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Abstract

Efficient irrigation management has become increasingly important because of growing water scarcity,
climate variability, and increasing pressure on agricultural water resources. The Food and Agriculture
Organization (FAO) developed CROPWAT 8.0 as a decision-support software package for estimating crop
water requirements and developing irrigation schedules. The model uses climatic, soil, and crop
information to estimate reference evapotranspiration, crop evapotranspiration, effective rainfall, and
irrigation requirements. This review examines the major principles, methods, and applications of
CROPWAT 8.0, with particular attention to irrigation scheduling and water-use efficiency.

The review discusses the use of the FAO Penman—Monteith method for estimating reference
evapotranspiration, crop coefficients for determining crop water requirements, soil-water balance
approaches, and fixed-interval irrigation scheduling. Applications of CROPWAT in India and other water-
scarce regions demonstrate its usefulness for improving irrigation planning and reducing unnecessary
water application. Particular attention is given to Gujarat, where agriculture is affected by irregular
rainfall, groundwater dependence, and water scarcity. The review also considers the potential integration
of CROPWAT with drip irrigation, sprinkler irrigation, GIS, and remote sensing. Despite its usefulness,
the performance of CROPWAT depends strongly on the quality of climatic, soil, and crop data used as
model inputs. Local calibration and field validation are therefore important. Overall, CROPWAT 8.0
provides a practical and relatively accessible approach for improving irrigation scheduling and supporting
sustainable agricultural water management.

Keywords: CROPWAT 8.0, irrigation scheduling, crop water requirement, evapotranspiration, water-use
efficiency, Gujarat, soil-water balance, sustainable irrigation
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1. Introduction

Water is one of the most important resources for sustainable agricultural production, and irrigation plays
a major role in maintaining crop productivity, particularly in regions where rainfall is insufficient or
irregular. Increasing population, expansion of irrigated agriculture, climate variability, and competition
for freshwater resources have created a growing need for efficient irrigation planning and water
management. Agriculture accounts for a major proportion of global freshwater use, making the efficient
estimation and management of crop water requirements essential for improving water productivity and
sustaining agricultural production.

Irrigation planning requires accurate estimation of crop water requirements, irrigation requirements, and
the timing and quantity of water application. Crop evapotranspiration (ETc) is one of the major
components used for determining crop water requirements and is influenced by climatic conditions, crop
characteristics, soil properties, and crop growth stages. The FAO-56 methodology proposed by Allen et
al. (1998) provides a standardized approach for estimating reference evapotranspiration (ETo) using the
FAO Penman—Monteith method and determining crop evapotranspiration through crop coefficients. This
methodology has become one of the most widely used approaches for irrigation water requirement
estimation.

CROPWAT is a decision-support software developed by the Food and Agriculture Organization (FAO) for
irrigation planning and management. The original CROPWAT program was introduced by FAO as a
computer-based tool for calculating crop water requirements and irrigation requirements using climatic,
soil, and crop information (Smith, 1992). The software was subsequently developed into CROPWAT 8.0,
which provides facilities for estimating reference evapotranspiration, effective rainfall, crop water
requirements, irrigation requirements, irrigation scheduling, and scheme-level water supply.

CROPWAT 8.0 is particularly useful because it integrates climatic, crop, and soil information to develop
irrigation schedules based on a daily soil-water balance. The program can use monthly, ten-day, or daily
climatic data and can estimate reference evapotranspiration using established FAO procedures. It also
allows users to evaluate different irrigation management conditions and cropping patterns. Where site-
specific information is unavailable, standard crop and soil parameters and climatic information from the
associated CLIMWAT database can be used, although local data are preferable for site-specific
applications.

The development of CROPWAT is closely associated with the FAO methodologies for crop
evapotranspiration and yield response to water. CROPWAT 8.0 uses the principles described in FAO
Irrigation and Drainage Paper No. 56 for estimating crop evapotranspiration and the relationship between
water supply and crop yield described in FAO Irrigation and Drainage Paper No. 33. The software
therefore provides a practical platform for applying established irrigation and water-management
methodologies to field and farm-level conditions.

Several studies have demonstrated the application of CROPWAT 8.0 for estimating crop water
requirements and developing irrigation schedules. For example, Memon and Jamsa (2018) applied
CROPWAT 8.0 to soybean and tomato crops and assessed their crop water requirements and irrigation
scheduling, demonstrating the usefulness of the software for crop-specific irrigation management.
Similarly, FAO assessments have indicated that CROPWAT can be used to evaluate different irrigation
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strategies, including deficit irrigation, by considering crop water use, soil-water conditions, irrigation
practices, and potential yield effects.

