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Response to anonymous referee #1 

Relative humidity gradients as a key constraint on terrestrial water 

and energy fluxes (HESS-2020-643) 

 

March 14, 2021 
Dear Anonymous Referee #1, 

 

First of all, thank you very much for reviewing our manuscript.  

We were pleased to receive your comments and suggestions. In the following, we present our detailed 

responses to your suggestions with our replies in blue; the specific revisions that we intend to perform are 

indicated by underlined text. In this response, we reconstructed your comments based on the last 

paragraph’s suggestions while covering all of the comments.   

 

On behalf of all authors, 

With regards, 

Yeonuk Kim, 

Corresponding author 
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1. General comment  

This interesting paper explores a formulation of ET fully independent of the surface resistance, relying 

instead on a humidity resistance depending on the gradient of moisture between the surface and screen 

level, following the ideas displayed in Monteith (1981). Conceptually this approach allows to skip any 

explicit dependency of the characteristics of the surface, particularly those of the vegetation. The 

approach is worth exploring and this manuscript intends to show us to what point it can be used, 

especially for interpretation of the processes in place, more than in a parameterisation mode. 

 

In a set of recent papers McColl and colleagues showed that, for scales of a day or longer, ET is 

essentially determined by the balance between surface moistening and surface heating, with the 

consequence at these temporal scales that more atmospheric moisture is the result of more ET, and the 

term describing it is equivalent to the diabatic term in the Penman-Monteith equation, therefore 

independent of the characteristics of the surface. 

 

In this manuscript, the authors place themselves in this framework and try to extend it to sub-daily scale 

by using the humidity resistance in the adiabatic term, avoiding to prescribe any characteristic of the 

surface (vegetated or not). Their theoretical reasoning is easy to follow, substituting the pressure vapour 

by the relative humidity, and it is intended to be valid even for non-saturated surfaces through the 

prescription of a "surface relative humidity", rhs. 

 

We thank Reviewer #1 for your interest and constructive feedback on the manuscript. Your summary is 

consistent with what we wish to communicate regarding our study.     

 

2. Specific suggestion 1 

Suggestions: clarify somehow the aims of their research in the initial parts of the paper, especially in the 

abstract, when one may get the impression that a new ET parameterization is presented, while in reality 

what we have is a nice method of analysis of the diabatic and adiabatic components of ET;  

Critique: The proposed method cannot be used as an independent way to determine LE, because LE is 

used to determine rhs, so obtaining again LE from this rhs value would be of no use (unless I miss 

something). However the method is useful to separate the observed LE into its diabatic and adiabatic parts 

(taking into account that Q=H+LE is a tough assumption), and this is where most of the interpretation 

effort is put on. 

 

Thank you for your suggestion. We agree with your suggestion. We focused on diagnostic analyses 

instead of predictive analysis using the proposed PMrh model in order to demonstrate the importance of 

partitioning LE into diabatic and adiabatic components to improve understanding of the surface energy 

balance. Therefore, we will follow your suggestion by revising the abstract to explicitly highlight the 

decomposition analysis.  

In this paper, we applied the new PMrh model for a diagnostic purpose (i.e., using the model to aid in 

interpretation of governing mechanisms of measured or predicted ET). As such, rhs was determined by 

measured LE and H in this study. However, it should be noted that the proposed PMrh model has the 

potential to be used to determine ET in principle if a model to determine rhs is available, although it is 

beyond the scope of the study. For instance, a combination of surface temperature and soil moisture 

(remotely sensed or field measurement) can be used to predict rhs (e.g., Hajji et al., 2018). We will 

describe this point in the discussion section to suggest potential applications of the proposed model in the 

future. 

 

3. Specific suggestion 2 

Suggestions: elaborate on the meaning of rhs;  
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Critique: The authors do not explicitly comment or define rhs, which is still the missing piece in most of 

the approaches dealing with non-saturated surfaces. In the present case, they go around the problem of 

defining or calculating rhs by deriving a value for it by using observed LE and H values from EC-systems, 

using their formulation (2). 

