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Abstract: Water is important for life and it is becoming a scarce resource in the future owing to climate
change. To apply irrigation water efficiently, the water requirement of the crops is to be estimated accurately.
The crop water requirements (CWR) may currently be estimated using a variety of computer models. A
computer program called CROPWAT 8.0 was created by Joss Swennenhuis and calculates the summarized
irrigation water requirements of a complex scenario. In this study, the weather data from 2011 to 2020 was
collected from the Regional Agriculture Research Station, and calculated the average weather data for
estimating the CWR. CWR for varietal crops in Anakapalle for Paddy (Kharif), Paddy (rabi), Green gram,
Maize, Groundnut (Kharif), Groundnut (rabi), Cotton (Kharif), Cotton (rabi), Sugarcane and Small vegetables
was 559.5 mm, 460.0 mm, 253.8 mm, 336.6 mm, 301.9 mm, 253.0 mm, 490.3 mm, 469.5 mm, 1284.8 mm
and 346.8 mm respectively. The MarkSim weather generator forecasted the weather conditions using models
HADGEM2-ES and MIROC- ESM-CHEM for the years 2030, 2040, and 2050. It was observed that there is
an increase in crop water requirement with the range of 12.00 to 13.50%, 13.50 to 14.51%, and 14.51 to 15.74

percent for the years 2030, 2040, and 2050.
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1. Introduction

Water is an important renewable natural resource in
India, with 70% of the surface water precipitation
over a three to four-month period. The NCIWRDP
estimated the total basin-wise average annual flow
inIndian River systems as 1953 km?®, and the annual
potential nature of groundwater recharge from
rainfall in India is 342.43 km®. India's entire usable
water resources are 1110 BCM, and water is under
greater demand as a result of rising population,
expanding urbanization, and accelerating industry.
The availability of water per person is declining as
a result of the inadequate supply compared to the
rising demand. For India, managing water
effectively and fostering sustainable development is
a challenging task.

The riparian area along 12 interstate rivers is lowest
in Andhra Pradesh, leading to a deficit monsoon and
hazards of floods. Currently, Domestic drinking
water use in the state is 3.25 percent, and irrigation
uses 96% of the state's water supply, and only 0.6%
is utilized by industries. The government of Andhra
Pradesh has prioritized increasing water use
efficiency to progress towards a more industrial
economy. Appropriate water allocations must be set
for each industry. By 2029, it is desired to reach a
water use efficiency in agriculture of 60%. Planning

is aided by estimating the amount of water needed
for irrigation, management, and maintenance of
irrigation water projects. The climate of the area
affects crop water requirements and irrigation.
Minimum and maximum temperatures, rainfall,
relative humidity, wind speed, evaporation, and
sunshine hours are the main climatic factors that
affect crop water needs. It is commonly known that
the increase in atmospheric greenhouse gases
(GHGs) is to blame for the rise in global
temperature. Numerous Governmental and Non-
Governmental Organizations in India have started
studies on how agricultural and water resources are
impacted by climate change. In the 2030s, the
Indian subcontinent's annual mean surface air
temperature is predicted to increase by 1.7°C to
2.0°C, presumably effecting on four important
industries: agriculture, water, natural ecosystems,
biodiversity, and human health [3].

change has the potential to affect crop production,
water needs, irrigation needs, and freshwater
availability, making it an important issue
worldwide. The International Panel on Climate
Change has announced that According to the UN
panel on climate change, there would be significant
effects on water supply and availability in
developing nations, in developing nations, climate
change will have a significant impact on water
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supply and availability., leading to water and food
security hazards. It is important to understand the
possible impacts of climate change on the water
consumption of the agriculture sector.

An accurate estimation of the crops' water
requirements is necessary to apply irrigation water
effectively. There are now numerous computer
models available to calculate the crop water
requirements. The computer program CROPWAT
8.0, created by Joss Swennenhuis for the FAQO's
Water Resources Development and Management
Service, determines the distilled irrigation water
needs of a complicated situation. According to [2],
CROPWAT software is frequently used to forecast
CWR,  irrigation  rescheduling,  reference
evapotranspiration, deficit irrigation scheduling,
and crop patterns. Previous research suggested that
the CROPWAT program could be a trustworthy
tool for managing irrigation scheduling, planning
irrigation, and understanding crop  water
requirements. The development of drought-
resistant crops, agricultural diversification, more
effective water usage, and better soil management
techniques can all help mitigate some of the
negative effects of climate change. In light of the
aforementioned information, the current study is
intended to assess the impact of climate change in
the future on crop water requirements of various
crops for the Visakhapatnam district which is
located in the North Coastal Region with the
following objectives. To analyze the climate data
for finding variations in different meteorological
factors, Using CROPWAT 8.0, determine the crop
water needs of the main crops in the Visakhapatnam
district, and research the impact of climate change
on crop water needs in the next years.

