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Summary8

Distributed hydrologic models provide earth scientists and engineers with tools to test and9

explore hypotheses related to the movement and storage of water within a landscape (Fatichi10

et al., 2016; Grayson et al., 2002; Keller et al., 2023). The Triangulated Irregular Network11

(TIN)-based Real-Time Integrated Basin Simulator denoted as tRIBS (Ivanov et al., 2004a,12

2004b), is an example of such a process-based distributed model and has been used to address a13

wide range of problems from hillslope scale processes in ecohydrology (e.g., Mahmood & Vivoni,14

2011) to flood management of large watersheds (e.g., Cázares-Rodríguez et al., 2017). Yet, in15

spite of the extensive use and application of tRIBS to current topics in hydrology, engineering,16

and the earth sciences, the code has been essentially maintained as a proprietary software. Here,17

we document the release of tRIBS v5.2, an updated open source code base and its application18

for forested watersheds that serve as tributaries to larger river systems. This release includes19

improvements in hydrologic processes with new functionality for simulating channel transmission20

losses (Schreiner-McGraw & Vivoni, 2018) and reservoir routing (Cázares-Rodríguez et al.,21

2017). Additionally, it features updated documentation, improved infrastructure for sustainable22

code development and employment, and improved computational efficiency. These additions23

provide a robust and sustainable code base, enhancing access and applications of the model.24

Statement of Needs25

Model Description26

tRIBS is written in C++ and uses an object oriented design founded on a hydrologically27

conditioned TIN mesh (see Tucker et al., 2001 and; Vivoni et al., 2004). Building on the work28

of Garrote & Bras (1995), tRIBS is a continuous hydrologic model simulating the coupled29

dynamics between the vadose and saturated zones (Vivoni et al., 2007). Accounting for these30

key hydrologic processes while using computationally efficient methods (Figure 1), tRIBS31

actively tracks both the evolution of wetting fronts and moisture losses, allowing for continuous32

simulation throughout wet and dry periods (Ivanov et al., 2004a). With the addition of a33

single-layer snowpack module (Rinehart et al., 2008), tRIBS can also be applied in cold and34

mountainous forest environments (Figure 2).35

Furthermore, the unstructured TIN mesh in tRIBS provides a multiresolution approach to36

distributed hydrologic modeling (Figure 1 and Figure 3). As a consequence, tRIBS allows for37

detailed control in resolving hydrologic dynamics across multiple scales (Vivoni et al., 2004),38

maximizing model fidelity to physical processes, while minimizing computational expenses.39

This multi-scaling behavior when paired with parallelization (Vivoni et al., 2011) allows for40

hyper-resolution modeling (Wood et al., 2011) of hydrologic dynamics at unprecedented scales,41
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from simulations rendered at a point (Vivoni et al., 2010) to 21,000 km2 watersheds simulated42

for a period of 10 years at a nominal cell resolution of ~88 m (Ko et al., 2019).43

Figure 1: Conceptual overview of tRIBS end-to-end workflow highlighting key processes. Asterisks
indicate new features or processes available in tRIBS v5.2. Soil and vegetation parameters may be
provided in a raster with continuous values or in a classification table.

Updates and Modifications44

Building on core tRIBS functionality, as described by Ivanov et al. (2004a), Rinehart et45

al. (2008), and Vivoni et al. (2011), tRIBS v5.2 provides two new process additions: (1)46

reservoir routing using the level-pool method (Cázares-Rodríguez et al., 2017), and (2) channel47

transmission losses (Schreiner-McGraw & Vivoni, 2018). In addition, the code base has been48

restructured with mechanisms for improved maintainability, robustness, performance, and49

integration. This includes updates for code compatibility with newer compilers (Clang and50

GCC), the introduction of a CMake build system providing flexibility for compiling serial and51

parallel versions, and modernization of the model version control system and documentation.52

Additionally, we refactored the snow module (Rinehart et al., 2008), resulting in a reduction53

of redundant code and enhanced code organization. Memory leaks associated with parallel54
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operations were fixed, allowing for increased scalability. Finally, we included Docker images for55

both tRIBS v5.2 and the auxiliary program MeshBuilder. The Docker image for MeshBuilder56

facilitates an end-to-end workflow that utilizes METIS (Karypis & Kumar, 1998), enabling57

rapid and easy partitioning of a watershed domain for parallel simulations (Vivoni et al., 2011).58

These and other features of tRIBS v5.2 can be explored using two newly updated benchmark59

scenarios. This first benchmark is a point-scale simulation of the Happy Jack SNOTEL site in60

northern Arizona, USA (Figure 2). The second is a basin-scale simulation of the Big Spring61

watershed located in the headwaters of Sycamore Creek in northern Arizona (Figure 3). Both62

benchmarks are hosted on Zenodo, see Figure 2 and Figure 3 for more details.63

Figure 2: A point-scale (i.e. a single Voronoi cell) tRIBS simulation of snow water equivalent (SWE) at
the Happy Jack SNOTEL site in northern Arizona, USA. Top panel shows the time series of observed
(black) and simulated SWE (blue). Bottom panel compares the observed and simulated peak SWE from
2002 to 2017. Dashed black line is a one-to-one relation. The color bar indicates the time difference
in the occurrence of the peak SWE for each water year. Zenodo repository for this simulation with
additional details can be found at: https://zenodo.org/records/10909507.

Conclusion64

Embracing the FAIR principles (Findability, Accessibility, Interoperability, and Reusability;65

Wilkinson et al., 2016) and recognizing the importance of free and open source software in66

hydrology (Kabo-bah et al., 2012), here we document the release of tRIBS v5.2. This version67

represents years of cumulative efforts with major code improvements related to maintainability,68

robustness, performance, and integration as well as new process based functionality. The69

benchmarks provided exemplify tRIBS v5.2 applications in forested tributary watersheds of70

larger river systems. We anticipate that tRIBS v5.2 will be a valuable asset in addressing a71

wide range of problems for the broader hydrology community.72
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DRAFTFigure 3: An example of a basin-scale tRIBS simulation showing a spatial map of mean hourly evapotran-
spiration rates averaged over the course of a 4-year simulation period. Big Spring basin is a tributary to
Sycamore Creek in northern Arizona, USA. Zenodo repository for this simulation with additional details
can be found at: https://zenodo.org/records/10909729.
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