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ABSTRACT 

Basin and river management includes precipitation-runoff modeling studies. 
Precipitation-runoff models have been widely used through the last century to for-
mulate a reliable relationship between the precipitation (input of the model) and 
runoff (output of the model). In this study, Yuvacık Basin, which is located in south-
eastern part of Marmara Region of Türkiye, is selected as the application basin with 
the drainage area of 257.86 km2 and hydrologic modeling studies are performed for 
the basin. The calibrated model is then to be used as a decision support tool in the 
operation and management of Yuvacık Dam Reservoir. 

The modeling studies were carried out by dividing the basin into three sub-
basins: Kirazdere, Kazandere, and Serindere and each subbasin is modeled with its 
own parameters. For the hydrologic modeling studies the new version of HEC-HMS 
hydrologic modeling software released in April 2006 by US Army Corps of Engineers 
is used. Modeling studies consist of two items: event-based hourly simulations and 
runoff scenarios using intensity-duration-frequency curves. 

As a result of model application studies, infiltration loss and baseflow parame-
ters of each subbasin are calibrated with hourly simulations. Hourly model parame-
ters are used in spring, summer and fall seasons to predict runoff. Runoffs that corre-
spond to different return periods and probable maximum precipitation are predicted 
using intensity-duration-frequency data as input to frequency storm method of HEC-
HMS. The simulated runoff values can be used for flood control and flood damage 
estimation studies. 
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INTRODUCTION 

Climate change and global warming is the most significant threat to the living 
beings in this planet at the twenty-first century. It is distressing that it has already 
begun when we have just passed the doorstep of the new millennium. Recent sea-
sons have shown the effects of climate change and global warming in the form of 
extreme temperatures and weather patterns.  

Extremities in weather conditions cause droughts and floods when we look at 
the phenomenon from a water resources perspective. When increasing populations, 
growing urban and industrial areas are taken into account, it is obvious that the 
above water related problems will be of utmost significance throughout the next 
decades. Extensive care should be given to the operation and management of river 
basins and dam reservoirs (no matter are they used for water supply or flood control 
or both) to be able to overcome the water related problems.  

Yuvacık Basin is selected as the study area in this research and basin parameters 
(infiltration and baseflow) are calibrated using the rainfall-runoff data of the basin 
that are collected by 8 rainfall and 3 runoff stations for 2001-2005 period. The ulti-
mate aim is to supply a decision support tool that can be used in the operation and 
management of Yuvacık Dam Reservoir, which is both a water supply and flood 
control reservoir. 

 

YUVACIK BASIN 

Yuvacık basin is located in the east part of Marmara Region of Türkiye, and ap-
proximately 20 km southeast of Kocaeli city center (Figure 1). The basin is in between 
40º 30’ - 40º 41’ northern latitudes and 29º 48’ - 30º 08’ eastern longitudes. The basin, 
which has a drainage area of 257.86 km², is surrounded by the following settlements: 
İzmit and Gölcük towns in the north; Hacıosman village and İznik town in the 
southwest; Pamukova in the southeast and Kartepe (a famous ski center) in the 
northeast. 

Yuvacık basin is a south to north oriented basin; streams originate from the 
southern parts of the basin and join together in the reservoir lake in the north of the 
basin. The reservoir lake has a 1.70 km² area and is about 12 km away from Kocaeli 
city center.   



RIVER BASIN FLOOD MANAGEMENT 623 

 

 
Figure 1. Location of Yuvacık Basin 

RAINFALL-RUNOFF DATA 

Until the beginning of the new millennium governmental organizations like 
State Hydraulic Works (DSI) and State Meteorological Organization (DMI), collected 
meteorological and streamflow data in the basin (in and around the basin). No gov-
ernmental streamflow data is used in this study; however data of two rain gages 
(Hacıosman (DSI) and Kocaeli (DMI) rain gages) is used in the model calibration. 

