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Abstract
During the examination of the water balance of Kis-Balaton wetland, the direct measurement
and determination of evaporation and evapotranspiration is difficult. Evapotranspiration - as
outcome parameter - is essential for the operation of the Kis-Balaton Water Protection System
(KBVR). The evapotranspiration of the common reed (Phragmites australis), which plays a
decisive role in ecosystems of KBVR marshes is a significant factor due to the fact that the area
of reed canopies exceeds 2,000 hectares. The actual evapotranspiration from the heat balance
and the Bowen ratio can be modelled indirectly by using microclimate measurements.
Modelling can be performed with resistances expressed by meteorological parameters, whose
values are temporally variable. Examinations in a reed canopy of Ingoi-berek was carried out
with a Bowen mast from July to August 2019. The following meteorological parameters were

measured every 10 minutes: surface water temperature, air temperature and air humidity in the
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canopy, air temperature and humidity and wind speed at two levels above the canopy. Our
measurements were supplemented weekly with canopy heights and leaf surface measurements
(LAI), which are important model inputs. Hourly and daily evapotranspiration data were
counted from the 10-minute microclimate probes. Our goal was to examine how Bowen-ratio
modelling can be used to estimate reed evapotranspiration.

Keywords: wetland, common reed, evapotranspiration, Bowen-ratio

Osszefoglalas
A Kis-Balaton vizes ¢él6hely vizhaztartasanak vizsgalata soran a parolgas és az
evapotranszspiracid mérése és meghatarozasa kozvetlen méréssel nehezen megoldhat6. A
parolgas - mint eredményparaméter - a Kis-Balaton Vizvédelmi Rendszer (KBVR)
mikodéséhez elengedhetetlen. A KBVR mocsarak 6koszisztémajaban meghatdrozo szerepet
jatszo kozonséges nad (Phragmites australis) parolgasa jelentds tényez6, mivel a nadasok
teriilete meghaladja a 2000 hektart. A hohaztartasi egyenletbdl és a Bowen-aranybol szdrmazo
tényleges evapotranszspiracié mikroklimamérésekkel kozvetve modellezhetd. A modellezés
meteorologiai paraméterekkel kifejezett ellenallasokkal végezhetd, amelyek értékei idOben
valtozoak. Az Ingodi-berek nadallomanyaban 2019 jaliusatol augusztusaig Bowen-oszloppal
végeztiink vizsgalatokat. A meteorologiai paramétereket 10 percenként mértiik az alabbiak
szerint: felszini vizhémérséklet, az allomanyban a levegd hémérséklete €s paratartalma, az
allomany feletti két szintben a levegd homérséklete és paratartalma, valamint a szélsebesség.
Meéréseinket hetente kiegészitettiik az allomany magassag ¢s a levélfeliilet (LAI) mérésével,
amelyek fontos modellbemeneti adatok. Az drankénti és napi evapotranszspiracios adatokat a
10 perces szenzoradatokbdl szamoltuk. Célunk megvizsgalni, hogy a Bowen-arannyal torténd

modellezés hogyan hasznalhat6 a nad parolgasanak becslésére.
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Introduction
Evapotranspiration (ET) is the main component of wetlands’ water loss, the highest energy
consumer of incoming solar radiation, considered latent heat flux as its energy equivalent
(Priban & Ondok 1985). The reed (Phragmites australis L.) is the dominant macrophyte plant
of the Kis-Balaton. The area of its contiguous stands in the Kis-Balaton Water Protection
System (KBWPS) is estimated to be about 2,000 ha. The presence of small or large coherent
reed stands are very common in wetland habitats in the whole world (Struyf et al., 2007). The
main objective of our study was to estimate the in-situ evapotranspiration of reed beds. A
domestic precedent on reed evaporation can be found in Walkowszky (1973), in which the study
site was Lake Fert6. Walkowszky tried to keep the reeds alive in evapotranspirometers, which
could not survive more than 1 month, so that permanent replanting was necessary. In the case
of the Ingodi-berek of KBWPS, there is no possibility to use site-installed evapotranspirometers,
so as an indirect method we tried to model the actual evapotranspiration by microclimate

measurements based on the heat balance equation and the Bowen ratio.

