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Reply to reviewer’ comment

Reviewer #1: Manuscript Review

Overall comment:

This manuscript proposed an optimal operating strategy with a focus on alleviating the
concentrated water shortage problem of the Jiangsu section of the South-to-North Water
Diversion Project. As the authors stated, it is important to balance multiple objectives
including social, economic, and ecological objectives, and find the optimal operation
rules for efficient water resources utilization. The strategies derived from NSGA-III
have been further filtrated with the multi-attribute decision-making method, which is
quite innovative and can solve the problem of uneven spatial and temporal distribution
of water resources. In general, this manuscript is organized well. I have several
suggestions before it can be accepted for publication in Hydrology and Earth System
Sciences.

Response:

Thank you very much for your recognition of our work. You have provided us with
very valuable comments to improve the quality of this paper. We have tried our
best to digest your comments and made corresponding improvements carefully.

Point-by-point responses are attached below.

Comment 1. The Introduction section needs to be rewritten/reorganized to be more
clear and focused. For a logically sound presentation, this section should start with an
overall introduction of IBWD, followed by a generalized discussion of the main
research efforts and remaining gaps of IBWD worldwide. Next, China’s SNWDP-
specific information should be provided in detail, which transitions to the key research
objectives and contributions of this paper. With each of the above four aspects
occupying at least one dedicated paragraph, I suggest proceeding straight to the point
(SNWDP-focused study) after necessary background information (IBWD in general)

to avoid blurring of the key message conveyed by the present study.



Response 1:
Thank you for your suggestion. We have reorganized the Introduction section to
make it clearer and more appropriately highlight the research focus of the paper.

The updated Introduction are shown as follows:

“I Introduction

Influenced by the impacts of global climate change, human activities, and increasing
water demand, issues like regional water resource deficits, flood and drought disasters,
and the conflicts between water supply and demand are progressively intensifying
(Florke et al., 2018, Kato and Endo, 2017; Ma et al., 2020; Rossi and Peres, 2023).
These social issues have become one of the key factors constraining regional and even
global sustainable development and environmental protection (Li et al., 2020; Liu et
al., 2021, Tian and Destech Publicat, 2017). Inter-basin Water transfer projects have
been widely constructed worldwide as an effective way to address water deficit issues
caused by uneven distribution of water resources, and improve their utilization
efficiency (Medeiros and Sivapalan, 2020; Sun et al., 2021; Wei et al., 2022). At least
10 % of the cities worldwide receive water from IBWD projects (McDonald et al., 2014).
The birth of the Lancang-Mekong Cooperation promotes the joint development of six
countries, namely China, Cambodia, Laos, Myanmar, Thailand and Vietnam (Ghoreishi
etal.,, 2023). The California State Water Project, the Colorado River Aqueduct (Lopez,
2018), the Senqu-Vaal transfer in South Africa and Lesotho (Gupta and van der Zaag,
2008), the Snowy Mountains Scheme in southeastern Australia (Pigram, 2000), and
other inter-basin water transfer projects have all effectively alleviated water scarcity
issues in various regions (Lu et al., 2021). The South-to North Water Diversion Project
(SNWDP) in China (Guo and Li, 2012) is considered the largest inter-basin water
transfer project in the world. The project runs along numerous water users, and the
water resources it provides have already benefited hundreds of millions of people, with
even more expected to be served in the future (Pohilner, 2016).

There are considerable studies on the water resources operating strategy of the supply-

oriented IBWD projects in terms of social, economic, ecological, and environmental



(Gan et al., 2011; Liu and Zheng, 2002; Xu et al., 2013; Zhu et al., 2014). In general,
meeting the water demand of various users is the main task of the IBWD project, with
the consideration of minimizing water deficit in previous studies (Guo et al., 2020;
Wang et al., 2008). Rather than the total amount of water deficit, the crux of the problem
may actually be the concentration of water deficit in a certain period of time or region,
which has not yet received sufficient attention and remains a major challenge.
Therefore, both the total and spatial-temporal distribution of water deficit should be
considered in the optimization process (Xu et al., 2013). In addition, users’ demands
and decision makers’ benefits should be considered as priorities (Zhang et al., 2012),
so minimizing pumped water (PW) is a direct way to reduce costs. At the same time, the
proportion of the amount of abandoned water and the water withdrawn from the river
in the process of water diversion should be taken as secondary considerations (Guo et
al., 2018). However, due to the data on natural water and user water demand as the
determining factors of the operation strategy, and the obvious regional differences,
most of the objectives determined by the existing studies can only solve small-scale
projects.

