
Citation: Alexandridis, V.; Stefanidis,

S.; Dafis, S. Evaluation of ERA5 and

ERA5-Land Reanalysis Precipitation

Data with Rain Gauge Observations

in Greece. Environ. Sci. Proc. 2023, 26,

104. https://doi.org/10.3390/

environsciproc2023026104

Academic Editors: Konstantinos

Moustris and Panagiotis Nastos

Published: 28 August 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Proceeding Paper

Evaluation of ERA5 and ERA5-Land Reanalysis Precipitation
Data with Rain Gauge Observations in Greece †

Vasileios Alexandridis 1,* , Stefanos Stefanidis 2 and Stavros Dafis 3

1 Laboratory of Photogrammetry and Remote Sensing (PERS Lab), School of Rural and Surveying Engineering,
Aristotle University of Thessaloniki, 54124 Thessaloniki, Greece

2 Laboratory of Mountainous Water Management and Control, School of Forestry and Natural Environment,
Aristotle University of Thessaloniki, 54124 Thessaloniki, Greece; ststefanid@gmail.com

3 National Observatory of Athens, Institute for Environmental Research and Sustainable Development,
I. Metaxa &Vas. Pavlou, P. Penteli (Lofos Koufou), 15236 Athens, Greece; sdafis@noa.gr

* Correspondence: vmalexan@topo.auth.gr
† Presented at the 16th International Conference on Meteorology, Climatology and Atmospheric

Physics—COMECAP 2023, Athens, Greece, 25–29 September 2023.

Abstract: Precipitation is a key component of the hydrological cycle and directly affects water avail-
ability and hydrometeorological hazards. The objective of this study is to evaluate the performance
of two reanalysis precipitation datasets, ERA5 and ERA5-land, in reproducing precipitation accumu-
lations over Greece. These data are compared against rainfall measurements provided by the dense
network of surface-automated weather stations operated by the National Observatory of Athens.
The comparisons are performed over a 10-year period (January 2010 to December 2020) at multiple
temporal and spatial scales. Several statistical metrics are used to assess the performance of the
reanalysis precipitation against rain gauge observations. The suitability of gridded products is tested
by capturing the temporal and spatial variability in precipitation using accuracy metrics.
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1. Introduction

Reliable and accurate precipitation information is essential for water resources and
ecosystem management [1–3]. However, there are different data sources to obtain pre-
cipitation time-series: (i) ground observations, (ii) satellite estimates, and (iii) numerical
simulations [4].

The rain gauge is the most widely used and reliable method for the direct measurement
of precipitation at the point scale [5]. Nevertheless, the distribution and density of rain
gauge networks vary significantly across the Greek territory, with relatively dense or no
observations near shore or mountainous areas, make it challenging to offer continuous
precipitation information. Satellite and reanalysis gridded data represent a valuable source
of information specifically in regions with sparse data, but as they are derived from
indirect precipitation measurements and simulations, errors can be important and may
vary significantly among different regions or seasons [6].

This study aims to investigate the suitability of the two gridded precipitation products
in reproducing the precipitation accumulations over Greece by comparing them over a
10-year period (January 2010 to December 2020) at multiple temporal and spatial scales.
Several statistical metrics are used to assess the performance of the reanalysis precipitation
estimates against rain gauge observations.

2. Material and Methods
2.1. Study Area

Greece, situated in southeastern Europe on the Balkan Peninsula, is a member of the
European Union with 27 member countries. The varied topography of Greece, characterized
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by steep elevation changes and an extensive coastline spanning approximately 14,000 km,
contributes to the diversity of rainfall patterns and climate in various regions across the
country. More specifically, the precipitation patterns exhibit great seasonality, with the
rainy season prevailing during the autumn, winter, and early spring, while the dry season
dominates throughout the summer months [7,8]. The Pindus Mountain range, stretching
across the country in a northwest to southwest direction, plays a significant role in shaping
the spatial distribution of rainfall values. The western part of continental Greece and Crete
experience the highest amount of rainfall, while the eastern regions, including the Aegean
islands and eastern Crete, receive lower levels of precipitation.

