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Figure S1. Approximation time series of Pgr obtained from DWT for the hydrological period of 1981-82 to
2012-13
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Figure S2. (a) Plot of auto-correlation function (ACF) and partial auto-correlation function (PACF) of actual
Per data time series data that are used to identify order (p, d, g) of ARIMA model. The solid lines represent the
95% confidence intervals.
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Figure S2. (a) (Continued)
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Figure S2. (b) Plot of auto-correlation function (ACF) and partial auto-correlation function (PACF) of DWT
denoised Pgy time series data that are used to identify order (p, d, q) of ARIMA model. The solid lines represent
the 95% confidence intervals. It is notable that lag-1 auto-correlation is higher than actual (See Fig. S2.a) data
that also satisfy the condition of denoising.
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Figure S2. (b) (Continued)
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Figure S3. (a) Plot of auto-correlation function (ACF) and partial auto-correlation function (PACF) of actual
Agr data. It is observed that there is no spike that cross the solid lines (represent the 95% confidence intervals).
Therefore, classical ARIMA model is not suitable for modeling the Agr.
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Figure S3. (a) (Continued) it is observed that there is no spike that cross the solid lines (represent the 95%
confidence intervals) except Khulna station. Therefore, classical ARIMA model is not suitable for modeling the
AET-
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Figure S3. (b) Plot of auto-correlation function (ACF) and partial auto-correlation function (PACF) of DWT
denoised Agr time series data. It is observed that there are spike at different lags that cross the solid lines
(represent the 95% confidence intervals). Therefore, ARIMA model is suitable for modeling the denoised Agr
time series data. It is also seen that lag-1 auto-correlation is higher than the figures in Fig. S3 (a) that also satisfy
the condition of denoising.
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Figure S3. (b) Continued
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Figure S4. (a) Plot of auto-correlation function (ACF) and partial auto-correlation function (PACF) of actual
annual surplus data. It is observed that there is no spike that cross the solid lines (represent the 95% confidence
intervals) except a few cases. Therefore, classical ARIMA model is not suitable for modeling the annual surplus.
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Figure S4. (b) Plot of auto-correlation function (ACF) and partial auto-correlation function (PACF) of DWT
denoised annual surplus time series data. It is observed that there are spike at different lags that cross the solid
lines (represent the 95% confidence intervals). Therefore, ARIMA model is suitable for modeling the denoised
annual surplus time series data. It is also seen that lag-1 auto-correlation is higher than the figure in S3 (a) that
also satisfy the condition of denoising.
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Figure S5. (a) Plot of auto-correlation function (ACF) and partial auto-correlation function (PACF) of actual
deficit time series data. It is observed that there is no spike that cross the solid lines (represent the 95%
confidence intervals) except some cases. Therefore, classical ARIMA model is not suitable for modeling the
annual deficit.
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Figure S5. (a) (Continued)
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Figure S5. (b) Plot of auto-correlation function (ACF) and partial auto-correlation function (PACF) of DWT
denoised annual deficit time series data. It is observed that there are spike at different lags that cross the solid
lines (represent the 95% confidence intervals). Therefore, ARIMA model is suitable for modeling the denoised
annual deficit time series data. It is also seen that lag-1 auto-correlation is higher than the figure in S3 (a) that
also satisfy the condition of denoising.
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Figure S6. Plot of best wavelet ARIMA model of PET first panel represents actual versus fitted values for the
period of 1981-82 to 2012-2013, second panel is normal Q-Q plot of residuals of the model, and third panel
shows actual, fitted and forecasted values for the period of 2009-2010 to 2012-13
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Figure S6. (Continued)
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Figure S7. Plot of best wavelet ARIMA model of AET first panel represents actual versus fitted values for the
period of 1981-82 to 2012-2013, second panel is normal Q-Q plot of residual of the model, and third panel
shows actual, fitted and forecasted values for the period of 2009-2010 to 2012-13.
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Figure S8. Plot of best wavelet ARIMA model of annual surplus first panel represents actual versus fitted
values for the period of 1981-82 to 2012-2013, second panel is normal Q-Q plot of residual of the model, and
third panel shows actual, fitted and forecasted values for the period of 2009-2010 to 2012-13.
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Figure S9. Plot of best wavelet ARIMA model of annual deficit first panel represents actual versus fitted values
for the period of 1981-82 to 2012-2013, second panel is normal Q-Q plot of residual of the model, and third
panel shows actual, fitted and forecasted values for the period of 2009-2010 to 2012-13.
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Table S1: Z statistic of MK or MMK of original time series, approximation and different models of Pgr of
DWT (the dominant components are bold and asterisk for significant at 5% level)

