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Abstract 

The objective of performing a trend analysis is to identify a trend in the data by fitting polynomial functions to 

the dataset, selecting the best polynomial to use to simplify and analyse the data so obvious yet not revealed by 

the lines and surfaces using a statistical curve fitting technique that accomplishes "best-fitting’ a series of 

polynomials by the least-squares criterion of multiple regression, and then using this trend surface for 

performing spatial interpolation, given the geographic coordinates of the location. While mapping, polynomial 
power was set at 3 or cubic, which gives a better recognizable pattern than the original raw data. 
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I. INTRODUCTION 
More recent studies furnish a geostatistical explanation of spatially dependent multivariate geothermal 

data representing two spatially distinctive regions of diverse geologic-tectonic settings: one from a 2400 km 
long arcuate belt of the tectonically active Extra-Peninsular Himalayan region and the other from Late-
Precambrian or Proterozoic mobile belts in the Central Highland in an otherwise stable landmass or shield of 
Penininsular India (Amitabha Roy,2023). Geothermal hot springs spread over these areas, conspicuously 
coinciding with the respective tectonic zones of different degrees of severity. In the present study, the two sets 
of data representing Peninsular and Extra-Peninsular India in entirety were considered for trend surface analysis 
or trend surface mapping. From the previous knowledge of the geochemical characteristics of the hot springs in 
regions with diverse tectonic settings, two types of spring water—bicarbonate, or HCO3, and chloride, or Cl—
were identified. 
 

Fig. 1 Association of Geothermal Fields and Tectonic Settings 
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Table 1: The values of Y- and X- coordinates, HCO3 and Cl contents (in mg/L) at different localities 

 
            

II. TREND SURFACE ANALYSIS 
Mathematical consideration 

A trend surface model is a particular case of a bivariate regression model with two independent 
variables, the coordinates X and Y, and a dependent variable, the thematic variable Z, to be modelled. In other 
words, the principle of a trend surface model is a regression function that estimates the variable value Zi at any 
location based on the Xi and Yi coordinates of this location. The general function is: 

 
One can select a linear regression function (first order) or, if the spatial distribution is more complex, a 

polynomial function (2nd, 3rd,..., or nth order). The modelled surface will correspond to a flat, oriented plane or 
a curved surface with an increasing number of polynomial order. 

The trend surface analysis technique is applied to separate the raw data into two components: the 
regional or background trend (regression) and the local anomalous values or residuals (deviations). It is in 
reality a mathematical curve fitting technique that accomplishes "best-fitting’ a series of polynomial surfaces by 
the least squares criterion of multiple regression and determines a value about which the variance is a minimum. 
The goodness-of-fit of the appropriateness of trend surface curves to the data can be tested by the analysis of 



Trend Surface Modeling Of Fluid Geochemistry Of Peninsular And Extra-Peninsular Hot Springs  

DOI: 10.9790/0990-1103030711                 www.iosrjournals.org                                            9 | Page 

variance. A progressive higher-order trend surface fit to the data can be represented by the polynomial equation 
of arbitrary degree n: 

 
Where Yi represents the calculated value in the i-th observation, ar (r = 0,1,2,...n) indicates arbitrary 

complex coefficients, and Xi indicates the independent variable in the i-th observation. The ‘best’ is obtained 
when the sums of squares of differences between the observed values (yi) for a particular application (in the 
present study, Cl and HCO3 elemental values) and the corresponding calculated values (Yi) are as small as 
possible. That is 

 
The differences (di) are called residuals. Moreover, in the case of two-dimensional trend surface 

mapping, (Zi) is defined as a function of the independent variables, such as mutually perpendicular geographic 
coordinates Xi (the easting) and Yi (the northing). The trend is therefore a linear function of the geographic 
coordinates of a set of observations, minimizing squared deviations from the trend. 

 

III. GIS MAPPING PROCEDURES 

 
The principle of trend surface modelling is illustrated with a very obvious and observable spatial distribution of 

fluid geochemical variables, chloride (Cl), and bicarbonate (HCO3). The trend surface mapping of raw data was 

performed with the help of a GIS mapping tool at the Geography Division of the University of Calcutta at 

Ballygunge Science College, Kolkata. A Geographic Information System (GIS) is a computer assisted 

system that analyses and displays geographically referenced information. It uses data that is 

attached to a unique location. While mapping with the aid of GIS tool, polynomial power was set at 3 

or cubic, which gives a better recognizable pattern than the original raw data..  

 

IV. RESULTS AND VISUALIZATION OF TREND SURFACE MAPS 

 
The following figures illustrate the spatial distribution of bivariate fluid geochemical values within a study area 
as well as different trend surfaces modeling.  
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