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Abstract: Sap flow represents water transport from roots to leaves through the xylem and is used to describe tree tran-
spiration. This paper proposed and tested a procedure to estimate sap flow by calculating global radiation in a digital 
model of the tree canopy surface obtained by unmanned aerial vehicle imaging. The sap flow of nine trees was continu-
ously measured in the field. In the digital surface model, individual canopies were automatically delineated, their param-
eters were determined and the global radiation incident on their surface on specific days was calculated. A polynomial 
relationship was found between sap flow and the calculated incident solar radiation during the morning hours with 
a coefficient of determination of 0.98, as well as a linear relationship between the decrease in radiation and sap flow 
during the afternoon with a correlation coefficient of 0.99. Using the Random Forest machine learning method, a model 
predicting the sap flow of the trees was created based on the global radiation and canopy parameters determined from 
the digital surface model of tree canopies. The resulting model was deployed on additional days and compared to field 
measurements of sap flow, achieving a correlation coefficient of 0.918. In addition, two linear regression models were 
created for a tree group, achieving coefficients of determination of 0.66 and 0.90.
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Whole tree estimates of  water use are becom-
ing increasingly important in  forest science 
(Wullschleger et al. 1998). Forest hydrologists rely 
on  such information to help resolve issues of wa-
ter resource management (Schiller, Cohen  1995; 
Loustau et al. 1996), as well as to evaluate the role 

of  transpiration in  forest and woodland hydrol-
ogy (Barrett et  al.  1996; Kupec, Deutscher  2017). 
The  effect of  transpiration has also been linked 
to  intra-daily variations in  streamflows in  forest 
stands, although, so  far, there is  no generally ac-
cepted model to  explain how streamflow declines 
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due to transpiration occurrence (Bond et al. 2002; 
Gribovszki et al. 2008; Wondzell et al. 2009). Thus, 
empirical models are used to  calculate transpi-
ration at  the forest stand level, e.g.  based on  re-
gression analysis between stem diameter at breast 
height and the corresponding tree water consump-
tion (Čermák et al. 2004), with subsequent model-
ling of  transpiration using the Penman-Monteith 
model (Allen et al. 1998).

The main methods developed for sap flow meas-
urements are heat pulse velocity (HPV; e.g.  Hu-
ber 1932; Caspari 1993), trunk segment heat balance 
(THB; Čermák, Deml  1974; Kučera et  al.  1977); 
stemheat balance (SHB; Sakuratani  1981; Baker, 
van  Bavel  1987), heat dissipation (HD; Grani-
er 1985) or heat field deformation (HFD; Nadezhdi-
na et al. 1998). In the Czech Republic, the trunk heat 
balance method is  the most used and developed. 
The  original THB  method, characterised by  di-
rect electric heating and internal sensing of  tem-
perature, was originally designed for large trees 
(Čermák, Deml  1974; Čermák et  al.  2004). A  sec-
tion of a large tree trunk is heated from the inside 
by an electric current (supplied by electrodes) pass-
ing through the tissues.

Sap flow is  controlled by  environmental vari-
ables, such as vapour pressure deficit (VPD), solar 
radiation (Rad), air temperature, wind speed, soil 
water, and soil temperature. However, the impact 
of  each variable on  sap flow varied with climatic 
region, species composition, and age of the trees. 
Vapour pressure deficit and solar radiation are the 
main drivers of  sap flow (Oogathoo et  al.  2020). 
Solar radiation information over large territories 
can be  provided by  models that are taking into 
consideration the surface inclination, aspect, and 
shadowing effects. These models can be useful for 
predicting solar radiation in  areas without meas-
ured data (Choi et al. 2019). Solar radiation mod-
els in GIS environments include the r.sun module 
in  GRASS  GIS  software (Hofierka, Šúri 2002) 
or Area Solar Radiation in ArcGIS software (Rich 
et al. 1994; Fu 2000; Rich, Fu 2000). High-resolu-
tion surface data are needed to calculate solar ra-
diation at the forest stand or individual tree level. 
These data can be  obtained with either airborne 
or  terrestrial methods, or  by unmanned aircraft. 
Airborne laser scanning (ALS) has metric to deci-
metric resolution (Shan, Toth  2017), relatively 
rapid acquisition, the ability to  detect multiple 
surface points from vegetation, and could be used 

even over a large area. Unmanned aircraft vehicles 
(UAVs) can be used to create highly detailed digi-
tal surface models (DSMs) with resolution down 
to  the centimetre scale (Janata et  al.  2016). Both 
methods allow relatively detailed modelling of the 
tree canopy (in the growing season). When calcu-
lating solar radiation, it  is  thus possible to  cal-
culate the radiation incoming on a particular tree 
during the day.

Some studies have considered that so-called ef-
fective solar radiation (ESR) has a  direct (Xu, 
Ma  2007) or  indirect (Martin  1999) effect on  sap 
flow activity. Relationships between the time pro-
cess of  sap flow and ESR  in  these studies were 
limited to  a  few days. Studies dealing with evap-
otranspiration prediction from UAV data fo-
cus on  different terrestrial ecosystems (Brenner 
et al. 2017, Niu et al. 2020). For the complex study 
of  relationships between evapotranspiration and 
its controlling factors, it is common to use statisti-
cal regression models and machine learning (ML) 
algorithms such as  Random Forest (RF) or  artifi-
cial neural networks (ANN) (Feng et al. 2017; Dou, 
Yang 2018; Ellsäßer et al. 2020).

In this paper, our objectives were: (i) to find the 
methodology on how to access global solar radia-
tion for individual tree crowns based on UAV data, 
(ii) to describe the daily and seasonal temporal var-
iation of sap flow in relationship with global forest 
radiation calculated for whole crowns, (iii) to cre-
ate some quantitative relationship between global 
solar radiation and sap flow and principal tree pa-
rameters, and (iv) to apply the established relation-
ship to entire forest stands.

MATERIAL AND METHODS

The study was carried out in the Rájec-Němčice 
research area (Figure  1). The  Rájec-Němčice re-
search plot was established in  1968  by  the Insti-
tute of Forest Ecology (Mendel University in Brno) 
in connection with the UNESCO International Bi-
ological Programme (IBP) and the UNESCO Man 
and the Biosphere (MaB) international programme. 
It is a 100-year-old spruce stand located at an alti-
tude of 633 m a.s.l.

Sap flow measurement. Continuous sap flow 
measurements were performed on only 9 selected 
trees using the EMS81  sap flow system (Environ-
mental Measuring Systems, Czech Republic), which 
is  composed of  sap flow module SF  8X  (SDI-12) 
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and sap flow sensor SF 81. The stainless electrodes 
(terminals) were hammered into the stem and 
thermosensor needles were inserted into the geo-
metrical centre of  the part of  the electrode inside 
the xylem. Highly conductive steel equalises radial 
differences in temperature of the sapwood and al-
lows measurement of  mean xylem temperature. 
The measuring point at the tree is protected against 
ambient factors, mainly against direct sun irradia-
tion, by using reflective insulating weather shields. 
The temperature of the heated xylem is measured 
by needle sensors inserted in slots to the geometri-
cal centre of the electrodes' active part. Reference 
temperature related to  the  nonheated part of  the 
stem is  measured in  the slot as  well, in  the same 
type of  electrode installed 100 mm downwards. 
The heat balance of  the xylem through which sap 
flows can be described by the general Equation (1):

P = Q × dT × cw + dT × z	 (1)

where:
P	 – power of heat input (W);
Q	 – sap flow rate (kg·s–1);
dT	 – temperature difference within the measuring 

point;
cw	 – specific heat of water (J·kg–1·K–1);
z	 – coefficient of heat losses from the measuring 

point (W·K–1).

The amount of water in terms of mass or volume 
passing through the measuring point in  a  stem 
is  calculated from the power input and tempera-
ture rise of water passing through the heated space. 
Sap flow calculation is derived from the following 
Equation (2):

–=
× ×w w

P zQ
c d dT c

	 (2)

where:
d	 – effective width of the measuring point (5.5 cm).

The first term of this equation quantifies the amount 
of heat that is lead away by sap flow. The second term 
represents heat loss from the sensor. This loss can 
be estimated when sap flow approaches zero, i.e. dur-
ing the rain or at night before sunrise (EMS 2018).

The  tree positions were located geodetically 
using Trimble M3 total station (Trimble Inc., USA). 
Those coordinates served for the identification 
of  each tree in  the canopy height model to  track 
changes at  the tree level. Furthermore, continu-
ous meteorological and climate data from a mete-
orological station located on a 35-meter-high tower 
were measured. Specifically, precipitation, air tem-
perature and humidity data were used.

UAV data acquisition. The original intent of the 
study was to  detect the change in  canopy tem-

Figure1. Location of the research plot Rájec-Němčice
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perature during the day and find its dependence 
on sap flow. Therefore, several image data acquisi-
tions of the study area were conducted in 2019 us-
ing a  DJI  Mavic  2  Enterprise drone (Shenzhen 
DJI  Sciences and Technologies  Ltd., China) with 
both RGB  and thermal cameras at  hourly inter-
vals. However, the surface temperature of  the 
tree canopy is  influenced by  a  number of  exter-
nal factors (incoming solar radiation, humidity, 
wind strength,  etc.) and no  significant differences 
in  the canopy temperature were found between 
multitemporal thermal data and no  dependence 
between surface temperature and sap flow was de-
tected. The accuracy of thermal imagery is depend-
ent on several parameters (thermal camera settings 
and calibration, image resolution, area size, cano-
py illumination, etc.). The DJI Mavic 2 Enterprise 
is equipped with a non-radiometric thermal cam-
era only. This means it can only detect differences 
in  temperature. It  is necessary to use a  radiomet-
ric camera to  accurately measure temperatures. 
It  is  then possible to  specify the emissivity of  the 
measured materials, humidity and air tempera-
ture at the time of flight. Therefore, the dependen-
cies between the sap flow of  individual trees and 
the total global radiation incoming on  the tree 
canopy during the day were investigated. The  en-
tire research plot was imaged using a drone from 
a  height of  80 m above the terrain with a  longi-
tudinal and lateral image overlap  of  80%. Based 
on the photogrammetric processing of RGB imag-
es, a point cloud was created in Agisoft Metashape 
software (Version  1.6.0,  2019), followed by  a  de-
tailed DSM  and an  orthophoto with a  resolution 
of  10 cm. The  created DSM  was used for subse-
quent calculation of global radiation in ArcGIS Pro 

software (Version  3.0, 2022) using the Area Solar 
Radiation tool.

Solar radiation calculation. The  Area So-
lar Radiation tool derives the incoming solar ra-
diation from a  raster DSM. The  input file is  the 
DSM of the area of interest and the output is a so-
lar radiation model for the whole area with units 
of watt hours per square meter (Wh·m–2). The cal-
culation is  performed for each pixel of  the input 
raster. Solar Radiation tool performs calculation 
for the entire landscape or specific locations based 
on  methods from hemispheric visibility algo-
rithms (Rich et al. 1994; Fu 2000; Rich, Fu 2000). 
The total radiation is calculated for specific areas 
or territories as global radiation. The calculations 
of direct, diffuse, and summed global radiation are 
repeated for each area on the topographic surface. 
The  output is  solar radiation maps for the whole 
area of  input  DSM. In  the calculation of  global 
radiation, direct and diffuse radiation is  consid-
ered while reflected radiation is  ignored. The  at-
mospheric transmittance ratio and the diffuse 
component of  the radiation can also be  adjusted 
within the tool.

The  calculation of  global radiation consists 
of 4 basic steps: (i)  calculation of  the hemispher-
ic sky visibility map in  the zenith direction (Fig-
ure 2), (ii) overlaying the visibility map with a map 
of  the Sun's motion to  calculate the direct radia-
tion, (iii) overlaying the visibility map with the sky 
map to calculate diffuse radiation, and (iv) repeat-
ing this process for each pixel of  the input raster 
(Figure 3).

Tree crown detection. Due to previous geodetic 
surveying of  trees fitted with sap flow sensors, 
it  was possible to  detect these trees on  the DSM. 

Figure 2. Calculation of the hemispheric visibility map (ESRI 2020)
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Based on the so-called inverse watershed analysis, 
the individual tree canopies were detected (Vin-
cent, Soille 1991; Mikita et al. 2013) and their area, 
volume and canopy surface in 3D space were calcu-
lated (Figure 4).

Creation of  a  model for calculating sap flow 
from DSM. Sap flow data for individual trees were 
provided by Czechglobe (Global Change Research 

Institute CAS) for two days of the year 2019 (Au-
gust  28 and September  12) and for the whole 
year  2020. The  calculation of  global radiation 
in GIS can be limited to any period and any interval 
even within one day.

Firstly, global radiation was calculated for the two 
specific days of the year 2019 at intervals of 10 min-
utes so that the values correspond to the sap flow 

Figure 4. Detected tree crowns fitted 
with sap flow sensors

Figure 3. 3D visualisation of calculated global radiation for the locality Rájec from August 28, 2019
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measurement times. The  global radiation values 
were related to  the position of  each tree canopy 
(trees with sap flow sensors) and the sum of radi-
ation incoming on  the canopy was calculated for 
each time interval.

Subsequently, the dependence of  the daily sum 
of sap flow and total daily radiation was investigated 
for selected days throughout the growing season. 
Thus, a total of 13 days from the beginning to the 
end of the growing season (April 15 to October 15) 
were selected at a 14-day interval. For these days, 
based on the data provided by the weather station 
and sap flow sensor, the sum of  sap flow, average 
daily temperature, average humidity and the sum 
of  rainfall in  the previous 14  days were  calcu-
lated. The  sum of  global daily radiation was cal-
culated once more for these days in  ArcGIS  Pro 
software. The  dependence within selected days 
and the whole growing season was determined 
by linear regression.

RESULTS

Analysis of the correlation between sap flow and 
radiation shows a linear dependence of the increase 
of  both values in  the morning hours, and con-
versely a  non-linear dependence of  the decrease 
of values in the afternoon hours (Figure 5). At the 
same time, however, each tree responds differently 
to incoming light.

The increase and decrease of sap flow as a func-
tion of radiation has a similar pattern on August 28, 
2019. If  we  average all values and trees for both 

days, we  get a  clear linear dependence of  the in-
crease and a non-linear dependence of the decrease 
of values (Figure 6).

The  results show a  very significant link be-
tween sap flow and DSM-based global radiation 
calculations. The  calculation of  radiation using 
GIS  tools with accurate DSM  allows to  deter-
mine the amount of light incoming on the canopy 
of an individual tree during the day. However, this 
information does not allow for an area-based esti-
mate of forest stand transpiration from DMP data. 
Therefore, other variables that may influence total 
daily transpiration were sought out. These vari-
ables can be  numerous, e.g.  cloud cover, humid-
ity, soil water saturation after previous rainfall, 
etc. However, these variables are highly variable 
in  time and space and thus only factors that are 
directly detectable from the Remote Sensing data 
(or UAV imagery) were chosen and supplemented 
by basic climatic factors.

The  following variables were therefore chosen: 
(i)  canopy area, (ii)  canopy surface in  3D  space, 
(iii)  total sum of  daily global radiation, (iv)  canopy 
volume, (v) air humidity, (vi) mean daily temperature, 
and (vii) precipitation amount in previous 14 days.

