
Response to referee #2, Bradley Markle 

 

Dear Bradley Markle, 

We would like to thank you for your contribution to this manuscript which, we hope, is now far 

better. Let’s now immediately jump to your general comments and concerns: 

 

■ 1) The authors make extensive comparisons of their vapor measurements to results 

from GCMs. These comparisons are well done and useful, though it is not clear how they fit into 

the overall point of the paper. There is relatively little discussion of the comparisons or their 

implications. While there is much description of the modeling results, there is very little 

interpretation. In fact, the simulations are not mentioned in the conclusions at all! Nor in the 

abstract, nor in the title. Yet the topic represents 5 pages of the main text. I’m left wondering 

what the point of this analysis was. This is a shame, because there is substantial and useful work 

presented here. From another point of view, if the reader is going to read a significant amount of 

text about the GCM simulations and their comparison to observations, they ought to come away 

with having learned something about their implications. For example, much discussion is given 

to the relative performance of the two models against observations. Yet little discussion of the 

possible source of these differences is given. Is it differences in the isotope schemes in the 

models? Is it the different reanalysis data used to force (the lower boundary) and nudge the 

models? Suggestions toward answers to these questions are presented in the text, yet no 

interpretation is given. While solving these questions is beyond the scope of this study, some 

discussion is certainly warranted. I was surprised that no analysis of the isotopic composition of 

precipitation in the model was made or compared to the mean observed values of the snow 

surface. How do monthly or daily mean isotopic values of precipitation or weighted 

accumulation in each model compare against observed mean values of the snow surface? How 

important are the post-depositional processes that are not represented by the models? That is, 

how different are the simulated precipitation weighted values to the values during precipitation 

at the site and to the value of the snow pack that interacts with the vapor over the same period. 

This comparison would be an excellent illustration of the importance of these findings. At the 

very least I think some conclusions about model differences and performance, ability to simulate 

isotopic changes in vapor, and the importance of not simulating the post depositional processes 

is warranted. Otherwise it is not at all obvious what the point of including that analysis is. 

 

Thank you for this comment, we have taken it into account. We substantially reworked the 

manuscript to include a discussion of the AGCM outputs and interpretation of the model 

behavior.  

Let’s detail here the changes made on the new manuscript with respect to the AGCMs: 

 



- The abstract has been reworked, and the following paragraph has been added: 

L6: “Observations have been compared with the outputs of two atmospheric general circulation 

models (AGCMs) equipped with water vapor isotopes: ECHAM5-wiso and LMDZ5Aiso. 

During our monitoring period, the signals in the 2 m air temperature T, humidity mixing ratio q 

and both water vapor isotopes dD and d18O are dominated by the presence of diurnal cycles. 

Both AGCMs simulate similar diurnal cycles with an amplitude 30 % to 70 % lower compared to 

the observations, possibly due to an incorrect simulation of the surface energy balance and the 

boundary layer dynamic.” 

 

 

- The section 3.6 describing the AGCMs is now much more specific and contains 

information on the first grid height and reanalyzes. 

- Two paragraphs on the surface energy balance simulated by the AGCMs have been 

added, with a focus on the surface temperature: 

 

L346: “We notice that the mean radiative input (in longwave and shortwave) measured at the 

surface by the AWS 9 is 583 W.m-2, compared to only 552 W.m-2 for LMDZiso. An incorrect 

simulation of the cloud cover (and subsequently the precipitation) is likely related to this offset 

in LMDZiso. The surface energy balance determines the mean surface temperature (-27 °C for 

LMDZiso compared to -24 °C for ECHAM5-wiso), which itself impacts the sublimation rate and 

the 2 m air temperature via sensible and latent heat exchanges with the lower atmosphere. The 

radiative offset present in LMDZiso could explain the low simulated values of temperature and 

humidity mixing ratio.” 

