
The authors present an improvement of the so-called complementary relationship (CR). CR is a 
simplified method to estimate the actual evaporation in a large area under quite restrictive 
assumptions (outlined in McNaughton and Spriggs, 1989). It is based on the information from an 
evaporation measurement on a small wet area (saturated surface) within the domain (the authors 
list pan evaporation explicitly). The aim is to estimate the actual evapotranspiration in the 
surrounding large area. The authors demonstrate that existing CR variants can be written in a form 
that contains one empirical parameter, k. The authors' idea is to replace the parameter k with the 
Bowen ratio of the large area under wet conditions (when potential evapotranspiration applies). 
 
Response: 
We appreciate your time and effort in reviewing our manuscript. As noted by McNaughton and 
Spriggs (1989), although the complementary relationship (CR) has been postulated on physical 
grounds, it has not yet been derived from first principles. This is primarily due to the ambiguities 
in the definitions of PETe and PETa, as well as the empirical nature of the parameter k involved. 
 
The main contribution of our study is to develop a physically-based formulation of the CR with 
explicit definition and estimation of PETe and PETa, and quantitative relationships among ET, 
PETe, and PETa on the basis of the surface energy balance. Through this process, we have 
provided an alternative and physically-based interpretation of the empirical parameter k, showing 
that it corresponds to the wet Bowen ratio (𝛽!). 
 
Importantly, our framework does not merely replace the parameter k with 𝛽! , but derives the 
complementary relationship from clear definitions of PETe and PETa, leading naturally to a 
formulation in which 𝛽! arises as a physically meaningful parameter rooted in conservation of 
energy. 
 
The classical CR method is based on a number of simplifying assumptions and controversial. One 
of the assumptions is that the net radiation is constant. This is not really plausible if the area dries 
out at the same time. Given that the surface temperature will increase so will the long-wave 
outward radiation. Yet, since this assumption appears to be common to the CR method, I will take 
this assumption for granted. 
 
Response: 
We acknowledge that the assumption of constant net radiation is fundamental to the 
complementary relationship (CR), given that its foundation hinges on the surface energy balance, 
specifically, the redistribution of latent and sensible heat fluxes under contrasting wet and dry 
conditions. However, when a dry surface becomes saturated, the net radiation may increase or 
decrease, due to concurrent changes in surface albedo, cloud cover, surface and air temperatures, 
and other environmental factors (Zhou and Yu, 2024). For example, while a cooler saturated 
surface may reduce upward longwave radiation, increased cloud shading could simultaneously 



diminish downward shortwave radiation. As various factors affect the net radiation in different 
directions, leading to indeterminate net radiation changes, which cannot be observed unless the 
whole area becomes saturated in practice. Therefore, the observed net radiation is commonly used 
to estimate the PET (i.e., PETe in this study). 
 
As you noted, this assumption of constant net radiation remains standard across CR 
implementations, as it simplifies the quantification of flux partitioning without compromising the 
framework’s core complementary behavior between ET and PETa. Specifically, the proportional 
coefficient governing this relationship (−𝛽!) remains consistent in both our base formulation 
(equation (17)), which adopts the constant net radiation assumption, and in a more generalized 
complementary relationship (equation (A5) in Appendix A) that explicitly accounts for potential 
changes in net radiation between wet and dry conditions. This consistency confirms that the key 
complementary dynamics captured by the coefficient −𝛽! are robust in relation to the assumption 
of constant net radiation, thus supporting the validity of adopting this assumption for our study. 
 
The derivation of the authors is elongated and somewhat meandering. See below for individual 
comments. To avoid misunderstandings I will briefly summarise the proposed procedure: 
 
1. Calculate the potential evapotranspiration in the large area (PET_e). Calculate the Bowen ratio 
(beta_w) from the one-dimensional energy balance for the related (wet) conditions. 
 
2. Assume that air temperature and air vapour pressure in the small area are the same as in the 
large area under real (drying) conditions. 
 
3. Assume that the surface temperature (T_s) in the small area is the same as in the large area under 
real (drying) conditions. Under the given assumptions (gradient approach, same aerodynamic 
resistance for both sensible and latent heat fluxes), the sensible heat fluxes (H) in the large and in 
the small area are equal. 
 
4. Calculate the sensible heat flux in the small area (and thus also in the large area) from given 
(measured) evapotranspiration (PET_a) in the small area under the assumption that the Bowen 
ratio in the small area is the same as that in the large area under wet conditions. 
 
