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Abstract 
The present study examined the variability and trend of these climate variables for Dapoli (Maharashtra) 

over 37 years, from 1985 to 2021. While non-parametric methods like the Mann-Kendall and Sen's slope 

estimator test have been used to study trend analysis, statistical parameters have been used to analyse the 

variability of these climatic variables. The average annual minimum and maximum value of rainfall, 

maximum temperature, minimum temperature, maximum relative humidity, minimum relative humidity, 

wind speed, sunshine hours, and pan-evaporation were found as 2330.7mm and 5421.4mm, 30.4 ℃ to 

31.8 ℃, 17 ℃ to 20.2 ℃, 88.8% to 95.1%, 61.3% to75.4%, 3.8 km/hr to 5.4 km/hr, 6 hrs/day to 

7.7hrs/day, and 1196.4 mm to 1780.8 mm, respectively. Annual trend of Tmin, Tmax, RHmin, and RHmax 

significantly increasing at 99.9%, 99.9%, 99.9%, and 95% levels of significance with a magnitude of 

0.05 ℃/year, 0.03 ℃/year, 0.19%/year, and 0.07%/year, respectively. Wind speed and sunshine hours 

showed a decreasing trend at 95% and 99.9% levels of significance with the magnitude of -0.01 km/hr 

and -0.03 hr/day, respectively. There was no significant trend found for rainfall and pan-evaporation. 

 

Keywords: Climate change, trend analysis, Mann-Kendall, Sen’s slope 

 

1. Introduction 

Global climate change may fluctuate the long-term rainfall patterns, which might affect water 

supply and raise the risk of more frequent droughts and floods. Because of the unequal 

distribution of resources, India's problems are more severe than in other countries. According 

to IPCC, an increase of 1 degree Celsius might result in a 7% increase in severe rainfall. 

Global temperatures increased by 1 degree Celsius between 2011 and 2021 compared to the 

previous century. According to these reports, if the world's temperature rises by 1.5 degrees 

Celsius in the following decades, natural resources and humanity may be in grave danger 

compared to those below 1.5 degrees Celsius (IPCC 2022) [36]. 

According to the Fourth Assessment Report (FAR) of the Intergovernmental Panel on Climate 

Change (IPCC), climate change will significantly influence people and ecosystems in the 

future decades due to fluctuations in global average temperature and rainfall (IPCC, 2007) [37]. 

Agriculture and related industries are vulnerable to climate change. It will also have an impact 

on livelihoods and human well-being. As a result, the interaction between agricultural 

performance and climate, which has been an important topic of study for many decades, has 

gained traction as a result of increased awareness of the negative consequences of climate 

change on agriculture and livelihood. In the context of developing countries such as India, 

where agriculture continues to supply subsistence for more than two-thirds of the population, 

research on the nature and effect of climate change on agriculture and people's livelihoods is 

important (Ninan and Bedamatta 2012) [28]. 

Numerous studies conducted in the last few decades have documented the effects of climate 

variability and change as they are reflected in change in temperatures and rainfall. It is clear 

that the increase in global temperature is caused by greenhouse gas emissions and that turns in 

affect rainfall patterns. Recent studies of climate change and variability have been mainly 

focused on a basin scale, which provides more detailed information for better management and 

planning of local water resources (Getahun et al. 2021; Ramli et al., 2019; Elsanabary and 

Gan, 2015) [6, 31, 3]. 

The economy of India is mainly based on agriculture. Production capacity is pre-determined 

by exceptional weather conditions observed over a long period of time, assuming that other 

factors, such as soil, management practices, etc., do not change over many years. Favourable 

weather can give. India's vast geographic diversity, varied climate, soil types, and the 

topography create unique agricultural conditions, favouring some crops and deterring others
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(Setiya and Nain 2021) [34]. 

Moreover, the accuracy of climate and hydrological studies 

depends on the quality of historical climate datasets (Getahun 

et al 2021; Javari, 2016; Ros et al., 2015) [6, 13, 32]. 

Unfortunately, many non-climate factors, such as changing 

weather and climate locations, measurement failure, data 

improper handling, and drastic climate conditions, can 

influence the accuracy of historical climate data, resulting in 

unrealistic trends, and introducing errors in further analysis 

(Getahun et al 2021; Rose et al., 2015) [6, 32]. Therefore, in 

order to perform precise studies of climate change and 

variability, it is essential to understand the factors that 

influence the quality of historical climate data. Studies on 

climate change and variability will be of better quality as a 

result of the analysis of trends in climatic parameters 

(Getahun et al 2021; Bisai et al., 2014; Jain et al., 2013) [6, 2, 

12]. 

In present study trend analysis of climatic parameters were 

identified by using Mann Kendal Test and Sen’s slop 

estimator method on an Annual and Seasonal basis for the 

Dapoli region of Maharashtra State, India. Various 

researchers prefer the Mann-Kendall test as one of the best 

methods for detection of trend in time series dataset. The 

Mann-Kendall test is used for analysis and the hypothesis test 

of hydrological variables defines statistical significance. Sens 

slope estimator is used describes the magnitude of increasing 

or decreasing trend. 

