Graphical representation of global water models
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Abstract. Numerical models are simplified representations of the real world at a finite level of complexity. Global water

important natural and societal issues, including water availability, flood risk and ecological functioning. Whilst global water
modelling is an area of science that has developed over several decades, and individual model-specific descriptions exist

for some models, there has to date been no attempt to visualize the ways that several models work, using a standardized

models participating in the Inter-Sectoral Impact Model Intercomparison Project phase 2b (ISIMIP2b). The diagrams were co-
produced between a graphics designer and 16 modelling teams, based on extensive discussions and pragmatic decision-making

that balanced the need for accuracy and detail against the need for effective visualization. The model diagrams are based

educational purpose, we envisage that the diagrams will help researchers in and outside of the global water model community to
select the suitable model(s) for specific applications, stimulate a community learning process, and identify missing components

to help direct future model developments.

1 Introduction

trial water balance including model-based quantifications of global fluxes and storages frem-by Oki and Kanae (2006). In an

educational experiment, Cardak (2009) explored misconceptions in the understanding of the global water cycle by undergrad-

uate students, from interviews, and by specifically letting them draw the water cycle. Elsewhere, the co-creation of diagrams
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between environmental modellers, design creatives, and policy-makers -has facilitated the generation of infographics and vi-

suals that improve the

and the EU Green Deal (European Commission, 2023).

There are no commonly accepted guidelines for designing a global water diagram, although best practices for scientific
illustration of water cycle diagrams for dryland environments are discussed by Fandel et al. (2018). The design of global
water diagrams has in the past been criticised, e.g. Abbott et al. (2019) who explored the water storages, fluxes, and processes
incorporated in 464 water cycle diagrams and found that human interactions were not included in a majority (85%) of the
diagrams. In total, they found rather similar diagrams despite differences in the intended target audience and year of creation.
The reviews mentioned earlier (Abbott et al., 2019; Linton, 2008; Fandel et al., 2018) also include several very popular diagrams
of the global water cycle. Recently, and also as a reflection of the findings of Abbott et al. (2019), a new version of the USGS
water cycle diagram has been published (Nell et al., 2023) that illustrates components of human inferences to the water cycle.

Abbott et al. (2019) classified the format of the diagrams into a) three-dimensional, large-scale catchments, b) two-dimensional

ics that typically consist of boxes and arrows and are the most abstract representations. In the scientific community of global
water modelling, it is nowadays common to publish model description papers alongside the output data. Typically, these
descriptions also include a graphical representation of the model scheme, namely the water storages, fluxes, and processes
included in the model. The format and approach differ largely, with the most popular approaches being three dimensional
diagrams (e.g. Hanasaki et al., 2018; Lawrence et al., 2019; Burek et al., 2020) and abstract illustrations with boxes and arrows
(e.g. Stacke and Hagemann, 2021; Miiller Schmied et al., 2021).

When it comes to model inter-comparison exercises, a typical goal is, next to comparing model outputs, the exploration of
commonalities and differences between models (Haddeland et al., 2011). This understanding helps to explain why the model
outputs differ. The global water sector in the Inter-Sectoral Impact Model Intercomparison Project (ISIMIP) consists of around
20 active global water models (Gosling et al., 2023b, a) that follow a specific modelling protocol to ensure a consistent cross-
model assessment (Warszawski et al., 2014; Frieler et al., 2017, 2024).

The global water models participating in ISIMIP were developed from multiple backgrounds and as such they contain

to analyze which water storages and fluxes are included in the models. Furthermore, they developed a common notation for the
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GHM, CWaiM,.HO8, Mac-PDM, 20, mHM, MPI-HM, PCR-GLOBWB, VIC, WalerGAP2, WAYS
LSM CIM45, CIM>.0, DBH, IULES: W1, MIRQC:INTEG:LAND (formally MATSIRO), ORCHIDEE
DGYM LPJmL

equations of each model component, resulting in a compendium of model-specific equations. No visual depictions of the model
components were shown though. Even though all the models follow basic hydrological principles, such as the conservation of
mass, the individual calculation procedures and the relative complexities of the models differ (Telteu et al., 2021). This previous

exercise was a community-driven effort and the modelling groups were intensively involved, leading to a better understanding

depiction of different modelling components which can act as important additional information for model improvement, inter-

model comparison, science communication,zand education.
To this end, herein we present the efforts of the global water community within ISIMIP2b to describe the structure of the
computational models in a common diagram scheme, whilst including some of the information from Telteu et al. (2021). The

visualization of the models should support:

— Familiarising people outside of the global water model community with the features and concepts included in global

water models. This could be lay audiences, university students learning about hydrology and/or modelling, or researchers.
— Model developers to identify missing model components, which could help to define areas for future model development.

— Researchers, giving them the possibility to reflect structural model uncertainty by visualizing the model structure includ-
ing storages, processes, and fluxes, which builds the basis for assessing model output to generate a multi-model water

budget considering this uncertainty.

