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Abstract

Frequent data in weather records is essential for forecasting, numerical model
development, and research, but data recording interruptions may occur for various
reasons. So, this study aims to find a way to treat these missing data and know their
accuracy by comparing them with the original data values. The mean method was
used to treat daily and monthly missing temperature data. The results show that
treating the monthly temperature data for the stations (Baghdad, Hilla, Basra,
Nasiriya, and Samawa) in lIraq for all periods (1980-2020), the percentage for
matching between the original and the treating values did not exceed (80%). So, the
period was divided into four periods. It was noted that most of the congruence
values increased, reached in summer (70%-100%), and decreased somewhat in
winter. While the daily treatment using the mean method for the stations Baghdad
and Basra (2010-2020), it turns out that most of the congruence values in the summer
ranged (70%-100%), but in winter, the congruence is often decreased. Therefore, this
method gives high accuracy when treating monthly and daily temperatures in
summer and less in winter.
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1. Introduction

The temperature directly impacts our lives, which is one of the most significant
components of meteorological and climatological materials [1]. The temperature ranges
determine whether the weather is cold or hot [2]. The air's temperature is an essential
component that influences the weather and directly relates to other meteorological
characteristics, such as solar radiation, air humidity, and atmospheric pressure [3]. The world
meteorological organization recommended taking temperature readings from 1.25 to 2 m
above ground level using a weather station screen thermometer [4], where the information
was gathered in synoptic data. Climate data is the formal data register, usually supplied after
conducting quality control [5]. Climate studies require continuous time series data for climate
studies and analysis. It is possible to lose some data, but approaches to filling gaps in the data
series are required in climate change prediction models and research investigations [6].
Through time, weather stations may begin to be out of service or stopped for repair; through
those periods, there will be missing data [7] or for a reason. Problems in storing or
transferring data due to sensor failure [8] and surface weather station networks are possible in
many parts of the world because of geography's composition, maintenance costs, and
complexity [8]. Many statistical techniques are available to find missing temperature data,
including deletion, direct estimation, and imputation [9]. Nassir et al. (2018) used the
Autoregressive integrated moving average (ARIMA) model for estimating the missing data of
air temperature, relative humidity, and wind speed for mean monthly variables in different
time series at three stations in Irag, Sinjar, Baghdad, and Al-Hai. The results of the ARIMA
model are accurate, but data should be available in sufficiently large numbers to estimate the
missing data within the time series [10]. Jaber Rahimi et al. (2017) used the Cumulative
Distribution Function (CDF) method to complete a daily minimum missing temperature data
series of highly elevated stations in Iran from 1965 to 2010 [11]. Marina Popolizio et al.
(2021) used Generative Adversarial Imputation Networks (GAIN) to complete temperature
time series, and the obtained results were very encouraging [12]. Most of the studies in Iraq
used the mean method for the ease and speed of presenting results, so this study aims to
appropriately use treatment for the missing temperature data.

2. Study area and Dataset

Irag's weather is primarily dry and semi-arid with high temperatures, often on the same
day, day and night, and summer and winter, and this great contradiction is clear from the
climatic extremism that symbolizes the state of the continental climate in general [13]. In
summer, the temperature in the middle and southern sections of the country exceeds 50 C,
while in winter, the temperature in the north and mountain areas can drop below freezing [13].
The monthly mean temperature varies from 30-45 C° in summer to 5-20 C° in winter. In the
south of Iraq, the climate is characterized as dry, whereas, in the north, it is classified as semi-
arid [14]. The mean monthly temperature was obtained from the Iragi Meteorological and
Seismological Organization (IMOS) for 40 years (1980-2020) and the mean daily temperature
for 11 years (2010 -2020). Data were collected from five weather stations in the center and
south of Irag. The central stations were Baghdad and Hilla, located between latitudes (32° 27
and 33° 18" N) north of the equator and longitudes (44° 24' and 44° 27" E) east of Greenwich.
Also, some stations in southern Iraq (Basra, Nasiriya, Samawa), which are geographically
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located in the northern hemisphere between latitudes (30° 31' and 31° 16" N) north of the
equator and longitudes (45° 16'-47°47" E) east of Greenwich, as shown in Table (1) and
Figure (1).

