Evaluation of Remote Sensing and Reanalysis based Precipitation Products for hydrological studies
in semi-arid tropics of Tamil Nadu
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Table 1 General characteristics of selected study regions

Study Locations Area (km?)  Average Number of Precipitation (mm)
area stations
elevation North East  South West  Winter Summer Annual
(m) Monsoon Monsoon Season Season
(October to  (June to (January (March to
December) September) to May)
February)
Coimbatore 4732 427 26 343.8 686.8 19.6 164.8 1215.0
Madurai 3710 101 12 418.8 325.2 23.3 146.9 914.2
Tiruchirappalli 4509 74 15 394.2 276.6 18.1 96.7 785.6
Tuticorin 4745 27 to few 16 427.7 64.7 41.4 113.9 647.7

metres




Table 2 Daily precipitation characteristics of Coimbatore and Madurai

Coimbatore Madurai

Scale Product CC MAE RMSE BIAS RB 1A CC MAE RMSE BIAS RB 1A
Grid CMORPH 0.19 3.62 8.92 058 026 036 | 024 521 10.92 -1.12 -025 047
GPM 021  3.87 9.00 1.00 044 038 | 029 467 9.20 -1.60 -0.36 0.53

MSWEP 033 296 6.07 039 016 055 | 041  4.09 7.87 -1.85 -041 061

PERSIANN 020 4.25 7.72 037 016 056 | 035 452 8.00 -1.95 -043 0.62

TRMM 021  3.49 8.76 020 009 030 | 026 5.09 10.13 -1.26  -028 0.50

ERA5Land 037 2.86 6.32 035 015 057 | 045 3.86 751 204 -046 063

MERRA2 024 1895 41.36 1829 804 013 | 031 130 35.74 10.87 243 0.25

NCEP2 0.05 5.40 15.77 250 114 0.13 | 007 6.44 14.00 045 010 0.28

District  CMORPH 023  3.39 8.09 058 026 039 | 025 512 10.56 -1.12  -0.25 0.8
GPM 025  3.55 8.03 100 044 041 | 031 456 8.81 -160 -0.36 0.55

MSWEP 038 270 5.37 039 016 059 | 043  4.00 7.59 -1.85 -041 0.63
PERSIANN 023  4.04 7.15 -0.17 -015 059 | 036 4.44 7.80 -1.95 -043 0.64

