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Abstract

Rainfall is found to vary to a greater extent in its amount, intensity and
distribution than any other weather parameter. Variation in rainfall during the
crop season, including delay in monsoon arrival, heavy downpours and
prolonged dry spells, can have a more significant impact on crop growth and
development. If farmers have timely access to a medium-range rainfall
forecast, they can take full advantage of unfavourable weather situations in
scheduling their agricultural operations. The present study was taken by
Agromet Field Unit (AMFU), Regional Agricultural Research Station, Jagtial, to
analyze and verify the accuracy of medium-range rainfall forecast issued by
the India Meteorological Department using a location-specific Multi-Model
Ensemble (MME) technique for the Jagtial district from 2017 to 2023. The
methodology included adopting quantitative and qualitative methods with
the Ratio score, Hanssen and Kuipers (H.K) Score, RMSE, usability analysis
and correlation of validation for verifying the accuracy of rainfall forecast for
the monsoon. The results of the study revealed that rain forecast accuracy for
past 7 years is excellent for post monsoon (October - December) in Jagtial
district that has high skill score (RS range 77.2 to 93.5 %) with lower Root
Mean Square Error (RMSE) of rainfall (3.17 to 14.2) in contrast to poor to
moderate skill score (RS range 47.5 to 60.7 %) of accuracy for south-west
monsoon with higher RMSE (14 to 29.5). The percent usability of forecast was
also found to be higher for the post-monsoon (88.5 to 100 %) than the
southwest monsoon (39.3 to 84.9 %). Among the essential predictions, rainfall
is the most crucial one, which affects the crop output over a given region and,
finally, the farmer's economics. Hence, with access to enhanced accuracy of
rain forecast, farmers of Jagtial can limit the damages caused directly or
indirectly by adverse weather situations by executing timely need-based farm
operations.
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Introduction

In India, where more than 55 % of agriculture is rainfed, medium-range
weather forecasts, in particular, information on the expected rainfall over the
next five days, have a more significant influence on agricultural operations. A
more accurate prediction would enable farmers to plan and make the
required decisions, lowering the risks associated with weather-related events
(1). The amount of rainfall received during a crop growth season has a
significant impact on agricultural productivity. Since rainfed agriculture
accounts for a large amount of cropland globally, variations in rainfall
throughout the growing season might keep food production systems at risk.
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Rainfall forecasts assist farmers in choosing the best crops,
which improves output and maintains pricing stability.
During any crop growth season, rainfall in distribution and
quantity is the important variable (2). Rainfall affects
planting and harvesting schedules, increases the
requirement for agricultural inputs like fertilizers, irrigation,
pesticides and ultimately determines agricultural output
(3). Rainfall affects crop productivity by supplying irrigation
water, impacting agricultural pricing and yield.

Farmers in India make better investment decisions
have access to extremely highly accurate monsoon
forecasts, which shows that governments may improve
weather forecasting to safeguard their economies from
climate change. Precise predictions of rainfall can assist
farmers in making the most efficient use of resources like
water and fertilizer while reducing the possibility of crop
failure due to insufficient water or excessive precipitation
(4). By using weather forecast services, farming
communities can reduce the effects of weather variance
and reap socioeconomic benefits by making better and
more informed decisions. Weather forecasts and the timely
information provision to farmers can assist to boost
agricultural output, lower losses and improve efficiency
about important farming inputs like labour, energy and
water for irrigation (5-7). The information on weather
forecasts also helps to assist farmers in making timely
decisions regarding crop selection, when to sow or plant
and when to sow or plant. Weather forecasts also help
farmers make timely decisions regarding crop selection,
when to sow or plant and how to prevent crop damage. This
allows them to take advantage of favourable seasons and
reduce the adverse effects of climate change on their crops
and maximizing agricultural yields.

