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The Modeling Toolkit: how
recruitment strategies for
modeling positions influence
model progress

Lieke A. Melsen ® *

Hydrology and Quantitative Water Management, Wageningen University, Wageningen, Netherlands

Hydrological models play a key role in contemporary hydrological scientific
research, but the social practices surrounding the use of these models receive little
attention. This study focuses on the recruitment process for scientific positions in
which models are used, to understand the implications for model development.
Over 400 scientific hydrological vacancies were analyzed, to evaluate whether
the job description already prescribed which model must be used, and whether
experience with a specific model was an asset. Of the analyzed job positions,
76% involved at least some modeling. Of the PhD positions that involved any
modeling, the model is already prescribed in the vacancy text in 17% of the
cases, for postdoc positions this was 30%. A small questionnaire revealed that
also beyond the vacancies where the model is already prescribed, in many Early-
Career Scientist (ECSs) projects the model to be used is pre-determined and,
actually, also often used without further discussion. There are valid reasons to
pre-determine the model in these projects, but at the same time, this can have
long-term consequences for the ECS. An ECS develops a "Modeling Toolkit", a
toolkit that contains all the models where the ECS has experience with. This
toolkit influences the research identity the ECS develops, and influences future
opportunities of the ECS—it might be strategic to gain experience with popular,
broadly used models, or to become part of an efficient modeling team. This serves
an instrumental vision on modeling and maintains the status quo. Seeing models
as hypotheses calls for a more critical evaluation. ECSs learn the current rules of
the game, but should at the same time actively be stimulated to critically question
these rules.

KEYWORDS

hydrological modeling, recruitment, vacancy, model development, model epistemology,
job advertisement

1. Introduction

The use of numerical models is popular in the field of hydrology, as in many other fields
in the Earth and environmental sciences. Models can be used as frameworks to formulate
and test hypotheses, and to make predictions for practical applications, as for instance
demanded by policy makers (Beven, 2002). Demonstrated by an increasing number of
scientific publications in which models are employed (Burt and McDonnell, 2015; Addor
and Melsen, 2019), numerical models are a generally accepted scientific method within the
hydrological sciences.

The process of developing numerical models, as simplified representations of reality,
is guided by several distinct steps (Beven, 2012; Knoben et al., 2019; Jansen et al., 2021).
First, a perceptual, mental, model is developed by the expert. Subsequently, the perceptual
model is translated into a conceptual model, leading to a schematization of the relevant
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storages and fluxes. Equations are assigned to the different
components, leading to the mathematical model. The procedural
model involves the translation of the mathematical model to
computer code, generally with the use of numerical techniques to
solve the differential equations. Finally, once the model code is
running on a computer, sensitivity analysis, calibration, and model
evaluation can be performed.

Modeling is often described as an art (Savenije, 2009),
because it requires imagination, inspiration, and creativity. Formal
procedures have been developed to support and evaluate the artistic
process of model building for each of the model steps, for example
in Clark et al. (2008, 2015), Gupta et al. (2012), and Gharari
et al. (2021). The steps of defining the perceptual, conceptual,
mathematical and procedural model are in practice, however, often
simply replaced by selecting an already existing hydrological model.

This moves the decision from defining the model from scratch
to selecting the right model. A plethora of hydrological models are
available to choose from, and several criteria have been defined to
select the most appropriate model for a set target (Jakeman et al.,
2006; Boorman et al., 2007; Hoge et al., 2018; Sjastad Hagen et al.,
2020). But again in practice, it was found that institutes or research
teams generally have a preference for a particular model, and that
this model is used for the majority of the research in that team
(Addor and Melsen, 2019).

This also became apparent from interviews held with modelers
(Melsen, 2022). One PhD candidate stated:

“When I applied for the PhD it was a call from this team.
And this team was working on [model] so it was more like,

for me it was an opportunity to explore an already established
model.”

Another interviewee in this study, a postdoctoral researcher,
specifically approached a research team, because this modeler
appreciated the model configuration that was used there:

“I had ideas to implement specific features in coarse scale
global models. I contacted [person], I wrote a proposal and
finally it worked out that the model is now much more realistic
over these landscapes. [...] I was motivated by the fact that this
model is operationally used for the soil moisture product from
the [satellite] mission.”

These responses demonstrate how much model selection in
practice deviates from the theoretical “ideal”. Rather than starting
with defining a perceptual model, a researcher is often confronted
with a prescribed model or moves to a place where a specific
model is used. Most personnel changes in scientific teams occur
for Early Career Scientist (ECS) positions: PhD candidates and
postdoctoral researchers. The (model)experience that ECSs gain in
these positions play an essential part in their scientific development
(Babel et al., 2019). This triggered the following question: What
is the role of recruitment for ECS in hydrological modeling? How
often is the model prescribed in job advertisements? And what does
this mean for model development and use?

To answer these questions, vacancy texts for scientific positions
in the field of hydrological modeling were analyzed to investigate
how often vacancy texts already prescribe which model will be
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used. A small questionnaire was developed to put the results
of this analysis into context. Reflection on these results and
the implications for model development and use lead to the
introduction of the term “Modeling Toolkit™: researchers fill up
their toolkit with models with which they have experience. This
toolkit influences future opportunities and the development of a
research identity.

