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Estimation of wheat crop evapotranspiration using NDVI vegetation index

Sirisha Adamala'’, Yogesh Anand Rajwad& and Y.V. Krishna Reddy?

Agricultural and Food Engineering Department, Indiastitute of Technology, Kharagpur-721302, (WBehgal),
INDIA

“Central Research Institute for Dryland Agricult¢@RIDA), Hyderabads00059 (Telangana), INDIA
*Corresponding author. E-mail: sirisha@agfe.iitlggpet.in

Received: April 26, 2015; Revised received: November 6, 2015; Accepted: February 6, 2016

Abstract: The evapotranspiration of the wheat crop grown in Tarafeni South Main Canal (TSMC) irrigation
command area of West Bengal, India was estimated based on Normalized Difference Vegetation Index (NDVI) from
LANDSAT images. The crop evapotranspiration (ET.) of wheat crop was estimated using the crop coefficient (Kc)
maps and the reference evapotranspiration (ET,) in the TSMC irrigation command area. The ET,was estimated
from the well known temperature based ET, estimation method, i.e. FAO-24 modified Blaney-Criddle method using
measured maximum and minimum air temperatures data during January 2011 in the command area. The K. maps
were mapped in ARC GIS software using procured LANDSAT images for the study period. The area under wheat
crop was clipped from land use/land cover map generated from LANDSAT image of January, 2011 for winter
season. Further, the crop evapotranspiration map was obtained by multiplying K. map with the estimated ET, value
i.e., 5.76 mm/day for a particular day. The maximum crop evapotranspiration computed for Rabi crop was 5.57 mm/
day, whereas minimum was 1.59 mm/day for the TSMC command area.

Keywords: Crop coefficient, Irrigation, Reference evapotranspiration, Remote sensing, Vegetation index.

INTRODUCTION p_ractical guidelir_1e for. sch.eduling irrigation, bmpn—

, ) i siderable error in estimating crop water requireimen
Increasing water scarcity has lead to increasesspre  can occur due to their empirical nature (Jagtap and
on irrigation engineers to utilize water resourceSe  jones, 1989). Therefore, it becomes necessary ke ma
efficiently for irrigation (Adamalaet al., 2014). For  corrections in crop coefficient values as per local
effective water management, the estimation ofcongitions. Wheat (Triticum aestivum L.) is the mos
evapotranspiration is vital. Unfortunately, foresftive important cereal crop after rice in West Bengadlian
water management, large irrigation s_chemes ”ee%andyopadhyay and Mallick (2003) estimated K
up-to-date reql time |nf0rrr_1at_|on on the irrigate@a@  \z)ues for wheat crop at four crop growth stages
the crops being grown within the command area Ofnamely initial, crop development, mid season, and
each canal, and also the data on the amount off wat§natyrity for local conditions of West Bengal, India
being used by each crop. This information is nayea gatellite remote sensing gives opportunities to itoon
to obtain as many irrigation schemes are vast, 1COVe|ang surface conditions and status of water ressurc
hundreds, and sometimes thous:';\nds_ of square miles, gifferent spatial and temporal resolutions. Tibed
and have vast numbers of farms; their scale sgverelyrises to utilize remote sensing for estimatingpcro
limiting the effectiveness of data collection. 3d&  \yater requirement in irrigation commands. The crop
images provide a powerful tool for the identificatiof  coefficient generated from remote sensing responds
crops and when used in conjunction with geographicasctyal crop condition in a field and captures the
information systems (GIS) have proved to be eféecti \aiability among different fields, which occursedto
for land use and crop identification (Gontia and gitferent dates of sowing of wheat crop, soil afeddf
Tiwari, 2010). conditions.

