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ABSTRACT 

 

UTILIZATION OF NUMERICAL WEATHER PREDICTION MODELS 

FOR FLOOD PLANNING AND OPERATIONAL STUDIES IN DATA -

SCARCE BASINS 

 

 

 

Bozkurt, Okan ¢aĵrē 

Doctor of Philosophy, Civil Engineering 

Supervisor: Assoc. Prof. Dr. Nuri Merzi 

Co-Supervisor: Prof. Dr. Zuhal Aky¿rek  

 

 

September 2020, 178 pages 

 

With the increasing rates of urbanization, floods have become a more critical 

problem day by day. Consequently, the perception arises that the flood control 

structures have become insufficient. Well-calibrated weather forecasting and 

hydrological models are important complementary tools to reduce the damage 

caused by floods. Such applications can yield results as useful as structural measures. 

In this study, the effects of the use of numerical weather forecasting and hydrological 

models on structural and non-structural based flood protection activities were 

examined. Lake Mogan basin in Ankara is chosen as the study area. In the analyses, 

the outputs of 2 different numerical weather forecast models (Weather Research 

Forecasting (WRF) and Transition Step Between ALadin and AROme (ALARO, 

ALR), which are used operationally by the Turkish State General Directorate of 

Meteorology (Meteoroloji Genel M¿d¿rl¿ĵ¿, MGM), were taken from the MGM for 

6 different dates. The accuracy of the precipitation forecasts was measured by 

various statistical methods on a point and areal basis. The results obtained showed 

that the areal based forecasts give better results than the point-based forecasts. 

However, it has been observed that the parameters that the MGM uses to run the 
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WRF and ALR numerical weather models are not successful in predicting the 

convectional precipitation in this basin. There is no stream gauge station with a long-

term measurement in the study area. Besides, in recent years, water transfer to the 

Mogan Lake basin has been provided by pipelines outside the basin, the exact 

amount and time of which cannot be determined precisely. For these reasons, the 

hydrological model constructed for the basin could be calibrated on an event-based 

basis with water level measurement values of Lake Mogan. Flood operation 

simulations have been carried out in 2 main scenarios. In the first scenario, it was 

assumed that Mogan Detention Pond, located upstream of Mogan Lake, is in 

operation, and the water level of Lake Mogan is at current operating values (973.42 

m., value on 14.03.2016). In the second scenario, it was assumed that the detention 

pond is not built, and the normal operating level of the Lake Mogan is 972.00 m. as 

given in the planning reports of the State Hydraulic Works (Devlet Su Ķĸleri Genel 

M¿d¿rl¿ĵ¿, DSĶ). Under these two main scenarios, different cases have been created 

in which 50-, 100- and 500-year storms can occur, and the capacity of the canal 

located at the exit of Lake Mogan is taken as either 15 or 30 m3/s. Precipitation 

forecasts of WRF and ALR models regarding 50, 100, and 500 years design 

hydrographs were created fictitiously using observed forecasts of the 14.03.2016 

event. According to the results of the flood operation studies, it is seen that the 500-

year flood reached 974,850 m. in the 1st scenario and 974,909 m. in the 2nd scenario 

in the most disadvantageous cases. These results are thought to contribute to 

decision-makers regarding structural and non-structural solution alternatives in flood 

planning studies. 

 

 

Keywords: Lake Mogan, Numerical Weather Forecasts, Hydrological Modeling, 

Flood Planning, Decision Making 
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TAķKIN ĶķLETME ¢ALIķMALARI Ķ¢ĶN SAYISAL HAVA TAHMĶN 

MODELLERĶNĶN KULLANIMI 
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Artan ĸehirleĸme oranlarēyla beraber, taĸkēnlar g¿nden g¿ne daha ºnemli sorunlar 

haline gelmeye baĸlamēĸtēr. Buna baĵlē olarak da taĸkēn kontrol yapēlarēnēn yetersiz 

hale geldiĵi algēsē ortaya ­ēkmaktadēr. Ķyi kalibre edilmiĸ hava tahmin ve havza 

hidrolojik modelleri, taĸkēnlarēn yaratacaĵē zararlarē azaltmak i­in birbirini 

tamamlayan ºnemli ara­lardandēr. Bu tip uygulamalar, yapēsal ºnlemler kadar etkili 

sonu­lar verebilmektedir. Bu ­alēĸmada meteorolojik ve hidrolojik modellerin 

kullanēmēnēn, yapēsal ve iĸletme bazlē taĸkēn koruma faaliyetlerindeki etkisi 

incelenmiĸtir. ¢alēĸma alanē olarak Ankaraôdaki Mogan Gºl¿ havzasē se­ilmiĸtir. 

Analizlerde Meteoroloji Genel M¿d¿rl¿ĵ¿ (MGM) tarafēndan operasyonel olarak 

kullanēlan 2 farklē sayēsal hava tahmin modelinin (Weather Research Forecasting 

(WRF) ve Transition Step Between ALadin and AROme (ALARO, ALR)) ­ēktēlarē, 

6 farklē tarih i­in MGMôden alēnarak kullanēlmēĸtēr. Yaĵēĸ tahminlerinin doĵruluĵu 

­eĸitli istatistiksel metotlarla, nokta ve alan bazlē olarak ºl­¿lm¿ĸt¿r. Elde edilen 

sonu­lar, alansal daĵēlēm ile elde edilen sonu­larēn, noktasal sonu­lara gºre daha iyi 

sonu­lar verdiĵini gºstermiĸtir. Ancak MGMônin WRF ve ALR sayēsal hava 

modellerini ­alēĸtērmak i­in kullandēĵē parametrelerin, bu havzadaki konveksiyonel 
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yaĵēĸlarē tahmin etmekte baĸarēlē olamadēĵē gºr¿lm¿ĸt¿r. ¢alēĸma alanēnda uzun 

s¿reli kayētlarē olan bir akēm gºzlem istasyonu bulunmamaktadēr. Ayrēca son yēllarda 

Mogan Gºl¿ havzasēna, havza dēĸēndan boru hatlarē ile zamanē ve miktarē net olarak 

belirlenemeyen su takviyesi yapēlmēĸtēr. Bu nedenlerden dolayē havza i­in 

oluĸturulan hidrolojik modelin kalibrasyonu olay bazlē olarak Mogan Gºl¿ seviye 

ºl­¿m deĵerleri ile yapēlmaya ­alēĸēlmēĸtēr. Taĸkēn iĸletme ­alēĸmasē sim¿lasyonlarē, 

2 ana senaryo ­er­evesinde yapēlmēĸtēr. Ķlk senaryoda Mogan Gºl¿n¿n membaēnda 

bulunan Mogan Sel Kapanēn iĸletmede olduĵu ve Mogan Gºl¿ su seviyesinin de 

g¿ncel iĸletme deĵerlerinde, (14.03.2016 tarihindeki 973.42 m. deĵeri) olduĵu 

varsayēlmēĸtēr. 2. senaryoda ise sel kapanēnēn inĸa edilmemiĸ olduĵu ve gºl normal 

iĸletme seviyesinin de DSĶ planlama raporlarēnda verildiĵi gibi 972.00 m. olacaĵē 

kabul edilmiĸtir. Bu iki ana senaryo altēnda, Mogan gºl¿n¿n ­ēkēĸēnda yer alan 

kanalēn kapasitesinin 15 ve 30 m3/s olduĵu; 50, 100 ve 500 yēllēk yaĵēĸlarēnēn 

oluĸtuĵu farklē alt senaryolar oluĸturulmuĸtur. WRF ve ALR modellerinin 50, 100 

ve 500 yēllēk tasarēm hidrograflarēna iliĸkin yaĵēĸ tahminleri 14.03.2016 olayēnēn 

gºzlemlenen tahminleri kullanēlarak kurgusal olarak oluĸturulmuĸtur. Elde edilen 

ger­ek zamanlē taĸkēn iĸletme ­alēĸmasē sonu­lara gºre, 500 yēllēk taĸkēnēn en 

dezavantajlē durumlarda, 1. Senaryoda 974.850 m., 2. Senaryoda ise 974.909 m. 

seviyelerine geldiĵi gºr¿lm¿ĸt¿r. Bu sonu­larēn, taĸkēn planlama ­alēĸmalarēnda 

yapēsal ve yapēsal olmayan ­ºz¿m alternatiflerine iliĸkin olarak karar vericilere katkē 

saĵlayacaĵē d¿ĸ¿n¿lmektedir. 

 

Anahtar Kelimeler: Mogan Gºl¿ Havzasē, Sayēsal Hava Tahminleri, Hidrolojik 

Modelleme, Taĸkēn Planlama, Karar Verme. 
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CHAPTER 1  

1 INTRODUCTION   

1.1 General 

Floods are one of the most important natural disasters that affect human life and 

cause loss of property. It has been reported that floods caused 43.7% of climate-

related and geophysical disasters between 1988 and 2017; as a result, more than two 

billion people were affected, approximately 142,000 people died, and $ 656 billion 

worth of financial losses were confronted (Wallemacq, 2018).  

Flooding events occur due to a combination of meteorological, hydrological, and 

human factors. These factors are classified as follows (APFM, 2008): 

Meteorological Factors: Rainfall, cyclonic storms, small-scale storms, 

temperature, snowfall, and snowmelt 

Hydrological Factors: Soil moisture level, groundwater level prior to a 

storm, natural surface infiltration rate, presence of impervious cover, channel 

cross-sectional shape and roughness, presence or absence of overbank flow, 

channel network, synchronization of runoffs from various parts of the 

watershed, high tide impeding drainage 

Human Factors: Land-use changes, occupation of the flood plain 

obstructing flows, inefficiency or non-maintenance of infrastructure, too 

efficient drainage of upstream areas (increasing flood peaks), climate change 

effects, urban microclimate 

According to seasonality, meteorological condition, location, temporal and spatial 

distribution, World Meteorological Organization (2011) classifies floods as follows 

(WMO, 2011; APFM, 2017): 
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Fluvial (riverine) floods:  They are generally triggered by snowmelt or heavy 

rainfall in the upstream region. River levels increase slowly in a long period of time, 

and when flow capacities of the river are exceeded, spilling over river banks are 

started, and deltaic, flat slope regions remain inundated.  

Flash floods: These types of floods occur in a small area, mainly due to heavy 

convective storms in a short duration. They are generally seen in areas where the 

terrain is steep. Discharges reach peak value quickly and also withdraw rapidly. They 

are more damaging than riverine floods.  

Single Event Floods: This widespread type of flood occurs due to widespread heavy 

rainfalls, which last in several hours to few days associated with cyclonic 

disturbances, mid-latitude depressions, and storms. This type of flood has a single 

peak and longer duration than flash floods.  

Multiple Event Floods: Due to more complex atmospheric conditions than single-

event floods have, successive flood peaks that follow each other closely may occur. 

These kinds of floods are named multiple-event floods.  

Seasonal Floods: As a result of seasonal regular precipitation patterns, some regions 

of the world are subjected to more inundated areas than the ñnormalò flooded times. 

Flooding lasts for a period of weeks in a basin-wide range. This type of flood is 

generally observed in regions where monsoonal type climate is effective.  

Coastal Floods: This type of flooding occurs mainly for high winds coinciding with 

high tides and storm surges. River flow will be blocked due to the surge, and that 

will result in flooding in coastal zones. Tsunamis are also the cause of coastal floods 

with very high impact.  

Estuarine Floods: This type of flood is mostly observed in deltaic areas of rivers 

along the coastal zones due to the interaction between the landward flow of saline 

water and the seaward flow of river water.  

Snowmelt Floods: Regions where extensive snow accumulation exist, may be 

subject to snowmelt floods. The rapid temperature rises in the spring season, and 
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heavy precipitation rates produce heavy meltwater runoff, which causes flooding in 

downstream areas.  

Ice ï and debris-jam Floods: If rapid seasonal melting is formed in snowy regions, 

ice masses may accumulate in rivers, which may form constrictions. The sudden 

break of those ice masses may cause flood waves like dam-break flows.  

Urban Floods: This type of flood generally occurs in areas where impervious 

regions are dominant. Intense rainfall creates rapid runoff rates, and the capacity of 

the storm drainage system remains insufficient. Blocks and deposits in the storm 

drainage system are also important reasons for this type of flood. Ponds in low lying 

areas and overland flows over streets are formed due to those reasons. 

As a result of different combinations of factors that contribute to flooding, urban 

floods are more likely seen anymore. Andjelkovic (2001) discusses the effects of 

urbanization more systematically (Figure 1-1). As building density increases, the rate 

of impervious structures also increases, and the existing drainage system may remain 

insufficient. With the additional effect of urban climate changes, runoff volume and 

flow velocity increase, which reduces the runoff travel time. As a result, peak runoff 

rates increase, and flood control problems are started to be observed. 

 

  

Figure 1-1. Hydrologic Impacts of Urbanization (Andjelkovic, 2001) 

Building Density 
Increases

Impervious
Area Increases

Urban Climate 
Changes

Drainage 
Sytem Modifies

Runoff Volume 
Increases

Flow Velocity 
Increases

Runoff Travel 
Time Reduces

Peak Runoff 
Rate Increases

Flood Control 
Problems
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In order to prevent flooding events, structural and non-structural/operational based 

solutions are proposed. In structural based solutions, construction of new storage 

structures such as dams, ponds, dikes/levees, channel conveyance lines, change on 

river sections, and river bypasses are generally proposed. Constructing reservoirs 

with flood control purposes can be an effective solution, but the land-use of the 

reservoir is an essential limiting issue. Changing river sections, decreasing roughness 

may increase flow capacity; however, these changes may have environmental 

impacts in the reach and affect downstream sites by adding additional runoff rates. 

River deviation also has similar outcomes. Flow coming from sub-basins or 

tributaries should also be considered while constructing dikes or levees in order not 

to threaten downstream sites by additional peak discharges. Additionally, all of these 

solutions can be costly in most situations. 

Levees along the rivers, stormwater drainage system, detention, and retention ponds 

are the main elements of the flood control structures in urban areas. Water control 

structures of the natural lakes can also be considered as an urban flood control 

structure. These types of structures are generally constructed for flood control; 

however, priorities of the local administrative officers may change over time, and 

these structures could be used for different objectives; these situations may be due 

to the gain of recreation areas and ecological reasons. This kind of priority changes 

may create problems in structural based solutions. Forecasts of the incoming flood 

must be available to operate multi-functional reservoirs for flood control (WMO, 

2011). 

Non-structural or operation-based solutions could be applied in combination with 

structural measures. Rehabilitation and effective use of existing flood control 

structures could also be suggested. These kinds of measures are obviously less 

expensive. Major measures can be listed as flood mapping/zoning, insurance 

policies, implementation of early warning, and flood forecasting systems. In order to 

minimize flood impacts, flood risk areas could be detected by working to obtain 

hazard maps. Spatial planning would be applied in high-risk regions. Flood insurance 
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issue can be implemented in developed countries; however, it is not very common in 

the rest of the world.  

Flood retention or detention ponds, lakes, and other reservoirs can play a crucial role 

in flood control. Forecasting meteorological events a few days in advance and 

operating control structures accordingly may be the most effective operation-based 

solution to prevent flood damages. However, these operations require well-organized 

forecasting algorithm and measurement instruments on the drainage basin. 

In order to have an effective early warning and flood forecasting system, a series of 

issues should be worked in an organized manner. Having a numerical forecast system 

that can produce appropriate results on a temporal and spatial basis and the 

establishment of a well-distributed hydrometric station network is essential for this 

purpose. 

Existence and accurate records of meteorological weather stations, rainfall estimates 

of radar stations, satellite images, and numerical weather model forecasts are highly 

important for conducting flood operation studies. Besides these, a well-suited 

hydrological watershed model is essential. A proactive operation scheme would be 

very beneficial in flood studies by using any type of rainfall forecasts in a 

hydrological model. 

There are different numerical weather forecast models, and Weather Research and 

Forecasting (WRF) model is a common tool for weather predictions around the 

world. Transition Step Between ALadin and AROme (ALARO or ALR) model, 

appropriate for limited areas, is also used in Turkey for weather forecasting.  

Forecast results of these models can be used as input values for hydrological models 

(rainfall-runoff models). Hydrological models have been developed over the years. 

The models can be classified according to their structure, spatial characterization, 

time basis, and equations used in the model. As expected, when the complexity is 

increased, input data requirements are also increased in hydrological models.  
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Accuracy of the result of rainfall-runoff models is generally measured with records 

of stream gauges. It is expected that runoff results of models should be consistent 

with the records of the gauges. Mostly past rainfall and streamflow gauges are used 

for calibration and validation of models. However, in ungauged or data-scarce 

basins, it becomes more difficult to calibrate and validate the models. Lake level 

measurements can be used in these situations as an alternative calibration parameter. 

1.2 Problem Statement  

Basins of Lake Mogan, Lake Eymir, and Ķncesu Detention Pond are subsequent parts 

of the same system; the Lake Mogan basin has the greatest watershed area with an 

area of 934 km2. There are two small irrigation reservoirs in the upstream part of the 

basin, namely Dikilitaĸ and Ķkizce. Mogan Detention Pond exists on the mainstream, 

and the Lake Mogan takes place downstream of these structures; discharged water 

from this lake enters Lake Eymir. At the exit of the drainage area, Ķncesu Detention 

Pond exists, which is followed by a closed conduit. The discharged water is 

conveyed via this conduit and integrated into the city stormwater drainage system. 

Although the total drainage area of Ķncesu Detention Pond (1100 km2) is 

approximately 1/3 of the drainage area of Ankara city, there is a scarcity of 

streamflow gauge and data; that situation creates difficulties in hydrological 

modeling studies.  

Over recent past years, flooding events occurred in the basin. In order to prevent 

flooding damages, Mogan Detention Pond was constructed in 2015 upstream of Lake 

Mogan. However, it is still necessary to have a good flood operation scheme for the 

basin because of the importance of downstream regions and inadequate 

infrastructures. Although the normal operation level of Lake Mogan was determined 

as 972.00 m. in all planning reports of State Hydraulic Works (DSĶ), the lake's 

operation level at the beginning of the flood was taken as 971.00 m in the planning 

report of Mogan Detention Pond. Furthermore, the operation level of Lake Mogan is 

generally kept relatively high. Besides these, the capacity of closed conduit at the 
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exit of Ķncesu Detention Pond and the stormwater drainage system is limited; this 

situation creates problems in the city center when precipitation occurs even if at a 

moderate level. These circumstances reveal the need to re-evaluate the flood 

planning studies and propose a new flood operation algorithm for the basin. 

1.3 Methodology and Objective 

This study aims to use numerical weather forecasting models in flood planning and 

operation studies in an ungauged Lake Mogan basin by comparing the effectiveness 

of structural and non-structural intervention measures.  

The general framework of the study can be seen in Figure 1-2. There are three main 

parts in the study. In the first part of the study, the precipitation outputs of two 

numerical weather forecasting models, WRF and ALR, were compared with the rain 

gauge station records for the selected events. Events with a relatively higher amount 

of daily or hourly precipitation and having different rainfall types were considered 

in comparisons. Totally six events were selected, and comparisons were performed 

by means of statistical scores in point and areal based analysis. The effect of lead 

times was also one of the main interests. Results of on the day, one day before, and 

two days before forecasts were compared with each other. In this way, it was tested 

how successful the General Directorate of Meteorologyôs parameter selections were 

while using numerical weather prediction methods in predicting different types of 

precipitation (convective and non-convective) in this basin. The relatively more 

successful precipitation forecast type was taken as a sample event in flood 

management studies.  

In the second part of the study, a hydrological model of the catchment area was 

created. Hydrological modeling is heavily used in water resources engineering for 

various purposes, and their role in flood forecasting is inevitable. In this study, 

Hydrologic Modeling System (HEC-HMS) software was used for rainfall-runoff 

modeling. The study area is divided into  subbasins, and characteristics  are  defined  
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Figure 1-2. General Flowchart of Proposed Methodology 

 

in the program. Events and corresponding data that can be used for validation and 

calibration in the basin were investigated. The study area is a data-scarce basin, and 
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there is no streamflow data that can be used for modeling. Three events are selected 

for the calibration and validation of the model. Instead of streamflow records, 

measured water levels of Lake Mogan was used for calibration and validation. The 

model was run by making the spatial distribution of precipitation measured at the 

meteorology stations for the selected three events. A validated event-based 

hydrological model was used in flood planning and operation studies in the third 

part.  

In the third part of the study, flood planning and operation studies were performed. 

The aim was to compare structural and non-structural alternative solutions by 

evaluating the situations with and without Mogan Detention Pond. The current / 

realized operating conditions of the lake and the operating conditions proposed in 

the planning reports of State Hydraulic Works (DSĶ) were tested under 50, 100, and 

500-year design storms. Since design storms need to be used in planning studies, the 

outputs of numerical weather prediction models were used indirectly at this stage. 

This is because it is almost impossible to find forecasting precipitation values that 

predict design storms. The precipitation values of the event, which gave relatively 

more successful statistical results by the models in the first stage of the study, were 

increased to design storm values, and fictitious precipitation forecast values were 

formed. Using these values in the hydrological model created in the second stage of 

the study, the flood volume that would come to Lake Mogan was calculated, and the 

required discharge amount to evacuate the forecasted amount of excess volume was 

estimated. These operations have been carried out for three successive lead times (on 

the day, one day before, and two days before). According to the resulted forecasting 

hydrographs, the amount of water to be released downstream was decided. The 

hydrological model was rerun by the predefined discharge rate and actual design 

storm values. This procedure was repeated for three lead times, and final results are 

compared in terms of the water level of Lake Mogan. The effectiveness of structural 

and non-structural measures was tried to be shown by these analyses.  
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1.4 Thesis Outline 

Content of the subjects in the following chapters are given below: 

In Chapter 2, an overview of the past studies conducted in the study area is given. 