— Users of the ISIMIP model output data repository who want to conduct and communicate numerical assessments, to

interested in specific components of the water cycle might select only those models that have a certain representation of
these processes implemented. We-Thus, we envision that the diagrams will alse-suppert-the-selection-ef-medels-support

projections.
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tions of speci c models, in relation to the intended application of the models. For example, a model that is speci cally
designed as a vegetation model has bene ts in simulating such processes but might have limitations in other areas, suct
as the representation of water management. A visualization couldehelgntify those features quickly arliteisbuild

The expected audience of our diagrams is relatively wide and comprises a) model output users, b) people who are new in the
global water modelling community and want to learn about the existing models, ¢) people in educational settings (in particular

inspiration for improving their models.
Thediagramsareaimedat

____________ abroadaudiencesotheyarekeptassimpleaspossibleto assistith communicationTo thisend,

shown in Sect. 3. A discussion about limitations and potential improvements, how the diagrams may be used, as well as
futureanoutlook, is in Sect. 4, followed by concluding remarks in Sect. 5.

2 Methods

In a project funded by the European Union (WATCH project under EU grant number 36946, runtime 2007-2011), the global wa-
ter model community initiated a model intercomparison and hydrological assessment study. Based on this foundation, the global
water sector in ISIMIP was formed and has been active since ISIMIP was started in 2012. There has been a wide range of studie:

and impact assessment (e.g., Gudmundsson et al., 2021; Reinecke et al., 2021; Prudhomme et al., 2014; Dankers et al., 201
Schewe et al., 2014; Thompson et al., 2021; Gosling et al., 2017) but also considering other sectors like agriculture and health
(e.g., Schewe et al., 2019; Thiery et al., 2021). The creation phase of such contributions, and speci cally when trying to ex-
plain why model results differ, was hindered by the unavailability of a consistent and comparative model overview. This was
the motivation for working collaboratively on an overview of the models participating in the global water sector of ISIMIP.

iTa¥e Mmmer201-8-n = M-Main ermanyvHaHal-de \Woredi ed
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stages.The approactwasthereforelessformalizedandad hog

the water cycle that also shows the vertical water balance in a second diagram. The motivation for this separation was to rst

provide an overview of the individual model's representation of the water cycle but then also to focus on a more detailed level

onof the vertical water balance.

2.2 From initial drafts to a nal diagram

internetfor graphicalepresentationsf eachof thecomponentsprintedthemout andcreatech diagramasa

themodellingteamsIn aninternationalpapewriting workshopduring the summerof 2018in_Frankfurtam Main, Germany,

currentactivephaseof ISIMIP atthattime. The mainoutcomeof this workshopwasthe commitmento reviewthe modelsin
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with 41 participantfrom 16

yin English and Frenchat the

scienti c_audience Furtheravenuegor

a more scienti ¢ view suggested adding more details to re ect the complexity of the water sjelesholdeinteractions

in-stakeholdersn the two ISIpedia workshops-EasternEuropeane-WestAfrica-with-representativefrom-governmental

organizationsacademiandNGOsexpressed the wish for a simpli ed representation and felt overwhelmed by too much com-
plexity. Also, we discussed avoiding some of the classical misconceptions, e.g., to draw the aquifer as a sub-surface lake or

model structures represent the global water cycle, rather than representing the entire global water cycle with all possible pro-

cesses, as intended e.g., in Nell et al. (2023). Hence, the required level of abstrattim@aswell as realism was discussed
at length. j i fth-eli

it to be the most thorough or exhaustive representation. The climatic input variables are shown as well as the vertical and lateral
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or process can be reachieehtvery different levels of complexity. For example, the process that re ects thedd@centration
on plant growth and related water use is implemented in the models in different ways and levels pbdetailv-exactly

. This tool was usedto_generatethe correspondinggures representedn this study,The resulting gures_are availableat

for a number of assessments, the model output of this part of the water cycle (e.g., for indicators of groundwater recharge,
runoff or the variation of soil water storage) is not only relevant for society but also exhibits consistency among the models.
In contrast, the components of the lateral water balance and the river routing approach differ substantially between the models
and this part of the water cycle is also much more integrated with water management than the vertical water balance.
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3.2 The individual ISIMIP2b global water models

The individual model diagrams are displayed in an overview for the full water balance (Fig. 4) and the vertical water balance

(Fig. 5) from left to right. andtop.to b

according to their model name.

The appearance of the 16 model representations next to each other reveals that all models commonly consider snow ant
soil water storage (Fig. 5). Most models include canopy storage (13 out of 16), groundwater storage (11 owtrafti6),
only 2 models (different versions of CLM) have a representation of glacier storage. All models consider the water uxes
transpiration, soil evaporation, in Itratigrand (surface) runoff, which can be considered, together with the storages described