Crop evapotranspiration (EJTrepresents crop water \ishra et al. (2005) estimated crop coefficients of
demand and governed by weather and crop cond|t|0n§{:1ddy crop grown in irrigation command using remote
and most of the current water demand models A'%ensing data; however, the impounded water
non-spatial models, they use point data of ref&enc packground in paddy fields might have influencee th
evapotranspiration (EJ and crop coefficient values crop reflectance and affected the results to atgrea
from available literature (Doorenbos and PruittyZp  extent. Scientists used remote sensing based viegeta
Crop coefficient (K) is an important parameter for jngices for predicting crop water requirement orgéa
irrigation scheduling and water allocation. Crop gcgle (Ray and Dadhwal 2000; Gontia and Tiwari 2004

coefficient values taken from literature may previd etc.). Allen et al. (2005) described the developmen
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procedure and figures for estimating K varies with  during June to September, moderately hot and dry in
wetting frequency, evaporative demand, and water-autumn (October and November), cool and dry in win-
holding capacity of the upper soil layer. Jayasttal. ter (December and January), and moderate in spring
(2007) estimated daily ETfor potato using basal and (February and March). The site receives an
canopy reflectance based crop coefficients. Theyl us average annual rainfall of 1400 mm with an occureen
hand-held radiometers and high resolution multispec of 70-75% of the total rainfall in the monsoon nient
digital imagery and studied hydrologic water batanc (June to October). The average daily temperature
in the plant root zone. High resolution multispattr varies between 21 °C in December/January and 32 °C
aerial imagery was used to highlight the spatialin May/June.

variability of actual crop water demand in the stud Data used: To conduct this study, various satellites
fields. Thus both the crop coefficients and vegetat based and climatic data was used which is mentioned
indices (derived from reflectance) are affecteddnf in Table 1. The LANDSAT satellite image (Fig. 2)
area index and fractional ground cover. These @n bwith 10-01-2011 date of passing was downloaded from
correlated and crop coefficients can be generatgdju  United States Geological Survey (USGS) website
remote sensing derived spatially and temporally(http://www.usgs.gov/pubprod/aerial.html#satellite)
distributed vegetation indices. Remote sensingstssi The topographic sheets of Kolkata and Jamshedpur
in estimation of crop evapotranspiration on largea required for this study were obtained from Univirsi
extent in irrigation commands in short period ohdi of Texas Libraries (http://www.lib.utexas.edu/maps/
economically and with reliability. In some of thases  ams/india/). As the TSMC command area falls in the
actual Kk values are significantly different from those states of Kolkata and Jamshedpur, both of their
suggested by the Food and Agricultural Organizationtopographic sheets was merged to obtain the stagy m
of the United Nations indicating the need for gater of TSMC command area (Fig. 3). Landsat 5 Thematic
ing these values at the local/regional level Mapper (TM) has 7 different bands with different
(Bandyopadhyay and Mallick, 2003). The presentcharacteristics which are shown in Table 2. Thedat
study has been undertaken to estimate evapotratiepir acquired by this satellite is for every 16 dayseSé
demand of wheat crop for irrigation scheduling in bands are useful for extracting various information
Tarafeni South Main Canal (TSMC) irrigation related to vegetation, temperature, clouds, soll
command using Normalized Difference Vegetation moisture, biomass, rocks, minerals, etc. The sofw

Index (NDVI) vegetation index. used for processing various satellite images and
conducting this study were include: Erdas Imagirie 9
MATERIALS AND METHODS Arc GIS 9.3, and Google Earth Pro.

TWE

Study area: The study was conducted to estimate the;
crop evapotranspiration through remote sensing a
GIS techniques for Tarafeni South Main Canal.
(TSMC) Command area. The study area is locate-
between 86°45’'E to 87°15’E longitude and 22°15'N t

22°45'N latitude is a part of right bank main caoél |’

5 Ty
Kangsabati project and supplemented with a barrag "~ . = Q

on Tarafeni river in the Pashchim Midnapur distriof { - cras
West Bengal state of India. The gross irrigatiome \\ /Q\i, — S
mand area of TSMC is about 70,450 ha and major Rri h |

crops grown are paddy in monsoon season, wheat, po- e o
tato, mustard and vegetables in winter season {&ont 8°45 E 8700 E

and Tiwari, 2004). At present overall irrigationfief AN e | 2

ciency (the ratio of water available for crop te tha-

ter supplied from reservoir) for paddy crop is 3@
about 45% for other crops as per the annual report-
2001 of Kangsabati Command Area Development
Authority (Gontia and Tiwari, 2010). Low irrigation
efficiency can be improved by proper irrigation
scheduling as per crop water demand. About 50% of
irrigation command area is under cultivation, more

than 40% area is covered by forest, and remainieg a T

is orchards, fallow land, wasteland and establistime .