5. Given H, calculate the actual evaporation (ET) in the large area from the energy balance. 
 
The assumptions regarding the (a) equal surface temperatures and (b) equality of Bowen ratios 
regardless of the atmospheric conditions are implausible, if not unphysical. Ad (a): This neglects 
evaporative cooling. It would mean that an evaporating surface in a dry environment could not be 
detected with a thermal camera. Ad (b): This assumption contradicts, unnoticed by the authors, 



their equation eq. (23). It further contradicts their statement in line 188 that in an experiment the 
surface temperature would have to be maintained at the appropriate value. 
 
Response: 
Thank you for your insightful comments. We appreciate the opportunity to clarify the two 
assumptions regarding (a) equal surface temperatures and the equality of the wet Bowen ratios, 
which are critical to the estimation of the potential ET (PETe) and apparent potential ET (PETa) 
and the derivation of the complementary relationship. 
 
PETe and PETa are hypothetical fluxes that cannot be directly observed and must be estimated 
based on certain assumptions, as is the standard practice in the literature. While many previous 
studies estimate PETe from the Priestley-Taylor equation and PETa from the Penman equation, 
our earlier work (Zhou and Yu, 2024) has demonstrated theoretical and practical problems in these 
conventional formulations. In this study, we adopted improved formulations introduced in Zhou 
and Yu (2024) that provide more robust estimates of PETe and PETa and further elaborated their 
quantitative relationship with ET within the complementary relationship framework (Sections 3.1 
and 3.2). 
 
Section 3.1: Definition and estimation of PETe and PETa 
PETe (also widely known as PET) represents the rate of ET that would occur when water supply 
is unlimited at the evaporative surface (i.e., a fully saturated surface). As PETe cannot be directly 
measured unless the whole surface is saturated and must be estimated or derived from observations 
under dry conditions, the energy-based approach with only two required variables (Rn and 𝛽!) 
provide the best approach for PETe estimation with two assumptions. 
1) the assumption of constant net radiation (Rn); 
2) the assumption of constant wet Bowen ratio (𝛽!). 
 
The assumption 1) is commonly adopted in PET estimation, and the assumption 2) has been 
validated in our previous studies (Zhou and Yu, 2024; 2025), which also demonstrate that PETe is 
the most reliable PET estimator as 𝛽!  remains fairly constant due to coupled changes in 
temperature and humidity of the air and at the land surface from dry to wet conditions. In contrast, 
the widely used Priestley-Taylor equation for PET estimation shows much larger biases as the 
implied wet Bowen ratio (𝛽"#) is sensitive to temperature changes between wet and dry conditions 
(Zhou and Yu, 2024; 2025). Thus, the second assumption of constant 𝛽"# for the Priestley-Taylor 
equation is not strictly valid if it is used to estimate the PET. 
 
PETa represents the ET rate from a small, saturated surface (e.g., a tiny evaporation pan placed in 
a desert) within a larger, unsaturated area. In this context, the energy available for evaporation 
comes from both net radiation and heat advection from the surrounding environment. Early studies 
(e.g., Kahler and Brutsaert, 2006) estimated PETa using pan evaporation measurements. However, 



pan evaporation rates are highly sensitive to pan characteristics such as size, material, and exposure, 
rendering PETa inherently indeterminate and uncertain in practice. This ambiguity poses a major 
challenge for developing a physically based formulation of the complementary relationship. To 
address this issue, we estimate the upper limit for PETa by introducing two key assumptions: 
i) that the wet area is quite small and has no practical influence on atmospheric conditions. 
ii) that the surface temperature of the small wet area is maximized and equals that of the 
surrounding dry area (Ts). 
 
The assumption i) was explicitly elaborated by Brutsart (2015), which allows the use of observed 
meteorological variables to estimate PETa, based on the Penman equation. The assumption i) and 
the Penman equation have been widely used in many CR studies (Szilagyi et al., 2017; Zhang et 
al., 2017; 2021; Ma et al., 2021). However, the traditional Penman equation neglects the horizontal 
heat advection from the surrounding environment (Ae), leading to systematic underestimation of 
PETa (Zhou and Yu, 2024): 

𝜆𝑃𝐸𝑇$ =
∆(𝑅% + 𝐴&) +

𝜌𝑐"(𝑒$∗ − 𝑒$)
𝑟$

∆ + 𝛾 , 𝐴& > 0 

Moreover, due to the inherent ambiguity in the definition of PETa and the difficulty in quantifying 
Ae, PETa remains largely indeterminate in practice. To resolve this issue, we adopt the assumption 
ii) to estimate the upper limit of PETa. This assumption eliminates the ambiguity in PETa and 
enables direct estimation of PETa using observed and modelled data. In contrast, an uncertain 
PETa hinders the development of quantitative relationships among ET, PETe, and PETa within 
the complementary relationship framework. This explains why previous CRs as well as their 
parameters remain empirical (see the Discussion section 4.1). 
 
