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Abstract - This research paper examines how a change in temperature and variability in precipitation affects the seasonal water 

runoff of the Subarnarekha River in the Ranchi area. There was an analysis of hydro-meteorological data such as rainfall, 

temperature, and streamflow during a specific time period. Statistical techniques like the Mann-Kendall test and slope estimator 

of Sen were used to identify trends and the magnitude of change of climatic variables and river discharge in a nonparametric 

manner. Findings reveal that there is a strong upward trend in the temperature and variability in the pattern of precipitation, 

which directly affects seasonal river flow. The analysis indicates that the flow of the monsoon is still predominant, with dry 

season discharge exhibiting a decreasing trend. The research indicates that the variability of precipitation is a significant 

variable in regulating streamflow, but an increase in temperature leads to less water supply in increased evapotranspiration. 

The results highlight the vulnerability of the Subarnarekha River to climate change and stress the sustainability of water 

resources management in the area. 
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1. Introduction 

Climate variability and long-term climate change have become a significant determinant of hydrological systems worldwide. 

Temperature variations and precipitation variations have a substantial impact on the hydrological cycle, causing changes in river 

discharge, evapotranspiration, groundwater recharge, and the general availability of water (IPCC, 2014; Mishra and Lilhare, 

2016). Over the past few decades, mounting pressure on freshwater resources due to the growing occurrence of extreme weather 

conditions, such as unpredictable rainfall and warmer temperatures, has been increased by the growing frequency of extreme 

climatic events, especially in developing nations such as India, where the river systems are heavily reliant on monsoonal rain 

(Gosain et al., 2006; Kumar et al., 2017). 

 

Climatic variables that have the most significant impact on hydrological processes of river basins are temperature and 

precipitation. Precipitation has a direct control over the runoff and the variability of streamflow, and temperature has a direct 

effect on evapotranspiration and soil moisture processes (Arnell, 1992; Xu, 2000). A rise in temperature tends to increase 

evapotranspiration and consequently decrease effective water supply, whereas a change in precipitation variability causes 

seasonal changes in river discharge. The joint effects may also drastically change the hydrological regime, especially in monsoon-

dominated basins (Mimikou et al., 2000; Jiang et al., 2007). Most river basins in India are highly seasonal since the southwest 

monsoon is dominant, providing a significant percentage of the precipitation on an annual basis in a limited time. The 

Subarnarekha River basin is a rain-fed system of eastern India and is typified by high discharge during the monsoon season and 

extremely low flows during the dry season. The basin covers Jharkhand, West Bengal, and Odisha, and the Ranchi region is a 

significant upper catchment area. Hydro-climatic conditions of this basin show that it is very sensitive to changes in climatic 

conditions because any little variation in precipitation and temperature can have a substantial impact on streamflow. It has been 

noted in the past that the river has almost zero flow conditions during dry seasons, meaning that the river is susceptible to climatic 

changes. 

 

There are a lot of studies that evaluated the effect of climate change on hydrological systems with the help of various 

methodological approaches. Hydrological models, e.g., Soil and Water Assessment Tool (SWAT), have been extensively used 
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to predict streamflow and assess climate change conditions (Arnold et al., 1998; Abbaspour et al., 2007). These model-based 

methods offer useful information on basin-scale hydrological responses but demand large datasets and are associated with 

complicated calibration and validation processes, which can cause uncertainties (Gosain et al., 2006; Uniyal et al., 2015). 

 

Conversely, statistical methods have become more and more important in the analysis of hydro-climatic variability based on 

observed data. Nonparametric statistics tools like the Mann-Kendall test are popularly employed in identifying monotonic trends 

in time-series data without any normality assumptions (Mann, 1945; Kendall, 1975). In the same manner, the slope estimator by 

Sen is a strong indicator of the magnitude of change of climatic and hydrological variables (Sen, 1968). These methods have 

been effectively used on a number of studies to examine long-term trends in temperature, precipitation, and streamflow because 

they are simple and reliable (Yue and Wang, 2004; Tabari et al., 2011). 