Literature review on numerical weather predictions and hydrological modeling 

applications is presented. 

In Chapter 3, a general description of the study area and available data are presented. 

Hydrometeorological characteristics, land use and soil data of subbasins, available 

lake water level observation data, records of rain gauge stations, and frequency 

analysis of those records are explained within the chapter. 

In Chapter 4, the output of numerical weather prediction models is presented. 

Statistical analyses and accuracy of WRF and ALR model outputs are compared and 

discussed. 

In Chapter 5, hydrological modeling in data-scarce basins is explained. Calibration 

and validation methods are discussed, and flood planning and operation studies are 

described. The proposed flood operation scheme and the result of this scheme for 

planning conditions are investigated.  

In Chapter 6, the summary and conclusions of the study are presented. 
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CHAPTER 2  

2 LITERATURE REVIEW  

2.1 Overview of Past Studies on Study Area 

¢ubuk, Hatip, and Ķncesu creeks are the main streams of Ankara. These three creeks 

come together inside the city center of Ankara, near Akkºpr¿, and take the name of 

Ankara Creek. A general view of the catchment area of Ankara Creek is given in 

Figure 2-1. Ķzbērak (1978) states that all creeks of Ankara Creek are torrential type 

streams. These streams have irregular flow regimes (Ateĸ, 1985). Flow rates 

decrease, or streams will totally become dry when precipitation season ends or 

temperature increase; they start to increase again with the start of precipitation season 

and also the effects of snowmelt (Atalay, 2004).  

In this study, the main focus is given to the drainage area of Lake Mogan on the 

upstream of Ķncesu Creek. However, the flow capacities of downstream facilities are 

also crucial for flood operation studies in Lake Mogan. Therefore, general 

information about downstream conditions is also given very briefly in the following 

sections. 

A flooding event that causes maximum loss of life in Turkey took place in Ankara 

on Hatip Creek at 11.09.1957. According to official records, 169 people passed 

away, and severe economic losses occurred due to flooding (DSĶ, 1963). Several 

flooding events occurred before and after that date, and in 1963, State Hydraulic 

Works (DSĶ) prepared a planning report regarding flood threats for Ankara city. It 

was pointed out that studies conducted until that time were not cover the whole 

catchment area of Ankara; individual reports and works for different streams were 

prepared. However, as the upstream and downstream conditions of the facilities 

constructed were not met, sufficient benefit was not obtained from those studies. 

Several  structural  remedies  on  ¢ubuk,  Hatip,  Dikmen,  and  Ķncesu  creeks were   
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Figure 2-1. General View of Catchment Area of Ankara Creek 
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proposed together at a preliminary level within that report. Ķncesu Detention Pond, 

which was constructed at the downstream of Mogan and Eymir lakes on Ķncesu 

Creek was also proposed in that report. Application details of all projects were 

summarized in a report which was prepared for State Hydraulic Works in 1968 

(Batukan, 1968). Since the sewage of neighboring living areas was flowing directly 

into the Ķncesu Creek, the stream section at the exit of the Ķncesu Detention Pond was 

closed in the next years.  

Ankara Metropolitan Municipality asked METU to prepare a report on Mogan and 

Eymir lakes, and it was completed in 1995. That report is still the most inclusive 

report, which is prepared until today for the study area. Hydrological, 

meteorological, geological, hydrogeological, environmental, limnological, 

bathymetric, isotope, and some other properties of the basin were investigated, and 

solution methodologies were proposed in the report. The bathymetric map of the 

lakes was also updated, and flood operation studies using 12-hour rainfall duration 

for 100 and 500-year storms were also performed. While performing flood operation 

studies, the effects of two irrigation ponds, namely Dikilitaĸ and Ķkizce, were 

neglected. The normal operating level of Lake Mogan has been taken as 972,00 m 

as given in all planning reports of DSĶ. The curve number of the region was taken as 

75 for the whole basin.  

Merzi and Aktaĸ (2000) investigated the flood hydrographs of three subbasins 

(Yavrucak, Baĸpēnar, and Sukesen subbasins) of Lake Mogan. The average curve 

number of subbasins was calculated by using GIS tools and estimated around 86. 

They also tried to form the inundation map of the Lake Mogan using the results of 

studies conducted by METU in 1995. 

DSĶ had been prepared a flood planning report in 2008 (DSĶ, 2008) and proposed 

Mogan Detention Pond on ¢ºlovasē Creek the upstream of Lake Mogan. Flood 

operation studies for the 500-year storm were performed by considering existing 

Dikilitaĸ and Ķkizce reservoirs, Mogan and Eymir Lakes, and Ķncesu Detention Pond. 

Bathymetric values of Lake Mogan was taken from the DSĶ report prepared in 1994 
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(DSĶ, 1994). The entire regionôs curve number was taken as 80, and the normal 

operation level of Lake Mogan is taken as 971.00 m at the beginning of the flooding 

event. The discharge capacity of downstream sections of Ķncesu Detention Pond, 

which is very important for flood operation studies, is given as 48-94 m3/s. Based on 

this planning report, Mogan Detention Pond was built at the end of 2015, and it has 

been operated since then. 

Bozkurt (2013) evaluated the operation performance of water control structures at 

Mogan and Eymir lakes and Ķncesu Detention Pond. The curve number of the study 

area was estimated by using soil and land use maps for all the subbasins. Canal 

capacity between Mogan and Eymir lakes (7, 15, and 30 m3/s), the return period of 

design storm (50, 100, and 500 years), and operation level of Lake Mogan (972.00, 

972.50, and 973.00 m.) were used for testing the different operational conditions of 

the system.  

General Directorate of Ankara Water and Sewerage Administration stated that if the 

water discharged from the Ķncesu Detention Pond exceeds 16 m3/s, problems occur 

in the downstream regions around the city center (ASKĶ, 2013). Bozkurt et al. (2013) 

performed flood management studies by considering all existing and planned water 

control structures in the basin. They proposed four new detention ponds on side 

streams of Ķncesu Creek, located on the downstream region of Lake Eymir on 

Ķmrahor Valley. In this way, it was ensured that the maximum amount of water 

discharged from the Ķncesu Detention Pond was around 10 m3/s.  

In 2016, flood hazard maps of several streams in Ankara had been prepared by the 

DSĶ. Flood inundation areas of the downstream region of Lake Mogan and Sukesen 

Creek were also determined in that study by using hydraulic modeling software (DSĶ, 

2016). The normal operation level of Lake Mogan was taken as 972.50 m; the 

discharge capacity of the canal between Mogan and Eymir lakes was determined as 

13-15 m3/s, and the safe discharge capacity of Ķncesu Detention Pond was taken as 

48 m3/s throughout the studies.  
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General Directorate of Water Management (SYGM) prepared a report regarding 

flood measures for the Sakarya Basin in 2018 (SYGM, 2018). Based on the result of 

studies conducted by DSĶ in 2016, SYGM proposed to open the closed sections of 

Ķncesu Creek beginning at the exit of Ķncesu Detention Pond. Ķdali ¥zden (2020) 

studied the criteria for stream daylighting for the closed rivers and showed that flood 

susceptible streams are generally overlapped with the closed streams of Ankara.  

In addition to flood studies, many studies have been carried out regarding biological, 

ecological, groundwater, and water potential in the region throughout the years. 

Since the data collected in these studies and the analyses made can also be used in 

future interdisciplinary studies, some of them are briefly mentioned below. 

In 1988, Gºlbaĸē Municipality prepared a breeding project against pollution on Lake 

Mogan (Gºlbaĸē Municipality, 1988). Due to pollution on Lake Mogan, a 

limnological study report (DSĶ, 1993) and recovery planning report (DSĶ, 1994) were 

prepared by DSĶ in 1993 and 1994, respectively.  

Mogan and Eymir lakes environmental convention was held in 1995 by Gºlbaĸē 

Municipality. Various issues, including water resources, pollution, ecological, 

biological, erosion, land planning, special environmental protection plan, 

recreational use, birdlife, bottom mud, and rehabilitation suggestions, were 

addressed at the congress, including international participants, and 33 papers were 

presented. 

Abolished Electrical Work Investigation Administration (Elektrik Ķĸleri Et¿t Ķdaresi, 

EĶEĶ) had prepared two reports in 2001 and 2005 regarding hydrometeorological 

characteristics of the Mogan and Eymir lakes basin. The water budget of the basin 

had been examined by using the records collected between 1999 and 2004. Water 

quality measurement studies were also done in the scope of those studies.  

Yaĵbasan and Yazēcēgil (2009) studied to quantify groundwater components in 

Mogan and Eymir lakes and concluded that groundwater inflows and outflows have 

the lowest contribution to the overall lakesô budget. In other studies, Yaĵbasan and 
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Yazēcēgil (2012) and Yaĵbasan et al. (2017) pointed out the importance of 

management of lakes in the future by considering the effect of climate change. They 

investigated the effects of climate change under different scenarios, and it was 

concluded that small but long-term changes in precipitation regime and temperature 

could cause significant decreases in water levels and even drying of Lake Mogan 

and Lake Eymir. Yaĵbasan et al. (2020) studied the trends of monthly lake levels 

and hydrometeorological variables in Mogan and Eymir lakes. They tried to find a 

relationship between evaporation, precipitation, evaporation, humidity, wind speed, 

cloud cover, radiation, and water levels in those two lakes. Apaydēn and Ocaklēoĵlu 

(2020) studied the water budget of Mogan and Eymir lakes. They claimed that if 

Lake Mogan had been kept in natural conditions in the last 50 years, it would dry up 

completely once and shrunk in considerable amounts several times.  

A group of researchers calculated unit nutrient pollution loads for Lake Mogan basin 

during wet periods within 2007-2010 years based on the data obtained from the 

monitoring station on Yavrucak creek. (¥zcan et al., 2016; ¥zcan et al., 2017a) By 

using the same data, ¥zcan et al. (2017b) applied Soil and Water Assessment 

(SWAT) model to evaluate the effectiveness of agricultural management practices 

by considering a reduction in pollution loads. 

Limnological surveys, sources of pollution, water quality, the concentration of 

contaminants on sediments and water on Lake Mogan has also been studied by 

various researchers (Beklioĵlu et al. 2017; Akkoyunlu and Karaaslan, 2015; Karako­ 

et al. 2003; Top­u et al. 2018; Coppens et al. 2016; Sanal and Demir, 2018, Benzer 

et al. 2015, Mangit and Yerli, 2010). 

2.2 Literature Review on Numerical Weather Predictions 

Accurate estimation of hydrological data is essential to provide valuable information 

for water resources management in different sectors (Estevez et al., 2020) and 

precipitation is one of the primary hydrometeorological drivers for flood simulation 
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and operational flood forecasting (Singh and Woolhiser, 2002). Numerical weather 

prediction (NWP) models provide beneficial precipitation estimations that can be 

used in hydrological modeling for river flow forecasting and flood warning 

(Nasrollahi et al., 2012; Ran et al., 2018). They can significantly increase lead times 

for flood warnings when used in combination with hydrological models (Banihabib 

et al., 2015). In this way, more extensive and proactive measures can be taken for 

heavy rainfall events in flood management operations (Lin et al., 2005).  

Benjamin et al. (2018) divided the evolution of weather forecasting into four eras of 

20-30 years, starting from 1919. Those periods are classified as follows: i) ñEra 1ò 

(1919 ï 1939: maps only; observations and extrapolation/advection techniques); ii) 

ñEra 2ò (1939 ï 1956: increasing science understanding; application especially to 

aviation; birth of computers); ñEra 3ò (1956 ï 1985: the advent of NWP and dawn 

of remote sensing); and ñEra 4ò (1985 ï 2018: weather forecasting, and especially 

NWP, mature and penetrate virtually all areas of human activity). Within era 4, 

especially after the emergence of ensemble forecasting, the use of numerical weather 

predictions has been increased considerably in hydrological models.  

Over the years, the use of atmospheric models has been expanded, and the 

performance of the various models has been compared by different researchers 

considering the different locations and different conditions. Damrath et al. (2000) 

studied the verification of two numerical weather prediction models, the 

EuropaModell (EM) and the Deutschland-Modell (DM), of the German Weather 

Services by using existing seven-year data. Frei et al. (2003) tried to evaluate and 

compare five regional European climate models (ARPEGE, CHRM, HadRM, 

HIRHAM, and REMO) on daily basis records of 6400 rain gauge stations in the 

1979-1993 period for the Alpine region where the study area covers 1100 Ĭ 700 km2 

domain. Kaufmann et al. (2003) performed an evaluation of rainfall records of Swiss 

Model (SM) in Switzerland by using the available eight-year data. Richard et al. 

(2003) evaluated the four mesoscale forecasting models which are used by 

operationally in Switzerland (Swiss Model, SM), Canada (MC2), Italy (Bolam3) and 

France (Meso-NH) for heavy precipitation events occurred in Toce Ticino (Italy) or 
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Ammer (Germany) catchments. Habets et al. (2004) studied the utilization of 

precipitation forecasts of ARPEGE and ALADIN models for streamflow prediction 

on the Rhone basin in France. Fall et al. (2006) investigated the MM5 and WRF 

model performance to predict the heavy rainfalls in Senegal by considering the event 

that occurred on 9-11 January 2002, and they conclude that those models can become 

a part of regional hazard mitigation planning. Roy Bhowmik et al. (2007) evaluated 

the performance of the numerical weather prediction model of India Meteorological 

Department for 2001 and 2003 years over the monsoon region. Mºlders (2008) 

studied the suitability of the WRF model to predict June 2005 ñfire weatherò for 

interior Alaska. Pressure, precipitation, shortwave downward radiation, temperature, 

relative humidity, and wind parameters, which are fire risk-relevant meteorological 

parameters, are evaluated based on the model results and meteorological 

observations. The precipitation performance of the WRF model, which is formed for 

the study, is found as comparable to other mesoscale atmospheric models for 

midlatitudes. Ghile and Schulze (2010) compared the precipitation forecasts of 

CCAM, UM, and NCEP-MRF models over the Mgeni catchment in South Africa for 

the selected four events. Shresta et al. (2012) evaluated the performance of four 

Australian Numerical Weather Prediction models (ACCESS-G, ACCESS-R, 

ACCESS-A, and ACCESS-VT) for the short-term streamflow forecasting over the 

Ovens catchment in Australia between 2010 and 2011. Yucel (2015) investigated the 

performance of the WRF model for simulation of flash flooding events that occurred 

in the Ayamama Basin in Ķstanbul during 7-12 September 2009. Toros et al. (2018) 

evaluated the success of the HARMONIE, High Resolution Limited Area Model 

(HIRLAM) and WRF models for the severe precipitation events that occurred on 8-

9 September 2009 and cause flash floods in Ķstanbul. Ran et al. (2018) compared the 

precipitation forecasts of three models [European Centre for Medium-Range 

Weather Forecasts (ECMWF); the U.K. Meteorological Office (UKMO); and the 

China Meteorological Administration (CMA)] on Linxian and Jiuzhaigou basins in 

China for the flood season during 2011-2013. ¥zkaya and Aky¿rek (2019a) 

compared weather radar data, Hydro-Estimator satellite rainfall product, and WRF 
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model precipitation data in physics-based distributed WRF-Hydro hydrological 

model in the Terme basin of eastern Black Sea Region in Samsun, Turkey. Khalki et 

al. (2020) evaluated AROME, ALADIN, used by the Directorate of National 

Meteorology in Morocco, and WRF models for prediction of selected flood events 

in the Rheraya and Ourika basins during the 2013-2016 period. 

Accurate precipitation forecasting is a very challenging issue due to the nonlinear 

and dynamic characteristics of precipitation (Liu et al., 2019). Therefore, they 

contain a high level of uncertainty (Crochemore et al., 2016; Moghim and Bras, 

2017; Jabbari and Bae, 2018), and improvement of predictions is still one of the 

greatest challenges of the researchers (Estevez et al., 2020). Since most of the general 

circulation models have coarse resolutions and generally use hydrostatic equations, 

they may become inadequate in local atmospheric forecasts, especially for extreme 

rainfall analysis (Chawla, 2018). Because of this situation, mesoscale (medium-

sized) atmospheric models that have finer resolutions are widely used in weather 

forecasting all around the world. In Turkey, the General Directorate of Meteorology 

also uses two mesoscale atmospheric models, the Weather Research and Forecasting 

(WRF) and ALARO - ALR (Transition step between ALADIN and AROME), for 

operational purposes.  

The Weather Research and Forecasting (WRF) model is one of the widely used 

mesoscale numerical weather prediction (NWP) system, which is designed for 

operational and research applications. There is a huge amount of studies for WRF 

models in the literature that investigate the use and success of the model due to its 

good performance (Morroni et al., 2017). It has a wide physics and two dynamic 

solvers options, i.e., the Advanced Research WRF (ARW) and Nonhydrostatic 

Mesoscale Model (NMM), for simulations. It is developed under the collaboration 

of the National Oceanic and Atmospheric Administrationôs (NOAA) National 

Centers for Environmental Prediction (NCEP) and Earth System Research 

Laboratory (ESRL), National Center for Atmospheric Researchôs (NCAR) 

Mesoscale and Microscale Meteorology (MMM) Division, the Center for Analysis 

and Prediction of Storms (CAPS) at the University of Oklahoma, the Department of 
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Defenseôs Air Force Weather Agency (AFWA) and Naval Research Laboratory 

(NRL) and the Federal Aviation Administration (FAA) of United States Departments 

of Transportation. (Skamarock et al., 2008). The Advanced Research WRF-ARW 

solver is developed at NCAR mainly for research, while the WRF-NMM solver is 

developed at NCEP for operational usage (Skamarock et al., 2008, Karadavut, 2014).  

Initial conditions, resolution, and configuration of model parameters highly 

influence the performance of the WRF model (Kyrza et al., 2013), and parameter 

sensitivity of model physics is generally dependent on local conditions (Di et al., 

2015). Therefore, the parametrization of numerical weather prediction models for 

different regions and seasons is widely researched in the scientific community for 

different purposes. For instance, Calvetti and Filho (2014) used different initial 

conditions and model physics to improve hourly WRF forecasts for the thirty-two 

rainfall events between 2005 and 2010, which is modeled for the Igacu River Basin 

in Southern Brazil. Verification studies are carried out by using the Brier skill score, 

MSE, RMSE, and correlation. Moreover, Y¿cel and ¥nen (2014) studied the effect 

of data assimilation techniques in the WRF model with different parameterizations 

to capture heavy rainfall events in the western Black Sea Region. Precipitation 

derived from the WRF model with and without data assimilation are compared with 

the gauge precipitation records by evaluating RMSE, R, and bias for hourly based 

values, where categorical skill scores are also evaluated for daily values. Cassola et 

al. (2015) sought to find the best parametrization scheme of the WRF model to 

predict severe rainfall events that occurred over the Liguria region in Italy between 

October 2010 and November 2011 by considering three different case studies. M¿ller 

et al. (2016) studied WRF model performance by considering precipitation and 2-m 

temperature parameters. Evaluation is based on simulations at 15-km grid spacing 

over La Plata basin in southern South America for the period from 1 August 2012 to 

3 July 2014. Observed station data is compared with the nearest grid point of 

forecasted points. Results of WRF model precipitation values are evaluated in terms 

of occurrence/nonoccurrence of daily events by using categorical skill scores (PC, 

POD, FAR, HSS, BIAS score). Morroni et al. (2018) analyzed an ensemble of 
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microphysics schemes of the WRF forecasting model operated by the Chilean 

Weather Agency by using three rainfall events between 2015 and 2017. Rogelis and 

Werner (2018) tested the configuration of the WRF model that is used by the hydro-

meteorological agency of Colombia, IDEAM, to see the utilization of the model 

outputs for flood early warning systems in tropical mountainous catchments. Chawla 

et al. (2018) also studied the effect of different processes in WRF model 

configuration to forecast extreme rainfall events by computing MAE and RMSE on 

a daily basis period over the Ganga Basin in India around the Himalayas. Rodrigo et 

al. (2018) used a combined score approach to evaluate the overall performance of 

heavy rainfall forecast results of the WRF model in Sri Lanka to identify the best 

model configuration by using PC, POD, TS, FAR, and Pearson correlation 

coefficient. Lastly, Pilatin (2020) studied the best configuration options of the WRF 

model over two different regions of Turkey by using four different rainfall events in 

the study area in different seasons. More examples of such studies can easily be 

found in the literature. 

The lead time of operational flood forecasting is very critical for flood alert and flood 

risk reduction operations, and it is impossible to extend the lead time of flood 

forecasting just by using rain gauge observations (Yao et al., 2019). It has been 

widely recognized that the lead time of flood forecasting can be increased by using 

the precipitation forecasts derived from numerical weather prediction models (Chao 

et al., 2018; Todini, 2017; Zhang et al., 2016). Shrestha et al. (2012) stated that 

success in forecasting decreases with longer lead times and increases with rising 

precipitation accumulation periods. The latest numerical weather forecast model 

could provide 1ï15-day quantitative precipitation forecasting products in grid format 

(Ahlgrimm et al., 2016; Li  et al., 2017). Besides the above studies related to model 

configuration and initial conditions, Jee and Kim (2017) tried to see the effects of 

domain size and lead time of the WRF model for a heavy rainfall event in Seoul in 

South Korea, where localized heavy rainfalls caused flash floods. In order to evaluate 

forecast performance, POD, FAR, and ETS values are calculated by considering the 

0.5 mm/h threshold value and correlation coefficient, BIAS, and RMSE parameters 
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are calculated on an hourly and daily basis. There are also other studies testing the 

capability of the WRF precipitation to increase the lead time of flood forecasting, 

and warning has also been tested in recent studies (i.e., Berezowski & Chybicki, 

2018; Zhou et al., 2017). 