The application of CROPWAT 8.0 is especially relevant in water-stressed and semi-arid agricultural
regions, where inappropriate irrigation practices can result in excessive water use, reduced water
productivity, and inefficient utilization of available water resources. By providing estimates of crop water
requirements and irrigation timing, the software can support farmers, irrigation engineers, researchers, and
water-resource managers in developing more efficient irrigation strategies. Its relatively simple data
requirements and user-friendly structure also make it suitable for educational, research, and practical
irrigation-management applications.

Therefore, a systematic review of CROPWAT 8.0 is important to understand its underlying methodology,
data requirements, applications, advantages, and limitations in irrigation planning and agricultural water
management. The present review focuses on the principles and methods used by CROPWAT 8.0, its
applications for crop water requirement estimation and irrigation scheduling, and its contribution to
efficient and sustainable irrigation water management.

2. Overview and Development of CROPWAT 8.0
2.1 History of CROPWAT

The development of computer-based tools for irrigation planning emerged from the need to simplify the
estimation of crop water requirements and irrigation schedules. Before the widespread use of computer
programs, these calculations were generally performed manually using climatic observations, crop
coefficients, rainfall data, and soil-water balance procedures. Such calculations could be time-consuming,
particularly when multiple crops, different planting dates, or alternative irrigation management strategies
needed to be evaluated.

CROPWAT was developed by the Food and Agriculture Organization of the United Nations (FAO) as a
computer-based decision-support tool for irrigation planning and management. An important early version
of the program was documented by Smith (1992) in FAO Irrigation and Drainage Paper No. 46, entitled
CROPWAT: A Computer Program for Irrigation Planning and Management. The program was designed
to assist users in calculating reference evapotranspiration, crop water requirements, irrigation
requirements, irrigation schedules, and water requirements at the irrigation-scheme level. The original
CROPWAT system also included procedures for rainfall processing, crop information, soil data, irrigation
scheduling, and the estimation of scheme and canal water requirements.

The development of CROPWAT was closely associated with FAO's long-standing work on crop water
requirements and irrigation management. Early FAO methodologies provided procedures for estimating
crop evapotranspiration and relating crop water use to climatic conditions and crop characteristics. The
computerization of these procedures made it possible to perform repetitive calculations more efficiently
and to apply standardized methods to different locations and cropping conditions. CROPWAT therefore
represented an important step in translating established irrigation engineering principles into a practical
decision-support system for researchers, planners, engineers, and irrigation managers (Smith, 1992).

Another important component associated with CROPWAT was the CLIMWAT database, developed to
provide climatic information for locations where complete local weather records were unavailable. This
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integration increased the practical applicability of the software, particularly in regions with limited access
to long-term climatic datasets. Thus, the historical development of CROPWAT can be viewed as part of
FAOQ's broader effort to provide standardized and accessible tools for estimating crop water requirements
and supporting irrigation planning.

2.2 Development from Earlier Versions to CROPWAT 8.0

The earlier versions of CROPWAT were developed for DOS-based computer systems and focused
primarily on the calculation of reference evapotranspiration, crop water requirements, irrigation
scheduling, and irrigation-scheme water requirements. The transition to CROPWAT 8.0 represented an
important technological development because the software was redesigned as a Windows-based
application with an improved user interface and expanded data-handling capabilities.

According to FAO, CROPWAT 8.0 was developed from the previous DOS versions while maintaining
compatibility with earlier data and the associated CLIMWAT climatic database. The Windows-based
version introduced a redesigned interface and additional features that improved the flexibility of climatic
and crop water requirement calculations. CROPWAT 8.0 allows the use of monthly, ten-day, and daily
climatic data for estimating reference evapotranspiration (ETo). It also provides procedures for estimating
missing climatic variables when complete measured data are unavailable.

An important improvement in CROPWAT 8.0 was the incorporation of updated procedures for crop water
requirement estimation. The program allows crop water requirements to be calculated at ten-day and daily
time steps and incorporates updated calculation algorithms, including adjustments to crop coefficient
values. These developments enable users to represent changes in crop water use more effectively during
different growth stages.

The irrigation scheduling component was also improved through the use of a daily soil-water balance.
Users can define different irrigation management conditions, including irrigation timing, application
depth, and water-supply conditions. In addition, CROPWAT 8.0 can calculate irrigation-scheme water
supply requirements for different cropping patterns, thereby extending its application beyond individual
crop fields to irrigation-system planning.

Therefore, the evolution from the earlier DOS-based versions to CROPWAT 8.0 involved not only a
change in computer platform but also improvements in data handling, calculation procedures, temporal
resolution, irrigation scheduling, and user accessibility. These developments have contributed to the
continued use of CROPWAT 8.0 as a practical tool for crop water requirement estimation and irrigation
planning.

