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Abstract 

The trend of monthly mean of maximum, minimum, mean temperature and seasonal temperature 

data were analyzed for metrological data of Parbhani of Maharashtra for the year 1969-

2010.Most of the months show decreasing trends by linear regression method. For Parbhanimean 

monthly maximum temperature of March shows highest fall in mean monthly maximum 

temperature and which 1.302ºC. iswinter shows highest fall in mean monthly maximum 

temperature and which is 0.945ºC. For monthly mean of minimum temperature February shows 

highest fall in monthly mean of minimum temperature (Tmin) and which is 1.856ºCand month 

July shows highest increase which is 0.546ºCfor the period of 42 year. March shows highest fall 

in mean monthlymean temperature and which 1.516ºC is and month November shows highest 

increase which is 0.667ºC 
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1. Introduction 

Since last century changed climate adversely affect social, economic activities in developing and 

developed countryalike. This fact attracted attention of scientist, climatologist, and researcher on 

global to regional scale. On global scale most of the scientist ;Nicholl, 1996;Jones , 1999; Liu 

and Chen, 2000;Alina Vladut, 2001;New , 2002;Xu,2009;Mahyou, 2010;Jones P.D.,2010) and 

Intergovernmental panel on climate change(IPCC)  concluded  that there has been large scale 

warming of the earthsurface over the last hundred years.( IPCC,2001; IPCC2001b,).On regional 

scale in India many researcher (Jaswal, 2014;D.T.Deshmukh, 2013a; Karnewar and Kadam. , 

2014a; Chinchorkar, 2013; Deshmukh, 2013b; Karnewar and Kadam, 2014b; Hingane , 1985, 

Bhutiyan, 2007; Das,  2007;Jaswal, 2010; Shrivastav, 1992;Rupa Kumar , 1994;Sahai,1998; 

Jaswal, 2014) studied temperature trends over India  and reported increasing trendsin maximum 

and minimum temperature over India. Monthly mean temperature of India as awhole risen to 

0.51ºC over a period of 1901-2005(Faulekar and Kale,2010,).This rate of rise may differ in 

different geographical  regions (Deshmukh, 2013b) since this increase is linked with human 

emission of greenhouse gases, change in land use pattern, increasing urbanization.Much other 

aspect such as difference in solar radiation and pollutant aerosols also added to climate change 

(N.Scafetta, 2005;Brassuar, 2001).Karnewar and Kadam (2015) detected annual trends for 

Parbhani and found increasing trends. But according to Xuebin(2011) monthly mean provides 

useful and simple metrics that can be used to track relatively slow variation and trends. Taking 

all this fact in consideration this paper aims to study monthly and seasonal temperature trends of 

Parbhani 

 

2. Study area 

Parbhani city is part of Marathwada region of Maharashtra in India. Parbhani is situated 

approximately at the Centre of Maharashtra. Parbhani is located at 19.27 N76.78 E. It has an 

average elevation of 347 meters. In Parbhani district there is extension of Ajanta rages called 

Nirmal hills. According to 2011 census population of Parbhani city is 307191 and is officially 

accorded city status by establishing Municipal Corporation. Male and female are 157,628 and 

149,563 respectively. The sex ratio of Parbhani city is 949 per 1000 males. 
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 Figure: 1. Presenting Google map of Parbhani. 

 

3 .Data and methodology 

The daily temperature data recorded by IMD Pune for period 1969-2010 was collected. From 

daily time series data monthly maximum and monthly minimum and monthly mean temperatures 

were calculated. Then monthly mean of Tmax, Tmin, Tmean were averaged to calculate seasonal 

temperature. According to IMD, Meteorological seasons over India are: Winter Season: January 

– February. Summer Season: March – May. Monsoon Season:  June - September. Post Monsoon 

Season:  October – December.Later on The statistical method such as correlation analysis, 

regression analysis and coefficient of determination and coefficient of variation are derived. 

Trend is determined by the relation between the two variables as temperature and time. Trends is 

the general movement of  a series over an extended period of time or it is long term change in the 

dependant variable over a long period of time (Webber and Hawkins, 1980)the statistical 

methods such as regression analysis and coefficient of determination r²(Murray 

R.Spiegel,LarryJ.Stephens, 2000)are used 

 

4. Result and Discussion 

Table1.Statistical summary of monthly and seasonal mean of Tmax, temperature during 

1969-2010.for Parbhani  

Month Mean St.dev c.o.v. 
c.o.d.

