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Abstract

This paper is the first to estimate the health benefits of the largest inter-basin water diversion
project in the world, namely, the Chinese South—North Water Transfer (SNWT) project. Using
detailed household-level data, we exploit the natural experimental setting of the middle route
of SNWT to implement a difference in discontinuity design. We find that SNWT reduced the
incidences of waterborne diseases and cancer by more than 25% and 16%, respectively. The
cost-benefit analysis shows that the health benefits outweigh the construction costs in 4-10
years, which highlights the importance of water transfer infrastructure for sustainable develop-

ment in arid regions.
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1 Introduction

Safe and clean drinking water, defined as water that does not represent any significant risk to health
over a lifetime of consumption and is free of microbial pathogens, chemical, and radiological
substances (WHO), is vital to human health and the sustainable development of human society
(Uhlenbrook et al., 2022). In 2015, the UN General Assembly put forward a “human-centered”
set of Sustainable Development Goals, of which Goal 6 aims to ensure safe drinking water and
sanitation for all. However, given the uneven distribution of water resources across the globe, many
countries are facing severe problems in the provision of clean drinking water. Approximately 2.1
billion people in the world lack safe and clean drinking water at home, of which over 1/10 live in
northern China.! The acute water shortage, over-exploitation of groundwater, climate change, and
water pollution all compound threats to drinking water and public health in the arid region (Tao
and Xin, 2014).

Recognizing these threats, the Chinese government sought to quench the thirst of the north. Among
other solutions, the South—North Water Transfer (SNWT) project is regarded as the largest and
most ambitious one, aiming to divert tens of millions m> of water from Yangtze River through three
water routes that extend by over more than a thousand kilometers (Webber et al., 2017). As an
ancient solution to imbalanced water resources, inter-basins water transfer had been widely used
in countries, such as the United States, Canada, Australia, India, and South Africa (Faindez et al.,
2023).2 Despite the worldwide prevalence of inter-basins water transfer projects, whether these
projects effectively alleviate the water crisis remains unclear, and their controversial environmental
and socio-economic impacts are still being debated (Berkoff, 2003; Barnett et al., 2015; Purvis and
Dinar, 2020).

Proponents of these projects stressed on the benefits of water transfers for various uses, such
as for domestic consumption, agricultural irrigation, energy production, ship transportation, and
eco-environmental restoration, which contribute to the GDP and produce other economic benefits
for the host countries (Berkoff, 2003; Crow-Miller, 2015). By contrast, critics of these projects

argued that water transfers have complex socio-environmental consequences, such as relocation of

ISee WHO and UNICEF JMP, Progress on Drinking Water, Sanitation and Hygiene: Update and SDG Base-
lines (2017), available at https://data.unicef.org/resources/progress-drinking-water-sanitation-hygiene-2017-update-
sdg-baselines.

2Inter-basins water transfer projects were discovered in ancient Babylon and the Egyptian civilization. Modern
examples of these projects include the central Arizona project in the United States, the Quebec water transfer project
in Canada, the national river linking project in India, and the Orange river development project in South Africa.



indigenous populations, changes in the natural cycle of river basins, loss in biodiversity of flora
and fauna due to flooding, pollution spillovers during the transfer process, huge financial costs, and
increased water prices (Purvis and Dinar, 2020; Sheng et al., 2020; Faindez et al., 2023). However,
the crucial health impacts of inter-basin water transfer projects have been largely overlooked in the
literature. Nevertheless, academic debates and policymaking should be based on rigorous empirical

evidence and holistic cost-benefit analysis, both of which are absent in the literature.

