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Abstract

China’s national water network (NWN) aims to address water scarcity and uneven water distribution. However, existing studies on water-diversion
projects (WDPs), primarily at the basin and provincial levels, often oversimplify benefit calculations by ignoring the complex topology of water-
transfer projects and their interactions with inter-regional supply-chain networks. In this article, we collect detailed data on 76 completed WDPs
and 11 WDPs under construction in China as of 2022. Using a multiagent complex network model coupled with data for water resources, water
use, and the NWN, we simulate losses from water scarcity before and after the implementation of the NWN and various WDPs at different times
and under different water resource conditions, considering the reduction in losses from water scarcity as a supply-chain benefit. We find that, after
integrating the NWN with inter-city supply chains in China, regions with severe water scarcity and large amounts of diverted water, such as
Shanghai, Lanzhou, Zhengzhou, Taiyuan, and Karamay, experience high benefits. Conversely, cities such as Fushun and Jiamusi, which serve as
source cities for multiple WDPs, experience losses. By 2030, the supply-chain-wide economic benefits of the NWN will increase from the 2010-
2022 average of 153.2 billion CNY to 185.9 (156.6-206.2) billion CNY. Shanghai and Zhengzhou will see an increase of over 5 billion CNY,
while Tianjin, Xianyang, and Beijing will see increases above 1 billion CNY. In total, 70% of completed WDPs have an investment payback
period shorter than the average payback period of the NWN. On average, 25% of the benefits spill over to areas beyond the receiving regions. The
11 under-construction WDPs are expected to yield total benefits of 6 billion CNY by 2025 and 10 billion CNY by 2030. Our findings suggest
ways to improve NWN construction and implementation and adjust water resource management policies in receiving areas.

Keywords National water network; Water-diversion projects; Supply-chain assessment; Water scarcity losses; Agent-based model
1. Introduction

Ensuring a stable, adequate supply of water resources, which are essential for life, production, and ecosystem functioning,
poses a monumental challenge worldwide [1,2]. China’s per-capita water availability, at just one-fourth of the global average
[3,4], is marked by uneven spatiotemporal distribution [5], with climate change further exacerbating this unevenness [6].
Inadequate water quality further compounds freshwater scarcity, as it renders water unsuitable for various human uses [7].
Water scarcity poses significant economic risks to agriculture, energy, and manufacturing [8]. Moreover, it can drive certain
regions to excessively exploit their water resources, leading to environmental problems such as river depletion and land
subsidence [9].

In addition to implementing demand-side water-conservation measures to reduce freshwater extraction [10,11], a
commonly used supply-side solution is the construction of water-diversion projects (WDPs) [12]. WDPs aim to redistribute
water resources directly from water-abundant regions to water-deficient areas through the development of large-scale
infrastructure such as reservoirs, pipelines, and pumping facilities [13]. Despite their potentially adverse social and
environmental effects [14,15], these engineering interventions are increasingly implemented worldwide to alleviate water
stress in drought-prone or densely populated regions and to improve water security [16,17]. In May 2023, China proposed the
construction of a national water network (NWN) to optimize water resource allocation, among other functions. This proposal
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persisting regional water scarcity after NWN implementation and the associated losses in order to provide feedback for
subsequent construction.

As water scarcity intensifies, the extensive construction of WDPs has prompted systematic evaluations of their economic
benefits. Studies have assessed the economic benefits of individual WDPs, such as the South-to-North WDP (Middle Route
[18] and Eastern Route [19]) and the Yangtze River Diversion to Taihu Lake Project [20]. The apportionment coefficient
method is commonly used in such assessments; it involves the volume of water transferred and the economic value per unit
of water transfer, which is determined by the gross domestic product (GDP) per unit of water consumption and the water-
supply benefit-sharing coefficient [21]. Some studies additionally use the utilization coefficient related to water transfer
[22,23]. This approach involves numerous parameters, making it challenging to obtain accurate data. Furthermore, the above
research methods only consider the direct benefits of WDPs and cannot assess the indirect supply-chain-wide economic
benefits that result from alleviating water scarcity in recipient areas, restoring production, and propagating throughout the
supply chain.

Studies have turned to input—output (10) models based on water input and output coefficients to assess both the direct and
indirect supply-chain benefits of WDPs [24]. However, 10 models assume a static, linear economic structure with fixed
production coefficients, which makes it difficult to simulate adaptive behaviors, such as producers substituting inputs or

changing technologies in response to water scarcity [25]. Other studies [26-28] have used computable general equilibrium

(CGE) models, treating water resources as production factors, to assess the social and economic benefits of WDPs through
scenario comparison analyses. While CGE models can capture some indirect effects and feedbacks through price and market
adjustments, they typically assume market equilibrium and fully rational economic agents. This equilibrium assumption
makes it challenging to represent sudden changes in the economy caused by water scarcity [29]. Moreover, these models often
operate at the provincial level with annual time steps, which limits the spatiotemporal precision of the assessment results.
Recent studies have collected water-diversion data at various regional scales and examined the hydrological effects of
WDPs in major cities worldwide [30], as well as in river basins [31], provinces [32,33], and cities [34] in China. Furthermore,
studies have compiled standardized and systematic WDP data and analyzed WDPs’ alleviation of water pressure in various

administrative regions or basin levels in the United States [35-40] and China [41,42]. These studies focus on hydrological

outcomes or water-balance improvements rather than supply-chain benefits. Evaluations of multiple inter-basin WDPs in
China show significant disparities, with results differing by up to 100 times. One study that collected data on 59 WDPs in
China subtracted the GDP per unit of water consumption in receiving areas from that in the source area and combined the
total volume of water diverted. The study reported that the overall economic benefits of all 59 WDPs amounted to 400 billion
USD, equivalent to 4% of China’s GDP in 2015 [43]. Looking at 45 inter-basin WDPs in China up to 2016, another study
computed the unit additional value created by water transfer in the receiving sub-basins for agriculture and industry and
multiplied each by the corresponding water-received volume; it was found that the total economic benefits of all 45 WDPs
amounted to 4.2 billion USD [44]. However, these studies relied on simple multiplier methods, overlooking the broader
supply-chain benefits.