2.3 Objectives and Major Functions of CROPWAT 8.0

The primary objective of CROPWAT 8.0 is to support irrigation planning and water management by
providing a standardized framework for estimating crop water requirements and determining appropriate
irrigation schedules. The software integrates climatic, crop, rainfall, and soil information to estimate the
quantity and timing of irrigation water required under different management conditions.

One of the major functions of CROPWAT 8.0 is the calculation of reference evapotranspiration (ETo).
Reference evapotranspiration represents the climatic demand for water from a standardized reference
surface and forms the basis for estimating crop water use. CROPWAT uses climatic variables such as
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maximum and minimum temperature, relative humidity, wind speed, and sunshine duration or solar
radiation to estimate ETo.

The software also calculates crop evapotranspiration or crop water requirement (ETc) using the crop
coefficient approach. Under standard conditions, crop evapotranspiration can be expressed as:

ETe =Kc x ETo

where ETc is crop evapotranspiration, Ke is the crop coefficient, and ETo is reference evapotranspiration.
The crop coefficient changes during different crop growth stages, allowing variations in crop water use
throughout the growing season to be represented.

Another major function is the estimation of effective rainfall. Since not all rainfall contributes directly to
meeting crop water requirements, CROPWAT estimates the portion of rainfall that is effectively available
for crop use. Based on crop water requirements and effective rainfall, the program calculates irrigation
requirements.

CROPWAT 8.0 also provides an irrigation scheduling function based on a daily soil-water balance. The
program considers factors such as soil-water storage, rooting depth, allowable soil-water depletion,
irrigation timing, and irrigation application. This enables users to evaluate different irrigation strategies
and management conditions.

At a larger scale, CROPWAT 8.0 can estimate scheme water supply requirements based on user-defined
cropping patterns. According to FAQ, the program can evaluate different crop combinations and irrigation
management conditions and can also be used to assess farmers' irrigation practices and crop performance
under rainfed and irrigated conditions. Consequently, its applications extend from field-level irrigation
scheduling to broader irrigation planning and water-allocation studies.

2.4 Relationship Between CROPWAT 8.0 and FAO Methodologies

CROPWAT 8.0 is strongly based on FAO methodologies for estimating crop water requirements,
evapotranspiration, and crop response to water availability. According to FAO, the principal calculation
procedures used in CROPWAT 8.0 are based primarily on FAO Irrigation and Drainage Paper No. 56,
Crop Evapotranspiration: Guidelines for Computing Crop Water Requirements, and FAO Irrigation and
Drainage Paper No. 33, Yield Response to Water.

FAO-56, published by Allen et al. (1998), established the FAO Penman—Monteith equation as the standard
method for estimating reference evapotranspiration. This approach uses climatic variables including air
temperature, humidity, wind speed, and radiation to estimate ETo. The adoption of the FAO Penman—
Monteith method provided a more consistent and internationally applicable basis for calculating reference
evapotranspiration.

CROPWAT 8.0 uses ETo as the starting point for estimating crop water requirements. Crop
evapotranspiration is subsequently determined using crop coefficients representing different crop growth
stages. The methodology therefore follows the fundamental FAO relationship between climatic demand
and crop characteristics. Updated crop coefficient procedures described in FAO-56 are incorporated into
the crop water requirement calculations.

The irrigation scheduling procedures in CROPWAT are based on soil-water balance principles. Crop water
use, effective rainfall, irrigation applications, and changes in soil-water storage are considered to
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determine the timing and quantity of irrigation. This approach allows the program to simulate the depletion
and replenishment of available soil water during the crop-growing period.

The relationship between CROPWAT and FAO methodologies is therefore significant because the
software is not an independent empirical model based on a single location or crop. Instead, it provides a
computerized framework for applying internationally recognized FAO procedures to site-specific climatic,
soil, crop, and management conditions. This methodological foundation has contributed to the widespread
use of CROPWAT in irrigation research, agricultural planning, and water-management studies.

2.5 Advantages over Conventional or Manual Calculations

One of the main advantages of CROPWAT 8.0 is the reduction in the time and effort required for irrigation
planning calculations. Manual estimation of reference evapotranspiration, crop water requirements,
effective rainfall, soil-water balance, and irrigation schedules can involve numerous repetitive
calculations. CROPWAT integrates these procedures into a single software environment, thereby
improving computational efficiency.

The software also promotes methodological consistency because its calculations are based on established
FAO procedures. When the same input data and assumptions are used, the program provides a standardized
framework for comparing irrigation requirements among different crops, locations, planting dates, and
management strategies.

Another advantage is the ability to evaluate different scenarios relatively quickly. Users can modify
climatic data, crop parameters, soil characteristics, planting dates, irrigation practices, and cropping
patterns and examine the resulting changes in crop water and irrigation requirements. This feature is
particularly useful for irrigation planning and the assessment of alternative water-management strategies.