2. Material and Methods

Location of the study area:

One of Andhra Pradesh's nine coastal districts,
Visakhapatnam district is situated between
17°42'15" North latitude and 83°17'52" East
longitude. It is bordered on the north by Odisha, on
the south by the Bay of Bengal, on the east by
Vijayanagaram, and the west by the East Godavari.
11,161 square kilometers, or 5.07% of the state's
total area, make up the district's overall geographic
area. With a maximum temperature of 42°C in the
summer and a minimum temperature of 15°C in the
winter, the climate is characterized by hot summers
and chilly winters. The South-West monsoon
provides the district with an average rainfall of 1008
mm per year. The largest river, Sarada, has a
catchment area of 2,665 square kilometers.
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Anakapalle and Yelamanchili are significant cities
in the basin.

Climate of the study area:

A meteorological station was established at the
Regional Agricultural Research Station. The annual
rainfall of Anakapalle collected from 2011 to 2020
and presented in Fig. 2.1. Maximum rainfall
observed during 2020 as 1617.7 mm and the lowest
rainfall observed during 2017 was 796.1 mm.
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Fig. 2.1 Annual rainfall of Anakapalle of
Visakhapatnam district from 2011 — 2020

The daily average maximum temperature and
minimum temperature from 2011 to 2020 are shown
in Fig. 2.2 with the highest May has the highest
average daily maximum temperature while January
has the lowest average daily minimum temperature.
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Fig.2.2 Daily average Maximum and
Minimum temperatures of Anakapalle of
Visakhapatnam district during 2011 — 2020
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The average relative humidity has been depicted in
Fig. 2.3 and observed that the maximum relative
humidity on 10th October was 74.58% and the
minimum relative humidity on 20th May was
43.37%

Chart Title

Fig. 2.3 Relative Humidity of Anakapalle of
Visakhapatnam district during 2011-2020.

Estimation of crop water requirement:

A computer tool called CROPWAT 8.0 for
Windows is used to determine the amount of
irrigation and water that crops need based on
historical or current climate and agricultural data.
Based on the information the user provides, it
determines the crop water requirements and
irrigation schedules. Data on evapotranspiration
(ETO) are required by CROPWAT to calculate crop
water requirements (CWR). Using the Penman-
Monteith  formula, = CROPWAT calculates
evapotranspiration (ETO) based on inputs of
temperature, humidity, wind speed, and sunshine.
Alternatively, the user can enter measured
evapotranspiration (ETO) values. For various
stages of crop development throughout the growing
season, these estimations are employed in the
calculations for crop water requirements and
irrigation scheduling. The following equation of the
Penman-Monteith method is used in CROPWAT
8.0

ETo = 0.408A(Rn-GxyT+900273u2(es—ea)

A+(1+0.34u2)

Where, ETo= reference evaporation
[mmday '], Rn = Net radiation of the crop
surface [MIm2day '], G = soil heat flux
density [MIm2day '], T = mean daily air
temperature at 2 m height [ °C], u2 = windspeed
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at 2m height [ms™], es = saturation vapour
pressure [ kPa], e« = actual vapour pressure [
kPa],

es- eq = saturation vapour pressure deficit [
kPa], A = slope vapour pressure curve |
kPa°C™*], y = psychrometric constant [ kPa°C™']

Program structure:

Eight separate modules make up the
CROPWAT program, five of which are for data
input and three of which are for calculations.
The modules bar, which is always present to the
left of the main window, is a more convenient
way to access these modules than through the
CROPWAT main menu. This makes it simple
for the user to combine various weather,
agricultural, and soil data to calculate crop
water needs, irrigation schedules, and scheme
supplies. General data, weather data (effective
rainfall, minimum relative humidity, wind
speed data), crop data, and soil data are the
initial data that the model needs to determine
the irrigation crop water requirements.

A general data file for CROPWAT contains
information like the nation, station, altitude,
latitude, and longitude as well as the weather
characteristics of minimum and maximum
temperatures, humidity, wind speed, and
daylight hours. Monthly weather parameters
were taken for the present year, wet year, dry
year, and normal years for the period during
2011-2020.

To a greater or lesser extent, rainfall helps to
satisfy CWR. The rainfall data used for
CROPWAT was collected for Anakapalle for
during 2011 to 2020. The effective rainfall was
calculated using the United States Department
of Agriculture, Soil Conservation Service
(USDS-SCS) algorithm using the daily rainfall
data from Anakapalle.

