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Abstract
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processing capacities. Longterm forecasting nevertheless faces difficulties due to
the intricacy of weather structures in addition to complex records and overfitting
of current deep learning models.
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1. INTRODUCTION

Predicting the state of the ecosystem at a certain
vicinity and time within the destiny is an important
activity called climate forecasting. It is a useful aid for
lots industries, imparting vital information about
anticipated weather patterns and facilitating proactive
decision-making. Weather forecasting is important for
some of the ordinary duties, from disaster preparedness
to agricultural planning help. A variety of tools and
techniques were used to forecast climate in the course
of the early stages of the sphere. These blanketed
climate satellites and radar for monitoring climate
structures, thermometers for measuring temperature
variations, wind pace and direction gauges, barometers
for measuring atmospheric pressure, and weather
balloons equipped with gadgets for amassing data from
the top ecosystem. Additionally, with the purpose to
construct  forecasts, forecasters used empirical
techniques based on observable trends and historical
climate patterns. The basis of climate forecasting
became installed via those primitive instruments and
processes, which opened the door for the introduction
of more state-ofthe-art forecasting technology and
strategies [1].

The precision of weather predictions is essential since it
im- pacts many facets of human existence, commercial
enterprise operations, and public safety in & an
immediate and tremendous Identify applicable funding
agency here. If none, delete this way. Since they enable
early warnings for severe weather occasions like
hurricanes, tornadoes, and floods, correct forecasts are
crucial for public safety and disaster preparedness. This
allows authorities to place evacuation plans into vicinity
and take the important precautions to reduce the
effect on lives and property. Furthermore, a good way
to make certain the pleasant crop yields and meals
manufacturing, farmers inside the field of agriculture
depend upon climate forecasts to plan in advance for
any weather-associated risks and to make educated
regarding  planting, irrigation, and
harvesting. A specific weather prediction is critical for
plenty aspects of society, which includes the upkeep of
existence, the promoting of financial interest, and the
facilitation of green aid control. This research targets
to assess the big improvement made in weather
prediction and forecast accuracy in the beyond 5 years.
The emphasis is on showcasing how improvements in
climate forecasting, the advent of latest technology,

selections

records accessibility, and computer electricity have all
helped to boom the precision of climate predictions
(2].

Additionally, this research seems at technological
trends like higher statistics assimilation, better
decision fashions for climate forecasts, ensemble
forecasting, higher predictions of severe weather
activities, gadget mastering and artificial intelligence
combined, improved numerical climate prediction
fashions, better climate facts visualization and
communique, and huge information and actual-time
commentary integration. These trends are crucial to
enhancing weather forecast ac- curacy and
dependability, mainly in light of the increasingly more
unpredictable and climate situations
introduced on by way of atmospheric modifications

(3]

excessive

II. LITERATURE REVIEW

A. Overview of Weather Forecasting Methods and
Technologies:

Using a variety of techniques and instruments, weather
fore- casting includes forecasting atmospheric
conditions at certain points in time and future. To
produce forecasts, the method integrates cutting edge
technologies, computational models, observational
data, and scientific concepts. The following are some
popular techniques and resources for weather
forecasting:

B. Prediction

Numerical Weather Prediction (NWP) simulates and
forecasts future weather conditions using mathematical
models based on atmospheric science. To model the
behavior of the atmosphere over time, it entails
partitioning the environment into a grid and resolving
mathematical equations. Forecasting  Statistics: In
order to predict future weather based on past
observations, statistical approaches examine historical
weather data to find patterns and trends. Increasingly,
being improved
through the use of machine learning algorithms.
Collective Prediction: In order to provide a range of
potential weather outcomes and provide probabilistic