Due to climate change, weather forecasting is
becoming increasingly important for farmers' crop
productivity and agricultural decision-making. Therefore, it
is recommended that developing weather and climate
services be a key component of managing the risk of climate
variability and change (8, 9). A crucial factor that needs to
be considered when forecasting weather for small-scale
rainfed agriculture is contextualizing timeline (10). Whether
choosing which crops to grow in a particular season or
whether to invest in infrastructure or equipment, medium-
to-long-term projections that span timelines of weeks or
months are equally crucial for planning reasons (11). With
the accuracy of weather forecasts, adopting the AAS in
agriculture helps reduce crop losses for farmers. Weather
based agro warnings that are promptly disseminated to
reduce the significant risks to agricultural production (12).
Verification is required to assess the precision and
dependability of weather forecasts and to identify areas
where the forecasting system needs to be improved (13).
The India Meteorological Department (IMD) in collaboration
with the National Centre for Medium Range Weather
Forecasting (NCMRWF) has adopted district-level Agromet
Advisory Services (AAS) for disseminating medium-range
weather forecast information to farmers. The Agromet Field
Unit (AMFU) of the Regional Agricultural Research Station,
Jagtial, has started issuing agromet advisory bulletins since

2

1997 under the Gramin Krishi Mausam Sewa (GKMS) scheme
of the India Meteorological Department (IMD) by utilizing
the medium-range weather forecast. The prepared weather-
based agro-advisories are disseminated biweekly on every
Tuesday and Friday through various sources of multimedia,
viz., Whatsapp, SMS through M-Kisan, radio, local news TV
channels, press coverage, Meghdoot mobile app, etc., to the
farming community of Jagtial district. Limited access to
scientific weather forecasts with high accuracy is a major
constraint in the present highly changing climatic scenario
(14). The knowledge gap for confirming the accuracy of
rainfall forecasts includes several issues about the
validation processes as well as the inherent unpredictability
of rainfall. Both geographically (in terms of location) and
temporally (in terms of time and duration), rainfall varies
greatly. Large regions are frequently covered by forecasts,
but it is more difficult to depict local variations, or
microclimates precisely. High-resolution models that can
synchronously produce precise forecasts at the regional and
global scales are few and the validation techniques
currently in use frequently fail to consider fine-scale rainfall
changes. It involves multidisciplinary collaboration between
meteorologists, climate scientists, hydrologists, statisticians
and data scientists to develop validation procedures,
enhance model accuracy and assure more dependable
rainfall forecasts. Hence, the present study was taken with
the research objective to verify the usability and correctness
of accuracy of rain forecast information disseminated to the
farming community of Jagtial since past 7 years of 2017 to
2023 during the period of south-west and post monsoon as
this will help to assess the accuracy of forecast and
improvise agromet advisories that help to cater the needs of
farming community to minimize the impact of abberant
weather on crops and aid in increasing crop production.

Materials and Methods
Study area

Jagtial district is located at 18°49' 40" N latitude and 78° 50'
45" E longitude in the northern region of Telangana state of
India. It is bounded by the Nirmal and Mancherial districts
on the north and northeast, to the south and southwest by
the Karimnagar and Peddapalli districts, respectively. On
the west is the Nizamabad district (Fig. 1). It is a semi-arid
area with a predominantly hot and dry climate. With
average high temperatures in the range of 42 °C, summers
begin in March and last in May. Rainfall is received majorly
from the southwest monsoon that arrives in June and lasts
till September with 826.7 mm normal accounting
81.5 % of the average annual rainfall of 1014.4 mm.
Secondly, the post-monsoon season holds 11.2 % (114 mm)
of the average annual rainfall. When considering the
monsoon situation, the district experiences adverse
weather conditions like variability in onset of monsoon in
June, excess rainfall situations in July and September,
intermittent dry spells during August and October showing
a drastic impact on the agricultural production in
predominant cultivation of Kharif season.
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Fig. 1. Map showing area of Jagtial district of Northern Telangana Zone.

