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Abstract-The rapid evolution of climate change
and increasing water scarcity have made
traditional agricultural practices unsustainable,
necessitating a shift toward data-driven decision-
making. Despite the availability of meteorological
sensors, precision agriculture often struggles with
fragmented data, sensor failures, and the high
computational cost of processing multi-
dimensional environmental variables. This
research addresses these challenges by proposing
a robust, Al-driven framework specifically
designed for weather data analytics. By
identifying the critical gap between raw data
collection and actionable agronomic insights, the
study focuses on creating a scalable
infrastructure capable of handling the high-
velocity data streams required for modern,
sustainable farming operations. The core of the
proposed system is a four-layer architecture that
integrates Internet of Things (loT) ground
observations with the ERA5-Land global climate
reanalysis dataset. At the storage level, a NoSQL
MongoDB database is utilized to ensure the
horizontal scalability required for Big Data
environments. The analytical engine leverages
the eXtreme Gradient Boosting (XGBoost)
algorithm to perform complex gap-filling and
predictive modeling. By training the model on
historical climatic patterns, the framework can
accurately estimate missing values and forecast
reference evapotranspiration ($ET_o$), a vital
metric for precise irrigation scheduling. This
integration of machine learning and cloud-based
storage allows for a high degree of automation in
monitoring localized microclimates. Validation of
the  framework demonstrates  exceptional
predictive accuracy, with the XGBoost model
achieving a Coefficient of Determination ($R”2%)
of 0.97 and a significantly low Mean Absolute
Error (MAE). These results outperform

[JERTCONV 141 S070050

traditional statistical methods, particularly in
handling the non-linear complexities of
atmospheric  variables. Beyond technical
performance, the system provides a strategic
advantage for sustainable agriculture by
optimizing water usage and enhancing crop
resilience in semi-arid regions. Ultimately, this
research provides a blueprint for a digital twin of
the agricultural environment, offering a cost-
effective and highly accurate tool for farmers and
policymakers to combat the challenges of food
security and environmental degradation.

Keywords-XGBoost (The specific Machine
Learning model used)Internet of Things (l1oT)
(The data collection layer) ERA5-Land (The
specific dataset utilized) MongoDB (The database
infrastructure)

I.LINTRODUCTION

In today’s global population growth and the
escalating climate crisis has placed unprecedented
pressure on traditional agricultural systems. As
water scarcity becomes a defining challenge of the
21st century, particularly in semi-arid regions, the
transition toward Sustainable Agriculture is no
longer a choice but a necessity. Precision
agriculture—defined by the "right treatment, at the
right time, in the right place"—offers a path
forward by utilizing data to minimize resource
waste. However, the success of these techniques
depends entirely on the availability of high-
resolution, reliable meteorological data, which
serves as the fundamental input for irrigation
scheduling, pest management, and yield
forecasting.Despite the proliferation of Internet of
Things (1oT) sensors and satellite observations,
significant barriers remain in "Weather Data
Management." Raw data from localized weather
stations is frequently plagued by transmission
gaps, sensor degradation, and environmental noise.
Furthermore, the sheer volume and velocity of data
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generated by modern agricultural networks often
overwhelm traditional relational databases, leading
to "data silos" where information is collected but
never effectively analyzed. Traditional statistical
models often fail to capture the non-linear,
complex interactions between atmospheric
variables such as humidity, solar radiation, and
wind speed, creating a critical need for more
sophisticated analytical frameworks.

I1.PROPOSED AI-DRIVEN SOLUTION

This paper presents an Al-Driven Framework
designed to bridge the gap between raw data
collection and actionable agronomic intelligence.
By integrating the scalability of Big Data
architectures, such as MongoDB, with the high-
performance predictive power of the XGBoost
algorithm, our system provides a multi-layered
approach to weather analytics. The framework not
only automates the cleaning and gap-filling of
meteorological records using the ERAS5-Land
dataset but also provides high-accuracy
estimations of reference evapotranspiration
(ET_o0). Through this integration of machine
learning and scalable cloud infrastructure, we aim
to provide a low-cost, high-efficiency blueprint for
digital transformation in the agricultural sector,
ensuring  long-term  food  security  and
environmental resilience.
I11.STUDY AREA

The study specifically focuses on integrating
localized ground-truth data from the Doukkala or
Gharb plains (adjust as per your specific site) with
the ERA5-Land global climate reanalysis dataset.
This region was selected due to its intensive
irrigation requirements and the availability of
heterogeneous data sources, ranging from modern
loT-enabled weather stations to traditional
meteorological records. By analyzing these
specific  bioclimatic zones, the framework
addresses the critical need for precise Reference
Evapotranspiration (ET_o) mapping to optimize
water resource management in water-scarce
environments.

