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SOUHRN

Vypar z vodni hladiny vyznamné ovliviuje celkovou hydrologickou bilanci
povodi. Pfimé méfeni vyparu je komplikované a neni tak bézné jako méfeni
jinych veli¢in (napt. srdzek nebo teploty vzduchu). Z tohoto dlvodu je vypar
Casto zjistovan ze vzorcd, které jako vstupni data vyzaduji dostupné meérené
meteorologickeé veli¢iny.

V pfispévku jsou popsdna data z plovoucich a bazénovych vyparomérd,
jejichz provozovatelem je VUV TGM. Naméfené hodnoty vyparu a meteorolo-
gickych veli¢in jsou porovndny mezi jednotlivymilokalitami. Dale jsou uvedeny
odvozené vzorce pro vypocet vyparu z vyparomérné stanice Hlasivo a jejich
aplikace na vybrané lokality. Hodnoceni vzorct je provedeno na zakladé nej-
nizsi hodnoty prdmeérné relativni chyby (MRE).

Z vysledkl vyplyva, Ze vzorce odvozené ze stanice Hlasivo jsou vhodné pro
vypocet vyparu i na jinych lokalitdch. Vypocteny vypar koresponduje s namé-
fenym dennim chodem vyparu. Pro vypocet vyparu s nizsi chybou vypoctu je
viak vhodné pouzivat primérnd mési¢ni data a pocitat vypar v delsim ¢aso-
vém horizontu.

UvoD

Vypar z vodni hladiny je dllezitym ¢lenem hydrologické bilance vodnich
nadrzi, zvldsté pak v obdobf sucha. V poslednich letech je vyznam vyparu
umocnovan dopady klimatickych zmén, zejména zvysovanim primérné tep-
loty vzduchu, jez ma za nasledek zvysovani Uzemniho vyparu, véetné vyparu
z vodnich ploch. Zvyseny Ubytek vody vyparem viak nenf kompenzovan sraz-
kami. V dlouhodobém horizontu se navic vyrazné primérné rocni zmény ve
srazkovych Uhrnech nepredpokladaji [1].

Primé monitorovani vyparu z vodni hladiny neni bézné a vyparomérné sta-
nice jsou naro¢né na udrzbu a obsluhu. Z tohoto dlvodu je vypar ¢asto ur¢o-
van z matematickych vzorcd, do kterych vstupuji jiné méfitelné veliciny [2].
Zavislost vyparu na meteorologickych veli¢inach je popsdna mnoha autory
[3-5]. Vzorce pro vypocet vyparu vsak ¢asto obsahuji vstupni velic¢iny, které se
bézné neméfi na zékladnich meteorologickych stanicich a musf byt dale odvo-
zovany, napf. tlak nasycené vodnf pary nebo latentnf tok tepla [6, 7]. Z tohoto
ddvodu byly ve Vyzkumném Ustavu vodohospodarském T. G. Masaryka odvo-
zeny nové vzorce pro vypocet vyparu, do nichz vstupuji veliciny, které jsou
bézné méfitelné na meteorologickych stanicich (napf. teplota vzduchu, rela-
tivni vihkost vzduchu, rychlost vétru atp.) [8]. Tyto vzorce byly v rdmci vyzkumu
VUV TGM dale zpfesiovany [9].
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ABSTRACT

Evaporation from water surface significantly affects the overall hydrological
balance of a river basin. Direct measurement of evaporation is complicated
and not as common as the measurement of other quantities (e.g. precipitation
or air temperature). Therefore, evaporation is often determined using formulas
requiring available meteorological quantities as input data.

This paper describes data from floating and tank evaporimeters operated
by TGM WRI. Measured values of evaporation and meteorological quantities
are compared among the individual sites. Additionally, the derived formulas for
the calculation of evaporation from the Hlasivo evaporimeter station and their
application to selected sites are provided. The evaluation of the formulas is per-
formed based on the lowest value of the mean relative error (MRE).

The results indicate that the formulas derived from the Hlasivo station are suit-
able for the calculation of evaporation on the other sites as well. The calculated
evaporation corresponds to the measured daily course of evaporation. However,
to calculate the evaporation with a lower calculation error, it is suitable to use the
average monthly data and calculate the evaporation over a longer period.

INTRODUCTION

Evaporation from the water surface is an important member of the hydrolog-
ical balance of water reservoirs, especially in times of drought. In recent years,
the importance of evaporation has been exacerbated by the effects of climate
change, in particular by the increasing average air temperature resulting in an
increase in regional evaporation, including evaporation from water bodies.
However, the increased loss of water by evaporation is not compensated by
precipitation. In addition, no significant changes in average annual precipita-
tion totals are expected in the long run [1].

Direct monitoring of evaporation from water surface is not common and
evaporimeter stations are difficult to maintain and operate. Therefore, evapora-
tion is often determined from mathematical formulas into which other measur-
able quantities are entered [2]. The dependence of evaporation on meteorolog-
ical quantities has been described by many authors [3-5]. However, formulas for
the calculation of evaporation often contain input quantities that are not nor-
mally measured at basic meteorological stations and must be further derived,
such as saturated water vapor pressure or latent heat flow [6, 7]. For this purpose,
new formulas for the calculation of evaporation have been derived at the TGM
Water Research Institute including quantities that are commonly measurable at
meteorological stations (e.g. air temperature, relative humidity, wind speed, etc.)
[8]. These formulas were further refined in the research of TGM WRI [9].



Vyzkumny Ustav vodohospodafsky T. G. Masaryka md ve spravé dva plo-
vouci vyparomeéry s meteostanicemi. Jeden je umistén na retencni nadrzi
Zajecice u Jirkova a druhy na Vavfineckém rybnice ve Stfredoceském kraji. Dale
je VUV TGM provozovatelem dvou vyparomérnych stanic, v Hlasivu u Tabora
a v Praze v Podbabé (obr. 1).

Cilem vyzkumu je porovnat jednotlivé lokality z hlediska namérenych mete-
orologickych veli¢in a vyparu. Dalsim cilem je vypocitat vypar v zajmovych
lokalitdch na zékladé vzorcll, odvozenych z dat z vyparomérné stanice Hlasivo.
Predpoklada se, Ze tyto vzorce jsou diky své robustnosti vhodné pro vypocet
vyparu i pro jiné lokality.

Seznam zkratek

vypar z vodni hladiny [mm/den]
zaklad pfirozeného logaritmu
relativn{ vihkost vzduchu [%/100]
prirozeny logaritmus
Kling-Gupta efficiency
prdmérna relativni chyba
globdIni slunecnfi radiace [W/m?]
teplota vzduchu [°C]

teplota hladiny vody [°C]
rychlost vétru [m/s]

Obr. 1. Mapa umisténi vyparomérnych stanic ve spravé VUV TGM
Fig. 1. Location map of evaporimeter stations administered by TGM WRI

VYPAROMERNA STANICE HLASIVO

Vyparomérnd stanice v Hlasivu u Tabora (N 49°29.88738', E 14°45.36117) lezi
v nadmofské vysce 537 m n. m. a je v provozu jiz od roku 1957. K letosnimu
roku tak mame diky nepfetrzitému fungovani k dispozici 63letou datovou fadu.
Jedné se nejen o hodnoty vyparu z volné hladiny, ale i dalsi meteorologické
prvky, jez stanice zaznamenava.