 

As described in the manuscript (L77), rhs is the relative humidity at the land surface, and is a purely 

physical quantity (vapour pressure divided by saturation vapour pressure). Here, the land surface can be 

defined as a single plane located at d+z0h (d=displacement height, z0h = roughness length for heat) 

following the bigleaf framework of micrometeorology (Knauer et al., 2018a). We noticed that the land 

surface was not explicitly defined in the preprint version, and thus we will add the definition of rhs and 

the land surface explicitly in the theory section. 

 

4. Specific suggestion 3 

Suggestions: explain better what are the expected consequences of their hypotheses in the ulterior data 

analysis (such as imposing Q=H+LE or the chosen form for ra);  

Critique: To do it they assume that the available energy Q is LE+H instead of Rn-G trying to circumvent 

the unavoidable problem of the closure of the surface energy budget. This decision could be 

understandable but it is poorly justified and the consequences of it are not reflected upon. Unfortunately 

the result of these strong hypotheses concerning rhs and a discussion of the values obtained is not 

explicitly shown or made. 

 

Thank you for pointing out this problem. We agree that the well-known surface energy balance closure 

problem for eddy covariance (EC) observations (Rn – G > H+LE) can cause systematic uncertainty in our 

analysis. For instance, rhs can be underestimated if we use H = Rn – G – LE in equation (8) instead of 

observed H using EC system (L190). We appreciate your concern and we will add discussion points 

regarding the energy balance closure problem and chosen form for aerodynamic resistance (ra). A more 

thorough examination of this point is presented below in this response to Reviewer comments.  

As described in L172-179, we determined that most of the energy imbalance in our site is contributed by 

unmeasured canopy and soil heat storages. Although we cannot exactly quantify these storage terms, we 

reason that this is the primary source of energy imbalance as follows: First, it is expected that unmeasured 

canopy and soil heat storages in this site are significant since the sugarcane canopy grows up to 3.6 m tall 

with a dense canopy. Indeed, when canopy height was less than 1 m, the surface energy balance was very 

nearly closed (97%), whereas the closure was 83 % when canopy height was higher than 1 m (see 

L174~175).  This result supports our reasoning concerning canopy storage terms. Also, it is widely 

accepted that the influence of secondary circulations on the energy balance closure is small for a 

homogenous landscape (Mauder et al., 2020;Stoy et al., 2013;Leuning et al., 2012). Since our site is 

located within a homogenous landscape (Figure R1), the influence of secondary circulations on the 

energy balance closure may be negligible. Even if the lack of energy balance is due to underestimation of 

LE + H, there is no consensus on a universally appropriate method to correct LE and H (Mauder et al., 

2020). Therefore, we did not force energy balance closure for the Costa Rica site. 

Wehr and Saleska (2021) recently demonstrated that regardless of whether the lack of energy balance of 

EC observation is due to LE + H or due to Rn – G, applying the flux gradient equation to the observed LE 

and H without applying an energy balance correction is the best approach to determining surface 

resistance (conductance). This is because applying the flux gradient equation to the observed LE and H 

dispenses with the unnecessary assumption of energy balance closure (i.e., LE + H =Rn – G). They 

showed that bias introduced by underestimated LE and H is smaller than the bias introduced by the energy 

balance closure assumption. This finding may be applied to our analysis, although in our case we are 
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calculating rhs instead of surface conductance. This is another reason why we imposed Q as H+LE and do 

not enforce energy balance.  

As for the FLUXNET dataset, we provided an analysis using energy balance corrected LE and H (Bowen 

ratio preserving method in Pastorello et al. (2020)) in the supplementary file; the results for corrected and 

uncorrected versions were almost identical. This is actually a natural consequence. In equation (8), LE 

and H are included in the numerator and denominator respectively. Multiplying the same ratio to LE and 

H in equation (8) to correct LE and H based on the Bowen ratio method does not significantly change the 

resulting rhs. Therefore, the lack of surface energy balance closure does not significantly impact our 

analyses and interpretations unless the lack of energy balance is dominated by LE only or by H only. If 

the lack of energy balance is dominated by LE only or by H only, our results and interpretation could 

include systematic bias, representing a shortcoming of our approach. We will discuss this issue in the 

revised version.     