Most studies simply multiply the unit value of diverted water by the volume of water transferred, failing to consider water
resources and consumption in the receiving areas and thus limiting the accuracy and comprehensiveness of the assessment.
Methodologically, the commonly used 10 and CGE models each have limitations in capturing adaptive behaviors and high-
resolution dynamics. In terms of spatial and temporal scales, studies have largely focused on basin and provincial levels at an
annual scale, which provides insufficient information for effective water-resource management and decision-making at the
prefecture level. In terms of scope, studies have only evaluated the economic benefits of completed WDPs, with no assessment
of all individual WDPs having been performed.

To address these limitations, this study collects data on all completed and ongoing WDPs in China up to 2022. Using a
multiagent complex network model, we evaluate the supply-chain-wide economic benefits of the NWN and each WDP. First,
we assess the supply-chain losses caused by water scarcity in different prefecture-level cities for various years (i.e., the
averages from 2010 to 2022, 2025, and 2030) without WDPs. Second, we evaluate the supply-chain losses caused by water
scarcity with all WDPs implemented and calculate the supply-chain benefits of the NWN. Lastly, we sequentially evaluate
the supply-chain losses caused by water scarcity after the implementation of individual WDPs and compute the supply-chain
benefits of each WDP.

2. Methods and data

2.1. Assessment of supply-chain losses due to water scarcity without the NWN

We examine the average annual water usage for agriculture, domestic use, thermal and nuclear power generation, and other
industrial activities, as well as the water availability in each prefecture-level city, from 2010 to 2022. Given the absence of
detailed sector-level water-usage data, we assign various types of water usage to 42 sectors and to urban and rural residents.
This allocation is based on the amount of water provided by the Production and Distribution of Tap Water sector to other
Sectors within the 2017 multiregional 10 (MRIO) framework [45] (Method S1 in Appendix A). We assume the actual water
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distribution of water among sectors are set to the average values observed from 2010 to 2022, reflecting the observed structural
stability of these proportions. Meanwhile, we assume that the agricultural water-consumption ratio (WCR) in each region will
continue to follow its historical trend through 2025 and 2030. City-level water availability in 2025 and 2030 is set to the
2010-2022 mean. We also consider sensitivity scenarios in 2025 and 2030 characterized by high flow (25% more than the
average water availability) and low flow (25% less). Detailed justification is provided in Text S1 in Appendix A. For the
MRIO tables in 2025 and 2030, this study continues to use the 2017 table as the baseline. At the same time, to examine the
potential impacts of industrial restructuring and improvements in water-use efficiency on our results, we design a set of
systematic sensitivity scenarios (Text S2 in Appendix A).

Following environmental flow requirements (EFRS), to ensure sustainable water resource management and prioritize
natural ecosystem protection, 60% of renewable water resources should be reserved for river, lake, wetland, and other aquatic
ecosystem use [46,47]. The remaining water is allocated for human use and consumption. In the counterfactual no-NWN
baseline, each city relies only on its locally renewable water resources, with no inter-regional transfers or external imports
[48]. Therefore, the quantitative indicator of water scarcity in this study, known as the production-available water ratio
(PAWRY), is as follows:

WC, s = WU, s X WCR,. (1)

WAr X (1 - EFRR) - Z§i43 Wcrs

PAWR,. = ' )
" S2, WG,
44
WSV, = WA, x (1 — EFRR) — Z WG, (3)
s=1

where WU,. ¢ is the water use of sector s in region r (the computation method is provided in Method S1); WCR,. ; represents
the water-consumption ratio (ratio of water consumption to water usage) of sector s in region r; WC, s is the water
consumption of sector s in region r; and WA, is the water available in area r. EFRR, the environmental flow requirement ratio,
represents the share of renewable water reserved for ecosystems and is set at 60% based on widely used sustainability criteria
[47,49]. PAWR,. is the production-available water ratio for city r without the NWN; if PAWR,. < 1, then city r faces water
scarcity. Finally, WSV, is the water-scarcity volume in region r.

By integrating and extending previous models, we develop an adaptive agent-based complex network model to evaluate
the effects of water scarcity on supply chains [50,51]. The network structure of the model is derived from MRIO, where the
production agent is the region—sector, the consumption agent is the final consumption of each region, and the transportation
agent is the transportation chain connecting all agents and reflecting the time required to transport products. These factors are
defined as interacting in established behavior patterns in the virtual world [52]. If city r, faces water scarcity (PAWR,, <
1), it should reduce its production to reduce its water usage—oprioritizing EFRs and domestic use—until the production water
usage equals the amount allowed for production. Production aims to maximize the total output [8,48] of city r,s while
considering the constraints of water availability, total orders, production capacity, and raw material supply:

42
maxTO,, = z X2 (4)
s=1
Z(Xﬁ‘wss « NWoruss) (Z WC,, s > x PWAR,, _ (5)
TWS'
0 < X3, ¢ < min{0%, X%, min{X*'}, min{x"ws"s'}} (6)
X:  ppTw = Xr\ o PDTW (7)

where TO,, _ represents the actual total output of city r,s, and X7 ¢ is the actual production of sector s in city 7. The
Production and Distribution of Tap Water sector is designated as nonreductive, as shown in Eq. (7). ers,s is the production



capar‘.ih/ at the nre-event level nf cectar g in citv . where Fa (R) ensiires that the actual water consiimntion of all sectors
does | : _acity,
and Xs'and X"ws"s" are the production constraints owing to the inventory of intermediate product s’. X™ws"s'is the case for
the specific product s’, such as a particular type of machine component. X7 _ppryy is the actual production of the Production

and Distribution of Tap Water sector in City 7. XrWS,PDTW is the production of the Production and Distribution of Tap Water

sector in the absence of water-scarcity shocks in city r,s. The other behaviors of the agents are summarized in Method S2 in
Appendix A, and Table S1 in Appendix A lists the model parameters.

We conducted individual simulations to assess the supply-chain losses for each water-scarce city r,,s. Owing to the absence
of detailed daily data, our model operates on a weekly time step (comprising a total of 52 time steps), assuming uniform
production, water availability, and water usage each week under a steady state. At each time step, our model outputs the
simulated value added (VA,.s(t)) of production agents under water-scarcity conditions. We define the decrease in value added
(compared with the steady-state value) across all production agents as supply-chain losses from water scarcity. Drawing from
macro-level evaluations of losses from water scarcity in China, we establish a 1-week duration for water scarcity in cities
facing water scarcity, initiating the occurrence of water scarcity in the first simulation step. To validate the multiagent model,
we calibrate the inventory duration parameter by benchmarking aggregate national supply-chain losses against macro-level
estimates of economic losses from water scarcity in China (Method S3 in Appendix A), ensuring consistency with
independently derived national-scale assessments. We further cross-validate the model at the project level by comparing
estimated supply-chain benefits for well-documented WDPs against prior studies using distinct methodologies.