Zatizenf stanice proslo mnohymi zménami. Od roku 1998 jsou mnohé veliciny
zaznamendvany automaticky. Doposud méfené veli¢iny jsou uvedeny v tabulce 1.

Viyparomérna sezona trva obvykle od dubna do fijna, kdy zpravidla nedo-
chézf k zamrzani vodnf hladiny ve vyparomeéru. Diky mnohaletym zkusenostem
méfen( vyparu v Hlasivu se tato perioda pfizptsobila meteorologickym podmin-
kdm v této lokalité a doba méfeni vyparu se omezila na mésice kvéten az fijen.
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The TGM Water Research Institute is in administration of two floating evap-
orimeters with weather stations. One is located on the Zajecice retention reser-
voir near Jirkov and the other on the Vavfinecky pond in the Central Bohemian
Region. Furthermore, TGM WRI is the operator of two evaporimeter stations, in
Hlasivo near Tdbor and in Prague in Podbaba (Fig. 7).

The objective of the research is to compare the individual sites in terms
of measured meteorological quantities and evaporation. The other objective
is to calculate the evaporation on the sites of interest on the basis of formu-
las derived from the data from the Hlasivo evaporimeter station. Due to their
robustness, these formulas are assumed to be suitable for evaporation calcula-
tion for other sites as well.

List of abbreviations

evaporation from water surface [mm/day]
basis of natural logarithm

relative humidity [%/100]

natural logarithm

Kling-Gupta efficiency

mean relative error

global solar radiation [W/m?]

air temperature [°C]

water table temperature [°C]

wind speed [m/s]

Obr. 2. Vyparomérna stanice Hlasivo
Fig. 2. Evaporimeter station Hlasivo

EVAPORIMETER STATION HLASIVO

The evaporimeter station in Hlasivo near Tabor (N 49°29.88738", E 14 °45.36117') lies
at an altitude of 537 m above sea level and has been in operation already since
the year 1957. Owing to this continuous operation, we have available a 63-year
data series. This represents not only the values of evaporation from the free
water surface, but also other meteorological elements that the station records.

The equipment of the station has undergone many changes. Since 1998,
many quantities have been recorded automatically. The quantities measured
so far are provided in Table 1.

The evaporation metering season usually lasts from April to October, when
the water table in the evaporimeter is usually not frozen. Thanks to the many
years of experience in measuring of evaporation in Hlasivo, the measuring period
has been adapted to the meteorological conditions on this site and the evapora-
tion measuring period has been limited to the months of May to October.

17



VTEl/ 2020/ 5

Raritou této vyparomérné stanice je nejen délka provozu, ale také srovnavact
vyparomeérny bazén, ktery ma plochu témér 20 m? (viz obr. 2). Diky takto velké
plose se nameéfend vyparnost da povazovat za realny vypar z vodni hladiny.

Tabulka 1. Seznam pristroji a mérenych velicin ve stanici Hlasivo

The special feature of this evaporation metering station is not only the length
of its operation, but also the comparative evaporation metering tank, which has
an area of almost 20 m? (see Fig. 2). Owing to such a large area, the measured
evaporation can be considered as real evaporation from the water surface.

Table 1. List of instruments and measured quantities at the Hlasivo station

Mérené veli¢iny — pfFistroje Povévéte’k
meéreni
Srovnavaci vyparomeér 1957
Vyparomeér — GGI ISOL 1957
Vyparomér — GGI 3000 1957
Vyparomér — Class-A-Pann 1958
Teplota vody ve vyparomérech 1957
Teplota vzduchu ve vysce 2 m nad povrchem zemé 1957
Teplota vzduchu — maximalni, minimalnf a pfizemnf 1957

Teplota vzduchu ve vysce 2 m — automatickd meteostanice 1998

Relativn{ vihkost vzduchu — vlasovy vihkomeér 1965
Relativn{ vihkost vzduchu — automatickd meteostanice 1998
Teplota pudy v hloubce 5cm 1992
Teplota pady v hloubce 10 cm 1992
Teplota pudy v hloubce 20 cm 1992
Teplota pudy v hloubce 50 cm 1992
Rychlost a smér vetru — automatickd meteostanice 1999
Rychlost vétru — odhad 1957
Uhrn a intenzita srazek 1957
Globélni slune¢nf radiace 1998
Délka slunecniho svitu 1957

VYPAROMERNA STANICE PODBABA

V aredlu prazské pobocky VUV TGM byla vybudovana meteorologickd a vypa-
romerna stanice (N 50°7.08770', E 14°23.55303'), viz obr. 3. Od roku 2018 jsou v pro-
vozu tfi vyparomerné bazény o prdmeéru 2 m, v nadmorské vysce 19T mn. m. Od
11. 5. 2018 zde probihd klasické sezonni méreni vyparu z vodni hladiny. Pozdéji
zacalo také sezonni méfenf vyparu z hladiny vody s odlisnym albedem (voda
pfirozené zbarvena chlorofylem). Déle je zde celoroc¢né méfen vypar z vyparo-
méru, ve kterém je rozpusténa sul, jez tvoif nemrznouci smeés.

Ve stanici je déle méfena teplota vzduchu, vihkost vzduchu, globdlni slu-
necni radiace, smér a rychlost vétru, srazky, teplota vody ve vyparomérech
a teplota pUdy.

Measured quantities — instruments Start of
measurement
Comparative evaporimeter 1957
Evaporimeter — GGI ISOL 1957
Evaporimeter — GGl 3000 1957
Evaporimeter — Class-A-Pann 1958
Water temperature in evaporimeters 1957
Air temperature at a height of 2 m above ground level 1957
Air temperature — maximum, minimum
and at ground level 1957
Air temperature at 2 m — automatic weather station 1998
Relative humidity — hair hygrometer 1965
Relative humidity — automatic weather station 1998
Soil temperature at a depth of 5cm 1992
Soil temperature at the depth of 10 cm 1992
Soil temperature at the depth of 20 cm 1992
Soil temperature at the depth of 50 cm 1992
Wind speed and direction — automatic weather station 1999
Wind speed - estimate 1957
Total and intensity of precipitation 1957
Global solar radiation 1998
Sunshine duration 1957

EVAPORIMETER STATION PODBABA

A meteorological and evaporimeter station (N 50° 708770', E 14° 23.55303") was
built on the site of the TGM WRI Prague branch, see Fig. 3. Since 2018, there
have been 3 evaporating tanks in operation with a diameter of 2 m, at an alti-
tude of 191 m above sea level. Since May 11, 2018, a classic seasonal measure-
ment of evaporation from the water surface is implemented here. Later, the
seasonal measurement of evaporation from the water surface with a different
albedo (water naturally colored by chlorophyll) was also initiated. Furthermore,
the evaporation from an evaporimeter, in which salt constitutes an antifreeze
admixture, is measured here during the entire year.