As the project continues to operate, the focus of research should be concentrated on the
planning of operational strategies to enhance the sustainability of the project. For
IBWT projects, due to regional differences, improving operational efficiency and
benefits while ensuring water supply is a challenging task. Currently, most IBWT
projects primarily adhere to various laws and policies established by the government.
These projects comply with annual water demand plans submitted by sectors like
agriculture, domestic use, and ecology. The water supply principle is based on
‘prioritizing users that are closer in distance, have lower water supply costs, and have
larger water demands’to develop operation strategies. Such method of water diversion
results in lower satisfaction levels for users that are farther in distance and have higher
costs, leading to an imbalance in water supply and causing some users to face
significant pressure from concentrated water deficits. Furthermore, these projects lack
annual predictive assessments of local hydrological conditions and fail to develop

targeted operational strategies for diverse natural inflows or extreme events.



Developing operational strategies without considering the evenness of water deficit and
natural inflows is unscientific. This inspires the primary objective of optimization in
this paper.

The South-to-North Water Diversion Project (SNWDP) presents a highly complex and
dynamic water situation, especially in the Jiangsu section (Vogel et al., 2015). Due to
differences in the location and timing of natural inflows and water users, and the
aforementioned issues in operational strategies, an imbalance in water supply has
arisen. At present, there have been some studies attempting to address this issue, but
they tend to focus on meeting the total water demand and improving the overall benefits
(Li et al., 2017; Zhuan et al., 2016), neglecting the fairness of water supply among
different regions. Water supply may become concentrated on a specific user or time
period. Therefore, it is of great theoretical significance and practical application value
to optimize the existing operation strategy to alleviate the concentration of water deficit
so as to realize the comprehensive benefits of the IBWT project (Nazemi and Wheater,
2015; Peng et al., 2015).

10 address the above problem, this paper studies the Jiangsu section of South-to-North
Water Diversion project (J-SNWDP). The three main contributions of this paper are as
follows: (1) The definition of the Water Deficit Evenness Index (WDEI) and its
incorporation into the joint optimal operation model of the J-SNWDP, along with the
Total Water Deficit (TWD) and the Pumped Water (PW), aim to satisfy the requirements
of both decision-makers and users, (2) The incorporation of the amount of abandoned
water and the water withdrawn from the Yangtze River into the decision indicator set,
along with the application of the multi-attribute decision making method for filtering
the Pareto front strategies of NSGA-III, results in the identification of the optimal
operation strategy that balances economic and ecological benefits, (3) The comparison
of the optimal operation strategy selected in three typical years (wet, normal, and dry)
with the historical operation strategy under identical natural conditions in the paper
serves to verify the superiority of the optimization results, offering reasonable
optimization suggestions for the J-SSNWDP and other similar regions.” (Lines 31-100

in updated manuscript; Lines 31-127 in old version)



Comment 2. Line 15, "NSGA" as an acronym should be defined on its first use in the
manuscript.

Response 2:

Thank you for your suggestion, we added the full name of "NSGA'" in the

manuscript upon its first appearance:

“Further, the Nondominated Sorting Genetic Algorithm Il (NSGA-III) and multi-
attribute decision-making were applied to solve the model and obtain an optimal

operation strategy.” (Lines 15-16 in updated manuscript; Lines 15 in old version)

Comment 3. Lines 72-74, please add appropriate citations for the sentence "At the
same time...".

Response 3:

Thank you for your suggestion. We have added an appropriate citation for this
sentence ""At the same time..." to indicate the amount of abandoned water and the

water withdrawn from the river as important indicators.

“At the same time, the proportion of the amount of abandoned water and the water
withdrawn from the river in the process of water diversion should be taken as secondary
considerations (Guo et al., 2018).” (Lines 59-61 in updated manuscript; Lines 72-74

in old version)

Comment 4. Line 129, the title should be "2.1 Study area and data"
Response 4:
Thanks for your comments. We have revised the title of Section 2.1. The revisions

are shown as follows:

“2.1 Study area and data” (Lines 102 in updated manuscript; Lines 129 in old version)



Comment 5. Line 192, the title should be "2.2 Water deficit evenness index"
Response 5:
Thanks for your comments. We have revised the title of Section 2.2. The revisions

are shown as follows:

“2.2 Water deficit evenness index” (Lines 165 in updated manuscript; Lines 192 in

old version)

Comment 6. Section 2.4 lacks the introduction of the specific application of the
NSGA-III algorithm in the model. In addition, why use the multi-attribute decision to
filter again after obtaining a set of operation strategies? Please add the explanation.
Response 6:

Thanks to your suggestion. We have added the introduction of the specific
application of the NSGA-III algorithm, and additional information on the reasons

for using multi-attribute decision making to filter again.