statistical forecasting accuracy is

forecasts as well as insights into forecast uncertainty,

ensemble forecasting entails performing several

simulations with slightly varied initial conditions [4].
Weather Satellites provide important information on
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&emperatures, precipitation, and
atmospheric conditions can be obtained via satellites
fitted with a variety of sensors. They make it possible to
track weather systems and continuously monitor vast
regions. Radar Systems: Doppler radar systems track
the motion of storms and are capable of detecting and
measuring precipitation. For shortterm weather
forecasts and severe weather alerts, this real-time data is
essential. Weather Stations and Sensors: Local
weather information is gathered by ground-based
weather stations outfitted with instruments including
thermometers,  barometers, = anemometers, and
hygrometers. Realtime measurements for forecasting
are provided by weather buoys and automated sensors.
Supercomputers and High-Performance Computing
(HPC): Large volumes of observational and model data
are processed by high-performance computing facilities,
which make it possible to run intricate NWP models
and produce high-resolution forecasts [5].

cloud covers.
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D. Previous Studies on Weather Forecast
Accuracy

The Hannah Ritchie essay, "Weather forecasts have
become much more accurate; we now need to make
them available to everyone” , sheds light on the
importance of weather forecasts, how forecast accuracy
has improved over time, and the disparities that need
to be addressed on a worldwide scale. Below is a
synopsis of the main ideas discussed in the article: [6].
Weather forecasts play a crucial role in predicting
weather events, providing early warnings of storms, heat
waves, and disasters. They are essential for agricultural
management, energy planning, and safety in sectors like
aviation and maritime transportation. Over the years,
weather forecasts have significantly improved in
accuracy, with 72-hour forecast errors reducing from
over 400 nautical miles in the 1960s and 70s to less
than 80 miles today as shown in Fig 1. .

o ‘\::‘,:i, — w"t:;;' -

FIGURE 1. FORECAST ERRORS

Factors contributing to these improvements include
im- proved observational data from satellites and land-
based stations, higherresolution numerical weather
prediction models, faster computing capabilities, and
enhanced digital communication. However, global
disparities in weather forecasts exist, with low-income
countries having worse forecasts due to gaps in land-
based instruments and radiosondes for meteorological
data collection. Access to accurate weather forecasts is
crucial for farmers and vulnerable
populations, and the article emphasizes the need for
effective dissemination and early warning systems.
Emerging technologies, such as artifi- cial intelligence

small-scale

systems and sensor-carrying drones, can help improve
weather forecasts, particularly in resource-constrained
settings [7].

E. Advancements in Forecasting Techniques:

Recent years have seen remarkable developments in
fore- casting techniques. Massive datasets from
weather stations, satellites, and even cellphones can
now be processed by powerful computers, providing
us with a more comprehensive image of the
atmosphere. Sophisticated algorithms and data
assimilation approaches are optimizing this data to
improve weather model beginning conditions. Higher
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resolutions and better representations of intricate precise and thorough projections, particularly for
weather phenomena are fea- tures of these increasingly shorter periods of time see Figure 2.

sophisticated models. What was the outcome?! more
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FIGURE 2. FORECAST ACCURACY

F. Artificial Intelligence and Neural Networks as Enablers of Smart Weather Forecasting:

Recent studies indicate that artificial intelligence and intelligent systems play a more crucial role in different
industries. For example, fuzzy logic fused architecture with adaptive backpropagation neural networks have been
used to improve multi/user detection in communication systems [18]. Likewise, CNNs have demonstrated potential
for medical domain as well, including novel solutions like [19] Fungal disease diagnosis and mobile-aided privacy-
preserving skin disease classification [22]. Apart from the aforementioned, in the smart infrastructure paradigm,
cloud and IoT-based solutions with fuzzy inference systems are considered for parking management of an intelligent
car [20]. Other security-oriented work draws attention to the growing dangers of ransomware and resilience
approaches [21]. In addition, the study of CNN architectures further broadens its application range in image
classification and biomedical informatics [23], [24].

