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Abstract: Systematic literature reviews can provide an objective global overview of background
research on hydrological questions. This study presents a methodology to ensure rigor, traceability,
and replicability in evaluating state-of-the-art hydrological topics. The proposed methodology
involved systematic, objective, and explicit steps. Strategies with defined selection criteria were
used to search the relevant literature comprehensively and accurately on hydrological uncertainty
as a case study. The most pertinent documents were filtered to build a critical state-of-the-art
synthesis for evaluating their quality and relevance. This methodology allows systematic literature
analysis to provide an objective summary of the evidence, with a structured procedure for state-of-
the-art reviews, which promotes transparency in the search, unlike typical review papers that lack
reproducible methodologies that may lead to obtaining a potentially subjective reference selection.
Consequently, the proposed methodology improves reference reliability and study reproducibility
while generalizing the methodology. This procedure has proven effective and practical for building
state-of-the-art research in the study case (State-of-the-art Uncertainty in Hydrological forecasting
from 2017 to 2023) and can be considered a relevant tool in hydrology and other STEM disciplines,
providing a rigorous and transparent approach that enhances evidence quality and reliability.

Keywords: systematic literature review; review methodology; hydrology; research methodology;
literature search; state-of-the-art; hydrological research; knowledge overview; hydrological forecast

1. Introduction

According to Cochrane-Org [1], a systematic literature review (SLR) provides a com-
prehensive, objective, and transparent overview of all evidence related to a specific question.
On the other hand, Siddaway et al. [2] define it as “a review of a formulated question that
uses systematic and explicit methods to identify, select, and critically appraise relevant
research, as well as to collect and analyze data from the studies included in the review”.

In the hydrological literature, there is a long history of evolution and development of
knowledge, including reviews made by authors who, at the time, presented a summary
of the current state of the discipline; thus, it is possible to find articles with more than a
century of publication that the journal already grouped under the type “Review”, e.g.,
“Hydraulic illustration of the Wheatstone bridge” [3], an article that presents how to build
in the laboratory an analogy of the Wheatstone bridge employing a hydraulic circuit. In
the 1920s, Piper [4] discussed the problem of artesian aquifers and their water movement,
stating that research on the subject was predominantly qualitative and lacked historical
information for adequate quantitative studies. On the other hand, Breusse [5] reviews the
geophysical methods used for groundwater exploration and development, pointing out
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that these methods were widely known and used in petroleum exploration but not so much
by hydrogeologists.

However, the first comprehensive historical review of hydrology and its development
over 300 years was presented by Linsley [6], who began with the first empirical relationships
established by Perrault [7] on the relationship between rainfall and runoff and summarized
49 papers to present his vision of the future of hydrology. He anticipated the use of
computers to improve the efficiency and speed of estimating hydrologic values, allowing
accurate models to determine discharge hydrographs. The Commission on Hydrology
of the Association of Geographers of Japan (Nippon-Chiri-Gakkai) annually updates its
review of state-of-the-art hydrology, climatology, and meteorology to keep hydrologists
and researchers informed of advances and new developments in the field [8].

There are many review studies on the different hydrological sub-areas in the literature,
such as in Ecohydrology [9-14], Hydropower [15], Hydroinformatics [16-25], Gral Hydrol-
ogy [26-30], Hydrology and Climate Change [31-35], Stochastic Hydrology [36-39], Fore-
casting and Uncertainty [40—49], Nival Hydrology [50-53], GIS Hydrology and Remote Sens-
ing [54-58], Fluvial Hydrology [59,60], Socio-Hydrology [61-64], Hydrogeology [65-70],
Hydropedology [71,72], Oceanography [73,74], Hydrological Regionalization [75,76], and
Urban Hydrology [77-86], studies embodied in traditional review articles in hydrology,
which provide, from a narrative approach, an overview of the relevant literature but may
have limitations such as subjective selection of reference articles and systematic shortcom-
ings to reach a comprehensive meta-analysis [87].

SLR is a rigorous methodology for assessing a specific topic’s state-of-the-art. It
requires prior knowledge and experience in the literature search and review to ensure
reliability but provides a valuable tool to select best practices with an objective analysis,
especially in hydrology [87]. Based on the availability of digital databases, SLR allows
a structured search with objective criteria [2]. However, a critical analysis is required to
ensure accuracy and scientific validity [88-90].

Delimiting the search criteria is fundamental in an SLR and should include topics,
keywords, and research questions. This helps filter the existing literature and evaluate
the current state of a research topic [88,90]. SLR is the beginning of a study, and effective
communication of its results and conclusions is as important as the results obtained at the
end of the research project [91]. In both cases, the communication can be either complete
or fragmented through scientific events or papers for the scientific community to know
and discuss [91,92]. It should also be disseminated to society in general as a mechanism of
democratization and openness of knowledge and expressed in a clear (and non-scientific)
language so that they are brushstrokes of knowledge, open to ordinary citizens who do not
know the details of science [91,93].

