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ABSTRACT

Climate change has become fast and entered a new stage and began to affect all regions of the
world. so, the climate must be analyzed and studied accurately. In order to do this, should be
available a continuous database without interruptions, to improve the accuracy of forecasts.
Therefore, this research aims to treat the missing temperature data for the stations (Baghdad,
Hilla, Basra, Nasiriya, and Samawa) by using the curve fitting method. In the monthly treatment
for the period (1980-2020), it was observed that the highest match between the real and the
treatment values using the Gaussian function and the sine wave function was recorded in the
summer months at (100%), and the lowest match was recorded in the winter months. The daily
treatment period (2010-2020) recorded the highest match at (97%) in the summer, and the lowest
match was recorded in the winter months. In order for the treated values to be close to the real
values, it is recommended to use this method for months from April to October. In the winter
months, it should be used with caution.
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INTRODUCTION

Climate change has sparked a serious interest in
studying and inferring climate variables and
climate-related topics in recent years, due to
concerns posed by global warming [1]. So, it
became the main goal has always been the
prediction of the numbers that tell us the facts about
the weather, such as checking the temperature,
humidity, predicting rain, predicting natural
disasters [2]. therefore, should be a focus on Data
collection and management, for the availability of
climate records data., so continuous data in the
weather record is very necessary for the accuracy
of prediction models and research studies [3]. and
important building decisions in industry and
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agriculture [4]. but Through time, weather stations
may begin to be out of service or stopped to need
repair, and Since the Surface weather station
networks are not enough in many regions of the
world caused of composition and maintenance
costs and the complexity of topography for that
reason, through those periods, there will be missing
data [5]. Therefore, continuous data observations
of any weather element are critical to know the
behavior and influence of these elements among
themselves, as the weather forecasting model
becomes more accurate the more data it is fed [6].
Ceylon Yozgatligil et al. (2013) [7] compared
some methods for calculating missing values of
monthly precipitation and mean temperatures in
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Turkey, it was found that the multiple imputation
strategies adopted by the Monte Carlo Markov
series based on expectations-maximization (EM-
MCMC) will reduce uncertainty in the data and
give more accurate results. Jaber Rahimi et al.
(2017) [8] evaluate different missing data
reconstruction methods for daily minimum
temperature for stations of different elevated, of
Iran for the period 1965-2010, Results revealed that
Artificial Neural networks stood in priority for the
reconstruction of daily minimum temperature data.
Sura T. Nassir, et al. (2018) [9] uses the
AutoRegressive  Integrated Moving Average
(ARIMA) model for estimating the missing data
(air temperature, relative__humidity, and wind
speed) for mean monthly variables in three stations
in Irag, which is found that The ARIMA model is
accurate but data should be available in sufficiently
large numbers to estimate the missing data. Okan
Mert Katipoglu, (2022) [10] studied the Prediction
of Monthly average temperature missing data
(1968-2017) using different machine learning
methods, the most suitable machine learning
method was chosen by the adaptive neuro-fuzzy
inference system ANFIS to estimate monthly air
temperatures in northeastern of Turkey.

This work aims to treate missing temperature data
in records of the Iragi Meteorological Organization
and Seismology (IMOS) by using (curve fitting
method) to replace traditional methods.

MATERIALS AND METHODS

Study Area and Data Sources

study area represents is lIrag, this area which is
mostly dry and semi-arid, one of its prominent
characteristics is the extremes of temperatures
often on the same day, between day and night, and
between summer and winter, and this great
contradiction is clear [11]. In the summer,
temperatures in the middle and southern sections of
the country can exceed 50 degrees Celsius, in
contrast while in the winter, temperatures in the
north and mountain areas can drop below freezing
[12]. The monthly mean temperature varies from
(30-45) degrees Celsius in the summer to (5-20)
degrees Celsius in the winter [13]. In this study
historical records of mean monthly temperature
were acquired from the Iragi Meteorological
Organization and Seismology (IMOS) for forty
years of the period (1980-2020) and records of
mean daily temperature for eleven years of the
period (2010-2020). The Long-term data were
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collected from 5 weather surface stations located in
different regions of the Country. Which is Baghdad
and Hilla stations, which represent central Iraq,
which is geographically located in the northern
hemisphere between latitudes (32°27' -33°18' N)
north of the equator and Between longitudes
(44°24'-44°2T'E) east of Greenwich line. As well
as some stations located in southern Irag, Basra,
Nasiriya and Samawa which is geographically
located in the northern hemisphere between
latitudes (30°31' -31°16'N) north of the equator and
between longitudes (45°16'-47°47'E) east of
Greenwich line. As shown in Table 1 and Figure 1.