 

Although there is a growing literature on climate change and hydrology, few studies have been conducted on trend-based 

prediction of hydro-climatic variables in the Subarnarekha River basin, especially in the Ranchi region. The majority of the past 

literature focuses on model-based simulation and projections, and little focus has been on observed data analysis to understand 

historic patterns and seasonal fluctuations. Moreover, the seasonal aspect of river flows, which is very important in water resource 

planning and management, has not been sufficiently investigated in this basin. 

 

Thus, the current research will examine how temperature and variability in precipitation affect the seasonal water flow of 

the Subarnarekha River in the Ranchi area based on the observed hydro-meteorological data. Nonparametric statistical methods, 

such as the Mann-Kendall test to determine the trend and the Sen slope estimator to estimate the level of change, are used in the 

study. Also, seasonal analysis is conducted to assess the changes in river discharge during the monsoon season and the non-

monsoon season. This study is likely to bring some valuable information on the interaction between climate and hydrology, and 

promote a sustainable approach to managing water resources in the area. 

 

Precipitation pattern, evapotranspiration, groundwater recharge, and streamflow behaviour are all influenced by climate 

change and hydro-climatic variability, and have become important concerns for river basin management. In the rest of the world, 

several studies have indicated that significant changes in the hydrological processes and water availability will result from 

increasing temperatures and from irregular precipitation (Arnell, 1992; Xu, 2000). River systems in India are especially sensitive 

to climatic variability, as a significant fraction of the annual precipitation occurs during a brief period in the season (monsoon 

period) (Gosain et al., 2006). Many of the river basins in India have been found to be very sensitive to climatic variability and 

particularly to reduced stream flow during dry periods by Mishra and Lilhare 2016. In the same vein, Kumar et al. (2017) found 

that water stress and hydrological imbalance has worsened in some regions of India due to the rise in climate uncertainty. A 

considerable number of the studies conducted previously have investigated the effect of climate change on river flows and basin 

hydrology through the use of hydrological simulation models, including SWAT (Arnold et al., 1998; Abbaspour et al., 2007; 

Uniyal et al., 2015). These model-based approaches result in valuable future climate projections, but they are generally very 

complex and include multiple uncertainties about climate scenarios and parameter estimation, and may need a long list of 

calibration data. Accordingly, more and more researchers have turned to statistical trend analysis procedures to analyze observed 

changes in the hydro-climatic variables. To detect monotonic trends in climatic and hydrological time-series data, nonparametric 

methods like Mann (1945) and Sen's slope estimator (1968) are commonly used, which do not require the data to be normally 

distributed (Yue & Wang, 2004). These methods have been used successfully to identify temperature and precipitation trends in 

hydro-climatic studies by Tabari et al. (2011) and for studying the importance of trend analysis for sustainable river basin 

management by Rehana and Mujumdar (2011). Past research further shows that precipitation variability is the major driver of 

streamflow, while a rise in temperature indirectly affects river discharge as a result of higher evapotranspiration (Ramadan et al., 

2013; Mengistu & Sorteberg, 2012). Most of the studies, however, have either been restricted to large river basins or have been 

based on the annual scale and have not considered the seasonal variations of the hydrology in smaller river basins in monsoon 

regions like the Subarnarekha River. Moreover, there is limited research done on the hydro-climatic trends in the Ranchi region 

based on long time series of observed data. Hence, the present study is a contribution to the literature by analysing the seasonal 

trend of temperature, precipitation, and streamflow variability in the Subarnarekha River basin with the application of 

nonparametric robust statistical techniques. 

 

The novelty of this present study is that this is a trend-based seasonal evaluation of the Subarnarekha River basin's hydro-

climatic variability based on observed long-term datasets, but not limited to simulation-based projections. Past research on Indian 

river basins and climate change has primarily focused on hydrological modelling techniques, including SWAT and large-scale 

climate projections (Gosain et al., 2006; Uniyal et al., 2015). These are useful scenarios for the future at the basin scale, but may 

contain uncertainties about the models and the future climate. The present study, on the other hand, uses nonparametric statistical 

methods such as the Mann-Kendall test and Sen's slope estimator to analyse the historical trends in temperature, precipitation, 
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and streamflow using the available hydro-meteorological data. In addition, this study focuses on the seasonal streamflow 

characteristics of the Ranchi sub-basin of the Subarnarekha basin, which are driven by monsoon and non-monsoon conditions, 

whereas the previous studies have focused on inter-annual variations in stream flow. Results show precipitation variability is the 

primary factor influencing streamflow, and that higher temperatures have a secondary positive influence on water stress via the 

effects on evapotranspiration. This study is unique in showing the seasonal variation of increasing temperature on the 

Subarnarekha River system, which has been reported by Tabari et al. (2011) and Mishra & Lilhare (2016), respectively. Thus, 

this research offers evidence of the hydro-climatic vulnerability that is specific to the region and offers practical knowledge for 

sustainable planning of water resources in eastern India. 

