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Abstract  Assessment of irrigation performance for any 
irrigation scheme becomes necessary to know about 
effectiveness in terms of its operational management and 
socio-economic impacts. This study will focus on the 
performance assessment parameters computed using 
meteorological, optical datasets, and ground measurements 
for the Narayanpur Command Area. Net crop area is 
calculated for both Kharif and Rabi seasons using Optical 
Datasets for 2018-19. Atmospherically calibrated Sentinel 
2 MSI images were used to identify major crop types by 
using supervised algorithms. Actual and Potential 
Evapotranspiration was also computed from 
meteorological datasets for the same duration. The surface 
Energy Balance algorithm was used for calculating 
potential Evapotranspiration. Crop water stress index and 
crop coefficient were computed and multiplied with 
potential evapotranspiration for getting actual 
evapotranspiration. It was observed that the actual 
evapotranspiration for both Kharif and Rabi crops varied 
from 700 mm to 1550 mm. The temporal scale for each 
growth stage was evaluated to analyse operational 
performance based on the growth phase of major crops 
grown in the Narayanpur command area. For performance 
assessment, depleted fraction, relative evapotranspiration, 
and relative water supply index were calculated. Most of 
the growth stages’ depleted fractions varied from 0.6 to 0.9 
and relative evapotranspiration varied from 0.7 to 0.92. 
The relative water supply for Kharif was estimated as 1.05 

and for Rabi, it was 0.69. 

Keywords  Evapotranspiration, Irrigation Performance 
Assessment, and Meteorological Datasets 

1. Introduction
The increase in population and decrease in cultivable 

land availability with climate change have increased the 
demand for irrigated agriculture. According to NITI Aayog, 
India's water scarcity affects 1 million people each year [1]. 
India has 18% of the world's population but 4% of the 
world's freshwater resources [2], out of which 80% is used 
for agriculture [3]. So to distribute these courses, numerous 
irrigation projects are undertaken by our government. 
Whether these projects serve the purpose or not can be 
determined by computing the performance assessment. 

Irrigation and drainage performance evaluation is an 
activity that aids in the planning and implementation of any 
project improvements by monitoring and assessing water 
delivery activities [4]. An irrigation scheme has various 
performance indicators, such as operational performance, 
strategic performance, diagnostic performance and 
comparative performance [5,6,7]. All of the 
aforementioned accomplishments are tied to the 
socioeconomic, institutional, financial, and technological 
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aspects of irrigation management for water distribution, 
crop productivity, and water consumption. The indicator 
should be scientifically validated, simple to use, 
quantitative, unbiased, and cost-effective [8]. 
Measurements of the water balance, such as discharge, 
evapotranspiration, effective precipitation, cultivated area, 
and yield, are regarded as critical indicators for measuring 
performance [9]. Most of these indicators are collected by 
field campaigning and are expensive plus labor-intensive. 

Moreover, it is not possible to cover large catchment 
areas. This limits the ability to analyse performance 
metrics such as water distribution system equity and 
adequacy across customers in different regions of the 
irrigation network [10,11]. As a result, different 
performance assessment methods of an irrigation system 
using remote sensing techniques are required [12,13]. 

In recent decades, there has been an improvement in 
remote sensing datasets' spatial, temporal, spectral, and 
radiometric resolutions. Along with that, there has been an 
improvement in getting timely meteorological datasets like 
temperature, rainfall and wind speed [14,15]. Optical and 
microwave remote sensing datasets help analyze the crop 
phenological cycle, estimating cropped areas and yield at 
the end of the season [16]. Meteorological datasets can be 
used as input parameters in surface energy balance 
algorithms (SEBAL) for computing evapotranspiration 
[17]. 

Some of the performance indicators can be derived 
entirely from remote sensing information, while others can 
be derived entirely from field measurement datasets. 

Many works were carried out to assess performance 
indicators in Indian irrigation networks by using remote 
sensing and field datasets. Adequacy, equity and 
agricultural productivity were computed in Mahi command 
area [18]. The amount of data collected in fields limits the 

amount of data that can be used to study irrigation 
performance. As a result, remote sensing and hydrological 
modelling, paired with field-collected data, can be used to 
provide a more complete view of the irrigation system [19]. 
Water allocation practices without taking into 
consideration groundwater potential and agricultural 
productivity are considered as unsustainable. So, specific 
studies for assessing irrigation performance has been 
carried out by taking into consideration, the parameters that 
are related to identifying constraints in agricultural 
performance and its sustainability [20]. 

