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Abstract: Climate change is often linked with record-breaking heavy or poor rainfall events, un-
precedented storms, extreme day and night time temperatures, etc. It may have a marked impact on
climate-sensitive sectors and associated livelihoods. Block-level weather forecasting is a new-fangled
dimension of agrometeorological services (AAS) in the country and is getting popularized as a
climate-smart farming strategy. Studies on the economic impact of these microlevel advisories are
uncommon. Agromet advisory services (AAS) play a critical role as an early warning service and
preparedness among the maize farmers in the Parambikulam–Aliyar Basin, as this area still needs
to widen and deepen its AWS network to reach the village level. In this article, the responses of
the maize farmers of Parambikulam–Aliyar Basin on AAS were analyzed. AAS were provided to
early and late Rabi farmers during the year 2020–2022. An automatic weather station was installed at
the farmers’ field to understand the real-time weather. Forecast data from the India Meteorological
Department (IMD) were used to provide agromet advisory services. Therefore, the present study
deserves special focus. Social media and other ICT tools were used for AAS dissemination purposes.
A crop simulation model (CSM), DSSAT4.7cereal maize, was used for assessing maize yield in the
present scenario and under the elevated GHGs scenario under climate change. Our findings suggest
that the AAS significantly supported the farmers in sustaining production. The AAS were helpful
for the farmers during the dry spells in the late samba (2021–2022) to provide critical irrigation and
during heavy rainfall events at the events of harvest during early and late Rabi (2021–22). Published
research articles on the verification of weather forecasts from South India are scanty. This article also
tries to understand the reliability of forecasts. Findings from the verification suggest that rainfall
represented a fairly good forecast for the season, though erratic, with an accuracy score or HI score of
0.77 and an HK score of 0.60, and the probability of detection (PoD) of hits was found to be 0.91. Veri-
fication shows that the forecasted relative humidity observed showed a fairly good correlation, with
an R2 value of 0.52. These findings suggest that enhancing model forecast accuracy can enhance
the reliability and utility of AAS as a climate-smart adaptation option. This study recommends that
AAS can act as a valuable input to alleviate the impacts of hydrometeorological disasters on maize
crop production in the basin. There is a huge demand for quality weather forecasts with respect to
accuracy, resolution, and lead time, which is increasing across the country. Externally funded research
studies such as ours are an added advantage to bridge the gap in AAS dissemination to a great extent.

Keywords: adaptation; climate change; agrometeorological services; automatic weather station;
agromet advisory services; crop simulation modeling; maize; DSSAT
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1. Introduction

There is a mounting interest in the monitoring of weather aberrations and climate
change worldwide due to rising climate-related catastrophes. The Intergovernmental Panel
on Climate Change (IPCC) has warned that global warming may increase the intensity and
frequency of extreme environmental events such as forest fires, hurricanes, heat waves,
floods, droughts, and storms. [1]. More than a billion people currently live in water-
scarce regions, and as many as 3.5 billion could experience water scarcity by 2025. At
the same time, demand for food is also estimated to grow by 50 percent during the year
2050 concerning the base year 2010 [2]. Not only the sudden shift in rainfall regimes,
but any surge in day and night time temperature also has a huge potential to disturb
living organisms either directly or indirectly [3,4]. CMIP6-Global Climate Models project a
warmer (3–5 ◦C) and wetter (13–30%) climate for South Asian regions in the 21st century [5].
In fragile situations, where there is high vulnerability and little investment in coping
mechanisms and adaptation, the effects of climate change might be felt most keenly [6].

Building local capacities and enhancing resilience are considered the prime focal
themes in the Prime Minister of India’s 10-point agenda on disaster risk reduction (DRR).
Enhancing smart weather solutions at the farm level is a significant stratagem in dealing
with the climate crisis. To address wide variations in weather and its impacts on crops
within the district, the panel of experts, including agrometeorologists, agronomists, ento-
mologists, and extension specialists, should prepare crop-specific weather advisories of the
respective district/block and disseminate them to farmers. Individual researchers would
also help to bring into the limelight a deeper understanding of the location-specific crop
management details to the research and capacity-building front.

Since India is a peninsular country, it commonly experiences cyclones from the Arabian
Sea, the Bay of Bengal, and the Indian Ocean. Recently, the “Nisarga” cyclone that happened
during May 2020, the early pandemic period, posed severe challenges to the small and
marginal farming communities of not only coastal regions but interior parts of Tamil Nadu,
including the present study area. During the cyclone “Nivar” (23–24 November 2020), the
Indian Meteorological Department (IMD) issued a red alert for many blocks of Tamil Nadu
and Kerala.

The droughts are also widespread in many pockets across Tamil Nadu with a once-
in-three years frequency [7]. Peninsular India may lose approximately 6000 km2 of its
arable lands due to climate change-induced sea-level rise [8]. Building social resilience
is a crucial step forward in mainstreaming national and state climate change adaptation
frameworks [9]. Timely dissemination of weather-related information plays a major role
in proactive adaptation frameworks. A great deal of climate research and investment
aims to strengthen the credibility of the information that national meteorological services
provide [10].