A  model predicting the sap flow of  individual 
trees on  specific days was created using the dai-
ly sum of  global radiation incidents on  the tree 
canopy and the canopy parameters with weather 
conditions at  the day of  measurement. The  Ran-
dom Forest machine learning method was used 
to create the model. First, all available predictors 
were used and then, five significant predictors that 

Figure 5. Normalized daily sap flow and calculated solar radiation on September 12, 2019

Mean values for all measured trees

Time Time Teplota 11m Teplota 23m SF 775 Rad775 SF924 Rad924 SF923 Rad923 SF860 Rad860 SF918 Rad918 SF910 Rad910 SF639 Rad639 SF851 Rad851 SF495 Rad495 Rad SF
12.09.2019 6:10 6:10:00 6 14.267 13.848 0.02601 0.0014 0.02293 0.00128 0.02237 0.00255 0.0225 0.00466 0.02162 0.0009 0.02015 0.00164 0.02049 0.00214 0.0174 0.00053 0.0225 0.00141 85056.1 0.00183 0.02177 2.157E-08 0.50543
12.09.2019 6:20 6:20:00 14.3775 14.004 0.02611 0.55381 0.02299 0.59243 0.0225 1.06372 0.02265 1.87591 0.02178 0.39606 0.02021 0.70747 0.02049 0.93191 0.01699 0.27402 0.0225 0.60753 0.04301 0.77809 0.0218 9.148E-06 0.50608
12.09.2019 6:30 6:30:00 14.343 13.9695 0.02611 22.0928 0.02297 25.0243 0.0225 42.1063 0.02265 70.4903 0.02196 16.0205 0.02031 29.8584 0.02047 37.1932 0.01687 12.9938 0.0225 25.6786 31.2731 0.02181 0.0003677 0.50636
12.09.2019 6:40 6:40:00 14.4615 14.0575 0.02617 169.357 0.02299 196.74 0.02268 298.696 0.02272 432.107 0.02209 103.942 0.02018 213.896 0.02049 272.33 0.01699 97.3115 0.02262 192.723 219.678 0.02188 0.0025827 0.50788
12.09.2019 6:50 6:50:00 14.3355 14.1715 0.02652 659.133 0.02324 769.593 0.02287 1038.41 0.02284 1326.75 0.02219 349.11 0.02031 782.57 0.02047 991.336 0.01699 368.342 0.0229 712.003 777.472 0.02203 0.0091407 0.51148
12.09.2019 7:00 7:00:00 7 14.141 14.0955 0.02677 1629.14 0.02328 1995.4 0.02297 2429.24 0.02299 3023.39 0.02219 782.791 0.02043 1893.68 0.02024 2392.62 0.01702 874.82 0.02312 1731.6 1861.41 0.02211 0.0218845 0.51328
12.09.2019 7:10 7:10:00 14.2555 14.187 0.0272 3054.32 0.0233 3684.34 0.02352 4125.44 0.02318 5110.62 0.02221 1402.69 0.02047 3380.61 0.02031 4166.63 0.01702 1649.73 0.02336 3089.17 3295.95 0.02229 0.0387503 0.51734
12.09.2019 7:20 7:20:00 14.088 14.103 0.02777 5149.9 0.02344 6151.86 0.02405 6741.98 0.0234 8528.65 0.02252 2294.69 0.02065 5459.39 0.02084 6822.84 0.01677 2876.4 0.02346 5109.69 5459.49 0.02254 0.0641869 0.5233
12.09.2019 7:30 7:30:00 14.1335 14.107 0.02845 7681.1 0.02352 9138.16 0.02495 9844.33 0.02365 12589.4 0.02274 3670.89 0.02078 8090.04 0.02096 10036 0.01683 4251.32 0.02371 7476.95 8086.46 0.02284 0.0950721 0.53028
12.09.2019 7:40 7:40:00 14.362 14.3125 0.0293 10580 0.02368 12756.8 0.02586 13428.1 0.02403 16322.6 0.02315 5542.77 0.02084 11557.2 0.02143 13730.1 0.01671 5429.26 0.02375 9754.64 11011.3 0.02319 0.1294589 0.53835
12.09.2019 7:50 7:50:00 14.5145 14.4765 0.03015 13622.2 0.02417 16659.2 0.02724 17404.6 0.02452 20142 0.02368 7858.5 0.02099 15201.5 0.02196 17711.6 0.0164 6587.92 0.02399 12225.9 14157 0.02368 0.1664436 0.54962
12.09.2019 8:00 8:00:00 8 14.667 14.6595 0.03093 16675.6 0.02468 20739.8 0.02877 22146.4 0.02515 24830.4 0.02421 10134.7 0.02109 18505.9 0.0225 22102.8 0.01609 7477.17 0.02429 14846.2 17495.4 0.02419 0.2056929 0.56147
12.09.2019 8:10 8:10:00 14.995 14.9565 0.03203 19490.1 0.0253 25122.4 0.03058 26879.5 0.02586 29417.7 0.02505 12262.5 0.02127 23120.7 0.02328 26425.4 0.01589 8478.36 0.02458 17550.8 20971.9 0.02487 0.2465659 0.57733
12.09.2019 8:20 8:20:00 15.2995 15.273 0.03312 22726.6 0.0262 29560 0.03297 31518 0.02673 34230.6 0.02593 14453 0.02149 30791.6 0.02417 31363.1 0.01586 9818.82 0.0248 20266 24969.8 0.0257 0.293568 0.59647
12.09.2019 8:30 8:30:00 15.41 15.4485 0.03446 26419.5 0.02736 33695.9 0.03555 36267.5 0.02783 36901.9 0.02695 16133.5 0.0218 39982.8 0.02523 36972.3 0.01562 11811 0.02515 22620.9 28978.4 0.02666 0.3406973 0.61885
12.09.2019 8:40 8:40:00 15.6315 15.7305 0.03614 30705.2 0.02867 38026.2 0.03843 41058.4 0.02896 39593.2 0.02814 17843 0.02205 47898 0.02632 42375.1 0.01554 14675.4 0.02554 24335.4 32945.5 0.02776 0.3873387 0.64429
12.09.2019 8:50 8:50:00 15.7225 15.757 0.03786 37610.3 0.03031 42283 0.04074 45962.8 0.03033 39529.1 0.02945 18680.5 0.02234 53701.7 0.02765 47376.8 0.0157 17109.7 0.02624 25803.4 36450.8 0.02896 0.4285501 0.67219
12.09.2019 9:00 9:00:00 9 15.8715 15.9325 0.03976 45455.3 0.03209 46974.7 0.04334 50748.8 0.03183 43428 0.03043 18548.3 0.02268 59437.2 0.02898 52289.8 0.01589 19181.7 0.02671 27670 40414.9 0.03019 0.4751554 0.7008
12.09.2019 9:10 9:10:00 16.2105 16.306 0.04183 52065.6 0.03375 51519.6 0.04578 54846.9 0.03324 51791.1 0.03152 16908.3 0.0229 64444.3 0.03023 57107 0.01595 20737.5 0.02755 29895.3 44368.4 0.03142 0.5216371 0.72929
12.09.2019 9:20 9:20:00 16.325 16.42 0.04383 60121 0.03528 55712.2 0.0479 58728.2 0.03484 60785 0.03268 18118.1 0.02315 68692.5 0.03125 62148.1 0.01577 22337.5 0.02812 34435.8 49008.7 0.03253 0.5761928 0.7552
12.09.2019 9:30 9:30:00 16.3475 16.4885 0.04547 69565 0.0368 59730 0.0489 62508.4 0.03651 66262.4 0.03365 18914.8 0.02352 71344.4 0.03227 66286.6 0.01577 23874.2 0.02883 38397 52987 0.03352 0.6229648 0.77819
12.09.2019 9:40 9:40:00 16.683 16.7975 0.0475 76530.4 0.03802 63845.4 0.05068 66121.3 0.0383 72030.6 0.03459 20114.7 0.02397 73592.9 0.0334 70127.9 0.01624 25196.9 0.02974 42369.2 56658.8 0.03471 0.6661346 0.80581
12.09.2019 9:50 9:50:00 16.786 16.9115 0.04942 81451.7 0.03949 68023.4 0.05142 69526.2 0.04008 77430.4 0.03543 20976.2 0.02427 75087.1 0.03402 73413.8 0.01624 26542.7 0.03052 45996.5 59827.6 0.03566 0.7033893 0.82765

