
Water Utility Journal 18: 51-60, 2018.  
© 2018 E.W. Publications 

Estimation of evapotranspiration using field measurements and modelling 
techniques on paddy crop water requirements in Kancheepuram District, 
Tamil Nadu, India 

D. Soundar Rajan1, M.M. Vijayalakshmi2* and K. Nagamani3 
1 Department of Civil Engineering, St. Martin's Engineering College, Dhulapally, Secunderabad, Telangana -500100, India  
2 Department of Civil Engineering, Sathyabama University, Chennai 119, Tamil Nadu, India  
3 Centre for Remote Sensing and Geoinformatics, Sathyabama University, Chennai 119, Tamil Nadu, India 
* e-mail: vnat12345@gmail.com 

Abstract:  Precise assessment of crop evapotranspiration is the main factor to determine the crop water requirements. In this 
study, meteorological data plays a preliminary outset for analysing Penman-Monteith model such as radiation, 
humidity, wind speed, maximum and minimum temperature and dew point temperature. Evapotranspiration was 
acquired from water level recorded at 15 minutes interval for the entire irrigation season and the interpretation was 
carried out starting from middle of January to end of April 2013. Measured crop evapotranspiration were compared 
with estimated evapotranspiration from weather data using penman Monteith method. Models that have less 
demanding data requirement are Blaney-Criddle, Priestley-Taylor and Penman estimated by these models is compared 
with that of Penman-Monteith model and linear regression was performed for all the stations. From the result, few 
models were identified for use in estimation of ETo, over the district of Kancheepuram. The identified model was 
suitably modified by recalibrating the constants without affecting the model form. The actual average daily crop 
evapotranspiration for the growing season were 4.1, 3.9 and 4.0 mm/day for the month of February, March and April, 
respectively. 
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1. INTRODUCTION 

Evapotranspiration (ETo) is the total water loss from both the plant by transpiration and the soil 
surface by evaporation of a uniformly growing grass covering the surface without short of water 
supply (Doorenbos and Pruitt, 1977). Knowledge of crop evapotranspiration is very important, 
because it allows optimisation of the irrigation water use in arid and semi-arid regions where water 
shortage is a problem (Solaiman et al., 1987). The estimation of evapotranspiration is of great 
importance for agricultural, hydrological and climatic studies, as it constitutes a major part of the 
hydrological cycle (Sobrino et al., 2005). Irrigation water supply must match the demand. A grower 
must know the environmental demand for surface water. This surface water loss occurs primarily 
through ETo. ETo is the atmospheric demand of moisture that occurs through evaporation (moisture 
loss from the soil, standing and transpiration (biological use and release of water by vegetation). 
The ETo rate is determined by the factors such as temperature, solar radiation, humidity, wind speed 
and characteristic of the specific vegetation that is inspiring (Allen et al., 1998). The transpiration 
varies between the crop types. If the supply through irrigation does not match the demand, then 
transpiration may stop resulting in crop loss. Therefore reliable estimation of ETo, along with soil 
moisture storage capacity can provide the exact estimate of water needed for irrigation. The climate 
of Tamil Nadu is hot. The monsoon period is October, November and December. 

Only few studies examined ETo for Tamil Nadu, that too, only for few places in Tamil Nadu 
state. No published studies have examined the spatial variability of ET models across state. This 
study will compare several evapotranspiration models recommended by the Food and Agriculture 
Organization of United Nations (Doorenbos et al., 1975; Allen et al., 1998). Penman - Monteith 
model is the standard reference evapotranspiration model because it closely approximates gross ET 
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at the location evaluated, and is physically based and explicitly incorporates both physiological and 
aerodynamic parameters. 

Penman-Monteith model requires meteorological data such as radiation, humidity, wind speed, 
maximum temperature, minimum temperature and dew point temperature. This data governing the 
chief engineer public work department (PWD) in data centre Taramani, Chennai, available to 
academic and research purpose. Therefore in the first phase of this study the performance of few 
models which requires data that is more readily available such as temperature and humidity are 
assessed against the standard model. Models that have less demanding data requirement are Blaney-
Criddle, Priestley-Taylor and Penman estimated by these models is compared with that of Penman-
Monteith model and linear regression was performed for all the stations (Khoshhal and Mokarram, 
2012).  

