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Research Interests

Terresterial ecosystem
Ecosystem gas exchange (CO2, CH4 .....)
-Measurement
-Analyses
-Modelling

Impacts of climate change on agriculture, forest and
water resources
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Evapotranspiration
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Subject of study

* |[nvestigate 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

Ganakkale

' Eddy Covariance Measuring Kirklareli city

System located in the
Thrace

2 Agrometeorological Station Region of
Turkey

Ref: http://www.google.com/intl/tr/earth/index.html



Experiments and Observations
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Flux studies
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C0O2 and H20 Flux
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Experiments and Observations (Contd.)




METHODS-Eddy Covariance Measuring System

> Open path infrared gas analyzer

Three-dimensional sonik anemometer

Open Path Eddy Covariance System
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RESULTS&DISCUSSION
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Flux Corrections, Gap filling and Flux Partitioning

During the data processing;
*Spike Removal

*Frequency Response

*WPL (Webb, Pearman, Leuning)

*Coordinate Rotation Corrections
have been applied to the EC data
set.

A A $
g 10 b _"‘A
4 Af

NEE =R_ . — GPP

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). 17
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RESULTS & DISCUSSION

— GPP

Reco
— NEE

o .i”.b

.N‘
2L - - 6,
2,

2 -

15 —

_ _ L LI L IR
QQG

_
m o o o o & &

(Rep,wi9B) §3XN74 NOGYYD ATV

s
T

vt

Pl

x

—o— GPP
— Reeo
—— NEE

O R T gy

1200 —

1000 —

GPP Reco

NEE

1132.8 7914

-342.7




INEE (gC/m?)

eco

IR (gC/m?)

)

TGPP (gC/m’

-100

-200

-300

-400

-500
900
800
700
600
500
400
300
200
100

1200

-
o
o
o

800

600

400

200

RESULTS&DISCUSSION

¥ =0.97

G =19.57

Y =746.65-752.86 X+121.78 X*
¥ =0.98
¢ =622

T T T T T T T 1

Y =1053.36-126.39 X
r*=0.87
c=32.09

Y = 76.43+85.34 X+12.09 X*

¥ =097
5 =24.97
L} I L} l L] I T I
i Y =1328.22-89.56 X \
— r’ = 0.96

o =10.53

Y = 120.16+27.31 X+49.43 X*
¥ =0.97
o =43.34

LAI

Y =-45.05+58.03 X-37.34X"

GPP (gC/m’)

14
Y =5.40915-4.95872 X+1.85504 X°

" =0.7109

12

o =1.7061 -

0.0 0.5 1.0 1.5 2.0 25 3.0 3.5 4.0

20



NEE (gC/m’day)

RESULTS & DISCUSSION

Y =2.96+4.03 X-14.83 X*
*=0.86
c=1.12

(gC/m’day)

eco
N

R
N

Y =17.75-53.87 X+45.43 X*
r*=0.86
c=0.86

-
o O N O

GPP (gC/m’day)

o N A~ O

Y =14.79-57.90 X+60.26 X*
r*=0.95
c=0.74

o

b R4
o o o
o o o

INEE (gC/m’)

eco

SR_ (gC/m?)

TGPP (gC/m’)

Y =-4.20-0.41 X+1.073E-4 X?
r*=0.97
c = 26.66

Y =176.195+0.48 X-1.03E-4 X*
¥ =0.97
o =38.35

Y = 179.08+0.88 X-2.11E-4 X?
" =0.99
o =39.44

I I T
0 500 1000 1500 2000 2500
BIOMASS (g/m?)

21



INTRODUCTION

« Determination of evapotranspiration (ET) iIs 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.

« ET 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



LITERATURE REVIEW

Some examples of the comparative studies using empirical equations in the
literature are given below:

Xu and Singh (2001) compared seven temperature-based ET equations
using two climatic stations’ data (Rawson Lake and Atikokan stations) in
Canada. They found that Blaney—Criddle and Hargreaves method results
have the least error when compared to the observations

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.

