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Subject of study 

ÅInvestigate relationships between carbon 
fluxes and vegetation dynamics in order to 
estimate carbon fluxes on wide areas in 
Thrace region of Turkey for the first time. 

 



Research Area -Site Description 

 
The research 
project was 
carried out 
over a winter 
wheat field in 
YƤǊƪƭŀǊŜƭƛ Ŏƛǘȅ 
located in the 
Thrace 
Region of 
Turkey  

ц 9ŘŘȅ /ƻǾŀǊƛŀƴŎŜ aŜŀǎǳǊƛƴƎ 
System 
 
ч !ƎǊƻƳŜǘŜƻǊƻƭƻƎƛŎŀƭ {ǘŀǘƛƻƴ 
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Ref: http://www.google.com/intl/tr/earth/index.html 



Experiments and Observations 
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WINTER WHEAT PHENOLOGICAL 

OBSERVATIONS DATE 

Planting 09.10.2009 

Germination 17.10.2009 

2. Leaf 21.10.2009 

3. Leaf 26.10.2009 

Tillering 25.11.2009 

Stem Formation 31.03.2010 

Earing 26.04.2010 

Flowering 10.05.2010 

End of flowering 24.05.2010 

Grain filling 24.05.2010 

Maturity  04.06.2010 

Harvest 06.07.2010 

GERMINATION 3 LEAF TILLERING 

   

STEM FORMATION EARING FLOWERING 

   
GRAIN FILLING MATURITY HARVEST 
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Flux studies 
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CO2 and H2O Flux 



Experiments and Observations (Contd.) 



METHODS-Eddy Covariance Measuring System 

Open path infrared gas analyzer 

Open Path Eddy Covariance System 

Three-dimensional sonik anemometer 
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RESULTS&DISCUSSION 
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Flux Corrections, Gap filling and Flux Partitioning 

During the data processing;  

ÅSpike Removal 

ÅFrequency Response 

ÅWPL (Webb, Pearman, Leuning) 

ÅCoordinate Rotation Corrections 
have been applied to the EC data 
set.  
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Gap filling and flux partitioning 
of EC data have been done 
according to the methods 
which are explained by 
Reichstein et al. (2005) and 
Falge (2001).  

NEE = Reco ς GPP  



   



RESULTS & DISCUSSION 
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NEE 
όƎ/κƳчύ 

GPP 
όƎ/κƳчύ 

Reco 
όƎ/κƳчύ 

-342.7 1132.8 791.4 
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RESULTS&DISCUSSION 



RESULTS & DISCUSSION 
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INTRODUCTION 

ÅDetermination of evapotranspiration (ET) is an important 

issue particularly for water management considering its role 

as part of the hydrological cycle associated with the losses. 

Especially in the countries like Turkey, where the economy is 

majorly based on agriculture, water management is a crucial 

application. For an accurate water management, possible 

losses should be determined.  

ÅET is not always measured in meteorological stations, usually 

calculated by the equations which take part in literature. In 

this study different approaches used to calculate ET were 

compared to the measured data which was collected by a 

micrometeorological method (Bowen Ratio Energy Balance) 

over maize crop surface for 2010-2011 growing seasons in 

Thrace Region which is located in the northwestern part of 

Turkey, Kērklareli.  



LITERATURE REVIEW 
Some examples of the comparative studies using empirical equations in the 

literature are given below: 

Å Xu and Singh (2001) compared seven temperature-based ET equations 

using two climatic stationsô data (Rawson Lake and Atikokan stations) in 

Canada. They found that BlaneyïCriddle and Hargreaves method results 

have the least error when compared to the observations 

Å Er-Raki et al. (2009) compared measured ET values over citrus orchard by 

eddy covariance measurements and calculated reference ET values obtained 

by FAO-56 approach. 

Å Kashyap and Panda (2001), obtained the reference ET results by using 

empirical equations and then developed the crop coefficients for potato crop 

in a sub-humid region. 

Å Kiĸi (2013), compared Penman- Monteith (PM), Copais, Turc, Hargreaves-

Samani, Hargreves, Ritchie and Irmak methods to Valiantzas (2013) method 

using Adana, Antalya, Isparta and Mersin stationsô data. The Copais 

equation performs the best out of the nine methods while the worst is Turc 

method. 