 

Figure 1. Meteorological station measurements at Karunguzhi 

For effective planning and implementation of policies on irrigation projects, it is very necessary 
to determine reference evapotranspiration that is very essential in computing crop water use 
(Adeboye et al., 2009). From the result, few models were identified for use in estimation of ETo, 
over the district of Kancheepuram. The identified model was suitably modified by recalibrating the 
constants without affecting the model form. Thus the research study has the following objectives. 
The present study employs four less demanding data requirement models for a region of 
Karunguzhi in Kancheepuram District of Tamil Nadu state, India.  

The objectives of the study were:        
§ to estimate ETo by the Penman-Monteith on daily basis for a multiyear period for a station at 

Karunguzhi Kancheepuram district of Tamil Nadu.  
§ to estimate the ETo by using the above mentioned model involving original constants for the 

above period of 2000 - 2014 during Kharief, Rabi, and summer seasons at Karunguzi in 
Kancheepuram district of Tamil Nadu. 

§ to recalibrate the constant of the selected model that can be applied to Karunguzi 
Kancheepuram district region such that the identified model with new constant gives 
evapotranspiration values closer to that of experimental values. 

2. STUDY AREA 

Kancheepuram, the temple town is the District headquarters. The District Kancheepuram is 
situated on the northern East Coast of Tamil Nadu and is adjacent by Bay of Bengal and Chennai 
city and is bounded in the west by Vellore and Thiruvannamalai district, in the north by Thiruvallur 
district and Chennai district, in the south by Villuppuram district in the east Bay of Bengal. It lies 
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between 11° 00' to 12° 00' North latitudes and 77° 28' to 78° 50' East longitudes and it is shown in 
Figure 2. It has a total geographical area of 4393.37 km2 and coastline of 57 km. Agriculture is the 
main occupation of the people, 47% of the total population engaged in the District. The major crop 
cultivated in this District is paddy, with other crops like millets, cereals, pulses, sugarcane and 
groundnuts. The northeast monsoon rainfall is almost uniform throughout the district. The coastal 
Taluks gets more rain, than the interior regions. The existing maximum temperature is 21°C to 43°C 
and the minimum temperature ranges from 21°C to 25°C. 

 

Figure 2. Location map of Kacheepuram District 

3. METHODOLOGY 

3.1 FAO Penman-Monteith model 

The original Penman-Monteith equation and the equations of the aerodynamic resistance and 
surface resistance the FAO Penman-Monteith method to estimate ETo can be derived as: 

ETo = 0.408 ∆(R𝑛−G)]+γ[900/(T+273)]u2(es−ea)]
∆+γ(1+0.34u2)

 (1) 

where,  
 ETo  -  Reference crop evapotranspiration (mm day-1) 
 Rn  -  Net radiation at the crop surface (MJ m-2 day-1) 
 G  -  Soil heat flux density (MJ m-2 day-1) 
 T  -  Mean daily air temperature at 2 m height (ºC) 
 u2  -  Wind speed at 2 m height (m s-1) 
 es  -  Saturation vapour pressure (kPa) 
 ea  -  Actual vapour pressure (kPa) 
 Δ  -  Slope of vapour pressure curve (kPa ºC-1) 
 γ  -  Psychometric constant (kPa ºC-1) 
 

The equation uses standard climatic data of solar radiation (sunshine), air temperature, humidity 
and wind speed. To ensure the integrity of computations, the weather measurements are used at 2 m 
or converted to that height, above an extensive surface of green grass, shading the ground and not 
short of water. Snyder (1992) states that significant efforts have been performed for the indirect 
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estimation of kp by equations, that use meteorological data and the characteristics of the 
surrounding environment.  

The information was precise in the specified format, year wise and records were formed for each 
year and month for the study area. Determine ETo on a daily basis for a location and model. From 
the computed daily ETo, monthly ETo, mean daily ETo and mean monthly ETo for a period can be 
calculated. Daily ETo and monthly ETo refers to daily total value of ETo and monthly total value of 
ETo for each daily and month of a year respectively. Mean daily value of ETo averaged over each 
month of a year ETo (period) refers to daily value of ETo averaged over each corresponding week of 
a multi-year period (Edebeatu, 2015). Estimate and evaluate analysis of daily ETo and monthly ETo 
for a period can also be estimated. Daily ETo (period) refers to daily total value of ETo for each 
corresponding daily of a multiyear period and monthly ETo (period) refers to monthly total ETo for 
each corresponding month of a multi-year period. 