The station also measures air temperature, humidity, global solar radiation,
wind direction and speed, precipitation, water temperature in evaporimeters
and soil temperature.



Obr. 3. Vyparomeérna stanice — Praha, Podbaba

Fig. 3. Evaporimeter station - Prague, Podbaba

VYPAR Z VAVRINECKEHO RYBNIKA

Na zacdtku cCervence 2019 byl na Vaviineckém rybnice (N 49°54.87885
E 15°2.39373') nainstalovén plovouci vyparomér od firmy Fiedler (viz obr. 4).
Vavfinecky rybnik lezi v nadmorské vysce 375 m n. m. Od 4. 7. 2019 jsou k dis-
pozici desetiminutové zaznamy pfimého méfeni vyparu z hladiny rybnika.
Soucasti vyparoméru jsou cidla na méfeni teploty hladiny vody a teploty vody
v hloubkdch 0,5m,1m,15m,2m a 25 m.Vyparomérnd nddoba je stejnych roz-
mérd jako u vyparomert EWM a GGI (3 000 cm?).

Na plovoucim zafizeni je také meteostanice, kterd zaznamendva teplotu
vzduchu, relativni vihkost vzduchu, rosny bod, Uhrn srazek, radiaci, rychlost
a smér vétru. V pripade radiace se jedna o rozdil mezi globdlni slunecni radiacf
a radiaci odrazenou z vodni hladiny. Vyparomérna sezona skoncila na zac¢atku
fijna 2019. K dispozici je tedy datové fada tfi mésicl. V roce 2020 probiha méreni
od brezna.

VYPAR Z RETENCNi NADRZE ZAJECICE

Na Zajecické nadrzi byl totozny plovouci vyparomeér s meteostanici (viz obr. 4)
nainstalovéan v srpnu 2019 a byl v provozu az do listopadu 2019. Reten¢ni nddrz
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Obr. 4. Plovouci vyparomér znacky Fiedler

Fig. 4. Floating evaporimeter of the Fiedler brand

EVAPORATION FROM VAVRINECKY POND

At the beginning of July 2019, a floating evaporimeter from the Fiedler com-
pany was installed on the Vavfinecky pond (N 49°54.87885 E 15°2.39373') (see
Fig. 4). The Vavfinecky pond lies at an altitude of 375 m above sea level. From
July 4, 2019, ten-minute records of direct evaporation measurement from the
pond surface are available. The evaporimeter includes sensors for measuring
the temperature at water table level and water temperature at the depths of
0.5m,1Tm,15m,2 m, and 2.5 m. The evaporimeter vessel is of the same dimen-
sions as the EWM and GGl evaporimeters (3,000 cm?).

The floating instrument assembly also includes a weather station recording air
temperature, relative humidity, dew point, total precipitation, radiation, wind speed
and direction. Regarding radiation, this is the difference between global solar radia-
tion and radiation reflected from the water surface. The evaporating measurement
period ended at the beginning of October 2019. A data series of 3 months is there-
fore available. In 2020, measurements have been taking place since March.

EVAPORATION FROM THE ZAJECICE
RETENTION RESERVOIR

An identical floating evaporimeter with a weather station (see Fig. 4) was
installed on the Zajecice reservoir in August 2019 and was in operation until
November 2019. The Zajecice retention reservoir (N 50° 9.53530", E13° 28.82097")
is located near the village of Jirkov, in the Usti nad Labem Region, at an altitude
of 290 m above sea level. The measured quantities are the same as for the float-
ing evaporimeter on the Vavfinec pond.

VALUES OF MONITORED QUANTITIES

Due to the fact that each evaporimeter station measures over a different time,
the comparison of the measured quantities is very limited. The individual sites
were therefore compared with the Hlasivo evaporimeter station, which has the
longest observation history. The evaporation values are shown graphically on
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Zajecice (N 50°29.53530, E 13°28.82097') se nachdazi u obce Jirkov, v Usteckém
kraji, v nadmorské vysce 290 m n. m. Mérené veli¢iny jsou stejné jako u plovou-
cfho vyparoméru na Vavfinci.

HODNOTY SLEDOVANYCH VELICIN

Vzhledem k tomu, Ze kazdd vyparomérna stanice méff jinak dlouhou dobu, je
srovnani nameéfenych veli¢in velmi omezené. Jednotlivé lokality byly tedy srov-
navany s vyparomérnou stanici Hlasivo, kterd ma nejdelsi dobu pozorovani.
Hodnoty vyparu jsou graficky zndzornény na obr. 5. Primérna mésicni teplota
vzduchu je zobrazena na obr. 6. Na obr. 7 je zndzornéna primérna mesicni tep-
lota vody ve vyparomérech. Relativnf vlhkost vzduchu je zobrazena na obr. 8
a obr. 9 ptedstavuje primeérnou mési¢ni rychlost vétru.

VYPAR

Viypar ve stanici Podbaba je pro sezony cerven-fijen 2018 a kvéten-fijen
2019 nizsi (E = 2,59 mm/den) nez ve stanici Hlasivo (E = 3,32 mm/den), pfes-
toZe zde byla vys$si teplota vzduchu i teplota vody ve vyparoméru (Ta = 17,6 °C;
Tw =20 °C; H = 69,8 %) nez ve stanici Hlasivo (Ta = 15,69 °C; Tw = 19,32 °C;
H = 68,4 %). Celkovéd suma vyparu za pozorované obdobi 2018 byla ve stanici
Podbaba 436,8 mm a ve stanici Hlasivo 522,6 mm. Za sezonu 2019 ¢inil vypar ve
stanici Podbaba 443,6 mm a ve stanici Hlasivo 593,6 mm. Ddvodem rozdilného
vyparu je vyrazné nizsf prdmérna rychlost vétru (V = 0,63 m/s) oproti stanici
Hlasivo (V=134 m/s).

Préimérny dennfi vypar z Vavfineckého rybnika za celou dobu pozorovani
(Cervenec—zafi 2019) ¢inf 4,06 mm/den, coZ je v pfepoctu 373,4 mm za pozoro-
vanou sezonu. Pro stejné obdobif je vypar ve stanici Hlasivo 3,65 mm/den, tedy
336,4 mm. Teplota vzduchu, teplota vody a relativni vihkost vzduchu je ve vybra-
nych lokalitdch velmi podobna. Pro Vavfinecky rybnik jsou priimérné hodnoty
za obdobf ¢ervenec——zat: Ta =179 °C; Tw = 20,9 °C; H=76,5 %. Pro stejné obdobf
jsou hodnoty ve stanici Hlasivo: Ta =171 °C; Tw = 21,7 °C; H = 75,7 %. DGvodem
rozdilného vyparu je pravdépodobné vyssi primérna rychlost vétru ve stanici
Vavfinec (V =19 m/s) oproti Hlasivu (V = 1,3 m/s). Nejvétsi rozdil v namefeném
vyparu a zaroven v rychlosti vétru je v meésici zarf.