I1I. METHODOLOGY

A. Data Collection Sources

Traditional techniques and new developments are the two primary data sources used in weather forecasting.
Weather stations, which measure atmospheric parameters including temperature, pressure, humidity, wind speed,
and precipitation, are used in traditional approaches. Radars, on the other hand, provide important information on
storm systems by scanning the atmosphere with radio waves to find movement in precipitation. Satellites are one
example of a recent technological innovation; they offer a constant view of the Earth’s atmosphere from orbit and
are capable of measuring temperature fluctuations, cloud cover, and atmospheric moisture. A more dense network
of data points is provided by crowd-sourced data, a more recent development that incorporates data from per-
sonal weather stations and cellphones into weather forecasting models, particularly in urban areas. Weather
balloons are a useful tool for studying weather patterns and conditions at greater elevations because they carry
instruments that measure atmospheric conditions as they rise see Figure 3 [8].

https://policyrj.com | Hanif et al., 2025 | Page 565


https://portal.issn.org/resource/ISSN/3006-7030
https://portal.issn.org/resource/ISSN/3006-7022

Policy Research Journal
ISSN (E): 3006-7030 ISSN (P) : 3006-7022

Volume 3, Issue 7, 2025

Weather Data Collection Methods Around the World

Estimated Count (Global)

Radars

Weather Stations

Satellites

[Crowd-sourced Data
Weather Balloons

FIGURE 3. WEATHER DATA COLLECTION SOURCE

B. Analysis Techniques

Here’s a list of the analysis techniques used in
weather forecasting and data assimilation. The method
creates a thorough, precise initial state for weather
models using data from satellites, radars, and ground
stations along with complex algorithms and ensemble
methods. The physical principles of the atmosphere are
represented mathematically in weather forecasting
models, which simulate future atmospheric evolution
and anticipate weather patterns at various time scales.
In order to help forecasters comprehend atmospheric
behavior based on previous circumstances, historical
weather data is essential for weather analysis. It can be
used to detect patterns and links between past events
and current conditions. Weather systems are chaotic,
especially over longer timescales, weather forecasts.are
probabilistic and provide a detailed picture of
possible outcomes.

IV. WEATHER FORECAST ACCURACY IN
2019

A. Overview of Forecast Accuracy in 2019

The accuracy of weather forecasts saw notable
improvements in 2019, especially for shorter
durations. Improved Accuracy: Predictions became
noticeably more dependable than in prior years,
particularly for shortterm (up to five-day) forecasts.
Research validated this enhancement, emphasizing the
increasing efficacy of prediction models [9]. There
were practical advantages to the higher accuracy. More
accurate early warnings of impending severe weather
have made it possible to better prepare and possibly
save lives and property. Farmers were able to make
well-informed judgments based on more accurate
projections, which helped industries like agriculture.

B. Remaining Challenges

Even with all the Development and progress some
challenges remained such as. Long-Term Forecasting:
Because the environment is inherently turbulent,
predicting weather patterns longer than a week is
still ~difficult. Uneven Data Coverage: In spite of
advancements, data is still gathered in an unequal
manner all across the world. Forecast accuracy in
remote areas is limited by sparse data.

C. Notable Advances

The performance of Facebook Prophet (Figure 4) and
Random Forest (Figure 5) as two algorithms for
predicting Kerala, India’s daily temperature was
compared by Asha et. al (2019). While the output
from both models was identical, Random Forest was
The
significance of this research lies in its demonstration
of the potential of machine learning algorithms to
enhance tempera- ture forecasting—a critical task for
both agricultural and public health [10].

shown to be more reliable and accurate.

D. Limitations

Using Random Forest and Facebook Prophet
algorithms, the study solely focuses on temperature
prediction. The comparison is based on data from
five separate stations in Kerala, India. The study lacks
understanding of the computing needs or scalability of
the models; it makes no discussion of the assumptions
or limitations of the algorithms themselves; it also
makes no reference of the possible influence of
outside influences on the accuracy of temperature
predictions. [11]
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V. WEATHER FORECAST ACCURACY IN
2020

A. Overview of Forecast Accuracy in 2020

2020 saw further improvements in weather forecast
accuracy, following the encouraging trends of 2019.
Below is a summary of the year’s major themes. The
upward trajectory in the ac- curacy of shortterm (up
to five-day) forecasts persisted. Re- search validated

this development, emphasizing the value of developing
models and methods for assimilating data (Figure 6).
Integration of New technology: By incorporating
new technology such as high-resolution radars and
upgraded satel- lite sensors, forecast accuracy was
further increased by obtaining a more complete
picture of atmospheric conditions as shown in
Figure7.

