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Abstract: The rising incidence of natural disasters as a result of climate change has become a major concern for the entire world 
in recent years. The majority of people in India who work in agriculture or near coastal areas rely on natural resources for their 
sustenance and income. Droughts, floods, cyclones and other natural calamities are linked to uncertainty in meteorological 
parameters. Hence, this research is crucial for such analysis. As a result, the primary goal of this research is to investigate the 
uncertainty of numerous meteorological parameters in Amreli. In the previous decade, there has been a considerable increase in 
the uncertainty of meteorological data in this region. Statistical downscaling uses GCM data, while dynamic downscaling 
techniques use RCM data. The statistical downscaling technique was used in this work to accurately forecast meteorological 
characteristics. To anticipate meteorological characteristics, the RCP 8.5 (A2) scenario is used in this study. SPI values are used 
for the analysis and forecasting of drought categories. The predicted meteorological parameters will be extremely helpful in the 
future development of various tools and ways of dealing with various natural disasters. Flood vulnerability maps and famine 
response planning can be prepared using these data. For example, Assistance can be provided topology developers to prepare 
policy based on the severity of the forecasted meteorological data. 
Keywords: GCM, RCP, SPI, Statistical Downscaling, Temperature, Precipitation.  

I. INTRODUCTION 
The climate is evolving at its own rate. The average weather in a certain place over a lengthy period of time, often 30 years [18], is 
referred to as climate [13]. The current atmospheric condition in a specific location is referred to as weather. Climate is the 
cumulative representation of weather events that occur throughout time [20]. Temperature, humidity, air pressure, wind, and 
precipitation all have a direct relationship with climate [7], [21]. Solar radiations are also linked to changes in these factors [3], [4]. 
Climate is categorised by the average and typical ranges of various variables, the most popular of which are temperature and 
precipitation [7], [24], [25]. Variations in the mean state and other climate characteristics are referred to as climate variability [5]. 
The phenomenon of global warming is currently being actively explored and debated [13], [24]. 
Climate change has become a reality on a worldwide scale. Climate change is already influencing every populated location on the 
planet, with human-caused changes in weather and climate extremes contributing to many of the documented changes [10]. Climate 
circumstances such as excessive heat, drought, and flooding are causing uncertainty in some parts of the world [6]. Human activity 
has played a significant impact in the recent rapid rise in world average temperatures [24]. According to the IPCC's AR6 report, the 
last four decades have been warmer than any decade before them since 1850 [11], [18].People who labour near the coast rely on 
natural resources for their sustenance and livelihood [19], [9].Droughts, floods, cyclones, and other natural disasters all have a direct 
link to uncertainty in meteorological parameters [6], [23].According to the Intergovernmental Panel on Climate Change, the global 
mean temperature has risen by 1.5° C in the last 20 years, with predictions of a 2.7° C rise by the end of the century [1]. 
To combat disasters caused by climate change, it is necessary to use GCM and RCM to study variations in metrological parameters 
such as rainfall, temperature, humidity, wind speed, etc. We can calculate meteorological parameters related to climate change, its 
effects, and climate change forecasting. GCM is used on a global scale to cover large areas and grid cells [2] [22], [12], [14]. 
Because GCM data is required for statistical downscaling [2], [15], [18], [22], we must first analyse data using GCM [12]. 
The IPCC's Representative Concentration Pathway (RCP) is a greenhouse gas concentration (rather than emissions) trajectory. For 
the IPCC's Fifth Assessment Report (AR5) in 2014, four pathways were used for climate modelling and research. The different 
climate futures described in the pathways are all considered possible depending on the number of greenhouse gases (GHG) emitted 
in the coming years [10], [14], [22]. The RCPs are named after a possible range of radioactive forcing values in the year 2100 (2.6, 
4.5, 6.0, and 8.5 W/m2, respectively). Since AR5, original pathways have been considered alongside Shared Socioeconomic 
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Pathways, as well as new RCPs such as RCP-1.9, RCP-3.4, and RCP-7.0, with RCP 8.5 A2a emissions showing the worst state of 
climate change at a specific place and time  [10], [14], [16].  
RCP8.5 is the carbon concentration that causes global warming of 8.5 watts per square metre on average across the globe [17]. 
Amreli region of Gujarat was chosen for this study because it is severely impacted by climate change. To study climate change in 
that area and prepare for future catastrophic events [8], a statistical downscaling technique was used to analyse and forecast various 
methodological parameters of that area [12], [21]. 