2. Methods

The goal of this study was to reflect on recruitment practices
for hydrological modeling, by determining how often vacancy
texts already prescribe which model must be used. Therefore,
databases were sought that provide an overview of vacancies in
hydrology. A drawback is that most online vacancy texts can
no longer be accessed once the position is filled. Therefore,
several websites that advertise academic positions were contacted
(amongst others academicpositions.com, globalacademyjobs.com,
academictransfer.com). Only AcademicTransfer, a website hosting
academic positions for Dutch universities, was willing to share
their database. Since this database is heavily biased toward
Dutch positions only, the methods and results of the analysis of
this database are presented in Supplementary material 2. A more
informal circuit where vacancies are shared is the About Hydrology
mailing list. This is an informal Google group, established in 2013
by professor Rigon from the university of Trento. Everyone can
sign up for the mailing list, and share announcements relevant
for the hydrological community. Announcements are moderated
by the initiator and colleagues before they are forwarded to the
whole group, which currently contains about 5,000 subscribers. All
emails sent through this mailing list between 2013 and 2020 have
been screened for vacancies and a database was built based on
that. Most announcements apply to positions in Europe and the
US, which means that also this database is geographically biased.
Since 2% of the About Hydrology vacancies were based in the
Netherlands, there might be some overlap with the vacancies in the
AcademicTransfer database. The final About Hydrology database
consists of copied emails from the mailing list, and separate pdf
and Word files that were sent as attachment. To further guide the
interpretation of the analysis of the About Hydrology database, a
short questionnaire was sent out to a stratified random sample of
persons that announced a vacancy through the mailing list.

2.1. Vacancies in the About Hydrology
mailing list

All the announcements in the About Hydrology Google group,
since it was established on 15 June 2013 until 31 December
2020 (6.5 years), were scanned and all job announcement were
stored. In a second screening, the job announcements were further
filtered: Only job announcement related to academic positions
were considered (PhD, post-doc, lecturer, assistant / associate /
full professor), and only the announcements that contained a
substantial part of the job description in the email, or which
had the full job description in the attachment, were considered.
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This excluded a substantial part of the job announcements: many
were very short and contained a meanwhile outdated link to an
external website. Also very short job descriptions with reference to a
contact person, projects that could both be an MSc or PhD project,
and scholarship opportunities without predefined specified goals
were excluded. Furthermore, duplicates were removed. Finally, 409
vacancies were maintained that were manually analyzed. Each of
the 409 vacancies was read to determine:

1. Country where the position was based.

2. For which position the vacancy was (PhD, postdoc, lecturer,
assistant / associate professor, full professor). It was often
encountered that tenure track positions were offered which,
dependent on the final selected applicant, would be at the
assistant or associate professor level. Therefore, these two
positions were merged into one category called “Tenure (track)”.

3. Whether the job involved any modeling or simulations. Three
categories were defined: no modeling or simulations involved,
partly modeling or simulations involved, or purely modeling
and/or simulating. This step required interpretation, which
was guided by the background of the author, who has
experience in hydrological modeling. For example, a vacancy
about downscaling techniques of climate data and subsequent
hydrological modeling was defined as purely modeling because
downscaling can be seen as data preparation for the hydrological
model. Furthermore, there is interpretation in what can be
called “modeling”. This analysis only focused around numerical
models, that explicitly aim to describe the processes in the
system. Therefore, other important modeling approaches such
as machine learning and statistical models were not considered
as modeling in the context of this study. A vacancy that only
involved machine learning would therefore be classified as “no
modeling or simulations involved”, which is only true for the
definition of modeling as adopted here.

4. If any numerical modeling was involved in the job, whether a
model name was mentioned in the vacancy main text, and if yes,
which model.

5. If any numerical modeling was involved in the job, whether a
model name was mentioned in the requirements or relevant
experience section, and if yes, which model.

This analysis provided an overview of the percentage research
vacancies that involve modeling, how often the model is already
prescribed in the vacancy text, and how often specific experience
with a model is considered an asset.

2.2. Questionnaire

To further guide the interpretation of these results, a short
questionnaire was sent out to a stratified random sample of people
that announced vacancies through the About Hydrology mailing
list. The sample was stratified into three groups: (1) a model was
mentioned in the vacancy text, (2) certain experience with a model
was mentioned as an asset, and (3) the job included modeling but
no model or specific model experience was mentioned. Although
the stratified samples were initially drawn randomly from the
database, they have been adapted to not approach the same person
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twice, in order to minimize the efforts for the respondents to
optimize response rates. The questionnaire was sent through email
to the contact person of the vacancy. After 2 weeks, if applicable, a
reminder was sent.

Supplementary Table 1 gives an overview of the questions that
were asked. In the case that a model was prescribed in the vacancy,
the questions were designed to investigate if this model was indeed
used during the project. When certain experience was mentioned
as an asset, questions were asked to determine if this was also
the model that was planned to be used during the project, and if
this model was indeed used. In case no model or specific model
experience was mentioned, it was asked whether the hiring person
already had a model in mind for the project, and if this model was
indeed used. All questions were tailored and personalized based on
the considered vacancy. The final question was if the respondents
were willing to share the contact details of the hired candidate, or
could forward the questionnaire to the hired candidate. As such, it
was possible to ask the same questions to the hired candidate, plus
some additional questions about how their perception of models
and their careers took shape during or after the project.

