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   Abstract  

 

The analysis of climate patterns can be performed separately for each climatic variable or the data can be aggregated by using a 

climate classification. These classifications are usually done on the basis of different data like Temperature, Rainfall and 

Evaporation. Thus, climatic classifications also represent a convenient tool for the validation of climate models and for the analysis 

of simulated future climate changes. We focus on definitions of climate types according to the Köppen-Trewartha climate 

classification with their different group of climates. The climate classification is carried out for the study area of Vadodara Bharuch 

Narmada region of Gujarat. 
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I. INTRODUCTION 

Climate change can be defined as the change in the weather patterns in a particular region or global scale, for a significantly long 

period say decades to millions of years. The changes may be noticeable, like change in average weather conditions or change in 

the statistical distribution of weather events. One of the major impacts of climate change is variation in rainfall pattern which 

directly or indirectly affects the regional water sources which are rain fed/recharged. The weather conditions refer to ambient 

temperature and pollutant concentration; weather events refer to rainfall, temperature, water vapors etc. The problem of forecasting 

is to predict the values assumed by the variable at a future time instance. The fundamental assumption of prediction is that the past 

history can be used to construct a mathematical model of the system generating. This model is then used to predict the future 

climatic pattern. The variation in weathers consists of three components. The longer-term gradual change is called trend, the 

cyclical variation pattern is called seasonality and then the short-term fluctuations that are not predictable. Mathematical models 

have been highly successful in accurately predicting seasonality and trends. However, the basic patterns of weather are cyclical in 

nature influenced by the seasonal variations such as the revolution of the earth, wind patterns over the ocean, temperature and 

humidity etc. 

India experiences variety of climates ranging from tropical in the south to temperate and alpine in the Himalayan north. 

The elevated areas receive sustained snowfall during winters. The Himalayas and the Thar Desert strongly influence the climate 

of the country. The Himalayas work as a barrier to the frigid katabatic winds, which blow down from Central Asia. The Tropic of 

Cancer passes through the middle of the country and this makes its climate more tropical. India is a big tropical country and is 

famous for its diverse climatic features. 

II. STUDY AREA AND DATA COLLECTION 

Bharuch is a district in the southern part of the Gujarat peninsular on the west coast of state of Gujarat with a size and population 

comparable to that of Greater City. The Narmada River outlets into the Gulf of Khambhat through its lands and that shipping artery 

gave inland access to the kingdoms and empires located in the central and northern parts of the sub-continent of India. 

The Vadodara district has a dry climate and three district seasons, namely summer, winter and monsoon. The 

physiography of Vadodara features a number of rivers. The main city of Vadodara is located on the banks of river Vishwamitri. 

Besides, the topography of Vadodara also features Narmada River to its south and Mahi River to its north. 

Narmada district is located at the Southern part of Gujarat at 72.4’ to 73.15’ East Longitude and 21.24’ to 22’ North 

Latitude. Total geographical area of Narmada district is 2755 sq.km. This district was split from Bharuch district on 2nd October, 

1997. The district shares its border with the State of Maharashtra and is bounded with Surat in the South, Vadodara in the North 

and Bharuch in the West. 
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Fig. 1: Study Area 

Based on meteorological considerations, India has been divided into 36 meteorological sub-division. In this study, 

temporal analysis is done for Gujarat state of India which covers meteorological subdivision number 21. The geographic area of 

the sub-division under study is 195984 km2. The area of Bharuch, Vadodara, and Narmada is analyzed with temperature data. 

Average Temperature data of the region are collected from the Indian water portal met data for the 11 years (1990-2001). 

A. Temperature Data 

The monthly temperature data is provided on the Indian water portal. It contains the monthly temperature in degree Celsius from 

1990 till 2001. The data is described briefly in this section. The total seasonal temperature in India from 1990 to 2001. 

B. Rainfall Data 

The monthly rainfall data is provided on the Indian water portal. It contains the monthly rainfall in mm from 1990 till 2001. The 

data is described briefly in this section. The total seasonal rainfall in India from 1990 to 2001. 

C. Evaporation Data 

The monthly evaporation data is provided on the Indian water portal. It contains the monthly evaporation in mm per day from 1990 

till 2001. The data is described briefly in this section. The total seasonal evaporation in India from 1990 to 2001. 

III. METHODOLOGY 

Köppen W (1936) in the present study different data like Temperature, Rainfall and Evaporation are analyzed as per Koppen 

Classification. The Koppen classification has divided in five group as A, B, C, D, E, of classification and the summary has been 

shown. 