CROPWAT 8.0 also reduces the possibility of arithmetic errors associated with extensive manual
calculations. The software automatically processes the relationships among climatic conditions, crop
coefficients, rainfall, and soil-water balance. However, the accuracy of the results remains dependent on
the quality and representativeness of the input data. Incorrect climatic observations, inappropriate crop
coefficients, or unrealistic soil parameters can lead to unreliable estimates.

The availability of standard crop and soil data and the associated CLIMWAT database is another practical
advantage, particularly for preliminary assessments or data-scarce regions. However, FAO recommends
the use of locally measured data whenever available because site-specific climatic, soil, and crop
conditions can significantly influence irrigation requirements.

In comparison with conventional manual procedures, CROPWAT 8.0 therefore offers greater
computational efficiency, standardized methodology, flexibility in scenario analysis, and easier
preparation of irrigation schedules. Nevertheless, it should be regarded as a decision-support tool rather
than a substitute for reliable field data and professional judgment. Appropriate selection of input data and
interpretation of results are essential for obtaining meaningful estimates for irrigation planning and water
management.
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3. Methodology and Computational Framework of CROPWAT 8.0

The methodology of CROPWAT-based irrigation planning consists of several sequential stages. These
include preparation of climatic, soil, and crop input data; estimation of reference evapotranspiration;
calculation of crop evapotranspiration; estimation of crop water requirements; preparation of irrigation
schedules; and evaluation of water use.

3.1 Climatic Data and Reference Evapotranspiration (ETo)

Climatic information forms one of the most important inputs to CROPWAT. Depending on data
availability, the required variables may include temperature, relative humidity, wind speed, sunshine
duration or solar radiation, and rainfall.

These variables are used to estimate reference evapotranspiration (ETo). CROPWAT uses the FAO
Penman—Monteith approach, which is widely accepted for estimating reference evapotranspiration (Allen
et al., 1998). According to Allen et al. (1998), reference evapotranspiration is influenced mainly by solar
radiation, air temperature, humidity, and wind speed.

Reference evapotranspiration (ETo) represents the evaporative demand of the atmosphere from a
standardized reference surface. It is an important component in irrigation planning because it provides
the climatic basis for estimating crop water use.

CROPWAT 8.0 allows the use of monthly, ten-day, or daily climatic data. The main climatic parameters
include maximum and minimum air temperature, relative humidity, wind speed, and sunshine duration
or solar radiation. When complete measured climatic data are not available, the program also provides
procedures for estimating certain missing climatic variables. FAO further provides the associated
CLIMWAT database, which can be used as a source of representative climatic data when local
observations are unavailable.

The estimation of ETo in CROPWAT 8.0 is based on the FAO Penman—Monteith method, which was
standardized in FAO-56. The general form of the equation is:

ETo = [0.408A(Rn — G) + y(900/(T + 273))uz(es — ea)] / [A + y(1 + 0.34u2)]
where:

e ETo = reference evapotranspiration (mm day ')

e Rn =net radiation at the crop surface (MJ m2 day ')

e G =soil heat flux density (MJ m™= day )

e T =mean daily air temperature at 2 m height (°C)

e u:=wind speed at 2 m height (m s™")

e s = saturation vapour pressure (kPa)

e ea = actual vapour pressure (kPa)

e A=slope of the saturation vapour pressure curve (kPa °C™)

e vy =psychrometric constant (kPa °C™")
The use of a standardized ETo method allows the climatic influence on crop water use to be evaluated
separately from crop-specific characteristics. This forms the basis for the crop coefficient approach used
in CROPWAT 8.0.
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3.2 Crop Evapotranspiration and Crop Water Requirement (ETc)

Crop evapotranspiration (ETc), commonly used to represent crop water requirement under standard
conditions, is estimated by multiplying reference evapotranspiration by a crop coefficient (Kc). The
relationship is expressed as:

ETc=Kc x ETo
where:
e ETc = crop evapotranspiration (mm day ')

e Kc = crop coefficient
e ETo = reference evapotranspiration (mm day ")

The crop coefficient represents the combined effects of crop characteristics, canopy development, and
growth stage on water use. Since crop water demand changes during the growing period, Kc values are
assigned according to the different growth stages of the crop.

The major crop growth stages generally considered are:
1. Initial stage — the period from planting to approximately 10% ground cover.
2. Crop development stage — the period of increasing canopy development.
3. Mid-season stage — the period of maximum crop development and generally high water use.
4. Late-season stage — the period from maturity to harvest or senescence.