 

2. Materials and Methods 

2.1 Materials 

The research work was carried out for the Dapoli tehsil of 

Ratnagiri district. The trend of six climatic variables viz., 

temperature (°C), rainfall (mm), wind (Km/hr), relative 

humidity (%) pan-evaporation (mm) and sunshine duration 

(hr) were analysed for the study area. Data daily related to 

these climatic variables were collected for 37 years (1985- 

2021) from the Department of Agronomy, College of 

Agriculture, Dr. Balasaheb Sawant Konkan Krishi Vidyapeeth 

Dapoli, Dist. Ratnagiri and India meteorological department 

(IMD) Pune. Geographical location of Dapoli station and 

availability and missing data period were presented in Table 

1. 

 
Table 1: Geographical location of Dapoli station and availability and missing data period 

 

Geographical location 
Availability of data Source of data 

Climatic Parameters Available Missing 

Dr. BSKKV, Dapoli & IMD Pune. 

Latitude 17° 75’ N 
Tmin/Tmax 1985-2021 - 

RHmin/RHmax 1985-2021 - 

Longitude 73°18’ E 
WS 1985-2021 - 

SSH 1985-2021 - 

Mean sea level. 250 
Pan-Evp 1985-2021 - 

Rainfall 1985-2021 - 

 

2.1.1 Data analysis 

MS-Excel sub-module was used for data analysis. MAKE 

SENSE excel template was used for trend detection and 

estimation of the magnitude (Salmi et al. 2002) [38]. 

 

2.2 Methodology 

A. Descriptive Statistics 

I. Mean (average) 

The mean is a value arrived at by dividing the sum of 

observations by the total number of observations.  

 

𝑋 =
∑ 𝑓𝑥

𝑛
      (2.1) 

 

Where, 

ƒ= the frequency; x= Mid-class value; n= Total number of 

observation  

 

II. Standard Deviation 

The standard deviation is the square root of the mean of the 

squared deviation of individual values from their mean.  

 

𝑆(𝜎) = √[
∑𝑥2(

∑ 𝑥2

𝑛
)

𝑛−1 
]    (2.2) 

 

Where, 

∑𝑥2 (
∑ 𝑥2

𝑛
) = is called the sum of squares 

 

III. Coefficient of variance 

CV was used to investigate climatic parameters variability. 

The higher the calculated value of CV, the larger the 

variability, and vice versa. 

 

𝐶. 𝑉 =
𝜎

𝑀𝑒𝑎𝑛
× 100     (2.3) 

 

Where,  

CV is the coefficient of variation; σ is the standard deviation.  

 

IV. Skewness 

The coefficient of skewness is a measure of symmetry in the 

distribution. Positive skewness indicates a distribution with an 

asymmetric tail extending towards more positive values. 

Negative skewness indicates a distribution with an 

asymmetric tail extending toward more negative values. 

 

𝑆𝑘(𝑏1) =
3(𝑚𝑒𝑎𝑛−𝑚𝑒𝑑𝑖𝑎𝑛)

𝑆.𝐷
     (2.4) 

 

Where, 

For symmetrical distribution, Sk =0; If the distribution is 

negatively skewed, then Sk is negative; If the distribution is 

positively skewed, then SK is positive; The range of Sk is from 

-3 to +3. 

 

V. Kurtosis 

Kurtosis characterizes the relative peakedness or flatness of a 

distribution. Positive kurtosis indicates a relatively peaked 

distribution. Negative kurtosis indicates a relatively flat 

distribution. 

 

𝑏2 =  
∑ 𝑓(𝑥−𝑥)2

𝑛−1

∑ 𝑓(𝑥−𝑥)4

𝑛−1

      (2.5) 
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Distribution is called normal if b2=3.When b2 is more than 3, 

the distribution is said to be leptokurtic. If b2 is less than 3, 

the distribution is said to be platykurtic. 

 

B. Trend Analysis 

Using a non-parametric technique called the Mann-Kendall 

(MK) Test, the trend of six meteorological variables has been 

examined (Mann, 1945 [22]; Kendall, 1975 [17]). Sen’s slope 

estimator (Sen 1968 [33]) was employed to calculate the 

magnitude of the trend, with 90 percent, 95 percent, 99 

percent, and 99.9 percent confidence levels. 

 

I. Mann-Kendall Test 

The Mann-Kendall test is best viewed as an exploratory 

analysis and is most appropriately used to identify stations 

where changes are significant magnitude. This test works well 

with skewed variables, is resistant to the impact of extremes, 

and can manage missing data. Instead of comparing the actual 

data values, the test evaluates the relative magnitudes of the 

sample data. This technique has often assessed the importance 

of trends in hydro-metrological time series. The alternative 

hypothesis (H1), which asserts that there is a trend, is 

evaluated against the null hypothesis (H0), which states that 

there is no trend (the data are objective and randomly 

arranged). Following the steps outlined below, the computed 

Z value is compared with the tabulated value at a certain level 

of significance to evaluate the existence of a trend that is 

either rising or decreasing. 

