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Abstract 

The study provides an assessment of climate change variability based on analysis of 

historical data of rainfall and temperatures at Warangal district, Andhra Pradesh for the period of 

1960-2012. Long term changes in rainfall determined by Man-Kendall, Sen’s slope and 

regression analysis. The analysis of mean annual rainfall showed an insignificant declining trend 

and minimum and maximum temperatures are significant increasing trend at 95 % confidence 

level for Warangal district. Trends in seasonal (monsoon, post monsoon, winter and pre 

monsoon) rainfall decrease and insignificant. Minimum temperatures are increased in monsoon, 

post monsoon and decreased in winter and pre monsoon period and maximum temperatures were 

increases trend and significant relation was observed. 

The trend variation of yearly averages minimum and maximum temperatures has been 

found to be increasing at a rate of 0.83° C and 2.5° C and decreasing of rainfall of a rate of -2.18 

mm from Man-Kendall test, the Sen;s slope estimator was 0.005, 0.017 for minimum and 

maximum temperatures and -2.62 for rainfall and in the regression analysis -0.008° C for 

minimum temperature, 0.012° C for maximum temperature and -4.720 mm for rainfall.  
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1. Introduction 
Studies to detect climate change and its impact to the various sectors deserve urgent attention 

in light of the impact of climate change on agriculture, increased risk of hunger and water 

scarcity, rapid melting of glaciers, and decrease  in river flows Intergovernmental Panel on 

Climate Change (IPCC, 2007). This study aims to determine trends in the monthly, annual and 

seasonal rainfall; maximum, minimum and mean temperatures for the Warangal district, Andhra 

Pradesh. 

Precipitation is a vital part of the hydrologic cycle and changes in its pattern would directly 

influence the water resources of the concerned region. Changes in rainfall quantity and frequency 

would alter the pattern of stream flows, spatial and temporal distribution of runoff, soil moisture, 

and groundwater reserves. Trend analysis of rainfall in different spatial scales will lead to a 

better understanding of the problems associated with floods, droughts and the availability of 

water for various uses with respect to future climate scenarios. Air temperature is also considered 

a good indication of the state of climate because of its ability to represent the energy exchange 

process over the earth’s surface with reasonable accuracy (Vinnikov et al., 1990; Thapliyal and 

Kulshrestha, 1991). 
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 Long term trends in annual rainfall on small spatial scale were reported by many 

Koteswaram and Alvi (1969) over west coast of India, by Jagannathan and Bhalme (1973), 

during the monsoon season for each of the years 1901-1951 for a network of 105 stations over 

India; by Prthasarathy (1984) over two subdivisions viz. sub-Himalayan West Bengal and 

Sikkim and the Bihar Plains that showed decreasing trends in monsoon rainfall and for the four 

subdivisions viz. Punjab, Konkan and Goa, West Madhya Pradesh and Telangana that showed 

increasing trends; by Chhabra et al., (1997) that indicated a decrease in the precipitation in hilly 

stations and an increase in the precipitation in the urbanized/industrialized cities; and by Naidu et 

al. (1999) on annual rainfall for 29 sub-divisions of India by using the rainfall series for a period 

of 124 years (1871-1994). Recently, Goswami et al. (2006) indicated significant positive trends 

in the frequency and the magnitude of extreme rain events and a significant negative trend in the 

frequency of moderate events over central India during the monsoon seasons from 1951 to 2000. 

 

2. Study Area 
Warangal district lies between 17

o
 19’ & 18

o
 36’ N latitude and 78

o
 49’ & 80

o
 43’E longitude 

and has an average elevation of 302 meters (990 feet) (Fig.1). Warangal district with a total 

geographical area of 12,846 sq km. The district falls in the drainage basins of both Godavari and 

Krishna rivers. The river Godavari, the largest river in the peninsular India flows along the 

eastern boundary of the district in south easterly direction.  