Viypar ze Zajecické nadrze je velmi podobny vyparu ve stanici Hlasivo. Za
obdobf srpen-fijen 2019 se jednd o primérny denni vypar 2,49 mm/den, tedy
229 mm za pozorované tfi mésice. Ve stanici Hlasivo je pro stejné obdobi prd-
mérny denni vypar 2,4 mm/den, coz odpovidd 221 mm. Tyto dvé lokality majf
i podobné ostatni méfené veliciny. Primérna teplota vzduchu je ve stanici
Hlasivo 13,9 °C a v lokalité Zajecice 14,9 °C. Primeérna teplota hladiny vody ve
vyparoméru je v Hlasivu 172 °C. Pro Zajecickou nadrz ¢ini prdmeérna teplota
hladiny vody 17,5 °C. Primérna relativni vihkost vzduchu byla ve stanici Hlasivo
82 % a v Zajecicich 80 %. Rychlost vétru je ve stanici Hlasivo vy3si, ¢inf 1,34 m/s,
oproti Zajecicim, kde je primérna rychlost vétru pouze 0,77 m/s. Z analyzy den-
niho chodu vyparu a rychlosti vétru u nadrze Zajecice je vsak zfejmé, Ze se
v pozorovaném obdobi vyskytovaly vétrné dny (az 4,5 m/s), které vyznamné
ovlivnily intenzitu vypafovani. V. meési¢nim kroku vsak nejsou tyto vykyvy
v rychlosti vétru zfejmé.

SRAZKY

Na obr. 10 je mozné pozorovat meésicni uhrny srézek a sumy vyparu v jednotlivych sta-
nicich. Ve stanici Hlasivo spadlo za pozorované sezony 2018 a 2019 celkem 5794 mm
srazek. Oproti tomu ¢inil vypar 11162 mm, cozZ je téméf dvojnasobek toho, co napr-

Selo. Ve stanici Podbaba spadlo za pozorované sezony celkem 530,6 mm srazek.
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Fig. 5. The average monthly air temperature is shown in Fig. 6. Figure 7 shows the
average monthly water temperature in the evaporimeters. The relative humid-
ity is shown on Fig. 8 and 9 represents the average monthly wind speed.

EVAPORATION

Evaporation at Podbaba station is lower (E = 2.59 mm/day) for the periods
June-October 2018 and May-October 2019 than at the Hlasivo station
(E =3.32 mm/day), although there was higher air temperature and water tem-
perature in the evaporimeter (Ta = 176°C; Tw = 20°C; H = 69.8%) than at the
Hlasivo station (Ta = 15.69°C; Tw = 19.32°C; H = 68.4%). The total amount of eva-
poration for the observation period 2018 was 436.8 mm at the Podbaba station
and 522.6 mm at the Hlasivo station. During the 2019 season, the evaporation
at the Podbaba station was 443.6 mm and at the Hlasivo station 593.6 mm.
The reason for the different evaporation is the significantly lower average wind
speed (V= 0.63 m/s) compared to the Hlasivo station (V =134 m/s).

The average daily evaporation from Vaviinecky pond for the entire obser-
vation period (July-September 2019) is 4.06 mm/day, which is 3734 mm per
observed season. For the same period, the evaporation at the Hlasivo sta-
tion is 3.65 mm/day, i.e. 3364 mm. Air temperature, water temperature and rel-
ative humidity are very similar over the selected sites. For Vaviinecky pond,
the average values for the period July-September are: Ta = 179°C; Tw = 20.9°C;
H =76.5%. For the same period, the values in the Hlasivo station are: Ta = 171°C;
Tw =217°C, H =75.7%. The reason for the different evaporation is probably the
higher average wind speed at the Vavfinec station (V = 1.9 m/s) compared to
Hlasivo (V=13 m/s). The biggest difference in the measured evaporation and at
the same time in the wind speed is in the month of September.

The evaporation from the Zajecice reservoir is very similar to the evaporation at
the Hlasivo station. For the period August-October 2019, the average daily evap-
oration is 249 mm/day, i.e. 229 mm for the observed 3 months. In the Hlasivo sta-
tion, the average daily evaporation for the same period is 2.4 mm/day, which cor-
responds to 221 mm. The other measured quantities on these two sites are similar.
The average air temperature in the Hlasivo station is 13.9°C and at the Zajecice site
14.9°C. The average temperature of the water at water table level in the evaporim-
eter at Hlasivo is 172°C. For the Zajecice reservoir, the average temperature of water
at water table level is 175°C. The average relative humidity was 82% at Hlasivo
station and 80% at Zajecice. The wind speed is higher at the Hlasivo station at
134 m/s, compared to Zajecice, where the average wind speed is only 0.77 m/s.
However, from the analysis of the daily course of evaporation and wind speed at
the Zajecice reservoir, it is clear that in the observed period there were windy days
(up to 4.5 m/s), which significantly affected the intensity of evaporation. However,
in a monthly step, these fluctuations in wind speed are not obvious.

PRECIPITATION

On Fig. 10 it is possible to observe the monthly total precipitation and sum of
evaporation at the individual stations. A total of 579.4 mm of precipitation fell at
the Hlasivo station during the observed seasons of 2018 and 2019. In contrast, the
evaporation was 1,116.2 mm, which is almost double of what it rained. A total of
530.6 mm of precipitation fell at the Podbaba station during the observed sea-
sons. The evaporation again exceeded the precipitation by a total of 880.4 mm.
In the period July-September 2019, 171.5 mm rained on Vavfinecky pond, but
the evaporation was 373.4 mm, which is more than double the total precipita-
tion. The total precipitation at the Zajecice water reservoir for the months of
August-November 2019 was 1451 mm and the evaporation was 244 mm.
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Obr. 6. Teplota vzduchu ve stanici Hlasivo, Podbaba, Vaviinec a Zajecice -140
Fig. 6. Air temperature at Hlasivo, Podbaba, Vavfinec and Zajecice stations -120
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Obr. 7. Teplota hladiny vody ve stanici Hlasivo, Podbaba, Vavfinec a Zajecice
Fig. 7. Water temperature at water table level at Hlasivo, Podbaba, Vaviinec and Zajecice
stations
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Wpar zde opét prevysoval srazky s celkovou sumou 8804 mm. Na Vavfineckém ryb-
nice naprselo v obdobi ¢ervenec—zari 2019 171,5 mm, vypar vsak ¢inil 3734 mm, coz je
vice nez dvojnasobek srazkového Uhrnu. Na Zajecické vodni nadrzi byl srazkovy Uhrn
za mésice srpen-listopad 2019 145,1 mm a vypar 244 mm.