Å Srivastava et al. (2016) used empirical evapotranspiration methods 

(PenmanïMonteith, Penman, HargreavesïSamani, PriestleyïTaylor, Turc, 

Abetw) were used to estimate the reference evapotranspiration and 

compared them to the measured values over peanut and maize crops by 

Bowen Ratio Energy Balance method. 

 

 

 



STUDY AREA 

ÅExperiment field covers 3.1 ha and is located in the 

research area of Atat¿rk Soil Water and Agricultural 

Meteorology Research Institute Directorate (ARID) 

(41
 

41'53'' N, 27
 

12'37'' E, 170 asl), in the Kērklareli 

City. 

 

 

 

Figure 1 - Experiment Field in 

Kērklareli, Turkey 



DATA AND METHOD 
Å Bowen Ratio Energy Balance 

(BREB) method is used to determine 

ET in this study. 

Å Latent heat flux is computed from 

surface energy budget components 

and Bowen Ratio (ratio of sensible 

to latent heat fluxes) in this method 

(Burba&Anderson, 2010) 

Å Bowen Ratio Energy Balance 

(BREB): 

 

 

                       

 

                        
 

 

Figure 2 ï BREB 

Measurement System 



 
Components of the BREB 

system 

 



BREB 



Materyal ve Metot 
Metot - Bowen Oranē Enerji Dengesi (BREB) 

Data analysis 



Materyal ve Metot 
Metot - Bowen Oranē Enerji Dengesi (BREB) 

Criteria 



DATA AND METHOD 
Å The ET measurements were 

taken over maize crop for 
2010 and 2011 growing 
seasons.  

Å 2010 season from planting to 
harvesting covers the period 
between 27.04.2010-
24.09.2010 while 2011 
growing season is between 
26.04.2011-23.09.2011 
(totally 151 days for both two 
seasons). 

 

Figure 3 ï Phenological 

Stages of Maize 



DATA AND METHOD 
Å The BREB is expressed in the form by approximating the fluxes by the 

temperature and humidity gradient. 

Å Temperature gradient (æT) and specific humidity (æq) is the differences 

between different levels of air temperature and humidity measurements. 

Å In our study, measurements are at 2 m and 3 m level over surface area. 

Å Daily averaged data of temperature and humidity profile in the surface 

boundary layer for estimating surface energy fluxes and ET. 

Å BREB is used to determine Kc, water use (Malek & Bingham, 1993), and 

plan-water relation studies (Grantz & Meinzer, 1991) with continuous and 

high temporal scale (less than 1 h) data. 

Å In addition, this method does not require surface aerodynamic resistance 

information to estimate actual ET and apply different surface area (Todd et 

al., 2000). 



DATA AND METHOD 

ÅFor the comparisons, 18 different 
equations were used to calculate potential 
or reference ET.  

 

ÅThese equations are mainly based on 
meteorological variables like global solar 
radiation, maximum, minimum and mean 
air temperature, relative humidity, air 
pressure, vapor pressure, wind speed etc. 

 



EMPIRICAL EQUATIONS TO CALCULATE EVAPOTANSPIRATION 

Temperature-

basedequations:  
Å Schendel (1967):        

 

 

Radiation-

basedequations:  

Ô Turc  (1961):                 

     

RH Ó 50                                         

     
      

 

RH < 50                  

Ô Makkink  (1957):                 

    
 

Ô Jensen ï Haise (1963):                 

 

Ô Hargreaves (1975):              
 

Ô Hargreavesand 

Samani (1985): 

 

 

 

Mass transfer-

basedequations:  

Ô Dalton (1802):              

   
 

Ô Trabert  (1896):             
 

Ô Meyer (1945):              

   
 

Ô Albrecht  (1950):             

   
 

Ô BrockampandWenner 

(1963)                
 

Ô WMO (1966):             

   
 

Ô Mahringer  (1970): 

 

Radiation-based equations:  

Ô McGuinnessandBordne(1

972):        

          

 

Ô Priestley Taylor (1972):            

 

Ô JonesRitchie (1972):                    
        

 

Ô Irmak (2003):              
      

 

Combinedequations:  

Ô FAO56 PenmanMonteith (1948):                                          

 

 


