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Abstract 

Article History:  Due to the climatic changes that directly affected the nature of life 

on the globe, so most recent statistical studies tended to study these 

changes, which would provide climate scientists and researchers 

with information as they answer many complex inquiries related to 

climate forecasts, and also help them to find solutions to problems 

Which are caused by these changes and reduce their risks, either 

by avoiding them or reducing those risks, in addition to the 

important role of these studies in developing future plans that 

would protect humanity from the consequences of climate changes, 

which affected various areas of life, including agriculture, industry, 

etc. And because the statistical parametric methods need conditions 

and criterions that may be difficult to meet, so the direction in this 

research was towards the use of non-parametric methods, in 

particular (spline) in order to study one of the phenomena of 

climate change because it is characterized by flexibility and the 

possibility of its application at various sides of life. 
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Introduction 
We all know that nature has its conditions and factors that are interrelated with each other, and 

that any imbalance in one of these factors directly affects the other factors, which causes damage to 

the environmental balance equation and thus negatively affects human life, especially in the 

continuous increase in population numbers and the human possession of advanced technological 

means. And because these changes began to have negative consequences on different aspects of life 

and in all of the world, so the researchers went to study these natural changes and the extent of their 

negative effects and repercussions on life by defining the problem and then finding possible 

solutions that can be implemented by humans. 

Therefore, the researcher went in this paper to study the phenomenon of predicting the amounts 

of rainfall by creating predictive chart for rainfall, depending on the climatic data of temperature 

and humidity for Iraq, being one of the countries affected by these changes, which negatively 
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affected on the nature of the life on its land, which generated high rates of desertification which 

could be exacerbated year after year. 

Theoretical side  
We going to use bivariate quantile regression to construction the predictive chart for rainfall, 

where we estimate two quantile functions by using nonparametric method (B-Splines (BS) with 

nodes (0.5, 1, 1.5, 2 and 2.5)) to estimate those functions  depending on the concept of the (time-

varying coefficient with depth)  (see: [4], [9], [10]). 

Below are the steps for constructing the predictive chart: 

 First stage: assume we have two models of the quantile functions    and    , the two 

equations of the models that have been adopted here, written respectively is as the 

following: 

  (      )    (           )           (1) 

 

  (      )    (                  )              (2) 

 

To combine the two models above of the quantile functions (bivariate response models), first we 

will writing the quantile functions to the bivariate response in (1) and (2) depending on the concept 

of (time varying coefficient), (see: [8], [11], [15]), as the following:  

  (      )    (      )  ∑   (      )

 

   

                     (3) 

 

  (      )    (      )    (      )          ∑   (      )

 

   

       (4) 

 

Where:     and    are the intercepts of    ( ) and    ( )  

   is the slope of    |  ( ) 

    and     are the coefficients associated with    in both of models ( ) and ( ) 

respectively. 

And second, converted the models of the first stage by rewrite the models in equations (3) and (4)) 

to the concept of depth where this concept is the second definition of (Koenker-Bassett methods) 

when the linear regression is an extension for covariates in dimension    , therefore, the 

directional   quantile hyperplane     under the nonparametric case, where (       )       , 

(see: [14], [16]), and can be written as the following: 

  (  )       
      

   
      

               (5) 
 

Where : 

        
   

      
                      (6) 

 

   (        )
  is a random vector of covariates. 

   (       )
 
 is    dimensional of response, and for empirical distribution for   as         

(  
    

 )    (  
    

 )  are the pairs which will be dealt with which is denoted as 

(     ) where (   )         .  

 Second stage: we will going towards the nonparametric methods to estimate two quantile 

functions    and     by using the nonparametric method (B-splines (BS), (see: [6], [7]), with 

knots (0.5, 1, 1.5, 2 and 2.5)) as the models by minimizing the quantile regression objective 

functions: 
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      ))
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      ))

 

  

(10) 

 

Where:  

   
 

  
  

And according to the equations ( ) and ( ) we written the model in ( ) (see: [5], [12]), as: 

(       
     

   )
 
        

(       )        

  [  (    
   
       )] (11) 

 

 ̂(      ) ( )        ∑  ∑(  (  ( 
   
       )))

 
 

   

 (12) 

 

 Third stage: here we adopted Ivanov equation to calculation the evaporation, which 

depends on the annual temperature and the amount of relative humidity, as the lack of 

humidity in the months in which the temperature rates are high increases with it the 

evaporation processes, so we conclude that the values of evaporation in the air increase 

when there is a lack of atmospheric air humidity, so the more moisture in the air the 

evaporation process decreases. 