The Mann-Kendall statistic (S) is calculated using 

 

𝑆 = ∑𝑛−1
𝑖=1 ∑ 𝑠𝑖𝑔𝑛(𝑥𝑗 − 𝑥𝑖)

𝑛
𝑗=𝑖=1     (2.6) 

 

An increasing trend is indicated by a very high positive value 

of S, while a decreasing trend is indicated by a very low 

negative value of S. 

 

II. Sens Slope Estimator 

Sen (1968) [33] gives the linear model to estimate the 

magnitude of the trend as follows: 

 

𝑓(𝑡) = 𝑄𝑡 + 𝐵      (2.7) 

 

Where, Qt = Slope; B = Constant. 

1. Arrange the available data according to time series 

2. To derive an estimate of the slope Qt, the slopes of all 

data pairs were calculated 

 

𝑄𝑡 = (
𝑥𝑗−𝑥𝑘

𝑗−𝑘
) , 𝑖 = 1,2,3 … 𝑁, 𝑗 > 𝑘   (2.8) 

 

3. If there n values xj in the time series, we get as many as 

N = n (n-1)/2 slope estimates Qt. 

4. The Sen’s slope estimator is the median of these N values 

of Qt. 

5. The N values of Qt were ranked from the smallest to the 

largest and the Sen‘s estimator is, 

 

𝑡 = {

𝑄𝑁+1

2
 𝐼𝑓 𝑁 𝑖𝑠 𝑜𝑑𝑑

1

2
(

𝑄𝑁

2
+

𝑄𝑁+2

2
) 𝐼𝑓 𝑁 𝑖𝑠 𝑒𝑣𝑒𝑛

 (2.9) 

 

Qt is the magnitude of a trend, which is the median value of 

all slope values. Positive numbers indicate an upward trend, 

whereas negative values show a downward trend. 

3. Results and Discussion 

A. Descriptive statistics of climatic parameters 

I. Minimum and Maximum Temperature 

The nature and magnitude of climatic parameters at Dapoli 

are presented in Table 2. Annual mean value of minimum 

temperature (Tmin) was 19.0±0.8 ºC with CV of 4.2%. The 

minimum and maximum values of Tmin were 7.0 ℃ and 20.2 

℃, respectively. The seasonal mean value of Tmin during 

winter, pre-monsoon, southwest monsoon, and post-monsoon 

were 12.6±1.2 ℃, 19.5±0.9 ℃, 23.2±0.7 ℃ and 17.1±1.3 ℃ 

respectively. The CV of the parameters during winter, pre-

monsoon, southwest and post-monsoon seasons was 9.6%, 

4.6%, 2.8%, and 7.5%, respectively. Average minimum and 

maximum values of T min during winter, pre-monsoon, 

southwest and post-monsoon seasons were 10.4℃and 14.9 

℃, 17.7℃ and 21.2 ℃, 21.4 ℃ and 24 ℃, and 14.7 ℃ and 

20.4 ℃, respectively. 

Similarly, the annual mean value of maximum temperature 

(Tmax) was 31.0 ±0.4 ºC, and the CV was 1.4%. Seasonal 

mean values of maximum temperature during winter, pre-

monsoon, southwest monsoon and post-monsoon were 

31.3±0.8 ℃, 32.8±0.7 ℃, 28.8±0.5 ℃, and 32±0.6 ℃ 

respectively. The CV ranges from 1.70% during the southwest 

monsoon to 2.60% during winter. Average minimum and 

maximum values of Tmax during winter, pre-monsoon, 

southwest and post-monsoon seasons were 29.8 ℃ and 33.1 

℃, 31.3 ℃ and 34.2 ℃, 27.8 ℃ and 29.6 ℃, and 31℃ and 

33.2 ℃, respectively. 

 

II. Minimum and Maximum Relative humidity 

Annual average RHmin and RHmax was 66.9±3.7% and 

91.9±1.8%, respectively. The CV of RHmin and RHmax was 

5.60% and 2.0%, respectively. Average minimum and 

maximum values of RHmin and RHmax were 61.3% and 

75.4%, 88.8% and 95.1%, respectively. 

Average RHmin and RHmax range from 50.4±8.7% (winter) 

to 85.7±3% (southwest monsoon) and 88.4±2.4% (pre-

monsoon) to 94.1±1.7% (southwest monsoon) respectively. 