The magnitude of climate change impacts is going to be beyond the capacity of farmers’
autonomous adaptation. In many cases, the occurrence of sudden dry spells, increasing
temperature over the years, frequent and severe droughts, and depletion of groundwater
levels have restricted farmers in the selection of water-intensive crops, reduced their risk-
bearing capabilities, etc. This has led to an increase in rural to urban migration and adoption
of nonfarm activities in many places [11]. However, as shown in Figure 1, adopting weather-
smart solutions and diversification of agricultural livelihoods through agro-allied sectors
such as animal husbandry, forestry, and fisheries have a huge potential for enhanced
livelihood opportunities and strengthened resilience [12]. Automatic weather stations
are one of the single-window systems for not only understanding the real-time weather
scenario from farmers’ fields but also preparedness and recovery. These ICTs benefit in
enhancing the benefits of science to reach stakeholders more efficiently.
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Figure 1. Ways to achieve sustainable agriculture production (author formulated).

1.1. Status of AAS Dissemination in India

Weather forecasting is a new-fangled dimension of AAS in the country and aer getting
popularized as a climate-smart farming strategy. At present, India is progressing in the
field of agromet advisory services with the big expansion of Indian satellites focusing on
weather data collection. INSAT 3A, MeghaTropiques INSAT 3D INSAT 3DR, automatic
weather stations (AWSs), automatic rain gauges (ARGs), Doppler weather radars (DWRs),
lightning sensors, and mobile applications are vague to support agromet advisory systems.
In order to connect weather forecasting services to farmers, the Government of India,
under the leadership of the Indian Meteorological Department, has set up agromet field
units (AMFUs). Agromet advisories are prepared and disseminated by AMFUs and state
agriculture universities (SAUs) twice a week (Tuesdays and Fridays), covering 690 districts
under the GKMS scheme. Seasonal forecasts and agromet advisories benefit farmers to plan
and prepare for disasters, enhance local resilience, and implement risk-aversion strategies.
The IMD issues extended-range forecasts and seasonal forecasts for all the districts in the
country. This facilitates season-wise crop management and contingency crop planning by
the department of agriculture (DoA) and SAUs. Traditional knowledge also plays a pivotal
role to understand crop management at various stages. In this research, agromet advisories
(AAS) were disseminated to more than 200 maize growers in the Parambikulam–Aliyar
Basin (PAP) during the Rabi season (2021–2022). The impact of agrometeorological services
on the sustainable production and livelihood of maize farmers is dealt with in this research
article. Studies on the economic impact of these microlevel advisories are uncommon.
Therefore, the present study was undertaken

1.2. Maize Production Statistics in India

India ranks 4th in area and 7th in production among the maize-growing countries,
representing around 4% of the world’s maize area and 2% of total production. During
2018–2019 in India, the maize area reached 9.2 million ha [13]. During 1950–1951, India
used to produce 1.73 million MT of maize, which increased to 27.8 million MT by 2018–2019,
recording close to a 16 times increase in production (Figure 2). The average productivity
during the period increased by 5.42 times from 547 kg/ha to 2965 kg/ha, while the area
increased by nearly 3 times (Figure 3). Maize (“makka cholam” in the local language Tamil)
area and yield in Tamil Nadu have also shown a significant increasing trend in the last
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decade. Among Indian states, Madhya Pradesh and Karnataka have the highest area under
maize (15% each), followed by Maharashtra (10%) and Tamil Nadu (4%).

AgriEngineering 2022, 4, FOR PEER REVIEW    4  of 25 
 

 

area increased by nearly 3 times (Figure 3). Maize (“makka cholam” in the local language 

Tamil) area and yield in Tamil Nadu have also shown a significant increasing trend in the 

last decade. Among Indian states, Madhya Pradesh and Karnataka have the highest area 

under maize (15% each), followed by Maharashtra (10%) and Tamil Nadu (4%). 

 

Figure 2. Maize production statistics in India from 1971 to 2020. (Source: DoES,TN). 

 

(a) 

0
1
2
3
4
5
6
7
8
9
10

0

0.5

1

1.5

2

2.5

3

3.5

A
re
a(
m
h
a)

Y
ie
ld
 (
 t
/h
a)

Area and Productivity of Maize in India 

Yield (t/ha) Area (mha)

0
50000
100000
150000
200000
250000
300000
350000
400000
450000

A
re
a 
(H
a)

Trend in Maize Area‐ Tamil Nadu 

Figure 2. Maize production statistics in India from 1971 to 2020. (Source: DoES,TN).
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Figure 3. (a,b) Trends in the maize area and yield in the study area, respectively.

2. Materials and Methods
2.1. Study Area: Parambikulam–Aliyar Basin

The Parambikulam–Aliyar Basin (PAP) forms part of the west agroclimatic zone of
Tamil Nadu. PAP dams are built as an interstate water distribution project for sharing
waters between two south Indian states namely Kerala and Tamil Nadu. This basin is
located between the coordinates of 10◦10′00” N to 10◦57′20” N latitude, 76◦43′00” E to
77◦12′30” E longitudes. and covers an area of 2388.72 km2 (Figure 4). The catchment area
of this basin is in the Western Ghats. It is a multipurpose project completed in the late
1960s, and its functioning is based on an agreement between the two states (Figure 4). The
Parambikulam–Aliyar project diverts the water from the basins of three west-flowing rivers
originating from the western ghats along the Kerala–Tamil Nadu border, namely, Periyar,
Chalakkudi Puzha, and Bharathapuzha. There is a huge spatial variation in the amount
of water received in this basin. The average annual rainfall received in the hilly areas is
1500 mm, 940 mm in the basin, and in the plain areas, it is approximately 600 mm. The
maize crop is grown mainly in the command areas of the basin under irrigated conditions,
and groundnut and sorghum are grown under rainfed conditions. These rivers are mainly
fed by the southwest monsoon and northeast monsoon rainfall. It can be seen from the
land-use land cover maps that plantation crops such as coconut, nutmeg, cocoa, etc., are
also widely grown in these areas (Figure 5, [14]). The southern end of the basin has the
catchment areas of the Aliyar and Palar rivers, filled with thick-forested hills, and in some
parts, it is merely rocky outcrops.
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2.2. Dissemination of AAS to the Farming Communities

