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Abstract: For the purpose of forecasting meteorological time series, a number of established methodologies 

have been presented (analog techniques, neural networks, etc.). However, when dealing with multivariate time 

series that are spread spatially, the aforementioned approaches do not take into consideration all of the 

information that is accessible. In this research, we tackle the challenge of using Bayesian networks to provide 

accurate weather predictions. 

This research aims to offer the Bayesian network (BN) model as a means of estimating dustfall based on 

atmospheric ensemble forecasts. The following categories of data were collected and analyzed for this study: 

mean temperature, mean humidity, mean rainfall, mean wind speed, and maximum and lowest dustfall. 
Between the years 2021 and the beginning of 2022, the Iraqi agency for Meteorology and Seismology collected 

the data on the weather. The values available are month averages. The structure and parameters of the Bayesian 

network were learned with the help of these data. Through the use of dynamic Bayesian networks, inference in 

the Bayesian network was able to assist in anticipating the maximum and minimum dustfall that will occur in 

the following months. The model demonstrated an overall precision of 75% and 89.0% in predicting the 

maximum amount of dustfall, respectively. 
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1. INTRODUCTION  
Today, several Atmospheric Circulation Models (ACMs) that are regularly integrated by multiple 

meteorological services on coarse-grained resolution grids covering vast geographic areas are used to help with 

weather forecasting. The entire world is covered by these grids[1]. Temperature, humidity, geopotential, wind 

components, and other meteorological factors are described in these models in order to predict the anticipated 

atmospheric pattern for a given forecast period (for example, temperature, geopotential, wind components, and 

so on). These models' spatial resolution is now constrained to scales of about 50 to 100 kilometers as a result of 

the computational and physical difficulties involved. ACMs are unable to provide a regionally precise 

description of such relevant events because meteorological phenomena like dust fall fluctuate on much more 

local scales. Researchers over the last ten years have created a many statistical analysis and machine learning 

methodologies in response to this constraint[2]. 

Warming of the planet is without a doubt considered to be the primary contributor to the unusual weather 

patterns. Due to the high levels of economic activity and mobility that characterize urban coastal areas, these 

regions are among the most vulnerable to the effects of global warming. One such country whose urban coastal 

areas are particularly vulnerable is Iraq. An unusual meteorological phenomenon occurred during the dry season 

of 2021, particularly in Iraq. This phenomenon created alterations in rain patterns, which in turn caused dust to 

fall during the summer season. The confluence of three factors anomalies in sea surface temperature, air waves, 
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and unstable atmospheric conditions is what causes the frequent occurrence of dust fall throughout the summer 

season[3]. 

Deterministic weather forecasting does not take into account the various uncertainties that present. As a result, 

during the past few decades, many operational and research on flood forecasting systems around the world have 

increasingly relied on ensembles of NWPs as opposed to single deterministic forecasts, which are subject to 

significant amounts of uncertainty. The use of ensemble methods is widely regarded as an efficient tool for 

estimating the probability of future states of the atmosphere[4]. These methods do this by taking into account 

the uncertainties that are inherent in the beginning conditions as well as the model assumptions. 

The complicated nature of the atmosphere contributes to the unpredictability of weather forecasts. Because of 

this uncertainty, a number of factors can have a negative impact on the accuracy of forecasts. These factors 

include a lack of observations, errors in the data that is currently available, The need to depict complicated 

phenomena using imprecise and basic models, and most critically, inconsistent data[5]. The statistical 

approaches to these issues, such as clustering and linear regression, make the assumption that spatial 

correlations do not exist in order to streamline the models. These techniques are employed to identify and 

describe atmospheric patterns. 

Graphical models known as Bayesian networks (BNs) represent all potential interdependencies and 

interdependences among all pertinent random variables. By using BNs, which are graphical representations of 

these interactions, we hope to add to this body of knowledge. BNs are widely used as a remedy for problems 

involving dependency, uncertainty, and causality among the variables of interest. BNs can use factorized joint 

probability functions and directed acyclic graphs to extract probabilistic information from data. The joint 

probability distribution allows the probabilities to be updated anytime there is a change in the information being 

used, and the graph shows both the interdependencies and the independence among the variables [6]. 