VA, ,— VA, ((t=1) rer
DLTWS — { 7,8 r,S wSs 8
s 0 T & Ty (8)
Tws _ JA r
rs r,S - 7,8
TL VA..XT t_1VA (®) 9
ILYs = TLW — DL (10)

where DLZV,V; denotes the direct economic loss of sector s in region r caused by water scarcity in city 7,s; VA,  represents the
steady-state value added of sector s in region r before the onset of water scarcity; VA, s is the simulated value added of the
production agents of sector s in region r under water-scarcity conditions; TLZ‘fgS denotes the total economic loss of sector s in
region r due to water scarcity in city r,; T represents the total number of simulated time steps, set to 52 in this study; and

ILTrV,VSS represents the indirect economic loss of sector s in region r resulting from water scarcity in city 7.
2.2. Quantitative assessment of water-diversion impacts on source and recipient regions

We not only define the source region of a WDP as the city where the water-diversion point is located but also extend this
region upstream along the river, including all cities from its origin to the diversion point. Initially, we calculate the available
water for diversion by WDPs for each city. We then allocate the total water diverted by each WDP to the respective source
cities and recipient cities:

44
WA.. X (1 — EFRR) — WU.. . Xx WCR PWAR, > 1
AWDT. — T ( ) 1( rs T,S) T (11)
S:
0 PWAR, < 1
TWD AWD, €
R G S— .
i?rut _ i Zri,out AWD, T € Tiout (12)
0 r e Ti,out
. TWD; X (1 — LR;) X AR; ... rET;;
Vi1$ _ i ( 1) iLTiin i,in (13)
0 r e ri,in

where AWD,. is the water available for diversion for each r; TWD; is the total water diverted by WDP i; 1; ., represents the
source city for WDP i; V5" is the volume of water diverted by WDP i from city 7; o,¢; LR; is the loss rate of water resources
during the transfer process of WDP i (taken as 5.7%); r; i, represents the recipient city for WDP i; AR; ., is the allocation
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recipient reglons while causmg water scar(:lty in the source reglons That s, source cities need to reserve some water resources
for diversion, and this reserved water cannot be used by the cities, resulting in a decrease in their available water. Thus, we
can calculate the PAWR for city r after the implementation of WDP i (PAWR_WDP, ;). By aggregating all WDPs, we can
calculate the net water transfer and PAWR for city r after the implementation of the NWN (PAWR_NWN,.):

WA, X (1 — EFRR) + Vi? — pout _ 44 W(C
PAWR_WDP;, = — ( )42 Lt Lr S=43 T (13)
S=1WCT,S

NWT, = > (Vi - vt (14)
i

WA, X (1 — EFRR) + NWT, — WwC
PAWR_NWN,. = ( ) ZiZa3 WCrs (15)
S=1WCT,S

where NWT,. is the net water transfer for city r after the implementation of the NWN (a positive value indicates an inflow);
and PAWR_NWN,, is the production-available water ratio for city r after the implementation of the NWN.

2.3. Evaluation of supply-chain benefits from WDP and NWN implementation

First, we simulate the losses (TL NWNrNWN) caused by water scarcity in cities (rywy) after the implementation of the
NWN (Method S4 in Appendix A ). Next, we simulate the losses (TL_WDPQ‘S) caused by water scarcity in cities (r;) after

the implementation of each WDP i (Method S5 in Appendix A). The total reduction in losses from water scarcity before and
after WDP and NWN implementation represents the supply-chain-wide economic benefits of the WDP and NWN:

313 42
WDPEB; = 2 Z Z(TLT{S — TL_WDP}) (17)
Lr=1s=
313 42
NWNEB = z Z Z(TLT{“SWN — TL_NWN W~ (18)
rNWNT 1s=

where r; and ryywy represent the source and recipient cities involved in WDP i and the NWN, respectively; TLZ{S and TLTrlj‘sWN
are the losses incurred by city r and sector s due to water scarcity in r; and rywy, respectively, without any WDP; and
TL_WDPTT, L and TL_NWNI{“SWN are the losses incurred by city r and sector s due to water scarcity in r; and rywy after the
implementation of WDP i and the NWN, respectively. If there is no water scarcity in r; and rywn, these values are 0. WDPEB;
represents the supply-chain benefits of WDP i, and NWNEB represents the supply-chain benefits of the NWN.

We repeat Egs. (1)—(18) for different years and different water-availability scenarios to simulate losses from water scarcity
and assess the supply-chain-wide economic benefits of individual WDPs and the NWN under various conditions.

2.4. Data sources

The study area is based on the city-level MRIO table [45] for 2017, which includes 313 regions and 42 sectors, obtained
from the China Emission Accounts and Datasets (CEADs). Water use and availability data for these 313 regions within the
MRIO framework from 2010 to 2022 were sourced from city and provincial Water Resource Bulletins. These data were
averaged annually to mitigate short-term fluctuations. The national water-consumption ratios for 44 sectors were derived from
a previous study [53], with the assumption that all regions share the same ratio. For the Agricultural sector, the water-
consumption ratios were set based on the multi-year average data reported in the Water Resources Bulletins. The water-usage
data for each province in 2025 and 2030 are sourced respectively from the “Dual Control Targets for Total Water Usage and
Intensity during the 14th Five-Year Plan” issued by the Ministry of Water Resources and the National Development and
Reform Commission of China and the “Notice on the Assessment Measures for the Strictest Water Resources Management
System” issued by the General Office of the State Council.

Data on completed and under-construction WDPs as of 2022 were compiled from official statistics (e.g., the National Water
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(covering feasibility analyses [43], water resource allocation assessments [54], and economic evaluations [20,44]); and online
resources (e.g., official websites and project layout maps). This dataset includes designed and actual water-diversion volumes
(with missing data estimated at 80% of the designed volume), recipient cities and their allocation ratios, diversion points,
construction costs, and mainline lengths. Detailed information on the completed and under-construction WDPs is provided in
Appendix A. Additionally, data on cities through which the main streams of various rivers flow, along with the Yellow River’s
1987 water-allocation scheme, were collected. The water-conveyance loss rate for all WDPs was set at 5.7%, based on the
South-to-North WDP Benefit Report. Text S3 in Appendix A discusses the possible use of alternative data sources and
methodological approaches adopted in previous related studies for conducting this analysis, including their respective
advantages and limitations.

