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Abstract: One of the issues facing researchers is forecasting air temperature in places
without weather stations. In the effort to interpolate and forecast the spatial air
temperature of these regions, spatial interpolation techniques are utilized. Comparing
the inverse distance weighted (IDW) and the Kriging interpolation techniques for
interpolating and forecasting Iraq's average air temperature is the aim of this study. The
data under studied were obtained from 46 Synoptic stations in the country. In this study,
R software was used to analyze the data. Based on the results obtained, the method of
inverse distance weighted (IDW) with a (RMSE = 0.08) and (MAE = 0.043) shows
better results than the Kriging method. Additionally, implementing into consideration
the coefficient of determination of the two methods discussed, the (IDW) coefficient of
determination (R square = 0.97), indicating it was better able to explain the studying
data.
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Introduction:

Climate change is among the contemporary issues that significantly affects the various facets of
human life and the environment. Major climate crises have been brought on by unusual conflict
over air pollution, floods, and in some places, unprecedented water shortages. exact and extensive
planning is necessary to manage and predict these crises. In many areas of scientific research, new
tools have been introduced recently. Depending on its type and the surrounding circumstances, each
research tool has potential benefits.[11]

In places where geographical views are not feasible or where the cost of constructing
meteorological centers is prohibitively high for various reasons, data collection is not feasible. One
of the most effective methods in this area is spatial forecasting and data modeling. The accuracy of
models and planning pertaining to this field can be significantly increased by using analytical tools
and spatial statistics to close this information gap.[12]

In many scientific fields today, the use of interpolation techniques in the analysis of spatial data is
crucial. This is why Zhang et al. used Kriging interpolation techniques. (2023) provide highly
accurate temperature forecasts for mountainous and inaccessible regions. The researchers came to
the conclusion that in places without weather stations, the data gap is filled by using spatial
statistical techniques like variogram analysis.[6]

When it comes to modeling spatial changes and structures, this method works well. Kumar and
others. (2018) used the technique of inverse distance weighted (IDW) interpolation to model the
spatial distribution of rainfall in India. Using this method, each point's weight is determined by how
far away it is from the forecasted point. When predicting temperature and precipitation in regions
with limited data, the inverse distance weighted (IDW) method works particularly well. [9]

This study demonstrated that this method can model temperature in places without weather stations
with a respectable level of accuracy. Jafari and associates. (2023) forecasted and modeled
precipitation data using Inverse Distance Weighting (IDW). This method uses topographic and
geographical features to weight data points rather than the inverse of distance. forecasting
precipitation in regions with particular geographical features will be noticeably more accurate with
this method, despite the fact that it requires more precise data. The "gstat" package in R was used in
this study to show how to efficiently interpolate temperature and precipitation data over a range of
geographic areas. [10]

This study aims to analyze meteorological data using tools from spatial statistics. Better knowledge
of climate change and workable ways to mitigate its effects can be obtained with this method.
Temperature data was modeled and predicted using the interpolation method. These methods have
been processed and examined using R software. These tools make it possible to accurately identify
spatial patterns and create forecast maps.
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Data Sources and Collection Methodologies
1- Data sources:

In this study, the official website of the country's meteorology was used to collect the understudy
data. The collected data included the average daily temperature in September as the key and
dependent variable, as well as geographical coordinate data (longitude, latitude and altitude above
sea level) as independent variables, collected from 46 meteorological stations throughout the
country. The data studied will be used to build and analyze a spatial model of air temperature, and
to forecast temperatures in areas that lack meteorological stations for whatever reason.

2- Methodology:

Within the framework of spatial statistics analysis, several methodological approaches were
adopted to modelling and foretasting air temperature data for the meteorological centres in Iraq. In
this study, The Kriging method, the variogram analysis statistical tool and Distance-Weighted
Methods (IDW) have been used as spatial interpolation approaches. These techniques are
appropriate for modeling spatial temperature variations and forecasting values for locations where
direct measurements are not available.