ALARO - ALR (Transition step between ALADIN and AROME) model is another 

mesoscale weather prediction model developed by Aire Limit®e Adaptation 

Dynamique D®veloppement International consortium. It also has non-hydrostatic 

and hydrostatic versions with 4.5 km horizontal resolution, and it takes boundary and 

initial conditions from the global ARPEGE model, which is developed by Meteo-

France. 

Research studies for the ALR model remain limited compared to the WRF model. In 

Turkey, the ALR model is also used by the General Directorate of Meteorology for 

operational services. Karadavut (2014) studied WRF and ALR models to compare 

actual pressure, temperature, precipitation, and wind magnitude parameters with 

records of 361 automated meteorological observation stations over Turkey for 

January and July months in the 2009-2013 period. Durmuĸ (2016) analyzed the 

precipitation forecast of ALR and WRF models for the flooding event at Hopa, 

Artvin, on 24 August 2015 by considering 24-hour cumulative rainfall amount.  

It is seen that numerical weather prediction models are used heavily in weather 

forecasting. As a general result, these studies showed that more complex 

microphysics parameterizations resulted in better precipitation forecast values.  

In this study, WRF and ALR model precipitation data are selected to evaluate their 

performance for the selected events in the study area. Forecast results are directly 

taken from the Turkish State General Directorate of Meteorology (MGM). Model 

parameters that are used in WRF and ALR simulations by MGM are given in Table 

2-1.  
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Table 2-1. Summary of WRF and ALR Configurations 

Model WRF 3.3.1 ALR 

Grid Size 649 x 430 709 x 439 

Grid Resolution 4.5 km 4.5 km 

Number of Vertical 

Layers 
46 60 

Microphysics WSM5 - WRF Single 5ï

class Scheme 
3MT 

Cumulus Kain-Fritsch Scheme Xu-Randal 

Radiation (Longwave) RRTM Longwave Scheme ACRANEB (New 

Geleyn) Radiation (Shortwave) Dudhia Shortwave Scheme 

Land Surface Layer Unified Noah Land Surface 

Model 
ISBA 

Boundary Layer Yonsei University Scheme 

(YSU) 
Geleyn 

 

2.3 Literature Review on Hydrological Modeling 

Hydrology is defined as earth science, which deals with the circulation of water 

between the earth and atmosphere, which is defined as a hydrologic cycle. All the 

processes that govern the movement of water over and under the land surface, 

physical and chemical properties during the hydrologic cycle and its reaction with 

the environment are subject to hydrology science.  

Chow (1964) divided and defined the historical development of this science into a 

series of periods under the influence of Meinzer (1942) as follows:  

1) Period of Speculation (Ancient Times - 1400): Although this period was 

mainly speculated with erroneous concepts by many philosophers; great 

hydraulic works like Arabian wells, Roman aqueducts, irrigation projects 

at Egypt and Mesopotamia were constructed during this period.  

2) Period of Observation (1400 - 1600): Based on observations, the 

hydrologic cycle was started to be understood during this period.  
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3) Period of Measurement (1600 - 1700): Correct conclusions on observed 

hydrologic phenomena were begun by measurements in the 17th century.  

4) Period of Experimentation (1700 - 1800): By performing hydraulic 

experiments, hydrologic studies were moved to a quantitative basis.  

5) Period of Modernization (1800 - 1900): During this era, several 

governmental agencies were started to be founded. Experimental studies 

were moved to a more modern level by the development of measuring 

instruments and the development of many flow formulas. 

6) Period of Empiricism (1900 - 1930): Lots of empirical formulas were 

proposed to solve the practical problems of engineers during this period.  

7) Period of Rationalization (1930 - 1950): Instead of empirical analyses, 

rational analyses were started to solve hydrologic problems. 

8) Period of Theorization (1950 - date): theoretical approaches have been 

started to be used by the 1950s. Mathematical analyses of rational 

hydrologic principles have been started to deal. Complicated hydraulic 

equations can be solved by employing high-tech computers and software.  

After Chowôs grouping periods in hydrology, many scientists have been studying 

problems in hydrology, and new periods may be offered to the science community 

for the years later than the 1950s based on those studies.  

Plate (2009) stated that todayôs hydrologistsô purposes are lay on two different bases. 

The first one is a better understanding of nature, and the second one is providing 

analytical tools for helping engineers and decision-makers to overcome management 

problems and produce better designs. In parallel to this standpoint, 230 scientists all 

over the World identified 23 unsolved problems in 6 groups for hydrology science 

as a result of collaborative studies in 2019 (Blºsh et al., 2019). Those groups are 

defined as time variability and change, space variability and scaling, the variability 

of extremes, measurements and data, interfaces with society, and modeling methods.  

Modeling in hydrology has been one of the major challenging issues for engineers 

through the years due to the heterogeneous distribution of model components and 
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the lack of continuous data. Moradkhani and Sorooshian (2009) defined the 

hydrological model as a simplified representation of a real-world system. While 

simplifying the real catchment system, the main purpose is predicting system 

behavior under different hydrometeorological conditions. In order to estimate those 

system responses, various methods may be applied by using various parameters. 

Parameters related to climate, land use, hydrometeorology, and soil characteristics 

with their temporal and spatial features are integrated within the models. Those 

models would be used for watershed management, flood mitigation, groundwater 

monitoring, reservoir operation, and they have become extremely crucial for water 

resources management (Dwarakish and Ganasri, 2015). Especially in ungauged or 

poorly gauged catchments, modeling studies would present highly appreciated 

outcomes to the engineers and decision-makers. 

With the development of computer technology in the 1960s, hydrological modeling 

also began to gain momentum. After Crawford and Linsey (1966) introduced the 

Stanford Watershed Model (SWM), which virtually models the entire hydrological 

cycle, a wide range of models has been developed (Singh and Woolhiser, 2002). 

The World Meteorological Organization published three reports in 1975, 1986, and 

1992 to make a comparison among hydrological models. The first one dealt with 

conceptual models that were used in operational hydrological forecasting, the theme 

of the second one was the snowmelt runoff, and the content of the third one was 

streamflow forecasting in real-time. Besides these studies, Singh and Frevert (2005) 

stated that the Bureau of Reclamation in the USA prepared an inventory of 64 

watersheds which are classified in 4 groups in 1991; Singh (1995) made a summary 

for 26 watershed model from around the world; Wurbs (1998) made a list of 

generalized hydrologic models in seven categories, and Singh and Frevert (2002a, 

2002b) made an edition of two books one for small watersheds and one for large 

watersheds which contain totally 38 models.  

A number of review studies about hydrologic modeling can be found in the literature 

easily. Pechlivanidis et al. (2011), Jajarmizadeh et al. (2012), Devia et al. (2015), 
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Dwarakish and Ganasri (2015) are some recent examples from those studies. 

Classification of models is generally being done on the basis of certain basic criteria. 

Based on model structure or simulation, algorithm models would be classified as a 

metric or empirical, conceptual, and physic-based. Metric models are valid within 

their boundaries, and they are primarily based on observations. Unit hydrograph, 

artificial neural network, and fuzzy logic methods are examples of this type of model. 

Semi-empirical equations are used in conceptual models, and the value of model 

variables is determined not only from field studies but also from the calibration of 

the model (Devia et al., 2015). In physic-based (mechanistic) models, the flow of 

water is calculated based on governing equations of motion (Pechlivanidis et al., 

2011). According to spatial representation, lumped, distributed, and semi-distributed 

models would be considered. In lumped models, the whole watershed area is 

assumed to be homogenous, and all parameters are averaged over the catchment. 

Whereas in distributed models, all parameters would be considered on a unit or grid 

base, and model parameters are defined as a function of space. In semi-distributed 

models, hydrologically similar areas are modeled as a single unit. Time-based 

models would be divided into two as event-based and continuous based models. In 

event-based models, a single specific event for a short time interval is simulated, 

while in continuous models, simulation is performed on a longer time interval. Based 

on governing equations, deterministic and stochastic models come into the picture. 

Deterministic models produce the same results with a set of known parameters. 

Whereas in stochastic models, results are in the form of statistical/probabilistic 

outputs. 

By considering these different kinds of models, several studies are carried on that 

which model will yield more consistent results with observed discharges. If more 

detailed results are needed, more complicated models like fully distributed or 

physically based models may be required (Elfert & Bormann, 2010). However, it is 

stated that complex modeling may not always provide better results, and the best 

model is the one that presents more accurate results to reality according to the needs 

of purposes by using the least parameters with simple model complexity (Devia et 
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al., 2015). In many cases, required data may not be in the continuous form or may 

not exist or not at all, so generally, the type of model is chosen according to the 

availability of data (Singh and Woolhiser, 2002).  

For flood management practices, hydrological modeling could be used both for 

planning and operating purposes. In the planning phase, inundation areas and water 

levels can be determined by using the results of models based on historical data, and 

necessary precautions can be taken. Whereas for the operation phase, models are 

generally used as a forecasting tool in operational studies. Releasing water for the 

anticipation of incoming floods and taking predetermined actions to prevent or 

reduce flood damages could be achieved by means of hydrological models (Plate, 

2009). In this study, hydrological modeling is also used for this purpose by using 

daily lake level measurements of Lake Mogan. 
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CHAPTER 3  

3 GENERAL DESCRIPTION OF STUDY AREA  

3.1 Description of Study Area 

Ķncesu Creek is composed of approximately one-third of the 3300 km2 drainage area 

of Ankara Creek. Lake Mogan, Lake Eymir, and Ķncesu Detention Pond are the main 

elements of Ķncesu Creek. There is a 934 km2 drainage area at the upstream part of 

Lake Mogan. A sub basin area between Lake Mogan and Lake Eymir is 42 km2, 

whereas it is 98 km2 between Lake Eymir and Ķncesu Detention Pond. Ķmrahor 

Valley starts at the exit of Lake Eymir. Creek follows an irregular pattern through 

the valley and reaches Incesu Detention Pond, which was constructed in 1965. The 

height of this pond is 12 m., and it is followed by a closed conduit through the city 

center, which is merged then with ¢ubuk and Hatip creeks at around the Akkºpr¿ 

District of Ankara. The capacity of the closed conduit is given as high as 94 m3/s in 

past reports (DSĶ, 2008); however, the current capacity is so much lower, according 

to municipality authorities (ASKĶ, 2013).  

In this study, the main focus is given to the drainage area of Lake Mogan. Lake has 

a nearly 934 km2 catchment area. ASTER GDEM (Advanced Spaceborn Thermal 

Emission and Reflection Radiometer (ASTER) Global Digital Elevation Model 

(GDEM)) is used for basin processing issues in the GIS environment. In the upstream 

part of the basin, there are two small irrigation reservoirs, namely Dikilitaĸ and 

Ķkizce. Mogan Detention Pond takes place at the downstream part of these reservoirs 

on the mainstream; it is upstream of Lake Mogan. 

Dikilitaĸ Reservoir, which is the most upstream structure on the basin, was 

constructed on Sarēkaya Creek in 1987. The height of the body is 20 m. and thalweg 

elevation is 1031 m. Active storage volume and the annual average water budget of 



 

 

30 

the reservoir are given as 9 hm3 and 1.24 hm3, respectively (DSĶ, 2008). The drainage 

area of this reservoir is calculated as 169 km2.  

Ķkizce Reservoir, which has 15 m in height, was constructed on Mencilen Creek at 

the 1054-meter thalweg elevation in 1976. Active storage volume and the annual 

average water budget of the reservoir are given as 1.10 hm3 and 1.27 hm3, 

respectively (DSĶ, 2008). The drainage area of this reservoir is calculated as 52 km2. 

Mogan Detention Pond is constructed in 2015 on ¢ºlovasē Creek, which is the 

mainstream feeding Lake Mogan. The Detention pond is located on 7 km upstream 

of the lake. The height of the pond is 10 m, and the drainage area is 542 km2, which 

also includes drainage areas of Dikilitaĸ and Ķkizce reservoirs. The subarea between 

these reservoirs and the detention pond is calculated as 321 km2. Thalweg and 

spillway crest elevations of the detention pond are 982.00 m. and 990.85 m. 

respectively. The maximum storage volume of the detention pond is calculated from 

the elevation-area curve of the reservoir, which is given in the report that had been 

prepared by DSĶ in 2008, and it is found as 34.4 hm3. Bozkurt et al. (2013) stated 

that a 500-year storm could be stored in this reservoir without releasing any water 

from the sluiceway; maximum water elevation would be equal to 988.53 m. in that 

case, which is below spillway crest elevation. 

¢ºlovasē Creek comes together with Yavrucak and Baĸpēnar creeks at the 

downstream part of Mogan Detention Pond. The region where ¢ºlovasē Creek enters 

the Lake Mogan is known as ¢ºkek Marsh. There are seven small subbasins that are 

defined in the reports of State Hydraulic Works (DSĶ, 2008) on the left and right 

sides of Lake Mogan. Baĵērsak, Gºlc¿k, Tatlēm, and Burcupēnar subbasins exist on 

the left-hand side, Ķĵdeli, Kepir, and Sukesen subbasins exist on the right-hand side 

of Lake Mogan. Among these subbasins, only the Sukesen subbasin creek has a well-

defined stream bed. All other creeks are in the form of an intermittent (ephemeral) 

stream. These streams become almost invisible, with very low slopes on the wet zone 

area of Lake Mogan.  

According to EĶEĶ (2005) report, the contribution of these side-streams to Lake 

Mogan is very limited. It is stated that based on data collected between 1999 and 
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2004, 80 (in dry years) to 93 (in wet years) percent of streamflows entering to the 

Lake Mogan is coming from ¢ºlovasē Creek on ¢ºkek Marsh, and the contribution 

of Sukesen Creek was reported as 5-6 percent.  

The general layout of the study area can be seen in Figure 3-1. Some of the 

geomorphological characteristics of all of these subbasins are given in Table 3-1.  

Table 3-1. Some of the Geomorphological Characteristics of Subbasins 

Subbasin Name 
Area 
(km2) 

Elevation (m) Average  
Slope (%) Min. Max. Mean 

Tkizce Reservoir 51.99 1051 1398 1189 4.42 

Dikilitaǒ Reservoir 168.91 1026 1432 1156 4.71 

Mogan Detention Pond 321.00 975 1437 1087 4.46 

Upstream of Lake Mogan 249.53 975 1506 1123 5.22 

Sukesen Creek 32.54 975 1708 1257 9.59 

Kepir Creek 8.39 975 1157 1047 4.33 

TƐdeli Creek 17.91 975 1511 1163 6.64 

.ŀƐƤǊǎŀƪ /ǊŜŜƪ 9.73 975 1270 1115 6.21 

DǀƭŎǸƪ /ǊŜŜƪ 22.75 975 1269 1102 5.00 

TatlƤm Creek 14.14 975 1252 1077 4.96 

BurcupƤnar Creek 12.59 975 1272 1075 5.15 

Whole Mogan Basin  933.72 975 1708 1118 4.98 
 

Lake Mogan is a shallow alluvial lake that is produced by the deposition of alluvial 

material from Sukesen Creek (METU, 1995; Yaĵbasan&Yazēcēgil, 2012). The 

surface area of the lake changes with respect to water level and the elevation of the 

deepest point is given as 969.00 m. The length and width of the lake are about 6 and 

1 km, respectively. Information about the surface area, water level, and volume of 

Lake Mogan is given in Table 3-2. The elevation-storage relationship of Lake Mogan 

is given in Table 3-3. 

Table 3-2. Basic Characteristics of Lake Mogan 

Characteristics Minimum  Normal Maximum 

Water Level (m) 971 972 973.25 

Volume (hm3) 6.20 11.63 20.19 

Area (km2) 4.77 6.07 7.72 
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Figure 3-1. General Layout of the Study Area  



 

 

33 

Table 3-3. Elevation-Storage Relationship of Lake Mogan (METU, 1995)  

Elevation (m) Volume (hm3) Elevation (m) Volume (hm3) 

971.00 6.20 973.75 24.24 

972.00 11.63 974.00 26.43 

972.50 14.82 974.25 28.70 

973.00 18.32 974.50 31.06 

973.25 20.19 974.75 32.42 

973.50 22.16 975.00 34.94 
 

During the studies performed by METU until 1995, the bathymetric maps of Lake 

Mogan for the years 1968, 1990, and 1995 were compared. It was determined that 

between 1968-1990 and 1968-1995, 4.5 hm3 and 6.4 hm3 volume loss (sediment 

accumulation) occurred on Lake Mogan, respectively (METU, 1995). 2.7 hm3 

sediment was cleaned from the bottom of the lake within the scope of sediment 

cleaning works carried out by the Ministry of Environment and Urbanization 

between 2016-2018 (web1). The current bathymetry map could not be obtained 

within the scope of this study. 

At the exit of Lake Mogan, there exists a water control structure that is composed of 

two vertical sluice gates. The width and base elevation of each of these sluice gates 

is 3.25 m. and 971.00 m, respectively. The water control structure is followed by a 

lined canal through 1.4 km, and discharged water is conveyed to the wet zone area 

of Lake Eymir, which is also a shallow alluvial lake.  

An area of 245 km2, including some regions of Mogan and Eymir lakesô basin, was 

declared as a special environmental protection area (SEPA) by the decision of the 

Council of Ministers in 1990, and it is forbidden to make any construction in the area 

without special permission. There are 18 SEPA all over Turkey, and this region is 

crucial for the survival of numerous species of plants and animals. The marsh area 

of the region is used by the 227 bird species for shelter, breeding, and 

accommodation (web2). However, it is stated that built-up areas have been 

increasing, and agricultural areas and open spaces have been decreasing in the zone 

since the declaration of SEPA (T¿deĸ et al., 2015).  
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3.2 Soil Data 

In order to establish a rainfall-runoff relationship, soil parameters are used 

throughout the years. Measured infiltrometer, runoff, and rainfall data had been used 

to assign hydrologic soil groups (Mussgrave, 1955). Soil Conservation Service (now 

Natural Resources Conservation Service, NRCS) defined criteria to assign four 

hydrologic soil groups by using depth of water-impermeable layer, depth to the high 

water table, saturated hydraulic conductivity (Ksat) of the least transmissive layer in 

depth range, and Ksat depth range (NRCS, 2009). General characteristics of these 

hydrologic soil groups are given in Table 3-4. The slope of the soil surface is not 

taken into account while assigning these hydrologic soil groups. 

Table 3-4 General Characteristics of Hydrologic Soil Groups 

Hydrologic 

Soil 

Groups 

Explanation General Form 

A 
Have low runoff potential 

when thoroughly wet 

Have less than 10% clay, more than 90% 

sand or gravel, and have gravel and sand 

textures. 

B 

Have moderately low runoff 

potential when thoroughly 

wet. 

Have 10-20% clay and 50-90 percent 

sand and have loam sand or sandy loam 

textures. 

C 

Have moderately high runoff 

potential when thoroughly 

wet. 

Have 20-40% clay and less than 50 

percent sand and have loam textures. 

D 
Have high runoff potential 

when thoroughly wet. 

Have more than 40% clay, less than 50 

percent sand, and have clayey textures. 
 

In this study, erosion rate and depth of soil maps and great soil group map of the 

study area, which are obtained from 1/25000 scale national soil database, are used in 

order to determine the hydrological soil group of the basin. It is seen that majority of 

the area is composed of brown soil. Soil depths are generally in deep and moderately 

deep levels. Water erosion is not high across the basin. These three soil maps are 

used to establish hydrologic soil maps according to the given criteria given in Table 

3-5. It is found that the most of the area has a type B hydrological soil group.  
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Table 3-5 Determination of Hydrologic Soil Group 

 

Symbol Value

CE 1

K 2

X 2

A 1

B 1

N 1

D 1

F 1

Y 1

M 1

U 1

G 1

H 2

O 1

P 1

C 2

Value

1

2

3

4

5

Value

1

2

3

4

GSG Depth Erosion

A 2 - 3-4

B 1 1-2 1-2

C 1 3-4-5 1-2-3

D

Classification of Great Soil Groups (GSG)

Classification of Soil Depths (SD)

Other Cases

Grey Brown Podzolic Soil

Lime-Free Brown Soil

Explanation

Very Intensive Water Erosion 

Intensive Water Erosion 

Moderate Water Erosion 

None or Very Little Water Erosion 

Explanation

Lithologic 

Very Shallow (20 - 0 cm)

Shallow (50 - 20 cm)

Moderately Deep ( 90 - 50 cm)

Reddish Brown Soil 

Basaltic Soil 

Colluvial Soil 

Chestnut Color Soil 

Reddish Maroon Soil 

Lime-Free Brown Forest Soil

Brown Soil 

Allvuial Soil 

HSG
Value

Determination of Hydrological Soil Group (HSG)

Brown Forest Soil

High Mountain Pasture Lands 

Saline-Alkali and Saline Alkali Melange Soil

Red Yellow Podzolic Soil 

Organic Soil 

Hydromorphic Alluvial Soil 

Deep (+ 90 cm)

Explanation

Classification of Erosion Level (EL)
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Soil Conservation Service (USDA, 1972) introduces the curve number (CN) (a 

conceptual parameter) approach to estimate direct runoff generation from rainfall. 

