) ERA5 
41 

Scenario 82 3 KS (1) 0 MYJ (2) ERA5 

Scenario 83 9 ES (5) BMJ (2) MYJ (2) ERA5 
42 

Scenario 84 3 ES (5) 0 MYJ (2) ERA5 

Scenario 85 9 WSM6 (6) BMJ (2) MYJ (2) ERA5 
43 

Scenario 86 3 WSM6 (6) 0 MYJ (2) ERA5 

Scenario 87 9 AATS (28) BMJ (2) MYJ (2) ERA5 
44 

Scenario 88 3 AATS (28) 0 MYJ (2) ERA5 

Scenario 89 9 KS (1) GFES (3) MYJ (2) ERA5 
45 

Scenario 90 3 KS (1) 0 MYJ (2) ERA5 

Scenario 91 9 ES (5) GFES (3) MYJ (2) ERA5 
46 

Scenario 92 3 ES (5) 0 MYJ (2) ERA5 

Scenario 93 9 WSM6 (6) GFES (3) MYJ (2) ERA5 
47 

Scenario 94 3 WSM6 (6) 0 MYJ (2) ERA5 

Scenario 95 9 AATS (28) GFES (3) MYJ (2) ERA5 
48 

Scenario 96 3 AATS (28) 0 MYJ (2) ERA5 

 

PART II – Sea Surface Temperature (SST) Analysis  

The interaction between the ocean and the atmosphere is a starting point of the 

climate patterns and their distribution through out the world. Since the atmosphere 

is a dynamic system, any change occured in it will be carried by the daily and annual 

rotations of the Earth, the ocean currents, the winds and the orographic factors so it 

will travel both on the vertical and horizontal distances which enables it to have 

power to influence the weather and the climate patterns where ever it goes (IPCC, 

2014; Bigg et.al, 2003). 

The radiation that can reach to the sea surface is called ‘Sea Surface Temperature 

(SST)’. The SST plays a critical role in the ocean – atmosphere interaction as the 

vertical fluxes such as the heat (latent heat, sensible heat), moisture and momentum 

are two way transmitted from the interface between the sea surface and the air above 
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(Bigg et.al, 2003).  The surface winds, currents and waves are the main dynamics of 

this transfer (GHRSST, 2010).  

As stated in ‘Report on the Environment’ by Environmental Protection Agency 

(EPA, 2008), the high temperature stored on the sea surface evaporates more, 

accelerates the atmospheric system and leads to heavy precipitation occurances onto 

both the seas and the inlands. Therefore, the terrain which has the complex 

topographic properties and high SSTs such as the Mediterranean region, carries great 

possibility for the SST triggered extreme weather events to be occured.  

When the SST accelerates the flux exchanges through the ocean – atmosphere 

interface, the air circulates both in horizontal and vertical directions. In some cases, 

this circulation may impact larger regions.  The tropical cyclones such as El Niño or 

La Niña, the summer mussons in India and the midlatitude storms near the Gulf 

Stream can be considered as the synoptic scale of extreme weather events due to this 

type of circulations. (Senatore et.al, 2014). Nevertheless, particularly the recent 

studies, claim that the some of mesoscale storms and extreme convective 

precipitation are also resulted by the abnormal changes in SST.  

 

According to these studies, the SST is not the only reason underlies the extreme 

events,  the orographic forcing which refers the reduction/exclusion of 

mountainbarriers (Hong and Lee 2009; Smith et al. 2010; Fleschand Reuter 2012)  

has also an undeniable contribution on the SST triggered extreme weather events. 

 

The regions especially located at midlatitudes where the temperature is relatively 

high and has a complex coastal orography such as the Mediterranean (Rebora et al. 

2013) can be influenced by the SST changes. Therefore, the mesoscale thunderstoms 

and hurricanes occured in these regions may likely be triggered by SST.  

 

As the other mesoscale meteorological processes, the SST based weather events’ 

impacts also can be observed from the coastal areas up to several hundred kilometers 

inlands (Senatore et.al, 2014). The aim of this part of the thesis is to observe the SST 
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effects on the heavy precipitation events occured in two regions of Turkey: 

Mediterranean and Eastern Black Sea. For Mediterranean region, Antalya basin, for 

Eastern Black Sea region like its name Eastern Black Sea basin are selected to work 

in the scope of this study.  

 

3.4 Importance of SST on Mediterranean and Eastern Black Sea Regions  

It has already known that the Mediterranean is one of the most vulnerable regions 

that is highly affected via the global warming (Cisneros et al., 2016) in the world. 

The rising temperature in air warms the seas as well as the lands which leads the SST 

has increased over the region. In regard to SST statics of GDM  (GDM, 2019) 

average SST of Mediterranean Sea increased by 0.6 º C between two decades (from 

1989 - 1998 to 1999 - 2008) whereas it continued to increase with 0.3 º C increment 

among 1999 -  2008 and 2009 - 2018 periods. These results show that the annual 

SST values has been rapidly rising in the last 20 years. While the average SST of 

Mediterranean Sea in December 2017 was 19.2 º C, it was estimated as 19.3 º C for 

the next year’s December (GDM, 2019). 

 

Therefore, the SST of the event year was higher than previous years and also it was 

observed the SSTs have been continued to rise by certain levels before and along the 

event period. Moreover, as stated in Senatore’s article (Senatore et al., 2014), the 

complex coastal orography of Mediterranean region is quite suitable for the 

formation of SST caused precipitation. From all of these perspectives, Mediterranean 

was one of the essential regions to conduct SST analysis in Turkey.  

Moreover to this, the impact of SST changes on precipitation has aimed to be study 

with Eastern Black Sea region, too. Since it is one of the most rainy basins in Turkey 

and the general rise in SSTs for all around the world has also observed on this region. 

Based on the archive dataset, the estimated average precipitation dropped was around 

1.030,4 - 1.187,1 mm and the average SST on Black Sea had rised about 0.5º C from 
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2013 to 2015 then reached its maximum in 2018 by 16.5º C (Ministry of Forestry 

and Water Affairs & Directorate General for Water Management (GDWM), 2019). 

This is important for the study because it indicates the sea – atmosphere interaction 

valid for that year which draws a better picture to understand the event year’s (2015) 

weather conditions. ( GDM, 2019).  

Similar to Mediterranean, Eastern Black Sea region is also surrounded with 

mountains at the coastal area so the orographical properties are complex on seaside 

of this basin. High air temperature heats the seas as well as the lands. The rapid and 

sharp increases in the SST accelerate the vertical flux exchanges among the sea and 

atmosphere. This dynamic cause the cloud formation and sometimes under the 

complex topographical effects, leads heavy precipitation to occur. Hence, Eastern 

Black Sea region also carries great potential for having SST triggered precipitation 

events.  

3.5 SST Data Sources’ Arrangement 

There are many SST data sources to be used in the numerical weather prediction 

(NWP) models. The data of these sources can be obtained from the in – situ 

observation stations (ship, buoys), the satellites and also the model forecast results.  

In this thesis, three SST source datasets are planned to use. By this way, not only 

SST impacts on the selected heavy precipitation events are observed but also which 

SST dataset produces the most accurate prediction for these events can be 

investigated.  

 

One of the selected SST source for this study is ‘The Group for High Resolution Sea 

Surface Temperature Level 4 Ultra High Resolution (GHRSST)’ (GHRSST, 2010). 

GHRSST is a product of an international consortium which brings the research 

organizations, operational agencies, academic institutions and commercial 

enterprises together, (GHRSST, 2010). The SST is provided daily with a resolution 

0.01°. The reason why this dataset has chosen as one of the sources, is because the 
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GHRSST offers the highest horizontal / spatial resolution among the other selected 

SST datasets. Thus, it is expected to the SST impacts on the events’ precipitation are 

explicitly observed in this one.  

Through Senatore and his colleagues’  researches over the years (Senatore et al., 

2014; Senatore et al., 2020), ‘Medspiration level 4 Ultra-High Resolution 

foundation SST’ (MEDS) (with horizontal resolution of 0.022°) from the 

Medspiration Project is also included as the another SST source to analyse in this 

paper. The Medspiration project has been conducted by  the cooperation of many 

institutions under the leadership of the Centre European Remote Sensing 

d’Archivage et de Traitement (CERSAT), Institut Français de Recherche pour 

L’Exploitation de la Mer (IFREMER) (Merchant et al., 2008; Robinson et al., 2012).  

 

The third and final SST source is the ‘real-time, global, sea surface temperature 

(RTG_SST_HR)’ SST represented by the National Centers for Environmental 

Prediction (NCEP), National Oceanic and Atmospheric Administration (NOAA) and 

Marine Modeling and Analysis Branch (MMAB). This dataset, called NCEP SST,  

has relatively coarse horizontal resolution with 0.083° than the other two (NCEP, 

2014). 

The GHRSST and the Medspiration are the satellite derived SST datasets whereas 

the NCEP SST can be taken as the model derived dataset. However, it does not mean 

that the satellite derived dataset only contain satellite data or the model derived is 

just produced from the atmospheric model predictions.  On the contrary, all of the 

three SST data sources utilize the satellites and the in-situ observations such as the 

ships, the buoys data together to provide a dataset. The only addition to this, is the 

NCEP SST dataset is obtained by combining the model forecasts with the satellite 

and in-situ observations. Therefore, it is distinguished from the others and that’s why 

it is included in this study. Yet, no matter the source or how they obtained, all SST 

datasets are provided daily.   
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GHRSST ~ 1.1 km 

MEDS    ~ 2.2 km 

NCEP    ~ 9.2 km 

 

Here, the format of the source dataset is critical as WRF model only reads the grib 

format whereas the satellite derived datasets like the GHRSST and the Medspiration 

are offered in ‘nc’ format. Hence, these SST datasets should be externally arranged 

before putting into the model.  

 

Through the directives in  “Sensitivity of Modeled Precipitation to Sea Surface 

Temperature in Regions with Complex Topography and Coastlines: A Case Study 

for the Mediterranean” paper (Senatore et al., 2014), the external pre-processing 

steps are applied on GHRSST and the Medspiration datasets by the GIS based 

techniques. Taken steps are listed as follows:   

First, “nc” format daily SST datasets are opened on the QGIS for each day and 

reprojected to the WRF projection (e.g. converting WGS84 to Lambert projection). 

Second, the grids of reprojected datasets are resampled by using the nearest 

neighbour method, where the values are assigned to the closest grids without 

changing. It should not be forgotten that the domain extents and their horizontal 

resolutions are need to be specified during resampling process. The meteorological 

data is fed into the model to update the boundary conditions for every 6 hours, but 

the SST datasets are produced daily. To be able to adjust the interval of these external 

SSTs are fed into the model, each dataset is repeated 4 times in a day. For this task, 

the R programming is used. Lastly, the resampled and intervally adjusted SST 

datasets are merged with land SSTs of the model. Hence, like in the reference paper 

(Senatore et al., 2014), the SST data of model on the seas is changed with the new 

source datasets SSTs while the original model SST values such as GFS or ECMWF 

provided, on the land remains the same with the model data. 
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To be able to make the changes and insert the new SST datasets, the lower boundary 

condition files of each domains (e.g. wrflowinp_d01 for domain 1, wrflowinp_d02 

for domain 2) should be provided by the WRF model. Therefore, two relevant 

options should be activated via the WRF model’s input namelist options: sst_update 

and sst_skin. The sst_update option is used so that the model updates the SSTs for 

each time steps otherwise the model does not make time-varying prediction on SST, 

the sst_skin option is turned into open to make the model calculates the skin 

SSTs  (Zeng and Beljaars, 2005). When the SST dynamics of the model is permitted 

via these options, the lower boundary condition files are produced on each domains. 

The current SST is replaced with the new source SST dataset by means of ncks 

commands.   

3.6 WRF ARW Model Set Up for SST Analysis 

While Table  3.6.1 represents the event dates to be studied by SST Analysis, Table  

3.6.2 shows the scenarios and their model configuration options on each region.   

According to the observation data taken from GDM, it was accepted that the event 

occured in between 15 - 17 December of 2018. Based on the archive database, this 

case was considered as one of the biggest catastrophic event that has ever happened 

over the entire country since the total precipitation amount dropped in just one station 

on December 16, was calculated as 654.4 mm which is quite a lot comparing to the 

montly average precipitation on December for the whole Antalya city was estimated 

as 265.3 mm (Forestry and Water Affairs and General Directorate of Meteorology, 

2019).  

The second heavy precipitation event included into this SST analysis, happened on 

Eastern Black Sea region of Turkey. Once again, the observation station dataset were 

provided from GDM. With 32.4 mm maximum precipitation production, the event 

date had been defined for 23 – 24 August of 2015. 
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Table  3.6.1 Selected event dates and determined model run periods for SST Analysis 

 

Region 

 

Event 

Season 

 

Event Date 

 

Main Station 

Peak 
Precipitation 
Amount (mm) 

 

Model Run 

Period 

Mediterranean Winter 16.12.2018 Ovacık / 
Antalya 

53.1 10.12.2018 – 
20.12.2018 

Eastern Black 
Sea 

Summer 24.08.2015 Arhavi / 
Artvin 

32.4 17.08.2015 – 
27.08.2015 

 

 
 
Table  3.6.2  The model configurations determined to be tried in the SST Analysis 

 
 

   Events 

 
Scenario 

Grid Sizes 

or 

Resolution 

(km) 

SST Data Source  

Input 

Dataset 

Type 

Simulation 

No 

 
 
 

 
 

 
MED - 
Winter 

Scenario 

1 
9 WRF - GFS GFS 

1 
Scenario 

2 
3 WRF - GFS GFS 

Scenario 

3 
9 GHRSST GFS 

2 
Scenario 

4 
3 GHRSST GFS 

Scenario 

5 
9 Medspiration GFS 

3 
Scenario 

6 
3 Medspiration GFS 

Scenario 

7 
9 NCEP GFS 

4 
Scenario 

8 
3 NCEP GFS 

 

 
 
 

 
 

EBLS - 

Summer 

Scenario 

1 
9 WRF - ERA5 ERA5 

1 
Scenario 

2 
3 WRF - ERA5 

ERA5 

Scenario 

3 
9 GHRSST 

ERA5 

2 
Scenario 

4 
3 GHRSST 

ERA5 

Scenario 

5 
9 Medspiration 

ERA5 

3 
Scenario 

6 
3 Medspiration 

ERA5 

Scenario 

7 
9 NCEP 

ERA5 

4 
Scenario 

8 
3 NCEP 

ERA5 

 

 



 

 

 
70 

Model configurations in order to use in the SST study, are determined by the 

outcomes obtained from the sensitivity analysis (Chapter 4 – PART I). The physical 

parameters and input data sources are selected based on their forecasting accuracies. 

Of course, it has also considered for the better options in the sensitivity event seasons 

match or at least be similar with the SST event seasons. Since it has already known, 

specific approach in physics can not suit to build up all of the seasonal atmospheric 

conditions. According to this information, the selected schemes to be used in model 

configurations of SST events on each basin are shown at Table  3.6.3. 

 

Table  3.6.3 Physical Schemes Selected to be Used in SST Analysis  

 

Selected Physical Schemes 

 

Mediterranean 

 

Eastern Black Sea 

 

 

Microphysics 

(mp) 

Eta (Ferrier) Scheme (5) Aerosol–aware Thompson 

Scheme (28) 

Cumulus 

(cu) 

 

Grell–Freitas Ensemble 

Scheme (3) 

 

Grell–Freitas Ensemble 

Scheme (3) 

Planetary Boundary Layer 

(bl_pbl) 

Mellor–Yamada–Janjic 

Scheme (MYJ) (2) 

Mellor–Yamada–Janjic 

Scheme (MYJ) (2) 

Shortwave Radiation 

(ra_sw) 

Dudhia Shortwave Scheme 

(1) 

Dudhia Shortwave Scheme 

(1) 

Longwave Radiation 

(ra_lw) 

RRTM Longwave Scheme 

(1) 

RRTM Longwave Scheme 

(1) 

Surface Layer 

(sf_sfclay) 

Eta Similarity Scheme (2) Eta Similarity Scheme (2) 

Land Surface 

(sf_surface) 

Unified Noah Land Surface 

Model (2) 

Unified Noah Land Surface 

Model (2) 
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CHAPTER 4 

RESULTS OF EVENT CASE STUDIES 

PART I - Sensitivity Analysis Event Cases 

4.1 TOPSIS Analysis 

As a part of the sensitivity study, to be able to rank the overall performance of each 

scenario, the ‘Technique for Order of Preference by Similarity to Ideal Solution 

(TOPSIS)’ analysis has been planned to use. TOPSIS is one of the multi-criteria 

decision tools that ranks the alternatives according to have the shortest distance from 

the positive ideal solution to the farther distance from negative ideal solution. This 

kind of analysis’ working mechanism is usually shaped by the data type, the 

normalization process and the decision maker preferences about the used parameters, 

the value range, the weightage of parameters. Since based on these factors, the final 

decisions of TOPSIS can easily change.  

By this analysis, each of 96 scenarios has been measured for various statistical 

parameters such Mean Bias Error (MBE), Standard Deviation (SD), Root Mean 

Square Error (RMSE). Addition to those, some commonly used forecast verification 

indicators (e.g. Probably of Detection, False Alarm Ratio, Critical Success …) are 

also included into TOPSIS calculations. All of the used parameters are shown under 

the name of ‘TOPSIS Parameters’  in Table 4.1.1. Since TOPSIS has its own 

normalization algorithm to be used on each scenario, the weightage is determined as 

1 for all the parameters. The value range for the rankings has been decided from 0 to 

1. To be able to make all parameters’ values fit in this range, some specific conditions 
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are determined for the Frequency Bias Index (FBI), MBE and SD.  These conditions 

are also displayed under ‘Method Used in Re-arranged Range’ column of Table 4.1.1.   

By appling TOPSIS on the Sensitivity Analysis, it is aimed to find possible best 

scenarios and also make comparisons for their differences from the worst scenarios. 

It, at least, can give an idea about the average performances of 96 scenarios and 

create a ranking system based on multiple criteria.  