The relevance of this work is based on the need-to-know state-of-the-art reference
documents objectively and avoids biases, in addition to the fact that other sciences (Health
Sciences, Computer Science, and Social Sciences, among others) have already developed
SRL methodologies adapted to their needs with good results [94]. Developed SRL method-
ologies adapted to their needs with good results (Kitchenham et al., 2009a) [94]. This
protocol was applied to a specific case study of the uncertainty in hydrological forecast-
ing. Nevertheless, it is expected to be replicable in other fields of Science, Technology,
Engineering, and Mathematics (STEM) research.

2. Materials and Methods
2.1. Materials

To search for relevant and updated information on the topic under investigation,
recognized and prestigious databases should be used to guarantee the universality of the
information collected and its replicability.

For the SLR performed in this study, Elsevier’s Scopus [95] and Clarivate’s Web
of Science [96] bibliographic databases are the primary scientific information sources;
in particular, WOS has a package of databases composed of seven different databases
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(Web of Science Core Collection, Current Contents Connect, Derwent Innovations Index,
KCI-Korean Journal Database, MEDLINE, ProQuestTM Dissertations & Theses Citation
Index, and Scielo Citation Index). These databases have a broad scope, bringing together
thousands of leading academic journals across all fields of knowledge. This broad scope
allows for comprehensive identification of the current state of research on the topic of
interest. Although other regional or specialized databases index relevant scientific literature,
Scopus and WOS stand out for their global coverage of high-impact publications in each
discipline. Additionally, both platforms allow useful functionalities and tools to narrow
the results to the most relevant studies and extract them in formats that can be processed
by other software, such as analysis programs, for example, VOSviewer 1.6.20 [97].

It is worth mentioning that Scopus and the Web of Science (and several journal papers)
are restricted subscription databases accessible only to entities or institutions that can pay
for their licensing. Although this fact limits their adoption, for the time being, they are still
integral options for mapping international scientific knowledge with great accuracy and
extension. Institutional accreditation of the Universitat Politecnica de Valencia (Valencia,
Spain) provided access to these resources.

2.2. Methods

The methodology developed was primarily based on an adapted combination of the
guidance proposed by Nguyen and Singh [98] and Kitchenham [99] and the steps suggested
by Muka et al. [100] for designing an SLR, with a specific adaptation to make it applicable
to hydrological sciences and STEM areas. This is a novel contribution of the present article,
given that it is an adaptation of the health (and informatic) sciences literature for which
they have developed precise mechanisms and protocols for research meta-analyses and
pioneered the development of SLR methodologies.

The first step involves the research approach, which clearly defines the research
question or questions to be addressed in the review. Additionally, a working team to
collaborate at all stages of the process and specific roles should be assigned to each team
member for an adequate distribution of tasks. In the next step, a detailed protocol is
formulated to guide the review. This protocol establishes inclusion and exclusion criteria
for the selection of relevant documents. Then, certain search strategies are designed
with specific terms related to the research topic (in the case of this study on Uncertainty,
Hydrology, and Forecasting).

Once the protocol has been established, a document search and systematic extraction
can begin. The search and selection strategies are then applied to the academic databases,
initially evaluating the papers’ abstracts and titles using a standardized form (Form 1).
Duplicates are verified and identified, particularly when multiple databases are used for
the search.

The selected papers were retrieved in the previous step, and a more detailed reading
of the preselected documents was performed after evaluating their titles and abstracts. This
careful reading evaluates the methodology, results, and conclusions of documents. This
evaluation selected documents that provided relevant information to answer the research
questions. The second standardized form (Form 2) contained specific information about the
study, allowing for subsequent analyses. It is essential to seek the opinions and references
of experts in the field to obtain additional information and recommendations from other
relevant documents. These steps ensured an exhaustive and accurate search of existing
literature related to the research question.

The collected information was analyzed using the final selection of documents. The
quality of the information is evaluated, and a descriptive synthesis of the vital information
of the selected documents is made so that in cases where the data allow it, a meta-analysis
is carried out to combine and statistically analyze the results of similar studies. The SLR
report is then written, documenting all relevant steps and findings. Finally, the manuscript
was prepared for submission to a scientific journal for publication and sharing the results
with the scientific community.
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This methodology has been designed to be applicable in several studies in the hydro-
logical sciences and other related fields, providing a structured and objective approach
that improves the quality and reliability of the references obtained in the literature review.
Figure 1 shows the flow diagram of the developed methodology.

SELECTION CRITERIA SYSTEMATIC SEARCH AND

(INCLUSION/EXCLUSION) INITIAL DOCUMENT SELECTION
FILTER RUN FILTER STRATEGY
STRATEGIES IN SELECTED DATABASES
DESIGN

APPLY CHECK DUPLICATES
FORM 1 FORM 1 (SEVERAL DATABASES)

DEFINE RESEARCH

QUESTION
DESIGN
FORM 2
FILTER DOCUMENTS :

ESTABLISH | | | METHODS, RESULTS

A WORKING TEAM AND CONSLUSIONS
AND ITS ROLES

RESEARCH
PROPOSAL

FILTER DOCUMENTS :

ABSTRACT AND TITLE

DOWNLOAD SELECTED
DOCUMENTS
P TO THIS STA

FINAL ANALYSIS AND WRITING
RESEARCH REPORT

]

APPLY RESEARCH
FORM 2 REPORT

Figure 1. Flowchart of the proposed SLR methodology.

