Response to Referee #1

We thank the reviewer for their effort put towards reviewing our manuscript. Our responses below are
in black, Time’s New Roman and referee’s comments are in blue, Calibri font.

Interactive comment on “Global sinusoidal seasonality in precipitation isotopes” by Scott T. Allen et
al.

Anonymous Referee #1 Received and published: 5 April 2019

General comments: This manuscript describes a method to determine sine curve fits to the seasonal
cycle of precipitation isotopes from stations around the globe. Interpolated maps of seasonality and
a database of sine curve parameters were produced (not available for review). Overall the paper is
well written, but ambitious in scope. The paper lacks an adequate explanation of how this work
advances upon previous work, and needs more attention to sources of uncertainty in the analysis.
With these improvements, the results presented here should be a solid contribution to the field of
isotope hydrology.

Thank you for your feedback. We will now better explain the differences between our research and
others’ related research. To clarify, our paper allows readers to immediately understand the location
and strength of seasonal cycles in precipitation isotopes. Perhaps most importantly, our method
provides information (i.e. sine curve parameters) that is not directly available from isomap.org or the
online isotopes in precipitation calculator (OIPC), but is increasingly used in isotope hydrology (e.g.,
young water fraction calculations).

In the revised draft, we better explain what this data product offers and what limitations it has (see
comments below as well as responses to reviewer 2). Indeed sine curves do not perfectly represent
precipitation isotope variability; they are, however, a useful metric to visualize and describe presence,
strength, and timing of seasonality. Understanding where these patterns occur aids in guiding future
studies’ analytical approaches. We have also added an additional uncertainty analysis (see comments
below).

Specific comments:

Abstract: this is somewhat disorganized, and would be improved by aiming toward a straightforward
description of the problem or question addressed, the analyses done, and the significance of the
result.

In rereading our abstract, we realize that some confusion could arise because it is hard to discern
between results and methods (because the paper does focus on methodology). We believe that this is
warranted because we are producing a data product, and thus the results often justify subsequent
methodological steps. Nonetheless, we have revised the manuscript to make it adhere to a more
typical structure.

P 2 L 4-10: Authors note that interpretive studies may ignore either the spatial or temporal aspect of
the isotopic signal. Please explain further how the current approach improves on the interpolated
seasonal data that are already available, where mean monthly isotope values can be downloaded
from an online calculator for a set of spatial coordinates (isoscapes.org). The advancement
represented by the approach in the current manuscript needs to be clearly described.

In our method, we first capture the seasonal cycle, and then interpolate. We now specify that
difference and its importance as an advance on current methods. Secondly, our analysis is a next-level
data product, mostly intended for specific hydrology applications (although others are discussed
later). One can quickly look up how amplitudes vary using our study, which would require many steps



using isomap.org data. Since publishing Allen et al 2018, many people have asked for the product that
we are here providing because completing these sine fits can be tricky (e.g., with respect to
constraining phase values, consistent amplitude definitions, and quantifying errors). We provide these
geospatial data with the hope and expectation that other researchers can complete their own studies
more efficiently. We have better clarified our specific objectives in the abstract, introduction, and
conclusions.

P41 13-15; P10 L 13-14: Amount weighting is important for hydrological interpretations; please
discuss whether amount is best included within the sine fitting procedure for an area, or whether
amount should be included at the level of a regional or local study, where it would be used to weight
the robust-fit seasonal values?

The amount weighting can be important, but we prefer not to say which approach is “best” because
the two support different applications. One scenario where amount-weighting is important in the
fitting is if there was an anomalously dry month (e.g., 1 small precipitation event), where the storm
had atypically high 3180 values, or the sample was exposed to evaporation in the collector. In this
scenario, the amplitude would be exaggerated in a non-weighted sine fit. If these values were later
weighted a typical amount, it could result in a misrepresentation of the precipitation inputs. In an
alternative hypothetical scenario, using weighted fits in a Mediterranean region (with dry summers)
might under-represent the true seasonal amplitude. Both metrics are valuable, and we will now further
discuss their respective limitations in the methods section (2.2).