Data on crop length, rooting depth, crop
coefficients for various growth phases, and
planting and harvesting dates were submitted as
input for the crop file in CROPWAT. The
information was utilized to calculate crop
evapotranspiration. The total accessible water,
maximum rooting depth, initial soil moisture
depletion, and drainable porosity of the soils
were provided to CROPWAT based on the kind
of soils in the Visakhapatnam district.
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Generation of future weather data:
MarkSim, a tool that generates simulated daily
weather data specifically designed for use in the
tropics, such as rainfall, maximum and
minimum temperatures, and solar radiation,
was used to forecast weather data. There are 17
models available in the MarkSim, out of which
2 models are described below.

HadGEM2-ES is a linked AOGCM with an
ocean resolution of 1 0 (rising to 1/3 0 at the
equator) and 40 vertical levels and an
atmospheric resolution of N96 (1.875 0 1.25 0)
for the atmosphere. With the flexibility to
specify either atmospheric CO2 concentrations
or anthropogenic CO2 emissions and simulate
CO2 concentrations, HadGEM2-ES
additionally represents interactive land and
ocean carbon cycles and dynamic vegetation.
Additionally, a simulation of the evolution of
atmospheric composition and interactions with
atmospheric aerosols is provided using an
interactive tropospheric chemistry method.
The "MIROC-ESM" ESM is based on the
MIROC (Model for Interdisciplinary Research
on Climate) global climate model. Using a
version of MIROC-ESM (MIROC-
ESMCHEM)  without the  connected
atmospheric chemistry. It is possible to
evaluate the significance of chemistry-climate
interactions on the transient climate system.
The climate forecast model has been selected
from the drop window. Two models mainly
HADGEM2- ES and MIROC-ESM-CHEM
were identified with scenarios 4.5 and 8.5 to
generate the future climatic data. The model
was run with 50 replications to minimize the
errors in the simulation.

Fig.2. 4 Generation of weather data in
MarkSim DSSAT weather generator
I Ty e s
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The anticipated climate data for the years 2030,
2040, and 2050 was generated using the
weather generator, along with the future rainfall
maximum temperature, minimum temperature,
and radiation.

3. Results and Discussion
3.1 Crop water requirement

Rainfall and climate data from 2011 to
2020 was collected and estimated the monthly
average rainfall, maximum and minimum
temperature, relative humidity, and solar
radiation. Further dry and wet years were
identified to calculate the water requirements
for crops. Additionally, irrigation water needs
were calculated by deducting effective rainfall
from crop water needs. The CROPWAT
model was given the climate, rainfall, crop,
cropping pattern, and soil data as input.
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Fig. 3.1 Crop water requirement for paddy
(Kharif) in Anakapalle

The irrigation water requirement (IWR) for
paddy (Kharif) fields, effective rainfall, and
crop water requirements were estimated using
CROPWAT and shown in Fig. 3.1

The results on ET¢, effective rainfall, and IWR
were presented every 10 days (Decade) in a
crop growing season The crop irrigation
schedule scheme is shown in Fig.3.2

IIPAMS)| 48



| D rcenigtiosteide SET
Efodin 3 Cep Pz Perfrgéae H0E  Yedmd
Banstaim wsd Sed BTS00 Havert dae 271 B3z
Soedingoize Poe ke P Grovth thages
Tmng gz d ed S End D bz 2 hedm s2zizh Fgae & s mamiept

el bed nae oh Rl i hed natadeh

fopicatee  7siobed T

Tadle bmd

W higioshedde [ Daly oo vtz baascs Feelceny UE  Ssdkngdegh 05m

Dake | Dp | Stage | Ba | Ko | Bia | Pudd |Pescal [DeplM NetG| Losx Dl
| - A 4 ‘ 2 | = ‘ m w m =

Bd| B fFA: B 0 3 P W 1 W2 00 gI

Whg| 4 [Pl B W W P W 2 W8 0 &

Adg| 7 | ®m M 1 MW & 1 0 MG 00

ec | 17 | B B 10 W 0 1l 0 1eF 0D

120c| Eod | B © 10 B @&

Tod o imigin. 424 Todrid 847 m
Tod relimigaim 3880 tiechse il T8 mm
Todgsbaslerses 10 Tadumb: 23 m

Tolal pmcolaion losse: 53

Aol walzs e byonp 4312 Mozt defici dbarvet 0] mm
Poeniid walzt sz bycp 4312 Achal mgates requresenl 3515 mm
Eficieacy migelios shecde 1080 X Bficencysam 92 %
Deficeacy mgeloe schedde 00 X

Fig 3.2 Gross irrigation requirement for
paddy (Kharif) in  Anakapalle of
Visakhapatnam district

In the Visakhapatnam district's Anakapalle, the
crop water demand for paddy (Kharif) was
559.5 mm. The required amount of irrigation
water was 240.1 mm. The gross irrigation water
requirement was 1382.6 mm. Similarly, the
CWR and IWR for paddy, cotton, maize, green
gram, groundnut, and small vegetables were
estimated and presented in Table 3.1.