The major rock types occurring in the district are granites, genisses, sandstone, limestone, 

shale, quartzites etc. The western part of the district is gently undulating with occasional 

hillocks.  The central portion is hilly and has a rugged topography and the eastern portion is more 

or less a plain country covered by dense forest.  The main streams draining the northern part of 

the district originate from Lakhavaram, Ghanpur taluks whereas the Akeru and Muneru flow in a 

southerly direction to join the Krishna River which flows to the south of this district. 

 

 
Fig.1 Location map of the study area 
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3. Methodology and Data 
The temperature and rainfall data were obtained from the India Meteorological Department 

(IMD) Hyderabad. In this study, annual trends of changes in rainfall and temperatures have been 

studied over the 53 years (1960-2012) for Warangal district of Andhra Pradesh.  

Detail statistical characteristics (Mean, Standard Deviation, Coefficient of variance, Median) 

of annual rainfall and temperature of Warangal district are carried out for the period 1960-2012 

(Table.1). Mann-Kendall test and Sen’s slope estimator was used to detect monotonic trend 

direction and magnitude of change over time.  

 

Table 1.  Statistical characteristics of Rainfall and Minimum & Maximum Temperature 

 

Statistical characteristics Maximum Minimum Annual Rainfall  

Average 32.0 21.4 824.4 

Standard Deviation 6.1 3.9 360.2 

Coefficient of variance 19.1 18.1 43.7 

Median 33.7 22.3 895.5 

Regression  slope 0.012 -0.008 -4.720 

 

3.1 Magnitude of trend 

In general, the magnitude of trend in a time series is determined either using regression 

analysis (parametric test) and using a non parametic method known as Sen’s estimator method 

(Sen, 1968) and statistical significance of the trend in the time series was analysed using Mann-

Kendall (MK) test (Mann, 1945; Kendall, 1975). Both these methods assume a liner trend in the 

time series. Regression analysis is conducted with time as the independent variable and 

rainfall/temperature as the dependent variable. The regression analysis can be carried out directly 

on the time series or on the anomalies (i.e. deviation from mean). A liner equation, y= mt + c, 

defined by ‘c’ (the intercept) and trend m (the slope), can be fitted by regression. The linear trend 

value represented by the slope of the simple least-square regression line provided the rate of 

rise/fall in the variable. 

 Sen’s estimator has been used for determining the magnitude of trend in hydro-

meteorological time series (In this method, the slopes (Ti) of all data pairs are first calculated by  

𝑇𝑖 =
𝑥𝑗−𝑥𝑘

𝑗−𝑘
    for    i = 1,2…., N,                             (1) 

 
Where 𝑥𝑗   and  𝑥𝑘  are data values at time j and k (j > k) respectively. The median of these N 

values of  𝑇𝑖  is Sen’s estimator of slope which is calculated as 
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A positive value of ß indicates an upward (increasing) trend and a negative value indicates a 

downward (decreasing) trend in the time series. 
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3.2 Significance of trend 

To ascertain the presence of statistically insignificant trend in hydrologic climatic 

variables such as temperature and rainfall with reference to climate change, non-parametric 

Mann-Kendall (MK) test has been employed by a number of researchers (Douglas et al., 2000; 

Yue et al., 2003; Burn et al., 2004; Singh et al., 2008; Kumar  and Jain, 2011).
 
 Mann-Kendall 

test checks the null hypothesis of no trend versus the alternative hypothesis of the existence of 

increasing or decreasing trend. 