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.

Kisi (2013), compared Penman- Monteith (PM), Copais, Turc, Hargreaves-
Samani, Hargreves, Ritchie and Irmak methods to Valiantzas (2013) method
using Adana, Antalya, Isparta and Mersin stations’ data. The Copais
equation performs the best out of the nine methods while the worst is Turc
method.

Crivvactavva et al  (201R) 1iced emnirical evanntrancnirationn  methonde



STUDY AREA

« Experiment field covers 3.1 ha and is located in the
research area of Atatiirk Soil Water and Agricultural
Meteorology Research Institute Directorate (ARID)
(41 41'53" N, 27 12'37" E, 170 asl), in the Kurklareli

2% Mefeorological

station ¢

Figure 1 - Experiment Field in
Kyvl-lavel: Tiirkev



DATA AND METHOD

Bowen Ratio Energy Balance
(BREB) method is used to determine
ET in this study.

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)

Bowen Ratio Energy Balance
(BREB):

Measurement System



Components ot the BREB
system




BREB




Materyal ve Metot

Metot - Bowen Oram Enerji Dengesi (BREB)

Data analysis
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Materyal ve Metot

Metot - Bowen Oram Enerji Dengesi (BREB)

Criteria
Kullanilabilir Buhar Basing Bowen )
Enerji Farki Orani Is1 Akilan

Ba-G=0 Aea= 0 p=-1 LE=0ve-1<p=0icinH=0
Aea>0 p>-1 LE=0vep>0 icinH>0
Aes< 0 B<-1 LE<0veH>0

Ra-G<0 Aes= 0 p<-1 LE>0veH<0
Aea< 0 p=<-1 LE<Ove-1<p=<0i¢cinH=0
Aea <0 p>-1 LE<0vep>0 icinH=0




DATA AND METHOD

« The ET measurements were
taken over maize crop for
2010 and 2011 growing T
seasons.

« 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

Figure 3 — Phenological



DATA AND METHOD

The BREB is expressed in the form by approximating the fluxes by the
temperature and humidity gradient.

Temperature gradient (AT) and specific humidity (Aq) is the differences
between different levels of air temperature and humidity measurements.

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

Daily averaged data of temperature and humidity profile in the surface
boundary layer for estimating surface energy fluxes and ET.

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.

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

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

 These equations are mainly based on
meteorological variables like global solar
radiation, maximum, minimum and mean
alr temperature, relative humidity, alir
pressure, vapor pressure, wind speed etc.
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EMPIRICAL EQUATIONS TO CALCULATE EVAPOTANSPIRATION

Temperatqre- Radiation- Mass transfer-
basedequations: basedequations: basedequations:
Schendel (1967):
o = Turc (1961): = Dalton (1802):
- ( )
Radiation-based equations: RH > 50 Trabert (1896)
= Traber ;
= McGuinnessandBordne(1 - v ( )
972):
) = Meyer (1945):
- ( )
(—) RH < 50
: _ » Albrecht (1950):
= Priestley Taylor (1972): = Makkink (1957): ( )

= BrockampandWenner

= JonesRitchie (1972): = Jensen — Haise (1963): (19632 )
= WMO (1966): w» FA
= |rmak (2003): = Hargreaves (1975): ( )

( )
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ETp (Albrect) % 605
ETp (Brockamp&Wenner) 107 859
ETp (Dalton) 77 837
ETp (FAO Penman Monteit 569 569
ETp (Hargreaves) 355 369
ETo (Hargreaves ve Samani 784 784
ETo (Irmak) 407 a1
ETo (Jensen Haise) 425 425
ETo (Jones ve Ritchie) 363 377
ETp (Mahringer) 136 499
ETo (Makkink) 285 2%
ETp (McGuinness&Bordne 259 268
ETp (Meyer) 73 828
ETp (Priestley Taylor) 592 616
ETo (Schendel) 741 835
ETp (Trabert) 62 477
ETp (Turc) 77 85
ETp (WMO) 109 430
ETactual 808 75
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Agrometeorological measurements
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Experiments and Observations
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Sunflower
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Measurements
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Modelled — Measured
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Total Annual Precipitation Difference according to KNMI(r2) Regional Climate Modcel
i
Turkey (future):
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Thrace/Turkey (future):