4. RESULTS 

In the present study, Penman-Monteith model is taken for the study and for which the required 
data is only temperature and humidity was selected and output of all the models were obtained by 
using daily meteorological data for a period of 15 years (2000-2014). These results are compared 
based on regression parameters and percentage error values. The constants of the selected model are 
recalibrated for the Kancheepuram District, India, is by suitable approach for a location and suitable 
value of the constants determined. 

The mean monthly output is calculated for a period of 15 years, from 2000 to 2014, by using 
each selected model and evaluated using statistical routines. Graphs were also potted to show the 
variation of ET with time to physically examine the performance of the model. The actual pan 
evaporation is found to vary from 2.59 to 4.93 mm day-1 the lowest value corresponds to December, 
being a cold month. 

 

Figure 3. Correlation between actual pan evaporation and various ETo  models for the year of 2000 

The highest value is recorded for the month of May, being a summer month. The models 
predicted the values of ETo from 5.2 to 13.66 mm day-1. The actual pan evaporation for the year 
2000 ranges from 2.59 to 4.93 mm day-1 as. The values of ETo predicted by various models range 
from 5.16 to 8.75 mm day-1 (Penman-Monteith model), 5.15 to 7.24 mm day-1 (Blaney-Criddle 
model), 8.01 to 13.66 mm day-1 (Priestley-Taylor model), 5.98 to 9.39 mm day-1 (Penman model). 
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The correlation coefficient of FAO Penman-Monteith model is 0.314, Blaney-Criddle model is 
0.560, Priestley-Taylor model is 0.261 and Penman model is 0.193, for the year 2000, which is 
plotted in Figure 3.  

 

Figure 4. Correlation between actual pan evaporation and various ET models for the year of 2014 

The correlation coefficient is relatively low in view of the vagaries of nature. The correlation 
coefficients of different models are found to vary from 0.1938 to 0.5602, which is relatively low. 
Figure 3 shows the correlation between actual pan evaporation and different ETo models at 
Karunguzhi, Kancheepuram for the year of 2000. The actual pan evaporation is found to vary from 
4.70 to 7.14 mm day-1 the lowest value corresponds to December, being a cold month. The highest 
value is recorded for the month of May in summer month. The models predicted the values of ET 
from 4.95 to 13.56 mm day-1. The actual pan evaporation for the year 2000 ranges from 4.7 to 
7.14 mm d-1. The values of ET predicted by various models range from 4.95 to 8.27 mm d-1 
(Penman-Monteith model), 5.03 to 6.74 mm day-1 (Blaney-Criddle model), 7.87 to 13.56 mm d-1 
(Priestley-Taylor model), 5.77 to 9.19 mm d-1 (Penman model). The correlation coefficient of FAO 
Penman-Monteith model is 0.888, Blaney-Criddle model is 0.308, Priestley-Taylor model is 0.8902 
and penman model is 0.904, for the year 2014, which is plotted in Figure 4. The correlation 
coefficient of various models are found to vary from 0.904 to 0.308, it is relatively low. Figure 4 
shows the correlation between actual pan evaporation and different ETo models at Karunguzhi, 
Kancheeepuram for the year of 2014.  

Figure 5 shows the yearly evapotranspiration (ET) at Karunguzhi Kancheepuram District for the 
period 2000 - 2014. The highest ET is predicted by Priestley-Taylor model in the year 2009. The 
lowest ETo is observed by Penman-Monteith model in the year 2014. The over-prediction of ETo is 
noticed in all the models because the models are based on only a set of certain assumptions and all 
the real factors could not be included in the model. Moreover, these models are of more generic in 
nature and not developed for the Indian climate. 

Figure 6 shows the monthly actual pan evaporation at Karunguzhi, Kancheepuram for the period 
from 2000 to 2014. It indicates the wide monthly variation of actual pan evaporation over the period 
of consideration of 15 years. There is no consistent trend for the above period. However, it can be 
noticed that the actual pan evaporation is found to be relatively high in the recent years. 

Table 1 shows the variation of average R2 value for different models at Karunkuzhi 
Kancheepuram District for the Period 2000 – 2014. Penman Monteith Model has relatively high 
correlation coefficient at 0.636. The lower value of the model indicates the need for the 
modification of the model for better prediction. 
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Figure 5. Details of Yearly Evapotranspiration for the Period 2000 - 2014. 