As for the chosen form of ra, the influence of this choice is also expected to be marginal compared to the 

energy balance problem. Knauer et al. (2018b) showed that uncertainty caused by different ra on surface 

conductance is low compared to the energy balance closure problem. This finding can be applied to our 

analysis. Specifically, in equation (8), ra is multiplied by both denominator and numerator, and thus a 

small difference in ra should not significantly affect the resulting rhs.  

 
Figure R1 Costa Rica sugarcane site satellite view (retrieved from Google Earth) 

 

5. Specific suggestion 4 

Suggestions: expand they interpretation of data, currently very shallow, into a remade Discussion section;  
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Critique: Fig 4 contains a lot of information in its 8 sub-figures, which are not really commented. A 

similar comment can be made about Fig 5 and its 12 sub-figures. What is the use of displaying so much 

information if then it is not discussed? In general section 4 would need to be more developed in terms of 

interpretation of results, which is now very shallow, especially sections 4.2 and 4.3. 

 

Thank you for your suggestion. In the revised version of the manuscript, we will provide subsections of 

the Discussion section similar to the current Results subsections, and expand our interpretation. Also, we 

will more clearly explain Figures 4 and 5 in the Results section.   

Specifically, we will discuss why the spatiotemporal variability of evaporative fraction is explained by 

LEG (adiabatic term) instead of LEQ (diabatic term). Also, we will compare diurnal and seasonal 

variability of LEQ and LEG terms in Figure 3 and Figure 5 (e1)~(e4). The spatiotemporal variability of 

LEG in Figure 5 will be interpreted further by considering possible connections between the LEG term and 

precipitation.  

 

6. Specific suggestion 5 

Suggestions: joint the current "Discussion" and "Conclusions" sections into a more comprehensive and 

developed new "Conclusions" section;  

Critique: As the paper is now sections 5 "Discussion" and 6 "Conclusions", both very short, could be 

merged into one larger Conclusions section. Instead a real "Discussion" section could come from an 

expanded version of the analysis of the results. 

 

Thank you for your suggestion. We will follow your suggestion by rewriting the Discussion section as 

mentioned above and transferring a part of the current Discussion into the Conclusion. 

 

7. Specific suggestion 6 

Suggestions: consider to summarise the information in the supplementary material and incorporate it 

straight into the manuscript 

 

We felt that providing detailed information on the field observations is valuable for this paper, and thus 

we prepared the supplementary material. The reason we structured the presentation as the main paper plus 

a supplementary file is that the manuscript already covers a lot of information (e.g., new theory, and 

results from three different datasets), and incorporating supplementary material directly into the 

manuscript may overwhelm some readers. We will endeavor to revise the manuscript as concisely as 

possible while including essential information by expanding the Results and Discussion sections. 

 

 

References 

Hajji, I., Nadeau, D. F., Music, B., Anctil, F., and Wang, J.: Application of the Maximum Entropy 
Production Model of Evapotranspiration over Partially Vegetated Water-Limited Land Surfaces, 
Journal of Hydrometeorology, 19, 989-1005, 10.1175/jhm-d-17-0133.1, 2018. 

Knauer, J., El-Madany, T. S., Zaehle, S., and Migliavacca, M.: Bigleaf—An R package for the calculation of 
physical and physiological ecosystem properties from eddy covariance data, PLOS ONE, 13, 
e0201114, 10.1371/journal.pone.0201114, 2018a. 