3. Results

This section details the application of the proposed methodology to a specific case
study to demonstrate its application.

3.1. Research Question Statement

As a research question to initiate the search and filtering of existing information, the
following question is posed: With the current scientific development in recent years, what
are the trends and best practices for analyzing and reducing uncertainty in hydrological
forecasting?

3.2. Search Protocol and Inclusion and Exclusion Criteria
3.2.1. Search Strategies

An attempt was made to make the search criteria uniform between the two databases,
so that the results could respond similarly to the research questions. Regarding terms to
include and exclude (see Table 1), the research team conducted a terms test by essay and
error to ensure that the literature focused on uncertainty in hydrological forecasting.

Table 1. List of terms included and excluded from both databases during the initial search.

Term to Be Included Term to Be Excluded
Hydro* Hydropower Photo*
Uncertainty Hydrogen* Petro*

Forecast
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Terms to be included:

Hydro*: This search term captures documents that include hydrology-related terms,
such as hydroclimatology, hydrometeorology, and hydrological, among others.
Uncertainty: This term is fundamental because uncertainty is a central theme in this
study. The inclusion of this keyword ensured that the documents were related.

Forecast: This term is essential for documents that focus on their ability to predict
future events.

Terms to be excluded:

Hydropower: Excluded because including this term can lead to studies of power
generation rather than uncertainty in hydrological forecasts.

e  Hydrogen*: This term was excluded because it could identify documents related to the
chemical elements and technologies surrounding it that were unrelated to the research.

e  Photo*: Excluded because previous reviews have found that with the current growth
of photovoltaic power generation technologies, many papers related to forecasts or
predictions of photovoltaic power generation capacity have appeared.

[ ]

Petro*: Excluded because many papers related to petroleum were detected in the
pre-search essay and error stage when this term was excluded.

Based on these terms, an initial search was carried out in both databases, obtaining
1947 documents for Scopus and 5598 documents for WOS (see documents by year in

Figure 2).
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Figure 2. Number of documents found in the initial search, totaled by year.

Careful selection of terms to include and exclude in the initial search is an essential
part of the RSL process as it ensures that the results provide a comprehensive, objective,
and accurate overview of the background information related to the research question.

After this initial search, the first inclusion and exclusion criteria (filters) were proposed,
taking advantage of the automatic tools in the database platforms. As described below, six
sequential filters were applied to both databases. We will discuss the first inclusion and
exclusion criteria because, after this filtering stage, expert knowledge work must be carried
out. The documents acquired from this procedure will undergo individual assessment

in Form 1, where a new screening (based on abstract and title) will be utilized for initial

selection. The previously selected materials will thoroughly examine methodology and
results to determine the final selection for inclusion in Form 2.

Filter 1: The publication year from 2017 to 2023 (October) was used (see Table 2).
This period was chosen to obtain trends that showed the current landscape of the
field (However, at a general level, previous documents that provide important inputs
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should be taken into consideration). Furthermore, Figure 2 shows that 2017 saw a new
ascending slope in academic production on the research topic. This filter returned 834
documents for Scopus and 3072 for the WOS.

Table 2. Filter 1: Publication year included in both databases.

Term to Be Included
2017 2018 2019 2020 2021 2022 2023

e  Filter 2: The second filter was used for Scopus as the Subject Area and for WOS as
the Research Area to delimit the classification area, applying the criteria presented in
Table 3, resulting in 782 documents for Scopus and 2882 documents for WOS.

Table 3. Filter 2: Area included in each database.

Scopus, Subject Area to Be Included

Environmental Science Engineering Mathematics
Earth and Planetary Sciences Computer Science

WOS, Research Area to Be Included

Meteorologic Atmospheric
Sciences
Water Resources Computer Science

Engineering Mathematics

e  Filter 3: The languages admitted for the search of the articles were determined (see
Table 4); this filter can be used for convenience or for the researchers’ use of the
languages. This filter yielded 744 documents for Scopus and 2860 documents for WOS.

Table 4. Filter 3: Languages included in both databases.

Term to Be Included

English Spanish

e  Filter 4: Keywords at a general level should be contained within the documents (see
Table 5), which helps perform filtering that leads to a general orientation toward the
subject of studs, obtaining 615 documents for Scopus and 1140 documents for WOS.

Table 5. Filter 4: Keywords included in both databases.

Term to Be Included

Uncertainty Analysis Hydrological Modeling
Forecasting Forecasting Method
Weather Forecasting Uncertainty

e  Filters 5 and 6: Subsequent filters are based on the researcher’s criteria, as they refine
their search so that the focus of the investigation is even more precise. In the specific
case of this research, Filter 5 is shown in Table 6 and Filter 6 in Table 7, obtaining
544 documents in Filter 5 for Scopus and 806 documents for WOS. In comparison,
Filter 6 closes this stage with 256 and 271 documents in Scopus and WOS, respectively.
Something to highlight for the study case, “Drought forecasting” and “Flood Forecast-
ing” were not included as keywords because they are specific cases of “Hydrological
forecast”.

