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This file contains eleven figures and two text paragraphs supporting the results presented in the main 

manuscript. The details of the figures are provided in the captions. 

  



 

 

Figure S1. (a) Topography map of Peninsular region. The black circle represents the location of Gadanki in the 

Peninsular system [Reprinted from: (Jayaraman et al., 2010)] (b) High-resolution topography map for 50 km 

radius around the selected location of Gadanki [Reprinted from: (Jayaraman et al., 2010)]. 

 

 

 

 



 

Figure S2: Spatial variation of South-West, North-East monsoon and annual rainfall in Peninsular India. The 

South-West monsoon (a) causes heavy rainfall along the Western Ghats. After crossing the Western Ghats, the 

rainfall reduces towards north-west direction. The low pressure systems  which is caused due to synoptic-scale 

tropical disturbances formed over Bay of Bengal, moves in north-western direction towards mainland India. This 

low pressure systems brings significant amount of rainfall over the central India (Krishnamurthy & Ajayamohan, 

2010; Prakash et al., 2015). The North-East monsoon (b) rainfall occurs mostly in the southern part of Peninsular 

region. The influence of both South-West and North-East monsoons introduce a bimodal seasonal patterns in 

monthly rainfall in the southern part of the Peninsular region.
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Figure S3. Estimation of 𝑞sim using constructed annual CDF. The non-exceedance probability (denoted by CDF 

– shown in continuous black line) corresponding to actual streamflow (𝑞actual) is used to estimate the 𝑞sim based 

on the constructed annual CDF (shown in dashed black line). The CDF corresponding to 𝑞sim is developed based 

on equation 6. 
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Figure S4: Performance of time scale partitioning framework for monthly flows in approximating the annual flow 

duration curve.  
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Figure S5: Performance of seasonal and monthly time scale partitioning of streamflow in approximating annual 

flow duration curve (a and d) and estimation of mean (b and e) and variance (c and f) of annual streamflow. The 

performances of seasonal time scale partitioning in approximating annual flow duration curve and estimation of 

mean and variance of annual streamflow are better than the monthly time scale partitioning. This may be due to 

the influence of longer duration in seasons which considers intra-seasonal carry over flows during monsoons. At 

monthly time scale, the carry over flows across different months are not considered in the framework. 
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Figure S6. Contributions of seasonal rainfall to annual rainfall for long-term (1951-2010) period.
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S1 Independence between flows across seasons: 

 

The multivariate Hoeffding test (Gaißer et al., 2010) is conducted to check the independence between three 

random variables representing Non-monsoon, South West Monsoon and North East Monsoon flows respectively. 

A value of test statistic –  𝜑2 – close to zero indicates independence between three random variables. It is observed 

that except for two stations in Krishna basin, 60 out of 62 stations are showing independence between flows across 

seasons (Figure S7). Therefore, the assumption of no carry-over is used to construct annual FDC based on seasonal 

FDCs. 

 

Figure S7: Test of independence across seasonal flows. 
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Figure S8. The schematic representation illustrates the process partitioning of streamflow time series into the fast 

flow and slow flow components (Ghotbi et al., 2020a).  
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Figure S9: Spatial variation of slow, fast and total flow duration curves across Peninsular region. The fast and 

slow flow duration curves in the northern part of the region cut off after sustaining for 90% of the time. However, 

in the southern region, slow flow duration curves sustain throughout the entire duration, with magnitude higher 

than that of fast flow. 
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Figure S10: Goodness of fit of mixed gamma distribution for fast and slow flow components at seasonal scales. 

The values of coefficient of determination (R2) and Nash-Sutcliffe efficiency (NSE) represent how well the 

observed flow duration curve is simulated using mixed gamma distribution model. It is observed that, the 

magnitude of R2 of slow flow across all seasons is higher than that of fast flow. This is due to the fact that slow 

flow has higher residence time in the system which tend to reduce the variability in the flow dynamics. The nature 

of the geologic formations that supports the transmission of slow flow is one of the major factors controlling the 

slow flow variability. The performance of fast flow (R2) is better during South-West monsoon season – the 

dominating season for streamflow generation.  
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Figure S11: Normalized empirical FDCs and mixed gamma distribution fits for slow flow and fast flow. The 

logarithmic scale in y-axis tend to exaggerate the poor fits. 

S2. Process partitioning 

Daily streamflow is partitioned in such a way that it approximates the statistical summation of fast flow and slow 

flow at the daily scale: 

 𝑄 = 𝑄𝑓 + 𝑄𝑠 (S1) 

where 𝑄 is the daily streamflow, 𝑄𝑓 is the daily fast flow, 𝑄𝑠 is the daily slow flow.   

The relative contributions of fast flow (𝐶 → 𝑇𝐹) and slow flow (𝐶𝑆𝐹 → 𝑇𝐹) to total flow can be expressed as 

 
𝐶𝑄𝑓 → 𝑄 =

𝑇𝑜𝑡𝑎𝑙 𝐹𝑎𝑠𝑡 𝐹𝑙𝑜𝑤 𝑉𝑜𝑙𝑢𝑚𝑒

𝑇𝑜𝑡𝑎𝑙 𝐹𝑙𝑜𝑤 𝑉𝑜𝑙𝑢𝑚𝑒
 

(S2) 

 
𝐶𝑄𝑠 → 𝑄 =

𝑇𝑜𝑡𝑎𝑙 𝑆𝑙𝑜𝑤 𝐹𝑙𝑜𝑤 𝑉𝑜𝑙𝑢𝑚𝑒

𝑇𝑜𝑡𝑎𝑙 𝐹𝑙𝑜𝑤 𝑉𝑜𝑙𝑢𝑚𝑒
 

(S3) 

Note that 𝐶𝑄𝑓 → 𝑄 and 𝐶𝑄𝑠 → 𝑄 effectively measure the relative contributions of fast and slow flows to the mean of 

the annual flow duration curve.  

S3. Investigating the slow flow fraction of total flow in Peninsular India 

The variability in slow flow fraction  (SFF) is investigated using multiple linear regression by considering the 

recession parameters, β and γ in the equation −
𝑑𝑄

𝑑𝑡
= 𝛾𝑄𝛽 and the location of the gauge (δ, latitude). The results 

are provided below: 
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Regression Model: 

 

𝑆𝐹𝐹 = 𝛼0 + 𝛼1𝛾 + 𝛼2𝛽 + 𝛼3𝛿 

 

 
 

Number of observations: 62, Error degrees of freedom: 58 

Root Mean Squared Error: 0.0612 

R-squared: 0.524,  Adjusted R-Squared 0.5 

F-statistic vs. constant model: 21.3, p-value = 1.98e-09 

 

The above regression model was able to explain to about 52% of the variability in slow flow 

fraction of total flow, and in general, the model is found to be useful to explain SFF in terms 

of recession parameter and latitude. A fraction of the unexplainable part in SFF can be 

attributed to the heterogeneity in subsurface geologic formations and dam induced variations 

in the catchment storages. However, at a regional scale, the south-north gradient (represented 

by the parameter 𝛿) can explain the variability in slow flow fraction to total flow. This regional 

setting is an important outcome to understand the streamflow variability in Peninsular region 

of India. 
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Coefficients Estimate SE tStat pValue

α0, (Intercept) 0.35361 0.055275 6.3973 2.99E-08

α1 -0.024117 0.021119 -1.142 0.25816

α2 0.12791 0.025704 4.9764 6.12E-06

α3 -0.015556 0.0023978 -6.4875 2.12E-08


