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Abstract. Palaeoflood records are natural evidence of past flood events (typically found in landforms, sediments, or
vegetation). Over the last 25 years, several palacoflood record databases have been implemented. However, many of these
databases are outdated, lack accessible or comprehensive palaecohydrological information, and present challenges in terms of
data accessibility and reuse, particularly for non-research communities (e.g., planning administrations or flood risk managers).
This work introduces PaleoRiada, the first open database that compiles published palaeoflood records from Spain. PaleoRiada
stores typological, hydrological, temporal, and spatial data collected from approximately 126 publications (including journal
articles, scientific reports, and book chapters). This database has been implemented using a simple Relational Database
Management  System (RDMS), integrated into a web platform, and is freely accessible at
https://doi.org/10.5281/zenodo.15627801 (Sandoval-Rincén et al., 2025). The PaleoRiada database contains 299 palacoflood
records (both geological and biological) dated between 2014 CE and 97,000 BP and distributed across both Atlantic (164) and
Mediterranean (135) catchments. PaleoRiada includes 157 records with specific discharge values ranging from 0.02 to 320
m?/km?-s. These records are associated with a variety of river systems, including wide alluvial plains (25), Mediterranean
ephemeral streams (17), mountain torrents (36), and confined valley rivers (79). Additionally, they encompass flood events
(102), flash floods (48), dam failures (1), and hyperconcentrated flow events (6). The relationship between PaleoRiada and the
Spanish Flood-prone Mapping Project (SNCZI) indicates that approximately 80% of the PaleoRiada records are not included
in the flood-prone areas defined by SNCZI. Therefore, several records can be consulted to prioritise or propose new areas for
preliminary flood risk assessment. Accessibility and simplified data query and entry in PaleoRiada can facilitate the application

of palaeoflood data in land planning and flood risk management.
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1 Introduction

Flood events are often recorded in instrumental series (gauging stations) and/or different kinds of documentation (texts, images,
video recordings, plaques on buildings). Systematic data barely record recent floods (last century) (Malaak et al., 2011; Francés
and Botero, 2022; Delus et al., 2023; Claps et al., 2024). Historical floods (last 2,000 years) are commonly recorded in
documentary databases (Kjeldsen et al., 2014; Machado et al., 2015; Benito et al., 2015a; Boisson et al., 2022; Renard, 2023).
However, many flood events can go unnoticed because (i) they predate instrumental records or any existing records have been
lost over time; (ii) they occurred in secondary (ungauged) rivers or exceeded the recording thresholds of gauging stations; (iii)
they occurred in areas distant from documentary production centres; or (iv) they did not cause significant socio-economic
damage or losses (Diez-Herrero et al., 2023). Natural records offer alternative or complementary information to systematic
and documentary flood data through palacoflood analysis (Benito and Thorndycraft, 2005; Reinders and Mufioz, 2021; Benito
et al., 2022).

Palaeofloods refer to floods recorded in natural archives, specifically found in landforms, sediments, or vegetation left behind
after significant flood events (Kochel and Baker, 1982; Baker, 1983; Baker, 2008). The term "palacoflood" does not solely
refer to a flood event from prehistoric times or before the Holocene, but rather to any past flood event evidenced in natural
archives (Benito and O’Connor, 2013; Benito and Diez-Herrero, 2015). The palaeoflood concept was introduced in the 1960s
(Sigafoos, 1961, 1964; Ballesteros-Canovas et al., 2015a), and disseminated in the 1980s (Patton and Dibble, 1982; Ely and
Baker, 1985; Chatters and Hoover, 1986; O’Connor et al., 1986; Webb et al., 1988). It is widely applied in contemporary
research (Miller et al., 2019; Benito and Thorndycraft, 2020; Van Der Meulen et al., 2022; Guo et al., 2023).

Palacoflood analysis generally involves estimating the ages and magnitudes of major floods (Baker, 2008; Benito and Diez-
Herrero, 2015). This approach is key for improving flood-frequency analysis (Harrison and Reid, 1967; O'Connell et al., 2002;
Jenny et al., 2014), as it extends the temporal record and enables a more accurate estimation of flood quantiles at low annual
exceedance probabilities (Benito et al., 2022). In this regard, the findings obtained from palaeoflood data can be used for (i)
studying the climate-flood relationship (Ely, 1997; Macklin and Lewin, 2003; Wilhelm et al., 2013; Benito et al., 2015b; Benito
et al., 2023a); (ii) conducting engineering, design, and safety studies of critical structures (Levish et al., 1997; Benito et al.,
2006; Cloete et al., 2022); and (iii) assessing flood hazard and risk (Levish, 2002; Benito et al., 2004; Benito et al., 2005; Liu
et al., 2019).

Despite the varied applications noted, comprehensive palacoflood databases are still emerging, and most existing ones have
limited access and updates (Hirschboeck et al., 1996; Branson, 1995; Casas Planes et al., 2003; Diez-Herrero et al., 1998).
Over the last decade, international palacoflood databases with accessible temporal data, such as the Database of flood records
from lake sediments in the European Alps (Wilhelm et al., 2022), and global collaborative flood databases, such as the PAGES-
Floods Working Group Database (Wilhelm et al., 2019), have been developed. Nevertheless, these data banks are limited to a
single typology of palaeoflood records or have low regional scope. At national and regional levels, palacoflood data storage

and publication have been little addressed over the last 20 years, and those published data typically consist of an event-age
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relational table without related spatial data. Examples of this include palacoflood data from India (Kale, 2008) and the Colorado
River Basin (Enzel et al., 1993). In Spain, SPHERE-GIS (Casas Planes et al., 2003) and PaleoTagus (Diez-Herrero et al., 1998)
are the only flood record repositories with palaeoflood data published to date. However, they have inaccessible data and
metadata and restricted spatial coverage (Internal Basins of Catalonia and the Tagus River Basin).

All the aforementioned palacoflood datasets lack palacohydrological information (such as discharge, water levels, associated
precipitation thresholds, flow and stream types) or do not make this information accessible. Furthermore, they have a user-
unfriendly structure that makes the data difficult to find and reuse, particularly for non-research communities (e.g., planning
administrations or flood risk managers). Considering these limitations and to address the gap in the availability of national
palaeoflood databases in Spain, we have designed and implemented PaleoRiada: The Palacoflood Records Database of Spain.
PaleoRiada aims to provide: (i) an open and georeferenced national dataset that is reusable by researchers, planning authorities,
consulting firms, and the public; (ii) clear data and metadata to facilitate the retrieval of palacohydrological information; and
(iii) a tool with potential applications in national flood risk management (e.g., to prioritise or propose new areas for preliminary
flood risk assessment).

PaleoRiada is the first publicly accessible database that compiles published palaeoflood records from various sources,
including scientific journals, book chapters, and conference proceedings, from all over Spain. Currently, PaleoRiada stores
299 palaeoflood records (biological and geological), of which 197 include hydrological information. PaleoRiada has been
implemented using a Relational Database Management System (RDMS) and is hosted on an intuitive web application to foster
broader usability.

In this article, we provide the dataset and outline the structure of the PaleoRiada database, detailing its data sources and
collection methodology. We also present a thematic, spatial, and temporal description of the dataset, while discussing its

applications, advantages, and limitations.

2 Database structure

The structure of the PaleoRiada database was designed based on a relational data model. The methodology applied to
implement PaleoRiada included the prior and sequential design of the conceptual, logical, and physical models (Codd, 1970;
Watt and Eng, 2014). The conceptual model establishes the foundation of the structure through the definition of entities and
information requirements, while the logical model defines groups of tables and the relationships between them. The physical
model is created by transferring the logical model to a database management system, enabling the creation of the necessary

tables, fields, relationships, and keys to ensure the integrity of the information.
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2.1 Conceptual Model

PaleoRiada has been designed from a conceptual model encompassing three groups of entities describing the sources of
information and thematic and spatial characteristics of palacoflood records. These three groups are (i) Basic Data-related
100  Entities (BDE); (ii) Geospatial-related Entities (GSE); and (iii) Hydrology Information-related Entities (HIE) (Fig. 1). Through
the first two groups of entities, we aim to store temporal, typological, and spatial information in each database entry (as a
minimum requirement). Additionally, the third group of entities (optional) allows for incorporating hydrological information
into each record. Each database entry includes general geographic information (associated river stream, region, hydrographic

basin, etc.) and a relationship specifying the record's location via a point-type vector file.