Na obr. 17 je zndzornén rozdil mezi srazkovym Uhrnem a vyparem v jednotli-
vych meésicich. Sloupce smétujici vzhiru znaci previddajici vypar nad srazkami,
sloupce mifici doll maji opa¢nou vypovidajici hodnotu. Z grafu je zfejmé, ze
v letnich mésicich zpravidla prevldda vypar nad srdzkami. V nékterych mési-
cich presahoval vypar nad sraZzkami dokonce o vice nez 100 mm. Oproti tomu
v mésicich, kdy srédzky prevysovaly vypar, se jednd o rozdil mensi nez 20 mm.

VYPOCET VYPARU NA ZAKLADE VZORCU

Vzhledem k 63leté ¢asové fadé meteorologickych veli¢in a hodnot vyparu je
vyparomerna stanice Hlasivo vhodna k odvozovani vzorcd pro vypocet vyparu.
V réamci projektu TACR TJ01000196: Vytvoreni software pro vypocet vyparu
z vodni hladiny pro podminky CR [9] vznikla univerzélni sada vzorc( vhodna
pro vypocet vyparu i pro dalsi lokality v CR.

Vzorce vznikly na zakladé linedrni a nelinedrnf regrese vyparu s meteorolo-
gickymi velicinami. V prvnim kroku byly vyjadfeny parové zavislosti prdmer-
ného denniho vyparu z vodni hladiny (v mési¢nim kroku) na veli¢inach: tep-
lota vzduchu, teplota vody ve vyparoméru a globalni slune¢ni radiace. Uzitim
rovnice parové regrese mezi vybranou veli¢inou a vyparem byl vypocitan
vypar. Nasledné byla spocitdna rezidua vypocitaného vyparu od pozorova-
ného. V dalsim kroku byla vyjadfena zavislost vypocitanych reziduf na jiné veli-
¢iné (Ta, Tw, H, R nebo V). Kombinaci dvou regresnich vztahd doslo k vytvoreni
nového vzorce. Tento vzorec byl ndsledné rozéifen o dalsi veli¢inu, a to stejnym
zplsobem.

Vyse popsanym postupem byla vytvorena sada vzorcl, zaklddajici se na
linedrnim, mocninném, exponencidlnim ¢i logaritmickém modelu nebo na
jejich kombinacich. Vypocty vyparu z odvozenych vzord byly srovndny s nameé-
fenym vyparem a hodnoceny na zakladé nejvyssi hodnoty koeficientu KGE [10]
a nejnizsi hodnoty MRE. Pomoci téchto dvou parametr( byl vyselektovan uzsi
vybér vzorcd, viz tabulka 2.

Tyto vzorce byly pouzity pro vypocet vyparu v lokalitdch Praha-Podbaba,
Vavfinecky rybnik a vodni nadrz Zajecice. Vysledky vypocteného vyparu byly
nasledné porovndny s naméfenym vyparem z vyparomérld ve vybranych
lokalitach.

Pri aplikaci vzorcl je nutné brat zfetel na omezenf rozsahu vstupnich veli¢in,
podminujici platnost jednotlivych vzorct. Rozsah platnosti veli¢in (promén-
nych), vstupujicich do vzorcd, je ddna Q nameéfenych hodnot ve stanici
Hlasivo, viz tabulka 3.

o,os_Qo,gs

APLIKACE VZORCU NA DENNi DATA

Na obr. 12-14 je zndzornén denni prlibéh pozorovaného vyparu spolu s vypa-
rem modelovanym na zdkladé empirickych vzorcd z tabulky 2. Z vysledkl je
patrné, Ze vzorce reflektuji hodnoty pozorovaného vyparu.

Nejvyraznéjsi rozdily mezi vypocltenym a naméfenym vyparem ve stanici
Podbaba se vyskytly na pfelomu cervence a srpna 2018, v Cervnu a v zaff 2019.
Vzorce, zakladajici se na teploté vzduchu (HLA_3 a HLA_8) vyrazné nadhod-
nocujf skute¢ny vypar. Naptiklad 30. 6. 2019 se jedna o rozdil az 12 mm (HLA_8),
coZ je vice nez ¢tyfndsobek naméreného vyparu. Chyby ve vypoctu jsou zpQ-
sobené tim, Ze se v téchto obdobich vyskytovala teplota vzduchu vyrazné vyssi
(a7 31,8 °C), nez je rozsah platnosti vzorcd pro tuto veli¢inu.
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Figure 11 shows the difference between total precipitation and evaporation
in the individual months. The positive columns indicate the predominance of
evaporation over precipitation, the negative columns indicate the opposite.
It is clear from the chart that in the summer months, evaporation usually pre-
dominates over precipitation. In some months, the evaporation even exceeded
the precipitation by more than 100 mm. In contrast, in the months when pre-
cipitation exceeded evaporation, the difference is less than 20 mm.

EVAPORATION CALCULATION
BASED ON FORMULAS

Due to the 63-year time series of meteorological quantities and evaporation
values, the Hlasivo evaporimeter station is suitable for deriving formulas for
evaporation calculation. Within the project TACR TJ01000196: Development of
software for the calculation of evaporation from water surface in the condi-
tions of the Czech Republic [9] a universal set of formulas suitable for calcula-
tion of evaporation for other sites in the Czech Republic was developed.

The formulas were established on the basis of linear and nonlinear regres-
sion of evaporation with meteorological quantities. In the first step, the depend-
ences of the average daily evaporation from the water surface (in a monthly
step) were determined in pairs with the quantities: air temperature, water tem-
perature in the evaporimeter and global solar radiation. Using the regression
equation between the pair of selected quantity and evaporation, the evapora-
tion was calculated. Subsequently, the residues of the calculated evaporation
from the observed one were calculated. In the next step, the dependence of
the calculated residues on another quantity (Ta, Tw, H, R or V) was expressed.
A new formula was derived by combining the two regression relations. This for-
mula was then extended by another quantity, in the same way.

Using the procedure described above, a set of formulas was created, based
on a linear, power, exponential or logarithmic model or on their combinations.
Evaporation calculations from derived formulas were compared with the meas-
ured evaporation and evaluated on the basis of the highest value of the KGE
coefficient [10] and the lowest value of MRE. Using these two parameters, a nar-
rower selection of formulas was selected, see Table 2.

These formulas were used to calculate evaporation at the of Prague-
Podbaba, Vavfinecky pond and Zajecice reservoir sites. The results of the calcu-
lated evaporation were then compared with the measured evaporation from
evaporimeters at the selected sites.

When applying the formulas, it is necessary to take into account the limita-
tion on the range of input quantities, which determines the validity of the indi-
vidual formulas. The range of validity of quantities (variables) entering the for-

mulas is given by Q  —-Q,_ _of measured values in the Hlasivo station, see Table 3.

