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Abstract: Being the life line of the valley of Kashmir, the water quality of River Jhelum has a direct bearing on 

the sustenance of flora and fauna of the valley. This paper deals with a trend analysis of fourteen water quality 

parameters monitored at three stations located along River Jhelum from the year 2001 to 2012 by CWC 

(Central Water Commission, India). The analysis is performed on seasonal and annual timescales using both 

parametric and non-parametric methods – Mann-Kendall test and linear regression respectively. Also, this 

study highlights the advantages of non-parametric methods over parametric methods for studying water quality 

data that is not normally distributed.The results indicate an increase in the concentrations of water quality 

parameters of the River during the study period. The increase can be attributed to the continuing loading of the 

river with pollutants and to the lack of an appropriate management plan. 
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I. INTRODUCTION 
In recent years, an increasing awareness has been expressed in many countries about the impact of 

human activities on water resources and the adequacy of the quantity and quality of water for meeting human 

livelihood, wellbeing, and to assess environmental goals. One major goal of surface water quality data collection 

is the estimation of the magnitude of changes in the concentration of various constituents. The motivation of 

such estimates generally is to determine water quality impacts over time due to human activities, changes 

brought about by regulations, improvements to waste water treatment facilities, or land use changes. However, 

the surface waterquality may also be dependent on natural processes such as bio-geo-chemical environment and 

hydro meteorological climate of the river basin. Some of the necessities of water quality monitoring are: 

1. To provide a system wide synopsis of water quality. 

2. To monitor long-range trends in selected water quality parameters. 

3. To detect actual or potential water quality problems, if such problems exist (3a) to determine specific 

causes and (3b) to assess the effect of any convective action. 

4.  To enforce standards. [1] 

Trend analysis of water quality parameters has received considerable attention world over in the recent 

times.This may be attributed to the fact that deteriorating water quality is now a global problem. A brief account 

of recent research related to such analysis is presented here: Tsanis and El-Shaarawi [2] monitored and analyzed 

physical and chemical (nutrients and major ions) indicators of water quality in the Niagara and the St. Lawrence 

Rivers between 1977 and 1987. Evans and Jenkins[3]analyzed data for eight reservoirs in the South Pennines 

covering the periods 1980– 1998 and 1988–1998 at the River Etherow Acid Waters Monitoring Network site, 

for temporal trends using the Seasonal Kendall test. Raike et al [4]carried out a study to detect trend in nutrient 

data monitored in rivers and lakes in Finland between 1975 and 2000. The objective of their study was to 

investigate if the water protection measures that were in place had decreased nutrient and chlorophyll a 

concentrations in the rivers. Using the Seasonal Kendall test for trend analysis, they found that there were 

increasing trends in nutrients in rivers passing through Agricultural areas, while a decline in chlorophyll a was 

observed in a few places. Naddafi et al [5]monitored monthly measurements of the discharge and the water 

quality parameters at Gatvand and Khorramshahr stations of KaroonRiver for Gatvand and Khorramshahr 

stations respectively. They found positive trends for the majority of water quality parameters.Kannel[6] assessed 

variation of water qualities along the Bagmati River and its tributaries in the Kathmandu valley of Nepal during 

1999–2003. Chang [7] examined water quality trends in the Han River basin of South Korea for eight 

parameters during 1993–2002. Bouza-Deano et al. [8] analyzed 34 physical–chemical and chemical variables in 

surface water samples collected every month in the Spanish Ebro River over a period of 24 years. Long term 

variation in water quality parameters in the Maroon River, Iran was carried out by HosseinTabari, Safar Marofi, 

MohammadAhmadi [9].The trend analysis was performed on seasonal and annual timescales using the Mann–

Kendall test, the Sen’s slope estimator and the linear regression. The relationships of the water quality 

parameters to river discharge were also investigated.  

Water quality variables frequently exhibit variability in time. This variability may be cyclical with the seasons, 

steadily (a trend), abruptly (a step-change) or some other established variation over time.  In this study, water 
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quality data collected by Central Water Commission (India)over a period of 10 years (2003– 2012) from three 

stations located along the Jhelum Riverwas used to test for the existence of annual and seasonal trends in water 

quality parameters. Two statistical methods, one parametric and one non-parametric – Mann-Kendall test and 

the Linear Regression respectively, were applied in this evaluation.The aim of the study was to estimate the 

magnitude of changes in the concentration of various constituents with time so as to ascertain any potential 

water quality problems. In fact, an increase in the concentrations of Water quality parameters of the river was 

revealed by the obtained results. The results of this study can be helpful in chalking out an effective 

management plan for the said river. 