Table 1. Location of the study area [14].

Station Longitude Latitude Elevation
Baghdad 44° 24" 33° 18" 32m
Hilla 44° 27" 32027 27 m
Basra 47° 47 30° 31" 2m
Nasiriya 46° 14' 31°01" 5m
Samawa 45° 16" 31° 16 11m
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Figure 1. Weather stations that used in the study.

Curve fitting

Regression analysis is a technique for determining
the "best fit" line or curve for a set of data points.
The curve fit will, in most cases, generate an
equation that may be used to find locations along
the curve. Curve fitting, on the other hand, is the
process of creating a curve that has the best fit for
a set of data points, sometimes subject to limits.
Fits the data "curve fitting" is a term that refers to
the process of determining a curve that goes
through a group of points [15]. In this study, many
functions have been tested from the curve fitting
method (logarithm, exponential, gaussian, and sin
wave) by using (sigma plot program), but these two
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functions are better than the rest of the functions,
because the path of the two functions are in the
form of waves, which is similar to the path of
temperature data when it is drawn, where it is in the
form of waves represented by the minimum
temperature (base) and maximum temperature
(peak), so we will adopt them in our study.

Peak, Gaussian, for Parameter (G)

~05(*5%)

Tr =y, + aexp 1)
Waveform-sine, for Parameter (S)
C[2nX
Tr =y, + Asin [? +C )

where: Tr= treatment missing data, y,= mean of

and daily (x2.5) as shown table for monthly (2),
and (3) for daily, and then compared the actual with
result from curve fitting values as in the equation 3.

R =Ay_p, ®3)

where R= The result of comparing Actual with
curve fitting values, A,=Actual values, R.=curve
fitting values.

If the result from Equation 3 (daily or monthly
period) is higher than the threshold is isolated for
these values, but, if the difference within the
threshold is considered an acceptable value and
calculated the percentage of matching.as equation
4 for monthly:

(Numberofvalueswithinthresholdmonthly)

available values, (x)=days, (x,) primary variable, T «100% (4)
B= period, C= phase shift. . .
In this study, we assume a special Threshold was ~ AAnd for daily the percentage of matching:
used, which was calculated from the general .
standard deviation (S.D.G) for all months, which (Wumberof value%f:llzzgr“hozdmonthly) *100%  (5)
was approximately for treatment monthly (x1.5)
Table 2. Mean monthly temperature and standard deviation for 40 years (1980-2020).
Station January February March April May June
Mean SD Mean S.D Mean S.D Mean S.D Mean S.D Mean SD
Baghdad 9.8 1.6 124 1.7 17 1.8 23.1 14 29.2 1.2 33.2 1.2
Hella 104 1.6 13 1.6 17.6 1.7 235 1.7 29.3 1 33.2 0.9
Basra 12.6 1.6 151 1.7 19.8 1.6 26.3 1.3 32.8 14 36.6 15
Nasiriya 12 1.5 147 1.7 19.9 19 25.7 1.2 32.1 1.2 36 1.2
Samawa 114 1.6 13.9 1.7 18.8 21 25.1 1.2 31.4 1.2 35.2 1
Station July August September October November December
Mean S.D Mean S.D Mean S.D Mean S.D Mean S.D Mean S.D
Baghdad 355 1.2 34.9 1.6 30.9 1.3 24.9 15 16.5 15 115 1.7
Hella 35.2 1.1 34.7 1.3 31 1 25.3 1.2 16.7 1.3 11.9 1.7
Basra 38.3 14 37.8 1.8 34.1 1.3 28.3 14 19.8 1.2 14.2 1.7
Nasiriya 37.6 14 37.6 1.7 34 1.3 27.9 15 19.2 1.2 13.7 1.7
Samawa 37 1.2 36.5 1.7 33 12 26.8 14 18.3 14 13.3 1.7
Table 3. Mean daily temperature and the standard deviation from (2010-2020).
Station January February March April May June
Mean SD Mean S.D Mean SD Mean S.D Mean SD Mean S.D
Baghdad 11 2.8 13.3 3.5 18.1 3.3 23.7 3.3 29.9 3.2 34.4 21
Hella 11.2 2.5 13.7 34 18.5 3.2 23.8 3.10 29.7 2.9 33.8 2
Basra 13.9 2.7 16.2 3.3 21.1 3.2 26.9 2.8 33.7 3 38.1 2
Nasiriya 13 2.6 15.7 3.6 20.9 3.5 26.5 2.3 33 3 37.3 2.1
Samawa 12.4 2.6 15 3.5 20.2 3.5 25.8 3.4 32.2 3.5 36.2 21
Station July August September October November December
Mean S.D Mean S.D Mean S.D Mean S.D Mean S.D Mean S.D
Baghdad 37 2 36.2 2 32.4 24 25.7 3.5 171 3.6 12 2.9
Hella 36 1.7 35.6 11.8 32 2 25.6 3.32 17 3.7 11 2.6
Basra 40 1.6 39.3 15 35.9 2 29.4 34 20 3.5 14.9 2.8
Nasiriya 393 1.9 39 1.7 35.5 27 28.7 3.5 195 3.5 14 2.8
Samawa 383 2.8 37.7 1.8 34.3 3 30 3.45 18.8 35 135 2.8