Where, the relationship between the amount of evaporation and the amount of rainfall is 

positive relationship (i.e. the greater the amount of evaporation the greater the amount of rainfall, 

and the less the amount of evaporation the less the amount of rainfall). 

Based on the above, the Ivanov equation was adopted in the statistical programming of the 

proposed predictive charts to predict the amounts of rainfall (see: [1], [2]). 

We can write Ivanov equation as: 

                                             (13) 
 

Where: 

  ((     )   )               (14) 

  (      )      (15) 

                           (16) 

           

T1: represent temperature. 

H2: represent humidity. 
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Practical side 
Because the limited sources of water on which Iraq depend, so the rain is considered a climatic 

resource of high value because of its effects in determining the proportion of agricultural and 

industrial activities, and thus the proportion of commercial and economic activity of the country. 

So in this paper we will study the phenomenon of predicting the amounts of rainfall, depending 

on the climatic data of temperature and humidity for Iraq (Baghdad) by built the chart of prediction 

amounts of rainfall, where this chart explain to us whether the season is rainy or not. Chart built by 

using nonparametric methods and depending on the data of the Central Statistical Organization. 

Now, we will going to construct the contours for this chart depending on the value of q 

where   (   ), by modeling equations in the theoretical side to be applied with real data, (see: [3], 

[5], [13]), which will be displayed as below: 

Table 1: Climatic data of humidity in Baghdad 

 

Table 2: Climatic data of temperature in Baghdad 

 Temperature Baghdad 

Year Minimum Maximum 

2009 17.1 31.2 

2010 18 33 

2011 16.4 30.4 

2012 16.6 31.6 

2013 16.1 30.3 

2014 17 31.9 

2015 16.7 31.9 

2016 16 31.9 

2017 16.4 32.3 

2018 17.1 31.6 

2019 17.3 31.7 

 

Table 3: Climatic data of rainfall in Baghdad 

Humidity 
Baghdad 

Year 

2009 42 

2010 40 

2011 41 

2012 40 

2013 45 

2014 43 

2015 41 

2016 41 

2017 38 

2018 45 

2019 45 

Rainfall 
Baghdad 

Year 

2009 67.5 

2010 92.5 

2011 96 

2012 184.4 

2013 296.7 

2014 108 

2015 190.9 
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Figure 1: Chart represents plotting average of rainfall in Baghdad 

 

 

Figure 2: Represents plotting contours for charts of prediction amounts of rainfall only 
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Figure 3: Represents plotting contours for charts of prediction amounts of rainfall with the 

data of the rain 

The MAE of this model is: 1.19 
 

Conclusion 
In this paper, we studied prediction of the amounts of rainfall expected depending on the 

temperature and humidity, where built the chart of prediction amounts of rainfall, where this chart 

explain to us whether the season is rainy or not, this chart built by using nonparametric methods and 

depending on the data of the Central Statistical Organization. Where we study and discussed two 

stages, first stage we built the chart depending on the combined of the two concepts (time varying 

coefficient) (depth) which gave MAE = 1.19. Note that, we used the nonparametric method (B-

spline) and in the second stage we plotted the real data on the proposed chart, where the basis of all 

is reliance is on an Ivanov equation, see the figures above. We conclude from the proposed of 

predictive chart in this research and as shown in the above graphics showed us that the season in 

which the evaporation rate was low and resulting from the mathematical equation that was obtained 

depending on the temperature and relative humidity gave the lowest amount of rainfall (and vice 

versa) . 

Recommendations: 
1. Taking care to accurately record measurements of climatic phenomena to enable researchers 

to use real data that give accurate results for all studies. 

2. Green belt leaf expansion. 

3. Reducing air pollution rates, which helps to maintain an increase in evaporation rates and 

the correct exploitation of high temperatures. 