Something important to highlight, and it is here where the expertise of the researchers
is essential in these two final filters, for the study case, “Drought forecasting” and “Flood
Forecasting” were not included as keywords because they are specific cases within the
“Hydrological forecast” which is our object.
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Table 6. Filter 5: Area included in each database.
Scopus, Subject Area to Be Excluded
Economics, Econometncs, and Social Sciences Medicine
Finance
Biochemistry, Gepetlcs, and Material Sciences Chemistry
Molecular Biology
Agricultural and Biological . . .
Sciences Chemical Engineering Energy
WOS, Research Area to Be Excluded
Mathematical Methods in ..
. . Telecommunications Geology
Social Sciences
Public Environmental .
Occupational Health Automation Control Systems Energy Fuels
Operations Research . . .
Management Science Geochemistry Geophysics Agriculture
Imaging Science Photographic .
Technology Astronomy Astrophysics Oceanography
Science Te;?;cc)lsogy Other Instrument Instrumentation Physical Geography
Life and Sciences Biomedic Education Educational Remote Sensin
Other Topics Research &
Mathematlce.ll Computational Marine Freshwater Biology
Biology
Table 7. Filter 6: Keywords included in both databases.
Term to Be Included
Uncertainty Analysis Streamflow forecasting Probabilistic forecast
Weather Forecasting Error Analysis Hydrological forecasting
Forecasting Streamflow forecast Uncertainty Quantifications
Forecasting Method Ensemble forecast Hydrological forecast
Uncertainty Streamflow prediction Deterministic Forecast
Prediction Precipitation Forecast Uncertainty Quantification
Hydrology Forecast uncertainty Probability forecasting

3.2.2. Design Summary Form by Abstract and Title (Form 1)

To extract the initial information for filtering and selecting articles that may contain
relevant research information, a form must be developed or constructed to provide a
summary of the results. Part of Form 1 prepared for this study is presented in Table 8, and
the complete database organized in this form is presented in Supplementary Material S1.

With Form 1, the first evaluation was made based on the title and abstract of the
article. Two team members could conduct this evaluation independently to crosscheck the
information and determine whether it entered the second stage. In the second stage, two
team members analyzed the methodology and results of the papers chosen based on their
abstracts and titles during the initial selection process. The second read determines the
papers to be included in the final review.

3.2.3. Design of Summary Form 2 to Extract Essential Information from
Selected Documents

After consolidating the information using Form 1 (Table 8), a more compact database
with information closer to that required for research can be obtained. With this filtered
database, the next step is to develop a more detailed reading of the documents to extract
meaningful information for the study (methods, metrics, etc.), which must be grouped
and organized in a new form that allows consolidation. This second form allowed further
analysis of the evaluated topics. In this case study, the collection form contained four blocks
(see Table 9) as follows:
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e  Section 1: Presents a unique identifier for the document (the same identifier assigned
in Form 1), retrieval link, year of publication, and the journal or event in which it was
published.

e  Section 2: Information on the methods or methodologies applied. The idea is to list
the methods applied by type.

e  Section 3: Contains specific research information, such as data sources, input and
output variables, and the model used.

e  Section 4: Benchmarking (in some cases, there are no other models against which it
is compared, but in many others, it is evaluated against another method to present
strengths and improvements in the developed research), performance metrics, and a
column for some observations that the researcher considers important to provide an
orientation of what was found in the document review.

Table 8. Sample or proposed Form 1.

Item Year Title DOI Abstract Duplicated? Selected?
Hydrological forecasts
are important for
The suitability of a operational water
seasonal ensemble management and
hybrid framework 10.5194 /hess-27-501- near-future planning,
-8 2023 including data-driven 2023 even more so in light of Yes No
approaches for the increased
hydrological forecasting occurrences of extreme
events such as floods and
droughts. ..
Forecast uncertainties are
unfortunately inevitable
when conducting a
deterministic analysis of
a dynamical system. The
Exploring hydrologic cascade of uncertainty
post-processing of originates from different
ensemble streamflow components of the
1-49 2022 forecasts based on affine 10'5194/25283_26_1001_ forecasting chain, such as Yes Yes
kernel dressing and the chaotic nature of the
non-dominated sorting atmosphere, various
genetic algorithm II initial conditions and
boundaries,
inappropriate conceptual
hydrologic modeling,
and the inconsistent
stationarity. . .
We present a new
Bluecat: A Local method for si.m.ulating
Uncertainty Estimator and predicting
Y hydrologic variables
268 2021 for Deterministic 10.1029/2021WR031215 yero o8 No Yes

Simulations and
Predictions

with uncertainty
assessment and provide
example applications to
river flows. ..