The main objective of this study is to select relevant 
performance indicators based on the remote sensing and 
ground measured data available. For estimating actual 
cropped area from optical datasets, supervised 
classification is used. Emphasis was also given to 
identifying the critical limits for these indicators based on 
practical situations. 

2. Study Area and Datasets Used 

2.1. Study Area 

The Narayanpur command area is a part of the Krishna 
river basin, which comes in the Gulbarga and Raichur 
districts of Karnataka. It lies between 77005' to 76077'E 
longitude and 1606' to 16034’ 'N latitude. The annual 
rainfall in 2018-19 was 711mm and the average yearly 
annual temperature was 270C. The max and min 
temperatures were 390C and 270C respectively.  

It has a gross cultural command area of 3, 84,997 ha. It 
has primarily black cotton soil and red soil. The location of 
the catchment area is shown in figure 1. 
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Figure 1.  Location of Narayanpur Command Area 
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2.2. Datasets Used 

Table 1.  Data Collected 

Data Type of Data Source of Data 

Sentinel 2 MSI 
(Cloud Free Datasets Were Used from 

Date: 1 June 2018 to 31 May 2019) 

Multispectral Datasets Containing Visual and Near 
Infra-Red Spectral Channels 

Downloaded from 
https://scihub.copernicus.eu/ 

Ground truth Datasets 
(Date: 18th to 20 September 2019) 

Information like crop types, irrigation source, growth 
stage, and date of sowing was collected. Field Visit 

Climate Data 
Temperature, Precipitation 

(Date: 1-June-2018 to 31 May 2019) 
Daily Gridded Values of Rainfall and Temperature http://cdsp.imdpune.gov.in/ 

Irrigation water supply 
(Date: 1-June-2018 to 31 May 2019) 

The measured flow rate in main Canal in cusecs https://cadarsms.cgg.gov.in/ 

3. Methodology 
The methodology for the assessment of performance evaluation is illustrated in figure 2. The steps involved are (1) 

Identification of major crop types and their acreage; (2) Estimation of reference evapotranspiration and crop 
evapotranspiration; (3) Estimation of crop water stress and actual evapotranspiration; (4) Selection of suitable 
performance indicators and their estimation. 

 

Figure 2.  Flowchart showing overall methodology adopted in this study 

https://scihub.copernicus.eu/
http://cdsp.imdpune.gov.in/
https://cadarsms.cgg.gov.in/
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Figure 3.  Flowchart describing the methodology of using Remote sensing for Crop Classification 

3.1. Identification of Major Crop Types and Their 
Acreage 

Crop phenological cycles are well captured by 
multispectral datasets [21]. This helps in the identification 
of crop types and their acreage area [22]. In this study, crop 
types and spatial distribution were obtained from 
Sentinel-2 MSI using Maximum likelihood classification. 
The methodology for this is illustrated in figure 3. 

The Sentinel 2 datasets were subjected to preprocessing 
functions like radiometric calibration, Layer stacking and 
mosaicking [23]. Then these datasets were clipped 
according to our study area. Spectral signatures were 
generated by using ground truth samples from these 
multispectral images. According to information collected 
during ground surveys, it was observed that kharif crops 
are sown mostly in the first week of July and rabi crops 
were sown in the last week of December. So their peak 
vegetation stages are obtained during the end of October 
and the first week of November. Similarly, the peak Rabi 
crop is observed in the last week of February or the first 
week of March. So, images corresponding to those dates 
were selected for classification purposes. 

3.2. Estimation of Reference Evapotranspiration and 
Crop Evapotranspiration 

The evapotranspiration of a hypothetical surface of 
green grass of uniform height, actively growing, entirely 
shading the ground, and appropriately irrigated is referred 
to as reference evapotranspiration (ETo). ETo estimates 
that are accurate and essential for effective water resource 
management, irrigation system design and scheduling, and 
environmental evaluation [24,25,26]. 

There are a variety of ways for calculating ETo. 

