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The paper uses a unique isotope dataset for seven tropical catchments, spanning a 
range in elevation and particularly slope characteristics to determine the effects of 
topography and geology on the young water fraction. Although the analyses are 
relatively straightforward (and perhaps somewhat limited), the study contributes to the 
still limited literature on the effects of topography, geology, and catchment wetness on 
transit times or young water fractions and the results are certainly of interest to the 
readers of HESS. Furthermore, it provides important information on a poorly studied 
region. The manuscript is well written and nicely illustrated (although the color scheme 
is not immediately clear and not explained). 
 
We appreciate the reviewer’s positive comments about what our study 
contributes and the value of the data we provide. In revision we have worked to 
clarify the color scheme used in the figures and hope this makes the paper more 
readable.  
 
However, I also have several concerns. One major comment is that the most interesting 
parts of the results are given in the discussion section. These should be part of the 
results section. The other main comment is that the methods for the derivation of the 
topographic indices are not explained (what data source and algorithm were used?). In 
particular, I wonder if in this terrain a 30 m DEM is sufficient to calculate hillslope 
lengths or average flow path length to the stream. Finally, the introduction and the 
discussion sections could be strengthened by comparing the results more to the existing 
literature. I therefore recommend major revisions. 
 
In addition to the main comments stated above and the more detailed list given below, I 
have also added some minor comments to the annotated pdf. Note that the editorial 
suggestions included in the annotated pdf are just suggestions.  
 
We thank the reviewer for their suggestions. We have addressed each of these 
concerns as described below, in particular restructuring the Discussion (to move 
key text into the Results section as recommended), clarifying and revising the 
topographic calculations, and revising the Introduction.  
 
The introduction is relatively general and could be stronger. One way to do this is to 
provide a bit more information on what the papers mentioned on L90-93 say about the 
effects of topography and geology (or soil type) on transit times or young water 
fractions. 
 
We restructured the introduction with these comments in mind. The citations that 
were originally in lines 90-93 provided the basis for an expanded paragraph (now 
lines 88-104). We elaborated upon the original citations and added more about 
previous studies investigating the effects of topography, geology, and 
hydroclimate on stream young water fractions.  
 



Provide more details on the Clark (2014) study, so that it is clearer how this study 
differs from that study. 
 
We added the following clarification to lines 288-291:  
 
“Clark et al., 2014 used stream, precipitation and cloud water isotope data to 
constrain a regional water budget for the mesoscale Andean catchments. Given 
advances in stable water isotope applications since the 2014 study, we 
reanalyzed their data to calculate stream young water fractions (Fyw) while also 
adding a large amount of new data from small catchments across the elevation 
gradient.” 
 
L134: Do you mean total area instead of mean area?  
 
This was a typo; we thank the reviewer for catching it and have corrected the 
mistake.  
 
Also, provide information on what algorithm and what data set were used to determine 
the topographic characteristics. I assume that you used a 30 m DEM. How dissected is 
the landscape and what are typical hillslope lengths? Can a 30 m DEM represent the 
hillslopes well or is it too coarse to calculate the distance to the nearest streams, i.e., 
are the hilsllopes and small streams smoothed out too much in this DEM? How was the 
location of the streams determined? What accumulated area threshold did you use for 
this? This affects all the distance to stream calculations – and probably also the hillslope 
length calculations. The stream network dataset shown in Figure 1 c-d seems to be 
insufficient for this job.I would also recommend to calculate a few other characteristics 
(e.g., those used by McGuire et al., Lutz et al., or McHale et al.,) and to show the 
relation (or lack thereof) with the young water fractions. 
 
We appreciate the reviewer raising these points about our topographic indices 
and have taken several steps to improve these dimensions of our paper. 
 
First, not including basic information about our topographic analysis in our 
Methods section was an oversight and is now corrected with the text provided 
below. This additional text answers the reviewer's multiple questions. 
 