Table 1: Locations of weather stations used in the study [15]
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Figure 1: Locations of weather stations used in the study

3. Methodology
3.1 Mean Method
The mean is a value around which the values of a group are grouped and through which
the rest of the group values can be evaluated, so the values are the arithmetic mean. It was
calculated by summing and dividing the total by the number of values [16].
e — 1

n
Where x = mean of values, ), x = the sum of the average daily or monthly recorded
temperature, n = number of days or months.
The arithmetic mean method was used to find the congruence in temperature between the
actual values and the mean for the study area, where the study included two parts, daily and
monthly.
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The first daily treatment: taking the mean daily temperature every month and every year for
the daily period for Baghdad and Basra stations and then subtracting it from the daily
temperature values for the same month. The values are considered identical if the results
range between (0-2.5) °C depending on the standard deviation values shown in Table (2-A,
B). However, if the values are more significant than (2.5) °C, they are considered values that
are not close to the actual values, so we exclude and extract the difference from them (the
percentage of difference).

The second monthly treatment: the general mean of each month was taken for the period
(1980 - 2020). A variance was observed in the mean for the entire period, so the study period
was divided into four periods (every ten years) for the stations (Baghdad, Hilla, Basra,
Nasiriya, and Samawa), where the comparison was made between the value of the general
mean for each period and the values of the original period. The values are considered identical
if the difference ranges between 0-1.5 °C (based on standard deviation values), while if it is
higher than 1.5 °C, the values are isolated, and the percentage difference is calculated.

Table (2- A): The daily mean temperature for the daily period and the standard deviation of
the Baghdad stations.
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Table (2- B): The daily mean temperature for the daily period and the standard deviation of
the Basra stations.
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4. Result and Discussion

In the daily treatment, a comparison is made between the original values and values of the
general mean to find the percentage of the difference, shown in Tables (3,4) for Baghdad and
Basra stations, respectively. In Table (4), there are some missing data in the weather records
symbolized by m.
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Table 3: Percentage difference for the daily treatment in Baghdad station

26% 43% 71% 23% 39% 35% 10% 19% 13% 45% 27% 23%
16% 71% 52% 30% 42% 43% 26% 13% 10% 55% 43% 26%
26% 38% 58% 33% 26% 23% 39% 23% 7% 55% 67% 19%
48% 14% 52% 37% 55% 27% (0% 6% 37% 42% 20% 45%
39% 61% 39% 60% 48% 43% 6% 19% 23% 52% 40% @ 32%
42% 32% 23% 50% 39% 7% 23% 19% 33% 39% 30% 29%
39% 52% 35% 50% 29% 40% 10% 6% 37% 0% 53% 39%
16% 57% 29% 47% 23% 30% 3% 16% 17% 32% 57% 32%
29% 25% 32% 27% 68% 3% 10% 6% 23% 71% 7% 16%
48% 11% 26% 43% 61% 17% 0% 6% 3% 55% 50% 16%
55% 16% 42% 40% S55% 7% 16% 3% 13% 32% S7% 26%

Table 4: Percentage difference in the monthly treatment in Basra station

35% 43% 61% 27% 35% 33% 0% 0% 10% 58% 43% 26%

39% 71% 48% 20% 42% 20% 19% @ 10% 3% 52% 63% 23%
29% 21% 52% 33% 29% 17% @ 23% 6% 13% 35% 67% 26%
42% 29% 39% 23% 48%  30% m m m M m m
m m m m m m 0% 0% 21% 48% 47% 10%
39% 32% 19% 47%  35% 7% 6% 0% 10% 48% 43% 35%
35% 41% 6% 47% 32% 37% 6% 0% 37% 0% 47%  52%
10% 57% 10% 57% 29%  40% 0% 0% 17% 23% 67% 29%
19% 32% 35% 23% 45% 10% 0% 0% 20% 61% 40% 48%
2% 11% 29% 27% 35% 17% 6% 0% 20% 39% 40% 16%
19% 59% 14% m 52% 4% 4% 10% 10% 55% 63% 32%