The NSGA- Il is used to solve the joint optimal operation model of the J-SNWDP under
three typical conditions: wet year, normal year and dry year. The model takes the actual
value of the pumped water of each pumping station as the decision variable. The
population size, generation, crossover rate and mutation rate are set to 200, 20000, 0.9
and 0.1, respectively. The application of NSGA-III to the model can be summarized as
the following steps: (1) Take 12 monthly water pumped of a year as the decision
variables and initializes the population of size N based on the physical constraints of
operation; (2) Calculate the objectives of TWD, EWD and WP for each chromosome
and sort by Nondominated strategy; (3) Select excellent chromosome from population
non-dominated as parent chromosome and create child chromosome by the cross and
mutation operation. (4) Combine the parent chromosome with the child chromosome
and update the population by Nondominated strategy. (5) Repeat the four steps above

until the number of iterations is reached.



After solving the model using NSGA-III, we obtained a set of optimized running
strategies (i.e., strategies based on the Pareto-ranked top 200). In order to measure the
operation effect more comprehensively, more indicators are needed to assist in selecting
an optimal operation strategy. Therefore, this paper further applies multi-attribute
decision-making methods to screen and determine the optimal operation strategy. The
abandoned water reflects the regulation and storage capacity of the lakes, and the water
withdrawn from the Yangtze River reflects the impact of the water transferred outside
the system on the operation strategy.” (Lines 248-265 in updated manuscript; Lines

264-269 in old version)

Comment 7. The text in Fig 4 is not clear, please revise the figure with a dark text color.
Response 7:

Thank you for your suggestion. To avoid duplication and confusion, we have
modified Figure 4 to include the original content of the complete optimization

process flowchart. The revisions are shown as follows:

113
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Fig. 4. Optimization process of the Jiangsu section of the South-to-North Water
Diversion Project (J-SNWDP).” (Lines 272-274 in updated manuscript; Lines 277-

279 in old version)



Comment 8. The study is conducted to address the problem of concentrated water
shortage. It is recommended that section 3.2 be specifically divided into several
subsections based on the optimization effects from different aspects, so as to highlight
the contribution of the Water deficit evenness index.

Response 8:

Thank you for your comments. We have divided section 3.2 into 4 subsections to
illustrate the comparison of the optimal operation strategy in different typical
years with the historical operation strategy from 4 aspects, including the main
operation performance indicators, the water deficit in water users, the operation
water level of the Hongze and Luoma lake, and the water distribution of different

routes between two adjacent lakes.

“3.2.1 Comparison of the main operation performance indicators

Table 4 shows the ...... economic benefits.

3.2.2 Comparison of water deficit in water users

The comparison of ...... general public.

3.2.3 Comparison of the operation water level of the Hongze and Luoma lake

Fig. 6 shows the ...... TWD and PW.

3.2.4 Comparison of the water distribution of different routes between two adjacent
lakes

This paper considers that ...... the Jinbao Channel has also increased (see Table 6).” .

(Lines 325-416 in updated manuscript; Lines 330-430 in old version)

Comment 9. Lines 419-430, the authors summarized the control rules for appropriate
lake levels and proposed suggestions for actual operation, which is more suitable for
the discussion section. Please revise and reorganize the discussion section.

Response 9:

Thank you for your suggestion. We have removed paragraph " Evidence from..."
and reorganized the discussion section to make it clear. Some parts of the revisions

are as follows:



“4 Discussion

Inter-basin water transfer projects are widely used around the world and are also quite

costly to construct. For instance, the Colorado River aqueduct cost approximately 3.5

billion dollars (Witcher, 2017), the Australian Snowy Mountains Scheme was completed
in 1974 at a cost of about 500 million dollars (Pigram, 2000), and the South-to-North

Water Diversion Project in China, as the largest and most expensive inter-basin water
transfer system in the world, is projected to cost 62 billion dollars (Markosov, 2014).