M. SICAKLIK [°C) Elesi SETo. s SR
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TOPLAM K] 313.1 99,3 74.5 46L6 357.5 =2 BL.5 385.5 340.4 63.5 45.3 383.5 3313 56.7 40.1




Thrace/Turkey (future): Variations Within

Growing Periods

1975-2010 ——2011-2040 —2041-2070 —2071-2100 1975-2010 2011-2040 2041-2070 2071-2100
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Sekil 5.9: Meteorolojik degiskenlerin 1975ten 2100'e kadar deg

Bugday gelisme ddnemi).

isimi (Kirklareli-
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Sensitivity Analysis

Kirklareli ilinin ikliminin bugday verimine hassasiyetinin CERES-Wheat Modeli ile

belirlenmesi.
Defisim (%) Duyarhhik Analizi ve Senaryolar

T T+ |T+2 (T43 |TH  |T#5 [T-1 |P P-%10(P-%20|P-%30|P-%40|Rg  |Rg+%10|{Rg+%20 |Rg+%30 |CO2 |CO2x1.5(CO2x2 |CO2x3
T 00 -71{-10,7)-19,2| -28,38( -35,9) &8 000 L2 -06 08 -97 00 1,2 9,8 16,1 0,0 5,3 178 276
T+ -71) -7l oo on0f o0 o0 o0 -7 -67 -39 -47 <42 -71] -30 11 46 -71 -0,6 500 1L6
T+2 -10,7] 0,0]-107) 00[ o00f 00] 00 -107] -88) -83 -73 -69 -107] -44] -03 28 -107  -53 -13 29
T+3 -19,2( 00 00(-1%2 o0 000 00 -19.2) -186| -180| -172| -16,8 -19.2] -135 -8,3 -3,9) -18,2) -1LE -5,7 0,2
T+ -288( 00 00 00 -288 000 00 -288| -282| -27,5| -26,8| -26,5| -28,8 -25,2| -2L,8 -19,3| -28,8| -239] -20,2) -1&7
T+5 -353 G0 00 00 00 -353| 0,00 -359 -354| -34,7| -34,0| -33,8] -35,9| -331| -3L5| -304| -359) 347 30,6 -29.0
T-1 69 00( oo o00f o0 o0 e% 63 &L &3 69 -led| 63 13l 20,3 213 658 134 2311 L0
P 00 -71{-10,7)-19,2| -28,38( -35,9) &8 000 L2 -06 08 -97 00 1,2 9,8 16,1 0,0 5,3 178 276
P-%10 12| -6,7 -89|-186| -282| -354| &1 L2 12| 00 00 00 12 4,7 10,6 167 L2 104 183 286
P-%20 06 59 -83|-180] -275) -347| &3 -06 000 -06 000 00 -06 56 86 13| -06 TAl 147 233
P-%30 0.8 -47 -73-172( -26,8 -3401 &8 0.8 00 00/ 08 000 08 -053 -1200 -2500 03 g4 156) 241
P-%40 87 -42| -6,9|-16,8| -26,5| -33,8| -164| -3,7\ 0.0 00 00 -3,7 -3,7 -2L9] -346| 40,7 -9,7 0 187 252
Rg 0,01 -71|-10,7)-19,2| -2838( -35,9) &3 000 L2 -06 08 -97 00 7,2 9,8 16,1 0,0 83 178 276
Rg+%10 721 -3,0( -44)-135 -25,2| 330 13,1} 72] 47 36 -03] -2L3) 72 72 0,0 oo 721 173 267 368
Reg+%20 58 L1 -0,3) -83| -2L3( -31,5| 20,3 9.8 106 86| -120| -346 98 0,0 9,8 oo 98 183 279 375
Rg+%30 16,1| 46| 2,8 -39 -13,3| -304| 21,3] 1g1) 167 -L3 -25,8- 16,1 0,0 0,0 16,1 16,1| 26,3 355 453
02 00 -71|-10,7 -18,2] -288| -359] 69| 000 12| -06| 08 -97 00 72 98 161 00 93 178 276
CO2L5 8,3 -08 -53)-1L3| -23,9] -327) 134 9,3 104 74 84 700 93 173 19,3 263 9.3 8,3 0,0 0,0
022 178 500 -L3| -57) -20,2| -30,8 23,1 17.8) 189 14,7| 156 16,7 178 287 278 35,5 178 0,0 178 0,0
023 278 116 23| 02| -18,7) -29,0| 3L,0| 276 286| 233 241 252| 276 3648 3?,5- 27,6 0,0 0,0 276




