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A new high-resolution climatic gridded dataset was built for
Aragén (northeast Spain) using a large collection of daily
precipitation and temperature observations from more than
3000 weather stations. The grid covers, at the unprecedented
spatial resolution of 0.25 km?2, daily maximum and mini-
mum temperatures and precipitation in the 1950-2020 pe-
riod. The complex orography (from 70 to 3,400 m.a.s.l.) of
the medium-sized region (~48,000 km?) required a climate
modelling method based on a spatially-dense weather moni-
toring network and local predictors. The 3-step workflow for
grid creation consisted of: 1) a comprehensive quality con-
trol of raw observations, based on a spatial comparison with
nearest data; 2) a climate reconstruction based on the cre-
ation of reference values, through multivariate linear regres-
sions, for every day and location, based on the observed cli-
mate and terrain-based environmental variables; and 3) the
prediction of precipitation and temperature values in a reg-
ular 500 x 500 m grid, based on the reconstructed data se-
ries. The resulting dataset improves the spatial representativ-
ity of climate and allows for a detailed analyses at landscape
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scale not only in climate studies but also in related disci-
plines such as hydrology or biogeography, amongst others.

© 2024 The Author(s). Published by Elsevier Inc.

This is an open access article under the CC BY-NC-ND
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Specifications Table

Subject Earth and Planetary Sciences.

Specific subject area Climatology, Meteorology, Hydrology.

Type of data Raster, Filtered, Processed.

Data collection The raw daily precipitation and temperature data series were obtained from

the Spanish Meteorological Agency, the Ministry of Agriculture, Fisheries and
Food, the Meteorological Service of Catalonia, the Government of Navarra, and
the Automatic Hydrological Information Systems (SAIHs) from the basins of
Ebro, Jtcar, Tajo, and Duero rivers. In total, 3602 stations were included (2315
of precipitation and 1290 of temperature), covering all the days from 1950 to
01-01 to 2020-12-31. Data series were quality controlled and completely
reconstructed by estimating data in missing values.

Data source location Institution: University of Zaragoza
Region: Aragén (northeast Spain)
Spatial extent: 2.7eW, 39.49N; 1.3¢E, 43.1eN

Data accessibility Repository name: Zenodo
Data identification number: DOI: 10.5281/zenodo.12822293
Direct URL to data: https://zenodo.org/doi/10.5281/zenodo.12822293

Related research article none

1. Value of the Data

« Daily precipitation and temperature data allow for assessing extreme events, which are be-
coming more frequent and intense in Aragén, especially high temperatures and precipitation
extremes.

» The gridded climatic data can be used in any research requiring climatic information in the
study area. Some of the most demanding topics are, for example, species distribution mod-
eling, climate-related health diseases modeling, past climate variability, or natural hazards,
amongst others.

« The dataset includes information from different sources and data at an unprecedented spa-
tial resolution (0.25 km?), which substantially improves the representativity of the data in
comparison with previous datasets covering the area.

» The information about the uncertainty of climate estimates allows to assess their reliability
and their spatial consistence.

2. Background

Climate is a territorial continuum, yet the climatic information is gathered in a small portion
of land, at the meteorological stations. Recorded data can become superficial information after
adequate quality control and geostatistical techniques application, but its reliability depend on
the decisions made in this process [1].

Aragén (NE Spain) is in a Mediterranean climatic context, however, its great inner variabil-
ity produces a wide range of environments. From the semi-arid steppes of central lowlands (<
100 m.a.s.l. -meters above sea level-) to the cold humid summits of Pyrenees (>3000 m.a.s.l.)
at north, and the Mediterranean mountains (< 2000 m.a.s.l.) at the southeastern limit, there is
a rich gradient of temperatures and precipitations that remain hide to large-scale climate anal-
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yses. The complex climatic mosaic is conditioned by the nature of the atmospheric circulation,
geographical factors such as relief or continentality, and also by the uses and occupation of the
land.

This dataset was created with a widely used climatic reconstruction method [2,3] through
the reddPrec R package [4] that covers three features: quality control, data series reconstruction,
and gridding. To do this, local multivariate linear regressions were applied to the observations,
using environmental information as covariates.