9 of 25

Water 2024, 16, 436
Table 9. Sample or proposed Form 2.
Item Link Year Journal Post Statistic Math ML/IA Hydrolog. Data Input Input Input Output Out Model Bemfh Metrics Remarks
Process Sources var t X var t Marking

ECMWE TIGGE
. at downscaling

Hydrology and Affine Kernel Non-Dominated Bucket, GR4], resolution of ) Models + AKD, MAE, The performance of

N - . Dressing, N . ° o . e Daily to 7 N Raw MCRPS, the Al method was

1-49 https:/ /... 2022 Earth System Yes N/A Sorting Genetic HBV, IHACRES, 0.5° t0 0.1° and By model Daily Basins Flow Models + .
. Ensemble A Days Forecast RMSE, KGE superior to that of
Science . Algorithm IT SAC-SMA aggregated to NSGA-II

Kalman Filter and spread the AKD method. . .

7 Days ahead,
DEM

Predictive . N

Precip probability This paper presents

268 https:/ /.. 2022 Water Resources Yes Blue Cat N/A N/A HYMOD Gauges (Precip, g Daily Basins Flow Daily to 100 HYMOD + Observed probability anew method for

Research Temp., Flow) i Days BlueCat data simulating and
Flow (PPP) plot, L
NSE predicting. ..
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3.3. Application of the Initial Systematic Document Search and Extraction Protocol
3.3.1. Evolution of the Number of Documents Found in Each Phase

The initial number of documents satisfying the criteria outlined in numeral Section 3.2
(Table 1) was 1947 for Scopus and 5598 for WOS. The number of documents decreased
when initial inclusion and exclusion criteria were applied (Table 10 shows how the number
of documents selected decreases when applying different filters).

Table 10. Evolution of the number of documents found in each phase.

Scopus WOS
Search Step
Docs % Docs %
Initial 1.947 100 5.598 100
Filter 1 834 42.8 3.072 54.9
Filter 2 782 40.2 2.882 51.5
Filter 3 744 38.2 2.860 51.1
Filter 4 615 31.6 1.140 20.4
Filter 5 544 27.9 806 144
Filter 6 256 13.1 271 4.8

Both databases effectively eliminated a significant portion of the initial document
pool, resulting in a final count of nearly 13% for Scopus and nearly 5% for the WOS of
the initial documents obtained. This reduction in volume allows for a more focused and
specialized approach to applying Form 1 and reading abstracts to better align with the
research question.

As shown in Figure 3, an analysis of the occurrence of keywords was conducted using
VOSviewer 1.6.20 which confirmed that this selection captured relevant documents that
contained keywords related to the research question.
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Figure 3. Reported keyword occurrences in the initial search: Upper Scopus and Lower WOS.

The specific discipline evaluated in this case study is uncertainty in hydrological fore-
casting (and possibly applications in meteorology and climatology); therefore, the areas of
relevance of the results should be related to Environmental and Earth Sciences, Engineering,
Water Resources, and Mathematics. The latter is a crosscutting and fundamental area of
scientific development. Figure 4 shows that the documents found in this research on Scopus
are categorized in most cases in the thematic area of Environmental Sciences (56.30%), while

in WOS, they are categorized as Meteorology Atmospheric Sciences (64.00%).

A review by type of document (see Figure 5) shows that the most abundant form
of disseminating research is through the publication of articles in recognized journals,
followed to a much lesser extent by publications in congresses, seminars, or conferences.

This percentage decreased with the application of the filters.
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Reviewing the amount of document production by year (see Figure 6 and above
Figure 2), in 2017, there was an ascending slope in research production on the research
question topic. On the other hand, 2019 had the highest production (Scopus 16.91% and
WOS 19.1%). The amounts for 2023 are evaluated for reference only because the searches
were conducted on 15 October 2023, which means that the publication volume (or issues) of
journals for the last quarter of the year has not yet been published; however, the documents
evaluated correspond to the most current at the time of the search.
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Figure 6. Number of documents by publication year obtained for each step: Upper Scopus and Lower
WOS.

After applying the six filters and performing the analysis again with the VOSviewer
1.6.20 software, Figure 7 shows the evaluation according to the number of occurrences by
keyword. This generates essential savings in the specific review work that follows this
semi-automatic stage since the documents were found.

The final filter included keywords that were exclusively relevant to the research
question, as presented in Section 3.1. This facilitates a comprehensive manual analysis in
the subsequent stages.

3.3.2. Application Form 1

After performing semi-automatic filtering using the tools for each database, the result-
ing documents from each database were included in Form 1, and the expert knowledge
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filtering procedure began with a review of the title and abstract (see Figure 8). In this phase,
duplicate items were identified in the two databases.
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Figure 7. Reported keyword occurrences in the from the last filter: Upper Scopus and Lower WOS.

In the case of Scopus, 149 documents were selected after reviewing the titles and
abstracts (7.65% of the initial search) from 256 records previously selected up to Filter 6. As
for the WOS, of the 271 records resulting from Filter 6, 108 were selected after reviewing
the title and abstract (1.93% of the initial search). Sixty-eight (68) documents were found to
be cross-referenced in both databases after applying the semiautomatic filters. Finally, the
information was consolidated into a single form, resulting in 217 distributed documents, as
shown in Figure 9.
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3.3.3. Retrieval of Selected Documents

The document retrieval process begins once the documents are selected from previous
filters. It is important to note that, in all cases, the selected records were not open access. To
overcome this limitation, this study used researchers’ credentials provided by the Spanish
Foundation for Science and Technology (FECYT). These credentials allowed access to the
selected databases, making document retrieval possible. Thus, the availability of relevant
documents is guaranteed in order to continue their analysis and study.