0.05 095

APPLICATION OF FORMULAS TO DAILY DATA

Figure 12,13, and 14 show the daily course of the observed evaporation together
with evaporation modeled on the basis of empirical formulas from Table 2. It
is clear from the results that the formulas reflect the values of the observed
evaporation.

The most significant differences between the calculated and measured
evaporation at the Podbaba station occurred at the turn of July and August
2018, in June and September 2019. Formulas based on air temperature (HLA_3
and HLA_8) significantly overestimate the actual evaporation. For example, on
June 30, 2019, this represents a difference of up to 12 mm (HLA_8), which is more
than four times the measured evaporation. The errors in the calculation are
caused by the fact that in these periods the air temperature was significantly
higher (up to 31.8°C) than the range of validity of the formulas for this quantity.
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Tabulka 2. VVzorce pro vypocet vyparu pro stanici Hlasivo

ID Velic¢iny MRE Rovnice

HLA_1 R 1,7 % E =0,0169RN0,9975

HLA_2 Tw 13,7 % E =0,449e/7(0,0954Tw)

HLA_3 Ta 16,5 % E =0,5355e/(0,1063Ta)

HLA_4 RH 11,6 % E = 0,0169RN0,9975 - 1,029435H + 0,8251

HLA_S5 RH 11,6 % E = 0,0169R"0,9975 - 0,855645 In(H) — 0,1949

HLA_6 Tw,H 13,2 % E =0,449e/(0,0954Tw) - 1,879042H + 1,4769

HLA _7 Tw,H 13,2 % E =0,449e/(0.0954Tw) - 1,448396 In(H) - 0,3544
HLA_8 TaH 15,8 % E =0,5355e/(0,1063Ta) — 1,509806H + 1,2163

HLA_9 RTa,Tw 11,4 % E = 0,0169RN0,9975 + 0,039107Ta — 0,163673 In(Tw) — 0,0664
HLA_10 Tw,V,H 11,9 % E =0,04TwA1,4433 + 010918V - 3,18944H + 2,4801
HLA_11 Ta,V,H 14,8 % E =0,0853Ta\,2766 — 0,022681 In(V) — 3,151185H + 2,7079

Table 2. Formulas for calculation of evaporation at Hlasivo station

ID Quantity MRE Equation

HLA_1 R 11.7% E = 0.0169RN0.9975

HLA_2 Tw 13.7% E =0.449e/(0.0954Tw)

HLA_3 Ta 16.5% E =0.5355e/(0.1063Ta)

HLA_4 R H 11.6% E = 0.0169RN0.9975 - 1.029435H + 0.8251

HLA_S5 R, H 11.6% E = 0.0169R"0.9975 - 0.855645 In(H) - 01949

HLA_6 Tw, H 13.2% E =0449eM(0.0954Tw ) - 1.879042H + 1.4769

HLA_7 Tw, H 13.2% E =0.449e/(0.0954Tw) - 1448396 In(H) - 0.3544
HLA_8 Ta, H 15.8% E =0.5355e/(0.1063Ta) - 1.509806H + 1.2163

HLA_9 R, Ta, Tw 11.4% E = 0.0169R"0.9975 + 0.039107Ta - 0163673 In(Tw) - 0.0664
HLA_10 Tw, V, H 11.9% E =0.04TwA1.4433 + 010918V - 318944H + 2.4801
HLA_11 Ta,V, H 14.8% E =0.0853TaN1.2766 - 0.022681 In(V) - 3.151185H + 2.7079

Tabulka 3. Intervaly velic¢in, podmiriujic platnost jednotlivych vzorct
Tamin./max.[°C] V min./max.[m/s] H min./max.[%/100] R min./max.[W/m?] Tw min./max.[°C]
Rozsah veliéin 37 21,7 05 24 0,56 0,93 54 2837 6,2 255

Q

0,05

-Q

095 39 20,6 0,53 2,28 0,59 0,88 56,7 2695 6,5 24,2

Table 3. Intervals of quantities determining the validity of individual formulas
Ta min./max.[°C] V min./max.[m/s] H min./max.[%/100] R min./max.[W/m?] Tw min./max. [°C]

Range of

. 37 217 0.5 24 0.56 0.93 54 2837 6.2 255
quantities
Q Q 39 206 0.53 228 0.59 0.88 56.7 269.5 6.5 24.2

0.05~ 0.95
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Obr. 12. Vypar naméfeny a vypocitany — Praha-Podbaba, dennf chod
Fig.12. Measured and calculated evaporation — Prague-Podbaba, daily course
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Obr. 13. Vypar naméreny a vypocitany — Vavfinecky rybnik, dennf chod
Fig. 13. Measured and calculated evaporation — Vaviinecky pond, daily course

Vlyrazné vicedennf rozdily mezi naméfenym a vypoctenym vyparem na
Vavfineckém rybnice miZeme pozorovat na zacatku cervence 2019. V tomto
obdobi maji vzorce tendenci vypar podhodnocovat. Naptiklad 8. 7. 2019 jsou
vechny vypocty nizsi o 3-4,5 mm, coz je pfiblizné dvakrdt méné nez namé-
feny vypar. Pfi podrobné analyze desetiminutového kroku vyparu s pribéhem
dalsich meteorologickych veli¢in bylo zjisténo, Ze na zacatku cervence foukal
velmi suchy teply vitr. V odpolednich hodinach, kdy byl vypar nejvyssi, se tep-
lota vzduchu vys$plhala i pfes 26 °C (6. 7. 2019 pfes 29 °C) a soucasné relativni
vlhkost vzduchu klesala pod 30 %. Ve vecernich a rannich hodindch se oviem
hodnoty teploty vzduchu pohybovaly okolo 10 °C a relativni vihkost se vy3pl-
hala aZz na vice nez 80 %. Z tohoto ddvodu jsou denni prdméry jednotlivych
veli¢in velmi zkreslené a vzorce pro vypocet vyparu nereflektuji skutecny vypar.

Dalsi vyrazné odchylky naméfeného vyparu od vypocteného muizeme
pozorovat 17-18. 9. 2019. V tomto obdobi pfesahuje naméfeny vypar 5 mm/den,
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Significant differences over several days between measured and calculated
evaporation at the Vavfinecky pond can be observed at the beginning of July
2019. In this period, the formulas tend to underestimate the evaporation. For
example, on July 8, 2019, all calculations are 3-4.5 mm lower, which is approx-
imately twice less than the measured evaporation. A detailed analysis of the
ten-minute evaporation step in relation to the course of the other meteorolog-
ical quantities revealed that a very dry warm wind was blowing at the begin-
ning of July. In the afternoon, when the evaporation was highest, the air tem-
perature climbed over 26°C (on July 6,2019 over 29°C) and at the same time the
relative humidity of the air dropped below 30%. In the evening and morning,
however, the air temperature values were around 10°C and the relative humid-
ity climbed to more than 80%. For this reason, the daily averages of the individ-
ual quantities are very distorted and the formulas for calculating the evapora-
tion do not reflect the actual evaporation.

