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Abstract— Evapotranspiration is an important component of 

the hydrological cycle and its accurate quantification is 

crucial for the design, operation and management of 

irrigation systems. At present, the evapotranspiration was 

calculated as a point data and get interpolated to the nearby 

location, this interpolation fails to give correct result. 

Therefore, satellite images are used to estimate the 

evapotranspiration which provide the value for each and 

every pixel which can be monitor using the Landsat and 

MODIS data. In these study attempt was made to estimate 

evapotranspiration using remote sensing parameters. Three 

temperature based evapotranspiration are evaluated, which is 

a particularly important region from the environmental 

conservation point of view. The thornwaithe and Blaneye 

Criddle are the tested methods, only when air temperature 

data are available. One weather station with complete climate 

datasets is used to calibrate the selected model using the 

Penmane Monteith method as a reference and the results are 

validated using these reference method. The results indicate 

that the Thornwaithe model is the most appropriate for this 

particular study area, with appropriate results compare to the 

reference method. 
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I. INTRODUCTION 

ET plays a major role in the exchange of mass and energy 

between the soil-water vegetation system and the 

atmosphere. ET comprises of two sub-processes: 

evaporation and transpiration. Evapotranspiration (ET) is the 

process that accounts for a large portion of the hydrological 

water budget. On the land surface, an average of about 60% 

of precipitation received is returned to the atmosphere 

through ET. Accurate estimates of temporal and spatial 

variation in precipitation and evapotranspiration are critical 

for improved understanding of the interactions between land 

surfaces and the atmosphere. Methods for monitoring the 

water balance at both local and regional scales are required 

to preserve and manage water resources. However, the water 

cycle is difficult to quantify accurately because of the 

heterogeneity of the landscape and the large number of 

controlling factors involved, including climate, plant 

biophysics, soil properties and topography. More than 

99.9% of the water used by an irrigated crop is drawn 

through the roots and transpires through the leaves. Only 

small amount (0.1%) of the water taken up by plants is 

actually used to produce plant tissue. The overall amount of 

ET for a crop or landscape over an entire growing season is 

about the same as the seasonal water requirement. Keeping 

in track of ET can help us to manage water crops and 

landscapes in an efficient manner. In a water-scarce country 

like India, with a number of large consumers of water, it is 

important to estimate ET with a high degree of accuracy. 

This is especially in the semi-arid region, where there is an 

increasing demand for water and a scarce supply. ET varies 

regionally and seasonally, so knowledge on evaporation is 

fundamental to save and scarce water for different uses. 

Numerous remote sensing – based ET algorithms, varying in 

complexity, have been developed which provides a review 

and the different methods are classified into 4 broad classes 

based on the: (1) parameterization of the energy balance, (2) 

Penmen Monteith formulation, (3) water balance equation 

(4) Vegetation Index and Land Surface Temperature (LST) 

relationships. Remote sensing–based ET algorithms 

developed in recent years fill an existing gap. They are well 

suited for estimating crop water use or ET and the spatial 

trends there of overtime. Remote sensing technology holds 

great promise as it can cost- effectively provide frequent 

data on a relatively large scale that allow specific water 

resource situations to be monitored on a long term basis. 

II. GENERAL INSTRUCTION 

A. Study Area 

Thamirabarani River basin is located between Tirunelveli 

and Thoothukudi district and the River rises in 

Agasthiysmalai of the Western Ghats. It joins the plain near 

Papanasam in Ambasamudram Taluk. The Thamirabarani 

basin is situated between 0808’ N and 09023’N latitude and 

77009’E and 77054’E longitude with area of basin is 

5942Km2 total catchments area of 4500km2 with the 

population density 362 person per km2. Annual Rainfall 

prevails over up to 814.8mm per annum. Total length of 

river is 120 km of which 75km in Tirunelveli district. The 

papanasam reservoir is 16km downstream. The area covered 

by the basin is 6870 sq.km and the tributaries in the ghats 

are Peyar, Vellar, Karayar, Pambar and Servalar. The total 

water potential of the thambarabarani basin is as fallows 

having Surface water potential as 1375 MCM Ground water 

potential as 744 MCM and the total water potential is 2119 

MCM. 