We also note that the use of constant surface temperature for estimating PETa has precedent in the 
literature. Szilagyi (2007) interpreted the Penman equation as representing an extreme case in 
which the surface temperature of the wet area equals that of the surrounding dry environment—
consistent with our assumption ii). Additionally, climate models have adopted a similar approach, 
estimating PETa (serve as reference conditions for estimating ET) based on prescribed or modeled 
surface temperature (e.g., Milly, 1992). Our approach provides a consistent method to estimate 
PETa under observational and model-based conditions, thereby enhancing the applicability of the 
complementary relationship. 



 
Note: the left from Szilagyi (2007) and the right from Milly (1992). 
 
Section 3.2: The relationship among ET, PETe, and PETa 
By clearly defining and estimating PETe and PETa, the complementary relationship naturally 
emerges from the energy balance equation, which serves as its foundation (equations (16) and 
(17)). Unlike previous studies that imposed assumed linear or non-linear functional forms among 
ET, PETe, and PETa (Brutsaert and Parlange, 1998; Szilagyi 2007; Brutsart, 2015; Crago et al., 
2016), our derivation requires no such assumptions. Instead, the CR arises directly from 
conservation of energy and the energy partitioning framework. The two boundaries conditions of 
the complementary relationship, i.e., ET=PETe=PETa under wet conditions and ET<PETe<PETa 
when the surface dries up, are satisfied inherently through the definitions and estimation of PETe 
and PETa. The validity of the derived CR in equation (17) is further supported by observational 
evidence, as demonstrated using the Fluxnet2015 dataset in Section 3.3. 
 
Addressing concerns regarding assumptions (a) and (b) 
We fully acknowledge that in reality, evaporative cooling reduces the surface temperature of wet 
surfaces (assumption a). However, this cooling effect is difficult to quantify consistently because 
the energy input from the surrounding environment (Ae) is often unknown, and the surface 
temperature of the wet patch becomes indeterminate due to variability in the size and configuration 
of the wet area. To address this uncertainty and make PETa practically estimable, we adopt the 
assumption that the surface temperature of the small wet area equals that of the surrounding dry 
environment. This assumption is not meant to deny the existence of evaporative cooling, but rather 
to define an upper limit for PETa that can be consistently estimated from observed data without 
explicitly resolving the issue with Ae. 



 
The assumption (b) has been validated by demonstrating that 𝛽!  calculated with surface 
temperature in a dry environment remains relatively constant when the whole surface becomes 
saturated in our previous study (see Figs. 2 and 3 in Zhou and Yu, 2024). 
 
The assumption b) does not contradict with equation (23). The latter provides an empirical estimate 
of 𝛽!  as a function of meteorological variables, specifically γ/Δ, when direct observations of 
surface temperature are not available in practice. As noted in the comment on line 55, the CR 
framework is especially useful when there is limited capacity to explicitly model land-atmosphere 
feedbacks. By clarifying the meaning of the parameter 𝛽! , the proposed CR formulation is 
designed to be more flexible and adaptable to different data availability scenarios. Whether surface 
temperature (Ts) is available (e.g., from flux towers or reanalysis products) or must be inferred 
from routine meteorological observations, our framework provides multiple pathways for 
estimating 𝛽!, PETe, and PETa. 
 
Revisions to the Manuscript 
To address your concerns and prevent potential misunderstandings, we will revise the manuscript 
as follows: 
(1) We will revise Section 3.1 to clearly state that our assumptions are based on physical grounds 
and are invoked to estimate water fluxes, such as PETe and PETa, that could be not measured in 
practice. Importantly, these assumptions are transparent and physically consistent in comparison 
to those used in prior approaches—such as the implicit assumptions embedded in the Priestley–
Taylor and Penman equations. 
(2) We will clarify that the assumption of equal surface temperature applies only to the small wet 
patch under idealized conditions, specifically for estimating the upper limit of PETa. This 
assumption does not imply a general neglect of evaporative cooling. Rather, it addresses the 
otherwise indeterminate nature of PETa and enables its estimation based on observed variables. 
(3) We will emphasize that the validity of constant 𝛽!  values for estimating PETe has been 
demonstrated in our previous studies (Zhou and Yu, 2024; 2025). Additionally, we will better 
explain how approximate estimates of 𝛽!, when surface temperature observations are unavailable, 
allow wider application of ET through this new CR framework. 
 
The authors realised this, see lines 291-296, but they chose to negate the problem. In the Appendix 
they drop the equality assumption, inserting a correction parameter (rather 1/k2 than k2). They do 
not discuss that this parameter will of course vary (be state-dependent). They do not realise that 
even it were constant it would nullify their proposed approach, which is based precisely on the 
idea of replacing the empirical parameter k with a physically based quantity. The problem of the 
equal surface temperatures is not resolved either. 
 