 

Table 4.1.1 The Algorithms of TOPSIS Analysis (Nurmi, 2007) 

TOPSIS 

Parameters 
Group 

Value 

Range 

Best  

Performa

nce  

Re-

arranged 

Range 

Method Used 

in Re-arranged 

Range 

Probability of 

Detection 

(POD) = 
𝐴

𝐴+𝐶
 

Categoric 0 to 1 1 - - 

False Alarm Ratio 

(FAR)= 
𝐵

𝐴+𝐵
 

Categoric 0 to 1 0 - - 

Critical Success 

Index (CSI)= 
𝐴

𝐴+𝐵+𝐶
 

Categoric 0 to 1 1 - - 

Percent Correct 

(PC)= 
𝐴+𝐷

𝐸
 

Categoric 0 to 1 1 - - 

Frequency Bias 

Index (FBI)= 
𝐴+𝐵

𝐴+𝐶
 

Categoric 0 to ∞ 1 0 to 1 

A) If FBI[i]>2,  

=> FBI[i]=0 

B) If 

2>FBI[i]>1, 

=> FBI[i]=2-

FBI[i] 

C) If FBI[i]<1, 

=> FBI[i]= 

FBI[i] 
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Table 4.1.1 (cont’d) The Algorithms of TOPSIS Analysis (Nurmi, 2007) 

Root Mean Square 

Error (RMSE) = 

 √[ Σ(Pi – Oi)
2 / n ] 

Statistical 0 to ∞ 0 - - 

Mean Bias Error 

(MBE) = 

Σ |( 𝑃i − 𝑂i)| / n 

Statistical 
-∞ to 

∞ 
0 0 to ∞ 

MBE[i]=|MBE[

i]| 

Standard Deviation 

 (SD) = 

√[ Σ(𝑃i – 𝑃̅i)
2 / 

Σ(𝑂i – 𝑂̅i)
2  ] 

Statistical 
-∞ to 

∞ 
1 0 to 1 

A) If SD[i]>2,  

=> SD[i]=0 

B) If 

2>SD[i]>1, 

=> SD[i]=2-

SD[i] 

C) If SD[i]<1, 

=> SD[i]= 

SD[i] 

Correlation 

Coefficient (R) =  

[Σ (𝑃i –  𝑃i) * (𝑂i – 

𝑂i)] / √[Σ(𝑃i – 𝑃̅i)
2] * 

√[Σ(𝑂i – 𝑂i)
2 ] 

Statistical -1 to 1 1 - - 

 
n = the total number of comparisons, P = the model predictions, 𝑃̅ = the average of model 

predictions,  𝑂 = the observations, 𝑂̅ = the average of observations  
 
 

 

The A,B,C,D and E symbols in the TOPSIS forecast verification parameters’ (POD, 

FAR, CSI, PC, FBI) formulas refer different relations between the model and the 

observation. The algorithms of these parameters are given in Table 4.1.2. 
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Table 4.1.2 The Algorithms of Categorical Forecasts 

 

 
Forecast 

Precipitation 

 

Observation Precipitation 

Yes No Marginal Total 

Yes A B A+B 

No C D C+D 

Marginal Total A+C B+D A+B+C+D = E 

 

Through the evalution of TOPSIS analysis, the top 10 scenarios in the rankings are 

shown for each event case in Table 4.1.3. The ‘9 km’ column refers the top 

performance model configurations of the parent domain (domain 1) whereas the ‘3 

km’ column indicates the best performances of configurations for only the nest 

(domain 2). Even though the TOPSIS analysis or the top 5 of rankings can not offer 

the actual results, it may be helpful to draw general picture of prediction 

performances among 96 scenarios. As comparing with the rest, the common schemes 

of parameters used in the best configurations can be differenciated from the others 

and this can be useful for the researcher to focus on those mutual points while trying 

to find the schemes and parameters that the WRF model tends to be more sensitive.  

For instance, in Mediterranean autumn event, Eta (Ferrier, ES) dominates the higher 

rankings for both domains which means it has a certain effect on enhancing the 

forecast accuracy. On the other hand, Eastern Black Sea autumn event, as expected 

and mentioned in Chapter 3.2.2, Aerosol Aware Thompson (AATS) and WRF Single 

6 (WSM6) microphysics are really good at predictions among both 9 and 3 km 

scenarios.  

For cumulus performances, there is only one column to look at because the cumulus 

parameterization in domain 2 (3 km) model configurations has been closed for this 
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study.  From the overall list of the four events, it can be noticed that Kain Friscth 

(KFS) and Grell Freitas (GFES) performed better for autumn events while KFS gives 

its place to Betts Miller Janjic (BMJ) for summer events of the regions. This might 

be related with the event characteristics (synoptic or convective) in terms of 

precipitation period and its impact area.  

In PBL, however, the two schemes are not exactly differenciated from each other as 

the options are too limited and almost every event has a couple of both PBL approach 

in their top 5. Yet, it does not be wrong to consider, MYJ approach usually 

corresponds good to autumun and summer seasons’ precipitation events on both 

regions.  

Lastly, the input data source effect on model predictions represented in ‘Source 

Type’ column of   
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Table 4.1.4 and Table 4.1.5, seems mostly depending on the regional features, not 

seasons. From, this column depicts that ERA5 is more appropiate for Eastern Black 

Sea region whereas GFS is more suitable to use in Mediterranean regional forecasts.  

 

Table 4.1.3 Top 10 of model configurations in each event case through TOPSIS Analysis 

Results 

Events 

 

Topsis 

Rankings 

 

Scenario 

Number 

Domains 
Microphysic

s 
Cumulus PBL 

Input 

Dataset 

Type 

MED - 
Autumn 

1st Scenario 

43 

Domain 1  

(9 km) 
ES (5) GFES (3) 

MYJ 

(2) 
GFS 

2nd Scenario 
27 

Domain 1  
(9 km) 

ES (5) KFS (1) 
MYJ 
(2) 

GFS 

3rd Scenario 

3 

Domain 1  

(9 km) 
ES (5) KFS (1) 

YSU 

(1) 
GFS 

4th Scenario 
44 

Domain 2  
(3 km) 

ES (5) 0 
MYJ 
(2) 

GFS 

5th Scenario 

47 

Domain 1  

(9 km) 
AATS (28) GFES (3) 

MYJ 

(2) 
GFS 

6th Scenario 
19 

Domain 1  
(9 km) 

ES (5) GFES (3) 
YSU 
(1) 

GFS 

7th Scenario 

4 

Domain 2  

(3 km) 
ES (5) 0 

YSU 

(1) 
GFS 

8th Scenario 
20 

Domain 2  
(3 km) 

ES (5) 0 
YSU 
(1) 

GFS 

9th Scenario 

35 

Domain 1  

(9 km) 
ES (5) BMJ (2) 

MYJ 

(2) 
GFS 
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Table 4.1.3 (cont’d) Top 10 of model configurations in each event case through TOPSIS 

Analysis Results 

 
10th Scenario 

36 

Domain 2  (3 

km) 
ES (5) 0 

MYJ 

(2) 
GFS 

MED - 
Summe

r 

1st Scenario 

48 

Domain 2  (3 

km) 
AATS (28) 0 

MYJ 

(2) 
GFS 

2nd Scenario 

1 

Domain 1  (9 

km) 
KS (1) KFS (1) 

YSU 

(1) 
GFS 

3rd Scenario 

95 

Domain 1  (9 

km) 
AATS (28) GFES (3) 

MYJ 

(2) 
ERA5 

4th Scenario 

9 

Domain 1  (9 

km) 
KS (1) BMJ (2) 

YSU 

(1) 
GFS 

5th Scenario 

25 

Domain 1  (9 

km) 
KS (1) KFS (1) 

MYJ 

(2) 
GFS 

6th Scenario 

7 

Domain 1  (9 

km) 
AATS (28) KFS (1) 

YSU 

(1) 
GFS 

7th Scenario 

15 

Domain 1  (9 

km) 
AATS (28) BMJ (2) 

YSU 

(1) 
GFS 

8th Scenario 

41 

Domain 1  (9 

km) 
KS (1) GFES (3) 

MYJ 

(2) 
GFS 

9th Scenario 

43 

Domain 1  (9 

km) 
ES (5) GFES (3) 

MYJ 

(2) 
GFS 

10th Scenario 

45 

Domain 1  (9 

km) 
WSM6 (6) GFES (3) 

MYJ 

(2) 
GFS 

EBLS - 
Autumn 

1st Scenario 

77 

Domain 1  (9 

km) 
WSM6 (6) KFS (1) 

MYJ 

(2) 
ERA5 

2nd Scenario 

69 

Domain 1  (9 

km) 
WSM6 (6) GFES (3) 

YSU 

(1) 
ERA5 

3rd Scenario 

21 

Domain 1  (9 

km) 
WSM6 (6) GFES (3) 

YSU 

(1) 
GFS 

4th Scenario 

93 

Domain 1  (9 

km) 
WSM6 (6) GFES (3) 

MYJ 

(2) 
ERA5 

5th Scenario 

78 

Domain 2  (3 

km) 
WSM6 (6) 0 

MYJ 

(2) 
ERA5 

6th Scenario 

79 

Domain 1  (9 

km) 
AATS (28) KFS (1) 

MYJ 

(2) 
ERA5 

7th Scenario 

45 

Domain 1  (9 

km) 
WSM6 (6) GFES (3) 

MYJ 

(2) 
GFS 

8th Scenario 

49 

Domain 1  (9 

km) 
KS (1) KFS (1) 

YSU 

(1) 
ERA5 

9th Scenario 

19 

Domain 1  (9 

km) 
ES (5) GFES (3) 

YSU 

(1) 
GFS 

10th Scenario 

71 

Domain 1  (9 

km) 
AATS (28) GFES (3) 

YSU 

(1) 
ERA5 

EBLS - 
Summe

r 

1st Scenario 

87 

Domain 1  (9 

km) 
AATS (28) BMJ (2) 

MYJ 

(2) 
ERA5 

2nd Scenario 

88 

Domain 2  (3 

km) 
AATS (28) 0 

MYJ 

(2) 
ERA5 

3rd Scenario 

91 

Domain 1  (9 

km) 
ES (5) GFES (3) 

MYJ 

(2) 
ERA5 

4th Scenario 

85 

Domain 1  (9 

km) 
WSM6 (6) BMJ (2) 

MYJ 

(2) 
ERA5 

5th Scenario 

96 

Domain 2  (3 

km) 
AATS (28) 0 

MYJ 

(2) 
ERA5 



 

 

 
78 

Table 4.1.3 (cont’d) Top 10 of model configurations in each event case through TOPSIS 

Analysis Results 

 

6th Scenario 

81 

Domain 1  (9 

km) 
KS (1) BMJ (2) 

MYJ 

(2) 
ERA5 

7th Scenario 

95 

Domain 1  (9 

km) 
AATS (28) GFES (3) 

MYJ 

(2) 
ERA5 

8th Scenario 

93 

Domain 1  (9 

km) 
WSM6 (6) GFES (3) 

MYJ 

(2) 
ERA5 

9th Scenario 

71 

Domain 1  (9 

km) 
AATS (28) GFES (3) 

YSU 

(1) 
ERA5 

10th Scenario 

41 

Domain 1  (9 

km) 
KS (1) GFES (3) 

MYJ 

(2) 
GFS 

 

Since the TOPSIS Analysis can create a ranking system among 96 scenarios based 

on various statistical aspects, it can also offer to make a comparison between the 

general performances of meteorological input sources for each domain.  This helps 

to researcher to differenciate mainly which input source type (GFS or ERA5) 

achieved to generate more realistic predictions for every event period. That’s why, 

the highest and lowest rankings in GFS and ERA5 scenarios are determined in each 

of four events. They are named as ‘GFS - Best’, ‘ERA5 - Best’ and ‘GFS - Worst’, 

‘ERA5 - Worst’, respectively. Similarly,  this kind of classification can also be useful 

to observe how the shemes used in physical parameters have changed or remained 

same between the best and the worst performed configurations or GFS and ERA5 

scenarios.   

The best and the worst scenarios of two sources for the conducted sensitivity analysis 

are represented by Table 4.1.4 and Table 4.1.5. 
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Table 4.1.4 Best and worst scenarios of GFS and ERA5 datasets for domain 1 (9 km) 

  

Performances based on Topsis 

Analysis 
9 km 

Events 

 

Among 

Domain 1 

Scenarios 

 

 

Scenario 

Number Microphysics 
Cumul

us 
  PBL     Source Type 

MED -

Autumn 

  GFS - Best Scenario 

43 
ES GFES MYJ GFS 

 GFS - Worst Scenario 

25 
KS KFS MYJ GFS 

ERA5 -Best Scenario 

67 
ES GFES YSU ERA5 

ERA5 - 

Worst 

Scenario 

65 
KS GFES YSU ERA5 

MED -

Summer 

 GFS - Best Scenario 

1 
KS KFS YSU    GFS 

 GFS - Worst Scenario 

35 
ES BMJ MYJ GFS 

 ERA5 -Best Scenario 

95 
AATS GFES MYJ ERA5 

ERA5 - 

Worst 

Scenario 

65 
KS GFES YSU ERA5 

EBLS -

Autumn 

 GFS - Best Scenario 

21 
WSM6 GFES YSU GFS 

 GFS - Worst Scenario 

43 
ES GFES MYJ        GFS 

 ERA5 -Best Scenario 

77 
WSM6 KFS MYJ ERA5 

ERA5 - 

Worst 

Scenario 

83 
ES BMJ MYJ ERA5 
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Table 4.1.4 (cont’d) Best and worst scenarios of GFS and ERA5 datasets for domain 1 (9 

km) 

 

 

Table 4.1.5 Best and worst scenarios of GFS and ERA5 datasets for domain 2 (3 km) 

Performances based on Topsis Analysis 3 km 

Events 

 

Among Domain 

2 Scenarios 

 

 

Scenario Number 
Microphysics PBL           

Source 

Type 

MED -

Autumn 

  GFS - Best Scenario 44 ES MYJ GFS 

  GFS - Worst Scenario 26 KS MYJ GFS 

  ERA5 -Best Scenario 68 ES YSU ERA5 

  ERA5 - 

Worst 

Scenario 54 
WSM6 YSU ERA5 

MED -

Summer 

  GFS - Best Scenario 48 AATS MYJ GFS 

  GFS - Worst         Scenario 4 ES YSU GFS 

  ERA5 -Best Scenario 96 AATS MYJ ERA5 

 ERA5 - Worst Scenario 58 KS YSU ERA5 

EBLS -

Autumn 

  GFS - Best Scenario 22 WSM6 YSU GFS 

GFS - Worst Scenario 28 ES MYJ GFS 

  ERA5 -Best Scenario 78 WSM6 MYJ ERA5 

 ERA5 - Worst Scenario 84 ES MYJ ERA5 

EBLS -

Summer 

 GFS - Best Scenario 

41 
KS GFES MYJ GFS 

 GFS - Worst Scenario 

39 
AATS BMJ MYJ GFS 

 ERA5 -Best Scenario 

87 
AATS BMJ MYJ ERA5 

ERA5 - 

Worst 

Scenario 

53 
WSM6 KFS YSU ERA5 



 

 

 
81 

Table 4.1.5 (cont’d) Best and worst scenarios of GFS and ERA5 datasets for domain 2 (3 

km) 

EBLS -

Summer 

  GFS - Best Scenario 42 KS MYJ GFS 

GFS - Worst Scenario 40 AATS MYJ GFS 

  ERA5 -Best Scenario 88 AATS MYJ ERA5 

 ERA5 - Worst Scenario 54 WSM6 YSU ERA5 

 

TOPSIS Analysis has also applied to rank the performances among the SST 

scenarios. Table 4.1.6 represents the prediction performances rankings of data 

sources with their domain resolutions on both regions.   

Table 4.1.6 Rankings among SST model configurations in each event case through 

TOPSIS Analysis Results 

Events 

 

Topsis 

Rankings 

 

Scenario 

Number 

Domains 
SST Data 

Source  

Input 

Dataset 

Type 

MED - 
Winter 

1st Scenario 

8 

Domain 2  (3 

km) 
NCEP GFS 

2nd Scenario 

6 

Domain 2  (3 

km) 

Medspiratio

n 
GFS 

3rd Scenario 

4 

Domain 2  (3 

km) 
GHRSST GFS 

4th Scenario 

2 

Domain 2  (3 

km) 
WRF - GFS GFS 

5th Scenario 

7 

Domain 1  (9 

km) 
NCEP GFS 

6th Scenario 

5 

Domain 1  (9 

km) 

Medspiratio

n 
GFS 

7th Scenario 

3 

Domain 1  (9 

km) 
GHRSST GFS 

8th Scenario 

1 

Domain 1  (9 

km) 
WRF - GFS GFS 

EBLS - 
Summer 

1st Scenario 

2 

Domain 2  (3 

km) 

WRF - 

ERA5 

ERA5 

2nd Scenario 

4 

Domain 2  (3 

km) 
GHRSST 

ERA5 

3rd Scenario 

6 

Domain 2  (3 

km) 

Medspiratio

n 

ERA5 

4th Scenario 

3 

Domain 1  (9 

km) 
GHRSST 

ERA5 

5th Scenario 

8 

Domain 2  (3 

km) 
NCEP 

ERA5 

6th Scenario 

5 

Domain 1  (9 

km) 

Medspiratio

n 

ERA5 
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Table 4.1.6 (cont’d) Rankings among SST model configurations in each event case 

through TOPSIS Analysis Results 

 

7th Scenario 

1 

Domain 1  (9 

km) 

WRF - 

ERA5 

ERA5 

8th Scenario 

7 

Domain 1  (9 

km) 
NCEP 

ERA5 

 

4.2 Mediterranean – Autumn Event ( 2017/11/26 - 2017/11/29) 

The first case to be investigated under the sensitivity analysis of WRF model on 

predictions, is the autumn event of the Mediterranean region. According to recorded 

data, the actual date of the event is 28 of November 2017. However, because the 

model needs to some spin up time to build an active atmospheric system on the study 

area during the actual event hour, all four of the events’ periods are considered with 

one before the event date. That’s why, the model run time of each case, has 

determined as 73 hours in total.   

In Figure 4.2.1, precipitation and temperature changes of the main station of this 

event where the highest rainfall was recorded, has shown. As it can be seen from this 

graph, the peak rain amount dropped on the region is approximately 30 mm (29.6 

mm precisely) and that occured almost at the end of 73 hours period. From the 

observation dataset that is taken from GDM, the main station of this event is 

Manavgat / Antalya station and like in Figure 4.2.1, the event occured around the 

surrondings of this station on November 28 at 19:00 UTC. 

Sudden and sharp changes in air temperatures seem very effective on precipitation 

formation over the region. Since most of the time, temperature usually drops while 

it is raining and then it rises again when there is no or not much rain formation. 

