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Supplementary Texts 

Text S1: Mathematical Formulation CPM Indices  

Composite Performance Measure (CPM) is a variant of Frequency-based Performance Measure (FBPM; 

defined in Eq. (1)) which incorporates the penalizing indices (𝜓𝑘,𝑗) and is defined in Eq. (2). We used five (𝑗 =

1, 2, ⋯ , 5) CPM indices: (a) variance index (VI) (b) interquartile range index (IQRI), (c) correlation index (CI), 

(d) bounded relative absolute error index (BRAEI) and (d) Kolmogorov-Smirnov index (KSI), which are 

defined as the ratio of variance, interquartile range, Pearson’s correlation coefficient, absolute differences 

incorporating the variable value from one step naïve model and bin specific absolute maximum difference 

between cumulative distribution function (CDF) obtained from time matched observed precipitation in other 

datasets and IMD for each bin, respectively (cf. Teegavarapu et al., 2022). To readily compare among the 

indices, indices are normalised by introducing a transformation function (𝐺𝑞(𝜓𝑘,𝑞)) in CPM and bounded 

between 0 and 1. The used CPM indices and normalising procedure are defined in the Eq. (S1.1) to (S1.5).  
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where 𝐺𝑗(𝜓𝑘,𝑗) is the transformation function employed on 𝑗𝑡ℎ CPM indices in 𝑘𝑡ℎ bin; 𝜎, 𝛿, and 𝜌 are the 

standard deviation, interquartile range, and Pearson’s correlation coefficient of the corresponding suffix 

variables, respectively; 𝜙𝑘 is the total number of time index-matched observed rainfall in other datasets with 

respect to base dataset in 𝑘𝑡ℎ bin; 𝑒𝑝,𝑘,𝑡
𝑞

 is obtained from a one-step naïve model (𝑋𝑡 = 𝑋𝑡−1); 𝑌𝑝,𝑘
𝑡𝑟𝑢𝑒 and 𝑌𝑝,𝑘,𝑡
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𝑜𝑏𝑠 , respectively; Ϝ is the value CDF of the suffix variable at the 

maximum observed value of the variable in 𝑘𝑡ℎ bin.  
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Text S2: Mathematical Formulation of the Continuous and Categorical Performance 

Measures  

To assess and investigate the ability of precipitation datasets with respect to IMD in capturing precipitation 

variability, we evaluated their performance using six continuous and two categorical metrics. The adopted six 

continuous measures are: random RMSE, systematic RMSE, normalised RMSE, percentage bias, correlation 

coefficient, degree of agreement and two categorical measures are: critical success index and false alarm ratio 

of 𝑞𝑡ℎ dataset evaluated with respect to IMD (designated as ‘truth’) are defined in Eq. (S1.6)- (S1.13). 
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where 𝑦𝑖
𝑡𝑟𝑢𝑒 and 𝑦𝑖

𝑞
represents rainfall values (mm/day) in the base and 𝑞𝑡ℎdataset at 𝑖𝑡ℎ time step; �̂�𝑜𝑏𝑠 =

𝛽1 × 𝑦𝑡𝑟𝑢𝑒 + 𝛽2; 𝑛 denotes valid (𝑦𝑖
𝑡𝑟𝑢𝑒 , 𝑦𝑖

𝑞
) pair where either one is non-NaN; 𝛼𝑞 and 𝛽𝑞 indicate the 

concordant and discordant pairs in 𝑞𝑡ℎ dataset with respect to IMD; H represents the frequency of precipitation 

events occurrence in observed both in IMD and 𝑞𝑡ℎ datasets; 𝑀 represents the number of precipitation events 

observed in IMD but absent in 𝑞𝑡ℎ datasets; 𝐹 represents the number of precipitation events observed in 𝑞𝑡ℎ 

datasets but absent in IMD. Daily precipitation and no-precipitation events are identified by the threshold of 2.5 

mm/day instead of 0 mm/day to eradicate the effect of very light drizzle (Bhatla et al., 2016; Sonar, 2014).  
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Supplementary Figures 

 

Fig. S1: Spatial location of homogenous rainfall regions (a) (Parthasarathy, 1995) and Koppen-Gieger climate 

zones (b) (Beck et al., 2018). 

 

 
Fig. S2: Spatial distribution of temporal frequency of seven characteristics rainfall events, which are (1) no-

rain or drizzle (< 2.5 mm/day), (2) light rain (2.5-7.5 mm/day), (3) moderate rain (7.5-36 mm/day), (4) rather 

heavy rain (36-65 mm/day), (5) heavy rain (65-125 mm/day), (6) very heavy rain (125-245 mm/day), (7) 

exceptionally heavy rain (≥ 245 mm/day) (Bhatla et al., 2016; Sonar, 2014) derived from IMD data. Event 

frequency indicates the ratio of number of times a rainfall event occurred in daily scale to the total observation 
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days used in this study (i.e., 32 years × 122 days in each year during JJAS months). Saptial variability of the 

respective seven rainfall events (bottom right pannel). 

 

 

 
 

Fig. S3: Spatial distribution of six (frequency-based performance measure (FBPM), variance index (VI), 

interquartile range index (IQRI), correlation index (CI), (d) bounded relative absolute error index (BRAEI) 

and Kolmogorov-Smirnov index (KSI)) interval based performance measures (IBPMs) of seven examined 

dataset (indicated by columns) with respect to IMD (indicated in each row) for no -rain or drizzle event.  



Supplementary Information for Spatial assessment of the reproducibility of Indian summer monsoon rainfall regimes in 

multiple gridded rainfall products 

[6] 

 
Fig. S4: Same as Fig. S3, but for little rain events 

 
Fig. S5: Same as Fig. S3, but for rather moderate rain events 
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Fig. S6: Same as Fig. S3, but for rather heavy rain events 

 
Fig. S7: Same as Fig. S3, but for heavy rain events 
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Fig. S8: Same as Fig. S3, but for very heavy rain events 

 
Fig. S9: Same as Fig. S3, but for exceptionally very heavy rain events 
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Fig. S10: Spatial distribution of six continuous and two categorical perfromacne measures and magnitude of 

mean and standard deviation difference (each row indicates the one metric) of the seven datasets (indicated 

in each column) with respect to IMD. Six continous measures used here are: random root mean square 

(𝑅𝑀𝑆𝐸𝑟𝑎𝑛𝑑), systematic RMSE (𝑅𝑀𝑆𝐸𝑠𝑦𝑠𝑡), normalised RMSE (𝑁𝑅𝑀𝑆𝐸), percentage bias (𝑃𝑏𝑖𝑎𝑠), 

Kendall’s correlation coefficient (𝜏), degree of agreement (𝐷), critical success index (𝐶𝑆𝐼) and false alarm 

ratio (𝐹𝐴𝑅)  

 

 

 
 

Fig. S11: Fraction of grid points represent the significant rank score in seven datasets. Percentage of fraction 

of grids is calculated using the number of grid points to total number of valid grids observed within Indian 

domain. Significance of the rank score derived from the bootstrap samples are derived within the 95% 

confidence interval.  
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Fig S12: Same as Fig. 5, but for rank four (a), five (b), six (c) and seven (d).  
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