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Daily gridded evapotranspiration data for
Finland for 1981-2020

In this paper, we present daily gridded evapotranspiration dataset covering Finland
over the 40-year period 1981-2020. The dataset representing evapotranspiration from

a reference surface is freely available in a1 km x 1 km grid.
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Introduction. Evapotranspiration is
the combination of two separate pro-
cesses, evaporation and plant tran-
spiration. Evaporation accounts for
the vaporisation of liquid water to the
atmosphere from evaporative surfac-
es, such as the soil and water bodies,
while transpiration accounts for the
vaporisation of the liquid water from
plant tissues to the atmosphere as
part of life cycle of the plants. Both
processes occur simultaneously and
there is no simple way to distinguish
between them.

Evapotranspiration is a central part
of the hydrological cycle. Thus, it is
one of the most important hydrome-
teorological variables in agromete-
orology, and also plays a key role in
assessing the susceptibility of natural
ecosystems to climate change and
land use driven phenomena, particu-
larly droughts (Fisher et al., 2011; Yang
et al, 2015). Evapotranspiration is
affected by weather parameters, wa-
ter availability and the evaporative
surface. The most important weather
parameters influencing evapotran-
spiration are air temperature, relative
humidity, wind speed and solar radi-
ation.

Materials and methods. Several
methods have been developed to es-
timate evapotranspiration by using
different climatic variables (McMahon
et al.,, 2013; Guo et al., 2016). Here, we
used the standard method recom-
mended by the Food and Agricultur-

al Organization of the United Nations
(FAO) for calculating the reference
crop evapotranspiration (ET,) from
daily weather data. This so-called FAO
Penman-Monteith equation can be
written as follows (Allen et al., 1998,
2006):

C
0.408A(R, — G) + yﬁuz(e}s —eg)
A+y(1+ Cauy)

ETy = (1)

where R_is the net radiation at the
crop surface (MJ m=2 day™), G the soil
heat flux density (MJ m2 day™), T the
air temperature at 2 m height (°C), v,
the wind speed at 2 m height (m s™),
e, the vapour pressure of the air at
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saturation (kPa), e, the actual vapour
pressure (kPa), A the slope of the va-
pour pressure curve (kPa °C™), C and
C, are coefficients related to reference
surface and calculation time step and
y is the psychrometric constant (kPa
°C1" as defined below. In daily time
step computations, G may be ignored
(Allen et al., 1998). Following the FAO
recommendations for calculations
with daily time step, we used values of
C,= 900 and C, = 0.34 characterising
a reference surface with a crop height
of 0.12 m, a fixed surface resistance of
70 s m'and an albedo of 0.23. Surface
resistance describes the restriction of
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FIG 1: Comparison of calculated reference crop evapotranspiration (ETO) val-
ues to pan evaporation measurements in Jokioinen, Jyvaskyld and Mikkeli as
averaged over the period 1981-1995. Positive (negative) values indicate higher
(lower) calculated ETO compared to measured pan evaporation. Light bars rep-
resent ETO calculated from station data and dark bars from the created gridded
dataset using the data from the grid cells closest to the stations in question. The
locations of Jokioinen, Jyvdskyla and Mikkeli are shown in Fig. 2a.
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FIG 2: Monthly average reference crop evapotranspiration (ETO) in Finland in 1991-2020 in (a) April, (b) May, (c) June,

(d) July, (e) August, and (f) September.

vapour from land surface in the water
exchange process, without using land
surface temperature data, and albedo
describes the proportion of solar radi-
ation reflected from the surface. The
psychometric constant y is defined as
follows:

y=—rf @

TMW}L

where c, is specific heat of air at con-
stant pressure (1.013x10% MJ kg'°C™),
p is the atmospheric pressure (kPa),
ruw 1S the ratio of molecular weight of
water vapour to dry air (0.622) and
A is latent heat of water vaporisation
(2.45 MJ kg™).

