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11- Support Vector Machine

12- Artificial Neural Network
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14- Long Short-Term Memory
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18- Analysis of Variance
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19- Additive Bias Correction
20- Multiplicative Bias Correction
21- Hybrid Bias Correction

22- Monte Carlo Cross Validation
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- Correlation Coefficient

- Root Mean Square Error
- Nash-Sutcliffe Efficiency
- Relative Bias

- Modified Relative Bias
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29- Willmott Index of Agreement
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31- Probability of detection

32- Critical Success Index

33- Heike Skill Score
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Precipitation intensity (P) categories (mm/day)
Months Light Low moderate Moderate
0<P<1 (1 <P<5) (5 <P <20
§= S % (0.0050 — 0.0010lon S
IAN — 0.0008lon? =S+5S S=S + (7.4584
— 0.0005lat x (—0.5346 + 0.1909lat)
— 0.0012lat?) + 0.0783lat)
S
ced § = S * (0.0029 + 0.0004lat *=(5_35§44 § =S + (7.0403
2 .
— 0.0006lat?) = 96lon — 0.2720alt)
+ 0.0847lat)
S=S + S x (—0.9969 g
- 0.000510n2 —S+5s S
— 0.0005lon =S
MAR — 0.0003lat * (-0.6727 + (7.2119 — 0.0852lon
5 + 0.0641lat ,
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_ S S
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s on + 0.63071at?)
S=5S+S * (-0.9941
+ 0.0002lon S S
JUN — 0.0013lon? = S x (0.3898 =5
— 0.0001alt + 0.0839alt) + (7.0302 — 0.5746lon)
— 0.0005alt?)
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5 S
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SEP
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S = Corrected GPM — IMERG, S = Original GPM — IMERG,
lat = latitude,lon = longitude, alt = altitude
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Sample

Dataset Size CcC RMSE ‘ NSE rBias rBias_g FAR POD CSI HSS KGE WIA
C()Br?’:}%:ieon 205860 0.1659 3.7207 -0.5436 20.8645 18.6901 | 0.7685 | 0.4331 | 0.1776 | 0.1785 | 0.1076 | 0.4961
Cof\:;s{ion 205860 0.8532 1.6288 0.7042 -15.8377 -7.2902 0.0000 | 0.6370 | 0.6370 | 0.7564 | 0.7114 | 0.8607
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Dataset Months Sample Size CcC RMSE NSE rBias rBias_g FAR POD Csl HSS KGE WIA
After Correction Jan 17484 0.9042 1.4208 0.8106 -15.4420 -8.9159 0.0000 0.6271 0.6271 0.7420 0.7614 0.8695
Before Correction Jan 17484 0.1172 3.7195 -0.2979 -0.5311 23.7140 0.7782 0.4298 0.1714 0.1254 0.0606 0.5206
After Correction Feb 15792 0.7938 1.8152 0.6206 -23.5773 | -10.7250 0.0000 0.5577 0.5577 0.6841 0.6578 0.8513
Before Correction Feb 15792 0.1208 3.7094 -0.5843 23.9115 25.7331 0.7851 0.4360 0.1682 0.1214 0.0468 0.4683
After Correction Mar 17484 0.8612 2.3176 0.7051 -14.0023 | -13.1304 0.0000 0.6346 0.6346 0.7337 0.7065 0.8524
Before Correction Mar 17484 0.1269 5.4726 -0.6443 18.3363 33.8796 0.7526 0.4845 0.1958 0.0743 0.0840 0.4514
After Correction Apr 16920 0.8796 1.9080 0.7458 -13.2371 -8.2950 0.0000 0.6290 0.6290 0.7456 0.7298 0.8638
Before Correction Apr 16920 0.1887 4.4844 -0.4042 25.1652 32.8154 0.7704 0.5234 0.1899 0.1614 0.0917 0.4862
After Correction May 17484 0.8040 2.7833 0.5673 -13.7859 | -14.1822 0.0000 0.6586 0.6586 0.7497 0.6509 0.8238