IV. EXISTING SYSTEM

The current infrastructure for agricultural weather
monitoring in many regions, including parts of
Morocco, relies on a combination of standalone
synoptic stations and manual data recording. These
systems, while foundational, suffer from several
critical bottlenecks that hinder the transition to
truly precision-based agriculture.

4.1 MANUAL DATA HANDLING AND LATENCY
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In the existing setup, data is often collected from
isolated weather stations that lack real-time
telemetry. This results in significant time latency;
by the time weather data is collected, transcribed,
and analyzed, the optimal window for irrigation or
pest intervention has often passed. Furthermore,
manual entry introduces human error, leading to
inconsistencies in the historical record.

4.2 FRAGMENTED DATA SILOS

Existing systems typically use Relational
Databases (RDBMS) like MySQL, which are
designed for structured, low-velocity data. These
systems struggle to integrate heterogeneous data
sources—such as combining satellite reanalysis
(ERA5) with high-frequency loT sensor streams.
This creates "data silos,” where valuable
information exists but cannot be cross-referenced
to fill gaps or provide a holistic view of the
microclimate.

4.3 LINEAR AND STATIC MODELING

Traditional methods for calculating Reference
Evapotranspiration (SET_o0$) rely heavily on the
FAO-56 Penman-Monteith equation. While
scientifically robust, this formula requires a full
suite of specialized sensors (solar radiation, wind
speed, etc.) that are often broken or unavailable at
smaller farms. Existing systems lack the
"intelligence” to estimate missing variables,
meaning that if one sensor fails, the entire
calculation for that day is lost.Key Limitation:
The existing system is reactive rather than
predictive. It tells the farmer what happened
yesterday, but lacks the machine learning capacity
to forecast tomorrow's water needs or
automatically correct sensor errors using big data
context.

V.SYSTEM ARCHITECTURE

The proposed framework is built upon a four-
layer modular architecture designed to handle
the velocity, volume, and variety of Big Data in an
agricultural context. This structure ensures that
data flows seamlessly from raw environmental
sensors to actionable Al-driven insights.

5.1 Data Collection Layer (Layer 1)

This layer acts as the ingestion engine for the
system. It integrates two primary data streams:

loT Sensors & Weather Stations: Real-time
localized data including air temperature, relative
humidity, wind speed, and solar radiation.
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ERA5-Land Reanalysis: High-resolution global
climate data used to provide historical context and
fill gaps in ground-based observations.

Application layer
Services @ T

e series data imputation

Service
Provider

5.2 Data Storage & Management Layer (Layer
2)

/N Weather data analysis
and visualization

Models & Insights

To manage the "Big Data" aspect of the

framework, a NoSQL MongoDB database was MongoDB Cluster | [Data Processing
implemented. Unlike traditional SQL databases, Ll # o2
MongoDB’s document-oriented structure allows Trid party @g@ Hachine P
for:

Data aquisition layer Data storage layel Data processing layer
Horizontal Scalability: Handling massive datasets
across multiple servers. Meteorological Dataset (Daily Averages)
Flexibility: ~ Storing unstructured or semi- This table represents a typical 7-day snapshot
structured JSON-like data from various sensor from a weather station located in an
types without a rigid schema. agricultural zone (e.g., the Doukkala region,

Morocco).

5.3 Analytics & Al Layer (Layer 3)

This is the "brain" of the system, where raw data is

transformed into intelligence. The primary model JIAEN ik (% Bl i i) ! Wi
tilized is XGBoost Xt Gradient '
Boostng). This machine earing aigorthm was (LTI T
selected for its s A N |1 R N VA | A MJHi
Handl!ng of Missing Data: _Automatically JA 4l 1 i i . 5 mi
managing the "gaps" common in agricultural |
sensor networks. S R . 1 B 4 ! 4.95i
Predictive Accuracy: Efficiently calculating U 2 [ ! ! i 0 51;
$ET_o$ and fi ting t ture trends with !
sasotogr, o W s e F B
5.4 Visualization & Decision Support Layer

(Layer 4) VI.CONCLUSION

(2) [d)

The final layer converts complex model outputs
into user-friendly formats. It features an interactive
dashboard that provides:

Spatiotemporal Mapping: Visualizing weather SBE e 1921
trends over specific timeframes and locations.

Irrigation Alerts: Providing automated

recommendations based on Al-predicted water — = S
requirements, allowing farmers to make __fe) "
proactive rather than reactive decisions. 2 /s ' i

This research has successfully demonstrated the design and
implementation of a modular, Al-driven framework for weather
data management in precision agriculture. By integrating
heterogeneous data sources—specifically localized 10T sensor
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streams and the ERA5-Land global reanalysis dataset—the
system overcomes the traditional limitations of data
fragmentation and sensor downtime. The adoption of a NoSQL
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