Stations Barisal Bhola Bogra Dinajpur

z Co | MSE z Co | MSE z Co | MSE z Co | MSE
Original 0.72 2.37* -0.2 -0.98
A -1.80 | 0.24 | 1156 | -1.8 |-015|17.15| -1.8 | 0.83 | 466 | -1.8 | 0.83 | 3.47
D1 091 | 05 05 | 202 | 025 | 0.68 | 116 |-042| 5.1 - -031 ] 7.7
D2 -0.03 | 017 | 151 | 061 | 021 | 094 | 0.16 | 0.60 | 3.7 0.43 | 0.63 | 8.82
D3 045 | 017 | 151 | 046 | 0.21 | 094 | 1.08 | 0.60 | 3.7 0.90 | 0.63 | 8.82
D4 0.76 | 0.37 | 3.93 1.2 08 | 728 | 1.14 | 0.13 | 3.76 | 2.10* | -0.03 | 13.35
D1+A -089 | 035 | 0.71 | 158 | 0.11 | 0.72 |-2.35*| 0.90 | 054 | -1.7 | 0.95 | 0.44
D2+A -151 | 014 | 275 | 048 | 0.13 | 1.05 | -1.54 | 0.89 | 0.62 | -2.05* | 0.93 | 1.25
D3+A -0.66 | 0.50 | 190 | 0.31 | 0.14 | 1.23 | -191 | 0.89 | 572 | -1.56 | 0.95 | 3.03
D4+A 0.06 | 0.53 | 9.99 09 |077 | 871 | 034 | 058 | 7.32 | -1.79 | 0.85 | 241
D1+D2+A | -0.89 | 0.35 | 082 | 0.73 | 0.39 | 0.68 | -1.12 | 0.88 | 0.77 | -1.76 | 0.97 | 0.18
D1+D3+A | -0.81 | 058 | 0.88 | 0.79 | 031 | 0.69 | -1.33 | 0.87 | 0.89 | -1.51 | 0.98 | 0.38
D1+D4+A | 091 | 0.63 | 1.16 | 2.29* | 0.83 | 0.35 | 0.24 | 0.87 | 053 | -1.15 | 0.97 | 0.2
D2+D3+A | -046 | 043 | 1.24 | 101 | 008 | 242 | -1.33 | 0.89 | 1.1 | -1.37 | 096 | 1.35
D2+D4+A | 054 | 05 | 284 | 2.36* | 0.77 | 068 | 0.10 | 0.88 | 0.6 | -1.27 | 0.94 | 0.85
D3+D4+A | 056 | 0.85 | 2.04 | 183 | 090 | 0.74 | -0.30 | 0.87 | 1.37 | -1.54 | 0.96 | 2.1

Faridpur Ishurdi Jessore Khulna

z Co | MSE z Co | MSE z Co | MSE z Co | MSE
Original -0.51 -0.22 0.2 -1.35
A -18 1075 | 711 | -18 | 092 | 449 | -1.8 | 0.79 | 446 | -1.8 | 049 | 6.59
D1 2.24* | -0.22 | 3.09 | 3.25* | 0.26 | 419 | 045 |-0.14| 6.00 | 0.12 | -0.28 | 3.34
D2 - 047 | 23 | -0.16 | 062 | 444 | 028 | 061 | 451 | -0.11 | 0.3 | 449
D3 040 | 047 | 23 05 | 062 | 444 | 0.87 | 0.61 | 451 | -0.01 | 0.3 | 4.49
D4 115 | -033| 462 | 1.24 | 003 | 6.26 | 0.71 | 0.63 | 3.88 | 0.44 | 0.21 |11.19
D1+A -1.57 | 092 | 0.36 | -1.38 | 0.85 | 0.75 | -2.77 | 0.56 | 1.95 | -1.90 | 0.7 | 0.86
D2+A -1.28 | 085 | 094 | -1.74 | 0.88 | 1.11 | -1.44 | 0.72 | 1.32 | -2.35* | 0.65 | 2.36
D3+A -0.95 | 093 | 0.87 | -1.48 | 0.88 | 3.71 | -1.32 | 0.19 | 298 | -1.41 | 0.93 | 1.08
DA4+A -0.96 | 0.51 | 105 | -0.71 | 0.87 | 5.33 0.01 | 0.84 | 451 | -1.52 | 0.54 | 5.44
D1+D2+A | -1.31 | 0.89 | 0.33 | -1.45 | 0.88 | 0.41 | -1.14 | 0.64 | 151 | -1.77 | 0.72 | 0.76
D1+D3+A | -0.81 | 0.95 | 0.19 | -1.06 | 0.79 | 097 | -0.80 | 0.13 | 3.14 | -1.24 | 0.98 | 0.11
D1+D4+A | -0.47 | 0.78 | 0.65 | -0.12 | 0.95 | 0.2 029 | 092 | 133 | -1.86 | 0.72 | 0.8
D2+D3+A | -094 | 095 | 086 | -1.3 | 0.83 | 191 | -0.88 | 0.48 | 235 | -1.16 | 0.92 | 0.55
D2+D4+A | -091 | 0.79 | 119 | -062 | 097 | 082 | 042 | 093 | 055 | -18 | 0.72 | 1.65
D3+D4+A | -049 | 091 | 095 | -06 | 093 | 3.73 | -0.32 | 0.88 | 3.14 | -1.39 | 0.86 | 0.65

Rajshahi Rangpur Satkhira

z Co | MSE z Co | MSE z Co | MSE
Original -1.52 -0.79 -2.07
A -1.8 1 097 | 052 | -1.8 | 0.68 | 6.86 | -1.8 | 0.99 | 0.48
D1 - -0.1 | 12.77 - 0.28 | 3.74 NA |-0.08 | 12.88
D2 1.18 | 0.27 | 15.54 - 0.44 | 4.95 0.32 0.8 | 12.19
D3 -0.01 | 0.27 | 1554 | 0.71 | 0.44 | 495 | -2.25 0.8 | 12.19
D4 138 | -0.2 | 1147 | 225* | 0.02 | 81 | -098 | 0.24 | 6.7
D1+A -1.85 | 0.96 | 0.38 |-2.22*| 0.89 | 0.47 | -1.88 | 0.99 | 0.15
D2+A -2.01 | 096 | 0.65 | -1.88 | 0.88 | 1.03 | -1.67 | 0.99 | 0.24
D3+A -1.86 | 098 | 047 | -1.3 | 094 | 1.82 | -1.97 | 0.98 | 0.98
D4+A -1.18 | 096 | 045 | -1.37 | 081 | 1.8 | -1.81 | 0.98 | 1.03
D1+D2+A |-1.98*| 0.97 | 051 | -1.99* | 0.88 | 053 | -1.63 | 0.99 | 04
D1+D3+A | -1.69 | 0.97 | 0.16 | -1.67 | 0.97 | 0.23 | -1.82 | 0.99 | 0.14
D1+D4+A | -1.06 | 0.97 | 0.26 | -1.28 | 092 | 0.34 | -1.77 | 0.99 | 0.19
D2+D3+A | -1.94 | 096 | 0.37 | -1.11 | 0.99 | 0.26 | -1.65 | 0.99 | 0.27
D2+D4+A | -1.38 | 0.97 | 0.34 -1 089 | 0.74 |-217*| 1 0.05
D3+D4+A| -1.39 | 097 | 102 | -081 | 097 | 05 | -1.79 | 098 | 1.2