CROPWAT 8.0 uses crop growth-stage information and crop coefficient values to estimate changes in crop
water requirements throughout the growing season. The software also includes procedures for adjusting
crop coefficient values according to climatic conditions. This enables the calculation of crop water
requirements at ten-day or daily time steps.

The crop coefticient approach separates the influence of climate from the influence of crop characteristics.
ETo represents atmospheric demand, whereas Kc represents the crop response under specific growth
conditions. This approach is one of the fundamental principles of FAO-56 and forms the basis of crop
water requirement estimation in CROPWAT 8.0.

3.3 Effective Rainfall Estimation

Total rainfall does not necessarily represent the amount of water available for crop use. A portion of rainfall
may be lost through surface runoff, deep percolation below the root zone, or evaporation. The part of
rainfall that is stored within the crop root zone and contributes to meeting crop water requirements is
referred to as effective rainfall.

CROPWAT uses effective rainfall estimates to determine the contribution of precipitation toward meeting
crop water demand. The irrigation requirement can be conceptually expressed as:

IWR =ETc — Pe

where:
o IWR = irrigation water requirement

e ETc = crop evapotranspiration
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e Pe = effective rainfall

When effective rainfall is sufficient to meet the crop water requirement, little or no irrigation may be
required. Conversely, when effective rainfall is lower than ETc, the remaining water requirement must
generally be supplied through irrigation or soil-water storage.

The estimation of effective rainfall is important because the direct use of total rainfall may overestimate
the contribution of precipitation to crop water requirements. FAO irrigation planning procedures therefore
distinguish between total precipitation and the effective portion of rainfall available within the crop root
zone.

For rice and other special cropping conditions, additional water requirements may need to be considered.
For example, paddy rice may require water for land preparation, saturation, seepage, percolation, and
maintenance of a surface water layer in addition to evapotranspiration.

3.4 Soil-Water Balance

The development of irrigation schedules in CROPWAT 8.0 is based on a daily soil-water balance. The
soil-water balance accounts for the changes in water stored within the crop root zone as a result of rainfall,
irrigation, crop evapotranspiration, and other water losses.

The simplified water balance can be represented conceptually as:
AS=P+1-ETec— RO -DP

where:
e AS =change in soil-water storage
e P =precipitation
e I =irrigation
o ETc = crop evapotranspiration
e RO = surface runoff
e DP = deep percolation

The amount of water available to a crop depends on soil properties and effective rooting depth. Important
soil-water parameters include field capacity, permanent wilting point, total available water, and readily
available water.

Total available water (TAW) represents the amount of water stored between field capacity and permanent
wilting point within the effective root zone. It can be expressed as:

TAW = 1000 (0FC — OWP) Zr

where:
e OFC = volumetric soil-water content at field capacity
e OWP = volumetric soil-water content at permanent wilting point
o Zr = effective rooting depth (m)
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Not all available water can be depleted without affecting crop performance. Therefore, the concept of
readily available water is used to represent the fraction of total available water that can be depleted before
water stress begins to affect crop evapotranspiration.

RAW = p x TAW

where:
e RAW =readily available water
o p = fraction of total available water that can be depleted without significant water stress
o TAW = total available water

By tracking the daily depletion and replenishment of soil water, CROPWAT 8.0 can identify periods when
irrigation is required and estimate the amount of water needed to restore soil moisture to a selected
management level.

3.5 Irrigation Water Requirement

Irrigation water requirement represents the amount of water that must be supplied through irrigation to
supplement rainfall and available soil moisture in meeting crop water demand. Under simplified
conditions, the net irrigation requirement can be estimated as the difference between crop
evapotranspiration and effective rainfall:

NIR =ETc — Pe

where:
e NIR = net irrigation requirement
e ETc = crop evapotranspiration
o Pe = effective rainfall

In practical irrigation systems, additional water may be required because not all water supplied reaches
and remains available within the crop root zone. Water losses can occur during conveyance, distribution,
and field application. Therefore, gross irrigation requirement can be estimated using irrigation efficiency:

GIR =NIR/ Ei

where:
e GIR = gross irrigation requirement
e NIR = net irrigation requirement
o Ei=irrigation efficiency expressed as a decimal

For example, a lower irrigation efficiency will result in a higher gross water requirement for delivering
the required amount of water to the crop root zone.

CROPWAT 8.0 allows irrigation schedules to be developed under different water-supply and management
conditions. Therefore, the calculated irrigation requirement may vary depending on rainfall conditions,
soil properties, irrigation timing, and selected management practices.
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3.6 Irrigation Scheduling

Irrigation scheduling involves determining when irrigation should be applied and how much water
should be supplied. In CROPWAT 8.0, irrigation scheduling is developed using a daily soil-water balance
and user-defined irrigation management conditions.