Especially, from the dramatic decrease in temperature at the peak precipitation hour 

indicates a convective system. The cumulative precipitation also proves that the 

actual change in total, created by the rain amount at the peak hour.     
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Figure 4.2.1 Precipitation and Temperature time series of the main station (Manavgat - 

Antalya) for Mediterranean – Autumn event through the model run period between 
2017/11/26 – 2017/11/29. Black solid line refer precipitation amounts dropped over the 

station while the dashed red line indicates recorded temperature of the station. Dashed blue 

line represents the cumulative precipitation amounts through the time 

 

As mentioned before, through the scope of sensitivity analysis, 96 configurations / 

scenarios are run by the WRF model in each case of this thesis. The performances of 

these scenarios and their overall prediction powers during this event period are 

shown on the graphs in  Figure 4.2.2. One of them includes only the configurations 

which take the boundary conditions from GFS dataset whereas the other one 

represents the scenarios worked with ERA5 dataset. By this way, the time series 

graphs offer a general idea about the sensitivity analysis of the WRF model on the 

performances of input meteorological datasets for the specific event case. Of course, 

to be able to do this comparison between GFS and ERA5, mean of observation 

stations’ data (solid black line) is also represented onto these graphs.   

The raster time series which are placed at the bottom of Figure 4.2.2, depict the bias 

variance among the configurations. It can be observed from Table 3.3.4, the first 48 
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scenarios are run by the GFS while for the rest of them, 49 – 96,  ERA5 dataset is 

prefered to use.  

Through the light of this aspect, the timeseries and the bias graphs on Figure 4.2.2, 

demonstrate that ERA5 used scenarios performed better than GFS used ones since 

the gap among the means of model and observation (black and red solid lines) is 

much more smaller especially at the peak hour when the means reachs maximum 

value (in this case at 2018.11.28 _ 00:00), on its graphs. It is apparent that the most 

of GFS dataset used scenarios made huge overestimations to predict the maximum 

rain amount, although they were enable to build most unstable atmospheric 

conditions at the peak hour. That is the reason why the precipitation bias of many 

GFS configurations has estimated more than 3 mm (red colored rasters at hour 48)  

although it is around 0 - 1 for most of ERA5 configurations (rasters colored with 

white at hour 48) in the bias raster representations at the bottom.  

 

Figure 4.2.2 Average precipitation and bias raster plots of observation and model forecasts 
throughout the run period. The dashed gray lines represent the each model prediction 

scenario while the red line indicates the mean of these model scenarios and the solid black 

line shows the mean of observed precipitation regime in 3 days. The left column illustrates 

the results for GFS source used model predictions, the right column demonstrates the ERA5 

source used model predictions 
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The performances of 96 scenarios are also wished to be compared by some common 

statistical parameters for each event examination. In Figure 4.2.3, mean bias (MBE), 

root mean square (RMSE) and standard deviation (SD) errors with correlation 

coefficient (R) of the model predictions are shown as the bar plot type. While the y 

axis on these graphs indicates the statistical parameter, the x axis represents the 

scenario numbers. As mentioned on the previous chapter (on Table 3.3.4) , the first 

48 of scenarios are run by GFS input dataset whereas the rest 48 used ERA5 dataset 

to generate their forecasts. Hence, from the graphs in Figure 4.2.3, both general and 

specific performances of each type of configuration can be obtained. Additionally, 

again by looking at Table 3.3.4,  it can be observed that odd numbered scenarios refer 

the domain 1 (with 9 km horizontal resolution) and even numbers depict the model 

configurations are run over domain 2 (with 3 km horizontal resolution) among the 

total numbers of scenarios. This is also stated on the colored domain legends of every 

graphs in  Figure 4.2.3. All in all, this kind of panel plots can be considered as a 

beneficial tool to be able to see the overall performances of scenarios based on their 

grid sizes and meteorological input sources that they have used.   

Through the light of this information, the black bars on MBE graph, which means 

second domain configurations, produce small errors comparing to the red bars of 

parent domain. Similar outcome can be said for other error parameters like RMSE 

and SD. In terms of input source types, the model mostly generates lower errors and 

relatively higher correlations when it is run by ERA5 dataset rather than GFS. Yet, 

according to the first 10 scenarios ranked by TOPSIS analysis Table 4.1.3), the 

scenarios take the boundary conditions from GFS source usually perform better than 

ERA5 source scenarios. That means if the aspect numbers to look for in an 

examination of this study increases, the overall picture of performances of scenarios 

can change a lot.  
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Figure 4.2.3 The performance comparison among 96 scenarios based on some statistical 

parameters. Mean bias error (‘MBE’) , Root Mean Square Error (RMSE), Standard 

Deviation (SD),  Correlation Coefficient (R) 

 

Additionally, the best and worst scenarios (based on the TOPSIS results and shown 

by   
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Table 4.1.4 and Table 4.1.5) of these datasets’ performances over the region are also 

essential to look at. According to this, both the observed data and the model 

outcomes are illustrated on  Figure 4.2.4, Figure 4.2.5 and Figure 4.2.6.  The map at 

the top on these figures refers the real conditions while the four maps at the bottom, 

picture the best and worst model performances through the TOPSIS Analysis. Here, 

only 3 km scenarios are included into these graphs as with their higher resolutions, 

these type of configurations give most accurate results for the model prediction 

performances. The lower resolution like 9 km of parent domain in this study, usually 

produce less bias and high correlation but this does not prove its real success because 

by the coarse grid sizes of parent domain may lead the model to miss or miscalculate 

the actual event formation which occurs on relatively smaller area such as the basins. 

Hence, the best and worst configurations’ maps represented in the event cases are 

only taken from Table 4.1.5, for the domain 2 (3 km) scenarios. 

 

Precipitation contours on real condition map has prepared from the interpolation 

(based on nearest neighbour methods)  of observation stations data over the region. 

Besides, each black circle represents a valid station which was actively recording 

rainfall during the event period. These station circles are filled with the colors 

according to their precipitation values. The scale of ’Station Precipitation’  has 

arranged to show both the stations and the interpolated area’s precipitation values on 

the same labelbar. 

With Figure 4.2.4,  the best and worst model configurations are analysed for their 

ability of catching the right spot and producing enough rain on the peak hour. This 

is important to see as it shows the model prediction sensitivities for excess 

precipitation cases. Therefore, the maps on Figure 4.2.4 are drawn for the peak hour 

when the maximum precipitation is recorded, for this event. Based on the station data 

provided by GDM,  the peak rain amount dropped over the region in three days 

period, is found out as 29.6 mm on November 28 at 19:00 UTC. Even though, they 

are ranked as ‘the bests and worsts’ through the TOPSIS analysis, actually none of 
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the models can able to predict maximum precipitation (around 30 mm) and catch the 

hotspot near to main station. Therefore, although the four of models could generate 

the overall pattern of precipitation (< 10 mm) on the region because they miss the 

sudden heavy rainfall formation, their predictions are far more away then the reality. 

Still, there is an order among them since TOPSIS Analysis tells the best and worst 

by looking at the differences and similarities between the model and observation for 

whole region along 73 hours.  

Yet, since the model performances at the peak time are not very successful and it 

only offers ‘main station focused’ aspect of the event, the highest mean precipitation 

hour is also included into this analysis by Figure 4.2.5. The aim here, is to observe 

how the model forecasts’ accuracies have changed when the precipitation was 

recorded by most the stations so the larger area of region is wet.   
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As it can be obtained from Figure 4.2.1, the average rain amount of stations reachs 

its peak at midnight of November 28. From the models’ maps in Figure 4.2.5, it can 

be said that different from previous figure, all of the models rather best or worst, 

GFS or ERA5, overestimate the rain amounts on very larger portion of the region. 

This indicates that, the model could notice the atmospheric instability over multiple 

distant spots. However, it could not produce enough amount and distribute 

accordingly. They all are able to find the hot spot of this hour (red colored point with 

10 – 12 mm) but their general patterns do not fit into the reality. Though they are not 

successful, by looking at only this hour performances, it can be obtained ‘best ERA5’ 

model offers the closest forecast since the level of overestimation is little bit smaller 

here and additionally, it is able to catch and drop correct rain amounts on darker 

colored stations at the upper parts of inland area. In last two maps for instance (Figure 

4.2.5c,d) , excess rainfall (red colored area) occupies large spaces and gathered onto 

irrelevant places. The best models, on the other hand, distributes the precipitation 

amounts on the region by this way, they are able to catch closer prediction to the 

actual conditions. Probably, that is the usual behaviour of those for 73 hours and 

that’s why the errors are calculated much more smaller so they are selected as ‘best’ 

configurations among all GFS and ERA5 scenarios by TOPSIS Analysis.  
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Figure 4.2.4 Precipitation maps of observation and model predictions at the peak hour of 

Mediterranean autumn event (2017.11.28_19:00:00). The map at top illustrates the 

interpolated station precipitation contours whereas the black circles refer the locations of  

these stations. The graphs at bottom represent the forecasted precipitation contours and wind 

speed vectors at 10 m for both best and worst performances of GFS and ERA5 source used 
scenarios (These scenarios are determined from Table  4.1.4) 
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Figure 4.2.5 Precipitation maps of observation and model predictions at the maximum mean 

precipitation hour of Mediterranean autumn event (2017.11.28_00:00:00). The map at top 

illustrates the interpolated station precipitation contours whereas the black circles refer the 

locations of  these stations. The graphs at bottom represent the forecasted precipitation 

contours and wind speed vectors at 10 m for both best and worst performances of GFS and 
ERA5 source used scenarios (These scenarios are determined from Table  4.1.4) 

 

The overall results of best and worst configurations for this event period are 

represented on Figure 4.2.6. Here, again the map at the top illustrates the total 

precipitation amount distribution which has estimated by the interpolation of 

observation stations data, throughout the region. The four maps pictured Figure 4.2.6, 

show the best and worst GFS and ERA5 scenarios’ (according to TOPSIS Analysis) 

performances at the end of 73 hour model run period. In this case, it is November 
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29th of 2017 at 00:00 UTC. They also demonstrate the cumulative rain amounts 

dropped over the Mediterranean region.  

Based on this information, it can be easily identified that the most of the precipitation 

(both yellow with 120 – 140 and orange with 140 - 160 mm colored grids on  Figure 

4.2.6) during the event period fell around the main station, where also receives the 

peak precipitation in Figure 4.2.6. When the model outcomes are examined, 

comparing to ‘best’ scenarios, there is an accumulation of precipitation in  ‘worst’ 

configurations (whether GFS or ERA5). The worst option of GFS (Figure 4.2.6c) has 

already missed the activity surronding main station and moved towards to the center 

inlands of region. On the other hand, ‘ERA5 – Worst’ option actually catches the hot 

spot but it makes huge overestimation there which leads to damage on its prediction 

accuracy. Probably, that’s why it has ranked at the end by TOPSIS. Although they 

have some overestimations, both of the best configurations offer closer picture of the 

overall precipitation distribution to the station map at the top, especially ‘GFS – 

Best’. Still, their grid based performances around main station are poor since the rain 

dropped over there can not 80 – 100 mm whereas it should be somewhere between 

120 – 160 mm.  

Additionally, the direction of wind vectors at 10 m indicate that the precipitation has 

carried from sea to the right handside of region in all four model configurations.  
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Figure 4.2.6 Precipitation maps of observation and model predictions at the end of 
Mediterranean autumn event model run period (2017.11.29_00:00:00). The map at top 

illustrates the interpolated station precipitation contours. The graphs at bottom represent the 

forecasted precipitation contours and wind speed vectors at 10 m for both best and worst 

performances of GFS and ERA5 source used scenarios (These scenarios are determined from 

Table  4.1.4)  
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So far the model scenarios are evaluated for various statistical analyses as well as the 

peak and highest mean hour performances to observe precipitation amount and 

distribution over the region. Those comparisons are helpful to have an idea about the 

successful configurations and the common schemes used in them. Yet, one of the 

main aims of sensitivity analysis is also determining most vulnerable side of the 

model which the model responds quickly when that thing has changed.  Since in this 

study, the physical parameters and input data sources are the variables which were 

not kept constant and provided various combinations to try by the model, it can be 

said the current sensitivity analysis has been conducted to examine their impacts on 

the WRF model predictions. This type of analysis represents more general aspect of 

model sensitivity rather than which scheme mechanism achieved to mimic real 

conditions best.  

To be able to find the impacts of parameters into WRF model, the variance between 

each physical parameter such as microphysic, cumulus and planet boundary layer, 

are investigated. For this purpose, as it can be seen from the graphs in Figure 4.2.7, 

the mean precipitation amounts of parameters are illustrated through the event period 

and each of them are divided based on the used schemes of scenarios in Table 3.3.4. 

That means every colored line shown on these graphs, refers the average 

precipitation prediction of scenarios worked with that physical scheme in their 

configurations whereas the dash black line indicates the mean of observed 

precipitation as the  reference profile. 

For instance the graph at top, depicts the means of rainfall produced by Kessler 

scheme (KS) used scenarios with blue color, Eta scheme (ES) used ones with green, 

WRF Single Moment 6 (WSM6) with orange and lastly Aerosol Aware Thompson 

(AATS) with dark red. Since the microphysics parameterization option has been 

opened for both domain 1 (9 km) and domain 2 (3 km), the configurations that are 

used to calculate the mean of precipitation lines on this plot include 96 scenarios in 

total.   
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This condition is also valid for PBL graph at the bottom. However, because the 

cumulus parameterization has only applied on domain 1 configurations (odd 

numbers on Table 3.3.4), the total scenario number of three cumulus schemes on that 

plot is 48. Normally, the input data source is another varible that is changing through 

the 96 of model configurations in this sensitivity analysis. Yet, as they have already 

showed multiple times on previous analyses of this event, here they are not preferred 

to drawn again.        

First of all,  just like the evaluations had done before, this kind of representation of 

scenarios can make the performances of physical schemes on model clear to 

differenciate.  But still, in all plots, it also can be easily noticed that there is an 

overestimation without depending on scheme type or physical parameter. Besides, 

this current analysis is mainly done to find which physical component establishs 

superiority on which event forecasts. Therefore, the variance ,with another word the 

gap, between the lines can be considered as a good indicator via showing the impact 

of each parameter on WRF model. For the current event case (Mediterranean autumn 

event), the variance (the gap) between the microphysical scheme lines (Figure 4.2.7a) 

is relatively bigger than the gap in two PBL schemes (Figure 4.2.7c) which means 

PBL component of the atmospheric system builded by the model, does not create 

great difference on the predictions of this event like microphysics does. Since, even 

though the lines are close to each other at topmost graph, there are still visible gaps 

among them. Hence, using different microphysical scheme affects the model process 

very much for the current event predictions. Similar interpretation can be done for 

cumulus schemes, too.  Because the variance between each approach’s average is 

quite obvious. For example, Grell Freitas (GFES) cumulus scheme used models tend 

to produce excess rain during the peak hour,  this leads them to have a wider range 

of values bigger than the mean of observed data whereas Kain Fristch scenarios 

(KFS) draw the same patter with less overestimation around peak hour.  That’s why, 

the variance among these two lines grows for this period that proves the cumulus 

scheme impacts on WRF model during intense precipitation occurence.  
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Figure 4.2.7 Variance analysis of the physical parameter schemes based on the observation 

stations’ and model scenarios’ precipitation data through the run period of autumn event of 

Mediterranean region. The dashed black line indicates the observed data. The colorful lines 

in each plot, refer the model precipitation patterns according to the schemes they used. The 

plots: a,b and c are prepared to represent the scenario performances on microphysics, 
cumulus and PBL physics, respectively 
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4.3 Mediterranean – Summer Event ( 2017/08/29 - 2017/09/01) 

Second event is a summer seasonal heavy precipitation recorded on Mediterranean 

region. Likewise the other three cases, here too, the model has run for 73 hours even 

though the actual event happened on 30th of August 2017.   

The main station of this event is determined as Sutculer station in Isparta province 

with 59.2 mm. The precipitation – temperature time series of the main station has 

shown at the graph Figure 4.3.1. One more time, the solid black line refers the 

precipitation amount whereas the dashed red line indicates air temperature 

fluctuation of the current event. The dashed blue line, on the other hand, depicts the 

changes in cumulative precipitation through three days event period. By this way, 

the event occurence can be observed much clearly because as it can be seen from 

Figure 4.3.1, before and after the peak hour, there is no rain on this portion of the 

region.  Therefore, the only change in cumulative precipitation occurs at the peak 

and only rainy hour of the event which is August 30 at 14:00 UTC. Since this is a 

summer time event, the temperatures are high in daytime and usually drops little at 

nights. From this perspective, the main station recordings offers a typical summer 

time precipitation event.  
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Figure 4.3.1 Precipitation and Temperature time series of the main station (Sutculer – 

Isparta) for Mediterranean – Summer event through the model run period between 
2017/08/29 – 2017/09/01. Black solid line refer precipitation amounts dropped over the 

station while the dashed red line indicates recorded temperature of the station. Dashed blue 

line represents the cumulative precipitation amounts through the time 

 

From the average of model scenarios on Figure 4.3.2, neither GFS nor ERA5 dataset 

used configurations are achieved to draw a similar profile to the station data. Since, 

even though they could catch the two peak times during the period, the general 

rainfall dropped on the region is much less than the real conditions (see the gap 

between the black and red solid lines on the graphs). Still, because the characteristic 

of this event is not very suitable with the events which bring enourmous amount of 

rain and take wide areas under their impacts, the mean of observation stations also 

does not pass over 2.5 mm. That’s why, the bias values shown underneath via the 

rasters are quite small.  
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Although there are not huge differences between two meteorological sources’ bias 

graphs,  the numbers of negative bias rasters which indicates the underestimation, at 

the peak recorded precipitation hour are fewer for GFS scenarios comparing to 

ERA5. However, a couple of hours before and after the peak hour, GFS scenarios 

represent more positive biases (red colored rasters) than ERA5. Yet, because the 

range of bias values are quite small, the over and underestimations onto this event 

can be neglected to compare. As it can be seen from the timeseries at the top, both 

GFS and ERA5 scenarios provide very similar average predictions, they are far more 

away to generate real maximum rain amount dropped over the region.  

 

 

Figure 4.3.2 Average precipitation and bias raster plots of observation and model forecasts 

throughout the run period. The dashed gray lines represent the each model prediction 

scenario while the red line indicates the mean of these model scenarios and the solid black 

line shows the mean of observed precipitation regime in 3 days. The left column illustrates 
the results for GFS source used model predictions, the right column demonstrates the ERA5 

source used model predictions 
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As in autumn event of Mediterranean region, the scenarios of its summer event are 

also compared through some statistical parameters. However, the low performances 

of 96 scenarios can be easily seen by looking at the overall display of four graphs in 

Figure 4.3.3. From the negative MBEs, almost all of the scenarios underestimate real 

precipitation amounts, especially in nest or domain 2 (3 km) scenarios. Actually, this 

condition is valid for all three error plots because the errors of domain 1 (9 km) 

configurations are relatively smaller and their correlations seem much more higher 

than the domain 2.  Different from previous case, the bars of plots here, tell that the 

first 48 scenarios produce more accurate forecasts to the reality than the rests. Thus, 

GFS used models perform slightly better comparing to ERA5 for this event and 

TOPSIS Analysis results (from Table 4.1.3)  also verify this comment.  