Table S2: Z statistic of MK or MMK of original time series, approximation and different models of Agy of
DWT (the dominant components are bold and asterisk for significant at 5% level)

Stations Barisal Bhola Bogra Dinajpur

z Co | MSE z Co | MSE z Co | MSE z Co | MSE
Original -1.35 -0.21 0.31 -0.68
A -1.8 | 023 | 1294 | 18 | 022 | 959 | 1.8 | -0.03 | 16.07 | -1.8 | 0.42 | 14.63
D1 057 | 001 | 132 | -01 | 048 | 1.74 | -0.05| 055 | 0.1 | 0.04 | 0.28 | 0.34
D2 -0.34 | -0.15 | 1.38 | 0.7 04 | 083 | 054 | 018 | 159 | -0.24 | 049 | 0.3
D3 182 |-015| 138 | 0.16 | 04 | 083 | 0.8 | 018 | 1.59 | 053 | 049 | 0.3
D4 -1.2 | 087 | 434 | -1.38| 082 | 3.15 | 1.38 | 047 | 6.77 | -2.26 | 0.33 | 2.95
D1+A -1.33 | 056 | 0.81 | 069 | 0.2 | 1.07 | 0.02 | 048 | 0.14 | 0.04 | 0.3 | 0.34
D2+A -1.93 | 057 | 1.89 | 399 | 0.03 | 1.02 | 0.67 | 0.18 | 1.65 | -0.66 | 0.55 | 0.33
D3+A -141 | 071 | 354 | 218 | 0.08 | 3.03 | 1.14 | 0.38 | 0.63 | 0.37 | 0.66 | 0.65
D4+A -1.86 | 0.86 | 45 |-081| 091 | 1.83 | 1.65 | 0.46 | 6.74 | -2.64 | 0.37 | 3.55
D1+D2+A | -1.09 | 0.65 | 0.98 | 0.76 | 05 | 0.78 | -0.72 | 0.58 | 0.11 | -0.24 | 0.54 | 0.25
D1+D3+A | -0.21 | 0.63 | 0.78 | 0.66 | 0.57 | 0.61 | 0.19 | 0.7 | 0.08 | 0.28 | 0.71 | 0.24
D1+D4+A | -1.86 | 0.92 | 0.38 | -0.37 | 09 | 0.18 | 0.24 | 0.6 | 0.09 | -0.86 | 0.54 | 0.41
D2+D3+A | -0.87 | 0.71 | 1.62 | 146 | 044 | 1.13 | 1.32 | 042 | 1.28 | -0.06 | 0.65 | 0.52
D2+D4+A | -25 | 0.92 | 052 | -0.35| 0.89 | 0.62 | 1.86 | 041 | 14 | -0.97 | 0.39 | 1.06
D3+D4+A | -164 | 0.92 | 1.33 | -0.74| 09 | 213 | 155 | 0.64 | 0.57 -1 0.78 | 0.83

Faridpur Ishurdi Jessore Khulna

z Co | MSE z Co | MSE z Co | MSE z Co | MSE
Original -1.91 -2.9* -0.36 -1.82
A -1.8 | 073 | 732 | -1.8 | 043 | 594 | -18 | 0.62 | 8.07 | 1.8 0.2 | 1481
D1 041 | 0.23 | 262 | -0.24 | 0.39 | 494 | 0.05 | -0.02 | 2.02 | -0.18 | 0.43 | 0.47
D2 -04 | -036| 1.75 | -0.72 | 0.04 | 255 | 0.89 | 041 | 3.31 |-2.22*| 0.26 | 1.51
D3 093 | -0.36 | 1.75 | -0.08 | 0.04 | 255 | 057 | 041 | 331 | -1.1 | 0.26 | 151
D4 -1.65 | 055 | 2.04 |-2.23*| 0.36 | 2.36 | 0.49 | 0.24 | 7.2 -1.3 | 0.78 | 6.23
D1+A -0.99 | 0.71 | 047 |-3.17%| 051 | 181 | -1.99 | 0.8 | 051 | -0.08 | 0.44 | 0.46
D2+A -161 | 0.81 | 1.11 |-2.17*| 0.70 | 052 | -1.35 | 0.76 | 0.88 | -1.3 | 0.16 | 1.35
D3+A -1.73 | 0.76 | 752 | -154 | 070 | 1.17 | -1.25 | 0.7 | 1.85 | 0.02 | -0.34 | 2.09
D4+A -7.98*| 0.87 | 7.44 |-4.05*| 0.60 | 25 | -0.40 | 0.55 | 10.05 | -1.12 | 0.81 | 6.76
D1+D2+A | -1.05| 0.82 | 0.24 | -1.86 | 0.76 | 0.57 | -1.90 | 0.76 | 0.32 | -0.7 | 0.31 | 0.57
D1+D3+A | -06 | 0.69 | 053 | -1.35 | 0.65 | 0.72 | -1.28 | 0.78 | 0.24 | -0.37 | 0.27 | 0.57
D1+D4+A |-2.35*| 0.91 | 0.18 |-2.71*| 0.55 | 0.94 | -0.96 | 0.84 | 0.74 | -1.41 | 0.95 | 0.25
D2+D3+A | -143 | 0.71 | 1.68 | -1.49 | 0.74 | 0.27 | -0.89 | 0.72 | 0.68 | -1.19 | 0.06 | 1.87
D2+D4+A |-5.18*| 0.93 | 1.49 |-3.09*| 0.85 | 0.73 | -0.13 | 0.83 | 0.65 | -1.68 | 0.88 | 0.81
D3+D4+A | -4.1* | 0.86 | 39 |-441*| 0.71 | 1.83 | -058 | 0.85 | 1.92 | -1.28 | 0.86 | 7.69