TRMM 023 0.17 1.87 1.43  0.63 037 | 027 4.99 9.78 126  -0.28 0.52

ERAS5Land 039 0.06 0.61 -0.73 -045 059 | 048  3.79 7.24 -2.04 -046 065

MERRA2 029 187 39.9 1829 804 014 | 032 129 35.41 10.87 243 0.25

NCEP2 0.06 5.22 15.51 259 114 0.13 | 007  6.40 13.91 045 010 0.29




Table 3 Daily precipitation characteristics of Tiruchirappalli and Tuticorin

Tiruchirappalli Tuticorin

Scale Product CC MAE RMSE BIAS RB 1A CcC MAE RMSE  BIAS RB 1A
Grid CMORPH 020 4.19 9.46 -0.97 -0.28 042 | 033 388 8.50 -1.66 -0.45 0.55
GPM 0.26 4.19 9.53 -0.55 -0.16 0.47 | 038 3.99 7.94 -1.26 -0.34 0.60
MSWEP 0.33 345 7.23 -1.15 -0.33 056 | 046 3.23 6.62 -0.99 -0.29 0.66
PERSIANN 033 3091 7.32 -1.17 -0.33 057 | 043 3.62 6.53 -1.21 -0.34 0.63
TRMM 0.23 4.27 9.65 -0.67 -0.19 044 | 036 3.96 8.47 -1.53 -0.41 0.58
ERA5Land 037 3.24 6.92 -1.19 -0.34 059 | 039 357 7.23 -1.43 -0.39 0.61
MERRA?2 021 1119 3308 938 270 0.8 |0.30 11.89 33.27 10.49 2.83 0.23
NCEP2 0.10 5.50 1333 106 031 0.26 |0.12 6.16 13.59 1.48 0.40 0.30
District CMORPH 021 411 9.16 -0.97 -028 043 | 037 3.69 7.75 -1.66 -0.45 0.59
GPM 0.27 4.08 9.10 -0.55 -0.16 0.48 | 043 3.62 7.24 -1.26 -0.34 0.64
MSWEP 035 3.36 6.94 -1.15 -0.33 057 | 046 3.19 6.53 -0.99 -0.29 0.66
PERSIANN 035 381 7.08 -1.17 -0.33 058 |0.47 3.38 6.03 -1.21 -0.34 0.66
TRMM 024 4.17 9.30 -0.67 -0.19 045 | 0.40 3.74 7.73 -1.53 -0.41 0.61
ERAS5Land 039 3.15 6.66 -1.19 -0.34 060 | 046 3.28 6.37 -1.43 -0.39 0.66
MERRA?2 022 11.09 3284 938 270 0.17 |0.33 11.62 32.24 10.49 2.83 0.23
NCEP2 0.10 543 1321 106 031 0.26 |0.12 6.00 13.36 1.48 0.40 0.29




Table 4 Monthly precipitation characteristics of Coimbatore and Madurai

Coimbatore Madurai

Scale Product CC MAE RMSE BIAS RB 1A CC MAE RMSE BIAS RB 1A
Grid CMORPH 0.54 53.79 72.09 1760 0.26 0.72 | 0.16 66.47 91.80 -34.17 -0.25 0.79
GPM 0.48 61.88 83.12 3057 044 067 | 0.78 65.64 87.07 -48.76  -0.36  0.80
MSWEP 0.59 45,99 63.01 8.71 0.12 0.83 | 0.80 67.68 91.04 -58.34 -043 0.79
PERSIANN 0.34 8450 113.09 5451 0.79 054 | 0.69 68.06 87.18 -25.84 -0.19 0.79
TRMM 0.10 80.84  109.78 0.20 0.09 0.30 | 0.75 63.63 84.70 -38.29 -0.28 0.82
ERA5Land 0.62 43.63 62.80 5.70 0.08 0.78 | 0.81 69.98 93.25 -62.09 -0.46 0.78
MERRAZ2 -0.15 68.78 96.82 556.73 8.04 0.6 | 0.71 333.84 45954 33096 243 042
NCEP2 -0.08 12122 22595 7879 114 0.13 | -0.02 131.16 190.56 13.65 0.10 0.30
District CMORPH 0.63 47.69 60.63 1760 0.26 0.77 | 0.69 65.44 89.22 -34.17 -0.25 0.79
GPM 0.56 54.81 73.52 3057 044 071 | 0.80 64.83 85.03 -48.76  -0.36 0.81
MSWEP 0.69 38.43 50.66 8.71 0.12 0.83 | 0.81 67.00 89.25 -58.34 -0.43 0.80
PERSIANN 0.39 78.23 107.45 54.51 079 054 | 0.70 67.76 85.39 -2584 -0.19 0.80
TRMM -0.01 2.28 14.08 25.22 050 0.30 | 0.77 62.88 82.40 -38.29 -0.28 0.83
ERA5Land 0.72 35.84 50.35 5.70 0.08 0.84 | 0.83 69.45 91.38 -62.09 -046 0.78
MERRA?2 0.56 556.6  705.76 556.73 8.04 0.15 | 0.72 333.68 45792 33096 243 042
NCEP2 -0.09 117.6 223.0 78.79 114 0.2 | -0.02 130.84 189.86 13.67 0.10 0.30