Table 1 shows the number of questionnaires that were sent out
and the obtained response rates. From all the vacancies for PhD
and postdoc positions that involved at least some modeling, 16%
was approached to fill out the questionnaire (with strong variations
among the three classes that were sampled in a stratified manner).
The final usable response rate compared to this total was 8%, again
with strong variations among the stratified sample. The response
rate relative to the number of sent out questionnaires was 47%.
Given that it was actively avoided to send the same questionnaire
twice to the same person for two different vacancies, a relatively
large share of different institutes was covered. Response rates are,
however, on the lower end, and combined with the relatively
small sample of questionnaires sent out, the responses cannot be
considered representative. Nevertheless, the responses can provide
context to the results that were found based on analyzing the About
Hydrology vacancy database.

Classified as “usable responses” are those that answered
at least some of the questions from the questionnaire. In
one case, the approached person preferred to have a meeting
and the questionnaire was used in the context of a semi-
structured interview. The responses that were discarded for
instance included that this person did not manage to find a
suitable candidate for this project, that the project was not funded
in the end, and in one case that the project did not involve a
numerical model (only statistical modeling). This latter example
indicates that this project was miss-classified as a modeling
project during the construction and interpretation of the About
Hydrology database.

The number of respondents that provided contact details from
the hired candidate or that forwarded the questionnaire to the
hired candidate was substantially lower than the number of usable
responses. Contact details for four hired candidates for group 1
(model prescribed), four hired candidates for group 2 (experience
prescribed) and one hired candidates for group 3 (no model
or experience prescribed) were provided—nine contacts in total.
The response among this group, however, was maximal: 100%
of the approached hired candidates responded and answered the
questions. This group is, however, highly biased toward successful
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TABLE 1 Overview of the (relative) sample size to which the
questionnaire was sent, and the obtained response rates for the stratified
samples: (1) is the group where models were prescribed in the vacancy, (2)
where experience with a certain model was mentioned as an asset, and (3)
where no specific model or experience was mentioned.

(1) (2) (3)

Model Experience Remaining
Available in 64 21 193 278
database
Sample size 18 12 15 45
Sampled 28% 57% 8% 16%
Responses 10 9 10 29
Usable 8 6 7 21
responses
Usable 44% 50% 47% 47%
responses

from sample

Usable 13% 29% 4% 8%
responses
from total

Institutes in 36 19 82
database®

Sampled 16 12 15
number of

institutes®

2Only the institute of the main supervisor was counted.
This was only focused around vacancies for PhD and postdoctoral researcher positions that
involved at least some modeling.

researchers, since many respondents indicated that they were
reluctant to provide contact details of the hired candidate in case
the project did not go well.

3. Results and discussion

In this section, first the results from the analysis on vacancy
texts in the About Hydrology database are presented. Subsequently,
the results from the questionnaire are used to provide further
context. The results obtained from the AcademicTransfer database,
which is highly biased toward Dutch vacancies, are presented in
Supplementary material 2.

3.1. Models mentioned in the About
Hydrology vacancies

In total, 409 vacancies that were shared through the About
Hydrology mailing list between 2013 and 2020 were manually
analyzed. The vacancies applied to positions in 23 different
countries. Most positions were based in the United States (34%),
followed by Germany (8%), Canada (8%), France (7%) and the UK
(7%), Italy (6%), and Switzerland (5%). Of the evaluated vacancies,
50% were PhD positions, 37% postdoc positions, 2% lecturer
positions, 9% assistant professor and tenure track positions, and 2%
professorships.
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The vast majority of the vacancies (76%) involves at
least some modeling or simulation work (as defined for this
study, see Section 2), 43% of the vacancies were classified
as purely modeling vacancies. This is very well in line with
the numbers found in the bibliometric analysis of Burt and
McDonnell (2015), where about 75% of the hydrological scientific
publications in 2010 related to runoff were model-based. For the
AcademicTransfer database, 69% of the vacancies was related to
modeling (Supplementary material 2), which is also in the same
order. However, to what extent modeling or simulating is actually
the activity that has to be carried out, depends on the position. For
tenure track and professor positions, modeling is often mentioned
as one of the research themes that the applicant could cover,
but that does not imply that the finally hired candidate will
actually carry out modeling or simulation work themselves, while
for PhD and postdoc positions, the modeling and simulation
activities were sometimes quite explicitly described (examples will
be provided below). The vacancies that do not include modeling or
simulation work often involve laboratory work, field work and/or
data analysis of historical data sets. The vacancies that are purely
based on modeling and/or simulations for instance relate to model
development or setting up a data assimilation framework. An
overview of the percentage of vacancies that involve modeling and
simulating, divided across different scientific positions, is depicted
in the top left panel of Figure 1.

Only the vacancies that involve modeling or simulations as part
of the job description were considered to determine the percentage
of vacancy texts that prescribe a model. The top right panel of
Figure 1 shows the percentage of modeling vacancies in which the
model is prescribed. It stands out that for the higher academic
positions, no prescribed model was found. Assistant, associate, and
full professors are expected to develop their own research line, and
given these vacancies this is not bounded by prescribed model use.
Although it does occur that models are prescribed for more senior
scientific positions: In the Dutch AcademicTransfer database, one
instance was found where the model was prescribed for a tenure
track position, while for two tenure track vacancies, relevant model
experience was prescribed (see Supplementary material 2).

