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Abstract 

Precise estimation of reference evapotranspiration (ETo) plays an important role in crop water requirement 

studies whereas sensitivity analysis of climatic variables for estimation of ETo plays a key role in irrigation and 

water management. In the present study, ETo was estimated by using FAO56-Penman-Monteith method. 

Additionally, impact of climate variables in the ETo estimation was assessed by sensitivity analysis under open 

field condition as well as four different protected cultivation structures viz. poly house, polytunnel, shade net 

house, and shadow hall. Results indicate that ETo is maximum for open field condition and minimum for 

polyhouse. The sensitivity analysis results revealed that solar radiation is the most sensitive input variable for 

ETo estimated by using FAO-Penman-Monteith method wind speed is least sensitive for all structures and open 

field conditions. 
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Introduction 

Protected cultivation is a kind of farming system used to maintain a controlled or partially controlled 

environment suitable for maximum crop production (Singh et al. 2016). Protected cultivation structures viz. 

greenhouse, shade net house, polytunnels create an appropriate environment for better crop growth. The 

presence of different covers and shade nets causes a change in the climatic conditions compares to those in the 

open field. The property of cladding materials alters the magnitude and quality of solar radiation incidence in 

the greenhouse, thereby affecting the microclimate of the greenhouse. UV stabilized diffused film does not 

allow the shadow formation of the top canopy on the lower leaves. Diffused radiation penetrates deeper into 

plants canopy in comparison to direct radiation; thus, it is desirable to use diffused film. At high irradiation, 

diffused film greenhouse cover leads to better light distribution, lower plant temperature, decreased 

transpiration, and increased photosynthesis and growth (Hemming et al. 2008). Whereas in shade net house due 

to the presence of shade net a certain percentage of solar radiation is cut off, as a result, the inside microclimate 

in the shade net house remains less hot than that of the ambient. In the case of Polytunnel due to the absence of 

ventilation, the inside thermal energy storage is greater compared to the greenhouse and shade net house.  

Estimation of reference evapotranspiration (ETo) is crucial for irrigation scheduling of crop. The total 

water requirement of crop is calculated by multiplying the ETowithcrop coefficient (Kc)(Debnath et al. 

2015).The Foodand Agriculture Organization recommendedFAO-56 Penman-Monteith (FAO-56 PM) method 

as a sole and standard methodif all the required data are available(Allen et al. 1998).The FAO-56 PM method 

integrates climatic variables such as temperature, solar radiation, relative humidity, and wind speed, which may 

be affected by climate change (Irmak et al. 2006). Therefore, it is very important to know the sensitivity of 
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ETowith respect to the variation of each climatic variables which also provide information regarding accuracy 

required during measurement of climatic variables. 

A large number of studies has done to investigate the sensitivity analysis of ETo to the variation of 

climatic variables (Ambas and Baltas 2012,Debnath et al. 2015, Djaman et al. 2016, Liang et al. 2008, Tabari 

and Talaee 2014). Estevez et al. (2009) studied the sensitivity of ETo with respect to temperature, Rs, RH, and u2 

in a semi-arid climate of southern Spain. They concluded that RH, temperature, and Rs were the main climatic 

variables that influence ETo. Ambas and Baltas (2012) studied monthly and annual variation of ETo from fifteen 

stations in a semi-arid climate in China over the period 1961-2003 as well asanalyzed sensitivity of 

EToestimated byFAO-PM method to a maximum temperature (Tmax), minimum temperature (Tmin), mean 

temperature (Tmean), wind speed (u2), sunshine duration (Rs) and relative humidity (RH). Results indicated that 

the ETo was more sensitive to variation in RH followed by Rs, u2, and air temperature. Djaman et al. (2016) 

focused on the sensitivity analysis of ETo to climatic variables in West Africa. They found that Tmaxand Rsare 

the two variables that have more influence on ETo at Saint-Louis weather station in the Senegal River Delta. 

Although the various study of sensitivity analysis is performed for the FAO-56 PM method for different study 

areas, no literature is available on sensitivity analysis of ETounder different protected cultivation structures. 

Therefore, the objectives of the study are (i) to estimate ETo by using FAO- 56 PM method under open field 

condition as well as four different protected cultivation structures- poly house, polytunnel, shade net house and 

shadow hall;and (ii) to analyze the sensitivity to ETowith respect to climate variablesfor different protected 

cultivation structures. 