Yields of Wheat, Sunflower, Mais (in

Kirklareli) (Genetic coefficients based on
database of 2010-2011

Kirklareli'nde Bugday (Gelibolu); Misir (Helen) ve Aycicegi (Tunca) bitkilerinin (2010-
2011 gelisme donemi katsayilarina gore) dane veriminin iklim degisikliginden
etkilenme derecesi

DANE WOFOST DSSAT

BiTK 2013-2040 ] 2013-2040 ]

= | ORTALAMA| ENKURAK | EN YAGISLI | ENSOGUK | ENSICAK | ORTALAMA | EN KURAK | ENYAGISLI | ENSOGUK | EN SICAK
BUGDAY | %80 AZALIS | %97 AZALIS | %26 AZALIS | %11 ARTIS | %21 ARTIS | %8 AZALIS | %23 AZALIS | %37 AZALIS | %1 AZALIS |%35 AZALIS
AYCICEGI | %41 AZALIS | %62 AZALIS | %16 ARTIS | %8 AZALIS | %62 AZALIS| %4 AZALIS | %7 AZALIS SABIT %6 ARTIS | %7 AZALIS

MISIR | %57 AZALIS | %46 AZALIS | %35 AZALIS | %44 AZALIS | %44 AZALIS | %13 AZALIS | %10 AZALIS | %10 AZALIS | %11 AZALIS | %12 AZALIS

BiTK 2041-2070 i 2041-2070 ]

= | ORTALAMA | EN KURAK | EN YAGISLI | EN SOGUK | ENSICAK | ORTALAMA | EN KURAK | EN YAGISLI | ENSOGUK | EN SICAK
BUGDAY | %69 AZALIS| %13 ARTIS | %28 ARTIS | %10 AZALIS| %13 ARTIS | %12 AZALIS | %64 AZALIS | %47 AZALIS | %5 AZALIS | %64 AZALIS
AYCICEGI | %59 AZALIS | %79 AZALIS | %16 AZALIS | %18 AZALIS | %79 AZALIS| %2 ARTIS | %36 AZALIS | %6 AZALIS | %8 ARTIS |%36 AZALIS

MISIR | %60 AZALIS | %62 AZALIS | % 22 ARTIS | %16 AZALIS | %58 AZALIS | %15 AZALIS | %13 AZALIS | %16 AZALIS | %2 AZALIS |%25 AZALIS

BiTK 2071-2100 ] 2071-2100 ]

= | ORTALAMA| ENKURAK | EN YAGISLI | ENSOGUK | ENSICAK | ORTALAMA | EN KURAK | EN YAGISLI | ENSOGUK | EN SICAK
BUGDAY | %17 AZALIS | %90 AZALIS | %33 ARTIS | %33 ARTIS | %23 AZALIS | %20 AZALIS | %14 AZALIS | %30 AZALIS | %30 AZALIS | %45 AZALIS
AYCICEGI | %63 AZALIS | %90 AZALIS | %47 AZALIS | %33 AZALIS | %90 AZALIS | %2 AZALIS | %10 AZALIS | %1 AZALIS SABIT [ %10 AZALIS