PaleoRiada

Georeferenced palaeofloods

Bibliographic — records T~ Geographical
data data

4

105

r;lydrologican
Temporal | |  data |
data —

A,

I Related vectorial file
I ArcGIS Online application l

(Jeoe  [Jost  113me

Figure 1: Conceptual Schema of the PaleoRiada Database. BDE: Basic Data-related Entities; GSE: Geospatial-related Entities; HIE:
Hydrology Information-related Entities

2.2 Logical Model

110  Once the conceptual model of the database structure was established, it was translated into a logical model (Date, 1999; Codd,
1972), where entities become tables, attributes become fields, and relationships between tables are assigned through primary
and foreign keys (Napolitano et al., 2018). In the case of PaleoRiada, the entity groups BDE, GSE, and HIE are associated
with the following groups of tables, respectively: i) BIT: Basic Information Tables; ii) SIT: Spatial Information Tables; iii)
HIT: Hydrology-related Tables. A detailed description of these groups of tables, their main fields, and the relationships that

115 make up the proposed logical model is provided below.
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2.2.1 The BIT Group

The BIT tables store alphanumeric information describing the palacoflood record in the following terms: (i) geographic
(administrative and hydrographic units where the record and its sampling points are located); (ii) typological (type and
description of the evidence used to identify and date the record); (iii) temporal (age of the palacoflood evidence related to the
record, dating method, uncertainty in age estimation, among others); and (iv) bibliographic (sources, authors, and publication
year of the records). Within this group of tables, the identifier field of the palacoflood records (ID) contains the primary key
(PK) for each record entered into the database. This primary key links the palacoflood records to the information stored in the

SIT and HIT groups of tables.

2.2.2 The SIT Group

The SIT tables contain relational and spatial information (point coordinates) that locate the records. These tables link the
sampling points (stored in the vector file) with the palacoflood records. The relationship between the SIT and BIT table groups
was assigned considering that the points stored in the spatial file could be associated with multiple records, as several

successive palaeoflood records can exist at the same sampling point.

2.2.3 The HIT Group

The HIT tables store data on discharges, estimated levels and velocities, and specific information extracted from publications
(precipitation data, estimation methods, and uncertainty of discharge values). The HIT tables are related to the palacoflood
records through an N:1 relationship. This HIT-BIT relationship was assigned considering that a palacoflood record can have

hydrological-hydraulic data from more than one information source or estimation method.

2.3 Physical Model

After defining the groups of tables, fields, and their relationships (established in the logical model and detailed in Appendix
A), we implemented the physical model of the database structure (Watt and Eng, 2014). The physical model of PaleoRiada
was implemented using the Microsoft Access database management system, creating: (i) data entry tables; (ii) association
tables; (iii) dictionary tables; (iv) fields for each table; and (v) primary (PK) and foreign keys (FK).

The physical model of PaleoRiada comprises 16 tables (Fig. 2), including 3 data entry tables that store general record data
(Palaeoflood Record table), spatial data (Point table), and hydrological data (Hydrological Information table). The remaining
12 tables are dictionaries created to fill in the table fields and protect referential integrity through primary keys (Napolitano et

al., 2018), as well as one intermediate table used to include relationships between palaecoflood records and location points.
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145 Figure 2. PaleoRiada Database Physical Structure. BIT: Basic Information Tables, SIT: Spatial Information Tables, HIT:
Hydrology-related Tables
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Finally, to facilitate the visualisation and querying of PaleoRiada data, we developed a web application in ArcGIS Online
using the Web AppBuilder tool
(https://sgaicsic.maps.arcgis.com/apps/webappviewer/index.html?id=047¢3ddb4635415785¢59ff06¢c2cdSeb).  This  web
application includes a data entry form. In this regard, information on new records or palaeoflood studies conducted in Spain
can be incorporated into a temporary layer by any user and subsequently moved to a review phase by the database managers.
The PaleoRiada database is freely available for download on Zenodo via the following DOI:
https://doi.org/10.5281/zenodo.15627801 (Sandoval-Rincon et al., 2025).

2.4 Data sources and information collection

The collection of alphanumeric information stored in the current PaleoRiada dataset was conducted by consulting
approximately 126 texts published between 1996 and 2024. The bibliographic sources included journal articles (117), scientific
reports (4), and book chapters (5). All these sources were selected through a systematic search for palaeoflood publications in
each of Spain's main hydrographic basins using databases and search engines such as Scopus, ScienceDirect, Web of Science,
SpringerLink, and Google Scholar.

To obtain the temporal, typological, hydrological, and spatial information of the records entered into the PaleoRiada database,
a detailed review was conducted of both the results cited in the text and the data presented in tables (e.g., dating values) and
figures (e.g., stratigraphic columns, hydraulic models, channel sections, location maps, etc.). This review was supported by
the bibliographic tool Zotero (www.zotero.org). Using Zotero, the alphanumeric data of each record were collected through
citations, notes, and queries. Each palacoflood record was simultaneously consulted across all publications, thus considering
any possible updates to the published information. All data sources consulted and extracted information from them are
published and accessible through scientific databases or institutional repositories. Consequently, the data stored in PaleoRiada
presents no ownership or authorship conflicts, provided that the sources are properly referenced. To this end, the database
includes a field for the reference of the first published work related to each record, along with another field for subsequently

developed works.

3 PaleoRiada dataset description

PaleoRiada currently includes a total of 299 georeferenced palacoflood records, 197 of which contain hydrological
information. These data are spatially linked to a vector file and can be easily viewed and queried through a web application or

GIS. Below is a more detailed description of the current PaleoRiada dataset.

3.1 Temporal data

From a temporal perspective, the PaleoRiada dataset spans 97,064 years (97,000 BP to 2014 CE). Eighty-five percent of the
total records date within the Common Era (CE), with at least one record in each century (except for the 2nd and 4th centuries).

Furthermore, the highest number of records dated within the CE corresponds to the years 1855, 1955, 1973, 1997, and 2005
7
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(Fig. 3). On the other hand, the remaining 15% corresponds to palacoflood records from before the Common Era (BCE),
180 distributed within the time range of 2060 to 97,000 years BP (Table 1).

The temporal difference between chronologically consecutive records shows that BCE palacoflood records are, on average,

2260 years apart, with the 75th percentile being 545 years. In contrast, CE records are approximately 8 years apart on average,

with 55% of the differences being one year or zero (Table 1). This indicates that using the PaleoRiada dataset for long-term

natural climate variability analysis may require supplementation with additional information sources (Benito et al., 2020;

185 Archer et al., 2017).
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Figure 3. Temporal distribution of the PaleoRiada records dating in CE years.

Table 1. Frequency of Palaeoflood records Before the Common Era (left). Statistics describing the temporal continuity of BCE and
190 CE record sets (right).

BCE records frequency Temporal continuity
BCE CE
BP years Freq. BP years Freq. Temporal difference” statistics  records records
2000 - 3000 6 9000 - 10000 5 Min 0.0 0.0
3000 - 4000 5 10000 - 11700 4 Max 1764 200
4000 - 5000 5 11700 - 15000 5 Mean 226048 7.81
5000 - 6000 1 15000 - 45000 b Standard deviation 8464.39  25.08
6000 - 7000 1 45000 - 60000 1
7000 - 8000 3 >60000 2 50th percentile 249 1.0
8000 - 9000 4 75th percentile 545 3.0
Total records 44 " Between consecutive records

It is worth noting that the uncertainty of the ages assigned to the PaleoRiada records is highly dependent on the record typology,

dating methods, and correlation analyses applied in the various consulted studies. For example, this is the case of geological
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records which have specific dates assigned based on correlations with documentary information (ages between 1617 — 2013
CE, Table 2). Or the case of geological records whose age was estimated from archaeological dating (ages between 2088 BP
- 1856 CE). The PaleoRiada dataset has a temporal bias, primarily related to the conservation temporal range of the biological
records (last three centuries) and the dating methods used (e.g., an increase in the number of records dated to 1955 due to the
predominance of '*’Cs dating; Fig. 3).

Table 2. Distribution of dating methods in the PaleoRiada dataset

Dating Method Record Freq. % data-set Dating Method Record Freq. % data-set
Documentary* 30 10% Luminescence 34 11%
Archaeological 12 4% Dendrochronological 106 35%
Radiometric 115 38% Lichenometric 1 0.3%
Microscopy 1 0.3%

Specific dates based on absolute dating methods and correlations with documentary information.

3.2 Spatial and typological characteristics

All palaeoflood records are linked to 80 sampling sites, distributed between Spain's two main hydrographic catchments
(Atlantic and Mediterranean) (Fig. 4). Regarding the distribution of records across rivers, the PaleoRiada dataset includes
records located in 45 different water courses. There are palacoflood records associated with wide alluvial plains rivers (25),
Mediterranean ephemeral streams (36), mountain torrents (102), and confined valley rivers (109). Additionally, the PaleoRiada
dataset includes 20 records from lakes (Arreo, Montcortés, Sanabria, and others) and 7 records from caves (Rosa, Ojo de
Valjunquera, El Soplao, and others). Regarding typology, palacoflood evidence in PaleoRiada consists of slack-water deposits
(52%), tree scars and growth anomalies (36%), and a smaller proportion of erosive forms and lichens (Table 3). The
PaleoRiada dataset has a typological bias, primarily related to the preservation capacity of the evidence (e.g., the predominance

of geological records in the 50-97,000 years BP interval; Fig. 5).

Table 3. Percentage distribution of records by palaeoflood evidence typology.