Material and method
The site of our investigations was the Ingoi-berek of the Lake Fenéki of the KBWPS Phase II,
where the Bowen station was installed (N 46° 38' 8.6", E 17° 11' 57.6") (Figure 1). The station
measures the following meteorological parameters at 10-minute resolution: surface water
temperature and mean water temperature, canopy air temperature and humidity, above-stand
air temperature and humidity at height of 1 and 2 m, above-stand wind speed at height of 2 m

and sun radiation.
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lAgrometeoro!ogicaI Station Keszthely.

JMeasunng site

Figure 1. Measuring site in the Ingoi-berek of Lake Kis-Balaton and the reference Agrometeorological Station in

Keszthely (Google Earth)

Boreas type wind sensor at 2 m above the canopy were installed. Radiance was measured with

Delta Ohm HD 2102.2 and Delta Ohm HD 2302.0 RAD sensors (Figure 2).

112



Georgikon for Agriculture 26 (2) 2022

Figure 2: Bowen station in the Ingoi-berek (July 23, 2019, photo bi Gdabor Sods)

The hourly evapotranspiration was modelled using the Massman and Burba method (Massman,
1992; Burba et al.,1999). The basis is the net energy balance, Rn (the difference between
shortwave and longwave radiation), which is the source of the energy-intensive processes in
the reed stand. From the energy balance equation:

—G-JE-H =~0
R —-G-AE-H )

where: H: sensible heat flux, AE: latent heat flux, G: ground heat flux.

Bowen ratio: expressed as the ratio of sensible (H) to latent heat fluxes (AE):

B=H/AE 2

The Bowen ratio can be calculated from the vertical change in air temperature and vapour

pressure:
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AT
B=y—

Ae (3)
The latent heat flux:
JE = R,-G

In our case, G is calculated from the change in water temperature:

G = cud(g) (5)

where cw is the specific heat of water, d is the water depth, dT is the change in temperature with

respect to dt.
The sensible heat flux (H):

R, -G

H =5

The surface energy budget is (Rns):
R.-G-AE.-H_ ~0

ns s s (7)
where: AEs: surface latent heat flux, Hs: surface sensible heat flux.
The energy budget of a given thickness of vegetation (Rny):

R —AE, —H, 6 ~0
nv v v (8)

where: AEy: vegetation latent heat flux, Hy: vegetation sensible heat flux.

The net radiation is the combined energy of the surface and the stand:

Rn = Rns + an (9)

The sums of latent and sensible heat:

and
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The surface net radiation is calculated from the Monsi-Saeki (1953) formula. The extinction
coefficient (k) is determined using digital image processing by weighing the incident radiation
by the area ratio of sunlit and shadowed spots:

Rns = (Rn ) eXp(—kLAI ) (12)

Surface Bowen ratio, (Ps) latent heat flux, and sensible heat flux are approximated as follows:

H S
Bs = E
: (13)
JE, = PG
+ f, (14)

Hs - Rns —G _AES (15)

Bs is needed to calculate AEs, Hs, AEv and Hv. derived by Massman (1992), taking into account

that in our case the resistance to surface water vapor transport is zero.

pan (Tws _Ta) - Hra

IBS ) [(ﬂ'ypa / P)(e*Tws _ea) _;I'Era] (16)

Where: pa: Wet air density, Cp: air heat capacity, Tws: water surface temperature (measured), Ta:
air temperature (measured), ra: aerodynamic resistance,

A: latent heat capacity of vapour, y: psychrometric constant, P: atmospheric pressure, etws:
surface vapour pressure (measured), ea: above-canopy vapour pressure (measured).

The reference evapotranspiration (ETo) is calculated from data of the nearby (distance from
measuring site: 7 km) Agrometeorological Station in Keszthely (N 46°44°; E 17°14°) (Figure

1). The FAO-56 Penman-Monteith ETo [mm day™] equation (Allen et al., 1998) is as follows:
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0.408A(R, -G)+y 900 u,(e,—e,)
ET = " T+273 2°° °°
° A+vy(1+0.34u,)

(17)

where T is mean daily air temperature at 2 m height, u. is wind speed at 2 m height, es is
saturation vapour pressure, (es-€a) IS saturation vapour pressure deficit, A is slope vapour
pressure curve, 0.408 is a conversion factor.