P 4 L 20: mean annual precipitation amount globally seems to have low predictive value for isotopic
composition (table 2), does this parameter combine rainfall with snow water equivalent (SWE)
measurements, and are those accurate enough to make this a useful parameter for station
characterization?

Precipitation amount varies by orders of magnitude across the globe; we are only using 1%-order linear
regressions, so it is not overly surprising that it does not explain much (and is thereby mostly
excluded from the regression equations). As discussed in response to reviewer 2, there is indeed some
collinearity among these predictor variables.

While quantifying snowfall inputs can be challenging, it is unlikely to cause errors that are large
compared to the range of variation in precipitation amounts across sites. We now specified that SWEs
are accounted for.

P 5L 1-2: are the areas and stations where there is no sinusoidal seasonal cycle clearly denoted in
the database?

No they were not, but they will now be made identifiable because the phase term will be replaced with
“NA”; the amplitudes and offsets are still useful (as will be described in the manuscript).

Section 2.3: Maps of predicted global precipitation isotope seasonality (sine curve parameters) and
precipitation amount were generated with an interpolation scheme. Was any model validation
performed by holding back a portion of station data and analyzing differences between measured
and predicted isotopic value? This type of assessment should be done for the precipitation isotope
seasonality and rainfall amount values.

We remind the reviewer that we are presenting this as a method for predicting seasonal cycles, not for
predicting individual monthly values (unlike the sinusoidal model used in Allen et al 2018, which was
tested using individual months). We now validate the model’s prediction of sine parameters.
Individual month values are highly erratic and can deviate substantially from the sine curves (as we
show in what is now Figure 2, and formerly S1); there is a whole paragraph dedicated to discussing
this point. We have now re-run the model iteratively, holding back subsets of the sites to be used



solely in validation and not in calibration. We will report those values as prediction errors of
amplitude, phase, and offset.

P 6L15,L26-31, P7 L 1-5: It is not so surprising that tropical locations have seasonal cycles if one
considers that land surface temperatures are not the primary control. Feng, X. et al., 2009, JGR,
doi:10.1029/2008JD011279 (already cited); Scholl, M. et al., 2009, WRR,
doi:10.1029/2008WR007515; Bailey, A. et al., 2017, JGR,d0i:10.1002/2016JD026222 may provide a
broader understanding of seasonal isotope patterns in the tropics. Condensation/equilibration
temperatures can be very low and vapor sources isotopically depleted in tropical regions, where
convective precipitation systems (esp. in the ITCZ) reach well above the freezing layer. The position
of Hadley cell boundaries seems somewhat overemphasized here; atmospheric circulation factors
that control isotope patterns (prevailing winds, atmospheric structure, dominant seasonal weather
patterns) - have been identified in isotope-enabled GCM studies for tropical and temperate
latitudes.

Thank you for directing us to these papers, which will now be cited in our study. We will expand our
discussion of previously described tropical isotope cycles and the role circulation patterns in driving
those cycles.

P7L4: Precipitation d-excess globally exhibits a seasonal cycle, please see Pfahl and Sodemann,
2014, doi:10.5194/cp-10-771-2014. We would expect similar behavior for Ic-excess, but with a less-
distinct amplitude.

Yes, it is well described that seasonal d-excess cycles exist (and we will now cite this reference).
However, while d-excess variations can result from variations along a LMWL of slope < 8, LC-excess
variations result from systematic seasonal deviations from LMWLs. Thus, we are describing patterns
that differ from what is described previously in Pfahl and Sodemann. We will now expand on this
difference to clarify.