Rajshahi Rangpur Satkhira

z Co | MSE z Co | MSE z Co | MSE
Original -0.73 -0.68 -1.49
A -1.80 | 0.36 | 11.28 | -1.8 | 0.75 | 11.85| -1.80 | 0.38 | 11.67
D1 -044 | 056 | 0.3 | 0.89 | -0.11 | 1.65 | 0.18 | 0.25 | 0.65
D2 -0.54 | 0.25 | 0.23 | -0.45 | -0.24 | 158 | 0.21 | -0.35 | 0.91
D3 0.78 | 0.25 | 0.23 | -0.42 | -0.24 | 158 | -1.08 | -0.35 | 0.91
D4 -1.45 00 230 | -059 | -0.03 | 146 | -1.13 | 0.77 | 2.16
D1+A -0.96 | 0.56 | 0.20 |-2.10*| 0.83 | 0.55 | -0.66 | 0.52 | 0.33
D2+A -2.92*| 0.61 | 1.22 |-3.00*| 0.81 | 1.52 | -1.22 | 0.30 | 1.45
D3+A -1.73 | 0.65 | 2.03 |-2.28*| 0.89 | 1.00 | -1.92 | 0.52 | 2.20
D4+A -2.24*| 0.44 | 12.79 |-2.38*| 0.79 | 11.09 |-3.78*| 0.74 | 5.83
D1+D2+A | -1.05| 0.75 | 0.10 | -0.31 | 0.83 | 0.41 | -0.87 | 0.67 | 0.20
D1+D3+A | -0.37 | 0.86 | 0.11 | -0.79 | 0.94 | 0.15 | -0.73 | 0.75 | 0.28
D1+D4+A | -1.41 | 0.62 | 0.28 |[-3.40*| 0.79 | 0.62 | -1.77 | 0.86 | 0.16
D2+D3+A - -1.25 | 0.96 | 0.43 -
D2+D4+A |-2.91*| 0.63 | 1.14 |-3.20*| 0.80 | 1.59 |-9.74*| 0.78 | 1.13
D3+D4+A | -1.73 | 0.63 | 3.21 |-2.59*| 0.89 | 1.04 |-3.95*| 0.88 | 3.08




Table S3: Z statistic of MK or MMK of original time series, approximation and different models of surplus of
DWT (the dominant components are bold and asterisk for significant at 5% level)

Stations Barisal Bhola Bogra Dinajpur

z Co | MSE z Co | MSE z Co MSE z Co | MSE
Original -1.3 -1.23 -1.43 -1.15
A 1.80 | -0.40 | 16.29 | -1.80 | 0.32 | 10.42 | -1.80 | 0.48 | 15.91 | 1.80 | -0.20 | 15.03
D1 0.02 | 0.36 | 0.30 | -0.41 | 0.37 | 047 | -021| 048 | 048 |-0.28 | 0.50 | 0.26
D2 -0.28 | 0.41 | 0.37 | -047 | 023 | 069 | 066 | 041 | 050 |-0.11 | 0.11 | 0.36
D3 -0.64 | 0.41 | 0.37 | -0.09 | 0.23 | 0.69 | -0.06 | 0.41 | 050 | 0.11 | 0.11 | 0.36
D4 -2.31*| 0.32 | 230 | -1.35 | 0.76 | 1.08 | -0.54 | 0.53 | 10.17 |-2.32*| 0.59 | 2.25
D1+A 0.02 | 0.36 | 0.30 | -0.37 | 0.37 | 047 | -0.34 | 058 | 0.49 |-0.17 | 0.32 | 0.28
D2+A -0.11 | 035 | 0.31 | -047 | 023 | 069 | 041 | 057 | 034 | 0.37 | 0.05 | 0.52
D3+A -0.70 | 0.35 | 223 | -0.11 | 046 | 232 | -0.34 | 052 | 1.27 | 0.63 | 0.38 | 1.92
D4+A -2.20*| 031 | 219 | -1.33 | 0.76 | 1.11 | -0.64 | 056 | 9.35 |-1.39 | 0.54 | 1.60
D1+D2+A | -1.85 | 0.79 | 0.11 | -1.75 | 056 | 0.22 | 0.14 | 0.47 | 0.42 -
D1+D3+A | -054 | 0.76 | 0.17 | -1.43 | 0.41 | 0.48 - 0.02 | 0.56 | 0.29
D1+D4+A - -4.68* | 0.64 | 0.22 - -1.70 | 0.71 | 0.19