RESULTS AND DISCUSSIONS
The Equations (1) and (2) were applied to the
monthly and daily data set, as shown in Figures 2a
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and 2b for the mean monthly temperature and
Figures 3a and 3b for the mean monthly
temperature. The blue line represents the values by
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function1(Gaussian), the red line represents the
values of Equation 2 (sinewave) and the black line
represents the actual mean monthly and daily
temperature data in Figures 2 and 3 respectively.
Baghdad station was drawn as an example for the
rest of the other stations and shows how these two
functions work. Almost all study area is similar in
terms of percentage of matching as shown in Figure
4, the two functions are nearly matching.

(a) Mean monthly (July) temperature data (°C) over Baghdad for the
1980-2020 period.
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Treatment of monthly missing data

Through Figure 4, the matching of the two
equations were observed during the monthly
periods in all study stations from April to October.
Equation (1) ranged between (72%-100%) and the
matching in Equation (2) ranged between (78%-
100%). Otherwise, the matching fluctuated
between (59% - 89%) in Equation (1) and between
(61% - 95%) in Equation (2) for the rest of the
months. From the above, both equations work well
in the summer months, and Equation (2) is often
better than Equation (1) in all months.

) Mean monthly (December) temperature data (°C) over Baghdad for
the 1980-2020 period.
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Figure 2. Curve fitting of Mean monthly temperature data (°C) over Baghdad for the 1980-2020 period by two
functions Gaussian and sinewave, a (July) and b (December).

(a) Mean daily (July)temperature data (°C) over Baghdad for the 2010-2020 period.
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(b) Mean daily (December) temperature data (°C) over Baghdad for the 2010-2020
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Figure 3. Curve fitting of mean daily temperature data (°C) over Baghdad for the 2010-2020 period by two functions
Gaussian and sinewave, a (July) and b (December).
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(a) Percentage matching of mean monthly missing values in Baghdad.
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(c) Percentage matching of mean monthly missing values in Basra.
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(b) Percentage matching of mean monthly missing values in Hella.
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(d) Percentage matching of mean monthly missing values in Nasiriya.
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(e) Percentage matching of mean monthly missing values in Samawa
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Figure 4. Percentage matching of mean monthly missing values overall study Areas for the (1980-2020) periods: a)
Baghdad station, b) Hilla station, c) Basra statin, d) Nasiriya station and e) Samawa station.

Accuracy of Treatment missing monthly data
To know the accuracy of this these methods, the
Actual data must be present, so this period was
chosen from 2005-2020 because it does not contain
missing data in this station as in Table 4.

It was noted that the result of applying this example
is matching to all the results of the previous
methods when testing them for accuracy, where the
actual values for the month of June for the period
(2013-2014-2015), its (33, 33.7, 34) respectively.
And for December were the actual values for the
period (2013-2014-2015), its (12.5, 13.9, 10.7)
respectively. These two months were chosen in the
test because June represents the best match in all

stations, and December is the least match in all
stations.