3. Results and discussion

3.1. Overview of NWN construction

Fig. 1(a) shows the completed (red) and under-construction (green) WDPs in China as of 2022. Completed WDPs are
concentrated in water-scarce regions, such as the Huang—Huai—Hai and Songhua-Liao River Basins, and high-demand areas,

such as the Yangtze and Pearl River Deltas. Under-construction WDPs address uneven water distribution in provinces
including Yunnan, Sichuan, Hubei, Anhui, and Guangdong, aiming to meet future demand through 2030 and beyond. This
distribution reflects the focus on addressing water scarcity in northern and central regions while also supporting key economic
areas, highlighting the need for infrastructure investment to address ongoing water imbalances. The 76 completed WDPs have
a total designed water-diversion capacity (DWDC) of 66.8 billion m3, with 14 large projects (>1 billion m3) contributing 74.5%
of this total, mostly sourcing from the Yangtze River. In contrast, 21 small WDPs (<0.1 billion m3) are mainly located in
Shaanxi and Yunnan. The 11 WDPs under construction have a total DWDC of 14.5 billion m3, with five large projects (>1
billion m3) making up 75.9% of that capacity.

Fig. 1(b) shows the cumulative DWDC of China’s NWN since 1949. After the first WDP in 1952, the cumulative DWDC
surpassed 10 billion m? by 1980 and reached 60 billion m3 in 2014 with the South-to-North WDP. Growth then slowed but is
expected to exceed 80 billion m3 by 2030 with the completion of the 172 Major Water Conservation and Supply Projects.
WDPs fall into three categories based on source—destination relations: within-city (10%), intra-provincial inter-city (60%),
and inter-province (30%) (Text S4 in Appendix A). As shown in Fig. 1(c), NWN investment and mainline construction
remained low before 2000, then rose rapidly after the South-to-North WDP began in 2002. By 2022, 16 700 km of mainlines
had been built, with 750 billion CNY invested. Another 1700 km remains under construction, requiring an additional 150
billion CNY.

Fig. 1(d) shows the DWDC from major rivers within the NWN. The Yangtze, Yellow, and Han Rivers contribute over 10
billion m3 each, totaling 75% of the DWDC. Six WDPs from the Yangtze average 4 billion m3, while 28 from the Yellow
River average 0.32 billion m3, excluding Inner Mongolia’s Hetao project (5 billion m3). The Han River supplies the South-to-
North Middle Route (9.5 billion m?). Additional sources include the Dongjiang, Xijiang, Songhua, and Nen Rivers (~5 billion
m3 in total). Under-construction WDPs mainly draw from the Yangtze, Han, Yellow, and Xijiang Rivers, but also include new
sources such as the Jinsha and Jialing Rivers. A comparison of the Yellow River diversion capacities with the 1987 allocation
shows that Hebei and Tianjin have exceeded their 2 billion m3 limits, Inner Mongolia is at 90%, Henan reached 70% in 2022
and may hit 80% by 2025, Shanxi will grow from 28% to 42%, and other provinces remain near 10%.

Fig. 1(e) shows the relationship between the trunk line lengths and investments for the top 20 WDPs, grouped into four
categories. Category | projects are mainly inter-basin or inter-provincial, with large DWDCs; they have longer routes and
greater investment. Category Il projects, though shorter, require high investment due to new construction, tunneling, and high-
spec pipelines; most have DWDCs greater than 0.5 billion m3. Category I11 projects are short and low-cost; they are typically
intra-city, with DWDCs below 0.1 billion m3. Category IV projects have long routes but low investment; they often use
existing canals or rivers and open channels instead of pipelines, with DWDCs below 0.5 billion m3.
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Fig. 1. Overview of NWN construction. (a) Roadmap and DWDC of completed and under-construction WDPs in China. Fill colors represent the
per-capita water resources in each region. (b) Cumulative DWDC and its proportion over the years for different types of WDPs. (c) Cumulative
construction length of mainlines and completed investment in the NWN over the years. (d) Cumulative water-diversion capacity of the NWN from
rivers. (e) Mainline length and construction cost of completed WDPs. Table S2 in Appendix A provides data for the Middle and Eastern Routes of
the South-to-North WDP.

3.2. Water-scarcity supply-chain loss assessment without the NWN

From 2010 to 2022, 84 cities—located mainly in the Inland, Songliao, Hai, and Yellow River Basins, as well as the Yangtze
River Delta—faced water scarcity (PAWR < 1), with a total shortage of 43.9 billion m3. Fig. 2(a) shows the related losses.
The direct losses exceeded 2 billion CNY in Zhengzhou, Yinchuan, and Lanzhou and reached 0.5-1 billion CNY in cities
such as Karamay and Xuzhou. This finding indicates that direct losses are determined by both GDP and PAWR. The total
direct losses reached 22.8 billion CNY, with 69% coming from agriculture and 7% from construction. Cities with lower PAWR
faced losses in more sectors (Fig. S1(a) in Appendix A). Water scarcity also caused 215 billion CNY in indirect supply-chain
losses, with 47.4% occurring within the affected cities. Inter-city and inter-provincial impacts were notable in Gansu, Henan,
Shanxi, Xinjiang, and Ningxia, as well as between regions such as the Yangtze River Delta and Beijing—Tianjin—Hebei.
Indirect losses were highest in services (41.2%), heavy industries (27.1%), and agriculture (20.7%) (Fig. S1(b)); this is
because the larger GDP of the services sector results in higher losses under the same level of water-scarcity impact.

Fig. 2(b) shows that 10 key water-scarce cities each caused over 3 billion CNY in national losses, totaling 72% of all losses.
Direct losses account for 1%-20% of each city’s total, depending on the affected sectors. On average, 60% of losses occur
locally. Lower local shares in Lanzhou, Shihezi, and Jiayuguan suggest limited downstream impact, while Xuzhou and
Shanghai exceed the average. About 20% of losses extend to other provinces, with higher shares in Karamay, Zhengzhou, and
Yinchuan, reflecting their importance in national supply chains.
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Fig. 2. PAWR of 313 regions and the supply-chain impact of water-scarce cities under the average water-available scenario. (a, c, €) The fill colors
represent the PAWR of each region. The size of the blue circles denotes the direct losses resulting from decreased output owing to water scarcity
in each affected city. The line color represents cities’ indirect supply-chain losses incurred due to the water scarcity in other cities. The pie charts
in the lower left corners denote the percentage distribution of each type of economic loss. Numbers in brackets indicate the amount of indirect
supply-chain loss flows. (b, d, f) Distribution of supply-chain impact among the top 10 cities with the strongest effects.