II. STUDY AREA AND DATA AVAILABILITY 
The Jhelum is a large eastern tributary of the Indus. It drains areas west of the Pir Panjal range that separates 

Jammu and Kashmir. The Jhelum rises from the spring of Verinag, on the northwestern side of Pir Panjal and 

flows in a direction parallel to the Indus at an average elevation of 5,500 feet. It drains about 2,300 square miles 

of alluvial lands in Kashmir Valley and gets water from various important sources including glaciers located in 

the north of the valley. The present study describes the application of the Mann-Kendall test and linear 

regression to monitor the trends in water quality parameters at the following three sites located along River 

Jhelum (Fig. 1), India. 

1. Sangam (33º49’21”N   , 75º4’32”E) 

2. Ram munshibagh (34º4’20”N     , 74º49’59”E) 

3. Saffapora (34º15’32”N    , 74º39’42”E) 

Water quality parameters were measured on monthly time-scale at these three stations of the river by CWC 

(Central Water Commission, India).As such, data collected from 2003 to 2012 by CWCwas used in this study. 

 

 

 

 
Fig. 1: Map showing sampling sites of River Jehlum 

 

III. METHODOLOGY: PARAMETRIC AND NON-PARAMETRIC METHODS 
Statistical methods that use distributional assumptions in analysis are called parametric methods. They 

are used with the assumption that the data under study is normally distributed. On the other hand, methods that 

do not require us to make such assumptions are called non-parametric methods. They don’t require the data to 

follow a particular distribution. In this study, both methods have been used. A description is given below:   

 

3.1Mann–Kendall test 

The Mann–Kendall test is a non-parametric test for identifying trends in timeseries data. The test 

compares the relative magnitudesof sample data rather than the data valuesthemselves [10]. One advantage of 

thistest is that the data need not conform to anyparticular distribution. The second advantage ofthe test is its low 

sensitivity to abrupt breaks dueto inhomogeneous time series. Accordingto this test, the null hypothesis H0 

statesthat the deseasonalized data (x1, . . . , xn) is a sampleof n independent and identically distributed 

randomvariables. The alternative hypothesis H1 ofa two-sided test is that the distributions of xkandxjare not 

identical for all k, j ≤ n with k ≠j. Thestatistic S is defined as follows: 
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(1) (2) 

(3) 

The notation t is the extent of any given tie and  denotes the summation over all ties. In cases where 

the sample size n >10, the standard normal variable Z is computed by using the following equation: 

(4) 

Positive values of Z indicate increasing trends while negative values of Z show decreasing trends. 

When testing either increasing or decreasing monotonic trends at a αsignificance level, the null hypothesis was 

rejected for absolute value of Z greater than Z1−α/2, obtained from the standard normal cumulative distribution 

tables [11]. In this research, significance levels of α = 0.01 and 0.05 were applied. 

3.2Linear regression method 

Simple linear regressionis an important and commonly used parametricmethod for identifying 

monotonic trend ina time series. It is used to describe the relationship between one variable with another or 

other variables of interest. It is often performed to obtain the slope of hydrological and meteorological variables 

on time. The model is formulated as follows: 

 

Where “a” is the intercept, “b” is the slope and “ εT” represents random errors. T represents the year with the 

initial year taken as year 1. The errors are assumed to be independent and identically distributed. This 

assumption is more likely to be satisfied if yearly average is used as the response variable. Positive slope shows 

increasing trend while negative slope indicates decreasing trend [9]. Regressionhas the advantage that it 

provides a measure ofsignificance based on the hypothesis test on theslope and also gives the magnitude of the 

rateof change. The total change during the period under observation is obtained by multiplying the slope with 

the number of years. 