A. Group A: Tropical Humid Climates 

The mean air temperature of the coldest month must be over 18°C (all months must be warmer than 18°C). The subtypes of this 

group are defined according to the annual cycle of precipitation (number of dry months) 

B. Group B: Dry Climates 

One of the main differences between the KCC and the KTC is the definition of dry climates B, or more precisely, the formula for 

the calculation of the dryness threshold used in these definitions. In the KCC, the boundary distinguishing between wet and dry 

climates is defined according to the annual precipitation pattern in Equation. 1-3: 

R = 2T + 14 for evenly distributed rainfall            (1) 

R = 2T for rainfall concentrated in winter                    (2)                                                               

R = 2T + 28 for rainfall concentrated in summer,         (3) 

Where R denotes the mean annual precipitation threshold in centimeters, and T is the annual mean temperature in degrees 

Celsius. The subtype BS (semi-arid or steppe climate) is found where the mean annual precipitation amount is lower than R, but 

higher than 0.5R. If it is lower than 0.5R, the KCC defines it as an arid (also desert) climate BW. 
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C. Group C: Subtropical Climates 

In the C climate type there must be 8 to 12 months with a monthly mean air temperature of over 10°C and the temperature of the 

coolest month must be lower than 18°C. The subtypes are again based on the annual cycle of precipitation. Letters s, w and f have 

similar meaning as they do in the KCC. However, in the KCC, the conditions are not based on precipitation totals during the winter 

(summer) half year, but on the amount of precipitation in the wettest (driest) month of the season. Another difference is in the 

condition for subtype s, which is defined by an average annual precipitation of less than 89 cm, in addition to the driest summer 

month having less than 3 cm precipitation. 

The two main subtypes of group C in the KTC are Cs (subtropical dry-summer climate, sometimes also called 

Mediterranean) and Cf (subtropical humid climate). The subtype Cw (subtropical dry-winter) is relatively rare. 

D. Group D: Temperate Climates 

The D climate type is defined by the condition that 4 to 7 months must have a monthly mean air temperature of over 10°C. The 

main subtypes are oceanic Do and continental Dc. Their definitions are based on the mean air temperature of the coldest month. 

In this study, we use the 0°C threshold to divide these subtypes. 

E. Group E: Boreal Climates 

For the E climate type, it is necessary to have 1 to 3 months inclusive with a monthly mean air temperature of over 10°C. Originally, 

there were no subtypes of this group, but some authors differentiate oceanic and continental subtypes in the same way as in type 

D. 

The criteria for classification of climate types and subtypes defined by the Köppen- Trewartha climate classification 

(Trewartha & Horn 1980) climate is given in Table 1. 
Type / 

subtype 

Criteria 

Rainfall/temperature regime 

A 

Ar 

Aw 

As 

Tcold > 18°C; Pmean ≥ R 

10 to 12 months wet; 0 to 2 months dry 

Winter (low-sun period) dry; >2 months dry 

Summer (high-sun period) dry; rare in type A climates 

B 

BS 

BW 

Pmean < R 

R/2 < Pmean < R 

Pmean < R/2 

C 

Cs 

 

 

Cw 

 

Cf 

 

Tcold < 18 °C; 8 to 12 months with Tmo > 10°C 

Summer dry; at least 3 times as much rain in winter half year as in summer half-year; Pdry< 3 cm; total annual 

precipitation < 89 cm 

Winter dry; at least 10 times as much rain in summer half-year as in winter half-year 

No dry season; difference between driest and wettest month less than required for Cs and Cw; Pdry> 3 cm 

D 

Do 

 

Dc 

4 to 7 months with Tmo > 10°C 

Tcold > 0°C (or >2°C in some 

locations inland) a 

Tcold < 0°C (or <2°C) a 

E 1 to 3 months with Tmo > 10°C 

F 

Ft 

Fi 

Twarm < 10°C 

Twarm > 0°C 

Twarm < 0°C 

Table 1: Criteria for classification of climate regime 

T: mean annual temperature (°C); Tmo: mean monthly temperature (°C); Pmean: mean annual rainfall (cm); Pdry: 

monthly rainfall of the driest summer month; R: Patton’s precipitation threshold, defined as R = 2.3T − 0.64 Pw + 41, where Pw 

is the percentage of annual precipitation occurring in winter (Patton 1962); Tcold (Twarm): monthly mean air temperature of the 

coldest (warmest) month. 

IV. RESULTS AND DISCUSSION 

The analysis of climate patterns can be performed separately for each climatic variable as per Köppen-Trewartha climate 

classification. Graphical comparison of average annual rainfall and average temperature for Bharuch, Narmada, and Vadodara 

district from 1990 to 2001 are plotted for 12 years as shown in Figure: 2-4. 

A. Analysis of District Data 

The annual variation of rainfall for Bharuch district is shown in figure A. The maximum rainfall occurs in the June 1993 and the 

highest temperature in May 1998. 
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Figure 2A shows the average annual rainfall at the Bharuch District gauging station for a record period from 1990 to 

2001. The highest rainfall in June 1993 of which 60% is contributed by the monsoon which is from June to September.  

Figure 2B shows the average annual temperature for the Bharuch district for a record period from 1990 to 2001. The 

highest temperature for the Bharuch District in April 1998. 

After analyzing the rainfall and temperature figure it’s come under the Group A (Tropical Humid Climate). Because the 

average temperature range is between a 26 to 27 degree. And this parameter is not matching for the other climatic condition so the 

Bharuch city comes under the Tropical Humid Climate. 