Before Correction May 17484 0.1696 5.7704 -0.8599 28.3938 23.3871 0.6587 0.5304 0.2621 0.1967 0.1116 0.4556
After Correction Jun 16920 0.8437 0.9007 0.7013 -23.7824 -3.9906 0.0000 0.5282 0.5282 0.6802 0.6325 0.8615
Before Correction Jun 16920 0.1713 2.0481 -0.5445 55.7176 14.6032 0.8508 0.3859 0.1206 0.1539 -0.0782 0.4296
After Correction Jul 17484 0.8425 0.9343 0.6972 -25.0758 -4.0201 0.0000 0.5006 0.5006 0.6568 0.6013 0.8598
Before Correction Jul 17484 0.1740 2.3845 -0.9727 77.2345 9.9451 0.8429 0.3454 0.1211 0.1634 -0.1809 0.3780
After Correction Aug 17484 0.7802 0.9496 0.6070 -9.3069 -0.6429 0.0000 0.8996 0.8996 0.9456 0.7430 0.8829
Before Correction Aug 17484 0.1283 17118 -0.2771 30.9092 9.2500 0.8756 0.3224 0.0986 0.1429 -0.0461 0.4787
After Correction Sep 16920 0.7261 0.8090 0.5144 -36.3440 -3.7460 0.0000 0.4343 0.4343 0.5963 0.4564 0.8383
Before Correction Sep 16920 0.1075 1.7682 -1.3200 54.7115 5.3143 0.8405 0.2643 0.1105 0.1588 -0.0634 0.4147
After Correction Oct 17484 0.8537 1.6261 0.6906 -18.3726 -9.2093 0.0000 0.5810 0.5810 0.7083 0.6360 0.8495
Before Correction Oct 17484 0.1441 4.0156 -0.8869 36.3394 18.6904 0.7595 0.4209 0.1807 0.1757 0.0491 0.4563
After Correction Nov 16920 0.8079 1.3273 0.6384 -27.7064 -9.5359 0.0000 0.4859 0.4859 0.6270 0.5761 0.8462
Before Correction Nov 16920 0.1633 2.7531 -0.5557 19.8009 15.7509 0.7751 0.3727 0.1631 0.1652 0.1105 0.4992
After Correction Dec 17484 0.9154 1.4355 0.8348 -1.4589 -1.3051 0.0000 0.9684 0.9684 0.9816 0.9129 0.8961
Before Correction Dec 17484 0.0930 3.8554 -0.1917 -24.2763 11.6772 0.8086 0.2752 0.1273 0.0873 0.0172 0.5621
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Dataset REEN] Sample Size cC rBias_g
After Correction DJF 50760 0.8819 1.5589 0.7723 | -13.1857 -6.8572 0.0000 0.7144 0.7144 0.8117 0.8003 0.8732
Before Correction DJF 50760 0.1084 3.7638 -0.3272 -1.2757 20.1962 0.7884 0.3822 0.1577 0.1149 0.0591 0.5195
After Correction MAM 51888 0.8456 2.3680 0.6682 | -13.7327 | -11.9080 | 0.0000 0.6428 0.6428 0.7448 0.6938 0.8455
Before Correction MAM 51888 0.1620 5.2791 -0.6492 23.9536 29.9971 0.7266 0.5119 0.2169 0.1458 0.1037 0.4660
After Correction JIA 51888 0.8248 0.9287 0.6723 | -20.7199 -2.8725 0.0000 0.6068 0.6068 0.7473 0.6912 0.8664
Before Correction JA 51888 0.1612 2.0666 -0.6229 57.6306 11.2298 0.8544 0.3558 0.1152 0.1566 -0.0896 0.4238
After Correction SON 51324 0.8293 1.3028 0.6619 | -23.7436 -7.5159 0.0000 0.5228 0.5228 0.6656 0.5897 0.8499
Before Correction SON 51324 0.1569 3.0038 -0.7976 32.6416 13.3116 0.7764 0.3801 0.1638 0.1880 0.0740 0.4765
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Dataset Intensity Sample Size cc RMSE NSE rBias rBias_g FAR POD (o] HSS KGE WIA
After Correction Light Precipitation 183093 0.0662 0.0657 -0.0062 -79.6363 -1.0407 0.0000 0.0000 0.0000 0.0000 -0.3432 0.6976
Before Correction Light Precipitation 183093 0.0469 2.4063 -1348.6961 8167.5555 34.2830 0.9899 0.3766 0.0099 0.0100 -80.6831 -0.9530
After Correction Low Moderate Precipitation 12365 0.0144 2.3917 -3.8405 -68.3977 -104.5161 0.0000 0.3799 0.3799 0.0000 -2.1469 -0.0699
Before Correction Low Moderate Precipitation 12365 0.0391 4.4380 -15.6661 -19.1355 -81.8562 0.0000 0.4125 0.4125 0.0000 -3.0351 -0.3265
After Correction Moderate Precipitation 9386 0.0499 5.8985 -1.6474 0.0075 -1.3259 0.0000 1.0000 1.0000 0.0000 -0.0072 0.3311
Before Correction Moderate Precipitation 9386 0.0530 8.8367 -4.9417 -72.7028 -133.7453 0.0000 0.4527 0.4527 0.0000 -3.1700 -0.2324
After Correction Heavy Precipitation 879 0.1420 8.5640 -1.9297 -0.7880 -2.8742 0.0000 0.9943 0.9943 0.0000 -0.0192 0.2893
Before Correction Heavy Precipitation 879 0.1149 23.1140 -20.3412 -84.5496 -157.3447 0.0000 0.5518 0.5518 0.0000 -8.2985 -0.6303
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Before Correction Extreme Precipitation 133 0.1762 48.3222 -18.3473 -91.0028 -172.5520 0.0000 0.5564 0.5564 0.0000 -7.7810 -0.6218
After Correction Torrential Precipitation 4 -0.9464 90.8424 -391.9684 -92.6508 -173.1206 0.0000 0.7500 0.7500 0.0000 -24.3036 -0.9110
Before Correction Torrential Precipitation 4 -0.9464 90.8424 -391.9684 -92.6508 -173.1206 0.0000 0.7500 0.7500 0.0000 -24.3036 -0.9110
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After Correction Low-Elevation Stations 32850 0.8532 1.4005 0.7039 -18.9249 -7.5059 0.0000 0.5875 0.5875 0.7172 0.6639 0.8557
Before Correction Low-Elevation Stations 32850 0.1280 3.5415 -0.8935 46.5542 18.7642 0.7959 0.3881 0.1544 0.1446 -0.0236 0.4171
After Correction Mid-Elevation Stations 71175 0.8447 1.6404 0.6793 -15.1095 -7.3969 0.0000 0.6252 0.6252 0.7478 0.6988 0.8565
Before Correction Mid-Elevation Stations 71175 0.1807 3.6394 -0.5787 29.2928 19.1835 0.7666 0.4463 0.1810 0.1881 0.0926 0.4814
After Correction High-Elevation Stations 87600 0.8570 1.6441 0.7195 -16.6053 -7.1954 0.0000 0.6532 0.6532 0.7690 0.7250 0.8635
Before Correction High-Elevation Stations 87600 0.1530 3.8050 -0.5025 12.6933 17.7806 0.7643 0.4305 0.1797 0.1816 0.1154 0.5148
After Correction very-High-Elevation Stations 14235 0.8663 1.9372 0.7122 -10.3080 -6.8421 0.0000 0.6898 0.6898 0.7927 0.7518 0.8676
Before Correction very-High-Elevation Stations 14235 0.2422 3.9918 -0.2221 -5.2822 21.6493 0.7470 0.4747 0.1977 0.1798 0.2181 0.5660
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Bias Correction of the GPM-IMERG V07 Final Run Satellite-Based
Precipitation Product over Northwestern lran

