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Accurate precipitation forecasting is essential for flood forecasting and
water resources management. In recent years, numerical weather
prediction (NWP) models have been extensively developed and are
widely used by major meteorological centers for operational weather
forecasting. The TIGGE database integrates forecasts from these models,
providing a valuable resource for evaluating precipitation prediction
performance. This study investigated the effectiveness of seven bias-
correction methods applied to precipitation forecasts generated by ten
NWP models available in the TIGGE database for the Poldokhtar
watershed. The results showed that most forecasting models exhibited the
lowest root mean square error (RMSE) at low elevations and the highest
RMSE at high elevations. Among the ten models evaluated, the ECMWF
model achieved the lowest RMSE (approximately 5 mm day!), whereas
the NCMRWF model produced the highest RMSE (approximately 8.8
mm day'). Evaluation of the bias-corrected precipitation forecasts
indicated that the EZ, STB, and QM methods outperformed the other
correction methods at several stations across the study area. In contrast,
the Delta method consistently improved forecast performance across all
evaluated models, regardless of geographical location. The LS and EQM
methods showed little to no improvement in precipitation forecasts, while
the TVSV method produced corrected precipitation values that differed
considerably from the observed precipitation. Overall, the results
demonstrate that post-processing of precipitation forecasts can
substantially improve the performance of numerical weather prediction
models, thereby enhancing their applicability for flood forecasting and
early warning systems.
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EXTENDED ABSTRACT

Introduction: Rapid urbanization, expanding rural development within floodplains, and the increasing impacts
of climate change and global warming have substantially increased flood risk across many regions of the world.
As populations grow and land-use patterns change, more people, infrastructure, and economic assets are exposed
to flood hazards, resulting in greater human casualties, environmental degradation, and financial losses.
Consequently, improving flood risk management has become a global priority. Flood impacts can be reduced
through a combination of structural measures, such as dams, levees, reservoirs, and channel improvements, and
non-structural measures, including flood forecasting, early warning systems, land-use planning, and emergency
preparedness. Numerous studies conducted in different climatic and hydrological regions have demonstrated that
integrating non-structural approaches with conventional structural measures significantly enhances flood
resilience and reduces flood-related damage. Among these approaches, flood forecasting and timely warning
systems play a crucial role by providing decision-makers and emergency managers with sufficient lead time to
implement mitigation measures, evacuate vulnerable populations, and protect critical infrastructure. Accurate
precipitation forecasting is a fundamental prerequisite for reliable flood forecasting because precipitation is the
primary input to hydrological models. One of the most widely adopted methods for precipitation prediction is
Numerical Weather Prediction (NWP). NWP employs the fundamental laws of atmospheric physics together with
advanced mathematical equations to simulate atmospheric processes and forecast precipitation and other
meteorological variables based on current atmospheric conditions, initial and boundary conditions, and specified
spatial and temporal scales. Continuous advances in numerical modeling, data assimilation, and computational
capabilities have further improved the accuracy and operational usefulness of NWP-based precipitation forecasts
for flood forecasting applications.

Methodology: This study utilized daily precipitation forecast data from ten leading Numerical Weather Prediction
(NWP) centers available through the THORPEX Interactive Grand Global Ensemble (TIGGE) database, including
CMA, CPTEC, ECCC, ECMWEF, JMA, KMA, Meteo-France, NCEP, NCMRWF, and UKMO. These global
forecasting systems provide ensemble precipitation forecasts with diverse model structures and parameterization
schemes, making them suitable for comparative performance assessments. The precipitation forecasts were
downloaded from the TIGGE database at a spatial resolution of 0.1°. The forecast outputs, provided in GRIB2
format, were extracted, converted, and processed using the Temporal/Spectral Profile plugin in QGIS software to
prepare the datasets for analysis. Because raw NWP model outputs often contain systematic biases arising from
model physics, parameterization, and uncertainties in initial conditions, bias correction is essential for improving
forecast accuracy. In this study, seven bias-correction techniques were evaluated: Linear Scaling (LS), Spatio—
Temporal Bias (STB), Empirical Quantile Mapping (EQM), Time-Variant Spatial Variability (TVSV), Quantile
Mapping (QM), Delta, and Elevation Zone (EZ). Model performance was assessed using continuous statistical
metrics, including Root Mean Square Error (RMSE) and Mean Error (ME), together with categorical metrics such
as Probability of Detection (POD), False Alarm Ratio (FAR), Frequency Bias Index (BIAS), and Heidke Skill
Score (HSS), thereby providing a comprehensive evaluation of both precipitation magnitude and event detection
accuracy.
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Results and Discussion: The results showed that most precipitation forecasting models produced lower prediction
errors at lower elevations and higher root mean square error (RMSE) values at higher elevations. This pattern may
be attributed to greater uncertainties associated with mountainous regions, including the effects of vegetation
cover, soil characteristics, moisture conditions, and limitations in ground-based observations. Among the ten
forecasting models evaluated, the ECMWF model achieved the lowest RMSE across most parts of the Poldokhtar
watershed, indicating the highest prediction accuracy. In contrast, the NCEP model produced the highest RMSE
values. The relatively poor performance of the NCEP model may be related to the complex mountainous
topography of the watershed. All seven bias-correction methods improved the accuracy of precipitation forecasts
to varying degrees. The EZ and STB methods outperformed the other methods for several models. However, the
Delta method consistently provided the best performance across all models and was not affected by geographical
location. The QM method successfully corrected up to 90% of the forecast precipitation in five models and at
several stations. Even after bias correction, the ECMWF model remained the most accurate forecasting model. In
contrast, the LS and EQM methods showed little improvement in forecast accuracy. Likewise, the TVSV method
did not produce satisfactory results in this study.

