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Referee comment (RC):  

Generally, the authors have addressed my comments well. The overall narrative of the paper has 
improved. The authors also demonstrated how the final regression kriging is better than ordinary 
kriging because of environmental variables. If the authors can address the following comments, this 
work could be publishable. 

My main remaining comment is how monthly isotope data from 58 sites for 3 years can be justified 
in producing representable maps for 600,000 reaches and over 400,000 kilometres of rivers. When 
the authors have only 58 sites for 600,000 reaches, we will always have a question of how much we 
can trust the maps generated from this study. Nevertheless, the authors added t values and P values 
in Table 2 to provide us with some statistics to illustrate the usefulness of five selected 
environmental variables and give us some confidence in their maps. 

To further see how these five environmental variables for these 58 locations can be represented for 
6000,000 reaches, the authors should provide scatter plots between hydrogen & oxygen isotopes 
and five environmental variables, so that we can see these empirical relationships qualitatively. I 
would expect that some scatterplots would have poor linear relationships or highly clustered data 
points (e.g. isotopes vs SiteElev). However, I would like to see these plots presented frankly. 

Response (R):  

We appreciate the reviewer’s general concern that 58 sites cannot represent an entire river 
network.  However, this is the essence of our water balance-based regression kriging approach.  As 
we note in the manuscript, a simple kriging of sampled values may give poor predictions. However, 
by accounting for spatial variation in precipitation isotopes and flowpaths using the water balance 
model, then (in the regression correction step) including well known drivers of other processes 
contributing to variation in river water isotopes (such as isotopic fractionation), we can extrapolate 
our results more widely.  We have added further references supporting this approach.  

We note that we have produced scatter plots between hydrogen & oxygen isotopes at the 58 sites 
used in our study and environmental variables for a previous paper: Figure 6 of Yang et al. (2020) - 
below.  

 



Indeed, these relationships helped to inform our approach in this manuscript, as we have described 
on L 167-171. However, we think there would be little benefit in reproducing something like these in 
the current manuscript either to support the accuracy of our maps, or aid interpretation of our 
results for the following reasons: 

Regarding the accuracy of our maps: 

1. Figure 5 in our current manuscript gives fit statistics for linear regressions between δ2H 
predictions from our model and hundreds of independent data points from among the 600,000 
reaches of the NZ river network. These independent δ2H measurements are not from the 58 sites 
sampled (for 36 months) for model correction. We used these independent δ2H measurements in 
Figure 5 of the current manuscript to quantify the performance of the model. δ18O fits are reported 
in the manuscript text. 



Figure 5.  

2. Panels C and D of Figure 5 show that the residual-corrected model used to make final maps gives: 

 a. An improvement over the uncorrected model (Panel A) and: 

 b. A good fit to literature data (R2 = 0.91 and RMSE = 2.99‰ for δ2H when compared to 
independent long-term monitoring data (Figure 5D)). For comparison, the final model of Bowen et 
al. (2011) had a RMSE for δ2H of 9.2‰ when compared to long-term monitoring data - equivalent to 
our Figure 5D.  

With regards to interpreting drivers of residuals:  

1. Table 2 already gives t values and P values for regressions between isotope residuals and 
environmental variables.  

2. From panel A of Figure 5 we can see that most of the variance in δ2H values of river water was 
explained by the combination of a precipitation isoscape and a simple water balance model. This 
point was noted by reviewer 2 in their first review and highlights how important the precipitation 
model is for river water model accuracy.  

3. Currently, we think much of the residual correction using the 5 environmental variables in Table 2, 
and isotope data from our 58 monitoring sites is correcting for errors in the precipitation model. We 
explain this from L. 419 onwards. We do not think it is worthwhile to present plots of these 
regressions in the manuscript because while they would be very interesting with an accurate precip. 
model they are less interesting hydrologically if the precipitation model is inaccurate.  

Changes made:  

 Added labels A, B, C, D to Figure 5. These were omitted in error and might have made Figure 
5 hard for the reviewer to interpret.  



 Text added to L. 357 ‘…and see Yang et al. (2020).’ 
 Text added to L. 135: ‘Measurements from this network have been used to develop and 

calibrate a range of hydrological and water quality models (e.g. Alexander et al. (2002), 
(Elliott et al. 2005)).’ 

Minor comments 

(M1) In Line 23, please state clearly what “additional hydrological processes” are. 

R: Yes, good idea.  

Change made: Sentence changed to ‘Hence, additional hydrological process information such as 
evaporation effects can be incorporated into river isoscapes using regression kriging of residuals.’ 

(M2) Please explain why the important ranks of environmental factors in Table 2 for oxygen and 
hydrogen isotopes differ, using some explanations based on New Zealand's physical environments. 

R: We can certainly speculate, but our analysis does not allow us to say for certain.  

Change made: Text added to L. 264: ‘A possible cause for the higher ranking of upstream lake and 
wetland area in the δ18O regression is the greater sensitivity of the 18O component of water to kinetic 
fractionation effects than the 2H component (Craig 1961; Gat 1996).’ 

(M3) The authors want their isoscapes to be used for hydrological studies (Line 25). It would be 
useful if the authors could have regression kriging of four environmental variables (i.e. SiteElev, 
usCatElev, usAveSlope and ust.WArea) for Figures 4, 6 and 7. In hydrological studies, precipitation 
variations are commonly used. Regression kriging models based on four environmental variables 
without using precipitation as a dependent variable will be more useful for hydrological studies 
based the water budget. 