However, if the appropriate datasets are available, the Food 
and Agricultural Organization of the United Nations 
recommends the Penman-Monteith method (FAO-56) as 
the sole method for estimating ETo [27]. The FAO-56 
Penman-Monteith approach is a physical-based approach 
that can be utilised worldwide with no further parameter 
adjustments. Temperature, relative humidity, sun radiation, 
and wind speed are all measured. Because such datasets 
were unavailable, another alternative method, 
Hargreaves-Samani (HS), was used to calculate ETo. 
Hargreaves–Samani (HS) is a simple method for 
calculating Reference Evapotranspiration that relies solely 
on temperature and extraterrestrial radiation (ETo).This 
method was further calibrated to reduce the overestimation 
of ETo values [28]. The equations used in this study are 
described below.  

ETo= 

0.023*0.408*Ra*(Tavg +17.28)*(TMAX-TMIN)0.424   (1) 

ETo= Reference Evapotranspiration 
0.023 is the empirical coefficient & 0.408 is a converting 

coefficient for converting Extraterrestrial radiation from 
MJ m-2 day-1 to (mm/day) 
Ra= Extra-Terrestrial radiation 

TMAX, TMIN & TAVG = Maximum, minimum and 
average temperature measured in degree centigrade (0C). 
Extraterrestrial radiation was calculated from the formula 

Ra= 24∗60
𝜋

∗ 𝐺𝑠𝑐 ∗ 𝑑𝑟 ∗ [Ϣ𝑠 ∗ 𝑆𝑖𝑛(ф) ∗ 𝑆𝑖𝑛(𝛿) + 

+𝐶𝑜𝑠(ф) ∗ 𝐶𝑜𝑠(𝛿)𝑆𝑖𝑛(Ϣ𝑠)         (2) 

Ra extra-terrestrial radiation [MJ m-2 day-1], 
Gsc solar constant = 0.0820 MJ m-2 min-1, 
dr = inverse relative distance Earth-Sun (equation 4), 
Ϣ𝑠 =sunset hour angle (equation 6) [rad], 
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Ф = latitude [rad] (equation 3), 
𝛿 = solar declination (equation 5) [rad]. 

[Radians]= 𝜋
180    

* [Decimal Degrees]       (3) 

Dr = 1 + 0.033* 𝐶𝑜𝑠( 2𝜋
365  

J )           (4) 

δ =0.409* 𝑆𝑖𝑛( 2𝜋
365  

J − 1.39)          (5) 

Ϣs = 𝐴𝑟𝑐𝐶𝑜𝑠[−𝑇𝑎𝑛(ф) ∗ 𝑇𝑎𝑛(𝛿)]        (6) 

Crop evapotranspiration (ETc) is defined as the amount 

of water lost by a crop cultivated in big fields under typical 
parameters like good agronomic and soil water conditions 
[29]. In terms of ground cover, canopy characteristics, and 
crop aerodynamic resistances, the ETc differs from the 
ETo [30]. Crop coefficient Kc [31] incorporates the 
influence of traits that distinguish field crops from grass. 
Crop evapotranspiration is calculated by multiplying ETo 
by a crop coefficient (Kc) (ETc).The overall methodology 
is shown in figure 4. The value of Kc taken for different 
crops is illustrated in figure 5. 

 

Figure 4.  Flowchart describing the methodology adopted for calculating Reference Evapotranspiration and Crop Evapotranspiration 

 

Figure 5.  Graph describing Crop Coefficient variation w.r.t Crop Stages (F.A.O 56) 
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3.3. Estimation of Crop Water Stress Index (Ks) and 
Actual Evapotranspiration (Eta) 

The amount of water taken from the earth's surface 
owing to evaporation and transpiration is known as actual 
evapotranspiration [32]. It includes determining soil water 
depletion and crop water productivity (crop water-use 
efficiency) in both total and limited-irrigation regimes, 
both of which are important factors impacting food 
production globally and in India [33]. In-season irrigation 
management, assessment of water supply, demand, and use, 
hydrologic balance analyses, and water resource allocation 
all require accurate quantification of ETa, especially in arid 
and semiarid regions where supplementary irrigation is 
essential for the sustainability of food and fibre production 
[34]. Equation 7 is used to compute actual 
evapotranspiration. Figure 6 depicts the approach used to 
estimate actual evapotranspiration. 

