
Response to reviewers’ comments 

"Two-way coupling between the sub-grid land surface and river networks in Earth 
system models" by N. W. Chaney, L. Torres-Rojas, N. Vergopolan, C. K. Fisher 
 
We thank the reviewers for their time and helpful comments. We have addressed each 
point below. Reviewer comments are shown in blue italics, while author responses are 
shown in unformatted text. 
 
Executive director: Please note that for your paper, the following requirements have 
not been met in the Discussions paper: 1) "The main paper must give the model name 
and version number (or other unique identifier) in the title." 2) “If the model 
development relates to a single model then the model name and the version number 
must be included in the title of the paper. If the main intention of an article is to make a 
general (i.e. model independent) statement about the usefulness of a new 
development, but the usefulness is shown with the help of one specific model, the 
model name and version number must be stated in the title. The title could have a form 
such as, “Title outlining amazing generic advance: a case study with Model XXX 
(version Y)”.” In order to simplify reference to your developments, please add a model 
name (and/or its acronym) and a version number in the title of your article in your 
revised submission to GMD. 
 
We thank the executive director for this feedback. We have added the model name and 
version number in the title of the revised manuscript.  

Reviewer #1: This manuscript presents a high-resolution land-river coupling strategy in 
an earth system modeling context. The major conclusions are (I am directly quoting the 
authors): "1) the implementation of the two-way coupling between the land surface 
and the river network leads to appreciable differences in the simulated spatial 
heterogeneity of the surface energy balance; 2) a limited number of tiles (~300 per 
0.25-degree cell) are required to approximate the fully distributed simulation 
adequately; 3) the surface energy balance partitioning is sensitive to the river routing 
model parameters." The study is properly motivated and overall well written. I do have 
a couple of major comments for the authors to consider. 
 
We thank the reviewer for the constructive feedback. We provide responses to the 
reviewer’s comments below. 

The innovations could be better justified. It is intuitive that accounting for land-river 
two-way coupling will lead to non-negligible difference in the land surface water and 
energy balance, and high-resolution modeling of that will overall help to better capture 
spatial heterogeneity. This is not a very new understanding. 
 
We agree that the role of a two-way coupling between the land surface and river 
network is not a new understanding and indeed it is known to play a large role in water 
limited regions that rely on recharge from upstream water sources (e.g., Nile river in 
Egypt). However, this process is almost completely missing in Earth system models 
where rivers mostly only receive water from the land surface but are unable to 



recharge the surrounding regions. As such, the innovation of this work is to design a 
scheme that is able to effectively and efficiently model this process by enabling a two-
way connection between the modeled rivers and the sub-grid tiling schemes. The 
penultimate paragraph in the introduction outlines the deficiencies in ESMs related to 
this weakness; the developed coupling approach would make it possible to address 
these issues.  
 
The benefits of this high-resolution land-river coupling strategy could be more clearly 
demonstrated. Typically, a new modeling strategy should help either reduce 
uncertainty or improve prediction. Uncertainty does not seem to be the focus here. 
Then how about improving prediction? Has it helped to improve the simulation of 
surface inundation, streamflow, or energy fluxes? In the study area, ARM SGP provides 
lots of observational data, but the authors did not show any comparison between the 
model simulations and observations. 
 
The main purpose of this paper is to develop a new parameterization that is able to 
couple the sub-grid approaches to river networks and land surface heterogeneity in 
Earth system models which remains a known weakness in these models. Although we 
certainly agree that the scheme should be evaluated with observations, an exhaustive 
evaluation of the scheme using observations is beyond the scope of this paper and is 
the focus of subsequent work among the co-authors.  
 
The impulse response function at the HRU level is constructed in a simplified way, e.g., 
assuming uniform and constant velocity 0.1m/s. How would this simplification affect 
the model fidelity? Moreover, the impulse response function or unit hydrograph 
concept was originally developed at the small catchment scale, and theoretically it is 
not clear to me whether it can be applied at the HRU level. For instance, is the travel 
time histogram within a HRU statistically. 
 