By using hydrologic soil groups and various land use/land cover information, a series 

of curve numbers were assigned by also considering antecedent soil moisture 

conditions. Based on the total 5-day antecedent rainfall amount and season (growing 

or dormant), three types of soil moisture condition are defined, which are type 1 (dry 

condition), type 2 (normal condition), and type 3 (wet condition). CN values for 

normal antecedent moisture conditions were assigned empirically from rainfall-

runoff measurements. These values have been obtained generally from small 

agricultural watersheds where the slope has a limited effect on the infiltration 

process. Since steep slopes cause a reduction in infiltration and an increase in surface 

runoff, it is accepted that CN values that are generated by SCS are appropriate for 

watershed slopes around 5% (Savvidou, E. et al., 2016). In this study, average 

watershed slopes are also calculated as around 5%, and it is acceptable to use the CN 

approach in hydrological modeling. In order to generate curve numbers for the study 

area, land use data is obtained from Corine (Coordination of Information on the 

Environment) 2018 maps. According to these maps, the basin is mainly composed 

of agricultural areas (more than 85% of the area). By using standard curve number 

tables given in the literature (USDA, 1972; Chow, V.T. et al., 1988; Hoogan, 1989), 

curve numbers are assigned to every Corine layer for four different hydrologic soil 

groups. Those assigned numbers were also calibrated within the hydrologic 

modeling studies. Those numbers can be observed in Table 3-6. The average curve 

number for the whole basin is calculated around 76. Great soil group, erosion rate 

and depth of soil, hydrological soil groups, Corine, and curve number maps of the 

study area can be seen between Figure 3-2 and Figure 3-7. 
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Table 3-6 Determination of Hydrologic Soil Group 

  

Corine Code Explanation A B C D

111 Continuous urban fabric 77 86 91 94

112 Discontinuous urban fabric 76 85 90 93

121 Industrial or commercial units 77 86 91 94

122 Road and rail networks and associated land 77 86 91 94

123 Port areas 77 86 91 94

124 Airports 77 86 91 94

131 Mineral extraction sites 77 86 91 94

132 Dump sites 77 86 91 94

133 Construction sites 77 86 91 94

141 Green urban areas 74 83 88 91

142 Sport and leisure facilities 76 85 90 93

211 Non-irrigated arable land 63 74 79 84

212 Permanently irrigated land 64 75 80 85

213 Rice fields 65 77 85 89

221 Vineyards 30 60 73 79

222 Fruit trees and berry plantations 30 60 73 79

223 Olive groves 30 60 73 79

231 Pastures 39 68 78 83

241 Annual crops associated with permanent crops45 72 82 86

242 Complex cultivation patterns 30 61 72 78

243 Land principally occupied by agriculture, with 56 72 80 85

244 Agro-forestry areas 40 65 77 83

311 Broad-leaved forest 38 52 62 70

312 Coniferous forest 38 52 62 70

313 Mixed forest 38 52 62 70

321 Natural grasslands 39 57 71 77

322 Moors and heathland 39 57 71 77

323 Sclerophyllous vegetation 39 57 71 77

324 Transitional woodland-shrub 39 57 71 77

331 Beaches, dunes, sands 56 73 82 86

332 Bare rocks 98 98 98 98

333 Sparsely vegetated areas 58 75 84 88

334 Burnt areas 77 86 91 94

411 Inland marshes 77 86 91 94

412 Peat bogs 77 86 91 94

421 Salt marshes 77 86 91 94

422 Salines 77 86 91 94

423 Intertidal flats 77 86 91 94

511 Water courses 100 100 100 100

512 Water bodies 100 100 100 100

521 Coastal lagoons 100 100 100 100

522 Estuaries 100 100 100 100

523 Sea and ocean 100 100 100 100



 

 

38 

 

Figure 3-2. Great Soil Group Map of the Study Area  
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Figure 3-3. Erosion Level Map of the Study Area 
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Figure 3-4. Soil Depth Map of the Study Area   
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Figure 3-5. Hydrologic Soil Group Map of the Study Area   
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Figure 3-6. Corine Land Use Map of the Study Area  
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Figure 3-7. Curve Number Map of the Study Area 
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3.3 Rainfall Data 

Required minimum densities of hydrometeorological stations depend on different 

geographic and climatic zones. Spatial and temporal variations of rainfall, relation 

with and location of streamflow gauges, the population density of the area, economic 

circumstances also affect the density of hydrometeorological stations network. 

World Meteorological Organization has defined basics characteristics of general 

hydrometeorological network density. For precipitation measurement, it is advised 

to have at least one recording station per 10-20 km2 in urban areas and at least one 

non-recording station per 575 km2 for interior plains unless any other zonal special 

requirements will not exist (WMO, 2008).  

The current meteorological station network of the study area can be seen in Figure 

3-1. All of the precipitation records that belong to the meteorological stations in 

Ankara for the period between 1970 and 2019 were supplied by the General 

Directorate of Meteorology for this study. Some of the stations do not operate 

currently, and some of the closed stations have recently been reopened in the 

immediate vicinity of the previous locations. Operation periods of stations in the 

study area are given in Table 3-7. 

Table 3-7. Operations Periods of Meteorological Stations in Study Area 

Station Name Status Data Period 

Ahiboz Kºy¿ Open 2015 - Present 

Culuk Closed 1999 - 2004 

¢aldaĵ Open 2014 - Present 

Dikmen Closed 1966 ï 1991 (1970 is missing) 

Elmadaĵ-Radar Open 2007 - Present 

G¿nalan (DSĶ) Closed 1972 - 2005 

Haymana KK Closed 1957 - 1990 

Haymana Open 2014 - Present 

Haymana Tarēm Open 2007 - Present 

Haymana Yenice Closed 1986 - 1995 

Haymana Yenice Bld. Open 2016 - Present 

Ķkizce Closed 1966 - 2004 

Ķkizce Zir. Fak. Closed 1931-1938, 1956-1973, 1975-1982, 1984-1987 

Tepeyurt Closed 1999 - 2001, 2004 

Ufuk Daniĸment Open 2007 - Present 

Yaĵlēpēnar Kºy¿ Open 2019 - Present 
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In order to be able to make judgements about the amounts of individual rainfalls, 

probability distribution analyses were carried out for the stations. By using the 

maximum daily precipitation records of each year, probable maximum daily rainfall 

amounts of different return periods were calculated by using the spreadsheet 

prepared by DSĶ. Result sheets of calculations are given in Appendix A. Before 

starting calculations, the records of stations in close proximity were united to obtain 

a longer data period. The summary of the results can be seen in Table 3-8. 

Table 3-8. Frequency Analysis of Selected Stations in Study Area 

Stations 
Number 

of Years 
Frequency Type 

Return Period 

50yr 

(mm) 

100yr 

(mm) 

500yr 

(mm) 

Ufuk Daniĸment 13 Pearson Type-3 75.47 85.06 103.99 

Dikmen + ¢aldaĵ 31 Gumbel 59.06 65.19 79.34 

Elmadaĵ Radar 13 Pearson Type-3 59.47 63.17 70.10 

G¿nalan (DSĶ) + Ahiboz 39 Log-Pearson Type-3 63.18 71.39 90.07 

Haymana KK + Haymana 26 Log-Pearson Type-3 51.18 54.15 59.85 

Ķkizce + Haymana Tarēm 52 Log-Pearson Type-3 60.93 70.06 91.57 

Haymana Yenice + 

Haymana Yenice Bld. 
14 Gumbel 69.66 77.22 94.67 

 

After these analyses, days that have precipitation of more than 40 mm, which is 

around 5-10 year daily total amount of rainfall, were selected. Besides daily 

precipitation records of climate stations, precipitation records higher than the 10 

mm/hour of automated stations are also investigated. Lastly, days that have non-

convective precipitation types are investigated in order to analyze the success of 

numerical weather prediction models in different rainfall types, although they have 

a less total amount of precipitation than 40 mm. Among these events, six of them, 

which occurred after 2013, are selected since weather forecasting models of the 

Turkish State General Directorate of Meteorology (MGM) are available after 2013. 

Finally, the results of weather forecasting models (WRF, ALR) of those six events 

are provided from the MGM. Those dates are given in Table 3-9. 
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Table 3-9. Dates of Selected Events 

27.9.2014 11.8.2015 18.12.2017 

29.5.2015 14.3.2016 20.5.2018 

 

Areal distribution of precipitation is of considerable interest for flood analysis 

(Tarpanelli et al., 2012). Accurate estimation of the spatial distribution of 

precipitation is crucial in hydrological modeling and planning and management of 

water resources (Woldemeskel et al., 2013). There are various spatial interpolation 

techniques that have been employed in different fields such as the nearest neighbor, 

Thiessen polygons, inverse distance weighting, geographically weighted regression, 

global polynomial, local polynomial, trend surface analysis, radial basic function, 

Kriging, and so on (Chen and Liu, 2012). In this study, the inverse distance weighted 

(IDW) method was used to obtain the areal distribution of 50-, 100-, and 500-year 

storms. The obtained results are given in Table 3-10, and areal figures can be seen 

in Appendix B.  

Table 3-10. Areal Precipitation Amount of Subbasins for Design Storms (mm) 

Subbasin Name 
50-year  

(mm) 

100-year 

(mm) 

500-year 

(mm) 

Ķkizce Reservoir 61.05 69.40 88.57 

Dikilitaĸ Reservoir  62.18 69.20 84.74 

Sukesen Creek 68.73 76.23 90.76 

Kepir Creek 71.08 79.55 96.07 

Ķĵdeli Creek 68.50 76.41 92.05 

Baĵērsak Creek 69.30 77.23 92.05 

Gºlc¿k Creek 68.08 75.85 90.64 

Tatlēm Creek 67.07 74.92 90.46 

Burcupinar Creek 66.49 74.39 90.32 

Upstream of Lake Mogan 

(Area between the lake and the pond) 64.12 72.17 89.58 

Mogan Detention Pond 

(Except Dikilitaĸ and Ķkizce Reservoirs) 62.17 70.34 88.82 

Whole Mogan Basin 63.60 71.50 88.73 
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3.4 Streamflow and Lake Observation Data 

Although the Lake Mogan basin is one of the important drainage areas of Ankara 

Creek, available streamflow data is not much and does not cover long time periods. 

Middle East Technical University (METU), State Hydraulic Works (DSĶ), and the 

abolished Electrical Work Investigation Administration (EĶEĶ) had operated several 

streamflow gauges in the past, but they were all closed more than ten years ago. 

Furthermore, records of gauges operated by DSĶ are not available.  

Lake level measurements in Lake Mogan were also done by the General Directorate 

of Protection of Natural Assets (GDPNA) on a monthly basis between 1996 and 

2011. These records can be seen in Figure 3-8.  

Discharged water from controlled gates of Lake Mogan and lake level measurements 

on a daily basis performed by State Hydraulic Works between 2013 and 2018 years 

are given in Figure 3-9.  

As shown in the given figures, the lakeôs operating level has been kept well above 

the 972.00 m. level almost all the time. In addition, the amount of water released 

from the lake is extremely low, a maximum 2.75 m3/s of water was discharged. 
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Figure 3-8. Water Level and Discharged Water Amounts of Lake Mogan between 

1996 and 2011  
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Figure 3-9. Water Level and Discharged Water Amounts of Lake Mogan between 

2013 and 2018 
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CHAPTER 4  

4 PRECIPITATION FORECASTS AND STATI STICAL ANALYSES  

4.1 General 

Numerical weather forecasting models are increasingly being used for decision 

support in water management (M¿ller, 2016), as also stated in Chapter 2. In Turkey, 

the General Directorate of Meteorology also uses numerical models for operational 

purposes. The relationships between forecast values and corresponding observations 

are always measured, and the quality of forecasts is examined for a variety of 

reasons. These reasons were categorized as administrative, scientific, and economic 

purposes by Brier and Allen (1951). Wilks (2011) made also pointed out these 

aspects as follows. Administrative authorities may examine trends of forecast 

performance over time, and forecast improvement for different lead times and 

locations can be compared. Those comparisons allow us to see the performance of 

the forecaster and forecasting system. Forecast values for an event from different 

sources can also be compared. Studying strengths and deficiencies or weaknesses in 

a set of forecasts will lead to better forecasts in the next times by applying 

methodological improvements scientifically. Economic aspects for forecast 

verification are also lie in better decision making. Enterprises gathering information 

from forecasted events desire to maximize their gains or institutes wants to prevent 

damages due to atmospheric events by taking some early precautions. Knowing the 

reliability or sufficiency of the forecast is also essential from this point of view. 

Quantitative precipitation forecasts (QPF) also have an important role in determining 

the potential for flooding events, especially for urban catchments on short time 

intervals; however, decision-makers are unwilling to devise to make an action based 

on forecasts whose quality is less or unknown (Rossa et al. 2008).  
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As explained above, verification or validation of forecasts is an essential part of work 

for reliable action plans. Since precipitation forecasts have a large variability both in 

space and in time, localization and timing of the events and precipitation intensity 

are the potential error fields (Habets et al., 2004). In order to reduce these kinds of 

errors, researchers have been studied both verification techniques and developing 

well-suited numerical forecast models by applying various alternatives. There are a 

number of papers and textbooks (Wilks, 2011; Von Storch and Zwiers, 2003; 

Mudelsee, 2013) that explain the general framework and details about the 

verification of precipitation methods in atmospheric science.  

Parameters that are used for verification are defined as skill scores. Traditional 

verification methods are generally broad into two groups as qualitatively or 

categorical skills and quantitative skills. These skill scores will be explained below 

parts. 

4.1.1 Categorical Skill Scores 

Categorical forecasts are generally done in two or more classes, like below normal, 

around normal, and above normal, which are clearly stated according to priori 

defined threshold values (Von Storch and Zwiers, 2003). The contingency table is 

heavily used in atmospheric science in terms of occurrence and non-occurrence of 

events for the verification of yes/no forecasts (Wilks, 2011). Four possible 

combination of forecasts (occurrence/non-occurrence) and observations 

(occurrence/non-occurrence) are identified in 2x2 contingency table (Table 4-1). 

These possible combinations are classified as a hit (N1), where an event is observed 

and forecasted; miss (N2), where an event is observed but not forecasted; false alarm 

(N3), where an event is not observed but forecasted; and correct rejection (N4) where 

an event is not observed and not forecasted. NT is denoted as the total number of 

forecasts. Categorical skill scores are calculated based on these parameters. Since 

the dimensionality of 2x2 contingency table is 3 (2 Ĭ 2 ï 1 = 3), forecast performance 
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should be expressed at least with three parameters (Wilks, 2011). The most widely 

used parameters that are associated with 2x2 contingency table are given below.  

Table 4-1. Contingency Table 

Event Observed Not observed 

Forecasted N1 (hit) N3 (false alarm) 

Not forecasted N2 (miss) N4 (correct rejection) 

 

Proportion Correct (PC)  

Proportion correct is a measure of accuracy, and it is the ratio of summation of hits 

and correct rejections to the total forecast number (NT). In perfect forecasts, N2 and 

N3 values will be equal to 0. In other words, all of the occurrence and non-occurrence 

of events will be forecasted without any misses or false alarms. The worst and the 

best scores are zero and one, respectively. This parameter is found to be misleading, 

especially in the case of rare events (Mºlders, 2008).  

ὖὅ  
 

               (4.1) 

 

Threat Score (TS)  

Threat score (TS) or critical success index (CSI) is also a measure of accuracy. It is 

found to be useful when a forecasted event is less frequently occurs than 

nonoccurrence. The number of hits is divided by the summation of hits, false alarms, 

and misses. The worst and the best scores are zero and one, respectively. 

ὝὛ ὅὛὍ 
   

             (4.2) 

 

BIAS 

It is the ratio of forecasted events (hits + false alarms) to the observed events (hits + 

misses). The perfect score for bias is 1, and it can take values between zero and 
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infinity. A value greater than 1 shows that event was forecasted more times than the 

observed situations, which is called as overforecasting. The opposite situation is 

referred to as underforecasting where an event is observed more than forecasted.  

ὄὛ  
 

 
              (4.3) 

 

False Alarm Ratio (FAR) 

It is the fraction of events that are predicted to occur but actually do not occur. Since 

this value is negatively oriented, smaller values are preferable. The worst and the 

best scores are one and zero, respectively. 

ὊὃὙ 
  

              (4.4) 

 

Probability of Detection (POD) 

It is defined as the ratio of the number of hits (correct forecasts) to the number of 

total events that occur. It is also known as hit rate. The worst and the best scores are 

zero and one, respectively. 

ὖὕὈ 
  

              (4.5) 

 

Heidke Skill Score  

It measures the fraction of true forecasts after eliminating forecasts that would be 

true by random chance (Mºlders, 2008). For the perfect forecast, it is equal to 1, for 

the random chance, it is 0, and for worse than random chance, it has negative values.  

ὌὛ  
  

       
          (4.6) 

 



 

 

55 

A summary of these scores can be seen in Table 4-2. In addition to these scores, there 

are also more scores described in literature like Brier skill score, Peirce skill score, 

Clayton skill score, Gilbert Skill score, extreme dependency score, symmetric 

extreme dependency score, and so on.  

 

Table 4-2. Summary of Categorical Skill Scores 

Skill Scores Equation Definition  Range 

Proportion 

Correct 
ὖὅ  

ὔ  ὔ

ὔ
 

Fraction of correct 

forecasts 

0-1, with 1 being a 

perfect score 

Threat Score ὝὛ ὅὛὍ  
ὔ

ὔ  ὔ  ὔ 
 

Fraction of hits over 

total forecast except 

correct rejection 

0-1, with 1 being a 

perfect score 

Bias Score ὄὛ  
ὔ  ὔ

ὔ  ὔ
 

Ratio of forecasted 

events to the observed 

events 

(-Ð) ï (Ð) 

False Alarm 

Ratio 
ὊὃὙ 

ὔ

ὔ  ὔ 
 

Fraction of forecasted 

positive events that 

actually did not occur 

0-1, with 0 being a 

perfect score 

Probability of 

Detection 
ὖὕὈ 

ὔ

ὔ  ὔ 
 

Ratio of hits over total 

observed events 

0-1, with 1 being a 

perfect score 

Heidke Skill 

Score 

ὌὛ  
ὥ

ὦ ὧ 
 

 

ὥ  ς ὔὔ ὔὔ  

ὦ  ὔ  ὔ  ὔ  ὔ  

ὧ ὔ  ὔ  ὔ  ὔ  

Number of correct 

forecasts which not 

occur by chance 

(-1) ï (1) 

 

4.1.2 Quantitative Skill  Scores 

Correlation  

Pearson correlation coefficient is one of the most widely used statistical parameters 

that is used in natural sciences and estimates the degree of a linear relationship 
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(Mudelsee, 2010). It takes values between -1 and +1; where the value 0 shows no 

positive or negative linear relationship between the variables. It is sensitive to 

extreme values of the variables, i.e., statistical outliers (DEFRA, 2013). 

ὶ  
В  Ӷ  

В  ӶВ  
              (4.7) 

 

Variance 

Variance (ů2) is a measurement of the spread between numbers in a data set. It 

measures how far each number in the set is from the mean and is calculated by taking 

the sum of the squares of differences between the individual observations and the 

mean and dividing by the number of observations in the set minus one. 

ʎ  
В  Ӷ

              (4.8) 

 

Standard Deviation 

It is a measure of the amount of variation or dispersion of a set of values and is 

calculated as the square root of the variance for a statistical population. 

ʎ  
В  Ӷ

                (4.9) 

Mean Absolute Error (MAE)  

It is used to estimate the closeness of (observed and forecasted) data pairs. It is 

calculated by taking the absolute difference of observed and predicted data values 

corresponding to the same time step and dividing by the number of observations. 

Therefore, it is always positive, and small values are preferable.  

ὓὃὉ  Вὼ ȟ ὼ ȟ             (4.10) 
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Root Mean Square Error 

The Root Mean Square Error (RMSE) is very commonly used as a measure of the 

overall performance of the model and calculated as the square root of the mean 

squared difference between forecasted and observed values for a given time period.  

ὙὓὛὉ 
В ȟ  ȟ

             (4.11) 

 

Mean Bias 

The difference between any forecasted and observed value is named as bias, and 

correspondingly, mean bias is the average of the differences between the forecasted 

and observed data pairs in the domain. 

ὄὭὥί  В ὼ ȟ ὼ ȟ             (4.12) 

4.2 Comparison of Rainfall Forecasts 

In order to compare the success of two weather forecasting models, namely WRF 

and ALR, quantitative and categorical statistical parameters are used. For 

quantitative analyses, Pearson correlations (r), root mean square errors (RMSE), and 

biases are calculated. On the other hand, for categorical statistical analyses, 

proportion correct (PC), threat score (TS), bias, false alarm ratio (FAR), probability 

of detection (POD), and Heidke skill scores are calculated by using 0.25 mm/hr 

threshold value.  

Statistical analyses were carried out for three lead times; on the day, one day before, 

and two days before times on a point and areal basis.  

In point-based analyses, four different meteorological observation stations are used. 

Three of these stations are currently operating in the study area. These stations are 

Gºlbaĸē Ufuk Danēĸment, Haymana Tarēm, and Elmadaĵ Radar stations. In addition 
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to these stations, Ankara station is selected to see the precipitation and forecast 

patterns to analyze statistical measurements outside the study area. Convective and 

non-convective type of precipitation forecasts are given for every grid point at the 

result files of WRF and ALR models. These forecast results are also given separately 

in statistical analysis tables. ñCò and ñConò stands for convective type precipitation, 

ñNCò and ñGecò stands for the non-convective type of precipitation. Averages of the 

nearest grid points to stations are used in statistical analyses.  

In areal-based analyses, the study area is divided into 11 subbasins, and average 

weighted precipitation values are calculated by using the inverse distance weighted 

(IDW) method for every hour time step.  