Figs. 2(c) and (d) show projected 2025 water scarcity and losses. Linfen, Ulangab, Bengbu, and Luohe will newly enter
mild scarcity (PAWR 0.95-1), incurring 0.1 billion CNY in losses. Water scarcity will worsen in most cities (except
Guangzhou, Shenzhen, Zhongshan, and those in Xinjiang, where water demand is no longer increasing), with shortages
reaching 58.4 billion m3. Supply-chain losses will increase in Shanghai (4.6 billion CNY), Suzhou (2.5 billion CNY), and
Zhengzhou (1.6 billion CNY), with 0.7 billion CNY in each of cities such as Xuzhou, Tianjin, and others in Jiangsu, reflecting
the combined effect of their large GDP and the magnitude of the increase in water scarcity. Total 2025 supply-chain losses
are projected at 263.7B CNY, with 10.7% being direct. Under high-flow conditions, these losses fall to 210 billion CNY and
72 cities face scarcity; under low-flow conditions, the losses rise to 334 billion CNY and affect 127 cities (Fig. S2 in Appendix
A).
Figs. 2(e) and () show projected 2030 water scarcity and losses. Fifteen cities, including Xi’an, Qingdao, and Chengdu,
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Zhengzhou (5.9 billion CNY), Taiyuan (2.3 billion CNY), and Dongying (1.8 billion CNY), with over 1 billion CNY
additional losses in Shanghai and Shenzhen. Cities in Shandong (e.g., Jinan and Jining) will see 0.5-1 billion CNY increases
in supply-chain losses. These cities, due to their economic centrality and rising water demand, are facing increasingly severe
water-scarcity risks. The total supply-chain losses will reach 316.1 billion CNY, with 10.9% being direct. In a high-flow year,
80 cities face scarcity and losses fall to 232 billion CNY; in a low-flow year, 134 cities are affected and losses rise to 389
billion CNY (Fig. S3 in Appendix A).

3.3. Water-scarcity supply-chain loss assessment after the NWN

Fig. 3(a) shows average net water transfers across regions from 2010 to 2022 under the NWN. Seventy-four regions
mainly upstream cities along the Yangtze and Yellow Rivers—exported a total of 47.2 billion m3, with Qinghai and Sichuan's
Aba Tibetan and Qiang each exporting over 5 billion m2. In contrast, 94 regions—including water-scarce northern areas, high-
GDP regions, and grain-producing zones—imported 44.3 billion m3. At the provincial level, Sichuan, Qinghai, and Shaanxi
contributed 66% of exports, while Jiangsu, Henan, and Inner Mongolia received 51% of imports.

Fig. 3(b) shows the NWN’s impact on water scarcity. Sixty-two cities saw improvement, with 31 cities—including
Bayannur, Karamay, and several in the Beijing—Tianjin—Hebei, Henan, and Jiangsu regions—transitioning out of scarcity. The
NWN alleviated 20.4 billion m? of shortages (41.2% of total transfers). However, Fushun and Hegang became water scarce,
and 58 regions remain so, with a water shortage of 25.6 billion m3. These are mainly in Xinjiang, Gansu, and Ningxia, along
the Hebei—Shandong border, and in southwest Jiangsu, where diverted water inflows remain insufficient. Related supply-
chain losses total 77.5 billion CNY, with 12.2% being direct. The top 10 cities account for 72% of the total losses (Fig. S4 in
Appendix A). While losses declined in cities such as Lanzhou and Jining, they rose in Fushun and remained unchanged in six
others. Agriculture accounts for 32% of total losses (Fig. S5 in Appendix A).
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supply-chain impact of water scarcity in cities, consistent with the interpretations provided in Fig. 2.

By 2025, with several WDPs becoming operational, the NWN’s water-transfer volume is projected to reach 56.7 billion m3,
with new exporters, such as Jiangmen, Guangyuan, and Longnan, and new importers, including Jinzhong, Linfen, and
Xiangyang (Fig. 3(c)). Water shortages in 66 of 94 water-scarce cities will be alleviated (Fig. 3(d)). Cities such as Shanghai,
Suzhou, and Zibo will see improvements but will remain water scarce due to rising demand. The NWN will address 24.6
billion m? of shortages (48.5% of transfers). Zhangjiakou will newly become water scarce. Sixty-three regions will still face
scarcity, totaling 32.9 billion m3 in shortage, with 90.6 billion CNY in supply-chain losses. Fig. S4 in Appendix A shows the
top 10 cities by loss, Fig. S6 in Appendix A shows impacts under varying water availability.

By 2030, with the completion of major WDPs, the NWN’s transfer volume will reach 66.1 billion m3. Ten cities in Anhui
will become net water importers (Fig. 3(e)). Water shortages in 74 of 107 water-scarce cities will be alleviated (Fig. 3(f)).
Compared with 2025, cities such as Taiyuan, Datong, and Tongliao will see partial relief, while Nanyang and Baoji will newly
face scarcity. NWN will address 29.7 billion m3 of shortages with 44.9% of total transfers. Seventy-five regions will remain
water scarce, with a 38.1 billion m3 shortage. Related supply-chain losses will total 103.4 billion CNY;; the 10 cities with the
greatest supply-chain losses are shown in Fig. S4 in Appendix A. Fig. S7 in Appendix A presents impacts under different
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3.4. Supply-chain benefits of the NWN and various WDPs

By aggregating the losses incurred by all water-scarce cities, we obtain the total losses from water scarcity for 313 regions.
We calculate the supply-chain-wide economic benefits of the NWN for these 313 regions by subtracting post-implementation
losses from the losses in the no-NWN scenario (Figs. 4(a)—(c)). Following the implementation of the NWN, Shanghai’s
economic benefit stands at 28 billion CNY, while Lanzhou, Zhengzhou, and Taiyuan each benefit by about 13 billion CNY.
These four cities account for 44.7% of the total benefits, as they serve as major regional economic hubs and are severely
water-scarce areas. Additionally, the following cities see benefits exceeding 2 billion CNY: Wuhai, Karamay, Tianshui, Baiyin,
Jiuguan, and Wuwei in Gansu; and Suzhou and Xuzhou in Jiangsu. Most of these cities are major energy bases or industrial
centers. However, as a water-exporting city under the NWN, Fushun experiences a loss of 4.2 billion CNY owing to the NWN,
which negatively affects Anshan and Yingkou through upstream and downstream supply-chain linkages, causing their losses
to also be negative. Jiamusi’s loss is 0.2 billion CNY. With the completion and operation of under-construction WDPs, the
supply-chain benefits of the NWN for Shanghai and Zhengzhou are projected to increase relatively more by 2030, with Tianjin,
Xianyang, and Beijing experiencing the next-largest gains. These gains stem from rising future water demand, which
heightens scarcity losses, together with the NWN’s expanded transfer capacity that increasingly offsets them. Fig. S8 in
Appendix A shows the benefits for 313 regions under different water-availability scenarios in 2025 and 2030. Overall, in
high-flow years, the supply-chain benefits for most regions decrease, while a few water-exporting cities see an increase in
benefits.