Table 5 Monthly precipitation characteristics of Tiruchirappalli and Tuticorin

Tiruchirapalli Tuticorin

Scale  Product CC MAE RMSE BIAS RB IA_ |CC MAE RMSE BIAS RB 1A

Grid CMORPH 0.64 5551 79.11 -29.57 -0.28 0.77] 0.73 60.42 83.80 -50.57 -045 0.79
GPM 0.71 51.08 7225 -16.67 -0.16 0.83] 0.77 55.31 75.04 -3841 -0.34 0.83
MSWEP 0.75 5099 6996 -36.54 -0.35 0.82| 0.80 47.07 66.35 -32.02 -0.31 0.86
PERSIANN 0.77 4351  61.65 -7.32 -0.07 0.87] 0.73 50.59 69.23 -29.84 -0.26 0.83
TRMM 0.69 5199 7432 -2043 -0.19 0.82| 0.77 57.74 77.44 -46.41  -041 0.82
ERA5Land 0.79 4901 66.13 -36.16 -0.34 0.83| 0.65 62.03 89.45 -43.45 -0.39 0.77
MERRA2 0.59 17383.95 416.93 28537 270 0.34| 064  319.79 44833 31931 283 037
NCEP2 0.17 103.07 160.10 3227 031 040] 011 11470 169.54  45.12 0.40 0.38

District  CMORPH 0.65 53.66 76.60 -2957 -0.28 0.78 | 0.80 57.18 75.62 -50.57 -0.45 0.82
GPM 0.73 48.52 69.47 -16.67 -0.16 0.84 | 0.80 51.76 68.40 -3841 -0.34 0.85
MSWEP 0.77 49.13 67.24 -36.54 -0.35 0.83| 0.80 46.72 65.58 -32.02 -0.31 0.86
PERSIANN 0.79 41.04 58.07 -7.32  -0.07 0.89 | 0.82 44.03 61.57 -29.84 -0.26 0.86
TRMM 0.71 50.09 7146  -2043 -0.19 0.83] 0.83 55.92 70.34 -46.41 -041 0.84
ERA5Land 0.81 47.53 63.27 -36.16 -0.34 0.84 | 0.76 55.56 75.15 -43.45 -0.39 0.82
MERRA2 0.60 287.05 41575 28537 270 034 | 0.68  319.43 44323 31931 283 037
NCEP2 0.18 10269 15898 3227 031 040 0.11 113.03 167.21 45.12 040 0.37




Table 6 Yearly precipitation characteristics of Coimbatore and Madurai

Coimbatore Madurai
Scale Product CC MAE RMSE RB IA CC MAE RMSE RB 1A
Grid CMORPH 0.21 34476  423.07 024 0.47 | 0.42 433.69  539.15 -0.26 0.52
GPM 0.12 45490 536.78 044 044 | 0.64 585.09  644.06 -0.36 0.50
MSWEP 0.05 31751 39789 0.12 041 | 0.45 700.10  767.09 -0.43 0.44
PERSIANN 0.39 67097 73166 079 044 | 0.61 330.26  416.82 -0.19 0.60
TRMM -0.61 860.22 93929 0.09 0.07 | 0.48 462.26  560.14 -0.28 0.54
ERA5Land 0.33 278.73 346.07 0.08 0.57| 0.66 745.05  791.22 -1.00 0.25
MERRA?2 -0.01 6680.71 6878.40 8.04 0.07 | 035 3971.54 414824 243 0.12
NCEP2 -0.23 97694 114597 114 026 | -0.75 471.97  609.66 0.10 0.07
District CMORPH 0.42 9.69 56.92 0.24 053 | 044 61.43 200.58 -0.26 0.52
GPM 0.41 15.95 85.22 044 040 | 0.67 83.60 241.07 -0.36 0.51
MSWEP 0.43 12.50 53.03 0.12 058 | 0.47 100.03  287.87 -0.43 0.45
PERSIANN 0.47 27.25 13893 0.79 0.31| 0.63 45.61 154.01 -0.19 0.61
TRMM 0.37 6.53 39.02 0.09 057 ]| 049 65.67 208.98 -0.28 0.54
ERA5Land 0.69 9.72 41.64 0.08 080 | 0.71 106.46  296.84 -0.46 0.46
MERRAZ2 0.30 278.36 139466 8.04 0.04| 036 567.34 156542 243 0.12
NCEP2 -0.48  39.40 22568 114 0.12 | -0.77 66.67 228.17 0.10 0.07