All these analyses are carried out for selected six different case events. Results are 

given in graphs and tables. The most distinguished statistical results of every point 

and areal analyses are explained in subsequent sections for every event, and general 

evaluation is given in the last subsection. Some of the categorical scores cannot be 

calculated due to zero value in the denominator, and these values are specified as 

ñN.A.ò. 

4.2.1 27.09.2014 Event 

Precipitation gauge records, WRF and ALR forecasts for Ankara, Ufuk Danēĸment, 

Elmadaĵ Radar, and Haymana Tarēm stations for the 27.09.2014 event are given 

between Figure 4-1 and Figure 4-4. Areal distribution of actual precipitation and 

forecast values are given in Figure 4-5. Calculated statistics based on point and areal 

forecasts are given between Table 4-3 and Table 4-5.  

For Ankara station, ALR forecasts are a bit better than WRF forecasts. Cumulative 

precipitation values are quite overestimated in WRF forecasts, r and RMSE statistics 

are better in ALR forecasts for on the day and one day before the forecast sets. 

However, r values are quite low for both WRF and ALR. Categorical statistics show 
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better results compared to quantitative statistics. The results of the ALR forecast are 

again better than WRF forecasts.  

For Gºlbaĸē-Ufuk Daniĸment Station forecast values are too underestimated for ALR 

forecasts and cumulative precipitation values are quite good for WRF forecast, 

especially for on the day and one day before forecast sets. However, r and RMSE 

values do not show that much satisfaction. On the other hand, categorical skills are 

better in ALR forecasts.  

For Elmadaĵ Radar Station, the best total precipitation value was seen in one day 

before ALR forecast with a 0.43 correlation score. Other forecast results show 

overestimated values with low correlation and high RMSE scores. Similar to the 

results of Gºlbaĸē Ufuk Daniĸment station, categorical skills are again better in ALR 

forecasts.  

For Haymana Tarēm Station, on the day and one day before WRF forecasts are 

similar to each other with overestimated total precipitation values, while on the day 

ALR forecast a bit better than those with underestimated total precipitation value. 

In general, two days before ALR forecasts are quite unsatisfactory when compared 

to other ones in point-based analyses. Correlation and RMSE statistics are not 

adequate for all precipitation sets. Categorical statistics seem more meaningful for 

both types, while they are generally better for ALR forecasts.  

In an areal-based analysis, two days before ALR forecasts are again quite 

unsatisfactory, which is normal when point-based forecasts are considered. 

Cumulative precipitation values are seen around 1 mm for all points and basins. 

While one day before ALR forecasts are closer to gauge records than WRF forecasts, 

categorical skills are also better for on the day and one day before ALR forecasts for 

all subbasins.  

In the Sukesen sub-basin, one day before ALR forecasts have a 0.03 correlation 

coefficient, but the total precipitation value is closer to gauge records than WRF 

forecasts.  
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In Kepir, Baĵērsak, Gºlc¿k, Tatlēm, and Burcupēnar subbasins, on the day WRF 

forecasts are closer to gauge records (less BIAS values) with higher correlation 

coefficient and but also with high RMSE. One day before ALR forecasts have higher 

correlation coefficients, less RMSE, and better bias scores with underestimated total 

precipitation values.  

In the Ķĵdeli subbasin, the cumulative precipitation value of on the day ALR forecast 

has a very small BIAS value but again with a very low correlation coefficient.  

In the Ķkizce subbasin on the day ALR forecast is underestimated, but its Bias score 

is close to zero, and its correlation coefficient is higher with lower RMSE for on the 

day forecasts. One day before ALR forecasts have less bias and correlation scores 

with overestimated total precipitation values.  

In the Dikilitaĸ subbasin, both WRF and ALR forecasts are overestimated. On the 

day ALR forecasts have a bit better scores than WRF forecasts, and one day before 

forecasts have similar bias scores while WRF forecasts have a higher correlation 

with lesser RMSE.  

For upstream of Lake Mogan, correlation values are higher in WRF forecasts, bias 

scores are better in ALR forecasts. RMSE values are higher in on the day WRF and 

one day before ALR forecasts. 
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Figure 4-1. Precipitation Records and Forecast Values of 27.09.2014 Event for 

Ankara Station 

 

Figure 4-2. Precipitation Records and Forecast Values of 27.09.2014 Event for 

Ufuk Danēĸment Station  
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Figure 4-3. Precipitation Records and Forecast Values of 27.09.2014 Event for 

Elmadaĵ Radar Station 

 

Figure 4-4. Precipitation Records and Forecast Values of 27.09.2014 Event for 

Haymana Tarēm Station  
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Figure 4-5. Areal Distribution of Actual Precipitation and Forecast Values of 

27.09.2014 Event   
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Table 4-3. Statistical Scores of Forecasts on Point Basis for 27.09.2014 Event 

 

C NC Total r RMSE Bias Con Gec Total r RMSE Bias

On the Day 4.57 12.76 17.33 0.20 1.84 0.32 3.60 8.69 12.29 0.25 1.19 0.11

1 Day Before 23.42 17.68 41.10 0.21 3.83 1.31 1.21 6.17 7.38 0.57 0.71 -0.09

2 Days Before13.50 2.69 16.19 -0.07 1.35 0.27 0.00 1.14 1.14 -0.15 0.96 -0.35

On the Day 5.41 15.64 21.05 0.28 2.75 -0.10 2.94 11.67 14.61 0.08 2.23 -0.37

1 Day Before 18.67 6.87 25.53 0.11 2.26 0.09 2.50 11.86 14.36 0.30 1.92 -0.38

2 Days Before13.79 1.22 15.01 0.28 1.88 -0.35 0.01 0.30 0.31 0.86 2.09 -0.96

On the Day 7.05 22.30 29.35 0.04 4.21 0.50 16.19 11.22 27.41 0.01 3.32 0.42

1 Day Before 21.25 9.92 31.17 0.07 2.63 0.57 2.19 12.87 15.06 0.43 1.45 -0.10

2 Days Before 6.75 0.75 7.51 0.15 1.50 -0.41 0.08 0.77 0.85 0.65 1.56 -0.69

On the Day 8.39 15.41 23.80 0.51 1.85 0.35 1.85 8.69 10.54 0.67 0.77 -0.20

1 Day Before 17.57 3.67 21.24 0.64 1.02 0.24 8.01 14.90 22.91 0.30 1.68 0.31

2 Days Before 8.69 0.69 9.37 -0.07 1.18 -0.25 0.65 0.46 1.11 -0.17 1.18 -0.60

PC TS BS FAR POD Heidke PC TS BS FAR POD Heidke

On the Day 0.67 0.27 1.33 0.63 0.50 0.20 0.88 0.63 1.17 0.29 0.83 0.68

1 Day Before 0.38 0.25 3.17 0.74 0.83 0.03 0.92 0.75 1.33 0.25 1.00 0.80

2 Days Before 0.54 0.21 1.83 0.73 0.50 0.04 0.67 0.00 0.33 1.00 0.00 -0.14

On the Day 0.79 0.55 1.13 0.33 0.75 0.55 0.88 0.67 0.88 0.14 0.75 0.71

1 Day Before 0.71 0.50 1.63 0.46 0.88 0.43 0.92 0.80 1.25 0.20 1.00 0.82

2 Days Before 0.88 0.73 1.38 0.27 1.00 0.74 0.67 0.00 0.00 N.A. 0.00 0.00

On the Day 0.71 0.42 1.13 0.44 0.63 0.36 0.83 0.60 1.00 0.25 0.75 0.63

1 Day Before 0.75 0.54 1.50 0.42 0.88 0.50 1.00 1.00 1.00 0.00 1.00 1.00

2 Days Before 0.83 0.60 1.00 0.25 0.75 0.63 0.67 0.00 0.00 N.A. 0.00 0.00

On the Day 0.75 0.50 1.00 0.33 0.67 0.47 1.00 1.00 1.00 0.00 1.00 1.00

1 Day Before 0.67 0.50 1.67 0.47 0.89 0.37 0.88 0.73 1.11 0.20 0.89 0.74

2 Days Before 0.54 0.27 1.11 0.60 0.44 0.04 0.54 0.00 0.22 1.00 0.00 -0.16

Quantitative Scores

Station
Gage 

Record

Forecast 

Time

WRF Forecast ALR Forecast

ANKARA 9.60

GOLBASI-

UFUK 

5!bT a9b¢   

23.40

ELMADAG-

RADAR
17.40

HAYMANA 

TARIM
15.40

Categorical Scores

Station
Gage 

Record

Forecast 

Time

WRF Forecast ALR Forecast

HAYMANA 

TARIM
15.40

ANKARA 9.60

GOLBASI-

UFUK 

5!bT a9b¢   

23.40

ELMADAG-

RADAR
17.40
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Table 4-4. Quantitative Statistical Scores of Forecasts on Areal Basis for 

27.09.2014 Event 

  

Total r RMSE Bias Total r RMSE Bias

On the Day 22.84 0.58 1.51 0.38 9.01 0.63 0.67 -0.20

1 Day Before 21.62 0.65 1.21 0.33 19.78 0.36 0.25 0.25

2 Days Before10.11 -0.25 1.10 -0.15 1.65 -0.24 0.99 -0.51

On the Day 23.32 0.29 2.48 0.45 18.57 0.32 1.28 0.26

1 Day Before 22.90 0.43 1.11 0.44 22.81 0.25 1.91 0.43

2 Days Before 8.44 0.53 0.63 -0.17 0.90 0.63 0.83 -0.48

On the Day 24.50 0.20 2.90 0.24 20.16 0.03 2.41 0.06

1 Day Before 27.49 0.13 1.94 0.37 16.39 0.34 1.51 -0.10

2 Days Before13.98 0.07 1.52 -0.20 0.46 0.79 1.55 -0.76

On the Day 22.58 0.27 2.52 0.14 14.57 0.08 1.90 -0.19

1 Day Before 25.93 0.16 1.83 0.28 16.29 0.37 1.52 -0.12

2 Days Before15.60 0.19 1.51 -0.15 0.36 0.60 1.62 -0.78

On the Day 24.08 0.24 2.63 0.26 17.44 0.05 2.15 -0.02

1 Day Before 26.39 0.15 1.76 0.36 18.26 0.35 1.53 0.02

2 Days Before15.21 0.08 1.46 -0.11 0.38 0.72 1.47 -0.73

On the Day 16.63 0.35 1.69 -0.01 12.88 0.21 1.50 -0.17

1 Day Before 24.23 0.27 1.56 0.31 13.24 0.64 0.98 -0.15

2 Days Before12.15 0.23 1.29 -0.20 1.32 -0.11 1.43 -0.65

On the Day 17.05 0.36 1.55 0.05 12.81 0.20 1.50 -0.12

1 Day Before 24.10 0.29 1.43 0.35 13.38 0.70 0.83 -0.10

2 Days Before11.97 0.21 1.20 -0.16 1.78 -0.15 1.34 -0.58

On the Day 19.37 0.37 1.63 0.16 10.23 0.27 1.19 -0.22

1 Day Before 24.37 0.30 1.31 0.37 13.73 0.63 0.88 -0.07

2 Days Before10.50 0.13 1.18 -0.21 1.64 -0.14 1.27 -0.58

On the Day 20.53 0.37 1.70 0.22 9.60 0.32 1.10 -0.24

1 Day Before 24.57 0.31 1.26 0.38 14.16 0.58 0.92 -0.05

2 Days Before 9.35 0.05 1.19 -0.25 1.59 -0.14 1.24 -0.57

On the Day 23.78 0.39 1.92 0.36 12.50 0.28 1.25 -0.11

1 Day Before 23.44 0.42 1.13 0.35 18.81 0.39 1.31 0.15

2 Days Before11.01 0.03 1.08 -0.17 1.14 -0.11 1.13 -0.58

On the Day 25.15 0.50 2.09 0.45 14.57 0.46 1.10 0.01

1 Day Before 25.67 0.49 1.20 0.47 27.28 0.26 2.24 0.54

2 Days Before10.08 0.14 0.88 -0.18 0.65 0.34 0.99 -0.57

Subbasin
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Mogan 
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Creek
19.15
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Creek
15.34
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of Lake 

Mogan

15.10

Igdeli 

Creek
17.80
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Table 4-5. Categorical Statistical Scores of Forecasts on Areal Basis for 27.09.2014 

Event 

 

PC TS BS FAR POD Heidke PC TS BS FAR POD Heidke

On the Day 0.67 0.43 1.00 0.40 0.60 0.31 0.96 0.90 0.90 0.00 0.90 0.91

1 Day Before 0.67 0.50 1.40 0.43 0.80 0.35 0.92 0.818 1.00 0.10 0.90 0.83

2 Days Before 0.50 0.20 0.80 0.63 0.30 -0.06 0.54 0.00 0.10 1.00 0.00 -0.08

On the Day 0.63 0.40 0.91 0.40 0.55 0.24 1.00 1.00 1.00 0.00 1.00 1.00

1 Day Before 0.71 0.56 1.27 0.36 0.82 0.42 0.92 0.83 1.00 0.09 0.91 0.83

2 Days Before 0.92 0.85 1.18 0.15 1.00 0.83 0.54 0.00 0.00 N.A. 0.00 0.00

On the Day 0.67 0.38 1.00 0.44 0.56 0.29 0.83 0.60 0.78 0.14 0.67 0.63

1 Day Before 0.71 0.53 1.56 0.43 0.89 0.44 0.92 0.82 1.22 0.18 1.00 0.83

2 Days Before 0.83 0.69 1.44 0.31 1.00 0.67 0.63 0.00 0.00 N.A. 0.00 0.00

On the Day 0.67 0.43 1.22 0.45 0.67 0.32 0.83 0.60 0.78 0.14 0.67 0.63

1 Day Before 0.67 0.47 1.44 0.46 0.78 0.35 0.96 0.90 1.11 0.10 1.00 0.91

2 Days Before 0.79 0.64 1.56 0.36 1.00 0.60 0.63 0.00 0.00 N.A. 0.00 0.00

On the Day 0.71 0.46 1.11 0.40 0.67 0.39 0.83 0.60 0.78 0.14 0.67 0.63

1 Day Before 0.71 0.53 1.56 0.43 0.89 0.44 0.92 0.82 1.22 0.18 1.00 0.83

2 Days Before 0.75 0.60 1.67 0.40 1.00 0.53 0.63 0.00 0.00 N.A. 0.00 0.00

On the Day 0.67 0.38 1.00 0.44 0.56 0.29 0.88 0.7 0.889 0.13 0.78 0.73

1 Day Before 0.71 0.53 1.56 0.43 0.89 0.44 0.96 0.9 1.111 0.10 1.00 0.91

2 Days Before 0.83 0.67 1.22 0.27 0.89 0.66 0.54 0.00 0.22 1.00 0.00 -0.16

On the Day 0.71 0.46 1.11 0.40 0.67 0.39 0.92 0.80 1.00 0.11 0.89 0.82

1 Day Before 0.67 0.50 1.67 0.47 0.89 0.37 0.96 0.90 1.11 0.10 1.00 0.91

2 Days Before 0.79 0.62 1.33 0.33 0.89 0.58 0.54 0.00 0.22 1.00 0.00 -0.16

On the Day 0.67 0.43 1.00 0.40 0.60 0.31 0.96 0.90 0.90 0.00 0.90 0.91

1 Day Before 0.71 0.56 1.50 0.40 0.90 0.44 0.92 0.82 1.00 0.10 0.90 0.83

2 Days Before 0.83 0.67 1.00 0.20 0.80 0.66 0.50 0.00 0.20 1.00 0.00 -0.16

On the Day 0.67 0.43 1.00 0.40 0.60 0.31 0.96 0.90 0.90 0.00 0.90 0.91

1 Day Before 0.67 0.50 1.40 0.43 0.80 0.35 0.92 0.82 1.00 0.10 0.90 0.83

2 Days Before 0.83 0.67 1.00 0.20 0.80 0.66 0.50 0.00 0.20 1.00 0.00 -0.16

On the Day 0.63 0.40 1.10 0.45 0.60 0.24 0.96 0.90 0.90 0.00 0.90 0.91

1 Day Before 0.71 0.59 1.70 0.41 1.00 0.45 0.96 0.91 1.10 0.09 1.00 0.92

2 Days Before 0.67 0.47 1.20 0.42 0.70 0.33 0.54 0.00 0.10 1.00 0.00 -0.08

On the Day 0.67 0.43 1.00 0.40 0.60 0.31 0.92 0.82 1.00 0.10 0.90 0.83

1 Day Before 0.67 0.50 1.40 0.43 0.80 0.35 0.96 0.91 1.10 0.09 1.00 0.92

2 Days Before 0.58 0.38 1.20 0.50 0.60 0.17 0.58 0.00 0.00 N.A. 0.00 0.00
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4.2.2 29.05.2015 Event 

Precipitation gauge records, WRF and ALR forecasts for Ankara, Ufuk Danēĸment, 

Elmadaĵ Radar, and Haymana Tarēm stations for the 29.05.2015 event are given 

between Figure 4-6 and Figure 4-9. Areal distribution of actual precipitation and 

forecast values are given in Figure 4-10. Calculated statistics based on point and 

areal forecasts are given between Table 4-6 and Table 4-8.  

For Ankara Station, one day before WRF and ALR forecasts are quite overestimated 

with low correlation values. Two days before WRF and ALR forecasts and on the 

day ALR forecasts also give high total precipitation values with poor correlations 

and RMSE values. The best result for this station is achieved by on the day WRF 

forecast in terms of total precipitation value, but the correlation coefficient is almost 

zero. Categorical skill scores of WRF and ALR forecasts are quite unsatisfactory.  

For Gºlbaĸē-Ufuk Daniĸment Station, all WRF forecasts are quite underestimated 

with high RMSE values. In terms of total precipitation value, ALR forecasts produce 

much better results. One day before ALR forecast gives close results to the station 

record. Other ALR forecasts are better than WRF forecasts but still underestimated 

significantly. ALR forecasts give similar results in categorical statistics, and they are 

a bit better than WRF forecasts.  

For Elmadaĵ-Radar station, all forecasts, especially ALR ones, produce highly 

overestimated results. On the day and one day before WRF and ALR forecasts 

produce close results in themselves. Two days before forecasts are better than other 

forecasts but still overestimated. Categorical skill scores are also unacceptably bad.  

For Haymana Tarēm station, results are better than Elmadaĵ-Radar stationôs but not 

good enough. On the day forecasts are overestimated with low correlation values. 

The best forecast result is obtained from two days before ALR forecast with a 0.01 

bias score but with a 0.14 correlation. The best correlation score is obtained from 

one day before WRF forecast. Categorical scores of ALR forecasts seem better than 

the WRF forecasts.  
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In areal analyses, two days before WRF forecasts are quite underestimated for this 

event. On the other hand, two days before ALR forecasts seem reasonable in terms 

of total precipitation value, but correlation coefficients are not as good as them.  

In Sukesen, Kepir, and Ķĵdeli subbasins, on the day and one day before WRF 

forecasts are resulted in underestimated total precipitation value with low 

correlation, whereas on the day and one day before ALR forecasts resulted with 

overestimated total precipitation value with higher correlation. Categorical skill 

scores of WRF and ALR forecasts are close to each other, but ALR values are 

slightly better than WRF values. 

In Baĵērsak and Gºlc¿k subbasins, on the day WRF and ALR forecasts resulted in 

reasonable total precipitation values. The correlation coefficients on ALR forecasts 

are better than WRFôs. One day before WRF forecasts also produced reasonable total 

precipitation values with some overestimation and low correlation. However, one 

day before ALR forecast produce a fairly high total precipitation value with a 

correlation of about 0.50. The majority of categorical scores are better in ALR 

forecasts, whereas two days before WRF forecasts a bit better than ALR forecasts. 

In Tatlēm and Burcupēnar subbasins, on the day ALR forecasts are again resulted in 

reasonable total precipitation values, whereas WRF forecasts produce higher 

precipitation values with lower correlation coefficients. Between one day before 

forecasts, ALR has a better correlation coefficient, WRF has a better estimate, but 

both of the models result in overestimated total precipitation values. Categorical 

scores are close to each other.  

For the Ķkizce subbasin, one day before WRF forecast result with a bit high total 

precipitation value and good correlation coefficient. On the day WRF and ALR 

forecasts result in overestimated total precipitation and low correlation coefficients. 

Two days before ALR forecast has a good correlation score but underestimated total 

precipitation value. Categorical scores are better in WRF only in on the day forecasts. 
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For the Dikilitaĸ subbasin, on the day WRF forecast with highly overestimated total 

precipitation value. One day before WRF forecast has also overestimated value 

where two days before forecast has underestimated total precipitation values. ALR 

forecasts result in almost 30 percent underestimated total precipitation values. For 

categorical estimates, proportion correct, threat score, probability of detection, and 

Heidke scores are better in WRF forecasts, whereas bias and false alarm ratio scores 

are better in ALR forecasts. 

For upstream of Lake Mogan, on the day and one day before ALR forecasts result 

with slightly high total precipitation values with around 0.50 correlation values. One 

day before WRF forecast also has a slightly high total precipitation value but with a 

low correlation value. On the day WRF forecast produced an overestimated value 

with low correlation, while two days before WRF forecast produced an 

underestimated value with a higher correlation. On the day and one day before WRF 

and ALR forecasts are close to each other, but two days before ALR forecast a bit 

better than WRF forecasts. 