 

 

Figure 4.3.3 The performance comparison among 96 scenarios based on some statistical 

parameters. Mean bias error (‘MBE’) , Root Mean Square Error (RMSE), Standard 

Deviation (SD),  Correlation Coefficient (R) 
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Likewise the previous case, again both peak precipitation and maximum mean 

precipitation hours are wanted investigate in the scope of this event. However, 

because the rainy time of region is same with the time when the highest rain drops, 

only this hour has been drawn on the figure. 

Based on the maps in Figure 4.3.4, without depending on the rankings of model 

configurations (best or worst, GFS or ERA5), they all could not achieve to find the 

hotspot (around main station) ,which is the red colored point in Station graph on the 

top, of this event.  Normally, the model forecasts should form approximately 60 mm 

rain on a single point; however, none of them even excess 20 mm all over the region. 

In fact, this failure is not special only to four configurations on the figure but it has 

already observed from all of 96 scenarios average precipitation amounts through 

grey lines on the time series graphs in Figure 4.3.2. 

Hence, by looking at the maps on this hour, it is not much possible to decide the best 

and the worst performance among the four predictions. 
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Figure 4.3.4 Precipitation maps of observation and model predictions at peak hour (and also 

the maximum mean precipitation hour) of Mediterranean summer event 

(2017.08.30_13:00:00). The map at top illustrates the interpolated station precipitation 
contours whereas the black circles refer the locations of  these stations. The graphs at bottom 

represent the forecasted precipitation contours and wind speed vectors at 10 m for both best 

and worst performances of GFS and ERA5 source used scenarios (These scenarios are 

determined from Table  4.1.4) 
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The prediction performances of the model configurations at the end of the run period 

are represented in Figure 4.3.5. Based on the event information and determined model 

run period (73 hours), the final hour of WRF has run for Mediterranean summer 

event is at the midnight (00:00 UTC) of September 1st of 2017.  

As mentioned before, this event shows a typical convective system characteristics. 

That’s why, the interpolated precipitation on the Station map at top of Figure 4.3.5 

only points out couple of grids. With maximum cumulative precipitation (60 – 70 

mm), one of the these grids indicate the same location of the main station determined 

for this event. Considering the highest amount dropped over this station in Figure 

4.3.4 and the total amount here in Figure 4.3.5  it is also clear that almost all portion 

of the precipitation during this event fell on August 30 of 2017 at 13:00 UTC.    

Yet, likewise the peak and highest mean map illustrations,  because the event is so 

specific to one location (around main station only) and there is not much rain 

obtained overall the region, the general model performances for this event period are 

quite poor. Since the data to conduct various analyses is too limited. This causes that 

all of the analyses’ aspects, somehow should be related with the configuration 

performances on the grid based accuracy, not the whole region. Through this 

approach, the slight yellow colored grids (60 - 70 mm) in the ‘GFS – Best’ scenario 

was able to catch the instability around main station, performed relatively better than 

others whereas the ‘ERA5 – Best’ option could still produced closer amounts but 

missed the actual spot. The TOPSIS Analysis ranked the configurations which could 

not generate enough amount of precipitation near to the main station, as the ‘worst’ 

for both GFS and ERA5.  
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Figure 4.3.5 Precipitation maps of observation and model predictions at the end of 

Mediterranean summer event model run period (2017.09.01_00:00:00). The map at top 

illustrates the interpolated station precipitation contours. The graphs at bottom represent the 
forecasted precipitation contours and wind speed vectors at 10 m for both best and worst 

performances of GFS and ERA5 source used scenarios (These scenarios are determined from 

Table  4.1.4)  
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Justlike the many other analyses, the physical parameter comparison of this event 

also shows lack of sharp differences among the scenarios as the overall accuracy of 

them is small. That’s why, neither depending on the scheme or paramater type, every 

model predictions make underestimation the rain amount of the current event.  

Because of the poor performances of 96 configurations, all three mean precipitation 

regimes of different schemes and parameters such as microphysics, cumulus and 

planet boundary layer, in Figure 4.3.6 look very similar to each other. Hence, the 

variances or the gaps among the shemes on each plot are quite low, almost ‘0’. 

Additionally, because the average rainfall lines draw almost the same patterns for 

each parameter graphs, the variances between the physical components are also 

close. This leads the researcher to think none of these three physical components of 

atmosphere has remarkable effect on the WRF model forecasts for the current event. 

That’s why, changing the schemes used in these parameters does not create a 

difference in model’s results for the current event case.  
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a) 

 

 

 

b) 

 

 

 

c) 

Figure 4.3.6 Variance analysis of the physical parameter schemes based on the observation 

stations’ and model scenarios’ precipitation data through the run period of autumn event of 

Mediterranean region. The dashed black line indicates the observed data. The colorful lines in 
each plot, refer the model precipitation patterns according to the schemes they used. The plots: 

a,b and c are prepared to represent the scenario performances on microphysics, cumulus and 

PBL physics, respectively 
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4.4 Eastern Black Sea – Autumn Event ( 2016/11/13 - 2016/11/16) 

Although Eastern Black Sea region generally receives rain throughout the year, the 

autumn event selected on the behalf of this study, occured on November 14 of 2016 

at 06:00 UTC in the morning. Through the observed data, the peak amount of rain 

was recorded as 40.1 mm by Camlıhemsin / Rize station.  

Just comparing this case with the previous two events’ graphs, the climatic difference 

between the regions can be easily seen. For instance, in Figure 4.4.1, the total rain 

amounts at the end of event period, could reached around 400 mm whereas in 

Mediterranean cases this number could not exceed 150 mm. Additionally, 

temperature may not be taken as the actual trigger of high amounts of rainfalls in 

Eastern Black Sea region as it may on Mediterranean. Since most of the time, there 

is not much sudden fluctuations observed in temperature patterns of this region. 

Therefore, the intense precipitations do not usually start and end in a short period of 

time. They generally drop by small amounts and continue along many days which 

indicates that they tend to show synoptic precipitation event characteristics. Slow 

and smooth increments in cumulative precipitation regime in Figure 4.4.1, again 

demonstrate the same characteristics’ pattern. 
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Figure 4.4.1 Precipitation and Temperature time series of the main station (Camlıhemsin – 

Rize) for Eastern Black Sea – Autumn event through the model run period between 
2016/11/13 – 2016/11/16. Black solid line refer precipitation amounts dropped over the 

station while the dashed red line indicates recorded temperature of the station. Dashed blue 

line represents the cumulative precipitation amounts through the time 

 

As mentioned multiple times, in Eastern Black Sea region, due to its climatic and 

orographic features, generally synoptic precipitation system are observed. According 

to this type of system, the atmospheric instability lasts for many days but the dropped 

amount of rain is small. Therefore, the precipitation pattern of Eastern Black Sea 

region does not usually fit the convective systems’ profile, where quick heavy 

rainfall events are mostly seen.  This condition can also be verified from the value 

of peak point of average observed data (black solid line on the time series in Figure 

4.4.2) as even in the most rainy hour of the region, the mean could not pass 1.2 mm.     

According to the illustrations in Figure 4.4.2, the overall performances of GFS and 

ERA5 scenarios are quite similar to each other. In this case graphs, it can be clearly 

seen that because of the model spin up time, none of the configurations could 

produce any rainfall before the midday of November 14 of the event period. 
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Therefore, the model misses the small amounts of precipitation during the first 2 

days and again may be that’s why, the average of these model configurations were 

also not successful to provide enough rain amounts at the peak hour.  

The bias raster representations at the bottom of Figure 4.4.2, again refer the same 

conclusion and the value ranges of both datasets’ scenarios are quite small to make 

a comparison between them. However,  there are still minor differences among two 

graphs within the last two days of event period. This can point out that GFS 

configurated models usually perform relatively better than ERA5, as the gap between 

the predictions and observation is represented lower on the GFS bias raster graph.  

 

 

Figure 4.4.2 Average precipitation and bias raster plots of observation and model forecasts 

throughout the run period. The dashed gray lines represent the each model prediction 

scenario while the red line indicates the mean of these model scenarios and the solid black 

line shows the mean of observed precipitation regime in 3 days. The left column illustrates 

the results for GFS source used model predictions, the right column demonstrates the ERA5 
source used model predictions 
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The statistical performance of scenarios for this event are shown by Figure 4.4.3. In 

this case, the mean bias (MBE), root mean square (RMSE), standard deviation (SD) 

and finally the correlation coefficient (R) are compared among the 96 different 

scenarios. From the general values of four graphs represented in Figure 4.4.4, it can 

be said that most of model configurations were able to produce successful predictions 

as the data range on y axis which has been prepared from the model outcomes, are 

very small for error parameters. Moreover, without creating any distinction,  parent 

or nested domain (9 km / domain 1 or 3 km / domain 2), GFS or ERA5; the majority 

of scenarios’ correlation values also confirm the general accuracies of these 

forecasts. According to top 10 best performances list of TOPSIS Analysis (Table 

4.1.3), on the other hand, the ERA5 dataset used scenarios have come a step forward 

than GFS.   

 

 

Figure 4.4.3 The performance comparison among 96 scenarios based on some statistical 
parameters. Mean bias error (‘MBE’) , Root Mean Square Error (RMSE), Standard 

Deviation (SD),  Correlation Coefficient (R) 
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The outcomes from the time series graphs represented above, become more visible 

to observe on the maps by Figure 4.4.4. Likewise the previous cases, the map at top 

illustrates the interpolated station precipitation contours whereas the black circles 

refer the locations of valid stations at the peak hour. The four maps in Figure 4.4.4; 

however, represent the forecasted precipitation contours and wind speed vectors at 

10 m for both the best and worst performances of GFS and ERA5 source used 

scenarios (Table  4.1.4). 

Based on the provided stations data through the 3 days run period, the highest rain is 

recorded in 14 of November 2016 at 6 am with 40.1 mm. Additionally, from ‘Station 

map’, the main station (colored in red) where this amount had been recorded, is 

located at southern east portion of the region and it is not near to the coast. Yet, the 

common forecast labelbar that has shown at the bottom of the same figure, indicates 

that none of four configurations achieved to produce even more than 6 mm rain all 

over the region. Hence, whether it is defined as the ‘best or worst of performances’ 

by TOPSIS Analysis, actually none of these four configurations showed an accurate 

prediction for the peak hour. As in the Mediterranean events, this situation depicts 

that the WRF model can not create a sensitivity difference on the highest rainfalls if 

that much amount had only observed for specific locations but not for the larger 

portion of region. The model can not catch the right points. Of course, here it should 

be also reminded that the spin up time, which the model uses to build the system 

before generating a dynamic atmosphere (Yilmaz, 2015; Bonekamp et al., 2018), had 

cut off from the most of 73 hours run period. In this perspective, the event periods in 

the model could have been started little bit earlier so that the model may build up the 

actual instability on the real event time and enhance its accuracy.    

Likewise the previous event cases, the maps are again drawn for the highest mean 

precipitation hour. As it can be seen from Figure 4.4.2, almost 1.2 average 

precipitation amount,  the time when most of stations received rain over the region, 

has determined as 02:00 UTC of 15th November 2016.   
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In Figure 4.4.5, the labelscales of interpolated observed and four model prediction 

data show that once again the WRF model forecast accuracy has enhanced. Since 

both of them have exactly the same rain amount range and the overall distribution of 

observed precipitation has matched with model maps. This result may prove the 

claim about the effect of impact area size on WRF model prediction success. Because 

by considering the same type of maps of the previous events, it can be said, the model 

scenarios mainly catch the general atmosperic activity on the region and perform 

beter at highest mean precipitation observed hour than the peak precipitation 

observed hour. The reason underlies this, may be related with the input 

meteorological dataset. Since if that much rain has recorded by many stations, their 

data eventually affect the meteorological dataset provided to use in WRF model. 

That’s why, more rain data obtained for that hour means more realistic forecast the 

model can give. Still, in this case, among the best and worst scenarios shown on 

Figure 4.4.5, ERA5 – Best option (Figure 4.4.5b) was able to generate the closest 

prediction around the most active area in this hour. It could catch the right location 

(near to the yellow point on observation map) to build up relatively unstable 

atmosphere comparing to the rest of region. Similar things can be also said about 

GFS – Best option performance. Yet, here the underestimation on the eastern north 

point at the coast (the hotspot of this hour) can be easily identified. The performances 

of these four scenarios on Figure 4.4.5, also fit the performance rankings of TOPSIS 

Analysis for this event period (Table  4.1.4). 
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Figure 4.4.4 Precipitation maps of observation and model predictions at the peak hour of 

Eastern Black Sea autumn event (2016.11.14_06:00:00). The map at top illustrates the 

interpolated station precipitation contours whereas the black circles refer the locations of  

these stations. The graphs at bottom represent the forecasted precipitation contours and wind 
speed vectors at 10 m for both best and worst performances of GFS and ERA5 source used 

scenarios (These scenarios are determined from Table  4.1.4) 
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Figure 4.4.5 Precipitation maps of observation and model predictions at the maximum mean 

precipitation hour of Eastern Black Sea autumn event (2016.11.15_11:00:00). The map at 

top illustrates the interpolated station precipitation contours whereas the black circles refer 

the locations of  these stations. The graphs at bottom represent the forecasted precipitation 

contours and wind speed vectors at 10 m for both best and worst performances of GFS and 
ERA5 source used scenarios (These scenarios are determined from Table  4.1.4) 

 

 



 

 

 
115 

 

 

Figure 4.4.6 shows the cumulative precipitation distribution among the station and 

model data for this event period. After 73 hours run time, model stops at November 

16 of 2016 for 00:00 UTC. Here similar to the previous cases, the majority of rain 

dropped over the main station (100 – 110 mm) that has already represented in Figure 

4.4.4. Additionally, there is also a single point which is colored into red at the coastal 

side, has received large amount of precipitation. However, beside that the coastal 

area of region has already generally dominated by the unstable atmospheric 

conditions.  At this point of view, the four of model configurations at the bottom, 

perform well enough to differentiate the rain amounts along the coastal line. 

Comparing to the GFS scenarios (best or worst), the ERA5 ones generate closer 

predictions to the reality shown by ‘Station map’. Since in those two maps, over and 

underestimations are much more less than GFS, especially as regards the ‘GFS – 

Worst’ configuration (Figure 4.4.6c). TOPSIS Analysis also verifies this 

interpretation as it can be seen from Table 4.1.3, most of the configurations in top 10 

prediction rankings of 3 km are selected among the ERA5 scenarios. 
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Figure 4.4.6 Precipitation maps of observation and model predictions at the end of Eastern 
Black Sea autumn event model run period (2016.11.16_00:00:00). The map at top illustrates 

the interpolated station precipitation contours. The graphs at bottom represent the forecasted 

precipitation contours and wind speed vectors at 10 m for both best and worst performances 

of GFS and ERA5 source used scenarios (These scenarios are determined from Table  4.1.4)  
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Up to now, there has been many analyses conducted to find the best performer 

approach of each parameter that enhances the prediction accuracy. Yet in the case, 

the focus is not just the schemes that are used in configurations but the physical 

components of atmosphere, too. Since by conducting a sensitivity analysis, it was 

also aimed to find the most critical parameter which can affect the model forecasts a 

lot, for each event period. 

The physical parameter impacts on this event can be obtained by looking at how the 

average precipitation pattern varies from one scheme to another at the plots of 

Variance Analysis in Figure 4.4.7. For instance, in this case, from Table 4.1.3, WRF 

Single Moment 6 (WSM6) and Aerosol Aware Thompson (AATS) microphysics 

schemes seem more promising than Kessler (KS) and Eta / Ferrier (ES) whereas both 

Yonsei University  (YSU) and Mellor Yamada Janjic (MYJ) offer similar results for 

the their performances on the predictions of this event. 

However, the plots in Figure 4.4.7, draw different picture to observe.  Since here, the 

variance or  the gap between the schemes of every physical parameters is very small. 

Therefore, it indicates that there are not certain distinctions among any schemes and 

any physical parameter performances on the model predictions of the current event 

case. This means that it is nearly impossible to say that any of these physics 

(microphysics, cumulus and PBL) has great impact on the model forecasts in the 

scope of the autumn event period of Eastern Black Sea region, even the used 

approach in each parameter and their combined configurations with other physical 

components has changed through 96 scenarios.  

Yet, that does not also mean all of the configurations show poor performances on the 

predictions. On the contrary, the average precipitation patterns of parameterization 

schemes are not only close to each others but also mainly overlap the observed 

rainfall regime throughout the event period, even though they underestimate the rain 

amounts at  the peak precipitation hour. This may related with the frontal 
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precipitation system. Since the precipitation occurence in this type of systems, 

maintains for couple of days, the model usually provides better predictions.  

 

 

Figure 4.4.7 Variance analysis of the physical parameter schemes based on the observation 

stations’ and model scenarios’ precipitation data through the run period of autumn event of 

Eastern Black Sea region. The dashed black line indicates the observed data. The colorful 

lines in each plot, refer the model precipitation patterns according to the schemes they used. 

The plots: a,b and c are prepared to represent the scenario performances on microphysics, 
cumulus and PBL physics, respectively 
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4.5 Eastern Black Sea – Summer Event ( 2016/09/20 - 2016/09/23) 

The last case is to examined under the sensitivity analysis of WRF model, is the 

summer event of Eastern Black Sea region. The maximum precipitation recorded 

during this event period is 81.1 mm and founded in Besikduzu / Trabzon station. 

This station is located at the center of coastal portion of the region. Therefore, it can 

be also considered that the event might be highly affected by the atmosphere over 

the sea surface. Once again, the model run period has estimated for 73 hours, starting 

from the day before and ends with the day after the event date.  

The event period to be run by the model has chosen for 20 – 23 September of 2016. 

Although the event period indicates the autumn season in terms of its month because 

the dramatic drops in temperature seem triggering the sudden intense rainfall 

generation, the features of this event draw a typical summer convective precipitation. 

That’s why, it has taken as one of the summer cases of the sensitivity analysis. 

From Figure 4.5.1, the event time reveals itself as the peak amount of rain has 

obtained on September 21 at 09:00 UTC in the early hours of the day. By looking at 

both the current and the previous summer time event (in Figure 4.3.1), it can be seen 

that these events share some common seasonal characteristics. Likewise the other 

one, here in this event, almost only rainfall recorded by main station is the peak 

precipitation hour which also defines the event itself. The enourmous increase in 

total amount of rainfall is directly related with the same hour’s precipitation. Yet, the 

major difference between these two events, is still the amounts that they have reached 

at the maximum.  