Forecasted block-level weather data from the regional meteorological center (RMC),
Chennai, or the IMD, New Delhi, were used for dissemination. Every Tuesdays and
Fridays, IMD sends out a medium-range weather forecast at the block level. As a result,
registered farmers receive weather information weekly twice. Agromet advisories are
prepared biweekly, integrating the real-time weather retrieved from an automatic weather
station with the forecasts provided by the IMD and subject-matter expertise. A server
was maintained at the Agro Climate Research Center, Tamil Nadu Agriculture University,
Coimbatore, for the retrieval of data from the farmers’ field

The maize farmers are provided with block-level agromet advisories biweekly via ICT
tools, including social media apps and websites (https://weatheroutlookanamalai.com/
(accessed on: 5 August 2022), in the vernacular language Tamil. Dispersal of AAS was
initiated with the land preparation/sowing time and continued till harvest, covering all
sensitive crop growth stages in both the early and late samba season. Primary data were
generated through a semi-structured sample survey, face-to-face interviews, and meet-
ings. Frequent field visits were conducted during the crop-growing season to understand
cropping patterns, production strategies, and different growth stages.

https://weatheroutlookanamalai.com/
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In AAS dissemination, local knowledge and subject expertise are complementary to
each other, as both are interconnected to facilitate appropriate decision-making. Primary
data were gathered through frequent field visits and individual and group interviews. The
website was also created for exclusive dissemination of advisories in both English and the
vernacular language. Amazon Web Services (AWS), the world’s most comprehensive and
broadly adopted cloud platform, was used to maintain web services.

2.3. Verification of Skill Score of the Forecasts

Weather forecast verification helps improve the model forecast for a particular loca-
tion [13]. For the verification, the methodology suggested by the IMD is adopted [15].
Kothayal et al. [16] and Rathore and Parvinder [17] also followed a similar approach. Re-
search articles on verification from South India are very few. HI score/accuracy score/ratio
score/hit ratio are the same.

Hit Ratio =
H + Z

H + Z + M + F
× 100 (1)

(1) Or Correct Forecast/Actual Forecast
HK Score: Hanssen and Kuipers Score or True Skill Score:

HKScore =
(Z×H)− (M× F)
(Z + F)× (M + H)

(2)

Bias Score:
Probability of Detection (POD) Score:

Hit Rate = POD =
H

H + M
(3)

Here H = (YY)—observed and predicted; F = (NY)—number of falls alarms, not observed
but predicted), M = (YN)—no of misses, observed, but was not forecasted; Z = (NN)—
neither observed nor predicted).

FAR =
F

H + F
(4)

RMSE =

√
∑n

i=1 (Pi −Oi)
2

n
(5)

Here (Pi is the forecast value; P is the mean forecast; Oi is the observed value, and O is
the mean observed value for each day).

The forecasts can be verified in two different ways, namely, qualitative and quan-
titative. The accuracy assessment helps the modelers to fine-tune the models and give
proper weather predictions. The qualitative verification of forecasts with observed real-time
weather supports fine-tuning of the model forecast by the authorities for better reliability.
‘R’ software was used to prepare the correlogram of observed and forecasted variables

2.4. Crop Simulation Modeling to Understand the Anticipated Impacts on Maize Yield

The decision support system for agrotechnology transfer (DSSAT4.7), a biophysical,
process-based crop simulation model (CSM), was used to carry out the impact assess-
ment [18]. The IMD’s gridded rainfall data at a 0.25 × 0.25 degree grid resolution was
used to generate climate details. Maize Hybrid CO-6 is the main cultivar introduced by
state agriculture universities in the study region. Hence, this ruling variety is considered
for impact assessment (IA). IA of maize crop under observed climate and elevated CO2
concentration in future climate change scenarios was explored using DSSAT4.7. Grain
weight under elevated CO2 conditions as per future climatic conditions during the early,
mid, and end century period as per the RCP 4.5 scenario was analyzed as per the fifth
assessment report of the IPCC. Solar radiation data were derived using DSSAT’s Weather
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Generator tool, providing inputs such as day and night time temperatures and rainfall [19].
The time period for the baseline climate used for this study was from 1981 to 2017.

The CERES-Maize model is a part of a suite of crop models available in DSSAT
under the cereal category. This module was developed by Jones and Kiniry et al. [20],
and it continues to be the most widely used maize model globally according to Basso
et al. [21]. Farm-level information on cropping patterns and management details are
essential prerequisites for regional and local level impact assessments using CSMs. Soil files
and crop management files were created for the study area and given as input for the model.
In the western zones of Tamil Nadu, maize is cultivated mainly in the Rabi season. Through
field visits, it was revealed that maize sowing takes place normally during the second to the
third week of September under early samba. The late samba season generally commences
in mid-November in the study area. The PAP basin gets water from the Aliyar, Palar, and
Thirumurthy irrigation canal systems by the end of the SW monsoon season/Kharif season.
In almost all crop-growing villages, maize sowing takes place in mid-September under
rainfed and irrigated conditions. Hence, 15 September was chosen as the sowing date for
simulations.