3.3.4. Documents Final Selection from Scopus and WOS

During this stage (second read of documents), an exhaustive analysis of the method-
ologies used in each document was performed to evaluate their rigor and relevance to
the research in progress. Similarly, the results obtained in each study were examined in
detail, seeking evidence to support and contribute to building a solid body of knowledge
regarding the research question.

This meticulous review allowed informed decisions to be made regarding the final in-
clusion or exclusion of papers in the study. Those that demonstrated a sound methodology
and relevant results were selected as important background materials. Finally, 129 records
were selected, distributed as shown in Figure 10, and grouped into two blocks according to
the proposed forecast period: a first group of real-time up to one month (called short-to
mid-term) and another one from one month onwards (called Mid- to Long-Term).
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Figure 10. Number of documents by year of publication obtained in the final selection analysis from
databases: Upper Filtered by Database and lower Filtered by time scale.
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3.3.5. Documents Referenced by Colleagues and Cross Reference

At this stage, as mentioned in Section 2.2, consultations were made with colleagues
who were experts on the subject (from the same group or other research centers) to obtain
new articles referenced by their knowledge (Manual Google search or shared by a colleague).
From this evaluation, references were brought to 40 research articles with the same criteria
as those obtained from the databases, which were first filtered by abstract and title and
then filtered by methodology and results. Finally, 32 documents were selected for this stage
(see Figure 11).
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Figure 11. Number of documents by year of publication obtained by colleagues references.

3.3.6. Final Database Prepared with Documents Selected to Review

The final selection was 161 documents from the search and filtering of the databases
(Scopus and WOS) and selection from colleagues’ recommendations. With this final selec-
tion, we will write the review or meta-analysis paper in the next stage (two reviews will
be written in the next step of this study, one for the mid-to-long-term scale and the other
for the short-to-mid-term scale). The information of this final database was consolidated
in summary Form 2 (see above Table 9, and the complete results may be consulted in
Supplementary Material S2).

4. Discussion

SLR constitutes studies that apply a structured methodology to synthesize findings
from multiple primary studies that focus on a specific question [2,88,90]. A distinctive
feature of these reviews is their adherence to a transparent, objective, and replicable
methodology [2,100], which is very important in the research process. The literature on
SLR has identified several critical steps in conducting a systematic review:

Formulation of a straightforward and delimited research question [2,88,90,99-101].
Developing a detailed protocol with criteria for the inclusion or exclusion of
studies [2,90,100,101].

e Conduction of a comprehensive and systematic literature search from a variety of

sources [2,88,90,100].

Relevant studies should be selected using established criteria [2,90,100,101].

Systematic extraction and analysis of data [2,100,101].

Evaluation of the methodological quality of studies [2,90,100,101].

Quantitative or qualitative synthesis of the results [2,90,100,101].

Based on these premises, the methodology proposed in this study seeks to integrate
the fundamental elements of a systematic review to improve the quality, transparency, and
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replicability of review studies and to evaluate the state-of-the-art in hydrology and other
STEM disciplines.

It is relevant to note that traditional reviews of the state-of-the-art in hydrology
often present a narrative approach that can be subject to problems of subjectivity and
lack of transparency in selecting reference studies [87]. These limitations stem from the
fact that authors may inadvertently assign greater weight to certain studies than others
without following clear criteria or stating the rationale for their decisions. In contrast, a
meta-analysis approach allows the existing literature to be reviewed more objectively and
quantitatively, following the structured processes of search, selection, quality assessment,
and statistical analysis. This opens up the possibility of exploring new research questions
and relationships between variables that would not be feasible to address in individual
studies or in those in which references have been subjectively selected, thus avoiding
introducing bias into the research.

To seek impartiality in the review process, the proposed methodology suggests that
the filters used in the databases should not be restricted by the names or impact factors of
authors and scientific journals. In addition, by not stating the study’s authors in Abstract
Form 1, researchers are invited to focus on the initial selection of documents based only
on the title and abstract. This contributes to the fact that there is no bias in selection and
facilitates a careful evaluation of the heterogeneity of the documents.

SLR is a methodology with growing acceptance in various scientific disciplines, owing
to its ability to perform comprehensive, objective, and transparent evaluations of a research
topic. Traditional narrative reviews are the predominant approaches used in hydrology.
For example, the classic article by Linsley [6] deals with an extensive 300-year review of
the development of the rainfall-runoff relationship. Although valuable for its breadth,
the approach does not present criteria for the inclusion of references, and therefore, it
is essentially subjective in selection and analysis. Another similar case is “A review of
single-site models for monthly streamflow generation” [29], which compares four models
for the generation of monthly streamflow series selected without an objective protocol and
concludes with subjective recommendations.

Mosavi et al. [21] presented an article notable for its narrative approach, addressing
machine learning techniques applied to flood forecasting. It provides a broad overview
of important machine learning (ML) methodologies, such as ANN, ANFIS, and SVM.
Kambalimath and Deka [23] provided an overview of fuzzy logic applications in hydrology
and water resources. However, similar to a previous study, a clear literature review protocol
is lacking.