Data sets used

The daily recorded rainfall data of Agrometeorological
Observatory, RARS, Jagtial and also the medium range
weather forecasted rainfall issued by Meteorological Centre,
Hyderabad using location specific Multi-Model Ensemble
(MME) technique for the period of past 7 years i.e., 2017-2023
for southwest monsoon (June to September) and post
monsoon (October to December) were used for determining
the effectiveness of rainfall forecast in Jagtial district. The
outputs of many numerical weather prediction (NWP)
models, each with its advantages and disadvantages, are
combined in this MME technique to provide predictions that
are more accurate and thorough. The ensemble offers
probabilistic predictions that provide insights into forecast
uncertainty and possible weather scenarios by including
several configurations, such as different horizontal
resolutions and model physics, to address diverse weather
phenomena. IMD assures the accuracy of its observational
data by periodically calibrating instruments and maintaining
the observatories. This method aids in eliminating systematic
mistakes and boosting data dependability.

Verification of rainfall forecast

An essential component of any scientific forecasting system
is forecast verification, which is the act of evaluating
forecast correctness (15). Both qualitative and quantitative
approaches were used to confirm the accuracy of rainfall
forecasts provided by the India Meteorological Department
(IMD). These techniques aid in evaluating how accurately
the predictions reflect actual rainfall occurrences. When
assessing the success of a forecast, qualitative approaches
emphasize descriptive and non-numerical analysis. These
techniques often entail subjective or visual comparisons
between observations and predictions. In contrast,
quantitative approaches assess the precision of rainfall
forecasts using statistical analysis and numerical data.
These approaches are more data-driven and objective.

Quantitative verification

The error structure in rainfall quantitative verification
indicates how well the forecast system predicts observed
rainfall, aiding meteorologists in evaluating the precision of
rainfall forecasts. The error structure shows where and why
mistakes happen, explaining how effectively a forecast
system works. The error structure for rainfall quantitative
verification is verified using the following usability difference.

Forecast usability: Difference between forecast and observed
value

e Correct Diff<25% of obs

e Usable 25% of obs<Diff <50 % of obs

e Unusable Diff>50% of obs

Here, obs is the observed rainfall (in mm) and Diff is
the absolute difference between the observed and
forecasted values (in mm)

The Root Mean Square Error (RMSE) represents the
total absolute difference between the observed and
predicted values.

Correlation is figuring out how the predicted and observed
values correlate (range: -1 to +1).

Qualitative verification
Ratio score or Hit score or Forecast accuracy (ACC)

Forecasting efficiency is measured by taking the ratio of
accurate forecasts to the total number of forecasts. The
formula shown below was used to determine the ratio score
(Egn. 1)

(YY + NN)

(YY + NN + NY + NY)

Ratio score = X100

..(Eqn. 1)
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Hanssen and Kuipers scores or true skill score (HK score)

It demonstrates how effectively the forecast distinguishes
between "yes" and "no" events. It represents the proportion
of economic savings over climatology due to the forecast to
that of a set of perfect forecasts (Eqn. 2).

It ranges from -1 to +1, with 0 indicating no skill.

[(YTxNN) — (YNxNY]]
[(YY + YNJ(NY + NNJ]

HK score = ..(Eqn.2)

where,

e YY is the number of days when rain was forecasted and
observed

e NN is the Number of days when rain was not forecasted
and not observed

e YN is the number of days when rain was observed but not
forecasted

o NY is the number of days when rain was not observed but
forecasted.

e Similar quantitative and qualitative calculations have
been used for rainfall verification (16).

Results and Discussion
Realized rainfall data of Jagtial district
Realized rainfall status of South-west monsoon

The past septennial (7 years) rainfall situation of the Jagtial
district showed that there was deficient rainfall in 2017 with
a deviation of -49 %, normal rainfall of -18 % in 2018,
-7 % in 2019 and +1 % in 2020, which is against normal.
However, rainfall increased in the past three years, with a
deviation of +45 % excess in 2021, + 83 % large excess in
2022 and + 44 % excess in 2023. Therefore, rainfall received
from the southwest monsoon was found to increase from
2017 to 2023 (Fig. 2).
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Fig. 2. South-west monsoon rainfall scenario of Jagtial district from 2017-
2023.