ETa = ETc * Ks             (7) 

ETa = Actual Crop evapotranspiration 
Ks = Soil Water Stress Condition 
ETc = Crop Evapotranspiration (ETc) / Potential 

Evapotranspiration (ETp) 
Soil water stress is the physical property of the soil in a 

given meteorological condition. It is determined by using 
various parameters as described in equation 8. 

Ks=TAW−Dr,i
(1−p)TAW

                (8) 

Ks= Soil Water Stress 
TAW = Total available water in the root zone (mm) 
Dr,i = Root Zone depletion is calculated by equation 10.  
P = Fraction of TAW that a crop can extract from a root 

zone without suffering water stress. The value for this 
study is assigned from the table 22 present in FAO 56 
Manual [35]. 

Total Available water is the amount of water that a crop 
can extract from its root zone and its magnitude depends 
upon the type of soil and its rooting depth. TAW is 
calculated by using equation 

TAW = 1000(θFC  - θWP ) *Zr         (9) 

θFc = The water content at field capacity [m3 m-3] 
θWP = The water content at wilting point [m3 m-3] 
Zr = The rooting depth [m] 

As numerous characteristics of the soil water budget are 
commonly expressed in terms of water depth, Dr,i is a daily 
component that involves adding and subtracting losses and 
gains. Rainfall, irrigation, and the capillary rise of 
groundwater towards the root zone replenish the root 
zone's water supply and reduce root zone depletion. 
Evaporation from the soil, crop transpiration, and 
percolation losses all deplete the root zone's water supply. 
In terms of depletion at the end of the day, the daily water 
balance is: (FAO 56 Manual Chapter 8) 

Dr,i = Dr,i-1 – (P-RO)i- Ii – Cri + ETci + Dpi  (10) 

Dr,i-1 = initial depletion at the end of the day I [mm]. It 
is calculated by using equation  

Precipitation (P), runoff (RO) and irrigation (I) 
measured in [mm] 

These are daily meteorological parameters that are from 
the sources described in table 1. 

CR = Capillary rise measured daily in [mm]. The 
amount of water carried from the water table to the root 
zone by a capillary rise. It is determined by the soil type, 
water table depth, and root zone moisture. Because the 
water table is higher than 1m, CR is considered to be 0. 

DPi = Deep percolation is measured in millimetres per 
day. The soil water content in the root zone may exceed 
field capacity due to significant rain or irrigation, therefore 
it might be presumed to be zero. 

 

Figure 6.  Flowchart describing the methodology adopted for Water Stress and Actual Evapotranspiration 
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3.4. Selection of Suitable Performance Indicators and 
Their Estimation 

The performance of irrigation network can be defined as 
"the extent to which the land and water resources in the 

irrigation schemes are planned for allocating to different 
users based on their spatial and temporal requirements, 
which are planned to depend upon operational capacity and 
objectives of irrigation scheme" [9]. Various types of 
performance indicators are listed in Table 2. 

Table 2.  Brief overview on the types of performance indicators, their definition and their criteria 

Performance Definition Criteria 

a. Quality of service, crop water demand, crop water use and drainage 

Irrigation system 
efficiency 

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 𝑟𝑒𝑐𝑒𝑖𝑣𝑒𝑑 𝑎𝑡 𝑓𝑖𝑒𝑙𝑑
𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑒𝑑

 Efficiency 

Delivery performance 
ratio 

𝐴𝑐𝑡𝑢𝑎𝑙 𝑓𝑙𝑜𝑤 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟
𝐼𝑛𝑡𝑒𝑛𝑑𝑒𝑑 𝑓𝑙𝑜𝑤 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟

 Adequacy, equity reliability 

Overall consumed ratio 
𝐸𝑇𝑝𝑜𝑡 − 𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑝𝑟𝑒𝑐𝑖𝑝𝑖𝑡𝑎𝑡𝑖𝑜𝑛

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 𝑑𝑖𝑣𝑒𝑟𝑡𝑒𝑑 𝑎𝑡 𝑖𝑛𝑡𝑎𝑘𝑒 + 𝑜𝑡ℎ𝑒𝑟 𝑖𝑛𝑓𝑙𝑜𝑤𝑠
 Efficiency 