% 
         Y Trends 

Total. 

increase 

Jan. 30.24 ºC 1.073 3.549 0.022  -0.0129x + 30.516 Decreasing -0.5418 ºC 

Feb. 33.13 ºC 0.998 3.012 0.034  -0.015x + 33.456 Decreasing -0.63 ºC 
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The coefficient of variation for Tmax is highest in the month of June and it is observed as 

4.986% whereas it is lowest in the month of April and it is observed 2.468% for Parbhani 

district. This means that maximum temperature is most stable in April and least stable in June for 

Parbhani district.For season the coefficient of variation for Tmax is highest in the winter and it is 

observed as 2.831% whereas it is lowest in the summer and it is observed 2.293% for Parbhani 

district. This means that maximum temperature is most stable in summer and least stable in  

winter for Parbhani district 
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Mar. 37.17 ºC 1.308 3.519 0.085 -0.031x + 37.832 Decreasing -1.302 ºC 

Apr. 40.55 ºC 1.001 2.468 0.093  -0.0252x + 41.094 Decreasing -1.0584 ºC 

May. 41.56 ºC 1.415 3.405 0.010  -0.0114x + 41.804 Decreasing -0.4788 ºC 

Jun 36.17 ºC 1.803 4.986 0.001  0.0051x + 36.062 Increasing 0.2142 ºC 

Jul. 31.81 ºC 0.986 3.100 0.009 -0.0074x + 31.965 Decreasing -0.3108 ºC 

Aug. 30.57 ºC 0.927 3.031 0.010 -0.0076x + 30.73 Decreasing -0.3192 ºC 

Sep. 31.72 ºC 0.999 3.150 0.003  -0.0043x + 31.81 Decreasing -0.1806 ºC 

Oct. 32.47 ºC 1.161 3.575 0.002  0.0044x + 32.375 Increasing 0.1848 ºC 

Nov. 30.68 ºC 0.776 2.529 0.225  0.03x + 30.03 Increasing 1.26 ºC 

Dec. 29.22 ºC 0.937 3.209 0.159  0.0304x + 28.564 Increasing 1.2768 ºC 

Winter 31.69 ºC 0.897 2.831 0.036  -0.0139x + 31.986 Decreasing -0.5838 ºC 

Summer. 39.76 ºC 0.912 2.293 0.092 -0.0225x + 40.243 Decreasing -0.945 ºC 

Monsoon. 32.57 ºC 0.768 2.357 0.003 0.0216x + 30.323 Increasing 0.9072 ºC 

Post.mons 30.79 ºC 0.801 2.603 0.110  -0.0035x + 32.642 Decreasing -0.1470 ºC 
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Figure 2 mean of maximum monthly and seasonal temperature of Parbhani. 

 

2.1. Trend Analysis of monthly and seasonal mean of Tmax of Parbhani 

The trends of monthly mean of maximum temperature (Tmax) were obtained using linear 

regression best fit lines. The linear regression equations and coefficient of determination for all 

the months from January to December and for all the season from winter to post monsoon are 

represented in table 1 and summarized from figure 1.It is evident from above figure 1 and table 

1. That monthly mean of maximum temperature (Tmax) have decreased for the months of 

January, February, March, April, May, July, August, September. The total drop for Parbhani for 

42 years is respectively1.491ºC, 1.856ºC ,1.801ºC,1.321ºC, 0.260ºC, 0.722ºC, 0.798ºC,1.730ºC  

and shows increasing trends for June, October November, December. The total increase for 

Parbhani for the periods of 42 years is respectively 0.214ºC, 0.184ºC, 1.26ºC, 1.276ºC.From 
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above figure it is clear that March shows highest fall in mean monthly maximum temperature 

and which 1.30ºC is and month December shows highest increase which is 1.276ºC for the 

period of 42 year.                           

           

The trends of mean seasonal maximum (Tmax) temperature shows decreasing trends except 

monsoon season of 0.907ºC for the periods of 42 years.Winter,summer,post monsoon shows falls 

in mean seasonal maximum temperature (Tmax) of 0.584ºC, 0.945ºC, 0.147ºC respectively for 

the periods of 42 years. Winter shows highest fall in mean monthly maximum temperature and 

which 0.945ºC is. 