As it can be observed from the temperature range on the graph, air temperature starts 

really high (30 º C) but then drops regularly and reachs to low levels (based on the 

obtained dataset of the stations, the minimum temperature of main station of this 

event in 3 days, is 10.5 º C ).  
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 This decreasement might trigger the cloud system to bring enourmous rain, in this 

case 81.1,  all of a sudden. Through the whole, this event also seems convective type 

of precipitation system.         

 

 

Figure 4.5.1 Precipitation and Temperature time series of the main station (Besikduzu – 

Trabzon) for Eastern Black Sea – Summer event through the model run period between 

2016/09/20 – 2016/09/23. Black solid line refer precipitation amounts dropped over the 

station while the dashed red line indicates recorded temperature of the station. Dashed blue 

line represents the cumulative precipitation amounts through the time 

 

Figure 4.5.2 represents the GFS and ERA5 configuration model predictions with the 

observed data through the run period. In both cases, some scenarios provide huge 

overestimations at the peak points of average precipitation (dashed grey lines on the 

graphs) and the same inference can be said for their means. Since the two of solid 

red lines that each of them, refer the average rain of GFS and ERA5 configurations 

and they draw similar precipitation patterns through the event period. 

Yet, at the time when the maximum mean of recorded rainfall (4 mm) has reached 

(midday of September 21) from both time series and bias raster graphs, the general 
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correlation of GFS scenarios is little higher than ERA5 ones. Of course, this is valid 

for the first peak hour of the mean station data. For the second but relatively lower 

precipitation peak time, occured in the late hours of September 22, the result looks 

like quite the opposite. As in this hour, the average of ERA5 dataset used scenarios 

was able to catch the highest mean amount of rain that dropped over the region.  

 

 

Figure 4.5.2 Average precipitation and bias raster plots of observation and model forecasts 

throughout the run period. The dashed gray lines represent the each model prediction 

scenario while the red line indicates the mean of these model scenarios and the solid black 

line shows the mean of observed precipitation regime in 3 days. The left column illustrates 

the results for GFS source used model predictions, the right column demonstrates the ERA5 
source used model predictions 

In terms of statistics performances, the summer event of Eastern Black Sea region in 

Figure 4.5.3, offers a complex layout to figure out which type of scenarios is the best. 

Based on the heights of bars and their values on y axis, it is clear that the forecasts 

do not often match with real event conditions because the average errors (MBE, 

RMSE and SD) estimated thoughout the event period is quite high.  

Especially the configurations with ERA5 dataset on domain 2 (even numbered 

scenarios between 49 - 96), do not fit the best scenario profile. Overall, it seems like 
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domain 1 (9 km) scenarios do better job. However, apart from the superiority of 

underestimation in second and third events or the complete overestimation in the first 

event case, the excess or less amount of rain production here in this event, changes 

according to the scenario configurations. There is no certainty. This may indicate 

that, here, the WRF model shows extra sensitivity into their forecasts which can be 

also taken as the some of parameters have more impact power onto the model for 

this event period. 

When the examination time comes to the input datasets, it can be seen the errors tend 

to rise with ERA5 configurations as the last 48 bars on the plots gets higher, except 

the SD graph. Since parallel to this outcome, the correlation bars of ERA5 scenarios 

become smaller, particularly for the nested domain (3 km / domain 2) configurations.    

Even though the panel plots in Figure 4.5.4 claim this way, once again TOPSIS 

Analysis ranks many ERA5 scenarios into the top 10 performers (Table 4.1.3) of this 

current event’s forecasts.   

 

 

Figure 4.5.3 The performance comparison among 96 scenarios based on some statistical 

parameters. Mean bias error (‘MBE’) , Root Mean Square Error (RMSE), Standard 

Deviation (SD),  Correlation Coefficient (R) 
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Different from the previous cases, the peak hour illustrations of this event have 

visible differences as they are shown in Figure 4.5.4. Yet again, without looking at 

the best or worst configurations (through TOPSIS analysis rankings), all the four of 

models could not achieve to generate maximum precipitation near the main station 

like in the real conditions represented on ‘Station map’ at the top.   

In main station, located in the middle of coastal area, the rain was recorded as 81.1 

mm on September 21 at 09:00 UTC whereas the model forecasts miss the complexity 

of atmospheric system upon this point for the same hour and because of that, they 

mainly underestimate the actual amount of dropped rain around this area. That’s 

why, although some of the configurations could produce excess precipitation 

amounts that are closer to the peak rainfall in their predictions (Figure 4.5.4a,c),  they 

were not able to build the unstable atmosphere over the right spot.  

Yet still, ‘GFS – Best’ scenario can be considered as the most successful option 

among the four maps in Figure 4.5.4. Since even though, it caused huge 

overestimation on northern east part of the region, still it could estimate the high 

amounts of rainfall around the main station (up to 28 mm) and that increases its 

accuracy level in terms of the success for peak precipitation analysis. The similar 

things can also be said for the ERA5 – Best configuration (Figure 4.5.4b). 

From the maps on Figure 4.5.4, the air builded is usually unstable enough to bring 20 

- 24 mm (at small yellow point, it can reach 52 mm) precipitation over the main 

station whereas in the two worst ranked scenario’s forecasts (Figure 4.5.4c,d),  the 

excess precipitation has usually dropped on the sea. By looking at the wind vectors 

directions on them however, it may be possible to think, the unstable air is moving 

through the main station direction for GFS – Worst and upper northern portion for 

ERA5 – Worst (Figure 4.5.4c,d). Therefore, they may create the possible heavy 

rainfall system onto these areas in following hours but not the peak time.  
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For the peak mean precipitation performances in Figure 4.5.5, as mentioned before, 

most of observation stations record precipitation on the midday of 21 of September 

and the highest amounts are obtained again from main station and its surrondings. 

By looking at the maps of this figure, clearly ‘GFS – Best’ model configuration 

(Figure 4.5.5a) performed quite well for catching the hotspots and creating the 

unstable atmosphere that is enough to produce approximate rain to observed data, 

over them. Hence, the scenario performances have changed through the event time. 

Moreover, from both autumn and summer events of Eastern Black Sea region, it has 

also obtained that the model prediction accuracies for each hour have enhanced a lot 

as the number of stations which record rain in that hour, increases.   
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Figure 4.5.4 Precipitation maps of observation and model predictions at the peak hour of 
Eastern Black Sea summer event (2016.09.21_09:00:00). The map at top illustrates the 

interpolated station precipitation contours whereas the black circles refer the locations of  

these stations. The graphs at bottom represent the forecasted precipitation contours and wind 

speed vectors at 10 m for both best and worst performances of GFS and ERA5 source used 

scenarios (These scenarios are determined from Table  4.1.4)  
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Figure 4.5.5 Precipitation maps of observation and model predictions at the maximum mean 
precipitation hour of Eastern Black Sea summer event (2016.09.21_12:00:00). The map at 

top illustrates the interpolated station precipitation contours whereas the black circles refer 

the locations of  these stations. The graphs at bottom represent the forecasted precipitation 

contours and wind speed vectors at 10 m for both best and worst performances of GFS and 

ERA5 source used scenarios (These scenarios are determined from Table  4.1.4) 
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Lastly, the total precipitation collected by the stations between 20 – 23 of September 

2016 has shown by Figure 4.5.6. By looking at the peak and highest mean 

precipitation observation maps, it is obvious that the most active area during this 

event period directly refers to the surrondings of main station.  Just like the 

Mediterranean summer event, this also demonstrates a convective system where the 

majority of valid rain data belongs to specific grids, not the entire region.  Therefore, 

due to lack of rain received by many observation stations, the dataset so the 

interpolation of this dataset, can not feed the model predictions. That’s why, it is 

quite hard to find that local instability or the extreme amounts of precipitation via 

NWPs for this type of events.  

The configurations in  Figure 4.5.6, demonstrate this interpretation better since the 

weather, best or worst each of four, provide huge overestimations along the coast 

and sea surface, particularly ‘GFS – Best’ option. From this aspect, actually none of 

those is successful to collect realistic rain amounts throughout the region. Yet, if a 

comparison is still needed to make, ‘ERA5 – Best’ and ‘GFS – Worst’ configurations 

(Figure 4.5.6b,c) perform relatively better than other two.  The excess amount of 

precipitation is much more less in these scenarios. Moreover, among these two, the 

ERA5 option was able to produce 140 - 180 mm rain around main station rather than 

GFS. Hence, based on grid accuracy near to the hotspot, it is a step forward. Even 

though, Table 4.1.3 draws the ERA5 superiority among top 10 prediction 

performances by TOPSIS Analysis, it can be seen the GFS scenario which has 

chosen as ’worst’ in Figure 4.5.6 (Figure 4.5.6c) actually performed much more better 

than many of them, especially from ‘GFS – Best’ option for the total rain distribution 

at the end of event period.   
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Figure 4.5.6  Precipitation maps of observation and model predictions at the end of Eastern 

Black Sea summer event model run period (2016.09.23_00:00:00). The map at top illustrates 

the interpolated station precipitation contours. The graphs at bottom represent the forecasted 
precipitation contours and wind speed vectors at 10 m for both best and worst performances 

of GFS and ERA5 source used scenarios (These scenarios are determined from Table  4.1.4)  
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As the final case of sensitivity analysis, the summer event occured in Eastern Black 

Sea region has received high amounts of rain during three days run period.  This can 

be verified from both the mean precipitation of observation stations pattern shown 

by previous graphs and also by the Variance analysis offered in Figure 4.5.7.   

Similar to previous three event studies, here again the plots in Figure 4.5.7, depict the 

model prediction accuracies among the determined scenarios (from Table 3.3.4) 

according to their physical configuration options.   

For this event, it is obvious that the schemes or the approachs used in both 

microphysics, cumulus and PBL; create differences into WRF model operation since 

they directly alter the outcomes of the average rain dropped over the region. 

Moreover, the differences among these schemes are actually the good indicator of 

the model sensitivity to the physical components, too. The variance (the gap) 

between the plots indicates that the microphysics and cumulus both have great power 

onto weather predictions because as the used sheme has changed for these 

parameters,  the model provides a new forecast that does not follow the same path 

with others for these two physical components (Figure 4.5.7a,b). However, the 

scheme lines of PBL do not offer the same difference between their prediction 

patterns. Their variance is much more smaller than what has been observed from the 

first two physics’ plots.  

For instance, the variance gets higher from blue (Kessler, KS) to green (Eta / Ferrier, 

ES) line in microphysics graph at topmost. As the KS approach with blue line could 

generate higher precipitation and become closer to the observed conditions more 

while the ES approach with green line, mostly underestimated the actual amount of 

rain during the event period which enables it to decrease its forecast accuracy.  

Or the cumulus sheme performances in Figure 4.5.7, show the increasing variance or 

the gap between dark green (Kain Fritsch – KFS) and purple (Grell Freitas – GFES) 

lines as the performance gets poorer from top to bottom of lines order in the graph. 
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This indicates the great impact of cumulus physics on the predictions of parent 

domain (9 km) since any scheme approach of it can directly affect the cumulus cloud 

system builded in the model. 

Nevertheless, considering the same PBL plots of both the autumn and summer events 

of this region with Mediterranean events, it is clear that planetary boundary layer is 

more powerful atmospheric component for Eastern Black Sea regional weather 

system.  Since the variance on the current region is relatively higher comparing to 

first two event cases (Figure 4.2.7c and Figure 4.3.6c),  which means the WRF model 

responds to the change made in used PBL scheme more for Eastern Black Sea region 

events rather than Mediterranean’s, especially during heavy rainfall occurrences.  
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Figure 4.5.7 Variance analysis of the physical parameter schemes based on the observation 

stations’ and model scenarios’ precipitation data through the run period of autumn event of 
Eastern Black Sea region. The dashed black line indicates the observed data. The colorful 

lines in each plot, refer the model precipitation patterns according to the schemes they used. 

The plots: a,b and c are prepared to represent the scenario performances on microphysics, 

cumulus and PBL physics, respectively 

 

 

 

 

a) 

 

 

 

b) 

 

 

 

c) 
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4.6 Taylor Diagram Analysis  

So far, the physical parameters and input datasets’ performances are investigated by 

various aspects such as Topsis, GFS – ERA5 time series, multiple statistical 

variables, visual illustrations on maps for both peak and highest mean hours. All of 

these analyses are conducted as the parts of sensitivity analysis of WRF model on 

heavy precipitation forecasts. Although not all of them support the same results, they 

are sufficient to draw a general aspect of the best configuration options for each event 

case. Now, as the last step of this analysis, each parameter were further examined 

using Taylor diagrams.   

The important thing to keep in mind for these diagrams, is the scenario numbers used 

to create them. That means, every parameter’s diagram, except cumulus, is drawn 

for 96 scenarios (combining domain1 and domain 2). On the other hand, since the 

cumulus parameterization in the model has deactivated for all domain 2 (3 km) 

scenarios, the diagrams in Figure 4.6.2 are created by only using the domain 1 

configurations’ statistics which are 48 scenarios in total.   

Even though Taylor diagrams represented on each figure are provided for different 

parameters,  the overall distribution of the configuration points (colored dots) seems 

similar for each event graphs. 

As already mentioned in map illustrations before, the correlations of model 

configurations for Mediterranean events are not very successful even for the best 

scenarios. The same results can also be observed in Figure 4.6.1. The correlations of 

this region’s Taylor diagrams are generally located between 0.1 - 0.3 and almost all 

of their standard deviations are already greater than 1. Yet again,  from the two 

diagrams at the top, the most appropiate microphysic option to use in Mediterranean 

region looks like Eta / Ferrier scheme (ES). Since the configurations run with Eta 

scheme, provide the closest results to the observation curve comparing the others. 
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Especially, in summer case, there are couple of scenarios located near to this curve. 

If the approach behind Eta is considered well, it can be said these remarks are 

convenient as it can work for both convective and non-convective precipitation 

types. However, still it does not include some of precipitation forms like snow, 

graupel or hail into its calculations so it is not very successful to provide fully 

complex atmospheric system.  

From the cumulus diagrams of Mediterranean event cases, shown on Figure 4.6.2, 

mostly Grell Freitas (GFES) and Kain Fritsch (KFS) schemes perform better 

comparing to Betts Miller Jancij (BMJ). This also makes sense because GFES and 

KFS use similar approachs into their calculations and can form a convective system 

easily whereas the mechanism of the BMJ is more suitable to adapt into synoptic rain 

systems like in Black Sea region.  

When it comes to the PBL diagrams in Figure 4.6.3, it seems red colored Yonsei 

University (YSU) scenarios are prominent for both cases since they are the options 

that generally stand closest to the observation curve. However, from the TOPSIS 

(Table 4.1.3) and Variance analyses, it is known that PBL does not have a huge 

impact on WRF model predictions of precipitation. Therefore, it is not possible to 

come up with a certain best option for this parameter.  

Similarly, through the TOPSIS Analysis results for Mediterranean event cases, GFS 

configurations are usually ranked at higher places than ERA5 scenarios. Yet, this can 

change depending on the type of analysis. For instance, on the last Taylor diagram 

(Figure 4.6.4) of Mediterranean events, ERA5 dataset used scenarios looks like they 

perform better than GFS. Hence, when the number of options to compare, have 

decreased such as PBL and initial boundary conditions, both have 2 options, 

selecting the best option among them is not much possible because their 

performances are quite similar. This makes them so hard to differenciate for each 

event case.  
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For Eastern Black Sea cases, it is obvious that autumn event does not show a certain 

variety among the parameterization schemes. As almost all the points of the schemes 

used for each physical parameter of this event, are gathered around the observation 

curve on every Taylor diagram.  

From this aspect, it can be said that all of model configurations achieve to generate 

realistic simulations over the region which means the model does not behave sensible 

for its forecasts in this event period because the scenarios’ performances do not 

change by using different physical approachs in the model configuration.  

However, the summer event between 20 – 23 of September 2016, offers an order 

among the scheme performances in their diagrams. Through those, again Eta (ES) 

microphysics seems one step ahead from the others, and closer to the ‘OBS’ curve.  

Aerosol Aware Thompson (AATS) comes next as most of their scenarios are 

accumulated near to the same curve. Yet, from the knowledge that mentioned in 

Chapter 3.2 ‘Selection of Parameterization Schemes’ because of the complex 

dynamics they use in atmospheric calculations, it was expected that AATS and 

WSM6 perform better to mimic the Black Sea events which are mostly dominated 

by synoptic or non-convective precipitation systems. Topsis results can also verify 

this interpretation because due to the overall performance according to many 

statistical parameters in Topsis Analysis, the model configurations run by AATS or 

WSM6 microphysics prevail the top places in the rankings (Table  4.1.4)  

For cumulus parameterization, still there is no best to fit on the curve; however, 

different from Mediterranean cases, it can be observed the Grell Freitas (GFES) 

scheme scenarios’ performances are highly diminished in this event. Moreover, as 

expected before in Chapter 3.2.2, the Betts Miller Janjic (BMJ) used configurations 

show some improvements in predictions of this region.  
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By looking at the common points between the two events occured in Black Sea 

region, Mellor Yamada Janjic (MYJ) PBL scheme in Figure 4.6.3 and Global 

Forecast System (GFS) dataset in Figure 4.6.4 seems like providing an advantage to 

the model by increasing their forecast accuracies. Since the TOPSIS Analysis refers 

the similar outcome for MYJ configurations (Table 4.1.3), it may be considered, as 

comparing to Mediterranean events, the PBL is more sensitive parameter for weather 

forecasting model when non-convective precipitation system are dominant in the 

events like occured over Black Sea region. However, on the contrary to Figure 4.6.4, 

TOPSIS Analysis and the visual illustrations of last two events demonstrate that 

ERA5 dataset is much suitable choice to build initial boundary conditions onto Black 

Sea regional events.  
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Figure 4.6.1 Taylor Diagrams of the model scenarios according to the microphysics schemes 
they use in each event case. The scenarios worked with the schemes: Aerosol Aware 

Thompson (AATS) by burgundy, WRF Single Moment 6 by green,  Eta / Ferrier (ES) by 

blue and lastly Kessler (KS) by red dots, have shown on the graphs  

  

a) Mediterranean – Autumn                     b)  Mediterranean – Summer   

 

     c)   Eastern Black Sea – Autumn              d)  Eastern Black Sea – Summer   
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Figure 4.6.2 Taylor Diagrams of the model scenarios according to the cumulus schemes 

they use in each event case. The scenarios worked with the schemes: Grell Freitas (GFES) 

by green, Betts Miller Janjic (BMJ) by blue,  Kain Fritsch (KFS) by red dots, have shown 

on the graphs 

 

a) Mediterranean – Autumn                          b)  Mediterranean – Summer   

 

     c)   Eastern Black Sea – Autumn                  d)  Eastern Black Sea – Summer   
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Figure 4.6.3 Taylor Diagrams of the model scenarios according to the PBL schemes they 
use in each event case. The scenarios worked with the schemes: Mellor Yamada Janjic 

(MYJ) by black and Yonsei University (YSU) by red dots, have shown on the graphs  

 

 

     c)   Eastern Black Sea – Autumn                   d)  Eastern Black Sea – Summer   

 

a) Mediterranean – Autumn                          b)  Mediterranean – Summer   
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Figure 4.6.4 Taylor Diagrams of the model scenarios according to the input meteorological 
sources they use in each event case. The scenarios worked with the datasets: ERA5 

Reanalysis  by black and GFS by red dots, have shown on the graphs  

 

  

     c)   Eastern Black Sea – Autumn                   d)  Eastern Black Sea – Summer   

 

a) Mediterranean – Autumn                          b)  Mediterranean – Summer   
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PART II – SST Analysis Event Cases 

4.7 Mediterranean – Winter Event ( 2018/12/10 - 2018/12/20) 

The first case that is taken under this part of the thesis, is the extreme precipitation 

event occured in the Antalya basin,  Mediterranean region of Turkey. According to 

the observation data taken from the General Directorate of Meteorology of Turkey 

(GDM), it is accepted that the event occured in between 15 - 17 December of 2018. 