After the year 1999, Thames Water Türkiye (TWT), private company, undertook 
the operation of Yuvacık Dam and water treatment plant, and then installed new 
meteorological and streamflow gages in the basin. Starting from 2001 TWT has been 
collecting streamflow data every 5 minutes at 4 different locations (FP1 to FP4) in the 
basin, one of which is just at the entrance site of the reservoir lake, and the other 
three are at the outlets of three major stream branches of the basin. In addition, TWT 
has been collecting precipitation data at 6 different locations (from RG1 to RG6), 
every 5 minutes. 
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All the hydrologic model simulations are performed on an hourly time step ba-
sis. Therefore firstly, 5-minute data of TWT gages are converted into hourly data. 
Secondly, daily rainfall data of Hacıosman and Kocaeli gages are converted into 
hourly data using the fractional pattern of rainfall gages of TWT [Yener, 2006]. 

 

SOFTWARE USED 

Hec-GeoHMS 1.1 

It is a geospatial hydrology toolkit for engineers with limited GIS experience 
[USACE-HEC, 2003]. It is an extension package used in ArcView software. In this 
study, Hec-GeoHMS is used to derive river network of the basin and to delineate 
subbasins (Kirazdere, Kazandere, Serindere, Contributing) (Figure 2) of the basin 
from the digital elevation model (DEM) of the basin. In the subbasin delineation 
process streamflow gages FP1, FP2, and FP3 are used for Kirazdere, Kazandere, and 
Serindere subbasins, respectively. 
 
 

 
 

Figure 2. Delineated subbasins of Yuvacık Basin 

HEC-HMS 3.01 

It is a hydrologic modeling software developed by US Army Corps of Engineers 
Hydrologic Engineering Center. It includes many of the well-known and well-
applicable hydrologic methods to be used to simulate rainfall-runoff processes in 
river basins [USACE-HEC, 2006]. 



RIVER BASIN FLOOD MANAGEMENT 625 

EVENT-BASED HOURY SIMULATIONS 

Classification of Events 

Through the analysis of observed hydrographs and rainfall hyetographs 44 
storm events are selected to be used in the simulation studies in HEC-HMS. These 44 
events are classified into three categories according to the type of precipitation. Cate-
gory 1 includes rainfall events, Category 2 includes rainfall with snow accumulation 
events and Category 3 includes rain on snow or pure snowmelt events. In this study, 
only events in Category 1 are considered, events of the other two categories require 
the use of snowmelt method of HEC-HMS which is beyond the scope of this paper 
[Yener, 2006]. 

Basin Model 

Basin model in HEC-HMS is set up for each subbasin (Kirazdere, Kazandere, 
and Serindere) using two hydrologic elements: subbasin and junction. Subbasin 
element handles the infiltration loss and baseflow computations, and rainfall runoff 
transformation process. Junction element handles the observed flow data and is 
mainly used for the comparison of the observed flow hydrographs with the simu-
lated flow hydrographs. 

Among the available hydrologic methods [USACE-HEC, 2006] exponential loss 
method is used to handle infiltration loss and recession method is used to handle 
baseflow. For the rainfall-runoff transformation process unit hydrographs of Yuvacık 
Basin that are obtained by DSI [DSI Report, 1983] are used in the model. The validity 
of unit hydrographs is checked using two different past storm data and then they are 
distributed to the subbasins according to subbasin area ratios. 

Meteorologic Model 

Meteorologic model in HEC-HMS is the major component that is responsible for 
the definition of the meteorologic boundary conditions for the subbasins. It includes 
precipitation, evapotranspiration and snowmelt methods to be used in simulations. 
Gage weights precipitation method is used in the model simulations. For precipita-
tion gage input data the most representative rain gages among TWT rain gages (RG1 
to RG6) for each subbasin are selected together with Hacıosman (HO) and Kocaeli 
(KE) rain gages. Precipitation depth weights of each gage are computed externally 
via inverse distance squares weighting method.  
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Figure 3. Gage distances to EC in Kirazdere Subbasin 

 

In this method the distances of gages to the ellipsoid centroids (EC) of the sub-
basins are used (Figure 3). Centroids of the subbasins are found by Hec-GeoHMS. 
Then, weights of each gage are found using Equation 1. 
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where,  wi : weight of ith rain gage, 
    di : distance of ith rain gage to EC, 
    n : number of gages. 