Other significant deviations of the measured evaporation from the calcu-
lated one can be observed on September 17-18, 2019. In this period, the meas-
ured evaporation exceeded 5 mm/day, in contrast, the calculated evaporation
was in the range of 1.7-2.8 mm/day. In these days, the average wind speed was
over 3 m/s, which is outside the validity range of HLA_10 and HLA_11 formulas.
The same reason applies to the day of September 30, 2019, when the average
wind speed was even higher than 6 m/s. On this day, evaporation of 7.3 mm
was measured, while the calculated evaporation ranges from 1.8 to 3 mm. Such
significant differences between the measured and calculated evaporation
are due to the fact that all formulas are based primarily on air temperature or
water temperature (or global solar radiation). These quantities have the great-
est weight on the result of the calculated evaporation. The wind speed enters
the formulas only secondarily or the formulas do not reflect it at all. In the fall,

12345678910111213141516171819202122232425262728293031 1 2 3 4 5 6 7 8 9101112131415161718192021222324252627282930 1 2 3 4 5 6 7 8 91011121314151617 181920212223 24252627 28293031

srpen

Obr. 14. Vypar naméreny a vypocitany — Zajecice, denni chod
Fig. 14. Measured and calculated evaporation — Zajecice, daily course
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oproti tomu se vypocteny vypar pohybuje v rozmezi 1,7-2,8 mm/den. V téchto
dnech byla primérna rychlost vétru pfes 3 m/s, coz je mimo rozsah platnosti
vzorcl HLA_10 a HLA_11. Stejny dGvod plati i pro den 30. 9. 2019, kdy primérna
rychlost vetru byla dokonce vyssi nez 6 m/s. V tento den byl naméfen vypar
o hodnoté 7.3 mm, zatimco vypocteny vypar se pohybuje v rozmezi 1,8-3 mm.
Takto vyrazné rozdily mezi naméfenym a vypocitanym vyparem jsou zpUso-
bené tim, Ze vsechny vzorce jsou zaloZzené predevsim na teploté vzduchu,
anebo teploté vody (popfipadé na globalnf slunecnf radiaci). Tyto veli¢iny majf
nejvétsi vahu na vysledek vypocteného vyparu. Rychlost vétru vstupuje do
vzorcl az sekundarné, nebo ji vzorce nereflektuji viibec. Na podzim se ovsem
prameérna teplota vzduchu i teplota vody pohybuje velmi nizko, a proto je
vypocteny vypar vyznamné podhodnoceny.

Nejvetsi odchylky naméfeného a vypocteného vyparu u vodni nadrze
Zajetice mUzeme pozorovat v obdobi 3-5. 9. 2019, kdy podobné jako
u Vavfineckého rybnika foukal v odpolednich hodinach velmi suchy teply vitr.
Naproti tomu jsou rannf a vecerni hodnoty teploty vzduchu pomérné nizké,
relativni vihkost vzduchu naopak vysokd a rychlost vétru klesa na nulu. Z tohoto
dlvodu jsou ovlivnény denni primeéry hodnot a vypocty ze vzorcl neodpovi-
daji redlnému vyparu, skutecny vypar tak podhodnocuji téméf o polovinu.

Dalsi vyznamny rozdil je patrny ve dnech 17-19. 9. 2019, kdy se opét vysky-
tovala pomérné nizkd teplota vzduchu (jez primarné reflektuji vzorce), aviak
velmi vysoka rychlost vétru. Rozdil mezi naméfenym (58 mm) a vypocitanym
vyparem (1,8 mm) ve dne 18. 9. 2019 je pro vzorec HLA_3 az trojnasobny.

APLIKACE VZORCU NA MESICNi DATA

Vypocet vyparu v dennim kroku je zatizen vysokou relativni i absolutni chybou.
Presnéjsiho vysledku je dosaZeno pfi vypoctu mési¢niho vyparu, kde odchylky
vypoctu od naméfeného vyparu nejsou tak vyznamné. V prvé radé je potla-
¢end nahodna chyba méreni, jez je vyraznéjsi u dennich hodnot vyparu [11].
V druhé fadé se hodnoty meteorologickych veli¢in vstupujicich do vzorcl
pohybuji obvykle v rozsahu platnosti jednotlivych vzorc.
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Obr. 15. Vypocteny vypar pro stanici Podbaba na zékladé vzorc( ze stanice Hlasivo
Fig.15. Calculated evaporation for the Podbaba station based on formulas from the
Hlasivo station
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Obr. 16. Vypocteny vypar pro stanici Vaviinec na zdkladé vzorcU ze stanice Hlasivo

Fig. 16. Calculated evaporation for the Vavfinec station based on formulas from the

Hlasivo station
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however, the average air temperature and water temperature are very low, and
therefore the calculated evaporation is significantly underestimated.

The largest deviations of the measured and calculated evaporation at the
Zajecice reservoir can be observed in the period of September 3-5, 2019, when,
similarly to Vavfinecky pond, a very dry warm wind blew in the afternoon. On
the contrary, morning and evening air temperatures are relatively low, relative
humidity is high and wind speed drops to zero. For this reason, the daily aver-
ages of the values are affected and the calculations from the formulas do not
correspond to the real evaporation, thus underestimating the actual evapora-
tion by almost half.

Another significant difference is evident in the days of September 17-19,
2019, when there was again a relatively low air temperature (which is primarily
reflected in the formulas), but a very high wind speed. The difference between
the measured (5.8 mm) and calculated evaporation (1.8 mm) on September 18,
2019 is up to three times for the formula HLA_3.

APPLICATION OF FORMULAS
TO MONTHLY DATA

The calculation of evaporation in a daily step is burdened with a high rela-
tive and absolute error. A more accurate result is achieved when calculating
the monthly evaporation, where the deviations of the calculation from the
measured evaporation are not so significant. Firstly, the random measurement
error is suppressed, which is more pronounced for daily evaporation values
[11]. Secondly, the values of meteorological quantities entering the formulas are
usually within the range of validity of the individual formulas.

To calculate the evaporation based on the average monthly values of the
measured quantities, the formulas from Table 2 were again used. The average
relative calculation error for the Podbaba station ranges between 22-55%, see
Fig. 15. The black line indicates the measured evaporation. Points above this
curve indicate calculations that overestimate the result. The points below this
line indicate underestimated result values. The high relative error is caused
mainly by the fall values when the measured evaporation is so low that an
absolute error of 0.4 mm can represent a relative error higher than 50%.

The best performance is achieved for formulas where global solar radiation
is entered - yellow dots (MRE = 21.6-24.4%). The formulas based on air temper-
ature are the lower performing — blue dots (MRE = 46.9-55.1%). Values that are
outside the range of measured values in the Hlasivo station were omitted from
the calculation.