Materials and Methods 

Study area and data collection 

The research field of Precision Farming Development Centre (PFDC), Agricultural and Food 

Engineering Department, Indian Institute of Technology Kharagpur is selected as study area (Fig. 1). It is having 

the geographical location of 22°18ʹ  N latitude, 87°19ʹ  E longitude and an elevation of 48 m above mean sea 

level. The local climatic condition is sub-humid with an average rainfall of 1390 mm, and almost 80 % of rain 

occurs from June to October. The mean temperature varies between 12°C to 40°C, and the relative humidity 

varies from 35% to 96%. 

 

Fig 1.Location of the study area 

Climatic data viz. maximum temperature, minimum temperature, relative humidity, solar radiation, and 

wind speed data for open field as well as for all four above mentioned protected cultivation structures are taken 
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from Precision Farming Development Centre (PFDC), Agricultural and Food Engineering Department, IIT 

Kharagpur from 1st January, 2017 to 31st December, 2017.  
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Protected Cultivation Structures 

Protected cultivation is characterized as a technique in which in order to protect the crop from adverse 

weather, the microclimate around the plant is entirely, partly or altered (Debnath et al. 2020). Four different 

protected cultivation structures, namely- Naturally ventilated greenhouse, Shade net greenhouse, Polytunnel and 

Shadow hall are selected in this study (Fig. 2).In new greenhouse buildings and in retrofits of existing 

greenhouses, natural ventilation is more widespread today. This is due to raising fan activity energy costs and 

the need for more uniform cooling in the region of the crop.Shade net is a polyethylene (HDPE) material 

capable of changing the control environment, enhancing the climate and improving plants, realizing protection 

or high-yield, high-quality agricultural cultivation techniques in the growth of adverse climate 

conditions.Polytunnels offer much easierregulation of its air circulation.Shadow hall is a structure like a 

modified Quonset type greenhouse, which is covered with shade net but partly it is covered with polythene film. 

The used cladding materials are 200 µm U.V stabilized polythene film and shade net with shading percentage 50 

%. 

 

Fig. 2. Different protected cultivation structures- (a) Naturally ventilated greenhouse, (b) Shade net greenhouse, 

(c) Polytunnel and (d) Shadow hall. 

Estimation of reference evapotranspiration 

In the present study, the FAO-56 PM method was considered for daily ETo estimation.Theequationcan be 

written as 

𝐸𝑇𝑜 =
0.408∆(𝑅𝑛−𝐺)+

900𝛾𝑢2
𝑡+273

(𝑒𝑠−𝑒𝑎)

∆+𝛾(1+0.34𝑢2)
        (i) 

Where,  ETo = Potential evapotranspiration,  

Rn=net radiation, G = soil heat flux,  

u2 = wind speed at 2 m height,  

(es-ea) = vapour pressure deficit,  

Δ= slope of vapor pressure vs. temperature graph and  

γ = psychometric constant. 

Sensitivity analysis and sensitivity coefficients calculation 

The sensitivity analysis is conducted in this study to find the change in ETo with the change of the input 

climatic variables like mean temperature, solar radiation, relative humidity, wind speed.  

If y is expressed as a function of x1,x2, .….,xn 

𝑦 = 𝑓(𝑥1, 𝑥2, … . , 𝑥𝑛)         (ii) 
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Then sensitivity coefficient of y for variable xi can be expressed as 

𝐶𝑖 =
𝜕𝑦

𝜕𝑥𝑖
           (iii) 

Fori=1, 2, 3, …., n 

Since ETo is expressed the function of maximum temperature, minimum temperature, wind speed, solar 

radiation. Therefore, the sensitivity coefficients of ETo for different climatic variables are obtained by 

differentiating ETo expression i.e. FAO-56 PM equation partially with respect to the climatic variables. 

In the present study the sensitivity analysis of ETo,which is calculated by using FAO-56 PM method, is 

done on open field and four other structures viz. polyhouse (floor area 14m × 6m), polytunnel (floor area 17 m × 

5 m), shade net house (floor area 17 m × 5 m) and shadow hall (floor area 17 m × 5 m). 

Results and Discussion 

Variation of evapotranspiration 

The ETo values were estimated by the FAO-56 PM method for different protected cultivation structures 

using mean dailyclimate data related to Tmean, Rs, RH, and u2. Figure 3 shows estimated mean daily ETovalues 

for open field condition and four protected cultivation structures.ETo was maximum for open field condition 

(4.64 mm/day) and minimum for Poly house (4.22 mm/day) among the experimental conditions. In the mid-year 

ETo values were higher ascompared to start and end of the year for all the experimental conditions. For FAO-56 

PM estimated daily ETo values, the meanand standard deviation were found to be 4.64, 4.22, 4.48, 4.49 and 4.49 

mm, and 1.22, 1.28,1.45, 1.32 and 1.40 mm for open field, Naturally ventilated greenhouse, Shade net 

greenhouse, Polytunnel and Shadow hall, respectively. 