Knowing the percentage of the difference led to the percentage of congruence of the
arithmetic mean through Figures (2-3) that show the range of the match between actual and
mean values for each month for the daily period. The mean temperature was not taken for
several years due to the specificity of each year in terms of heat and cold, so the mean was
taken for each month of each year. The two Figures (2-3) showed that the highest congruence
percentage occurs in summer (June, July, August, and September). The highest percentage of
congruence (100%, 100%) was for Baghdad and Basra stations, respectively, and the lowest
percentage of congruence (57%, 60%) was for Baghdad and Basra stations, respectively. In
the remaining months, the highest percentage of congruence (100%, 100%) was for Baghdad
and Basra stations, respectively, and the lowest percentage of congruence was recorded for
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the same mentioned stations (29%, 29%). Moreover, the highest percentage of congruence
was recorded in summer due to the stability of temperature, and investigating the data, shows
that most of the summers that recorded 100% of congruence were in stable weather
conditions.

Moreover, the highest percentage of congruence in winter was noticed in October 2016
for Baghdad and Basra stations, where October had a close temperature and stable weather
conditions. The lowest percentage of congruence was in February 2011, due to a cold air
mass that affected the temperature, which reduced it to the general mean. The arithmetic mean
IS very sensitive to the presence of any temperature anomalies, such as the too far from most
temperature values. As the anomaly increases, the accuracy of the mean reduces. Therefore,
the accuracy of the rate increases in summer, while in other months, it decreases.

Baghdad 2010-2020

month

MAR APR MAY UL AUG SEP OCT NOV DEC
2010 m 2011 m2012 w2013 m2014 m2015 m2016 m2017 m2018 m2019 m2020

100%
80
60%
40%
20%

0%

X

temprature’ C

X

Figure 2: Percentage of mean-treatment-accuracy in Baghdad station
Basra 2010-2020
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Figure 3: Percentage of mean-treatment-accuracy in Basra station

The second: is monthly; the general mean is taken for each month from (1980 - 2020).
Through the comparison, noticing that there is a variance in the means for the entire period
from the means of every ten years in most of the stations; so; the study period was divided
into four periods (every ten years) for the stations (Baghdad, Hilla, Basra, Nasiriya, and
Samawa), where the matching between the general mean value for each period and the
original period were calculated based on the standard deviation values. The values obtained
from the treatment are considered congruous with the actual values if the difference is less
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than (1.5) degrees. However, if the value was higher than (1.5) degrees, in that case, they are
considered not close to the actual values, so values must be excluded and recalculated to get
the percentage of difference, as shown in Tables (5, 6, 7, 8, and 9), displaying the mean values
for each period, the standard deviation values, and the percentage of difference for all stations.
These tables showed that every ten years, there is a mean that differed from the other periods,
especially in the past ten years, where increased the mean value._Also, the value of the
standard deviation increases in winter, spring, and autumn when the value of the standard
deviation decreases as the progress towards summer (July, August, and September) so that the
standard deviation becomes less in these months. Thus, the congruence of this method
increases because the arithmetic is very sensitive to the presence of any abnormal values. This
shows that the higher the standard deviation, the values increase above the general mean. The
relationship between the standard deviation and the mean is inverse; as a result, when the
period is divided partially, the treatment is better, and the mean is often closer to the actual
values.