D2+D3+A | -0.89 | 054 | 082 | -0.69 | 038 | 112 | -055 ]| 0.66 | 0.65 | 0.67 | 0.47 | 1.80

D2+D4+A | -093 | 032 | 057 | -095 [ 076 | 022 | -149 | 0.75 | 0.65 |-1.24| 0.69 | 0.28

D3+D4+A | -1.83 | 052 | 193 | -1.56 | 0.84 | 096 |-2.26*] 091 | 116 |-096] 0.85 | 1.50

Faridpur Ishurdi Jessore Khulna

z Co | MSE z Co | MSE z Co MSE z Co | MSE
Original -0.62 -0.15 -0.28 0.21
A -1.80 | 0.43 | 13.05| 180 | 0.23 | 1441 | 1.80 | -0.14 | 15,79 | 1.80 | -0.46 | 19.60
D1 -0.21 | 012 | 014 | -037 | 024 | 021 | -0.31 | 0.02 | 051 |-0.08 | 0.06 | 0.65
D2 -0.60 | 0.31 | 0.16 | -1.01 | 049 | 086 | 041 | 0.13 | 0.75 | 0.66 | 0.47 | 0.86
D3 -453*| 0.31 | 0.16 | 0.64 | 049 | 086 |-1.20 | 0.13 | 0.75 | -0.90 | 0.47 | 0.86
D4 -054 | 067 | 280 | -146 | 030 | 3.29 | -0.31 | 053 | 362 | 0.96 | 0.75 | 2.66
D1+A -0.81 | 010 | 013 | 061 | 059 | 011 | 050 | 0.01 | 098 |-0.17 | 0.04 | 0.65
D2+A -0.89 | 024 | 022 | 002 |050| 071 | 130 | 0.14 | 249 | 1.31 | 0.26 | 1.72
D3+A -1.22 | 058 | 091 | 164 | 046 | 156 | -047 | 065 | 158 |-0.41 | 058 | 2.35
D4+A -0.79 | 069 | 349 | 084 | 035| 399 | 073 | 048 | 3.70 | 0.95 | 0.71 | 2.42
D1+D2+A - -0.37 | 0.75| 0.08 | 0.15 | 0.12 | 059 | 0.05 | 0.00 | 0.85
D1+D3+A | -147 | 052 | 0.08 | 0.25 | 0.75 | 0.07 | -0.21 | 0.71 | 0.47 |-0.78 | 0.27 | 0.70
D1+D4+A - - 158 | 054 | 046 | 0.76 | 0.89 | 0.12

D2+D3+A | -1.63 | 049 | 025 | 132 [ 056 | 061 | -001 | 0.73 | 151 | 0.30 | 0.62 | 1.22

D2+D4+A | -0.79 | 067 | 041 | -0.19 | 067 | 033 | 086 | 055 | 1.03 | 1.39 | 0.80 | 0.85

D3+D4+A | -1.08 | 0.75 | 229 | 1.79 [ 054 | 099 | -047 | 0.86 | 1.06 | 052 | 092 | 1.01

Rajshahi Rangpur Satkhira

z Co | MSE z Co | MSE z Co MSE
Original -1.10 -1.09 0.66
A 1.80 | 0.04 | 18.35| -1.80 | 0.57 | 14.39 | 1.80 | 0.51 | 11.40
D1 -0.57 | 048 | 0.16 | -0.02 | 0.00 | 058 | -0.28 | 0.32 | 0.69
D2 -2.24*| 0.60 | 0.82 | 0.89 | 049 | 056 | 0.81 | -0.14 | 0.85
D3 0.36 | 0.60 | 0.82 | -1.53 | 049 | 056 | -0.81 | -0.14 | 0.85
D4 -2.01*| 058 | 1.75 |-2.10*| 053 | 2.78 | 1.36 | 0.74 | 7.61
D1+A 002 | 0.38 | 047 | -1.12 | 045 | 096 |3.03*| 0.84 | 0.15
D2+A 050 | 0.32 | 1.07 | -055 | 058 | 119 | 191 | 0.69 | 3.48
D3+A 2.87* | 0.11 | 11.42 | -255*%| 0.74 | 3.43 | 2.29*| 0.70 | 6.15
D4+A -0.33 | 057 | 212 |-350*| 0.68 | 554 | 2.28*| 0.67 | 6.91

D1+D2+A | 0.04 | 045 | 050 | 0.02 | 039 | 036 | 0.70 | 091 | 0.10

D1+D3+A | 043 | 049 | 060 | -1.12 | 0.70 | 0.28 | 1.09 | 093 | 0.10

D1+D4+A | -0.73 | 059 | 0.35 |-3.03*| 0.77 | 086 | 150 | 0.86 | 0.15

D2+D3+A | 041 | 035 | 1.02 | -095 | 0.73 | 086 | 1.83 | 0.85 | 3.82

D2+D4+A | -0.50 | 0.68 | 0.74 | -1.64 | 0.75 | 124 |242*| 080 | 2.28

D3+D4+A | -0.22 | 057 | 3.71 |-2.94%| 0.80 | 3.48 1.85 | 0.80 | 5.20




Table S4: Z statistic of MK or MMK of original time series, approximation and different models of annual

water deficit of DWT (the dominant components are bold and asterisk for significant at 5% level)