A year with average moderate rainfall is
considered as a normal year. 2012, 2013, and
2019 are observed as normal years from the last
ten years of data (2011-2020). A year with the
lowest rainfall is considered as a Dry year. The
year 2017 is observed as dry year with 796.1
mm of rainfall. A year with the highest rainfall
is considered as a wet year. 2020 is observed as
wet year with a rainfall range of 1617.7 mm.
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Table 3.1 Crop water requirement, Effective
rainfall and irrigation water requirement
for different crops in Anakapalle of
Visakhapatnam district

Crops CWR Effective IWR (mm)
(mm) rainfall (mm)
Paddy (tharif) 5993 3673 40
Paddy(rabi) 460 6.3 390.1
Green gram 15338 714 1853
Maize 3366 36 131
Groundauti Fharif) 3019 23 37
Groandaut/rabi) 2330 2264 1392
Cotton/harif) 493 695.2 12
Catton {rabi) 4693 1334 RATA)
Sugarcane 1248 875 4919
Small vagetables H6.8 1313 1922

In a normal year, IWR for paddy (kharif) was
240.1 mm, and paddy (rabi) was 390.1mm.
IWR for paddy in the rabi season was high
when compared to Kharif season because there
was less effective rainfall. IWR for cotton
(Kharif), cotton(rabi), sugarcane, groundnut
(Kharif), groundnut(rabi), maize, and green
gram were 7.2 mm, 357.5 mm, 491.9 mm,3.7
mm,139.2 mm, 13.1 mm, and 185.3 mm
respectively.

In the dry year, IWR for paddy (Kharif) was
252.8 mm, and paddy (rabi) was 560.9 mm.
IWR for paddy in the rabi season was high
when compared to the kharif season because
there was less effective rainfall. IWR for
groundnut (Kharif), groundnut (rabi), Cotton
(Kharif), and Cotton (rabi) are estimated as
35.6 mm 233.1 mm, 135.8 mm, and 445.3 mm
respectively. The crop water requirement and
irrigation water requirement are high for all
crops in dry years compared to normal year.
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In the wet year, IWR for paddy (kharif) was
225.3 mm, and paddy (rabi) was 388.7 mm.
IWR for paddy in the rabi season was high
when compared to the kharif season because
there was less effective rainfall. IWR for
groundnut (Kharif), groundnut (rabi), Cotton
(Kharif), and Cotton (rabi) were 14.4 mm,
178.8 mm, 2135 mm, and 266.7 mm
respectively. The crop water requirement and
irrigation water requirement were less in the
wet year compared to the dry year and normal
year due to the availability of more effective
rainfall. Less in a wet year compared to a dry
year and normal year due to the availability of
more effective rainfall.

3.2 Generation of future climate data

3.2.1 Generation of future Rainfall data for
Anakapalle of Visakhapatnam district
MarkSim tool was utilized to generate future
weather data. The climate models, namely
HADGEM2-ES and MIROC-ESM-CHEM
with 4 RCP scenarios Future climate data were
produced using RCP2.6, RCP4.5, RCP6.0, and
RCP8.5.

nralilmm

Rai

Tear

Fig.3.3 Generated rainfall data with
HADGEM2-ES and MIROC-ESM-CHEM
RCP2.6

It shows maximum rainfall in 2020 year and
decreasing trend and during the year 2021, it
decreased drastically. The rainfall data
generated from HADGEM2-ES and MIROC-
ESMCHEM with RCP 2.6 scenario for the
period 2020 to 2050 was shown in Fig. 3.3, the
rainfall values decreased from 1600 mm to
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1000 mm. The rainfall data generated using
four RCP scenarios and shown in table 3.2

Table 3.2 Generated rainfall data with
different RCP models

TYEAR | RADNFALL (mm)
RCP 26 RCP4S RCP&O | RCPSS |
2020 ‘ 16177 . 1617.7 ' 16177 l 16177 '
030 | 1487 | 1w | 150 | loss
2040 [ 1455 . 0770 10721 ‘ 10460 ‘