Formulas for calculating the evaporation from the Hlasivo station were fur-
ther applied to the data from the floating evaporimeter at Vaviinecky pond (see
Fig. 16) and at the Zajecice retention reservoir (see Fig. 17). The formulas global
solar radiation is entered could not be used because the floating weather sta-
tions record radiation as the difference between global solar radiation and radi-
ation reflected from the water surface.
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Obr. 17. Vypocteny vypar pro stanici Zajecice na zdkladé vzorcU ze stanice Hlasivo
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Fig. 17. Calculated evaporation for the Zajecice station based on formulas from the
Hlasivo station
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Pro vypocet vyparu na zdkladé prdmérnych mési¢nich hodnot naméfenych
veli¢in byly opét pouzity vzorce z tabulky 2. Primeérna relativni chyba vypoctu
pro stanici Podbaba se pohybuje mezi 22-55 %, viz obr. 15. Cernd linie znaci
nameéfeny vypar. Body nad touto kfivkou oznacuji vypocty, které vysledek nad-
hodnocuji. Body pod touto linii maji opac¢nou vypovidajici hodnotu. Vysoka
relativni chyba je zpdsobena predevsim podzimnimi hodnotami, kdy je namé-
reny vypar tak nizky, ze absolutni chyba o hodnoté 0,4 mm mdze znamenat
relativni chybu vys3si nez 50 %.

Nejlépe vychdzeji vzorce, do kterych vstupuje globdlni slunecni radiace —
Zluté body (MRE = 21,6-24,4 %). Nejméneé vychazeji vzorce, které se zakladdaji na
teploté vzduchu — modré body (MRE = 46,9-55,1%). Hodnoty, které se pohybujf
mimo rozsah naméfenych hodnot ve stanici Hlasivo, byly z vypoctu vynechany.

Vzorce pro vypocet vyparu ze stanice Hlasivo byly déle aplikovany na data
z plovouciho vyparoméru na Vaviineckém rybnice (viz obr. 16) a na Zajecické
retencni n&drzi (viz obr. 17). Vzorce, do kterych vstupuje globalni slune¢nf radi-
ace, nebylo mozné pouZit, jelikoZ plovouci meteostanice zaznamenavaji radiaci
jako rozdil mezi globdIni slune¢ni radiacf a radiaci odrazenou z vodni hladiny.

Pro Vavtinecky rybnik se primérné relativni chyba vypoctu pohybuje mezi
1% (vzorec HLA_11) az 14 % (vzorec HLA_3).

Na Zajecické nadrzi byl vypar méfen od srpna do listopadu 2019. V listopadu
se ovsem veli¢iny pohybuji mimo rozsah platnosti vzorct ze stanice Hlasivo.
Viypar je tedy modelovdn pouze pro mésice srpen-fijen. Primérna relativni
chyba vypoctl se pohybuje mezi 8,8 % (vzorec HLA_10) az 293 % (vzorec
HLA_3).

ZAVER

Clanek popisuje Ctyfi vyparomeérné stanice ve spravé VUV TGM a porovnévé
nameéfend data jednotlivych meteorologickych veli¢in a vyparu. Z vysledk
vyplyva, Zze viechny lokality béhem vyparomérné sezony trpi srazkovym defi-
citem. Vypar vyznamné prevysuje srazky pfedevsim v letnich mésicich. Bilanci
mezi vyparem a srdzkami bohuzel neni mozné vycislit mimo vyparomérnou
sezonu, kterd je obvykle od dubna do fijna. ReSenim by mohl byt celoro¢ni
vyparomeér, ktery je testovan ve stanici Podbaba. Do tohoto vyparomérného
bazénu je pridana sul, kterd brani zamrzani hladiny.

Vzorce pro vypocet vyparu, vzniklé na zakladé dat ze stanice Hlasivo, byly
aplikovény na dalsi vyparomérné stanice. Z vysledkl vyplyvd, Zze vzorce se
daji aplikovat jak na denni data, kde je ovsem nutné pocitat s vyssi relativni
i absolutni chybou, tak na data meési¢ni, ktera jsou pro vypocet vyparu vhod-
néjsi. Timto se potvrdila hypotéza, 7ze vzorce, odvozené z dat ze stanice Hlasivo,
jsou vhodné pro vypocet vyparu i pro jiné lokality. Pfi aplikaci vzorcd je oviem
nutné brat zfetel na omezeny rozsah platnosti jednotlivych veli¢in, vstupujicich
jako proménné do jednotlivych vzorca.

Z vysledkl porovnani mezi jednotlivymi lokalitami dale vyplyva, Ze rychlost
vétru hraje patrné vyznamnéjsi roli pro presnéjsi urceni vyparu, nez zohlednuijf
soucasné vzorce ze stanice Hlasivo. Budouci inovace vzorc( by mohla spocivat
nejen v prodluzovani ¢asové fady, ale také v pfipravé novych vzorc, které by

vice zohlednily rychlost vétru a také vzorce, které by byly cileny na konkrétnf
ro¢ni obdobi.
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For the Vavfinecky pond, the average relative calculation error ranges
between 11% (formula HLA_11) to 14% (formula HLA_3).

On the Zajecice reservoir, evaporation was measured from August to
November 2019. In November, however, the quantities are outside the scope
of the formulas from the Hlasivo station. The evaporation is therefore modeled
only for the months August-October. The average relative error of the calcula-
tions ranges between 8.8% (formula HLA_10) to 29.3% (formula HLA_3).

CONCLUSION

This paper describes four evaporation stations managed by TGM WRI and com-
pares the measured data of individual meteorological quantities and evapo-
ration. The results show that all sites suffer from a precipitation deficit during
the evaporation measurements season. The evaporation significantly exceeds
precipitation, especially in the summer months. Unfortunately, the balance
between evaporation and precipitation cannot be quantified beyond the
evaporation season, which is usually from April to October. The solution could
be a year-round evaporimeter, which is being tested at the Podbaba station.
Salt is added to this evaporation tank to prevent the surface from freezing.

The formulas for calculating evaporation, based on data from the Hlasivo
station, were applied to the other evaporimeter stations. The results show that
the formulas can be applied both to daily data, where it is necessary to take into
account the higher relative and absolute error, and to monthly data, which are
more suitable for the calculation of evaporation. This confirmed the hypothesis
that the formulas derived from the data from the Hlasivo station are suitable for
the calculation of evaporation for the other sites as well. When applying the for-
mulas, however, it is necessary to take into account the limited range of validity
of individual quantities entering as variables into the individual formulas.

The results of the comparison between the individual sites also show that
the wind speed probably plays a more important role in more accurate deter-
mination of evaporation than the current formulas from the Hlasivo station
reflect. Future innovation of formulas could involve not only extending the
time series, but also the development of new formulas that reflect more the
wind speed and also formulas focusing on specific seasons of the year.
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