The program allows the evaluation of different irrigation scheduling strategies. Irrigation can be planned
according to soil-water depletion, fixed intervals, specified application depths, or other management
conditions defined by the user. As crop evapotranspiration removes water from the root zone, soil-water
depletion increases. When depletion reaches a selected threshold, irrigation can be scheduled to replenish
the soil-water storage.

The timing of irrigation is particularly important because excessive irrigation may result in deep
percolation and inefficient water use, whereas delayed irrigation may cause soil-water stress and reduce
crop evapotranspiration and yield. The daily soil-water balance in CROPWAT provides a systematic
method for evaluating these changes throughout the crop-growing period.

CROPWAT 8.0 also allows users to interactively adjust irrigation schedules and examine the resulting
soil-water balance. This feature is useful for comparing different management strategies, including
conditions with limited water availability or deficit irrigation.

3.7 Scheme Water Supply and Cropping Patterns

In addition to field-level crop water and irrigation requirement calculations, CROPWAT 8.0 can estimate
water requirements at the irrigation-scheme level. The scheme water requirement depends on the crops
grown, cultivated area, planting dates, crop calendars, and irrigation requirements of individual crops.

A cropping pattern may include multiple crops with different growing seasons and water requirements.
CROPWAT 8.0 combines the irrigation demands of the selected crops to estimate the overall water
requirement of the irrigation scheme. According to FAO documentation, the cropping pattern can include
up to 20 crops.

This function is useful for irrigation-system planning because peak water demand may occur when the
water requirements of several crops overlap. By evaluating different cropping patterns and planting
schedules, irrigation managers can assess changes in seasonal water demand and plan water allocation
accordingly.

Therefore, the scheme water supply component extends the application of CROPWAT 8.0 beyond
individual crop fields and supports broader irrigation planning, water allocation, and management of
agricultural water resources.
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3.8 Summary of the Computational Framework

The overall computational procedure of CROPWAT 8.0 can be summarized as follows:

Climatic Data

!

Reference Evapotranspiration (ETo)

l
Crop Coefficient (Kc) and Crop Growth Stages

l
Crop Evapotranspiration (ETc)

!

Effective Rainfall Estimation

!

Soil-Water Balance

!

Net and Gross Irrigation Requirements

!

Irrigation Scheduling

!
Scheme Water Supply and Irrigation Planning

Thus, CROPWAT 8.0 integrates climatic, crop, soil, and rainfall information into a systematic
computational framework. The methodology enables the estimation of crop water requirements and the
development of irrigation schedules under different management conditions. However, the reliability of
the results depends substantially on the quality and representativeness of the input data, particularly
climatic observations, crop coefficients, soil characteristics, rooting depth, and rainfall information.

4. Irrigation Scheduling in CROPWAT 8.0

CROPWAT can be used to prepare irrigation schedules according to soil-water availability and crop
requirements. Two important approaches discussed in the supplied paper are the soil moisture balance
method and the fixed-interval method.

4.1 Soil Moisture Balance Method

The soil moisture balance method is a dynamic approach. It considers water entering and leaving the crop
root zone through rainfall, irrigation, evapotranspiration, and drainage.

A simplified soil-water balance can be expressed as:
SMB=P+I1—-ETc—D
where:
e SMB = soil moisture balance
e P =precipitation

e I =irrigation
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e ETc = crop evapotranspiration
e D = drainage or other losses.

Under this approach, irrigation is scheduled when available soil moisture declines to a specified level.
This makes the method particularly useful in regions where rainfall is irregular and water availability
changes during the growing season.

For a state such as Gujarat, where rainfall can vary considerably between seasons and regions, a soil-water
balance approach can provide a more responsive irrigation schedule than a simple fixed calendar.

4.2 Fixed-Interval Method

Under the fixed-interval method, irrigation is applied at predetermined time intervals. The approach is
relatively simple and may be suitable where water availability and irrigation-system operation are
relatively stable.

However, because the method does not continuously respond to actual soil moisture conditions, it can
result in excess irrigation during periods of rainfall or insufficient irrigation during dry periods. Therefore,
in water-scarce areas, the soil moisture balance method may provide greater flexibility.

5. Water-Use Efficiency

Water-use efficiency (WUE) is an important indicator for evaluating irrigation performance. In general
terms, it represents the amount of agricultural production obtained per unit of water used.

Improving WUE does not simply mean reducing irrigation. Rather, the objective is to apply water at the
appropriate time and in an appropriate quantity so that crop productivity can be maintained while
unnecessary losses are minimized.

CROPWAT can support this objective by estimating crop water requirements and comparing different
irrigation schedules. The model can also assist in evaluating irrigation strategies associated with systems
such as surface irrigation, sprinkler irrigation, and drip irrigation.