CV of RHmin and RHmax ranging from 3.50% (Southwest) 

to 17.30% (winter) and 1.80% (south-monsoon) to 2.70% 

(pre-monsoon), respectively. Average minimum and 

maximum values of RHmin during winter pre-monsoon, 

southwest monsoons and post-monsoon were 38.5 and 69.4%, 

54.6 and 77.1%, 79.4 and 91% and 49.7 and 70.7%, 

respectively. Similarly, average minimum and maximum 

values of RHmax during winter pre-monsoon, southwest 

monsoons and post-monsoon were 87.3 and 96.4%, 83 and 

92.8%, 90.6 and 96.9%, and 88.4 and 96.3% respectively. 

 

III. Wind Speed 

Table 2 indicated average annual wind speed in Dapoli region 

was 4.7±0.4 km/hr with CV of 9.0%. Average annual 

minimum and maximum values of wind speed in Dapoli 

region were 3.8 and 5.4 km/hr, respectively. 

Maximum wind speed was during southwest monsoon 

(6.6±0.9 km/hr), and it was minimum during post-monsoon 

(2.6±0.4 km/hr). CV ranges from 10.0% during pre-monsoon 

to 16.30% during post-monsoon, indicating less variation in 

wind speed. Average seasonal minimum and maximum wind 

speed range from 0.9 km/hr (post-monsoon) to 4.3km/hr 

(South-west monsoon) and 3.2 km/hr (post-monsoon) to 8.7 

km/hr (South-west monsoon), respectively. 
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IV. Sunshine Hours 

The statistical analysis results for annual Sunshine hours 

(SSH) were tabulated in Table 2. Average yearly SSH in the 

Dapoli region was 6.6±0.4 hr/day with a CV of 6.50%. 

Minimum SSH in Dapoli region was 6 hr/day, and the 

maximum was 7.7 hr/day.  

Average SSH in the Dapoli region was 6.6±0.4 hr/day 

(winter), 8.8±0.6 hr/day (pre-monsoon), 3.3±0.7 hr/day 

(southwest monsoon) and 7.6±0.5hr/day (post-monsoon). CV 

of SSH during winter pre-monsoon southwest monsoon and 

post-monsoon was 6.50%, 7.30%, 20.10% and 6.70%, 

respectively. CV showed a high value during southwest 

monsoon (20.10%), meaning the variation in SSH during 

southwest monsoon was more. The minimum and maximum 

values of SSH range from 2 hr/day (southwest monsoon) to 

7.2 hr/day (pre-monsoon) and 4.5 hr/day (southwest 

monsoon) to 10.1 hr /day (pre-monsoon), respectively. 

 

V. Pan-evaporation 

Average annual Pan-Evp in Dapoli region was 1453.1±144.9 

mm/year with the CV of 10.0%. Annual minimum and 

maximum values of Pan-Evp were 1196.4 mm/year and 

1780.8 mm/year, respectively. 

Seasonal Pan-Evp during winter pre-monsoon southwest 

monsoon and post-monsoon was 242.8±21.1, 407.6±37.3, 

277.8±17.4 and 227.5±35 mm/year, respectively. CV of Pan-

Evp was 8.70% (winter), 9.20% (pre-monsoon), 6.30% 

(southwest monsoon) and 15.0% (post-monsoon). The 

minimum and maximum values of Pan-Evp range from 167.8 

(post-monsoon) to 349.8 mm/year (pre-monsoon) and 278.6 

(winter) to 462.6 mm/year (pre-monsoon), respectively. 

 

VI. Rainfall 
The average annual rainfall in the region was 3691.7±874.1 

mm/year, with a CV of 23.70%. Annual minimum and 

maximum rainfall values were 2330.7 mm/year and 5421.4 

mm/year, respectively. 

Seasonal rainfall in winter, pre-monsoon, southwest-monsoon 

and post-monsoon was 0.6±2.8, 40.6±67.3, 3507.9±813.4 and 

142.5±112 mm/year, respectively. The highest CV was found 

in winter (448%) and pre-monsoon (165.60%), and post-

monsoon season (78.60%), which means rainfall variability in 

these seasons is more. Due to rain’s erratic nature, rainfall 

variation is more in this season. Average minimum and 

maximum rainfall in winter, pre-monsoon, southwest 

monsoon and post-monsoon season was 0 and 16.8 mm/year, 

0 and 238.2 mm/year, 2126.7 and 5046.4 mm/year, 3.8 and 

501.2 mm/year respectively. 