2050 1060.7 10653 10733 10529

3.21 Generation of the maximum
temperature of Anakapalle of
Visakhapatnam district in future years.

The maximum  temperature  generated
HADGEM2-ES and MIROC-ESM-CHEM
with RCP 2.6 scenario was presented in Fig. 3.4
for the period 2020 to 2050.
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Fig 3.4 Generated maximum temperature
data with HADGEM2-ES and MIROC-
ESMCHEM with RCP 2.6

Maximum temperature data was generated
using four RCP scenarios and shown in table
3.3. Both models predicted an increase in
temperature from 2020 to 2050. Maximum
temperatures were generated and found highest
during the year 2050 at 36.6°C and lowest
during the year 2020 at 32.5°C.
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Table 3.3 Generated rainfall data with
different RCP models

VEAR RAINFALL (pam)

RCP26 RCP4S RCP6S RCPA.S

X | 67 | T | e | e
N0 | 10R] 10985 S0 | 10881
R 078 01| 16
2050 1060.7 10633 10733 10329

Minimum temperatures were generated using
four RCP scenarios and found highest during
the year 2050 at 20.8°C and lowest during the
year 2020 at 19.5°C (Table 3.4).

Table 3.4. Generated minimum temperature
data with different RCP models

YEAR | MINIMUM TEMPERATURE

RCPL6 RCP4S RCP6 RCP3S

) 193 193 193 193
2030 197 18 197 200
M0 199 202 00 07
wo | w0 | Ws | W2 | N8

3.3 Impact of climate change on irrigation
water requirement

3.3.1. Crop water requirement of different
crops in Anakapalle of Visakhapatnam
district for future years

In HADGEMZ2-ES and MIROC-ESM -CHEM
models with RCP 2.6, RCP 4.5, RCP 6.0, and
RCP 8.5 the CWR increased from 2030-2050
for paddy, sugarcane, cotton, and small
vegetables. For paddy in the rabi season the
crop water requirement (CWR) increases year
to year from the year 2030-2050 (Tables 3.5 to
Table 3.8).
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Table 3.5 Crop water requirement and
Effective rainfall for different crops with
HADGEMZ2-ES and MIROC-ESM-CHEM
with RCP 2.6 (2030-2050)

Crop 2030 2040 p]
CWR| Effective] CWR| Effective] CWR Effective

P R p— rainfall
(naa) (naz) ()
Daddy | 3833 | 3688 | 60LD | 5335 | 6054 | 537%
(R}
Paddy | 4082 | 1153 | 4060 | 1307 | 4078 | 1487
(raby)
Greengam | 2108 | 4423 | 2827 | 1232 | m2b | 1302
Maize | 3481 | 5103 | 3547 | 3057 | a1 | 3062
Gromduwmr | 3781 | 3282 | 3817 | 3278 | 386 | 3206
Gromduwmr | 3236 | 1833 | 3157 | 1918 | 3261 1926
(rabi)
Comon | 5401 | 6361 | 35533 | 6440 | 581 | 6524
Comon | 5533 | 1836 | 5570 | 1803 | 3383 | 1972
(rabl)
Sugmcane | 13137 | 7880 | 13233| 7723 | 15282 | 7EL1

Emall 303.5 3.9 3686 103.4 3604 103.4
vezetzbles

Table 3.6 Crop water requirement and
Effective rainfall for different crops with
HADGEMZ2-ES and MIROC-ESM- CHEM
with RCP 4.5 (2030-2050).

Crop 1030 080 1050
CWR | Effective | CWR | Effective CWR | Effective
(mms) ratnfall (mm) rainfall (mm) ratnfall
(mm) (mm) (mm)
Paddy 5601 5734 5071 5564 6025 5434
(Khartf)
Paddy 504 5 1256 500.5 1362 5060 1439
(raby
Green gram 2432 4529 2108 e 9 2254 407
T Maize | 3471 | 5813 5230 77 3542 3104
Groundma 3755 5408 £1% 5185 306 S 5057
(ehary)
Groumdon 3346 1773 3336 1132 337a 1219
rady
Cotton 5421 6606 5518 6544 5560 6515
(&harify
Corton (7abdf)| 6624 | 2683 | 6711 2893 6798 2823
“Sugarcane | 13147 | 7969 | 13213 016 13346 | 7473
Senall 49 1087 3673 1092 iT20 1089
vepetabies
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Table 3.7 Crop water requirement and
Effective rainfall for different crops with
HADGEM2-ES and MIROC-ESM-CHEM
with RCP 6.0 (2030-2050)
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The increase in crop water requirement was
observed for the different crops with the range
of 12 to 13.5 percent for the year 2030.
Similarly, increment in observations of crop
water requirements for several crops with a
variety of 13.5 to 14.51 percent for the year
2040 and 14.51 to 15.74 percent for the year
2050 (Table 3.9).