Type Evidence Sub-type % data-set Evidence Sub-subtype % data-set
_ Wood accumulation 0.3%
3 Dendrogeomorphological )

'go 36.5% Scars and growth anomalies 36.2%

g Lichenometric 0.3% Size of thalli 0.3%
Fluvial Sedimentological 54.2% Slack-water flood deposits (SWD) 52.2%

= Boulder and cobble deposits 0.7%

E.)“ Lacustrine Sedimentological 6.7% Varved deposits 6.4%

é Fluvial geomorphological 0.2% Erosive forms 0.2%
Speleothem 23% Speleothem 2.3%
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Figure 4. Map of PaleoRiada records sampling sites. Locations with the highest record density are highlighted in white rectangles
215 (number of records in brackets).
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Figure 5. Frequency of records by typology (Geo: geological; Bio: biological) and age (BCE and CE ages shown in years BP and
centuries, respectively), differentiated by basins
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3.3 Hydrological data

The PaleoRiada dataset currently holds 197 records with hydrological information, including i) 117 records with minimum
discharge values, the majority of which (103) were estimated from fluvial sedimentological evidence using one-dimensional
hydraulic models; ii) 30 records with maximum discharge values, primarily derived through empirical hydrological methods;
and iii) 10 records with discharge values measured directly at gauging stations near the evidence. The remaining 40 records
do not have estimated discharge values but include hydrological information related to precipitation thresholds, recorded
discharges in nearby streams, and qualitative information on the event's magnitude.

The range of maximum specific discharge values (Q/4ax) is broad (0.02 - 320 m*km?'s), reflecting the variety of flood types
included in the database. Among the records with discharge data (157), there are: 102 records corresponding to floods occurring
in confined rivers and rivers with wide alluvial plains, and 55 records related to flash floods occurring in mountain torrents,
Mediterranean ephemeral streams, and confined rivers. Additionally, within the flash-flood records, there is one flash-flood
record caused by dam failure (Vega de Tera) and six records related to hyperconcentrated flows (Table 4). Finally, regarding
the spatiotemporal discharge values distribution, a significant increase in (/A values was observed in the eastern and
southern Mediterranean Basin during the 18th and 19th centuries (5.0 and 6.3 m*km?‘s). These values stand out compared to
the O/Ama values in the Atlantic and northeastern Mediterranean Basins (0.4 and 0.6 m*/km?s) during the same centuries
(Table 5).

It is worth noting that the PaleoRiada dataset has a flood event magnitude bias (overestimating or underestimating), as most
discharge estimates correspond to minimum water level values potentially reached (e.g., SWD and tree scars records).
Additionally, palacoflood evidence preserved often corresponds to the occurrence of the largest extreme floods (Thorndycraft
and Benito, 2006). Representative comparisons in terms of age and magnitude of flood events, and consistent analyses of
climate variability-flood response, will require more in-depth data analysis, as PaleoRiada compiles hydrological data of

records rather than single events.

Table 4. Maximum Specific Discharge Values (Q/Amax) per Rivers/Streams (grouped by Flood Typology).

Flood typology Q/A max Flood typology Q/A max
River/Stream —Location (m*km?-s7) River/Stream —Location (m3-km2s7)

Flash-flood Flood
Arroyo Cabrera-Venero Claro 5.23 Rio Alberche-Navaluenga 2.41
Arroyo de las Pintadas-Valsain 3445 Rio Caramel-Rambla Mayor 4.97
Arroyo del Altozano- Valsain 33.85 Rio Cega-Pajares 0.29
Arroyo del Puerto del Paular- Valsain 22.16 Rio Duero-Bemposta 0.13
Barranco de Montardit-Montardit 16.00 Rio Duraton-Duraton 4.56
Rambla de la Viuda-Rambla Viuda 1.56 Rio Eresma-Abrigo Molino 0.02
Rambla Mayor-Rambla Mayor 11.15 Rio Guadalhorce-Gaitanejos 1.71
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Flood typology Q/A max Flood typology Q/A max
River/Stream —Location (m*km?2-s1) River/Stream —Location (m3-km2s1)
Rio Arenal-Arenal Arenas 7.14 Rio Guadalquivir-Marmolejo 0.15
Rio Pelayo-Pelayo 16.00 Rio Llobregat-Llobregat Monistrol 1.36
Rio Segre-Segre Alos 0.53 Rio Llobregat-Llobregat Vilomara 2.28
Flash-flood/Dam break Rio Montlle6-Montlled 1.41
Rio Tera-Vega Tera 320.09 Rio Segura-Segura A.Pozo 0.11
Flash-flood/Hiperconcentrated flow Rio Tajo-Pta. Vado 0.13
Arroyo Cabrera-Venero Claro 141.09 Rio Tajo-Puente del Arzobispo 0.09
Barranco de Aras-Biescas 22.14 Rio Tajo-Tajo Alcantara 0.23
Barranco de las Angustias-Taburiente 100.50 Rio Ter-Ter 1.06
Barranco de Portainé-Portainé 55.38

245  Table 5. Maximum values of specific discharges (Q/Amax) recorded in the PaleoRiada dataset, grouped by time interval and basins.

250

g];t: Atlantic Basin Mediterranean Basin (E - S) Mediterranean Basin (NE)
Date glé%k";’; 5) Date (mglifr‘l;l:)( Date (msliﬁlzm Z;
g 0.23 6h 0.15 17 1.36
10 0.08 10 0.11 18h 0.44
% 1h 0.08 14 1.69 19 0.58
5 12th 0.04 15t 1.31 20t 22.14
g 15t 0.12 16 327 218 55.38
‘QE:) 16™ 0.08 17t 1.02
é’ 17t 0.05 18 5.04
19t 0.13 19 6.32
200 320.09 20 11.15
21 16.00 21 0.90
@ 3 2.06-11.7 ky BP 0.13 2.06-11.7 ky BP 1.17 2.06-11.7 ky BP 228
a S
>11.7 ky BP 4.56

4 Comparison with other Databases

Table 6 compares seven palaecoflood records datasets published to date and one historical flood records database (Archer et

al., 2019). This comparison highlights key differences in accessibility and the variety of record types. Although all databases

provide temporal information and geolocated records, only PaleoRiada and Archer et al., (2019) stand out by providing easily

accessible, publicly available data in a user-friendly open format. Moreover, both databases have open access to event
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magnitude data, a feature absent in the other databases. The implementation method of PaleoRiada is comparable in terms of
completeness and accessibility to the historical flood records database published by Archer et al., (2019), demonstrating its
applicability in multi-record flood analyses.

Regarding Spain, PaleoRiada offers broader spatial coverage, a wider variety of record types, and greater accessibility than
earlier databases such as SPHERE-GIS and PaleoTagus. Concerning recently published global or international palaeoflood
databases (Wilhelm et al., 2019 and 2022), PaleoRiada follows a similar conceptual model and includes equivalent fields and
categories (https://wiki.linked.earth/File:FloodParameters.png). Furthermore, it adheres to the FAIR Guiding Principles—
ensuring findability, accessibility, interoperability, and reusability (Wilkinson et al., 2016). Additionally, like the PAGES-
Floods Working Group Database, PaleoRiada allows for collaborative updates, facilitating the inclusion of new data. All these
factors contribute to PaleoRiada's dataset being potentially incorporable into global databases and usable by a broader range

of user groups, including planning administrations and flood risk managers.

Table 6. Comparison of the general characteristics of palaeoflood records datasets. X: not available; G: global; I:

International; N: national; R: regional.

o Engzel Hirschboeck Kale Wilhem Wilhem SPHERE- Archer
Characteristics etal, etal, etal, GISand  PaleoRiada  etal,
(1993) (2008)
(1996) (2019)  (2022) PaleoTagus (2019)*
: (R) (N) (N) (R) (N) (N)
Spatial coverage US.A US.A India G @M Spain Spain  England
g;ﬁl}tslple palaeoflood record X v v v x % Y i
Temporal data v v V4 v v v v v
Dating methods information X v v v v v v v
Geolocated records v v v v v v v v
Easy to consult data
(Findable Data) X X X X X X v v
Publicly accessible age data X X X v v X Y Y
(per record)
Publicly accessible
magnitude data (per record) X X X X X X v v
Accessible metadata X v X v v X v v
Open data format
(Interoperable Data) X X X v v X v v
Specified  data  source
(Reusable Data) v X v v v v v v
Collaborative Updating X X X v X X v v

*Database of flood history records
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5 PaleoRiada database utility in the Spanish Flood-prone Mapping Project (SNCZI)

The European Flood Directive 2007/60/EC required the development of country-specific flood risk maps. In Spain, these maps
were created through the Spanish Flood-prone Mapping Project (SNCZI, Sistema Nacional de Cartografia de Zonas Inundables
(https://www.miteco.gob.es/es/agua/temas/gestion-de-los-riesgos-de-inundacion.html)), which uses flow data (derived from
the CauMAX software, Jiménez Alvarez et al., 2013) but does not incorporate palaeoflood information. To assess the potential
utility of PaleoRiada data for enhancing SNCZI flood maps, spatial analyses were conducted, intersecting the georeferenced
PaleoRiada data with the flood zones mapped in SNCZI for return periods of 10, 100, and 500 years.