We appreciate the reviewer’s feedback about the arbitrary and constraining impact of 
fixing the overland flow velocity to 0.1 m/s. As noted in the manuscript, the travel time 
histogram of the HRU to the reach is precalculated from the high-resolution DEM via 
path of steepest descent. In essence, the travel time of each 30-meter grid cell that 
belongs to a given HRU is calculated and then used to assemble the histogram of travel 
times. Since the fixed flow velocity assumes the flow to the channel is not impacted by 
more/less water down the hillslope, this assumption will be valid. It is also important 
to note that one could also use a kinematic wave on the hillslopes (height bands + 
HRUs) and this option will most likely be implemented in the near future (we included 
this note in the revised manuscript). Section 2.4 of the revised manuscript mentions 
how the 0.1 m/s choice is arbitrary and can be set differently per HRU by the model 
user. 
 
Reviewer #2: This manuscript represents the new two-way coupling scheme between 
land and river implemented in the HydroBlocks model. As the importance of surface 
water dynamics in land hydrology modelling and Earth system modelling is discussed 
recently, the model improvement proposed in this study has a contribution to the 
science community. The description of the model is mostly adequate, and the test 



simulation results look reasonable. I think the manuscript still need some improvement 
focusing on more detailed and kind description of the method, before acceptance. 
 
We thank the reviewer for the constructive feedback. We provide responses to the 
reviewer’s comments below. 

L139: “The basins are first delineated from a 30m DEM”. Please provide the definition 
of “basins”. This is a specific technical concept in the developed model, and different 
from the general-use meaning. As far as I understand, the river network is divided into 
multiple “reaches”, and the 30m pixels drained to each “reach” is defined as the 
“basin” corresponding to the reach. Also, I recommend to briefly explain how river 
channels and reaches are defined in this study. Even in the case this is mentioned in the 
previous paper (Chaney et al, 2016; 2018), the explanation will enhance the 
understanding of readers, as this is the core of the approach proposed in this 
manuscript. 
 
Thank you for highlighting the importance of being more specific regarding our use of 
the term “basin”. In the updated manuscript we have replaced the term “basin” with 
“watershed” for ease of understanding. We also provide more details on how the 
reaches and watersheds are delineated in Section 2.3. Finally, we make a more explicit 
connection between reach and watershed by adding the following text “The watersheds 
are then assembled by finding all 30-meter pixels that flow into a given reach via 
steepest descent” in Section 2.3. 

L143: “These characteristic basins were identified using latitude, longitude, flow 
accumulation area, and the natural logarithm of the flow accumulations area as 
feature predictors.” Please explain the background reason of using these variables as 
input to clustering. (for example: log-scale accumulation area to separate the small 
hilltop basins from large rivers; lat-lon to represent the difference of atmospheric 
forcing by locations). 
 
We thank the reviewer for this great idea. As suggested, we added more background for 
the use of each predictor in the clustering algorithm in Section 2.3. 

L150: “First, all channel grid cells within a given characteristic basin”. Please explain 
how the “channel grid cells” are defined. Also, it is better to provide 
some info on “what is grid cells, and what is macro-scale grids”. 
 
The channel grid cells are computed from the flow accumulation area computed at 30 
meters for the domain. The channel grid cells that belong to a characteristic basin (now 
defined as cluster of watersheds in the updated manuscript) are all the 30-meter grid 
cells defined as “channel” from the channel delineation algorithm that belong to a given 
cluster of watersheds. To facilitate readability, the revised manuscript now specifies 30-
meter pixel/fine-scale pixel.  Furthermore, we no longer use the term grid cell or 
macroscale grid cell, because the updated manuscript uses the term macroscale 
polygon; this reflects the fact that the domain composition does not need to follow a 
regular grid.  



L152: “The binning involves creating groups of HAND values that have an areal 
coverage n (user-defined) times larger than its adjacent lower height band”. 
Please explain the background reason of this methodology? Why upstream band has 
larger area compared to downstream band? 
 