IV. RESULTS AND DISCUSSIONS 

4.1 Annual trends 

Results of the linear regression (parametric method) and Mann–Kendall test (non-parametric method) on annual 

water quality parameters are presented in Table 1 and Table 2.Both positive and negative trends were identified 

by the tests in annual water quality data. 
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Uniform patterns were detected in Ca, Cl and Na in case of both parametric and non-parametric 

methods. Ca, Cl and Na increased at all of the stations in the study period. Calcium is present probably because 

of the disposal of sewage and industrial wastes into the river whereas the most important source of chlorides is 

the discharge of domestic sewage. Man and other animals excrete very high quantities of chlorides together with 

nitrogenous compounds. Many industrial wastes and domestic sewage are rich in sodium and increase its 

concentration in natural waters after disposal.  

Electrical conductivity also showed an increasing trend at Sangam, Ram munshibagh and Saffapora in case of 

non- parametric method.Significant positive trends were found in Na, Ca, and Cl. The increasing Ca trends were 

significant at the 95% confidence levels by the tests at Sangam, Ram Munshibagh and Saffapora by both 

parametric and non-parametric methods. The annual concentrations of Ca increased by 0.02(Z = 5.72), 0.03 (Z = 

8.916) and 0.02 (Z = 7.68) mg/l per decade at Sangam, Ram munshibagh and Saffapora respectively. Significant 

positive trends in Na with concentration of about 0.02(Z = 5.72), 0.01(Z = 8.91) and 0.01(Z = 7.68) mg/l were 

observed at the 95% confidence level (by both parametric and non-parametric method) over Sangam, Ram 

munshibagh and Saffapora respectively. The decreasing turbidity trends were significant by non- parametric at 

Sangam, Ram munshibaghandSaffapora at 95% confidence level (Z = -2.790, -4.590and -2.94 respectively). 

Furthermore, significant negative trends were observed in Potassium (-0.008 mg/l per decade) at Ram 

munshibagh and sulphate over Sangam (Z = -2.69) and Saffapora (Z = -1.30), by non- parametric method at 

95% confidence level. This condition arises when organic matter is high and redox potential is low. Under such 

conditions micro-organisms use sulphate as electron acceptor to decompose organic matter and convert sulphate 

into sulphide. Total phosphorus showed significant positive trends at Sangam Ram munshibagh and Saffapora 

by non- parametric method whereas Total phosphate showed positive trend only at Ram munshibagh in case of 

parametric method (95% confidence level). 

The study showed that the most significant trends were found at Ram munshibagh site which is located towards 

the downstream of River Jehlum. Moreover, comparison of the parametric and non-parametric methods 

indicated that the nonparametric tests identified more significant trends than the parametric method. The 

parametric and non-parametric methods detected seventeen and twenty eight significant trends in annual water 

quality parameters, respectively.    Overall, the results exhibited that the concentrations of the water quality 

parameters of the River Jehlum increased during the study period. This increase is a result of continuing loading 

of the river with pollutants related to human activities and lack of appropriate management plan.  

4.2 Seasonal trends: 

 
 

Seasonal patterns, which occur yearly regardless of longer term trends, are normally examined as an 

aid to understanding the natural patterns of chemical concentrations. In the present study, seasons are defined by 

reviewing histograms of monthly mean stream flow for chemical patterns (Fig.2). The time periods of the 

season may be unequal in length but they represent distinct hydrological periods. Hydrologic seasons generally 

Table 1:Parametric Method Table 2: Non-Parametric method 
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do not define periods of similarity in conditions, like “summer" or “winter" does for climate, but rather 

directional tendencies. The yearly stream flow patterns were similar within the three stations with all sites 

exhibiting peak discharge between March and September. Clearly these time periods are dissimilar in length but 

represent periods which are distinct hydro-logically. 

Mann–Kendall test and linear regression were also applied in order to study trends in seasonalmeans of the 

water quality parameters over the study period (2003–2012). Seasonal trends of the water quality parameters 

and their magnitude obtained by the statistical methods are summarized in Tables 3 to 10 below: 

 

         
In Tables 3 and 4, the majority of the trends in the spring series (more than 80% of the trends) were 

found positive. Significant trends were observed in almost all of the water quality parameters. Furthermore, 

Electrical conductivity, Ca, Na, Turbidity trends were significant at all the sites. The most significant trends 

were found at Sangam and Ram Munshibagh sites. Linear regression and Mann- Kendall tests detected 24 and 

32 significant trends respectively in the spring time series. 