The statistics (S) is defined as
 
(Salas, 1993) follows: 

                                                          
1

1 1

sgn( ),
N N

j i

i j i

s x x


  

                                                (3) 

Where N is the number of data points. Assuming (xj - xi) = θ, the value of sgn (θ) is computed as 

follows: 
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 This statistics represents the number of positive differences minus the number of negative 

differences for all the differences considered. For large samples (N > 10), the test is conducted 

using a normal distribution
 
(Helsel and Hirsch, 1992) with the mean and the variance as follows: 

                                                         E[S] = 0,                                                     (5) 
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Where n is the number of tied (zero difference between compared values) groups and tk   the 

number of data points in the kth tied group. The standard normal deviate (Z-statistics) is then 

computed as
 
(Hirsch et al., 1993) follows: 
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If the computed value of [Z] > zα/2,   the null hypothesis (H0) is rejected at α level of significance 

in a two-sided test. In this analysis, the null hypothesis was tested at 95% confidence level. 

 

4. Results and discussion 
The results of trend analysis for the monthly, seasonal and annual rainfall and the maximum 

temperature & minimum temperature data are discussed in the following sections. 

4.1 Rainfall data 

Results of rainfall data analysis are presented for the monthly, seasonal and annual data. 

4.1.1 Monthly rainfall trends 

Behaviour of monthly rainfall has been studied for individual months by subjecting them 

to the Man-Kendall test. The results are presented in Table 2. It is interesting to note that rainfall 
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in June, July and September, October, November and December showed a decreasing trend and 

significant at 0.01 level, respectively. Rainfall of January to May and August showed an 

insignificant increasing trend, which is statistically significant at 0.05 level.  

4.1.2 Seasonal trends of rainfall  

 Monsoon  (June-September) 

The man-Kendall test (Z) statistics (-0.68) indicates that the decrease in monsoon rainfall is 

significant at 0.01 level (Fig.2).  

 Post  monsoon (October-December) 

The man-Kendall test (Z) statistics (-1.54) indicated that the seasonal rainfall during the post 

monsoon is significant at 0.01 level and decreasing trend was observed. Therefore, it can be 

inferred that the post monsoon rainfall was insignificantly decreasing (Fig.2).  

 Winter period (January-February) 

The Man-Kendall test (Z) statistics (-1.75) indicated that the decrease in winter period is 

significant at 0.01 level (Fig.2). 

 Pre monsoon (March- May) 

Pre-monsoon rainfall showed (Z) statistics (-1.63) insignificant decreasing trend in the 

Warangal district (Table.2 & Fig.2). As it rains very little during this season, no conclusion can 

be drawn about the changed precipitation. 

The seasonal rainfall showed no significant declining trend during the entire study period. 

4.1.3 Trend analysis of annual rainfall  

The mean annual rainfall over all Warangal district showed a long term insignificant 

declining trend. In addition to this, Mann- Kendall test was applied to the annual rainfall data to 

verify the increasing/decreasing trends obtained earlier by using the linear least squares fitting 

method. The Mann-Kendall Z (-2.18) statistics was worked out on long-term (1960-2012) time 

series of annual rainfall and is presented in Table.2. Mann-Kendall test checks the null 

hypothesis of trend analysis.  The null hypothesis is rejected at ‘α’ level of significance at 95% 

confidence level. The results indicated accept null hypothesis so trend is not significant for the 

rainfall data. Therefore there is decreasing trend in annual rainfall at the district. 

Table.2 Mann-Kendall test statistics for monthly, seasonal and annual rainfall (mm/year) 

& Temperature (° C/year) trends for the period 1960-2012 
Months and Seasons Rainfall Maximum Temperature Minimum Temperature 

Jan 0.92 1.48 -1.35 

Feb 0.56 -0.07 1.16 

March 0.87 0.78 0.26 

Apr 1.2 0.44 -0.07 

May 0.13 1.59 -0.9 

June -1.25 1.56 -0.03 

July -0.77 1.71 0.66 

Aug 0.2 0.98 0.65 

Sep -1.55 3.29 2.43 

Oct -0.71 2.18 3.4 

Nov -1.74 2.8 1.15 

Dec -1.07 3.75 -0.41 

Monsoon(June-Sept) -0.68 3.09 1.37 

Post Monsoon(Oct-Dec) -1.54 3.67 1.23 

Winter(Jan-Feb) -1.75 1.05 -0.59 

Pre Monsoon(March-May) -1.63 1.3 -0.003 

Annual -2.18 2.5 0.83 
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4.2 Trend analysis of Temperature 

The data considered here are minimum/maximum monthly and annual temperatures from 

the Warangal district from 1960 to 2012 (Fig.2). Such studies date back to at least 52 year. The 

data were obtained from the India Meteorological Department, Hyderabad.  