 
Table 2: Descriptive Statistics of Weather parameters 

 

Weather Parameters Descriptive Statistics Annual 

Seasons 

Winter 

(Jan-Feb) 

Pre-Monsoon 

(March-May) 

Southwest-Monsoon 

(Jun-Sept) 

Post-Monsoon 

(Oct-Dec) 

Tmin (℃) 

Mean 19 12.6 19.5 23.2 17.1 

SD 0.8 1.2 0.9 0.7 1.3 

CV% 4.20 9.60 4.60 2.80 7.50 

Kurtosis 0 -0.8 -0.8 0.4 0.1 

Skewness -0.6 0.1 -0.2 -0.9 0.2 

Minimum 17 10.4 17.7 21.4 14.7 

Maximum 20.2 14.9 21.2 24 20.4 

Tmax (℃) 

Mean 31 31.3 32.8 28.8 32 

SD 0.4 0.8 0.7 0.5 0.6 

CV% 1.40 2.60 2.00 1.70 1.80 

Kurtosis -1.3 -0.8 -0.3 -0.8 -0.4 

Skewness 0.1 0.1 0 -0.1 0.4 

Minimum 30.4 29.8 31.3 27.8 31 

Maximum 31.8 33.1 34.2 29.6 33.2 

RHmin (%) 

Mean 66.9 50.4 61.4 85.7 58.2 

SD 3.7 8.7 5.3 3 5.7 

CV% 5.60 17.30 8.60 3.50 9.70 

Kurtosis -0.6 -0.6 1.8 -0.6 -0.8 

Skewness 0.3 0.7 1.3 -0.2 0.5 

Minimum 61.3 38.5 54.6 79.4 49.7 

Maximum 75.4 69.4 77.1 91 70.7 

RHmax (%) 

Mean 91.9 92.5 88.4 94.1 92.2 

SD 1.8 2.4 2.4 1.7 2.2 

CV% 2.00 2.60 2.70 1.80 2.40 

Kurtosis -1.1 -0.7 -0.3 -1.1 -1.1 

Skewness 0.1 -0.1 0 -0.3 0 

Minimum 88.8 87.3 83 90.6 88.4 

Maximum 95.1 96.4 92.8 96.9 96.3 

Wind Speed (Km/hr) 

Mean 4.7 3.3 5.4 6.6 2.6 

SD 0.4 0.5 0.5 0.9 0.4 

CV% 9.00 15.90 10.00 14.20 16.30 

Kurtosis -0.7 6.8 4.6 -0.2 5.7 

Skewness -0.6 -2.3 -1.5 0 -1.8 

Minimum 3.8 1.4 3.3 4.3 0.9 

Maximum 5.4 4 6.1 8.7 3.2 

SSH (hr) 
Mean 6.6 6.6 8.8 3.3 7.6 

SD 0.4 0.4 0.6 0.7 0.5 
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CV% 6.50 6.50 7.30 20.10 6.70 

Kurtosis -0.3 -0.3 -0.2 -0.7 -0.4 

Skewness 0.5 0.5 0 0.1 0.8 

Minimum 6 6 7.2 2 6.9 

Maximum 7.7 7.7 10.1 4.5 8.7 

Pan-Evp (mm) 

Mean 1453.1 242.8 407.6 277.8 227.5 

SD 144.9 21.1 37.3 17.4 35 

CV% 10.00 8.70 9.20 6.30 15.40 

Kurtosis -0.1 -1.1 -1.4 -1.5 -1.2 

Skewness 0.5 0.2 -0.1 -0.2 0 

Minimum 1196.4 208.6 349.8 250.8 167.8 

Maximum 1780.8 278.6 462.6 300.4 284.8 

Rainfall (mm) 

Mean 3691.7 0.6 40.6 3507.9 142.5 

SD 874.1 2.8 67.3 813.4 112 

CV% 23.70 448.80 165.60 23.20 78.60 

Kurtosis -0.8 31.9 2.3 -0.8 1.7 

Skewness 0.3 5.5 1.9 0.2 1.1 

Minimum 2330.7 0 0 2126.7 3.8 

Maximum 5421.4 16.8 238.2 5046.4 501.2 

 

A. Trend analysis of climatic parameters 

Trend analysis has been carried out using the non-parametric 

Mann-Kendall test for the annual and seasonal time series of 

seven climatic variables from 1985 to 2021. Sen’s slope 

estimator was also used to assess the magnitude of the trend. 

Sens slope is measured in mm for rainfall and pan-

evaporation, ℃ for maximum and minimum temperatures, 

km/hr for wind, % for relative humidity, and hrs for Sunshine 

hours. In contrast, Mann-Kendall statistics is a unit less 

quantity. A positive Sen’s slope value indicates an upward 

trend, whereas a negative Sen’s slope value indicates a 

downward trend. Trend statistics of climatic parameters on an 

annual and seasonal basis for the Dapoli region are tabulated 

in Table 3. 

 

I. Annual trend  

Annual trend statistics of climatic parameters for the Dapoli 

region are presented in Table 3. From Table 3 revealed a trend 

of Tmin, Tmax, RHmin, and RHmax significantly increasing at 

99.9%, 99.9%, 99.9%, and 95% levels of significance with a 

magnitude of 0.05 ℃/year, 0.03 ℃/year, 0.19%/year, and 

0.07%/year, respectively. Wind speed and sunshine hours 

showed a decreasing trend at 95% and 99.9% levels of 

significance with the magnitude of -0.01 km/hr and -0.03 

hr/day, respectively. There was no significant trend found for 

rainfall and pan-evaporation. 

