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Abstract 

   In this work presents three interpolation methods to be used on air temperatures data for 
some provinces in Iraq. The climate data at 15-july-2010 from the weather stations, 
maximum and minimum temperatures measurement were taken at 13 stations in different 
places of Iraq. The reviewed techniques include Spline, Inverse Distance Weighting 
(IDW) and Kriging interpolations. Spatial interpolation is widely used for creating 
continuous data when data are collected at discrete locations (points),they can be used for 
creating maps of estimating temperatures and also  for producing maps of contour lines 
covering studding area for each method. Statistical evaluation of the resulting continuous 
surfaces indicates that there is a little deference between the ability of appreciation of the 
three methods of interpolation, with Kriging the best performance in general.   

Keyword: ordinary kriging, inverse distance weighting(IDW), spline interpolation.  

1.Introduction 
The increased awareness of government and industry to the potential benefits of 
geographic information systems (GIS) has been driven by increase in availability of 
digital spatial data and increased hardware and software capability. This paper compares 
three spatial interpolations, Spline, Inverse Distance Weighting (IDW), and Kriging with 
the goal of determining which method creates the best representation of reality for 
measured air temperatures. The benefits and limitations of these commonly used 
interpolation methods are discussed in this paper. The data used in this assessment are air 
temperature measurements taken at fifteen fixed climate stations. This assessment is 
important because much of geographic research includes the creation of data for spatial 
analysis. Selecting appropriate spatial interpolation method is key to surface analysis 
since different methods of interpolation can result in different surfaces and ultimately 
different results. Statistical techniques are used to evaluate the three interpolation 
methods against independently collected data [1,2] 
Interpolation is a method or mathematical function that estimates the values at locations 
where no measured values are available. Interpolation can be as simple as a number line; 
however, most geographic information science research involves spatial data. Spatial 
interpolation  

assumes the attribute data are continuous over space. This allows for the estimation of the 
attribute at any location within the data boundary. Another assumption is the attribute is 
spatially dependent, indicating the values closer together are more likely to be similar 
than the values farther apart. These assumptions allow for the spatial interpolation 
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methods to be formulated. Spatial interpolation is widely used for creating continuous 
data are collected at discrete locations (points) [3,4]. 

2.Study area and Data used 
  The temperature data used for this application were collected at fifteen permanent 
climate stations are located in fifteen provinces of Iraq. These stations are sporadically 
distributed within the study area a concentration in the central city. The requirements data 
which are used from (January 15, and July 15, 2010) .Depending on the data collection at 
the climate station, these data are measurements of the air temperature a derived 
temperature from maximum and minimum daily temperature records. 

• Administrative map of Iraq as paper. 

• Software used such as ArcGIS.   

      3.  Input Data 

                    

 

Figure (1): Map of Iraq shows the cities. 
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 Table (1): Climate information at thirteen stations in Iraq. 

                           January- 15 – 2010 
ID Names of 

Provinces 
Max-
Temperature  
C0 

Min- 
Temperature C0 

1 Talaafer 15.8 8.6 
2 Mousel 17.2 9 
3 Kirkuk 14 10.4 
4 AL-Kalis 19.5 10.1 
5 Ramadi 19.4 8 
6 Rutba 17.6 8 
7 Quaem 15.8 9.2 
8 Karbala 20.1 11.4 
9 Aziziah 19.5 13.6 
10 Nasiriah 24.4 12.8 
11 Emara 32.2 12.5 
12 Nahif 19 8.5 
13 Basrah 15.4 8.2 

 

 
                                     Figure (2): Location of Climate stations 
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4. Interpolation Methods 

   Spatial interpolation is widely used for creating continuous data when data are collected 
at discrete locations. This paper compares three spatial interpolations - SPLINE, Inverse 
Distance Weighting (IDW), and KRIGING:- 

4.1 Inverse Distance Weighting (IDW) 

The inverse- distance weighted procedure is versatile, easy to program and understand, 
and fairly accurate under a wide range of conditions This method basically depends on 
estimating the height of the unknown point by computing the distances from this point to 
the other known points. Weights are proportionally by inverse to distances; i.e. whenever 
the point being far away, its effect reduce, and the following equation explain it, [5].  
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Where: id  is the plan metric distance between the reference point and the ith interpolation 
point; i.e.   

( ) ( )22 YYXXd iii −+−=                                      (3) 

Where: Z (X, Y) is the predicted value at the ensample location X,Y.; 

 

n: is the number of measured sample points within the neighborhood defined for X,Y; 

Zi: is the observed value at location i; 

λ : is the distance-dependent weight associated with each sample point. 

di: is the distance between the prediction location X,Y and the measured location i; 

p:  is the power parameter that defines the rate of reduction of the weight as distance 
increases  [6]. 