12.09.2019 10:00 10:00:00 10 16.8775 17.0335 0.05086 86309.2 0.04074 71214.3 0.05214 72493.9 0.04156 86341.7 0.03618 20394.6 0.02464 76605.8 0.03477 76112.6 0.01693 28085.7 0.03143 51016 63174.9 0.03658 0.7427436 0.84916
12.09.2019 10:10 10:10:00 16.862 17.3 0.05177 90474.5 0.04127 73396.3 0.05242 75160 0.04271 93229 0.03671 18361.4 0.02505 77466.1 0.03522 78041.4 0.01752 29235.5 0.03227 56150.3 65723.8 0.03721 0.7727112 0.86383
12.09.2019 10:20 10:20:00 16.862 16.9915 0.05296 93670.8 0.0418 75345 0.05289 77350.7 0.04367 101943 0.03702 16059.2 0.02533 77725.2 0.03559 79154.9 0.01802 30312 0.03309 60524.6 68009.5 0.03782 0.7995839 0.87786
12.09.2019 10:30 10:30:00 16.965 17.0795 0.05402 95709.7 0.04218 77196.7 0.05293 79380.8 0.04468 110483 0.03751 17296.4 0.02521 78731.4 0.0358 80507.1 0.01828 31036.4 0.03371 63793.3 70459.5 0.03826 0.8283882 0.88807
12.09.2019 10:40 10:40:00 17.083 17.2585 0.05424 101099 0.04255 79091.7 0.05289 81360.7 0.04524 116051 0.03796 19564.5 0.02552 80763.2 0.03596 82274.9 0.01849 31649 0.03446 68999 73428.2 0.03859 0.863291 0.89577
12.09.2019 10:50 10:50:00 17.327 17.472 0.05471 105312 0.04281 80625.1 0.05287 82676.8 0.04568 125901 0.0383 26373.3 0.02577 82254 0.03609 82874.2 0.0189 31927.3 0.03512 73955.4 76877.7 0.03892 0.903847 0.90334
12.09.2019 11:00 11:00:00 11 17.4835 17.5635 0.05508 107528 0.0433 81931.2 0.05327 83648.1 0.04643 132942 0.03923 30146.4 0.02611 81476.2 0.03614 81660.6 0.01933 31906.5 0.03584 75766 78556.1 0.03942 0.9235801 0.91494
12.09.2019 11:10 11:10:00 17.468 17.6665 0.05621 109931 0.04367 83137.6 0.05345 84084.5 0.04696 137808 0.03996 33665.6 0.02632 80272 0.0362 81113.3 0.01965 31421.3 0.03655 77837.6 79919 0.03989 0.9396036 0.92587
12.09.2019 11:20 11:20:00 17.647 17.7995 0.05646 112917 0.04365 84417.7 0.05355 84824.3 0.04711 144249 0.04055 35969.9 0.0264 82756.6 0.03618 81133.5 0.01943 31624.1 0.03702 80679.2 82063.5 0.04004 0.964816 0.9294
12.09.2019 11:30 11:30:00 17.937 18.1465 0.05715 114487 0.04375 84503.1 0.05367 85261.9 0.0474 147353 0.04164 38028.6 0.02646 84372.2 0.03624 80603.3 0.01992 31427.8 0.03773 81785.8 83091.4 0.04044 0.9769009 0.93871
12.09.2019 11:40 11:40:00 17.636 17.7805 0.0575 115753 0.04412 84881.6 0.05374 85411.4 0.04805 149097 0.04255 42289.3 0.02679 86173.9 0.03606 78937 0.02059 31107.9 0.03836 82943.5 84066.1 0.04086 0.9883603 0.94852
12.09.2019 11:50 11:50:00 17.697 17.792 0.05805 115942 0.04334 84758.2 0.05396 85522.4 0.04827 151322 0.04314 45883.6 0.02687 87119.5 0.03602 77697.4 0.02078 31430.4 0.03892 84575.5 84916.7 0.04104 0.998361 0.95261
12.09.2019 12:00 12:00:00 12 17.8185 17.937 0.05836 112048 0.04521 84427.4 0.0539 85212.4 0.04843 154887 0.04387 48050.6 0.02687 87318.5 0.0358 76697.2 0.0208 31298.2 0.03933 85565.2 85056.1 0.0414 1 0.96093
12.09.2019 12:10 12:10:00 17.857 17.9405 0.05897 101506 0.04496 82736.8 0.05418 83910.2 0.04867 155020 0.04468 49652 0.02689 81536.4 0.03578 74842.9 0.0209 30115.9 0.0397 85889.5 82801 0.04164 0.973487 0.96648
12.09.2019 12:20 12:20:00 17.9215 18.059 0.05852 98540.3 0.04496 81620.9 0.05421 82818.3 0.04908 156588 0.04549 50515.4 0.02693 79254.2 0.03562 72839.5 0.02093 29608.9 0.0399 86378.8 82018.2 0.04174 0.9642839 0.96884
12.09.2019 12:30 12:30:00 18.139 18.1655 0.05852 94191.2 0.04453 80730.1 0.05449 80131.1 0.04914 159230 0.04586 51620.6 0.02718 79141.3 0.0354 70361 0.02131 29007.5 0.04011 85929.9 81149.1 0.04184 0.954066 0.97114
12.09.2019 12:40 12:40:00 18.135 18.7 0.05912 86692.9 0.04408 78348 0.05512 78193.2 0.04964 160063 0.04646 53553.1 0.02714 77568.1 0.03537 68116.7 0.02143 28266.4 0.04049 86078.4 79653.3 0.04209 0.9364791 0.97713
12.09.2019 12:50 12:50:00 18.173 18.192 0.05897 74999.6 0.0444 75639.5 0.05508 76195.4 0.04986 158820 0.04693 54023.2 0.02695 75423.2 0.03547 65848.8 0.02049 27789.1 0.04074 85347.5 77120.7 0.0421 0.9067043 0.97719
12.09.2019 13:00 13:00:00 13 18.3025 18.337 0.05809 68806.5 0.04412 72750.7 0.05461 72903.5 0.04983 157560 0.0474 53611.4 0.0272 77744.5 0.03508 62604.8 0.02118 26938 0.04115 84393.7 75257 0.04207 0.8847926 0.97663
12.09.2019 13:10 13:10:00 18.459 18.436 0.05771 58784.5 0.04414 69658.4 0.05502 69853.3 0.05021 156268 0.04811 54017.2 0.0274 76683 0.035 59806.9 0.02164 26050.1 0.04189 82445.5 72618.5 0.04235 0.8537717 0.98299
12.09.2019 13:20 13:20:00 18.482 18.4475 0.05783 46398.2 0.04399 66535.8 0.05546 66511.3 0.05064 155183 0.04858 53504.6 0.02746 73771.4 0.03528 57208.3 0.02227 25677.2 0.04193 80890.5 69520 0.0426 0.8173432 0.98895
12.09.2019 13:30 13:30:00 18.7525 18.7065 0.05799 45154.7 0.0439 63363 0.05593 62702.8 0.05111 154199 0.04874 52403.7 0.02765 71307.3 0.03531 54073.2 0.02268 25173.8 0.04203 79295.1 67519.2 0.04282 0.7938194 0.99385
12.09.2019 13:40 13:40:00 18.5465 18.562 0.05834 46682.4 0.04387 59347.9 0.05633 59123 0.05164 152303 0.04892 51359 0.02758 70408.1 0.0354 51158.6 0.02305 24662.3 0.04195 77702.8 65860.8 0.04301 0.774322 0.99832
12.09.2019 13:50 13:50:00 18.638 18.581 0.05765 42444.1 0.04365 55238 0.05633 56338.4 0.0512 149202 0.04874 49996.2 0.02767 66357.9 0.03543 48583.1 0.02328 23781.3 0.04148 75378.4 63035.5 0.04283 0.7411047 0.99413
12.09.2019 14:00 14:00:00 14 18.398 18.2305 0.05678 42628.5 0.04283 52430.4 0.05499 53871.9 0.05017 145910 0.04793 47928.5 0.0278 64056.8 0.03531 46901.2 0.02312 22345.4 0.04086 73128.9 61022.4 0.0422 0.717437 0.97958
12.09.2019 14:10 14:10:00 18.337 18.333 0.05596 44619.1 0.04195 49076 0.05406 51531.4 0.04933 142189 0.04709 46185 0.02761 63048.3 0.03484 45334.8 0.02293 21475.5 0.04017 70338.5 59310.8 0.04155 0.6973141 0.96447
12.09.2019 14:20 14:20:00 18.2305 18.1615 0.05552 48559.6 0.04142 45674.6 0.05371 49499.7 0.0489 137661 0.04662 44120.5 0.02761 61562.9 0.03469 43734.5 0.02272 20146.7 0.03968 67002.9 57551.4 0.04121 0.6766282 0.95652
12.09.2019 14:30 14:30:00 18.173 18.112 0.05455 51145.5 0.04055 42410.2 0.05265 47101.5 0.04762 132563 0.04549 41862.4 0.02749 59440.5 0.03418 42465.8 0.02265 16738.8 0.03896 63865.5 55288.1 0.04046 0.6500193 0.93918
12.09.2019 14:40 14:40:00 18.5315 18.4895 0.05433 50446.7 0.03992 39184.7 0.05281 44833.4 0.04725 126832 0.04515 39178 0.02746 55611 0.03396 40725.9 0.02225 13764 0.03861 58976 52172.4 0.04019 0.6133885 0.93297
12.09.2019 14:50 14:50:00 18.741 18.718 0.05471 47249.2 0.03976 36172.8 0.05333 42586 0.04752 122097 0.04515 36187 0.02749 53108.7 0.03418 38608.5 0.02221 12233.6 0.03839 52729.1 48996.9 0.04031 0.5760533 0.93561
12.09.2019 15:00 15:00:00 15 18.76 18.695 0.05459 44520.6 0.03955 33240.3 0.05361 40176.5 0.04766 116898 0.04527 32855.6 0.02749 49021.3 0.03437 36395.9 0.02234 10982.5 0.03802 46851.1 45660.2 0.04032 0.5368241 0.93598
12.09.2019 15:10 15:10:00 18.417 18.2835 0.05421 45742 0.03911 29918.2 0.05305 37655.2 0.04711 111794 0.0449 28832.8 0.02761 44693.9 0.03424 34087.3 0.02231 9371.68 0.0373 41112.9 42578.7 0.03998 0.5005951 0.9281
12.09.2019 15:20 15:20:00 18.543 18.4625 0.05386 45534.3 0.03864 26282.2 0.05308 35076.7 0.04672 105095 0.04468 23290.3 0.02726 41596.1 0.03412 31649.9 0.02211 8210.83 0.03689 36830.6 39285.1 0.03971 0.4618729 0.92174
12.09.2019 15:30 15:30:00 18.52 18.421 0.05345 41521.9 0.03833 23298.1 0.05271 32451 0.04665 97523.1 0.04449 21190.3 0.02718 39150.5 0.03399 29349.7 0.02203 7428.9 0.03639 32846 36084.4 0.03947 0.4242421 0.91618
12.09.2019 15:40 15:40:00 18.219 18.1045 0.05261 34747.5 0.03804 20790.1 0.05173 29844.1 0.04606 87837.8 0.04399 19500.1 0.0272 36924.5 0.03362 26893.9 0.02199 6568.37 0.03602 27554.4 32295.6 0.03903 0.379698 0.90597
12.09.2019 15:50 15:50:00 18.1465 17.979 0.05173 34747.5 0.03739 20790.1 0.05036 29844.1 0.04506 87837.8 0.04312 19500.1 0.0272 36924.5 0.03324 26893.9 0.02172 6568.37 0.0354 27554.4 32295.6 0.03836 0.379698 0.8904
12.09.2019 16:00 16:00:00 16 18.112 17.979 0.05052 28220.8 0.03658 18380.5 0.04896 26954.8 0.0439 76364.2 0.04187 18000.3 0.02695 35288.8 0.03274 24415.5 0.02133 5522.09 0.03453 22040.4 28354.2 0.03749 0.3333582 0.87013
12.09.2019 16:10 16:10:00 18.70 17.933 0.0498 22042.7 0.0359 15930.8 0.0475 24286 0.04289 63707.9 0.04089 16417.3 0.02683 32815 0.03218 21992.5 0.02125 4477.81 0.03387 16616.3 24254 0.03679 0.2851533 0.854
12.09.2019 16:20 16:20:00 17.937 17.7575 0.04864 17891.4 0.03508 13686.9 0.04586 21592.5 0.04195 53460.5 0.03996 14711.2 0.02667 30009.8 0.03158 19675.5 0.02109 3745.44 0.03303 13562.3 20926.2 0.03599 0.246028 0.83532
12.09.2019 16:30 16:30:00 17.773 17.6205 0.04772 14197.7 0.03434 11504.6 0.04437 19021.3 0.04068 45327.9 0.0389 13050.8 0.0264 26400.5 0.03099 17412.1 0.02078 3251.38 0.03236 11458.5 17958.3 0.03517 0.2111348 0.81639
12.09.2019 16:40 16:40:00 17.674 17.514 0.0464 10685.1 0.03343 9378.26 0.04255 16482.6 0.03952 37354.6 0.03786 11326.6 0.02626 21779.8 0.03031 14999.8 0.02053 2752.82 0.03168 9333.05 14899.2 0.03428 0.1751689 0.79582
12.09.2019 16:50 16:50:00 17.697 17.506 0.04537 7916.01 0.03265 8028.71 0.04095 13857.2 0.03836 31188.8 0.03695 9682.15 0.02595 17763.3 0.02974 12561.3 0.02049 2302.21 0.03096 7245.96 12282.8 0.03349 0.1444087 0.77741
12.09.2019 17:00 17:00:00 17 17.632 17.43 0.04437 6104.66 0.03196 6885.73 0.03955 11238.6 0.03724 24780.8 0.036 7872.68 0.02567 14040.5 0.02927 10196.1 0.02 1844.85 0.03031 5520.16 9831.56 0.03271 0.1155891 0.7592
12.09.2019 17:10 17:10:00 17.5255 17.3425 0.04328 3453.96 0.03127 4546.74 0.03849 6416.65 0.03627 13017.6 0.03512 4585.88 0.02564 7747.01 0.02877 5580.11 0.01996 1063.28 0.02971 2758.91 5463.35 0.03206 0.0642324 0.74409
12.09.2019 17:20 17:20:00 17.4185 17.224 0.04215 2345.21 0.03055 2654.29 0.03698 4285.34 0.03518 8434.7 0.03418 2663.08 0.02527 4828.45 0.0282 3666.38 0.01965 724.037 0.02924 1873.22 3497.19 0.03127 0.0411163 0.72575
12.09.2019 17:30 17:30:00 17.4565 17.2205 0.04111 1406.69 0.03005 1353.56 0.03626 2461.27 0.03434 4852.09 0.0333 1369.36 0.02499 2653.25 0.02783 2148.48 0.01949 434.289 0.02874 1126.2 1978.36 0.03068 0.0232594 0.71216
12.09.2019 17:40 17:40:00 17.3195 17.0945 0.04058 809.044 0.02955 705.213 0.03587 1358.97 0.03387 2602.31 0.03268 682.026 0.0247 1139.81 0.02749 1174.14 0.01953 249.778 0.02818 648.149 1041.05 0.03027 0.0122396 0.70266
12.09.2019 17:50 17:50:00 16.9805 16.7555 0.0397 322.125 0.02927 276.43 0.03465 516.898 0.03318 1010.44 0.03196 205.127 0.0246 348.767 0.02714 444.596 0.01955 99.4511 0.02771 259.073 386.99 0.02975 0.0045498 0.69062
12.09.2019 18:00 18:00:00 18 16.725 16.4775 0.03867 80.0522 0.0288 69.135 0.0334 115.556 0.03236 250.464 0.03102 47.8712 0.02436 84.8885 0.02667 103.014 0.01943 24.7151 0.0273 65.036 93.4147 0.02911 0.0010983 0.67579
12.09.2019 18:10 18:10:00 16.519 16.226 0.03773 7.4686 0.02836 6.47527 0.03209 9.24557 0.03149 21.9998 0.03017 4.46667 0.02405 7.9209 0.02611 7.09782 0.01921 2.30587 0.02689 6.01235 8.11032 0.02846 9.535E-05 0.66052
12.09.2019 18:20 18:20:00 16.344 16.024 0.03661 0.09948 0.02783 0.08543 0.03109 0.10853 0.0307 0.26353 0.02939 0.05951 0.02391 0.10553 0.02564 0.09042 0.0193 0.03072 0.02671 0.07956 0.10252 0.02791 1.205E-06 0.64783
12.09.2019 18:30 18:30:00 16.245 15.8255 0.0359 0.00094 0.02742 0.00081 0.03017 0.00085 0.02984 0.00207 0.02851 0.00056 0.02352 0.001 0.02533 0.00087 0.01943 0.00029 0.02624 0.00076 0.00091 0.02737 1.066E-08 0.63542
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12.09.2019 6:10 6:10:00 6 14.267 13.848 0.02601 0.0014 0.02293 0.00128 0.02237 0.00255 0.0225 0.00466 0.02162 0.0009 0.02015 0.00164 0.02049 0.00214 0.0174 0.00053 0.0225 0.00141 85056.1 0.00183 0.02177 2.157E-08 0.50543
12.09.2019 6:20 6:20:00 14.3775 14.004 0.02611 0.55381 0.02299 0.59243 0.0225 1.06372 0.02265 1.87591 0.02178 0.39606 0.02021 0.70747 0.02049 0.93191 0.01699 0.27402 0.0225 0.60753 0.04301 0.77809 0.0218 9.148E-06 0.50608
12.09.2019 6:30 6:30:00 14.343 13.9695 0.02611 22.0928 0.02297 25.0243 0.0225 42.1063 0.02265 70.4903 0.02196 16.0205 0.02031 29.8584 0.02047 37.1932 0.01687 12.9938 0.0225 25.6786 31.2731 0.02181 0.0003677 0.50636
12.09.2019 6:40 6:40:00 14.4615 14.0575 0.02617 169.357 0.02299 196.74 0.02268 298.696 0.02272 432.107 0.02209 103.942 0.02018 213.896 0.02049 272.33 0.01699 97.3115 0.02262 192.723 219.678 0.02188 0.0025827 0.50788
12.09.2019 6:50 6:50:00 14.3355 14.1715 0.02652 659.133 0.02324 769.593 0.02287 1038.41 0.02284 1326.75 0.02219 349.11 0.02031 782.57 0.02047 991.336 0.01699 368.342 0.0229 712.003 777.472 0.02203 0.0091407 0.51148
12.09.2019 7:00 7:00:00 7 14.141 14.0955 0.02677 1629.14 0.02328 1995.4 0.02297 2429.24 0.02299 3023.39 0.02219 782.791 0.02043 1893.68 0.02024 2392.62 0.01702 874.82 0.02312 1731.6 1861.41 0.02211 0.0218845 0.51328
12.09.2019 7:10 7:10:00 14.2555 14.187 0.0272 3054.32 0.0233 3684.34 0.02352 4125.44 0.02318 5110.62 0.02221 1402.69 0.02047 3380.61 0.02031 4166.63 0.01702 1649.73 0.02336 3089.17 3295.95 0.02229 0.0387503 0.51734
12.09.2019 7:20 7:20:00 14.088 14.103 0.02777 5149.9 0.02344 6151.86 0.02405 6741.98 0.0234 8528.65 0.02252 2294.69 0.02065 5459.39 0.02084 6822.84 0.01677 2876.4 0.02346 5109.69 5459.49 0.02254 0.0641869 0.5233
12.09.2019 7:30 7:30:00 14.1335 14.107 0.02845 7681.1 0.02352 9138.16 0.02495 9844.33 0.02365 12589.4 0.02274 3670.89 0.02078 8090.04 0.02096 10036 0.01683 4251.32 0.02371 7476.95 8086.46 0.02284 0.0950721 0.53028
12.09.2019 7:40 7:40:00 14.362 14.3125 0.0293 10580 0.02368 12756.8 0.02586 13428.1 0.02403 16322.6 0.02315 5542.77 0.02084 11557.2 0.02143 13730.1 0.01671 5429.26 0.02375 9754.64 11011.3 0.02319 0.1294589 0.53835
12.09.2019 7:50 7:50:00 14.5145 14.4765 0.03015 13622.2 0.02417 16659.2 0.02724 17404.6 0.02452 20142 0.02368 7858.5 0.02099 15201.5 0.02196 17711.6 0.0164 6587.92 0.02399 12225.9 14157 0.02368 0.1664436 0.54962
12.09.2019 8:00 8:00:00 8 14.667 14.6595 0.03093 16675.6 0.02468 20739.8 0.02877 22146.4 0.02515 24830.4 0.02421 10134.7 0.02109 18505.9 0.0225 22102.8 0.01609 7477.17 0.02429 14846.2 17495.4 0.02419 0.2056929 0.56147
12.09.2019 8:10 8:10:00 14.995 14.9565 0.03203 19490.1 0.0253 25122.4 0.03058 26879.5 0.02586 29417.7 0.02505 12262.5 0.02127 23120.7 0.02328 26425.4 0.01589 8478.36 0.02458 17550.8 20971.9 0.02487 0.2465659 0.57733
12.09.2019 8:20 8:20:00 15.2995 15.273 0.03312 22726.6 0.0262 29560 0.03297 31518 0.02673 34230.6 0.02593 14453 0.02149 30791.6 0.02417 31363.1 0.01586 9818.82 0.0248 20266 24969.8 0.0257 0.293568 0.59647
12.09.2019 8:30 8:30:00 15.41 15.4485 0.03446 26419.5 0.02736 33695.9 0.03555 36267.5 0.02783 36901.9 0.02695 16133.5 0.0218 39982.8 0.02523 36972.3 0.01562 11811 0.02515 22620.9 28978.4 0.02666 0.3406973 0.61885
12.09.2019 8:40 8:40:00 15.6315 15.7305 0.03614 30705.2 0.02867 38026.2 0.03843 41058.4 0.02896 39593.2 0.02814 17843 0.02205 47898 0.02632 42375.1 0.01554 14675.4 0.02554 24335.4 32945.5 0.02776 0.3873387 0.64429
12.09.2019 8:50 8:50:00 15.7225 15.757 0.03786 37610.3 0.03031 42283 0.04074 45962.8 0.03033 39529.1 0.02945 18680.5 0.02234 53701.7 0.02765 47376.8 0.0157 17109.7 0.02624 25803.4 36450.8 0.02896 0.4285501 0.67219
12.09.2019 9:00 9:00:00 9 15.8715 15.9325 0.03976 45455.3 0.03209 46974.7 0.04334 50748.8 0.03183 43428 0.03043 18548.3 0.02268 59437.2 0.02898 52289.8 0.01589 19181.7 0.02671 27670 40414.9 0.03019 0.4751554 0.7008
12.09.2019 9:10 9:10:00 16.2105 16.306 0.04183 52065.6 0.03375 51519.6 0.04578 54846.9 0.03324 51791.1 0.03152 16908.3 0.0229 64444.3 0.03023 57107 0.01595 20737.5 0.02755 29895.3 44368.4 0.03142 0.5216371 0.72929
12.09.2019 9:20 9:20:00 16.325 16.42 0.04383 60121 0.03528 55712.2 0.0479 58728.2 0.03484 60785 0.03268 18118.1 0.02315 68692.5 0.03125 62148.1 0.01577 22337.5 0.02812 34435.8 49008.7 0.03253 0.5761928 0.7552
12.09.2019 9:30 9:30:00 16.3475 16.4885 0.04547 69565 0.0368 59730 0.0489 62508.4 0.03651 66262.4 0.03365 18914.8 0.02352 71344.4 0.03227 66286.6 0.01577 23874.2 0.02883 38397 52987 0.03352 0.6229648 0.77819
12.09.2019 9:40 9:40:00 16.683 16.7975 0.0475 76530.4 0.03802 63845.4 0.05068 66121.3 0.0383 72030.6 0.03459 20114.7 0.02397 73592.9 0.0334 70127.9 0.01624 25196.9 0.02974 42369.2 56658.8 0.03471 0.6661346 0.80581
12.09.2019 9:50 9:50:00 16.786 16.9115 0.04942 81451.7 0.03949 68023.4 0.05142 69526.2 0.04008 77430.4 0.03543 20976.2 0.02427 75087.1 0.03402 73413.8 0.01624 26542.7 0.03052 45996.5 59827.6 0.03566 0.7033893 0.82765