A. Spatial Variation Interpolation

The majority of interpolation techniques are based solely on mathematics and certainty. The
statistical structures of the data are not given much consideration in traditional interpolation
techniques.[5] In spatial interpolation problems, given a set of spatial data, whether discrete or
related to subareas, a function must be found that best represents the surface. This function must be
able to forecast the values at other points or subareas in an acceptable way. This section will be
covered Kriging and inverse distance weighted (IDW) techniques that have produced remarkable
spatial interpolation outcomes.[1]

(1) Kriging

The term Kriging actually refers to a set of techniques for local estimation. This technique
overcomes many of the shortcomings of classical interpolation methods in spatial data. The basic
idea behind this technique is to treat natural features as location-dependent random variables. For
this reason, it is relatively consistent with geographic realities and, due to its randomness, provides
the ability to provide accurate statistical estimates with minimal and calculable variance.[4] Kriging
is categorized as a point and existence interpolator, which is appropriate for interpolating data such
as geographic locations and temperature. In this method, the spatial correlation between data is
expressed explicitly and scientifically using a variogram. The kriging technique is suitable for
modeling changes in temperature data in areas where data is not available.[3]
The following is the formula used in the Kriging model:

K(so) = ulso) + LiZ1 Li[K(s:) — u(si)] (1)
Where:
K(sy) : forecasted value at s,.
U(sy) : trend model at s.
A : the weights derived from the correlation function of spatial.
K(s;) : observed values at s; .

(2) Variogram

This analysis is an important method in spatial autocorrelation statistics that evaluates the spatial
relationship between data points. It displays the general shape, the degree of fluctuation, and the
spatial scale of spatial variation of the variables.[11] Variograms measure the value difference
between pairs of points as a function of their separation. this is important for recognize spatial
construction and the extent of relationship between the data. Variogram mathematical models play a
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key role in the kriging technique of data fitting, which is crucial for accurately forecasting values in
areas with scanty or lack of data.[§]
The variogram is defined as follow:

y(v) = %var(T(s) —T(s+v)) 2)
Where:
y(v) : variogram at separation (v).
T(s),T(s + v): observed values at (s) and (s + v).
Var: the variance between two points, demonstrating spatial change in the data.

B. Inverse Distance Weighted technique (IDW)

All interpolation techniques are developed based on the theory that points near one another are
more correlated and comparable than points farther apart. First low of Tobler, referred to as
geography’s first low, was proposed in (1970) and serves as the foundation for this approach.[7]
The general idea is based on the assumption that the characteristic of an un sampled point is the
weighted average of the known values in the neighbourhood. This method is regarded as one of the
simplest interpolation methods due to its reasonable computation time, the possibility of increased
modelling accuracy, and the lack of requirement for calculations to estimate statistical
assumptions.[2]
This technique will be utilized to interpolate spatial data, which is based on the concept of distance
weighting. It may be utilized to estimate air temperature observation for an unknown location from
known data for locations that are adjacent to unknown locations.[13]
The Inverse Distance Weighted technique is defined by the following formula:

-

T, =SLiwl, Wi = S @)

i=1°i

Where

T,: unknown temperature data

T;: known temperature in known Meteorologicalstations

M: amounts of Meteorological satiations

s;: the separation from each point to the calculated point

a: the control parameter power, which is typically taken to be 2.

3. Findings and analysis of results
introduction

The methods for interpolating spatial data were presented and described in the previous section. The
consequences of applying Inverse Distance Weighted (IDW) and kriging techniques to the studied
data will be discussed in this section.

A. Review of research data

The data under study include geographical data (longitude, latitude, and altitude) as independent
variables and average September air temperature data as dependent variable. These data are
collected from 46 meteorological stations, which were collected from the nation's official
meteorological website. Figure (1) illustrates each station's position.
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Fig (1) represents the locations of meteorological stations

Found by researchers

Considering the country's geographic location and the locations of meteorological stations, it has
been shown that there is an obvious relation between population distribution and locations of
meteorological stations. It is understandable why there are barely any meteorological stations built
in regions with challenging conditions and low population density. This is evident in Figure (1),
where there are fewer canters in the country's eastern regions, which have a more unfavourable
climate (hotter and drier).