Field application 
efficiency 

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 𝑛𝑒𝑒𝑑𝑒𝑑 𝑏𝑦 𝑐𝑟𝑜𝑝 (𝐸𝑇𝑝𝑜𝑡 − 𝑃𝑒)
𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 𝑟𝑒𝑐𝑒𝑖𝑣𝑒𝑑 𝑎𝑡 𝑓𝑖𝑒𝑙𝑑

 Efficiency 

Relative water supply 
𝑇𝑜𝑡𝑎𝑙 𝑤𝑎𝑡𝑒𝑟 𝑠𝑢𝑝𝑝𝑙𝑦

   𝐶𝑟𝑜𝑝 𝑤𝑎𝑡𝑒𝑟 𝑑𝑒𝑚𝑎𝑛𝑑
 Adequacy, equity 

Relative irrigation 
supply 

𝐼𝑟𝑟𝑖𝑔𝑎𝑡𝑖𝑜𝑛 𝑆𝑢𝑝𝑝𝑙𝑦
𝐼𝑟𝑟𝑖𝑔𝑎𝑡𝑖𝑜𝑛 𝑑𝑒𝑚𝑎𝑛𝑑 (𝐸𝑇𝑝𝑜𝑡 − 𝑃𝑒)

 Adequacy, equity, reliability 

Relative 
evapotranspiration 

𝐴𝑐𝑡𝑢𝑎𝑙 𝑒𝑣𝑎𝑝𝑜𝑡𝑟𝑎𝑛𝑠𝑝𝑖𝑟𝑎𝑡𝑖𝑜𝑛
𝑃𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 𝑒𝑣𝑎𝑝𝑜𝑡𝑟𝑎𝑛𝑠𝑝𝑖𝑟𝑎𝑡𝑖𝑜𝑛

 Reduction in ET, Adequacy, 
Uniformity 

Water use efficiency 
𝐶𝑟𝑜𝑝 𝑤𝑎𝑡𝑒𝑟 𝑑𝑒𝑚𝑎𝑛𝑑
𝑇𝑜𝑡𝑎𝑙 𝑤𝑎𝑡𝑒𝑟 𝑠𝑢𝑝𝑝𝑙𝑦

 Adequacy, equity 

Depletion fraction 
𝐸𝑡𝑎 𝑓𝑟𝑜𝑚 𝑔𝑟𝑜𝑠𝑠 𝑐𝑜𝑚𝑚𝑎𝑛𝑑 𝑎𝑟𝑒𝑎

𝑆𝑢𝑟𝑓𝑎𝑐𝑒 𝑤𝑎𝑡𝑒𝑟 𝑎𝑛𝑑 𝑝𝑟𝑒𝑐𝑖𝑝𝑖𝑡𝑎𝑡𝑖𝑜𝑛 𝑜𝑛 𝑔𝑟𝑜𝑠𝑠 𝑐𝑜𝑚𝑚𝑎𝑛𝑑 𝑎𝑟𝑒𝑎
 Adequacy, equity 

Drainage ratio 
𝑇𝑜𝑡𝑎𝑙 𝑑𝑟𝑎𝑖𝑛𝑒𝑑 𝑤𝑎𝑡𝑒𝑟 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑎𝑟𝑒𝑎
𝑇𝑜𝑡𝑎𝑙 𝑤𝑎𝑡𝑒𝑟 𝑒𝑛𝑡𝑒𝑟𝑖𝑛𝑔 𝑖𝑛𝑡𝑜 𝑡ℎ𝑒 𝑎𝑟𝑒𝑎

 Effectiveness 

b. Production, Productivity and Profitability (Utilization of Resources) 

Annual yield 
𝐴𝑛𝑛𝑢𝑎𝑙 𝑐𝑟𝑜𝑝 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛

𝐶𝑜𝑚𝑚𝑎𝑛𝑑 𝑎𝑟𝑒𝑎
 Production (kg ha-1) 

Yield 
𝐶𝑟𝑜𝑝 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛
𝐶𝑟𝑜𝑝𝑝𝑒𝑑 𝑎𝑟𝑒𝑎

 Productivity (kg ha-1) 

Output per cropped area 
𝑉𝑎𝑙𝑢𝑒 𝑜𝑓 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛

𝐼𝑟𝑟𝑖𝑔𝑎𝑡𝑒𝑑 𝑐𝑟𝑜𝑝𝑝𝑒𝑑 𝑎𝑟𝑒𝑎
 Productivity (Rs ha-1) 

Output per unit irrigation 
supply 

𝑉𝑎𝑙𝑢𝑒 𝑜𝑓 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛
𝐷𝑖𝑣𝑒𝑟𝑡𝑒𝑑 𝑖𝑟𝑟𝑖𝑔𝑎𝑡𝑖𝑜𝑛 𝑠𝑢𝑝𝑝𝑙𝑦

 Production (Rs m -3) 

Price ratio 
𝐹𝑎𝑟𝑚 𝑔𝑎𝑡𝑒 𝑝𝑟𝑖𝑐𝑒 𝑜𝑓 𝑐𝑟𝑜𝑝

𝑁𝑒𝑎𝑟𝑒𝑠𝑡 𝑚𝑎𝑟𝑘𝑒𝑡 𝑝𝑟𝑖𝑐𝑒 𝑜𝑓 𝑐𝑟𝑜𝑝
 Profitability, farmers economy 

Water productivity 
𝑌𝑖𝑒𝑙𝑑 𝑜𝑓 ℎ𝑎𝑟𝑣𝑒𝑠𝑡𝑒𝑑 𝑐𝑟𝑜𝑝

𝐴𝑐𝑡𝑢𝑎𝑙 𝑒𝑣𝑎𝑝𝑜𝑡𝑟𝑎𝑛𝑠𝑝𝑖𝑟𝑎𝑡𝑖𝑜𝑛
 Productivity (kg m-3) 

 



378 Assessment of Irrigation Performance by Using Remote Sensing Techniques in Naryanpur Command Area, India  
 

Criteria for Selection of Suitable Performance 
Indicators 

For the Narayanpur catchment area, a cropping calendar 
is formulated by farmers and irrigation management people 
at the start of the season. Cropping calendar activities have 
an impact on operational performance, whereas operational 
performance trends are used to evaluate strategic 
performance. Irrigation managers must ensure an equitable 
distribution of water at each irrigation sub-scheme when 
executing the standard cropping schedule. Water 
sufficiency for crop growth is more critical from a farmer's 
perspective. As a result, irrigation managers must be aware 
of zones where consumption is below the desired level, 
which can be tracked using indicators that indicate relative 
evaporation. The areas where paddy is cultivated require 

more irrigation. If there is excess irrigation, water will flow 
downstream and will be utilized for other crops. And if 
there is a shortage of irrigation due to poor operational 
control or upstream canal breach, then the flow rates will 
be low and will not support downstream crops. Thus, 
measuring the excess quantity of drainage water can help 
assess the command area's performance. By considering 
the above objectives and data availability, the performance 
indicators selected for the study are described in table 3. 

4. Results & Discussions 
Daily analysis of the above-mentioned parameters was 

done and temporal average was taken based on their crop 
growth stages as illustrated in table 4. 

Table 3.  Performance indicators that are selected for this study 

Relationship Performance indicator 

Information provided by the indicator 
with respect to spatio-temporal scale 

A trend in Time The Spatial 
Distribution 

Performance on water balance 

Depleted fraction 

𝐸𝑇𝑎 𝑓𝑟𝑜𝑚 𝑔𝑟𝑜𝑠𝑠 𝑐𝑜𝑚𝑚𝑎𝑛𝑑 𝑎𝑟𝑒𝑎
𝑆𝑢𝑟𝑓𝑎𝑐𝑒 𝑤𝑎𝑡𝑒𝑟 𝑎𝑛𝑑 𝑝𝑟𝑒𝑐𝑖𝑝𝑖𝑡𝑎𝑡𝑖𝑜𝑛 𝑜𝑛 𝑔𝑟𝑜𝑠𝑠 𝑐𝑜𝑚𝑚𝑎𝑛𝑑 𝑎𝑟𝑒𝑎

 

= 𝐸𝑇𝑎
𝑉𝑐+𝑃

 

Show the 
changes in 

actual water use 
by crops 

Quantifies 
differences in the 

water balance 
considered 

(Command areas) 