 

Figure 6. Monthly Actual Pan Evaporation for the Period of 2000 – 2014 

Table 1. Variation of average R2 value for different models for the period 2000 – 2014 

Year Penman – Monteith model Blaney - Criddle model Priestley - Taylor model Penman model 
2000 0.314 0.560 0.261 0.193 
2001 0.844 0.615 0.668 0.667 
2002 0.898 0.555 0.808 0.877 
2003 0.175 0.201 0.310 0.231 
2004 0.308 0.132 0.184 0.243 
2005 0.803 0.239 0.853 0.780 
2006 0.666 0.058 0.742 0.700 
2007 0.724 0.349 0.385 0.725 
2008 0.289 0.371 0.178 0.235 
2009 0.773 0.285 0.762 0.754 
2010 0.863 0.134 0.900 0.814 
2011 0.81 0.316 0.806 0.738 
2012 0.580 0.083 0.404 0.537 
2013 0.613 0.060 0.387 0.583 
2014 0.888 0.371 0.889 0.904 

Average 0.636 0.288 0.569 0.598 
Min 0.175 0.058 0.178 0.193 
Max 0.898 0.615 0.9 0.904 
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Table 2 shows the monthly average actual pan evaporation and predicted values of Penman 
Models for the Period 2000 – 2014. When the actual pan evaporation varied from 4.7 to 6.3, with 
the average of 5.4 mm day-1, the predicted values by different models ranged from 5.0 to 13.7 with 
a mean value of 7.8 mm day-1. 

 
Table 2. Monthly average ETo of Penman-Monteith model for the period 2000 – 2014 

Month Actual Pan Evaporation (mm d-1) 

 
ETo (mm d-1) Penman-Monteith model 

Jan 4.8 6.1 
Feb 5.5 7.3 
Mar 6.0 8.2 
Apr 6.3 8.7 
May 6.3 8.2 
Jun 5.5 7.2 
July 4.9 6.5 
Aug 5.4 6.1 
Sep 5.4 6.3 
Oct 4.9 5.6 
Nov 4.7 5.0 
Dec 4.8 5.0 

Average 5.4 6.7 
Min 4.7 5.0 
Max 6.3 8.7 

 

 

Figure 7. Monthly variation of evapotranspiration for actual and various models for the period of 2000 -2014 

Figure 7 shows the variation of evapotranspiration for actual and various models. The average 
predicted evapotranspiration shows similar trend as that of actual pan evaporation. It shows highest 
evapotranspiration (water loss) in the month of April and May and it gradually gets decreased to the 
lowest in the month of December.  

The correlation coefficient between actual pan evaporation and various models for Karunguzhi 
Kancheepuram for the period 2000 – 2014 is shown in Figure 8. It indicates that Penman -Monteith 
model has the highest value of 0.8419. Many more studies of crop coefficient were related to the 
percentage of ground cover and days after sowing (Medeiros et al., 2001). The R2 value of the 
conventional and modified Penman Monteith model for various years are shown in the Table 3. 
When the average R2 value of conventional model is 0.6368 the same is 0.8127 for the modified 
Penman Monteith Model  

Rohitashw Kumar et al. (2011) stated that efficient irrigation water management requires a good 
quantification of evapotranspiration. In view of vagaries of nature the predictability of the modified 
Penman Monteith model with R2 value of 0.8127 is considered to be very good and effective tool 
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for irrigation planning and management (Isikwue et al., 2014; Subramaniam and Sambasiva Rao, 
1985). The predictability of modified Penman - Monteith model in the recent past years such as 
2013 and 2014 are considerably high at 0.8641 and 0.9266, respectively. 

 

Figure 8. Correlation between actual pan evaporation and various models for the period 2000 – 2014 

Table 3. R2 value for modified Penman - Monteith model for the period 2000-2014 

Year Penman-Monteith model conventional Penman-Monteith model modified 
2000 0.3139 0.6802 
2001 0.8441 0.8944 
2002 0.8984 0.9124 
2003 0.1752 0.6681 
2004 0.3086 0.6873 
2005 0.8033 0.8433 
2006 0.666 0.8213 
2007 0.7243 0.8712 
2008 0.2891 0.6411 
2009 0.7736 0.8231 
2010 0.8635 0.8921 
2011 0.8101 0.8811 
2012 0.5802 0.7843 
2013 0.6138 0.8641 
2014 0.8889 0.9266 

Average 0.6368 0.8127 

 
The R2 values of the conventional and modified Penman - Monteith model for various locations 

are shown in the Table 4. The best value of R2 value by modified Penman - Monteith model is 
0.9150 for Karunguzhi Kancheepuram district which is the study area, while that is only 0.878 by 
conventional Penman Monteith Model. The predictability of modified Penman - Monteith model in 
Kilancheepattu in Thiruvannamalai district and Thiruthani in Thiruvallur district are considerably 
moderate at 0.735 and 0.762, respectively. 