In contrast to these articles, “A review of Al methods for the prediction of high-
flow extreme hydrology” [19] presents a review with a qualitative approach to artificial
intelligence methods for the prediction of extreme hydrological events, which is quite
exhaustive in terms of the description of the different techniques. However, similar to
previous studies, it provides a critical shortcoming in the methodology used for identifying
and evaluating reference studies as it does not present a systematic protocol for the literature
review. This may have led to selection bias in the inclusion of the analyzed studies.

The lack of detail on how studies were identified, selected, and analyzed may affect
the objectivity and reliability of the results. The lack of a structured and transparent review
process limits readers” ability to adequately assess the quality of the synthesis and its
application in future research and practice.

Another example of this type of review article is that of Rhif et al. [22], who presented
a detailed review of the applications of wavelet transforms for the analysis of nonstationary
time series in various applied scientific fields. However, as is the case at the general level,
there is a gap in the methodology for selecting reference papers; the protocol followed for
searching, setting, and extracting information from the relevant literature has not been
clearly and explicitly described. There was no mention of systematic inclusion/exclusion
criteria or structured database search strategy, nor is it a standardized process for assessing
the methodological quality and relevance of the studies described. This standard practice
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in hydrology and STEM can introduce subjectivity and bias into the selection and synthesis
of the reference literature.

A very good review is a paper that offers a comprehensive review of 40 years of
research on the generation of flow forecasts from an analysis of more than 700 studies [47].
This study classifies forecasting systems into three main categories: Statistics-Based Stream-
flow Prediction (SBSP), Ensemble Streamflow Prediction (ESP), and Ensemble Prediction
Systems (EPS). Detailed technical information, strengths, weaknesses, and applications are
also provided. It also discusses the main aspects of forecasting systems, such as uncertainty
analysis, data assimilation, model combination, post-processing, and verification. This
article discusses the current successes, challenges, and future aspirations in the field and
concludes that further collaboration between scientific and operational communities is
needed to advance the implementation of these systems. However, it lacks a clear presenta-
tion of the process employed in the literature review and selection of documents used in the
analysis. It contains robust and valuable information. However, the lack of methodology
significantly hinders its reproducibility.

Ghobadi and Kang [18] developed an SLR to apply machine learning to water re-
source management. They found that machine learning has been widely used because
of its ability to handle large datasets and model complex systems. The authors classi-
fied the main machine learning techniques into three categories: prediction, clustering,
reinforcement learning, and high-lighting-less studied areas, such as spatiotemporal and
geo-spatiotemporal challenges in water resource management. They concluded that chal-
lenges remain in consistently incorporating spatiotemporal dimensions into models and
developing probabilistic approaches that capture uncertainties. However, despite this
excellent review, the research protocol was not transparent and replicable, as the search
criteria used were not presented.

In view of this general gap in hydrology (and STEM areas), this study proposes a
structured and objective methodology, which includes defining the research question a
priori, establishing systematic eligibility criteria, conducting broad searches in multiple
databases with clearly defined terms, applying standardized forms for data extraction and
analysis, and synthesizing the evidence in a transparent and reproducible manner. It is clear
that the researchers’ studies will always have a subjective touch because the comments are
made from a professional, scientific perspective and from the experience of the authors,
but if another author decides to replicate the study, he/she may find in his/her search that
the reference documents are the same or practically the same, which will lead him/her to
debate the results of his/her colleagues or to confirm them, but it opens the opportunity
for the review and evaluation studies of the state-of-the-art to be objective and replicable in
the search of the references.

In this study, examples of review articles were selected using the same databases as the
case study, following the methodology for filtering them. However, to extract the reference
sample, a random selection was made only to present cases that illustrate the large number
of review studies that exist in branches related to hydrology. Thus, some were taken to
present and explain in this part of the discussion, which was mentioned by Evaristo and
McDonnell [87] as situations of subjectivity and the lack of a transparent procedure for
the selection of reference studies in most (if not all) existing review articles is the common
denominator.

Table 11 summarizes some articles selected as random samples of what is found at
a general level, as mentioned in traditional review articles. Most of them did not comply
with the available protocol or the search, analysis, or selection of references, implying that
they are unlikely to be replicable. Sit et al. [25] and Yildirim et al. [102] compiled relatively
straightforward and replicable protocols. Bibliometrics were performed for the first case.
Without a doubt, they apply an established protocol of search, filtering, and selection of
the documents, reaching at the end the objective of making a bibliometric measurement of
the subject in question; in the second case, it is good research, it presents in good measure
some steps of a complete protocol, with some shortcomings in some stages. Nevertheless,
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they provide an excellent and broadly replicable analysis and synthesis of the selected
documents, which provides reliability and transparency for this review or evaluation of the
state-of-the-art methods.

Table 11. Summary of steps or protocols applied in the analyzed reviews.

