
We thank the reviewer for these helpful comments. Reviewer comments are listed below, along with our 

response to each. In some cases, we describe the proposed revisions to the manuscript (with line 

numbers) or refer to proposed revisions described in our responses to the other reviewers, but we 

recognize that the revised manuscript is requested in a subsequent step.  

Comment 1: 

This manuscript analytically derived both forms of the parametric Budyko equations, producing 

expressions for n and w only in terms of long-term mean P, E0 and E.  

Response 1: 

To clarify, our manuscript does not derive both forms of the parametric Budyko equations. Rather, we 

analytically inverted the existing two parametric Budyko equations, producing expressions for n and w in 

terms of precipitation, evapotranspiration, and potential evapotranspiration.  

Comment 2: 

This derivation is logically sound, but the expressions for n and w are too complex to apply for 

estimating the values of n and w. 

Response 2: 

We agree that the full solutions are complex, however, in the context of advancing our understanding of 

n and w, the degree of their complexity is largely irrelevant since they are the only extant explicit 

expressions for n and w. Therefore, they are currently the only way to estimate n and w explicitly as well 

as being the only way to directly relate n and w to biophysical features through �̅�, 𝐸0̅̅ ̅, and �̅�. Prior to the 

development of these explicit expressions, n and w could only be determined from �̅�, 𝐸0̅̅ ̅, and �̅� by 

numerically solving the parametric Budyko equations. It is plausible that the expressions presented could 

be simplified to a “less complex” form or that a simpler analytical inversion could be developed, however, 

until such events occur, these expressions are the simplest (and only) explicit expressions for n and w.  

We acknowledge the reviewer’s point that when directly computing n and w from values of �̅�, 𝐸0̅̅ ̅, and �̅�, 

the explicit expressions we derived do not offer a significant advantage over the standard numerical 

inversion method, since in practice both methods must implemented with computational algorithms. 

However, the direct computation of n and w is not the primary utility of the explicit expressions. Rather, 

they illustrate that the dependence of n and w on any “hidden” biophysical processes must be through 

the dependence of �̅�, 𝐸0̅̅ ̅, and �̅� on those same features and processes, thus advancing our understanding 

of the parametric Budyko equations (as well as limitations to their utility). The direct dependence of n and 

w on �̅�, 𝐸0̅̅ ̅, and �̅� is explored in detail in the companion research article (Reaver et al., 2020) (hess-2020-

584, Reinterpreting the Budyko Framework, cited on page 3, line 57), however, this point could be more 

clearly articulated in this technical note. We thus propose revisions to the abstract, introduction, and 

discussion and conclusions sections to better motivate the study and summarize our interpretations 

regarding the utility of catchment-specific parameters and the overall parametric approach. These 

proposed revisions are given in our response to Reviewer 1, Comment 3. 

Comment 3:  

This paper lacks rationality analysis of n and w expressions. It is necessary to analyze the rationality of 

the results using the observation data in some watersheds with different climate and biophysical 

features. 



Response 3: 

It is unclear what the reviewer is referring to when requesting a “rationality analysis”, nor why it is 

necessary or relevant to this technical note. As we note in the manuscript, the primary aim of this technical 

note was to analytically invert the parametric Budyko equations and verify that the derived solutions were 

valid by comparison to numerical inversion. Thus, it is not clear how observational data from real 

catchments would be incorporated into the current scope of the manuscript. While it is possible to take 

observational data (e.g., �̅�, 𝐸0̅̅ ̅, and �̅�) from different catchments to estimate n or w (using Equation 14) 

and compare them with the numerical solution of the implicit parametric Budyko equations (Equations 4, 

5, 6, and 7), the same approach can be applied to any selected values of �̅�, 𝐸0̅̅ ̅, and �̅�0 (as was done in the 

manuscript; Figures 1-4, pages 6-8, lines 124-155). Importantly, the source of the values for �̅�, 𝐸0̅̅ ̅, and �̅� 

(e.g., computed from observational data or chosen) is not important for verifying the explicit expressions 

Comment 4: 

The expressions derived in this paper are only suitable for natural watersheds or for the analysis of 

climate-vegetation-hydrology equilibrium. However, it can not be used to estimate the impact of land 

use changes or vegetation changes due to human activities on the water balance of watersheds. 

Response 4: 

The assertion that the derived expressions for n and w are only suitable for natural watersheds or for the 

analysis of climate-vegetation-hydrology equilibrium is both unsubstantiated and incorrect. Equation 14 

(page 4, line 85) allows one to explicitly estimate the value of n or w for set of �̅�, 𝐸0̅̅ ̅, and �̅� values no 

matter what the source of those values is (e.g., human-impacted watershed, chosen at random, natural 

watershed, etc.). We agree that the explicit expression for n and w cannot be used to estimate the impact 

of anthropogenic land use change on the catchment water balance, however this was not the goal of the 

manuscript, nor a claim that we made. Rather, we stated that Equation 14 (page 4, line 85) provides the 

“general expression for the dependence of 𝑛 and 𝑤 on any possible biophysical features through the 

dependence of �̅�, 𝐸0̅̅ ̅, and �̅� on those same features” (page 3, lines 65-66). In the companion research 

article (Reaver et al., 2020), we specifically state that the parametric Budyko framework generally cannot 

be used to estimate the impacts of anthropogenic land use change on the catchment water balance. 