As the first to provide convincing evidence for the health benefits of inter-basin water transfer
projects, this paper explores the causal impact of SNWT on public health and highlights the role of
safe and clean drinking water to the success of this project. However, estimating causal relationships
is empirically challenging in this context because of the residents’ non-random access to SNW'T.
To address this problem, we exploit the specific regional topography and the middle route operation
of SNWT. As shown in Figure S1, the middle route was constructed along the Taithang Mountain.
The water level in the Danjiangkou Reservoir has been raised by 13 meters to allow water flows
from the higher reservoir to the lower end of Beijing and Tianjin but not to the Loess Plateau in the
west of Tathang Mountain due to its much higher altitude. Therefore, the middle route creates a
natural spatial cutoff that divides the residents into treatment and control groups .> We exploit this
natural experimental setting to implement a difference in discontinuity design by comparing those

residents located within narrow areas to the middle route before and after the operation of SNWT.

We collect comprehensive resident-level health data from the China Family Panel Studies (CFPS)
and link them to the middle route of SNWT for the empirical test. This national representative survey
data provides detailed information on the incidences of chronic diseases, such as waterborne diseases
and cancer, which allow us to assess the causal impact of SNWT on residents’ health outcomes.
We also manually collect monthly monitoring data on the water quality of centralized drinking
water sources in the studied areas from the official websites of local environmental governance
authorities and compile them with other climatic and socio-economic data to investigate the related

mechanism.

Our estimates confirm the substantial health benefits of SNWT, which has reduced the incidences
of waterborne diseases and cancer by more than 25% and 16%, respectively. The health effects of
this project were not felt until 4 years following its launch in 2014. With regard to its underlying
mechanism, this project has significantly improved the water quality of centralized drinking water

sources rather than changing other economic factors, such as income and consumption, or the

3Note that a small number of counties in the east of the middle route is not treated by SNWT, and we thus implement
a fuzzy RD design in this context.



health behaviors of residents in the North China Plain. Further heterogeneous analysis shows that
SNWT has more pronounced health effects on residents living in arid areas and have access to
tap water. In terms of cost-effectiveness, SNWT can reduce households’ health expenses by more
than 60%, amounting to 59.50 billion yuan (8.29 billion US dollars) per year. While contrasting
these health benefits with the estimated construction costs obtained from the literature, our simple

back-of-the-envelope calculation suggests that the former outweighs the latter in 4—10 years.

This paper contributes to two strands of the literature. First, this paper contributes to the literature
on the cost—benefit analysis of water infrastructure, which plays a crucial and indispensable role in
agricultural production, energy production, economic development, and climate change mitigation
(Duflo and Pande, 2007; Hansen et al., 2009; Dillon and Fishman, 2019; Alsan and Goldin, 2019;
Jeuland, 2020). However, the huge public investment in water infrastructure requires a holistic
analysis of its costs and benefits, which may vary greatly across different infrastructure types,
locations, and socio-economic conditions (Strobl and Strobl, 2011; Olmstead and Sigman, 2015).
While the agricultural and socio-economic effects of irrigation dams (Duflo and Pande, 2007;
Sarsons, 2015; Mettetal, 2019; Gatti et al., 2021; Mary, 2022; Blakeslee et al., 2023), hydroelectric
dams (Cole et al., 2014; De Faria et al., 2017; Severnini, 2023), and wells (Q. Huang et al., 2013;
Sekhri, 2014; Sayre and Taraz, 2019; Blakeslee et al., 2020) have been subjected to numerous
economic evaluations, only a few studies have focused on the health benefits of water infrastructure
(Zhang, 2012; Zhang and Xu, 2016). To advance this important research stream, we examine a new
type of water infrastructure for long-distance water transfers and quantify its health benefits. To the
best of our knowledge, this study is the first to estimate the health benefits of the largest inter-basin

water diversion project in the world.#

Second, this paper contributes to the literature on water pollution and public health. Water pollution
poses a significant concern for developing and developed countries, where it has triggered various
public health issues, such as child mortality (Galiani et al., 2005; Greenstone and Hanna, 2014;
Fan and He, 2023), cognitive and physical capacity impairments (Pitt et al., 2021), digestive cancer
(Ebenstein, 2012), diarrheal disease (Bhalotra et al., 2021), gastrointestinal illness (Marcus, 2022)
and dental health (Aggeborn and Ohman, 2021). However, how to solve water pollution and
effectively improve the quality of drinking water in arid and semi-arid regions remain unclear. In

addition to the existing solutions, such as privatization of water services (Galiani et al., 2005),