Results showed an 11-20% overlap of PaleoRiada sampling sites with SNCZI flood zones, increasing to 20-28% when a 100-
metre buffer was applied. Most of the PaleoRiada data comes from small drainage basins, with 56 of 80 sampling sites having
upstream areas of less than 1,250 km?2. This suggests that the PaleoRiada dataset could help locate new potentially flood-prone
areas, serving as a basis for proposing preliminary flood risk studies (specifically in small ungauged basins). On the other
hand, in approximately 30% of PaleoRiada sites, major river confluences fall within the drainage distance between the
palaeoflood record locations and urban areas, limiting the direct application of discharge data for flood hazard analysis in
nearby urban centres.

A comparison of estimated discharges from PaleoRiada and CauMAX revealed that 14 sampling sites exceeded the 500-year
CauMAX return period, 6 fell between the 100- and 500-year return periods, and 14 were below the 100-year return period.
In this context, PaleoRiada data remains valuable for enhancing flood risk assessments, particularly in improving peak flow

estimates.

6 Applications
6.1. Summary discussion

The main contribution of PaleoRiada is extending the temporal range of flood records in Spain, complementing instrumental
records (Menéndez Campo and Quintas Ripoll, 1991) and historical datasets (Gil-Guirado et al., 2019; Llasat et al., 2009).
While some debate the inclusion of palaeoflood data in risk analyses (Ballesteros-Canovas et al., 2015b), it has been shown to
have a significant impact on flood peak-flow and return period estimates (Ballesteros-Canovas et al., 2011a, 2013, 2016;
Benito et al., 2021, 2023b) and flood hazard mapping (Garrote et al., 2018). Longer flood records are advantageous (Macdonald
and Black, 2010; Greenbaum et al., 2014) and could maximise the PaleoRiada value in flood frequency analysis (Lam et al.,
2017; Benito et al., 2022).

PaleoRiada data are useful for ungauged basins, where they can aid in calibrating hydrological models (Sivapalan, 2003;
Hrachowitz et al., 2013; Efstratiadis et al., 2014). These data could also help analyse climate-flood relationships across
warming and cooling periods (Wilhelm et al., 2022; Diez-Herrero et al., 2024; Benito et al., 2008; Moreno et al., 2008) or be
evaluated with climate models for extreme flood projections (Baker et al., 2022), despite uncertainties over long-term climate

variations (Bothe and Zorita, 2021; Amrhein et al., 2020). PaleoRiada has potential in international policy contexts like the
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Sendai Framework and the EU Directive 2007/60/EC, particularly for integrating climate change into flood risk assessments
(Ely et al., 1991; Benito et al., 2005) and for infrastructure planning (Baker et al., 2022; Diez-Herrero, 2021). It may also assist
in protecting historical and natural heritage (Garrote et al., 2022) and geoarchaeological studies (Jean-Frangois, 2011; Wu et
al., 2017).

The future application of PaleoRiada will rely on continuous improvement and updating of the dataset. Key objectives will
include identifying new palacoflood sites, assessing their potential to provide valuable palaeohydrological data, and enhancing

data entry methods and user participation through the web application.

6.2. Examples of application of PaleoRiada in Updating Preliminary Flood Risk Assessments

The PaleoRiada database is a valuable resource for updating Preliminary Flood Risk Assessments (www.miteco.gob.es/EPRI)
under the European Directive 2007/60/EC, particularly for identifying or redefining Potential Significant Flood Risk Areas
(PSFRA) (www.miteco.gob.es/ARPSI). Here we indicate three examples of how PaleoRiada can be applied in Spain (Fig. 6):

6.2.1 Modification of PSFRA Boundary (Guadalquivir River Basin)

In the Guadalquivir River Basin, the PSFRA in the Guadix Town (Granada) was initially defined based on the 1973 flood
event of the Guadix River. However, PaleoRiada reveals two palacoflood events (Roman period, 1st century AD, and Almohad
period, 12th century AD) located just outside the current PSFRA boundary. These events, caused by the Almorejo stream
(Diez-Herrero et al., 2024), could be considered to adjust the PSFRA boundary (including this tributary), reflecting a more

accurate flood risk based on long-term flood patterns.

6.2.2 Extension of PSFRA (Duero River Basin)

In the Duero River Basin, the PSFRA along the Eresma River (Segovia) is currently based on historical flooding near
significant buildings. PaleoRiada, however, documents Pleistocene palacofloods downstream, with discharges four times
higher than recorded maxima. This suggests extending the PSFRA downstream to incorporate these ancient floods,
highlighting significant hydrological changes during interglacial periods (Arsuaga et al., 2012) that could influence future
flood risks.

6.2.3 Creation of a new PSFRA (Tajo River Arroyo Cabrera Basin)

In the Tajo River Basin, the Arroyo Cabrera stream (an Alberche River tributary) shows multiple palacoflood records in a
vulnerable area with historical impacts on local infrastructure (Ballesteros-Canovas et al., 2011b). Based on these findings
from PaleoRiada, a new PSFRA could be defined to improve the scope of Preliminary Flood Risk Assessments in small

mountain basins.
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In practice, PaleoRiada has already been utilised by basin authorities responsible for reviewing and updating the Preliminary
Flood Risk Assessments, aiding in the revision of PSFRA in various river basins across Spain. Notably, in the Tajo and
Guadalquivir basins, authorities have systematically analysed the database records to determine whether to extend, adjust, or

create a new PSFRA (https://www.chguadalquivir.es/EPRI).

* ¢+ » Modification of PSFRA
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PSFRA Flood zones :
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Figure 6. Examples of PaleoRiada's application in identifying or redefining Potential Significant Flood Risk Areas (PSFRA) in
Spain. A. Modification of PSFRA Boundary, B. Extension of PSFRA, C. Creation of a new PSFRA. Flood zones from
https://sig.miteco.gob.es/snczi/ and base map from PNOA.
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7 Conclusions

PaleoRiada is the first national database of published palacoflood records with local applicability. Its public accessibility, ease
of use, and reusability offer valuable opportunities for incorporating palacoflood data into land-use planning and flood risk
management, including identifying new areas for preliminary flood risk assessment and enhancing flood frequency analysis.
The PaleoRiada dataset has 299 palacoflood records (157 with discharge value), spans 97,000 years BP to 2014 CE, and
includes diverse evidence types (geological and biological) across most Spanish river basins. PaleoRiada has spatial, temporal,
typological, and magnitude biases due to research project distribution, evidence preservation and varied discharge estimation
methods. The discharge values range from 0.02 to 320 m3/km?-s, which must be interpreted in the context of flow and flood
types, such as hyperconcentrated flows, dam failures, or flash floods. While PaleoRiada stores extensive palacoflood data,
further analysis is needed to correlate records and determine individual flood events.

Despite the availability of palacoflood databases, their use in flood risk analysis remains limited due to low data accessibility,
the absence of peak flow values, and the reliance on conventional data sources. Increased efforts are needed to collect

palaeoflood data, especially in high-risk areas, and to standardise its use in flood risk assessments.

Data availability. The PaleoRiada Database, including the data and metadata, are available for download in Zenodo at

https://doi.org/10.5281/zenodo.15627801 (Sandoval-Rincén et al., 2025).

Author contributions. K. P. Sandoval-Rincdn: investigation, formal analysis and writing — original draft. J. Garrote-Revilla:
investigation and writing — original draft. S. Cervel and J. Hernandez-Manchado: methodology. J. Lopez-Vinielles; D.
Vazquez-Tarrio, J. A. Ballesteros-Canovas, G. Benito and R. M. Mateos: investigation and writing — review and editing. A.

Diez-Herrero: conceptualisation, funding acquisition, investigation, writing, review and editing.

Competing interests: The authors declare that they have no conflict of interest.

Acknowledgements. The authors would like to thank the collaboration provided by various people, grants, and institutions,
including, the following: Predoctoral research grant PIPF-2022/ECO-24879, funded by Comunidad de Madrid. Two grants
(2022-2023 and 2023-2026) which include actions 20223TE003 and 20233TE012 (Tarquin project, IGME-CSIC) signed
between Direccion General del Agua (DGA-MITERD) and Consejo Superior de Investigaciones Cientificas (CSIC). Tarquin
project colleagues: Mario Hernandez, Ana Lucia Vela and M. Angeles Perucha. The authors especially thank Jhonatan Rivera

for his collaboration in designing the PaleoRiada web application.

17



370

375

380

385

390

395

400

Earth System
Science

Data

https://doi.org/10.5194/essd-2024-549
Preprint. Discussion started: 18 June 2025
(© Author(s) 2025. CC BY 4.0 License.

Open Access
suoIssnasIqg

References

Amrhein, D. E., Hakim, G. J., and Parsons, L. A.: Quantifying Structural Uncertainty in Paleoclimate Data Assimilation With an Application
to the Last Millennium. Geophysical Research Letters, 47(22), e2020GL090485. https://doi.org/10.1029/2020GL090485., 2020.