The calculation of the new daily crop coefficients as a dimensionless indicators using reference

evapotranspiration (Eqg. 17) and the modelled actual evapotranspiration AE (Eq. 10):

__ET,

K. =
¢ ET,

(18)

The monthly weather of 2019 July and August were characterized by the Thorthwaite Index

(TI) based on the World Meteorological Organisation (WMO) Report (1975):

TI =1.65(P/T, +12.2)°"° (19)

where P and T, are the monthly sum of precipitation and the monthly mean of air temperatures,
respectively.
Anda et al. (2014) suggested the next categories after calculating T1 for monthly climate norms
(1971-2000), and assuming 20% deviation:

Hot (dry) month (h): TI month > T norm x 0.8,

Cool (wet) month (¢): TI month > Tl norm % 1.2,

Month with normal weather (n): TI norm X 0.8 < TImonth < Tl norm % 1.2.

Anda et al. (2014) published the K¢ values (Table 1) due to TI for P. australis.

Table 1 Values of reed crop coefficients (K¢) for July and August with different weather (Anda et al., 2014).

Season July Aug.
Cool 0.77 0.8

Normal 1.51 0.99
Hot 1.62 1.39
Average 1.46 1.22
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Results and discussion

Characterizing the investigated period with the TI, July (Ta: 22.8 °C P: 92.1 mm) was 19%
higher and August (Ta: 22.6 °C P: 25.9 mm) was with 67% lower than Tlyom 0f 1971-2000. At
the same time, 1,51 and 1.39 K. values were computed for “Normal” July and “Hot” August,
with respectively. Due to weather conditions in summer 2019, high monthly mean ETo of 4.55
mm daywere computed in July, while somewhat lower monthly mean ETo of 3.98 mm day™
for August were detected. With these counted K. values, the ETakc for reed was calculated
using equation 18 and ETo. The modelled data series ETa-sowen Were compared with these ETa-
Kkc data series.

For the modelled data the measured LAI was between 3.9 and 4.4 and the weighing average
extinction coefficient (k) was 0.4. Hourly and then daily total evapotranspiration (ETa-Bowen)
was produced from the ten minutes of measurements. The model allows the calculation of
evaporation and transpiration, separately. The daily values of mature vegetation in July and

August 2019 are shown in Figure 3.

Daily evapotranspirations of reed stand from July to August 2019
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Figure 3 Daily evapotranspiration of reed stand (ETa-gowen ) in the Ingéi-berek and ETaxc. ETa-kc for reed was

calculated using equation 18 and ETO.
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The daily ETakc ranged from 3.24 to 9.26 mm in July and from 2.86 to 7.53 mm in August.
The daily ETa-gowen Values ranged from 3.27 to 7.02 mm in July and from 3.43 to 7.01 in August.
The ETakc values were 13.7% higher than that of the modelled ETagowen. The pattern of
evapotranspiration curves was similar in the two ET assumptions, although, with smoother
distribution in ETa-Bowen.

The average portion of Evaporation and Transpiration to Evapotranspiration (ETa-Bowen) are
0.19 (19%) and 0.81 (81%), respectively. The time series, with a normal data distribution, a
paired-sample t-test was applied to compare differences between ETa-gowen and ETa.kxc from ETo
and Kc counted by Anda et al. (2014). The difference between daily modelled ETa-Bowen and
ETa-kc with average values of 5.46 and 6.21 mm respectively, was significant: P(T<=t )= 0.000.
The average deviation was 0.75 mm.