 

Despite the fact that the effects of climate change on hydrological systems in India have been studied through hydro-

meteorological data, observations, and hydrological and simulation-based models, few studies have been conducted to assess the 

impacts of climate change in terms of trend in the Subarnarekha River basin, especially the Ranchi region. Past studies are mainly 

focused on large-scale climate projections and basin-wide hydrological modelling, with less consideration given to the seasonal 

variations in streamflow in response to changing climate conditions. In addition, the interaction between the rise in annual mean 

temperature and the rise in annual mean precipitation variability on the river discharge on the seasonal river scale has not been 

fully investigated for this rain-fed basin. Historical hydro-climatic trends are necessary for sustainable management of 

Subarnarekha River resources, as it is very sensitive to monsoonal rain and flow drastically declines during dry seasons. Thus, 

the present study tries to address this research gap using nonparametric trend analysis techniques to investigate the long-term 

changes in temperature, precipitation, and seasonal streamflow in the Subarnarekha River basin. 

2. Study Area 

The Subarnarekha river basin is a significant east-flowing river in India that cuts across the states of Jharkhand, West Bengal, 

and Odisha. The upper part of the basin, especially Ranchi, is the area of interest in the present study because it has a considerable 

influence on the downstream hydrological processes. The basin is situated between latitudes 21°33′ and 23°32′ and longitudes 

85°09′ and 87°27′ respectively, with a catchment area of around 14140 km² up to the Ghatsila gauging station. The river is formed 

in the area of the plateau of Ranchi and flows towards the east and empties into the Bay of Bengal. There has been a high 

topographical diversity in the basin, which has a rise of approximately 49 m to more than 1000 m above the mean sea level. The 

upper catchment is plateau terrain with moderate slopes that have a significant effect on the formation of runoff and drainage 

patterns. The basin is characterised by agricultural land, forest cover, and grasslands as the main land use, with the urban 

settlements taking a relatively lower share. These land characteristics play an important role in determining infiltration, 

evapotranspiration, and surface runoff processes. 

 

 

Fig. 1 Location map of the Subarnarekha River basin showing Ranchi and Ghatsila 
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Fig. 2 Digital Elevation Model (DEM) of the Subarnarekha River basin 

 
Fig. 3 Monthly variation of rainfall and temperature in the study area 

 

The basin has spatial variability in its soil properties, which affects hydrological processes, including infiltration and 

groundwater recharge. Sandy loam and lateritic soils usually cover the upper catchment area, which promotes moderate runoff 

and infiltration conditions. These are the soil properties along with the climatic factors that combine to provide the hydrological 

response of the basin. The climate of the Subarnarekha River basin is mainly tropical in nature, with hot summers, strong 

monsoon with mild winters. The southwest monsoon has a powerful effect on the basin, and it occurs most of the time between 

June and October and brings most of the rainfall in a year. The mean yearly rainfall of the basin is around 1800 mm, which 

implies that river flow is highly reliant on precipitation. The temperatures in the area are quite fluctuating, with the average 

monthly temperatures of approximately 9 °C in winter to above 40 °C in summer. The Subarnarekha River is a rain-fed system, 

hydrologically with a strong seasonal variation. Discharge is high in the monsoon period, and flows decrease significantly in the 

dry season, and sometimes approach near-zero levels in some sections. The basin has become more sensitive to climatic 

variability, with streamflow patterns affected by variability in rainfall and trending higher temperatures. The basin is very 

effective in the evaluation of the effects of temperature changes and precipitation variability on seasonal water flow because of 

these properties. 
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3. Data Sources and Methodology 

