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Missing values in hydrology studies are a common challenge for hydrologists,
especially in statistical analyses that require complete datasets. This research
evaluates the performance of the Multiple Imputation by Chained Equations
(MICE) method in predicting and reconstructing daily river flow values. The study
area is the Kajo River basin in southeastern Iran, and the statistical period covers
the hydrological years from 1972-1973 to 2021-2022. To investigate and validate
the effectiveness of the MICE approach in managing missing flow data, complete
historical daily flow records from the hydrological years 2011-2012 to 2021-2022
were used. Subsequently, the MICE method along with Multiple Linear
Regression (MLR) was applied to reconstruct all missing daily flow values. The
best-performing estimation methods were evaluated using criteria such as the
adjusted coefficient of determination (Adj R?), residual standard error (RSE), and
mean absolute percentage error (MAPE). The findings indicated that the
Classification and Regression Trees (CART) method combined with MLR
outperformed other tested methods, achieving the highest AdjR? value and the
lowest RSE and MAPE values. The RSE and MAPE values for the CART-MLR
method at the Pirsehrab station are 0.472 and 0.583, respectively, and at the
Chandokan station are 0.475 and 0.588, respectively.
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Figure 1. Map of the Kajo River basin and location of streamflow gauges
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Table 1. Descriptive statistics of daily streamflow (m3.s™1) in Kajo River basin

Station Missingness Mean Median S Maximum Kurtosis Skewness CV (%)
Pirsohrab 43.6 % 7.74 1.2 35.15 1580.76 625.68 20.41 454.1
Chandokan 37.8% 3.73 0.5 21.23 1188 1081.58 26.95 569.8
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Figure 2. Distribution (Boxplot) and Normality (QQ Plot) Analysis of Daily Flow Data in the Kajo River Basin
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Figure 3. Monthly distribution of missing data (left) and relative frequency of gap lengths (right) in streamflow
gauges over the Kajo River basin
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Figure 4. The procedure for introducing the missing data into the complete time series
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Table 2. Error of streamflow reference model in Kajo River basin

Station Year Adj R? RSE MAPE

Pirsohrab 2011-2012 to 2021-2022 0.721 0.328 0.574
Chandokan 2011-2012 to 2021-2022 0.615 0.426 0.621




100 lKad 5 o095 xS dabli/ clo iy ¥ilro il Min ki b g 5 Wil Dy, dillg,y Gl s oS (sW00I gl

Table 3. The performance of six different percentages of missing data compared based on Adj R?

Missing data rate

Station Methods

5% 10% 15% 20% 25% 30%

PMM 0.701 0.692 0.683 0.672 0.661 0.701

SRI 0.685 0.674 0.663 0.654 0.655 0.685

Pirsohrab BLR 0.711 0.703 0.695 0.687 0.679 0.711
CART 0.723 0.719 0.715 0.711 0.707 0.723

BOOT 0.625 0.621 0.621 0.622 0.623 0.625

PMM 0.679 0.668 0.657 0.646 0.635 0.679

SRI 0.695 0.686 0.677 0.668 0.659 0.695

Chandokan BLR 0.705 0.697 0.689 0.681 0.673 0.705
CART 0.718 0.714 0.710 0.706 0.702 0.718

BOOT 0.623 0.622 0.622 0.623 0.624 0.623

Table 4. The performance of six different percentages of missing data compared based on RSE

Missing data rate

Station Methods 5% 10% 15% 20% 25% 30%
PMM 0378 0.382 0.386 0390 0394 0378

SRI 0.362 0.366 0.370 0.374 0.378 0.362

Pirsohrab BLR 0.348 0.352 0.356 0.360 0.364 0.348
CART 0311 0315 0.319 0.323 0.327 0311

BOOT 0.392 0.396 0.400 0.404 0.408 0.392

PMM 0374 0378 0.382 0.386 0.390 0374

SRI 0.358 0.362 0.366 0.370 0.374 0.358

Chandokan BLR 0.344 0.348 0.352 0.356 0.360 0.344
CART 0.307 0311 0315 0319 0323 0.307

BOOT 0.388 0.392 0.396 0.400 0.404 0.388

Table 5. The performance of six different percentages of missing data compared based on MAPE

Missing data rate

Station Methods 5% 10% 15% 20% 25% 30%
PMM 0.921 0.987 1.053 119 1185 0.921

SRI 0.815 0.874 0.933 0.992 1.051 0.815

Pirsohrab BLR 0.729 0.782 0.835 0.888 0.941 0.729
CART 0.437 0.488 0.539 0.590 0.641 0.437

BOOT 1185 1231 1.277 1323 1.369 1,185

PMM 0915 0.981 1.047 113 1179 0915

SRI 0.809 0.868 0.927 0.986 1.045 0.809

Chandokan BLR 0.723 0.776 0.829 0.882 0.935 0.723
CART 0.431 0.482 0.533 0.584 0.635 0.431

BOOT 1.179 1225 1271 1317 1363 1179
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Table 6. Performance criteria values for five imputation methods in Kajo River basin

Performance criteria

Station Methods

Adj R* RSE MAPE

PMM 0.702 0.435 0.521

SRI 0.623 0.487 1.301

Pirsohrab BLR 0.655 0.472 1.248
CART 0.741 0.379 0.462

BOOT 0.569 0.524 1.335

PMM 0.688 0.451 0.538

SRI 0.612 0.493 1.275

Chandokan BLR 0.645 0.476 1.210
CART 0.728 0.392 0.495

BOOT 0.558 0.518 1.312

Table 7. The results for MLR when combined with imputation methods

Performance criteria

Station Methods Adj R? RSE MAPE
PMM-MLR 0.635 0.493 0.742
SRI-MLR 0.590 0.529 1.785
Pirsohrab BLR-MLR 0.568 0.547 1.155
CART-MLR 0.785 0.472 0.583
BOOT-MLR 0.305 0.558 1.892
PMM-MLR 0.632 0.496 0.751
SRI-MLR 0.588 0.531 1.793
Chandokan BLR-MLR 0.565 0.549 1.162

CART-MLR 0.780 0.475 0.588
BOOT-MLR 0.310 0.560 1.880
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Figure 6. Observed (OBS) and simulated (SIM) hydrographs in Kajo River basin
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