Realized rainfall from post monsoon

The real-time observed rainfall data of post-monsoon
revealed that there was excess rainfall of +32 % in 2017, +59
% in 2018 and +35 % in 2019, while deficient rainfall of -35 %
was reported in 2021. Meanwhile, ample deficient rainfall of
-87 %, -75 % and -79 % against normal (114 mm) was
experienced in 2018, 2022 and 2023 respectively. Therefore,

the rainfall received during post-monsoon in the Jagtial
district from 2017 to 2023 was found to be irregular in
pattern (Fig. 3).
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Fig. 3. Post monsoon rainfall scenario of Jagtial district from 2017-2023.
Validation of rainfall forecast of Jagtial district

The district-level rainfall forecast issued using MRF (medium
range forecast) for Jagtial district during the southwest (June
to September) and post-monsoon (October to December)
seasons of the past 7 years was verified with the observed
rainfall data recorded at Agrometeorological Observatory,
RARS, Jagtial.

Validation of southwest monsoon forecast

The period from June to September has 122 calendar days.
The highest number of matching cases (74) was found in
2023 and the lowest number (59 cases) was in 2017.

The results from the quantitative method of
validation indicated that the usability percentage of rainfall
of matching cases was found to be highest (84.9 %) for 2018
and lowest (39.34 %) for 2022. The RMSE value was lowest
(14) in the year 2020, which recorded the rainfall of 763.9
mm as against the forecasted rainfall of 789 mm, indicating
the lowest difference between the observed and forecasted
rainfall values. The RMSE value was highest (29.5) in 2022,
with observed rainfall of 1411.0 mm as against forecasted
rainfall of 3008 mm, representing the highest difference.
From the scattered plot of forecasted and observed values
of total rainfall during the south-west monsoon revealed
that there is a strong correlation (Fig. 4) and the correlation
of rainfall was observed to be lowest (-0.1) in the year 2018
and highest (0.58) for the year 2023 (Table 2 & 3).

South-West Monsoon

3000 °
2 2500 R*=0.5614
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..g 1500 e i ] 3
5 1000 ¢ 5 7S Y
500 a
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Year

@ Forecast Rainfall (mm) @ Observed Rainfall (mm)

Fig. 4. Correlation of observed and forecast rainfall during South-West
monsoon.
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The results from qualitative method of rain forecast
verification showed that the Hansenn & Kuipers index (H.K.
score) indicated low skill during the year 2017 (0.08),
moderate skill score during the years 2018 to 2021 (HK.
Range of 0.10 to 0.16) and high skill score for the years 2022
and 2023 with 0.28 and 0.34 values respectively. The ratio
score of rainfall revealed that there is low skill score (RS
range 47.5 to 48.4 %) in 2017 and 2021 and moderate skill
score (RS range 50 to 60.7 %) accuracy for the years 2018,
2019, 2020, 2022 and 2023 for the period of south-west
monsoon in Jagtial district (Table 1).

Validation of post-monsoon forecast

The forecast was given for 92 calendar days from October to
December. The highest number of matching cases (86) was
found in 2023 and the lowest number (71) was found in 2021.

The quantitative method of validation results for
post-monsoon revealed that there is 100 % usability of
rainfall of matching cases for the years 2018 and 2023,
followed by 97.4 %, 96 %, 95.8 %, 92.8 % and 88.5 % for the
years 2022, 2017, 2021, 2020 and 2019, respectively. The
RMSE value was found to be lowest during the year 2018
(3.17) followed by the year 2023 (3.25) which recorded the
observed rainfall of 15 mm as against forecasted rainfall of
87 mm in 2018 and 23.5 mm observed rainfall as against 59
mm forecasted rainfall in the year 2023 indicating the
lowest difference. The RMSE value was highest (14.2) in
2022, with observed rainfall of 28.4 mm against forecasted
rainfall of 543 mm, representing the highest difference.
From the scattered plot of forecasted and observed values
of total rainfall during the post monsoon revealed that there
is a negative correlation for post monsoon (Fig. 5). The
correlation of rainfall was observed to be lowest (0) during
the years 2018 and 2023 and highest (0.5) for the year 2019
(Table 2, 3).
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Fig. 5. Correlation of observed and forecast rainfall during post monsoon.