Model Parameter Calibrations 

Each method in HEC-HMS has parameters and the values of these parameters 
should be entered as input to the model to obtain the simulated runoff hydrographs. 
Some of the parameters may be estimated by observation and measurements of 
stream and basin characteristics, but some of them can not be estimated. When the 
required parameters can not be estimated accurately, the model parameters are cali-
brated, i.e. in the presence of rainfall and runoff data the optimum parameters are 
found as a result of a systematic search process that yield the best fit between the 
observed runoff and the computed runoff. This systematic search process is called as 
optimization. Optimization begins from initial parameter estimates and adjusts them 
so that the simulated results match the observed streamflow as closely as possible. In 
HEC-HMS two different search algorithms are provided that moves from the initial 
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estimates to the final best estimates: Nelder and Mead search algorithm and Univari-
ate Gradient search algorithm. A variety of objective functions are provided to meas-
ure the goodness of fit between the simulated and observed streamflow in different 
ways such as: peak weighted RMS error, percent error peak, percent error volume, 
sum absolute residuals, sum squared residuals, and time-weighted error [USACE-
HEC, 2006]. 

Exponential loss method, which is used to handle the infiltration loss in the sub-
basins Kirazdere, Kazandere, and Serindere, has five parameters such as: initial 
range, initial coefficient, coefficient ratio, precipitation exponent, and percent imper-
vious area in the basin. Coefficient ratio, which indicates change in the rate of expo-
nential decrease in infiltration capability, is taken as constant (as 1.0). Percent imper-
vious area is taken as “0 %”, since no urban settlements are present inside the sub-
basins. Therefore, the remaining three parameters (initial range, initial coefficient, 
and precipitation exponent) of exponential loss method are calibrated. 

Baseflow parameters (initial discharge, recession constant, and threshold dis-
charge) of recession method are initially selected from the observed hydrograph data 
and then calibrated by trial-error. They are locked in the optimization process and 
are not optimized together with the exponential loss method parameters.  

Calibration Results 

Among the Category 1 events, 14, 8, and 9 storm events are calibrated for sub-
basins Kirazdere, Kazandere, and Serindere, respectively. The average seasonal pa-
rameter sets for each subbasin is tried to be determined. In Table 1 the summary 
parameter results for Serindere subbasin is shown. The number of events calibrated 
in each season, seasonal average parameters, minimum and maximum parameters 
and the seasons in which minimum and maximum parameters obtained are given in 
the table. Similar tables for the other two subbasins are prepared. The final calibrated 
parameters for each subbasin are given in Table 2. 

HEC-HMS computes the percent errors in peaks and volumes and gives these 
values in the optimization result tables automatically. These two values are used as 
goodness-of-fit criteria between observed flow and the simulated flows. Addition-
ally, two statistical criteria are used to better evaluate the calibrated model perform-
ance such as: Pearson’s Coefficient of Determination (R2) and Nash and Sutcliffe 
Model Efficiency (NSE) [Nash and Sutcliffe, 1970]. These two parameters are com-
puted externally. The reader may refer to a comparative paper [Legates, 1999] on 
both of these parameters for further information. Also, a recent evaluation of NSE 
may be found in McCuen et. al., 2006.      
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Table 1. Summary parameter results for Serindere Subbasin 