Table 3.9 change in the crop water
requirement with generated weather data
HADGEM?2=ES and MIROCESM-CHEM
for the years 2020, 2040, and 2050 for
Anakapalle of Visakhapatnam district

Crop 2030 040 2050 |
CWR| Effecive CWR| Effectivé CWR Effective |
(mmy  Teinfd (mm) rinfall o, rainfall
(mam) (mm) {mm)
Paddy 98, 3486 977 N3 5.3 5505
(Kharil)
Paddy 206 | 1308 | 4914 1508 223 1508
Gresnzoam | 2178 454 2180 443 21835 423
Maize 0.0 ST | 31 5123 3536 316 :
Gromndree | 3920 SR 13933 066 380 5058
(B
Gromdm= | 5268 | 1266 | 324 1273 232 1277
fradil
Cotion 471 6381 | 3483 6335 5338 6341
Cotton 6636 17539 | 6674 2799 6652 2833
Segarcane | 13103 970 13137 014 13221 /1
Saeall 3640 106.6 l 3647 1056 536 1033
wegetables

Table 3.8 Crop water requirement and
Effective rainfall for different crops with
HADGEM2-ES and MIROC-ESM-CHEM
with RCP 8.5 (2030-2050)

Crop| b} 40 030
CWR Effective] TR fﬂnli\ci CWR Effective
(mm) mainfall] ooy ru'-bII; (mm) rainfall
(mm) ()| (mm)
Paddy 053 6026 29 599 5351
Kharif
Padhy (TR 00 5 5076 13
e
Geeen pramy 8 3 o e | 2364 s
Masze 1506 nt 32 $13. | e 503
Gromm | W1 | SW3 [N | SR | oEs | s
KA
Groundomn 16 120 3333 113 45 1o
radyl
Cotien (s a4 | 594 ) %13 514
'-’-'\7‘;"
Coron L7 i =5 ({5 bITS]
by
Sugsrcame | 15163 7813|1345 | i3 504 703
Smal] | 3650 HOT RN ER 12 1739 TS
vegetables

Crop Crop water requirement 1 mm
Averzed N30 | Chanze in| 20| Chaagem| 2050 | Cheegem
peroent percent percent
Padir(£horif) | 35935 | 3918] 345 [3904 716 | 6033 818
Paddy (Robd) | 460 | 4877 737 |4983 832 | 011 8:
Greeagram | 2146 | 2268] 368 |2271 582 |23} 726
Matze 3366 | 3557] 547 |3364 397 |3602f 741
Grouadmut 3019 | 3847] 2741 301§ 2067 | 3988 3209
Grouadnnt 253 | 3201] 3007 | 330( 3043 | 3343] 321
{radij
Cotton/Rhavif) | 4903 | 5508 1233 (3320 1260 | 35355 139
Cotion (rahi} | 4695 | 637.7] 3382 |6434 3705 | 6474 3719
Sugarcane 12848( 131380 125 [ I323) 207 13331 3M
Sanall 3468 | 3406] 080 3649 521 | 304 680
vezetanks

4. Conclusion
The climate change impact on crop water
requirements requires rainfall and weather data.
So, the Data from the Regional Agriculture
Research Station (RARS) in Anakapalle was
collected from 2011-2020, using CROPWAT
8.0 software to calculate crop water
requirements for major crops in Visakhapatnam
district. The crop water requirements for Paddy
(Kharif), Paddy (rabi), Green gram, Maize,
Groundnut (Kharif), Groundnut (rabi), Cotton
(Kharif), Cotton (rabi), Sugarcane, and Small
vegetables were 559.5 mm, 460.0 mm, 253.8
mm, 336.6 mm, 301.9 mm, 253.0 mm, 490.3
mm, 469.5 mm, 1284.8 mm, and 346.8 mm
respectively. Future weather conditions The

IIPAMS]| 52



following conclusions have been drawn based
on the study

Crop water requirements of the normal year,

wet year, dry year, and present year for paddy

(rabi) are 460 mm, 462.3 mm, 458.6 mm, and
462.3 mm respectively.

Crop water requirement for normal year, wet

year, dry year and present year for cotton
(Kharif) is 490.3 mm, 490.3 mm, 492.6 mm,
and 490.3 mm respectively.

Crop water requirements for the normal year,
wet year, dry year, and present year for cotton
(rabi) is 469.5 mm, 480.0 mm, 489.3 mm, and
480.0 mm respectively.

Crop water requirements for the normal year,
wet year, dry year, and present year for green
gram is 253.8 mm, 192.7 mm, 192.7 mm, and
192.7 mm respectively.