Stations Barisal Bhola Bogra Dinajpur

z Co | MSE z Co MSE z Co | MSE z Co | MSE
Original | 2.40* 1.18 0.44 -0.49
A 1.80 | 0.18 | 1533 | -1.80 | 0.15 | 10.99 | -1.80 | 0.67 | 9.25 | -1.80 | 0.52 | 8.10
D1 -0.29 | -050 | 198 | 0.07 | -0.05 | 1.94 | 1.03 | 0.19 | 159 | -0.03 | 0.47 | 1.54
D2 156 | 0.16 | 1.81 | -1.04 | 0.38 | 0.95 | 0.73 | 0.32 | 2.05 | 0.89 | -0.08 | 3.88
D3 122 | 016 | 1.81 | 052 | 0.38 | 0.95 | 094 | 0.32 | 2.05 | 0.77 | -0.08 | 3.88
D4 130 | 091 | 493 | 1.38 | 0.86 | 3.20 | 1.25 | 0.30 | 2.31 |2.17*| 0.10 | 6.94
D1+A 3.48*| 0.14 | 2.02 | -0.65 | -0.14 | 1.36 | -1.41 | 0.79 | 0.67 | -1.77 | 0.65 | 1.00
D2+A - -2.55*| -0.11 | 167 | -149 | 0.80 | 1.89 | -1.73 | 0.63 | 2.21
D3+A 177 | 044 | 357 |-122 | -035| 340 |-1.36 | 081 | 650 | -1.27 | 0.75 | 1.93
D4+A 178 | 091 | 3.78 | 098 | 091 | 3.31 | -0.30 | 0.68 | 8.15 | -0.24 | 0.56 | 2.48
D1+D2+A| 125 | 0.67 | 1.58 | -0.37 | 041 | 090 | -1.31 | 0.80 | 0.70 | -1.44 | 0.73 | 0.60
D1+D3+A| 092 | 0.38 | 146 | -0.26 | -0.08 | 1.20 | -0.79 | 0.81 | 0.39 | -1.18 | 0.93 | 0.48
D1+D4+A| 2.16* | 091 | 0.81 | 0.83 | 0.93 | 0.15 | 0.63 | 0.87 | 0.28 | -0.79 | 0.72 | 0.69
D2+D3+A| 1.20 | 041 | 3.15 | -0.70 | 0.21 | 1.35 | -1.05| 0.81 | 159 | -1.41 | 091 | 0.78
D2+D4+A| 2.25* | 090 | 0.75 | 055 | 0.95 | 161 | 0.11 | 0.88 | 1.05 | -0.32 | 0.69 | 1.28
D3+D4+A| 186 | 0.88 | 2.19 | 1.14 | 0.89 | 239 | -0.30 | 0.91 | 3.41 | -0.20 | 0.72 | 1.02

Faridpur Ishurdi Jessore Khulna

z Co | MSE z Co MSE z Co | MSE z Co | MSE
Original 2.14* 1.28 1.77 1.17
A 180 | 0.36 | 10.81 | -1.80 | 0.81 | 16.32 | -1.80 | 0.15 | 17.72 | -1.80 | 0.58 | 10.86
D1 - - 154 | 0.45 | 0.47 -
D2 111 | 0.01 | 0.86 | 0.62 | 0.82 | 0.32 | 055 | 055 | 045 | 1.30 | 0.67 | 1.27
D3 027 | 001 | 0.86 | 0.86 | 0.82 | 0.32 | 0.83 | 055 | 045 | 0.17 | 0.67 | 1.27
D4 144 | 0.64 | 1.37 | 1.12 | -0.03 | 410 | 0.80 | 0.70 | 11.39 | 1.00 | 0.41 | 7.16
D1+A 0.02 | 012 | 0.62 |-2.66*| 0.84 | 2.18 | -1.32 | 0.13 | 1.87 | -1.88 | 0.46 | 0.66
D2+A 187 | 0.15 | 0.66 | -042 | 0.86 | 0.83 | -0.19 | 0.28 | 1.34 | -1.08 | 0.63 | 0.99
D3+A 1.07 | 037 | 1.13 | -055 | 0.73 | 3.05 | -0.09 | -054 | 4.09 | -143 | 0.17 | 5.66
D4+A 194 | 069 | 1.14 | 0.04 | 041 | 13.27 | 0.30 | 0.67 | 1560 | -0.10 | 0.71 | 11.79
D1+D2+A| 0.63 | 0.32 | 040 | -0.18 | 0.91 | 0.40 | 0.60 | 049 | 0.79 | -0.37 | 0.63 | 0.54
D1+D3+A| 1.97* | 0.46 | 0.61 | -0.08 | 0.61 | 1.12 | -0.08 | -0.18 | 1.78 | -0.63 | 0.44 | 0.68
D1+D4+A| 1.80 | 0.76 | 0.50 | 0.60 | 0.72 | 3.14 | 1.00 | 0.75 | 3.77 | 0.24 | 0.77 | 1.22
D2+D3+A| 153 | 021 | 1.16 | 0.25 | 0.86 | 0.26 | 0.43 | 0.05 | 1.33 | -041 | 0.65 | 1.04
D2+D4+A| 2.11* | 0.66 | 0.97 | 0.80 | 0.91 | 040 | 158 | 0.84 | 040 | 0.24 | 0.85 | 1.01
D3+D4+A| 2.70* | 0.77 | 1.74 | 0.85 | 0.69 | 2.79 | 1.39 | 0.63 | 435 | 0.22 | 0.66 | 3.44