4There are fruitful policy debates on the impacts of SNWT, but most of these discussions were grounded on the
political and institutional implications of this project in the absence of systematic empirical evidence (Berkoff, 2003;
Moore, 2014; Barnett et al., 2015; Pohlner, 2016; Webber et al., 2017; Sheng et al., 2018).



government environmental regulations (Greenstone and Hanna, 2014), provision of piped water
(Fan and He, 2023), water disinfection (Bhalotra et al., 2021), and public notification of water
violations (Marcus, 2022), we propose long-distance water transfer as a new solution. Although
this solution seems controversial and costly, our calculations suggest that the health benefits of

water transfer projects outweigh their investment in the short or mid term.

2 Background

2.1 Acute water shortage and health consequences in northern China

The distribution of water resources in China is highly uneven, with 80% of these resources dis-
tributed in the south, depriving the northern region of access to this resource. By 2050, the
population in northern China is projected to increase to 340 million, while per capita water re-
sources in the region is projected to decline to below 347 m>, with only about 100 m? of drinking
water (Liu and Yang, 2012). Given the limited surface water resources in the country, groundwater
has been overexploited. The groundwater table in northern China has been rapidly decreasing by
1 to 3 meters a year, thus causing serious environmental problems (Gleeson et al., 2010). Con-
sequently, groundwater in northern China shows increased bicarbonate concentrations and overall
hardness (Currell et al., 2012).

This water problem is further exacerbated by severe water pollution. According to the Ministry
of Water Resources, the surface water quality in major northern river systems, such as the Yellow
River, Huai River, and Hai River, was continuously classified as unfit for domestic and agricultural
uses (superior to Class IV).> Meanwhile, drinkable groundwater (Class I-I1I) occupied only 22.1%
of shallow groundwater and 26.4% of deep groundwater in northern China (Han et al., 2016).
This acute water crisis has exposed millions of people in northern China to unsafe drinking water.
The elevated concentrations of arsenic, fluoride, and nitrate can be dispersed and accumulated in
humans via long-term consumption of groundwater and lead to endemic fluorosis and arsenicosis.
Toxic contaminants in water, such as nitrate, are also linked to chronic illnesses in the digestive
system and increase the incidence of digestive cancers (Ebenstein, 2012). Many “cancer villages”
have been documented in northern China, where water scarcity and water pollution are acute (Han
et al.,, 2016). China’s Center for Disease Control also confirmed that the mortality rates due to

digestive tract tumors were significantly higher in the tributary areas of the Huai River Basin than

5Available at: http://www.mwr.gov.cn/zwzc/hygb/dxsdtyb/201604/P020160405539942030096.pdf.


http://www.mwr.gov.cn/zwzc/hygb/dxsdtyb/201604/P020160405539942030096.pdf.

in the more distant control areas (Yang and Zhuang, 2014).

2.2  Solution of SNWT

The SNWT project is regarded as the most ambitious inter-basin water diversion project aiming
to solve the water crisis in northern China (Webber et al., 2017). SNWT consists of three routes,
namely, the eastern, middle, and western routes, to connect the Yangtze, Huai, Yellow, and Hai
rivers and make up the three verticals of the national water network (see Figure S1 for the planning
of the three routes of SNWT). After 10 years of construction, the eastern route started transferring

water at the end of 2013, while the middle route began its operation a year later at the end of 2014.°¢