2.2. Observational and Gridded Data

This study was conducted in the Greek territory by comparing the temporal and spatial
changes (2010–2020) between rain gauge observations and grid points of two reanalysis
rainfall datasets: ERA5 and ERA5-land. Rain gauge data were obtained from the National
Observatory of Athens (NOA) [9], which operates and maintains a dense network of
surface-automated weather stations in Greece (Figure 1). The dataset included monthly
average observed precipitation from 135 gauges located across the Greek territory from 1
January 2010 to 31 December 2020.
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European Centre for Medium-Range Weather Forecasts (ECMWF) and covers the period 
from 1950 to present with a grid resolution of 31 km [11]. ERA5-land is produced as an 

Figure 1. Location map of the study area. (a) Topography and the location of the selected weather
stations over Greece. (b) Geo-climatic zones, as defined in a recent study [10], using multi-year
average precipitation from bias-corrected gauge data.

As for the gridded reanalysis rainfall products, the ERA5 and ERA5-Land reanalysis
data were selected to be evaluated and compared against rainfall measurements provided
by NOA. ERA5 is the fifth generation of atmospheric reanalysis to be produced by the
European Centre for Medium-Range Weather Forecasts (ECMWF) and covers the period
from 1950 to present with a grid resolution of 31 km [11]. ERA5-land is produced as
an enhanced global dataset for the land component of the fifth generation of ERA5 and
describes the evolution of the water and energy cycles over land in a consistent manner
over the production period [12].

The validation of the gridded products was performed for the 10-year period at a
monthly temporal scale. The precipitation data obtained from each gauge were directly
compared to the nearest grid point value in each reanalysis product. To assess the accuracy
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and error attributes of the gridded reanalysis datasets, a selection of statistical metrics
was selected.

The correlation coefficient (CC) quantifies the strength of the linear relationship
between the gridded estimated precipitation and the observed precipitation from rain
gauges [13]. The mean bias error (MBE) provides an average measure of the difference
between the estimated and observed precipitation, and it is used to measure the over- and
under-estimation in data products. The mean absolute error (MAE) represents the average
magnitude of the absolute errors, providing an overall measure of error magnitude. It
measures accuracy for continuous variables without considering the direction of the error.
The relative bias (RBIAS) indicates the systematic bias between the estimated and observed
precipitation. The root-mean-square error (RMSE) represents the average magnitude of the
errors between the estimated and observed precipitation, without indicating the direction
of deviations.

The statistical metrics were calculated using Equations (1)–(5).
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where xgridded is the value of the gridded reanalysis precipitation data for the i-th monthly
event, xobs is the value of the rain gauge observation for the i-th monthly event, and xgridded
and xobs are the average values of estimated and observed precipitations of N average
monthly observations for the period 2010 to 2020, respectively.

3. Results and Discussion

Table 1 shows the performance of ERA5 and ERA5-land products at a monthly time
scale. The ERA5 product yields a slightly higher correlation with rain gauge observations
compared to ERA5-land, while the correlation coefficient (CC) is 0.61 and 0.51 for ERA5 and
ERA5-land, respectively. In most gauges, both datasets overestimate monthly rainfall with
an average MBE of 1.80 and 1.52 for the 10-year period, respectively. Regarding the RMSE
values, there is a slight difference between the two products, with ERA5 demonstrating
slightly better results.

Table 1. Average values of statistical metrics for the gridded rainfall data for the period 2010–2020.

Name CC MBE (mm) MAE (mm) RMSE (mm) RBIAS (mm)

ERA5 0.61 1.80 20.99 31.82 0.04
ERA5-land 0.51 1.52 18.85 28.52 0.03

Based on the data presented in Table 2, the correlation coefficient (CC) values range
from 0.49 to 0.71, indicating a moderate to strong correlation between the modeled and
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observed rainfall. The highest CC values are generally observed in spring for both datasets.
In winter and autumn, both datasets tend to overestimate precipitation, while they show a
better accuracy with negative MBE values in spring and summer. ERA5-land consistently
shows lower MAE and RMSE values across all seasons compared to ERA5, indicating
better estimation and more precise rainfall estimates. The RBIAS values are close to zero,
suggesting minimal systematic bias between the two datasets.