 

Table.2 Statistical summary of monthly mean of Tmin and seasonal temperature during 

1969-2010.for Parbhani district 

month mean st.dev. c.o.v. c.o.d. y trends 
total 

increase 

Jan. 14.18ºC 1.43 10.06 0.09  -0.0355x + 14.948 decreasing -1.491 ºC 

Feb. 16.62ºC 1.22 7.31 0.20  -0.0442x + 17.575 decreasing -1.8564 ºC 

Mar. 20.40ºC 1.02 5.01 0.26  -0.0429x + 21.321 decreasing  -1.8018 ºC 

Apr. 24.19ºC 0.92 3.80 0.18 -0.0316x + 24.873 decreasing -1.3272 ºC 

May. 26.50ºC 0.82 3.11 0.01  -0.0062x + 26.631 decreasing -0.2604 ºC 

Jun. 24.66ºC 0.78 3.18 0.03  0.0111x + 24.421 increasing 0.4662 ºC 

Jul. 23.11ºC 0.86 3.72 0.03 0.013x + 23.391 increasing 0.546 ºC 

Aug. 22.48ºC 1.00 4.47 0.04 -0.0172x + 22.854 decreasing -0.7224 ºC 

Sep. 22.22ºC 1.32 5.96 0.03  -0.019x + 22.632 decreasing -0.798 ºC 

Oct. 20.13ºC 1.02 5.07 0.24 -0.0412x + 21.013 decreasing -1.7304 ºC 

Nov. 16.23ºC 1.91 11.74 0.00 0.0025x + 16.176 increasing 0.105 ºC 

Dec. 13.25ºC 1.44 10.87 0.02 -0.0152x + 13.577 decreasing -0.6384 ºC 

Winter 15.40ºC 1.08 7.01 0.21 -0.0399x + 16.261 decreasing -1.6758 ºC 

Summer 23.70ºC 0.74 3.12 0.20  -0.0269x + 24.275 decreasing -1.1298 ºC 

Monsoon. 23.12ºC 0.87 3.77 0.02 -0.0095x + 23.324 decreasing -0.399 ºC 

Post.mons. 16.54ºC 0.97 5.86 0.05 -0.018x + 16.922 decreasing -0.756 ºC 
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The coefficient of variation for Tmin is highest in the month of November and it is observed as 

11.74% whereas it is lowest in the month of May and it is observed 3.11% for Parbhani district. 

This means that minimum temperature is most stable inMay and least stable in November for 

Parbhani district. For season the coefficient of variation of Tmin is highest in the winter and it is 

observed as 7.01% whereas it is lowest in the summer and it is observed 3.12 % for Parbhani 

district. This means that mean minimum temperature is most stable in summer and least stable in 

winter for Parbhani district. 

 

 

 

 

  

Figure 3 .mean of minimum monthly and seasonal temperature of Parbhani 

"a", "b" 

 

2. Trend Analysis of monthly and seasonal mean of Tmin of Parbhani 

The trends of monthly mean of minimum temperature (Tmin) were obtained using linear 

regression best fit lines. The linear regression equations and coefficient of determination for all 
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the months from January to December and for all the season from Winter to post monsoon are 

represented in table 2 and summarized from figure 2.It is evident from above figure 2 and table 

2. That monthly mean of minimum temperature (Tmin) have decreased for the months of 

January, February, March, April, May, August, September,October,December. The total drop for 

Parbhani for 42 years is 1.491ºC, 1.856ºC, 1.801ºC, 1.327ºC, 0.260ºC, 0.722ºC,0.798, 

1.730ºC,0.638ºC  and shows increasing trends for June, July, November and  The total increase 

for Parbhani for the periods of 42 years is 0.4662ºC, 0.546ºC, 0.105ºC respectively .from above 

figure it is clear that February shows highest fall in monthly mean of minimum temperature 

(Tmin) and which is 1.856ºCand  month July shows highest increase which is 0.546ºC for the 

period of 42 year.     

                                

       The trends of mean minimum seasonal temperature (Tmin) temperature shows decreasing 

trends except for monsoon season which shows increasing trends of 0.907ºC for the periods of 

42 years. winter, summer, post monsoon shows falls in mean seasonal minimum temperature 

(Tmin) of 0.583ºC,  0.945ºC, 0.147ºC respectively for the periods of 42 years. Summer shows 

highest fall of about 0.945ºC. 

 

Table.3Statistical summary of monthly mean Tmean and seasonal temperature during 

1969-2010.for Parbhani district 

Month 

 
Mean St. dev c.o.v. c.o.d. y Trends 

Total 

increase 

Jan. 22.19ºC 1.05 4.71 0.086 -0.025x + 22.724 Decreasing. -1.05 ºC 

Feb. 24.88ºC 0.93 3.75 0.152 -0.0297x + 25.514 Decreasing. 
-1.2474 

ºC 

Mar. 28.81ºC 1.07 3.72 0.170 -0.0361x + 29.588 Decreasing. 
-1.5162 

ºC 

Apr. 32.35ºC 0.90 2.78 0.158 -0.0291x + 32.975 Decreasing. 
-1.2222 

ºC 

May. 34.03ºC 1.07 3.14 0.010 -0.0088x + 34.217 Decreasing. 
-0.3696 

ºC 

Jun. 30.37ºC 1.24 4.09 0.005  0.0069x + 30.225 Increasing. 0.2898 ºC 
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The coefficient of variation for Tmean is highest in the month of November and it is observed as 

4.88% whereas it is lowest in the month of July   and it is observed 2.33% for Parbhanidistrict. 