Quartile deviation was calculated as:

QD = (Q3 − Q1)/2 (6)

3. Results
3.1. Climate-Related Disasters Profile of the Study Area

It is clear from the hydrometeorological data that this basin is significantly hit by
climate-related disasters (Table 1). The recent one was the very severe cyclonic storm
“Nivar”, a tropical cyclone that brought severe impacts to many parts of Tamil Nadu,
including the study area. However, the cyclone “Gulab” that formed during the fourth
week of September 2021 has helped in the proper establishment of early samba maize
crops. BOB5 and BOB6 cyclonic depressions also created havoc for the maize crop during
their harvesting phase in the basin from the second and third weeks of November 2021.
Harvest-ready crops were affected by heavy precipitation events. After that, the impacts of
cyclone Jawad were beneficial for the establishment of the late Rabi maize crop during the
first and second weeks of December.

Severe dry conditions were reported by farmers during the years 2016, 2012, and
between 2001 and 2003. These years are remembered as drought years. The years 2015,
2010, and 2005 are remembered as wet or excess rainfall years. Cyclones do not always
negatively impact agriculture. Extremely heavy rainfall caused by the cyclone “Tauktae”
provided good rainfall during May 2021. Orange and red/flood alerts were issued by the
IMD for many parts of the state. The recent cyclone that formed during the second week of
May 2022 helped farmers to obtain a good amount of rainfall, hence the land preparation
and sowing of groundnut crops were performed successfully in this area.
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Table 1. Disaster profile of the state that impacted agriculture for the past 20 years.

Year Events

2001 Mild Drought

2002 Mild Drought

2003 Moderate Drought

2004 Moderate Drought

2005 Excess Rain

2008 Cyclone Nisha-Rain

2010 Moderately Wet

2011 Heavy Rain due to Thane Cyclone

2012 Heavy Rain due to Nilam Cyclone

2014 Drought

2015 Excess Rain

2016 Drought/Vardah cyclone

2018 Gaja Cyclone Excess Rain

2019 Fani and Bulbul Cyclone Excess Rain

2020 Amphan and Nisarga

2021 Tauktae and Nivar

2022 Asani Brought Good Rain

3.2. Observed Weather during the Maize-Growing Period (2021–2022)

The hourly, daily, monthly, and seasonal weather files derived from the AWS werepro-
cessed to understand the overall weather conditions in the study area during the early and
late Rabi season (Figure 6a–c). The highest average daytime temperature was observed dur-
ing September (33.93 ◦C), and after that, the temperature start decreasing in the subsequent
months. The highest diurnal temperature range was observed in February and the lowest
during November. December is the coolest month in the study area, with the recorded
lowest daytime temperature of 24.81 ◦C. The highest mean nighttime temperature received
was also during September (24.11 ◦C), and the lowest mean was during January (19.38 ◦C).

The observed rainfall for the Rabi season was above normal during both November
and October in the study area, with a total rainfall of 358.5 mm and 273 mm, respectively
for each month. The total rainfall received during both the early and late samba Maize-
growing seasons is 723 mm in this region. As far as the highest single-day 24 h maximum
precipitation is concerned, 17 and 23 November have a recorded rainfall of around 70 mm
each and on 1 and 5 October 34 and 36 mm, respectively (Figure 6a). This area received
no rainfall at all during the winter months of 2022. It is to be noted that during April, the
area received good summer rainfall of 109.5 mm due to the impacts of cyclonic depression
(BOB-1) in the Bay of Bengal. The mean RH was maximum during November is 81.8%,
followed by October (79.7%), and February is the driest month, with a mean RH of only
63.7% (Figure 6b).

The distribution of kharif rainfall was maximum during the month of July (80 mm),
2021, followed by June (78.5 mm). The total seasonal rainfall received was 252 mm for kharif
and 0 mm during winter months, 181 for summer months, and 530 mm for the northeast
monsoon season in 2021.
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3.3. Qualitative Scores and Skills of the Weather Forecast Verification

Table 2 shows the skill score of verification conducted on the observed rainfall versus
IMD vs. forecasted rainfall for the region during the crop-growing period. The rainfall
represented a fairly good forecast for the season, though erratic, with an accuracy score or
HI score of 0.77 and an HK score of 0.60, and the probability of detection of hits was found to
be 0.91 with an RMSE of 10.90 and correlation coefficient (R2) of 0.21 (Table 2). The forecast
of daytime temperature has a correlation coefficient of 0.26, and the forecast of nighttime
temperature has an R2 value of 0.46. The forecasted relative humidity and observed showed
a fairly good correlation, with an R2 value of 0.52 (Figure 6c). The correlogram shows that
there is a significant negative correlation existing between observed TMax and RH at the
0.05% level. The climate of the Indian subcontinent is highly complex, as it is surrounded
by the Bay of Bengal, the Arabian Sea, and the Indian Ocean on all three sides, as well as
great mountain ranges such as the Himalayas in the north; hence, forecasting this complex
monsoon-type climate is not easy. However, achieving this accuracy itself is a great move
for a developing country such as India.
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Table 2. Skill score for rainfall for maize-growing season, 2021–2022.