Archer, D. R., Parkin, G., and Fowler, H. J.: Assessing long term flash flooding frequency using historical information. Hydrology Research,
48(1), 1-16. https://doi.org/10.2166/nh.2016.031, 2017.

Arsuaga, J. L.; Baquedano, E.; Pérez-Gonzalez, A.; Sala, N.; Quam, R. M.; Rodriguez, L.; Garcia, R.; Garcia, N.; Alvarez-Lao, D. J.;
Laplana, C.; Huguet, R.; Sevilla, P.; Maldonado, E.; Blain, H.-A.; Ruiz-Zapata, M. B.; Sala, P.; Gil-Garcia, M. J.; Uzquiano, P.; Pantoja,
A.; Marquez, B. Understanding the Ancient Habitats of the Last-Interglacial (Late MIS 5) Neanderthals of Central Iberia:

Paleoenvironmental and Taphonomic Evidence from the Cueva Del Camino (Spain) Site. Quaternary International, 275, 55-75.

https://doi.org/10.1016/j.quaint.2012.04.019, 2012.

Baker, V. R.: Paleoflood hydrologic techniques for the extension of stream flow records. Transportation Research Record, 18-23, 1983.

Baker, V. R.: Paleoflood hydrology: Origin, progress, prospects. Geomorphology, 101(1-2), 1-13.
https://doi.org/10.1016/j.geomorph.2008.05.016, 2008.

Baker, V. R., Webb, R. H., and House, P. K.: The scientific and societal value of paleoflood hydrology. In: House, P.K., Webb, R.H., Baker,

V.R., Levish, D.R. (Eds.): Ancient Floods, Modern Hazards: Principles and Applications of Paleoflood Hydrology, Water Science and
Application Series, 5(1), 127-146, 2002.

Baker, V. R., Benito, G., Brown, A. G., Carling, P. A., Enzel, Y., Greenbaum, N., Herget, J., Kale, V. S., Latrubesse, E. M., Macklin, M.
G., Nanson, G. C., Oguchi, T., Thorndycraft, V. R., Ben Dor, Y., and Zituni, R.: Fluvial palacohydrology in the 21st century and beyond.
Earth Surface Processes and Landforms, 47(1), 58-81. https://doi.org/10.1002/esp.5275, 2022.

Ballesteros, J. A., Bodoque, J. M., Diez-Herrero, A., Sanchez-Silva, M., and Stoffel, M.: Calibration of floodplain roughness and estimation
of flood discharge based on tree-ring evidence and hydraulic modelling. Journal of Hydrology, 403(1-2), 103-115.
https://doi.org/10.1016/j.jhydrol.2011.03.045, 201 1a.

Ballesteros Céanovas, J.A., Eguibar, M., Bodoque, J.M., Diez-Herrero, A., Stoffel, M. and Gutiérrez-Pérez, 1.: Estimating flash flood
discharge in an ungauged mountain catchment with 2D hydraulic models and dendrogeomorphic palaeostage indicators. Hydrol.

Process., 25: 970-979. https://doi.org/10.1002/hyp.7888, 2011b.

Ballesteros-Canovas, J. A., Sanchez-Silva, M., Bodoque, J. M., and Diez-Herrero, A.: An Integrated Approach to Flood Risk Management:
A Case Study of Navaluenga (Central Spain). Water Resources Management, 27(8), 3051-3069. https://doi.org/10.1007/s11269-013-
0332-1, 2013.

Ballesteros-Canovas, J. A.; Butler, D. R.; Stoffel, M.: R. S. Sigafoos’s 1961 and 1964 Papers on Botanical Evidence of Paleofloods, Progress
in Physical Geography, 39(3), 405—411, https://doi.org/10.1177/0309133315569339, 2015a.

Ballesteros-Canovas, J. A., Stoffel, M., St George, S., and Hirschboeck, K.: A review of flood records from tree rings. Progress in Physical

Geography: Earth and Environment, 39(6), 794-816. https://doi.org/10.1177/0309133315608758. 2015b.

Ballesteros-Canovas, J. A., Stoffel, M., Spyt, B., Janecka, K., Kaczka, R. J., and Lempa, M.: Paleoflood discharge reconstruction in Tatra
Mountain streams. Geomorphology, 272, 92-101. https://doi.org/10.1016/j.geomorph.2015.12.004, 2016.

Ballesteros-Canovas, J. A., Allen, S., Stoffel, M.: The importance of robust baseline data on past flood events for regional risk assessment:

a study case from the Indian Himalayas. Contributing Paper to GAR 2019, 2019.

18



405

410

415

420

425

430

435

440

Earth System
Science

Data

https://doi.org/10.5194/essd-2024-549
Preprint. Discussion started: 18 June 2025
(© Author(s) 2025. CC BY 4.0 License.

Open Access
suoIssnasIqg

Benito, G. and O’Connor, J. E.: Quantitative paleoflood hydrology. In: Shroder, John, F. and Wohl, E. (Eds.): Treatise on Geomorphology,
vol. 9. Fluvial Geomorphology. Academic Press, 459-474,2013.

Benito, B. and Thorndycraft, V.: Use of systematic, palacoflood and historical data for the improvement of flood risk estimation: an
introduction. In Benito, B. and Thorndycraft, V. (Eds): Systematic, palacoflood and historical data for the improvement of flood risk
estimation: Methodological guidelines. CSIC - Centro de Ciencias Medioambientales, 5-14, 2004.

Benito, G., and Thorndycraft, V. R.: Palacoflood hydrology and its role in applied hydrological sciences. Journal of Hydrology, 313(1), 3-
15. https://doi.org/10.1016/j.jhydrol.2005.02.002, 2005.

Benito, G., and Diez-Herrero, A.: Palacoflood Hydrology. En Hydro-Meteorological Hazards, Risks and Disasters (pp. 65-104). Elsevier.
https://doi.org/10.1016/B978-0-12-394846-5.00003-5, 2015.

Benito, G., and Thorndycraft, V. R.: Catastrophic glacial-lake outburst flooding of the Patagonian Ice Sheet. Earth-Science Reviews, 200,
102996. https://doi.org/10.1016/j.earscirev.2019.102996, 2020.

Benito, G., Machado, M.J., Pérez Gonzalez, A. and Sopefia, A.: Paleoflood analysis of the Tagus River in the El Puente del Arzobispo Gorge
(Central Spain). In Benito, G., Pérez Gonzalez, M., Machado, J. and S. de Alba (Eds.). Paleohydrology in Spain, Centro de Ciencias
Medioambitales, CSIC, 5-16, 1996.

Benito, G., Fernandez De Villalta, M., Diez Herrero, A. and Lain Huerta, L.: Base de datos Paleotagus: incorporacion de la informacion
paleohidrologica en un SIG para el analisis de riesgos naturales. In Lain Huerta, L. (Eds.): Los Sistemas de Informacién Geografica en
los Riesgos Naturales y en el Medio Ambiente. ITGE (Ministerio de Medio Ambiente), 21-31, 1999.

Benito, G., Diez-Herrero, A., and Fernandez de Villalta, M.: Magnitude and Frequency of Flooding in the Tagus Basin (Central Spain) over
the Last Millennium. Climatic Change, 58(1), 171-192. https://doi.org/10.1023/A:1023417102053. 2003a.

Benito, G., Sanchez-Moya, Y., and Sopeiia, A.: Sedimentology of high-stage flood deposits of the Tagus River, Central Spain. Sedimentary
Geology, 157(1), 107-132. https://doi.org/10.1016/S0037-0738(02)00196-3, 2003b.
Benito, G., Lang, M., Barriendos, M., Llasat, M. C., Francés, F., Ouarda, T., Thorndycraft, V., Enzel, Y., Bardossy, A., Coeur, D., and

Bobée, B.: Use of Systematic, Palacoflood and Historical Data for the Improvement of Flood Risk Estimation. Review of Scientific

Methods. Natural Hazards, 31(3), 623-643. https://doi.org/10.1023/B:NHAZ.0000024895.48463.¢b, 2004.

Benito, G., Ouarda, T. B. M. J., and Bardossy, A.: Applications of palacoflood hydrology and historical data in flood risk analysis. Journal
of Hydrology, 313(1), 1-2. https://doi.org/10.1016/j.jhydrol.2005.02.001, 2005.

Benito, G., Rico, M., Thorndycraft, V.R., Sanchez-Moya, Y., Sopefia, A., Diez-Herrero, A., and Jiménez, A.: Palacoflood records applied
to assess dam safety in SE Spain. In: Ferreira, R., Alves, E., Leal, J., Cardoso, A. (Eds.), River Flow 2006. Taylor and Francis Group,
London, 2113-2120, 2006.

Benito, G., Thorndycraft, V. R., Rico, M., Sanchez-Moya, Y., and Sopeiia, A.: Palaeoflood and floodplain records from Spain: Evidence for
long-term climate variability and environmental changes. Geomorphology, 101(1-2), 68-77.

https://doi.org/10.1016/j.geomorph.2008.05.020, 2008.