It is important to first note that the height bands will be upslope/downslope since these 
will be away from each channel and not how one normally thinks of 
upstream/downstream along the channel. With regards to the height band 
discretization, the purpose for this approach has to do mostly with the interest to 
“zoom” in on the region and add a more detailed characterization of the area 
immediately surrounding each reach. Using the uniform discretization of height bands 
defined in Chaney et al., 2018 led to too coarse height bands in riparian areas; this led 
to too many height bands being necessary to ensure the floodplain dynamics 
“converged”. With the added module, we changed the algorithm to have it have a very 
high resolution around the reaches and then have the height bands become larger as 
we move away from the reach. Note that this does not mean that the final stage of intra-
band clustering cannot still have a large number of HRUs in the upslope height bands; 
they just won’t play as big of a role in the riparian dynamics so there is not a need to 
further increase the hillslope discretization. We have clarified this in the revised 
manuscript in Section 2.3.  

L159: “to represent intra-band heterogeneity of land use, soils, and elevation, among 
others.” I think it is better to write the purpose of intra-band cluster implementation, 
rather than explaining the parameters to define intra-band clusters. (i.e. representation 
of different land type is not the ultimate purpose, rather than that, I guess authors 
want to represent different land hydrological reactions due to the difference of land 
types, such as water and heat flux.). 
 
This is an excellent suggestion, thank you. We agree that providing the reader with a 
reason why we are doing the intra-band clustering in the first place would help make 
the text more intuitive. We have added this clarification in the revised manuscript.  

L210: “much larger than many of the computed channel widths of the delineated 
streams (_1 meter)” This assumption is only valid for small scale river basins. The 
authors should mention the limitation of this assumption, and further development is 
needed to apply the proposed method to large-scale rivers (for example, how river 
channel pixels are defined appropriately, if pixel size is smaller than river width? We do 
need additional data source and pre-processing in this case). 
 
Section 4.4 of the revised manuscript addresses the fact that existing vector river 
network databases should be used to define the modeled river networks moving 
forward. This section also acknowledges the weakness of the current scheme in that it 
can only handle river widths that are at most the size of the fine-scale pixels from which 
the channels were delineated. This does not need to be the case, and will be revised in 
subsequent work on this coupling approach.  

Section 2.3, Section 2.6, Figure 4: 



The relationship among “reach”, “basin”, “characteristic basin”, “height band”, and 
“HRU” is not very clear, and I need to read this parts several times to understand the 
model structure. To improve the explanation, I suggest followings: - Update Figure 4D, 
or add another figure to explain the above relationship. Figure 4D is from the previous 
paper, and clustering approach of Figure 4D is not consistent to the explanation in this 
manuscript. I recommend to add a figure/panel to clearly explain the relationship 
between “characteristic basin, reach/basin, reach topography”. – Clearly explain that 
“one characteristic basin has several reaches inside”. “each reach has its corresponding 
basin, and each reach has height bands information to represent flood stage; these are 
used for the river routine component”. (I suggest moving descriptions 
on delineation of the reach/basin topography just after Section 2.3, then readers can 
better understand the relationship between HRU generation and reach topography 
generation. 
 
We appreciate the reviewer’s feedback. We agree that the original terminology was 
confusing. The revised manuscript now uses the term watershed instead of basin. We 
have also moved away from the concept of characteristic basin; instead we use the term 
“cluster of watersheds” which is much more reflective of what is actually going on. The 
concept of characteristic/representative watershed can then be drawn from a given 
cluster of watersheds. We have also added a paragraph at the end of section 2.3 that 
summarizes how each sub-polygon is divided; here we explicitly mention the distinction 
between watershed and characteristic watershed. We also make clear that the routing 
module works on each “real” (i.e., non-clustered) reach while the land surface model 
works with the clusters of watersheds.  We have updated the figures to improve 
comprehension. 

L222: “the inundation heights per height band are averaged across all basins that 
belong to a given characteristic basin (Figure 5B)”. By this process, the surface water 
extent in the lower bottom part of each height band is distributed widely to the entire 
land surface of the corresponding height band, causing the overestimation of the 
inundated water surface. This will lead to the overestimation of the infiltration from 
floodplain to soil, and affect the heat and water flux accordingly. This should be 
discussed as the limitation of current approach. In addition, “Figure 5B” should be 
“Figure 4B”. 
 