Relative 
evapotranspiration 

𝐴𝑐𝑡𝑢𝑎𝑙 𝐸𝑣𝑎𝑝𝑜𝑡𝑟𝑎𝑛𝑠𝑝𝑖𝑟𝑎𝑡𝑖𝑜𝑛
𝑃𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 𝐸𝑣𝑎𝑝𝑜𝑡𝑟𝑎𝑛𝑠𝑝𝑖𝑟𝑎𝑡𝑖𝑜𝑛

 = 𝐸𝑇𝑎
𝐸𝑇𝑝𝑜𝑡

 

Quantifies 
reduction in 

evapo-transpirat
ion 

Detects water-short 
areas 

Relative Water 
Supply 

𝑇𝑜𝑡𝑎𝑙 𝑤𝑎𝑡𝑒𝑟 𝑠𝑢𝑝𝑝𝑙𝑦
   𝐶𝑟𝑜𝑝 𝑤𝑎𝑡𝑒𝑟 𝑑𝑒𝑚𝑎𝑛𝑑

 

Degree to which 
water within the 
drainage basin 
is consumed 

Identifies the area 
over irrigated or 
under irrigated 

Table 4.  Crop Growth Stages time Period 

Paddy 
Initial Vegetative Growth Grain formation Maturity 

IN_1 IN_2 VG_1 VG_2 G.F_1 G.F_2 G.F_3 MA_1 

Days 15 15 15 15 15 15 15 15 

Irrigated Dry 
Initial Vegetative Growth Grain formation Maturity 

IN_1 IN_2 VG_1 VG_2 G.F_1 G.F_2 G.F_3 MA_1 

Days 10 10 10 10 10 10 10 10 

Bi-Seasonal 
Initial Vegetative Growth Grain formation Maturity 

IN_1 IN_2 VG_1 VG_2 G.F_1 G.F_2 G.F_3 MA_1 

Days 15 15 20 20 30 30 30 25 
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4.1. Seasonwise Cropped Area and Its Spatial 
Distribution 

Seasonwise major cropped types and their areas were 
estimated by using the methodology described in section. 
Depending upon crop phenological cycle three major crops 
are cultivated during Kharif Season. Paddy, Irrigated Dry 
and Biseasonal Crops.Among Irrigated Dry crops are 
mostly, maize, jowar, redgram, sorgum and Bengal gram 
are grown in Narayanpur catchment area. Among these 
crops the maize has the highest crop water requirement, for 
which it was selected for this study. Mostly cotton and 
chilies are grown in Narayanpur in Bi-seasonal category. 
Chilies is having high crop water requirement so it was 
selected for study purpose. The crop types and its spatial 
distribution is illustrated in figure 6 and 7. The net crop 
area cultivated is shown in Table 5. 

Table 5.  Net Cultivated Area during Kharif and Rabi Season 

 

 

Figure 7.  Crop map showing Crops Cultivated in Kharif Season 

 

Figure 8.  Crop map showing Crops Cultivated in Rabi Season 

4.2. Potential and Actual Evapotranspiration 

The potential and actual evapotranspiration were 
calculated daily by using the methodology adopted in 
section 3.2 and 3.3. Spatial distribution of net seasonal 
potential and actual evapotranspiration is illustrated in 
figures 9 to 12 and values are shown in Table 6. 

 

Figure 9.  PET for Kharif Season 

2018-2019
KHARIF PADDY 68,861.30 
KHARIF ID 61,250.50 
Bi-SEASONAL 77,718.00 
RABI PADDY 10,363.60   
RABI ID 28,127.70   
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Figure 10.  PET for Rabi Season 

 

Figure 11.  AET for Kharif Season 

 

Figure 12.  AET for Rabi Season 

4.3. Performance Indicators 

Depleted Fraction 
The depleted fraction connects parameters of an 

irrigated region's water balance so that the (water) manager 
may see how much water is stored in the area (soil moisture 
and groundwater). Water is stored at lower values of the 
depletion fraction, while storage is steady at a depleted 
fraction of roughly 0.6. If the depletion fraction is more 
than a certain percentage, lies between 0.5 and 0.9, there is 
sufficient water for yield maximization [36]. The depleted 
fraction for different crop growth stages for both Kharif 
and Rabi is shown in graphs 13 and 14. 