Benito, G., Brazdil, R., Herget, J., and Machado, M. J.: Quantitative historical hydrology in Europe. Hydrology and Earth System Sciences,
19(8), 3517-3539. https://doi.org/10.5194/hess-19-3517-2015. 2015a.

Benito, G., Macklin, M. G., Zielhofer, C., Jones, A. F., and Machado, M. J.: Holocene flooding and climate change in the Mediterranean.
CATENA, 130, 13-33. https://doi.org/10.1016/j.catena.2014.11.014, 2015b.

19



445

450

455

460

465

470

475

Earth System
Science

Data

https://doi.org/10.5194/essd-2024-549
Preprint. Discussion started: 18 June 2025
(© Author(s) 2025. CC BY 4.0 License.

Open Access
suoIssnasIqg

Benito, G., Sanchez-Moya, Y., Medialdea, A., Barriendos, M., Calle, M., Rico, M., Sopeiia, A., and Machado, M. J.: Extreme Floods in
Small Mediterranean  Catchments: Long-Term Response to Climate Variability and Change. Water, 12(4),
https://doi.org/10.3390/w12041008, 2020.

Benito, G., Castillo, O., Ballesteros-Canovas, J. A., Machado, M., and Barriendos, M.: Enhanced flood hazard assessment beyond decadal
climate cycles based on centennial historical data (Duero basin, Spain). Hydrology and Earth System Sciences, 25(12), 6107-6132.
https://doi.org/10.5194/hess-25-6107-2021, 2021.

Benito, G., Harden, T. M., and O’Connor, J.: Quantitative Paleoflood Hydrology. In Treatise on Geomorphology (pp. 743-764). Elsevier.
https://doi.org/10.1016/B978-0-12-409548-9.12495-9, 2022.

Benito, G., Ballesteros-Canovas, J. A., and Diez-Herrero, A.: Paleoflood hydrology, Hydro-Meteorological Hazards, Risks, and Disasters,
5, 33-83, https://doi.org/10.1016/B978-0-12-819101-9.00009-1, 2023a.
Benito, G., Greenbaum, N., Medialdea, A., Calle, M., Sanchez-Moya, Y., Machado, M., Ballesteros-Canovas, J. A., and Corella, J. P.: Late

Pleistocene—Holocene multi-decadal patterns of extreme floods in NW Iberia: The Duero River palacoflood record. Quaternary Science

Reviews, 321, 108356. https://doi.org/10.1016/j.quascirev.2023.108356, 2023b.

Biondi, D., and De Luca, D. L.: Process-based design flood estimation in ungauged basins by conditioning model parameters on regional

hydrological signatures. Natural Hazards, 79(2), 1015-1038. https://doi.org/10.1007/s11069-015-1889-1, 2015.

Boisson, E., Wilhelm, B., Garnier, E., Mélo, A., Anquetin, S., and Ruin, I: Geo-historical database of flood impacts in Alpine catchments
(HIFAVa database, Arve River, France, 1850-2015). Natural Hazards and Earth System Sciences, 22(3), 831-847.
https://doi.org/10.5194/nhess-22-831-2022, 2022.

Bothe, O., and Zorita, E.: Technical note: Considerations on using uncertain proxies in the analogue method for spatiotemporal
reconstructions of millennial-scale climate. Climate of the Past, 17(2), 721-751. https://doi.org/10.5194/cp-17-721-2021, 2021.
Branson, J.: The GLOCOPH database. Data structure information. Geodata Institute, University of Southampton. 1995.

Casas Planes, A., Benito, G., Diez-Herrero, A. and Barriendos, M.: SPHERE-GIS: Implementation of a historical and palacoflood
geographical information system. In: Thorndycraft, V., Benito, G., Barriendos, M. and Llasat, MC (Eds.): Palaeofloods, historical data,
and climatic variability: applications in flood risk assessment, 363—368, 2003.

Chatters, J. C and Hoover, K. A.: Changing late Holocene flooding frequencies on the Columbia River, Washington. Quaternary Research
26, 309-320, 1986.

Claps, P., Evangelista, G., Ganora, D., Mazzoglio, P., and Monforte, I.: FOCA: A new quality-controlled database of floods and catchment
descriptors in Italy. Earth System Science Data, 16(3), 1503-1522. https://doi.org/10.5194/essd-16-1503-2024, 2024.

Cloete, G., Benito, G., Grodek, T., Porat, N., Hoffman, J., and Enzel, Y.: Palacoflood records to assist in design of civil infrastructure in
ephemeral rivers with scarce hydrological data: Ugab River, Namibia. Journal of Hydrology: Regional Studies, 44, 101263.
https://doi.org/10.1016/j.ejrh.2022.101263, 2022.

Codd, E. F.. A relational model of data for large shared data banks. Communications of ACM, 13(6), 377-387.
https://doi.org/10.1145/362384.362685, 1970.

Codd, E. F.: Further Normalization of the database relational model. In: Rustin, R. (Eds.), Database Systems. Prentice Hall, 33-64, 1972.

Date, C.J. (Eds.): An Introduction to Database Systems, eighth ed. Addison-Wesley Longman, ISBN 0-321-19784-4, 1999.

Delus, C., Sartor, J., Bonnot, E., Frangois, D., Abéle, J., and Drogue, G.: New insights into Moselle River floods revealed by instrumental

data. Hydrological Sciences Journal, 68(11), 1553-1566. https://doi.org/10.1080/02626667.2023.2224506, 2023.

20



480

485

490

495

500

505

510

Earth System
Science

Data

https://doi.org/10.5194/essd-2024-549
Preprint. Discussion started: 18 June 2025
(© Author(s) 2025. CC BY 4.0 License.

Open Access
suoIssnasIqg

Diez-Herrero, A.: Propuesta para superar el paradigma del periodo de retorno en el analisis y mitigacion de los riesgos por inundaciones en
rios. In: Thomsen, A., Farinés, J. and Perero, E. (Coords.). Soluciones ante los riesgos climaticos en rios y costas, Informes Conama
sobre la defensa del medio natural. Conama, (Eds.), 287. ISBN: 978-84-09-35690-4, 2021.

Diez-Herrero, A.; Benito, G.; Lain-Huerta, L.: Regional Palacoflood Databases Applied to Flood Hazards and Palaeoclimate Analysis. In
Benito, G., Baker, V. R. and Gregory, K. J (Eds.): Palacohydrology and Environmental Change. John Wiley and Sons Ltd, 335-347,
1998.

Diez-Herrero, A., Ballesteros-Canovas, J. A., Bodoque, J. M., and Ruiz-Villanueva, V. A new methodological protocol for the use of
dendrogeomorphological data in flood risk analysis. Hydrology Research, 44(2), 234-247. https://doi.org/10.2166/nh.2012.154,
2013.

Diez-Herrero, A., Sandoval-Rincén, K. P., Lopez Vinielles, J., Cervel de Arcos, S., Hernandez Manchado, J., Fernandez, B., Ballesteros
Canovas, J. A. and Mateos-Ruiz, R. M.: PaleoRiada: la base de datos georreferenciada de las paleoinundaciones en Espafia, para la
gestion del espacio fluvial. IV Congreso Ibérico de Restauracion Fluvial, 2023.

Diez-Herrero, A., Mateos, R. M., Vazquez-Tarrio, D., Lopez-Marcos, A., and Brao-Gonzalez, F. J.: One catastrophic flood every
millennium: Synchronicity of extreme floods and global warm periods in the multi-archive record of the Roman theatre of Guadix

(Granada, SE Spain). Global and Planetary Change, 233, 104363. https://doi.org/10.1016/j.gloplacha.2024.104363, 2024.

Efstratiadis, A., Koussis, A. D., Koutsoyiannis, D., and Mamassis, N.: Flood design recipes vs. reality: Can predictions for ungauged basins

be trusted? Natural Hazards and Earth System Sciences, 14(6), 1417-1428. https://doi.org/10.5194/nhess-14-1417-2014, 2014.

Ely, L. L.: Response of extreme floods in the southwestern United States to climatic variations in the late Holocene. Geomorphology, 19(1),
175-201, 1997.

Ely, L. L. and Baker, V.R.: Reconstructing paleoflood hydrology with slackwater deposits: Verde river, Arizona. Phys. Geog, 6(1), 103-126,
198s.

Ely, L. L., Enzel, Y., O’Connor, J. E. and Baker, V. R.: Paleoflood Records and Risk Assessment: Examples from the Colorado River Basin.
In: Ganoulis, J. (Eds.) Water Resources Engineering Risk Assessment. NATO ASI Series, Springer, 29. https://doi.org/10.1007/978-3-
642-76971-9_8, 1991.

Enzel, Y., Ely, L. L., House, P. K., Baker, V. R., and Webb, R. H.: Paleoflood evidence for a natural upper bound to flood magnitudes in
the Colorado River Basin. Water Resources Research, 29(7), 2287-2297. https://doi.org/10.1029/93WR00411, 1993.