The results from qualitative method of rain forecast
verification indicated that the Hansenn & Kuipers index
(H.K. score) showed high skill during the years 2020 (0.45)
and 2019 (0.42), moderate skill score during the years 2017,
2021 and 2022 (HK. Range of 0.11 to 0.16) and low skill score
(0) for the years 2018 and 2023. The ratio score of rainfall
revealed that there is a high skill score (RS range 77.2 to 93.5
%) accuracy for all the 7 years (2017-2023) for the period of
post-monsoon in the Jagtial district (Table 3).

The results of the present investigation are like the
previous findings which suggested that improving forecast
accuracy during monsoon season and minimizing false
alarms can benefit the agriculture system (17, 18). With
precise predictions of rainfall and other climate variables
critical for crop growth and development, weather
forecasting in India helps farmers make informed decisions
about planting, irrigation, pest and disease management and
harvesting schedules. Ultimately, this allows them to
maximize crop yields, reduce losses from unfavourable
weather events and conserve resources by effectively
managing water usage (19).

Table 1. Year wise quantitative and qualitative methods of validation of south-west monsoon rainfall for Jagtial district

S. No. Particular Symbol 2017 2018 2019 2020 2021 2022 2023
No: of days when rain was observed and
1 forecasted YY 17 15 26 26 30 43 34
5 No: of days when rain was observed YN 57 13 a4 45 56 58 44
but not forecasted
3 No: of days when rain was not observed NY 7 16 1 1 7 3 4
but forecasted
No: of days when rain was not observed and
4 also not forecasted NN 41 58 41 39 29 18 40
5 No: of matching cases (YY +NN) MAT 58 73 67 65 59 61 74
Total no: of forecast days, N=Total no: of
6 days-no: of missing days N 122 122 122 122 122 122 122
7 Skill Score or Ratio Score of rainfall (%) RS 475 59.8 54.9 53.3 48.4 50 60.7
8 Hanssen & Kuipers index (H.K. Score) H.K 0.08 0.1 0.16 0.13 0.15 0.28 0.34
9 Root Mean Square Error RMSE 14.4 17.8 19.4 14 21 29.5 21.6
Correct 72.4 80.8 62.7 60 49.2 29.5 56.8
0 Error structure for rainfall Usable 6.9 4.11 1.49 769 102 984 676
(for matching cases) Unusable 20.7 15.1 35.8 323 407 607 365
% Usability 79.3 84.9 64.2 67.7 59.4 39.3 63.5
11 Correlation of rainfall R 0.15 -0.1 0.1 0.38 0.34 0.46 0.58

Note: RS (Ratio score): High Skill (>=70 %); Moderate Skill (>=50 % & <70 %); Low Skill (<50 %).
Hanssen and Kuipers (HK) Score: High Skill (>=0.25); Moderate Skill (>=0.10 and <0.25); Low Skill (<0.10)
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Table 2. Year and season wise forecast and observed rainfall (mm) status for Jagtial district