TSMC
COMMAND
WITH CANAL

—| 2218 N

Soil of the location is acid lateritic with sandyam in 86°45" E Freep

texture. The climate of TSMC Command area is

Fig. 1. Location map of the Tarafeni south main canal

classified as humid and subtropical. It is chandxbel (TSMC) command area

as hot and humid in the summer (April and May)yai
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Calculation of reference evapotranspiration (ET): t0 Quamax (Watt m? stef' pm™), Lyin = Spectral radiance
The collected meteorological data was used to comscaled to Qmin (Watt m? ster* pm™), Q.o = Quantized
pute ET using FAO-24 modified Blaney-Criddle calibrated pixel value (DN), @min = Minimum quantized
method (Eq. 1). The reason for selecting this netho calibrated pixel value corresponding t@id. Qeaimax =

for computation of EJ because of its simplicity and Maximum quantized calibrated pixel value corresjamd

easy availability of data. t0 Lmax
— * From meta data header file, information which is
ET, =p ( 0.46 * Tean * a 1) obtained with the image from Global Land Cover

Facility (GLCF) site (http://glcf.umd.edu/),

Qcaimax= 255, and Qmin=0

For band 4: kax= 221 and k, = -1.51

For band 3: kax= 264 and ly, = -1.17

Step 2:Conversion from radiance to reflectance as:

Where, ET = Reference crop evapotranspiration (mm
day’) as an average for a period of one montha =
Mean daily air temperature (°C), p = Mean daily
percentage of annual daytime hours.

Calculation of crop coefficients (K): The crop

coefficients for various major crops grown in TSMC T*L*d?
command area can be estimated empirically from the ' = P
remote sensing derived vegetation index i.e. nézewl Esun* Cosh * dr 3)

difference vegetation index (NDVI) values. In order  where, r = Planetary reflectance (dimensionless}, L
calculate NDVI, we first need to calculate the $FﬂC Spectra| radiance at the sensor aperture (Wéﬂ;tﬂl’l

radiance and then reflectance for Band 3 (Red) anqlm'l), d = Inverse square of earth-sun distance
Band 4 (Near Infrared). Spectral radiance is thlgaing (astronomical unit).
radiation energy of the band as observed at theotop ¢, = 1 +0.033 Cos (D *2 * 3.14)/365) (4)

the atmosphere by the satellite. The four stesder  Where, D = Day of the year (352)s5= Mean solar
to calculate Kis provided in detail below: 0

Step 1: Conversion from digital number to spectral atmospheric irradiances (wattamm™), = Solar
radiance as: B B
(Lmax- L mip) * (Q car Q caimi) zenith. angle (degregﬁ, = .(90 - ), and :_Sgn
L= + Lmi elevation angle provided in LANDSAT header filej.e
(Qcalmax- Qcalmin) (2) 43.173.

Where, L = Spectral radiance at the sensor apertur

Eor band 4: E,,= 1036 watt i pm*
(watt m? stef* pm™), Lnax = Spectral radiance scaled

or band 3: E,,= 1554 watt nf um*, and
Step 3:Computing NDVI from reflectance as:

Table 1.Data used for this study

Satellite data

Satellite Sensor Row/Path Date of passing
Landsat 5 ™ 139/44 2011-01-10

Survey of India (SOI) topographic sheet
* Kolkata: Scale: 1:250,000 (NF 45-7)

®  Jamshedpur: Scale: 1:250,000 (NF 45-6)
Meteorological data

® Latitude of TSMC command area
®  Daily minimum and maximum temperatures for Janu2@y,1

Table 2.Various characteristics of Landsat5 TM.