3. Data Description

The SiCLIMA (Sistema de Informacién del Clima en Aragdén) dataset comprises daily gridded
data of 6 variables: precipitation, maximum and minimum temperature, and their corresponding
uncertainty values. They are stored in geospatial format at a 500 x 500 m spatial resolution, in
the projected coordinate system ETRS89 / UTM zone 30 N (EPSG:25830). Data on each of the six
variables are structured in 6 NetCDF files, one per variable (precipitation, maximum and mini-
mum temperature, and their uncertainty values). Each file contains 25,933 layers corresponding
to all days of the period. This structure allows for manageable partial loading of data series
instead of loading the whole dataset, leading to large amounts of RAM memory consumption.
NetCDF files can be accessed from any software or system with Geographic Information Systems
capabilities (e.g.: ArcGIS, QGIS, R, CDO, Geoserver, etc.).

The layer structure of the dataset allows for map algebra calculations, which facilitates the
analysis of spatial patterns related to climate. Layers (one per day) can be temporally aggregated
in different ways, as if they were data series, resulting in a limitless body of climatic aggrega-
tions and indices to represent different features of climate. As an exemplar, Fig. 1a shows the
annual average maximum precipitation in 24 h, calculated as the mean value of all the annual
values of maximum daily precipitation. Calculations were made for all pixels, treated as single
data series, and then colored as the resulting map. Fig. 1b shows the annual average number of
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Fig. 1. a) Annual average maximum precipitation in 24 h (1950-2020). b) Annual average number of tropical nights
(TMIN>20 ©C) (1950-2020).
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tropical nights, calculated as the mean value of all the annual number of days with minimum
temperatures higher than 20 °C.

4. Experimental Design, Materials and Methods
4.1. Data

The daily precipitation and temperature data recorded at the 3602 meteorological stations
were collected, under request, within the framework of the “Atlas Climatico de Aragén” project,
from Spanish Meteorological Agency (AEMET) (2807 stations), the Ministry of Agriculture, Fish-
eries and Food (221), the Meteorological Service of Catalonia (SMC) (66), the Government of
Navarra (26), and the SAIHs from the basins of Ebro (375), Jicar (91), Tajo (13), and Duero (3)
basins.

The environmental variables used to model the precipitation and temperature estimates were
(Fig. 2): (1) elevation, sourced from EU-DEM at 25 m spatial resolution [5] and resampled to
500 m; (2) latitude and (3) longitude of each pixel covering the spatial domain; (4) A cost-
distance model computed by summing the distances of each cell to the nearest coastline and
multiplied by a friction surface (the elevation in this case) which express the cost per unit dis-
tance. The values in the map are the logarithm of the cost-distance values for representation
purposes, and (5) Ruggedness of terrain, expressed as the mean of the absolute differences be-
tween the elevation of a cell and its 8 surrounding cells.

The gridded dataset was built through 3 different stages: quality control, series recon-
struction and gridding. The core of the method is the creation of reference values (RVs),
which are estimates of precipitation and temperature based on the nearest stations and their
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Fig. 2. Environmental variables used as covariates in precipitation and temperature modelling (elevation (meters); lat-
itude and longitude (degrees), cost-distance to the coast (unitless), ruggedeness (meters)) and location of the meteoro-
logical observatories with the original data.
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corresponding values of the environmental variables. The RVs are estimated through the com-
bined use of generalized linear mixed models (GLMMs) and generalized linear models (GLMs)
for temperature and GLMs for precipitation. This method has been described in detail and ap-
plied before to create climatic gridded datasets in different parts of the world [2,3,6,7].

4.2. Quality control

The quality control (QC) process for temperature checks several parameters to flag and re-
move abnormal data: internal incoherences (TMAX<TMIN), months with less than 10% of ob-
servations, extreme values, and series of repeated values. After these first inspections, RVs
are computed to obtain a paired estimate to each observation. Then, correlation and differ-
ence analyses [2,3] are applied to both observed and estimated data series to remove those
observations with very low correlations and very high differences with their corresponding
estimates. At this point, the RVs represent the spatial coherence of the observations since
they are built from neighbouring observations and, because of that, removals based on spa-
tial and temporal anomalies result in a consistent dataset of observations, ready to be used for
reconstruction.

