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[bookmark: overall-comments]Overall comments
Based on the concept of “complexity” in complex economics, this manuscript points out that the virtual water flow for trade in the Yellow River basin is decreasing, but its irreplaceability is increasing. There are significant flaws in literature citation and method description, so it is hard for me to recommend the current version of the manuscript to be published in the HESS. Following are some comments:
Response:
Thanks for taking the time to comment on our manuscript. We are very sorry that the manuscript was confusing to you. We spent more effort sorting out the method section and hope you can understand our work by our revised method section (in attachment, with a demo code).
[bookmark: detailed-comments]Detailed comments
1. The methodological part of the manuscript is not clear and accurate. In the process of model construction, there are obvious errors in all corner labels of the author, such as . According to Sciarra et al. (2020), the author wrongly defined the meanings of and in the calculation in this formula, especially when using the same qualification conditions as in Sciarra et al. (2020). The same error occurs in Equation 3. In addition, the content of Formula 5 and 6 is the same, and the author does not give an effective description of its essential difference. Therefore, I doubt the rationality of the calculation method in this manuscript, and the results revealed are debatable.
Response: Thank you for your suggestion, and we are sorry for your confusion about the methodological part. Unfortunately, while we directly referred to the algorithm developed by Sciarra, we have to apply it in another analysis scale. This is because the original corner labels were opposite to ours: -in Sciarra’s article, they use abbreviations (country, ; production, ) to indicate regions and production; In our previous version, however, we used opposite abbreviations (province, ; crop, ) as indications of regions and productions, respectively. It is indeed very counterintuitive, so I’ve completely changed them to  and  (see the method introduction in attachments). I hope this helps reduce your confusion when tracing the methods.
However, we did make some mistakes in the previous method sections, such as corner label mistakes in formula (3), same formula (5), and (6). We have corrected it in the attached rectification document. Thank you for your dedicated and responsible review that helped us fix these problems.
Finally, we confirm that the algorithm worked correctly in programming. We rechecked that the algorithm codes were correct, and attach a demo code so that you can revalidate our calculation of the GENEPY index proposed by Sciarra. At the same time, all our source codes are openly accessible on GitHub.
2. There is little information on how the VWF are simulated.
Response:
Thanks for your comment, and we plan to make this much more apparent in a new subsection Dataset and VWF estimation:
As national water footprint in total production and total consumption is equal for each crop , the difference between the water footprint of production and consumption indicates the surplus partial for province , considered to be Virtual Water outflows (VFW):


In this way, we obtained the annual volume matrix of VFW  in year , where  and  indicate a specific province and a particular crop,  and  are virtual water embedded in crops production and consumption directly from the original dataset. We focus on outflows, so virtual water inputs (i.e., if consumption is more extensive than its production) are not considered (set to zero).
3. Information on data sources is lacking!
Response:
Thanks for your comment, and now we make this much more explicit in a new subsection Dataset and VWF estimation:
We produced provinces-crops associations by using a rich dataset on the water footprint of crop production and consumption in China, which is openly accessible on (https://waterfootprint.org/en/resources/waterstat/wf-crop-production-and-consumption-china/). The dataset contains annual statistics for the period 1978-2008 for  individual crops (wheat, maize, rice, sorghum, barley, millet, potato, sweet potato, soybean, groundnuts, sunflower, rapeseed, sugar beet, sugar cane, cotton, spinach, tomato, cabbage, apple, grapes, tea, tobacco). For each crop, The annual water footprint of both production and consumption are available at the province level of China (, no data in Taiwan, Hong Kong, and Macau) are available. The dataset was widely used when evaluating Chinese virtual water flows (1-3).
4. In general, the boundaries of river basins are not equivalent to the administrative boundaries. Since this paper focuses on the Yellow River basin, the quantification results at the provincial level cannot accurately reflect the situation of the basin itself. Or it should be clearly described that how the part of each province within the basin was identified.