      
      (a)             (b) 

Fig. 3: Analysis of (A) Rainfall and (B) Temperature for Bharuch District 

Year AAMT R=2T+14 R=2T R=2T+28 

1990 26.617 
 

67.234 
53.234 81.234 

1991 26.602 67.204 53.204 81.204 

1992 26.519 67.037 53.037 81.037 

1993 27.028 68.055 54.055 82.055 

1994 26.542 67.083 53.083 81.083 

1995 26.937 67.874 53.874 81.874 

1996 26.857 67.714 53.714 81.714 

1997 26.351 66.702 52.702 80.702 

1998 26.928 67.855 53.855 81.855 

1999 26.447 66.894 52.894 80.894 

2000 26.761 67.521 53.521 81.521 

2001 26.507 67.014 53.014 81.014 

The calculation has been done as per Dry climate for the Bharuch city but it is not as per the dry climatic condition. So, 

the Bharuch city is not come under the Dry climate. 

Figure 3A shows the average annual rainfall at the Vadodara District gauging station for a record period from 1990 to 

2001. The highest rainfall in July 1996 of which 59% is contributed by the monsoon which is from June to September.  

Figure 3B shows the average annual temperature for the Vadodara district for a record period from 1990 to 2001. The 

highest temperature for the Vadodara District in May 1998. 

After analyzing the rainfall and temperature graph it’s come under the Group A (Tropical Humid Climate). In the 

Vadodara city the average temperature range is between a 27 to 28 degree. And this parameter is not matching for the other climatic 

condition so the Vadodara city comes under the Tropical Humid Climate. 
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    (a)          (b) 

Fig. 3: Analysis of (A) Rainfall and (B) Temperature for Vadodara District 

Year AAMT R=(2T+14) R=2T R=(2T+28) 

1990 27.41517 68.83033 54.83033 82.83033 

1991 27.4345 68.869 54.869 82.869 

1992 27.37492 68.74983 54.74983 82.74983 

1993 27.88308 69.76617 55.76617 83.76617 

1994 27.315 68.63 54.63 82.63 

1995 27.81467 69.62933 55.62933 83.62933 

1996 27.793 69.586 55.586 83.586 

1997 27.22233 68.44467 54.44467 82.44467 

1998 27.87558 69.75117 55.75117 83.75117 

1999 27.37567 68.75133 54.75133 82.75133 

2000 27.65225 69.3045 55.3045 83.3045 

2001 27.35317 68.70633 54.70633 82.70633 

Table 3: Calculations for Dry Climate for Vadodara District 

The calculation has been done as per Dry climate for the Vadodara city but it is not as per the dry climatic condition. So, 

the Vadodara city is not come under the Dry climate. 

Figure 4A shows the average annual rainfall at the Narmada District gauging station for a record period from 1990 to 

2001. The highest rainfall in July 1996 of which 95% is contributed by the monsoon which is from June to September. 

Figure 4B shows the average annual temperature for the Narmada district for a record period from 1990 to 2001. The 

highest temperature for the Bharuch District in May 1998. 

After analyzing the rainfall and temperature graph it’s come under the Group A (Tropical Humid Climate). In the Narmada 

city the average temperature range is between a 27 to 28 degree. And this parameter is not matching for the other climatic condition 

so the Narmada city comes under the Tropical Humid Climate. 

      
             (a)                        (b) 

Fig. 4: Analysis of (A) Rainfall and (B) Temperature for Narmada District 
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Year AAMT R=(2T+14) R=2T R=(2T+28) 

1990 27.39358 68.78717 54.78717 82.78717 

1991 27.41933 68.83867 54.83867 82.83867 

1992 27.43917 68.87833 54.87833 82.87833 

1993 27.76692 69.53383 55.53383 83.53383 

1994 27.27483 68.54967 54.54967 82.54967 

1995 27.80992 69.61983 55.61983 83.61983 

1996 27.80417 69.60833 55.60833 83.60833 

1997 27.23225 68.4645 54.4645 82.4645 

1998 27.87592 69.75183 55.75183 83.75183 

1999 27.36508 68.73017 54.73017 82.73017 

2000 27.62442 69.24883 55.24883 83.24883 

2001 27.34933 68.69867 54.69867 82.69867 

Table 4: Calculation for Dry Climate for Narmada District 

The calculation has been done as per Dry climate for the Narmada city but it is not as per the dry climatic condition. So, 

the Narmada city is not come under the Dry climate. 

Figure 5 Rainfall concentration at Bharuch, Vadodara and Narmada District in the monthly average rainfall. 

Figure 6 Temperature concentration at Bharuch, Vadodara and Narmada District in the monthly average Temperature. 

 
Fig. 5: Monthly Average Rainfall 

 
Fig. 6: Monthly Average Temperature 

V. CONCLUSION 

The climate classification for the study area, Vadodara Bharuch and Narmada district, has been carried out as per Koppen-

Trewartha. Analysis using rainfall and temperature data is done according to criteria of different climatic conditions. From analysis 

it can be concluded that the region falls under the category of Tropical Humid Climate. The characteristics of this climatic 

conditions can be used for future analysis of climate. 
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