In the constructed dataset, dai-
ly values of ET, over the period
1981-2020 from April to September
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were incorporated in a 1 km x 1 km
lattice system covering Finland. The
weather data required for calcu-
lating ET, were extracted from the
Finnish daily gridded climatological
dataset (Aalto et al, 2016), except
the wind data, which were inter-
polated from the ERAS5 reanalysis
(Hersbach et al., 2020). Wind speed
provided in the ERAS5 at 10 m height
was adjusted to 2 m height using a
conversion factor of 0.748, as sug-
gested by Allen et al. (1998) assum-
ing a logarithmic wind speed pro-
file. The wind data were originally
presented in a 0.25° x 0.25° spatial
resolution, while the other weather
variables were interpolated into the
1km x 1km grid from station observa-
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tions using kriging with external drift.
Net radiation data were an exception,
since R values used in the interpola-
tion were mainly estimated based
on cloudiness observations prior the
mid-1990s as described by Venalain-
en and Heikinheimo (1997). However,
when measurements of R were avail-
able, we used the measured values
and from 2008 onwards, only meas-
ured data for R was used. Saturation
vapour pressure deficit (e- e) was
calculated separately with daily max-
imum and minimum temperatures,
assuming constant relative humidity
throughout a day, and the daily aver-
age saturation vapour pressure defi-
cit was then calculated as an average
of the two daily values.



Discussion and evaluation of the

results. Monthly ET, values in the
gridded dataset were compared with
evaporation measurements conduct-
ed by the Finnish Environment Insti-
tute with standard Class-A evapora-
tion pans (e.g., Jovanovic et al., 2008)
from May to September over the peri-
od 1981-1995 on three locations: Joki-
oinen, Jyvaskyla and Mikkeli. We also
calculated ET, values from station ob-
servations on these locations by using
an R package developed by Guo et al.
(2016). Fig. 1 shows that ET, values in
the created gridded dataset were close
to those calculated from station data,
though ET, tended to be slightly higher
in the gridded data, particularly in late
season. The comparison to pan meas-
urements shows that from May to July,
calculated ET, values were consistently
somewhat lower than those measured
with evaporation pans, the difference
being approximately 20% in Jokioinen
and Jyvaskyla and 5-10% in Mikkeli. In
August and September, calculated ET,
values were closer to measured pan
evaporation, except in Mikkeli where
calculated ET, was clearly higher in
September. This was because in Sep-
tember measured pan evaporation was
approximately one third lower in Mikke-
li compared to the two other locations.
In contrast, calculated ET, values were
close to each other at all locations (not

shown), even though in Jokioinen and
Jyvaskyla R was measured, while in
Mikkeli it was estimated from cloudi-
ness observations. It is also noteworthy
that from May to August measured pan
evaporation was lower in Mikkeli than in
the two other locations although there
is no climatological reason for this dif-
ference suggesting that there would be
a high uncertainty related to the pan
evaporation measurements.

It has been previously recognized
that pan data should be treated with
caution if used to approximate daily
potential evapotranspiration. This is
because correlations between daily es-
timates of ET, with Eq. (1) and pan data
can be poor, though they improve over
longer timer periods (Chiew and McMa-
hon, 1992). Moreover, studies conduct-
ed in Florida and Canada have indicat-
ed that when daily weather data is used
with Eqg. (1), the equation overestimates
ET, on annual scale by about 10% com-
pared to pan measurements (Irmak and
Haman, 2003; Xing et al., 2008). How-
ever, the results of Irmak and Haman
(2003) from Florida showed that this
overestimation increases with decreas-
ing daylight time. According to their
results, from May to July calculated
ET, was even underestimated by 3%,
while the largest overestimation of 52%
took place in December. This agrees
with our findings, showing the larg-

est underestimation of calculated ET,
from May to July when daylight time
is the longest, actually much longer in
Finland than in Florida, which is in ac-
cordance with larger underestimation
of calculated ET,. However, in using the
constructed evapotranspiration data, it
should be kept in mind that calculated
ET, represents evapotranspiration from
a reference surface which may differ to
various degree from real environment
in Finland.

Monthly maps of average evapot-
ranspiration in Finland. Monthly maps
of average ET, over the World Mete-
orological Organization (WMO) nor-
mal period 1991-2020 are presented
in Fig. 2. In Finland, evapotranspiration
is highest in July and June. Moreover,
evapotranspiration decreases towards
the north in accordance with decreas-
ing temperature and global radiation

(Venaldinen and Heikinheimo, 1997;
Jokinen et al., 2021).
Data availability. The created

gridded dataset will be made free-
ly available for download at https:/
en.ilmatieteenlaitos.fi/gridded-obser-
vations-on-aws-s3. We will moreover
update the dataset to cover also the
period 1961-1980.
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