12.09.2019 10:00 10:00:00 10 16.8775 17.0335 0.05086 86309.2 0.04074 71214.3 0.05214 72493.9 0.04156 86341.7 0.03618 20394.6 0.02464 76605.8 0.03477 76112.6 0.01693 28085.7 0.03143 51016 63174.9 0.03658 0.7427436 0.84916
12.09.2019 10:10 10:10:00 16.862 17.3 0.05177 90474.5 0.04127 73396.3 0.05242 75160 0.04271 93229 0.03671 18361.4 0.02505 77466.1 0.03522 78041.4 0.01752 29235.5 0.03227 56150.3 65723.8 0.03721 0.7727112 0.86383
12.09.2019 10:20 10:20:00 16.862 16.9915 0.05296 93670.8 0.0418 75345 0.05289 77350.7 0.04367 101943 0.03702 16059.2 0.02533 77725.2 0.03559 79154.9 0.01802 30312 0.03309 60524.6 68009.5 0.03782 0.7995839 0.87786
12.09.2019 10:30 10:30:00 16.965 17.0795 0.05402 95709.7 0.04218 77196.7 0.05293 79380.8 0.04468 110483 0.03751 17296.4 0.02521 78731.4 0.0358 80507.1 0.01828 31036.4 0.03371 63793.3 70459.5 0.03826 0.8283882 0.88807
12.09.2019 10:40 10:40:00 17.083 17.2585 0.05424 101099 0.04255 79091.7 0.05289 81360.7 0.04524 116051 0.03796 19564.5 0.02552 80763.2 0.03596 82274.9 0.01849 31649 0.03446 68999 73428.2 0.03859 0.863291 0.89577
12.09.2019 10:50 10:50:00 17.327 17.472 0.05471 105312 0.04281 80625.1 0.05287 82676.8 0.04568 125901 0.0383 26373.3 0.02577 82254 0.03609 82874.2 0.0189 31927.3 0.03512 73955.4 76877.7 0.03892 0.903847 0.90334
12.09.2019 11:00 11:00:00 11 17.4835 17.5635 0.05508 107528 0.0433 81931.2 0.05327 83648.1 0.04643 132942 0.03923 30146.4 0.02611 81476.2 0.03614 81660.6 0.01933 31906.5 0.03584 75766 78556.1 0.03942 0.9235801 0.91494
12.09.2019 11:10 11:10:00 17.468 17.6665 0.05621 109931 0.04367 83137.6 0.05345 84084.5 0.04696 137808 0.03996 33665.6 0.02632 80272 0.0362 81113.3 0.01965 31421.3 0.03655 77837.6 79919 0.03989 0.9396036 0.92587
12.09.2019 11:20 11:20:00 17.647 17.7995 0.05646 112917 0.04365 84417.7 0.05355 84824.3 0.04711 144249 0.04055 35969.9 0.0264 82756.6 0.03618 81133.5 0.01943 31624.1 0.03702 80679.2 82063.5 0.04004 0.964816 0.9294
12.09.2019 11:30 11:30:00 17.937 18.1465 0.05715 114487 0.04375 84503.1 0.05367 85261.9 0.0474 147353 0.04164 38028.6 0.02646 84372.2 0.03624 80603.3 0.01992 31427.8 0.03773 81785.8 83091.4 0.04044 0.9769009 0.93871
12.09.2019 11:40 11:40:00 17.636 17.7805 0.0575 115753 0.04412 84881.6 0.05374 85411.4 0.04805 149097 0.04255 42289.3 0.02679 86173.9 0.03606 78937 0.02059 31107.9 0.03836 82943.5 84066.1 0.04086 0.9883603 0.94852
12.09.2019 11:50 11:50:00 17.697 17.792 0.05805 115942 0.04334 84758.2 0.05396 85522.4 0.04827 151322 0.04314 45883.6 0.02687 87119.5 0.03602 77697.4 0.02078 31430.4 0.03892 84575.5 84916.7 0.04104 0.998361 0.95261
12.09.2019 12:00 12:00:00 12 17.8185 17.937 0.05836 112048 0.04521 84427.4 0.0539 85212.4 0.04843 154887 0.04387 48050.6 0.02687 87318.5 0.0358 76697.2 0.0208 31298.2 0.03933 85565.2 85056.1 0.0414 1 0.96093
12.09.2019 12:10 12:10:00 17.857 17.9405 0.05897 101506 0.04496 82736.8 0.05418 83910.2 0.04867 155020 0.04468 49652 0.02689 81536.4 0.03578 74842.9 0.0209 30115.9 0.0397 85889.5 82801 0.04164 0.973487 0.96648
12.09.2019 12:20 12:20:00 17.9215 18.059 0.05852 98540.3 0.04496 81620.9 0.05421 82818.3 0.04908 156588 0.04549 50515.4 0.02693 79254.2 0.03562 72839.5 0.02093 29608.9 0.0399 86378.8 82018.2 0.04174 0.9642839 0.96884
12.09.2019 12:30 12:30:00 18.139 18.1655 0.05852 94191.2 0.04453 80730.1 0.05449 80131.1 0.04914 159230 0.04586 51620.6 0.02718 79141.3 0.0354 70361 0.02131 29007.5 0.04011 85929.9 81149.1 0.04184 0.954066 0.97114
12.09.2019 12:40 12:40:00 18.135 18.7 0.05912 86692.9 0.04408 78348 0.05512 78193.2 0.04964 160063 0.04646 53553.1 0.02714 77568.1 0.03537 68116.7 0.02143 28266.4 0.04049 86078.4 79653.3 0.04209 0.9364791 0.97713
12.09.2019 12:50 12:50:00 18.173 18.192 0.05897 74999.6 0.0444 75639.5 0.05508 76195.4 0.04986 158820 0.04693 54023.2 0.02695 75423.2 0.03547 65848.8 0.02049 27789.1 0.04074 85347.5 77120.7 0.0421 0.9067043 0.97719
12.09.2019 13:00 13:00:00 13 18.3025 18.337 0.05809 68806.5 0.04412 72750.7 0.05461 72903.5 0.04983 157560 0.0474 53611.4 0.0272 77744.5 0.03508 62604.8 0.02118 26938 0.04115 84393.7 75257 0.04207 0.8847926 0.97663
12.09.2019 13:10 13:10:00 18.459 18.436 0.05771 58784.5 0.04414 69658.4 0.05502 69853.3 0.05021 156268 0.04811 54017.2 0.0274 76683 0.035 59806.9 0.02164 26050.1 0.04189 82445.5 72618.5 0.04235 0.8537717 0.98299
12.09.2019 13:20 13:20:00 18.482 18.4475 0.05783 46398.2 0.04399 66535.8 0.05546 66511.3 0.05064 155183 0.04858 53504.6 0.02746 73771.4 0.03528 57208.3 0.02227 25677.2 0.04193 80890.5 69520 0.0426 0.8173432 0.98895
12.09.2019 13:30 13:30:00 18.7525 18.7065 0.05799 45154.7 0.0439 63363 0.05593 62702.8 0.05111 154199 0.04874 52403.7 0.02765 71307.3 0.03531 54073.2 0.02268 25173.8 0.04203 79295.1 67519.2 0.04282 0.7938194 0.99385
12.09.2019 13:40 13:40:00 18.5465 18.562 0.05834 46682.4 0.04387 59347.9 0.05633 59123 0.05164 152303 0.04892 51359 0.02758 70408.1 0.0354 51158.6 0.02305 24662.3 0.04195 77702.8 65860.8 0.04301 0.774322 0.99832
12.09.2019 13:50 13:50:00 18.638 18.581 0.05765 42444.1 0.04365 55238 0.05633 56338.4 0.0512 149202 0.04874 49996.2 0.02767 66357.9 0.03543 48583.1 0.02328 23781.3 0.04148 75378.4 63035.5 0.04283 0.7411047 0.99413
12.09.2019 14:00 14:00:00 14 18.398 18.2305 0.05678 42628.5 0.04283 52430.4 0.05499 53871.9 0.05017 145910 0.04793 47928.5 0.0278 64056.8 0.03531 46901.2 0.02312 22345.4 0.04086 73128.9 61022.4 0.0422 0.717437 0.97958
12.09.2019 14:10 14:10:00 18.337 18.333 0.05596 44619.1 0.04195 49076 0.05406 51531.4 0.04933 142189 0.04709 46185 0.02761 63048.3 0.03484 45334.8 0.02293 21475.5 0.04017 70338.5 59310.8 0.04155 0.6973141 0.96447
12.09.2019 14:20 14:20:00 18.2305 18.1615 0.05552 48559.6 0.04142 45674.6 0.05371 49499.7 0.0489 137661 0.04662 44120.5 0.02761 61562.9 0.03469 43734.5 0.02272 20146.7 0.03968 67002.9 57551.4 0.04121 0.6766282 0.95652
12.09.2019 14:30 14:30:00 18.173 18.112 0.05455 51145.5 0.04055 42410.2 0.05265 47101.5 0.04762 132563 0.04549 41862.4 0.02749 59440.5 0.03418 42465.8 0.02265 16738.8 0.03896 63865.5 55288.1 0.04046 0.6500193 0.93918
12.09.2019 14:40 14:40:00 18.5315 18.4895 0.05433 50446.7 0.03992 39184.7 0.05281 44833.4 0.04725 126832 0.04515 39178 0.02746 55611 0.03396 40725.9 0.02225 13764 0.03861 58976 52172.4 0.04019 0.6133885 0.93297
12.09.2019 14:50 14:50:00 18.741 18.718 0.05471 47249.2 0.03976 36172.8 0.05333 42586 0.04752 122097 0.04515 36187 0.02749 53108.7 0.03418 38608.5 0.02221 12233.6 0.03839 52729.1 48996.9 0.04031 0.5760533 0.93561
12.09.2019 15:00 15:00:00 15 18.76 18.695 0.05459 44520.6 0.03955 33240.3 0.05361 40176.5 0.04766 116898 0.04527 32855.6 0.02749 49021.3 0.03437 36395.9 0.02234 10982.5 0.03802 46851.1 45660.2 0.04032 0.5368241 0.93598
12.09.2019 15:10 15:10:00 18.417 18.2835 0.05421 45742 0.03911 29918.2 0.05305 37655.2 0.04711 111794 0.0449 28832.8 0.02761 44693.9 0.03424 34087.3 0.02231 9371.68 0.0373 41112.9 42578.7 0.03998 0.5005951 0.9281
12.09.2019 15:20 15:20:00 18.543 18.4625 0.05386 45534.3 0.03864 26282.2 0.05308 35076.7 0.04672 105095 0.04468 23290.3 0.02726 41596.1 0.03412 31649.9 0.02211 8210.83 0.03689 36830.6 39285.1 0.03971 0.4618729 0.92174
12.09.2019 15:30 15:30:00 18.52 18.421 0.05345 41521.9 0.03833 23298.1 0.05271 32451 0.04665 97523.1 0.04449 21190.3 0.02718 39150.5 0.03399 29349.7 0.02203 7428.9 0.03639 32846 36084.4 0.03947 0.4242421 0.91618
12.09.2019 15:40 15:40:00 18.219 18.1045 0.05261 34747.5 0.03804 20790.1 0.05173 29844.1 0.04606 87837.8 0.04399 19500.1 0.0272 36924.5 0.03362 26893.9 0.02199 6568.37 0.03602 27554.4 32295.6 0.03903 0.379698 0.90597
12.09.2019 15:50 15:50:00 18.1465 17.979 0.05173 34747.5 0.03739 20790.1 0.05036 29844.1 0.04506 87837.8 0.04312 19500.1 0.0272 36924.5 0.03324 26893.9 0.02172 6568.37 0.0354 27554.4 32295.6 0.03836 0.379698 0.8904
12.09.2019 16:00 16:00:00 16 18.112 17.979 0.05052 28220.8 0.03658 18380.5 0.04896 26954.8 0.0439 76364.2 0.04187 18000.3 0.02695 35288.8 0.03274 24415.5 0.02133 5522.09 0.03453 22040.4 28354.2 0.03749 0.3333582 0.87013
12.09.2019 16:10 16:10:00 18.70 17.933 0.0498 22042.7 0.0359 15930.8 0.0475 24286 0.04289 63707.9 0.04089 16417.3 0.02683 32815 0.03218 21992.5 0.02125 4477.81 0.03387 16616.3 24254 0.03679 0.2851533 0.854
12.09.2019 16:20 16:20:00 17.937 17.7575 0.04864 17891.4 0.03508 13686.9 0.04586 21592.5 0.04195 53460.5 0.03996 14711.2 0.02667 30009.8 0.03158 19675.5 0.02109 3745.44 0.03303 13562.3 20926.2 0.03599 0.246028 0.83532
12.09.2019 16:30 16:30:00 17.773 17.6205 0.04772 14197.7 0.03434 11504.6 0.04437 19021.3 0.04068 45327.9 0.0389 13050.8 0.0264 26400.5 0.03099 17412.1 0.02078 3251.38 0.03236 11458.5 17958.3 0.03517 0.2111348 0.81639
12.09.2019 16:40 16:40:00 17.674 17.514 0.0464 10685.1 0.03343 9378.26 0.04255 16482.6 0.03952 37354.6 0.03786 11326.6 0.02626 21779.8 0.03031 14999.8 0.02053 2752.82 0.03168 9333.05 14899.2 0.03428 0.1751689 0.79582
12.09.2019 16:50 16:50:00 17.697 17.506 0.04537 7916.01 0.03265 8028.71 0.04095 13857.2 0.03836 31188.8 0.03695 9682.15 0.02595 17763.3 0.02974 12561.3 0.02049 2302.21 0.03096 7245.96 12282.8 0.03349 0.1444087 0.77741
12.09.2019 17:00 17:00:00 17 17.632 17.43 0.04437 6104.66 0.03196 6885.73 0.03955 11238.6 0.03724 24780.8 0.036 7872.68 0.02567 14040.5 0.02927 10196.1 0.02 1844.85 0.03031 5520.16 9831.56 0.03271 0.1155891 0.7592
12.09.2019 17:10 17:10:00 17.5255 17.3425 0.04328 3453.96 0.03127 4546.74 0.03849 6416.65 0.03627 13017.6 0.03512 4585.88 0.02564 7747.01 0.02877 5580.11 0.01996 1063.28 0.02971 2758.91 5463.35 0.03206 0.0642324 0.74409
12.09.2019 17:20 17:20:00 17.4185 17.224 0.04215 2345.21 0.03055 2654.29 0.03698 4285.34 0.03518 8434.7 0.03418 2663.08 0.02527 4828.45 0.0282 3666.38 0.01965 724.037 0.02924 1873.22 3497.19 0.03127 0.0411163 0.72575
12.09.2019 17:30 17:30:00 17.4565 17.2205 0.04111 1406.69 0.03005 1353.56 0.03626 2461.27 0.03434 4852.09 0.0333 1369.36 0.02499 2653.25 0.02783 2148.48 0.01949 434.289 0.02874 1126.2 1978.36 0.03068 0.0232594 0.71216
12.09.2019 17:40 17:40:00 17.3195 17.0945 0.04058 809.044 0.02955 705.213 0.03587 1358.97 0.03387 2602.31 0.03268 682.026 0.0247 1139.81 0.02749 1174.14 0.01953 249.778 0.02818 648.149 1041.05 0.03027 0.0122396 0.70266
12.09.2019 17:50 17:50:00 16.9805 16.7555 0.0397 322.125 0.02927 276.43 0.03465 516.898 0.03318 1010.44 0.03196 205.127 0.0246 348.767 0.02714 444.596 0.01955 99.4511 0.02771 259.073 386.99 0.02975 0.0045498 0.69062
12.09.2019 18:00 18:00:00 18 16.725 16.4775 0.03867 80.0522 0.0288 69.135 0.0334 115.556 0.03236 250.464 0.03102 47.8712 0.02436 84.8885 0.02667 103.014 0.01943 24.7151 0.0273 65.036 93.4147 0.02911 0.0010983 0.67579
12.09.2019 18:10 18:10:00 16.519 16.226 0.03773 7.4686 0.02836 6.47527 0.03209 9.24557 0.03149 21.9998 0.03017 4.46667 0.02405 7.9209 0.02611 7.09782 0.01921 2.30587 0.02689 6.01235 8.11032 0.02846 9.535E-05 0.66052
12.09.2019 18:20 18:20:00 16.344 16.024 0.03661 0.09948 0.02783 0.08543 0.03109 0.10853 0.0307 0.26353 0.02939 0.05951 0.02391 0.10553 0.02564 0.09042 0.0193 0.03072 0.02671 0.07956 0.10252 0.02791 1.205E-06 0.64783
12.09.2019 18:30 18:30:00 16.245 15.8255 0.0359 0.00094 0.02742 0.00081 0.03017 0.00085 0.02984 0.00207 0.02851 0.00056 0.02352 0.001 0.02533 0.00087 0.01943 0.00029 0.02624 0.00076 0.00091 0.02737 1.066E-08 0.63542
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12.09.2019 6:10 6:10:00 6 14.267 13.848 0.02601 0.0014 0.02293 0.00128 0.02237 0.00255 0.0225 0.00466 0.02162 0.0009 0.02015 0.00164 0.02049 0.00214 0.0174 0.00053 0.0225 0.00141 85056.1 0.00183 0.02177 2.157E-08 0.50543
12.09.2019 6:20 6:20:00 14.3775 14.004 0.02611 0.55381 0.02299 0.59243 0.0225 1.06372 0.02265 1.87591 0.02178 0.39606 0.02021 0.70747 0.02049 0.93191 0.01699 0.27402 0.0225 0.60753 0.04301 0.77809 0.0218 9.148E-06 0.50608
12.09.2019 6:30 6:30:00 14.343 13.9695 0.02611 22.0928 0.02297 25.0243 0.0225 42.1063 0.02265 70.4903 0.02196 16.0205 0.02031 29.8584 0.02047 37.1932 0.01687 12.9938 0.0225 25.6786 31.2731 0.02181 0.0003677 0.50636
12.09.2019 6:40 6:40:00 14.4615 14.0575 0.02617 169.357 0.02299 196.74 0.02268 298.696 0.02272 432.107 0.02209 103.942 0.02018 213.896 0.02049 272.33 0.01699 97.3115 0.02262 192.723 219.678 0.02188 0.0025827 0.50788
12.09.2019 6:50 6:50:00 14.3355 14.1715 0.02652 659.133 0.02324 769.593 0.02287 1038.41 0.02284 1326.75 0.02219 349.11 0.02031 782.57 0.02047 991.336 0.01699 368.342 0.0229 712.003 777.472 0.02203 0.0091407 0.51148
12.09.2019 7:00 7:00:00 7 14.141 14.0955 0.02677 1629.14 0.02328 1995.4 0.02297 2429.24 0.02299 3023.39 0.02219 782.791 0.02043 1893.68 0.02024 2392.62 0.01702 874.82 0.02312 1731.6 1861.41 0.02211 0.0218845 0.51328
12.09.2019 7:10 7:10:00 14.2555 14.187 0.0272 3054.32 0.0233 3684.34 0.02352 4125.44 0.02318 5110.62 0.02221 1402.69 0.02047 3380.61 0.02031 4166.63 0.01702 1649.73 0.02336 3089.17 3295.95 0.02229 0.0387503 0.51734
12.09.2019 7:20 7:20:00 14.088 14.103 0.02777 5149.9 0.02344 6151.86 0.02405 6741.98 0.0234 8528.65 0.02252 2294.69 0.02065 5459.39 0.02084 6822.84 0.01677 2876.4 0.02346 5109.69 5459.49 0.02254 0.0641869 0.5233
12.09.2019 7:30 7:30:00 14.1335 14.107 0.02845 7681.1 0.02352 9138.16 0.02495 9844.33 0.02365 12589.4 0.02274 3670.89 0.02078 8090.04 0.02096 10036 0.01683 4251.32 0.02371 7476.95 8086.46 0.02284 0.0950721 0.53028
12.09.2019 7:40 7:40:00 14.362 14.3125 0.0293 10580 0.02368 12756.8 0.02586 13428.1 0.02403 16322.6 0.02315 5542.77 0.02084 11557.2 0.02143 13730.1 0.01671 5429.26 0.02375 9754.64 11011.3 0.02319 0.1294589 0.53835
12.09.2019 7:50 7:50:00 14.5145 14.4765 0.03015 13622.2 0.02417 16659.2 0.02724 17404.6 0.02452 20142 0.02368 7858.5 0.02099 15201.5 0.02196 17711.6 0.0164 6587.92 0.02399 12225.9 14157 0.02368 0.1664436 0.54962
12.09.2019 8:00 8:00:00 8 14.667 14.6595 0.03093 16675.6 0.02468 20739.8 0.02877 22146.4 0.02515 24830.4 0.02421 10134.7 0.02109 18505.9 0.0225 22102.8 0.01609 7477.17 0.02429 14846.2 17495.4 0.02419 0.2056929 0.56147
12.09.2019 8:10 8:10:00 14.995 14.9565 0.03203 19490.1 0.0253 25122.4 0.03058 26879.5 0.02586 29417.7 0.02505 12262.5 0.02127 23120.7 0.02328 26425.4 0.01589 8478.36 0.02458 17550.8 20971.9 0.02487 0.2465659 0.57733
12.09.2019 8:20 8:20:00 15.2995 15.273 0.03312 22726.6 0.0262 29560 0.03297 31518 0.02673 34230.6 0.02593 14453 0.02149 30791.6 0.02417 31363.1 0.01586 9818.82 0.0248 20266 24969.8 0.0257 0.293568 0.59647
12.09.2019 8:30 8:30:00 15.41 15.4485 0.03446 26419.5 0.02736 33695.9 0.03555 36267.5 0.02783 36901.9 0.02695 16133.5 0.0218 39982.8 0.02523 36972.3 0.01562 11811 0.02515 22620.9 28978.4 0.02666 0.3406973 0.61885
12.09.2019 8:40 8:40:00 15.6315 15.7305 0.03614 30705.2 0.02867 38026.2 0.03843 41058.4 0.02896 39593.2 0.02814 17843 0.02205 47898 0.02632 42375.1 0.01554 14675.4 0.02554 24335.4 32945.5 0.02776 0.3873387 0.64429
12.09.2019 8:50 8:50:00 15.7225 15.757 0.03786 37610.3 0.03031 42283 0.04074 45962.8 0.03033 39529.1 0.02945 18680.5 0.02234 53701.7 0.02765 47376.8 0.0157 17109.7 0.02624 25803.4 36450.8 0.02896 0.4285501 0.67219
12.09.2019 9:00 9:00:00 9 15.8715 15.9325 0.03976 45455.3 0.03209 46974.7 0.04334 50748.8 0.03183 43428 0.03043 18548.3 0.02268 59437.2 0.02898 52289.8 0.01589 19181.7 0.02671 27670 40414.9 0.03019 0.4751554 0.7008
12.09.2019 9:10 9:10:00 16.2105 16.306 0.04183 52065.6 0.03375 51519.6 0.04578 54846.9 0.03324 51791.1 0.03152 16908.3 0.0229 64444.3 0.03023 57107 0.01595 20737.5 0.02755 29895.3 44368.4 0.03142 0.5216371 0.72929
12.09.2019 9:20 9:20:00 16.325 16.42 0.04383 60121 0.03528 55712.2 0.0479 58728.2 0.03484 60785 0.03268 18118.1 0.02315 68692.5 0.03125 62148.1 0.01577 22337.5 0.02812 34435.8 49008.7 0.03253 0.5761928 0.7552
12.09.2019 9:30 9:30:00 16.3475 16.4885 0.04547 69565 0.0368 59730 0.0489 62508.4 0.03651 66262.4 0.03365 18914.8 0.02352 71344.4 0.03227 66286.6 0.01577 23874.2 0.02883 38397 52987 0.03352 0.6229648 0.77819
12.09.2019 9:40 9:40:00 16.683 16.7975 0.0475 76530.4 0.03802 63845.4 0.05068 66121.3 0.0383 72030.6 0.03459 20114.7 0.02397 73592.9 0.0334 70127.9 0.01624 25196.9 0.02974 42369.2 56658.8 0.03471 0.6661346 0.80581
12.09.2019 9:50 9:50:00 16.786 16.9115 0.04942 81451.7 0.03949 68023.4 0.05142 69526.2 0.04008 77430.4 0.03543 20976.2 0.02427 75087.1 0.03402 73413.8 0.01624 26542.7 0.03052 45996.5 59827.6 0.03566 0.7033893 0.82765