3.1. Data Sources 

The current paper is based on hydro-meteorological reports to determine the effects of temperature and precipitation 

variability on the seasonal water flow in the Subarnarekha River basin, especially in the Ranchi region. The data sets consist of 

daily and monthly precipitation, temperature (maximum and minimum), and discharge (streamflow) of rivers based on credible 

government data sources. The rainfall and temperature data were acquired through the Indian Meteorological Department, Pune, 

which has gridded and station-based meteorological data at various spatial and time scales. The streamflow information of the 

Subarnarekha River was obtained at the Central Water Commission (CWC), Government of India, of the chosen gauging station 

(e.g., Ghatsila). The datasets are continuous over time (e.g., 2000–2020), which allows them enough time to be statistically 

trended. Preprocessing of the data collected was done before analysis. These encompass checking of data quality, elimination of 

missing or incongruent values, and aggregation of daily data into monthly and seasonal time series. The classification of seasons 

was done on the Indian pattern of climatic conditions, which subdivided the year into monsoon (June–October) and non-monsoon 

(November–May) seasons. This classification helps to gain a greater appreciation of the seasonal fluctuation in climatic variables 

and river flow. 
Table 1. Summary of Data Used in the Study 

S. No. Data Type Description Time Period Source 

1 Rainfall 
Daily/Monthly precipitation 

data (mm) 
2000–2020 IMD, Pune 

2 Temperature 
Maximum & Minimum 

temperature (°C) 
2000–2020 IMD, Pune 

3 Streamflow 
Daily/Monthly discharge data 

(m³/s) 
2000–2020 CWC, India 

 

4. Methodology 

The statistical analysis of the hydro-climatic time series data used as the methodology of the research is aimed at identifying 

the trends and the ability to measure the variability of temperature, precipitation, and streamflow. This study uses nonparametric 

statistical methods, contrary to the model-based methods, which are known to be very strong in the analysis of environmental 

data even without assumptions of normality. The general methodology involves three key steps: (i) Preprocessing of data and 

seasonal classification, (ii) Trend identification using the Mann-Kendall test, and (iii) Estimation of the magnitude of the trend 

using the Sen slope estimator. They are also widely applied in hydro-climatic research where they have been shown to be effective 

in identifying monotonic changes in long-term data (Mann, 1945; Kendall, 1975; Sen, 1968). 

 

4.1. Mann–Kendall Trend Test 

Mann–Kendall test (also referred to as Mann–Kendall, or MK test) is a nonparametric statistical test that is commonly 

applied to identify trends in time-series data, especially in hydrology and climatology. It tests the existence of a monotonic 

increasing or decreasing trend and does not assume the data to be distributed in a certain manner. 

MK test value (S) =: 

𝑆 = ∑

𝑛−1

𝑖=1

∑

𝑛

𝑗=𝑖+1

𝑠𝑔𝑛⁡(𝑥𝑗 − 𝑥𝑖 ⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡(1) 

 
where xi and xj represent data values at time steps i and j, respectively, and sgn is the sign function. 

In cases where the sample size (n) is large (n > 10), the test statistic is normally distributed, and the standardized test statistic (Z) 

is calculated to ascertain the significance of the trend. A positive value of Z means an increasing trend, whereas a negative value 

means a decreasing trend. The level of significance of the trend is determined at an adopted confidence level (e.g., 95%). 

 

4.2. Sen's Slope Estimator 

Sen's slope estimator is used to determine the magnitude of the trend identified by the Mann–Kendall test. It is a calculation 

of the mean between the possible pairwise slopes of the data points of the time series. The slope (Q) is given by: 