Rajshahi Rangpur Satkhira

z Co | MSE z Co MSE z Co | MSE
Original -0.63 0.26 -1.52
A -1.80 | 0.93 | 540 | -1.80 | -0.34 | 1352 | -1.80 | 0.99 | 1.64
D1 - - -0.93 | 0.30 | 6.18
D2 070 | 0.27 | 435 | 0.83 | 040 | 2.05 | 0.70 | 0.73 | 10.11
D3 -0.34 | 0.27 | 435 | 060 | 040 | 2.05 | -1.98 | 0.73 | 10.11
D4 137 | -0.14 | 6.94 | 2.29* | 0.17 | 397 | 0.33 | 0.07 | 4.85
D1+A -1.86 | 0.88 | 0.50 |-3.56*| -0.30 | 1.30 | -1.95 | 0.96 | 0.60
D2+A -2.07*| 089 | 143 | -049 | 0.10 | 1.03 | -1.84 | 0.96 | 0.75
D3+A -2.02*| 093 | 699 | 0.05 | 0.72 | 041 |-2.11*| 0.98 | 2.09
D4+A -1.09 | 092 | 565 | 0.14 | -0.09 | 347 | -1.25 | 0.95 1.78
D1+D2+A| -1.61 | 0.88 | 0.36 | -1.09 | 0.12 | 0.81 | -1.80 | 0.94 | 0.80
D1+D3+A| -1.83 | 091 | 0.35 | -0.05 | 0.76 | 0.26 | -1.93 | 0.96 | 0.40
D1+D4+A| -1.18 | 0.95 | 042 | -1.57 | -0.18 | 1.48 | -1.29 | 0.98 | 0.51
D2+D3+A| -1.68 | 0.89 | 1.07 | 0.12 | 0.90 | 0.15 | -1.88 | 0.98 | 0.31
D2+D4+A| -1.11 | 094 | 0.80 | 059 | 0.24 | 1.16 | -1.57 | 0.99 | 0.16
D3+D4+A| -1.05 | 094 | 5.09 | 0.46 | 0.76 | 0.48 | -1.28 | 0.95 | 1.82




Table S5: Parameter estimation of denoised ARIMA model for WBC

Per
Stations Coefficient

AR1 AR2 AR3 MA1 MA2 MA3
Barisal -0.3 -0.6 1.9 1.0
Bhola 1.4 0.4
Bogra 0.8 1.4 0.4
Dinajpur 1.7 -0.8 1.0
Faridpur 1.7 -0.8 -1.0
Ishurdi 0.6
Jessore 0.6 0.6
Khulna 0.7
Rajshahi 0.0
Rangpur 14 -0.7 0.7 0.8 0.9
Satkhira 15 0.0 -0.5

At
Barisal -1.6 0.9
Bhola 0.2
Bogra 0.3 0.8 0.6
Dinajpur 0.8
Faridpur 1.3 -0.4
Ishurdi 0.9 0.5
Jessore -0.1
Khulna 1.2 -0.3
Rajshahi 0.9
Rangpur 0.1 -0.9 0.7 -0.6 0.7 1.0
Satkhira 0.9 0.5
Surplus
Barisal 0.8 1.0
Bhola 14 -0.5
Bogra
Dinajpur 1.6 1.0
Faridpur 0.8 -0.1 1.0
Ishurdi -0.3 1.0
Jessore 14 -0.9 0.6 0.6 1.0
Khulna 1.3 -0.4
Rajshahi 0.0 1.0
Rangpur -1.1 -0.9 -0.4 -0.8
Satkhira 15 -0.6
Deficit

Barisal 0.6
Bhola 1.3 -0.9 -0.7 0.9 0.1
Bogra 1.9 -1.0 -1.0 0.0
Dinajpur 1.1 -0.5 0.6 0.7 0.9
Faridpur 0.7
Ishurdi 0.7
Jessore 0.4 0.4
Khulna 1.9 -1.0 -1.0
Rajshahi 0.8
Rangpur 1.4 -0.9 0.3
Satkhira 0.8 1.0




Calculation of Water Balance Components

Penman-Monteith Equation
The mathematical expression of the standard Penman-Monteith Equation (Allen et al., 1998) can be given as:

900
0.408A(R,-G) + ¥ 7773 Uz (es — €a)

A+ y(1+ 0.34u,)
Where, PET is the reference potential evapotranspiration (mm/day), R, is the net radiation at the crop surface
(MJ m-2day-1), G is the soil heat flux (MJ m-2day-1), y is the psychrometric constant (kPa°C-1), T is the daily

PET =

(D)

mean temperature (°C), u,is the average daily wind speed at 2 m (m/s), e,is the saturation vapor pressure (kPa),
e, is the actual vapor pressure (kPa) and A is the is the slope of the saturation vapor pressure temperature curve
(kPa °C-1).

Soil -Water Balance

In the present study, the soil-water balance concept proposed by Thornthwaite and Mather (1955) has been used
to calculate the water balance components (WBCs) like Actual Evapotranspiration (Agr), water deficit and
surplus. The monthly climatic data have been rearranged following hydrologic year. The hydrologic year in
Bangladesh commences in April and ends in March. The field capacity of the soil (Cap) has been estimated
using Thornthwaite and Mather (1957) suggested values for water holding capacity of the soil and rooting depth
of the plants (Table S6). Soil texture map of Bangladesh prepared by the Soil Resource Development Institute of
Bangladesh (SRDI, 1998) and the description of the soils of Bangladesh presented by Huq and Shoaib (2013)
have been used for the calculation of WBCs. The first step of the calculation for WBCs like AET, surplus and
deficit is the subtraction of 5% rainfall from the monthly rainfall data as this amount of water has been lost due
to direct runoff (Wolock and McCabe, 1999; Karim et al., 2012; Kanoua and Merkel, 2015). The remaining

amount of rainfall has been included in the calculation.

Soil moisture storage (Sz) and Changes in Soil Moisture Storage ASg

The total amount of water which is held in the soil within the plant’s root zone is termed as soil moisture
storage(Sg). The field capacity of the soil (Cap) represents the maximum amount of water stored in the soil zone
i.e. Sg = C4p. Soil moisture storage (Sg) can be calculated by multiplying the depth of the root zone by the
water content at the field capacity. The change in soil moisture storage (ASg) is the amount of water which is
added or removed from what is stored (Bakundukize et al., 2011) and the amount of change varies between 0
and the field capacity of the soil (Ritter, 2006). During the dry months (Pgr > (P — R,)), a certain amount of
water withdrawal from the soil moisture storage takes place to meet the evapotranspiration demand. However,
water is added to the storage during the wet months (Pgy < (P — Ry)) until water is reached to the maximum
storage capacity (Bakkundukize et al., 2011).

