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Abstract

Reliable climate data are essential for sustainable water management systems, especially
under the challenges posed by climate change. In data-scarce regions, reanalysis products
such as ERA5 can support flood and drought risk assessment and water security analysis.
However, raw reanalysis precipitation is systematically biased relative to local observations
and can distort hydrological indicators; bias correction is therefore needed. This study
tests five bias correction techniques (Linear Scaling, Empirical Quantile Mapping, Quantile
Mapping Spline Bias Correction, Mean Bias Subtraction, and Simple Linear Regression) on
ERA5 precipitation data for Georgia, using classical and sliding window approaches at daily
and monthly scales. Results show the importance of selecting the most appropriate method
according to data availability and study objectives. The sliding window approach improved
performance, especially at the daily scale, and distribution-based methods proved most
effective in data-scarce regions.
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1. Introduction
Access to reliable climate data is essential for evaluating how cities may be exposed

to flood risks, assessing water security, and supporting the definition of adaptation strate-
gies to climate change impacts. However, observational datasets are often incomplete,
fragmented, or unavailable, especially in developing countries. In such contexts, climate
reanalysis products provide a consistent and homogeneous source of information, combin-
ing model outputs with observational data to reconstruct past climates, identify changing
precipitation patterns, and assess the risks of extreme events such as floods and droughts.
Recent studies have demonstrated the utility of ERA5-Land data, a product developed by
ECMWF, in evaluating water security in cities through metrics such as the Standardized
Precipitation Index (SPI) to capture trends in annual peak precipitation, estimate flood
vulnerability, and assess water security [1].

ERA5 by ECMWF [2] is one of the most widely used reanalysis datasets, with a global
coverage and spatial resolution of approximately 31 km and a temporal resolution at an
hourly scale from 1950 to the present day. Despite the relevance of the ERA5 dataset for
a wide range applications, its spatial resolution, at the moment, is too coarse to capture
the small-scale features and characteristics of urban areas: downscaling techniques will
be applied for a reliable adoption of ERA5 data in urban contexts and for characterizing
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localized events [3]. Moreover, notwithstanding their potential, reanalysis data are affected
by systematic errors (biases); therefore, bias correction is essential to improve their reliability,
especially in urban environments where the consequences of water-related disasters are
amplified. Several studies, such as [4–7], have shown that bias correction improves the
accuracy of reanalysis data for hydrological application.

This paper explores the application of ERA5 precipitation data in a catchment located
in Georgia, evaluating five bias correction techniques and their performance at daily and
monthly scales to identify the most suitable approach for hydrological modeling. The
Georgian basin was chosen as a case study because of the limited availability of long-term
and reliable observational climate data. Unlike many regions where a dense and continuous
monitoring network has been established for decades, Georgia lacks an extensive and
homogeneous set of meteorological records. In this context, reanalysis products provide a
consistent data source that can be corrected and adapted for regional applications, making
Georgia a relevant case study for assessing bias correction techniques on reanalysis datasets.
Given the limitations of reanalysis datasets which prevent their application in small-scale
projects, the application of bias correction approaches to improve ERA5 datasets described
in the present paper should be regarded as a preliminary step towards the expected future
application of ERA5 datasets in urban contexts.

2. Materials and Methods
The ERA5 dataset was extracted for the entire territory of Georgia using an in-house

developed Python (version 3.12) algorithm. Observed precipitation data at a daily scale
from five meteorological stations located across diverse Georgian climatic zones were used
for calibration and validation. Five bias correction methods were applied: Linear Scaling
(LS), Empirical Quantile Mapping (QM-EMP), Quantile Mapping Spline Bias Correction
(QM-SBC), Mean Bias Subtraction (MBS), and Simple Linear Regression (SLR). As can be
seen from the flowchart represented in Figure 1, two approaches were considered: (i) the
classical method, which computes correction factors using monthly statistics, and (ii) the
sliding window [6], which employs a moving window to derive daily correction factors.

Figure 1. Diagram of the applied methodology that performs: five bias correction methods, two
approaches (classical and sliding window), two temporal scales, and five datasets, for a total of
75 analyses.
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Bias correction methods were tuned against observation time series, with calibration
on 70% of the dataset and validation on the remaining 30%. Performance was assessed
using the Root Mean Square Error (RMSE) and the Nash-Sutcliffe Efficiency (NSE).

3. Results and Discussion
The comparison of bias correction methods at daily and monthly scales revealed clear

differences between the classical and sliding window approaches. In this section, we focus
on two correction techniques, namely Spline Quantile Mapping (QM-SBC) and Simple
Linear Regression (SLR). On the daily scale (Figure 2), classical corrections provided only
moderate improvements. For example, SLR reduced RMSE from 6.20 to 5.73 and increased
NSE from 0.44 to 0.52 (Figure 2b), while QM-SBC achieved smaller gains with RMSE = 6.13
and NSE = 0.45 (Figure 2a). In contrast, the sliding window approach produced much
stronger results: QM-SBC lowered RMSE to 5.44 with NSE = 0.57 (Figure 2c), and SLR
reached RMSE = 4.55 with NSE = 0.70 (Figure 2d), highlighting its ability to better capture
temporal variability.

  
(a) (b) 

 
(c) (d) 

Figure 2. Comparison of bias correction methods at the daily scale (1976–1984). Panels show (a) QM-
SBC with the classical approach, (b) SLR with the classical approach, (c) QM-SBC with the sliding
window approach, and (d) SLR with the sliding window approach.

On the monthly scale (Figure 3), improvements were even more striking. Under the
classical approach, QM-SBC reduced RMSE from 54.70 to 31.98 and increased NSE to 0.76
(Figure 3a), while SLR achieved RMSE = 35.07 with NSE = 0.71 (Figure 3b). With the
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sliding window approach, both methods reached near-optimal performance: QM-SBC
achieved RMSE = 8.87 and NSE = 0.98 (Figure 3c), while SLR outperformed all others with
RMSE = 6.53 and NSE = 0.99 (Figure 3d).

(a) (b) 

  
(c) (d) 

Figure 3. Comparison of bias correction techniques at the monthly scale (1976–1984). Panels show
(a) QM-SBC with the classical approach, (b) SLR with the classical approach, (c) QM-SBC with the
sliding window approach, and (d) SLR with the sliding window approach.

The overall results highlight that distribution-based techniques (QM-EMP, QM-SBC,
SLR) consistently outperformed the simpler ones. LS showed weaker results, particularly
on the daily scale, while MBS produced intermediate outcomes. The sliding window
approach systematically enhanced performance across methods and time scales. Corrected
ERA5 datasets, especially when adjusted with regression-based or distribution-based
techniques, represent a reliable input for hydrological modeling in data-scarce regions.
Remaining limitations concern the restricted number of observational stations and the
spatial coverage, which should be addressed in future studies.

4. Conclusions
This study confirms the importance of applying bias correction to reanalysis data be-

fore using them in hydrological applications. Results indicate distribution-based methods
are more reliable in validation contexts. The sliding window approach proved to be an
effective enhancement, increasing the adaptability of corrections to local climate variability.
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Although spatial resolution remains a critical issue for their application, especially at an
urban scale, corrected ERA5 data represent a valuable resource for hydrological modeling
and climate impact studies in data-scarce regions. Future research should focus on enhanc-
ing the reliability of reanalysis data in urban contexts—particularly in large metropolitan
systems—by employing and exploring downscaling techniques to strengthen global water
security monitoring and improve assessments of both flood risk and water availability
through the development of long-term standardized indices.
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