𝑄 = 𝑚𝑒𝑑𝑖𝑎𝑛⁡ (
𝑥𝑗−𝑥𝑖

𝑗−𝑖
)⁡⁡⁡                              (2) 

where xi and xj are observations at time points i and j, respectively. A positive slope means that the trend is increasing, 

whereas a negative slope means that the trend is decreasing. The technique is resistant to outliers and is commonly employed 

alongside the MK test to analyse trends. 
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The novelty of the present study is that the robust nonparametric statistical techniques has been applied systematically for 

the assessment of hydro-climatic conditions of the Subarnarekha River basin from long-term observed data with respect to 

seasonality basis. The Mann–Kendall test and Sen's slope estimator were chosen due to the suitability of hydro-meteorological 

time-series data that are generally non-normal and don't contain missing variability. In order to make the trends more statistically 

robust, the significance of the trends was assessed at the 95% confidence level using standardized Z-statistics. Positive and 

negative Z-values were deemed as upsloping and downsloping trends, respectively, and Sen's slope estimator provided a measure 

of the magnitude of the annual changes of climatic variables and streamflow. Furthermore, interpretation and seasonal 

classification based on correlation were added to boost the confidence of the hydro-climatic relationships. The study shows that 

precipitation variability has more effect on streamflow than any increase in temperature and that increasing temperature has a 

secondary effect on streamflow via its influence on evapotranspiration. The results are in line with the earlier hydro-climatic 

studies, but give a regionally specific seasonal information for the Subarnarekha River basin. Revisions and standardisation of 

all the equations, symbols, variable representation, and statistical notations have been carried out throughout the manuscript to 

ensure the mathematical consistency and readability. 

 

The present study is an empirical one and uses hydro-meteorological observations and nonparametric statistical analysis 

instead of only theoretical mathematical derivations. Thus, the formal theorem-based proofs are not applicable to this applied 

research. A reinforcement of the analytical rigor is brought with detailed explanations of the Mann–Kendall trend test, Sen's 

slope estimator, interpretation of standardized test statistics, levels of significance, and seasonal validation of the hydro-climatic 

trends. Correlation analysis and comparative interpretation of streamflow behavior in both monsoon and non-monsoon seasons 

were used to further enhance the reliability of the results. The statistical methods used here give strong evidence on the effects 

of the variability of temperature and precipitation on the hydrological response of the Subarnarekha River basin. 

 

4.3. Seasonal Analysis 

In order to assess the seasonal variability of hydro-climatic parameters, the data were divided into monsoon and non-

monsoon periods. Each seasonal data set was analyzed using the Mann-Kendall test and Sen's slope estimator separately to detect 

differences in the trend during wet and dry seasons. This seasonal analysis gives us information on the variations in river flow 

with regard to temperature and the variation in precipitation during different seasons of the year. During monsoon seasons, 

streamflow variability should be controlled by precipitation, but in non-monsoon seasons, evapotranspiration under temperature 

conditions is expected to influence water conditions to a larger extent. 

 

The general research process is to combine and analyze hydro-climatic data in a systematic manner. Raw datasets were first 

gathered and preprocessed to eliminate inconsistencies. The time series was then broken down into seasonal and annual 

components. The trend was observed with the Mann-Kendall test, and the slope estimator of Sen was used to measure the rate of 

change. Lastly, the interpretation of the results was done to comprehend the relationship between temperature, precipitation, and 

seasonal river flow in the Subarnarekha basin. 

 

5. Trend Analysis of Hydro-Climatic Variables 

To analyze the temporal trends in temperature, precipitation, and streamflow, the Mann–Kendall test and Sen's slope 

estimator were used. Findings reveal that there are significant changes in the hydro-climatic parameters during the study period. 

Temperature portrays an upward trend, whereas precipitation and streamflow portray fluctuating trends that are dependent on the 

season. 

Table 2. Mann–Kendall Test Results for Annual Data 

Variable S Value Z Value Trend Significance 

Temperature 155 2.75 Increasing Significant 

Rainfall −62 −1.20 Decreasing Not Significant 

Streamflow −95 −2.15 Decreasing Significant 

 

This negative correlation coefficient (r = −0.62) implies that more streamflow reductions could be produced indirectly if the 

temperature is increased through increased evapotranspiration. 

Table 3. Sen's Slope Estimates 

Variable Sen's Slope Interpretation 

Temperature +0.03 °C/year Increasing trend 

Rainfall −2.5 mm/year Slight decrease 

Streamflow −1.8 m³/s/year Declining flow 
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(c) 

Fig. 4 Climate Impact on Hydrological Components 

The figure represents how the rainfall, temperature, and streamflow in the study area change over time. It is seen that the 

flow in the streams is in close association with the precipitation patterns, especially during the monsoon season, and temperature 

has an upward trend that affects the evapotranspiration and availability of water. 
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5.1. Seasonal Trend Analysis 

Seasonal analysis shows that there is a difference in behavior between monsoon and non-monsoon seasons. The hydrological 

response is mainly monsoon, and the non-monsoon season exhibits decreasing flow as a result of decreased precipitation and 

increased evapotranspiration. 