Time series data
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FIGURE 4. MODEL FLOW DIAGRAM (FACEBOOK PROPHET)
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FIGURE 5. RANDOM FOREST CLASSIFICATION MODEL

There was some potential in the application of machine learning algorithms to weather forecasting. These
algorithms have the ability to spot intricate patterns in previous data, which could result in more accurate
forecasts.
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FIGURE 6. WEATHER FORECAST GRAPH FOR ACCURACY VERSUS TIME.
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FIGURE 7. DATA COVERAGE FOR WEATHER FORECAST

B. Impact of New Technologies and Methods
In this year Both Vannitsem (2020) and Hewson (2020)

Taken as a whole, these studies highlight the
continued progress in statistical post processing and

emphasize how crucial statistical post processing is to
enhancing weather predictions. Vannitsem (2020)
addresses the difficulties and future directions in this
area, emphasizing the necessity to maintain space-
time correlation and lessen the effects of model
modifications. Hewson (2020) presents a novel, low-
cost method that, by taking into account g ridbox-
weather-dependent and  combining
meteorological understanding, greatly improves global
weather forecasts, especially for extreme rainfall.

FER = (Gf orecast — Gcontrol),”(Gcontrol) Q)]

elements

Three types of grid-box weather are shown in Figure

8. Every kind illustrates how forecasts may be impacted
by sub- grid variability. The verification findings for
three distinct rainfall accumulation criteria are shown

its potential to transform weather prediction. [11].

Biased on the gridbox scale, and sub-grid variability,

the paper presents a statistical post-processing

strategy. Ensemble forecasts are used. A FER PDF is

created using Equation (1), a mathematical formula.

The post-processing technique is calibrated using this

PDF. Forecast error ratio is referred to as FER. It

contrasts rain gauge data with the total amounts of

precipitation predicted. The sub-grid variability’s

magnitude is displayed in the FER PDF[12].

in Figure 9. FER PDFs for a variety of grid-box
weather conditions are shown in Figure 10. A
schematic of the creation of an ecPoint forecast is
shown in Figure 11. An illustration of how weather
categories are assigned for a control run precipitation
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forecast may be found there [13].

(a) Lincoln, 28 June 2017

(b) Bishop's Stortford, 18 Jul 2017

(c) Swansea, 9 May 2020

min, mean, max = 36, 41, 44mm min, mean, max = 1, 21, 110mm min, mean, max = 0, 8, 68mm
Deepening cyclone and Evening thunderstorms Slow-moving afternoon
occlusion arriving from the A propagating north- thunderstorms (convective
SE (dynamics-driven eastwards (convective cells, | N cells, very light steering
precipitation) — moderate steering winds) | * N\L winds) : m&'L

FIGURE 8. THREE CASES OF 24H RADAR-DERIVED RAINFALL TOTALS
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FIGURE 9. CATEGORY-BASED VERIFICATION FOR A SINGLE YEAR OF GLOBAL GAUGE
OBSERVATIONS OF 12H RAINFALL.
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VI. WEATHER FORECAST ACCURACY IN
2021

Sadly, there aren’t enough reliable sources to
determine the accuracy of the projection overall in
2021.Nonetheless, the following significant events are
anticipated to occur in 2021: Overall Trends: With
advances in modeling and data integration, weather
forecasts are getting better every day. Spiegel (2021)
emphasizes the need for complexity science
techniques and procedures and calls for the
intelligence community to embrace a new verification-
oriented forecasting paradigm. This is in line with
Soni’s (2021) use of deep learning algorithms to
forecast weather to achieve a high accuracy rate of
94.2 [14]. Soni offers an approach based on historical
data that emphasizes short-term weather persistence.
Although they accept the possibility of major
advancements with the development of next
generation radar technologies, they maintain that this
strategy is successful as presented in [15]. According
to this strategy, the weather on the day of interest will
probably be at least comparable to the forecast from
the day before. Nonetheless, there’s a greater
likelihood that comparable weather patterns may
manifest in the upcoming two weeks. It makes use of
historical weather information from the prior year
during a two-week period. After that, the data is
divided into weekly intervals, the most recent of
which corresponds to the present year. The prediction
is based on a sliding window methodology, which
suggests that new data is continuously analyzed by
moving the window forward by one week.