 

II. Seasonal Trend 

Seasonal trend statistics of climatic parameters for the Dapoli 

region are presented in Table 3. From Table 3, it was 

indicated that Tmin and Tmax are significantly increasing for all 

the seasons. For the winter season, Tmin and Tmax increased at 

a 99.9% and 95% significance level with a magnitude of 0.05 

℃/ year and 0.03℃/ year, respectively. For pre-monsoon 

season, Tmin and Tmax increased at 99% and 99.9% 

significance levels, with a magnitude of 0.05 ℃/year and 0.04 

℃/year, respectively. For southwest monsoon, Tmin and Tmax 

have shown increasing trends at 99.9 and 99% significance 

levels with and magnitude of 0.07℃/year and 0.02℃/year, 

respectively. For post-monsoon season Tmin and Tmax were 

increased at 99.9% and 99% levels of significance with a 

magnitude of 0.07 ℃/year and 0.02 ℃/year, respectively. 

Similarly, trend statistics of RHmin and RHmax are also 

presented in Table 3. For winter seasons, average RHmin 

exhibited a significantly increasing trend at 99.9% level of 

significance with a magnitude of 0.44%/year. In contrast, No 

significant trend was found for the RHmax for the winter 

season. For pre-monsoon season, no significant trend was 

found for RHmin and RHmax. RHmin and RHmax has shown an 

increasing trend in the southwest monsoon season at 99% and 

95% significance levels, and the magnitude of trend was 

0.14%/year and 0.08%/year, respectively. Similarly, for post-

monsoon season RHmin and RHmax were shown significant 

increasing trend at 99% and 90% level of significance with 

and magnitude of 0.25%/year and 0.07%/year, respectively. 

Seasonal trend statistics of wind speed for the Dapoli region 

are also presented in Table 3. From Table 3 it indicates that 

trend of wind speed for all the seasons exhibited a significant 

decreasing trend except southwest monsoon season there was 

no significant trend for wind speed in the southwest monsoon 

season. Winter, pre-monsoon, and post-monsoon seasons 

showed significant decreasing trends at 99%, 99.9%, and 90% 

levels of significance, and the trend magnitude was -0.01 

km/hr/year, -0.02 km/hr/year, and -0.01 km/hr/year, 

respectively. 

Similarly, seasonal trend statistics of SSH for the Dapoli 

region are presented in Table 3. Table 3 revealed that SSH 

showed a significant decreasing trend for all seasons. For 

winter, pre-monsoon, southwest monsoon and post-monsoon 

showed a decreasing trend at 99.9%, 95%, 90%, and 99.9% 

levels of significance and the magnitude of trend change per 

year was -0.04 hr/year, -0.02 hr/year, -0.02 hr/year and -0.03 

hr/year, respectively. 

Seasonal trend statistics of Pan-Evp are presented in Table 3. 

Winter and southwest monsoon seasons exhibited a 

decreasing trend at 99.9% significance levels. The magnitude 

of trend change pre-year for winter and southwest monsoon 

seasons was -1.93 mm/year and -1.6 mm/year, respectively. 

Pre-monsoon and post-monsoon seasons increased at 99.9% 

significance levels with a magnitude of 3.46 mm/year and 

3.23 mm/year, respectively. 

No significant trend was found for rainfall in all the seasons 

over the Dapoli region. 
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Table 3: Trend analysis of climatic parameters 
 

Weather Parameters Trend Statistics Annual 

Seasons 

Winter 

(Jan-Feb) 

Pre-Monsoon 

(March-May) 

Southwest-Monsoon 

(Jun-Sept) 

Post-Monsoon 

(Oct-Dec) 

Tmin 

(℃) 

MK-Z 4.62*** 3.34*** 3.28** 2.63** 4.30*** 

Q 0.05 0.06 0.05 0.02 0.07 

Trend Increasing Increasing Increasing Increasing Increasing 

Tmax 

(℃) 

MK-Z 4.90*** 2.26* 3.81*** 3.75*** 2.89** 

Q 0.03 0.03 0.04 0.03 0.02 

Trend Increasing Increasing Increasing Increasing Increasing 

RHmin 

(%) 

MK-Z 3.36*** 3.91*** 1.45 2.86** 2.84** 

Q 0.19 0.44 0.11 0.14 0.25 

Trend Increasing Increasing No Trend Increasing Increasing 

RHmax 

(%) 

MK-Z 2.13* 1.56 1.32 2.39* 1.77+ 

Q 0.07 0.06 0.05 0.08 0.07 

Trend Increasing No Trend No Trend Increasing Increasing 

Wind speed (Km/hr) 

MK-Z -2.11* -3.00** -3.31*** -0.77 -1.82+ 

Q -0.01 -0.01 -0.02 -0.01 -0.01 

Trend Decreasing Decreasing Decreasing Decreasing Decreasing 

SSH 

(hrs) 