When aggregated by province, the benefits from the implemented NWN are substantial. Provinces such as Gansu, Shanghai,
and Henan see benefits of about 28 billion CNY each. Shanxi and Jiangsu benefit by about 15 billion CNY each, while Hebei,
Inner Mongolia, and Xinjiang gain over 5 billion CNY each. These provinces collectively account for 87% of the total benefits.
The concentration of benefits in the water-scarce northern provinces and the economically advanced Yangtze River Delta
confirms the NWN’s central role in reshaping the spatial distribution of water resources. Conversely, Fushun becomes a water-
scarce city after water transfer, resulting in a negative benefit of 3 billion CNY for Liaoning Province. With the completion
of under-construction WDPs, Henan and Shanghai are projected to see an increase of around 8 billion CNY each in 2030,
while Gansu will experience a smaller increase. Shandong, Shaanxi, and Jiangsu will each see an increase in their benefits by
2 billion CNY. While these increases are affected by the incoming transferred water, they are mainly driven by heightened
water scarcity. Fig. S9 in Appendix A and Fig. 4(e) illustrate the benefits of the NWN for each province under both high-flow
and low-flow scenarios in 2025 and 2030.

We find that the variations in benefits for Henan and Jiangsu under high- and low-flow scenarios are similar, around 10 and
4 billion CNY, respectively. This difference arises from the two provinces’ distinct industrial structures and water-use
elasticities. For provinces such as Guangdong, Shandong, Tianjin, Hubei, and Anhui, the increase in benefits under the low-
flow scenario is significantly greater than the decrease under the high-flow scenario. This result indicates that the NWN
sufficiently meets their water demand during low flow. Consequently, these provinces could increase their water usage to
fully leverage the water-transfer capabilities of the NWN and enhance their benefits. Conversely, for Shanghai, Gansu,
Xinjiang, Shanxi, and Shaanxi, the increase in benefits under the low-flow scenario is much smaller than the decrease under
the high-flow scenario. This result suggests that the current NWN is insufficient to meet their water demands under the low-
flow scenario. Thus, there is a need to expand or establish new WDPs in order to ensure a stable water supply under low-flow
conditions.

Fig. 4(d) shows that the total supply-chain-wide economic benefits of the NWN increase from approximately 154 billion
CNY on average during 2010-2022 to 169 (142.7-184.5) billion CNY in 2025 and to 188 (156.6—206.2) billion CNY in 2030.
However, as ongoing NWN construction leads to rising construction costs and delayed supply-chain benefits from newly built
WDPs, the payback period for NWN investment is extended by 3.5-4.3 years. This is due to the lag in realizing the benefits
of WDPs. Table S4 in Appendix A summarizes the water scarcity and benefits of the NWN under different years and different
water-availability scenarios.
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Fig. 4. Supply-chain benefits of different regions after NWN implementation. (a—c) Supply-chain benefits for 313 regions in (a) 2010-2022 average,
(b) 2025, and (c) 2030. (d) Total supply-chain benefits and construction costs of the NWN. (e) Supply-chain benefits for each province. Error bars
represent the benefits for each province from the NWN under high-flow and low-flow scenarios in 2030.

We sequentially simulate the total losses from water scarcity for the water-scarce cities involved in each WDP. The total
reduction in losses from water scarcity after WDP implementation represents the supply-chain benefits of the WDP (Fig. 5(a)).
Among the completed WDPs, the benefits of the Datong-to-Qinwangchuan WDP, the Middle Route of the South-to-North
WDP, and the Qingcaosha WDP exceed 30 billion CNY each. Furthermore, the benefits of the Yellow River Diversion Project
to Shanxi River WDP exceed 15 billion CNY. By 2030, the benefits of these four WDPs will have significantly increased.
Additionally, the benefits of the Yangtze-to-Tai Lake WDP will increase by about 10 billion CNY. Under average water
availability, the benefits of 17 projects exceed 2 billion CNY each, accounting for 89% of the total benefits and 68% of the
total costs of all completed WDPs. This concentration of benefits is driven by the concentration of water-scarcity losses.
Seven completed WDPs will begin to generate supply-chain benefits only after 2025, while the Songhua River-to-Central
Jilin WDP will only generate supply-chain benefits under the low-flow scenario in 2030. This is because related WDPs
generate benefits only when local demand grows further and causes water-scarcity losses. Overall, the benefits of the WDPs
are higher under low-flow scenarios compared with the average water-availability scenario and lower under high-flow
scenarios compared with the average water-availability scenario. This is because the losses caused by water scarcity are
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that the project’s water-diversion capacity exceeds the water scarcity in the recipient region; if the opposite is the case, it
means that the WDP cannot sufficiently address the water scarcity in its recipient region. In total, 70% of WDPs have a
payback period shorter than the overall payback period of the NWN. Projects with relatively high payback periods include
the East Route of the South-to-North WDP (with only 12% of the designed water volume reached), WDPs in the Pearl River
Delta (not including the benefits of water supply to Hong Kong, China), WDPs in Northeast China (insufficient use of water
diversion), and some WDPs from the Yellow River (limited by the insufficient water volume of the Yellow River). These
differences reflect the extent to which the designs of WDPs align with actual water scarcity, the efficiency of water allocation,
and the industrial structure of receiving regions. On average, 74% of the benefits from WDPs are generated within the recipient
regions themselves.