Table 2. Average values of statistical metrics for gridded rainfall data for each season over Greece for
the period 2010–2020.

Name
ERA5 ERA5-Land

Winter Spring Summer Autumn Winter Spring Summer Autumn

CC 0.70 0.71 0.56 0.67 0.62 0.62 0.49 0.59
MBE (mm) 8.70 −5.66 −0.67 6.27 8.39 −5.30 −0.73 6.14
MAE (mm) 38.33 21.40 12.03 30.12 34.77 19.52 11.20 26.63
RMSE (mm) 50.33 28.91 18.30 43.34 45.85 26.15 16.83 38.35
RBIAS (mm) 0.09 −0.06 −0.01 0.07 0.09 −0.06 −0.01 0.06

During the 10-year period, ERA5 consistently displays higher values of RMSE com-
pared to ERA5-land across all geoclimatic regions. ERA5-land generally shows lower values
for MBE, MAE, and RMSE compared to ERA5. This means that ERA5-land presents a
better agreement with the observed data in terms of bias (MBE), absolute errors (MAE), and
RMSE. More specifically, the RMSE of ERA5 in the Crete region has the largest error value
of 47.95 mm, indicating the high magnitude of the differences between the observed and
modeled values. In the west region, both datasets exhibit moderate correlations (CC = 0.60)
with the rain observations. However, they present a positive bias, indicating a low overesti-
mation of values. Similar findings are observed in the southwestern region of Peloponnese,
where both datasets have a moderate correlation (CC = 0.60). ERA5 shows a higher positive
bias (MBE = 5.68 mm), indicating a higher overestimation compared to ERA5-land. The
MAE and RMSE values are lower for ERA5-land, suggesting improved accuracy.

As Table 3 shows, similar to the Crete and east regions, the correlation is relatively
moderate for both datasets. Concerning the Aegean region, the correlation is relatively
high for both products, while they exhibit negative bias, indicating an underestimation of
values. The same results are presented for both products in the north region.

Table 3. Summary of statistical metrics for gridded rainfall data for each geoclimatic region of Greece.

Geoclimatic
Regions

ERA5 ERA5-Land

CC MBE
(mm)

MAE
(mm)

RMSE
(mm)

RBIAS
(mm) CC MBE

(mm)
MAE
(mm)

RMSE
(mm)

RBIAS
(mm)

West 0.60 1.78 20.83 31.57 −0.02 0.40 2.18 18.25 27.78 −0.02
Peloponnese 0.60 5.68 17.43 26.47 0.08 0.61 4.37 16.81 25.52 0.07

Crete 0.73 14.18 28.64 47.95 0.13 0.57 14.50 24.86 41.95 0.12
East 0.60 6.94 21.16 31.50 0.07 0.55 5.76 19.32 28.80 0.05

Aegean 0.87 −1.24 20.22 33.30 −0.08 0.46 −0.19 12.96 22.06 −0.04
North 0.57 −10.74 18.31 24.32 −0.22 0.57 −11.82 18.89 24.92 −0.23

Overall, the data show variations in performance metrics across different geoclimatic
regions and between the ERA5 and ERA5-land datasets. ERA5-land generally demon-
strates better accuracy and lower biases compared to ERA5. However, both datasets
exhibit deviations from the observed data, with some regions showing larger discrepancies
than others.
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4. Conclusions

Gridded climate datasets are widely used in weather and climate research due to the
high spatial and temporal resolution in comparison to the rain gauge observations. This
study evaluates the performance of two reanalysis datasets in reproducing spatiotemporal
characteristics of accumulated precipitation measured at 135 rain gauge stations at six
geoclimatic regions in Greece during 2010–2020. The findings indicate that the performance
of ERA5 and ERA5-land varies across the regions in Greece. Generally, ERA5-land exhibits
higher accuracy and lower biases when compared to ERA5. Further analysis and under-
standing of the specific variables and their impacts on the different geoclimatic regions
would be necessary for a more comprehensive interpretation.
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