 

L438: “Both models underestimate the amplitude of the diurnal cycle in the air temperature at 2 

m by more than 50 %. The surface temperature simulated by both AGCMs has a peak-to-peak 

amplitude of 7 °C, compared to 14 °C for the measurements of Van As et al. (2005). Variations 

of the surface temperature at Kohnen are supposed to be driven on the first order by the radiative 

budget. We have therefore compared the radiative budget of the AWS 9, ECHAM5-wiso and 

LMDZiso. Both models show good agreement with the observations for the net shortwave 

budget at the surface. However, the longwave radiative components are more difficult to 

simulate. Downward longwave emissions are related to the cloud cover (greenhouse effect) and 

snowfalls, whereas upward longwave emissions are related to the surface temperature and 

emissivity of the surface. Both models show difficulties simulating a proper cloud cover and 

snowfall events, and the variation in their surface temperature is 50 % lower than observed. That 

explains the disagreement between the observations and the AGCMs with respect to the 

longwave radiative budget, leading to a wrong simulation of the surface temperature.” 

 

 

- We manage to prove that the AGCMs are not able to simulate katabatic winds: 

 

L421: “Both models fail to simulate the pattern of katabatic winds. The mean wind direction is 

32 ± 27 ° for ECHAM5-wiso and 21 ± 24 ° for LMDZiso, and their mean wind velocity at 10 m 

is only 3.1 m.s-1 for ECHAM5-wiso and 1.9 m.s-1 for LMDZiso. They also show a low diurnal 

variability, whereas Van As et al. (2005) observed at the same height variations higher than 2 



m.s-1 over 24 h. The underestimation might be due to the horizontal resolution, which is too 

coarse to represent properly the katabatic winds, especially in LMDZiso.” 

 

 

 

- We explain why we do not manage to analyze the boundary layer dynamic simulated by 

AGCMs: 

 

L461: “The height and stability of the boundary layer is particularly difficult to simulate over ice, 

and have a certain impact on the presence or absence of diurnal cycles (Holtslag et al., 2013). A 

proper understanding of the simulation of the boundary layer by the AGCMs would require 

relevant output parameters such as the boundary layer depth or stability classes, which have not 

been implemented yet. Further analyses will therefore be necessary to understand the different 

behavior of LMDZiso and ECHAM5-wiso.” 

 

 

- We do not compare the isotopic composition of the precipitation simulated by the 

AGCMs because we did not collect precipitation samples at Kohnen. However we can 

compare the isotopic composition of the snow surface simulated by the AGCMs with our 

snow surface samples: 

 

L517: "The mean deuterium value of the snow patches varies from -296 ‰ to -316 ‰, showing 

that the texture of the snow patch and its isotopic composition could be related (Table 6). This 

observation confirms the spatial variability previously observed at Vostok in the isotopic 

composition of the snow surface (10 cm depth), with variations up to 30 ‰ in dD over 100 m 

horizontally (Ekaykin et al., 2002). Both AGCMs manage to simulate a similar isotopic 

composition for the snow surface, with on average a deuterium value of -330 ‰ for ECHAM5-

wiso and -299 ‰ for LMDZiso. As expected, the isotopic composition of the snow surface 

simulated by the AGCMs depends on the snowfall events only, with a variation in dD of 6 ‰ for 

ECHAM5-wiso over the study period (no variation is simulated by LMDZiso)." 

 

 

- A new paragraph dedicated to the AGMCs has been added to the conclusion: 

L694: “Outputs from the two AGCMs (ECHAM5-wiso and LMDZiso) show in general good 

agreements with the observations. However, the surface temperature variations simulated by the 

models have an amplitude 50 % lower than observed by Van As et al. (2005), likely due to the 

difficulty to simulate the longwave radiative budget (related to the cloud cover and snowfall 

events). Moreover, the strong katabatic winds observed at Kohnen are not properly simulated by 

the AGCMs. The simulation of processes in the polar boundary layer and associated inversion is 

also known to be a challenge for AGCMs (Holtslag et al., 2013). This could explain why the 

amplitude of the diurnal cycles is lower in the models compared to the observations.” 

 



We hope that these changes will be sufficient to justify the presence of AGCM 

simulations in our article. Further work will be required to understand the boundary layer 

dynamic simulated by the AGCMs, and subtle differences between LMDZiso and ECHAM5-

wiso. As you mention it, this is “beyond the scope of this study”, because the main focus of this 

paper is to describe and understand the isotopic exchange between the snow surface and the 

lower atmosphere. 