For PhD and postdoc positions, the picture is different: 17%
of the PhD and 30% of the postdoc job descriptions explicitly
mention which model has to be employed (18 and 22% in the
AcademicTransfer database, respectively). Altogether, this means
that there are 64 vacancies in the About Hydrology database which
explicitly prescribe which model will be used in the project. These
64 vacancies are associated to 36 different institutes (Table 1).
For the vacancies that are purely modeling based, the percentage
of vacancies that prescribe model use goes up to 24% for PhD
candidates and 40% for postdocs. Example quotes from vacancy
texts are “The PhD-candidate will set-up an ensemble of runs
with the model TSMP-PDAF for the African continent”, and “The
postdoctoral researcher will work with existing Soil Water and
Assessment Tool (SWAT) watershed models”.

There can be several reasons why the percentage of prescribed
models is higher for postdoc positions than for PhD positions.
Firstly, it is possible that models are not mentioned in PhD
vacancies because most PhD applicants might not yet be familiar
with these model names. Secondly, postdoc positions are generally
for a shorter period of time, leaving less time to thoroughly
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PhD [204/152]
Postdoc [152/126]
Lecturer [8/6] 7

Tenure (Track) [36/22]

Professor [9/5]

79%

58%

100%;

100%;

100%

Based on vacancy text, this job involves:
- Purely modelling/simulating
- Partly modelling/simulating

- No modelling/simulating

For the jobs which involve modelling/simulating:

- Specific model(s) to be used are mentioned
- Experience with specific model(s) is mentioned as asset
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Results based on the vacancies announced through the About Hydrology mailing list. Top left: The percentage of vacancies that involved modeling,
broken down by position. Top right: The percentage of vacancies in which the model is already mentioned in the vacancy text. The numbers
between square brackets behind the positions indicate the total number of considered vacancies, and the number of vacancies that involved
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were found in the vacancies. The size is proportional to the frequency that the model was encountered.
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investigate which model would suit the research question. To make
efficient use of the limited time in a postdoctoral position, the
model is already prescribed. Thirdly, there are several institutes that
are responsible for large modeling infrastructures of (inter)national
importance. These institutes make more use of postdoc than
PhD positions and need their effort to maintain and further
develop these infrastructures. An example is the WREF(-hydro)
model, which is developed and housed at the National Center for
Atmospheric Research and which is the core of the National Water
Model (NWM) of the US.

For a smaller percentage of vacancies, models are mentioned
in the context that it is an asset when the candidate has experience
with it, which can be an indication that this model is foreseen to
be used. For PhD positions this is only 5%, of which 1 percent
point also explicitly mentions the model in the vacancy text—
hence, 4% of the PhD vacancies mentions a model only in the
context of experience. An example quote is: “Experience with
hydrological catchment modeling approaches such as SWAT is an

Frontiersin Water

advantage.” As this quote shows, experience with a model is usually
less strictly formulated, but refers to experience with models “such
as” a specific model. It can be explained why only a small fraction
of the vacancy texts refers to experience with specific models for
PhD candidates. Many applicants for a PhD position only obtained
model experience during their studies or internship. These few
weeks or months of experience would also fit inside a PhD project.
This is also demonstrated by a vacancy that explicitly describes that
the selected candidate will be trained with the foreseen model: “In
particular, the modeling student will conduct a year long exchange to
LBNL to learn PELOTRAN".

For postdoc positions, 21% of the job descriptions describe
experience with a specific model as asset (of which 9 percent point
also describe the model in the vacancy—12 percent point only
mention a model in an experience context). Like for PhD positions,
also for postdoc positions the required experience is, in general,
less strictly related to a specific model, as in this example: “The
ideal experience would include basin-scale groundwater modeling
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using MODFLOW and MT3D or RT3D, or similar programs”. That
the percentage of vacancies that consider experience with specific
models as asset is higher for postdoc positions, can be explained
because the postdoc can have obtained substantial experience
with these models during earlier PhD work and previous postdoc
positions. Rather than considering specific model experience as
asset, there was one example where a model was explicitly not
mentioned: “According to the skills of the applicant, the chosen model
will be mastered by the applicant or proposed by the supervision
team”.

The lower left panel of Figure 1 depicts the fraction of
modeling involved vacancies that mention the model name in
the advertisement over time. For the postdoc positions, no clear
temporal trend is visible in prescribed models, whereas for PhD
positions, the number of vacancies prescribing models seems to
steadily increase over time. However, the evaluated sample is small
which hampers drawing strict conclusions on temporal trends
in model prescription. The word cloud (bottom right panel of
Figure 1) indicates which specific models were mentioned in the
vacancies, either to be used, or advantageous to have experience
with. In total, 70 different models were mentioned, sometimes
with minor differences, such as SWAT and SWAT+, or the notion
that WRF-Hydro is an essential part of the National Water Model
NWM. Most frequently mentioned were SWAT, Modflow, WRE,
NOAH-MP, and CLM. This shows that for hydrological positions,
not only hydrological models, but also climate and weather models
(CLM, WREF) are prescribed.

Modeling studies without model name mentioned in the
vacancy text can broadly fall into three categories:

(1) The candidate indeed has the freedom to select their own
model.

(2) The project is about developing or building a new model.

(3) A model is prescribed but not mentioned in the advertisement.

Given this last category, the percentage of vacancies for which
the model is prescribed might in reality be higher than what is
estimated here. The results from the questionnaire in the next
section will provide more insights on that.