12.09.2019 10:00 10:00:00 10 16.8775 17.0335 0.05086 86309.2 0.04074 71214.3 0.05214 72493.9 0.04156 86341.7 0.03618 20394.6 0.02464 76605.8 0.03477 76112.6 0.01693 28085.7 0.03143 51016 63174.9 0.03658 0.7427436 0.84916
12.09.2019 10:10 10:10:00 16.862 17.3 0.05177 90474.5 0.04127 73396.3 0.05242 75160 0.04271 93229 0.03671 18361.4 0.02505 77466.1 0.03522 78041.4 0.01752 29235.5 0.03227 56150.3 65723.8 0.03721 0.7727112 0.86383
12.09.2019 10:20 10:20:00 16.862 16.9915 0.05296 93670.8 0.0418 75345 0.05289 77350.7 0.04367 101943 0.03702 16059.2 0.02533 77725.2 0.03559 79154.9 0.01802 30312 0.03309 60524.6 68009.5 0.03782 0.7995839 0.87786
12.09.2019 10:30 10:30:00 16.965 17.0795 0.05402 95709.7 0.04218 77196.7 0.05293 79380.8 0.04468 110483 0.03751 17296.4 0.02521 78731.4 0.0358 80507.1 0.01828 31036.4 0.03371 63793.3 70459.5 0.03826 0.8283882 0.88807
12.09.2019 10:40 10:40:00 17.083 17.2585 0.05424 101099 0.04255 79091.7 0.05289 81360.7 0.04524 116051 0.03796 19564.5 0.02552 80763.2 0.03596 82274.9 0.01849 31649 0.03446 68999 73428.2 0.03859 0.863291 0.89577
12.09.2019 10:50 10:50:00 17.327 17.472 0.05471 105312 0.04281 80625.1 0.05287 82676.8 0.04568 125901 0.0383 26373.3 0.02577 82254 0.03609 82874.2 0.0189 31927.3 0.03512 73955.4 76877.7 0.03892 0.903847 0.90334
12.09.2019 11:00 11:00:00 11 17.4835 17.5635 0.05508 107528 0.0433 81931.2 0.05327 83648.1 0.04643 132942 0.03923 30146.4 0.02611 81476.2 0.03614 81660.6 0.01933 31906.5 0.03584 75766 78556.1 0.03942 0.9235801 0.91494
12.09.2019 11:10 11:10:00 17.468 17.6665 0.05621 109931 0.04367 83137.6 0.05345 84084.5 0.04696 137808 0.03996 33665.6 0.02632 80272 0.0362 81113.3 0.01965 31421.3 0.03655 77837.6 79919 0.03989 0.9396036 0.92587
12.09.2019 11:20 11:20:00 17.647 17.7995 0.05646 112917 0.04365 84417.7 0.05355 84824.3 0.04711 144249 0.04055 35969.9 0.0264 82756.6 0.03618 81133.5 0.01943 31624.1 0.03702 80679.2 82063.5 0.04004 0.964816 0.9294
12.09.2019 11:30 11:30:00 17.937 18.1465 0.05715 114487 0.04375 84503.1 0.05367 85261.9 0.0474 147353 0.04164 38028.6 0.02646 84372.2 0.03624 80603.3 0.01992 31427.8 0.03773 81785.8 83091.4 0.04044 0.9769009 0.93871
12.09.2019 11:40 11:40:00 17.636 17.7805 0.0575 115753 0.04412 84881.6 0.05374 85411.4 0.04805 149097 0.04255 42289.3 0.02679 86173.9 0.03606 78937 0.02059 31107.9 0.03836 82943.5 84066.1 0.04086 0.9883603 0.94852
12.09.2019 11:50 11:50:00 17.697 17.792 0.05805 115942 0.04334 84758.2 0.05396 85522.4 0.04827 151322 0.04314 45883.6 0.02687 87119.5 0.03602 77697.4 0.02078 31430.4 0.03892 84575.5 84916.7 0.04104 0.998361 0.95261
12.09.2019 12:00 12:00:00 12 17.8185 17.937 0.05836 112048 0.04521 84427.4 0.0539 85212.4 0.04843 154887 0.04387 48050.6 0.02687 87318.5 0.0358 76697.2 0.0208 31298.2 0.03933 85565.2 85056.1 0.0414 1 0.96093
12.09.2019 12:10 12:10:00 17.857 17.9405 0.05897 101506 0.04496 82736.8 0.05418 83910.2 0.04867 155020 0.04468 49652 0.02689 81536.4 0.03578 74842.9 0.0209 30115.9 0.0397 85889.5 82801 0.04164 0.973487 0.96648
12.09.2019 12:20 12:20:00 17.9215 18.059 0.05852 98540.3 0.04496 81620.9 0.05421 82818.3 0.04908 156588 0.04549 50515.4 0.02693 79254.2 0.03562 72839.5 0.02093 29608.9 0.0399 86378.8 82018.2 0.04174 0.9642839 0.96884
12.09.2019 12:30 12:30:00 18.139 18.1655 0.05852 94191.2 0.04453 80730.1 0.05449 80131.1 0.04914 159230 0.04586 51620.6 0.02718 79141.3 0.0354 70361 0.02131 29007.5 0.04011 85929.9 81149.1 0.04184 0.954066 0.97114
12.09.2019 12:40 12:40:00 18.135 18.7 0.05912 86692.9 0.04408 78348 0.05512 78193.2 0.04964 160063 0.04646 53553.1 0.02714 77568.1 0.03537 68116.7 0.02143 28266.4 0.04049 86078.4 79653.3 0.04209 0.9364791 0.97713
12.09.2019 12:50 12:50:00 18.173 18.192 0.05897 74999.6 0.0444 75639.5 0.05508 76195.4 0.04986 158820 0.04693 54023.2 0.02695 75423.2 0.03547 65848.8 0.02049 27789.1 0.04074 85347.5 77120.7 0.0421 0.9067043 0.97719
12.09.2019 13:00 13:00:00 13 18.3025 18.337 0.05809 68806.5 0.04412 72750.7 0.05461 72903.5 0.04983 157560 0.0474 53611.4 0.0272 77744.5 0.03508 62604.8 0.02118 26938 0.04115 84393.7 75257 0.04207 0.8847926 0.97663
12.09.2019 13:10 13:10:00 18.459 18.436 0.05771 58784.5 0.04414 69658.4 0.05502 69853.3 0.05021 156268 0.04811 54017.2 0.0274 76683 0.035 59806.9 0.02164 26050.1 0.04189 82445.5 72618.5 0.04235 0.8537717 0.98299
12.09.2019 13:20 13:20:00 18.482 18.4475 0.05783 46398.2 0.04399 66535.8 0.05546 66511.3 0.05064 155183 0.04858 53504.6 0.02746 73771.4 0.03528 57208.3 0.02227 25677.2 0.04193 80890.5 69520 0.0426 0.8173432 0.98895
12.09.2019 13:30 13:30:00 18.7525 18.7065 0.05799 45154.7 0.0439 63363 0.05593 62702.8 0.05111 154199 0.04874 52403.7 0.02765 71307.3 0.03531 54073.2 0.02268 25173.8 0.04203 79295.1 67519.2 0.04282 0.7938194 0.99385
12.09.2019 13:40 13:40:00 18.5465 18.562 0.05834 46682.4 0.04387 59347.9 0.05633 59123 0.05164 152303 0.04892 51359 0.02758 70408.1 0.0354 51158.6 0.02305 24662.3 0.04195 77702.8 65860.8 0.04301 0.774322 0.99832
12.09.2019 13:50 13:50:00 18.638 18.581 0.05765 42444.1 0.04365 55238 0.05633 56338.4 0.0512 149202 0.04874 49996.2 0.02767 66357.9 0.03543 48583.1 0.02328 23781.3 0.04148 75378.4 63035.5 0.04283 0.7411047 0.99413
12.09.2019 14:00 14:00:00 14 18.398 18.2305 0.05678 42628.5 0.04283 52430.4 0.05499 53871.9 0.05017 145910 0.04793 47928.5 0.0278 64056.8 0.03531 46901.2 0.02312 22345.4 0.04086 73128.9 61022.4 0.0422 0.717437 0.97958
12.09.2019 14:10 14:10:00 18.337 18.333 0.05596 44619.1 0.04195 49076 0.05406 51531.4 0.04933 142189 0.04709 46185 0.02761 63048.3 0.03484 45334.8 0.02293 21475.5 0.04017 70338.5 59310.8 0.04155 0.6973141 0.96447
12.09.2019 14:20 14:20:00 18.2305 18.1615 0.05552 48559.6 0.04142 45674.6 0.05371 49499.7 0.0489 137661 0.04662 44120.5 0.02761 61562.9 0.03469 43734.5 0.02272 20146.7 0.03968 67002.9 57551.4 0.04121 0.6766282 0.95652
12.09.2019 14:30 14:30:00 18.173 18.112 0.05455 51145.5 0.04055 42410.2 0.05265 47101.5 0.04762 132563 0.04549 41862.4 0.02749 59440.5 0.03418 42465.8 0.02265 16738.8 0.03896 63865.5 55288.1 0.04046 0.6500193 0.93918
12.09.2019 14:40 14:40:00 18.5315 18.4895 0.05433 50446.7 0.03992 39184.7 0.05281 44833.4 0.04725 126832 0.04515 39178 0.02746 55611 0.03396 40725.9 0.02225 13764 0.03861 58976 52172.4 0.04019 0.6133885 0.93297
12.09.2019 14:50 14:50:00 18.741 18.718 0.05471 47249.2 0.03976 36172.8 0.05333 42586 0.04752 122097 0.04515 36187 0.02749 53108.7 0.03418 38608.5 0.02221 12233.6 0.03839 52729.1 48996.9 0.04031 0.5760533 0.93561
12.09.2019 15:00 15:00:00 15 18.76 18.695 0.05459 44520.6 0.03955 33240.3 0.05361 40176.5 0.04766 116898 0.04527 32855.6 0.02749 49021.3 0.03437 36395.9 0.02234 10982.5 0.03802 46851.1 45660.2 0.04032 0.5368241 0.93598
12.09.2019 15:10 15:10:00 18.417 18.2835 0.05421 45742 0.03911 29918.2 0.05305 37655.2 0.04711 111794 0.0449 28832.8 0.02761 44693.9 0.03424 34087.3 0.02231 9371.68 0.0373 41112.9 42578.7 0.03998 0.5005951 0.9281
12.09.2019 15:20 15:20:00 18.543 18.4625 0.05386 45534.3 0.03864 26282.2 0.05308 35076.7 0.04672 105095 0.04468 23290.3 0.02726 41596.1 0.03412 31649.9 0.02211 8210.83 0.03689 36830.6 39285.1 0.03971 0.4618729 0.92174
12.09.2019 15:30 15:30:00 18.52 18.421 0.05345 41521.9 0.03833 23298.1 0.05271 32451 0.04665 97523.1 0.04449 21190.3 0.02718 39150.5 0.03399 29349.7 0.02203 7428.9 0.03639 32846 36084.4 0.03947 0.4242421 0.91618
12.09.2019 15:40 15:40:00 18.219 18.1045 0.05261 34747.5 0.03804 20790.1 0.05173 29844.1 0.04606 87837.8 0.04399 19500.1 0.0272 36924.5 0.03362 26893.9 0.02199 6568.37 0.03602 27554.4 32295.6 0.03903 0.379698 0.90597
12.09.2019 15:50 15:50:00 18.1465 17.979 0.05173 34747.5 0.03739 20790.1 0.05036 29844.1 0.04506 87837.8 0.04312 19500.1 0.0272 36924.5 0.03324 26893.9 0.02172 6568.37 0.0354 27554.4 32295.6 0.03836 0.379698 0.8904
12.09.2019 16:00 16:00:00 16 18.112 17.979 0.05052 28220.8 0.03658 18380.5 0.04896 26954.8 0.0439 76364.2 0.04187 18000.3 0.02695 35288.8 0.03274 24415.5 0.02133 5522.09 0.03453 22040.4 28354.2 0.03749 0.3333582 0.87013
12.09.2019 16:10 16:10:00 18.70 17.933 0.0498 22042.7 0.0359 15930.8 0.0475 24286 0.04289 63707.9 0.04089 16417.3 0.02683 32815 0.03218 21992.5 0.02125 4477.81 0.03387 16616.3 24254 0.03679 0.2851533 0.854
12.09.2019 16:20 16:20:00 17.937 17.7575 0.04864 17891.4 0.03508 13686.9 0.04586 21592.5 0.04195 53460.5 0.03996 14711.2 0.02667 30009.8 0.03158 19675.5 0.02109 3745.44 0.03303 13562.3 20926.2 0.03599 0.246028 0.83532
12.09.2019 16:30 16:30:00 17.773 17.6205 0.04772 14197.7 0.03434 11504.6 0.04437 19021.3 0.04068 45327.9 0.0389 13050.8 0.0264 26400.5 0.03099 17412.1 0.02078 3251.38 0.03236 11458.5 17958.3 0.03517 0.2111348 0.81639
12.09.2019 16:40 16:40:00 17.674 17.514 0.0464 10685.1 0.03343 9378.26 0.04255 16482.6 0.03952 37354.6 0.03786 11326.6 0.02626 21779.8 0.03031 14999.8 0.02053 2752.82 0.03168 9333.05 14899.2 0.03428 0.1751689 0.79582
12.09.2019 16:50 16:50:00 17.697 17.506 0.04537 7916.01 0.03265 8028.71 0.04095 13857.2 0.03836 31188.8 0.03695 9682.15 0.02595 17763.3 0.02974 12561.3 0.02049 2302.21 0.03096 7245.96 12282.8 0.03349 0.1444087 0.77741
12.09.2019 17:00 17:00:00 17 17.632 17.43 0.04437 6104.66 0.03196 6885.73 0.03955 11238.6 0.03724 24780.8 0.036 7872.68 0.02567 14040.5 0.02927 10196.1 0.02 1844.85 0.03031 5520.16 9831.56 0.03271 0.1155891 0.7592
12.09.2019 17:10 17:10:00 17.5255 17.3425 0.04328 3453.96 0.03127 4546.74 0.03849 6416.65 0.03627 13017.6 0.03512 4585.88 0.02564 7747.01 0.02877 5580.11 0.01996 1063.28 0.02971 2758.91 5463.35 0.03206 0.0642324 0.74409
12.09.2019 17:20 17:20:00 17.4185 17.224 0.04215 2345.21 0.03055 2654.29 0.03698 4285.34 0.03518 8434.7 0.03418 2663.08 0.02527 4828.45 0.0282 3666.38 0.01965 724.037 0.02924 1873.22 3497.19 0.03127 0.0411163 0.72575
12.09.2019 17:30 17:30:00 17.4565 17.2205 0.04111 1406.69 0.03005 1353.56 0.03626 2461.27 0.03434 4852.09 0.0333 1369.36 0.02499 2653.25 0.02783 2148.48 0.01949 434.289 0.02874 1126.2 1978.36 0.03068 0.0232594 0.71216
12.09.2019 17:40 17:40:00 17.3195 17.0945 0.04058 809.044 0.02955 705.213 0.03587 1358.97 0.03387 2602.31 0.03268 682.026 0.0247 1139.81 0.02749 1174.14 0.01953 249.778 0.02818 648.149 1041.05 0.03027 0.0122396 0.70266
12.09.2019 17:50 17:50:00 16.9805 16.7555 0.0397 322.125 0.02927 276.43 0.03465 516.898 0.03318 1010.44 0.03196 205.127 0.0246 348.767 0.02714 444.596 0.01955 99.4511 0.02771 259.073 386.99 0.02975 0.0045498 0.69062
12.09.2019 18:00 18:00:00 18 16.725 16.4775 0.03867 80.0522 0.0288 69.135 0.0334 115.556 0.03236 250.464 0.03102 47.8712 0.02436 84.8885 0.02667 103.014 0.01943 24.7151 0.0273 65.036 93.4147 0.02911 0.0010983 0.67579
12.09.2019 18:10 18:10:00 16.519 16.226 0.03773 7.4686 0.02836 6.47527 0.03209 9.24557 0.03149 21.9998 0.03017 4.46667 0.02405 7.9209 0.02611 7.09782 0.01921 2.30587 0.02689 6.01235 8.11032 0.02846 9.535E-05 0.66052
12.09.2019 18:20 18:20:00 16.344 16.024 0.03661 0.09948 0.02783 0.08543 0.03109 0.10853 0.0307 0.26353 0.02939 0.05951 0.02391 0.10553 0.02564 0.09042 0.0193 0.03072 0.02671 0.07956 0.10252 0.02791 1.205E-06 0.64783
12.09.2019 18:30 18:30:00 16.245 15.8255 0.0359 0.00094 0.02742 0.00081 0.03017 0.00085 0.02984 0.00207 0.02851 0.00056 0.02352 0.001 0.02533 0.00087 0.01943 0.00029 0.02624 0.00076 0.00091 0.02737 1.066E-08 0.63542
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best reflected the variability of  sap flow were se-
lected based on the Predictor Importance param-
eter. The  order of  Predictor Importance (PI) was 
as  follows: canopy volume (PI  =  1.0000), air hu-
midity (PI = 0.8766), total sum of daily global ra-
diation (PI = 0.7748), canopy surface (PI = 0.7670) 
and canopy area (PI = 0.7670). The total daily sap 
flow of a specific tree for a particular day was en-
tered into the model as  the dependent variable 
(observed value); the predictors were the daily 
sum of  global radiation incidents on  the crown 
of a specific tree on a particular day, canopy vol-
ume, canopy surface, canopy area of  a  specific 
tree and the air humidity at  the day of  measure-
ment. The  model was trained in  Tibco Statisti-
ca 13 software (Version 13.4.0.14, 2022). The data 
were randomly divided into training and test sets 
in  a  70 : 30  ratio. Each model tree contained five 
predictors and a  final collection of  twenty trees 
was created. The error rates of the Random Forest 
model for each dataset and the overall error rate 
are shown in Table 1.