 

■ 2) In a related point, the authors quite rightly frame the importance of this work in 

terms of the interpretation of deep ice core records. However, aside from the statement that it is 

important (which it undoubtedly is), little discussion of how or why it is important is made. If one 

assumed that the snowpack over the observational period represented the weighting of just the 

precipitation events vs. a snowpack continuously interacting with the vapor, how different would 

the mean values be? What about in the models? Over what timescales is this likely to be 

important? Over what depth in the snow might these post-depositional processes be relevant? At 

what sites in Antarctica might this process be more or less important? Given the episodic nature 

of snowfall at the site and typical amounts of accumulation in those events, and the depth over 

which these post-depositional processes operate, what fraction of an annual layer of 

accumulation at Kohnen station can be thought of as having precipitation-weighted isotopic 

values vs. vapor-altered isotopic values? I think discussion of some of the above types of 

questions, all of which would require only simple calculations from the data the authors have 

already presented, would greatly enhance the utility and impact of this study, and specifically 

toward the stated goal of better understanding ice core records. Further, I think some discussion 

about the potential limits to the impact of these post depositional effects is also warranted. The 

snow surface study, through which this process is revealed, represents less than a day and half of 

time. And this was not a particularly normal day and a half either, showing rather high values of 

q, and subdued diurnal cycles in several important meteorological parameters, as the authors 

note. I think some discussion of whether these unusual conditions might contribute (or not) to the 

post-depositional processes seems useful. All of the above recommendations ought only to serve 

to highlight the importance of further studies of this type. 

We do agree on the importance of quantifying the impact of post depositional processes 

on ice core data. However, in our opinion, this matter is beyond our present skills and simplistic 

calculations would not make sense for the two following reasons: 

I) The box model we have developed is a closed system, with an exchange of water 

molecules between two reservoirs occurring during condensation and sublimation. 

Despite the simplicity of this model, the input parameters are difficult to constrain 

(e.g. the size of the reservoirs, the fractionation coefficients or the initial isotopic 

value of the snow pack). The wide range of simulated values obtained with this model 

does not allow us to extend the results to Antarctica. Even if the model outputs would 

be specific and the model well constrained, the reality is much more complex. The 

advection of air masses should be implemented (strong kabatic diurnal cycles), as 

well as possible exchanges with the free troposphere (the mixing-layer height is 



known to vary from 10 m to 300 m, e.g., Pietroni et al., 2012). The snow is also 

known as a porous material, with an important spatial variability in its density, texture 

and isotopic composition (Ekaykin et al., 2002).  

II) Diurnal exchanges do not explain the annual isotopic variability. Synoptic events 

must be considered if we want to understand what is happening in the snow surface in 

terms of isotopic variation. In this paper, we have only studied the diurnal scale 

because of the quasi-absence of a synoptic signal during the study period. A simple 

calculation based on our observations would be the following: if the diurnal cycle 

observed in the isotopic composition of the snow surface is symmetrical, then the 

daily isotopic change is expected to be null in the snow surface. Taking into account 

the uncertainties associated with the snow sampling protocol, we cannot assess 

whether or not the net isotopic budget of the snow surface over 24 h is different from 

zero. 

 

The purpose of this article is to prove that continuous water vapor isotopic measurements 

are technically possible in Antarctica and to show also the existence of an isotopic exchange 

between the near surface snow and the lower atmosphere on the diurnal scale. The simple box 

model developed in our article is the first step to understand how post depositional processes 

operate. We prefer to wait for further field experiments, reproduction of our protocol and 

improvement of the model before studying the impact of post depositional processes on ice core 

data. 

However, we can answer to two questions: 

Over what depth in the snow might these post-depositional processes be relevant? 

L724: “According our box model, no diurnal cycle in the isotopic composition of the snow 

surface is expected from a depth of 1 cm or above.” 

 

 

 

 Over what timescales is this likely to be important? 

 

Changes in the isotopic composition of the snow surface are observed over 12 h. Our article 

proves that the post-depositional process occurs on an hourly time scale. 

 

Line by Line comments 

Major comments 

■ line 6: I assume the use of the “synoptic variability” is here meant to refer to the 

timescales associated with synoptic events (rather than a spatial scale) given the comparison to 

the diurnal cycle. Since “synoptic” technically refers to a horizontal length scale in meteorology 

(1000 km), the current wording may slightly confuse the reader in thinking that a comparison is 



being made to spatial variability of isotopes in vapor. Perhaps simply changing the wording to 

the following would avoid this small issue: “During our monitoring period, the variability of the 

water vapor isotopic composition at timescales associated with synoptic events is found to be low 

compared to the diurnal cycle...” 