Spectral Bands Wave- Potential Information Content Resolution
length (um) (m)

Band 1 Blue 0.45-0.52 D|scr_|m|n§1tes soll and rock s_urfaces from vegetatlo 30
Provides increased penetration of water bodies

Band 2 Green 0.52-0.60 Useful for assessing plaoat v 30

Band 3 Red 0.63-0.69 Discriminates vegetation slope 30

Band 4 Near IR 0.76-0.90 Biomass content and sinexel 30

Band 5 Mid IR 155-1.75 D|scr|m|nate§ moisture content of soil and vegetsti 30
penetrates thin clouds

Band 6 Thermal IR 10.4-12.5 Thermal mapping ansineséd soil moisture 120

Band 7 Mid IR 208-235 Mapping hydrothermally altered rocks associatedh wit 30

mineral deposits
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Fig. 2. Layer stacked image for the study area (Source: -
http: //www.usgs.gov/pubprod/aerial .htmi#satellite) e

NDVI is a simple numerical index to assess the pres:
ence of live green vegetation. NDVI takes the value
from -1 to 1. The higher the NDVI, higher the fiact .
of live green vegetation present in the scene. gand .=’
band 4 (0.77-0.90 pm) measures the reflectancéR”n N

region and Band 3 (0.63-0.69 um) measures thecrefle Fig. 3. Mosaic of two topographic maps (Kolkata and
tance in Red region. The model for calculating NDV Jamshedpur) for getting required the study area (Source:

for each pixel from classified map is given below: http://www.|ib.utexas.edu/maps/ams/indial)
NDvl= VIR -R of an irrigation command area. But because of poese
NIR + R 5 of the study area in both the topographic maps i.e.
Where, NIR = Reflectance in near infrared wavelbngt Kolkata and Jamshedpur, it is required to perform
and R = Reflectance in red wavelength. ‘mosiacking’. Mosaicking is the process of combgin
Step 4:Computing crop coefficients (Kas: multiple images into a single composite image.alt ¢

The method proposed by Brunsell and Gillies (2a62) Pe used to combine pixel-based images, to lay out
obtain the K values for Rabi crop was used here. TheiMmages for publication or map composition, or as a
method computes the Kased on fraction of vegeta- Means for combining georeferenced images into an

tion cover and fraction between the emissivity afep  IMage covering a larger geographic area. The False
soil and a full canopy. Colour Composite(FCC) of image with bands 1, 2,

and 3 (Green, Red, and NIR bands, respectively) is
(NDVl_NDWO) shown in Fig. 5. Since, it is false color compasite
(NDVImaX—NDVI O) vegetation is represented red color due to its high
i (6) reflectance in the near infrared spectral bandchvhi
Where, NDV} = Bare soil NDVI value of the Landsat \yas ysed as the red component in the color congposit
scene and NDV. = Maximum NDVI of the scene The sample profile of selected bands of FCC shows
corresponding to full cover dense vegetation. that the band 1 (Green band) has higher gray values

Then crop coefficient becomes, K N (@) followed by band 2 and band 3 (Red and NIR band),
Calculation of crop evapotranspiration (ET.): The  regpectively. A false color composite of near irdch
calculated ETfrom FAO-24 modified Blaney-Criddle s yseful for observing spatial distribution of the

method is combined with developed iaps to compute  yegetation in the Landsat scene.