Crop water requirements for the normal year,

wet year, dry year and present year for

groundnut (Kharif) are 301.9 mm, 314.5 mm,
296.4 mm, and 490.3 mm respectively.

Crop water requirements for the normal year,

wet year, dry year and present year for

groundnut (rabi) is 253.0 mm, 249.6 mm,
249.4 mm, and 249.6 mm respectively.

Crop water requirements for Paddy (Kharif),
Paddy (rabi), cotton (Kharif), cotton (rabi),

sugarcane, Groundnut (Kharif), Groundnut
(rabi), and small vegetables during the year

2030 using HADGEM2-ES and MIROC-
ESM -CHEM with 2.6 scenario will be 583.3
mm, 498.2 mm, 548.1 mm, 553.3 mm,1313.7
mm, 379.1 mm, 323.6 mm, and 303.5 mm
respectively.

Crop water requirements for Paddy (Kharif),
paddy (rabi), cotton (Kharif), cotton (rabi),

sugarcane, Groundnut (Kharif), Groundnut
(rabi), and small vegetables during the year

2040 using HADGEM2-ES and MIROC-
ESM -CHEM with 2.6 scenario will be 601.0
mm, 496.9 mm, 553.3 mm, 557.9 mm, 1325.1
mm, 382.7 mm, 325.7 mm, and 368.6 mm
respectively.

INTERNATIONAL JOURNAL OF PHARMACY WITH MEDICAL SCIENCES

9.

10.

11.

12.

13.

14.

PEER REVIEWED, REFERRED & INDEXED JOURNAL
E-ISSN:3068-2738

Vol.5, No. 2(2025)

www.ijpams.com

Crop water requirements for Paddy (Kharif),
Paddy (rabi), cotton (Kharif), cotton (rabi),
sugarcane, Groundnut (Kharif), Groundnut
(rabi), and small vegetables during the year
2050 using HADGEMZ2-ES and MIROC-
ESM - CHEM with 2.6 scenario will be 598.4
mm, 497.8 mm, 552.1 mm, 558.5 mm, 1323.2
mm, 381.6 mm, 326.1 mm, and 369.4 mm
respectively.

Crop water requirements for Paddy (Kharif),
Paddy (rabi), cotton (Kharif), cotton (rabi),
sugarcane, Groundnut (Kharif), Groundnut
(rabi), and small vegetables during the year
2030 using HADGEMZ2-ES and MIROC-
ESM -CHEM with 4.5 scenario will be 590.1
mm, 504.5 mm, 549.1 mm, 662.4 mm, 1314.7
mm, 375.5 mm, 334.6 mm, and 364.9 mm
respectively.

Crop water requirements of Paddy (Kharif),
Paddy (rabi), cotton (Kharif), cotton (rabi),
sugarcane, Groundnut (Kharif), Groundnut
(rabi), and small vegetables during the year
2040 using HADGEMZ2-ES and MIROC-
ESM -CHEM with 4.5 scenario will be 597.1
mm,500.5 mm, 551.8 mm, 671.1 mm, 1321.2
mm, 393.4 mm, 333.6 mm, and 367.4 mm
respectively.

Crop water requirements for Paddy (Kharif),
Paddy (rabi), cotton (Kharif), cotton (rabi),
cotton (rabi), sugarcane, Groundnut (Kharif),
Groundnut (rabi) and small vegetables during
the year 2050 using HADGEM2-ES and
MIROC-ESM-CHEM with 4.5 scenario will
be 602.5 mm, 506.0 mm, 556.0 mm, 679.8
mm, 1334.6 mm, 396.5 mm, 337.0 mm, and
372.0 mm respectively.

Crop water requirements for Paddy (Kharif),
Paddy (rabi), cotton (Kharif), cotton (rabi),
sugarcane, Groundnut (Kharif), Groundnut
(rabi), and small vegetables during the year
2030 using HADGEMZ2-ES and MIROC-
ESM -CHEM with 6.0 scenario will be 598.5
mm, 490.6 mm, 547.1 mm, 665.6 mm, 1310.3
mm, 392.0 mm, 326.8 mm, and 364.0 mm
respectively.

Crop water requirements of Paddy (Kharif),
Paddy (rabi), cotton (Kharif), cotton (rabi),
sugarcane, Groundnut (Kharif), Groundnut
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(rabi), and small vegetables during the year
2040 using HADGEMZ2-ES and MIROC-
ESM -CHEM with 6.0 scenario will be 597.7
mm, 491.4 mm, 548.8 mm, 667.0 mm, 1313.7
mm, 393.3 mm, 327.4 mm, and 364.7 mm
respectively.