MISIR | %58 AZALIS | %53 AZALIS | %3 AZALIS | %27 AZALIS | %64 AZALIS | %17 AZALIS | %16 AZALIS | %3 AZALIS | %6 AZALIS |%16 AZALIS

Azalis=Decrease; Artis=Increase




NDVI & GDD (Winter wheat)

Kirklareli-Bugday (1995-2002) olgunlasma hasad
basaklanma ciceklenm T
kardeglenme
0.5 %\ pd - |
03 fiizlenme % e~
0.4
0.4 i .
NDVI 8'2 | 5 yaprak 7 A
= I R 4 y = -1E-07x* + 0.0005x - 0.0539
0.2 - R®=0.9538
0.1
0.1
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GDD

Reference: Caldag, B., 2009, Estimation of Agrometeorological properties of Thrace region, PhD. ITU.



MAIS
N
Sep
Az
sl
Jun
My

Tal

Actual ET (Winter wheat)

2
&m
%
m - Q Q
8 )
> %
{ %,
m 7
o,
%,
%
)
o,
%
D)
%
f T T T T T eg
o » < o o o o &,
%

< SUNFLOWER

56




TOPRAK SU ICERIGI 60-90 (%)

TOPRAK SU ICERIGI 30-60 (%)
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Study Area

Study area is located in Kirklareli
city in northwest of Turkey (41.70
N, 27.20 E).

‘ , B\ 7.‘.;,;
Watermelon type Is crimson

sweet.

Growing period is between
14.05.2012 and 09.10.2012.

The research territory belongs to
a temperate, continental and
Mediterranean climate, with an
annual mean temperature of 13.2 |
°C (1950 — 2014). Long term
annual mean total precipitation is
578 mm (TSMS, 2015).



http://tureng.com/search/mediterranean

t Area

Experimen




Measurements

* Agricultural Meteorological Station
Measurements;

To examine the EC measurements simultaneously with meteorological
variables like;

maximum, minimum and mean temperatures, relative humidity (Hygrometer
MP100A, Rotronic Instrument Crop),

wind speed and direction at 0.5, 1, 2, 5, 10 m level (NRG #40C Anemometer and
NRG #200P Wind Direction Wane, NRG Systems),

global solar radiation (CMP3, Kipp&Zonen),
net radiation (NR LITE, Kipp&Zonen),
soil temperature at 2, 5, 10 and 20 cm level,

soil water content at 0-30, 30-60 and 60-90 cm (CS 616 TDR type, Campbell
Scientific)

were also measured during the experiment period.

 Eddy Covariance Station
Measurements;

EC measurements were conducted using two types of sensors; namely a 3D

sonic anemometer (CSAT3, Campbell Scientific) and an infrared gas analyzer
(LI-7500, LI_COR Biosciences) in a temporal resolution of 10 Hz.




Eddy Covariance
Method
(lost data causes)

Raw data has huge amount of error (up to % 40 in
some cases).

These data need to be detected and removed from

original data set.

Causes of error;

Frequency response is one of error cause.
Precipitation for open path gas analyzer
Wind direction (for fetch distance)

Stable condition (calm wind)

Day

Hour
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Eddy Covariance’s Pros and Cons

EC method allow to measure ET directly with high accuracy. Therefore it is most common used
method to measure fluxes in the World.

Disadvantages of method can be summarized as;
* Cost of system,
* Necessity of experience of agricultural meteorological to amounting system,

* Frequent study work for cleaning and Aletlerin temizligi ve bakimlariicin stk zaman
araliklarinda araziyi ziyaret etme zorunlulugu,

 Detecting wrong data and gap filling procedure.



During May, 71.4 mm precipitation occurred.

Results — Variations of

Meteorological

Parameters

Total precipitation during growing period was 88.2

mm.

As expected, temperature variations were getting
higher values during summer months but lower in
May caused by below climate averages because of

rainy days.