The installation and operation maintenance costs are also significantly high. Of this,

the investment for just the Eastern Route of the project is around 1 billion dollars (Liu

et al., 2022), which is a typical example of a vast and complex water transfer system

and has certain representativeness. Therefore, the Jiangsu section of the Eastern Route

of the South-to-North Water Diversion Project is selected as the study area for this

paper.

The joint optimal operating model is operated based on ecological (the total water
deficit), social demand (the evenness of water deficit) and economic (the pumping water)
objectives, focusing on the issue of water deficit concentration. Herein, the limited
available water is used to minimize the total water deficit of the system and water deficit
differences between users and applies to inter-basin water transfer projects with

complex systems and a large number of water users. The multi-attribute decision

implemented in this study incorporates ecological (the abandoned water) and the water
withdrawn from Yangtze River into the multi-attribute decision indicator set, which can

provide optimal operation strategy with preferred weights for decision makers who

have different preferences.

Evidence from this research suggests that the water extracted from Hongze Lake is

much greater than that from other lakes, indicating that Hongze Lake is the main source

of water to support water supply and flood control within the system. Therefore, it is

important to understand the water storage period. It is important to ensure that the

water level of each storage lake reaches the water level at the end of the flood season

to complete the water allocation in the non-flood season. If the reservoir water storage



is insufficient, the Yangtze River will be pumped in time to ensure the normal operation
of the entire water diversion project. The Yangtze River is the main source of water
outside the J-SNWDP system. The proportion of pumping water from the Yangtze River
in the pumping water volume of the system plays an important regulatory role. The
actual operation should follow the following rules: When the natural inflow is less,
mainly through pumping the Yangtze River to complete the task of water supply; when
the natural inflow is large, the water withdrawn from Yangtze River is reduced, and the
focus of water allocation is shifted to the mutual replenishment between lakes.

In summary, it can be seen that the water deficit doesn't only occur under less natural
inflow conditions, but also there are still serious problems of water deficit and
abandonment in wet years. The main reasons for the coexistence of water deficit and
water abandonment are lakes' limited water storage capacity and the uneven spatial-
temporal distribution of natural inflow. Water deficit and the pumped water are greatly
affected by natural inflow,; we should not expect to find a general operating strategy
optimal in all natural conditions. This paper performs well in water resources
allocation and utilization on a monthly time step of three typical years (wet year, normal
year and water deficit year), which is representative and universal, and provides a
useful guide for IBWT under future uncertainty. Therefore, in addition to implementing
the optimal operation strategy, the flood control limit water level should be
appropriately increased according to the natural inflow to improve the lake's storage
capacity in the flood season. This is a potential way to effectively enhance the
operational efficiency of inter-basin water transfer project.” (Lines 417-459 in

updated manuscript; Lines 431-451 in old version)

Comment 10. The use of (1) or 1) is not uniform throughout the manuscript. Please
revise it.

Response 10:

We have revised and unified all similar expressions in the manuscript, which can

be found in the latest manuscript.



Comment 11. Is this method universal? Are the results of this research capable of being
applied to other similar cases? Please add some necessary sentences to illustrate this
clearly in the conclusion.

Response 11:

Thank you for your suggestion. To avoid any confusion, we have added a statement
about the method's universality in the conclusion. The revisions are shown as

follows:

“(3) After optimization, the rising trend of water level in Hongze Lake and Luoma Lake
reflects the enhanced storage capacity of the lake, and the water allocation between
different water transmission routes is more balanced, which improves water utilization
and water supply efficiency. Moreover, this paper proposes water transfer prioritization
rules and suggests appropriately increasing the flood control limit water level, aimed
at protecting the water diversion and enhancing operational efficiency. The sources of
uncertainty, such as natural inflow and societal water demand, are worthy of further
study.

Overall, the successful application of the optimal operation strategy in the Jiangsu
section of the South-to-North Water Transfer Project also demonstrates the feasibility
of the research. It is hoped that this method can be attempted in other similar
watersheds worldwide in order to revalidate this method in other circumstances,
demonstrate its universality. This would provide the scientific basis and operating
suggestions for the inter-basin water diversion project.” (Lines 502-513 in updated

manuscript; Lines 468-471 in old version)

Comment 12. There are a few typos and grammar errors in the manuscript. English
should be improved.

Response 12:

Thanks to your suggestions, we have checked and revised the entire manuscript

for typos and grammar.
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