3.2. Questionnaire results for further
context

Whereas the analysis of the About Hydrology vacancy database
can provide insights into to what extent ECSs are confronted with
a prescribed model in their projects, this is of course only the
vacancy and the project can have taken a different turn. Therefore,
a stratified random sample was taken from the vacancies in the
database, and the contact persons were approached to fill out a
short questionnaire. In this way, model use during the project could
be reconstructed. Figure 2 provides an overview of the responses
for part of the questions in the questionnaire. Given the relatively
small sample of respondents, no patterns could be identified in the
responses for PhD and postdoctoral vacancies separately, so they
are treated together. The results are now discussed per group: (1)
a specific model is mentioned in the vacancy text, (2) experience
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with a specific model is considered an asset and (3) the remaining
vacancy texts that involve at least some modeling.

From the vacancies for which a model was mentioned in the
vacancy text, for 7 out of 8 responses this model was indeed used
during the project. In fact, using this model or switching to another
model has not even been discussed for these 7 projects. A possible
reason is that, given that the model is mentioned in the vacancy text,
the expectations from both the supervisor and the hired candidate
in terms of model use are clear directly from the start. Reasons to
select the prescribed model for these seven projects were:

e It was a requirement from the funding agency (1).

e The model was developed by the hiring person or the hiring
lab (3).

e It covers a very specific process that is needed for the project
(2).

o It fitted the research question and the expertise of the group
(1).

One respondent did discuss model use for this project and
did decide to switch models. The reason for switching from A
to B was that the end users of this project, consultants in the
US, were more familiar with modeling framework B. As such, the
project might better accommodate the wishes of the funder (state
government agencies). However, the experience with framework B
was no undivided success, since certain relevant processes were not
described well in this framework.

One of the potential reasons not to switch model in the project
could be that this model was “promised” in the grant proposal.
Therefore, one of the questions in the questionnaire was if the
model was already specified in the proposal. Unfortunately, the
question was not formulated unambiguously (a methodological
flaw) which lead to some answers not being directly usable. Three
out of seven respondents indicated that they did specify the model
in the research proposal. These three also did use the model that
was specified. Only one respondent indicated that the model was a
critical component for the funding agency.

For the vacancies which mention experience with a specific
model as asset, it was asked if this was also the model that was used
during the project. Four out of six respondents indicate that this
was indeed the case, while for two projects, another model was used.
In both these cases, the reason for using another model was that
the processes in these models better suited the research question
after a comparison, for one of these projects also the postdoc’s
familiarity with the model was mentioned as reason. In at least four
out of six cases, model selection has actively been discussed, which
is a notable difference compared to the projects where specific
models are already mentioned in the vacancy text. However, three
out of four discussions did not lead to a change in used model
compared to the initial plan. Reasons for not switching included
for one case a combination of familiarity with the model and the
representation of certain processes, while for another respondent
the experience of the hired postdoc was decisive to not switch.
Concerning grant proposals, there was only one respondent who
confirmed that the model was mentioned in the proposal, while still
a different model was used for this project in the end. This project
was funded internally, and therefore there was no commitment or
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Specific model(s) to be
used are mentioned

Was the model mentioned in the
vacancy used in the project? (n=8)

Yes (7) No
Has there been any discussion about

using this model or switching to
another model? (n=8)

Experience with specific
model(s) is mentioned as asset

Was the model which was mentio-
ned as relevant experience used in
the project? (n=6)

Yes (4) No (2)

Has there been any discussion about
using this model or switching to
another model? (n=6)

Vacancy text does not pre-
scribe or describe model name

Did you already have a model in
mind that could or should be used,
before the project started? (n=7)

Yes (5) No (2)

1 ~
1 ~
1 ~

1 ~
1 ~

Has there been any discussion about
using this model or switching to

switched

Was the model already specified in
the grant proposal? (n=8)

Yes (3) Not answered* No Yes
but still
switched

FIGURE 2

but not
switched

Was the model already specified in
the grant proposal? (n=6)

As one of Not
the options Yes (4) No

*The original question was: “How was this study funded, e.g., with a grant proposal, internal funds? And in
case of a grant proposal, was the model already specified in the proposal?”. Many respondents only
responded to the first part of this question.

Summary of responses to questions in the questionnaire for the stratified random sample.

another model? (n=5)

Yes Unclear

but not
switched

switched

Was the model already specified in
the grant proposal? (n=5)

answered*

accountability to stick with the initially mentioned model. In two
other cases, several options were mentioned in the proposal, and
the final used model was one of them.

For the vacancies that do not specify any model in the text,
and do not mention experience with any specific model as asset,
five out of seven respondents did already have a model in mind
before the project started. For the two that did not have a model in
mind, one project was focused on machine learning and just wanted
any “standard” numerical model as a reference. In the end, VIC
was used in this project because it was already set-up for the test
basin. For the other project there were some requirements that the
model needed to fulfill, but the model choice would depend on the
experience of the hired person.

For the five other respondents, it is not surprising that the
hiring persons already had a model in mind for the project. After
all, this is often part of evaluating the feasibility of the proposed
research. What is surprising, however, is that for four out of five
responses, there has not even been any discussion about using this
model or switching to another, which seems to indicate that also
for vacancies that do not mention any model, model choice is still

Frontiersin Water

often taken for granted. Four out of five respondents that did have
a model in mind, already mentioned this model in the research
proposal.