This means that mean temperature is most stable in July and least stable in November for 

Parbhani district. For season, the coefficient of variation for Tmean is highest in the winter and it 

is observed as 3.52% whereas it is lowest in the monsoon and it is observed 2.42% for Parbhani 

district. This means that mean   temperature is most stable in Monsoon and least stable in winter 

for Parbhani district 

 

Jul. 27.44ºC 0.64 2.33 0.043 -0.0108x + 27.672 Decreasing. 
-0.4536 

ºC 

Aug. 26.51ºC 0.73 2.75 0.046 -0.0127x + 26.788 Decreasing. 
-0.5334 

ºC 

Sep. 26.97ºC 0.95 3.53 0.023 -0.0117x + 27.22 Decreasing. 
-0.4914 

ºC 

Oct. 26.29ºC 0.68 2.60 0.099 -0.0176x + 26.669 Decreasing. 
-0.7392 

ºC 

Nov. 23.44ºC 1.14 4.88 0.029  0.0159x + 23.099 Increasing. 0.6678 ºC 

Dec. 21.24ºC 0.95 4.46 0.011 0.008x + 21.072 Increasing. 0.336 ºC 

Winter. 23.53ºC 0.83 3.52 0.164  -0.0273x + 24.119 Decreasing. 
-1.1466 

ºC 

Summer

. 
31.73ºC 0.77 2.43 0.154 -0.0247x + 32.26 Decreasing. 

-1.0374 

ºC 

Monsoo

n 
27.82 0.68 2.42 0.016 -0.0071x + 27.976 Decreasing. 

-0.2982 

ºC 

Post.mo

n 
23.66 0.67 2.83 0.002 0.008x + 21.072 Increasing. 0.336 ºC 
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Figure 3 mean of mean monthly and seasonal temperature of Parbhani 

 

3. Trend Analysis of monthly and seasonal mean of Tmean of Parbhani. 

The trends of monthly mean of mean temperature (Tmean) were obtained using linear regression 

best fit lines. The linear regression equations and coefficient of determination for allthe months 

from January to December and for all the season from Winter to post monsoon are represented in 

table 3 and summarized from figure 3.It is evident from above figure 3 and table 3. That monthly 

mean of mean temperature (Tmean) have decreased for the months of January, February, March, 

April, May, July, August, September,October. The total drop for Parbhani for 42 years is 1.05ºC, 

1.247ºC, 1.516ºC, 1.222ºC, 0.369ºC, 0.453ºC, 0.533ºC, 0.491ºC, 0.739ºCrespectively and shows 

increasing trends for June, November, December. The total increase for Parbhani for the periods 

of 42 years is respectively 0.289ºC,0.667ºC,0.336ºC.From above figure 3 it is clear that March 

shows highest fall in mean monthlymean temperature and which 1.516 º C isand 

monthNovember shows highest increase which is 0.667ºC for the period of 42 year.                                     
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The trends of mean seasonal mean (Tmean) temperature shows decreasing trends forwinter, 

summer, and monsoon season. Winter, summer,monsoon shows falls in mean seasonal 

meantemperature (Tmean) of 1.146ºC,1.037ºC, 0.298ºC respectively for the periods of 42 years. 

Winter shows highest fall of about 1.146ºCand post monsoon season shows increasing trends of 

about 0.336 ºC for the total periods of 42 years. 

 

5. Conclusion 

It is detected that most of the trends of mean monthly maximum temperature (Tmax), monthly 

mean of minimum temperature(Tmin), monthly mean of mean temperature (Tmean) were 

obtained using linear regression best fit lines For Parbhani shows decreasing trends. For mean 

monthly maximum temperature March shows highest fall in mean monthly maximum 

temperature and which is 1.302ºC and month December shows highest increase which is 1.276ºC 

.Winter shows highest decrease in mean monthly maximum temperature and which 0.945ºC is. 

For monthly mean of minimum temperature(Tmin) February shows highest drop inTmin and 

which is 1.856ºCand July Tmin shows highest growth which is 0.546ºCfor the period of 42 year. 

Monsoon Tmin season shows increasing trends of 0.907ºC.Summer Tmin shows highest fall of 

about 0.945ºC.For monthly mean of mean temperature March shows highest fall in mean 

monthlymean temperature and which is 1.516ºC and month November shows highest increase 

which is 0.667ºC. Winter Tmean shows highest fall of about 1.146ºC and Post monsoonTmean 

shows increasing trends of about 0.336 ºC.  
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