VII. WEATHER FORECAST ACCURACY IN
2022

In 2022, the accuracy of weather forecasts keeps getting
better, especially for shortterm predictions. This
development is facilitated by improvements in data
analysis, technology, and verification techniques.
However, there are still issues because longterm
prediction is limited and weather systems are inherently
complicated. You may learn more about forecast
accuracy in 2022 by taking into account the particular
forecast type, timeframe, and area. Sutrisman (2022)
[16] created a technique that uses the statistical and
mathematical Trend Moment method to forecast
regional income using a low error rate of 0.12. NWP
models, or numerical weather prediction models, are

everchanging. More accurate atmospheric condition
simula- tions are possible with improved data
assimilation  techniques and  more  powerful
computational resources, particularly for shortterm
forecasts (a few days ahead). Every year, national
weather agen- cies like the US National Weather
Service (NWS) provide verification reports that
include information on the accuracy of forecasts for a
range of time periods and  meteorological
components. Usually, these reports demonstrate a
steady rise in accuracy over time. They are available on
the NWS website. Forecast Watch and similar
organizations evaluate and contrast the precision of
weather forecasts from various international sources.
The 2017-2022 Global and Regional Weather Forecast
Accuracy Overview is one of their reports that indicates
a general upward trend in forecast skill.

VIII. WEATHER FORECAST ACCURACY IN
2023

By utilizing extra processing strength, such as a variety
of facts sources, and enhancing information
assimilation tech- niques, climate forecasting models
keep getting higher. This makes it viable to simulate
atmospheric conditions more as it should be. Including
machine gaining knowledge of algorithms in forecasting
models holds potential for enhancing accuracy and
handling complicated climate styles. Independent
agencies and country- wide weather offerings are
nonetheless important for assessing forecast accuracy.
Verification reviews provide overall performance facts
for one-of-a-kind weather situations and time durations,
and unbiased analysis sheds mild on preferred traits.
Longterm forecasts (weeks or months in advance) are
normally much less accurate than quickterm
projections (a few days ahead). In 2023, the sector of
weather forecasting is seeing improvements in both
accuracy and environmental impact. In Punjabi (2023),
the need for precision in precipitation forecasting is
addressed even as taking computational assets under
consideration, with the aid of introducing a primary U-
Net structure [15]. In his discussion of the development
of climate forecasting at some stage in time, Young
(2023) draws attention to the disparity among the
Nineteen Eighties’ massive upgrades in predicting skill
and the slow use of laptop systems. Improved decision
and data integration are examples of these traits that
have helped make weather forecasts more accurate[17].
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IX. FUTURE WEATHER FORECAST
ACCURACY IN 2024

Although it is hard to foretell the future precisely,
here is a look at what weather forecasting may look
like in 2024. There will probably be major
improvements made to numerical weather prediction
models. By combining several data sources, such as
social media weather reports, dual-polarization and
phased- array sophisticated radar systems, and high-
resolution satellite imagery, a more comprehensive
picture of atmospheric conditions may be obtained.
More processing power will enable the execution of
more intricate NWP models at a finer resolution,
which could result in forecasts that are more precise
and detailed. Machine Learning Magic: As machine
learning algorithms are more integrated, models may
be able to recognize intricate weather patterns and
become more accurate forecasters, especially when it
comes to certain meteorological components like
wind gusts or precipitation totals.