Evin, G., Wilhelm, B., and Jenny, J.-P.: Flood hazard assessment of the Rhone River revisited with reconstructed discharges from lake

sediments. Global and Planetary Change, 172, 114-123. https://doi.org/10.1016/j.gloplacha.2018.09.010, 2019.

Fernandez de Villalta, M.; Benito, G. and Diez-Herrero, A.: Historical flood data analysis using a GIS: The PalaeoTagus Database. In Glade,
T., Albini, P., Francés, F. (Eds.). The Use of Historical Data in Natural Hazard Assessments, Advances in Natural and Technological

Hazards Research. https://doi.org/10.1007/978-94-017-3490-5, 2001.

Francés, F. and Botero, B. A.: Probable maximum flood estimation using systematic and non-systematic information. In Thorndycraft, V.,
Benito, G., Barriendos, M. and Llasat, M. C (Eds.). Palaeofloods, historical data, and climatic variability: applications in flood risk
assessment, 223-229, 2002.

Garrote, J., Diez-Herrero, A., Génova, M., Bodoque, J. M., Perucha, M. A., and Mayer, P. L.: Improving Flood Maps in Ungauged Fluvial
Basins with Dendrogeomorphological Data. An Example from the Caldera de Taburiente National Park (Canary Islands, Spain).
Geosciences, 8(8), Article 8. https://doi.org/10.3390/geosciences8080300, 2018.

21



515

520

525

530

535

540

545

550

Earth System
Science

Data

https://doi.org/10.5194/essd-2024-549
Preprint. Discussion started: 18 June 2025
(© Author(s) 2025. CC BY 4.0 License.

Open Access
suoIssnasIqg

Garrote, J., Vazquez-Tarrio, D., Diez-Herrero, A., Gomez-Heras, M., and Martinez, J.: Hydromorphological modelling of the September 9th
2018 flash flood event at Medieval Sta. Maria de Huerta Monastery (Soria, Spain). A detailed hazard analysis for flood risk mitigation
proposal, Copernicus Meetings, ICG2022-211, https://doi.org/10.5194/icg2022-211, 2022.

Gil-Guirado, S., Pérez-Morales, A., and Lopez-Martinez, F.: SMC-Flood database: A high-resolution press database on flood cases for the
Spanish  Mediterranean  coast (1960-2015). Natural Hazards and Earth System Sciences, 19(9), 1955-1971.
https://doi.org/10.5194/nhess-19-1955-2019, 2019.

Greenbaum, N., Harden, T. M., Baker, V. R., Weisheit, J., Cline, M. L., Porat, N., Halevi, R., and Dohrenwend, J.: A 2000 year natural

record of magnitudes and frequencies for the largest Upper Colorado River floods near Moab, Utah. Water Resources Research, 50(6),

5249-5269. https://doi.org/10.1002/2013WR014835, 2014.

Guo, Y., Ge, Y., Mao, P., Liu, T, Fu, X., and Wu, S.: Geomorphologic evidences and hydrologic reconstruction of Holocene catastrophic
flood events in the Yarlung Tsangpo Grand Canyon, Eastern Himalaya. Journal of Hydrology, 626, 130146.
https://doi.org/10.1016/j.jhydrol.2023.130146, 2023.

Harden, T. M., Ryberg, K. R., O’Connor, J. E., Friedman, J. M., and Kiang, J. E.: Historical and paleoflood analyses for probabilistic flood-
hazard assessments—Approaches and review guidelines. In Techniques and Methods (4-B6). U.S. Geological Survey.

https://doi.org/10.3133/tm4B6, 2021.

Harrison, S. S. and Reid, J. R.: A flood-frequency graph based on tree-scar data. Proceedings of the North Dakota Academy of Science,21,
23-33, 1967.

Hirschboeck, K., Wood, M.L., Fenbiao, N. and Baker, V.: The Global Paleoflood Database Project, Second International Meeting on Global
Continental Paleohydrology, 1996.

Hrachowitz, M., Savenije, H. H. G., Bloschl, G., McDonnell, J. J., Sivapalan, M., Pomeroy, J. W., Arheimer, B., Blume, T., Clark, M. P.,
Ehret, U., Fenicia, F., Freer, J. E., Gelfan, A., Gupta, H. V., Hughes, D. A., Hut, R. W., Montanari, A., Pande, S., Tetzlaff, D., ...
Cudennec, C.: A decade of Predictions in Ungauged Basins (PUB)—A review. Hydrological Sciences Journal.
https://www.tandfonline.com/doi/abs/10.1080/02626667.2013.803183, 2013.

Jean-Frangois, B.: Hydrological and post-depositional impacts on the distribution of Holocene archaeological sites: The case of the Holocene
middle Rhone River basin, France. Geomorphology, 129(3), 167—182. https://doi.org/10.1016/j.geomorph.2011.02.021, 2011.
Jenny, J.-P., Wilhelm, B., Arnaud, F., Sabatier, P., Giguet Covex, C., Mélo, A., Fanget, B., Malet, E., Ployon, E., and Perga, M. E.: A 4D

sedimentological approach to reconstructing the flood frequency and intensity of the Rhone River (Lake Bourget, NW European Alps).
Journal of Paleolimnology, 51(4), 469—483. https://doi.org/10.1007/s10933-014-9768-4, 2014.
Kale, V. S.: Palacoflood Hydrology in the Indian Context. Geological Society of India, 71(1), Article 1, 2008.

Kehl, M., Alvarez-Alonso, D., Andrés-Herrero, M. de, Diez-Herrero, A., Klasen, N., Rethemeyer, J., and Weniger, G.-C.: The rock shelter
Abrigo del Molino (Segovia, Spain) and the timing of the late Middle Paleolithic in Central Iberia. Quaternary Research, 90(1), 180—
200. https://doi.org/10.1017/qua.2018.13, 2018.

Kjeldsen, T. R., Macdonald, N., Lang, M., Mediero, L., Albuquerque, T., Bogdanowicz, E., Brazdil, R., Castellarin, A., David, V., Fleig,
A., Giil, G. O., Kriauciuniene, J., Kohnova, S., Merz, B., Nicholson, O., Roald, L. A., Salinas, J. L., Sarauskiene, D., graj, M., ... Wilson,

D.: Documentary evidence of past floods in Europe and their utility in flood frequency estimation. Journal of Hydrology, 517, 963-973.
https://doi.org/10.1016/j.jhydrol.2014.06.038, 2014.
Kochel, R. C., and Baker, V. R.: Paleoflood Hydrology. Science, 215(4531), 353—361. https://doi.org/10.1126/science.215.4531.353, 1982.

22



555

560

565

570

575

580

585

Earth System
Science

Data

https://doi.org/10.5194/essd-2024-549
Preprint. Discussion started: 18 June 2025
(© Author(s) 2025. CC BY 4.0 License.

Open Access
suoIssnasIqg

Lam, D., Thompson, C., Croke, J., Sharma, A., and Macklin, M.: Reducing uncertainty with flood frequency analysis: The contribution of
paleoflood and historical flood information. Water Resources Research, 53(3), 2312-2327. https://doi.org/10.1002/2016 WR019959
2017.

Levish, D. R.: Paleohydrologic Bounds. In Ancient Floods, Modern Hazards (pp. 175-190). American Geophysical Union (AGU).
https://doi.org/10.1029/WS005p0175, 2002.

Levish, D., Ostenaa, D. and O’Connell, D.: Paleoflood hydrology and dam safety. In Mahoney, D.J. (Eds.), Waterpower, 97, Proceedings of

the International Conference on Hydropower. Am. Soc. of Civ. Eng, 2205-2214, 1997.

Liu, T., Greenbaum, N., Baker, V. R., Ji, L., Onken, J., Weisheit, J., Porat, N., and Rittenour, T.: Paleoflood hydrology on the lower Green
River, upper Colorado River Basin, USA: An example of a naturalist approach to flood-risk analysis. Journal of Hydrology, 580, 124337.
https://doi.org/10.1016/j.jhydrol.2019.124337, 2020.

Llasat, M. C., Llasat-Botija, M., and Lopez, L.: A press database on natural risks and its application in the study of floods in Northeastern
Spain. Natural Hazards and Earth System Sciences, 9(6), 2049-2061. https://doi.org/10.5194/nhess-9-2049-2009, 2009.

Macdonald, N., and Black, A. R.: Reassessment of flood frequency using historical information for the River Ouse at York, UK (1200-

2000). Hydrological Sciences Journal-Journal Des Sciences Hydrologiques, 55(7), 1152-1162.
https://doi.org/10.1080/02626667.2010.508873. 2010.

Machado, M. J., Botero, B. A., Lopez, J., Francés, F., Diez-Herrero, A., and Benito, G.: Flood frequency analysis of historical flood data
under stationary and non-stationary modelling. Hydrology and Earth System Sciences, 19(6), 2561-2576. https://doi.org/10.5194/hess-
19-2561-2015, 2015.