Drip irrigation can be particularly useful in water-scarce regions because water is delivered more directly
to the crop root zone, potentially reducing losses from evaporation and runoff. Combining appropriate
irrigation  scheduling with efficient irrigation technology can therefore improve overall water
management.

6. Application of CROPWAT 8.0

6.1 Application in India

CROPWAT has been applied for irrigation planning in several agricultural regions of India. The supplied
literature describes applications involving crops such as wheat, rice, cotton, maize, and groundnut.

The model can help estimate seasonal crop water requirements and identify the timing and amount of
irrigation needed during different crop growth stages. Such information can be useful in regions
experiencing groundwater depletion and increasing competition for water resources.

IJFMR200688015 Volume 4, Issue 1 (January-February 2022) 13



http://www.ijfmr.com/

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

In areas with limited water availability, the use of irrigation scheduling based on crop demand can
potentially reduce unnecessary irrigation while maintaining crop productivity.

6.2 Application in Gujarat

Gujarat provides an important case for CROPWAT application because of its semi-arid climatic conditions
and dependence on irrigation in many agricultural areas.

The state has considerable diversity in rainfall, soil characteristics, agricultural practices, and water
availability. Regions such as Saurashtra and Kutch face significant water-related challenges. Groundwater
has been an important source of irrigation, and excessive extraction can contribute to declining
groundwater levels.

CROPWAT can be used to estimate the irrigation requirements of crops commonly cultivated in Gujarat.
The supplied literature identifies applications involving cotton, groundnut, and wheat.

The model can also be combined with drip and sprinkler irrigation systems. Such integration may help
determine appropriate irrigation depths and intervals while reducing unnecessary water application.

6.3 Application in Arid and Semi-Arid Regions

The usefulness of CROPWAT is not restricted to India. The supplied paper discusses applications in arid
and semi-arid regions, including Egypt and countries in Sub-Saharan Africa.

In these regions, irrigation planning is particularly important because rainfall is limited or highly variable.
CROPWAT can assist in estimating crop water requirements and developing irrigation schedules based on
climatic conditions and crop characteristics.

The model has been used for crops including cotton, wheat, maize, and other crops under water-limited
conditions.

7. Major Methods and Algorithms Used in CROPWAT

7.1 Evapotranspiration Estimation

Evapotranspiration estimation forms the foundation of irrigation scheduling in CROPWAT. The model
first determines ETo and then converts reference evapotranspiration into crop-specific evapotranspiration
through crop coefficients.

Because irrigation requirements are directly influenced by evapotranspiration, errors in climatic input data
can affect the final irrigation schedule.

7.2 Crop Coefficient Approach

The crop coefficient approach accounts for changes in crop water demand during different stages of
development.

The crop coefficient is not constant throughout the growing season. During the initial stage, water demand
is comparatively influenced by limited crop cover. As the crop develops, evapotranspiration increases,
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reaching higher values during the mid-season stage. During crop maturity, water demand generally
decreases.

Therefore, crop growth stages and appropriate Kc values are essential components of CROPWAT
calculations.

7.3 Soil-Water Balance

The soil-water balance method tracks changes in water stored within the crop root zone. Rainfall and
irrigation increase available water, while crop evapotranspiration, drainage, and other losses reduce it.

This approach allows irrigation to be scheduled according to the actual water status of the soil rather than
relying only on calendar dates.

7.4 Irrigation Scheduling

The scheduling procedure determines both when irrigation should be applied and how much water should
be supplied.

A well-designed schedule attempts to avoid two major problems:

e over-irrigation, which can cause unnecessary water losses and drainage; and
e under-irrigation, which can expose crops to water stress and reduce yield.

CROPWAT therefore provides a useful framework for balancing crop water requirements with available
irrigation resources.

8. CROPWAT and Water-Saving Irrigation Technologies
Modern irrigation systems can increase the effectiveness of CROPWAT-based scheduling.

8.1 Drip Irrigation

Drip irrigation delivers water close to the plant root zone. It can reduce losses associated with surface
runoff and evaporation and can improve the efficiency of water application.

When a drip irrigation system is operated according to crop water requirements estimated through
CROPWAT, irrigation can be more closely matched to crop demand.

8.2 Sprinkler Irrigation

Sprinkler irrigation distributes water over the crop area in a manner similar to rainfall. Its performance
depends on climatic conditions, system efficiency, application rate, and management practices.

CROPWAT can assist in determining the crop water requirement that needs to be supplied through such
systems.

8.3 GIS and Remote Sensing

The integration of CROPWAT with GIS and remote sensing can improve its spatial application. GIS can
be used to represent spatial variations in soil, elevation, land use, and other characteristics.