Season Fall Winter Spring Summer       

ID (Seasonal) A B C D       

Number of Events 1 2 2 4 9     

Parameter Statistics Min Seasonal Average Mean Max 

Initial Range (mm) 5.99 D 26.46 11.82 8.42 11.43 12.52 26.46 A 

Initial Coefficient  
((mm/hr)^(1-x)) 0.82 C 0.98 0.93 0.86 0.94 0.92 0.98 A 

Coefficient Ratio 1.00 All 1.00 1.00 1.00 1.00 1.00 1.00 All 

Ex
po

ne
nt

ia
l L

os
s 

Exponent 0.85 C 0.99 0.96 0.89 0.95 0.94 0.99 A 

Initial Discharge (m³/s) 0.20 A 0.20 2.65 5.60 0.99 2.30 8.20 C 

Recession Constant 0.70 D 0.80 0.80 0.80 0.75 0.78 0.80 All 

R
ec

es
si

on
 B

as
e-

flo
w

 

Threshold Flow (m³/s) 0.50 A 0.50 5.00 7.50 2.30 3.86 10.00 C 

Total Precipitation (mm) 4.1 D 41.0 57.1 32.2 45.7 44.7 118.9 D 

Total Loss (mm) 4.0 D 40.6 51.7 26.2 42.2 40.6 108.6 D 

Total Baseflow (mm) 0.63 A 0.63 11.07 19.27 3.96 8.57 24.55 C 

Peak Discharge (m³/s) 1.21 D 1.22 11.26 21.53 7.95 10.95 28.53 C 

Total Discharge (mm) 1.07 A 1.07 16.34 25.06 7.40 12.61 27.72 C 

Peak Difference (%) 0.00 B,C 0.83 0.67 0.02 0.41 0.42 1.63 D 

Su
m

m
ar

y 
R

es
ul

ts
 

Volume Difference (%) -24.1 A -24.1 -2.1 -5.9 4.2 -2.6 36.0 D 

 
Table 2. Final calibrated parameters for each subbasin 

  Kirazdere Kazandere Serindere 

Parameter Statistics Min Mean Max Min Mean Max Min Mean Max 

Initial Range (mm) 11.76 18.47 23.91 11.76 14.56 18.73 5.99 12.52 26.46 

Initial Coefficient  
((mm/hr)^(1-x)) 0.56 0.90 0.98 0.80 0.87 0.96 0.82 0.92 0.98 

Coefficient Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

Ex
po

ne
nt

ia
l L

os
s 

Exponent 0.88 0.95 1.00 0.90 0.93 0.98 0.85 0.94 0.99 

Initial Discharge (m³/s) 0.37 2.10 4.50 0.09 0.59 2.00 0.20 2.30 8.20 

Recession Constant 0.70 0.80 0.90 0.70 0.74 0.80 0.70 0.78 0.80 

R
ec

es
si

on
 B

as
ef

lo
w

 

Threshold Flow (m³/s) 0.50 3.76 10.00 0.15 1.37 3.00 0.50 3.86 10.00 
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RUNOFF SCENARIOS USING INTENSITY DURATION  
FREQUENCY (IDF) CURVES 

The calibrated model is used for runoff generation for different frequency 
storms. The source of the frequency storms is the IDF curves which are prepared 
based on long records of precipitation data at Kocaeli station by DMI.  

Basin Model Inputs 

A general basin model consisting of Kirazdere, Kazandere, Serindere, and Con-
tributing subbasins is set up in HEC-HMS software for this study. In addition to four 
subbasins, a lake element is used in the basin model to observe the total outflow of 
the subbasins. 

Exponential loss method is used for loss method; user-specified unit hydrograph 
is used for transform method; and recession is used as baseflow method. 

Two sets of exponential loss and recession method parameters are used in the 
simulations. The first set is the minimum (MIN) parameters set. The minimum pa-
rameters for exponential loss method and recession baseflow method that are ob-
tained from the model calibrations are used for Kirazdere, Kazandere and Serindere 
subbasins. For Contributing subbasin the average of the minimum parameters is 
used. The second set is the average (MEAN) parameters set. The average parameters 
obtained from event-based simulations are used for Kirazdere, Kazandere, and Ser-
indere subbasins. Again the average of the average parameters is used for the Con-
tributing subbasin. 

Frequency Storm Method Inputs 

The frequency storm method is a meteorologic method used in meteorologic 
model to produce a frequency storm from given statistical precipitation data. The 
method requires the following inputs: probability, output type, intensity duration, storm 
duration, intensity position, storm area, and precipitation depth values. 