Crop water requirements for Paddy (Kharif),
Paddy (rabi), cotton (Kharif), cotton (rabi),
sugarcane, Groundnut (Kharif), Groundnut
(rabi), and small vegetables during the year
2050 using HADGEM2-ES and MIROC-
ESM-CHEM with 6.0 scenario will be 603.5
mm, 492.8 mm, 553.8 mm, 669.2 mm,1322.1
mm, 398.0 mm, 328.4 mm, and 365.6 mm
respectively.

Crop water requirements for Paddy (Kharif),
Paddy (rabi), cotton (Kharif), cotton (rabi),
sugarcane, Groundnut (Kharif), Groundnut
(rabi), and small vegetables during the year
2030 using HADGEMZ2-ES and MIROC-
ESM -CHEM with 8.5 scenario will be 595.5
mm, 497.5 mm, 549.2 mm, 669.5 mm, 1316.5
mm, 3924 mm, 331.6 mm, and 366.0
respectively.

Crop water requirements for Paddy (Kharif),
Paddy (rabi), cotton (Kharif), cotton (rabi),
sugarcane, Groundnut (Kharif), Groundnut
(rabi), and small vegetables during the year
2040 using HADGEMZ2-ES and MIROC-
ESM -CHEM with 8.5 scenario will be 542.9
mm, 134.9 mm, 554.4 mm, 677.6 mm, 1334.9
mm, 396.8 mm, 333.3 mm, and 370.7 mm
respectively.

Crop water requirement of Paddy (Kharif),
Paddy (rabi), cotton (Kharif), cotton (rabi),
sugarcane, Groundnut (Kharif), Groundnut
(rabi), and small vegetables during the year
2050 using HADGEMZ2-ES and MIROC-
ESM -CHEM with 8.5 scenario will be 609.9
mm, 507.6 mm, 518.2 mm, 629.2 mm, 1350.4
mm, 334.5 mm, 268.7 mm, and 374.9 mm
respectively.

The increase in crop water requirement was
observed for the different crops with the
range of 12 to 13.5 percent for the year 2030.
Similarly, an increment in crop water
requirement was observed for the different
crops with the range of 13.5 to 14.51 percent
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for the year 2040, and 14.51 to 15.74 percent
for the year 2050. The water demand to meet
the crop water requirement in the future will
be increased.

Future scope of work

Estimation of future water demand in the
agricultural sector and future available water
may be useful for planning suitable cropping
patterns for sustainable water management.
The data can be generated from different
global climatic models are to be verified for
realistic predictions on different aspects.
Planning of Irrigation scheduling to achieve
maximum production may be tested on
projected inter-annual variability of monsoon
dry and wet spells.

References
[1].FAO. 1998. Crop evapotranspiration,
guidelines for completing crop water

requirements-FAQO irrigation and drainage
paper No. 56. FAO, Rome. 300(9): D05109.

[2].FAO. 2009. Richard G Allen, William O
Pruitt - Journal of irrigation and drainage
engineering, 117(5):758-773.

[3].INCCA Indian Network for Climate Change
Assessment (2010) Climate change and India:
a 4X4 assessment-a sectorial and regional
analysis for 2030s.

[4] Todupunuri, A. (2023). The Role of
Artificial  Intelligence in  Enhancing
Cybersecurity Measures in Online Banking
Using Al. International Journal of Enhanced
Research in Management &amp; Computer
Applications, 12(01), 103-108.
https://doi.org/10.55948/ijermca.2023.01015

[5].Khandelwal, M. K., Patel, R. K., Tiwari, C.B
and Singh, K. 1996. Rescheduling canal
irrigation in Mabhi right bank canal command
using the CROPWAT model. Working
paper No. 96. Institute of Rural Management,
Anand.

[6] Charan Nandigama, N. (2024). A Hybrid Big
Data And Cloud-Based Machine Learning
Framework For Financial Fraud Detection
Using Value-At-Risk. International Journal
of Research and Analytical Reviews, 11(3).
https://doi.org/10.56975/ijrar.v11i3.324899

[5] Kumar, S.C., Saon, B. and Mridul, B. 2012.
Climate change on crop water requirement in
Ganga River Basin, West Bengal, India.

IJPAMS| 54



INTERNATIONAL JOURNAL OF PHARMACY WITH MEDICAL SCIENCES
PEER REVIEWED, REFERRED & INDEXED JOURNAL

E-ISSN:3068-2738

Vol.5, No. 2(2025)

www.ijpams.com

Biology, Environment and Chemistry.
46(4):17-21.

IIPAMS]| 55