Global and net radiation values together with relative

June | July 'August

L AJVVILIC AJ\_ | I\ J\/

Monthly total precipitation
(mm) (long term)

50.0
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VErage tempErature (O (IONE = pup P S PSP P
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Results - Footprint

Flux footprint was calculated via;

* EC systems height

* \Vegetation height

* Atmospheric condition (stable, unstable or neutral) by model of Kljun ve et al. (2004).

\VToTe [T V] 0 LI R {o]I[e)ilsV-l Contribution percentage of data | Distance from measurement
conditions;
* Measurement height

to flux measurement (%) point (m)

< boundary layer Free area (no contribution) 2

helght % 10 3.6

* Homogen area % 30 0
c M rement heigh

easurement height 20 o

>1m
%70 26.07
As a result % 90 of flux is % 90 97 08

in study area.



Results — Variations of ET

Total ET,=422 mm

Maximum ET,=7.26 mm day! at 13/07/2012
Minimum ET_= 1.01 mm day*at 14/05/2012 Oct
Daily mean ET,= 3.27 mm day? '

Allg s S

Jul e

Daily ET (mm day")
N

2 Jun}

May .




Agrometeorological stations




Phenological observations
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Field works

68



Prof. Dr. Levent SAYLAN

Proje Yiiriitiiciisii

EDDY COVARIANCE

TARIMSAL
NDROI O.Ji

\Y/



Sonic
anemometer

Infrared Gas Analyzer
(IRGA) for CO2 and H20
Flux



Flux measurement (Bowen Ratio Energy
Balance)

Saylan, L, 2005
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2010 TOTAL ET (mm) |2011 TOTAL ET (mm)

ETp (Albrect) % 605
ETp (Brockamp&Wenner) 107 859
ETp (Dalton) 77 837
ETp (FAO Penman Monteit 569 569
ETp (Hargreaves) 355 369
ETo (Hargreaves ve Samani 784 784
ETo (Irmak) 407 a1
ETo (Jensen Haise) 425 425
ETo (Jones ve Ritchie) 363 377
ETp (Mahringer) 136 499
ETo (Makkink) 285 2%
ETp (McGuinness&Bordne 259 268
ETp (Meyer) 73 828
ETp (Priestley Taylor) 592 616
ETo (Schendel) 741 835
ETp (Trabert) 62 477
ETp (Turc) 77 85
ETp (WMO) 109 430
ETactual 808 75




ETp (Albrect)

ETp (Dalton)

RESULTS

R>=0.0018

ETp (Brockamp&Wenner)
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ETactual
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R*=0.4019
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Results
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* IN ORDER TO MANAGE WATER BETTERIN
ARID AND SEMI ARID COUNTRIES, WE
SHOULD MORE CONSANTRATE ON THE
APPLIED STUDIES FOR THE MEASUREMENT
OF WATER CONSUMPTION OF CROPS.

* MICROMETEOROLOGICAL METHODS ARE
ONE OF THE ALTERNATIVES TO MEAUSURE
ACTUAL GREEN WATER (Crop ater use).
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PURPOSE

(

»

« TO COMPARE CO2 FLUX FROM THE
CULTIVATED, UNCULTIVATED,
PLANTED SOIL SURFACES UNDER

EXTREME TEMPERATURE
CONDITIONS.



MATERIALS

2 DIFFERENT DYNAMIC
CHAMBERS

GAS ANAYZER
MULTIPLIXER

SOIL MOISTURE
SENSORS

SOIL TEMPERATUR
SENSORS

OTHER
METEOROLOGICAL
DATAOBTAINED FROM
STATE MET: SERVICE
STATION LOCATES AT
THE SAME PLACE







This project is the first study about
measuring carbon dioxide fluxes
using eddy covariance method over
winter wheat in Turkey.

These measurements must be done
continuously to be able to obtain
more reliable results.

For this reason a carbon flux
network may be created in Turkey.

Determining relationships between
carbon fluxes and vegetation
dynamics may help to estimate
carbon fluxes for wide areas.




D THANK YOU FOR YOUR
ATTENTION!