Hydrologic model simulations are performed for the following return periods: 2, 
10, 25, 50 and 100 years, corresponding to 50, 10, 4, 2, 1 percent exceedance probabili-
ties, respectively. The intensity position is selected as 25% from the available list of 
choices. The storm durations of 1 hour, 6 hours and 24 hours are used in the simula-
tions. The intensity duration is selected to be 15 minutes (the same with the simula-
tion time step) for 1 hour and 6 hours storms, and 1 hour for 24 hours storm.  

A temporal storm pattern should be defined for each of the three storm types (1-
hr, 6-hrs, and 1-day). Besides the spatial distribution of rainfall, the temporal distri-
bution pattern has always been a major problem in hydrologic studies. There are 
several different methods suggested for the temporal distribution of rainfall in a 
specified period. A general classification of these methods is given by Veneziano and 
Villani (1999). In this study, the approach of using the entire IDF curve(s) to obtain 
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the rainfall temporal pattern is used. The total rainfall depths expected for the speci-
fied rainfall durations are computed from IDF.  

Simulation Results 

Table 3 presented below gives the detailed results of frequency storm model 
simulations for a 6 hours storm using minimum parameters for the subbasins. For 1 
hour and 24 hours storms and for average subbasin parameters similar tables are 
prepared. The following results are concluded: 
 

♦ When the minimum loss parameters are used, runoff peaks increased with 
respect to the runoffs obtained from average loss parameters as expected. 

♦ The minimum peak flow for Yuvacık Basin is 79.77 m³/s and obtained from a 
1-hr storm with 2 year frequency when the minimum loss parameters are 
used; and the maximum peak flow is 618.29 m³/s and obtained from a 6-hrs 
storm with 100 years frequency. 

♦ The minimum peak flow for Yuvacık Basin is 38.32 m³/s and obtained from a 
1-hr storm with 2 years frequency when the average loss parameters are 
used; and the maximum peak flow is 330.71 m³/s and obtained from a 24-hrs 
storm with 100 years frequency. 

 
Table 3. Simulation results for minimum loss parameters and 6-hrs storm 

Return Period (yr) 2 10 25 50 100 Storm duration 
6 hr IDF Precipitation (mm) 34.5 69.5 92.3 111.9 133.7 

Kirazdere 38.46 89.31 123.49 154.05 188.68 

Kazandere 10.73 24.86 34.35 42.83 52.46 

Serindere 59.24 137.6 190.7 238.36 292.53 

Contributing 17.44 40.14 55.41 69.09 84.62 

Qp (m³/s) 

Yuvacık 125.87 291.91 403.95 504.33 618.29 

32.34 65.14 86.51 104.88 125.31 
Kirazdere 

20.09 36.44 46.64 55.1 64.29 

33.77 68.02 90.34 109.52 130.85 
Kazandere 

22.06 40.68 52.39 62.16 72.81 

31.55 63.56 84.42 102.34 122.28 
Serindere 

19.01 34.21 43.56 51.25 59.54 

33.43 67.35 89.44 108.44 129.56 

Precipitation (mm) 
& 
Loss (mm) 

Contributing 
20.8 37.95 48.66 57.53 67.16 

Kirazdere 7.5 7.5 7.5 7.5 7.5 

Kazandere 7.5 7.5 7.5 7.5 7.5 

Serindere 7.5 7.5 7.5 7.5 7.5 
Time to peak (hr) 

Contributing 7.5 7.5 7.5 7.5 7.5 
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Comparison of Flood Hydrographs of DSI with HEC-HMS Model Results 

In this section the hydrographs obtained from HEC-HMS model simulations us-
ing frequency storm method and the hydrographs that are obtained by DSI (DSI, 
Bursa 1983) using statistical techniques are compared (Figure 4 and 5). In addition to 
graphical comparisons, corresponding peak values and volumes of each hydrograph 
are also presented. 
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Figure 4. DSI hydrographs, peak flows and total volumes (6-hrs storm) (DSI, 1983) 
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Figure 5. HEC-HMS hydrographs, peak flows and total volumes 

