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Abstract

In this paper, ARIMA model was used for Estimating the missing data(air
temperature, relative humidity, wind speed) for mean monthly variables in different
time series at three stations (Sinjar, Baghdad , AL.Hai) which represented different
parts of Iraq from north to south respectively.
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1. Introduction

The availability of meteorological data is very important in many applications, especially in
renewable energy projects, where suitable locations are selected for the placement of wind turbines or
solar panels. Often there are missing data in meteorological databases due to various reasons. It is
therefore very important to be able to predict these data (forecasting) and to fill missing data values
from databases. In almost all research fields, the procedure for handling missing values must be
addressed before a detailed analysis can be made. Thus, a suitable method of imputation should be
chosen to address the missing value problem. However, researchers have sometimes faced with the
problem of missing data caused by equipment failure, malfunctioning equipment, terrible weather,and
incorrect data recording [1]
2. Method of Calculation of Missing Data

Missing values are an unavoidable problem in many applications. In fact, the missing values are a
more common and serious problem in dealing with prediction. In this work, we adopt an approach
based on ARIMA model to recover the missing value of meteorological variables [2].There are many
methods available to estimate missing data, most of these methods can also be applied in many
different fields, such as meteorology, astronomy ...etc. From these models: Autoregressive integrated
moving average (ARIMA) is the most popular linear model for forecasting time series and missing
data during the last three decades[3]. The linear function is based upon three parametric linear
components: autoregressive (AR), integration (1), and moving average (MA)[4]. In this study, the

*Email: sura_thamir91@gmail.com
792


mailto:sura_thamir91@gmail.com

Nassir et al.

Iragi Journal of Science, 2018, Vol. 59, No.2A, pp: 792-801

meteorological variables have missing data for several months within time series. The ARIMA model

Figure-1.

Figure 1- show map of Iraq and the location of the stations.

The missing data have been found in three cities of Iraq (Sinjar, Baghdad, and AL-HAI) using
ARIMA model for three variables (mean air temperature, mean relative humidity and mean wind

speed) for different time series.

4, Calculation and Results

Among of all the possible tests which can be result from using ARIMA model with different p, I,
and g values, only one of them have been chosen because the missing data results close to the
observed data of meteorological variables. The results show in detail below:

4.1 Sinjar Station

Time series of Sinjar city for each of the wind speed, air temperature and relative humidity began
from 1993 to 2008, the missing data for air temperature were found in all months of 2003 only. The
relative humidity was missed values at all the months of 2001, one month from 2002, 11 months from
2003 and 7 months from 2004 while the missing data of the wind speed were observed at one month
from 1997, all the months of 2003 and 7 months of 2004 as shown below:
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Figure 2- time series of the wind speed, air temperature and rh for sinjar station.

Choosing the correct results for the missing values, was used first the autocorrelation function
(ACF) and partial autocorrelation function (PACF) and that shows there is no clear correlation within
residuals of the three variables because all values within the 95% confidence limits, This means that
ARIMA models which have been selected are the best models for the city of Sinjar, as shown in the

following Figure
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Figure 3-ACF and PACF with 95% confidence limits for three Models.
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There are many criteria which can be used to detect the predicting results in the missing data with
minimum errors. The predicting errors are related to the deference's between the actual variables and
the predicted variables which obtained from the forecasting models, Such as mean average error
(MAE), root mean square error (RMSE), R-squared and mean absolute percentage error (MAPE). The
resulting values for these criteria for the three predicted variables are shown in the Table below:

Table 1-Statistical parameters of the selected ARIMA models.

Fit Statistic Mean Wind Speeds Mean Relative Humidity | Mean Air Temperature
R-squared 0.861 0.990 0.973

RMSE 0.506 9.156 1.805
MAPE (%) 4.401 5.378 4.295

MAE 0.015 0.034 0.043

The following Figure shows the relationship between the values of the three variables were
obtained from the Iraqi meteorological organization and seismology and the values estimated by
ARIMA model which explained that every increase in (x-axis) the corresponding increase in(y-axis)

that proved by the simple linear regression equation.
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Figure 4-the comparison of actual values and predicted values for the variables.

The following Figures show the missing values which estimated by ARIMA Model for the time
series of the three variables where the red curve shows observed values and the blue curve shows

predicted values.
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Figure 5-Time series of missing data and observed data for variable.