II. STUDY AREA 
Gujrat is a state on India's western coast with a coastline of nearly 1,600 kilometres (990 miles).It has the longest coastline of 
country; with a population of 60.4 million people. It is the fifth-largest state in terms of land and the ninth-largest in terms of 
population in India. For this study, Amreli district of Gujarat is taken as study area. It is located in Saurashtra region of Gujarat. The 
map of study area is as shown in Figure 2.1. This map can be prepared by using Q-GIS software. 

 
Figure 2.1: Map of Study Area (Amreli) 

 
Increased rainfall in the Saurashtra region could be due to changes in rainfall patterns, changes in east-west temperature patterns and 
an increase in cyclonic activity in the Arabian Sea in coastal areas. Water levels in rivers will rise in the Saurashtra region, resulting 
in more submerged and flooded places. The location of Amreli is 21.4445° N latitude and 71.2874° E longitude, at a height of 128 
metres above MSL. It has a total size of 6,760km2. It has a population of 1,514,190 people and a growth rate of 8.63%. The 
maximum temperature of Amreli is 47.47 °C and minimum temperature is 6.49 °C and average precipitation is585 mm. Difference 
between maximum and minimum temperature is very wide. 

III.   DATA COLLECTION 
Precipitation and temperature data for the Amreli district are obtained from the NASA Power Data Access View Portal website for 
the past time 39 years i.e. 1982-2020. Monthly precipitation and temperature data were discovered, and the historical pattern for the 
previous 39 years was noted. Amreli GCM data for the period were obtained from the Climate and Scenarios website of Canada for 
years1961-2099 for RCP 8.5A2 scenario. This data are in daily format. So, it should be converted in monthly format using suitable 
PHP coding. In this study “Nested FOR Loop html code” is used. 

IV.   METHODOLOGY 
The flowchart of methodology is described in Figure 4.1. In very first step, observed precipitation, minimum temperature data and 
maximum temperature data are collected. Enter monthly meteorological data for 1982-2020,i.e.precipitation and temperature into   
Excel spreadsheet. In this study, GCM data is used as Predictant data. This data can be collected from Climate and Scenarios 
website of Canada for years1961-2099 for RCP 8.5A2 scenario. GCM data for 1961-2099 is also entered into same MS Excel sheet. 
The time scale for the observed data in the study is monthly. As a result, GCM data must be converted into monthly scale using PHP 
programming. So, daily data should be converted in monthly format using suitable PHP coding. In this study “Nested FOR Loop 
html code” is used. These observed data and the GCM data are now correlated, to find out maximum correlated parameter with 
observed data. Select first three parameters for regression model. Now, the multi-linear regression model can be prepared using 
Microsoft Excel. After regression analysis, one can get values of intercept (regression constant) and regression coefficients for 
preparation of equation. The model should be properly calibrated and validated with observed meteorological parameters. Now, the 
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regression model is ready to run. The equation of multi-linear regression model is as given below. Results of this method are 
represented graphically. 
 

퐲퐢 = 퐟 퐱퐢,훃퐣  + 퐞퐢 
 

퐟 퐱퐢,훃퐣 =   퐱퐢 ∗ 훃퐣

퐧

퐢,퐣 ퟏ

  

Where, 
y  = Dependent parameters (modelled parameters) 
e  = Intercept (Regression constant) 
x  = Independent Variables 
β =Regression Coefficient 
The results of modelled data is analysed in time series graph. The rainfall data was divided into three-time series cycles from 1982 
to 2020, 2021 to 2060, and 2061 to 2099. Then prepare the Excel sheet for SPI analysis using R-Studios. Determine the 
Standardized precipitation Index (SPI) value using proper R script. Using SPI values, droughts can be classified in different 
categories. These categories will give the severity of drought for that particular study area. 
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Figure 4.1: Flowchart of Methodology 

V.   RESULTS AND DISCUSSION 
Figure 5.1 indicates the graphical outcome of minimum temperature for calibration-validation process. Using that model, 
forecasting of minimum temperature is done up to December-2099. This is  represented in Figure 5.2.   

 
 
 
 
Table 5.1 indicates results of minimum temperature of Amreli.The term highest-min in the table refers to the highest minimum 
temperature value. Similarly, the lowest-min refers to lowest minimum temperature value.Similarly, Table 5.2 shows results of  
maximum temperature of Amreli. The term highest-max in the table refers to the highest maximum temperature values. Similarly, 
the lowest-max refers to lowest maximum temperature values. 
 