MK-Z -3.73*** -3.68*** -2.39* -1.84+ -3.78*** 

Q -0.03 -0.04 -0.02 -0.02 -0.03 

Trend Decreasing Decreasing Decreasing Decreasing Decreasing 

PAN-EVP (mm) 

MK-Z 0.07 -8.70*** 8.67*** -8.35*** 8.70*** 

Q 0.19 -1.93 3.46 -1.6 3.23 

Trend No Trend Decreasing Increasing Decreasing Increasing 

Rainfall 

(mm) 

MK-Z 1.56 -0.84 0.12 1.63 0.43 

Q 28.45 0 0 24.7 0.71 

Trend No Trend No Trend No Trend No Trend No Trend 

Note: *** trend at α= 99.9% level of significance; ** trend at α= 99% level of significance; * trend at α= 95% level of significance; + trend at 

α=90% level of significance 

 

4. Conclusions  

The results indicated that the minimum and maximum 

temperatures increased significantly on an annual and 

seasonal basis. Minimum relative humidity showed a 

significantly increasing trend on an annual and seasonal basis, 

while no trend occurred during the Pre-monsoon season. 

Maximum relative humidity significantly increased during the 

southwest monsoon and post-monsoon seasons, while it was 

no significant trend during winter and pre-monsoon seasons. 

Wind speed and sunshine duration shown a significantly 

decreasing trend on an annual and seasonal basis. Pan-

evaporation increased significantly during pre-monsoon and 

post-monsoon while decreasing during winter and southwest 

monsoon seasons. Rainfall was no significant trend on an 

annual and seasonal basis. 

 

5. Acknowledgement 

The authors are thankful for the Department of Agronomy, 

College of Agriculture, Dr. Balasaheb Sawant Konkan Krishi 

Vidyapeeth Dapoli, Dist. Ratnagiri and India meteorological 

department (IMD) Pune for providing daily climate data of 

the study area. 

 

6. References 

1. Ahmet K, Ali D, Fatih K. Analysis of spatially 

distributed annual, seasonal and monthly temperatures in 

Marmara region from 1975 to 2006, Ocean Journal of 

Applied Sciences. 2012;5(2):1943-2429.  

2. Bisai D, Chatterjee S, Khan ABN. Statistical Analysis of 

Trend and Change-point in Surface Air Temperature 

Time Series for Midnapore Weather Observatory, West 

Bengal, India. Journal of Waste Water Treatment 

Analysis. 2014 Mar 1;5(2):1. 

3. Elsanabary MH, Gan TY. Evaluation of climate 

anomalies impacts on the upper blue Nile basin in 

Ethiopia using a distributed and a lumped hydrologic 

model. Journal of Hydrology. 2015;530:225-240. 

4. Farzana SZ, Md AZ, Gias UA, Md Abul K. Trend 

Analysis of Different Climatic Parameters Related to 

Rice Production in North-Eastern Part of Bangladesh. 

Journal of Scientific and Engineering Research. 

2016;3(6):502-512.  

5. Frimpong K, Oosthuizen J, Van EJ. Recent trends in 

temperature and relative humidity in Bawku East, 

Northern Ghana. Journal of Geography and Geology. 

2014;6(2):69-81.  

6. Getahun YL, Ming HP, Iam FP. Trend and Change-Point 

Detection Analyses of Rainfall and Temperature Over the 

Awash River Basin of Ethiopia; c2021.  

10.21203/rs.3.rs-717348/v1. 

7. Gosain AK, R Sandhya, B Debajit. Climate change 

impact assessment of water resources of India. Current 

Science. 2011;101(3):356-371.  

8. Gupta A, Sawant S, Rao K, Sarangi A. Results of century 

analysis of rainfall and temperature trends and its Impact 

on agriculture production in Bundelkhand region of 

Central India Mausam. 2020;72(2):473-489.  

9. Jagtap DN, Ingle PM, Dalvi AS, Bodake PS, Mahadkar 

UV, Burondkar MM. Annual trends of climate variables 

at Karjat location of Maharashtra state. Farm. & Manage. 

2020;5(1):1-6.  

10. Jagtap DN, Ingle PM, Mule RS, Bodake PS, Burondkar 

MM. Trend analysis of climatic variables at Mulde 

Location of Maharashtra State. International Journal of 

Sustainable Agricultural Research. 2020;7(3):185-193.  

11. Jalgaonkar BR, Mittal HK, Kothari M, Jain HK, Ingle 

PM. Study of different climatic parameters for Udaipur of 

Rajasthan State, the Andhra Agric. J. 2018;65(SPL):243-

253. 

12. Jain SK, Kumar V, Saharia M. Analysis of rainfall and 

https://www.thepharmajournal.com/


 

~ 2547 ~ 

The Pharma Innovation Journal https://www.thepharmajournal.com 

temperature trends in northeast India. International 

Journal of Climatology. 2013;33(4):968–978. 

13. Javari M. Trend and Homogeneity Analysis of 

Precipitation in Iran. Climate. 2016;4(3):44. 