crop evapotranspiration for TSMC command area. Generation of Land Use Land Cover (LULC) Map:
ET.= K.,*ET, The Land use land cover (LULC) map of winter sea-
) i )(8 . son of TSMC irrigation command was prepared for the
Fig. 4 showing the procedure adopted for computingstydy area occupied by different classes. The LULC
crop evapotranspiration (EJffor this study. classes of TSMC irrigation command in winter season
RESULTS AND DISCUSSION include water bodies, dgsert forest, or_chardspvﬁall
lands, Rabi crop, vegetation, and establishmemidjsa
Generation of false colour composite (FCC) map: lands as shown in Fig. 6. The unsupervised cleatn
For getting required study area i.e. Tarafeni Southwas performed on the FCC image and the final output
Main Canal (TSMC), it is necessary to digitize bdany ~ map of the land use land cover of TSMC command is
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shown in Fig. 6. In the unsupervised classificatiom ~ wheat crop were generated through satellite imafes
pixels in an image are examined and aggregatedainto different dates. The vegetation index (NDVI) getesta
number of spectral classes based on the natunapigep  for wheat cropped area were correlated with the cro
or clusters present in the image value. Because theoefficients (K) of Food and Agricultural Organization
spectral classes are based on the natural groupings (FAO) to develop regression equations (Gontia and
the image values, their identity is not known . Tiwari, 2010). The K values of wheat crop grown in
Therefore, the classified data was compared with th local conditions of the study area (West Bengaljdh
reference data or ground truths to determine thewere developed by Bandyopadhyay and Mallick
identity and informational value of the spectralssdes.  (2003) were also used in this study. Fig. 12 shthas
For statistical analysis of land use land covesdgifa the range of crop coefficient values for Rabi crops
cation the error (confusion) matrix of land usedlan The maximum K computed is 0.56-0.97, whereas
cover classification of winter season was developed minimum is 0.0009-0.29. From FAO 24 bulletin the
was found that for LULC classification of winter range of 0.56-0.97 (Alleet al., 2005) is assigned to
season the overall accuracy and overall Kappawheat crop for crop development stage where as
statistics (k) were 78.00% and 0.712, respectively.0.0009-0.29 assigned to crop initial stage. Theara
According to Manserud and Leemans (1992) thesefor getting this variation in Kvalue is may be due to
statistics revealed that the LULC classificatiomi®d  variation of different sowing rates. Similar typlecoop
and can be accepted for analysis. coefficient values for this region was recommenbgd
Generation of radiance and reflectanceanaps: The Bhadraet al. (2009).

radiance and reflectance maps of band 3 and band @&eneration of crop evapotranspiration (ET.) maps:
required for NDVI calculation are shown in Figsaid ET, values for January month of wheat crop were
8. The results obtained by FAO-24 modified Blaney- computed using FAO-24 modified Blaney-Criddle

Criddle method are shown as: method (Eq. 1). The output of pixel-wise Kap was
Mean air temperature (I, for January, 2011 = 25.7€ multiplied with computed reference evapotranspirati
Latitude of the study area = 29 (ET,) in software ARC GIS to generate the Hilaps.
Therefore, for this latitude the value of p = 0.294 Fig. 13 shows the crop evapotranspiration map
The calculated EJ= 5.76 mm/day generated from clipped Rabi crop area. The crop

Generation of normalized difference vegetation evapotranspiration map was obtained by multiplying
index (NDVI) maps: Fig. 9 shows the NDVI values K. map with the reference evapotranspiration i.e65.7
for all land use land classes. Here, maximum NDVImm/day. The maximum crop evapotranspiration
value computed was 0.649, whereas minimum is -computed for Rabi crop is 5.57 mm/day, whereas
0.219. Generally, NDVI values for vegetation, water minimum is 1.59 mm/day. Similar results of estindate
and bare soil are > 0.1, <0 and 0 to 0.1, respagtiv  average value of crop evapotranspiration were found
Therefore, most of this study area falls underby Gontia and Tiwari (2010) in this particular spud
vegetation condition, as the NDVI value is >0.1oir  area. Further, some of results were reported in the
ground truth analysis also it is conformed thas thi study conducted by Mishra et al. (2005) for padaypc
study area consists of most of the wheat cropin TSMC irrigation command in West Bengal, India
cultivation. These results were also strengthebinghe  and Ray and Dadhwal (2000) in Mahi river irrigation
findings of Bhadrat al. (2009) and Bhadret al. (2015). command in Gujarat, India. Therefore, it can be
Figs. 10 and 11 show that different NDVI values concluded that this remote sensing based procesure
generated for only one land class i.e. Rabi (wheat) capable of estimating crop water requirement of the
which can be obtained by clipping Rabi crop areascommand satisfactorily for the wheat crop.