Table 5: Treatment Monthly in Baghdad station

1980-1989 1990-1999 2000-2009 2010-2019

mean 9.3 9.7 9.0 11 9.8
standard deviation 1.8 1.7 1.2 1.2 1.6
difference ratio 30% 40% 13% 10% 32%
mean 11.6 11.8 13.0 13.4 12.6
standard deviation 2.0 1.6 1.1 15 1.7
difference ratio 40% 40% 25% 30% 39%
mean 16.1 16.1 18.3 18.0 17.3
standard deviation 1.2 1.6 15 1.7 1.8
difference ratio 20% 30% 25% 30% 32%
mean 22.7 22.7 23.6 23.7 23.3
standard deviation 1.3 1.4 1.3 1.2 1.4
difference ratio 10% 20% 38% 10% 29%
mean 28.3 29.1 29.5 29.9 29.4
standard deviation 1.3 1.1 1.1 1.0 1.2
difference ratio 20% 30% 13% 10% 16%
mean 32.4 325 33.7 34.4 334
standard deviation 0.5 1.0 1.0 0.8 1.2
difference ratio 0% 10% 13% 10% 13%
mean 34.9 34.8 35.8 36.8 35.8
standard deviation 0.7 0.7 0.9 1.1 1.2
difference ratio 0% 0% 13% 20% 20%
mean 33.9 34.2 35.3 36.4 35.2
standard deviation 1.4 1.4 1.0 1.2 1.6
difference ratio 30% 30% 13% 20% 37%
mean 30.3 30.2 31.2 32.2 31.1
standard deviation 1.0 0.7 0.9 1.3 1.3
difference ratio 10% 0% 0% 30% 26%
mean 23.8 24.5 25.3 25.8 25.1
standard deviation 1.3 1.0 1.3 1.6 15
difference ratio 30% 10% 13% 30% 34%
mean 16.2 16.7 15.8 17.2 16.6
standard deviation 1.9 1.3 0.8 1.7 1.6
difference ratio 50% 10% 0% 30% 37%
mean 10.7 11.4 11.6 12.2 11.7
standard deviation 15 1.7 1.8 1.6 1.7
difference ratio 40% 50% 38% 30% 45%
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Table 6: Treatment Monthly in Hilla station

1980-1989 1990-1999 2000-2009 2010-2019

mean 9.7 10.2 9.9 11.3 104
standard deviation 1.8 1.8 1.4 1.0 1.6
difference ratio 50% 33% 22% 10% 29%
mean 12.4 12.4 13.6 13.8 131
standard deviation 2.0 1.5 1.3 15 1.6
difference ratio 42% 22% 33% 30% 37%
mean 16.8 16.4 18.1 18.5 175
standard deviation 1.0 1.6 1.5 1.7 1.7
difference ratio 0% 22% 20% 30% 26%
mean 23.0 22.8 23.6 23.9 23.4
standard deviation 1.4 1.2 1.3 1.1 1.3
difference ratio 29% 11% 20% 10% 25%
mean 28.7 29.0 29.6 29.7 29.3
standard deviation 1.0 1.3 0.6 1.0 1.1
difference ratio 14% 30% 0% 10% 16%
mean 32.1 33.0 335 33.8 33.2
standard deviation 0.6 0.7 0.8 0.8 0.9
difference ratio 0% 0% 0% 0% 11%
mean 34.8 34.6 35.4 35.9 35.2
standard deviation 0.9 0.9 1.4 0.9 1.1
difference ratio 14% 0% 20% 0% 19%
mean 34.1 34.0 35.1 35.4 34.7
standard deviation 1.2 1.3 1.0 1.1 1.3
difference ratio 29% 30% 10% 10% 24%
mean 313 30.3 30.9 31.8 31.0
standard deviation 0.8 0.5 1.0 1.1 1.0
difference ratio 0% 0% 10% 10% 11%
mean 25.1 24.8 255 25.7 25.3
standard deviation 1.0 0.9 1.3 1.6 1.2
difference ratio 14% 0% 20% 30% 22%
mean 16.1 17.4 16.5 16.7 16.7
standard deviation 1.2 1.2 0.9 1.7 1.3
difference ratio 14% 20% 10% 30% 25%
mean 11.8 12.2 11.6 12.1 11.9
standard deviation 1.9 2.0 1.6 14 1.7
difference ratio 50% 40% 40% 30% 42%
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Table 7: Treatment Monthly in Basra station