Table 7 Yearly precipitation characteristics of Tiruchirappalli and Tuticorin

Tiruchirappalli Tuticorin
Scale  Product cC MAE RMSE RB IA cC MAE RMSE RB IA
Grid CMORPH 032  382.18 468.57 029 049 | 0.46 625.21 693.33 046 044
GPM 0.68  230.68 283.43 016 072 | 071 461.92 517.85 -0.34 055
MSWEP 0.68  438.44 481.53 035 051 | 0.77 384.15 425.33 031 056
PERSIANN 0.68 174.31 217.84 -0.07 080 | 0.48 379.93 463.14 -0.26 050
TRMM 0.60  266.01 333.92 019 065 | 0.60 558.37 617.91 041 048
ERA5Land 0.82 43431 461.09 034 057 | 021 521.35 669.71 039 041
MERRA2 0.31 342442  3523.97 270 012 | 0.30 3831.64 3923.29 283  0.13
NCEP2 -0.23 44651 567.99 031 032 | -0.54 640.77 746.16 040  0.25
District ~ CMORPH 0.35 45.75 160.87 029 049 | 0.73 51.83 187.02 046 0.4
GPM 0.74 25.64 92.69 016 074 | 0.88 38.42 138.19 034 054
MSWEP 0.74 54.80 165.86 035 051 | 081 192.15 295.53 031 057
PERSIANN 0.79 17.66 62.87 -0.07 085 | 085 29.85 113.78 026 056
TRMM 0.67 30.63 110.92 019 067 | 0.90 46.43 164.62 041 049
ERA5Land 0.92 54.21 157.49 -0.34 058 | 0.90 43.44 154.23 039 051
MERRA2 0.33  428.06 1245.12 270 011 | 0.44 319.30 1127.75 283 011
NCEP2 -0.24 54.81 197.06 031 031 | -071 53.25 207.55 040  0.20




Figure 1. Map of Tamil Nadu and study regions (Coimbatore, Madurai, Tiruchirappalli, Tuticorin)
with ground stations

Tamil Nadu

Study Regions.

@ Ground station

0 475 95 190Kilometers o v




(b) Madurai, (c)

itation (0-1 mm) for (a) Coimbatore,

i Occurrence frequency of preci
i irapalli and (d) Tuticorin




Figure 3 Occurrence frequency of precipitation (1-> 50 mm) for (a) Coimbatore, (b) Madurai, (c)
Tiruchirapalli and (d) Tuticorin
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Figure 4 Monthly Mean (a) and %MAE (b) of different precipitation products with respect to
Station data in Coimbatore
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Figure S Monthly Mean (a) and %MAE (b) of different precipitation products with respect to
Station data in Madurai
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Figure 6 Monthly Mean (a) and %aMAE (b) of different precipitation products with respect to
Station data in Tiruchirapalli
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Figure 7 Monthly Mean (a) and %MAE (b) of different precipitation products with respect to
Station data in Tuticorin
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Figure 8 Taylor diagram depicting the agreement between station data and precipitation products

at a yearly grid scale.
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Figure 9 Taylor diagram depicting the agreement between station data and precipitation products

at a yearly district scale.
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Figure 10 Mean annual precipitation for the Station data and different precipitation products at

Coimbatore
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Figure 11 Mean annual precipitation for the Station data and different precipitation products at Madurai
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Figure 12 Mean annual precipitation for the Station data and different precipitation products at

Tiruchirappalli
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Figure 13 Mean annual precipitation for the Station data and different precipitation products at Tuticorin
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