R: Our understanding is that the reviewer is asking for us to remove the top predictor from our 
residuals regression (usAnRainVar, Table 2) and reanalyse without it.  

We’d prefer to keep the current regression structure (i.e. 5 environmental variables) for the 
following reasons: 

1. Removing the top predictor from our residuals regression will make our maps less accurate.  

2. We think that the main benefits of our work rely on accurate maps of river water isotope values 
that will allow hydrologists (and others) to identify useful isotope gradients; for example, differences 
between local precipitation/recharge, groundwater and river water.  

Change made: No change made.  

(M4) It is great that the authors provide their information on https://shiny.niwa.co.nz/nzrivermaps/. 
The problem is that https://shiny.niwa.co.nz/nzrivermaps/ is very bulky and it is not easy to use. 

At the moment, I could not produce a plot like Figure 7 that includes gauging sites, from 
https://shiny.niwa.co.nz/nzrivermaps/ 

The authors should provide a note of how to use https://shiny.niwa.co.nz/nzrivermaps/ to generate 
Figure 7. If the authors use R to generate their maps, they can provide their code and data. 

R: We have now provided careful instructions on how to visualise and download our model data 
using nzrivermaps. These are in supplementary file S3. In the same file we have also provided 



instructions on how to compare these nzrivermaps data to measured data from NRWQN sites, and 
environmental classes across the river network (see below).  

Many different applications can simply be used to make maps using the data we have provided. We 
used a mix of ARCGIS and R and we don’t think providing our R mapping code would help the reader 
much.  We have recommended the use of ARCGIS in supplementary file S3. 

Changes made:  

 Supplementary file S3 added 
 Text added to ‘Code and data availability’ section ‘Instructions for accessing and comparing 

datasets used in this work are provided in supplementary file S3.’ 

(M5) From https://shiny.niwa.co.nz/nzrivermaps/, we know that there are different climate classes, 
geology classes, landcover classes, Strahler stream orders, valley landform classes and topographical 
classes. Please provide a table to show how the 58 NRWQN stations and 600,000 reaches are 
distributed in these classes to let our readers know how these 58 NRWQN stations represent 
600,000 reaches. 

R: This network of sites was designed to be representative of New Zealand River environments, to 
facilitate analyses of the type performed in this study. We have already directed the reader to the 
information the reviewer is requesting - on L. 130, which reads ‘Modelled river water isotope values 
were compared to annual average values from 58 sites from the National river water quality network 
(NRWQN; selected to represent catchments nationally (Yang et al. 2020)). Design of the NRWQN is 
described by Smith and McBride (1990), while descriptions of physical (catchment), flow and 
chemical conditions at monitoring sites can be found in Davies-Colley et al. (2011), Julian et al. 
(2017), and Yang et al. (2020).’  

We also now note that other studies that use data from these sites to calibrate large-spatial-scale 
water chemistry models include Alexander et al. (2002) and (Elliott et al. 2005).  

We have added a table of site information to Supplementary file S3, as shown in the screenshot 
below. This includes the river segment identifier that allows the reader to compare data from the 58 
NRWQN sites with information from the entire River Environment Classification (REC) database 
including all of the classes the reviewer mentions, and many others.  



 

 

 
Change made: Table 1 and instructions on downloading data, and comparing modelled and 

measured data across environmental categories added to Supplementary file S3.  
 
References: 
 
 
Alexander, R.B., A.H. Elliott, U. Shankar, and G.B. McBride. 2002. Estimating the sources and 

transport of nutrients in the Waikato River Basin, New Zealand. Water Resources Research 
38: 4-1-4-23. 

Bowen, G.J., C.D. Kennedy, Z. Liu, and J. Stalker. 2011. Water balance model for mean annual 
hydrogen and oxygen isotope distributions in surface waters of the contiguous United 
States. Journal of Geophysical Research: Biogeosciences 116. 

Craig, H. 1961. Isotopic variations in meteoric waters. Science 133: 1702-1703. 
Davies-Colley, R.J., D.G. Smith, R.C. Ward, G.G. Bryers, G.B. McBride, J.M. Quinn, and M.R. 

Scarsbrook. 2011. Twenty Years of New Zealand’s National Rivers Water Quality Network: 
Benefits of Careful Design and Consistent Operation1. JAWRA Journal of the American Water 
Resources Association 47: 750-771. 

Elliott, A.H., R.B. Alexander, G.E. Schwarz, U. Shankar, J.P.S. Sukias, and G.B. McBride. 2005. 
Estimation of Nutrient Sources and Transport for New Zealand Using the Hybrid 
Mechanistic-statistical Model SPARROW. Journal of Hydrology (New Zealand) 44: 1-27. 

Gat, J.R. 1996. Oxygen and hydrogen isotopes in the hydrologic cycle. Annual Review of Earth and 
Planetary Sciences 24: 225-262. 

Julian, J.P., K.M. de Beurs, B. Owsley, R.J. Davies-Colley, and A.G.E. Ausseil. 2017. River water quality 
changes in New Zealand over 26 years: response to land use intensity. Hydrol. Earth Syst. Sci. 
21: 1149-1171. 

Smith, D.G., and G.B. McBride. 1990. New Zealand's national water quality monitoring network - 
design and first year's operation. JAWRA Journal of the American Water Resources 
Association 26: 767-775. 



Yang, J., B.D. Dudley, K. Montgomery, and W. Hodgetts. 2020. Characterizing spatial and temporal 
variation in 18O and 2H content of New Zealand river water for better understanding of 
hydrologic processes. Hydrological Processes. 

 