The abstract has been rephrased, the word “synoptic” does not appear anymore. 

 

■ Line 9: “snow surface” = what depth? 

L12: “In parallel, snow surface samples were collected each hour during 35 h, with a sampling 

depth of 2-5 mm.” 

 

 

■ Line 36. “...the mean precipitation isotopic composition...” is slightly confusing and 

the meaning somewhat ambiguous (what does “mean” apply to? The “mean composition” or the 

“mean precipitation”?). I assume this means the “mean isotopic composition of precipitation” 

L46: “Classically, the mean isotopic composition of precipitation simulated by atmospheric 

models is directly compared to ice core data,” 

 

■ Line 68: It is unclear what “moisture level” specifically refers to. Specific humidity? 

Accumulation? 

L78: “These measurements were performed at the German Kohnen station, a deep ice coring site 

with intermediate temperature and a humidity mixing ratio high enough in the summer for 

making accurate measurements of the water vapor isotopic composition.” 

 

 

■ Line 157: What is the “Anderson correction” a correction for? 

L189: “The humidity mixing ratio is calibrated against the relative humidity measured by the 

AWS9. This relative humidity has been previously calibrated following the protocol of Anderson 

(1994), setting its maximum values equal to 100 % of humidity.” 

 

 

■ Line 224: I believe the use of “depletion” here should actually be “ablation” or 

something equivalent. Unless the authors are actually talking about depletion of isotopes, in 

which case the meaning is unclear. In either case, please correct or explain in more detail. 

We decided to use erosion instead of ablation. 

L256: “In order to detect any snow accumulation or erosion (due to snowfall events or wind 

drift), 100 thin wood sticks were distributed every meter along a 100 m transect in a clean area 

and daily measured with a folding ruler. No accumulation or erosion was detected within a 

precision of 1 mm.” 

 

 



.■ Line 229: The authors refer to the “large variability in surface isotopic composition”. 

Is this known previously (if so please cite a relevant reference) or assumed or just potentially 

present? Please clarify. 

We have reworked the end of the introduction and detailed previous studies of the variability in 

the isotopic composition of the snow surface. 

L81: “The surface of the ice sheet around Kohnen is characterized by the presence of large 

sastrugi, created by wind redistribution and sublimation of snow, hence producing considerable 

variability in the snow surface age, origin and density. In particular, very hard dunes sticking up 

above the mean surface level may be half a year old (Birnbaum et al., 2010). A previous study 

performed at Vostok station (Antarctica) reported a large variability in the isotopic composition 

of the snow surface (10 cm depth) over an 1 km transect, with a maximum variation of 30‰ in 

dD over 100 m horizontally (Ekaykin et al., 2002).” 

 

 

■ Line 230-231: Regarding the qualitative descriptions of the snow surfaces 

(“hard”,“soft”, etc): could you briefly state what this is based on? Were these based on real 

density differences, qualitative assessment, etc? This could be useful information for follow-on 

studies. 

This is a very good remark, we have improved the description of the snow sampling protocol. 

L263: “Keeping in mind the possible variability in the isotopic composition of the snow surface, 

three different areas with consistent surface snow texture were selected, based on visual 

observation (the border of the snow patch was visible) and subjective assessment of the hardness. 

The snow sampling protocol is based on the assumption that the isotopic composition of a snow 

patch at a given time is homogeneous. Patch 1 was made of hard ice, patch 2 of compact snow 

and patch 3 was composed of soft snow. Five adjacent samples for each patch were sampled 

every hour (15 samples per hour) during a 35-hour period, from 2014/01/08 to 2014/01/10 (as it 

is shown in Fig. 2 indicated by the SSDC label). The sample depth is estimated between 2 and 5 

millimeters, the tool used was a cake spatula.” 

 

 

■ Section 3.6: Is the local weather station at Kohnen used in either of the two reanalysis 

products? 

We have not found this information yet, unfortunately. 

 

■ Lines 245-250: Can you explain why the LMDZ5Aiso is nudged with ECMWF wind 

fields and forced with NCEP SSTs at the lower boundary? Is there not potential for self-

inconsistencies between the winds and temperature gradients? 



L298: “There could theoretically be some inconsistencies between the winds and the SSTs from 

different reanalyses datasets, but the impact should be very small due to the overall consistency 

between the two reanalyses datasets and due to the strong nudging of the winds, preventing any 

drift.” 