Skills Scores

Accuracy Ratio 0.77

Bias Score 1.44

Probability Of Detection (Hit Rate) 0.91

False Alarm Ratio 0.37

Probability Of False Detection (False Alarm
Rate) 0.30

Threat Score (Critical Success Index) 0.59

Heidke Skill Score 0.55

Equitable Threat Score (Gilbert Skill Score) 0.38

Hanssen and Kuipers Discriminant 0.60

Odds Ratio 22.86

RMSE 10.90

Correlation Coefficient(R2) 0.21

3.4. Responses/Feedback of the Farmers on AAS Services

Careful evaluation of the effectiveness of AAS at the farm level supports sustainable
crop productivity and livelihood security. The field survey in the study area revealed that
the AAS and forecast have helped farming communities the most during critical growth
stages and harvest, followed by land preparation and sowing. Information and communi-
cation technologies and other technological interventions, including mobile phones, videos,
social media, pamphlets, etc., were distributed to the farmers during awareness meetings.
In addition to this, a website was hoisted to disseminate hourly and daily weather de-
tails and agromet advisory services for the benefit of the farmers. The fall armyworm,
stem borer, and shoot borer infestation were recorded during visits in the farmers’ fields
(Figures 7 and 8). Pheromone traps and agronomic advisories were suggested to the farmers
through the AAS to save crops from these attacks. Being on the valley side of the Anamalai
hills, human wildlife conflicts are commonly seen in this area. Severe pig menace was
reported by farmers of Anamalai during the tasseling and fruiting stages. Only a few of the
progressive large farmers were seen with electric fences as control measures to wade away
wild boars and peacocks (Table 3).

Figure 7. Photos taken in the pest infestation fields.
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Figure 8. (a) Photos of the field survey with farmers (b). Field photos of the automatic weather
station, rain gauge, and soil moisture sensor.
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Table 3. Excerpts from the farmers’ survey are given below.

Sl. No. Comments by the Farmers Timeline

1
“We came to know through SMS that there won’t be rains hence critical irrigation was
given once a week, otherwise the maize crops in the vegetative phase would not have

survived during margazhi pattam”
January 2022

2

In the early samba * season, crops were saved by preponing the harvests of maize crops
one week before because the rainfall forecast for the next five days received from the
project showed “No Rainfall”. This was repeatedly mentioned by the farmers during

the farmers’ meet organized by Agroclimatic Research Center, Tamil Nadu Agriculture
University, Coimbatore, during November 2021 at Anamalai

November 2021

3
“We have undertaken the sowing of maize and sorghum only after receiving the rainfall

forecast, otherwise, seed loss might have incurred due to heavy precipitation events
during September and November”.

September and
November 2021

4
“This time we are happy that we are receiving weekly weather information/updates at
our fingertips; hence, we can plan our farm operations like spraying, fertilization and

irrigation properly

October and
November 2021

5
“Almost all the AAS you have disseminated has the correct weather forecast for the

Anamalai region and extension officers, officers of ATMA are also visiting us more often
after the launch of this project

December-January
2021–2022

6 “During land preparations and sowing, it was difficult to work in the field for long
hours due to severe temperature” September 2021

7

It was informed by most of the farmers and extension officers that they received the
rainfall forecast well in advance from the Department of Agriculture Extension (DAE),

and the forecast was very accurate, and they could use the same ultimately for
weather-based farm operation successfully.

6 “We are receiving timely Puyal (cyclone) information correctly for the past two years” November 2021

7
“We came to know about the crop boosters like TNAU-Maize Maxim through

SMS/Multi-purpose traps like pheromone traps for crop protection and growth
through AAS.”

October and December
2021

* Samba in local language Tamil is Rabi season.

The effectiveness of weather forecasts and the AAS was assessed at various stages of
the project. The field survey was conducted in three phases, early, mid, and end, of the
project. In the early phase, during May–June 2020, field visits were conducted, and along
with that, the AO offices of Anamalai, Pollachi north and south, and Udumalpet were also
visited. Farmers’ cropping patterns, management, and contact details were collected. In
the second phase, during September to November 2020, an ideal location at the farmers’
field was chosen to fix the automatic weather station. Field visits were conducted to cover
all the major phases of the crop growth stages during the third phase commencing from
September 2021. The land preparation and sowing in the field happened during the first
week of September; hence, in the weather analysis, September is also added to the early
samba season. The same farmers were contacted during the project’s third phase during the
early and late samba maize-growing season in both the rainfed and irrigated fields of the
basin.

In the initial phase of the project, there were only 33% of the farmers who considered
AAS and weather forecasts to be very effective or effective (Tables 4 and 5) However, at the
end phase of the research project, the majority of the registered farmers (77.1%) reported
that the AAS received through SMS and WhatsApp messages on crop-specific advisories
and current weather forecasts are either effective or very effective (Table 4). The farmers
specified that it is very effective to protect their crops from heavy-rain-related damages.
It is remarkable to note that the project was successful in creating awareness among the
farmers about the effects of the AAS. It can be seen that in the initial phase 45% of the
farmers responded that they did not know about the AAS, and in the end phase, this
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percentage was reduced to 17%. This is a good sign that farmers have started benefiting
from the AAS information obtained from Tamil Nadu Agriculture University (TNAU). This
facilitated them to take timely and appropriate maize crop management measures based
on the advisory bulletin.