 

Fig 3.Variation of ETowith respect to different protected cultivation structures 

Change in ETowith respect to change in climatic variable 

The change inETowith respect to different climatic variablein different protected cultivation structures is 

shown in Fig. 4.The results of sensitivity analysis indicate that increasing and decreasing of Tmean, Rs, 

u2increases and decreases ETo,respectively whereas reverse is observedfor RH. It is observed that Rs(varies from 

-24.39% to 24.39%) is most sensitive to ETofollowed by Tmean(varies from -20.32% to 22.46%), RH (varies 

from -7.36% to -6.38%) and u2(varies from -3.06% to 3.2%). The maximum changes in ETodue to changes in 

Rs, Tmean, and RH occur for polytunnel as it has no ventilation, and it is fully covered with polythene 
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film.Therefore, high heat is stored due to the entrapment of solar radiation as well as RH also much due to the 

absence of ventilation for air passage. Changes in ETo due to u2 are maximum in the open field asit is very much 

lower in the protected cultivation structures, hence in the other structures, such lower wind speed is affecting the 

EToin very minimal amount. 

Variations of sensitivity coefficients 

The sensitivity coefficients (Ci) can provide important information on howETo responds to each climate 

variable in different experimental conditions. Monthly values of Ciwere computed for each variable in the study 

area (Table 1).The sensitivity coefficients vary from 0.25 to 0.34 for Rs, 0.16 to 0.34 for the Tmean and -0.002 to -

0.025 for the RH and from 0.00- to 0.003 for u2 for four different protected cultivation structures and open 

condition. The results reveal higher value ofsensitivity coefficients for Rsirrespective of experimental condition 

whereas u2 is in very low range and negative for RH. Further, the sensitivity coefficient for Tmean has fluctuating 

trends throughout the year for the protected cultivation structures. This is due to the dynamic changes in the 

inside temperature of the protected cultivation structures, and as the wind speed inside those structures is very 

less, therefore, the sensitivity of ETo for u2 is also very less.  
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Fig. 4. Change in reference evapotranspiration (ETo) with respect to change in climate variables under different 

protected cultivation structure. 

Table1. Monthly average value for sensitivity coefficients for Tmean, Rs, u2 and RH for open field and other four 

structures 

  