In this study, we suggest predicating the dependencies between the various variables in the model by first 

creating a Bayesian network (BN) from the available data, and then employing dynamic Bayesian networks 

(DBNs) to estimate the maximum amount of dust fall while modelling the temporal relationships between 

various eras. We can estimate how much dust will fall in the future using this method. 

 

2. STUDY AREA  

       This research focuses on the south of Iraq, which covers an area of 38,456 km2 as its case study. The                

geographical boundaries can be found at latitudes ranging from 33.2289 to 33.4016 north and longitudes ranging 

from 44.2691 to 44.4816 east. The yearly rainfall is approximately 340 millimeters, and the average height is 

1300 meters above sea level. 

Recently, and notably in the previous 10 years, dust began to fall in an upward fashion every year, specifically 

in the western and southern areas of Iraq. This phenomenon was first seen in the western and southern regions 

of Iraq. The Iraqi Meteorological and Seismology department has said unequivocally that the increase in dustfall 

is the result, in addition to global warming, of drought and a lack of rain. This study makes projections 

regarding the amount of dust that will fall in southern Iraq. 
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3. WEATHER FORECAST 

      The ability to boldly predict the future is essential for forecasters. Due to the inherent difficulties of this 

endeavour, it is prudent for a forecaster to gather as much information as they can before making any statements 

regarding the future. It is very beneficial to have data from the past and the present regarding what is being 

forecasted, as well as data on any other variables that may be related to what is being forecasted[7]. The 

knowledgeable opinion of professionals is another potentially useful source of data. Forecasters that are truly 

astute acknowledge the inherent unpredictability of the future and present their findings using probabilistic 

language. Therefore, data, judgment, and uncertainty are all pertinent to the majority of forecasting jobs, and 

they ought to be incorporated into forecasting systems. 

In predicting problems that arise in the real world, there are frequently a huge number of variables, as well as 

interactions between those variables, that could be regarded as potentially important. This results in complicated 

knowledge structures. Traditional methods of forecasting typically involve applying complex mathematical 

concepts to relatively straightforward information structures[8]. These methods may also place limitations on 

the kinds of inputs that can be utilized. On the other hand, contemporary computers makes it possible to uncover 

the complexities of difficult knowledge systems by utilizing simply straightforward mathematical concepts. In 

addition, the fact that individual links within these complicated networks are rather straightforward enables the 

model to accurately represent the numerous varieties of data that are present in a variety of areas. 

One of these fields is the forecasting of severe storms in the local area. A strong foundation in atmospheric 

science is required for forecasting violent storms, just as it is for forecasting the weather in any other aspect. 

However, the capacity to discern short-fused localized meteorological events also demands a significant amount 

of knowledge about the specifics of the location in question[9]. Therefore, a model that is capable of accurately 

predicting these storms should have the ability to combine "hard" meteorological data and mathematical 

equations that define the environment with "soft" assessments provided by a local expert. 

This paper provides a description of the dustfall forecasting, which is an explicitly Bayesian system that predicts 

severe local weather in south Iraq. 

In dust fall forecasting, a belief network (BN) is used to combine atmospheric science with local assessments 

through the use of conditional probabilities. BN-specific inference methods are utilized to unlock the network's 

implicit relationships. 

In order to evaluate dust fall, it would be necessary to make a large number of observations of local storms in 

the desert of western and south Iraq during the summer months. These observations would also need to include 

the local, national, and global meteorological data that is required in order to make accurate forecasts[10]. There 

was neither the financing nor the already acquired data sets from previous summers, nor was there the ability to 

collect such information about the current summer months. 