 

Figure 4-6. Precipitation Records and Forecast Values of 29.05.2015 Event for 

Ankara Station 
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Figure 4-7. Precipitation Records and Forecast Values of 29.05.2015 Event for 

Ufuk Danēĸment Station 

 

Figure 4-8.  Precipitation Records and Forecast Values of 29.05.2015 Event for 

Elmadaĵ Radar Station 
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Figure 4-9. Precipitation Records and Forecast Values of 29.05.2015 Event for 

Haymana Tarēm Station 
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Figure 4-10. Areal Distribution of Actual Precipitation and Forecast Values of 

29.05.2015 Event   
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Table 4-6. Statistical Scores of Forecasts on Point Basis for 29.05.2015 Event 

 

C NC Total r RMSE Bias Con Gec Total r RMSE Bias

On the Day 3.20 1.36 4.56 0.02 0.59 0.03 5.60 10.02 15.62 -0.12 1.08 0.49

1 Day Before 4.24 20.07 24.32 0.15 2.19 0.85 22.53 9.23 31.76 -0.13 2.70 1.16

2 Days Before 7.21 0.45 7.66 -0.13 0.91 0.16 4.61 10.11 14.72 -0.18 1.12 0.45

On the Day 5.91 12.10 18.01 0.16 7.00 -1.84 33.20 13.82 47.02 0.25 6.89 -0.63

1 Day Before 5.60 17.63 23.23 -0.14 7.63 -1.62 51.02 16.82 67.85 0.51 5.91 0.24

2 Days Before 3.48 1.49 4.97 0.44 7.11 -2.38 17.65 12.54 30.19 -0.06 7.50 -1.33

On the Day 8.40 9.25 17.65 -0.13 1.21 0.69 34.04 13.44 47.49 -0.18 3.93 1.93

1 Day Before 5.89 9.84 15.73 0.00 1.25 0.61 27.11 22.10 49.20 -0.25 3.34 2.00

2 Days Before 2.61 5.47 8.08 -0.09 1.02 0.29 7.99 17.70 25.69 -0.18 2.18 1.02

On the Day 7.50 20.74 28.24 0.02 2.10 0.58 14.55 6.41 20.95 -0.13 2.45 0.28

1 Day Before 7.12 11.90 19.02 0.79 0.97 0.20 2.90 5.31 8.21 0.49 1.28 -0.25

2 Days Before 2.45 0.65 3.10 -0.03 1.50 -0.46 9.23 5.29 14.52 0.14 1.66 0.01

PC TS BS FAR POD Heidke PC TS BS FAR POD Heidke

On the Day 0.63 0.10 4.50 0.89 0.50 0.05 0.50 0.14 7.00 0.86 1.00 0.12

1 Day Before 0.71 0.22 4.50 0.78 1.00 0.26 0.58 0.09 5.00 0.90 0.50 0.03

2 Days Before 0.67 0.00 3.00 1.00 0.00 -0.14 0.42 0.07 7.00 0.93 0.50 -0.02

On the Day 0.42 0.18 2.33 0.79 0.50 -0.08 0.58 0.38 2.67 0.63 1.00 0.29

1 Day Before 0.54 0.27 2.17 0.69 0.67 0.12 0.54 0.35 2.83 0.65 1.00 0.24

2 Days Before 0.79 0.38 0.83 0.40 0.50 0.41 0.50 0.29 2.67 0.69 0.83 0.14

On the Day 0.42 0.00 6.00 1.00 0.00 -0.17 0.29 0.06 8.50 0.94 0.50 -0.05

1 Day Before 0.46 0.00 5.50 1.00 0.00 -0.16 0.33 0.00 7.00 1.00 0.00 -0.17

2 Days Before 0.75 0.14 3.00 0.83 0.50 0.14 0.25 0.00 8.00 1.00 0.00 -0.17

On the Day 0.50 0.29 3.40 0.71 1.00 0.20 0.63 0.10 1.20 0.83 0.20 -0.06

1 Day Before 0.54 0.27 2.80 0.71 0.80 0.16 0.79 0.44 1.60 0.50 0.80 0.48

2 Days Before 0.71 0.22 1.20 0.67 0.40 0.18 0.75 0.40 1.80 0.56 0.80 0.41
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Table 4-7. Quantitative Statistical Scores of Forecasts on Areal Basis for 

29.05.2015 Event 

  

Total r RMSE Bias Total r RMSE Bias

On the Day 26.67 0.29 1.51 0.45 32.33 -0.01 3.01 0.69

1 Day Before 19.24 0.72 0.85 0.14 8.895 0.62 -0.29 -0.29

2 Days Before 4.77 0.05 1.15 -0.46 15.60 0.28 1.31 -0.01

On the Day 42.94 0.29 2.56 1.18 9.81 0.02 0.99 -0.20

1 Day Before 21.81 0.40 1.16 0.30 10.10 0.45 0.76 -0.19

2 Days Before 6.01 0.20 0.77 -0.36 7.53 0.32 0.76 -0.30

On the Day 22.51 -0.05 3.37 -0.37 46.64 0.50 3.03 0.64

1 Day Before 19.13 -0.11 3.74 -0.51 50.25 0.51 2.96 0.79

2 Days Before 5.39 0.24 3.27 -1.08 25.53 -0.02 3.73 -0.24

On the Day 26.17 0.03 3.95 -0.47 41.35 0.42 3.63 0.16

1 Day Before 23.34 -0.13 4.56 -0.59 44.25 0.52 3.29 0.28

2 Days Before 5.12 0.55 3.88 -1.35 26.54 -0.02 4.33 -0.46

On the Day 26.34 -0.04 3.01 -0.09 35.19 0.48 2.55 0.28

1 Day Before 21.14 -0.10 3.51 -0.30 41.98 0.45 2.72 0.57

2 Days Before 4.87 0.45 2.82 -0.98 24.49 0.01 3.31 -0.16

On the Day 20.51 0.21 2.27 -0.19 26.89 0.60 1.86 0.08

1 Day Before 28.24 -0.14 3.44 0.14 48.77 0.54 2.33 0.99

2 Days Before 3.34 0.75 2.28 -0.90 29.49 -0.09 2.97 0.19

On the Day 23.02 0.21 1.97 0.06 24.02 0.65 1.49 0.10

1 Day Before 28.29 -0.13 3.12 0.28 45.98 0.50 2.21 1.02

2 Days Before 3.13 0.82 1.87 -0.77 31.99 -0.10 2.75 0.43

On the Day 28.95 0.24 2.03 0.34 22.79 0.59 1.52 0.08

1 Day Before 27.26 -0.09 2.97 0.27 34.42 0.45 1.85 0.57

2 Days Before 3.22 0.83 1.76 -0.73 27.70 -0.07 2.50 0.29

On the Day 31.35 0.25 2.11 0.46 21.92 0.57 1.49 0.07

1 Day Before 26.78 -0.06 2.93 0.27 29.45 0.42 1.74 0.38

2 Days Before 3.42 0.79 1.68 -0.70 24.77 -0.03 2.27 0.18

On the Day 31.05 0.14 1.70 0.60 20.12 0.53 1.14 0.14

1 Day Before 22.78 0.16 2.11 0.25 23.33 0.44 1.24 0.28

2 Days Before 3.83 0.50 1.25 -0.54 19.13 0.18 1.47 0.10

On the Day 35.73 0.39 1.60 0.97 13.21 0.18 1.05 0.03

1 Day Before 19.63 0.51 1.20 0.30 13.66 0.58 0.68 0.05

2 Days Before 4.42 0.06 0.85 -0.33 11.79 0.25 0.99 -0.02

Subbasin

Gage 

Record 

(IDW)

Forecast 

Time
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Table 4-8. Categorical Statistical Scores of Forecasts on Areal Basis for 29.05.2015 

Event 

  

PC TS BS FAR POD Heidke PC TS BS FAR POD Heidke

On the Day 0.79 0.71 1.23 0.25 0.92 0.57 0.63 0.47 0.92 0.33 0.62 0.25

1 Day Before 0.71 0.59 1.08 0.29 0.77 0.41 0.83 0.71 0.85 0.09 0.77 0.67

2 Days Before 0.50 0.25 0.54 0.43 0.31 0.03 0.75 0.60 0.85 0.18 0.69 0.50

On the Day 0.88 0.82 1.07 0.13 0.93 0.73 0.63 0.47 0.67 0.20 0.53 0.28

1 Day Before 0.79 0.69 0.80 0.08 0.73 0.58 0.67 0.47 0.47 0.00 0.47 0.40

2 Days Before 0.50 0.33 0.60 0.33 0.40 0.06 0.54 0.31 0.40 0.17 0.33 0.19

On the Day 0.33 0.16 2.14 0.80 0.43 -0.21 0.58 0.41 2.43 0.59 1.00 0.29

1 Day Before 0.67 0.43 1.86 0.54 0.86 0.36 0.58 0.41 2.43 0.59 1.00 0.29

2 Days Before 0.83 0.50 0.71 0.20 0.57 0.56 0.46 0.28 2.29 0.69 0.71 0.05

On the Day 0.38 0.21 2.29 0.75 0.57 -0.10 0.67 0.47 2.14 0.53 1.00 0.40

1 Day Before 0.50 0.25 1.86 0.69 0.57 0.03 0.63 0.44 2.29 0.56 1.00 0.34

2 Days Before 0.88 0.63 0.86 0.17 0.71 0.68 0.50 0.29 2.14 0.67 0.71 0.09

On the Day 0.50 0.37 2.25 0.61 0.88 0.14 0.71 0.53 1.88 0.47 1.00 0.46

1 Day Before 0.58 0.38 1.75 0.57 0.75 0.21 0.71 0.53 1.88 0.47 1.00 0.46

2 Days Before 0.79 0.50 0.88 0.29 0.63 0.52 0.54 0.35 1.88 0.60 0.75 0.15

On the Day 0.54 0.31 1.63 0.62 0.63 0.11 0.67 0.467 1.75 0.50 0.88 0.37

1 Day Before 0.63 0.40 1.63 0.54 0.75 0.27 0.71 0.533 1.875 0.47 1.00 0.46

2 Days Before 0.75 0.40 0.75 0.33 0.50 0.40 0.58 0.38 1.75 0.57 0.75 0.21

On the Day 0.50 0.29 1.75 0.64 0.63 0.05 0.67 0.43 1.50 0.50 0.75 0.33

1 Day Before 0.54 0.31 1.63 0.62 0.63 0.11 0.71 0.53 1.88 0.47 1.00 0.46

2 Days Before 0.75 0.40 0.75 0.33 0.50 0.40 0.63 0.44 1.88 0.53 0.88 0.31

On the Day 0.42 0.30 1.89 0.65 0.67 -0.06 0.63 0.36 1.11 0.50 0.56 0.22

1 Day Before 0.63 0.44 1.56 0.50 0.78 0.28 0.67 0.50 1.67 0.47 0.89 0.37

2 Days Before 0.75 0.40 0.56 0.20 0.44 0.41 0.63 0.44 1.56 0.50 0.78 0.28

On the Day 0.50 0.40 1.80 0.56 0.80 0.08 0.58 0.33 1.00 0.50 0.50 0.14

1 Day Before 0.67 0.50 1.40 0.43 0.80 0.35 0.67 0.50 1.40 0.43 0.80 0.35

2 Days Before 0.71 0.36 0.50 0.20 0.40 0.35 0.63 0.44 1.30 0.46 0.70 0.26

On the Day 0.75 0.67 1.50 0.33 1.00 0.50 0.71 0.56 1.08 0.31 0.75 0.42

1 Day Before 0.75 0.63 1.17 0.29 0.83 0.50 0.75 0.65 1.33 0.31 0.92 0.50

2 Days Before 0.63 0.36 0.58 0.29 0.42 0.25 0.79 0.64 0.92 0.18 0.75 0.58

On the Day 0.79 0.71 1.42 0.29 1.00 0.58 0.58 0.38 0.83 0.40 0.50 0.17

1 Day Before 0.71 0.59 1.25 0.33 0.83 0.42 0.79 0.67 1.08 0.23 0.83 0.58

2 Days Before 0.63 0.44 0.92 0.36 0.58 0.25 0.83 0.69 0.83 0.10 0.75 0.67

Subbasin

Gage 

Record 

(IDW)

Forecast 

Time

WRF Forecast (IDW) ALR Forecast (IDW)

Ikizce 

Pond
15.84

Bagirsak 

Creek
24.98

Dikilitas 

Pond
14.64

DǀƭŎǸƪ 

Creek
21.60

Sukesen 

Creek
31.29

Tatlim 

Creek
20.76

Kepir 

Creek
37.51

Burcupinar 

Creek
20.34

Upstream 

of Lake 

Mogan

16.70

Igdeli 

Creek
28.41

Mogan 

Detention 

Pond

12.38
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4.2.3 11.08.2015 Event 

Precipitation gauge records, WRF and ALR forecasts for Ankara, Ufuk Danēĸment, 

Elmadaĵ Radar, and Haymana Tarēm stations for the 11.08.2015 event are given 

between Figure 4-11 and Figure 4-14. The areal distribution of actual precipitation 

and forecast values are given in Figure 4-15. Calculated statistics based on point and 

areal forecasts are given between Table 4-9 and Table 4-11.  

For Ankara Station, the total precipitation gauge record is 1.10 mm. The closest 

forecast result is seen in one day before WRF forecast with a value of 0.76 mm total 

precipitation but with a correlation of around zero.  

For Gºlbaĸē-Ufuk Danēĸment Station, the best forecast result is seen in on the day 

WRF forecast; however, even that forecast is quite underestimated, and the 

correlation coefficient is too low. Although some categorical skills seem to have 

good scores, all other forecasts are very unsatisfactory.  

For Elmadaĵ-Radar Station, one the day WRF forecasts are similar to those for 

Gºlbaĸē Ufuk Danēĸment Station. However, at this time, the total precipitation value 

is so close to the gauge record, whereas correlation and RMSE values are still low. 

The results of categorical skills are also similar to those for Gºlbaĸē Ufuk Danēĸment 

Station.  

For Haymana Tarēm Sation, the total precipitation gauge record is 1.40 mm. 

However, on the day WRF and ALR forecasts are around 28 and 15 mm, 

respectively, which are too overestimated, and correlation is around zero for both 

forecasts. One and two days before forecasts are not that much worse, but statistical 

scores seem unsatisfactory overall. 

On an areal basis, in all sub-basins except the Ķkizce sub-basin, the total precipitation 

value was calculated between 15 and 26 mm. In all those subbasins, WRF total 

precipitation value was calculated around 2-4 mm for every lead time, one and two 

days before ALR forecasts were resulted in around 0.5 mm total precipitation value. 



 

 

77 

On the day ALR forecasts for the subbasins Baĵērsak, Gºlc¿k, Tatlēm, and 

Burcupēnar (which are on the left side of Lake Mogan) produced a bit higher but still 

underestimated total precipitation values. For Sukesen, Kepir, and Ķĵdeli subbasins, 

the total precipitation value of one the day ALR forecasts are also around 3 mm. In 

general, the correlation values of all those forecasts are below zero.  

For the Ķkizce subbasin, the total precipitation value was calculated as 6.88. All WRF 

forecasts resulted in around 4 mm total precipitation value and with a low correlation 

coefficient. Only on the day ALR forecasts produce overestimated total precipitation 

value in this event with -0.08 correlation and 2.08 RMSE values.  

For the Dikilitaĸ subbasin, WRF forecasts are calculated as 4-7 mm with negative 

bias and low correlation values. On the other hand, the result of ALR forecasts worse 

than the WRFôs ones with around 1 mm total precipitation values.  

For Mogan Detention Pond and upstream of Lake Mogan subbasins, on the day ALR 

forecasts are better than others; however, they are still underestimated with low 

correlation and RMSE values.  

Except for PC scores, categorical scores are found to be also unsatisfactory for all 

subbasins. 
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Figure 4-11. Precipitation Records and Forecast Values of 11.08.2015 Event for 

Ankara Station 

  

Figure 4-12. Precipitation Records and Forecast Values of 11.08.2015 Event for 

Ufuk Danēĸment Station 
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Figure 4-13. Precipitation Records and Forecast Values of 11.08.2015 Event for 

Elmadaĵ Radar Station 

  

Figure 4-14. Precipitation Records and Forecast Values of 11.08.2015 Event for 

Haymana Tarēm Station  
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Figure 4-15. Areal Distribution of Actual Precipitation and Forecast Values of 

11.08.2015 Event   
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Table 4-9. Statistical Scores of Forecasts on Point Basis for 11.08.2015 Event 

  

C NC Total r RMSE Bias Con Gec Total r RMSE Bias

On the Day 3.20 1.36 4.56 0.16 0.32 0.14 0.01 0.29 0.301 0.65 0.18 -0.03

1 Day Before 0.76 0.00 0.76 -0.08 0.22 -0.01 0.00 0.00 0.004 -0.05 0.21 -0.05

2 Days Before 0.52 0.00 0.52 -0.09 0.21 -0.02 0.01 0.02 0.023 0.74 0.20 -0.04

On the Day 5.91 12.10 18.01 -0.17 5.86 -0.70 0.38 2.95 3.33 -0.08 5.75 -1.31

1 Day Before 0.45 0.00 0.45 -0.11 5.74 -1.43 0.01 0.19 0.203 -0.10 5.74 -1.44

2 Days Before 1.98 0.00 1.98 0.01 5.72 -1.37 0.02 0.32 0.345 0.53 5.71 -1.44

On the Day 8.40 9.25 17.65 -0.15 2.18 0.00 1.92 1.06 2.983 0.41 1.81 -0.61

1 Day Before 2.48 0.00 2.48 -0.01 1.93 -0.63 0.00 0.06 0.06 -0.13 1.96 -0.73

2 Days Before 2.89 0.00 2.89 0.04 1.92 -0.61 0.27 0.63 0.901 0.55 1.88 -0.70

On the Day 7.50 20.74 28.24 0.07 1.85 1.12 9.80 5.16 14.96 -0.06 2.53 0.57

1 Day Before 3.84 0.00 3.84 0.30 0.33 0.10 0.03 0.36 0.395 -0.11 0.22 -0.04

2 Days Before 2.02 0.00 2.02 0.31 0.25 0.03 0.67 1.37 2.04 0.40 0.26 0.03

PC TS BS FAR POD Heidke PC TS BS FAR POD Heidke

On the Day 0.67 0.11 9.00 0.89 1.00 0.14 0.96 0.00 0.00 N.A. 0.00 0.00

1 Day Before 0.92 0.00 1.00 1.00 0.00 -0.04 0.96 0.00 0.00 N.A. 0.00 0.00

2 Days Before 0.96 0.00 0.00 N.A. 0.00 0.00 0.96 0.00 0.00 N.A. 0.00 0.00

On the Day 0.33 0.00 7.00 1.00 0.00 -0.17 0.79 0.00 1.50 1.00 0.00 -0.11

1 Day Before 0.92 0.00 0.00 N.A. 0.00 0.00 0.92 0.00 0.00 N.A. 0.00 0.00

2 Days Before 0.79 0.00 1.50 1.00 0.00 -0.11 0.92 0.00 0.00 N.A. 0.00 0.00

On the Day 0.50 0.14 3.00 0.83 0.50 0.00 0.88 0.40 0.75 0.33 0.50 0.50

1 Day Before 0.67 0.00 1.00 1.00 0.00 -0.20 0.83 0.00 0.00 N.A. 0.00 0.00

2 Days Before 0.71 0.13 1.25 0.80 0.25 0.05 0.88 0.25 0.25 0.00 0.25 0.36

On the Day 0.29 0.06 8.50 0.94 0.50 -0.05 0.83 0.00 1.00 1.00 0.00 -0.09

1 Day Before 0.83 0.33 3.00 0.67 1.00 0.43 0.92 0.00 0.00 N.A. 0.00 0.00

2 Days Before 0.88 0.25 1.50 0.67 0.50 0.33 0.92 0.33 1.00 0.50 0.50 0.45

HAYMANA 

TARIM
1.40

ANKARA 1.10

GOLBASI-

UFUK 

5!bT a9b¢   

34.80

ELMADAG-

RADAR
17.60

HAYMANA 

TARIM
1.40

Categorical Scores

Station
Gage 

Record

Forecast 

Time

WRF Forecast ALR Forecast

ANKARA 1.10

GOLBASI-

UFUK 

5!bT a9b¢   

34.80

ELMADAG-

RADAR
17.60

Quantitative Scores

Station
Gage 

Record

Forecast 

Time

WRF Forecast ALR Forecast
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Table 4-10. Quantitative Statistical Scores of Forecasts on Areal Basis for 

11.08.2015 Event 

  