We also counted new daily Kc values using the modelled reed evapotranspiration (ETa-owen)
and ETo from the Agrometeorological Station in Keszthely (Figure 4). The average values for
July and August were 1.26 and 1.34 respectively. The August K. value was closer to 1.39
suggested by Anda et al. (2014) than the July’s to the extreme 1.51. So the wetland microclimate
could be more balanced as it was thought earlier. The explanation could be the large water table
characterized with the high value of specific heat of water. This could result in smoothing the

original K¢ curve, suggested by Anda et al. (2014).
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Figure 4 Boxplot of the new crop coefficient values for July and August with outliers. The crosshairs represent

the mean

Conclusion
The crop coefficient values (K¢) were a good estimator of the reed water demand as published
by Anda et al. (2014) through evapotranspirometer installed at the Agrometeorological Station
in Keszthely. The method is also suitable for estimating the evapotranspiration of the large reed
beds of Lake Kis-Balaton. We also should take into consideration the new discussion to get
more precise outcome. Using this assumption, the largest outcome of the water balance, the ET

can be determined more accurately.
Acknowledgement

The publication is supported by the EFOP-3.6.3-VEKOP-16-2017-00008 project. The project

is co-financed by the European Union and the European Social Fund.

119



Georgikon for Agriculture 26 (2) 2022

References
Allen, R.G., Pereira, L.S., Raes, D. and Smith, M. 1998. Crop Evapotranspiration: Guidelines
for Computing Crop Requirements. FAO Irrigation and Drainage Paper 56, FAO, Rome, Italy.
Anda, A., Teixeira, da Silva J.A. and Soos, G. 2014. Evapotranspiration and crop coefficient of
common reed at the surroundings of Lake Balaton, Hungary. Aquatic Botany. 116. 53-59.

https://doi.org/10.1016/j.aquabot.2014.01.008.

Burba, G.G., Verma, S.B. and Kim, J. 1999. Surface energy fluxes of Phragmites australis in a
prairie  wetland.  Agricultural and Forest  Meteorology. 94(1). 31-51.

https://doi.org/10.1016/S0168-1923(99)00007-6.

Massman, W.J. 1992. A surface energy balance method for partitioning evapotranspiration data
into plant and soil components for a surface with partial canopy cover. Water Resources

Research. 28(6), 1723-1732. https://doi.org/10.1029/92WR00217.

Priban, K. and Ondok, J. 1985. Heat balance component and evapotranspiration from a sedge-
grass marsh. Folia Geobotanica & Phytotaxonomica. 20. 41-56.

https://doi.org/10.1007/BF02856464.

Struyf, E., Van Damme, S., Gribsholt, B., Bal, K., Beauchard, O., Middelburg, J.J. and Meire,
P. 2007. Phragmites australis and silica cycling in tidal wetlands. Aquatic Botany. 87(2). 134—

140. https://doi.org/10.1016/j.aquabot.2007.05.002.

Walkovszky, A. 1973. Experiments to determine reed transpiration. OMSZ Hivatalos
Kiadvanyai. Budapest 43, 145-150.

WMO Report 1975. Drought and Agriculture. WMO Techn. Note No. 138.

120


https://doi.org/10.1016/j.aquabot.2014.01.008
https://doi.org/10.1016/S0168-1923(99)00007-6
https://doi.org/10.1029/92WR00217
https://doi.org/10.1007/BF02856464
https://doi.org/10.1016/j.aquabot.2007.05.002

Georgikon for Agriculture 26 (2) 2022

Instructions to Authors

The aim of Georgikon for Agriculture is to publish original papers in all fields of agriculture
and related topics. They may include new scientific results, short communications, critical

review articles, conference reviews and letters to the Editor.

Manuscripts should be sent in English electronically (anda.angela@uni-mate.hu and

simon.gaspar.brigitta@uni-mate.hu).

Manuscripts are anonymously reviewed, and if necessary returned to the authors for correction.
Proofs should be checked and returned to the Editor within 48 hours after receipt. Publishing

in the Journal is free of charge.

The manuscript should be in double spaced typing in justified alignment using Times New
Roman fonts, 12 pt character size except for the title, name and affiliation block. The manuscript
length should not exceed 16 printed pages including tables and figures. Metric (SI) symbols
should be used. Main section names (dbstract, Osszefoglalds, Introduction, Materials and
Methods, Results, Discussion, References, Acknowledgement if applicable, Tables and Figures)
should be aligned to the centre in italic bold 12 pt size characters. Minor headings are set in

italic type, aligned at the left. Leave one blank line between sections.