Second, we agree that our the 30m resolution of the DEM we used in our prior 
submission was borderline for calculating the metrics of interest. To address this 
shortcoming, we produced new DEMs from stereo-pairs of WorldView satellite 
imagery, using the SETSM algorithm to generate DEMs at 8m resolution. We have 
now used these elevation models for calculating the topographic metrics 
reported in the revised manuscript. In the end, the higher resolution does not 
change our results (e.g., the overall comparison of topography and Fyw values), 
but the new approach does offer more confidence that we have captured the 
distinction of hillslopes and streams.  
 



Third, as suggested by the reviewer, we have now added more topographic 
metrics, similar to those reported in prior studies (see Figure 9). Of note, the 
flowpath length values in the original submission were determined as the total 
distance from the catchment outlet. This differs somewhat from the approach 
used in some prior work, where flowpath lengths were defined as the distance 
along flowlines before intersection with streams. In revision, this distinction has 
been clarified by using more specific terminology. Of course, neither metric is a 
perfect representation of the complex subsurface flowpaths. We also note that 
key topographic metrics such as slope angles and hillslope lengths are 
dependent on elevation model resolution as well as threshold values used to 
define stream channels (e.g., see comparison in Clark et al. 2016 for the region in 
this study). As a consequence, care should be taken in making any comparison 
with analogous values from other studies. 
 
One final point of clarification — the stream network displayed in Figure 1 is for 
display purposes only, and in common with much map-making practice, does not 
correspond to the same network used in the morphometric calculations 
(displaying such a dense network at the scale of the maps in Figure 1 would be 
impractical). This point is now made in the manuscript including in the caption to 
Figure 1. We have also added a new figure (now Figure 2), which we hope better 
illustrates the contrast between the study catchments, and which does show the 
delineation of the stream network at the scale used in our quantitative analysis 
(with streams defined by a threshold flow accumulation area of 0.0125 km2).  
 
Text added regarding methods for topographic calculations: 
 
We determined catchment topographic parameters based on digital elevation models 
(DEMs) generated from stereo-pairs of WorldView satellite imagery using the SETSM 
algorithm (Noh and Howat, 2015). We produced smoothed DEMs covering the studied 
catchment areas at 8m horizontal spatial resolution using a combination of cross-track 
and in-track image pairs (several different image pairs were needed to cover all the 
study catchments). Topographic calculations were completed in GrassGIS (v8.2) using 
available algorithms (GRASS Development Team, 2022). Catchment areas were 
determined using multiple flow direction (MFD) routing for all except the Tambopata site 
where only single (D8) flow routing yielded a physically reasonable hydrologic 
representation. Stream networks (as shown in middle panel of Figure 2) were defined 
based on a threshold flow accumulation area of 12,500 m2, which captured observed 
streams in the smallest catchment (2432-SC). A single threshold area is probably not 
appropriate across such diverse terrain but was adopted in our calculations for 
consistency. For each catchment, three metrics of flow path length were calculated: the 
distance to the catchment outlet along flowpaths (using r.stream.distance; Jasiewicz 
and Metz, 2011), the distance along flowpaths to the stream network defined by the 
12,500 m2 accumulation threshold (also using r.stream.distance), and the length of all 
flow path vectors defined by one raster cell spacing between each flow line, calculated 
using r.flow. Because of the very low slope angles on the terrace surfaces, flowline 
computation was not possible for the two lowland catchments, 276-SC and 214-SC 



(SETSM-derived DEMs generally capture topographic metrics well, but noise may be 
relatively more pronounced in flatter terrain; e.g., see Atwood and West, 2022). 
Flowpath gradients were calculated using r.stream.slope, and catchment-wide slope 
angles with r.slope.aspect. Importantly, key topographic metrics such as slope angles 
and hillslope lengths are dependent on elevation model resolution as well as threshold 
values used to define stream channels (e.g., see comparison in Clark et al. 2016 for the 
region in this study). As a consequence, care should be taken in making any 
comparison with analogous values from other studies. 
 