322 
 

http://www.ijiset.com/


IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 2 Issue 9, September 2015. 

www.ijiset.com 

ISSN 2348 – 7968 

 

4.1 Spline Interpolation 

      The Spline method can be thought of as fitting a rubber-sheeted surface through the 
known points using a mathematical function. In ArcGIS, the spline interpolation is a 
Radial Basis Function (RBF). These functions allow analysts to decide between smooth 
curves or tight straight edges between measured points. Advantages of splining 
functions are that they can generate sufficiently accurate surface from only a few 
sampled points and they retain small features. A disadvantage is that they may have 
different minimum and maximum values than the data set and the functions are 
sensitive to outliers due to the inclusion of the original data values at sample points. 
This is true for all exact interpolators, which are commonly used in GIS, but can 
present more serious problems for Spline since it operates best for gently varying 
surfaces ( those having low variance) [7]. 

4.2 Ordinary Kriging 

Ordinary kriging is the most general and widely used of the kriging methods, it is divided 
into two distinct tasks: 
  Quantifying the spatial structure of the data (known as variography) and 

producing a prediction i.e., fitting a spatial dependence model to the data. 
 Make a prediction for the unknown value of a specific location. Achieved by 

using the fitted model from the variography (spatial data configuration) and 
values of the measured sample points around the prediction location[8,9], rather 
than assuming that the mean is constant over the entire domain, we assume that it 
is constant in the local neighborhood of each estimation point, that is that m(uɑ)= 
m(u) for each nearby data value, Z(uɑ) that we are using to estimate Z(u).  In this 
case the Kriging estimator can be written as : 

         (4) 
 u,uα :  Location vectors for estimation point and one of the neighboring data 

points,   inexed by α. 
n(u) :  Number of data points in local neighbourhood used for estimation  Z*(u) 

ʎɑ: Kiging weight assigned to datum Z(u) for estimation location u: same datum will 
receive different weight for different estimation location [10,11]. 

5. Discuss the Results  

The choice of interpolation methods depends on the information available. Figure (3)-(a) 
is shown by IDW surface, this surface shows more variety in the western area  and is not 
smooth, which is one of the common characteristics of a spline surface. The input points, 
sampled locations contained within a shapefile, are the same for all three methods. IDW 
standards are used in Arc GIS such as variable, number of points, maximum distance for 
influence on the data, and output cell size and a power of tow. 

  While figure(3)- (b) producing the smooth created by spline function which offers the 
correct temperature trends for the region. It shows the cooler area in north and west-north 
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of the study area while the remaining part of the area where the temperatures are higher. 
The input parameters for the spline method are the input sample points, the interpolation 
attribute (temperature), regularized, the weight, and output cell size. 

Figure (3)- (c) shows the Kriging surface, there is more variation within the west side 
which are more coherent with reality than other modeled surfaces (IDW and Spline). The 
default spherical model with variable radius was selected due to the sparse and irregular 
location of the weather stations. 

Figures (4) are illustrated the contours line of equal temperatures which are plotted for 
each temperatures. Contour lines sketched for estimated temperature of each method of 
interpolation separately and creating contour map for a whole area.    

 

 

 

    

A                                                                        b  

 

                                                                 ( c) 

Figure (3): Illustrated the (a, b ,c) IDW,Spline,and Kriging interpolation  methods with 
estimated temperature for each method.  
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(a)                        (b)                                      (c) 

Figure (4): Contour Line for a)IDW interpolation, b). Spline Interpolation, c) Kriging 
interpolation 

 

 

 

   

(a)                                       (b)                                       (c) 

Figures (5): producing (a,b,c) the distribution of estimated max-  temperature for the three 
interpolation methods. 

5.1 The results of the minimum temperatures at 15 January 2010. 

  From applying the three interpolation methods at minimum temperatures, the results that can be 
obtained which illustrated in figures (6 – 9), producing the same results (ID Wand  Kriging have 
the same estimating temperatures while the Spline has little difference, also for contour lines ), 
but when using spatial profiles method for these interpolations the same  results obtaining.  
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(a)                                                               (b) 

Figure (6): a) IDW interpolation and estimated mini- temperatures.b): Spline interpolation 
and estimated mini- temperatures. 

 

 

Figure (7): Kriging interpolation and estimated mini- temperatures. 

 

(a)                                            (b)                                    (c)   

             Figure(8): The contour lines for a) IDW Interpolation,b) Spline Interpolation, c) 
Kriging Interpolation 
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(a)              (b)                                   (c)          

Figures (9): producing (a,b,c) the distribution of estimated mini-  temperature for the three 
interpolation methods. 

6. Conclusion 
 
   In this work, three methods of interpolation have been compared through 
implementation of daily maximum and minimum temperatures from same climate 
stations which can be provide a map of estimation temperatures and get the contour lines 
of equal estimated temperature for study area. In general, these methods showed spatial 
variation. This study shown that the kriging is most likely to produce the best estimation 
of a continuous surface of air temperature, followed by IDW, and then Spline. 

 Accuracy in temperature depends mainly on the input data (13 points) that have been 
taken from the climate stations in the study area, and in general, we note that there are not 
enough number of climate stations, and is highly recommended to increase the number of 
these stations. 

In general, these methods gave the close results, although there is little difference 
between the methods and the other, especially between IDW and Kriging. 
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