Actual Evapotranspiration (Agr)

In wet months, Ag is equal to the Py as there is enough rain, i.e. (P — Ry) > Pgr. Here, P is the rainfall and
R, is the direct runoff. In dry months, Pegr is higher than (P — R,), i.e. (P — R,) < Pgr and P is not able to meet
the evapotranspiration demand. Hence, water is progressively taken from the soil moisture storage (Sg) till it is

fully depleted to fulfill the evapotranspiration demand. Therefore, Ag; can still equal to Pg; when there is



enough water within the soil, even if there is not enough rainfall. In those months, Az equals the (P — R,) plus

the amount of water drawn from the soil moisture storage i.e., (P — Ry) + ASg.
Surplus

In wet months (P — Ry) > Pgr, the moisture storage in soil reaches the water holding capacity and any excess

rainfall is counted as surplus i.e., Surplus = (P — Ry) — Py -
Deficit

In dry month, the difference between the Py and Agr for a particular month is termed as the deficit for that
month i.e., DeflClt = PET - AET .

Table S6: Water capacity suggested values for different combinations of soil texture and vegetation
(Thornthwaite and Mather, 1957)

Vegetation Soil texture Water holding | Rooting depth (m) Water capacity of

Capacity (%) the root-zone
(Cap) (mm)
Shallow  rooted | Fine sand 10 0.50 50
crops Fine sandy loam 15 0.50 75
Silty loam 20 0.62 125
Clay loam 25 0.40 100
Clay 30 0.25 75
Moderately Fine sand 10 0.75 75
rooted crops Fine sandy loam 15 1.00 150
Silty loam 20 1.00 200
Clay loam 25 0.80 200
Clay 30 0.50 150
Deep rooted | Fine sand 10 1.00 100
crops Fine sandy loam 15 1.00 150
Silty loam 20 1.25 250
Clay loam 25 1.00 250
Clay 30 0.67 200
Orchards Fine sand 10 1.50 150
Fine sandy loam 15 1.67 250
Silty loam 20 1.50 300
Clay loam 25 1.00 250
Clay 30 0.67 200
Mature Forest Fine sand 10 2.50 250
Fine sandy loam 15 2.00 300
Silty loam 20 2.00 400
Clay loam 25 1.60 400
Clay 30 1.17 350

Programming and Mapping

In the present study, the open sources programming platform “R” (R 3.4.0) (R Core Development Team, 2016)
has been used for relevant analysis. In the present study, mapping has been done in ArcGIS version 10.2. The
spatial distribution maps have been prepared using geostatistical analyst tool integrated into ArcMap following
the inverse distance weighting (IDW) technique and details about the method can be found in Burrough and
McDonnell (1998).


https://link.springer.com/article/10.1007/s40899-016-0057-4#CR15

R Codes for MK, MMK test and Sen’s Slope

MMKTest <- function(x, ci) {

X =X

z=NULL

z0 = NULL

pval = NULL

pval0 = NULL

S=0

Tau = NULL

essf = NULL

ci=ci

if (is.vector(x) == FALSE) {
stop("Input data must be a vector")

}

if (any(is.finite(x) == FALSE)) {
X[-c(which(is.finite(x) == FALSE))] -> x
warning(**The input vector contains non-finite numbers. An attempt was made to remove them™)

}

n <- length(x)

for (iin 1:(n-1)) {
for (j in (i+1):n) {

S = S + sign(x[j]-x[i])

}
acf(rank(Im(x ~ I(1:n))$resid), lag.max=(n-1), plot=FALSE)$acf[-1] -> ro
gnorm((1+ci)/2)/sqrt(n) -> sig
rep(NA,length(ro)) -> rof
for (i in 1:(length(ro))) {
if(ro[i] > sig || ro[i] < -sig) {
rof[i] <- ro[i]
Felse{
rof[i]=0



}
2 [ (n*(n-1)*(n-2)) -> cte
ess=0
for (iin 1:(n-1)) {
ess = ess + (n-i)*(n-i-1)*(n-i-2)*rof[i]
}
essf = 1 + ess*cte
var.S = n*(n-1)*(2*n+5)*(1/18)
if(length(unique(x)) < n) {
unique(x) -> aux
for (i in 1:length(aux)) {
length(which(x == aux[i])) -> tie
if (tie > 1) {

var.S = var.S - tie*(tie-1)*(2*tie+5)*(1/18)

}

VS = var.S * essf
if (S==0){
z=0
20=0
}
if (S>0){
z = (S-1)/sqrt(VS)
z0 = (S-1)/sgrt(var.S)
Telse {
z = (S+1)/sqrt(VS)
z0 = (S+1)/sqrt(var.S)
}
pval = 2*pnorm(-abs(z))

pval0 = 2*pnorm(-abs(z0))



Tau = S/(.5*n*(n-1))
rep(NA, times=(n"2-n)/2) -> V
k=0
for (iin2:n) {
for (jin 1:(n-1)) {
k =k+1
VIK] = (x[i]-x01)/(i-))

}
median(na.omit(V)) -> slp

return(list("Mann-Kendall.Z" = z0, "Mann-Kendall_p.value" = pval0, "Modified_Mann-Kendall.Z" =

Z,

"Modified_Mann-Kendall_p.value" = pval, "Tau.value" = Tau, "Sen's Slope" = slp))
}
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