The following Tables will give the values of the missing data for the meteorological variables as

shown below:

Table 2-The Missing Data For Air Temperature ("C) in Sinjar Station.

year Jan FEB. I\IgA APR. MAY | JUN JUL. AUG SEP. OCT | NOV | DEC
(§)|(_)|é) 93 | 11.2 | 144 19.5 25.4 | 313 | 349 350 | 305 | 248 | 152 9.2
Table 3-the missing data forwind speed (m/sec) in sinjar station.
month JAN. | FEB. | MAR. | APR. | MAY. | JUN. | JUL. | AUG. | SEP. | OCT. | NOV. | DEC.
\s,g::ld(lgw) 1.2 14 |24 27 |27 29 |45 |36 25 |14 0.9 0.5
Zg::ld(zoos) 1.1 2 2.8 36 |45 5 5 4.5 3.6 |25 1.7 1.1
Z‘S:Sd(zom) 1.1 14 |23 33 |41 46 |45 |41 26 |19 1.5 1.1
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Table 4-the missing data for relative humidity(%) in sinjar station.

year JAN. | FEB. | MAR. | APR. | MAY. | JUN. | JUL. | AUG. | SEP. | OCT. | NOV. | DEC.
RH(2001) 76 67 60 46 26 17 14 16 29 39 48 63
RH(2000) 64 52 50 53 32 24 24 24 26 35 40 50
RH(2003) 57 52 49 45 35 27 22 29 32 39 49 70
RH(2004) 81 77 75 71 34 20 20 17 22 30 71 55

In the same way were calculated the missing data for each of the Baghdad and AL-HAI cities.
4.2. Baghdad station

Time series for the Baghdad city for each air temperature and relative humidity began from 1993 to
2010 but wind speed began from 1993 to 2009. the missing data for air temperature was found in all
months of 2001 and 9 month from 2010 while the missing relative humidity was found missing at all
the months of 2001,2003, 2004 and 9 months from 2010. but, the wind speed was found missing in

one month from 1999, 2001, 2002, 2006 and 4 months from 2003 and 2 months from 2004 as shown
below:
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Figure 6- Time series of the mean wind speed, mean air temperature and mean RH.

The following Figures show the missing values which estimated by ARIMA Model for time series

of the three variables where the red curve shows observed values and the blue curve shows predicted
values.

797




Nassir et al. Iragi Journal of Science, 2018, Vol. 59, No.2A, pp: 792-801

MGG data
Obhmerved data(m/sec)

'§4

L=

o

>

g

4‘11.17.11';“1121“1";. @Igl }ld";_"b L ﬁ"i’l".‘&."!’u'v}‘fl .‘JJ
X % x x &£ % x %5 x5 x X X %X % % X K
time
= Misaing data

e, 4O™ s Ohserved datalc)
o
e
EJD-‘
@
o
1=
3 o4
S
glﬂ—‘

Gﬁlvg! %llgll%lé'lg’llglélgl‘g Igl':;‘élllgv &'3'*_‘4' !&'“‘;‘—:'
g ® & & % § % § % % % % &% & ® § & X
time

o0
s s sing cata
T Obsarved data(%)
wo
#=
Ern_‘
& o
2
g«.n-
E“ﬂ*
Rzl
20.{"."[."';}""':{:"ll."!si"';'i"i‘ﬂ".{'4"1!."'§J":'2'"-"3"'slfir’|!;~"¥,f£"lb"\‘-"
¥ ¥ % % % % % % § x % %X % % % % & §
time

Figure 7-time series of missing data and observed data for variables.

The following tables will give the values of the missing data for the meteorological variables as
shown below:

Table 5-The missing data for Air temperature (°C) in Baghdad station.

year JAN. | FEB. | MAR. | APR. | MAY. | JUN. | JUL. | AUG. | SEP. | OCT. | NOV. | DEC.
air

temp(2001) 9.7 119 | 171 | 229 298 | 344 | 37.2 35.5 30.1 | 244 15.8 11.6
air

temp(2010) 13.7 | 149 | 195 | 24.2 30 332 | 353 | 341 | 29.2 | 240 | 175 | 144

Table 6-The Missing Data For Wind Speed(m/sec) in Baghdad Station.
year JAN. | FEB. | MAR. | APR. | MAY. | JUN. | JUL. | AUG. | SEP. | OCT. | NOV. | DEC.

wind
speed(2002) 2.8 2.6 3.2 3.4 3.3 4.0 3.6 43 3.7 2.6 2.3 2.7

wind
speed(2003) 2.7 3.3 3.2 3.3 3.7 4.3 4.0 3.5 3.3 3.0 2.9 2.7

wind
speed(2004) 2.6 2.9 35 3.2 3.7 3.9 4.0 3.9 3.2 3.8 2.7 2.8
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year JAN. | FEB. | MAR. | APR. | MAY. | JUN. | JUL. AL.JG SEP. | OCT. | NOV. | DEC.
(2%21) 70 61 50 43 34 29 24 | 29 | 40 | 54 67 75
( 2%33) 68 57| 48 40 | 31 26 24 | 26 | 34 | 46 58 67
(2%34) 67 60 51 40 30 25 24 | 27 | 37 | 48 59 66
(2%?0) 62 56 | 48 40 | 36 26 26 | 29 | 34 | 46 60 70

4.3. AL-HAI Station

Time series for AL-HAI city for each of air temperature and relative humidity began from 1993 to
2009 but wind speed began from 1993 to 2007. the missing data for air temperature was found in all
months of 2001 and One month from 2002, 3 months from 2003, one month from 2004, 2 month from
2006 and 7 months from 2009 while the missing relative humidity was found missing at all the months
of 2001, 4 months from 2003, 1 month for 2004, 2 months from 2006 and 7 months of 2009. But, the
wind speed was found missing in all months of 2001, 1 month for 2002, 3months from 2003 and 1
month from 2004
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Figure 8-Time series of the wind speed, air temperature and rh.