Total r RMSE Bias Total r RMSE Bias

On the Day 4.24 -0.12 1.07 -0.11 12.67 -0.08 2.08 0.24

1 Day Before 4.45 0.15 0.99 -0.10 0.20 -0.10 -0.28 -0.28

2 Days Before 3.18 0.20 0.98 -0.15 4.18 0.24 1.03 -0.11

On the Day 4.20 -0.07 2.19 -0.44 0.78 -0.08 2.18 -0.58

1 Day Before 6.91 0.15 2.10 -0.33 0.84 -0.12 2.18 -0.58

2 Days Before 4.94 -0.09 2.17 -0.41 0.26 -0.03 2.18 -0.61

On the Day 3.11 -0.09 3.62 -0.89 3.34 -0.01 3.62 -0.88

1 Day Before 1.40 -0.19 3.63 -0.96 0.25 -0.12 3.63 -1.01

2 Days Before 2.26 -0.05 3.62 -0.92 0.45 0.81 3.59 -1.00

On the Day 2.89 -0.10 4.16 -0.98 3.78 -0.05 4.17 -0.94

1 Day Before 1.09 -0.13 4.16 -1.05 0.43 -0.12 4.16 -1.08

2 Days Before 2.36 -0.06 4.16 -1.00 0.45 0.13 4.15 -1.08

On the Day 2.68 -0.08 3.58 -0.87 4.07 -0.03 3.58 -0.82

1 Day Before 1.66 -0.15 3.59 -0.92 0.44 -0.12 3.59 -0.97

2 Days Before 2.33 -0.06 3.59 -0.89 0.46 0.19 3.57 -0.97

On the Day 3.06 -0.09 3.42 -0.77 5.63 -0.05 3.48 -0.66

1 Day Before 1.31 -0.13 3.43 -0.84 0.48 -0.12 3.43 -0.87

2 Days Before 2.54 0.01 3.41 -0.79 0.56 0.20 3.41 -0.87

On the Day 3.56 -0.10 2.96 -0.63 6.91 -0.04 3.06 -0.49

1 Day Before 1.44 -0.14 2.95 -0.72 0.62 -0.12 2.95 -0.75

2 Days Before 2.52 0.06 2.92 -0.67 0.65 0.24 2.93 -0.75

On the Day 3.47 -0.09 2.76 -0.59 8.55 -0.03 2.97 -0.38

1 Day Before 1.54 -0.14 2.76 -0.67 0.73 -0.12 2.76 -0.71

2 Days Before 2.44 0.05 2.73 -0.64 0.70 0.26 2.73 -0.71

On the Day 3.17 -0.08 2.66 -0.59 10.41 -0.03 3.04 -0.29

1 Day Before 1.61 -0.13 2.66 -0.65 0.73 -0.12 2.66 -0.69

2 Days Before 2.22 0.01 2.65 -0.63 0.72 0.29 2.63 -0.69

On the Day 3.54 -0.07 2.48 -0.55 10.15 -0.04 2.89 -0.28

1 Day Before 2.59 -0.02 2.46 -0.59 0.67 -0.13 2.48 -0.67

2 Days Before 2.45 0.06 2.45 -0.60 1.27 0.46 2.42 -0.65

On the Day 3.19 -0.03 2.23 -0.50 6.19 -0.06 2.43 -0.38

1 Day Before 5.03 0.12 2.18 -0.43 1.20 -0.12 2.24 -0.59

2 Days Before 2.20 0.11 2.20 -0.54 1.00 0.20 2.21 -0.59

Subbasin

Gage 

Record 

(IDW)

Forecast 

Time

WRF Forecast (IDW) ALR Forecast (IDW)

Ikizce 

Pond
6.88

Dikilitas 

Pond
14.81

DǀƭŎǸƪ 

Creek
18.70

Bagirsak 

Creek
21.45

Sukesen 

Creek
24.40

Tatlim 

Creek
17.73

Kepir 

Creek
26.29

Burcupinar 

Creek
17.26

Upstream 

of Lake 

Mogan

16.77

Igdeli 

Creek
23.64

Mogan 

Detention 

Pond
15.27
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Table 4-11. Quantitative Statistical Scores of Forecasts on Areal Basis for 

11.08.2015 Event 

 

PC TS BS FAR POD Heidke PC TS BS FAR POD Heidke

On the Day 0.63 0.00 2.00 1.00 0.00 -0.20 0.79 0.00 0.67 1.00 0.00 -0.11

1 Day Before 0.71 0.22 2.67 0.75 0.67 0.22 0.88 0.00 0.00 N.A. 0.00 0.00

2 Days Before0.88 0.40 1.33 0.50 0.67 0.50 0.88 0.40 1.33 0.50 0.67 0.50

On the Day 0.71 0.13 2.00 0.83 0.33 0.07 0.79 0.00 0.67 1.00 0.00 -0.11

1 Day Before 0.75 0.25 2.33 0.71 0.67 0.27 0.79 0.00 0.67 1.00 0.00 -0.11

2 Days Before0.63 0.10 2.67 0.88 0.33 0.00 0.88 0.00 0.00 N.A. 0.00 0.00

On the Day 0.71 0.22 1.75 0.71 0.50 0.19 0.83 0.33 1.00 0.50 0.50 0.40

1 Day Before 0.83 0.00 0.00 N.A. 0.00 0.00 0.83 0.00 0.00 N.A. 0.00 0.00

2 Days Before0.79 0.17 0.75 0.67 0.25 0.17 0.83 0.00 0.00 N.A. 0.00 0.00

On the Day 0.79 0.17 1.33 0.75 0.33 0.17 0.83 0.20 1.00 0.67 0.33 0.24

1 Day Before 0.88 0.00 0.00 N.A. 0.00 0.00 0.88 0.00 0.00 N.A. 0.00 0.00

2 Days Before0.83 0.20 1.00 0.67 0.33 0.24 0.83 0.00 0.33 1.00 0.00 -0.07

On the Day 0.75 0.00 1.00 1.00 0.00 -0.14 0.79 0.17 1.33 0.75 0.33 0.17

1 Day Before 0.83 0.00 0.33 1.00 0.00 -0.07 0.88 0.00 0.00 N.A. 0.00 0.00

2 Days Before0.83 0.20 1.00 0.67 0.33 0.24 0.83 0.00 0.33 1.00 0.00 -0.07

On the Day 0.71 0.00 1.33 1.00 0.00 -0.17 0.88 0.25 0.67 0.50 0.33 0.33

1 Day Before 0.75 0.00 1.00 1.00 0.00 -0.14 0.88 0.00 0.00 N.A. 0.00 0.00

2 Days Before0.83 0.20 1.00 0.67 0.33 0.24 0.83 0.00 0.33 1.00 0.00 -0.07

On the Day 0.71 0.00 1.33 1.00 0.00 -0.17 0.88 0.25 0.67 0.50 0.33 0.33

1 Day Before 0.79 0.00 0.67 1.00 0.00 -0.11 0.88 0.00 0.00 N.A. 0.00 0.00

2 Days Before0.83 0.20 1.00 0.67 0.33 0.24 0.83 0.00 0.33 1.00 0.00 -0.07

On the Day 0.71 0.00 1.33 1.00 0.00 -0.17 0.88 0.25 0.67 0.50 0.33 0.33

1 Day Before 0.79 0.00 0.67 1.00 0.00 -0.11 0.83 0.00 0.33 1.00 0.00 -0.07

2 Days Before0.83 0.20 1.00 0.67 0.33 0.24 0.83 0.00 0.33 1.00 0.00 -0.07

On the Day 0.71 0.00 1.33 1.00 0.00 -0.17 0.88 0.25 0.67 0.50 0.33 0.33

1 Day Before 0.79 0.00 0.67 1.00 0.00 -0.11 0.83 0.00 0.33 1.00 0.00 -0.07

2 Days Before0.83 0.20 1.00 0.67 0.33 0.24 0.83 0.00 0.33 1.00 0.00 -0.07

On the Day 0.67 0.00 1.67 1.00 0.00 -0.19 0.79 0.17 1.33 0.75 0.33 0.17

1 Day Before 0.75 0.14 1.67 0.80 0.33 0.11 0.88 0.00 0.00 N.A. 0.00 0.00

2 Days Before0.83 0.20 1.00 0.67 0.33 0.24 0.88 0.25 0.67 0.50 0.33 0.33

On the Day 0.71 0.00 1.33 1.00 0.00 -0.17 0.83 0.20 1.00 0.67 0.33 0.24

1 Day Before 0.75 0.25 2.33 0.71 0.67 0.27 0.79 0.00 0.67 1.00 0.00 -0.11

2 Days Before0.83 0.20 1.00 0.67 0.33 0.24 0.88 0.25 0.67 0.50 0.33 0.33

Subbasin

Gage 

Record 

(IDW)

Forecast 

Time

WRF Forecast (IDW) ALR Forecast (IDW)

Ikizce 

Pond
6.88

Bagirsak 

Creek
21.45

Dikilitas 

Pond
14.81

DǀƭŎǸƪ 

Creek
18.70

Sukesen 

Creek
24.40

Tatlim 

Creek
17.73

Kepir 

Creek
26.29

Burcupinar 

Creek
17.26

Upstream 

of Lake 

Mogan

16.77

Igdeli 

Creek
23.64

Mogan 

Detention 

Pond

15.27
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4.2.4 14.03.2016 Event 

Precipitation gauge records, WRF and ALR forecasts for Ankara, Ufuk Danēĸment, 

Elmadaĵ Radar, and Haymana Tarēm stations for the 14.03.2016 event are given 

between Figure 4-16 and Figure 4-19. The areal distribution of actual precipitation 

and forecast values are given in Figure 4-20. Calculated statistics based on point and 

areal forecasts are given between Table 4-12 and Table 4-14. 

For Ankara Station, the total precipitation gauge record is 11.30 mm. The total 

precipitation value of on the day WRF and ALR forecasts are 10.00 and 15.00 mm, 

with a correlation value of 0.90 and 0.78, respectively. Categorical scores are close 

to each other and quite satisfactory. One day before WRF forecast is underestimated 

with -0.27 bias and 0.07 correlation values, whereas one day before ALR forecast 

resulted in an overestimated total precipitation value with 0.52 bias and 0.41 

correlation. Categorical scores are again close to each other, but the result of ALRôs 

are a bit better. Two days before ALR forecast is underestimated with -0.34 bias and 

0.65 correlation, whereas WRF forecast resulted in zero precipitation rate. Therefore 

categorical scores are also better in ALR forecast.  

For Gºlbaĸē Ufuk Danēĸment Station, the total precipitation gauge record is 25.20 

mm. On the day and one day before WRF forecasts resulted in around 12 mm total 

precipitation and -0.50 bias values. On the other side, on the day ALR forecast 

resulted in 19.00 mm total precipitation and 0.83 correlation values. One day before 

ALR forecast is better in terms of total precipitation value with a value of 23.84 mm, 

but the correlation is worse than on the day forecast. Between two days before 

forecasts ALR forecast is better in total precipitation value, but they are all 

significantly underestimated. For on the day forecasts, both WRF and ALR have 

quite satisfactory categorical scores. Categorical scores of one and two days before 

ALR forecats are better than WRF ones, and they are at a reasonable level.  

For Elmadaĵ Radar Station, the total precipitation gauge record is 18.00 mm. On the 

day WRF and one day before ALR forecasts are quite close to gauge records with 
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19.46 and 18.35 mm total precipitation values, respectively. On the day ALR 

forecasts are also reasonable with 13.89 mm total precipitation and 0.77 correlation 

values. One day before WRF forecast is also acceptable with a value of 14.99 mm 

total precipitation; however, the correlation value is around zero. Two days before 

WRF forecast is quite underestimated, while the ALR forecast is not that low. 

Categorical scores of on the day and one day before WRF and ALR forecasts are 

close to each other, and they are at a reasonable level. Two days before ALR foracast 

also has satisfactory categorical scores, and they are a bit better than the WRF ones.  

For Haymana Tarēm Station, the total precipitation gauge record is 21.80 mm. On 

the day WRF nad ALR forecasts have 29.24 and 24.10 mm. total precipitation values 

with 0.92 correlation value. One and two days before ALR forecasts are much better 

with 18 and 14.82 mm total precipitation values than WRFôs ones with 6.63 and 2.54 

mm. Categorical skill scores are also seen better in ALR forecasts.  

In areal basis, the total precipitation value of on the day and one day before ALR 

forecasts are quite close to gauge records with high correlation, low RMSE, and bias 

values in all subbasins. Although WRF forecasts become better with reducing lead 

time, they are not as good as ALR forecasts, and two days before forecasts are too 

far from the gauge records. Correlation of on the day WRF and ALR forecasts are 

close to each other and around 0.90. Categorical scores of on the day WRF and ALR 

forecasts are close to each other, and results are quite good. One and two days before 

ALR forecasts are not as good as on the day forecasts, but they are still well enough, 

while the results of WRF forecasts are at a moderate level.  
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Figure 4-16. Precipitation Records and Forecast Values of 14.03.2016 Event for 

Ankara Station 

  

Figure 4-17. Precipitation Records and Forecast Values of 14.03.2016 Event for 

Ufuk Danēĸment Station 
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Figure 4-18. Precipitation Records and Forecast Values of 14.03.2016 Event for 

Elmadaĵ Radar Station 

 
Figure 4-19. Precipitation Records and Forecast Values of 14.03.2016 Event for 

Haymana Tarēm Station   
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Figure 4-20. Areal Distribution of Actual Precipitation and Forecast Values of 

14.03.2016 Event   
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Table 4-12. Statistical Scores of Forecasts on Point Basis for 14.03.2016 Event 

  

C NC Total r RMSE Bias Con Gec Total r RMSE Bias

On the Day 0.00 10.00 10.00 0.90 0.25 -0.05 2.26 12.75 15.00 0.78 0.57 0.15

1 Day Before 0.03 4.70 4.73 0.07 0.72 -0.27 1.91 21.92 23.83 0.41 1.12 0.52

2 Days Before 0.00 0.00 0.00 -0.23 0.73 -0.47 0.82 2.28 3.10 0.65 0.55 -0.34

On the Day 0.00 12.24 12.24 0.76 1.07 -0.54 2.05 16.95 19.00 0.83 0.79 -0.26

1 Day Before 0.03 12.80 12.83 -0.16 1.76 -0.52 4.18 19.66 23.84 0.65 1.07 -0.06

2 Days Before 0.82 1.73 2.55 0.26 1.58 -0.94 4.13 3.88 8.008 0.13 1.60 -0.72

On the Day 0.00 19.46 19.46 0.75 0.70 0.06 0.96 12.94 13.89 0.77 0.70 -0.17

1 Day Before 0.00 14.99 14.99 0.06 1.35 -0.13 4.34 14.00 18.35 0.54 0.95 0.01

2 Days Before 0.72 2.55 3.27 0.50 1.14 -0.61 4.91 6.72 11.64 0.25 1.28 -0.27

On the Day 0.00 29.24 29.24 0.92 0.59 0.31 2.00 22.10 24.1 0.92 0.45 0.10

1 Day Before 0.00 6.63 6.63 -0.14 1.28 -0.63 7.36 10.64 18.00 0.58 0.94 -0.16

2 Days Before 0.39 2.16 2.54 0.41 1.21 -0.80 1.05 13.77 14.82 0.74 0.75 -0.29

PC TS BS FAR POD Heidke PC TS BS FAR POD Heidke

On the Day 0.96 0.91 0.91 0.00 0.91 0.92 0.92 0.82 0.82 0.00 0.82 0.83

1 Day Before 0.58 0.23 0.45 0.40 0.27 0.12 0.67 0.56 1.55 0.41 0.91 0.36

2 Days Before 0.54 0.00 0.00 N.A. 0.00 0.00 0.63 0.18 0.18 0.00 0.18 0.19

On the Day 1.00 1.00 1.00 0.00 1.00 1.00 0.92 0.85 0.85 0.00 0.85 0.83

1 Day Before 0.54 0.35 0.77 0.40 0.46 0.10 0.88 0.80 1.08 0.14 0.92 0.75

2 Days Before 0.54 0.21 0.31 0.25 0.23 0.13 0.67 0.38 0.38 0.00 0.38 0.36

On the Day 0.79 0.67 1.27 0.29 0.91 0.59 0.79 0.62 0.91 0.20 0.73 0.58

1 Day Before 0.71 0.50 0.91 0.30 0.64 0.41 0.71 0.56 1.27 0.36 0.82 0.42

2 Days Before 0.67 0.33 0.45 0.20 0.36 0.30 0.75 0.50 0.64 0.14 0.55 0.48

On the Day 0.88 0.80 1.08 0.14 0.92 0.75 0.96 0.92 0.92 0.00 0.92 0.92

1 Day Before 0.46 0.24 0.62 0.50 0.31 -0.05 0.79 0.67 0.92 0.17 0.77 0.58

2 Days Before 0.58 0.23 0.23 0.00 0.23 0.22 0.79 0.62 0.62 0.00 0.62 0.59

HAYMANA 

TARIM
21.80

ANKARA 11.30

GOLBASI-

UFUK 

5!bT a9b¢   

25.20

ELMADAG-

RADAR
18.00
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TARIM
21.80

Categorical Scores
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Gage 
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Time

WRF Forecast ALR Forecast

ANKARA 11.30

GOLBASI-

UFUK 

5!bT a9b¢   

25.20

ELMADAG-

RADAR
18.00

Quantitative Scores

Station
Gage 

Record

Forecast 

Time

WRF Forecast ALR Forecast
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Table 4-13. Quantitative Statistical Scores of Forecasts on Areal Basis for 

14.03.2016 Event 

  

Total r RMSE Bias Total r RMSE Bias

On the Day 25.66 0.93 0.40 0.14 24.34 0.95 0.34 0.08

1 Day Before 7.39 -0.02 1.27 -0.62 18.23 0.66 -0.17 -0.17

2 Days Before 2.49 0.41 1.23 -0.83 16.01 0.71 0.81 -0.26

On the Day 29.48 0.91 0.52 0.24 27.57 0.93 0.49 0.17

1 Day Before 11.80 -0.11 1.34 -0.49 19.86 0.72 0.79 -0.16

2 Days Before 2.37 0.02 1.36 -0.89 19.65 0.70 0.82 -0.16

On the Day 15.87 0.89 0.60 -0.27 20.13 0.87 0.54 -0.09

1 Day Before 10.37 0.13 1.26 -0.50 22.46 0.71 0.81 0.01

2 Days Before 3.47 0.55 1.22 -0.78 9.97 0.31 1.22 -0.51

On the Day 14.29 0.89 0.70 -0.38 21.33 0.88 0.54 -0.08

1 Day Before 8.44 -0.01 1.39 -0.62 22.02 0.61 0.99 -0.05

2 Days Before 3.75 0.53 1.26 -0.82 9.29 0.33 1.25 -0.58

On the Day 16.36 0.93 0.50 -0.25 21.51 0.87 0.52 -0.04

1 Day Before 7.74 0.20 1.21 -0.61 21.91 0.62 0.93 -0.02

2 Days Before 3.79 0.55 1.18 -0.78 10.20 0.44 1.10 -0.51

On the Day 13.55 0.78 0.77 -0.38 18.90 0.88 0.52 -0.16

1 Day Before 13.06 -0.05 1.48 -0.41 21.15 0.59 0.93 -0.07

2 Days Before 1.48 0.33 1.35 -0.89 8.04 0.43 1.16 -0.61

On the Day 14.79 0.83 0.66 -0.30 19.64 0.88 0.50 -0.10

1 Day Before 12.65 -0.03 1.41 -0.39 20.83 0.59 0.91 -0.05

2 Days Before 1.33 0.37 1.30 -0.86 8.66 0.45 1.10 -0.56

On the Day 16.27 0.88 0.55 -0.23 20.37 0.89 0.46 -0.06

1 Day Before 9.82 -0.02 1.32 -0.50 20.41 0.54 0.96 -0.06

2 Days Before 1.82 0.45 1.24 -0.83 9.28 0.44 1.09 -0.52

On the Day 16.63 0.90 0.51 -0.21 20.71 0.90 0.44 -0.04

1 Day Before 8.03 -0.02 1.28 -0.57 20.02 0.53 0.96 -0.07

2 Days Before 2.11 0.45 1.21 -0.82 9.59 0.44 1.07 -0.50

On the Day 20.92 0.97 0.26 -0.05 22.70 0.92 0.42 0.02

1 Day Before 6.15 0.18 1.19 -0.67 19.78 0.57 0.93 -0.10

2 Days Before 2.88 0.50 1.19 -0.80 11.45 0.63 0.90 -0.44

On the Day 27.16 0.96 0.38 0.18 24.78 0.91 0.47 0.08

1 Day Before 9.35 -0.06 1.28 -0.56 19.17 0.53 0.99 -0.15

2 Days Before 1.94 0.41 1.31 -0.87 14.87 0.81 0.69 -0.33
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Table 4-14. Quantitative Statistical Scores of Forecasts on Areal Basis for 

14.03.2016 Event 

 

PC TS BS FAR POD Heidke PC TS BS FAR POD Heidke

On the Day 0.88 0.80 1.08 0.14 0.92 0.75 0.92 0.86 1.00 0.08 0.92 0.83

1 Day Before 0.54 0.31 0.62 0.38 0.38 0.11 0.79 0.67 0.92 0.17 0.77 0.58

2 Days Before 0.58 0.23 0.23 0.00 0.23 0.22 0.79 0.62 0.62 0.00 0.62 0.59

On the Day 0.92 0.87 1.15 0.13 1.00 0.83 0.96 0.93 1.08 0.07 1.00 0.92

1 Day Before 0.50 0.33 0.85 0.45 0.46 0.01 0.79 0.69 1.08 0.21 0.85 0.58

2 Days Before 0.50 0.14 0.23 0.33 0.15 0.06 0.83 0.71 0.85 0.09 0.77 0.67

On the Day 1.00 1.00 1.00 0.00 1.00 1.00 0.96 0.92 0.92 0.00 0.92 0.92

1 Day Before 0.63 0.44 0.77 0.30 0.54 0.26 0.88 0.80 1.08 0.14 0.92 0.75

2 Days Before 0.54 0.21 0.31 0.25 0.23 0.13 0.79 0.62 0.62 0.00 0.62 0.59

On the Day 0.92 0.85 0.85 0.00 0.85 0.83 0.92 0.85 0.85 0.00 0.85 0.83

1 Day Before 0.58 0.38 0.69 0.33 0.46 0.18 0.88 0.80 1.08 0.14 0.92 0.75

2 Days Before 0.54 0.15 0.15 0.00 0.15 0.14 0.79 0.62 0.62 0.00 0.62 0.59

On the Day 0.92 0.85 0.85 0.00 0.85 0.83 0.96 0.92 0.92 0.00 0.92 0.92

1 Day Before 0.63 0.44 0.77 0.30 0.54 0.26 0.83 0.73 1.00 0.15 0.85 0.66

2 Days Before 0.58 0.23 0.23 0.00 0.23 0.22 0.79 0.62 0.62 0.00 0.62 0.59

On the Day 0.96 0.92 0.92 0.00 0.92 0.92 0.92 0.846 0.85 0.00 0.85 0.83

1 Day Before 0.58 0.38 0.69 0.33 0.46 0.18 0.92 0.867 1.15 0.13 1.00 0.83

2 Days Before 0.46 0.07 0.15 0.50 0.08 -0.01 0.63 0.31 0.31 0.00 0.31 0.29

On the Day 0.96 0.92 0.92 0.00 0.92 0.92 0.92 0.85 0.85 0.00 0.85 0.83

1 Day Before 0.58 0.38 0.69 0.33 0.46 0.18 0.92 0.87 1.15 0.13 1.00 0.83

2 Days Before 0.50 0.08 0.08 0.00 0.08 0.07 0.63 0.31 0.31 0.00 0.31 0.29

On the Day 0.96 0.92 0.92 0.00 0.92 0.92 0.92 0.85 0.85 0.00 0.85 0.83

1 Day Before 0.54 0.31 0.62 0.38 0.38 0.11 0.79 0.69 1.08 0.21 0.85 0.58

2 Days Before 0.50 0.08 0.08 0.00 0.08 0.07 0.71 0.46 0.46 0.00 0.46 0.44

On the Day 1.00 1.00 1.00 0.00 1.00 1.00 0.92 0.85 0.85 0.00 0.85 0.83

1 Day Before 0.50 0.25 0.54 0.43 0.31 0.03 0.79 0.69 1.08 0.21 0.85 0.58

2 Days Before 0.54 0.15 0.15 0.00 0.15 0.14 0.75 0.54 0.54 0.00 0.54 0.52

On the Day 0.92 0.86 1.00 0.08 0.92 0.83 0.96 0.92 0.92 0.00 0.92 0.92

1 Day Before 0.58 0.38 0.69 0.33 0.46 0.18 0.83 0.73 1.00 0.15 0.85 0.66

2 Days Before 0.58 0.23 0.23 0.00 0.23 0.22 0.83 0.69 0.69 0.00 0.69 0.67

On the Day 0.96 0.93 1.08 0.07 1.00 0.92 0.92 0.86 1.00 0.08 0.92 0.83

1 Day Before 0.50 0.29 0.69 0.44 0.38 0.02 0.79 0.69 1.08 0.21 0.85 0.58

2 Days Before 0.54 0.15 0.15 0.00 0.15 0.14 0.83 0.69 0.69 0.00 0.69 0.67
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4.2.5 18.12.2017 Event 

Precipitation gauge records, WRF and ALR forecasts for Ankara, Ufuk Danēĸment, 

Elmadaĵ Radar, and Haymana Tarēm stations for the 18.12.2017 event are given 

between Figure 4-21 and Figure 4-24. The areal distribution of actual precipitation 

and forecast values are given in Figure 4-25. Calculated statistics based on point and 

areal forecasts are given between Table 4-15 and Table 4-17.  