Precipitation, on the other side, follow a different approach. The QC consists on the applica-
tion of five criteria that compare every original observation with its surrounding observations
in the same day, or with the RV created from them. In this work, the 15 nearest observations
(NNS) were considered. The five criteria check: 1) suspect rain values, being removed the ob-
servation when it is higher than zero and all the NNS are zero; 2) suspect zeros, which are the
inverse situation than (1); 3) suspect outliers are flagged when the magnitude of the observed
value is 10 times higher or lower than the RV; 4) suspect dry days are observations of value
zero, a probability of wet day higher than 0.99 and an RV higher than 5 mm; and 5) suspect
wet days, which flags observations higher than 5 mm with a precipitation occurrence probabil-
ity lower than 0.01 and an RV lower than 0.1. This process is iterative until no suspect values are
detected.

Temperature quality control followed the same temporal evolution of flagged observations
for both maximum and minimum values (Fig. 3). Despite the varied temporal evolution of the
detected abnormal values, an annual average of 2.81 % and 2.86 % of data were respectively
removed from the original observations. These values were lower until the beginning of 1990s
decade, when a slight increase occurred coinciding with the generalized inclusion of automatic
weather stations in the observation networks. However, the precipitation quality control fol-
lowed a different evolution, with a decreasing number of flagged observations. This situation
was probably due to an increase in: i) the precision of measurements and ii) the spatial density
of observations, allowing for a more robust comparison between observations and RVs.
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Fig. 3. Temporal evolution of flagged daily observations of precipitation (solid blue line), maximum (solid red line) and
minimum (solid green line) temperatures. Average values are indicated and highlighted with dashed lines.
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4.3. Climate reconstruction

The filtered series after the QC process are used to calculate new RVs for all days and loca-
tions of the observatories. The RVs corresponding to the days with no observations serve to fill
the missing values, creating serially-complete data series. Those coinciding with the observa-
tions are used to evaluate the performance of the modelling by a pairwise comparison in which
a leave-one-out process cross validation (LOO-CV) helps to easily compare the observations with
their corresponding estimates.

The high correlation between observations and predictions is generalized, considering the av-
erage by stations (Fig. 4), for maximum and minimum mean daily temperatures (Pearson > 0.97
and 0.95, respectively) and mean daily precipitation (0.96), as well as the extremes, considering
the 95th percentile of maximum temperatures and 5th percentile for minimum (0.94 for both
variables) and the 95th percentile daily precipitation (0.95).
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Fig. 4. Comparison between observations (X axis) and estimates (Y axis), by stations, of the mean maximum temper-
atures (a) and their 95th percentiles (d), the mean minimum temperatures (b) and their 5th percentiles (e), and the
mean daily precipitation (c) and their 95th percentiles (f). Dashed lines represent +1 standard deviation of the data.

In a final stage, the reconstructed series are used to build the gridded dataset. For each grid
box centroid with the information extracted from the environmental variables acting as covari-
ates, RVs are calculated for each day. In this case, we used a 500x500 m spatial resolution grid
that created 19,4662 grid points in which estimates of precipitation, maximum and minimum
temperature were calculated for all the 25,933 days from 1950 to 2020. These resulted in more
than 5000 millions of data estimates, and the same number for associated uncertainty values.

Limitations

Inherent to all gridded data, varied differences with observations can arise. It must be con-
sidered that daily values in the raster layers are not observations but estimates. Therefore, a
direct comparison of a pixel with its overlaying observatory is not fair since the pixel is built
with neighboring observations.

Mountain areas are underrepresented in terms of density of observations, which is reflected
in a greater uncertainty of the estimates. These areas must be taken with caution since they may
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not accurately reflect what is happening in the territory. Furthermore, the orographic complexity
means that the mixture of observations to build the model can be insufficient to produce a
reliable estimate.

Lastly, both the reconstruction and the grid maintain the temporal structure of the series
of original observations, meaning that if there were temporal inconsistencies in the raw data
series, such as inhomogeneities, these will remain in the resulting data. By mixing information
from several stations, these inhomogeneities can be transferred to an uncertain degree to the
pixels of the grid.
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