from base map (Google Earth Pro). This range of )

different NDVI values for Rabi crop can be obtained Conclusion

by classifying Fig. 11 by knowledge engineer The crop evapotranspiration of the wheat crop grown
classification. The results obtained are SUppOI’th’@ in TSMC irrigation command area of West Bengaj,
similar study conducted by Mishra et al. (2005) for |ndia was estimated based on NDVI vegetation index
paddy crop in TSMC irrigation command (West of LANDSAT images (K maps) and the reference
Bengal, India) and Ray and Dadhwal (2000) in Mahi eyapotranspiration (EJ for irrigation command area.
river irrigation command (Gujarat, |nd|a) Therefothe Based on these regression equations thmms were
information generated can be used to supply apptepr generated from NDVI values for January 2011 of the
amount of irrigation water at different locatiorfsirtiga- ~ \wheat crop season. The class accuracy statistits an
tion command as per the actual crop water demand. overall Kappa statistics of the land classificativas
Generation of crop coefficient (k) maps: The NDVI  apout 78.00% and 0.712 respectively. These valees a
maps were generated for wheat cropped area of TSMGatisfying the classification criteria of Manseradd
irrigation command, which have monitored for ground eemans (1992). The maximum NDVI computed was

truths data also. For each site, the average.649, whereas minimum was -0.219. The range of
values of NDVI were recorded. Crop coefficients of maximum Kk computed was 0.56-0.97, whereas
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Fig. 4. Flow diagram for the estimation of crop evapotranspiration (ET,)

Legend
Water
Dense Forest
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RabiCrop
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0 135270 540 810 1,080
0 135270 540 810 1.080 - e Kilometers

Fig. 5. FCC map for the study area Fig. 6.Land use/Land cover map for the study area
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Band 3 Radiance e

Band 4 Radiance NDVIValues

! High: 82.58 - High:0-642

Low:18.66 " ) -

I Towcdd s Low: 0.219

0 135270 540 810 1,080 0 135270 540 810 1,080 0 135270 540 810 1,080
- —— — 0TEtErS - —— — 0meterS [ = Kilometers
Fig. 7. Radiance maps generated for band 3 (Red) and Fig. 9. NDVI map generated for the study area including
band 4 (NIR). all classes.

Band 3 Reflectance
Band 4 Reflectance

High: 0.213

High: 0.319

Lawiis Low:0.051 0 135270 540  B10 1,080
0 135270 540 810 1,080 0135270 540 810 1,080 o Kilometers
- — e lometers - — e lometers

Fig. 8. Reflectance maps generated for band 3 (Red) and Fig. 10. NDVI map generated for clipped Rabi crop area.

band 4 (NIR) .
N
W+E

s

Legend

P 0.0009-029 E

B 020037

[ o0.37-0.45

0.45-0.56
Bl 0.56-0.97

0 135270 540 810
-——

0 135 270 540 810 1,080
-——

Fig. 11. Clipped map generated for only one land class of Fig. 12. Crop coefficient map generated for clipped Rabi
Rabi crop area. crop area.
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Legend
[[7] 0.00551.59
B 150200
[ 2.002.61
2.61-3.21

B 321557

0 135270 540 810 1,080
- Kilometers

Fig. 13. Crop evapotranspiration map generated for
clipped Rabi crop area.
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day, whereas minimum was 1.59 mm/day. The resultg3ontia, N. K. and Tiwari, K. N. (2004). Crop evapoispiration
obtained are supporting the similar study estimation using temporally distributed normalizkifier-

conducted by Mishrat al. (2005) for paddy crop in ence vegetation index. Paper presented in

A international conference on emerging technologiexgri-
TSMC irrigation command (West Bengal), Ray and cultural and food engineering held at IIT Kharagjnudia.

Dadhwal (2000) in Mahi river irrigation command gontia, N. K. and Tiwari, K. N. (2010). Estimatiafi crop
(Gujarat), and Gontia and Tiwari (2010) and Bhaara coefficient and evapotranspiration of wheatificum

al. (2009 and 2015) in TSMC command (West
Bengal). Therefore, the information generated can b

used to supply appropriate amount of irrigationewat
different locations of irrigation command as pee thc-

tual crop water demand. This will save considerable

amount of water supplied in the late growth stafgerap
and improve the application efficiency of canalteys

The study shows new vistas for application of re&mot
sensing and GIS in water management of wheat crop.
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