Table 4. Degree of effectiveness of agromet advisories and weather forecast.

Degree of Effectiveness of Agromet Advisories and Weather Forecast

Sl.
No. Responses Early Phase of the Project (%) Mid Phase of the Project (%) End Phase of the Project (%)

1 Very Effective 13.5 21 29

2 Effective 19.5 36 48

3 Not Effective 21.9 14 6

4 Don’t Know 45.1 29 17

Total 100* 100* 100*

* N = 82.

Table 5. Adaptation measures adopted by the maize farmers.

Measures Initiated by (No.)

Adaptation Options AAS * Farmers (n = 82) Control Farmers (n = 56)

1 Changing the timing of sowing 38 12

2 Shifting to plantation crops such as coconut/cocoa/nutmeg 6 27

3 Shifting to short-duration varieties such as cowpea, sesame, red
gram, etc. 9 18

4 Changing the timing of fertilizer operation 25 3

5 Changing the timing of harvest 31 3

6 Shifting to other jobs coir pith/Kozhi pannai (poultry
farm)/livestock farm 2 13

7 Organic amendments in farming 34 22

8 Water harvesting and conservation measures such as pond renovation
and mulching 17 11

* Figures are in percentage to total; AAS, agromet advisory services.

From Tables 4 and 5, it can be noted that more than 30% of the farmers each changed
their farm operations based on the time of sowing, harvest, etc., based on the AAS. Imple-
menting proactive agronomic or technological adaptation helped the farmers, as timely
advisories reduce the economic losses during risky weather conditions. It is interesting to
report that the awareness meeting has influenced the farmers to take up organic amend-
ments in farming and adopt soil and water conservation measures. Similar quotes are
received from the farmers of Bangladesh and other parts of the world on the merits of
the AAS service in respect of sowing/transplanting, application of irrigation, fertilizers,
pesticides, and harvesting of crops [22–24]. There is a peculiar trend noted among the
farmers on shifting cultivation practices from cereals and pulses to plantation crops such as
coconut/cocoa/nutmeg in these areas to save themselves from drudgeries of managing
the weather vagaries, timely labor shortages and high maintenance costs. Penetration
of weather-based crop insurance was not much popular in these areas. Only very few
progressive farmers are paying the premium but complained that they are not receiving
any payouts when the individual farms face weather-related loss and damage to crops.
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3.5. Maize Crop Simulation Modeling Using DSSAT 4.7

Temporal variations in maize productivity were simulated using the DSSAT4.7 model
over the Coimbatore district, where the study area falls for the observed period from 1981
to 2017. From the analysis, it was noticed that there is high temporal erraticism in maize
productivity in the district, as it ranged between 4915 kg ha−1 in 1987 and 1424 kg ha−1.
In the drought year, the average productivity was found to be 3958 kg ha−1. The box and
whiskers plot shows that the observed maize productivity at 1st and 3rd quartiles was 1125
and 6438.5 kg ha−1, respectively, and the same for simulated yield, which was 3228 and
4187 kg ha−1, respectively. The maximum yield recorded under the observed condition
was 8347 kg ha−1, and the maximum yield under simulated conditions was 4915 kg ha−1.

Hence, it is evident that technological advancements and hybrid seeds have the potential
to create almost double the quantity of output than normal. The simulated yield showed a
slightly decreasing trend, and the observed yield showed a significant increasing trend for
the past decade. Through this comparative analysis, how technological advancements can
contribute to positive changes in productivity can be seen. The observed data are negatively
skewed, as the yield was very low till the years 2005–2006, prior to the introduction of
hybrid seeds

Figure 9a, b shows the simulated maize yield and observed maize yield of the Coim-
batore district of Tamil Nadu where the PAP basin falls. This area has an observed mean
maize yield of 3057.89 kg/ha for the period from 1987–2016. The DSSAT simulated maize
yield for the baseline shows a decreasing trend from 1980 to 2017, with a mean yield of
3677 kg/Ha. However, the observed maize yield for the season shows a rising trend
from 2005 to 2006 onwards. This could be attributed to the introduction of hybrid variety
seeds such as TNAU CO-6. Under irrigated conditions, it gives an average yield rate of
7400 kg/ha and under rainfed conditions 5000 kg/ha. However, it is noteworthy that the
climate and weather play a significant role in crop productivity, as there is a drastic yield
decline noted in both the observed and simulated yield during drought 2012–2013. Crop
yield was reduced to 1424 kg in 2012 and 3677 kg/ha in the simulated and observed yields,
respectively. Yield decline was clearly visible during other drought years such as 2002 to
2004 and 2016 as well (Figure 9b). In Figure 9c, it can be seen how maize grain weight
is severely impacted under elevated CO2 conditions. The simulated grain weight was
found to be 738 kg/ha under control conditions, and under elevated CO2 concentrations
of 650 ppm, the grain weight was reduced to 286 kgs. The physiological maturity was
attained at 105 days under control conditions, and under elevated CO2 concentrations,
early maturity is noted, as days after planting (DAP) was 91 days in the simulation output.
During the farmers’ field meetings, they were informed about the likelihood of declining
crop productivity in the future due to global warming, a crucial outcome of CSM-based IA.