(Frequency storm method, 25% intensity position, 6-hrs storm) 

Storm Runoff Produced from Probable Maximum Precipitation (PMP)  

DSI also performed probable maximum precipitation studies to use in the design 
flood computations for the spillway of Yuvacık Dam. In this study long record of 
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maximum annual precipitation values of Kocaeli station is used. Table 4 shows the 
probable maximum precipitation values for the given durations (DSI, Bursa 1983).  
 

Table 4. Probable maximum precipitation depth values of Kocaeli station (DSI, Bursa 1983) 

t (hr) 1 2 4 6 12 18 24 

PMP (mm) 126.8 158.5 199.7 218.8 256.7 285.3 317.0 
 

aximum runoff found out to correspond to 6-hrs storm (218.8 mm depth), and 
yielded a peak of 1500 m³/s which is then used in the design of the spillway. By mul-
tiplying this peak value with the ordinates of the dimensionless hydrograph pre-
pared for the spillway, the maximum runoff hydrograph is obtained (Figure 6). The 
volume of the hydrograph is 42.5 million cubic meters. 

HEC-HMS model runs generate flood hydrographs that have peaks lower than 
the design flood discharge given by DSI. To generate simulated hydrographs, again 
frequency storm method is used in HEC-HMS. 6-hrs storm precipitation depth val-
ues of Table 4 are used, and depth value is distributed in the same temporal pattern 
with IDF simulations. Two different hydrographs are generated (Figure 6): one for 
50% intensity position, and the other for 25% intensity position. The volumes of gen-
erated hydrographs remained the same (27.1 106 m³) but peak discharges changed 
slightly. The peak of the hydrograph generated with 50% intensity position is 1074.4 
m³/s, and the peak of the second hydrograph is 1041 m³/s. No matter what the inten-
sity position is, HEC-HMS highly underestimated the design discharge value of DSI 
method. Nearly, peaks of HEC-HMS hydrographs are two thirds of DSI design hy-
drograph peak.  
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Figure 6. Maximum runoff hydrographs obtained by PMP depths, peak flows and total volumes 
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CONCLUSIONS 

In this study, HEC-HMS version 3.0.1 (April 2006) hydrologic modeling software 
is applied to Yuvacık Basin and model parameters (infiltration and baseflow) are 
calibrated to obtain seasonal (spring, summer, fall) average values. This calibrated 
model parameters can be used as a decision support tool in the Yuvacık Dam reser-
voir operation and management such as: reservoir operation studies that will be 
performed to supply the domestic and industrial water demand of İzmit city and 
nearby regions, as well floodplain management and flood damage estimation stud-
ies.  

In general, Kirazdere subbasin simulations gave better results than the other two 
subbasins (Kazandere and Serindere). One reason for that is the more number of 
events available for Kirazdere. Unfortunately, in some periods from 2001 to 2005, 
streamflow data was not available for Kazandere and Serindere, e.g. for the year 
2001. Also, in 2003-2004 water year Kazandere and Serindere flow records have flow 
level inconsistencies. To avoid missing data and erroneous data, streamflow gages 
and precipitation stations should be calibrated periodically.  

The calibrated model parameters should be checked with future water year data, 
and model should be further verified. If necessary, model parameters should be 
updated for better performance of the model runs considering initial soil moisture 
distribution in the area. Infiltration and soil moisture tests should be conducted in 
the basin at various soil textures and land use to better define the initial abstraction 
and infiltration parameters in the model. 

Runoffs generated from frequency storm method will be invaluable for future 
flood hazard and risk assessment studies.  

Evapotranspiration is not included in the model calibrations. In future, if it is 
possible, evaporation measurements with different land use characteristics should be 
performed in the basin, and evapotranspiration component should be added to the 
model to see how it affects the calibrated parameters. 
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