[bookmark: comments-response-to-reviewer-2]Comments Response to reviewer 2
[bookmark: summary]Summary
The article explains how the complexity of virtual water footprint network determining the situation of crop production under water scarcity in the Yellow River Basin (YRB), China. The mechanism of increasing water footprint network complexity pushing the continuous development of the Yellow River Basin with limited water resources has been revealed and discussed. The authors emphasized the necessity of both ecological sustainability and high-quality development with the fact that water footprint network complexity can also increase of difficulty of relieving water stress by simply replacing scarce water.
[bookmark: general-comment]General comment
The main conclusion of the article is supported by clear thinking and accurate data analysis. As the authors provide detailed interpretation of virtual water network related mechanisms over the YRB during historical period (1980s to 2000s), it is recommended to extend the time axis to more recent period and show projections for future scenarios of virtual water network and water scarcity or disasters within the YRB. The intuitiveness and readability of the Mathematical method description can be improved. A major revision is recommended for further works on this manuscript.
Response: We appreciate the acknowledgement of our study. However, we realized that our previous manuscript still had many issues, especially in the methods section. So directly, besides this Response, we provide a better description of the method with demo codes to demonstrate that our core approach (complexity measurement, GENEPY index) works as expected (see the attachments). Up to now, it is not easy to prolong our analysis and, as core findings can be revealed now, by existing (as far as we know) the most relevant data. Therefore, producing a coherent dataset for prolonging the analysis period or even predictions is not our primary goal. There will be a further explanation in the following detailed comments.
[bookmark: comment-list]Comment list
The detailed comments are listed below. 1. Easing water shortage in the YRB by transferring water across the basin may not contradict the main conclusion of this research. The complexity of water footprint network brings high uniqueness of the YRB and makes it not easily to be replaced by other regions. Is this case, water transferring can be a useful approach at least for the current period. The authors may adjust the related sentences of the literature review here.
Response: Thanks for the comment, and we cannot agree with the opinion more. Transferring water across the basin is an effective method to deal with the water shortage. Maybe some more discussion can be added in a revised manuscript. For example:
According to our analysis, the Yellow River Basin (YRB) have already developed in competitiveness. As a result, the VWF of the YRB was well-structured into national Networks. Therefore, it is not easy to replace crop productions with other regions. As a result, water diverted to the Yellow River Basin is an option to balance water shortage and crop production with food security.
2. Line 70: The research focuses on the historical evolution of virtual water footprint in the Yellow River Basin by applying data from 1980s to 2000s. Is there more recent dataset available especially for the previous decade?
Response: Thanks for the comment. We considered an extension of the study period. However, an available dataset with enough crop types and virtual water is not supported (a detailed introduction of the methods, including the datasets section, is attached). We contacted the datasets’ provider, but the latest update is still in production and unavailable. Therefore, it is not easy to produce the newest dataset consistently. Furthermore, a significant water shortage occurred in the 1970~1980s, and we assume that water shortage induced a complexity-oriented agricultural development. Thus, our primary contribution is to test the concept and measurement “complexity,” a more extended study period and complete production/region types are more important than a new but lacking enough crop types dataset. Our approach is not perfect, but proper to test our assumption as a balanced result. We would like to see other latest and sufficient datasets developed and applied by our complexity-based method in the future, but that is not our primary goal.
3. Line 75: It is recommended to use more concrete and precise description to introduce the meaning of , rather than ‘otherwise’.
Response: Thanks for the recommendation, and sorry about the intuitiveness and readability of the mathematical description. Now, a more fluent and precise method introduction is attached.
4. Figure 1: Is it possible to visually explain the Mathematical methods via the figures here? The description of methodology needs to be more intuitive.
