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Introduction

The aim of the present study is to give quantitative 
evaluation of the evapotranspiration (ЕТ) for Lefedzha 
River basin, using satellite data (MOD16A2/А3) for 
a 14-year period (Δt) from 2000 to 2013. Lefedzha 
is one of Yantra River’s right-side tributaries, and 
its catchment area is located in the central part of 
Northern Bulgaria. The region is semi-mountainous, 
characterized by widespread presence of fissure wa-
ters, and has been only sporadically researched from 
hydrogeological perspective.

Methodology
One product developed for estimating evapotranspi-
ration is based on the Penman-Monteith equation by 
Mu et al. (2013). The model uses both satellite and 
meteorological data. The satellite data were obtained 
from the moderate resolution imaging spectroradio-
meter MODIS of NASA’s EOS program. They were 
being recorded on a daily, monthly, and annual basis. 
The product MOD16A2/A3 is a composite image of 
4th level, and contains four layers: actual terrestrial 
evapotranspiration ЕТ, latent evapotranspiration LET, 
potential evapotranspiration PET, and latent potential 
evapotranspiration LPET (Mu et al., 2013).

With the help of certain coefficients, three mod-
els were synthesized in the course of the study, which 
were then verified and validated by tower meteoro-
logical data. Since PET is higher than ET, in order to 
validate the models, the coefficients (γi) used can be 
defined as γi=ЕТi(max)/PETi(max). The coefficients (γi) 
show the level to which ET changes in comparison to 
PET. The values for those coefficients were found to 
be in the range of 0.60 to 0.90, which mandates their 

having to be determined for each season on a monthly 
basis. Model 1 includes the following steps: estimat-
ing ЕТ for each year during period Δt, adjusting the 
annual ЕТ by a specific coefficient predetermined for 
each year (γi), and arriving at one long-term annual 
average value of ET for the whole period. Model 2 in-
corporates: estimating ЕТ for each year of the period, 
averaging the annual values for ЕТ, and reducing the 
value by a definite mean coefficient (γmean). Model 3 
was prepared by: estimating ЕТ for each month and 
summing up the values received for the relevant year, 
averaging the annual values of ЕТ for the period, and 
reducing the value received by a mean coefficient 
(γmean). The calibration of input satellite data, which 
had been previously georeferenced in the relevant co-
ordinate system, was carried out within the models 
themselves.

Results and conclusion
The spatial distribution of ЕТ for Lefedzha River 
basin is shown in the Fig. 1. In the course of deter-
mining the coefficients (γi) for each year (γi=0.6727–
0.8028), and averaging the annual ET values for pe-
riod Δt, the average-by-area value for ET was found 
to be 494 mm (model 1). When averaging the ЕТ for 
period Δt, and multiplying it by the relevant mean co-
efficient (γmean=0.7757), the average-by-area ET val-
ue was found to be 492 mm (model 2). When gener-
ating the relevant data for each month of the years in 
period Δt, averaging the annual ET values, and multi-
plying by a certain mean coefficient (γmean=0.774), the 
average-by-area ET value was found to be 489 mm 
(model 3).

In accordance with hydrological data for the total 
runoff (Q, mm) – obtained from hydrological gage 
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No23100 at Slivovitsa Village for period Δt, and pre-
cipitation data (P, mm) – provided by the National 
Institute for Meteorology and Hydrology of BAS, val-
idation of the models was carried out – based on the 
water balance equation. The relative errors obtained 
for the whole catchment area of hydrological gage 
No23100 were in the range of 0–0.96%, suggesting 
that the models developed could be applied for ET es-
timation. Those results can be used whenever the long-
term average runoff from a river basin (Q=P-ET) has 
to be evaluated. Once the runoff for the area has been 
determined and multiplied by a specific groundwater 
recharge index (Vasileva, 2016), the quantitative val-
ues for the groundwater recharge (R, mm) – shown in 
the figure below, can be then represented as part of 
the runoff. The average groundwater recharge for the 
studied area was found to be about 67 mm, or 9% of 
the total precipitation. In conclusion, it might be said 

that the similar values obtained for the spatial distri-
bution of ET, using the three models, have confirmed 
their practical applicability.
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Fig. 1. Models of the actual evapotranspiration and groundwater recharge