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Open 

𝐶𝑇𝑚𝑒𝑎𝑛
 0.157 0.202 0.234 0.222 0.232 0.229 0.228 0.233 0.232 0.273 0.251 0.193 

𝐶𝑅𝑆 0.253 0.277 0.296 0.296 0.303 0.301 0.308 0.302 0.298 0.299 0.278 0.261 

𝐶𝑢2 0.002 0.002 0.003 0.003 0.003 0.003 0.002 0.002 0.003 0.003 0.004 0.003 

CRH -0.016 -0.015 -0.019 -0.025 -0.023 -0.023 -0.014 -0.018 -0.019 -0.020 -0.025 -0.015 

Poly 

house 

𝐶𝑇𝑚𝑒𝑎𝑛
 0.218 0.241 0.298 0.299 0.340 0.312 0.293 0.263 0.191 0.223 0.196 0.188 

𝐶𝑅𝑆 0.292 0.299 0.322 0.329 0.335 0.332 0.329 0.322 0.310 0.306 0.287 0.276 

𝐶𝑢2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

CRH -0.002 -0.003 -0.003 -0.003 -0.003 -0.003 -0.003 -0.003 -0.003 -0.003 -0.002 -0.002 

Poly 

tunnel 

𝐶𝑇𝑚𝑒𝑎𝑛
 0.188 0.218 0.295 0.275 0.337 0.295 0.298 0.251 0.212 0.251 0.255 0.212 

𝐶𝑅𝑆 0.283 0.294 0.322 0.327 0.336 0.331 0.330 0.321 0.315 0.312 0.302 0.284 

𝐶𝑢2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

CRH -0.002 -0.002 -0.003 -0.003 -0.003 -0.003 -0.003 -0.003 -0.003 -0.003 -0.003 -0.002 

Shade 

net 

house 

𝐶𝑇𝑚𝑒𝑎𝑛
 0.204 0.209 0.289 0.268 0.286 0.270 0.278 0.227 0.217 0.243 0.288 0.222 

𝐶𝑅𝑆 0.282 0.287 0.315 0.321 0.324 0.325 0.322 0.312 0.308 0.306 0.304 0.281 

𝐶𝑢2 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 

CRH -0.007 -0.007 -0.008 -0.008 -0.009 -0.009 -0.008 -0.008 -0.008 -0.008 -0.008 -0.007 

Shado

w hall 

𝐶𝑇𝑚𝑒𝑎𝑛
 0.213 0.239 0.324 0.301 0.339 0.281 0.276 0.229 0.220 0.273 0.309 0.241 

𝐶𝑅𝑆 0.287 0.296 0.324 0.328 0.334 0.326 0.325 0.316 0.312 0.311 0.310 0.290 

𝐶𝑢2 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 

CRH -0.005 -0.005 -0.006 -0.006 -0.006 -0.006 -0.006 -0.005 -0.005 -0.005 -0.005 -0.005 

Conclusions 

As the standard method for estimating ETo, the FAO-56 PM method is recommended if all the 

appropriate climate data is available.The aim of this study was to calculate ETo by using FAO 56 PM method 

and to analyze the sensitivity of EToto mean temperature, solar radiation, wind speed and relative humidity 

under open field condition as well as in poly house, polytunnel, shade net house, shadow hall structure. A 

positive and negative variation of 25% (step of 5%) were consideredto determine the sensitivity coefficient in 

the study. Results showed that the minimum and maximum values of ET0 fluctuate around 2 and 6.5 mm/day 

under different structures. The highest values of ETowere observed in April and May the lowest in December. 

The sensitivity analysis showed overall that the change in ETo is much more sensitive to changes in solar 

radiation followed by mean temperature. The effects of relative humidity showed an opposite relation with ETo 

and wind speed are the least significant. 

References  

[1]  Allen, R. G., Pereira, L. S., Raes, D., Smith, M. 1998. Crop evapotranspiration-Guidelines for 

computing crop water requirements-FAO Irrigation and drainage paper 56. FAO, Rome. 300: D05109. 

[2] Ambas, V. T., Baltas, E. 2012. Sensitivity analysis of different evapotranspiration methods using a new 

sensitivity coefficient. Global NEST Journal. 14: 335-343. 

[3] Debnath, S., Adamala, S., &Raghuwanshi, N. S. 2015. Sensitivity analysis of FAO-56 Penman-Monteith 

method for different agro-ecological regions of India. Environmental Processes, 2(4), 689-704. 

[4] Debnath, S., S.K., PeddaGhousePeera (2020). Irrigation and Fertigation in Protected Cultivation. In: 

Protected Cultivation and Smart Agriculture, New Delhi Publishers, pp. 40-54. 

[5] Djaman, K., Tabari, H., Balde, A. B., Diop, L., Futakuchi, K., Irmak, S. 2016. Analyses, calibration, and 

validation of evapotranspiration models to predict grass-reference evapotranspiration in the Senegal river 

delta. Journal of Hydrology: Regional Studies. 8: 82-94. 

[6] Estévez, J., Gavilán, P., Berengena, J. 2009. Sensitivity analysis of a Penman-Monteith type equation to 



International Journal of Modern Agriculture, Volume 9, No.4, 2020 
ISSN: 2305 - 7246 

  

244 

 

estimate reference evapotranspiration in southern Spain. Hydrological Processes: An International 

Journal. 23: 3342-3353. 

[7] Hemming, S., Mohammadkhani, V., Dueck, T. 2008. Diffuse greenhouse covering materials-material 

technology, measurements, and evaluation of optical properties. In International Workshop on 

Greenhouse Environmental Control and Crop Production in Semi-Arid Regions. 797: 469-475. 

[8] Irmak, S., Payero, J. O., Martin, D. L., Irmak, A., Howell, T. A. 2006. Sensitivity analyses and sensitivity 

coefficients of standardized daily ASCE-Penman-Monteith equation. Journal of Irrigation and Drainage 

Engineering, 132: 564-578. 

[9] Liang, L., Li, L., Zhang, L., Li, J., Li, B. 2008. The sensitivity of penman-monteith reference crop 

evapotranspiration in the Tao’er River Basin of northeastern China. Chinese Geographical Science. 18: 

340-347. 

[10] Singh, V. K., Tiwari, K. N., Santosh, D. T. 2016. Estimation of Crop Coefficient and Water Requirement 

of Dutch Roses (Rosa hybrida) under Greenhouse and Open Field Conditions. Irrigation Drainage Sys 

Eng. 5: 2. 

[11] Tabari, H., &Talaee, P. H. (2014). The sensitivity of evapotranspiration to climatic change in different 

climates. Global and Planetary Change. 115: 16-23. 

 