Response: Thanks for the advice! Since the method is a bit complicated, it takes us not a short time to design a better illustration. How about this:
[image: https://gitee.com/SongshGeo/Picgo2/raw/master/uPic/illustration.jpg]
Caption: Here, we give a more straightforward illustration of our method. Illustrating a nation comprised of three regions (, , and ) where three types of crops (, , and ) can be the productions for supporting virtual water flows (VWF). Region  doesn’t produce the crop , and the region  produce negligible crop  and . When considering VWF volume, it is hard to compare the region  and the , as they both support 40% national total VWF. However, when the structure is involved, their position in region-crop bipartite networks are different, typically in their differences of diversification (), uniqueness () and competitiveness (). Therefore, considering both volume (by ignoring eligible VWF crops) and structure, the  index is a method for distilling information. Our main results were derived from comparisons between indexes of YRB, China, and random networks (as a benchmark).
5. Figure 4: Figure 4A shows that the diversification of YRB monotonically decreases during the whole time period. The uniqueness of YRB (indicated by Figure 4B, smaller number means higher uniqueness) has increased from 1978~1995 but then decreased during 1995~2000 before it increased again after 2000. This fluctuation has also been further verified by Figure 4C, is there any reason or background for this?
Response: Thanks for the comment pointing such an interesting question. Firstly, there was some discussion in the previous manuscript: 
According to the literature Zhou et al., (1), the slowdown of the growth of China’s water consumption can be divided into two stages by the 1990s. While growth during the earlier period occurred mainly in arid and semi-arid areas (e.g., the YRB), growth during the latter period affected the whole country. The increase of the national average level of complexity therefore lagged behind that of the YRB. This lag was probably the result of the rest of China pursuing structural advantages later than the YRB.
Then, we did not analyze in-depth as the problem is too complicated to give a definite hypothesis. So here, we propose some hypotheses, as just a heuristic and to be proved:
1. As mentioned above, higher complexity with decreasing VWF volume may hint at pursuing structural advantages under water shortage. Since 2000, water-saving transformations have been widespread all over the nation (according to (1)). However, because the network was constructed from a Relative Comparative Advantage (RCA, see method section), the Yellow River Basin lost relative comparative advantages from other regions’ complexity developing, step by step.
1. As one of the oldest farming culture origin, rich combinations of thermal and water supports potential ability in crop production of the YRB. Furthermore, irrigation gave the YRB more flexibility to pursue competitiveness because crops could get enough and timely water. However, water conservancy construction has weakened these relative advantages in other regions since the 2000s.
Summarized, we propose that the Relative Comparative Advantage (RCA) induced the fluctuation when advantages of YRB are no longer evident to the national average. However, a deeper reason why the relative comparative advantages changed is an open discussing question, and we just proposed our hypothesis in our manuscript.
6. Is there any connection between virtual water network complexity and the resilience of water resources system against climate change and natural disasters in the target basin? This could be important especially when considering extreme weather events such as the extreme rain and flood events happened in northern China in summer 2021, which has caused both economy and agriculture damages. This might also show the importance of taking more recent time period into account and carrying out future climate scenario analysis in further steps of the research.
Response: Thanks a lot for providing such an exciting question for open discussion.
The complexity of the VWF network means that the Yellow River basin’s superior productivity and ability to provide water for crops throughout the country. On the one hand, if the water supply is not damaged, the Yellow River basin water network complexity (the ability to supply water for crops) provides enough tenacity for the river basin, has the ability of the Yellow River basin to meet with extreme weather may be better resilient than another area, because of a stronger relative comparing advantages. However, on the other hand, this complexity has brought robustness in crop production and trades of the Yellow River basin, which appears to produce other unaffected crops when some crops are affected by extreme weather.
However, it is unclear whether this supply force has imposed a burden on the local ecosystem as a whole and whether the increased complexity of the virtual water network means that there will be more artificial crops in the Yellow River basin that will affect the local ecological balance. With this in mind, will the Yellow River basin be more vulnerable when extreme weather strikes? What is more, when extreme weather strikes, especially drought or flood, it will lead to the loss of stable water supply capacity of the Yellow River Basin. In this case, the extreme weather will significantly threaten crops in the Yellow River basin and the crop circulation of the whole country because of embeddedness. Figuring this out will be necessary for how our agriculture responds to extreme weather in the future, and we hope to address this issue in future research.
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