Abstract

Satellite precipitation products are important sources of rainfall information in regions with sparse ground-
based monitoring networks; however, their performance may be affected by precipitation intensity,
temporal variability, and topographic conditions. This study aimed to evaluate the GPM-IMERG V07 Final
Run product and develop a regional bias-correction framework for northwestern Iran. Daily IMERG
estimates from 1 January 2021 to 31 December 2023 were compared with observations from 188 rain-
gauge stations. The error structure was examined at monthly and seasonal scales and across different
precipitation-intensity and elevation classes. Based on the identified error patterns, additive, multiplicative,
and combined correction relationships were developed according to time, precipitation intensity, and spatial
conditions. Monte Carlo cross-validation was used for coefficient estimation and model selection. The
uncorrected product showed limited ability to reproduce the temporal variability of observed precipitation,
with a correlation coefficient of 0.1659 and a daily RMSE of 3.7207 mm day™*. Following bias correction,
the correlation coefficient increased to 0.8532, RMSE decreased to 1.6288 mm day™*, and the Nash-
Sutcliffe efficiency increased from —0.5436 to 0.7042. Event-based metrics also indicated fewer false
alarms and improved precipitation detection. The magnitude of improvement varied among precipitation-
intensity classes. For moderate and heavy precipitation, RMSE decreased and relative bias approached zero.
In contrast, the detection of very light precipitation remained limited. Bias correction also reduced



performance differences along the elevation gradient, although residual topography-related errors and
underestimation remained in some classes. The torrential precipitation class contained only four samples
and was therefore not corrected; the effectiveness of the correction method was not evaluated for this class.
Overall, the proposed framework substantially improved the consistency of IMERG V07 estimates with
ground observations by accounting for the temporally, intensity-, and location-dependent nature of the
errors. The corrected estimates can complement rain-gauge observations in regional hydro-climatological
and hydrological studies. Nevertheless, independent validation over longer periods is required to assess the
temporal and spatial transferability of the framework.

Keywords: GPM-IMERG V07 Final Run; Bias correction; Satellite precipitation; Precipitation intensity;
Topography; Northwestern Iran; Rain — Gauge observations; Spatial heterogeneity.