The model run period starts from a couple days before the event day and ends three 

days after so in total, the run time has determined as 10 days. Thus, the model is 

worked between 2018.12.10_00:00:00 – 2018.12.20_00:00:00. Here, the longer 

simulation period enables enough time to the model to build up the atmospheric 

system for the event dates. Therefore, the SST impacts on precipitation occurrence 

can be investigated effectively. 

Figure 4.7.1 shows the precipitation – temperature time series of the main station 

where the peak and maximum total precipitation in 10 days were received. However, 

this graph has prepared for only 3 days (14 – 17 December) out of 10 days model 

period is because the actual impacts of event has started to observe in station from 

the fourth day. While the black solid line represents precipitation amounts, the red 

dash line indicates temperature and the blue dash line on the right side depicts the 

change in cumulative rainfall recorded of main station during the time period. In this 

case, with hourly 53.1 mm on December 16 17:00 UTC and at the end of period, 

nearly 700 mm rain collected in total, Antalya – Ovacık is selected as ‘the main 

station’ to be examined in the case analysis.  
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By looking at the graph on Figure 4.7.1, sudden temperature changes (sharply 

increasing and decreasing between 0 – 10 °C) during the period can be easily 

distinguished. These changes indicate how actually the atmosphere gets unstable 

around the main station as the time flows to event hour.  There is no rain recorded in 

main station when first two critical drops in temperature happen, the reason behind 

this, may be the precipitation for these days falls over somewhere else on region. 

However, third one is observed during event and trigger the rain production (as it can 

be seen from the sharp slope in black and blue lines on the graph) before couple of 

hours from the peak time. The same changes also occur at December 16 17:00 UTC 

when precipitation reachs the maximum. 

 

Figure 4.7.1 Precipitation and Temperature time series of the main station (Ovacık – 

Antalya) for Mediterranean – Winter event between 2018/12/14 – 2018/12/17. Black solid 
line refer precipitation amounts dropped over the station while the dashed red line indicates 

recorded temperature of the station. Dashed blue line represents the cumulative prec ipitation 

amounts through 3 days from total event period 
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Together with Figure 4.7.2 and Table  4.7.1, some of the critical components of 

precipitation systems are compared among the various SST dataset models. On 

Figure 4.7.2, the pattern of models and the observation in terms of precipitation, 

temperature, wind and relative humidity, are shown through the event period. Yet, 

because the WRF model needs some spin up time to shape the right atmospheric 

system to generate future forecasts (Yilmaz, 2015; Bonekamp et al., 2018), it usually 

can not form much precipitation during this period.  

 

For the current case, the first two days of run period are considered as the ‘spin up 

time’ of the models. That’s why, to be able to diminish the errors between the 

predictions and observed data, these days are excluded from the representation of 

time series on Figure 4.7.2 and calculation of statistical parameters such as Root 

Mean Square, Mean Bias, Standard Deviation and Correlation on Table  4.7.1. 

 

Based on the relation between the graphs and statistics, all of the four components 

indicate the overestimation for the model forecasts. Since, particularly on 

temperature graph, it is obvious that the models tends to create hot and more humid 

atmosphere near the ground comparing to the real condition. Due to that, evaporation 

may lead the flux exchanges to accelerate, increase the wind speed on both horizontal 

and vertical axes which will eventually bring heavy precipitation over the region. 

Especially from the peaks between December 16 – 17 and 18 -19, the excess rainfall 

formation in the models may be caused by high temperature estimations.  Again, 

through the data showed in Table  4.7.1, none of the models could generate a 

successful forecast. Enormous standard deviations and very small correlations ( < 1) 

are good indicators of this result.  
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Even though, it is not much possible to differenciate the model performances with 

each other by looking at these analyses, still one thing has become prominent which 

is using the updated SST source in WRF model, increases the accuracy of the 

forecast rather than using SST from the meteorological input dataset, in this case 

GFS.  

 

 

Figure 4.7.2 2018.12.12_00:00:00 – 2018.12.20_00:00:00 run period. The timeseries graphs 

of observation and SST model forecasts in terms of precipitation (mm), temperature (°C) ,  

wind speed (m/s) and relative humidity (%).  The solid colorful  lines represent the each 
model prediction scenario while the dashed black line indicates the mean of observed 

precipitation regime in 10 days 
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Table  4.7.1 Statistical analysis of SST scenarios for 2018/12/12– 2018/12/20 event period 

 

Mediterranean 

Region 

 

 

RMSE 

 

MBE 

 

Standard 

Deviation 

 

Correlation 

Precipitation 

GFS 0.664 0.179 1.948 0.675 

GHRSST 0.546 0.098 1.575 0.619 

Medspiration 0.556 0.144 1.726 0.710 

NCEP 0.541 0.125 1.565 0.633 

Temperature 

GFS 0.869 -0.028 0.865 0.925 

GHRSST 0.748 -0.107 0.898 0.946 

Medspiration 0.825 0.017 0.897 0.932 

NCEP 0.829 0.309 0.908 0.941 

Combined Wind Speed 

GFS 1.193 1.041 1.478 0.667 

GHRSST 1.088 0.961 1.462 0.754 

Medspiration 1.162 1.019 1.459 0.691 

NCEP 1.113 0.984 1.435 0.730 

Relative Humidity 

GFS 8.805 4.277 0.843 0.871 

GHRSST 8.751 3.614 0.870 0.860 

Medspiration 8.319 2.683 0.854 0.864 

NCEP 8.293 3.195 0.923 0.873 
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While Table  4.7.1  represents some statistical parameters between the observation 

stations and SST model predictions, the hourly bias of precipitation along 10 days is 

also shown on the graph by Figure 4.7.3. To be able to calculate the bias, ‘model – 

observation’ formula has been used. Therefore, the red colored raster hours indicate 

the overprediction whereas for the portions where blue color gets darker, the model 

forecasts underestimate the real precipitation amount. The mean precipitation time 

series of model and observation stations graph on the top in Figure 4.7.3; however, 

prove these bias differences.  

As it can be observed from Figure 4.7.3,usually most of models produce more rainfall 

than the reality (the precipitation patterns of colorful solid lines are higher than black 

dashed line of observation pattern), except some points.  For peak hour at 17:00 UTC 

of December 16, GFS and Medspiration SST dataset used models (orange and red 

colored lines) make overestimations while the other GHRSST and NCEP models 

provide predictions closer to the stations data.  The bias near to this hour also support 

this interpretation since the color here is red for GFS and Medspiration and with 

closest precipitation forecast, bias of GHRSST model is smallest (from 0 to - 2 mm). 

However, when all models produce more than actual as in the late hours of December 

18, the four of bias rasters are painted in dark red. By only looking at the graphs on 

Figure 4.7.3, GHRSST and NCEP datasets used models perform little better to form 

accurate precipitation pattern than the others.    
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Figure 4.7.3 a) The average precipitation and  b) bias raster plots of observation and SST 

model forecasts throughout the model run period. The dashed gray lines represent the each 

model prediction scenario while the red line indicates the mean of these model scenarios and 
the solid black line shows the mean of observed precipitation regime in 10 days  
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In addition to the analyses that has been conducted to examine the SST model 

performances so far; this time, the comparison among the observation and the WRF 

forecasts has illustrated, in terms of regional distribution for the peak precipitation 

hour (December 16 17:00 UTC) by Figure 4.7.4. Here, the graph at the top represents 

the observation stations’ locations by small black circles on the map. These station 

circles are filled with the various colors upon their precipitation values at the peak 

hour. The precipitation spread over the rest of map had estimated from the 

interpolation (based on nearest neighbour methods) of the stations recorded data. The 

scale of ’Station Precipitation’  had been arranged to show both the stations and the 

interpolated area’s precipitation values on the same labelbar.  

It should be stated that some of stations which were included into this analysis (the 

black circles at left side of the graph in  Figure 4.7.4) are not located in the Antalya 

basin boundaries. However, because the event has mainly occured on the border 

(Ovacık Station, represented in red circle station on the graph), to be able to enhance 

the illustration accuracy of reality and statistic analysis, it was decided adding also 

these stations into the study.  

The four graphs beneath this station map, however, display the WRF model outputs 

produced from using different SST datasets. This kind of illustration is important to 

analyse how well the models could catch the local precipitation amounts dropped in 

reality. Therefore, it can be said that, all graphs shown on Figure 4.7.4 represent a 

grid based efficiency comparison among various SST data sources at the peak hour.     

In Figure 4.7.4, the red colored point that strikes the eyes remarks the Ovacık – 

Antalya station which is defined as the ‘main station’ for this event. With 53.1 mm 

received at December 16 17:00 UTC, this station provides the maximum 

precipitation in 10 days period.  As it can easily be observed, all four model outputs 

are successful to predict the heavy precipitation of the main station and its 

surroundings. By looking at the wind vectors 10 m, it is also clear that the cumulus 
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clouds which brings rain over the region, are carried from the sea towards near the 

main station.  

Yet, when the model runs with GFS provided SST dataset (Figure 4.7.4a), the high 

amount of rain has produced over the sea whereas by the external SST source 

datasets such as GHRSST, Medspiration and NCEP model forecasts, the maximum 

precipitation has formed on the same portion of land which also matchs the peak 

precipitation received area on the station map at top. Once again, this condition 

verifies the importance of SST impact on precipitation as well as using special daily 

SST sources in weather prediction models to be able to obtain more realistic forecast. 

Still, these three SST sources can be investigated based on their performances at the 

peak time shown by this figure. The model working with GHRSST satellite derived 

SST dataset (Figure 4.7.4b) has failed to generate enough amount precipitation in 

contrast to the other external SST source predictions (Figure 4.7.4c, d). The 

maximum rain produced in GHRSST graph is colored in blue – green range (20 – 24 

mm) while it is painted as reddish orange color ( ≥ 44 mm) in Medspiration and 

NCEP graphs which gives much closer prediction to the observed precipitation on 

same area. Therefore, these configurations, especially Medspiration, step forward in 

terms of catching hotspots and generate similar rain amounts around the main station.  
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Figure 4.7.4 2018.12.10_00:00:00 – 2018.12.20_00:00:00 run period. The precipitation 

maps with 3 km horizontal resolution at the peak hour when the highest rain dropped over 

the Mediterranean region. The map at the top shows the stations’ precipitation data (m) and 

their interpolation throughout the whole domain once again for the peak time (17:00 UTC 
of December 16). The black circles indicate the locations of observation stations and the 

color scale of label bar determined according to the stations and their interpolated rain data 

together). The four maps at the bottom refer the WRF model precipitation forecasts  (m) for 

the peak hour by working with different SST data sources: a) GFS, b) GHRSST, c) 

Medspiration and d) NCEP, respectively. Black colored vectors on each of these maps, 
demonstrate the wind speed (m/s) vector at 10 m above the ground 
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The reflectivity and SST graphs on Figure 4.7.5 actually support the precipitation 

graphs shown in  Figure 4.7.4. These maps are drawn for both peak and 6 hours before 

the peak time to observe how the atmospheric conditions has altered within the six 

hours for the whole region. Apart from the model outcomes, the radar reflectivity 

(provided from Yousefi, 2020)  is also wished include into this figure as an another 

perspective and it has shown at upmost visualisation in Figure 4.7.5 but it has 

prepared only for the peak hour (2018.12.16_17:00 UTC).  

Since the radar data offers only 360 degree of visibility, the current region can not 

be completely contoured by reflectivity data. Yet still, there are some common areas 

where the SST model scenarios on the second row and the radar reflecitivity contours 

overlap on the region such as the inlands and surrondings of main station. As it can 

be observed from the map at top, the radar estimate the reflectivity mainly on the 

inner portion. However, the cloud activity around main station can be still obtained 

from the orange reflectivity contours (15 – 20 dBZ) draw like a skew line at the left 

handside coastal area. Just all of the four model scenarios spread more and make 

some overestimations for predicting the reflective parts of these areas.  

Likewise the radar data, the reflectivity of model predictions has also spread more 

through the inlands as the time goes by. Nevertheless, based on event center, the 

external SST source forecasts such as GHRSST, Medspiration and NCEP become 

more reflective (up to 40 - 45 dBZ) around the main station at the peak hour, since 

it is known the reflectivity increases as the number and the depth of cumulus clouds 

(responsible to form heavy precipitation) grow. Especially the blue colored (30 - 45 

dBZ) portions of these maps refer the exact areas where relatively higher rain has 

dropped.  On the other hand, GFS source forecast reflectivity path, turns toward to 

the sea as the time reachs to the peak hour. That’s why, it misses the high reflectivity 

near to main station at this hour.  

The SST  has also increased on both coastal and inner areas in three models’ forecasts 

as the time passes, except GFS. Since the SST contour lines and magnitudes seem 

exactly the same in each hour of GFS model predictions. Even this difference 
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indicates the importance of using daily updated dataset for SST to run in weather 

prediction models. As higher SST means more evaporation and acceleration in the 

air circulation which makes the atmosphere much unstable that will pave the way to 

form heavy precipitation. Therefore, the external source SST models comparing to 

unchanged data can build more dynamic atmospheric system and may catch the right 

spots during the event.   
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Figure 4.7.5 2018.12.10_00:00:00 – 2018.12.20_00:00:00 run period. The reflection and 

sea surface temperature (SST) maps with 3 km horizontal resolution of Mediterranean 

region. The map at the top shows the radar reflectivity data (dBZ) only at the peak hour 
(17:00 UTC of December 16) whereas the four maps of last two rows refer the WRF model 

predictions for both at 11:00 UTC and 17:00 UTC to observe the atmospheric evolution 

within the six hours. The shaded contours represent the reflection  (dBZ) and the solid black 

contours indicate the SST (K). Each map in a row, illustrates the model forecast of the 

different SST data source: a) GFS, b) GHRSST, c) Medspiration and d) NCEP, respectively  
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From all of these aspects, it is clear that the model graphs on Figure 4.7.5 meet the 

peak precipitation graphs on Figure 4.7.4. 

Apart from the horizontal plane graphs over the region, the vertical condition of 

model predictions are also included under the scope of this study. For this purpose, 

the cross sectional lines from point A to point B and from point C to point D are 

taken to describe the vertical profile of the hotspot (around main station) where the 

highest precipitation takes in place, for this event.  

Since the mountain effect is wanted to include into these graphs,  it is planned that 

both the AB and CD lines are drawn in regard to pass over some part of the 

mountainous area. Therefore, the AB line ( from south-west to north-east direction) 

starts from low height levels, incline the mountain heights and again reachs the plain 

levels while the CD line ( from south-east to north-west direction) begins from the 

coastal side, climbs through the heights and ends at the peak point of mountains 

(Figure 4.7.6 and Figure 4.7.7). 

Once again, the cross sectional graphs are prepared for both peak hour and 6 hours 

before the peak time.  The reason for that is observing how the atmospheric 

conditions in vertical axis has been changed through the hours until it reachs the peak 

hour’s state. Additionally, the white colored gridded area at the bottom of these 

graphs show the topography elevation profile of the selected sections. As it can be 

observed from the terrain height representation on station graphs in Figure 4.7.6  and 

Figure 4.7.7, 830 mb (~ 1.5 km height) from the ground in these vertical cross 

sectional graphs corresponds the peak points of the mountains. 

All cross sectional graphs are analysed by using the vertical atmospheric components 

such as omega, combined wind velocity and equivalent potential temperature (EPT). 

The omega represents the upward motion in the atmosphere. Since the negative 

values indicate upward direction for omega, as the value gets smaller, the atmosphere 

becomes more unstable.  
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The equivalent potential temperature (EPT) is the temperature of air would have if 

all the moisture was condensed out by a pseudo-adiabatic process. EPT can be used 

to compare the temperature and moisture content among the model forecasts. High 

EPT values at pressure levels mean more water vapor has been carried to those levels 

within the air which makes the atmosphere unstable there. Upward wind velocity, on 

the other hand, can be considered as the flux carrier through the altitudes. All of these 

parameters are good indicators of the vertical turbulent mixing under the troposhere 

(Zhou et.al, 2009). 

The first row of model forecasts on Figure 4.7.6,  indicates the condition of 

atmosphere for the six hours before the peak by omega and EPT parameters whereas 

the second row represents how the air becomes unstable and where it dropped rain 

on the peak time. The last row also are drawn at this hour. Here the aim is to show 

the z direction wind velocity contours for the illustration of the system activity 

through the vertical  layers.  

Since the omega is the term used to describe vorticity advection in the atmosphere, 

it is an useful tool to observe the precipitation tendency of the cloud system. Here, 

the specific difference among the representations of vertical layers at 11:00 UTC and 

17:00 UTC, is the power and impact area of the vorticity dynamics.  

The white and blue colored sections in all four graphs at 11:00 UTC (Figure 4.7.6  

and Figure 4.7.7) indicate that even six hours before peak time, there were powerful 

vertical motions in the atmosphere. Probably, the models were producing high 

amounts of rain at this hour, too.  If they did, it would not be wrong because through 

the records of the observation stations which are located on AB and CD lines, heavy 

precipitation continued all day along December 16.  
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Even though, the range of omega values shown on labelbars, meaning the intensity 

of vorticity, has decreased as the time flows to the peak hour, it can be easily seen 

that some of the configurations provide even more complex atmosphere through the 

vertical layers at 17:00 UTC. As from the Medspiration and NCEP scenarios (Figure 

4.7.6 c,d), blue and white colored contours of omega has locally accumulated from 

higher pressure to lower pressure levels (especially for ≤ 500 mb).  