 
Fig. 1: Study Area 
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B. Thornwaithe Equations 

The Thornwaithe model is based on the empirical 

relationship between the evapotranspiration and the mean air 

temperature. The monthly potential evapotranspiration for 

any month is then calculated from the equation 

PET=1.6*b*(10xTm/I) a        (1) 

I=∑[Tm/5]1.5 

a=6.7x10-7I3-7.7x10-5I2+1.8x10-2I+0.49 

PET is the potential evapotranspiration, Tm is the 

mean temperature in oc, I is the annual heat index, b is the 

unequal day time length between the months. 

S. 

No 

Types of 

Data 

Max 

Temp 

(Celsius) 

Min 

Temp 

(Celsius) 

Mean 

Temp 

(Celsius) 

22-1-

2014 

Observe 32 22 27 

Landsat 30.974 24.91 27.942 

MODIS 31.10 24.92 28.01 

9-4-

2014 

Observe 33 26 29.5 

Landsat 33.508 25.941 29.7245 

MODIS 31.28 26.47 28.87 

2-8-

2014 

Observe 30 23 26.5 

Landsat 31.852 23.627 27.7395 

MODIS 32.019 22.26 27.1395 

Table 1: Comparison of Land Surface Temperature 

C. Blaney-Criddle Equations 

The Blaney-Criddle equation is an empirical model 

developed to estimate ETo. It was given by Doorenbos & 

Pruitt 

ETo =P*(0.46 *Tmean +8)      (1.2) 

Where p is the mean daily percentage of annual 

daytime hours for different latitudes, ETo is the potential 

evapotranspiration, Tmean is the mean Temperature. 

Month Max Temp Min Temp Avg Temp 

Jan 32.39 22.28 27.335 

Feb 32.89 27.94 30.415 

March 33.5 28.81 31.155 

April 32.28 29.08 30.68 

May 32.61 28.81 30.71 

June 30.5 27.14 28.82 

July 30.11 26.67 28.39 

Aug 30.39 26.89 28.64 

Sep 31.11 27.31 29.21 

Oct 30.72 27 28.86 

Nov 31 27.11 29.055 

Dec 32.11 27.36 29.735 

Table 2: Table to Calculate Annual heat flux 

III. RESULTS AND DISCUSSION 

A. ET for the Month of January 

To estimate evapotranspiration using thornwaithe equation 

the annual heat index and monthly Temperature has to be 

calculated. The average Temperature is calculated from the 

thermal band as a land surface temperature and the mean 

temperature for the month is calculated. From these values 

potential evapotranspiration is calculated using the equation 

in raster calculator. The estimated evapotranspiration images 

are shown in figure. 

 
Fig. 1: ET in mm/day for January using landsat data 

From the above estimated ET maps the hilly areas 

having a less evapotranspiration which are shown as violet 

in color and the settlements area having a high amount of 

ET values because of its high temperature are shown in red 

color, blue color region are the river basin having a 

moderate amount of ET values. From these it shows that ET 

values depend upon the temperature and the vegetation 

fraction in an area. 

 
Fig. 2: ET in mm/day for January using MODIS data 

To estimate evapotranspiration using blaney criddle 

equation the land surface temperature and sun shine hour for 

the month of January has to be determined. The land surface 

temperature is calculated using the thermal band from the 

landsat image and the sun shine hour are determined from 

the table of day time hour percentage for each month. The 

estimated evapotranspiration using blaney criddle are shown 

in below figure. 

 
Fig. 3: ET in mm/day for January using Landsat data 
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Fig. 4: ET in mm/day for January using Modis data 

B. ET for the Month of April 

To estimate ET for the month of the month of april the 

annual heat index and monthly temperature has to be 

calculated. The averages Temperature are calculated from 

the thermal band as a land surface temperature. The mean 

Temperature for the April month is 31.9241oc. Using these 

values potential evapotranspiration is calculated using the 

equation in raster calculator. The generated 

evapotranspiration map using Thornwaite model is shown 

below. 