Conclusion: The application of Numerical Weather Prediction (NWP) models has become increasingly
widespread in meteorological and hydrological research because of their ability to provide quantitative forecasts
of precipitation and other atmospheric variables. The performance of these models depends on several factors,
including their physical formulations, numerical solution algorithms, parameterization schemes, model resolution,
and the accuracy of the initial and boundary conditions used in the simulations. As a result, different NWP models
often generate substantially different precipitation forecasts for the same meteorological event, emphasizing the
need for systematic model evaluation and effective bias-correction techniques to improve forecast reliability.
Among the evaluated bias-correction methods, Quantile Mapping (QM), Elevation Zone (EZ), and Spatio—
Temporal Bias (STB) successfully reduced prediction errors for several forecasting models. However, the Delta
method consistently demonstrated the best overall performance across all NWP models and observation stations.
The results further indicated that the QM and EZ methods were sensitive to elevation-related variations, whereas
the STB method showed relatively poor performance for the CMA model and therefore may not be suitable for
broad regional applications. In contrast, the Delta method effectively corrected systematic biases and produced
stable, accurate forecasts under different conditions. These findings provide valuable guidance for improving
precipitation forecasts used in hydrological modeling and support more reliable flood forecasting, water resources
planning, and integrated watershed management.
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Figure 1- The location of the studied area, (a): the location of the watershed in Iran, (b): the location of the watershed in Lorestan
province, (c): the elevation changes of the Poldokhtar watershed, and, the location of the rain gauge stations
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Table 1- Characteristics of the meteorological stations used in the study

Station Latitude Longitude Elevation (m) Annual precipitation (mm)
Afarine 443723 3688156 800 526
Baraftab 436120 3685916 780 610
Baraftab ghazal 463891 3675960 1197 527
Doabveisian 450866 3704940 960 502
Kohdasht 422684 3718117 1194 468
Mamoolan 450394 3693912 950 641
Poldokhtar 426961 3670037 700 416
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Table 2- Specifications of numerical precipitation prediction models in the TIGGE database

Center Ensemble member Output data resolution Forecasts length Forecasts per day
CMA 14+1 0.56°%0.56° 10 2
CPTEC 14+1 0.94%x 0.94° 15 2
ECCC 20+1 10x10 16 2
EMCWF 50+1 N320(~0.28% N160 (~0.56°) 15 2
JMA 26+1 0.56°x 0.56° 9 1
KMA 24+1 1.00°x 1.00° 10 2
Meteo-France 34+1 1.50%x 1.500 45 2
NCEP 20+1 1.00%x 1.00° 16 4
NCMRWF 11+1 0.259%0.25° 10 4
UKMO 17+1 0.94% 0.94° 15 2
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Table 3- Statistical, continuous, and classified indicators used in the study

No  Measure Equation Skill Perfect/No
1 ME (1/n) Z(fi — o0i) +00 / -0

2 RMSE \(1/n) Z(fi — 0i)? <1,1>

3 BIAS [(RR+NR)/RR] +RN 0/

4 POD RR/(RR + RN) 0/1

5 FAR NR / (RR+ NR) 0/1

6 HSS HSS = 2((RRxNN) — (NRxRN)) / [((RR+RN)(RN+NN)) + o1

((RR+NR)(NR+NN))]
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Figure 2- Frequency and spatial distribution of ME index in 10 precipitation prediction models of the TIGGE database in the
Poldakhter watershed
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database on a daily scale

i Sl 29230 5 a5l (ol sian Gl |y b i Jie )+ (sl HSS sl (o i (V) JS2
NCEP o Jao g9 ()b (b i ;0 KMA 4 ECCC (sla Jso sV )l Sy ol ol S ‘Cj Jlons) jlade PR

g0 odldiwl pld Ciygods ol 51 O S i e 50 (lgi sed g JBIN 1) )L o i @ )lee CPTEC s NCMRWF

100

—CMA
0
CPTEC
80
ECCC
2 /0
3 60 ECMWF
%; 50 —JIMA
40 —KMA
S
< 30 —— MeteoFrance
20 —NCEP
10 ——NCMRWF
0 ——UKMO
0 0.2 0.4 0.6 0.8 1

(HSS) a5l © g 3l

w39y owlde ;5 yidaly jusul 05 3 TIGGE 2313 sl (gdus Juo Vo (gl HSS s W Jladio ored & 95 —V JSWO
Figure 7- Cumulative distribution function of the value of the HSS index in 10 precipitation prediction models of the TIGGE
database on a daily scale
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