 

References: 

Abatzoglou, J. T., and Ficklin, D. L.: Climatic and physiographic controls of spatial variability in surface 
water balance over the contiguous United States using the Budyko relationship, Water Resources 
Research, 53, 7630-7643, 2017. 
Bai, P., Liu, X., Zhang, D., and Liu, C.: Estimation of the Budyko model parameter for small basins in China, 
Hydrological Processes, 34, 125-138, 10.1002/hyp.13577, 2019. 
Cong, Z., Zhang, X., Li, D., Yang, H., and Yang, D.: Understanding hydrological trends by combining the 
Budyko hypothesis and a stochastic soil moisture model, Hydrological Sciences Journal, 60, 145-155, 
10.1080/02626667.2013.866710, 2015. 
Donohue, R. J., Roderick, M. L., and McVicar, T. R.: Roots, storms and soil pores: Incorporating key 
ecohydrological processes into Budyko’s hydrological model, Journal of Hydrology, 436-437, 35-50, 
10.1016/j.jhydrol.2012.02.033, 2012. 
Li, D., Pan, M., Cong, Z., Zhang, L., and Wood, E.: Vegetation control on water and energy balance within 
the Budyko framework, Water Resources Research, 49, 969-976, 10.1002/wrcr.20107, 2013. 



Li, S., Zhang, L., Du, Y., Zhuang, Y., and Yan, C.: Anthropogenic Impacts on Streamflow-Compensated 
Climate Change Effect in the Hanjiang River Basin, China, Journal of Hydrologic Engineering, 25, 
10.1061/(asce)he.1943-5584.0001876, 2020a. 
Li, T., Xia, J., She, D., Cheng, L., Zou, L., and Liu, B.: Quantifying the Impacts of Climate Change and 
Vegetation Variation on Actual Evapotranspiration Based on the Budyko Hypothesis in North and South 
Panjiang Basin, China, Water, 12, 10.3390/w12020508, 2020b. 
Ning, T., Li, Z., and Liu, W.: Vegetation dynamics and climate seasonality jointly control the interannual 
catchment water balance in the Loess Plateau under the Budyko framework, Hydrology and Earth System 
Sciences, 21, 1515-1526, 10.5194/hess-21-1515-2017, 2017. 
Ning, T., Zhou, S., Chang, F., Shen, H., Li, Z., and Liu, W.: Interaction of vegetation, climate and topography 
on evapotranspiration modelling at different time scales within the Budyko framework, Agricultural and 
Forest Meteorology, 275, 59-68, 10.1016/j.agrformet.2019.05.001, 2019. 
Ning, T., Li, Z., Feng, Q., Chen, W., and Li, Z.: Effects of forest cover change on catchment 
evapotranspiration variation in China, Hydrological Processes, 34, 2219-2228, 10.1002/hyp.13719, 2020a. 
Ning, T., Liu, W., Li, Z., and Feng, Q.: Modelling and attributing evapotranspiration changes on China’s 
Loess Plateau with Budyko framework considering vegetation dynamics and climate seasonality, 
Stochastic Environmental Research and Risk Assessment, 10.1007/s00477-020-01813-0, 2020b. 
Reaver, N. G. F., Kaplan, D. A., Klammler, H., and Jawitz, J. W.: Reinterpreting the Budyko Framework, 
Hydrol. Earth Syst. Sci. Discuss., 2020, 1-31, 10.5194/hess-2020-584, 2020. 
Shao, Q., Traylen, A., and Zhang, L.: Nonparametric method for estimating the effects of climatic and 
catchment characteristics on mean annual evapotranspiration, Water Resources Research, 48, 
10.1029/2010wr009610, 2012. 
Xing, W., Wang, W., Shao, Q., and Yong, B.: Identification of dominant interactions between climatic 
seasonality, catchment characteristics and agricultural activities on Budyko-type equation parameter 
estimation, Journal of Hydrology, 556, 585-599, 10.1016/j.jhydrol.2017.11.048, 2018. 
Xu, X., Liu, W., Scanlon, B. R., Zhang, L., and Pan, M.: Local and global factors controlling water-energy 
balances within the Budyko framework, Geophysical Research Letters, 40, 6123-6129, 
10.1002/2013gl058324, 2013. 
Yang, D., Sun, F., Liu, Z., Cong, Z., Ni, G., and Lei, Z.: Analyzing spatial and temporal variability of annual 
water-energy balance in nonhumid regions of China using the Budyko hypothesis, Water Resources 
Research, 43, n/a-n/a, 10.1029/2006wr005224, 2007. 
Yang, D., Shao, W., Yeh, P. J. F., Yang, H., Kanae, S., and Oki, T.: Impact of vegetation coverage on regional 
water balance in the nonhumid regions of China, Water Resources Research, 45, 10.1029/2008wr006948, 
2009. 
Yang, Y., Donohue, R. J., and McVicar, T. R.: Global estimation of effective plant rooting depth: Implications 
for hydrological modeling, Water Resources Research, 52, 8260-8276, 10.1002/2016wr019392, 2016. 
Zhang, S., Yang, Y., McVicar, T. R., and Yang, D.: An Analytical Solution for the Impact of Vegetation 
Changes on Hydrological Partitioning Within the Budyko Framework, Water Resources Research, n/a-n/a, 
10.1002/2017WR022028, 2018. 
Zhang, X., Dong, Q., Costa, V., and Wang, X.: A hierarchical Bayesian model for decomposing the impacts 
of human activities and climate change on water resources in China, Sci Total Environ, 665, 836-847, 
10.1016/j.scitotenv.2019.02.189, 2019. 
Zhao, J., Huang, S., Huang, Q., Leng, G., Wang, H., and Li, P.: Watershed water-energy balance dynamics 
and their association with diverse influencing factors at multiple time scales, Sci Total Environ, 711, 
135189, 10.1016/j.scitotenv.2019.135189, 2020. 

 