Gauge records of Ankara, Ufuk Daniĸment, Elmadaĵ Radar, and Haymana Tarēm 

stations are 8.30, 4.80, 7.20, and 4.80 mm, respectively. Among WRF forecasts, on 

the day and two days before forecasts resulted in quite overestimated total 

precipitation while one day before forecast resulted in underestimated values. 

Although the correlation of on the day forecasts is not too bad, total precipitation 

values are quite high. The result of ALR forecasts become more overestimated with 

decreasing lead time for Ankara Station. On the other hand, the overestimation of 

ALR forecasts is decreasing with a decreasing lead time for Elmadaĵ-Radar Station. 

Forecast for Ufuk Danēĸiment and Haymana Tarēm stations are in the same order for 

all lead times. Similar to WRF forecasts, all ALR forecasts have also resulted in 

overestimated total precipitation values (less than WRFôs) with low correlation 

values. Results of categorical scores of WRF and ALR forecasts are generally close 

to each other. However, on the day and two days before WRF and one day before 

ALR forecasts are a bit better than other forecasts for all stations.  

Similar to point-based analyses, all ALR forecasts, except two days before ALR 

forecast for the Dikilitaĸ subbasin, and on the day and two days before WRF 

forecasts resulted in quite overestimated total precipitation values for all subbasins. 

While subbasinsô average total precipitation values are around 6-7 mm, forecast 

results are between 13-33 mm. Interestingly, one day before WRF forecast resulted 

in much better total precipitation values. Correlation coefficients of on the day WRF 

forecasts are generally better and at a well-enough level when others are considered. 

Categorical skill scores of on the day and two days before WRF forecasts and one 

day before ALR forecasts are better in general for all subbasins.  
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Figure 4-21. Precipitation Records and Forecast Values of 18.12.2017 Event for 

Ankara Station 

  

Figure 4-22. Precipitation Records and Forecast Values of 18.12.2017 Event for 

Ufuk Danēĸment Station  
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Figure 4-23. Precipitation Records and Forecast Values of 18.12.2017 Event for 

Elmadaĵ Radar Station 

  
Figure 4-24. Precipitation Records and Forecast Values of 18.12.2017 Event for 

Haymana Tarēm Station   
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Figure 4-25. Areal Distribution of Actual Precipitation and Forecast Values of 

18.12.2017 Event  
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Table 4-15. Statistical Scores of Forecasts on Point Basis for 18.12.2017 Event 

  

C NC Total r RMSE Bias Con Gec Total r RMSE Bias

On the Day 4.51 18.88 23.39 0.42 1.24 0.63 5.92 15.56 21.48 0.08 1.29 0.55

1 Day Before 3.06 0.59 3.64 -0.25 0.78 -0.19 7.27 11.28 18.55 0.18 1.12 0.43

2 Days Before 0.00 13.08 13.08 0.09 1.10 0.20 6.39 5.85 12.23 0.23 0.78 0.16

On the Day 0.28 33.06 33.34 0.59 2.13 1.19 6.21 7.54 13.75 0.31 0.83 0.37

1 Day Before 1.53 1.13 2.66 -0.30 0.38 -0.09 3.49 7.99 11.48 0.02 0.82 0.28

2 Days Before 0.00 15.60 15.60 0.00 1.18 0.45 7.48 5.63 13.11 0.14 0.60 0.35

On the Day 0.22 34.27 34.49 0.76 2.10 1.14 5.68 9.08 14.76 0.24 0.77 0.31

1 Day Before 1.95 3.86 5.82 -0.41 0.58 -0.06 6.12 11.17 17.29 0.09 1.27 0.42

2 Days Before 0.00 26.49 26.49 0.53 1.64 0.80 7.02 13.25 20.27 -0.12 1.10 0.54

On the Day 3.27 26.24 29.52 0.64 1.72 1.03 6.77 4.39 11.15 0.41 0.65 0.26

1 Day Before 1.20 1.31 2.51 -0.29 0.42 -0.10 4.55 8.90 13.46 0.16 1.09 0.36

2 Days Before 0.04 17.40 17.43 0.22 1.19 0.53 6.63 4.65 11.28 0.16 0.76 0.27

PC TS BS FAR POD Heidke PC TS BS FAR POD Heidke

On the Day 0.38 0.25 3.17 0.74 0.83 0.03 0.46 0.24 2.50 0.73 0.67 0.04

1 Day Before 0.50 0.00 1.00 1.00 0.00 -0.33 0.63 0.36 2.17 0.62 0.83 0.28

2 Days Before 0.75 0.40 1.33 0.50 0.67 0.40 0.58 0.29 2.00 0.67 0.67 0.17

On the Day 0.63 0.36 2.17 0.62 0.83 0.28 0.58 0.23 1.67 0.70 0.50 0.09

1 Day Before 0.54 0.00 0.83 1.00 0.00 -0.29 0.58 0.23 1.67 0.70 0.50 0.09

2 Days Before 0.71 0.36 1.50 0.56 0.67 0.33 0.38 0.17 2.50 0.80 0.50 -0.11

On the Day 0.71 0.50 1.33 0.42 0.78 0.42 0.67 0.43 1.22 0.45 0.67 0.32

1 Day Before 0.38 0.12 1.11 0.80 0.22 -0.30 0.54 0.35 1.56 0.57 0.67 0.12

2 Days Before 0.75 0.54 1.22 0.36 0.78 0.49 0.42 0.33 2.11 0.63 0.78 -0.02

On the Day 0.46 0.32 3.17 0.68 1.00 0.16 0.63 0.25 1.50 0.67 0.50 0.14

1 Day Before 0.58 0.00 0.67 1.00 0.00 -0.25 0.71 0.30 1.17 0.57 0.50 0.26

2 Days Before 0.71 0.36 1.50 0.56 0.67 0.33 0.67 0.33 1.67 0.60 0.67 0.27
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Table 4-16. Quantitative Statistical Scores of Forecasts on Areal Basis for 

18.12.2017 Event 

  

Total r RMSE Bias Total r RMSE Bias

On the Day 30.43 0.67 1.73 1.03 12.22 0.47 0.65 0.28

1 Day Before 2.21 -0.34 0.45 -0.14 13.33 0.21 0.32 0.32

2 Days Before21.06 0.23 1.38 0.64 11.78 0.33 0.59 0.26

On the Day 24.60 0.60 1.39 0.73 10.80 -0.08 0.92 0.16

1 Day Before 7.02 -0.10 0.55 0.00 14.85 0.13 0.98 0.33

2 Days Before13.83 0.72 0.59 0.29 4.77 -0.06 0.50 -0.09

On the Day 32.98 0.82 1.96 1.11 13.92 0.27 0.76 0.32

1 Day Before 5.22 -0.44 0.50 -0.05 16.13 -0.01 1.24 0.41

2 Days Before19.83 0.29 1.27 0.56 15.36 -0.12 0.87 0.38

On the Day 31.84 0.75 1.93 1.07 13.29 0.32 0.76 0.30

1 Day Before 4.86 -0.42 0.50 -0.05 13.92 -0.01 1.09 0.32

2 Days Before15.87 0.15 1.08 0.41 13.76 -0.04 0.77 0.32

On the Day 31.88 0.82 1.90 1.06 12.60 0.28 0.70 0.26

1 Day Before 5.58 -0.46 0.53 -0.04 15.51 -0.02 1.26 0.38

2 Days Before17.55 0.25 1.10 0.46 13.83 -0.11 0.85 0.31

On the Day 26.30 0.52 1.52 0.79 16.7 0.25 0.92 0.39

1 Day Before 4.81 -0.17 0.58 -0.10 15.53 0.09 1.03 0.35

2 Days Before13.50 0.06 1.06 0.26 12.58 0.23 0.60 0.22

On the Day 24.75 0.47 1.43 0.73 17.22 0.27 0.92 0.41

1 Day Before 5.03 -0.20 0.57 -0.10 16.56 0.11 1.09 0.39

2 Days Before14.14 0.08 1.09 0.28 12.46 0.27 0.60 0.21

On the Day 24.92 0.54 1.41 0.74 14.98 0.31 0.82 0.33

1 Day Before 5.28 -0.35 0.56 -0.07 14.83 0.08 1.04 0.32

2 Days Before14.28 0.11 1.04 0.30 11.48 0.29 0.54 0.18

On the Day 24.99 0.58 1.41 0.75 14.01 0.33 0.77 0.30

1 Day Before 5.51 -0.44 0.55 -0.06 14.23 0.07 1.02 0.31

2 Days Before14.03 0.12 1.00 0.30 11.26 0.29 0.52 0.18

On the Day 27.44 0.78 1.43 0.88 12.09 0.36 0.63 0.24

1 Day Before 5.07 -0.53 0.49 -0.06 14.75 0.07 1.12 0.35

2 Days Before16.34 0.22 1.02 0.41 11.66 0.08 0.63 0.22

On the Day 25.47 0.73 1.40 0.81 9.91 0.21 0.58 0.16

1 Day Before 3.65 -0.34 0.44 -0.10 15.53 0.10 1.19 0.40

2 Days Before14.13 0.46 0.79 0.34 8.88 -0.03 0.69 0.12

Subbasin

Gage 

Record 

(IDW)

Forecast 

Time

WRF Forecast (IDW) ALR Forecast (IDW)
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Table 4-17. Quantitative Statistical Scores of Forecasts on Areal Basis for 

18.12.2017 Event 

 

PC TS BS FAR POD Heidke PC TS BS FAR POD Heidke

On the Day 0.50 0.33 2.43 0.65 0.86 0.15 0.63 0.31 1.43 0.60 0.57 0.19

1 Day Before 0.54 0.00 0.57 1.00 0.00 -0.27 0.54 0.21 1.43 0.70 0.43 0.01

2 Days Before 0.71 0.42 1.43 0.50 0.71 0.37 0.63 0.36 1.71 0.58 0.71 0.25

On the Day 0.67 0.43 1.22 0.45 0.67 0.32 0.63 0.31 0.89 0.50 0.44 0.18

1 Day Before 0.46 0.19 1.11 0.70 0.33 -0.13 0.63 0.36 1.11 0.50 0.56 0.22

2 Days Before 0.83 0.67 1.22 0.27 0.89 0.66 0.54 0.21 0.89 0.63 0.33 0.00

On the Day 0.71 0.50 1.63 0.46 0.88 0.43 0.54 0.27 1.38 0.64 0.50 0.06

1 Day Before 0.33 0.06 1.25 0.90 0.13 -0.41 0.58 0.29 1.25 0.60 0.50 0.12

2 Days Before 0.83 0.64 1.25 0.30 0.88 0.65 0.42 0.22 1.75 0.71 0.50 -0.11

On the Day 0.71 0.50 1.63 0.46 0.88 0.43 0.58 0.29 1.25 0.60 0.50 0.12

1 Day Before 0.33 0.06 1.25 0.90 0.13 -0.41 0.58 0.29 1.25 0.60 0.50 0.12

2 Days Before 0.79 0.55 1.13 0.33 0.75 0.55 0.42 0.22 1.75 0.71 0.50 -0.11

On the Day 0.71 0.50 1.63 0.46 0.88 0.43 0.54 0.27 1.38 0.64 0.50 0.06

1 Day Before 0.33 0.06 1.25 0.90 0.13 -0.41 0.54 0.21 1.13 0.67 0.38 0.00

2 Days Before 0.83 0.64 1.25 0.30 0.88 0.65 0.46 0.24 1.63 0.69 0.50 -0.05

On the Day 0.75 0.54 1.50 0.42 0.88 0.50 0.58 0.33 1.5 0.58 0.63 0.17

1 Day Before 0.58 0.17 0.75 0.67 0.25 0.00 0.63 0.40 1.63 0.54 0.75 0.27

2 Days Before 0.79 0.55 1.13 0.33 0.75 0.55 0.38 0.25 2.13 0.71 0.63 -0.10

On the Day 0.75 0.54 1.50 0.42 0.88 0.50 0.63 0.40 1.63 0.54 0.75 0.27

1 Day Before 0.58 0.17 0.75 0.67 0.25 0.00 0.63 0.40 1.63 0.54 0.75 0.27

2 Days Before 0.83 0.64 1.25 0.30 0.88 0.65 0.38 0.25 2.13 0.71 0.63 -0.10

On the Day 0.71 0.46 1.71 0.50 0.86 0.42 0.63 0.36 1.71 0.58 0.71 0.25

1 Day Before 0.42 0.00 1.00 1.00 0.00 -0.41 0.67 0.38 1.57 0.55 0.71 0.31

2 Days Before 0.75 0.45 1.29 0.44 0.71 0.44 0.38 0.21 2.29 0.75 0.57 -0.10

On the Day 0.71 0.46 1.71 0.50 0.86 0.42 0.63 0.36 1.71 0.58 0.71 0.25

1 Day Before 0.38 0.00 1.14 1.00 0.00 -0.45 0.63 0.31 1.43 0.60 0.57 0.19

2 Days Before 0.71 0.42 1.43 0.50 0.71 0.37 0.38 0.21 2.29 0.75 0.57 -0.10

On the Day 0.63 0.44 1.88 0.53 0.88 0.31 0.54 0.27 1.38 0.64 0.50 0.06

1 Day Before 0.42 0.13 1.25 0.80 0.25 -0.24 0.54 0.21 1.13 0.67 0.38 0.00

2 Days Before 0.83 0.64 1.25 0.30 0.88 0.65 0.46 0.24 1.63 0.69 0.50 -0.05

On the Day 0.75 0.50 1.25 0.40 0.75 0.47 0.58 0.33 1.50 0.58 0.63 0.17

1 Day Before 0.54 0.08 0.63 0.80 0.13 -0.14 0.58 0.23 1.00 0.63 0.38 0.06

2 Days Before 0.79 0.55 1.13 0.33 0.75 0.55 0.63 0.31 1.13 0.56 0.50 0.18

Subbasin

Gage 

Record 

(IDW)

Forecast 

Time

WRF Forecast (IDW) ALR Forecast (IDW)

Ikizce 

Pond
5.62

Bagirsak 

Creek
7.22

Dikilitas 

Pond
6.98

DǀƭŎǸƪ 

Creek
7.32

Sukesen 

Creek
6.32

Igdeli 

Creek
6.46

Tatlim 

Creek
7.05

Kepir 

Creek
6.14

Mogan 

Detention 

Pond

5.98

Burcupinar 

Creek
6.88

Upstream 

of Lake 

Mogan

6.41
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4.2.6 20.05.2018 Event 

Precipitation gauge records, WRF and ALR forecasts for Ankara, Ufuk Danēĸment, 

Elmadaĵ Radar, and Haymana Tarēm stations for the 20.05.2018 event are given 

between Figure 4-26 and Figure 4-29. The areal distribution of actual precipitation 

and forecast values are given in Figure 4-30. Calculated statistics based on point and 

areal forecasts are given between Table 4-18 and Table 4-20.  

For Ankara Station, the total precipitation gauge record is 7.70 mm, and on the day 

ALR forecast is 7.81 mm, which is quite good, but the correlation coefficient is 0.58. 

Among other forecasts, two days before WRF forecast is overestimated with 0.27 

bias value, and the rest are underestimated with around -0.20 bias value. Categorical 

scores are close to each other, and they are better in on the day ALR, one and two 

days before WRF forecasts. 

For Gºlbaĸē Ufuk Daniĸment Station gauge record is 19.20 mm; however, the highest 

total precipitation value is 3.87 mm, which belongs one day before WRF forecasts, 

and the best correlation value is seen in on the day WRF forecast with a value of 

0.73. Categorical scores are better in WRF forecasts.  

For Elmadaĵ Radar Station, two days before WRF forecast is so close to the total 

precipitation value but with low correlation. On the day WRF forecast also remains 

underestimated with a -0.22 bias value, but it is a bit better than the remaining ones. 

One day before WRF and all ALR  forecasts underestimated with around -0.50 bias 

value and low correlations.  

The Haymana Tarēm Station gauge record is 5.20 mm, and on the day WRF forecast 

produced 4.64 mm total precipitation value with 0.20 correlation and 0.78 RMSE 

values. This is the best result among other forecasts for this station. Two days before 

WRF forecasts were resulted in an overestimated total precipitation value while other 

forecasts underestimated with around -0.17 bias value. Among categorical scores, 

PC and BS scores are better in ALR forecasts, and the rest is better in WRF forecasts.  
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For Sukesen, Kepir, and Ķĵdeli subbasins, the average total precipitation values are 

around 13 mm. However, none of the forecasts could result in close values. All of 

them have around -0.50 bias score and 1.50 mm RMSE. Categorical skill scores are 

partially better in WRF forecasts.  

For Baĵērsak, Gºlc¿k, Tatlēm, and Burcupēnar subbasins, the average of total 

precipitation gauge records is about 10 mm. On the day WRF and ALR forecasts 

have around 5 and 4 mm total precipitation and around 0.65 and 0.25 correlation 

values, respectively. Two days before WRF forecasts are better than any other 

forecasts in terms of total precipitation. The remaining forecasts do not have 

satisfactory values. Among categorical scores, TS, POD, and Heidke scores are 

better in WRF, while PC, BS, and FAR scores are better in ALR forecasts.  

For Ķkizce, Dikilitaĸ, and Mogan Detention Pond subbasins, total precipitation 

records are around 6 mm, and on the day WRF forecasts are close to that value with 

around -0.02 bias value. Two days before WRF forecasts resulted in 8-9 mm total 

precipitation and low correlation values, while one day before WRF forecasts 

resulted in around 1 mm total precipitation value. ALR forecasts also have very poor 

results with negative biases and low correlation values. Among categorical skill 

scores, PC and BS are seem better in ALR forecasts, and rests are close to each other.  

For upstream of Lake Mogan, the average total precipitation value is 8.22 mm. The 

closest forecast is seen in two days before WRF forecast with a 6.01 mm total 

precipitation value. On the day WRF and ALR forecasts have around 5 and 3 mm 

total precipitation values, and the rests have even lower values. Categorical scores 

are close to each other, but ALR scores are a little better than WRF scores.  
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Figure 4-26. Precipitation Records and Forecast Values of 20.05.2018 Event for 

Ankara Station 

  
Figure 4-27. Precipitation Records and Forecast Values of 20.05.2018 Event for 

Ufuk Danēĸment Station  
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Figure 4-28. Precipitation Records and Forecast Values of 20.05.2018 Event for 

Elmadaĵ Radar Station 

  
Figure 4-29. Precipitation Records and Forecast Values of 20.05.2018 Event for 

Haymana Tarēm Station  
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Figure 4-30. Areal Distribution of Actual Precipitation and Forecast Values of 

20.05.2018 Event  






















































































































