X. COMPARATIVE ANALYSIS

The accuracy of weather forecasts from 2019 to 2024 is
examined in this study. It draws attention to how much
the shortterm (up to five day) projections have
improved as a result of things like: Improved data
assimilation methods that use information from radars,
satellites, and ground stations. Higher resolution
projections are made possible by increased processing
capability. The investigation also highlights issues that
restrict the accuracy of longterm forecasting: The
weather systems are naturally chaotic. uneven data
coverage, especially in isolated places. The resolution
and depiction of complex events are limited by the

current NWP models.

XI. CHALLENGES AND OPPORTUNITIES

Even if weather forecasting is getting higher, there are
still a number of good sized obstacles within the way of
making accurate predictions: Because weather is a non-
linear system, even mild variations within the starting
conditions may have a big impact on the very last
result. Even the most sophisticated models warfare to
as it should be forecast the conduct of the
environment in the destiny due to this intrinsic
complexity. Inadequate Information: Worldwide
climate statistics practices vary. Insufficient
records, especially from far-off locations like deserts or

series

oceans, might make projections for those regions less
accurate. Data Accuracy: The accuracy of forecasts may
be greatly impacted via inaccurate or untrustworthy
records. Providing correct statistics requires preserving
and calibrating weather stations similarly to
eliminating anomalies. The spatial and temporal
decision of the contemporary NWP models is
restrained, no matter their power. This implies that
they could have trouble taking pictures abrupt
adjustments in atmospheric conditions or extremely
localized weather phenomena. Imperfect Physics: Real-
world physics is simplified within the mathematical
formulas utilized in weather forecasts. The accuracy of
those models will increase alongside our expertise of
atmospheric dynamics. It is still a ways greater hard to
predict weather patterns weeks or months in advance
than it is to make shorttime period forecasts. Over
prolonged durations of time, the unpredictable
character of climate increases uncertainty.

XII. OPPORTUNITIES
IMPROVEMENTS

The future of weather forecasting is vivid, no matter
the boundaries. The following promising prospects
could bring about essential improvements: Next-
Generation Satellites: More frequent,
decision research of the atmosphere and oceans are
anticipated thanks satellite tv for pc
constellations geared up with current sensors. This
gives NWP models an extra complete picture,
sophisticated radar systems Phased-array and twin-
polarization radars provide more correct precipitation
type detection and beautify intense climate warnings,
in particular for tornadoes and flash floods. Crowd
sourced Data: Combining facts from social media
bills, telephone apps, and private climate sensors can
yield useful actual-time records, specifically for places
that are not as well-discovered. Data Analysis

FOR FURTHER

excessive-

to new

reading  vast volumes  of
meteorological data, machine studying algorithms are
able to spot elaborate linkages and styles that
traditional approaches ought to forget about. This
may additionally bring about greater
forecasting, specifically for certain weather additives.
By pinpointing hassle regions and recommending
changes to the wunderlying equations,
mastering can assist within the optimization of NWP

fashions. Operating More Complex Models:

Powerhouse: By

accurate

machine
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Meteorologists may also run NWP fashions with
finer resolution on powerful computer
systems, which lets in them to better capture smaller-
scale climate occurrences and increase prediction ac-
curacy—particularly for localized phenomena. Faster
Data Processing: More green integration of real-time
information outcomes in greater present day and
dynamic forecasts. This is made viable by way of
quicker processing.

XIII. CONCLUSION

Weather forecasting has a brilliant future. A more
whole image of the environment is viable thanks to
trends in in- formation series strategies inclusive of
high-decision radars, crowdsourcing and new satellite
era.  Through the identity of complex climate
patterns and the optimization of NWZP fashions,
system mastering techniques have the capability to
seriously boom forecast accuracy. More state-of-the-art
fashions can be carried out at finer resolutions way to
expanded processing electricity, generating forecasts
which might be more accurate and comprehensive.
Weather forecasting has a shiny destiny in advance of
it, regardless of ongoing obstacles. There is a room for
rise, both in accuracy and effect on human lifestyle

extra
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