The following Figures shows the missing values which estimated by ARIMA Model for time
series of the three variables where red curve shows observed values and the blue curve shows
predicted values.

799



Nassir et al.

Iragi Journal of Science, 2018, Vol. 59, No.2A, pp: 792-801

i = Mis=sing data
— == Ob=erved data
A
g
=]
g 4
[ =
©
g
‘I_::"_'I,l'% 'Slll'i;lIS"&E"g"i’jl'&'ltzll.':;lli"|%lIl!_;:,"
g £ £ E - X = £ - X = £ E - X =
time
Ll —— Mimsing data
CObhserved datal(c)
e A0
O
g-au-
a
4§ 20
g 10
ST LT R P ST e P ;E T P RERDE "R TG ‘»"S TETTET LT
£ 5 5 ] 5 E E 5 ] E £ ] 5 g E ] e
time
B0 = Migssing data
= Ohserved data(%)
ro-
—
==
g
E
2 50+
%au*
8 d0
20
w~§;v N RO T "SI p O ET TR TE T BT T ETTE T T TR TS T TR R
] E] 3 ) g 3 ] el ] S ) Ed S ] ] g e
time

Figure 9-time series of the missing data and observed data in variables.

The following tables will give the values of the missing data for the meteorological variables as

shown below:
Table 8-the missing data for mean air temperature(°c) in AL-HA\I station.
year JAN. | FEB. | MAR. | APR. M.AY JUN. JLl'J AUG. | SEP. | OCT. | NOV. | DEC.
air temp.(2001) | 11.4 | 13.4 | 195 | 26.6 | 325 | 375 | 396 | 383 | 335 | 26.3 | 189 | 135
air temp.(2002) | 11.1 | 153 | 20.6 | 23.7 | 31.6 | 348 [ 387 | 37.1 | 343 | 29.1 | 196 | 14.1
air temp.(2003) | 13.1 | 15.3 | 18.0 | 26.0 | 32.3 | 36.7 | 379 | 38.6 | 33.8 | 38.7 | 18.7 | 11.9
air temp.(2004) | 159 | 14.8 | 21.2 | 243 | 309 | 357 | 380 | 36.6 | 33.4 | 29.6 | 19.6 | 10.8
air temp.(2006) | 12.1 | 152 | 20.2 | 25.4 | 33.2 | 379 | 381 | 389 | 335 | 28.1 | 206 | 15.2
air temp.(2009) | 11.0 | 16.0 | 19.1 | 23.6 | 31.7 | 36.6 | 386 | 37.7 | 33.6 | 27.4 20 141
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Table 9-the missing data for wind speed(m/sec) in AL-HAI station.

year JAN. | FEB. | MAR. | APR. | MAY. | JUN. | JUL. | AUG. | SEP. | OCT. | NOV. | DEC.
Spee\zléi(g((j)m) 41 | 43 4.6 4.9 4.9 51 | 65 | 47 | 43 | 42 3.9 3.8
wind
speed(2002) | 31 | 40 4.2 4.0 4.6 52 | 50 | 69 | 66 | 35 3.8 3.8
wind
speed(2003) | 39 | 39 4.6 5.3 4.5 54 | 62 | 49 | 51 | 39 3.8 3.5
wind
speed(2004) | 36 | 43 3.9 4.1 4.3 50 | 47 | 50 | 32 | 25 3.2 25
Table 10-the missing data for relative humidity in AL-HAI station.
year JAN. FEB. MAR. APR. MAY. | JUN. | JUL. AUG. SEP. OCT. NOV. DEC.
RH
(2001) 72 | 62 52 42 30 | 23 | 20 21 30 44 55 63
(2%32) 69 57 52 57 34 24 22 23 26 35 55 62
(2%33) 72 | 172 56 48 35 | 26 | 23 22 28 34 45 55
(2%34) 60 53 43 39 35 26 21 24 25 32 55 69
(2%36) 68 | 67 | 50 | 50 | 33 | 23 | 22 | 25 | 28 | 45 | 57 | 63
(2%;'9) 58 52 45 44 29 20 19 22 30 41 50 57
Conclusion

The results which obtained in this study explain that the ARIMA models provide a useful value of
the mean monthly variables. ARIMA model is accurate but requires a lot of computational skill. The
data should be available in sufficient large numbers to estimate the missing data which found within
time series. The time series should be at least 10 years successive until achieve the appropriate model.
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