 
Jasiewicz, J. and Metz, M.: A new GRASS GIS toolkit for Hortonian analysis of drainage 
networks, Comput. Geosci., 37, 1162–1173, https://doi.org/10.1016/j.cageo.2011.03.003, 
2011. 

Noh, M.-J. and Howat, I. M.: Automated stereo-photogrammetric DEM generation at high 
latitudes: Surface Extraction with TIN-based Search-space Minimization (SETSM) validation and 
demonstration over glaciated regions, GIScience Remote Sens., 52, 198–217, 
https://doi.org/10.1080/15481603.2015.1008621, 2015. 

 
L144-147: What method did you use to get a catchment-average rainfall rate? 
 
To clarify, we do not use (or report) catchment-averaged rainfall but rather use 
rainfall data from the closest precipitation monitoring stations to evaluate the 
rainfall regime including precipitation-weighted O-isotope seasonal cycles as well 
as the magnitude-frequency statistics. Additionally, we only observe significant 
orographic trends in rainfall for the Andes mountains sites. Given the lack of 
elevation gradient in the mountain foothills (site 609-SC) and the foreland 
floodplain (sites 276-SC and 214-SC), the intra-catchment rainfall variability 
applies only to the mountainous sites.  
 
We emphasize that actual precipitation amounts do not influence our calculations 
of the flow weighted Fyw. In order to calculate the Fyw weights, we divided the 
rainfall in each two-week interval during which precipitation isotope samples 
were collected by the total precipitation from the multi-year study. We do not 
believe it would be more accurate to calculate the catchment-wide average 
precipitation amounts for the sites where we see large ranges in elevation, given 
that we only use rainfall data to constrain the relative amounts of precipitation 
collected for each isotope sample.  
 
To ensure that precipitation weights were similar across the elevation gradient, 
we plotted the weights for each of the Andean precipitation collection sites:  
 



 
 
The three precipitation collection sites show overlapping weights for the duration 
of the multi-year study. Given that there does not appear to be systematically 
different precipitation seasonality between the three Andes mountains 
precipitation collection sites (consistent with Rapp and Silman, 2012), we do not 
feel it would be appropriate (or correct) to apply any sort of elevation-based 
rainfall weighting correction.  
 
We also recognize that elevation gradients within the catchments have likely 
caused isotopic gradients in precipitation. However, the young water fraction 
only relies on the amplitude of the seasonal cycle in precipitation oxygen 
isotopes, not the actual isotope values themselves. The amplitude of the 
seasonal cycle in precipitation oxygen isotopes is not significantly different for 
the two Andes mountains precipitation collection sites (4.19 ± 0.50 ‰ (d18O) for 
3077-SC and 4.46 ± 0.47 ‰ for 1540-SC). For this reason, we do not believe that 
the amplitude of the precipitation isotopes would vary within the watersheds.  
 
Section 2.1: Provide some information on the vegetation and soil type as well. I see 
that the vegetation in included in Table 1 but the difference between UPRF and TRF is 
not clear enough for a reader who is unfamiliar with this region. 
 
We have removed the phrase “upper rainforest” and replaced it with “tropical 
montane forest” to be more precise. We also include soil data as available from 
the literature. 
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L191-194: I would recommend to rewrite the equations and to use symbols with super 
or subscripts in the equation, rather than words. Also is the double sin or cos in 
equation 1 is a typo. 
 
The double sin & cos in Equation 1 is a typo. It has been fixed (and only appeared 
in the Microsoft Word document – the equations used in our code do not have 
any typos). Additionally, we rewrote Equations 2–4 with symbols instead of 
words, as suggested. 
 
L197: For the resampling, what fraction of the data was excluded? Just one data point 
or more, like 20%? 
 