We are unable to assess the supply-chain benefits of 19 completed WDPs; according to our evaluation system, the recipient
regions of these WDPs do not experience water scarcity. Therefore, there is no reduction in losses from water scarcity to
quantify the benefits. However, this does not imply that these WDPs are without value. First, we set the minimum standard
for the EFRs at 60% of water availability. If this proportion is increased, some recipient regions become water-scarce, resulting
in supply-chain benefits for these projects. Additionally, owing to the uneven distribution and seasonal variations in water
resources, cities with a PAWR of 1 on an annual scale cannot guarantee a consistent daily water supply. Hence, maintaining
a certain level of redundant water availability is crucial for ensuring the safety and reliability of the water supply and thereby
supporting normal residential and economic activities. Some regions have a PAWR just above 1. While this places them
outside the formal threshold of water scarcity in our evaluation system, it nonetheless indicates a state of significant water
stress, representing a borderline case where water demand is approaching the limits of sustainable supply. WDPs can greatly
enhance the stability and security of the water supply for key provincial cities such as Xi’an, Changchun, and Guangzhou, as
well as economically developed cities such as Dalian, Luoyang, and Yantai.
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Fig. 5. Supplv-chain benefits of various WDPs in different vears and under different water-availability scenarios. (a) Supply-chain benefits of
comg trunk
lengths of (b) completed WDPs and (c) under-construction WDPS. (d) Supply-chain benefits of under-construction WDFS.

The investment for the 11 WDPs currently under construction, with an average trunk length of 373 km, is 356.8 billion
CNY. The Dianzhong WDP and the Yangtze-to-Huaihe River WDP are expected to be completed and operational after 2030.
We can evaluate the supply-chain-wide economic benefits of eight of the ongoing WDPs. The total benefits are projected to
be 6 billion CNY by 2025 and 10 billion CNY by 2030, with an investment payback period ranging from 10 to 40 years. The
lower initial benefits are attributed to the designed water-diversion volume, which considers the long-term (2050) water
demand of the recipient areas, leading to lower benefits in the early years of operation. This reflects the forward-looking
nature of WDPs. We are unable to assess the benefits of three projects: The Dianzhong WDP cannot be evaluated, as its
recipient regions are integrated into Yunnan Province. The Tingzikou Irrigation WDP focuses on agricultural irrigation, which
might expand the arable land and increase water consumption after completion. The Yellow River-to-Yulin WDP is intended
for Yulin’s energy and chemical industries and might lead to the development of high-water-consumption projects upon
completion. These WDPs are largely designed to serve future industrial deployment and strategic reserves.

3.5. Comparison with previous and related studies

At the national scale, some studies estimate the economic benefits of the NWN by multiplying the GDP per unit water gap
between source and receiving regions by the transferred volume, yielding about 2.8 trillion CNY—an evident overestimate,
given the method’s strong assumptions and lack of inter-regional interactions [43]. In contrast, Liu et al. [44] developed a
sub-basin framework that focuses on the marginal value of transferred water in agriculture and industry, reporting annual
benefits of roughly 30 billion CNY. While more refined, this approach still captures only direct sectoral gains and neglects
indirect, supply-chain-wide effects. Using a multiagent complex network model that dynamically simulates water-scarcity
shocks across interconnected supply chains, our study quantifies both direct and indirect benefits: 153.2 billion CNY in 2022,
rising to 185.9 billion CNY by 2030. These results fall between prior estimates, indicating a more balanced and realistic
representation of economy-wide impacts.

For individual projects, early evaluations of the Middle Route of the South-to-North WDP relied on CGE or 10 models.
Feng et al. [27] and Gao and Yu [24] projected comprehensive benefits for Beijing on the order of 200-230 billion CNY, and
Yang et al. [21] reported national net benefits of 39.3 billion USD. In comparison, our 2022 estimate is 33.5 billion CNY in
total—1.15 billion for Beijing, 1.09 billion for Tianjin, 1.36 billion for Hebei, and 20.5 billion for Henan, plus 10 billion CNY
spilling over beyond the receiving regions. This more moderate figure reflects our supply-chain-based, dynamic accounting
of avoided losses rather than potential GDP gains, which yields conservative yet credible magnitudes. For the Yangtze River-
to-Tai Lake diversion, earlier studies (e.g., Refs. [20,22]) used apportionment-coefficient methods to estimate direct benefits,
reporting totals from 1.87 to 9.94 billion CNY, depending on parameter choices. Our 2022 estimate is 6.1 billion CNY (3.95
billion for Shanghai, 0.9 billion for Jiangsu, and 0.23 billion for Wuxi, China); while this is higher than some static estimates
because we incorporate supply-chain propagation, it is still within a reasonable range.

Methodologically, we have developed a unified, dynamic evaluation framework based on an adaptive, agent-based complex
network model that assesses both NWN-wide and project-specific benefits. Relative to static, spatially aggregated, or sector-
limited approaches, our model captures indirect and induced effects across regions and sectors. It operates at a city-level
resolution with a weekly time step, enabling the detection of spillovers beyond receiving areas. It also quantifies avoided
economic losses from water scarcity as they propagate through supply chains. These features provide a more policy-relevant
picture of how WDPs support macroeconomic stability and supply-chain resilience.

3.6. Implications for policymakers

If each city’s future water use aligns with its water-control targets, the number of water-scarce cities is projected to increase
by about 20% by 2030. The NWN requires ongoing development and the optimization of water-diversion strategies to meet
the nation's future water demands. In addition, the establishment of a continuous retrospective benefit-evaluation system is
necessary to assess the network’s effectiveness and guide improvement measures [43].

Until 2030, the NWN will be able to fully alleviate the water scarcity in some cities in the Beijing—Tianjin—Hebei region,
Henan, and northeastern Jiangsu Province under average water-availability scenarios. Therefore, these cities might not need
to construct or expand WDPs before 2030. As of 2022, the NWN could only partially alleviate water scarcity in cities such as
Lanzhou, Xianyang, and Jining. By 2025, with increasing water use, cities such as Shanghai, Wuxi, Suzhou, Nantong, Zibo,
and Puyang will only have their water scarcity partially alleviated by the NWN. By 2030, water scarcity in cities such as
Taiyuan, Datong, Shuozhou, and Linfen in Shanxi and Tongliao and Ulangab in Inner Mongolia will also only be partially
alleviated by the NWN. If water-conservation measures to improve water use efficiency do not solve these cities’ water-
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Shandong, and southwestern Jiangsu between now and 2030. We recommend prioritizing these water-scarce regions in the
subsequent construction of the NWN. NWN implementation will also cause cities such as Fushun and Hegang to become
water scarce in 2010-2022, Zhangjiakou in 2025, and Nanyang and Baoji in 2030. We suggest optimizing the water resource
allocation schemes for WDPs that draw water from these regions [56], establishing flexible water resource regulation
mechanisms, or constructing other WDPs to supplement water resources for these regions.