1980-1989 1990-1999 2000-2009 2010-2019

mean 121 12.6 12.0 13.8 12.6
standard deviation 1.6 1.9 1.2 0.9 1.6
difference ratio 40% 60% 13% 0% 35%
mean 14.2 14.6 15.5 16.3 15.1
standard deviation 1.8 1.4 11 1.7 1.7
difference ratio 30% 30% 13% 56% 43%
mean 18.9 19.0 20.6 21.0 19.8
standard deviation 1.2 1.4 1.1 1.7 1.6
difference ratio 30% 20% 13% 33% 24%
mean 25.6 25.9 27.0 26.9 26.3
standard deviation 0.9 1.2 1.6 0.8 1.3
difference ratio 10% 20% 38% 0% 19%
mean 31.6 32.4 33.7 34.1 32.8
standard deviation 1.1 1.5 0.5 0.6 1.4
difference ratio 10% 40% 0% 0% 31%
mean 34.7 36.8 37.0 38.1 36.6
standard deviation 0.4 1.1 0.4 0.9 15
difference ratio 0% 10% 0% 0% 41%
mean 37.0 37.8 38.7 39.8 38.3
standard deviation 0.8 1.1 0.8 0.8 1.3
difference ratio 0% 20% 0% 0% 32%
mean 35.9 37.4 38.4 39.6 37.8
standard deviation 1.4 15 0.9 0.6 1.8
difference ratio 30% 30% 0% 0% 45%
mean 33.0 33.8 34.1 35.7 34.1
standard deviation 1.0 0.9 0.8 1.0 1.3
difference ratio 10% 0% 11% 11% 21%
mean 26.9 27.9 28.8 29.8 28.3
standard deviation 13 1.0 0.9 0.8 1.4
difference ratio 20% 10% 0% 0% 32%
mean 19.4 20.4 19.6 20.0 19.8
standard deviation 1.6 0.9 0.7 1.1 1.2
difference ratio 20% 10% 0% 22% 18%
mean 135 14.5 14.0 14.8 14.2
standard deviation 1.4 1.9 2.1 1.4 1.7
difference ratio 20% 30% 56% 22% 42%
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Table 8: Treatment Monthly in Nasiriya station

1980-1989 1990-1999 2000-2009 2010-2019

mean 11.64 12.12 11.41 12.99 12.06
standard deviation 14 1.9 1.2 1.0 1.5
difference ratio 30% 40% 11% 10% 28%
mean 13.89 14.1 15.13 15.89 14.74
standard deviation 1.9 1.5 0.8 1.6 1.7
difference ratio 40% 40% 0% 40% 36%
mean 18.52 18.79 20.69 21.55 19.87
standard deviation 1.1 1.8 1.3 1.5 1.9
difference ratio 20% 30% 11% 20% 36%
mean 25.19 25.4 26.24 25.98 25.69
standard deviation 1.0 1.1 1.6 1.2 1.2
difference ratio 10% 10% 33% 30% 18%
mean 31.04 31.93 32.69 32.90 32.13
standard deviation 1.1 14 0.7 0.9 1.3
difference ratio 10% 40% 0% 10% 21%
mean 34.67 36.01 36.46 37.27 36.09
standard deviation 0.5 0.8 0.8 0.9 1.2
difference ratio 0% 0% 11% 20% 21%
mean 37.04 37.26 38.39 39.17 37.96
standard deviation 0.8 1.1 0.9 0.9 1.3
difference ratio 0% 20% 11% 10% 23%
mean 36.06 36.9 38.33 39.19 37.60
standard deviation 14 15 0.9 0.9 1.7
difference ratio 20% 30% 0% 10% 46%
mean 33.19 33.51 33.74 35.44 33.98
standard deviation 0.8 0.7 1.2 1.1 1.3
difference ratio 0% 0% 11% 0% 21%
mean 26.65 27.42 28.41 29.12 27.89
standard deviation 1.2 1.0 1.2 14 15
difference ratio 20% 10% 11% 10% 41%
mean 18.99 19.64 18.91 19.46 19.26
standard deviation 1.7 1.2 1.0 0.9 1.2
difference ratio 40% 20% 0% 10% 18%
mean 12.96 14.03 13.48 14.27 13.69
standard deviation 15 1.8 2.0 14 1.7
difference ratio 40% 40% 55% 30% 36%
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Table 9: Treatment Monthly in Samawa station