Per the data presented in Table (1), the average air temperature at the stations under study is
(32.22°C), which is slightly cooler than the nation's long-term temperature (34°C -36°C). The data
under study have a standard deviation rate of (1.78), indicating that they are spread (1.78°C) around
the mean. The data has a modest skewness of (-0.62), which suggests that it has little propensity to
be below average in temperature. This degree of skewness is probably the result of relatively low
air temperatures that have been seen in high-altitude regions. Some stations have recorded
temperatures that are much warmer or colder than the average, as indicated by the kurtosis of
(0.73). Notably, the lowest recorded air temperature was (27°C), while the highest recorded
temperature was (35.19°C).

Taking into account that the data's skewness and kurtosis fall within a reasonable range (+1).
Additionally, the hypothesis that the data is normal can be accepted based on the findings of the
Shapiro statistical test (0.98) and the p-value rate (0.98), both of which are greater than (0.05).

Table (1): represent the ddescriptive indices and normality test results

Average S.D Skew  Kurtosis Min Max Shapiro-Wilk p-value Passed normality
32.22 1.78 -0.62 0.73 27.00  35.19 0.98 0.13 P>0.05

B. kriging technique

The spatial correlation characteristic between data at various distances is shown in Spatial model
specifications (variogram)¢ table (2). Due to the existence of small-scale changes, there is some
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fluctuation at the graph's commencement. The variogram rate then rises until it achieves the highest
correlation level (sill = 1.9311) within its range (23.9026). The wavy spatial pattern in the data
under consideration is shown by the subsequent variations, though. The Hole Effect model has been
utilized for fitting, and it performs an acceptable task of explaining the behavior of the data and the
current variations. Which is illustrated in Figure (2). These characteristics aid in precise kriging
predictions and improve comprehension of the intricate relationships among geographical data.
Furthermore, it can be suggested that this model could explain the level of data correlation given the
extremely low value of the Nugger parameter (0.000) that was found.

Table (2): Represent the Spatial model specifications (variogram)

Model Nugget Sill Ratio
Hole Effect 0.000 1.9311 23.9026
Y
1.748
1.398
1.049
0.699
°35++++++Lv+*++
0 059 1.179 1.769 2358 2948 3.537
= Model <+ Averaged Distance . h

Fiq (2): Represent the Variogram with fitted Hole Effect model

Table (3) indicates some of the outcomes derived from Process (Kriging’s) forecasting. This table
illustrates these points' real temperatures against their forecasted temperatures based on their
geographic coordinates. The variation between the actual and forecasted information is shown in
the table's final column. The outcomes discussed in this column highlight the accuracy with which
the model forecasted the studied data.

Table (3): Represents some of the outcomes derived from Process (Kriging’s) forecasting

Longitude Latitude Real Value Forecasted Value  R.F difference
44.23 33.32 31.5 31.56 -0.06
44.33 33.5 31.48 31.5 -0.03
44.56 33.14 31.7 31.71 -0.01
47.45 30.94 35.19 35.03 0.42
48.44 30.02 33.5 33.36 -0.01
48.11 30.42 33.84 33.68 0.04

Using a square grid and the ordinary kriging method, Temperature forecasting was carried out
following variogram analysis of the data under study and model fitting. Table (4) results show that
the model's accuracy was satisfactory in the majority of the research region, with forecasted data
falling between (45) and (32) and the forecasted error's variance (rate of uncertainty) ranging
between (0) and (1.98). (32.29) showed the highest density of forecasted values. The spatial
distribution of the obtained results is presented in Figure (3).

Table (4): represent the accuracy of forecasted data

Actual data  Forecasted Value Variance
Min 27 28.38 0
Mean 32.22 323 1.823
Max 35.19 34.88 1.98
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Fiq (3): Represent the spatial distribution of the obtained results
C. Inverse Distance Weighted technique (IDW)

The results of interpolation grids using (IDW) technique are displayed in Figure 33. This technique
uses a grid to divide the study region into 5000 points according to geographic location. This
method can be used to forecast each of these points. This figure also displays the actual points. The
locations of the primary samples that served as the foundation for interpolation are represented by
these points. and the minimum and maximum temperatures in the research area are represented by
the colors yellow and purple.