Table 6.  Net Actual and Potential evapotranspiration estimated in mm/day 

 Crop types Potential Evapotranspiration (mm/day) Actual Evapotranspiration 
(mm/day) 

Irrigation 
Deficit % 

Kharif 

Paddy 1694.35 1560.70 7.89 

ID 832.98 717.30 13.89 

Bi-Seasonal 1078.78 785.27 27.21 

Rabi 
Paddy 1680.30 1622.01 3.47 

ID 851.24 801.42 5.85 
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Figure 13.  Growth Stage wsise depleted Fraction for Kharif season 

 

Figure 14.  Growth Stage wise depleted Fraction for Rabi Season 

Relative Evapotranspiration 

Relative evapotranspiration relates production in kg per 
hectare to water used. There is a linear relationship 
between evapotranspiration and yield, as shown in 
equation 11. 

Yi= 1- Ky(1- ETact/ETpot)         (11) 

ETact/ETpot is relative evapotranspiration. Yi is relative 

yield, Ky is yield response factor, and ETact/ETpot is 
relative evapotranspiration. Ky is supposed to be constant 
and ranges between 0.5 and 1 for most crops under normal 
climatic circumstances. [37]. The value for relative 
evapotranspiration for paddy (0.78 to 0.92), Maize (0.5 to 
0.6) and Biseasonal crops (0.6 to 0.7) is [38,39,40]. 
Relative evapotranspiration for different crops for their 
growth stages were plotted as illustrated in bar chart Figure 
15 and 16. 
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Figure 15.  Growth Stage wise Relative evapotranspiration for Kharif 

 

Figure 16.  Growth Stage wise Relative evapotranspiration for Rabi 

Relative Water Supply 

The adequacy of water supply to various distributaries 
was assessed by calculating RWS for each distributary for 
the 2018–2019 Kharif and Rabi seasons. RWS values 
varied from 0.58 to 3.54. Excessive water surplus (RWS > 
3:0), high water surplus (2:0 RWS 3:0), moderate water 
surplus (1:1 RWS 2:0), acceptable water (0:9 RWS 1:1), 
and water deficiency (0:5 RWS 0:9) are the five 
categories in which RWS can be classified (Ray 2002). 
For the Kharif season, the water supply in the entire canal 

system is 1.05, and for the Rabi season, it is 0.69. This 
means that the command area is highly irrigated during 
the Kharif season and under-irrigated during the Rabi 
season. 

5. Conclusions 
The study has attempted to compute irrigation 

performance by using both in-situ and remote sensing 
datasets. The crop calendar was fixed using ground truth 
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information collected during that period. During Kharif 
season, paddy accounted for 33% of the total cultivated 
area, whereas irrigated dry and biseasonal crops accounted 
for 30% and 37% of the total cultivated area. During Rabi 
season, 27% of the cultivated area was under paddy and 73% 
under irrigated dry crops. Potential and actual 
evapotranspiration were calculated for paddy, irrigated dry 
and biseasonal crops for Kharif and Rabi season, as 
illustrated in Table 6. It was observed that bi-seasonal 
crops had the highest irrigation deficit of 27.2%. The 
depleted fraction of paddy for Kharif season was above the 
critical limit of 0.5 for all the crop growth stages but Rabi 
season, it was less for both the initial sowing and 
vegetative crop growth stage. This shows that paddy is well 
irrigated during Kharif season. Depleted fraction for 
irrigated dry crops was below the critical limit at the initial 
stage for Kharif season and at the vegetative growth stage 
of Rabi season. It is because in Kharif season, initial water 
is provided by rain fall. Biseasonal crops are mostly rainfed 
crops, so their depleted fraction varied near to the critical 
limit of 0.5. Relative evapotranspiration of paddy is mainly 
above the critical limit of 0.78, as it is well irrigated in both 
Kharif and Rabi seasons. For irrigated dry crops, relative 
evapotranspiration was less in the initial stage of Kharif. 
Biseasonal crops are rainfed during the initial sowing stage 
and irrigated at later crop growth stages, for which relative 
evapotranspiration was found to be less during the initial 
sowing stage and more during the later growth stage. 
Relative water supply (RWS) determines the overall 
adequacy of the irrigation command area. It was observed 
that RWS for Kharif is 1.05 and Rabi is 0.96. This indicates 
that in the Kharif season, the crops are adequately watered 
as compared to the Rabi season.  
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