Table 5.1: Results of the Minimum Temperature Downscaling in Amreli 
Amreli  

Minimum Temperature (°C) 
Time Series Min Temp (°C) Year Observed Modelled 

1982-2020 
Highest-min Jun-11 26.65 24.51 
Lowest-min Feb-84 6.53 8.29 

2021-2060 
Highest-min Jun- 53 - 26.81 
Lowest-min Jan-35 - 8.44 

2061-2099 
Lowest-min Jun-77 - 27.47 
Lowest-min Dec-67 - 9.13 

 

Figure 5.1: Statistical Downscaling of 
MinimumTemperature for Year 1982-2020 (Amreli) 

Figure 5.2: Statistical Downscaling of Minimum Temperature 
for Year 1982-2099 (Amreli) 
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Table 5.2: Results of the Maximum Temperature Downscaling in Amreli 

Amreli 
Maximum Temperature (°C) 

Time Series Max Temp (°C) Year Observed Modelled 
1982-2020 Highest-max Jun-91 47.47 42.66 

Lowest-max Dec-19 29.16 35.41 
2021-2060 Highest-max Jun- 46 - 45.41 

Lowest-max Dec-34 - 33.04 
2061-2099 Highest-max May-88 - 45.38 

Lowest-max Dec-69 - 33.85 
 

 
 
 

Table 5.3: Results of the Precipitation Downscaling in Amreli 
Amreli 

Precipitation 
Time Series Year Modelled (mm/day) 
1982-2020 Jul-93 5.56 
2021-2060 Aug-33 5.77 
2061-2099 Aug-95 6.43 

 
The drought can be identified using R-Studio using SPI software package. It is readily available software package in R-studios. The 
results of SPI can be generated in graphical and tabular form. The graphical results are as shown in figure below. Figure 5.7 shows 

Figure 5.5: Statistical Downscaling of Precipitation for Year 
1982-2020 (Amreli) 

Figure 5.6: Statistical Downscaling of Precipitation for Year 
1982-2020 (Amreli) 

Figure 5.3: Statistical Downscaling of Maximum Temperature 
for Year 1982-2020 (Amreli) 

 

Figure 5.4: Statistical Downscaling of Maximum 
Temperature for Year 1982-2099 (Amreli) 
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SPI values of 1982-2020 years. Similarly, Figure 5.8 and Figure 5.9 shows future SPI values of year 2021-2060 and 2061-2099 
respectively. These results can be used for analysis of severity of future droughts. 

 
 
 

 
 
 
Table 5.4shows classification SPI according to the severity of droughts. This table can be used to identify the severity of different 
droughts that have occurred in the area. Drought years according to its severity are enlisted in Table 5.5. This can be classified in 
mild, moderate and severe droughts. 
 

Table 5.4: Classification of Droughts using SPI values 
Grade SPI Values Drought Categories 

1 -0.5 <SPI No Drought 
2 -1.0 <SPI ≤ -0.5 Mild Drought 
3 -1.5 <SPI≤  -1.0 Medium Drought 
4 -2.0 <SPI≤  -1.5 Severe Drought 
5 SPI ≤  -2.0 Special Drought 

 
Table 5.5: Analysis of various drought years in Amreli 

Time Series 
Drought Categories 

Mild Medium Severe Special 
1982-2020 1984,1987,1990,1995,1998,

2003,2015 
1988,2004,2007 1993  

2021-2060 
 

2023,2025,2026,2030,2033,20
38,2039,2041,2051 

2029,2050 - 2021,2022,2040 

2061-2099 2062,2064,2066,2072,2081,20 2074,2087 2068 - 

Figure 5.8: SPI Analysis for Future Year 2021-2060   Figure 5.9: SPI Analysis for Future Year 2061-2099  

Figure 5.7: SPIAnalysis for Year 1982-2020   
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82,2084,2086,2088,2092 

   

VI. CONCLUSION 
Coastline of Gujaratis closest to Amreli. The majority of Gujarat's regions are hot and dry in the summer, and cold and damp in the 
winter; because, the minimum temperature in Amreli has climbed by about 3 degrees Celsius. Number of hot days and cold nights 
will become more common in Amreli. Here, maximum temperature rises roughly in proportion to the third part of the decrease in 
minimum temperature, which explains why the number of hottest days is increasing in comparison to the number of coldest days in 
some areas. The variance in the coldest and hottest days implies global warming, which is the sole cause of climate change 
uncertainty. At the end of the century, rainfall in Amreli increased by 8 mm. Amreli will experience26 mild droughts, 7 medium 
drought sand 2 severe droughts during 1981-2099 drought analysis. In the year 2040, a special drought may be experienced in 
Amreli. In the year 2068, Amreli is experiencing severe drought. These drought years can be used for drought contingency planning. 
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