 

 

■ Line 251: What does “equilibrated” mean precisely in the case of an atmosphere-only, 

reanalysis-nudged, 35 year simulation? This is not obvious. Do the authors just mean 

“integrated”? 

The word “equilibrated” has been removed. 

L286: “The simulation has been started in 1979 and any potential model spin-up bias, e.g. 

caused by the initialization of the atmosphere in terms of humidity and its isotopic composition, 

can be safely neglected for our study period.” 

L302: “Because such high-resolution simulation is costly, the simulation has been started in 

January 2013 but inspection of simulated time series show that the spinup in sufficient.” 

 

 

■ Lines 268-270: Please make clear that you are discussing the observations initially, 

rather than the simulations. It is not stated nor immediately obvious from the previous 

paragraph. 

L324: “In order to estimate the magnitude of the day-to-day variability, days with data gaps 

larger than 8 h have been removed from the data-set (on 12/16, 12/28, 12/29, 01/13, 01/14, 

01/17, 01/18 and 01/21) and then 29 daily mean values of q, T, d-excess and dD have been 

calculated for the observations and the model outputs.” 

 

 

■ Line 276: I don’t think “satisfying” is the word you mean. Perhaps “satisfactory”? A 

quantitative statement about the performance would be better still. 

L338: ”(therefore below the limit of confidence of our instrument, 500 ppmv)” 

 

■ Section 4.1: What is the height/pressure of the first vertical level in the model(s) and 

what is the near-surface resolution in height/pressure? This is not stated in the methods. 

Presumably the vapor isotopic values being compared here are from the first vertical level. Thus 

it is important to know what the level represents physically for comparison to the near surface 

observations. What is the vertical change in vapor isotopic values across the few bottom-most 

levels in the model? The presence of strong vertical gradients near the surface in the model may 

be important to understanding the comparison between model results and data. Please provide 

this information and perhaps some brief discussion on its relevance (or not) to mismatch 

between the simulations and observations. 

In section 3.6, we have indicated the height of the first level grid: 



L285: “The lowest model level (about 60 m above the surface) has been selected followed […]” 

And made a clear distinction between the measurement height and the height of the simulated 

outputs: 

L304: “Three selected outputs from both models are calculated at a specific height, 10m for the 

wind speed and wind direction, and at 2 m for temperature. However, the reader should notice 

that simulated parameters like humidity or water vapor isotopes come from the first vertical 

model level (which represents a height of 60 m above ground) whereas the in-situ observations 

are close to the surface. Furthermore, at Kohnen Station, the 2 m temperature in ECHAM5-wiso 

is calculated from the surface energy balance equation, assuming a constant surface albedo of 

0.8. This might also lead to further differences between simulation results and observations.” 

 

With a reminder in section 4.2: 

L459: “The model-data comparison is hampered by the fact that the simulated humidity mixing-

ratio is only available from the first grid level of the AGCMs, and is therefore an average value 

over the first 60 m. The height and stability of the boundary layer is particularly difficult to 

simulate over ice, and have a certain impact on the presence or absence of diurnal cycles 

(Holtslag et al., 2013). A proper understanding of the simulation of the boundary layer by the 

AGCMs would require relevant output parameters such as the boundary layer depth or stability 

classes, which have not been implemented yet. Further analyses will therefore be necessary to 

understand the different behavior of LMDZiso and ECHAM5-wiso.” 

 

We believe that a more in depth comparison between isotopic observations and simulations 

would require isotopic measurements above 10 meters, as it has been performed by Steen-Larsen 

et al. (2013), and a specific study of the boundary layer dynamic. However, the first variable to 

study on a vertical scale should be the humidity mixing ratio before water vapor isotopes. This 

could be the purpose of another article using weather balloons measurements. 

 

 

■ Line 294: Any sense of what is the source of the strongly depleted events in ECHAM is, 

if not associated with any particular meteorological variable? Are there potentially numerical 

issues at very low depletion levels in the model? 

We suspect numerical issues, but we did not manage to understand where they could 

come from. 

L364: “These depletion events do not correspond to any parallel signal in the simulated 

meteorological data (cloud cover, wind speed, temperature or humidity mixing ratio) and further 

analyses will be necessary to understand these artifacts.” 