A Bayesian Network modelling of dust occurrences in Iraq from 2021 to early 2022 through weather parameters 

based on the Iraqi Meteorological and Seismology organization is the purpose of this research. This research is 

based on the existing background and potential, and its purpose is to build a Bayesian Network modelling of 

dust occurrences in Iraq. It is anticipated that the model that was developed as a result of this research will offer 

a summary of the causal relationship among the influencing variables that cause the dust fall patterns in Iraq, as 

well as inferences that can be utilized as a foundation for making decisions. The data for the period beginning 

February 1, 2021 and ending May 15, 2022 were utilized in the creation of the model. One of the benefits of this 

research is the development of a model of the weather that is based on the Bayesian Network methodology. This 

model is constructed by analyzing and contrasting the various network architectures and network scoring 

factors. It is anticipated that the model that was developed as a result of this research will provide an overview 
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of the causal relationship among the influenced variables that cause the dust fall patterns in Iraq. Additionally, 

the model will be able to make inferences that can be used as a basis for decision making. The Bayesian 

Network technique for weather modelling is the most important thing that has come out of this research. This 

approach is developed by choosing the network architectures and network scoring factors that have performed 

the best.  

4. BAYESIAN NETWORKS 

       In addition to capturing the causal probabilistic relationship between a group of random variables and their 

conditional dependencies, a Bayesian network is a condensed representation of a joint probability distribution. It 

is made up of a directed acyclic graph and a set of conditional probability distributions, which are both 

important parts. The directed acyclic graph is a collection of random variables, each represented by a node. A 

node may stand in for a health domain in the context of assessing health, and its states could be seen as the 

various reactions that could be made to that domain[10]. A directed edge will connect the corresponding two 

nodes in the graph if there is a probabilistic dependence between the corresponding two random variables. The 

random variable A will be shown to be the source of the random variable B via the directed edge from node A to 

node B. If there is a causal probabilistic dependence between the two random variables, a directed edge will join 

the corresponding two nodes in the graph. Cycles are not permitted within the network since the directed edges 

imply a static causal probabilistic dependency on one another. For each node in the network, a distinct 

conditional probability distribution has been provided. To put it another way, the conditional probability 

distribution of a node, also referred to as a random variable, is established for each potential result of the causal 

node that came before it. 

The primary idea behind Bayesian networks (BNs) is to graphically represent the most critical dependencies and 

independencies among a set of variables in an easy-to-understand and interpretable format (a directed acyclic 

graph). In this style, a series of nodes, one for each variable, are used to graphically display the variables (dust 

fall)[11]. Arrows connecting these nodes to one another represent the cause-and-effect relationship that exists 

between them. 

A straightforward definition of independence can be derived from directed graphs by examining whether or not 

specific pathways can be taken between the different variables. 

BN models also have the benefit of being able to readily and in a mathematically coherent manner incorporate 

knowledge of varying degrees of accuracy and from a variety of various sources. This is another one of the 

models' advantages. Combining the knowledge of experts with data is possible. 

Consider the domain U of the n random variables represented by X1,..., Xn. Each variable may be continuous or 

discrete with a limited number of states. Xi is referred to as Xj's parent if there is a link between them. Xj is also 

claimed to be Xi's offspring. We refer to the set of parents of Xi, the set of Xi's children, the set of Xi's 

descendants, and the set of Xi's ancestors as pa(Xi), c(Xi), d(Xi), and a(Xi), respectively. 

A BN is a set of random variables endowed with a directed acyclic graph (DAG) where for each i ⸦ I, Xi is 

independent of all its ancestors a(Xi ) conditional on its parents pa(Xi ) . 

Using the above independence property, the joint probability distribution (JDP) of the BN can be written as: 

  ∏n
i=1 P(Xi │ pa(Xi))  

where P(Xi|pa(Xi)) is the conditional probability distribution (CPD) of Xi conditioned on its parents pa(Xi). 
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5. LEARNING BAYESIAN NETWORK FROM DATA  

         A BN requires that we express the conditional probability of each node given its parents in addition to the 

graph's structure. This is in addition to the graph's structure. However, in many real-world situations, we are 

either unaware of some of the necessary probabilities or the entire topology of the graph[12]. This is because we 

do not have all of the information necessary. For this reason, numerous new methods have recently been 

developed for predicting probabilities (parametric learning) and learning the graphical organization (structure 

learning) from data. 