This is important to look at because higher the magnitude of negative omega values 

indicate more atmospheric instability along the AB line (from point A to point B).  

Additionally, the coordinates where the high magnitude of negative omega values 

(active vorticity advection) are obtained from Medspiration and NCEP graphs,    can 

be easily matched with the map locations where the maximum amount of 

precipitation has dropped by the same options at peak hour by Figure 4.7.4. At this 

point of view, it can be seen that the Medspiration dataset model performed better 

than NCEP scenario for catching the hotspots of the event. Since from Figure 4.7.4,  

it can be observed that the coordinates of maximum rain received portion of the 

region (around the main station) should be somewhere between 30.2 – 30.4 ° Eastern 

longitudes. In this perspective, the strong omega forcing (white - blue colored portion 

on the graph) on Medspiration SST model forecast, from 780 mb up to 280 mb above 

the ground (Figure 4.7.6 c) meets the real conditions at the right coordinates.  

When the combined wind speed graphs are investigated from the last column on 

Figure 4.7.6, the contour shapes are exactly the same with the omega’s, shown at the 

top of it. As the wind is an essential component of the vertical and horizontal system 

of atmosphere, these graphs also provide the air circulation direction and power over 

the region.    

Similar to omega, EPT contours’ values and their intensities simulate the 

atmospheric system in model, too. As they kind of represent the moisture content of 

the current air. EPT has a direct relation with omega because if the upward dynamics 

accelerates among some pressure levels, the moisture concentration in those has also 
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enhanced and become more unstable to bring heavy precipitation over the region lie 

down.   

The best example to prove this relation can be actually given again from the omega 

– EPT graphs in Figure 4.7.6. Since here, both the omega (the magnitude of negative 

values become higher and positive values start to dominate the region) and EPT (the 

values decreased) contours demonstrate that the GFS scenario lost its atmospheric 

complexity which means it turns more stable condition as the time moves to the peak 

hour of the event, 17:00 UTC.  However, in other three options’ graphs, the EPT 

values have risen within the same time interval, especially where the strong omega 

activity has observed.  

Similar outcomes can be observed from CD line perspective (from point C to point 

D) on Figure 4.7.7. Here, the line starts from the coastal area and climb the mountain 

as it can be seen the longitudes shown on the x axis on these graphs.  

Once again, omega forcing accelarates near to 30.4° Eastern longitude in the 

representation of Medspiration option at the peak time. However this time, from the 

areas covered by CD line, the upward motions also grow through the vertical levels 

in GFS scenario forecast for 17:00 UTC. Although these vertical local complexities 

in atmosphere refer heavy precipitation occurence for both four configurations, the 

locations where the precipitation takes place is quite different from each other. Since 

Medspiration option showed success for producing rain around main station; due to 

white – blue colored contours on 30.5° E,  GFS dropped it over the sea and miss the 

actual hotspots of the event. GHRSST can catch the right coordinates to build 

unstable atmospheric system. Yet, because the upward forcing is not powerful as the 

others, the rain amount produced from it,  is not much.  
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Or NCEP configuration spreads the atmospheric activity in vertical axis by larger 

inland portion of the region (through point D). The power of these forcings has not 

much enhanced via the surronding pressure levels, the system can be dynamic 

enough to bring heavy rainfalls like Medspiration over the area underneath. Once 

again, the combined wind speed contours reflect the omega patterns and by looking 

at the changes between this and EPT contours, it can be easily seen they share same 

behaviours with the previous figure.  

From all of the vertical component aspects (omega, EPT and combined wind speed) 

of two lines, while the rising air on GHRSST, Medspitation and NCEP scenarios 

show strong differential positive vorticity advection (DPVA) which results dynamic 

precipitation, GFS scenario model draw comparatively stable and dry atmosphere by 

strong differential negative vorticity advection (DNVA). This may explain, why 

there is not much rain produced in GFS scenario, at the peak hour along the AB line 

on Figure 4.7.6 and once more proves that the SST effect and the importance of using 

special SST source on these types of models.  
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Figure 4.7.6 2018.12.10_00:00:00 – 2018.12.20_00:00:00 run period. The map at the top, 

shows the location and the terrain height that the AB line covers, the rest demonstrates the 
model forecasts by the vertical profile of atmosphere along AB line. The Y axis refers to the 

elevation levels (m) from the ground and the X axis shows the longitudes through the line.  
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Figure 4.7.6 (cont’d) The maps in the first two rows (a & b), represent the omega (Shaded 

contours, Pa/s), the equivalent potential temperature (Solid black contours, K) for both at 

11:00 UTC and 17:00 UTC to observe the change in atmosphere among the pressure levels 

within the six hours. Yet, the wind velocity (Shaded contours, m/s) has only drawn for the 
peak hour (17:00 UTC of December 16) via the last row (c). The white colored gridded area 

at the bottom of each graph depicts the elevation profile of topography over the cross 

sectional area of AB line 
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Figure 4.7.7 2018.12.10_00:00:00 – 2018.12.20_00:00:00 run period. The map at the top, 

shows the location and the terrain height that the CD line covers, the rest demonstrates the 

model forecasts by the vertical profile of atmosphere along CD line.  
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Figure 4.7.7 (cont’d)  The Y axis refers to the elevation levels (m) from the ground and the 

X axis shows the longitudes through the line.The maps in the first two rows (a & b), 

represent the omega (Shaded contours, Pa/s), the equivalent potential temperature (Solid 

black contours, K) for both at 11:00 UTC and 17:00 UTC to observe the change in 
atmosphere among the pressure levels within the six hours. Yet, the wind velocity (Shaded 

contours, m/s) has only drawn for the peak hour (17:00 UTC of December 16) via the last 

row (c). The white colored gridded area at the bottom of each graph depicts the elevation 

profile of topography over the cross sectional area of CD line 
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4.8 Eastern Black Sea – Summer Event ( 2015/08/17 - 2015/08/27) 

The second case is taken to investigate under this thesis, is the heavy precipitation 

event happened on Eastern Black Sea Basin, Black Sea region of Turkey. Once 

again, the observation station dataset are provided from the GDM. With 32.4 mm 

maximum precipitation production, the event date is defined as 23 – 24 August of 

2015. The model for this event is run for 10 days like the Mediterranean region. To 

be able to observe the changing atmosphere through the event date, the starting point 

of the run period has decided as August 17. Hence, determined model period is 

2015.08.17_00:00:00 – 2015.08.27_00:00:00. 

According to the observed data, Arhavi station in Artvin has chosen as the ‘main 

station’ of this event. The peak rain amount that recorded in Arhavi station is 32.4 

mm at the midnight of August 24 of 2015. The cumulative precipitation reachs 

almost 180 mm at the end of 10 days period. Comparing to these values with the 

Case 1, this event is not as intense as the previous one but considering seasonal 

difference among two cases, the current event is also powerful for a summer rainfall.  

Figure 4.8.1 shows the temperature – precipitation time series of the main station for 

this event, where the highest rain amount has recorded. This graph has prepared for 

only 3 days (23 – 26 August) out of 10 days model period is because the event 

activity has started to observe in main station from the sixth day after August 17. 

While the black solid line represents precipitation amounts, the red dash line 

indicates temperature and the blue dash line on the right side depicts the change in 

cumulative rainfall collected of main station during the time period.  

Here, temperature decreases by 4 to 5 °C before the peak hour. Yet, when it reachs 

the peak, there is a slight increase in temperature as well as the general precipitation 

pattern of this event. Through the graph on Figure 4.8.1,  the temperature rises 

enhance the rainfall acitivities which may indicate the typical convective rain 

formation.  
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Figure 4.8.1 Precipitation and Temperature time series of the main station (Arhavi – Artvin) 

for Eastern Black Sea – Summer between 2015/08/23 – 2015/08/26. Black solid line refer 
precipitation amounts dropped over the station while the dashed red line indicates recorded 

temperature of the station. Dashed blue line represents the cumulative precipitation amounts 

through 3 days from total event period 

 

Figure 4.8.2 and Table  4.8.1 represent the model performances based on the 

important components of the tmospheric system that are known for their effects on 

precipitation formation. Likewise in Case 1, the first two days of 10 days run period 

are excluded from the analyses to keep the errors minimal as much as possible.  Here, 

the precipitation graph on Figure 4.8.2 depicts that the model scenarios are able to 

catch the closer pattern to the observation line. However, ECMWF, in which SST 

data has not been changed, and Medspiration scenarios have still some 

overpredictions in their forecasts during the period.  The higher estimations in 

temperature and wind are valid but comparing to Mediterranean case, the gap 

between observation and the predictions is small. That’s why, the correlations of 

those parameters are relatively higher than the rest. 
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The difference between the predictions and the recorded data at relative humidity 

graph can be easily observed from Figure 4.8.2 and also proved by the statistics on 

Table  4.8.1. As the errors such as RMSE and MBE rise enormously while the 

correlations between the forecasts and observation diminish a lot. Although the 

temperature patterns are not much different from the observation, the fully humid 

and fast wind speed atmospheric environment created by the each scenario, in this 

event case predictions, the model tends to drop excess rainfall, especially for the last 

four days period (from August 24 to August 27). 

 

 

Figure 4.8.2 2015-08-19_00:00:00 – 2015-08-27_00:00:00 run period. The timeseries 

graphs of observation and SST model forecasts in terms of precipitation (mm), temperature 

(°C) ,  wind speed (m/s) and relative humidity (%).  The solid colorful  lines represent the 

each model prediction scenario while the dashed black line indicates the mean of observed 

precipitation regime in 10 days 
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Table  4.8.1 Statistical analysis of SST scenarios for 2015/08/19 – 2015/08/27 

event period 

 

Eastern 

Black Sea 

Region 

 

 

RMSE 

 

MBE 

 

Standard 

Deviation 

 

Correlation 

Precipitation 

ECMWF 0.439 0.084 1.166 0.385 

GHRSST 0.315 0.076 0.895 0.597 

Medspiration 0.429 0.091 1.052 0.346 

NCEP 0.347 0.350 0.706 0.396 

Temperature 

ECMWF 1.441 -0.689 0.842 0.906 

GHRSST 1.399 -0.687 0.889 0.911 

Medspiration 1.425 -0.685 0.887 0.907 

NCEP 1.426 -0.752 0.937 0.913 

Combined Wind Speed 

ECMWF 1.021 0.273 1.568 0.612 

GHRSST 0.995 0.305 1.471 0.590 

Medspiration 1.008 0.307 1.510 0.600 

NCEP 0.952 0.261 1.423 0.595 

Relative Humidity 

ECMWF 10.454 0.367 2.015 0.497 

GHRSST 10.763 0.135 2.116 0.528 

Medspiration 10.718 0.043 2.071 0.500 

NCEP 10.518 0.824 2.113 0.566 
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Just like Figure 4.7.3, Figure 4.8.3 also represents the average precipitation and bias 

time series during 10 days event period.  As it can be understood from the negative 

bias ( colored in blue ) at the midnigth of August 24, the observed data is much more 

higher than the four of models’ predictions. Since this is the peak time of the current 

event, it can be considered that without depending on which SST dataset has been 

used, the four of models could achieve to catch the right time to form precipitation 

but miss the enough amount to drop. However, the small bias of GHRSST at this 

hour indicates that its scenario provided the most accurate prediction to the real 

conditions comparing to the rests. After the peak time, the models tend to 

overestimate the precipitation, especially ERA5 – ECMWF scenario.   
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Figure 4.8.3 a) The average precipitation and  b) bias raster plots of observation and SST 
model forecasts throughout the model run period. The dashed gray lines represent the each 

model prediction scenario while the red line indicates the mean of these model scenarios 

and the solid black line shows the mean of observed precipitation regime in 10 days 

 

Figure 4.8.4 represents the observation station data and the WRF model forecasts at 

peak hour (2015.08.24_00:00 UTC). It has prepared by using the same approach in 

the Figure 4.7.4.  

The highest precipitation with 32.4 mm dropped in main station which is colored in 

red on the ‘Station Precipitation’ map. The model predictions are able to catch the 

overall picture of the atmosphere. The maximum rain is usually achieved to be 

produced around the main station while the left side of basin is remained relatively 
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drier. Yet, the efficiency of the model predictions in terms of the amount and the 

right spot varies among the configurations.  

Although ECMWF dataset model (Figure 4.8.4a) finds the most active area of the 

region right, the precipitation amount that is produced onto this area is way much 

higher than the reality. Based on the labelbar scale of ‘Station Precipitation’ and 

‘Hourly Precipitation’, the model predicts more than 56 mm rain at and near to the 

main station whereas the actual range is 30 - 34 mm.  

The NCEP  (Figure 4.8.4d) model, on the other hand, has missed the right spot to 

pour the rain on. Besides, it does not provide enough precipitation on the region. 

Therefore, it shows poor performance for this event case.  

Finally, GHRSST and Medspiration (Figure 4.8.4b, c) are both good at catching right 

spot and mimicing the real atmospheric condition for this hour.  Nevertheless, 

GHRSST model forecasts overestimate the precipitation at inner portion of the 

region.  Medspiration SST model gives the closest prediction to the observed and 

interpolated data over at the peak time of this event, comparing to the others.  
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Figure 4.8.4 2015.08.17_00:00:00 – 2015.08.27_00:00:00 run period. The precipitation 
maps with 3 km horizontal resolution at the peak hour when the highest rain dropped over 

the Eastern Black Sea region. The map at the top shows the stations’ precipitation data (m) 

and their interpolation throughout the whole domain once again for the peak time (00:00 

UTC of August 24). The black circles indicate the locations of observation stations and the 

color scale of label bar determined according to the stations and their interpolated rain data 

together). The four maps at the bottom refer the WRF model precipitation forecasts  (m) for 
the peak hour by working with different SST data sources: a) GFS, b) GHRSST, c) 

Medspiration and d) NCEP, respectively. Black colored vectors on each of these maps, 

demonstrate the wind speed (m/s) vector at 10 m above the ground 
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Reflectivity and SST improvements in atmosphere are shown once again on Figure 

4.8.5, for the peak and six hours before. It is undeniable that, as time progressed to 

00:00 UTC the reflectivity has grown over the right side of basin (near to main 

station) in all model forecasts.  

The map at the top, on the other hand, represents the radar reflectivity (provided from 

Yousefi, 2020) at the peak hour only (the midnight of August 24). Since this data 

type offers 360 degree visual perception, it does not fully fill the whole region. Based 

on this radar data, reflectivity has shown at the center portion of region which is far 

away from the main station. Therefore, it can be compared with the model 

predictions for only that portion. According to this aspect, no common area can be 

observed between these two types of reflectivity outcomes. For the four scenarios 

showed at the bottom, the model misses the high cloudiness over the central coasts 

and the inlands but accumulates it around the main station.  

Apart from that, the evolution of reflectivity demonstrates that the cloud activities at 

peak hour, have been accelerated in the model predictions due to the strong flux 

movements in vertical axis. Based on these, most unstable area (blue colored portion 

of the map, 40 - 55 dBZ) where the highest precipitation dropped at 00:00 UTC, is 

pointed out the top of northern east side of basin (near to main station) in all model 

graphs. Hence, the reflectivity contours of models are coherent with the precipitation 

maps in.  

Nonetheless, SST performances of updated SST dataset used models in this event, 

are different from previous case study. As it can be observed from the first and 

second rows of satellite derived datasets, GHRSST and Medspiration, (Figure 

4.8.5b,c), SST contour values over the inland have decreased within six hours. Yet, 

even it drops a lot (around 10 K in GHRSST and 2-3 K in Medspiration) on the land, 

inluding the coastal area, it remains the same on the sea surface which is estimated 

as 300 K.  
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This may be related with the day time and climate effects of the region because due 

to its climate, the temperature on this region tends to drop sharply over the inlands 

at the night time of the day. Nevertheless, like GFS, the SSTs of ECMWF, have also 

not changed through the time. Therefore, in a way they ignore the SST impact on 

precipitation occurence in their forecasts. Additionally, the model worked with 

NCEP dataset is same in both six hours before and peak time in terms of SST values 

and they do not produce various contours over the region comparing to others. That 

may be one of the reasons of why its performance on this event is weak. Since the 

events on both regions are especially chosen to include this analysis because they are 

considered as SST triggered precipitation systems in the first place.    
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Figure 4.8.5 2015.08.17_00:00:00 – 2015.08.27_00:00:00 run period. The reflection and 

sea surface temperature (SST) maps with 3 km horizontal resolution of Eastern Black Sea 

region. The map at the top shows the radar reflectivity data (dBZ) only at the peak hour 

(00:00 UTC of August 24) whereas the four maps of last two rows refer the WRF model 

predictions for both at 18:00 UTC and 00:00 UTC to observe the atmospheric evolution 

within the six hours. The shaded contours represent the reflection  (dBZ) and the solid black 
contours indicate the SST (K). Each map in a row, illustrates the model forecast of the 

different SST data source: a) GFS, b) GHRSST, c) Medspiration and d) NCEP, respectively  
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The cross sectional lines ,to observe vertical developments for this event, are again 

drawn as to cover some portion of mountainous area. Since the orographic impacts 

of the region on atmospheric system are wished to be seen. In this perspective, AB 

line in Figure 4.8.6,  expands over the low heights in coastal area whereas CD line in 

Figure 4.8.7 covers sea and mountain levels together.  

Figure 4.8.6 and Figure 4.8.7 are prepared to show the evolution of atmospheric 

stability based on the pressure levels. This type of graphs represent another 

perspective of complex atmospheric systems on vertical profile as omega with 

equivalent potential temperature (EPT) can give an idea about the possibility of 

precipitation and the strength of the event.  

Different from the Mediterranean event, in this case the instability of atmosphere has 

enhanced as the time flows to peak hour in all four of model scenarios in Figure 4.8.4. 

As comparing to six hours before, the omega values at this hour’s graphs have 

increased a lot. Here,  both ECMWF, GHRSST and Medspiration options were able 

to create dense complex upward motions through various pressure levels. 

Particularly, strong omega forcing (with high magnitude of negative values) spreads 

over ≤ 500 mb on these graphs, indicate the locations where the possible extreme 

precipitation has produced.  

By comparing the active portion of region on Figure 4.8.4 with the cross sectional 

area covered by AB line on Figure 4.8.6, it can be seen that the rain mostly dropped 

towards the point B. That’s why, the accelerated vertical motions (vertical vorticity 

advection) on GHRSST configuration could catch the right coordinates to establish 

the complex dynamics over. With respect to this approach, it represents the most 

realistic forecast among the four options for this event time. Yet, Medspiration 

scenario still could generate the similar vertical profiles around 41.3° E so it also 

provides high amounts of rain but it is not as intense as in GHRSST. Opposite to 

those, the other two scenarios (ECMWF and NCEP)  grows the vorticity activity near 

to point A.  
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The combined wind velocities of the scenarios shown at the last row on Figure 4.8.6, 

draw the same patterns with omega forcings. As the upward motion accelerates, the 

wind velocity also speeds up in vertical axis (yellow to red colored contours on 

graphs).  