The total supply-chain benefits of the NWN increase from 153.2 billion CNY on average during 2010-2022 to 185.9
(156.6-206.2 billion CNY) by 2030, with a payback period of 3.5-4.3 years. The NWN brings significant benefits to Lanzhou,
Shanghai, and Henan, each exceeding 30 billion CNY. Its benefits to Shaanxi and Jiangsu are around 15 billion CNY, and its
benefits to Hebei, Inner Mongolia, and Xinjiang exceed 5 billion CNY. However, Liaoning Province sees a loss of 3 billion
CNY. Regions with substantial benefits, such as Jiangsu and Shanghai, can consider financial transfers to water-exporting
regions such as Sichuan, Qinghai, and Shaanxi. On average, 25% of the benefits from the NWN and WDPs spill over to areas
outside the recipient regions through upstream and downstream supply-chain linkages, mainly to other cities within the same
province. This finding underscores the importance of inter-regional cooperation, particularly among cities within the same
province, to achieve efficient and equitable water resource management [57]. Accordingly, provincial governments might
consider allocating approximately 25% of the funding for WDPs to support prefecture-level cities. It is recommended that
350-450 billion CNY should be allocated for the subsequent construction of the NWN.

In total, 70% of completed WDPs have a payback period shorter than the average for the NWN. The East Route of the
South-to-North WDP, for instance, has an actual water-diversion volume that is only 12% of its design capacity. We
recommend streamlining the water pricing mechanism [58], enhancing ecological water replenishment in rivers and lakes,
and increasing the actual diversion volume to fully use its capacity and benefits [59]. For underperforming projects in the
northeastern provinces and some Yellow River diversion projects, there is a need for improvements in water resource
management policies in the recipient areas [60]. Regarding ongoing projects, the Tingzikou Irrigation District can add new
farmland, increase agricultural water use, expand the distribution network, and widen the recipient area [61]. The Yellow
River-to-Yulin WDP can support new high-end energy and chemical projects in Yulin, which are currently constrained by
limited water resources [62].

3.7. Limitations

This study has some limitations that need to be addressed. Firstly, the NWN data we collected may not encompass all
WDPs, and this study converts the ecological benefits of water allocation from the NWN into economic benefits by prioritizing
the water needs for EFR. Secondly, this study does not consider water-scarcity issues caused by pollution or the potential
water quality improvements in receiving areas as a result of the NWN [63]. Thirdly, this study standardizes the EFR and
water-consumption ratios across regions, which may not fully capture regional variability. The study also assumes a uniform
distribution of water resources and usage throughout the week, despite the reality of more complex and seasonally influenced
patterns. Additionally, the economic structure data utilized are based on the 2017 MRIO table, which may not accurately
represent potential shifts in economic structure by 2025 and 2030. Moreover, our assumptions regarding water availability
and water use in 2025 and 2030 introduce further uncertainty. These assumptions and data limitations could affect the accuracy
of our final assessment of the NWN’s benefits. The benefits of the NWN may also be shaped by emerging policies. Rising
water tariffs under ongoing pricing reforms could dampen demand in recipient cities and moderate economic returns,
particularly in water-intensive sectors [64]. Meanwhile, the carbon neutrality transition may shift the economy toward less
water-intensive industries [65].

The present analysis focuses on supply-chain-wide economic benefits and does not fully capture the broader non-economic
impacts of the NWN, which include flood control and disaster mitigation functions [66], ecological protection and restoration
in receiving regions [15], improvements in water quality [67], and potential support for inland navigation and regional
development [68]. At the same time, large-scale inter-basin transfers may pose environmental risks, such as ecological
degradation in source areas and increased risks of biological invasion. These broader benefits and risks warrant further
integrated assessment to inform sustainable NWN implementation.

Climate change introduces significant uncertainties for the operation of China’s NWN. It may lead to changes in both the
total volume and spatial distribution of water resources, exacerbating the disparity between wet and dry regions, which could
increase the demand for inter-basin water transfers [69, 70]. In addition, the stability of key water source regions—such as

the Qinghai—Xizang Plateau, which feeds major rivers like the Yangtze and Yellow Rivers—is at risk [71]. The increasing

frequency of droughts and floods under climate change will impact the infrastructure of the NWN, affecting its sustainable
operation [72]. Furthermore, under climate change, the supply-chain benefits of the NWN may be significantly amplified [73].
Future research should focus on incorporating climate projections into the NWN’s planning framework to enhance its
adaptability and long-term operational efficiency.



4. Concliision

China’s NWN was established to mitigate the uneven spatial distribution of water resources across the nation. A systematic
evaluation of its benefits is critical for informing policy, increasing investment efficiency, and guiding the future development
of WDPs. This study addresses key methodological and spatial limitations in prior research by integrating city-level MRIO
analysis with comprehensive data on 76 completed and 11 under-construction WDPs.

Our findings reveal that the NWN substantially alleviates water scarcity and its associated supply-chain disruptions. Its
total economic benefits are projected to rise from 154 to 188 billion CNY by 2030. Cities experiencing both severe water
shortages and large-scale water diversions—such as Shanghai, Zhengzhou, and Lanzhou—realize the most significant gains,
while upstream source cities such as Fushun and Jiamusi incur net losses due to increased water outflows. At the provincial
level, Gansu, Shanghai, and Henan each gain approximately 30 billion CNY, whereas Liaoning registers a net loss. Seventy
percent of completed WDPs exhibit shorter investment payback periods than the NWN average. The Central Route of the
South-to-North WDP and the Yellow River-to-Shanxi project each generate over 30 billion CNY in supply-chain benefits,
with approximately 74% of these gains concentrated in recipient regions. However, several projects underperform due to
limited water utilization or misalignment between diversion capacity and regional water demand. By 2030, the under-
construction WDPs are projected to deliver an additional 10.1 billion CNY in benefits, although their relatively long
investment payback periods reflect a strategic focus on meeting long-term water demands. To optimize future NWN
development, we recommend prioritizing investments in partially alleviated cities, improving intra- and inter-regional water-
allocation mechanisms, and establishing fiscal transfers to balance upstream and downstream interests. These strategies are
essential to maximize the long-term socioeconomic and environmental returns of China’s water infrastructure investments.
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