The trend of variation of yearly, monthly and seasonal average of maximum and 

minimum temperature was analyzed by Sen’s estimator of slope and man-Kendall test for the 

study period. Among the seasons, the post-monsoon season has the least scatter of the data, while 

the winter season shows the most scatter. 

Analysis of monthly maximum temperature for the study period 1960-2012 shows rising 

trend for all the months and the trend is statistically significant for 9 months as seen from Table 

2. At the time, the minimum temperature data had mostly increasing trend, but four months had 

increasing trend, which was significant and one month had decreasing significant trend (Fig.2). 

For all the months, the mean temperature had a rising trend, which was statistically significant 

for five months. Temperature range data also had rising trend for all the months and it was 

statistically significant for all but five months, which implies that the range of temperatures is 

increasing. 

The trend of seasonal temperature data (Table. 2) all the values have shown rising trend 

and all the seasonal trends in maximum temperature is statistically significant. Similarly, the data 

for 1960-2012 are dominated by rising trend for all the seasons, whereas a mixture of rising and 

falling trends is seen in minimum temperature. Trend analysis of annual data showed that all the 

variables had rising trend for the study period (Fig.2). The Sen’s slope is nearly uniformly 

distributed at all timescales. Note that the range or variability of Sen’s slopes is more for the 

winter period than for any other season or the annual maximum temperatures series. 

 

5. Summary and Conclusions 
Climate change is likely to affect all facets of life. Decreasing rainfall, as expected, will 

result in decreased water availability (Gosain et al., 2006). An understanding of the spatial and 

temporal distribution and changing patterns I rainfall and temperature is a basic and important 

requirement for the planning and management of water resources. This study has examined 

trends in monthly, seasonal and annual rainfall and temperatures for the Warangal district. An 

important aspect of the present study is the variability of trends in precipitation that are observed.  

The mean annual rainfall over all Warangal district showed a long term insignificant declining 

trend. The analysis revealed an insignificant decrease trend in seasonal and annual rainfall. Trend 

analysis of temperature data showed that all the variables (maximum, minimum, mean and 

regression) had rising trend. 
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Fig. 2 Seasonal & annual Rainfall and Maximum & Minimum Temperature for the study 

area during 1960-2012 

 



International Journal of Emerging Trends in Engineering and Development                     Issue 4, Vol.2 (March 2014)                                                                                                    

Available online on http://www.rspublication.com/ijeted/ijeted_index.htm                                         ISSN 2249-6149 

R S. Publication (rspublication.com), rspublicationhouse@gmail.com. Page 246 
 

References 
1. Burn, D. H., Cunderlik, J. M. and Pietroniro, A., Hydrological trends and variability in 

the Liard river basin. Hydrol. Sci.  J., 2004, 49, 53–67. 

2. Chhabra BM, Prakaa Rao GS, Joshi UR (1997) A comparative study of differences in the 

averages of temperatures and rainfall over the Indian stations during the periods 1931-

1960 and 1961-1990. Mausam 48 (1): 65-70. 

3. Dore MHI. 2005. Climate change and changes in global precipitation patterns: what do 

we know? Environmental International 31: 1167-1181. 

4. Douglas, E. M., Vogel, R. M. and Knoll, C. N., Trends in flood and low flows in the 

United States: impact of spatial correlation.  J. Hydrol., 2000, 240, 90–105. 