Either the weather variables themselves or the weather stations that record them serve as the foundation for the 

structure of the BN. owing to the fact that the Iraqi Meteorological and Seismology organization is essential to 

the completion of this work. The different aspects of the weather will help us piece together the blueprint of the 

BN. Learning BN requires not only locating the graph of the BN (which is referred to as "structural learning"), 

while also describing the conditional probability distributions of each node given its parents (a process known as 

"parameter learning"). The marginal probability distribution for root nodes will then be discussed. Because it 

takes a substantial amount of data to learn every BN's parameters, even for a small number of variables, learning 

BNs is an example of an NP-hard problem in general. 

In order to make a maximum and lowest temperature forecast for the city of Dubai, we are going to utilize the 

unsupervised learning forbidden algorithm. This will allow us to find all of the direct probabilistic links that 

exist among the variables that we are studying. The greedy taboo learning method will undertake a local search 

procedure among all variables until it achieves a local optimum; it will then apply the best operator even if the 

score rises in order to get the best BN structure. This procedure will keep going until the ideal BN structure is 

discovered. The probabilities connected to the structure can then be determined from the data using the proper 

formulas after it has been recognized. All of the dependencies that were present in the data are preserved in the 

probabilistic model that was produced as a result. 

 

 

 

 

 

 

 

 

 

Fig1: Bayesian network 
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To calculate the probabilities and CPDs for all variables, we used an exact inference. The selected variables' 

means and standard deviations for the BN are displayed in Table 1. 

Table 1:  distribution max and min dustfall with mean and standard deviation 

After that, we made use of time series to replicate the BN over time and construct the DBN so that we could 

predict the maximum and least amount of dustfall that would occur. Only two time slices were taken into 

consideration because increasing the number of time slices causes the DBN to become more complicated. 

6. RESULT 
         The collected BN shows that, as we predicted, there is a relationship between dustfall and relative rainfall, 

wind speed, and temperature. In actuality, both the maximum and lowest dustfall have an impact on these 

variables. These variables have an indirect impact on dustfall through the relative humidity that they are tied to. 

Also, the BN shows that maximum dustfall that can be influences by rainfall and wind speed is related to both 

temperature and relative humidity and effected on the dustfall, also rainfall related to the temperature and 

relative humidity and effected on dustfall. Therefore, all probability is associated to all parameters in learning 

phase. Maximum dustfall are increased with low Rainfall and high wind speed also temperature is decreased 

with maximum dustfall. 

Max dustfall Rainfall  Wind speed  

81.472 500mm 7500m  

18.631 2000mm 2000m 

Table2: show the expectable dustfall with wind speed and rainfall 

 

We looked at maximum and minimum dustfall forecasting and compared the actual values found on the website 

of the Iraqi Meteorological and Seismology organization for 2021-2022 with the estimated values found in 

Figures 6 and 7 below. The actual values came out to be closer to our estimates than the estimated values did. 

Both of these numbers demonstrate that the obtained BN has an appropriate level of accuracy. The root square 

mean error (RSME) for the largest amount of dustfall was 86.951, while the RSME for the least amount of 

dustfall was 14.361. 

 

 

Max 

dustfall 

 Min 

dustfall  

 Rainfall 

mm 

 Wind 

speed  

 Temp  

Mean 85.4358 Mean 15.559 Mean 2.153 Mean 5000 Mean  37 

Standard 

Deviation 

12.963 Standard 

Deviation 

11.988 Standard 

Deviation 

4.637 Standard 

Deviation 

7.542 Standard 

Deviation 

800 
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FIGURE 2. Predicted and actual values of Maximum dustfall 

7. CONCLUSION 
       The Bayesian Network modelling that has been constructed in this study allows for the conclusion to be 

drawn that the construction of the Bayesian Network model with automatic learning is influenced not only by 

the learning algorithm but also by the choice of scoring criterion. This conclusion can be reached on the basis of 

the Bayesian Network modelling that has been constructed in this study. It has been discovered that the hybrid 

structure learning algorithms of Bayesian Network models either outperform their score-based equivalents or at 

the very least are on par with them in terms of their overall performance. 

The predicted maximum and minimum amounts of dustfall were fairly similar to the values that were actually 

observed. To validate the usefulness of such a model and evaluate how its predictions stack up against those 

derived from time series data, additional research is required. The forecasting of temperature and precipitation 

over greater distances will be a part of future studies. 
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