Furthermore, external validation of  the mod-
el was performed for three additional days that 
were not included in  the model training process 
(June  28, May  20, and August  8). The  statistical 
evaluation of the success of the model deployment 
is presented in Table 1. The developed model was 
then applied to a part of the forest stand (Figure 7).

Since it has been shown that canopy parameters, 
in addition to radiation and air humidity, also affect 
sap flow, the sum of  sap flow and radiation of  all 
trees was summed. After that, a  linear regression 
model of  the dependence of  sap flow of  a  group 
of  trees on  the total daily incoming radiation was 
created. The  estimates of  the regression param-
eters are in  Table  2  and the statistical evaluation 
of  the regression model is  presented in  Table  3. 
The model achieved a coefficient of determination 
of  0.66  and a  normalized root mean square error 
NRMSE of 28.85%. The following regression triplet 
tests were performed: Fisher-Snedecor overall test, 
Scott's multicollinearity criterion, Cook-Weisberg 
test for heteroscedasticity, Jarque-Berra test for 

Table 1. Statistical evaluation on train samples

Statistical measure Train samples Test samples All samples External validation

Mean square error 926.88 923.34 925.67 4 764.88

Mean absolute error 20.70 26.06 22.53 51.82

Mean relative squared error 0.08 0.1122 0.09 0.18

Mean relative absolute error 0.19 0.26 0.21 0.34
Correlation coefficient 0.97 0.96 0.97 0.92

Figure 6. Increase and decrease of normalized sap flow as a function of normalized solar radiation on September 12, 2019

Mean values for all measured trees, grey line and dots – dawn to midday, black line and dots – from midday to evening