Knauer, J., Zaehle, S., Medlyn, B. E., Reichstein, M., Williams, C. A., Migliavacca, M., Kauwe, M. G. D., 
Werner, C., Keitel, C., Kolari, P., Limousin, J. M., and Linderson, M. L.: Towards physiologically 
meaningful water‐use efficiency estimates from eddy covariance data, Global Change Biology, 
24, 694-710, 10.1111/gcb.13893, 2018b. 



6 
 

Leuning, R., van Gorsel, E., Massman, W. J., and Isaac, P. R.: Reflections on the surface energy imbalance 
problem, Agricultural and Forest Meteorology, 156, 65-74, 10.1016/j.agrformet.2011.12.002, 
2012. 

Mauder, M., Foken, T., and Cuxart, J.: Surface‑Energy‑Balance Closure over Land: A Review, Boundary-
Layer Meteorology, 10.1007/s10546-020-00529-6, 2020. 

Pastorello, G., Trotta, C., Canfora, E., Chu, H., Christianson, D., Cheah, Y.-W., Poindexter, C., Chen, J., 
Elbashandy, A., Humphrey, M., Isaac, P., Polidori, D., Ribeca, A., van Ingen, C., Zhang, L., Amiro, 
B., Ammann, C., Arain, M. A., Ardö, J., Arkebauer, T., Arndt, S. K., Arriga, N., Aubinet, M., Aurela, 
M., Baldocchi, D., Barr, A., Beamesderfer, E., Marchesini, L. B., Bergeron, O., Beringer, J., 
Bernhofer, C., Berveiller, D., Billesbach, D., Black, T. A., Blanken, P. D., Bohrer, G., Boike, J., 
Bolstad, P. V., Bonal, D., Bonnefond, J.-M., Bowling, D. R., Bracho, R., Brodeur, J., Brümmer, C., 
Buchmann, N., Burban, B., Burns, S. P., Buysse, P., Cale, P., Cavagna, M., Cellier, P., Chen, S., 
Chini, I., Christensen, T. R., Cleverly, J., Collalti, A., Consalvo, C., Cook, B. D., Cook, D., Coursolle, 
C., Cremonese, E., Curtis, P. S., D’Andrea, E., da Rocha, H., Dai, X., Davis, K. J., De Cinti, B., de 
Grandcourt, A., De Ligne, A., De Oliveira, R. C., Delpierre, N., Desai, A. R., Di Bella, C. M., di 
Tommasi, P., Dolman, H., Domingo, F., Dong, G., Dore, S., Duce, P., Dufrêne, E., Dunn, A., Dušek, 
J., Eamus, D., Eichelmann, U., ElKhidir, H. A. M., Eugster, W., Ewenz, C. M., Ewers, B., Famulari, 
D., Fares, S., Feigenwinter, I., Feitz, A., Fensholt, R., Filippa, G., Fischer, M., Frank, J., Galvagno, 
M., Gharun, M., Gianelle, D., Gielen, B., Gioli, B., Gitelson, A., Goded, I., Goeckede, M., 
Goldstein, A. H., Gough, C. M., Goulden, M. L., Graf, A., Griebel, A., Gruening, C., Grünwald, T., 
Hammerle, A., Han, S., Han, X., Hansen, B. U., Hanson, C., Hatakka, J., He, Y., Hehn, M., Heinesch, 
B., Hinko-Najera, N., Hörtnagl, L., Hutley, L., Ibrom, A., Ikawa, H., Jackowicz-Korczynski, M., 
Janouš, D., Jans, W., Jassal, R., Jiang, S., Kato, T., Khomik, M., Klatt, J., Knohl, A., Knox, S., 
Kobayashi, H., Koerber, G., Kolle, O., Kosugi, Y., Kotani, A., Kowalski, A., Kruijt, B., Kurbatova, J., 
Kutsch, W. L., Kwon, H., Launiainen, S., Laurila, T., Law, B., Leuning, R., Li, Y., Liddell, M., 
Limousin, J.-M., Lion, M., Liska, A. J., Lohila, A., López-Ballesteros, A., López-Blanco, E., Loubet, 