In summary, the questionnaire responses indicate that
irrespective of whether a model is mentioned in the vacancy text
or not, or whether experience with a specific model is mentioned as
asset or not, for the majority of projects there is already a candidate
model in mind that is not actively discussed once the project starts:
model choice for the ECS project is taken for granted. In the cases
that there is discussion, the majority of these discussions does not
lead to switching to a different model. One of the reasons not
to discuss model use or switch models could be because there is
commitment to the model in the grant proposal. One respondent
for instance indicated that this was a hard requirement from the
funder. There are, however, also examples in the responses where
no model was specified in the proposal, where the model was
still switched despite being mentioned in the proposal, or where
multiple models were mentioned in the proposal. This indicates
that grant commitment alone cannot explain why model choice is
often not discussed in research projects.

frontiersin.org


https://doi.org/10.3389/frwa.2023.1149590
https://www.frontiersin.org/journals/water
https://www.frontiersin.org

Melsen

4. The hired candidates and their
“Modeling Toolkit"

The results in the previous sections show that for many ECS
projects, the hiring person already has a model in mind, and
often this model is used without further discussion. This can also
be understood: the hiring person generally has more experience
than the ECS on this topic, and as such might better be able to
estimate which model might be feasible for the project. This was
also indicated by one of the respondents, who made a distinction
there between PhD and postdoc-positions:

“.for PhD students, as they rarely have really experienced
in an advanced code, I think it’s easier if we tell them a little bit
what code they should use. But for postdocs, as long as it does
the job, it’s fine.”

So, indeed hiring persons can be open to switch models if the
ECS comes up with another proposal. Model selection driven by
the experience of the applicant was even explicitly mentioned in
some of the vacancy texts and questionnaire responses. But this
is of course only possible when the early-career scientist has the
experience to come up with a model proposal, and this is where the
introduction of the term “Modeling Toolkit” becomes relevant.

Simplified, the development of such a toolkit can be described
in the following way. In the first project of the ECS, usually a
PhD-project, the supervisor suggests a model because the ECS
does not have the experience yet to make this consideration.
Throughout this project, the ECS gains experience with this model,
and it becomes part of their “Modeling Toolkit”. In the next
position of this researcher, either a model is proposed again
by the supervisor, or the researcher can propose the model
they have in their “Modeling Toolkit”. So, either the researcher
extents their toolkit with a new model, or re-uses tools from
their toolkit. If this researcher in the end obtains a (semi)-
permanent position, they have a certain amount of models in
their toolkit, which they might decide to further explore in their
career. Babel et al. (2019) for instance interviewed senior scientists
from different Earth and Universe disciplines, and the majority
of the interviewees continued developing the modeling concepts
they worked on during their PhD or as young postdoctoral
researcher. The “Modeling Toolkit” that early career scientists
obtain can thus be decisive for the course of their scientific
career.

Responses on the questionnaire seem to confirm this
perspective. First of all, four out of six respondents from vacancies
which mention experience with a specific model as asset indicated
that the hired candidate indeed had experience with this model.
Although one respondent mentioned that this experience was
not decisive in the selection of the candidate, it does show that
experience with a certain model influences the chances for the
ECS on a next position. It might therefore be beneficial to gain
experience with widely used and widely known models, such
as VIC, WRF(-Hydro), SWAT or MODFLOW. The use of a
popular model can also further increase the exposure of the
research. One of the hired candidates that responded to the
questionnaire even indicated that their experience with VIC lead
to job offers:
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Question: “Did your experience with VIC influence for which
jobs you applied after?”

Answer: “Yes. I got some job offers for positions which I did

not even apply for.”

Although these offers probably also relate to the qualifications
of this researcher, and not only to the experience of this
researcher with this model. From the hired respondents of
which the project was already finished, four out of five
indicated that the model with which they gained experience
in the project still played a role in their current position,
demonstrating how the “Modeling Toolkit” is carried along to next
positions.

The role of the “Modeling Toolkit” not only influences job
opportunities, but can also influence the developed research line,
as becomes evident from this response from a hired ECS:

Question: “Did your experience with [model] influence for
which jobs you applied after?”

Answer: “Yes. Indirectly, because [model] clearly became a key
tool for some of the research directions I proposed for later
project proposals, including the one leading to my current
position. And while I sometimes think I was lucky to find a
tool that matched the research lines I wanted to develop, the
other way around is likely: I was actually influenced by the
possibilities with [model] to feel like further exploring water
pathways with metrics such as water ages (calculated in the
model).”

The “Modeling Toolkit” thus creates a reinforcing loop of
model use, especially for ECSs that are developing their research
identity. All in all, there are good reasons for a supervisor to
advice a model for an ECS research project, but it should not be
underestimated how long the effect of this advice can last. Besides,
this system can work as a wheel to make popular models more
popular: if more vacancies with a particular model are open, then
also more young researchers obtain this model in their “Modeling
Toolkit”, which influences their research identity and research line
and which might make them, at a later stage in their career, also
hire ECSs to work with this model. As such, the “Modeling Toolkit”
can confirm and maintain the status quo in current hydrological
modeling.

5. Implications for hydrological
modeling

The results show that Early-Career Scientists (ECSs) are
confronted with model choices that are, also for good reasons, often
imposed. This happens especially at a stage in their career where
they are developing and establishing themselves as researchers, and
therefore these choices might have a long lasting effect on their
developing research epistemology. Of course there will be further
development of the research vision throughout the course of their
career, and they might decide to break with the traditions they have
worked with so far, but either way each experience they gained
contributes to the development of their research vision and they
carry their “Modeling Toolkit” along, whether in active use or
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catching dust. The question is what this implies for progress in
scientific hydrological modeling and the use of hydrological models
to support decision making.