Time Time Teplota 11m Teplota 23m SF 775 Rad775 SF924 Rad924 SF923 Rad923 SF860 Rad860 SF918 Rad918 SF910 Rad910 SF639 Rad639 SF851 Rad851 SF495 Rad495 Rad SF
12.09.2019 6:10 6:10:00 6 14.267 13.848 0.02601 0.0014 0.02293 0.00128 0.02237 0.00255 0.0225 0.00466 0.02162 0.0009 0.02015 0.00164 0.02049 0.00214 0.0174 0.00053 0.0225 0.00141 85056.1 0.00183 0.02177 2.157E-08 0.50543
12.09.2019 6:20 6:20:00 14.3775 14.004 0.02611 0.55381 0.02299 0.59243 0.0225 1.06372 0.02265 1.87591 0.02178 0.39606 0.02021 0.70747 0.02049 0.93191 0.01699 0.27402 0.0225 0.60753 0.04301 0.77809 0.0218 9.148E-06 0.50608
12.09.2019 6:30 6:30:00 14.343 13.9695 0.02611 22.0928 0.02297 25.0243 0.0225 42.1063 0.02265 70.4903 0.02196 16.0205 0.02031 29.8584 0.02047 37.1932 0.01687 12.9938 0.0225 25.6786 31.2731 0.02181 0.0003677 0.50636
12.09.2019 6:40 6:40:00 14.4615 14.0575 0.02617 169.357 0.02299 196.74 0.02268 298.696 0.02272 432.107 0.02209 103.942 0.02018 213.896 0.02049 272.33 0.01699 97.3115 0.02262 192.723 219.678 0.02188 0.0025827 0.50788
12.09.2019 6:50 6:50:00 14.3355 14.1715 0.02652 659.133 0.02324 769.593 0.02287 1038.41 0.02284 1326.75 0.02219 349.11 0.02031 782.57 0.02047 991.336 0.01699 368.342 0.0229 712.003 777.472 0.02203 0.0091407 0.51148
12.09.2019 7:00 7:00:00 7 14.141 14.0955 0.02677 1629.14 0.02328 1995.4 0.02297 2429.24 0.02299 3023.39 0.02219 782.791 0.02043 1893.68 0.02024 2392.62 0.01702 874.82 0.02312 1731.6 1861.41 0.02211 0.0218845 0.51328
12.09.2019 7:10 7:10:00 14.2555 14.187 0.0272 3054.32 0.0233 3684.34 0.02352 4125.44 0.02318 5110.62 0.02221 1402.69 0.02047 3380.61 0.02031 4166.63 0.01702 1649.73 0.02336 3089.17 3295.95 0.02229 0.0387503 0.51734
12.09.2019 7:20 7:20:00 14.088 14.103 0.02777 5149.9 0.02344 6151.86 0.02405 6741.98 0.0234 8528.65 0.02252 2294.69 0.02065 5459.39 0.02084 6822.84 0.01677 2876.4 0.02346 5109.69 5459.49 0.02254 0.0641869 0.5233
12.09.2019 7:30 7:30:00 14.1335 14.107 0.02845 7681.1 0.02352 9138.16 0.02495 9844.33 0.02365 12589.4 0.02274 3670.89 0.02078 8090.04 0.02096 10036 0.01683 4251.32 0.02371 7476.95 8086.46 0.02284 0.0950721 0.53028
12.09.2019 7:40 7:40:00 14.362 14.3125 0.0293 10580 0.02368 12756.8 0.02586 13428.1 0.02403 16322.6 0.02315 5542.77 0.02084 11557.2 0.02143 13730.1 0.01671 5429.26 0.02375 9754.64 11011.3 0.02319 0.1294589 0.53835
12.09.2019 7:50 7:50:00 14.5145 14.4765 0.03015 13622.2 0.02417 16659.2 0.02724 17404.6 0.02452 20142 0.02368 7858.5 0.02099 15201.5 0.02196 17711.6 0.0164 6587.92 0.02399 12225.9 14157 0.02368 0.1664436 0.54962
12.09.2019 8:00 8:00:00 8 14.667 14.6595 0.03093 16675.6 0.02468 20739.8 0.02877 22146.4 0.02515 24830.4 0.02421 10134.7 0.02109 18505.9 0.0225 22102.8 0.01609 7477.17 0.02429 14846.2 17495.4 0.02419 0.2056929 0.56147
12.09.2019 8:10 8:10:00 14.995 14.9565 0.03203 19490.1 0.0253 25122.4 0.03058 26879.5 0.02586 29417.7 0.02505 12262.5 0.02127 23120.7 0.02328 26425.4 0.01589 8478.36 0.02458 17550.8 20971.9 0.02487 0.2465659 0.57733
12.09.2019 8:20 8:20:00 15.2995 15.273 0.03312 22726.6 0.0262 29560 0.03297 31518 0.02673 34230.6 0.02593 14453 0.02149 30791.6 0.02417 31363.1 0.01586 9818.82 0.0248 20266 24969.8 0.0257 0.293568 0.59647
12.09.2019 8:30 8:30:00 15.41 15.4485 0.03446 26419.5 0.02736 33695.9 0.03555 36267.5 0.02783 36901.9 0.02695 16133.5 0.0218 39982.8 0.02523 36972.3 0.01562 11811 0.02515 22620.9 28978.4 0.02666 0.3406973 0.61885
12.09.2019 8:40 8:40:00 15.6315 15.7305 0.03614 30705.2 0.02867 38026.2 0.03843 41058.4 0.02896 39593.2 0.02814 17843 0.02205 47898 0.02632 42375.1 0.01554 14675.4 0.02554 24335.4 32945.5 0.02776 0.3873387 0.64429
12.09.2019 8:50 8:50:00 15.7225 15.757 0.03786 37610.3 0.03031 42283 0.04074 45962.8 0.03033 39529.1 0.02945 18680.5 0.02234 53701.7 0.02765 47376.8 0.0157 17109.7 0.02624 25803.4 36450.8 0.02896 0.4285501 0.67219
12.09.2019 9:00 9:00:00 9 15.8715 15.9325 0.03976 45455.3 0.03209 46974.7 0.04334 50748.8 0.03183 43428 0.03043 18548.3 0.02268 59437.2 0.02898 52289.8 0.01589 19181.7 0.02671 27670 40414.9 0.03019 0.4751554 0.7008
12.09.2019 9:10 9:10:00 16.2105 16.306 0.04183 52065.6 0.03375 51519.6 0.04578 54846.9 0.03324 51791.1 0.03152 16908.3 0.0229 64444.3 0.03023 57107 0.01595 20737.5 0.02755 29895.3 44368.4 0.03142 0.5216371 0.72929
12.09.2019 9:20 9:20:00 16.325 16.42 0.04383 60121 0.03528 55712.2 0.0479 58728.2 0.03484 60785 0.03268 18118.1 0.02315 68692.5 0.03125 62148.1 0.01577 22337.5 0.02812 34435.8 49008.7 0.03253 0.5761928 0.7552
12.09.2019 9:30 9:30:00 16.3475 16.4885 0.04547 69565 0.0368 59730 0.0489 62508.4 0.03651 66262.4 0.03365 18914.8 0.02352 71344.4 0.03227 66286.6 0.01577 23874.2 0.02883 38397 52987 0.03352 0.6229648 0.77819
12.09.2019 9:40 9:40:00 16.683 16.7975 0.0475 76530.4 0.03802 63845.4 0.05068 66121.3 0.0383 72030.6 0.03459 20114.7 0.02397 73592.9 0.0334 70127.9 0.01624 25196.9 0.02974 42369.2 56658.8 0.03471 0.6661346 0.80581
12.09.2019 9:50 9:50:00 16.786 16.9115 0.04942 81451.7 0.03949 68023.4 0.05142 69526.2 0.04008 77430.4 0.03543 20976.2 0.02427 75087.1 0.03402 73413.8 0.01624 26542.7 0.03052 45996.5 59827.6 0.03566 0.7033893 0.82765

12.09.2019 10:00 10:00:00 10 16.8775 17.0335 0.05086 86309.2 0.04074 71214.3 0.05214 72493.9 0.04156 86341.7 0.03618 20394.6 0.02464 76605.8 0.03477 76112.6 0.01693 28085.7 0.03143 51016 63174.9 0.03658 0.7427436 0.84916
12.09.2019 10:10 10:10:00 16.862 17.3 0.05177 90474.5 0.04127 73396.3 0.05242 75160 0.04271 93229 0.03671 18361.4 0.02505 77466.1 0.03522 78041.4 0.01752 29235.5 0.03227 56150.3 65723.8 0.03721 0.7727112 0.86383
12.09.2019 10:20 10:20:00 16.862 16.9915 0.05296 93670.8 0.0418 75345 0.05289 77350.7 0.04367 101943 0.03702 16059.2 0.02533 77725.2 0.03559 79154.9 0.01802 30312 0.03309 60524.6 68009.5 0.03782 0.7995839 0.87786
12.09.2019 10:30 10:30:00 16.965 17.0795 0.05402 95709.7 0.04218 77196.7 0.05293 79380.8 0.04468 110483 0.03751 17296.4 0.02521 78731.4 0.0358 80507.1 0.01828 31036.4 0.03371 63793.3 70459.5 0.03826 0.8283882 0.88807
12.09.2019 10:40 10:40:00 17.083 17.2585 0.05424 101099 0.04255 79091.7 0.05289 81360.7 0.04524 116051 0.03796 19564.5 0.02552 80763.2 0.03596 82274.9 0.01849 31649 0.03446 68999 73428.2 0.03859 0.863291 0.89577
12.09.2019 10:50 10:50:00 17.327 17.472 0.05471 105312 0.04281 80625.1 0.05287 82676.8 0.04568 125901 0.0383 26373.3 0.02577 82254 0.03609 82874.2 0.0189 31927.3 0.03512 73955.4 76877.7 0.03892 0.903847 0.90334
12.09.2019 11:00 11:00:00 11 17.4835 17.5635 0.05508 107528 0.0433 81931.2 0.05327 83648.1 0.04643 132942 0.03923 30146.4 0.02611 81476.2 0.03614 81660.6 0.01933 31906.5 0.03584 75766 78556.1 0.03942 0.9235801 0.91494
12.09.2019 11:10 11:10:00 17.468 17.6665 0.05621 109931 0.04367 83137.6 0.05345 84084.5 0.04696 137808 0.03996 33665.6 0.02632 80272 0.0362 81113.3 0.01965 31421.3 0.03655 77837.6 79919 0.03989 0.9396036 0.92587
12.09.2019 11:20 11:20:00 17.647 17.7995 0.05646 112917 0.04365 84417.7 0.05355 84824.3 0.04711 144249 0.04055 35969.9 0.0264 82756.6 0.03618 81133.5 0.01943 31624.1 0.03702 80679.2 82063.5 0.04004 0.964816 0.9294
12.09.2019 11:30 11:30:00 17.937 18.1465 0.05715 114487 0.04375 84503.1 0.05367 85261.9 0.0474 147353 0.04164 38028.6 0.02646 84372.2 0.03624 80603.3 0.01992 31427.8 0.03773 81785.8 83091.4 0.04044 0.9769009 0.93871
12.09.2019 11:40 11:40:00 17.636 17.7805 0.0575 115753 0.04412 84881.6 0.05374 85411.4 0.04805 149097 0.04255 42289.3 0.02679 86173.9 0.03606 78937 0.02059 31107.9 0.03836 82943.5 84066.1 0.04086 0.9883603 0.94852
12.09.2019 11:50 11:50:00 17.697 17.792 0.05805 115942 0.04334 84758.2 0.05396 85522.4 0.04827 151322 0.04314 45883.6 0.02687 87119.5 0.03602 77697.4 0.02078 31430.4 0.03892 84575.5 84916.7 0.04104 0.998361 0.95261
12.09.2019 12:00 12:00:00 12 17.8185 17.937 0.05836 112048 0.04521 84427.4 0.0539 85212.4 0.04843 154887 0.04387 48050.6 0.02687 87318.5 0.0358 76697.2 0.0208 31298.2 0.03933 85565.2 85056.1 0.0414 1 0.96093
12.09.2019 12:10 12:10:00 17.857 17.9405 0.05897 101506 0.04496 82736.8 0.05418 83910.2 0.04867 155020 0.04468 49652 0.02689 81536.4 0.03578 74842.9 0.0209 30115.9 0.0397 85889.5 82801 0.04164 0.973487 0.96648
12.09.2019 12:20 12:20:00 17.9215 18.059 0.05852 98540.3 0.04496 81620.9 0.05421 82818.3 0.04908 156588 0.04549 50515.4 0.02693 79254.2 0.03562 72839.5 0.02093 29608.9 0.0399 86378.8 82018.2 0.04174 0.9642839 0.96884
12.09.2019 12:30 12:30:00 18.139 18.1655 0.05852 94191.2 0.04453 80730.1 0.05449 80131.1 0.04914 159230 0.04586 51620.6 0.02718 79141.3 0.0354 70361 0.02131 29007.5 0.04011 85929.9 81149.1 0.04184 0.954066 0.97114
12.09.2019 12:40 12:40:00 18.135 18.7 0.05912 86692.9 0.04408 78348 0.05512 78193.2 0.04964 160063 0.04646 53553.1 0.02714 77568.1 0.03537 68116.7 0.02143 28266.4 0.04049 86078.4 79653.3 0.04209 0.9364791 0.97713
12.09.2019 12:50 12:50:00 18.173 18.192 0.05897 74999.6 0.0444 75639.5 0.05508 76195.4 0.04986 158820 0.04693 54023.2 0.02695 75423.2 0.03547 65848.8 0.02049 27789.1 0.04074 85347.5 77120.7 0.0421 0.9067043 0.97719
12.09.2019 13:00 13:00:00 13 18.3025 18.337 0.05809 68806.5 0.04412 72750.7 0.05461 72903.5 0.04983 157560 0.0474 53611.4 0.0272 77744.5 0.03508 62604.8 0.02118 26938 0.04115 84393.7 75257 0.04207 0.8847926 0.97663
12.09.2019 13:10 13:10:00 18.459 18.436 0.05771 58784.5 0.04414 69658.4 0.05502 69853.3 0.05021 156268 0.04811 54017.2 0.0274 76683 0.035 59806.9 0.02164 26050.1 0.04189 82445.5 72618.5 0.04235 0.8537717 0.98299
12.09.2019 13:20 13:20:00 18.482 18.4475 0.05783 46398.2 0.04399 66535.8 0.05546 66511.3 0.05064 155183 0.04858 53504.6 0.02746 73771.4 0.03528 57208.3 0.02227 25677.2 0.04193 80890.5 69520 0.0426 0.8173432 0.98895
12.09.2019 13:30 13:30:00 18.7525 18.7065 0.05799 45154.7 0.0439 63363 0.05593 62702.8 0.05111 154199 0.04874 52403.7 0.02765 71307.3 0.03531 54073.2 0.02268 25173.8 0.04203 79295.1 67519.2 0.04282 0.7938194 0.99385
12.09.2019 13:40 13:40:00 18.5465 18.562 0.05834 46682.4 0.04387 59347.9 0.05633 59123 0.05164 152303 0.04892 51359 0.02758 70408.1 0.0354 51158.6 0.02305 24662.3 0.04195 77702.8 65860.8 0.04301 0.774322 0.99832
12.09.2019 13:50 13:50:00 18.638 18.581 0.05765 42444.1 0.04365 55238 0.05633 56338.4 0.0512 149202 0.04874 49996.2 0.02767 66357.9 0.03543 48583.1 0.02328 23781.3 0.04148 75378.4 63035.5 0.04283 0.7411047 0.99413
12.09.2019 14:00 14:00:00 14 18.398 18.2305 0.05678 42628.5 0.04283 52430.4 0.05499 53871.9 0.05017 145910 0.04793 47928.5 0.0278 64056.8 0.03531 46901.2 0.02312 22345.4 0.04086 73128.9 61022.4 0.0422 0.717437 0.97958
12.09.2019 14:10 14:10:00 18.337 18.333 0.05596 44619.1 0.04195 49076 0.05406 51531.4 0.04933 142189 0.04709 46185 0.02761 63048.3 0.03484 45334.8 0.02293 21475.5 0.04017 70338.5 59310.8 0.04155 0.6973141 0.96447
12.09.2019 14:20 14:20:00 18.2305 18.1615 0.05552 48559.6 0.04142 45674.6 0.05371 49499.7 0.0489 137661 0.04662 44120.5 0.02761 61562.9 0.03469 43734.5 0.02272 20146.7 0.03968 67002.9 57551.4 0.04121 0.6766282 0.95652
12.09.2019 14:30 14:30:00 18.173 18.112 0.05455 51145.5 0.04055 42410.2 0.05265 47101.5 0.04762 132563 0.04549 41862.4 0.02749 59440.5 0.03418 42465.8 0.02265 16738.8 0.03896 63865.5 55288.1 0.04046 0.6500193 0.93918
12.09.2019 14:40 14:40:00 18.5315 18.4895 0.05433 50446.7 0.03992 39184.7 0.05281 44833.4 0.04725 126832 0.04515 39178 0.02746 55611 0.03396 40725.9 0.02225 13764 0.03861 58976 52172.4 0.04019 0.6133885 0.93297
12.09.2019 14:50 14:50:00 18.741 18.718 0.05471 47249.2 0.03976 36172.8 0.05333 42586 0.04752 122097 0.04515 36187 0.02749 53108.7 0.03418 38608.5 0.02221 12233.6 0.03839 52729.1 48996.9 0.04031 0.5760533 0.93561
12.09.2019 15:00 15:00:00 15 18.76 18.695 0.05459 44520.6 0.03955 33240.3 0.05361 40176.5 0.04766 116898 0.04527 32855.6 0.02749 49021.3 0.03437 36395.9 0.02234 10982.5 0.03802 46851.1 45660.2 0.04032 0.5368241 0.93598
12.09.2019 15:10 15:10:00 18.417 18.2835 0.05421 45742 0.03911 29918.2 0.05305 37655.2 0.04711 111794 0.0449 28832.8 0.02761 44693.9 0.03424 34087.3 0.02231 9371.68 0.0373 41112.9 42578.7 0.03998 0.5005951 0.9281
12.09.2019 15:20 15:20:00 18.543 18.4625 0.05386 45534.3 0.03864 26282.2 0.05308 35076.7 0.04672 105095 0.04468 23290.3 0.02726 41596.1 0.03412 31649.9 0.02211 8210.83 0.03689 36830.6 39285.1 0.03971 0.4618729 0.92174
12.09.2019 15:30 15:30:00 18.52 18.421 0.05345 41521.9 0.03833 23298.1 0.05271 32451 0.04665 97523.1 0.04449 21190.3 0.02718 39150.5 0.03399 29349.7 0.02203 7428.9 0.03639 32846 36084.4 0.03947 0.4242421 0.91618
12.09.2019 15:40 15:40:00 18.219 18.1045 0.05261 34747.5 0.03804 20790.1 0.05173 29844.1 0.04606 87837.8 0.04399 19500.1 0.0272 36924.5 0.03362 26893.9 0.02199 6568.37 0.03602 27554.4 32295.6 0.03903 0.379698 0.90597
12.09.2019 15:50 15:50:00 18.1465 17.979 0.05173 34747.5 0.03739 20790.1 0.05036 29844.1 0.04506 87837.8 0.04312 19500.1 0.0272 36924.5 0.03324 26893.9 0.02172 6568.37 0.0354 27554.4 32295.6 0.03836 0.379698 0.8904
12.09.2019 16:00 16:00:00 16 18.112 17.979 0.05052 28220.8 0.03658 18380.5 0.04896 26954.8 0.0439 76364.2 0.04187 18000.3 0.02695 35288.8 0.03274 24415.5 0.02133 5522.09 0.03453 22040.4 28354.2 0.03749 0.3333582 0.87013
12.09.2019 16:10 16:10:00 18.70 17.933 0.0498 22042.7 0.0359 15930.8 0.0475 24286 0.04289 63707.9 0.04089 16417.3 0.02683 32815 0.03218 21992.5 0.02125 4477.81 0.03387 16616.3 24254 0.03679 0.2851533 0.854
12.09.2019 16:20 16:20:00 17.937 17.7575 0.04864 17891.4 0.03508 13686.9 0.04586 21592.5 0.04195 53460.5 0.03996 14711.2 0.02667 30009.8 0.03158 19675.5 0.02109 3745.44 0.03303 13562.3 20926.2 0.03599 0.246028 0.83532
12.09.2019 16:30 16:30:00 17.773 17.6205 0.04772 14197.7 0.03434 11504.6 0.04437 19021.3 0.04068 45327.9 0.0389 13050.8 0.0264 26400.5 0.03099 17412.1 0.02078 3251.38 0.03236 11458.5 17958.3 0.03517 0.2111348 0.81639
12.09.2019 16:40 16:40:00 17.674 17.514 0.0464 10685.1 0.03343 9378.26 0.04255 16482.6 0.03952 37354.6 0.03786 11326.6 0.02626 21779.8 0.03031 14999.8 0.02053 2752.82 0.03168 9333.05 14899.2 0.03428 0.1751689 0.79582
12.09.2019 16:50 16:50:00 17.697 17.506 0.04537 7916.01 0.03265 8028.71 0.04095 13857.2 0.03836 31188.8 0.03695 9682.15 0.02595 17763.3 0.02974 12561.3 0.02049 2302.21 0.03096 7245.96 12282.8 0.03349 0.1444087 0.77741
12.09.2019 17:00 17:00:00 17 17.632 17.43 0.04437 6104.66 0.03196 6885.73 0.03955 11238.6 0.03724 24780.8 0.036 7872.68 0.02567 14040.5 0.02927 10196.1 0.02 1844.85 0.03031 5520.16 9831.56 0.03271 0.1155891 0.7592
12.09.2019 17:10 17:10:00 17.5255 17.3425 0.04328 3453.96 0.03127 4546.74 0.03849 6416.65 0.03627 13017.6 0.03512 4585.88 0.02564 7747.01 0.02877 5580.11 0.01996 1063.28 0.02971 2758.91 5463.35 0.03206 0.0642324 0.74409
12.09.2019 17:20 17:20:00 17.4185 17.224 0.04215 2345.21 0.03055 2654.29 0.03698 4285.34 0.03518 8434.7 0.03418 2663.08 0.02527 4828.45 0.0282 3666.38 0.01965 724.037 0.02924 1873.22 3497.19 0.03127 0.0411163 0.72575
12.09.2019 17:30 17:30:00 17.4565 17.2205 0.04111 1406.69 0.03005 1353.56 0.03626 2461.27 0.03434 4852.09 0.0333 1369.36 0.02499 2653.25 0.02783 2148.48 0.01949 434.289 0.02874 1126.2 1978.36 0.03068 0.0232594 0.71216
12.09.2019 17:40 17:40:00 17.3195 17.0945 0.04058 809.044 0.02955 705.213 0.03587 1358.97 0.03387 2602.31 0.03268 682.026 0.0247 1139.81 0.02749 1174.14 0.01953 249.778 0.02818 648.149 1041.05 0.03027 0.0122396 0.70266
12.09.2019 17:50 17:50:00 16.9805 16.7555 0.0397 322.125 0.02927 276.43 0.03465 516.898 0.03318 1010.44 0.03196 205.127 0.0246 348.767 0.02714 444.596 0.01955 99.4511 0.02771 259.073 386.99 0.02975 0.0045498 0.69062
12.09.2019 18:00 18:00:00 18 16.725 16.4775 0.03867 80.0522 0.0288 69.135 0.0334 115.556 0.03236 250.464 0.03102 47.8712 0.02436 84.8885 0.02667 103.014 0.01943 24.7151 0.0273 65.036 93.4147 0.02911 0.0010983 0.67579
12.09.2019 18:10 18:10:00 16.519 16.226 0.03773 7.4686 0.02836 6.47527 0.03209 9.24557 0.03149 21.9998 0.03017 4.46667 0.02405 7.9209 0.02611 7.09782 0.01921 2.30587 0.02689 6.01235 8.11032 0.02846 9.535E-05 0.66052
12.09.2019 18:20 18:20:00 16.344 16.024 0.03661 0.09948 0.02783 0.08543 0.03109 0.10853 0.0307 0.26353 0.02939 0.05951 0.02391 0.10553 0.02564 0.09042 0.0193 0.03072 0.02671 0.07956 0.10252 0.02791 1.205E-06 0.64783
12.09.2019 18:30 18:30:00 16.245 15.8255 0.0359 0.00094 0.02742 0.00081 0.03017 0.00085 0.02984 0.00207 0.02851 0.00056 0.02352 0.001 0.02533 0.00087 0.01943 0.00029 0.02624 0.00076 0.00091 0.02737 1.066E-08 0.63542
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normality, Wald test for autocorrelation, Dur-
bin-Watson test for autocorrelation, and sign test. 
No  negative conclusions affecting the credibility 
of  the model were found based on  the regression 
triplet testing.