Macklin, M. G., and Lewin, J.: River sediments, great floods and centennial-scale Holocene climate change. Journal of Quaternary Science,
18(2), 101-105. https://doi.org/10.1002/jgs.751, 2003.
Malaak, K., Henning, R., Holger, L. and Jurgen, K.: Extreme Value Analysis Considering Trends: Application to Discharge Data of the

Danube River Basin. In Kropp, J. and Schellnhuber, H. J. (Eds.). In Extremis: Disruptive Events and Trends in Climate and Hydrology.
https://doi.org/10.1007/978-3-642-14863-7, 2011.

Menéndez-Campo, M. and Quintas Ripoll, L.: Tratamiento y difusion de los datos hidrologicos: anuario de aforos y base de datos. Revista
Digital del CEDEX, (80), 37, 1991.

Miller, J. R., Walsh, D., and Villarroel, L. F.: Use of Paleoflood Deposits to Determine the Contribution of Anthropogenic Trace Metals to
Alluvial Sediments in the Hyperarid Rio Loa Basin, Chile. Geosciences, 9(6), Article 6. https://doi.org/10.3390/geosciences9060244,
2019.

Moreno, A., Valero-Garcés, B. L., Gonzalez-Sampériz, P., and Rico, M.: Flood response to rainfall variability during the last 2000 years
inferred from the Taravilla Lake record (Central Iberian Range, Spain). Journal of Paleolimnology, 40(3), 943-961.
https://doi.org/10.1007/s10933-008-9209-3, 2008.

Napolitano, E., Marchesini, 1., Salvati, P., Donnini, M., Bianchi, C., and Guzzetti, F.: LAND-deFeND — An innovative database structure

for landslides and floods and their consequences. Journal of Environmental Management, 207, 203-218.
https://doi.org/10.1016/j.jenvman.2017.11.022, 2018.

O’Connor, J. E., Webb, R. H., and Baker, V. R.: Paleohydrology of pool-and-riffle pattern development: Boulder Creek, Utah. GSA Bulletin,
97(4), 410-420. https://doi.org/10.1130/0016-7606(1986)97<410:POPPDB>2.0.CO;2, 1986.

O’Connell, D. R. H., Ostenaa, D. A., Levish, D. R., and Klinger, R. E.: Bayesian flood frequency analysis with paleohydrologic bound data.
Water Resources Research, 38(5), 16-1-16—13. https://doi.org/10.1029/2000WR000028, 2002.

23




590

595

600

605

610

615

620

625

Earth System
Science

Data

https://doi.org/10.5194/essd-2024-549
Preprint. Discussion started: 18 June 2025
(© Author(s) 2025. CC BY 4.0 License.

Open Access
suoIssnasIqg

Patton, P. C., and Dibble, D. S.: Archeologic and geomorphic evidence for the paleohydrologic record of the Pecos River in West Texas.
American Journal of Science, 282(2), 97—121. https://doi.org/10.2475/ajs.282.2.97, 1982.

Reinders, J. B., and Mufioz, S. E.: Improvements to Flood Frequency Analysis on Alluvial Rivers Using Paleoflood Data. Water Resources

Research, 57(4), €2020WR028631. https://doi.org/10.1029/2020WR028631, 2021.

Renard, B.: Use of a national flood mark database to estimate flood hazard in the distant past. Hydrological Sciences Journal, 68(8), 1078—
1094. https://doi.org/10.1080/02626667.2023.2212165, 2023.

Rico, M.: Las paleocrecidas en la cuenca media del Rio Segre durante el Pleistoceno superior-Holoceno: registros morfosedimentarios y
analisis hidrologico. PhD Thesis, University of Zaragoza, Spain, 2004.

Sandoval-Rincén, K. P., Garrote, J., Vazquez Tarrio, D., Cervel, S., Hernandez, J. R., Lopez Vinielles, J., Mateos, R. M., Ballesteros-
Cénovas, J., Benito, G., & Diez Herrero, A.: PaleoRiada: A New Integrated Spatial Database of Palaeofloods in Spain (Version 3) [Data
set]. Zenodo. https://doi.org/10.5281/zenodo.15627801, 2025.

Sigafoos R. S.: Vegetation in relation to flood frequency near Washington, DC. US Geological Survey, Professional Paper 424-C: 248-249,
1961.

Sigafoos R. S.: Botanical evidence of floods and flood-plain deposition. US Geological Survey Professional Paper 485A, 1964.

Sivapalan, M.: Prediction in ungauged basins: A grand challenge for theoretical hydrology. Hydrological Processes, 17(15), 3163-3170.
https://doi.org/10.1002/hyp.5155, 2003.

Thorndycraft, V. R., and Benito, G.: Late Holocene fluvial chronology of Spain: The role of climatic variability and human impact. Catena,

66(1), 34—41. https://doi.org/10.1016/j.catena.2005.07.007, 2006.

Thorndycraft, V.R., Benito, G., Rico, M., Sopefia, A., Sanchez-Moya, Y., and Casas, A.: A long-term flood discharge record derived from
slackwater  flood deposits of the Llobregat River, NE Spain. Journal of Hydrology, 313, 16-31.
https://doi.org/10.1016/j.jhydrol.2005.02.003, 2005.

Thorndycraft, V. R., Barriendos, M., Benito, G., Rico, M., and Casas, A.: The catastrophic floods of AD 1617 in Catalonia (northeast Spain)
and their climatic context. Hydrological Sciences Journal, 51(5), 899-912. https://doi.org/10.1623/hysj.51.5.899, 2006.

Van Der Meulen, B., Defilet, M. P., Tebbens, L. A., and Cohen, K. M.: Palaeoflood level reconstructions in a lowland setting from urban
archaeological stratigraphy, Rhine river delta, the Netherlands. Catena, 212, 106031. https://doi.org/10.1016/j.catena.2022.106031
2022.

Watt, A., and N. Eng.: Database Design-2ns Edition. Victoria, B.B.: BCcampues. https://opentextbc.ca/dbdesign01/, 2014.

Webb, R.H., O’Connor, J.E., and Baker, V.R.: Paleohydrologic reconstruction of flood frequency on the Escalante river, south-central Utah.
In: Baker, R.V., Kochel, R.C., and Patton, P.C. (Eds.), Flood Geomorphology. John Wiley and Sons, 403-418, 1988.

Wilhelm, B., Arnaud, F., Sabatier, P., Magand, O., Chapron, E., Courp, T., Tachikawa, K., Fanget, B., Malet, E., Pignol, C., Bard, E., and
Delannoy, J. J.: Palacoflood activity and climate change over the last 1400 years recorded by lake sediments in the north-west European
Alps. Journal of Quaternary Science, 28(2), 189—199. https://doi.org/10.1002/jgs.2609, 2013.

Wilhelm, B., Ballesteros Canovas, J. A., Macdonald, N., Toonen, W. H. J., Baker, V., Barriendos, M., Benito, G., Brauer, A., Corella, J. P.,
Denniston, R., Glaser, R., Ionita, M., Kahle, M., Liu, T., Luetscher, M., Macklin, M., Mudelsee, M., Munoz, S., Schulte, L., ... Wetter,

O.: Interpreting historical, botanical, and geological evidence to aid preparations for future floods. WIREs Water, 6(1), el1318.
https://doi.org/10.1002/wat2.1318, 2019.

24



630

635

https://doi.org/10.5194/essd-2024-549
Preprint. Discussion started: 18 June 2025
(© Author(s) 2025. CC BY 4.0 License.

Earth System
Science

Data

Open Access
suoIssnasIqg

Wilhelm, B., Rapuc, W., Amann, B., Anselmetti, F. S., Arnaud, F., Blanchet, J., Brauer, A., Czymzik, M., Giguet-Covex, C., Gilli, A., Glur,
L., Grosjean, M., Irmler, R., Nicolle, M., Sabatier, P., Swierczynski, T., and Wirth, S. B.: Impact of warmer climate periods on flood
hazard in the European Alps. Nature Geoscience, 15(2), 118—123. https://doi.org/10.1038/s41561-021-00878-y, 2022.

Wilkinson, M. D., Dumontier, M., Aalbersberg, Ij. J., Appleton, G., Axton, M., Baak, A., Blomberg, N., Boiten, J.-W., da Silva Santos, L.

B., Bourne, P. E., Bouwman, J., Brookes, A. J., Clark, T., Crosas, M., Dillo, I., Dumon, O., Edmunds, S., Evelo, C. T., Finkers, R., ...
Mons, B.: The FAIR Guiding Principles for scientific data management and stewardship. Scientific Data, 3(1), 160018.
https://doi.org/10.1038/sdata.2016.18, 2016.

Wu, L., Zhu, C., Ma, C,, Li, F., Meng, H., Liu, H., Li, L., Wang, X., Sun, W., and Song, Y.: Mid-Holocene palacoflood events recorded at

the Zhonggiao Neolithic cultural site in the Jianghan Plain, middle Yangtze River Valley, China. Quaternary Science Reviews, 173,
145-160. https://doi.org/10.1016/j.quascirev.2017.08.018, 2017.

25