I regret this, but in view of the severe physical deficiencies in the manuscript I can only recommend 
rejecting it. 
 
Response: 
Thank you for your feedback. As stated in lines 291–296 of the manuscript, we have clearly 
summarized the three key assumptions adopted in our study. We respectfully disagree that these 
assumptions to be problematic and disagree that we “negate the problem”. 
 
As explained above, the assumption of equal surface temperatures is introduced to address the 
otherwise indeterminate nature of PETa. It allows us to estimate an upper limit of PETa from 
observations, thereby enabling the derivation of the complementary relationship based on the 
physically meaningful parameter 𝛽!. This approach does not neglect the occurrence of evaporative 
cooling over wet surfaces but just provides a practical and consistent reference state necessary for 
estimating the PETa. 
 
In the Appendix A, we introduced two parameters (k1 and k2) to demonstrate that the derived 
complementary relationship between ET and PETa is structurally robust, even if Rn and 𝛽! are 
not known or directly measured. These parameters are not intended to be empirically tuned; rather, 
they are used to show that the complementary relationship between ET and PETa retains its 
structure—with a proportional coefficient of −𝛽!—regardless of possible uncertainties in Rn and 
𝛽!. This reinforces the theoretical integrity of our formulation. 
 
It is also important to emphasize that both expressions, i.e., (1 + 𝛽!)𝑃𝐸𝑇& in equation (17) and 
𝑘((1 + 𝑘)𝛽!)𝑃𝐸𝑇&  in equation (A5), essentially equal Rn over a large area. Therefore, the 
consistency of the relationship between ET and PETe is preserved between the two formulations. 
Thus, for practical applications, equation (17) can be used directly, as it is derived solely from the 
surface energy balance and employs definitive, physically based estimators for both PETe and 
PETa. No empirical calibration is needed, and the resulting complementary relationship is easily 
interpretable. 

𝐸𝑇 = (1 + 𝛽!)𝑃𝐸𝑇& − 𝛽!𝑃𝐸𝑇$																																																					(17) 
𝐸𝑇 = 𝑘((1 + 𝑘)𝛽!)𝑃𝐸𝑇& − 𝛽!𝑃𝐸𝑇$																																														(𝐴5) 

 
Our approach does not “nullify” its purpose of replacing empirical parameters. Traditional 
complementary relationship relies on parameters like k to fit the data (e.g., Brutsaert and Parlange, 
1998) without a clear interpretation of its meaning. Our method does not simply replace the 
parameter k with 𝛽! , but rather by first clarifying how PETe and PETa are determined and 
estimated, and the complementary relationship would follow naturally and emerge from the energy 
balance equation with a physically meaningful parameter 𝛽!.  
 



We respectfully disagree that the manuscript has "severe physical deficiencies." Our approach is 
grounded in surface energy balance, addresses longstanding uncertainties in PETe and PETa 
estimation and uses 𝛽! as a physically meaningful parameter. We are open and transparent with 
all the assumptions made; the derivation is logical and rigorous, and more importantly, we have 
shown with strong empirical and observational evidence the clear connection between the wet 
Bowen ratio 𝛽! and parameter k in the CR. 
 
To address your concerns, we will 
(1) Revise Section 4.1 to explicitly discuss the rationale for and justification of the three 
assumptions. 
(2) Expand the Appendix A to emphasize that the parameter k1 and k2 are not operational 
parameters, and explicitly state they are illustrative, not used in practical ET estimation, and 
remove any implication they “correct” the CR. 
 
We request the opportunity to implement these revisions to strengthen the clarity and rigor of our 
study. 
 
Detailed comments 
line 21 will promote 
 
Response: 
The phrase “would promote” in the sentence will be revised to “will promote”. 
 
55 Are the physical mechanisms really so unclear? I would rather say that we do not have the 
information, or better, that we run the CR when we do not have the time or resources to model the 
feedback at the land surface explicitly. 
 
Response: 
We sincerely appreciate your insightful perspective, which helps refine our wording. You are 
correct that the physical mechanisms underlying the CR are not entirely unclear, as prior studies 
have established core processes such as energy balance constraints and land-atmosphere 
interactions (e.g., Szilagyi, 2007). Our intended emphasis is that practical limitations (e.g., data 
scarcity and computational constraints) often hinder the explicit quantification of these 
mechanisms and identification of the quantitative relationships between the three ET components 
when applying the CR. For example, the physical meaning of the parameter k involved in the 
complementary relationship remains unclear, which hinders and limits the application of the 
complementary relationship for ET estimation. This gap between theoretical understanding and 
real-world application, we believe, underscores the need for studies like ours to derive a physically-
based CR with a meaningful parameter and improve the robustness of CR-based ET estimation. 
 



