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Reviewer 2 
▪ I think the introduction section needs some work. I found this section to be meandering and in my opinion these 

many separate paragraphs about the modelling applications are not needed. My recommendation is to squeeze 
these texts in few paragraphs and then try to elaborate the research gap and SWAT large scale applications as well. 
If I remember correctly, there were a handful of studies that reported comparing SWAT model in very large scales, 
are we missing some relevant references here? 

Thank you for the feedback on the introduction and for prompting us to ensure we have included relevant references 
regarding large-scale SWAT applications. We have condensed the discussion of general GHM applications as 
requested 

Regarding the specific point on large-scale SWAT studies, our work aims to build upon previous efforts by 
developing the first high-resolution global SWAT+ model. The most relevant precursors in terms of scale are indeed 
the continental applications. We have cited the key studies in this domain within the introduction (Line 100), 
specifically: 

• SWAT : The continental-scale model for Europe by Abbaspour et al. (2015). 

• SWAT+: The recent continental-scale models developed for Africa (Chawanda et al., 2024; Nkwasa et al., 2024) 

While a limited number of valuable studies have applied SWAT+ to large river basins worldwide (in part due to 
SWAT+ being relatively new), these continental-scale applications represent the largest spatial domains modelled 
prior to our global study and thus form the most direct context for the research gap our work addresses – the lack 
of a fully global, high-resolution SWAT+ implementation. We believe these references adequately cover the state-
of-the-art in very large-scale SWAT+ modelling relevant to our study's objectives. 

▪ The issue that the authors reported as a potential future improvement with regards to the comparison with SWAT 
simulated global ET with the GLEAMS dataset are in my opinion somewhat previously known knowledge. Many 
researchers have reported the issue with GLEAM dataset that the dataset due to partitioning of ET, tends to 
overestimate transpiration while underestimating soil evaporation. For example see Chen et al. (2022) 
“Uncertainties in partitioning evapotranspiration by two remote sensing-based models”. I also believe that GLEAM 
v4 is available now, with a higher spatial resolution than the v3. Have the authors considered using this product to 
do their comparison? 

Thank you for your comment regarding the discussion of the evapotranspiration (ET) comparison and the GLEAM 
dataset. 

Regarding the potential reasons for discrepancies, we agree that differences between modeled ET and remote 
sensing products can arise from uncertainties in both the model and the benchmark dataset. We have revised the 
discussion in Section 4 to reflect this more explicitly. While we maintain that input data limitations (e.g., climate 
data resolution, lack of lake representation) contribute to some observed differences, we now also acknowledge 
that inherent characteristics and potential uncertainties within the GLEAM product itself, such as its partitioning 
methods as you noted, can also play a role in comparison results. We appreciate the reference provided (Chen et 
al., 2022) and have incorporated this perspective into our revised discussion. 

Line 312: 

For instance, the East African rift valley lake area was all simulated with regular HRUs while implementing lakes 
would ensure that the land ET and lake ET are not mixed up to improve spatial Pattern (Fig 9). Concurrently, inherent 



uncertainties within the GLEAM v4 product itself, potentially related to its algorithms for partitioning ET 
components such as transpiration vs. soil evaporation, as discussed in studies like Chen et al. (2022), can also 
influence the comparison results. Thus, there is a need to acknowledge these combined uncertainties when 
interpreting the evaluation of the ET spatial patterns. 

Regarding the GLEAM version, we confirm that GLEAM v4 was indeed used for the comparison in this study. We 
apologize for any confusion caused by an inconsistency in the manuscript text. We have ensured that the 
manuscript now consistently refers to GLEAM v4 throughout the methods and results sections (including updates 
to lines 173 and any other mentions). 

▪ I am missing the details about time range for the ET comparison. 

Indeed, we now have highlighted the time range used. 

Line 263: 

A comparison of ET for the effective simulation period (1982 – 1990) shows that the spatial pattern between SWAT+ 
ET and GLEAM ET is comparable overall. 

▪ I would also like to know was non-availability of spatial data the sole reason for choosing the ASTER GDEM data 
over SRTM? I think this is important because SRTM does better representation of mountainous regions than ASTER 
GDEM, so I would like to see what the authors think about this issue. 

Thank you for raising the point about the relative qualities of ASTER GDEM and SRTM, particularly concerning 
mountainous regions. We acknowledge that at their native resolutions, SRTM data is often cited as having 
advantages in complex terrain compared to earlier ASTER versions. 

However, for our specific application – developing a global hydrological model – the primary limiting factor of SRTM 
is its incomplete spatial coverage, as it does not extend to latitudes beyond 60°N and 56°S. Since our goal was to 
model the global landmass (excluding Greenland), the comprehensive spatial extent offered by ASTER GDEM was 
essential.   

Furthermore, while differences in data quality (e.g., noise, artifacts) between the two DEMs are more pronounced 
at their native ~30-90m resolutions, our global model utilizes these data resampled to a 2km resolution. At this 
coarser scale, used for watershed delineation and topographic parameterization in a global context, the finer-scale 
differences between ASTER and SRTM become less significant for capturing the overall large-scale topographic 
features driving hydrological processes. Therefore, given the necessity of complete spatial coverage for our global 
domain and the mitigating effect of our 2km working resolution, ASTER GDEM was deemed the most suitable 
choice for this study. We have added a sentence to the manuscript in Section 2.1.1 to briefly clarify this 
consideration. 

Line 144: 

The Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) global DEM (Abrams, 2016) was 
preferred over the Shuttle Radar Topography Mission (SRTM) global DEM (Farr et al., 2007) primarily due to its more 
complete global spatial coverage (Fig. 1), which is essential for this study's domain. While potential differences in 
DEM quality exist between the datasets, particularly in mountainous regions at finer native resolutions, these 
differences are considered less critical at the 2km resolution used for deriving topographic parameters in this global 
model setup. 

▪ Could the authors provide any details about the actual runtime for basins of different spatial scale? 

Thank you for asking for details on computational runtime. This is indeed an important practical aspect of large-
scale modeling. We have added specific examples to the Methodology section (Section 2.2) based on our 
experience setting up and running the model using the CoSWAT framework on the 64-core HPC environment 
described in the paper. 



We clarified that runtime for both model setup (data processing, watershed delineation, HRU generation, file 
writing) and simulation execution depends significantly on the specific hardware (CPU cores, clock speed, I/O 
performance) and the parallel processing configuration employed within the framework 

 

Line 206: 

The CoSWAT framework was optimised by iteratively implementing parallel processing wherever possible and 
feasible. This reduces the time required for data processing and model setup, making large-scale simulations 
feasible by leveraging High Performance Computing (HPC) environments which often allow highly parallelised 
workflows (Chawanda et al., 2020). The efficiency gains from parallel processing significantly reduce computation 
time, though actual runtimes depend heavily on the specific HPC hardware (CPU cores, clock speed, Input/Output 
(I/O) speed) and parallel configurations used. For context, using the 64-core, 3.00 GHz, 128 GB RAM Linux 
environment described below (Section 2.3), the CoSWAT framework setup phase (including data preprocessing, 
watershed delineation, HRU generation, and file writing – not including data download times) required 
approximately 12 minutes for a moderately sized region such as Save Basin in Africa, and about 1 hour 49 minutes 
for a large, complex region such as the Nile Basin. Executing a 10-year SWAT+ simulation for very large basins like 
the Amazon could take over 24 hours, with runtime strongly influenced by the requested output frequency (e.g., 
daily outputs requiring significantly more time due to I/O demands). 

▪ Line 67 : Explain CC 

We now write CC in full upon first mention as suggested. 
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