It was also possible to create a multiple regression 
model with independent variables of radiation and 
air humidity, which achieved a  coefficient of  de-

termination of  R2  =  0.90  and NRMSE  =  15.96% 
(Tables  4  and  5). Based on  Scott's criterion, the 
multicollinearity of  the model was found, and 
the sign test revealed a trend in the residuals. Mul-
ticollinearity was not confirmed by variance infla-
tion factor (VIF = 1.84). Although this model has 
a  higher regression rebate, there is  a  higher risk 
of overfitting compared to the first model.

Table 2. Parameter of regression model for sap flow estimation of tree group (model 1)

Variable Estimate Standard deviation P-value Lower limit Upper limit
Radiation 2.56 × 10–5 1.92 × 10–6 1.54 × 10–8 2.14 × 10–5 2.98 × 10–5

Table 3. Statistical evaluation of regression model for sap flow estimation of tree group (model 1)

Statistical measure Value
Coefficient of determination (R2) 0.66
Root mean square error (RMSE) 259.25
Normalized root mean square error (NRMSE; %) 28.85
Akaike information criterion 145.67

Figure 7. Calculation of the total daily sap flow based on the Random Forest model for a part of the forest stand within 
August 28, 2020
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DISCUSSION

The  results demonstrated that it  is  possible 
to model sap flow based on radiation. Nevertheless, 
the construction of the model is somewhat difficult. 
Although the dependence between sap flow and 
incident solar radiation during the day has been 
demonstrated, the calculation of  total daily radia-
tion is  more complex and dependent on  multiple 
factors. In addition to radiation, other variables ex-
plaining sap flow variability are also canopy param-
eters such as canopy volume, canopy surface, and 
canopy area. Another external variable is  also air 
humidity. When creating a  regression model that 
differentiates individual trees, the crown param-
eters cannot be entered into the linear regression 
model because they repeat across time and the air 
humidity parameter repeats within the plot. Thus, 
these parameters do not meet the criteria for linear 
regression. Therefore, a  Random Forest machine 
learning model was created, which allows adding 
variables that do not meet the normal distribution 
criterion and allows adding autocorrelated vari-
ables. At the same time, it is evident that other fac-
tors could explain the residual variability, especially 
the health status of the trees.

A  high correlation between sap flow and global 
radiation is  known from previous studies. In  the 
study by Bužková et al. (2015), the correlation co-
efficient between the sap flow of  individual trees 
and incident global radiation reached values from 
r  =  0.82  up  to  r  =  0.97  during the moist condi-
tion and values from r = 0.49 up to r = 0.61 during 
dry conditions. Cumulative changes of  diameter 
at  breast height (DBH), cumulative and non-cu-

mulative changes in volume, volumetric soil water 
content, stem temperature, and air temperature 
are also correlated with global radiation. Generally, 
sap flow during dry conditions has lower dynamics 
compared to moist days. The authors also showed 
an  inconsistent correlation between CO2  efflux 
and sap flow indicating the complexity of  effects. 
Pokorný and Šalanská (2001) pointed out that low 
soil water content limited stand transpiration, par-
ticularly under high radiation conditions. Oogat-
hoo et al.  (2020) found a high dependence within 
the diurnal pattern of sap flow and radiation on the 
example of  balsam fir and black spruce, but also 
found a  significant dependence between sap flow 
and vapour pressure deficit. The  response of  sap 
flow to  global radiation and VPD  on  a  daily basis 
generally exhibits a  hysteresis phenomenon. Such 
hysteresis can be linked with the existence of a time 
lag between two-time series when one lags the oth-
er for a certain time, resulting in an asynchronous 
rise and fall of  the two variables on  a  daily basis 
(Zhang et al. 2014).

In this study, the sum of global radiation and the 
sum of  sap flow for the whole day was used. This 
is due to the existence of a time lag in the sap flux 
response to  incoming short-wave solar radiation. 
Wan et al. (2023) evaluated the time lags of sap flux 
with the incoming short-wave solar radiation and 
vapor pressure deficit for 52 tree species. The time 
lag between solar radiation and sap flow varies from 
0.16  to 2.81 h in different species with an average 
of 1.34 h (SD ± 0.62 h), while the time lag between 
sap flow and VPD varies from –1.14 to 2.24 h with 
an  average of  0.67 h (SD  ±  0.86 h). The  time lag 
is  controlled by  meteorological properties, soil 

Table 4. Parameters of the regression model for sap flow estimation of tree group (model 2)

Variable Estimate Standard deviation P-value Lower limit Upper limit
Intercept 1 721.57 381.9 0.0011 870.64 2 572.50
Radiation 1.15 × 10–5 4.41 × 10–6 0.0257 1.71 × 10–6 2.14 × 10–5

Humidity –18.601798 3.890516 0.0007 –27.27 –9.93

Table 5. Statistical evaluation of the regression model for sap flow estimation of tree group (model 2)

Statistical measure Value
Coefficient of determination (R2) 0.90
Root mean square error (RMSE) 143.46
Normalized root mean square error (NRMSE; %) 15.96
Akaike information criterion 134.20
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moisture and tree sapwood area (Wan et al. 2023). 
Because we did not monitor all these parameters, 
it  was not possible to  determine the value of  the 
time lag, or  this value varied respectively. There-
fore, we  did not model the daily sap flow, but 
worked with the sum of solar radiation and sap flow 
for selected days.

The values of the correlation coefficients between 
sap flow and global radiation in  the above studies 
are broadly consistent with the regression rebate 
of our linear regression model for sap flow estima-
tion using the radiation model applied to the can-
opy height model (the coefficient of determination 
R2  =  0.66  corresponds to  a  correlation coefficient 
value of r = 0.81). The output quality of prediction 
algorithms highly depends on  how well the input 
variables represent the ecosystem and the tar-
get variables (Pan et al. 2020). Ellsäßer et al. (2020) 
confirmed that canopy area, as  well as  relative 
humidity, have the greatest impact when predict-
ing sap flow too.

However, most of the published studies are based 
on direct measurements of radiation using sensors. 
This approach is  preferable if  we  want to  capture 
the pattern of changes in radiation due to weather 
changes (especially cloud cover). In  contrast, the 
calculation procedure used allows the calculation 
of  radiation incidents on  individual tree crowns 
and thus includes the effect of  mutual shading 
of  the tree crowns. The  solar radiation calcula-
tion tool contains two important parameters that 
strongly influence the value of  the calculated ra-
diation: transmittance and diffuse proportion. 
Transmittivity is  a  property of  the atmosphere 
that is expressed as  the ratio of  the energy reach-
ing the Earth's surface to  that which is  received 
at  the upper limit of  the atmosphere. The  diffuse 
proportion is  the fraction of global normal radia-
tion flux that is diffuse (ESRI 2020). If a model were 
built with global radiation measured by  a  sensor, 
the model would probably reach a  higher quality. 
The  actual measured radiation may be  different 
from the theoretically calculated one due to single 
cloud overflight etc.

CONCLUSION

Based on  sap flow measurements on  selected 
trees in  the test area with subsequent UAV  im-
aging, the relationship between the total daily 
sap flow and the incident global radiation calcu-

lated in  a  GIS  environment based on  the created 
DSM was established. The developed model allows 
to  calculate the total daily sap flow also for the 
whole stand by  calculating the basic parameters 
of  individual trees such as  canopy area, canopy 
surface and total daily global radiation. However, 
it  is  not possible to  apply the results to  a  larger 
area, as  the model developed is  likely to  be  only 
locally effective. Further analyses at multiple sites 
in forest stands with different species, age and spa-
tial structure are needed for a universal application 
of  such models. Future studies will need to  focus 
on  the development of  a  model describing daily 
sap flow in hour intervals. This will require analys-
ing the influence of other factors such as soil wa-
ter content, tree health and various meteorological 
conditions. Different techniques such as  Fourier 
transform or  convolutional and recurrent neu-
ral networks would be  used to  create such time 
series models.

The  area transpiration map can be  created not 
only from the UAV data but also, for example, using 
airborne laser scanning data, since if the results are 
sufficiently verified, it will be possible to calculate 
transpiration based on the identification of individ-
ual trees from the digital surface model and their 
crowns and the subsequent calculation of global ra-
diation. Nevertheless, this will always be quite gen-
eralised data. However, the estimation procedure 
developed can be used at least in a framework for 
hydrological analyses to  determine the influence 
of vegetation on the water cycle in  the landscape. 
By  using a  drone or  airborne laser scanning data 
for model building, it is possible to estimate forest 
cover transpiration at the individual tree level.
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