We will revise the original sentence to reflect this distinction, ensuring it more accurately conveys 
the practical challenges rather than inherent uncertainty in the mechanisms themselves. 
 
This is because, while the physical mechanisms underlying the CR are documented, practical 
challenges—such as ambiguities in the meaning and interpretation of key parameters and 
difficulties in quantifying relationships between the three types of ET—hinder our ability to derive 
a physically-based CR for accurate ET estimation. 
 
69 Why Priestley Taylor? Why not Penman? 
 
Response: 
Many previous studies used the Priestley-Taylor equation to estimate PETe and the Penman 
equation to estimate PETa (e.g., Brutsaert 2015; Zhang et al., 2017; 2021). 
 
72 I would argue that Penman's equation cannot be used if the model domain is not one-
dimensional. 
 
Response: 
We fully concur with your observation: the Penman equation, designed for one-dimensional (or 
spatially uniform) systems, does not account for lateral energy exchanges, making it unsuitable for 
non-one-dimensional domains. 
 
As highlighted in our previous work (Zhou and Yu, 2024), this limitation arises because the 
original Penman framework only incorporates vertical energy supply via net radiation (Rn), while 
neglecting horizontal energy transfer from the surrounding environment—a process critical in 
heterogeneous domains, such as a small patch within a large dry landscape. Consequently, 
applying the Penman equation would underestimate PETa in such contexts. 
 
To address this, the Penman equation could be modified to include an additional energy term (Ae) 
to represent the lateral energy inputs: 

𝜆𝑃𝐸𝑇$ =
∆(𝑅% + 𝐴&) +

𝜌𝑐"(𝑒$∗ − 𝑒$)
𝑟$

∆ + 𝛾 , 𝐴& > 0 

Notably, Ae varies with the size and spatial configuration of the wet surface relative to its 
surroundings, rendering PETa inherently context-dependent in the domain that is not one-
dimensional. This domain dependency implies that PETa (e.g., from a small wet area in a dry 
environment) cannot be uniquely determined using a universal formulation—one reason why 
many previous CR formulations remain empirical with empirically defined parameters. To resolve 
this, our analysis focuses on estimating an upper bound of PETa, defined when the wet surface 
temperature approaches that of the surrounding environment. This constraint enables the 
derivation of the CR with a physically meaningful parameter (𝛽!). 



 
Introduction 
The Introduction would benefit enormously if the authors could clarify in what situation their 
approach is useful. I had to reconstruct the field of possible application by reading several other 
papers. This should not happen. In that sense I found that the paper by Szilagyi (2021) is much 
more instructive. 
 
The target group can be much larger if the introduction is better formulated. For readers unfamiliar 
with the narrow history of CR, it would help to drop the term "oasis effect". 
 
Response: 
We sincerely appreciate your thoughtful feedback, which is instrumental in improving the clarity 
and accessibility of the Introduction. We fully agree that the manuscript will benefit from a clearer 
explanation of the practical relevance of our approach and from the use of more broadly accessible 
language. 
 
In the revised Introduction, we will implement the following improvements: 
 
1) Clarify practical applications: We will explicitly describe the situations where our approach is 
most useful, for example, estimating ET in data-scarce regions, enhancing hydrological and land 
surface models in heterogeneous landscapes, and assessing climate change impacts on regional 
water availability. These examples will help readers, particularly those unfamiliar with the 
historical development of the complementary relationship (CR), quickly understand the value of 
our method. 
 
2) Simplify terminology and improve accessibility: In line with your suggestion, we will avoid 
niche terminology such as “oasis effect,” which may not be familiar to a broader audience. We 
will instead use more intuitive descriptions when introducing the two PET estimators, PETe and 
PETa, and clearly explain the conceptual distinction between them. We will also emphasize the 
current gap in defining and estimating both PET components and the need for physically consistent 
methods to address this issue. 
 
3) Broaden the narrative structure: Inspired by the clear and instructive style of Szilagyi et al. 
(2021), we will restructure the Introduction to begin with broader hydrological and environmental 
challenges, such as the persistent uncertainties in ET estimation under climate variability and 
change. before narrowing the focus to our proposed framework. This will better engage a wider 
audience, including hydrologists, land surface modelers, and water resource managers. 
 
These revisions aim to make the Introduction more informative, intuitive, and inclusive, ultimately 
expanding the reach and impact of our study beyond the traditional CR research community. 



 
84 will advance 
 
Response: 
The phrase “would advance” in the sentence will be revised to “will advance”. 
 