B., Loustau, D., Lucas-Moffat, A., Lüers, J., Ma, S., Macfarlane, C., Magliulo, V., Maier, R., 
Mammarella, I., Manca, G., Marcolla, B., Margolis, H. A., Marras, S., Massman, W., Mastepanov, 
M., Matamala, R., Matthes, J. H., Mazzenga, F., McCaughey, H., McHugh, I., McMillan, A. M. S., 
Merbold, L., Meyer, W., Meyers, T., Miller, S. D., Minerbi, S., Moderow, U., Monson, R. K., 
Montagnani, L., Moore, C. E., Moors, E., Moreaux, V., Moureaux, C., Munger, J. W., Nakai, T., 
Neirynck, J., Nesic, Z., Nicolini, G., Noormets, A., Northwood, M., Nosetto, M., Nouvellon, Y., 
Novick, K., Oechel, W., Olesen, J. E., Ourcival, J.-M., Papuga, S. A., Parmentier, F.-J., Paul-
Limoges, E., Pavelka, M., Peichl, M., Pendall, E., Phillips, R. P., Pilegaard, K., Pirk, N., Posse, G., 
Powell, T., Prasse, H., Prober, S. M., Rambal, S., Rannik, Ü., Raz-Yaseef, N., Reed, D., de Dios, V. 
R., Restrepo-Coupe, N., Reverter, B. R., Roland, M., Sabbatini, S., Sachs, T., Saleska, S. R., 
Sánchez-Cañete, E. P., Sanchez-Mejia, Z. M., Schmid, H. P., Schmidt, M., Schneider, K., Schrader, 
F., Schroder, I., Scott, R. L., Sedlák, P., Serrano-Ortíz, P., Shao, C., Shi, P., Shironya, I., Siebicke, L., 
Šigut, L., Silberstein, R., Sirca, C., Spano, D., Steinbrecher, R., Stevens, R. M., Sturtevant, C., 
Suyker, A., Tagesson, T., Takanashi, S., Tang, Y., Tapper, N., Thom, J., Tiedemann, F., Tomassucci, 
M., Tuovinen, J.-P., Urbanski, S., Valentini, R., van der Molen, M., van Gorsel, E., van Huissteden, 
K., Varlagin, A., Verfaillie, J., Vesala, T., Vincke, C., Vitale, D., Vygodskaya, N., Walker, J. P., 
Walter-Shea, E., Wang, H., Weber, R., Westermann, S., Wille, C., Wofsy, S., Wohlfahrt, G., Wolf, 
S., Woodgate, W., Li, Y., Zampedri, R., Zhang, J., Zhou, G., Zona, D., Agarwal, D., Biraud, S., Torn, 
M., and Papale, D.: The FLUXNET2015 dataset and the ONEFlux processing pipeline for eddy 
covariance data, Scientific Data, 7, 225, 10.1038/s41597-020-0534-3, 2020. 

Stoy, P. C., Mauder, M., Foken, T., Marcolla, B., Boegh, E., Ibrom, A., Arain, M. A., Arneth, A., Aurela, M., 
Bernhofer, C., Cescatti, A., Dellwik, E., Duce, P., Gianelle, D., van Gorsel, E., Kiely, G., Knohl, A., 



7 
 

Margolis, H., McCaughey, H., Merbold, L., Montagnani, L., Papale, D., Reichstein, M., Saunders, 
M., Serrano-Ortiz, P., Sottocornola, M., Spano, D., Vaccari, F., and Varlagin, A.: A data-driven 
analysis of energy balance closure across FLUXNET research sites: The role of landscape scale 
heterogeneity, Agricultural and Forest Meteorology, 171-172, 137-152, 
10.1016/j.agrformet.2012.11.004, 2013. 

Wehr, R., and Saleska, S. R.: Calculating canopy stomatal conductance from eddy covariance 
measurements, in light of the energy budget closure problem, Biogeosciences, 18, 13-24, 
10.5194/bg-18-13-2021, 2021. 

 