 

 

 



■ Line 296: It is not obvious that “during the night” means much in this context. It is 

24hr daylight, no? Is this the diurnal temperature minimum? Just stating the hours seems 

sufficient. 

This paragraph has been removed. 

 

 

■ Section 4.2: Throughout this section, it is often not immediately clear whether a 

particular sentence is referring to observations or simulations, e.g. line 379. 

We always start by describing the observations, and then we explicitly use the terms “AGCMs” , 

“ECHAM5-wiso”, “LMDZiso”, “models” or “simulated values” to make a clear distinction with 

the simulations. 

 

 

■ Line 366: Please make it more clear which is lagging behind which. Is it the 3m 

lagging behind the 0.2m? 

L477: “the top inlet presents a clear lag of 1 hour behind the bottom inlet with respect to the 

measured humidity mixing ratio.” 

 

 

■ Line 370-375: It would be appropriate here to remind the reader what the equivalent 

height the modeled isotope values of vapor are for. 

L459: “The model-data comparison is hampered by the fact that the simulated humidity mixing-

ratio is only available from the first grid level of the AGCMs, and is therefore an average value 

over the first 60 m”. 

 

 

■ Line 390: ECHAM tends to overestimate slopes compared to what? To observations? 

L502: “These relationships are better simulated for the diurnal cycle, but ECHAM5-wiso tends 

to overestimate the associated slopes compared to the observations.” 

 

 

 

■ Line 468: Where does the expectation that the polar boundary layer height is 50-100m 

come from? A relevant reference would be useful. And what does this refer to? Is this an e-

folding height of moisture content? Is it the height of the well-mixed layer? 



Thank you for this remark, we now make a distinction between boundary layer and mixing layer. 

L597: “The parameter Ht is therefore the mixing-layer height. Sodar measurements performed  

at Dome C (Antarctica) showed magnitudes between 10 m and 300 m (Pietroni et al., 2012; 

Casasanta et al., 2014).” 

 

 

 

■ Line 479-481: The authors conclude that condensation is “the likely cause” of the 

observed changes in isotopic composition of the snow surface. The statement “the likely cause” 

implies that there has been an assessment of the likelihood of several (at least more than one) 

possible mechanisms to explain these variations and that this particular mechanism is preferred. 

This may be the case, but the authors have not shown this. Instead they have shown that 

condensation, which they expect to be happening due to changes in the saturated mixing ratio, 

can readily explain the observed changes in the surface, within uncertainties in their model. This 

is a fantastic finding! But there has been no analysis of other possible mechanisms. While surely 

subtle, and perhaps pedantic, the distinction is important. A slight change in wording is 

warranted. 

The word “likely” has been removed. 

L613: “However, we are able to conclude that the condensation of water vapor has an effect on 

the isotopic composition of the top 2 mm of the snow surface.” 

 

 

 

■ Line 530-531: The wording here is awkward and the meaning obscured. 

This paragraph has been rephrased. 

 

L672: “If Fvt ≠ 0 (subsaturation), the isotopic composition of the snow is affected by the isotopic 

composition of the vapor, and in that case the variation of the isotopic composition of a snow 

patch during the warming phase will depend on its initial isotopic composition (Fig. 7).” 

 

 

 

■ Figures: The figures are generally excellent. Very clear and informative. In figures 7 

and 9, black bars are used to show the range of the observations. Would it not be more useful to 

actually show the trends in the observations? Isn’t the temporal evolution important and useful 

for comparison to the model results? Perhaps they have been removed for clarity, but I think 

their inclusion in at least one panel would be useful. 

We have added the observed trend in Fig. 7 and Fig. 9. 

 

 



Minor comments 

Line 297: I’m not sure “interfere” is the appropriate word in this context. Perhaps 

“complicates”.  Paragraph removed 

Line 299: “with” should be “to”.   Paragraph removed 

Line 395-405: Several typos.  Paragraph rephrased, L509-529 

Line 410: “which” should be “what”.  L534 

Lines 469-475: The order of the cases you describe, i)-290 and ii)-310, are reversed between the 

figure and the text. This is initially confusing.  L602 

Line 537: Watch subject agreement throughout the text, e.g. in this line “reservoir heights”.  

The subject is plural in this context. L681: “We notice that the uncertainties related to the heights 

of the reservoirs have…” 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