91 Please give units everywhere. Units improve the understanding. 
 
Response: 
We will add units for ET, PETe, and PETa (mm/day) in the revised manuscript. 
 
95 Should it not rather read "drying"? 
 
Response: 
We will revise “in a dry environment” to “in a drying environment” in the sentence. 
 
98 According to Szilagyi (2007) the symmetry idea comes from Brutsaert and Stricker (1979). 
 
We have carefully checked the literature and can confirm that the concept of the symmetric 
complementary relationship was originally proposed by Bouchet (1963), and later formally cited 
and developed by Brutsaert and Stricker (1979). We will cite both references in the revised 
manuscript. 
 
99 Colon after conditions 
 
Response: 
The character “.” after conditions will be revised to colon (“:”). 
 
101 constant instead of "same" 
 
Response: 
The phrase “remains the same” in the sentence will be revised to “remains constant”. 
 
102, 103 Again: units. 
 
Response: 
We will add units for 𝜆 (𝐽 ∙ 𝑘𝑔*() and 𝐻! (𝐽 ∙ 𝑚*) ∙ 𝑠*() in the revised manuscript. 
 



103 It would be good to give a reason for the proportionality, in particular with PET_e, not PET_a, 
in eq. (3). This fundamental assumption should be substantiated in more detail. Or you state that 
it is just a first approximation (what it probably is). 
 
Response: 
The proportionality coefficient reflects the asymmetry for the CR. As noted by Kahler and 
Brutsaert (2006), this asymmetry arises from the heat transfer between the evaporation pan and its 
surroundings. Szilagyi (2007) further explored this and showed that the asymmetry originates from 
the energy dynamics around a small wet surface and not limited only to pan measurements. 
Specifically, two key processes contribute to this: (a) advection of warmer air over the small wet 
area; and (b) heat conduction in the ground from the surrounding warmer and dryer soil. These 
processes enhance the energy supply available for evaporation from the wet area, leading to a 
nonlinear (asymmetric) relationship between ET and PETa. 
 
In the revised manuscript, we will incorporate this background to clarify that the proportionality 
in equations (4) and (5) reflects these physical processes. We will also acknowledge that, in the 
absence of direct energy budget observations, the proportionality is treated as a first-order 
approximation of the relationship between ET and PETa. 
 
112 Period after "asymmetric" 
and better: is widely supported by 
 
Response: 
Following your suggestions, the sentence will be revised as follows: 
 
Equation (4) is identical to the original CR, i.e., equation (3) with 𝑘 = 1, otherwise the CR 
becomes asymmetric. The latter is widely supported with observations and theoretical derivations 
(Kahler and Brutsaert, 2006; Szilagyi, 2007, 2021). 
 
113 is likely to arise 
This argument is rather weak, particularly in regard to lines 58,59, where you vaguely state that 
the symmetric relationship claimed by Bouchet (1963, not accessible) is not supported by 
observation. Given the complex interplay of processes at the land surface, it is not very probable 
that a symmetric relationship comes out, depending on the desired accuracy, of course. 
 
Response: 
Although Bouchet (1963) is not accessible, its concept of a symmetric complementary relationship 
has been extensively discussed and cited in subsequent literature, including McNaughton and 
Spriggs (1989), who summarized and clarified Bouchet’s original hypothesis (see the screen 
capture as insert below). 



 
However, both observational and theoretical studies have since demonstrated that the 
complementary relationship between ET and PETa is often asymmetric. For example, Kahler and 
Brutsaert (2006) used observations of actual evapotranspiration and Class A pan evaporation to 
show that the relationship is asymmetric, primarily due to heat exchange between the pan and its 
surroundings, as well as local advection effects. Szilágyi (2007) provided further theoretical 
insight, demonstrating that the degree of asymmetry depends on assumptions about the wet patch’s 
energy balance. In one case, where the wet surface reaches the same temperature as the drying 
environment due to heat transfer, the relationship becomes highly asymmetric, consistent with our 
framework for estimating the upper limit of PETa. In contrast, when no external heat transfer is 
assumed, the relationship becomes more symmetric. 
 
These studies reinforce our argument that a symmetric complementary relationship is not generally 
supported by observation, and that asymmetry is a more realistic representation of surface energy 
partitioning under varying conditions. These points will be further clarified and elaborated upon 
in the revised manuscript. 

 



 
 
121 I do not think that the physical meaning of k is unclear. It looks as a lumped parameter that 
depends on the geometry of small and large areas, on the state of soil-vegetation and atmosphere 
and the processes therein. 
 