Title: Should be short, compact and relevant, expressing the contents of the work. The
recommended limit is 12 words. Type title of the paper in centred bold capital letters, in 16 pt

size characters aligned to the centre of the line.

Author(s) name(s): Leave one blank line before the name- and affiliation block. Please give
the whole name of all author(s) and address(es). In the case of two or more authors, the author's
names should be followed by numbering in the upper case to separate their addresses. An
asterisk (*) follows the corresponding author's name. Provide E-mail address for the
correspondent author. Name and affiliation should be typed using centred alignment, italic 14
pt size characters followed by one blank line.

121


mailto:anda.angela@uni-mate.hu

Georgikon for Agriculture 26 (2) 2022

Abstract: The title should be followed by an Abstract, containing the scope of the work and
the principal findings in fewer than 200 words. Leave one blank line after the abstract and give

maximum 5 to 8 keywords.

Osszefoglalas: The keywords should be followed by a summary, written in Hungarian, entitled

- Osszefoglalas - not longer than 300 words.

Introduction: This part should state briefly the nature and purpose of the work and cite recent
important research results in the area. References should be cited as follows: ...as observed by
Hatfield and Idso (1997); or in parentheses: ....were found (Hatfield et al., 1998; Jackson and
Hatfield, 1997).

When referring to several papers published in the same year by the same author, the year of
publication should be followed by letters a,b,c etc. Cite only essential references.

Materials and methods: should contain the precise description of materials, methods,

equipments, experimental procedure and statistical methods used, in sufficient detail.

Results: This part of the paper should present the experimental data clearly and concisely

together with the relevant tables and figures.

Discussion: This part should focus on the interpretation of the experimental findings, contain

the conclusions drawn from the results, discussing them with respect to the relevant literature.

Acknowledgement: grants and various kinds of assistance may be mentioned here.

References: The list of references should be arranged alphabetically by the authors surnames.
Make sure that all references in the paper are listed in this part and vice versa. If necessary cite
papers not published yet as ‘unpublished data’ or 'pers.com.’.

The reference in the case of journal papers should contain: name(s) and initials of all author(s),
year of publication, title of article, name of journal, volume number and pages. Use italic letters

for the journal name and bold letters for volume number. E.g. Bauer, P.J., Frederick, R.J.,

122



Georgikon for Agriculture 26 (2) 2022

Bradow, E.J., Sadler, E.J. and Evans, D.E. 2000. Canopy photosynthesis and fiber properties of
normal- and late-planted cotton. Agronomy Journal. 92. 518-523.

Reference for books should contain name(s) of author(s), year of publication, title of the book,
publisher, place of publication and pages. E.g. Storch, H. von. and Floser, G. 2000. Models in
Environmental Research. Springer-Verlag, Berlin/Heidelberg, 152-158.

Example of a reference for chapter in a proceedings volume: Cagirgan, M.J., and C. Toker.
1996. Path-coefficient analysis for grain yield and related characters under semiarid conditions
in barley. p: 607-609. In A. Slinkard et al. (ed) Proc. Int. Oat Conf., 5" Int. Barley Genet. Symp.,

7™ Vol. 2. Univ. of Saskatchewan Ext. Press, Saskatoon, Canada.

Figures: Number the figures in Arabic numerals. The title should be short, but expressive.
Figures, diagrams and photographs should be embedded to the text. The title of the figure

should be be aligned to the centre in italic 10 pt size characters under the figures.

Tables: The same rules are valid for figures and tables. Use tabs instead of spaces or hard
returns when setting up columns. In tables do not use vertical lines. Avoid excessive number of
digits in the body of the table. Refer to each table in the text. The title of the tables should be

aligned to the centre in italic 10 pt size characters above the tables.

More information on publication may be obtained from the Editorial Office:

Dr. habil Angela Anda
Hungarian University of Agriculture and Life Sciences, Georgikon Campus
Tel: +36 83/545-149

E-mail: anda.angela@uni-mate.hu; anda@keszthelynet.hu

123


mailto:anda.angela@uni-mate.hu
mailto:anda@keszthelynet.hu