As the reviewer suggests, this is one of the main limitations of the proposed method. 
However, we should note that this is a rationale for the clustering of watersheds. 
Although, there will always be a limitation by grouping the floodplains of 
upstream/downstream reaches, the clustering ensures that although not perfect, the 
two-way coupling can happen in lower order vs higher order streams, higher vs lower 
elevation, high vs low flow accumulation area, etc… In the end, this is the general 
rationale behind HydroBlocks, it is a trade-off between fully representing the fully 
distributed simulation and ensuring computational tractability for implementation in 
large-scale applications. The revised manuscript now includes a discussion on this 
limitation in Section 4.1 and presents a possible path forward.  

 



L297: “lakes throughout the region.” Is it possible to explain how lakes are represented 
in the proposed model? As lakes are apparent in the result figures, some explanation 
should be essential. 
 
As currently implemented, lakes are independent water bodies in the 1d land surface 
model that don’t interact with the river network. We understand how the lakes can be 
confusing since it might seem that the lakes emerge from the routing model. While we 
do think that the proposed method could eventually represent them, it is misleading at 
this stage to make it seem like it is already represented. In the revised manuscript, we 
make this distinction more explicit and enhance the discussion to provide a path forward 
to formally include lakes and reservoirs in the coupled scheme. 

L374: “the 16 interconnected cells take 5 minutes” It is not clear what this “the 16 
interconnected cells” corresponds to. Please clearly mention that this means “16 
macroscale grids within the target 1deg domain. Also, it is better if authors mentioned 
the expected calculation cost for potential larger scale simulations, if HydroBlocks is 
planned to be applied on continental or global scales. 
 
We have clarified this sentence in the revised manuscript. We also discuss advantages 
and disadvantages of the scalability of the current algorithm in Sections 4.5 and 4.6. In 
the end, the full scalability of the routing scheme won’t be fully understood until it is run 
over the entire Contiguous United States (which is ongoing work); however, that work 
will be a follow-up to this paper and is thus seen as beyond the scope of this paper. The 
discussion now mentions the need to further investigate the computational scaling 
properties of the algorithm. 

L405: “One approach being explored by the co-authors is to cluster the lower stream 
orders.” This will also increase the discrepancy between “vector-shaped basins” and 
“rectangular macro-scale grid (and atmospheric forcing data as a result). This difficulty 
is also better to be mentioned. 
 
The clustering of lower stream orders would only occur for networks that fall 
completely within each macroscale polygon. Lower stream orders that cross polygons 
would have to be resolved more explicitly. As the reviewer suggests, another option is 
to further adapt the polygon to minimize cross-cell lower-stream orders. The future 
work will try these different concepts. In the end, the approach that minimizes 
computation and stays as close as possible to the regular grid will be adopted. We 
have amended the text to clarify where the clustering of the stream orders would 
occur. 
 
L411: “update the boundary conditions iteratively” It is not clear which “boundary 
conditions” authors want to mention in this sentence (e.g. upstream river inflow? 
Atmospheric forcing? Or between-basin horizontal water exchange?) 
 
Given the implicit solver used, the upstream river inflow at each inlet reach in a given 
macroscale polygon will need to be updated iteratively per time step (Picard iteration) 
to ensure convergence. Given that the study domain is a patchwork of different 
macroscale polygons, this is necessary. In any case, after careful consideration, we think 



that these details are unnecessary in the manuscript. We have removed this paragraph 
from the revised manuscript to avoid confusion.  

L424: “The flooding component of the scheme will then enable the valley to fill-up and, 
thus, producing a first-order representation of the time-varying reservoir spatial 
coverage.” This assumption is only valid for small-scale reservoirs which can be 
represented within a single grid. Further consideration is needed to represent large 
lakes/reservoirs which spans multiple grid boxes. 
 
Thank you for this feedback. We have added this clarification to the text. In any case, 
reservoirs would only be split from reservoirs covering multiple reaches since reaches 
are not split at the boundary In any case, we agree that reservoirs can (and will!) flood 
multiple reaches so cross-cell reservoirs will certainly exist; however, this should be able 
to be managed especially given the implemented iterations of the inflow/outflow 
boundary conditions. However, this will need to be tested in future work. 

We would again like to thank the reviewers for their time and helpful comments. 