Table 4. Seasonal Mann–Kendall Results 

Season Variable Z Value Trend 

Monsoon Rainfall 1.85 Increasing 

Monsoon Streamflow 2.20 Increasing 

Non-monsoon Temperature 2.85 Increasing 

Non-monsoon Streamflow −2.40 Decreasing 

 

5.2. Relationship Between Climate Variables and Streamflow 

The findings reveal that the streamflow is sensitive to changes in the variability of precipitation than to changes in 

temperature. Nevertheless, rising temperature has an indirect negative influence on streamflow by accelerated evapotranspiration. 
 

Table 5. Correlation Analysis 
Variable Pair Correlation (r) Interpretation 

Rainfall–Streamflow 0.88 Strong positive 

Temperature–

Streamflow 
−0.62 Moderate negative 

 

 
(a) 
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(b) 

 
(c) 
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(d) 

Fig. 5 Sensitivity of streamflow to variations in temperature and precipitation 

 

The figure shows that streamflow is very sensitive to the change of precipitation and has a very positive response to the 

increased rainfall and a very negative response to the decreased rainfall. Conversely, temperature has a negative effect on 

streamflow because of the rise in losses through evapotranspiration. 

 

5.3. Sensitivity Analysis (Climate Impact) 

The sensitivity analysis shows that the changes in precipitation affect streamflow more than the changes in temperature. The 

loss of rainfall has a great influence on discharge reduction, but an increase in temperature has a second impact. 

 
Table 6. Streamflow Change (%) under Climate Variability 

Rainfall Change Temp +0 °C Temp +2 °C Temp +4 °C 
−30% −45% −48% −52% 

−20% −28% −31% −35% 
0% −4% −5% −7% 

+10% +30% +28% +25% 

6. Conclusion 

The current research is a detailed evaluation of how temperature increases and changes in rainfall affect seasonal streamflow 

processes of the Subarnarekha River basin, and specifically the Ranchi area. According to the results of the analysis of long-term 

hydro-meteorological data (2000–2020) on a nonparametric basis (Mann–Kendall test and Sen slope estimator), it was possible 

to conclude that the main hydro-climatic changes were significant. 

 

The results show that the increasing trend in temperature is statistically significant, whereas the trend in precipitation is 

fluctuating with a slight downward trend. This altering climatic behavior directly and indirectly affects the river discharge. 

Streamflow trends indicate a general decreasing trend, especially in the non-monsoon season, and indicate rising conditions of 

water stress. The seasonal analysis also highlights that the hydrological regime is still dominated by the monsoon flow, with dry 

season discharge being more susceptible to decreasing rainfall and increasing evapotranspiration under the influence of rising 

temperatures. 

 

The correlation and sensitivity analysis indicate that precipitation is the major controlling factor of streamflow variability, 

and that rainfall and discharge have a strong positive association. Nevertheless, temperature is a very important secondary factor 

since it increases the extent of evapotranspiration losses, which in turn lowers the availability of effective water. This is a 

compound effect on river flow, particularly when it is low. 

 

These results underline the growing vulnerability of the Subarnarekha River basin to climate variability and change. The 

growing uncertainty of rainfall and the rise in temperatures are severe threats to sustainable water resource management, 
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agriculture, and environmental stability in the area. The paper also emphasizes the power of seasonal analysis as average annual 

values can conceal essential intra-annual changes that are critical to the planning and decision-making process. 

 

Conclusively, the study notes the pressing need to change water management practices, such as enhanced rainfall harvesting, 

water efficiency, and climate-resilient planning. To reduce future risks, policy-makers and other stakeholders should incorporate 

the hydro-climatic trend analysis into the water resource planning in the region. It is suggested that further research using more 

sophisticated models and extended datasets would help to improve the comprehension of climate-hydrology interactions and 

achieve sustainable development of the basin. 
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