4. Proper exploitation of river water by educating citizens to rationalize consumption. 

5. Paying attention to the cleanliness and urination of river water and not throwing waste and 

heavy water into it. 
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علي حياة الإوسان والحذ مه مخاطرها بعيه إحصائيتدراست تأثير تغير إحذى الظواهر المىاخيت   
 أ.د. قتيبت وبيل وايف د. مروة خليل ابراهيم

marwakhalil.202024@yahoo.com dr.qutaiba@coadec.uobaghdad.edu.iq 

 بغداد، العراق ،وزارة التجارة
، جامعة بغداد - كلية الادارة والاقتصاد -قسم الاحصاء 

 العراق بغداد،
 

 المستخلص  معلومات البحث

ٔظطاً ٌٍرغ١طاخ إٌّاذ١ح اٌرٟ أثطخ تشىً ِثاشط عٍٝ طث١عح اٌح١اج عٍٝ   تواريخ البحث:

اٌحس٠ثح إٌٝ زضاسح  اٌىطج الأضض١ح، اذدٙد ِعظُ اٌسضاساخ الإحصائ١ح

٘صٖ اٌرغ١طاخ، ِّا ِٓ شأٔٗ أْ ٠عٚز عٍّاء إٌّاخ ٚاٌثاحث١ٓ تاٌّعٍِٛاخ 

ح١ث ٠د١ثْٛ عٍٝ اٌعس٠س ِٓ الاسرفساضاخ اٌّعمسج اٌّرعٍمح تاٌرٕثؤاخ 

ً لإ٠داز حٍٛي ٌٍّشىلاخ اٌرٟ ذٕرح عٓ ٘صٖ  إٌّاذ١ح، وّا ٠ساعس أ٠ضا

ٕثٙا أٚ اٌحس ِٓ ذٍه اٌرغ١طاخ ٚاٌحس ِٓ ِراطط٘ا، إِا عٓ طط٠ك ذد

اٌّراطط، تالإضافح إٌٝ اٌسٚض اٌُّٙ ٌٙصٖ اٌسضاساخ فٟ ٚضع اٌرطظ 

، اٌّسرمث١ٍح اٌرٟ ِٓ شأٔٙا حّا٠ح اٌثشط٠ح ِٓ عٛالة اٌرغ١طاخ إٌّاذ١ح

ٚاٌرٟ أثطخ عٍٝ ِررٍف ِدالاخ اٌح١اج، تّا فٟ شٌه اٌعضاعح ٚاٌصٕاعح 

ٚغ١ط٘ا. ٚلأْ الأسا١ٌة اٌثاضاِرط٠ح الإحصائ١ح ذحراج إٌٝ شطٚط 

ِٚعا١٠ط لس ٠صعة ذحم١مٙا، ٌصٌه واْ الاذداٖ فٟ ٘صا اٌثحث ٔحٛ اسررساَ 

( ٌسضاسح Splineالأسا١ٌة غ١ط اٌثاضاِرط٠ح، ٚعٍٝ ٚخٗ اٌرصٛص )

ٛا٘ط اٌرغ١ط إٌّاذٟ ٌّا ذر١ّع تٗ ِٓ ِطٚٔح ٚإِىا١ٔح ذطث١مٙا فٟ إحسٜ ظ

 ِررٍف خٛأة اٌح١اج.

 3/12/2022ذاض٠د ذمس٠ُ اٌثحث: 

 25/2/2023ذاض٠د لثٛي اٌثحث: 

 31/12/2023ذاض٠د ضفع اٌثحث عٍٝ اٌّٛلع: 

 

 

 
 الكلمات المفتاحية:

ؤ تى١ّاخ ٘طٛي الأِطاض، زضخح اٌحطاضج، اٌططٛتح، ِرطظ اٌرٕث

، ّٔٛشج Bالأِطاض، الأحساض اٌىّٟ اٌطثمٟ، اٌساٌح اٌى١ّح، ذظ 

 اٌّعاًِ اٌّرغ١ط، ّٔٛشج اٌعّك، ِعازٌح إ٠فأٛف.
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