Thus the Penman - Monteith model is considered to be better suitable, compared to other model, 
for Karunguzhi in Kancheepuram District. The modified Penman Monteith Model has better 
accuracy for the prediction with improved correlation coefficient. The prediction from the improved 
model can be used for the determination of crop pattern suitable for the locality. It can pave way for 
the improved productivity and hence better national wealth. 
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Table 4. R2 value by modified Penman - Monteith model for the year 2014 for various locations 

S.N. Meteorological station Penman Monteith model 
Location Districts Conventional Modified 

1 Dusi Ayyangar Kulam Thiruvannamalai 0.691 0.552 
2 Gollapally Vellore 0.440 0.684 
3 Karunkuzi Kancheepuram 0.878 0.915 
4 Kiladayalam Villupuram 0.639 0.530 
5 Kilanchipattu Thiruvannamalai 0.311 0.735 
6 Krishnagiri Reservoir Krishnagiri 0.753 0.093 
7 Chidambaram Cuddalore 0.330 0.449 
8 Melumalai Krishnagri 0.577 0.676 
9 Palur (Panrutti) Cuddalore 0.764 0.681 

10 Thirukoilur Fcs Villupuram 0.503 0.577 
11 Vaniyar Reservoir Dharmapuri 0.532 0.491 
12 Thiruthani (Ews) Thiruvallur 0.662 0.762 

4. CONCLUSION 

Based on the detailed analysis, the conventional Penman - Monteith model is modified as 
follows with the new coefficients of 0.912 and 0.246, instead of 0.408 and 0.34, respectively. 

ETo = 0.912 ∆(R𝑛−G)]+γ[900/(T+273)]u2(es−ea)]
∆+γ(1+0.246u2)

 (2) 

The best value of R2 value by modified Penman - Monteith model is 0.9150 for Karunguzhi 
Kancheepuram district (study area), while that is only 0.878 by conventional Penman - Monteith 
model. The predictability of modified Penman - Monteith model in Kilanchipattu in 
Thiruvannamalai district and Thiruthani in Thiruvallur district are considerably moderate at 0.735 
and 0.762, respectively. The irrigation management quantified evapotranspiration R2 value of 0.8 by 
Penman - Monteith model and resulted a better tool for irrigation management studies.  

The correlation coefficient of various models is found to vary from 0.904 to 0.308, which is 
relatively low, whereas Penman Monteith Model has relatively high correlation coefficient at 0.636. 
It shows highest evapotranspiration (water loss) in the months of April and May and it gradually 
gets decreased to the lowest in the month of December. 

Efficient way of managing irrigation systems with suitable water discharge to go with crop water 
needs and control of seepage from the conveyance system for attaining higher application 
efficiencies.  

The wide range of literature reports on declining trends in pan evaporation initiated this study to 
evaluate the case in Kancheepuram district. By adopting micro irrigation for all row crops for paddy 
cultivation, the water use efficiency and productivity per unit area can be increased. At the same 
time concrete action has to be taken to increase the productivity in both rain fed areas with 
appropriate technology. In order to utilize the land for its potential, action can be taken for the 
monsoon management including critical analysis of rainfall in different zones.  

Horticultural crops (fruit crops) can be introduced, as they require less water. Conservation of 
rainwater through construction of many barriers, farm ponds and providing protective irrigation 
wherever possible can also be adopted. Based on the rainfall pattern, two crops can be taken (millet, 
pulses) Ex: Black gram, Green gram, Groundnut at least in about 35 to 40% of the dry land areas. 

Thus the Penman Monteith Model is considered to be better suitable model for Karunguzhi in 
Kancheepuram District. The modified Penman - Monteith model has better accuracy for the 
prediction with improved correlation coefficient. The prediction from the improved model can be 
used for the determination of crop pattern suitable for the locality. It can pave way for the improved 
productivity and sustainable developments in the agricultural sector. 
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