Protocol Avolvi titati
Inclusion Search PPiyng Systematic  Evaluation Quantitative .
Research . Incl. and . or Narrative
Reference . or Various Data of Studies o
Question . Excl. . . Qualitative ~ Summary
Exclusion Sources . Extraction Quality
Criteria Criteria Summary

[6] * - - - - - - *%%
[29] * - - - - _ _ ok
[2 8] *x% * _ * _ * *4% _
[71 ] * - - - - - - *%%
[46] * - - - - _ * ok
[21] *3% 3% - *%% - %% *% *3%
[2 2] *%% _ _ _ _ _ * *%%
[23] * - - - _ _ * %%
[32] * - - - - - - *%4%
[2 4] * * EE e * _ _ * *HH
[29] * 3% ] *3% * * L] *3%
[20] * - - - - * * k%

[ 4 5] *% _ _ _ _ _ * *%%
[34] * - - - - - - *%%

[ 47] *% _ _ _ _ _ *% k%
[48] * - - - - - - 3%
[19] * - - - - - * *%%
[102] *3% %% * * *%4% * %% -

[1 8] * - *%% * *3% - 3% 3%

Note(s): * Poorly applied or inferred superficially from the text; ** clearly presented or easily inferred from the
text; *** accurately applied; - not applied.

The methodological approach developed in this article considers policies through
a systematized methodological proposal for SLR in hydrology. This methodology con-
templates transparent processes of search, selection, analysis, and synthesis of evidence,
thereby overcoming the limitations of traditional and more subjective approaches. In other
words, it represents a relevant contribution to improving the quality and rigor of literature
reviews in this discipline. SLR can strengthen hydrological research by promoting an
objective synthesis of existing knowledge on various topics.

While it should be recognized that narrative approaches have been valuable in pro-
viding an overview of knowledge in hydrology, the methodology developed in this study
offers a more robust and transparent alternative. A systematic approach based on pre-
defined criteria minimizes bias and promotes a more objective literature review. It is
important to note that this methodology does not seek to detract from the validity of the
narrative approaches used in the past, as it has been valuable in providing an overview of
existing knowledge in hydrology. However, given the growing demand for more rigorous
and transparent research and the large volume of information in databases, the proposed
methodology is presented as a solid and reliable alternative for developing a state-of-the-art
method that responds to the research question posed, perhaps by compiling the most and
best information available.

It should be noted that adopting this methodology does not imply a limitation in the
interpretation of the results or total automation because the inclusion of clear selection
criteria and the use of an exhaustive search strategy is the task of the research team.

5. Conclusions

This methodology has been designed to be applicable in several studies in hydrologi-
cal sciences and other related fields, providing a structured and objective approach that
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improves the quality and reliability of the references obtained in the literature review. With
many publications and scientific developments, manual searching and selection is complex
because of the large volume of information. By adopting this methodology, researchers
can move toward a more solid and transparent scientific practice, which is fundamental
for the advancement of the discipline and for informed decision-making. Through the
application of this methodology, several advantages and benefits that contribute to scientific
advancement and knowledge development in this discipline were identified. The main
conclusions are as follows:

e Improves the quality and thoroughness of the review papers and state-of-the-art
evaluations: The proposed methodology ensures that the review process is transparent,
replicable, and objective by establishing clear selection criteria, exhaustive search
strategies, and structured summary forms, guaranteeing the inclusion of relevant
studies and the systematic extraction of relevant data, which strengthens the quality
and reliability of the results.

e  Promotes transparency and replicability and emphasizes openness at all stages of the
review process. This allows other researchers to follow the same steps and reproduce
the results, thereby facilitating the validation and comparison of the studies. In
addition, the methodology provides clear and detailed documentation of the methods
used, allowing for a more accurate and reliable assessment.

e  Exhaustive identification of the relevant literature: This methodology ensures a broad
and thorough search of the existing literature. By using reliable databases and estab-
lishing appropriate search strategies, the collection of relevant studies is maximized,
which allows obtaining a broad and updated view of the state-of-the-art in the study
area.

e  Foster collaboration and knowledge sharing: This methodology fosters collaboration
among researchers and facilitates knowledge sharing within a scientific community.
This methodology provides a clear and structured framework that allows researchers
to share and compare their results, enrich scientific progress, and stimulate new
research.

Traditional literature reviews frequently lack transparency and replicability in terms
of study selection, which introduces bias and subjectivity. Such reviews also often lack
clear eligibility criteria and a structured search strategy, and critical evaluation of the
methodological quality and relevance of the included studies is frequently neglected. This
can affect the reliability of conclusions. Most literature reviews are narrative in their
synthesis of results rather than employing quantitative methods, such as meta-analysis. By
contrast, the proposed methodology introduces objectivity by following a predefined and
standardized protocol that reduces bias:

e  Allows comprehensive and reproducible mapping of the relevant literature on research
questions.
The quality and relevance of the studies are critically evaluated before their synthesis.
The evidence is synthesized quantitatively when it is feasible to maximize rigor.
This provides excellent reliability and robustness to the conclusions obtained, thereby
improving the quality of reviews.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390 /w16030436/s1, S1 contains the summary form number 1; S2
contains the summary form number 2; S3 shows the distribution by research area and type of
document selected in each semi-automatic filter applied.
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