14. Jedhe SH, Kadam US, Mane MS, Mahale DM, Nandgude 

SB, Thokal RT. Trend of rainfall and temperature in 

Kokan region of Maharashtra. J Agromet. 2018;20(1):80-

83.  

15. Kara F, Karaburun A, Demirci A. Analysis of spatially 

distributed annual seasonal and monthly temperatures in 

Marmara Region from 1975 to 2006. Ozean Journal of 

Applied Sciences. 2011;12(10):1662-1675.  

16. Karnewar K, Kadam A. Study of Temperature Trends of 

Nanded, Maharashtra, India, World Rural Observations. 

2015;7(2):30-35 

17. Kendall MG. Rank Correlation Methods Charles Griffin: 

London UK; c1975.  

18. Kumar P, Biswajit L, Nageswararao MM. Trend analysis 

and change point detection of monthly seasonal and 

annual climatic parameters in the Garo Hills of Northeast 

India; c2022. 

19. Kaur P, Jill S, Yellapu V. Descriptive statistics. 

International Journal of Academic Medicine. 

2018;4(1):60-63.  

20. Kuri SK, Hossain MJ, Saha M. Trend analysis of climate 

variables (air temperature and rainfall) and its influences 

on rice yield: A case study from Mymensingh District of 

Bangladesh. J. Syl. Agril. Univ. 2014;1(1):15-21.  

21. Lunagaria MM, Pandey VY, Patel HR. Climatic trends in 

Gujarat and their likely impact on different crops. Journal 

of Agro meteorology. 2012;14(1):41-44. 

22. Mann HB. Non-parametric Tests against Trend 

Econometrical. 1945;13(3):245-259.  

23. Mandal UK, Nayak DB, S Mullick, Samui A, Jana AK, 

Mahanta KK, et al. Trend analysis of weather parameters 

over Indian Sundarbans. Journal of Agrometeorology. 

2019;21(3):307-315.  

24. Mandale VP, Mahale D, Nandgude S, Gharde K, Thokal 

R. Spatio -Temporal Rainfall Trends in Konkan Region 

of Maharashtra State. Advanced Agricultural Research & 

Technology Journal. 2017;1(1):61-19.  

25. Mohamed Mostafa A, Gamal S, El Afandi, Mohamed El-

Sayed El-Mahdy. Impact of climate change on rainfall 

variability in the Blue Nile basin, Alexandria Engineering 

Journal. 2021;61(4):3265-3275.  

26. Mahmood R, Jia S. Assessment of hydro-climatic trends 

and causes of dramatically declining stream flow to Lake 

Chad, Africa, using a hydrological approach. Sci. Total 

Environ. 2019;675:122-140.  

27. Mathur B, Kaushik M. Data Analysis of Students Marks 

with Descriptive Statistics. International Journal on 

Recent and Innovation Trends in Computing and 

Communication. 2014;2:2321-8169.  

28. Ninan KN, Satyasiba Bedamatta. Climate change, 

agriculture, poverty and livelihoods: A status report; 

c2012. 

29. Panda A, Sahu N. Trend analysis of seasonal rainfall and 

temperature pattern in Kalahandi, Bolangir, and Koraput 

districts of Odisha, India. International Journal of 

Climatology; c2018. 

30. Rahman MDB, Hasan I, Sabuj R, Farhana H, Urmee A. 

Analysis of long-term rainfall trends in Bangladesh. 

Research square; c2021. 

31. Ramli MF, Aris AZ, Jamil NR, Aderemi AA. Evidence 

of climate variability from rainfall and temperature 

fluctuations in semi-arid region of the tropics. 

Atmospheric research. 2019;224:52-64. 

32. Ros FC, Tosaka H, Sasaki K, Sidek LM, Basri H. 

Absolute homogeneity test of Kelantan catchment 

precipitation series. In AIP Conference Proceedings. AIP 

Publishing LLC. 2015;1660:050028. 

33. Sen KP. Estimates of the regression coefficient based on 

Kendall's Tau. Journal of the American Statistical 

Association. 1968 Dec 1;63(324):1379-1389.  

34. Setiya, Parul, Nain A.. Development of yield prediction 

model of rice crop for hilly and plain terrains of 

Uttarakhand. Journal of Agro meteorology. 2021;23:452-

456. 10.54386/jam.v23i4.162. 

35. Some'e B, Ezani AA, Hossein TB. Spatiotemporal trends 

and change point of Precipitation in Iran. 2012;113:1-12.  

36. Cai W, Ng B, Wang G, Santoso A, Wu L, Yang K. 

Increased ENSO sea surface temperature variability 

under four IPCC emission scenarios. Nature Climate 

Change. 2022 Mar;12(3):228-231. 

37. Solomon S. IPCC Climate change the physical science 

basis. In Agu fall meeting abstracts 2007 

Dec;2007:U43D-01. 

38. Collin P, Kaukinen K, Välimäki M, Salmi J. 
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