Addition to all of these, the increased EPT contours at the peak hour, demonstrate 

the precipitation tendency of the atmospheric system of four SST scenarios. Since 

this parameter actually refers the moisture content of the air, higher the EPT value 

around powerful vorticity at the lower pressure levels, the more chance for that 

configuration to produce high amounts of precipitation.    

If the same scenarios are investigated from CD line perspective (Figure 4.8.7); 

however, the general vertical profile patterns of atmosphere may perceptibly change. 

As now the cross sectional area covered by CD line, starts from the inlands and 

moves to sea side of the region. Therefore, the sea impact on air circulations can be 

observed better from this aspect.  

According to that, in Figure 4.8.7, none of the SST configurations had strong upward 

motions which can bring intense rain, throughout the levels under troposhere for 

18:00 UTC of August 23. As in this hour, the atmospheric activity has just started to 

produced.  

Yet, this state has mostly changed at the peak hour’s forecasts. White - blue colored 

contours of omega (high magnitude of negative values) again illustrate the rainy 

portion of the cross sectional area because they show the vertical complexity of 

atmosphere around there. As it can be verified from Figure 4.8.7,  these parts in 

GHRSST and Medspiration scenarios correspond more commonly distributed 

precipitation from inlands to the sea whereas it mainly accumulates over inner 

portion of region (near to point C) in ECMWF option.  

 

 

 



 

 

 
175 

 

Moreover to this, because it exceeds 500 mb boundary and reachs lower pressures 

(~ 270 mb), the upward vorticity is much more strong in ECMWF configuration than 

the rest configurations for the peak hour. Both of these features are helpful to show 

the vertical atmospheric state of the large size red colored inland area on the first 

map (Figure 4.8.4a) in Figure 4.8.4.  

Likewise to previous figures, the combined velocity speed graphs from the last row 

in Figure 4.8.7, again follow the same omega pattern and contribute the unstable air 

generation in the system according to that.  

EPT contours for CD line perspective again become frequent and intense around the 

dynamic vertical motions by omega forcing. Here, it should be also observed that the 

EPT values generally rise towards to right side of graph (point D) as it moves to the 

sea side, the moisture content has increased.  

Overall, the air lifting system in all four scenarios represents strong differential 

positive vorticity advection (DPVA) over the region.  
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Figure 4.8.6 2015.08.17_00:00:00 – 2015.08.27_00:00:00 run period. The map at the top, 

shows the location and the terrain height that the AB line covers, the rest demonstrates the 
model forecasts by the vertical profile of atmosphere along AB line. The Y axis refers to the 

elevation levels (m) from the ground and the X axis shows the longitudes through the line.  
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Figure 4.8.6 (cont’d) The maps in the first two rows (a & b), represent the omega (Shaded 

contours, Pa/s), the equivalent potential temperature (Solid black contours, K) for both at 

18:00 UTC and 00:00 UTC to observe the change in atmosphere among the pressure levels 

within the six hours. Yet, the wind velocity (Shaded contours, m/s) has only drawn for the 
peak hour (00:00 UTC of August 24) via the last row (c). The white colored gridded area at 

the bottom of each graph depicts the elevation profile of topography over the cross sectional 

area of AB line 
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Figure 4.8.7 2015.08.17_00:00:00 – 2015.08.27_00:00:00 run period. The map at the top, 

shows the location and the terrain height that the CD line covers, the rest demonstrates the 

model forecasts by the vertical profile of atmosphere along CD line.  
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Figure 4.8.7 (cont’d) The Y axis refers to the elevation levels (m) from the ground and the 

X axis shows the longitudes through the line.The maps in the first two rows (a & b), 

represent the omega (Shaded contours, Pa/s), the equivalent potential temperature (Solid 

black contours, K) for both at 18:00 UTC and 00:00 UTC to observe the change in 
atmosphere among the pressure levels within the six hours. Yet, the wind velocity (Shaded 

contours, m/s) has only drawn for the peak hour (00:00 UTC of August 24) via the last row 

(c). The white colored gridded area at the bottom of each graph depicts the elevation profile 

of topography over the cross sectional area of CD line 
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CHAPTER 5 

DISCUSSION AND CONCLUSION 

5.1 Discussion of Sensitivity Analysis 

Through the different perspectives of illustrations that had been applied in Sensitivity 

analysis so far, there is not a certain answer to describe ‘best and worst’ configuration 

options for the event predictions via the model on Mediterranean and Eastern Black 

Sea regions. Nonetheless, the perspectives of these illustrations still can assist some 

idea about the overall performance of each parameters and their options.  

From all of the rankings (in Table 4.1.3 and Table 4.1.5), TOPSIS analysis, Taylor 

diagrams ( in Figure 4.6.1 - Figure 4.6.4) and the visual maps, the final remarks of 

Sensitivity analysis can be done as follows: Eta (Ferrier, ES) scheme has already 

shown its great impact on Mediterranean autumn event‘s predictions. Here, either 

GFS or ERA5 input data source had been used, the model was able to build the right 

atmospheric conditions over the region during the event period.  

These results seem comprehensible with Mediterranean climate as the ES physical 

mechanism is suitable for heavy precipitation but not much snow or icing occurence. 

However, for the summer event of the same region, Aerosol Aware Thompson 

(AATS) holds the higher places among the other microphysics’ scenarios. As 

mentioned before, this event was not very successfully run by the model. The overall 

performances of all scenarios, even if it was chosen as ‘the best configuration’ by 

the TOPSIS Analysis, were not good enough to generate the peak precipitation 

amount of rain to the reality on precipitation maps. Yet, when the individual 

performances of microphysical schemes are considered for the ‘MED – Summer’ 

event, Taylor diagram in Figure 4.6.1b  can be beneficial to decide which of them is 
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‘the best’. Based on this aspect, it can be easily seen that once again the ES scheme 

performed much better than the other options.  Therefore, the working mechanism 

of ES scheme can be taken as the appropiate microphysical option to work on 

Mediterranean climate. 

Microphysics in Eastern Black Sea events, on the contrary, the results usually proved 

what had been expected. Here, Aerosol Aware Thompson (AATS) and WRF Single 

Moment 6 (WSM6) achieved the closest forecasts to the real conditions. The general 

performances of these model configurations stepped forth among the other two 

options. This situation was expected before, as it was mentioned in Chapter 3.2.2, 

both of the schemes work with various type of water species including snow, ice, 

graupel which lead them to provide more realistic forecasts that match with the 

seasonal event characteristics of autumn and winter in Black Sea region.  

For PBL, it can not be said that the impact of this physical parameter on WRF model 

is as high as microphysics. Accordingly, the best and worst scenario rankings among 

96 scenarios is not significantly seperated. Although Mellor Yamada Janjic (MYJ) 

dominates the upper places, Yonsei University (YSU) can also perform well in some 

circumstances.  

Unfortunately, the cumulus scheme comparison can be done by only looking at the 

parent domain configurations (9 km) as cumulus parameterization did not applied on 

nest (3 km) scenarios. The overall performances of parent domain’s scenarios points 

out the GFES scheme for both regional predictions.   

Lastly, it is obvious that the model showed great sensitivity to the used input 

meteorological dataset type which defines the initial boundary conditions. For 

Mediterranean region, GFS dataset performed better whereas ERA5 used 

configurations could create more realistic events for Eastern Black Sea region.      

  



 

 

 
183 

5.2 Discussion of SST Analysis 

From the obtained results, it is undeniable that the SST is quite effective atmopsheric 

component on the weather forecasts, especially for Mediterranean region. When the 

SST dataset has not been updated, the model generally tends to overestimate 

precipitation over the sea or miss the right location where the event is mainly 

occured. This happens probably because the rapid rises or drops in SST can not be 

supplied from the meterological input datasets as it does when the case where the 

external updated SST source datasets have been used. Therefore, the model fails to 

produce vertical movements, builds up the right atmospheric conditions under 

troposhere.  

 

Through the multiple horizontal and vertical plane analyses on Mediterranean 

region, the overall performance of each model can be determined. Although all of 

the three models run by external SST datasets are able to achieve simulating the 

system well, the model used Medspiration SST source seems usually one step ahead 

from the others. As it can be observed from peak hour maps on Figure 4.7.4d or the 

vertical profiles of models in Figure 4.7.6d and Figure 4.7.7d, when the model worked 

with NCEP SST dataset, it provided high amounts of precipitation on the northern 

and western parts of the actual spot whereas GHRSST was able to catch the actual 

spot but it could not form enough rain over there. For the case where the SST values 

are not updated by an additional source (GFS – SST scenario), the clouds were 

mostly accumulated on the sea. This cause the model to provide more precipitation 

over there, overestimate the amounts. Thus, it diminishes the forecast performance 

(Figure 4.7.4a).  

 

For Eastern Black Sea region, however, the order of models’ performances is not the 

same with Mediterranean. Firstly, the ECMWF scenario which does not contain 

updated SST source,  did not offer the worst prediction. Even though it overestimated 

the precipitation amounts at peak hour (Figure 4.8.4a), especially over the sea, it 
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succeded to find the hot spot area (around main station). Yet still, other datasets could 

create apparent differences from this forecast. The models run by GHRSST and 

Medspiration sources provide similar forecasts, only divergence is that GHRSST has 

more accurate prediction near to the main station. NCEP dataset model, on the other 

hand, could not catch the right spot to build up the unstable atmosphere and estimate 

enough rain. Hence, it underestimated the rain at peak time as well as brought the 

most of it towards to the inland part of the region.    

5.3 Summary, Conclusions and Recommendations 

The Sensitivity Analysis of this thesis once again reveals one fact that has been 

already known for NWP model predictions: the model makes better predictions 

for synoptic / frontal precipitation systems rather than convective systems. Since 

the dropped amount of rain is much more small, the rain received area is 

relatively large (recorded by many stations) and the precipitation does not 

suddenly occur and stop like in the convective system, the frontal characteristic 

events are generally much easy to predict by the NWP models. This may be why 

the WRF predictions were generally more successful at the maximum mean 

precipitation hour maps of each event case in Sensitivity Analysis. Additionally, 

it may be also one of the reasons why ERA5 dataset performed better at Eastern 

Black Sea region but not on Mediterranean. The precipitation system in Eastern 

Black Sea region is generally frontal whereas in Mediterranean region, the 

convective systems are usually observed.  

 

Table 5.3.1 represents a summary of the best options obtained from both 

Sensitivity and SST analyses. According to this, the various options of each 

parameter are evaluated based their performances on two regions, for both 

autumn and summer seasons and the different aspects of examinations 

conducted under this thesis such as TOPSIS analysis, Taylor diagrams or the 

precipitation maps. Eventually, the option that contributes the most accurate 
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precipitation forecast and gives the optimal results for both seasons, are selected 

and listed on Table 5.3.1. Since there was no cumulus parameterization had been 

applied on domain 2 (3 km) scenarios in Sensitivity and SST Analyses, 

‘Precipitation maps’ column of the cumulus parameter is empty for both regions. 

As it can be observed from the previous chapter, ‘Precipitation maps’ were only 

prepared for domain 2 scenarios not domain 1. Therefore, the best cumulus 

option could not be determined from the ‘precipitation maps. Similarly, Taylor 

diagrams were not used during the examination of SST Analysis. Hence, that 

column of ‘SST Source’ parameter could not be filled with any option.    

 

Table 5.3.1 Summary Table of the Best Options for Sensitivity and SST Analyses 

 Region 
TOPSIS 

Analysis 

Statistical 

Parameters 

Precipitation 

maps 

Taylor 

Diagrams 

Microphysic 

MED ES ES ES ES 

EBLS 
WSM6/ 

AATS 
ES 

WSM6/ 

AATS 
ES 

Cumulus 
MED GFES GFES - GFES 

EBLS GFES GFES - KFS 

PBL 
MED MYJ MYJ MYJ MYJ 

EBLS MYJ MYJ YSU MYJ 

Input 
Dataset 

Type 

MED GFS ERA5 GFS ERA5 

EBLS ERA5 GFS ERA5 GFS 

SST Source 

MED NCEP GHRSST 
MEDS/ 

NCEP 
- 

EBLS ECMWF NCEP 
ECMWF/ 
GHRSST 

- 

 

Based on the two analyses conducted so far, the impacts of region, climate, physical 

schemes and initial boundary conditions were found to have strong impact on the 

WRF model predictions.  The amount of precipitation as well as its distribution 

throughout the domains varies a lot by these parameters. Besides that, the coherence 
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among the options in the model configuration is crucial for WRF model. Since 

sometimes even the working mechanism of a physical scheme or the input data 

source suits well with the event or the climate characteristic on that region because 

the other configuration options do not cooperate with this mechanism good enough, 

that scenario does not provide successful predictions. That’s actually why, 96 

different model configurations were run by the model in Sensitivity analysis. Since 

even though certain schemes and datasets are selected to use, their performance 

together as an ensemble in the model will change from one scenario to other.    

This outcome proves the theory (Chapter 1.3) about the GDM’s one model 

configuration application for the whole regions in Turkey. Since the results obtained 

from the Sensitivity Analysis, indicate that using only one standard model 

configuration ensemble may not always provide the best weather forecasts for 

different climates, the orographies and the even seasons. Therefore, it may be a better 

idea to determine the new model configurations that are special to each regions in 

Turkey. These configuration options can be determined based on their weather 

prediction performances on every region and for mainly two seasons (winter and 

summer or autumn - summer). Since generally, the precipitation characteristics and 

the recorded temperature of winter  - autumn and summer - spring are similar in 

many regions of this country. Hence, changing the used configuration ensemble even 

for only two seasons among four, can create great improvements in prediction 

accuracy.  

When the GDM’s configurations are compared with the results of Sensitivity 

Analysis, it can be easily noticed that there are major differences between them. For 

instance,  in Sensitivity Analysis ES for Mediterranean region and AATS’s 

performances for Eastern Black Sea region become prominent among other 

microphysics schemes, while the GDM only use WRF Single Moment 3 or 5 (WSM3 

or WSM5) schemes. In terms of the working mechanisms of these schemes, it is 

possible to think WSM5 might be a good alternative option to use in the model for 

Eastern Black Sea region. Since WSM5, WSM6 and AATS share similar approachs 

and relations among hydrometeors to make calculations. However, by looking at 
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WSM6 and AATS performances on Mediterranean event cases, WSM5 may not 

provide same success for Mediterranean region’s forecasts. At this point, WSM3 can 

be better alternative to use.  

The GDM uses YSU as PBL scheme whereas the general outcome of four event 

cases taken under Sensitivity Analysis, points out MYJ. Even though this again 

creates difference, best PBL approach on each region may vary from one season to 

another or even the time of day. Since PBL parameter is highly related with the event 

characteristics. If the event is dominated with strong turbulence and drops heavy 

rainfalls after (mostly happens in winter), probably YSU approach can solve that 

atmospheric system better than MYJ.   However, if the air is relatively stable and not 

surronded by great temperature changes (mostly happens in summer or night time in 

a day) then MYJ scheme might be more appropiate to use.  

From Table 1.3.1, it can be observed that GDM only use IFS meteorological dataset 

to define the initial boundary conditions of WRF model. Similar to ERA5, IFS is 

also a product of ECMWF and contains data assimilation for observation and 

forecasted data. With this perspective, it may show similar prediction successes at 

Eastern Black Sea region as ERA5 dataset did. Yet, for Mediterranean weather 

events, especially fo the heavy convective precipitations, it may not provide the same 

forecast performance. As if it is remembered from the results of Sensitivity Analysis, 

GFS meteorological dataset usually becomes prominent on Mediterranean region. 

Hence, it may be more appropiate to consider the prediction performance of each 

datasets on a region before using it for the operational studies.  

The same outcomes were obtained from SST Analysis, too. Here, it has been proved 

that SST also contributes to the weather predictions a lot for shaping the atmospheric 

system in the model. Hence, using daily updated SST source where both satellite and 

in-situ observation data included, is very important on the heavy precipitation 

occurences especially for hot the climates and the omplex topographical regions such 

as Mediterranean. Therefore, the results obtained from the conducted SST Analysis 

can be beneficial for the GDM’s future studies. They can use satellite derived 
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updated SST sources during the weather predictions in Turkey. For instance, on 

Mediterranean region the Medspiration dataset but on Easter Black Sea region, 

GHRSST dataset can be preferred.    

At the end of many examinations applied on both analyses, some recommendations 

are offered for possible future studies. The recommendations are listed as follows: 

 Cumulus parameterization may be opened for scale aware schemes (e.g. Grell 

Freitas) 

 Model run periods may be arranged based on the precipitation existence 

First recommendation is using the cumulus parameterization for some specific 

conditions. As mentioned before, the cumulus parameterization has been usually 

turned off for the higher horizontal resolution domains ( ≤ 4 km ). However 

according to some studies (Jeworrek et al., 2019; Moya-Álvarez et al., 2018; Mayor 

& Mesquita, 2015; Gilliland & Rowe, 2007; Bister, 1998),  this may create one of 

the weakness of Sensitivity analysis because by looking at the cumulus effects on 

domain 1 (parent, 9 km) forecasts, it can be considered that the usage of cumulus 

parameterization may change entire forecast performances of the domain 2, too (nest, 

3 km) (Moya-Álvarez et al., 2018). This claim is especially valid for the scale aware 

cumulus schemes (Jeworrek et al., 2019) such as Grell Freitas (GFES). As this type 

of schemes calculate the effective radius of updraft mechanism based on the 

entrainment rate while the other schemes generally cover < 10 % of horizontal area 

of grid cell with updraft (Jeworrek et al., 2019). Yet, when the resolution gets higher, 

the updraft usually becomes strong and complex by occuring different sizes from the 

deep convections to the turbulent eddies during the extreme precipitations. 

Therefore, most of the cumulus scheme assumptions are usually suitable for the 

coarse domain resolutions (15 – 30 km) whereas with their working mechanisms, the 

scale aware cumulus schemes offer more realistic atmospheric system over high 

resolution domains.   
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The second recommendation is the importance for the starting day of the model run 

period. Since it was found out that this factor has an impact on WRF model 

prediction accuracy. If there is rain on the region at the very first hour of the model 

run period then probably when the peak hour has come, the model may underestimate 

the rain amount produced or miss the actual spots to drop precipitation, as it  

happened in Eastern Black Sea region – Autumn event case. This may be related 

with the initial unstable atmospheric conditions are missed by the spin up time of the 

model.  
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