We realize that the original description of the resampling was not clear, as also 
mentioned by Reviewer #1. We thoroughly edited the description of the 
resampling to make it easier to understand. We did not exclude any of the data, 
but instead used the following resampling approach, quoted from line 396: 
 
“For each resampling, we drew one sample at random from the complete dataset 
and then repeated this resampling from the complete dataset until we had drawn 
the same number of random samples as the original dataset (e.g., for a dataset 
with 50 observations, we sampled 50 times, each time from the full dataset)” 
 
L198-201: This part is not very clear. It would be good to rewrite it so that someone 
can repeat exactly what you did. 
 
Agreed. We added a thorough explanation of the resampling approach at the end 
of section 2.2 (Lines 395-400; 440-45).  
 
L213: How much is slightly greater and is this a statistically significant difference? 
 
We appreciate the reviewer pointing out the imprecise language used in the 
previous version of our manuscript. We have removed the use of “slightly” 
greater and have taken several steps to understand the statistical significance of 
our data. First, we have added R2 values to Table 2 to help assess the goodness 
of fit of Equation 1 to our oxygen isotope data. Additionally, we have included 
propagated standard errors for the stream and precipitation seasonal cycle 
amplitudes, also in Table 2.  
 
Figure 2: The figures in the manuscript are all very nice but perhaps you can explain 
the color-scale in the caption or add a legend to this figure. 
 
We thank the reviewer for this feedback. We have clarified that color scheme 
ranges from dark green to dark purple as a function of elevation in the caption of 
Fig. 3 (previously Fig. 2), where this scheme first appears.  
 
L231-233: Describe the amplitudes and whether or not these are different for the 



different streams. It would make sense to describe Figure 5 here and to give some 
information on the goodness of fits here. Are the fitted curves reasonable 
representations of the data? They are not great but look reasonable – but the goodness 
of fit is not quantified here. This makes it difficult to compare this with the fits in other 
studies on the young water fractions. 
 
From above: we have added R2 values to Table 2 to help assess the goodness of 
fit of Equation 1 to our oxygen isotope data. Additionally, we have included 
propagated standard errors for the stream and precipitation seasonal cycle 
amplitudes, also in Table 2.  
 
We believe that the fits to the data are reasonable. However, we also note that the 
R2 values for the fit of Equation 1 to stream oxygen isotopes are particularly 
dependent on the amplitude of the seasonal cycle. For example, site 3077-SC has 
one of the lowest seasonal cycle amplitudes (d18O = 0.19 ‰) and has a low R2 
value of -0.02. For data without a pronounced seasonal cycle, Equation 1 does 
not provide a more appropriate fit than a horizontal line. However, it does not 
mean that the fit is inappropriate, simply that the stream isotope data have a very 
low seasonal cycle amplitude.  
 
Table 2: Are the amplitudes mentioned here the difference between the min and max 
values or the amplitudes of the fitted curves? Add some goodness of fit measure (see 
comment above). 
 
We now clarify that the amplitudes we report are 1/2 the total annual amplitude. 
As noted above, we also report R2 for each amplitude.  
 
Section 3.2: Discuss figures 7 and 8 here. 
 
We have removed Figures 7 and 8 from the Discussion and moved these into the 
Results section.   
 
Discussion section 4.1: This section contains too many new results. Move these results 
into the results section (3.2). Move the rainfall and streamflow data (Figure 6) to either 
the study site description or create a new first results section for this. Then focus the 
discussion section more on the results. This includes more comparisons with other 
studies who have shown the relations between topographic characteristics and transit 
times or young water fractions (e.g., Lutz et al., McGuire et al., von Freyberg et al., 
etc.). Similarly add more discussion on papers that have looked at the effects of 
geology or soil types on mean transit times or young water fractions (e.g., Hale et al.; 
Soulsby and Tetzlaff, 2008). 
 
We appreciate this feedback. We now introduce these data in the Results section. 
We have included the citations mentioned and added more discussion (Lines 950-
965 and 1080-1100) to place our results into context with the relevant literature.  
 