Response:
Thanks for the comment. The mismatch between administrative and hydrological areas are a widespread problem, and here are reasons why this problem does not damage our main goal:
First and foremost, we obtained core conclusions by comparing provincial averages in the Yellow River Basin (YRB) and the national average levels, indicating that changing trend is more important than the complexity index value in this study. Furthermore, the national average includes provinces that depend heavily on the Yellow River (Qinghai, Gansu, Ningxia, Neimeng, Shaanxi, Shanxi, Henan, and Shandong Province). Therefore, when comparing the two mean values, the differences in their trends can show that the relevant provinces are different as a whole.
Secondly, as we mentioned in the article, complexity also depends on other factors in the region, such as policies, markets, infrastructure, human resources, etc. These variables, which are not the focus of this paper, are most similar within provinces. Therefore, although this paper focuses on the “complexity” of basin-scale and water resources as the main object of analysis, the network construction with the province as the node is just the proper scale that can ignore these factors.
Finally, no suitable foodprint data corresponding to watershed boundaries are available. Suppose the virtual water data at the basin scale can be more accurately combined with social and economic data at the administrative hierarchy. In that case, it will be a more detailed quantitative analysis. However, the water footprint of crops is currently difficult to obtain data at more minor spatial scales over such a long period. This study focuses more on change trends analysis, so it does not develop a more sophisticated data set that combines watershed with administrative scale. We have now mentioned this limitation in the discussion so that future researchers using this method can consider further studies on a more detailed scale:
Our research shows that introducing the concept of complexity into virtual water research is an exciting attempt with new perspectives, but there are still many limitations to this initial exploration. Complexity also depends on other factors in analysed regions, such as policies, markets, infrastructure, labour resources, etc., which are not the focus of this paper, are most similar within provinces. Moreover, no suitable water footprint data for an extended period to watershed boundaries are available is another challenge for focusing on water resources’ influence on complexity. That’s why we construct networks by regarding provinces as regional nodes. However, combinations between provincial (3) and watershed datasets (1) can be better for accurate assessments. This study focuses more on changing trends rather than the mechanisms. Developing a more sophisticated dataset for further analysis can be one of the future directions. Furthermore, there is also a gap between VWF complexity and its influence on water resources management. If complexity (levels of a region embedded into VWF networks) is good or dangerous to water-poor and water-rich basins is still on an open discussion.
5. L21-29: For descriptions of the current status of water resources in the Yellow River basin, it is important to cite official statistics rather than secondary literature.
Response:
Thanks for the comment, and you are right. Now we calculated the data again according to official statistics:
The Yellow River Basin (YRB) is the most critical agricultural production area in China. Although the YRB uses only  of the water resources in China, the provinces it flows through an account for over  of the national grain production (data from official statistics, with  of its grain production consumed outside the basin
6. L33-34: As for the derivation of the concept of water footprint and virtual water, the literature cited here is not clear and unrepresentative.
Response:
Thanks a lot for pointing this out. We may add references to some of the original and most representative literature to trace the birth and development of the concept in the mentioned paragraph:
Allan J A, 1993. Fortunately there are substitutes for water otherwise our hydro-political futures would be impossible. Proceedings of the Conference on Priorities for Water Resources Allocation and Management: Natural Resources and Engineering Advisers Conference, Southampton, pp. 13–26.
Oki T, Kanae S, 2004. Virtual water trade and water resources. Water Science & Technology, 49(7): 203-209.
Hoekstra A Y, 2014. Water scarcity challenges to business. Nature Climate Change, 4: 318-320.
7. L56-57: Reference citation format error.
Response: Thanks a lot for your circumspection. We rectified this mistake.
8. In Figure 2 c, why choose to show 1979 instead of 1978
Response: Thanks a lot for pointing this out. That was a mistyping, and we rectified it now.
9. L154: Spelling mistake: production.
Response: Thanks for your circumspection, and we rectified this misspelling now.
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