The negative impact of increased temperature with the drier condition on the growth
and yield of maize was reported by many researchers. [13,25,26]. Gowtham et al. [27] also
stated that days taken for anthesis in maize may be reduced by 6 days under a 1.5 ◦C
rise in temperature for the Coimbatore region, and days taken to reach maturity may also
be reduced by 11 days. Technological and agronomical interventions such as irrigation
management and sowing date adaptation can also contribute significantly to improving
maize yield. Various other adaptation strategies such as altering the sowing window,
supplementing with an extra dose of nitrogenous fertilizer, supplementing irrigation
during the tasseling/flowering stage, etc., can sustain yield returns. Local-specific studies
are the need of the hour for this. Crop simulation models are constructive tools for making
important decisions for future agricultural operations in the context of changing climatic
scenarios. It is also reported that the rate of decrease is expected to be higher in many places
under RCP 8.5 for CanESM2 (hot/dry scenarios) and CMCC-CM (hot/wet) compared to
the RCP4.5 scenario. Forcing the MIROC5 (cool/wet scenario) model with DSSAT showed
a deviation in maize productivity by (−) 22 to (+) 31% at different locations [25]. The
rise in day and night time temperatures affects crop growth and development with the
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allocation of assimilates to the reproductive organs, resulting in decreased pod set and seed
growth [28,29].
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yield in Coimbatore from 1987 to 2016, respectively (Source: Seasonal Crop Report- DoES, Tamil
Nadu); (c) simulated maize grain weight under elevated CO2 concentration for the study area.

In the advanced nature of research involving impact assessments, in order to examine
the interactions between socioeconomic factors such as global population growth, economic
development, technological advancement, and climate change, the Shared Socioeconomic
Pathways (SSPs) database is used in conjunction with the Representative Concentration
Pathways (RCPs) [30]. Bukovsky et al. [31] studied how the LULU changes might affect
climate change in North America using SSP scenarios. The state of the climate at the end of
the 21st century with and without two urban and agricultural LUC scenarios that follow
SSP3 and SSP5 using the Weather Research and Forecasting (WRF) model was forced by
one global climate model, the MPI-ESM, under the RCP8.5 scenario. Integration of updated
scenarios recommended by IPCC in impact assessments would yield better outcomes [32].
Fei’ et al. [33] gave an extensive literature survey on precision agriculture using IoT data
analytics and machine learning. Furthermore, the applications of these technologies in
precision agriculture for apple crops in regions such as Kashmir are highlighted. Remote
sensing (RS) combined with vegetation indices (VIs) is a promising alternative to support
the traditional crop classification and yield estimation method [34]. There are studies
reported on disease predictions using the power and capability of computing techniques,
including the internet of things, wireless sensor networks, data analytics, and machine
learning in agriculture [35].

Early warning, timely weather updates, and tolerant quality seeds can play a signifi-
cant role in minimizing yield loss and enhancing productivity in the purview of weather
aberrations. Maize crop plays a major role in sustaining the livelihood and food security
in this area. In the study area, maize is mainly grown as poultry feed, livestock feed, and
for food purposes. The maize crop is gaining more attention in the country as a whole. In
India, the bulk of its production, approximately 47%, is used as poultry feed. Of the rest
of the produce, 13% is used for livestock feed and food purposes each, 12% for industrial
purposes, 14% in the starch industry, 7% as processed food, and 6% for export and other
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purposes (source: https://iimr.icar.gov.in/india-maze-scenario/, (accessed on 22 February
2021).)

Augmenting the resilience of natural or cultural systems such as agriculture is consid-
ered a key component of adaptation. A socioecological system can cope with hazardous
events or disturbances, responding or reorganizing in ways that maintain its essential func-
tion, identity, and structure while also maintaining the capacity for adaptation, learning,
and transformation [36]. The key role of early warning in abating crop loss and saving
farmers’ livelihood is mentioned in detail by the Agricultural Model Intercomparison and
Improvement Program (AgMIP) under its regional integrated assessment protocols [26].
Automatic weather stations play a major role in this context to obtain local-specific weather
information. These systems are cheaper to operate and easier to manage than human
observers [37,38].

Farm-level weather observations have to be widely expanded for numerous motives:
ease of use of new technologies, improved data transmission features, transition from
manual to automatic equipment, and early warning for critical climate risk aversion [39,40].
Diffusion of seasonal forecasts and agromet advisories facilitate preparedness and local
resilience, as cited in the Prime Minister’s 10-point agenda on disaster risk reduction (DRR).
Chattopadhyay and Chandras [41] pointed out that AAS provide a unique kind of input to
farmers as advisories that have huge potential to make a tremendous difference to crop
production and livelihood by taking advantage of benevolent weather and minimizing the
adverse impact of malevolent weather.

Rainfed, as well as irrigated farming, systems were significantly impacted by all
meteorological factors, particularly heavy rain and little rain. AAS was a supportive
climate-smart measure for the farming communities in the study area, not only during
crop harvest but also during land preparation, sowing, and fertilizer application. The
authorities can fine-tune their model forecast for greater dependability by qualitatively
verifying forecasts using real-time data [42]. For weather forecasts to be more dependable
and widely accepted, it is essential to increase the utility and accuracy of rainfall forecasts.