L307: How wide is this range compared to those found in other studies? Add some 
comparison. 
 
See lines 950-965.  
 
L307-308: This fits much better in the results section. It would strengthen the paper if 
this section was expanded. 
 
We have moved lines 307-308 to the Results section and have focused the 
Discussion section more on placing the results into context with other literature, 
as suggested.  
 
L312-314: How do these young water fractions compare to those in other studies or the 
global study by Jascheko? Add some comparison to the existing literature here. 
 
See lines 950-965.  
 
L336-341: The flashier hydrographs and differences in rainfall characteristics should 
already have been mentioned in the site description, but at the latest as the first section 
of the results section. 
 
We created a new Results section 3.1 entitled “Rainfall and stream discharge” 
where we elaborate on the rainfall and discharge data.  
 
Figure 6b: It is clear that these streams are very flashy. It is not clear over what range 
of the observed streamflow, you took the samples. Can you give some statistics for 
this, e.g., what part of the flow-duration curve cover your samples cover? Or split the 
figure so that it is possible to plot the d18O in this figure as well to see when samples 
were taken? 
 
The following figure shows the exceedance probably of instantaneous runoff 
values (black circles) and the instantaneous runoff values at the time that 
samples were collected (yellow diamonds). Although we only have continuous 
runoff data for two sites (3077-SC in the high Andes mountains and 609-SC in the 
Andes mountains foothills), the available data are very useful. For site 3077-SC, it 
appears that we have almost completely captured the range of discharge with our 
sampling campaign, despite being unable to use autosampling devices (see 
discussion above on limitations to automating our work). The overall ranges in 
area-normalized runoff in the high Andes mountains 3077-SC (5~35 mm/d) are 
also notably lower than at site 609-SC (0~70 mm/d). This is consistent with our 
analysis of precipitation return intervals and stream baseflow indices (see 
updated Fig. 2 in the manuscript). Briefly, in Fig. 2 we show that precipitation 
frequency and amount are lowest in the high Andes mountains and Amazon 
foreland floodplain, and highest in the mid-elevation Andes mountains and 
mountain foothills. This is consistent with work from previous studies in the 
same region (e.g, Rapp and Silman, 2012). 



 
It is not surprising then, that we are able to capture nearly the full range of stream 
runoff values in the high Andes mountains site, while we miss some of the larger 
storms (30-70 mm/d) at site 609-SC. Of course, we would have been thrilled to use 
autosampling devices to capture the highest flows, but it was not realistic given 
the logistical challenges. However, we believe that if we were able collect more 
samples during high-discharge conditions, it would only make stronger the 
argument that we present for the hydroclimatic influences on the stream young 
water fraction — since more samples at the wettest sites 1540-SC and 609-SC 
would result in even high young water fractions. It appears that more samples for 
the high Andean sites are not particularly necessary to capture the full behavior 
of these systems, as we’ve managed to sample across most of the discharge and 
see a subdued relationship between discharge quantiles and stream young water 
fraction (see figure above).  
 

 
 
 
L386: Add some comparisons to the existing literature here. Suggested refs are 
provided in the annotated pdf.  
 
We have added the references suggested by both reviewers to this section of the 
Discussion.  
 
Figures 7 and 8 should be part of the results section, not the discussion section 
 
Figures 7 and 8 are now added to the Results section.  
 
L469: It is unclear from the discussion section (nor the study site description!) that the 
lowland sites have clay soils as well. Shouldn’t this mean that the flow is fast as well? 
This should be discussed more clearly on L 357 where you discuss the fast flow and 
therefore higher young water fraction for the mid-elevation sites. Following the same 
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logic, shouldn’t the low elevation sites then not have higher young water fractions as 
well? This could use some discussion. 
 
We have added two paragraphs (Lines 1080-1130) to the Discussion talking about 
the role of watershed permeability and slope on the young water fraction 
(including relevant citations).  
 
 