 

               

Table 3:Parametric method (Spring)  

 

Table 4:Non-Parametric Method (Spring) 

Table 5: Parametric Method (summer) 

 

Table 6: Non-Parametric Method (summer) 
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The results of the statistical methods in the summer series (table 5 and 6) showed that more than 68% 

of the trends were negative. All of the water quality parameters except EC, Total-phosphorus, K, and HCO3 

parameters were characterized by a significant trend. In the summer series, Sangam and Ram Munshibagh had 

the most significant trends. 33 and 25 significant trends were identified by the Mann–Kendall test and linear 

regression respectively. 

 

 

           
 

 

Similar to the summer series, most of the trends in the autumn time series (more than 60% of the trends) were 

negative (Tables 7 and 8). The results also indicated that no significant trends were detected by the trend tests in 

half of the water quality parameters. Significant trends were observed in Na, Cl and SO4. The most significant 

trends in the autumn series were found at Ram Munshibagh. The non-parametric and parametric methods 

detected thirty and twenty one significant trends in the autumn time series. 

 

 

         
Similar to the spring time series, the majority of the trends in the winter series (about 80% of the 

trends) were positive (Tables 9 and 10). All of the water quality parameters except to Sulphate, K, and turbidity 

parameters were characterized byan increase in trend. In the winter series, Saffapora and Ram munshibagh 

stations had the most significant trends. The non-parametric tests found 37 significant trends while 30 

significant trends were determined by the parametric method in the winter series.  

In water quality monitoring and planning, winter low flows are often the time of the highest concentrations, 

whereas the late spring and early summer months are the time when dilution occurs due to greater volumes of 

discharge [9]. Generally, high flows occur duringspring and early summer (primarily from snowmelt or rainfall 

runoff from spring storms) and low flows occur during late fall and winter (primarily from ground-water or 

reservoir discharges) as also indicated by Fig 2. For the spring period of April and May River Jhelum shows 

significant positive trends [12]. In contrast, the early summer period of June and July has predominantly 

negative trends. Whereas late summer (August and September) has a nearly equal number of negative and 

positive trends and late winter trends are also predominantly positive.Furthermore, the strongest positive trend 

(Z=5.83, b (slope) =0.2mg/l per decade) was observed in Chloride series in spring at Ram munshibagh. In 

Table 7: Parametric Method(Autumn) Table 8: Non-Parametric Method (Autumn) 

Table 9: Parametric Method (Winter) 

 
Table 10: Non-Parametric Method (Winter) 
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contrast, the strongest negative trend (Z = -1.58, b (slope) =0.3mg/l per decade) was found in Sulphate series in 

summer at Saffapora station. 

V. CONCLUSION 
Trend analysis showed that significant positive trends were showed by Sodium, Chloride, and Calcium 

at Sangam, Ram Munshibagh and Saffapora by both parametric and non-parametric methods.The decreasing 

turbidity trends were significant by non- parametric at Sangam, Ram Munshibagh and Saffapora at 95% 

confidence level (Z = - 2.790, - 4.590 and - 2.94 respectively). The study showed that the most significant trends 

were found at Ram Munshibagh site. The results revealed that the concentrations of the water quality parameters 

increased in spring and winter seasons, whereas the concentrations were diluted in summer and autumn seasons 

during the study period. 

The majority of the differences between the results of the non-parametric and parametric methods were 

observed in the autumn series (Mann-Kendall test showed 30 trends and regression showed 21 trends). In 

general, parametric tests are more powerful for normally distributed data compared with the non-parametric 

tests. The correct use of parametric methods requires several assumptions to be fulfilled, including the type of 

distribution (most frequently normal), serial independence (i.e., zero autocorrelation), and stationary. However, 

these assumptions are frequently violated by environmental and hydrological data or are difficult to verify. Non-

parametric (distribution free) methods, which relax the parametric assumptions, may serve as an alternative. 

They tend to be more resistant to any misbehavior of the data than the parametric methods, at the expense of 

being less efficient. That is, they have larger uncertainty in the statistical estimate [13]. Considering that non-

parametric methods are much more powerful than parametric ones for non-normally distributed data, therefore, 

nonparametric methods are suggested for detecting trends in water quality data that may not normally 

distributed. 
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