Table 4. Accuracy of Treatment missing monthly data.

June Treat. Temp. | Treat. Temp.
(2013-2015) by Gaussian | by sinewave
One missing value 34.4 34.5
Two missing values | 345 | 346 | 346 | 347
Three missing values |34.6/34.7]34.8]34.6/34.7]34.8
December Treat.Temp. | Treat.Temp.
(2013-2015) by Gaussian | by sinewave
One missing value 12 12.2
Two missing values | 11.9 | 119 | 109 | 112
Three missing values | 12 ‘ 12 ‘ 12 | 11 | 11 ‘12.2
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Treatment of daily missing data

Through Figure 5 the matching of the two
equations were observed in the daily treatment in
all study stations in summer months from June to
September. Function (1) ranged between (78%-

(a) Percentage matching of mean daily missing values in Baghdad
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(C) Percentage matching of mean daily missing values in Basra.
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95%), and function (2), the matching ranged
between (80%-97%). while less matching for the
rest of the months; ranged between (52%-71%) and
between (57%-73%) in functions (1) and (2)
respectively.

(b) Percentage matching of mean daily missing values in Hella.
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(d) Percentage matching of mean daily missing values in Nasiriya.
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(e) Percentage matching of mean monthly missing values in Samawa.
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Figure 5. Percentage Matching of mean daily missing values overall study Areas for the (2010-2020) periods: a
(Baghdad station), b (Hilla station), ¢ (Basra statin), d (Nasiriya station) and, e (Samawa station).

Accuracy of Treatment missing daily data
Baghdad station was chosen as an example to find
daily missing temperature values as shown in Table
5. in the same time Two months were chosen,
February and December, because they represent the
highest and lowest matching in both methods based
on Figure 4.
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In the first test period, we selected four days, 8th -
11th February 2015, and the actual values are 16.8
C,16.8 C,18.3 C, and 17.6 C respectively.
And the second test period is from 13th tol6th
December 2015, where the actual values are 35.9
C, 36.6 C, 37.9 C, and 37.2C respectively.
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after applying the treatment of missing daily data
and showing the result in Table 5, We find that the
sine function is better than the Gaussian function in
the treatment of the missing daily temperature data.
generally, noted that the accuracy of the two
functions increases in general in the summer
months due to the stability of weather systems for
the study area, and the change in average
temperature is almost constant, so the functions

Table 5. Accuracy of Treatment missing daily data.

represent it well. while the accuracy of two
functions in the treatment of missing data for the
remaining months was decreased, | think that in the
winter months the temperatures are unstable due to
the cloud cover as well as the presence of cold air
masses, but in the spring and fall they are
transitional months in which the temperatures
change.

Date missing (8-11/2/2015) Treat. Temp. by Gaussian Treat. Temp. by sinewave

One missing value 14.2 16.38

Two missing values 14.1 | 14.1 13.3 | 16.8

Three missing values 13.9 | 13.9 13.9 15.6 | 15.7 | 15.7

Four missing values 137 | 137 | | 137 115 [ 104 [ 10 [ 102

Date (13-16/8/2015) Treat. Temp. by Gaussian Treat. Temp. by sinewave

One missing value 38.2 35.54

Two missing values 38.3 | 38.3 37.4 | 37.3

Three missing values 383 | 383 38.3 374 | 3713 | 313

Four missing values 384 | 384 | | 383 373 | 372 | 370 | 369
CONCLUSIONS [2] R. B. Alley, K. A. Emanuel, and F. Zhang, "Advances

In this paper, we try to find the missing data on
daily and monthly temperature by using curve
fitting for some stations in the central and southern
regions of Iraq. After several tests on the data to
obtain high-accuracy treatment results. It was
found that the cutoff should not be at the beginning
or the end of the dataset, if one value is missing for
a set of ten values the result will be great. And
during the monthly treatment, there should be at
least 5 values before and after the cutoff data. In the
daily treatment, the data must not be cut off more
than three consecutive values for a set of 10 values.
In general, the sine wave function is

slightly better than the Gaussian function, whether
in the monthly or daily treatment. The treatment of
missing data is more accurate in the summer
months from other months. This method is good in
representing the missing data because it treats the
missing data from the available data of the same
station.

Disclosure and conflict of interest: The authors
declare that they have no conflicts of interest.
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