Fiq (4): Represent the results of Interpolation grids by (IDW)

Table (5) indicates some of the outcomes derived from Process (IDW’s) forecasting. This table
illustrates these points' real temperatures against their forecasted temperatures based on their
geographic coordinates. The variation between the actual and forecasted information is shown in
the table's final column. The outcomes discussed in this column highlight the accuracy with which
the model forecasted the studied data.
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Table (5): Represents some of the outcomes derived from (IDW’s) forecasting

Longitude Latitude Real Value Forecasted Value R.F difference
44.23 33.32 31.5 31.56 -0.06
44.33 335 31.48 31.51 -0.03
44.56 33.14 31.7 31.71 -0.01
47.45 30.94 35.19 34.77 0.42
48.44 30.02 335 33.51 -0.01
48.11 30.42 33.84 33.8 0.04

In addition, Figure (5) demonstrates various locations with identical temperatures. Solid lines are
utilized to connect the isothermal spots on this map. Accordingly, consistent temperatures are
recorded (Figure 5). The degree of spatial variation at these sites is shown by the density and shape
of these lines. There is less variability when these lines are farther apart, and the variations are more
pronounced when they are closer.

~
o

0
o

35

34

33

32

31

30

Fiq (5): Represent the various locations with identical temperatures

The outcomes of the two kriging and inverse weighting techniques were thoroughly examined in
the preceding sections. The effectiveness of these two approaches will be contrasted in this section.
In accordance with Table (6) and the outcomes derived from various standards for assessing
forecasting and forecasting model accuracy. The kriging method yielded root mean square error and
mean absolute error values of (0.0714) and (0.0436), respectively, while the inverse weighting
method produced results of (0.25) and (0.144), respectively. Likewise, in turn. Additionally, it is
determined that the kriging method has demonstrated greater efficiency in this study based on the
coefficient of determination (R?) that was acquired for the (IDW) method (0.97) and for the kriging
method (0.94).

Table (6): Represents the assessing and forecasting model accuracy

Techniques RMSE MAE R Square
IDW 0.0714 0.0436 0.97
Kriging 0.25 0.144 0.94

ISSN:2222-2995 E-ISSN:3079-3521 Vol. 15 No. 3 Part (2) 306



I R H D I University of Kirkuk Journal For Administrative

Academic Sclentific Journals and Economic Science (2025) 15 (3) Part (2): 299-307

Conclusion:

Inverse Distance Weighted (IDW) and Kriging techniques, two interpolation techniques, were
investigated and compared in the current study. The average temperature of locations lacking
meteorological stations was forecast using spatial data collected from the nation's meteorological
stations, which included geographic coordinates (latitude and longitude) and average air
temperatures, in order to more accurately assess these two techniques. It can be established that
both techniques have an acceptable capacity of estimating the average temperature of the areas
under study based on their evaluations of the evaluation criteria of (RMSE), (MAE) and (R square).
Notwithstanding recognizing that both methods' results are acceptable, it can be concluded that the
(IDW) technique is more effective at estimating the points under study based on the findings of the
aforementioned criteria. The maps that are presented additionally demonstrate this superiority
obvious. The (IDW) technique has performed better on the investigated geographic data, reducing
the error and improving the R square, considering into account the attributes that were utilized to
construct its model.

Recommendation:

Spatial techniques for interpolation can substantially overcome the drawbacks brought on by the
lack of actual data and the requirement for more stations, particularly in consideration of the
constantly changing climate and the absence of monitoring stations in various geographic areas.
The stability and effectiveness of these interpolation techniques can be investigated in future studies
using an increasing variety of data. It can be challenging to determine vegetation cover and altitude
in places without collecting data from locations. The spatial correlation between the data serves as
the foundation for the kriging method's performance, which occasionally decreases the model's
efficiency compared to other spatial techniques (such as IDW used in this study). However, on its
own, this technique constitutes one of the most successful interpolation techniques.
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