South-west monsoon

Post monsoon

Year
Fcst (mm) Obs (mm) Diff (mm) Fcst (mm) Obs (mm) Diff (mm)
2017 1108 408.9 -699.1 265 110.8 -154.2
2018 769 679.8 -89.2 87 15 -72
2019 1294 770.7 -523.3 320 181.3 -138.7
2020 789 763.9 -25.1 273 153.7 -119.3
2021 1739 1200.9 -538.1 389 74.1 -314.9
2022 3008 1512.7 -1495.3 543 28.4 -514.6
2023 2071 1192.4 -878.6 59 23.5 -35.5
*Fcst - forecasted rainfallinmm  *Obs - observed rainfall in mm *Diff - Difference between observed and forecasted rainfall in mm
Table 3. Year wise quantitative and qualitative methods of validation of post monsoon rainfall for Jagtial district
S. No. Particular Symbol 2017 2018 2019 2020 2021 2022 2023
No: of days when rain was observed
1 and forecasted v 3 0 10 7 3 2 0
) No: of days when rain was observed YN 14 7 13 8 20 16 5
but not forecasted
No: of days when rain was not
3 observed NY 1 1 1 1 1 0 1
but forecasted
No: of days when rain was not
4 observed and also not forecasted NN 4 84 68 76 68 4 86
5 No: of matching cases (YY +NN) MAT 7 84 78 83 71 76 86
Total no: of forecast days, N=Total
6 no: of days-no: of missing days N %2 %2 %2 %2 %2 %2 %2
7 SkillScoreor Ra(to'/g)score of rainfall RS 83.7 91.3 84.8 90.2 77.2 82.6 935
8 Hanssen & Kuipers index (H.K. Score) H.K 0.16 0 0.42 0.45 0.12 0.11 0
9 Root Mean Square Error RMSE 7.71 3.17 6.5 10.9 8.92 14.2 3.25
Correct 9%6.1 100 87.2 91.6 95.8 97.4 100
10 Error structure for rainfall Usable 0 0 1.28 12 0 0 0
(for matching cases) Unusable 3.9 0 11.5 7.23 4,23 2.63 0
% Usability 9%6.1 100 88.5 92.8 95.8 97.4 100
11 Correlation of rainfall R 0.31 0 0.5 0.2 0.17 0.18 0
Rainfall distribution
Changes in the distribution of rainfall in the past decade 400
. o . . . . 350
There has been a significant change in the distribution of 300
rainfall during the south-west monsoon (June to T 250
. . . £
September) in comparison to the period of post-monsoon = 200
(October to December) in Jagtial district since the past E 150
decade (2014- 2023) against a normal baseline of the past * 100
30 years. The rainfall during July and September is 50
increased with excess amount of up to 27 % in the past 0
decade (Fig. 6). This may be due to an increase in the jn - Aug sep Ot Nov  Dec
number of heavy rainfall events since the past decade Baseline 30yrs M Past Decadal change (2014-2023)

during the period of south-west monsoon. With fewer
significant disturbances and less unpredictability, the
atmosphere is often more stable during the post-monsoon
season. Hence, forecasting was made simpler by the fewer
severe weather systems and the decreased inter-seasonal
variability resulted in higher rain forecast accuracy during
the post-monsoon period. The studies of uneven rainfall
distribution during southwest monsoon in Srilanka and in
Tamil Nadu of India resembles the results of current studies
(20, 21).

Conclusion

From the present study, it is concluded that the medium-
range weather forecast accuracy of rainfall was found to be
high in the case of post-monsoon, whereas there is a
moderate level of accuracy during the south-west monsoon

Fig. 6. Changes in rainfall distribution in Jagatai district during past decade
(2014-2023) in comparison to Baseline of past 30 years.

period for the Jagtial district. There is a need for the
improvement of rain forecast accuracy for the season of
southwest monsoon as the rainfall received during this
period is contributing up to 75 % of the annual rainfall of
Jagtial district, where farming communities are primarily
dependent on the cultivation of rainfed crops and
sustaining their farm income as livelihood for the Kharif
season. Increasing the accuracy of southwest monsoon
rainfall forecasts requires new modelling methods,
enhanced data gathering, cutting-edge technology and
international cooperation. Planning for agriculture, water
management, disaster preparedness and public safety can
all benefit from the India Meteorological Department's
increased capacity to provide more accurate and
dependable monsoon forecasts by investing in high-
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resolution models, enhancing observational networks and
implementing Al-based techniques. Future research
directions will focus on improving the precision and impact
of forecasts, particularly for extreme weather events,
localized phenomena and long-term trends related to
climate change, for better agriculture planning for the
farmers of Jagtial in changing farming techniques.
Government economic policies are heavily influenced by
seasonal forecasts. Seasonal forecasts heavily influence
government economic policies; if a significant drought is
anticipated with precise forecasts, monetary policy can be
relaxed to preserve growth targets.
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