IJFMR200688015 Volume 4, Issue 1 (January-February 2022) 15



http://www.ijfmr.com/

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

Remote sensing can provide information related to vegetation condition and, depending on the data and
methods used, soil moisture or crop status. Combining these technologies with CROPWAT may support
more spatially detailed irrigation planning.

The supplied paper identifies integration with GIS and remote sensing as a potential approach for
improving irrigation management.

9. Results and Discussion

The reviewed studies indicate that CROPWAT 8.0 can provide useful support for irrigation management
in water-limited agricultural environments.

One of its main advantages is the ability to estimate crop water requirements from climatic and crop
information. This provides a more systematic basis for irrigation scheduling than irrigation practices based
only on fixed dates or farmer experience.

The soil moisture balance approach is particularly useful under variable rainfall conditions because
irrigation decisions respond to changes in soil-water availability. In contrast, the fixed-interval approach
is easier to implement but may be less responsive to changes in rainfall and soil moisture.

The literature reviewed in the supplied paper reports improvements in water management when
CROPWAT-based scheduling is compared with conventional irrigation practices. However, the reported
numerical savings and yield improvements should be interpreted in relation to the individual study
conditions, including crop type, soil, climate, irrigation system, and input-data quality.

For Gujarat, the potential benefit of CROPWAT is particularly significant because irrigation demand is
affected by high temperatures, variable rainfall, and dependence on groundwater in several agricultural
areas. Appropriate scheduling may help reduce unnecessary irrigation and contribute to more efficient use
of available water.

The integration of CROPWAT with drip and sprinkler irrigation may further improve irrigation
performance. However, the model itself does not eliminate the need for appropriate irrigation-system
design, maintenance, field-level management, or farmer knowledge.

10. Limitations of CROPWAT 8.0

Although CROPWAT is a useful irrigation-management tool, several limitations should be considered.
10.1 Dependence on Input Data

The accuracy of CROPWAT results depends strongly on the quality of climatic, soil, and crop data.

Missing or inaccurate weather observations can affect ETo estimates and consequently influence crop
water requirements.

10.2 Local Calibration

Crop coefficients and soil characteristics can vary between locations. Therefore, values developed under
one set of conditions may not always represent local field conditions accurately.
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For Gujarat, differences between agro-climatic regions mean that local calibration and validation can
improve the reliability of model results.

10.3 Limited Representation of Field Conditions

CROPWAT primarily focuses on water requirements and irrigation scheduling. Other factors affecting
crop performance, such as pests, diseases, soil salinity, nutrient deficiencies, and socioeconomic
constraints, may not be fully represented in the basic irrigation calculations.

10.4 Requirement for Technical Knowledge

Although CROPWAT is comparatively accessible, users still require an understanding of climatic data,
soil characteristics, crop growth stages, irrigation systems, and model outputs.

Farmer training and extension support can therefore be important for converting model-generated
irrigation schedules into practical field-level decisions.

11. Future Scope

There is considerable potential for improving the application of CROPWAT 8.0 through integration with
modern technologies.

The use of GIS can help develop spatial irrigation-management maps, while remote sensing can provide
information about crop conditions over larger areas. Weather-data services and automated monitoring can
also support more frequent updating of irrigation decisions.

Integration with real-time field sensors could further improve irrigation scheduling by providing
information about soil moisture and crop conditions. Similarly, the consideration of climate variability and
future climate scenarios could help evaluate changing crop water requirements.

For Gujarat, future research could focus on developing crop-specific and region-specific CROPWAT
studies using freely available climatic, soil, and remote-sensing data. Such work could be especially useful
for water-scarce agricultural regions such as Saurashtra and Kutch.

12. Conclusion

CROPWAT 8.0 is a useful decision-support tool for estimating crop water requirements and developing
irrigation schedules. Its methodology is primarily based on reference evapotranspiration, crop coefficients,
soil-water balance, rainfall, and irrigation information.

The review indicates that CROPWAT can contribute to improved irrigation management by helping
determine the appropriate timing and quantity of irrigation water. The soil moisture balance approach is
particularly useful where rainfall is variable and water resources are limited.

The application of CROPWAT is relevant to Gujarat because of the state's semi-arid climate, variable
rainfall, groundwater dependence, and increasing demand for agricultural water. Combining CROPWAT
with drip or sprinkler irrigation can provide an additional opportunity for improving water-use efficiency.

Nevertheless, CROPWAT results are only as reliable as the input data and assumptions used in the model.
High-quality climatic and soil information, appropriate crop coefficients, local calibration, and field
validation are important for reliable irrigation recommendations.
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Overall, CROPWAT 8.0 provides a practical framework for irrigation planning and sustainable agricultural
water management. Further integration with GIS, remote sensing, field monitoring, and improved climatic
information can increase its usefulness for regional and farm-level irrigation planning.
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