 
Fig. 5: ET in mm/day for April using Landsat data 

 
Fig. 6: ET in mm/day for April using MODIS data 

To estimate evapotranspiration using blaney criddle 

equation the land surface temperature and sun shine hour for 

the month of April has to be determined. The land surface 

temperature are calculated from the thermal band from the 

landsat image and the sun shine hour are determined from 

the table of day time hour percentage for each the month. 

The estimated evapotranspiration using blaney cridde for the 

april month are shown in below figure. 

 
Fig. 7: ET in mm/day for April using Landsat data 

 
Fig. 8: ET in mm/day for April using MODIS data 

C. ET for the Month of August 

To estimate ET for august month the annual heat index and 

monthly temperature has to be calculated. The average 

Temperature is calculated from the thermal band as a land 

surface temperature (LST) and the mean Temperature for 

the April month. Using these values potential 

evapotranspiration is calculated using the equation in raster 

calculator. The generated evapotranspiration map for the 

august month using Thornwaite model is shown below 

figure 

 
Fig. 9: ET in mm/day for August using Landsat data 

 
Fig. 10: ET in mm/day for August using MODIS data 
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To estimate evapotranspiration using Blaney 

criddle equation the land surface temperature and sun shine 

hour for the month of August has to be determined. The land 

surface temperature are calculated from the thermal band 

from the landsat image and the sun shine hour are 

determined from the table of day time hour percentage for 

each the month. The estimated evapotranspiration using 

blaney cridde for the august month are shown in below 

figure. 

 
Fig. 11: ET in mm/day for August using Landsat data 

 
Fig. 12: ET in mm/day for August using MODIS data 

 

 
Fig. 13: ET in mm/day for 2014 using MODIS data 

The estimated evapotranspiration using landsat and 

MODIS data are shown in figure, this figure shows the 

comparison of models in mm/day  for landsat and MODIS 

data for three different months of January, April and august 

the thornwaithe model having a less percent of deviation to 

the observed field data then the blaney criddle model. From 

the following observation it shows that the thornwaithe 

model can be used to estimate the ET value for the 

thamirabarani basin. From these observation the amount of 

water required for the crops can be easily estimated using 

the crop water requirement model. In these the april month 

having a higher value of ET because of its high temperature 

and the amount of water that are available for the crops are 

very limited which will not be sufficient for the growth of 

summer crops. January month having a minimum value of 

evapotranspiration and it required a final stage of water 

required for the crop growth and for harvesting. August 

month is a kor watering stage or first watering which 

required a large quantity of water for the crop growth and 

have a minimum value of evapotranspiration. 

IV. SUMMARY AND CONCLUSION 

In this research, an alternative method for estimating ETo 

was evaluated by an LST data from landsat and MODIS 

sensor using empirical models. Based on the analysis the 

Thornwaite ETo model was selected as the most appropriate 

for this particular study area. The landsat and MODIS LST 

product was satisfactorily incorporated into the thornwaithe 

and Blaney criddle model. After the calibration, this 

outcome is consistent with results obtained by previous 

studies reported in the literature using air temperature data 

collected by ground stations. Moreover, the errors and 

uncertainties identified in the use of remote sensing LST can 

be tolerated considering the reduced weather data collection 

network in this region. In these the landsat sensor is slightly 

deviated from the MODIS sensor and more reliable to the 

observed data. So that landsat data can be used to estimated 

ET insist of using daily MODIS data. Which having more 

resolution than the modis and the crop water requirement for 

different crops can be easily estimated. Therefore, the 

methodology presented in this study can be considered a 

feasible alternative for estimating ETo in this region, 

without any additional costs. The operational use of such a 

method can potentially improve water distribution 

modelling, and finally allow an increased control of water 

use for irrigation. Further studies are necessary to expand 

this method for other regions in India. The different models 

should be tested for it suitability in different climate 

conditions over India and the spatial variability of the 

calibration parameters needs to be identified. Moreover, the 

method can be significantly improved by using low cost 

direct methods (e.g.lysimeters) to calibrate the empirical 

equations. 
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