A warmer world in the future may adversely impact the maize productivity in the
Tamil Nadu region, which is already reeling under the severe water crisis. District-specific
crop simulation model studies are crucial tools for making vital decisions for scaling-up
climate-smart operations in the context of shifting climate. Additionally, by using an
interdisciplinary approach, regional planners and policy makers can improve on current
adaptation decision-making by clearly identifying vulnerable areas with regard to declining
crop yields as a result of this study’s methodical approach. This change can be ameliorated
by adapting proper strategies and mitigation measures such as adopting drought- and heat-
tolerant species, better irrigation water management, and various agronomic managements
such as adjusting sowing and harvest dates, mulching, etc. Government support is highly
essential for critical infrastructural development and improving and popularizings cultivars
among the farmers that can well adapt to future warming are the needs of the hour.

Dwindling water resources make crop production highly vulnerable in dryland areas
in the basin. There are various initiatives undertaken under dry land area development
programs and National Mission on Sustainable Agriculture. Each state, including Tamil
Nadu, has to implement its adaptation strategies committed under the State Action Plan on
Climate Change. Transformative or planned adaptation interventions have to be provided
to the farmers to have sustainable agriculture production. National agencies such as ICAR,
MoEF, CC DBT, DST, and DoA and international agencies such as the Water Research
Foundation (WRF), the United Nations Environment Program (UNEP), and GIZ also sup-
port adaptation and mitigation actions in agriculture and other sectors [43]. This research
supports the small and marginal maize farmers to sustain their crops and livelihood directly
and in realizing the state share of achieving the targets committed under its nationally
determined contributions (NDCs) indirectly.

https://iimr.icar.gov.in/india-maze-scenario/
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4. Conclusions and Way Forward

Being climate- and weather-sensitive, crop production is confronted with increasing
vulnerabilities from weather aberrations and a degraded natural resource base. Under
this research project, agromet advisories (AAS) were disseminated to around 240 maize
farmers in the rainfed and irrigated areas of the Parambikulam–Aliyar Basin. Farmers’ field
meetings and awareness programs were conducted during the cropping season with the
help of agriculture officers of the Anamalai and Pollachi regions. The anticipated negative
impacts on maize yield, a serious outcome derived through CSM, were also intimated to
the farmers during the farmers’ meet. It was also informed to them following the weather
forecasts, and adopting prioritized actions based on AAS can help farmers to save crops.

As a larger state in South India, Tamil Nadu’s network of automatic weather stations
(AWSs) has to be more dense and efficient in its operation. A detailed survey revealed that
the study area is not an exception. Therefore, projects such as these help to bridge the gap
in dissemination and cater to the timely needs of farmers. Weather-based agroadvisories
have supported farmers in a significant way. Real-time weather data enables modelers to
predict the future more efficiently, where a significant spatial difference exists with climatic
conditions. In the basin, one part is completely forested hills, which are difficult to access
and inhospitable; on the other side, multicrops are cultivated under rainfed and irrigated
conditions.

Ultimately, this work suggests that ICTs have helped in enhancing the benefits of
scientific findings to reach farmers, the key stakeholders, in a more efficient way. It is
the researchers’ and ground-level officers’ duty to provide real-time promotion of risk
management practices through agroadvisories for resource-poor farmers in the target
basin. In the rural areas of Tamil Nadu, small and marginal farmers are constrained by
limited human and social assets, modern machinery, value-added infrastructure, and
poor access to markets. The efficacy of AAS mainly depends on the accuracy of forecasts
and dissemination capacity. Registered farmers benefited from the AAS starting from
the commencement of land preparation till the completion of the harvest. The accuracy
of forecasts that were released was reviewed in the current chapter. Improving forecast
accuracy and reliability would increase public acceptance of weather predictions. In
addition to this, a rise in GHG emissions in the atmosphere and the associated warmer
world or extremities in the distribution of rainfall under the changing climate may pose
adverse impacts on maize productivity in the west Tamil Nadu region, if suitable adaptation
interventions are not in place. There may be 14-day variations in days after planting (DAP)
to maturity under future warming scenarios, which may also have serious implications on
the nutritional quality of the crop. Real-time promotion of risk management strategies is
the prime responsibility of researchers and planners. Adopting strategies or solutions to
climate-smart agriculture practices must be encouraged at the grassroots level. This type
of research helps policymakers to better understand critical concerns and make informed
decisions. For example, the decrease in yield can be ameliorated by adapting proper
strategies and mitigation measures such as better irrigation water management, adopting
drought- and heat-tolerant species, and various agronomic adaptations. The momentum
for improving early warning and its applicability to protect crop and farm income must
be accelerated through external financial support apart from regular schemes such as
GKMS. Despite the increasing number of AWS deployed under the existing schemes, many
remote villages are still not covered by surface weather observations in the state. Not only
developing but popularizing cultivars that are well adapted to the future warming among
farmers is the need of the hour. Some significant points as the way forward are given below.

I. Early warning systems must be established at the village level to abate weather-based
agrarian risks; for this, a denser network of automatic weather stations must be set
up.

II. Agrometeorological research communities must try to focus on the need to establish
stronger links to connect science, policy, and farming communities using ICT tools.
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III. The government must take necessary actions for institutional collaborations and
promote farmers’ collectives for holistic development.

IV. The usability of weather forecasts among stakeholders must be enhanced at the village
level with timely dissemination with periodic assessments of data.

V. External funding (both national and international) must be encouraged to accelerate
the adaptation momentum to enhance early warning and its usability to secure crop
and farm income sustainably.

VI. Sustainable cultivation practices must be promoted at the village level in order to
achieve global targets and align crop production systems to UN Sustainable Develop-
ment Goals such as climate action, no poverty, zero hunger, etc.
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