5. Gosain AK, Rao S, Basuray D, 2006. Climate change impact assessment on hydrology of 

Indian River basins. Current Science 90: 346-353. 
6. Goswami Bn et al., (2006) Increasing trend of extreme rain events over India in a 

warming environment. Science 314 (5804): 1442-1445. doi: 10.1126/science.1132027. 

7. Helsel, D. R. and Hirsch, R. M., Statistical Methods in Water Resources, Elsevier, New 

York, 1992. 

8. Hirsch, R. M., Helsel, D. R., Cohn, T. A. and Gilroy, E. J., Statistical treatment of 

hydrologic data. In Handbook of Hydrology (ed. Maidment, D. R.), McGraw-Hill, New 

York, 1993, pp. 17.1–17.52. 
9. IPCC. 2007. Summary for policy makers. In Climate Change 2007: The Physical Science 

Basis, Solomon S, Qin D, Manning M, Chen Z, Marquis M, Averyt  KB, Tignor  M, 

Miller HL (eds). Intergovernmental Panel on Climate Change, Cambridge University 

Press: UK. 

10. Jagannathan P, Bhalme HN (1973) changes in pattern of distribution of southwest 

monsoon rainfall over India associated with sunspots. Mon Weather Rev 101:691-700. 

11. Koteswaram P, Alvi SMA (1969) Secular trends and periodicities in rainfall at west coast 

stations in India. Curr Science 101:371-375. 

12. Lettenmaier, D. P., Wood, E. F. and Wallis, J. R., Hydro climatological trends in the 

continental United States, 1948–88.  J. Climate, 1994, 7, 586–607. 

13. Partal, T. and Kahya, E., Trend analysis in Turkish precipitation data. Hydrol. Process, 

2006, 20, 2011–2026. 

14. Parthasarathy B (1984) Inter annual and long term variability of Indian summer monsoon 

rainfall. Proc Indian Acad Sci (Earth Planet Sci) 93: 371-385. 

15. Salas, J. D., Analysis and modeling of hydrologic time series. In Handbook of Hydrology 

(ed. Maidment, D. R.), McGraw-Hill, New York, 1993, pp. 19.1–19.72. 

16. Sen, P. K., Estimates of the regression coefficient based on Kendall’s tau. J. Am. Stat. 

Assoc., 1968, 63, 1379–1389. 

17. Singh, P., Kumar, V., Thomas, T. and Arora, M., Basin-wide assessment of temperature 

trends in the north-west and central India. Hydrol. Sci. J., 2008, 53, 421–433. 

18. Singh, P., Kumar, V., Thomas, T. and Arora, M., Changes in rainfall and relative 

humidity in different river basins in the northwest and central India. Hydrol. Process., 

2008, 22, 2982–2992. 

19. Thapliyal V, Kulshrestha SM. 1991. Decadal changes and trends over India. Mausam 42: 

333-338. 

20. Vinnikov K, Graisman PY, Lugina KM. 1990. Empirical data on contemporary global 

climatic changes (temperature and precipitation). Jouranal of Climate 3: 662-677. 



International Journal of Emerging Trends in Engineering and Development                     Issue 4, Vol.2 (March 2014)                                                                                                    

Available online on http://www.rspublication.com/ijeted/ijeted_index.htm                                         ISSN 2249-6149 

R S. Publication (rspublication.com), rspublicationhouse@gmail.com. Page 247 
 

21. Yu, Y. S., Zou, S. and Whittemore, D., Non-parametric trend analysis of water quality 

data of rivers in Kansas. J. Hydrol., 1993, 150, 61–80. 

22. Yue, S. and Hashino, M., Temperature trends in Japan: 1900–1990. Theor. Appl. 

Climatol., 2003, 75, 15–27. 

23. Yue, S., Pilon, P. and Phinney, B., Canadian stream flow trend detection: impacts of 

serial and cross-correlation. Hydrol. Sci.  J., 2003, 48, 51–63. 

 