5.1. Efficient research and successful
science

As already mentioned, there might be good reasons to propose
or impose a model for a research project. One of the clearest
reasons is that the supervisors have more experience to make
this evaluation. However, as demonstrated by Addor and Melsen
(2019), model choice is often the result of legacy, where legacy
includes practicality, convenience, and experience. Therefore, in
many cases a model is not selected based on the experienced
evaluation of the supervisor, but based on experience of the
supervisor. This is also what appeared from the questionnaires,
where a model was often selected because someone from the
supervision-team, or the research team in general, had experience
with this model.

As also discussed in Addor and Melsen (2019) and in Melsen
(2022), legacy-reasons to select a model can create an efficient
research environment: a modeling ecosystem is set-up which makes
working with the model extremely efficient, for instance with
automated preparation of input files. One of the hired candidates
that was approached for this study wrote the following response:

“I am open to work with different models but I am also
more aware that it can take significant amounts of time to
get used to models. It also makes it more ridiculous if post-
doc positions are advertised for two years and less that require
learning a new model. I think that this takes at least half a year
for a complex model.”

Working in a team with experienced colleagues in a well-
organized modeling ecosystem is an effective environment for
ECSs, because they have to spend less time on technical and
organizational matters around using a model, and can focus more
time on the actual analyses and on writing scientific publications.
Furthermore, if the whole team is working on the same model there
are more opportunities for collaboration with direct colleagues.
Internal ties foster mutual trust, which leads to more knowledge
sharing among team members (Garcia-Sanchez et al., 2019). It has
also been shown that more cohesion inside the team can lead to
more productivity in terms of publications (Stvilia et al., 2011; Love
etal, 2021), and more in general it has been shown that science and
high impact research is becoming more team-dominated (Wuchty
et al, 2007). As such, becoming member of a well-organized
modeling team can give an ECS better qualifications, e.g., in terms
of publication record, for a follow-up position within the sciences
than a peer that has to invest time in selecting an appropriate model
or setting up a model without an experienced mentor.

Interviews with postdoctoral researchers in the UK revealed
that several of them perceive their publication record as the main
obstacle for them to secure a lectureship (Menard and Shinton,
2022), which could therefore be a motivation to apply for positions
in such an efficient modeling environment [at the same time,
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Milojevic et al. (2018) found that productivity is not a reliable
predictor for “survivability” in academia]. Furthermore, it is
important to remark that ECSs have different perspectives on what
they consider a successful career, and this does not necessarily
has to be obtaining a tenure track position. From a questionnaire
held by Nature among 7,670 postdoctoral researchers worldwide
(go.nature.com/3tmckuq), 63% indicated to hope to pursue
a career in academia, while 11% did not want to continue in
academia and 26% was unsure. But also career paths inside
academia can take different directions. Menard and Shinton (2022)
identified different career paths for ECSs, and not all ECSs aim for
a lectureship or tenure-track position. Aiming for a research-only
or support-staff career (both usually consisting of a chain of
short-term contracts) can lead to different strategic choices in the
positions one applies for.

5.2. The essential tension

The “Modeling Toolkit”, which is usually mainly build up
during the early part of ones scientific career, in combination
with the reward of working with established models and in well-
established teams around a model for future career perspectives,
implies that the models that are currently popular and invested in,
will remain popular and invested in. This is further reinforced by
several mechanisms in current academia. One is the conventional-
approach bias from reviewers (Martin, 2000), which makes it easier
to publish work with established models than to propose a new
approach. Another mechanism is the neo-liberal direction that
higher education has taken, which puts more focus on productivity
and output targets which are measured through audits (as for
instance in the tenure-track system). More in general, it has been
demonstrated that scientific papers have become less disruptive
over time, and the authors of this study attribute that to the use
of a narrower set of existing knowledge (Park et al., 2023), also
described in the context of the “publish or perish’-culture. Re-
appearing in several studies based on interviews with ECSs is that
within this system “you have to read the game” (Archer, 2008) or
“play the game” (Billot, 2010) to secure ones position. This implies
identifying hot topics and partnering with big names to increase the
chances of obtaining a grant (Billot, 2010).

These mechanisms lead to a model lock-in, creating
dependency on certain models because of all the investments
done, also in terms of human capital. This is a very instrumental
perspective on modeling. The model concept itself does not seem
to be questioned, the model is merely used as an instrument to
answer questions, comparable to lab equipment. One might argue
that in practical applications, such as real time forecasting and
national models for decision-support, an instrumental vision can
be justified by earlier investments, increased efficiency, and correct
use of the tool. But especially practical applications have “real-
world” impacts (Lane, 2014). Social practices around modeling,
such as recruitment strategy as discussed here, influence which
models are used and which results are obtained (Melsen et al.,
2018). These results, which inform real-world decision making,
might be biased toward certain interests, and might represent
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certain groups better than others (Saltelli et al., 2020). It is difficult
to correct or even observe these biases in such a model lock-in
system.