Response: 
We respectfully disagree with the statement that the physical meaning of k is clear. In our view, k 
is an empirical and lumped parameter that is influenced by multiple sources of uncertainty. On one 
hand, it depends on the geometry and material of the evaporation pan and the surrounding surface 
wetness conditions, which affect energy exchange processes. On the other hand, it is sensitive to 
the uncertainties inherent in both PETe and PETa estimation—whether from pan observations or 
through empirical formulations. 
 
Precisely because k integrates many uncontrolled and context-specific influences, its physical 
interpretation remains ambiguous. Determination or estimation of k requires fitting data to the 
assumed CR. Our analysis demonstrates that, if PETe and PETa are defined and estimated using 
equations (12) and (15), k can be interpreted as the wet Bowen ratio (𝛽! ). This physically 
meaningful interpretation, to our knowledge, has not been explicitly stated in previous literature. 
 

eqs (6,7), 137 You should not simply an established symbol like R_n and call it the difference 
between its actual meaning and the ground heat flux. The minimum is to call it R_n^* or R`_n or 
similar. 
You should not call the difference between net radiation and ground heat flux net radiation. It is 
often called available energy. 
 
Response: 
Thank you for the helpful clarification. We agree with your suggestion and will replace 𝑅% with 
𝑅%+  to explicitly denote the available energy, defined as the difference between net radiation and 
ground heat flux, to avoid potential confusion. In the original manuscript, we referred to this 
quantity as “net radiation” for simplicity, since ground heat flux is typically negligible at monthly 
and longer time scales. While the term “available energy” is a broad term and can sometimes 
include horizontal energy transfers (especially relevant for PETa), we will clarify its usage in the 
revised manuscript as follows: 
 



where 𝑅%+  (𝐽 ∙ 𝑚*) ∙ 𝑠*() denotes the available energy, i.e., net radiation minus ground heat flux 
(hereafter referred to as net radiation for simplicity, as ground heat flux is negligible at monthly 
or longer time scales), which equals the sum of latent and sensible heat fluxes. 
 
133, 134 heat flux. Again, give the units, this will make the text more readable. 
 
Response: 
We will add units for these energy fluxes (𝐽 ∙ 𝑚*) ∙ 𝑠*() in the revised manuscript. 
 
138 Even this is a simplification already. 
flux 
 
Response: 
Thank you for pointing this out. In the revised manuscript, we will clarify that the term “net 
radiation” is a simplification and explicitly refer to the fluxes involved. For details, please refer to 
our response and revision to the comment on line 137. 
 
Chapter 3.1 
You invoke the impression that these so-called approaches are somehow equivalent, but they are 
not at all. Eqs (6,7) are equivalent and state the conservation of energy at the land surface 
(simplified, but this is ok in this context). The equations are redundant and cannot be solved for 
beta. So this is not an "approach". 
 
Eqs (8,9) are process equations. In combination, they give a description of what is happening at 
the land surface and, given the parameter values, can be solved for the turbulent fluxes. 
I am sure that you know all this, it is just the presentation that makes the derivation crude. 
The meaning of the indices is not explained. 
 
Response: 
We agree that the energy balance and aerodynamic formulations are not equivalent in a strict 
methodological sense. Our intention was not to present them as such, but rather to highlight that 
they should yield consistent estimates of the latent and sensible heat fluxes. 
 
Equations (6) and (7) represent the expressions of latent and sensible heat fluxes based on the 
surface energy balance. These equations serve as a conceptual foundation for understanding energy 
partitioning at the land surface (Fig. 1). The energy balance approach can be used to estimate latent 
and sensible heat fluxes when the Bowen ratio is observed, such as in the Bowen Ratio Energy 
Balance System (see EBBR Handbook). Additionally, the Bowen ratio can be inferred from the 
aerodynamic formulation (as shown in equation (10)), or estimated empirically, particularly under 



wet conditions (for example, the Priestley-Taylor equation). Therefore, we believe it is appropriate 
to refer to this as the energy balance approach. 
 
Given that both the conceptual background and practical application of these two approaches are 
well established in the literature (e.g., Penman, 1948; Chow et al., 1988; Bonan 2008; Zhou and 
Yu, 2024), we did not include detailed derivations in the manuscript. However, we will cite the 
relevant references and clarify the distinctions more explicitly in the revised version. 
 
150 This is a distorted formulation for combining process equations with the mass balance 
equation. 
 
Response: 
We respectfully disagree with this comment. Estimating the Bowen ratio from the aerodynamic 
formulation is a widely used and accepted approach for enabling the application of the energy 
balance method (i.e., equations (6) and (7)). This formulation has been adopted in many 
foundational studies and textbooks (e.g., Penman, 1948; Chow et al., 1988; Zhou and Yu, 2024), 
and provides a practical means to integrate process-based understanding with energy and mass 
balance constraints. 
 