P 8 L 26-28: “grid-cell means are not always representative of individual station locations, as
demonstrated by the mismatch between the elevations of monitoring stations and the mean
elevations of the pixels they occupy (Figure S5)”. Given that elevation is a major factor in isotopic
composition of precipitation, how does this reflect on the interpolation and smoothing used to
produce the maps? Should the map result be presented at the global scale, given that authors
(appropriately) aim to “produce global maps and data that support stable isotope applications,” and
“predict individual-month values from a sine curve (P 9 L 6)”? Regional maps, where topography is
presumably better represented, would seem to be a better approach and | encourage revision of this
paper to include those maps and data sets, or at least a thorough explanation of the process of
creating and calibrating regional maps.

The answer to this question obviously depends on application. We shared these same concerns, which
is exactly why we pursued this project as we did: a) using a high resolution DEM to conduct the initial
interpolation, b) producing the global map, but also carefully showing where it fails to capture
individual points, ¢) processing and sharing the data such that it can be immediately incorporated into
regional regression models and d) showing where regional models perform best (Figure 6). Of course,
we cannot produce every regional map because we cannot anticipate every future ‘region’ for which a
map might be needed.

Regarding the point-to-cell mismatch, this problem is true of most exercises in which data collected at
one scale are interpreted as representative of a larger scale. By conducting the new error analysis
described above, we quantify the magnitude of error which is partially due to the problem described
here.



We also further emphasize to readers that the ability to “predict individual-month values” from sine
curves requires that the R? values are high, and not just that there is a seasonal cycle.

P 10 L 5-7: Please identify “regions where “seasonal precipitation isotope dynamics are well
described by sine curves,” and where they are not, in a table or specific map. This would make the
material much more informative to users of the data and prevent improper use of interpolated
values. It is important to identify places where sinusoidal cycles cannot be used, especially given the
discussion on p. 10 where authors suggest numerous applications for the data.

Previously, information showing how well sine curves capture the monthly variations is in Figure S1.
We now move Figure S1 into the main text so that nobody misses this information (Now Figure 2).
We now also further describe the limitations and their consequences on Page 10.

P 10 L 26: there are other references for this concept, please improve this section by including
citations specific to the biological and geological processes that are noted; to improve the paper
organization, consider moving material from lines 5-35 to the introduction, then briefly revisiting
here.

We do not agree that it is helpful to lengthen the introduction to then just revisit those points later, as
this information is not critical for understanding the basis of the study. Nonetheless, we have
improved on this by including relevant citations in the discussion.

P 11: “The *majority* of stable isotope time series measured at 653 precipitation isotope monitoring
stations show significant sinusoidal seasonal cycles in precipitation isotopes” and “In Supporting
Information 2, we provide fitted sine curves and site metadata for *all* 653 precipitation monitoring
stations” ... Given that some of the stations patterns do not have a sinusoidal cycle, why are sine
curves being provided for stations where they are not applicable?

This is an excellent point and we will now comment on this in the second-to-last paragraph in the
discussion section. Even where there is not a sinusoidal cycle, the sine curve provides a measure of
central tendency, which is of value. Also, by providing the sine-fit and parameters, we can show why
the curve fit is not ‘significant’: e.g., short time series, small amplitude, erratic month-to-month values
(i.e., leading to a large RMSE). Furthermore, including near-zero amplitudes can be important for
fitting regional regression models. The phase term is the only one of the three parameters that is
meaningless when the sine curve is not significant. We remove the phase values of non-significant
sine curves from the data tables because we cannot think of any application for which those would be
useful.

P 11 L 15-20: Supporting information 2 and 3 were not available for peer review and have not been
evaluated. In this section, please provide details about the sources of raw data from “publicly
available datasets” that were used in this work, with citations, attribution or links, to aid further
research by others.

We now provide references in the supporting information table.

Figure S3 — this is not very informative at the coarse scale shown here - the reasons underlying phase
shifts between temperature and isotopes (seasonality) globally are fairly well understood and should
be addressed separately for different climate zones, if included at all. Figure 3b provides much the
same information.

This is in the supplemental because we also believe that it is not crucial, but potentially helpful or
interesting to someone. Thus, we prefer to keep it, but we can enhance it by adding two more panels
to show the effect of latitude on these differences.