Models can also be perceived as hypotheses (Clark et al., 2011).
In that capacity, the underlying assumptions should continuously
be critically questioned and tested, and new hypotheses should
be formulated. Inquisitiveness is a frequently mentioned scientific
characteristics, in the same way that modeling is described as
an “art” that requires imagination, inspiration, and creativity
(Savenije, 2009). The current, instrumental, system seems to
provide limited space for this creativity, because it rewards working
within the boundaries of the current discipline. Even though
challenging existing conceptions has proven to contribute to
scientific progress (Balietti et al, 2015), which would indicate
that we need to perceive models more as hypotheses and less as
instruments. Also the title of the paper of Burt and McDonnell
(2015), “the need for outrageous hydrological hypotheses”, is an active
call to stimulate scientists to think out of the box and to challenge
current paradigms in hydrology.! At the same time, as described
in the previous section, the current scientific system rewards
people that function within this system, and does not necessarily
reward people that question this system. Or, in the context of
this study, prescribing a model in ECSs projects, despite good
underlying reasons, detains early career scientists into currently
leading paradigms, which might hamper their ability to question
this paradigm—especially since it is rewarding to function within
current paradigms and “play the game”.

The reward of functioning within the “disciplinary matrix”
on the one hand, and the need for outrageous hypotheses to
stimulate scientific progress on the other, seem to resemble two
opponents. Kuhn (1977) refers to these opponents as “the essential
tension”. Tension, because one seems to contradict the other, and
essential, because he argues that this contradiction is necessary:
“. history strongly suggests that, though one can practice science—
as one does philosophy or art or political science—without a firm
consensus, this more flexible practice will not produce the pattern
of rapid consequential scientific advance to which recent centuries
have accustomed us” (p. 232)—that is, most progress is made in
disciplines that have strong disciplinary rules. The tension between
commitment to the discipline, in this case hydrological modeling,
and questioning this commitment, is an everlasting challenge that
should be reconciled both at the individual and the team level.

The mechanisms described in this study, related to recruitment
for modeling positions, is just one example of the many social
practices that shape the construction of scientific knowledge. There
is a growing interest in analyzing the practices of modeling in
hydrology, and how this propagates into knowledge construction.
Examples include the interviews with modelers conducted by Babel
et al. (2019) and Melsen (2022) which show the role of habits and
colleagues in modeling, respectively. Packett et al. (2020) discusses
how gender is mainstreamed into model construction and use,

1 in fact, Burt and McDonnell (2015) even emphasize this in the context
of the majority of hydrological research being focused around models only,
which can be counteracted by seeing models as a hypothesis. But indeed,
considering modeling as a valid research method can be seen as a paradigm

in itself in hydrology.
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while Krueger et al. (2012) discusses the role of expert opinion
in modeling. Broader perspectives on modeling and their non-
neutrality are for instance discussed in Saltelli et al. (2020) and
Krueger and Alba (2022). Even more broadly, Lave (2016) discusses
how social dynamics shape river science itself. What these studies
have in common is that they challenge the notion of scientific
knowledge as empirical and objective. Increased understanding
and transparency about the role of social processes in knowledge
production can provide guidance in choosing research practices
and in placing the gained insights into context (Lave, 2016; Melsen,
2022), and there are still ample dynamics to explore.

6. Conclusion

Modeling is a key activity in the hydrological sciences,
demonstrated by the fact that 76% of the analyzed job descriptions,
based on job announcements distributed through the About
Hydrology mailinglist, involved at least some numerical modeling.
It was found that for 17% of the PhD positions that involve any
modeling, the model is already predetermined in the vacancy text.
For postdoc positions, this is 30%. Based on a small questionnaire, it
can be concluded that also beyond the vacancies where the model is
already prescribed, in many Early-Career Scientist (ECS) projects,
the model to be used is pre-determined and actually often used
without much further discussion.

There are valid reasons for prescribing a model for ECS
projects, such as funding requirements, grant commitment, and the
experience of the supervisor in making this evaluation. At the same
time, this can have long-term consequences for the ECS: first of all
because the ECS is still developing a research identity which will
be influenced by the experiences they obtain, but secondly because
throughout their career, experience with models will become part
of their “Modeling Toolkit”. This toolkit influences their future
opportunities. Experience with a popular model can for instance
be beneficial for obtaining a next position, or working in a team
around a certain model can be more productive in terms of
publications and therefore give a better position compared to peers.
These mechanisms reinforce the use of popular models rather than
to question them—it serves an instrumental vision on modeling.

Models can also be seen as hypotheses, which should
continuously be tested and questioned. The current academic
system does not necessarily seem to reward this vision, even though
it stimulates the progress of science. Kuhn (1977) described this
as “the essential tension”: There is a tension between functioning
within the system (the so-called disciplinary matrix) which is
rewarding, and actively questioning this system to stimulate
progress. As a hydrological modeling community, we should
actively search for this tension. ECSs will learn the current rules
of the game, while at the same time should be actively stimulated to
critically question these rules.

Of course, ECSs should also not be underestimated. The PhD
candidate that was quoted in the introduction for instance, saw
this position as an opportunity to work with an established model.
This person was not pushed into the disciplinary matrix as a
passive bystander. The postdoctoral researcher that was quoted
in the introduction had a clearly developed model vision. This
person wrote a proposal in order to be able to work with the
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modeling framework that this person perceived as useful. With a
developed model vision, a researcher can be critical in selecting
which vacancies to apply to, to make sure that the modeling
approach aligns with how this person perceives which model-based
knowledge is justified. It seems, therefore, that everything starts
with pro-actively stimulating ECSs to develop a vision on research
and modeling.
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