141 It is the flux, everywhere. 
You should give a textbook reference here for interested readers. 
 
Response: 
Thank you for the suggestion. We will clarify in the revised manuscript that the terms refer to 
latent and sensible heat fluxes throughout the manuscript. Additionally, we will cite Bonan (2008) 
as a textbook reference for details. 
 
160 This would require knowledge of T_s. This should at least be mentioned. 
partitioning 
 
Response: 
We agree that the estimation of 𝛽!  requires knowledge of surface temperature (𝑇, ). This 
dependency has been noted in line 157, and we will ensure that it is clearly stated and emphasized 
in the revised version. 
 
163 What is eq. (13) needed for? 
 
Response: 
Equations (12) and (13) describe the partitioning of latent and sensible heat fluxes under wet 
conditions, in contrast to the dry-condition partitioning represented by equations (6) and (7). 



Equation (13) is specifically referenced in line 222 to explain the assumption of constant net 
radiation when comparing wet and dry conditions. These distinct partitioned regimes are also 
illustrated in Fig. 1 to clarify their roles within our framework, as the complementary relationship 
arises from shifts in the partitioning between latent and sensible heat fluxes between wet and dry 
conditions. 
 
170 are assumed to be identical 
 
Response: 
The sentence will be revised accordingly. 
 
188 In lines 171,172 you assumed that the surface temperatures are equal. It is a contradiction that 
you have to maintain the temperature in an experiment. 
 
Response: 
We assumed that the surface temperature of the small, saturated area approaches the temperature 
of the surrounding dry surface (𝑇, ), sustained by heat transfer from the environment. This 
assumption allows us to estimate the upper limit of PETa using equation (14) or (15). 
 
In practice, the Class A evaporation pan (121 cm in diameter) has a relatively large surface area, 
and its surface temperature is often lower than that of the surrounding environment due to 
evaporative cooling. Therefore, to approximate the upper limit of PETa using a pan, we need to 
maintain its surface temperature equal to that of the surrounding dry surface. This is consistent 
with the assumption used in our framework for estimating the upper limit of PETa, rather than 
contradicting it. 
 
254 Why did you not use the measured Rn? To avoid dealing with the energy balance closure 
problem? Then express this clearly. Were the turbulent flux data not Bowen-ratio corrected? 
 
Response: 
In our analysis, we defined Rn as the sum of latent and sensible heat fluxes, consistent with 
equations (6) and (7). For simplicity and consistency, we directly used the sum of latent and 
sensible heat fluxes to calculate Rn, and subsequently PETe and PETa, at fluxnet sites. 
 
We did not use the measured Rn directly, nor did we apply the Bowen ratio correction method, 
which redistributes latent and sensible heat fluxes in proportion to the observed Bowen ratio. Our 
focus is not on closing the energy balance per se, but rather on examining the relationships between 
scaled ET (ET/PETe) and scaled PETa (PETa/PETe), and between scaled ET (ET/PETa) and 
scaled PETe (PETe/PETa) (Fig. 2). As summarized in Table 2, these relationships are 
fundamentally governed by the Bowen ratio (𝛽) and the wet Bowen ratio (𝛽!). Therefore, whether 



or not energy balance closure is enforced via the Bowen ratio correction method does not affect 
the validity of the relationships among ET, PETe, and PETa in our study so long as the Bowen 
ratio remains consistent and unchanged. 
 
255 To do this (eq. 11), you would need the surface temperature. More details are necessary here. 
 
Response: 
We clarified in the manuscript that surface soil temperature was used as a proxy for surface 
temperature in our analysis. This will be explicitly stated in the revised manuscript as follows: 
 
Data were included in this analysis for site-years where measured or high-quality gap-filled data 
on air temperature, surface soil temperature (used as a proxy for surface temperature), sensible 
and latent heat fluxes were available. 
 
415 Given the validity of eq. 23, it shows, apparently unnoticed by the authors, that beta_w is a 
function of Delta and hence of air temperature. 
 
Response: 
Indeed, as shown in equation (23), 𝛽!  is approximately estimated as a function of γ/Δ, which 
implicitly links it to air temperature. Equation (11) defines 𝛽! based on aerodynamic principles 
and requires surface temperature data, which may be unavailable in many practical applications. 
To address this limitation and enhance the applicability of our framework, we introduced equation 
(23) as an empirical approximation of 𝛽!, based on the relationship between 𝛽! and γ/Δ derived 
using ocean data (Yang and Roderick, 2019; Zhou and Yu, 2024). This formulation provides a 
practical means to estimate 𝛽!  using standard meteorological variables and facilitates broader 
application of the complementary relationship framework, particularly in settings where surface 
temperature is not observed. 
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