1980-1989 1990-1999 2000-2009 2010-2019

mean 11.2 11.3 10.0 12.7 114
standard deviation 1.6 1.6 1.1 0.9 1.6
difference ratio 30% 30% 28% 10% 35%
mean 13.5 13.2 13.8 15.0 13.9
standard deviation 2.0 1.3 15 1.7 1.7
difference ratio 50% 20% 42% 40% 39%
mean 18.2 17.3 19.2 20.8 18.9
standard deviation 1.2 1.5 2.3 2.0 2.1
difference ratio 10% 20% 42% 40% 46%
mean 25.1 24.4 25.4 25.6 25.1
standard deviation 1.1 0.9 15 13 1.2
difference ratio 10% 10% 50% 30% 19%
mean 30.5 31.0 32.0 323 314
standard deviation 0.9 1.2 0.9 0.7 1.2
difference ratio 0% 37% 14% 0% 23%
mean 34.2 34.9 8515 36.4 35.2
standard deviation 0.4 0.7 0.8 0.8 1.1
difference ratio 0% 0% 0% 0% 8%
mean 36.5 36.1 37.0 38.1 37.0
standard deviation 0.7 1.2 1.2 1.0 1.3
difference ratio 0% 20% 14% 10% 28%
mean 35.6 35.4 37.2 38.1 36.5
standard deviation 1.4 1.6 1.1 1.0 1.7
difference ratio 20% 40% 28% 10% 35%
mean 32.8 32.4 32.7 34.1 33.0
standard deviation 1.4 0.8 0.7 1.0 1.2
difference ratio 10% 0% 0% 0% 16%
mean 26.2 26.4 27.0 27.9 26.8
standard deviation 1.2 0.9 15 1.6 1.4
difference ratio 10% 10% 25% 30% 29%
mean 18.4 18.5 17.5 18.9 18.4
standard deviation 1.8 1.3 1.1 0.9 1.4
difference ratio 30% 20% 0% 0% 29%
mean 12.7 13.4 12.9 14.0 13.3
standard deviation 1.4 2.2 2.1 1.1 1.7
difference ratio 20% 40% 43% 20% 32%
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The percentage of congruence in the monthly treatment is shown in figures (4, 5, 6, 7, and
8), noticing that the percentage of congruence is low when the mean method is applied to the
total period for all months. Therefore, the study period was divided into parts, where all
periods have a high matching rate in summer (100%), while in the winter, the matching
percentage decreases to reach some periods to 44%.

Baghdad Station
100%

0%
b. mar.

pr. may. jun. nov dec

Temperature ‘C

Month
m1980-1989 m1990-1999 2000-2009 m2010-2019 @1980-2019

Figure 4: The accuracy ratio of the mean method for the Baghdad station

Hilla-Station
100%

0%
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m1980-1989 m1990-1999 2000-2009 m2010-2019 =1980-2019

Figure 5: The accuracy ratio of the mean method for Hilla station
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Figure 6: The accuracy ratio of the mean method for the Basra station
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Nasiriya-Station
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Figure 7: The accuracy ratio of the mean method for Nasiriya station
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Figure 8: The accuracy ratio of the mean method for Samawa station

Conclusion

The data treatment was accomplished using the mean method, described as the easiest
and fastest method to process data. The mean method was tested to find the missing
temperature data for some stations in Iraq (central and southern regions). Using the method
during summer produces very high accuracy, reaching 100%, unlike in winter, where the
accuracy percentage was lower. In the monthly treatment, the results have shown that the
study period prefers to be applied every ten years rather than over a more extended period. In
the monthly treatment, the method is preferable and can produce a great result if there is one
missing value (or ten years study period).

In comparison, in the case of more than one missing value (over three values), applying the
method for a more extended period (20 years case study) is required. Eventually, five missing
values require applying the method over a more extended period (30 years). In the daily
treatment, the summer produces the highest accuracy rather than the other months. The
congruence ratio reaches 100%, provided that the missing values do not exceed five values for
the same month and must be non-consecutive for more than two days, which is not
recommended for this method in the winter. Applying this method to the monthly treatment of
missing data gives better accuracy than applying it to daily treatment.
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