Thus far, SNWT has transferred over 50 billion m> of water from the south to northern China, i.e.,
44.7 billion via the middle route and 5.3 billion via the eastern route, which are equivalent to about
10% of the annual flow of the Yellow River. These massive water transfers have benefited more
than 40 major northern cities and 140 million residents.” For example, Tianjin is now completely
using south water, while the shares of south water in the domestic water supply of Zhengzhou and
Beijing are 90% and 70%, respectively. The Chinese government claims that the quality of water
provided by SNWT is consistently exceeding the national standard, making it safe for agricultural,

industrial, and domestic uses.®

Although the long-distance water transfer and complicated environmental consequences of SNWT
have been fiercely debated, the potential health effects of this project have been widely overlooked.
This gap thus calls for a rigorous empirical assessment and holistic cost—benefit analysis of SNWT.
However, these efforts present a challenge due to the non-random access of residents to SNWT.
Regional heterogeneities may also confound with SNWT and impede the identification of its health
effects. In this study, the specific regional topography and the middle route operation of SNWT offer
a natural experimental setting for investigating this problem. As shown in Figure S1, the middle
route was constructed along the Taihang Mountain. The water level in the Danjiangkou Reservoir
has been raised by 13 meters to allow water flows from the higher reservoir to the lower end of
Beijing and Tianjin but not to the Loess Plateau due to its much higher altitude. Consequently, the
middle route creates a natural spatial cutoff that divides the residents into treatment and control

groups. We exploit this natural experimental setting to implement a difference in discontinuity

¢The western route is at the planning stage and is yet to be built.

7According to a news report published by Xinhua Net on January 8, 2022. Accessed via: http://www.gov.cn/
xinwen/2022-01/08/content_5667043.htm

8The Chinese government stated that the water quality was above degree III for the eastern route and above degree
II for the middle route. More details can be found in http://www.gov.cn/xinwen/2021-12/12/content_5660275.htm.
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design by comparing those residents located within narrow areas to the middle route before and
after the operation of SNW'T.

3 Empirical strategy

To quantify the health benefits of water transfers to northern China, we estimate the causal rela-
tionship between SNWT and residents’ health outcomes. The non-random access of residents to
SNWT gives rise to a potential endogeneity problem that may hinder the identification of the causal
impact of this project. We address this problem by using the natural experimental setting of the
middle route of SNWT to implement a fuzzy regression discontinuity design (RDD). We estimate

the following econometric model:

Health,-j, = CL’SNWT,'J'I +ﬁf(DiSlj) +p;+ 4+ T+ €y o
s.t.—h < DiSl‘j < h,

where Health;j; is the health outcome (measured by the incidence of waterborne diseases or
cancer) of resident 7 located in county j in year t, SNWT denotes whether a household has access
to SNWT, and f(Dist J-) is a polynomial function of the forcing variable, which is the shortest
distance between the county administrative center and the middle route of SNWT. Note that we
identified the counties with access to SNWT according to the official document, “Master Plan of
the South to North Water Transfers Project”. We control for the one-degree-latitude fixed effect
pj, the resident fixed effect ¢;, and the year fixed effect 7; to capture any geographical factors,
time-invariant resident characteristics, and year-specific shocks. ¢;;; denotes the error term, which

is assumed to be independent and identically distributed (i.i.d).

Eq. (1) can be estimated using a non-parametric or parametric approach. According to Gelman
and Imbens, 2019, the parametric estimation of RDD tends to generate sensitive results related
to the order of polynomial function of the forcing variable and have some undesirable statistical
properties. Therefore, we use the non-parametric local linear approach for the main analysis and
implement parametric estimation for robustness checks. To determine the appropriate bandwidth
for estimation, we adopt the method proposed by Calonico et al., 2014 to choose the optimal
bandwidth 4.

Another challenge in non-parametric estimation is accounting for the fixed effects. To address this
problem, we follow the two-step approach of Lee and Lemieux, 2010. In the first step, we regress
the resident health outcomes on the set of fixed effects and predict the residualized health outcomes.

In the second step, using the predicted value, we re-estimate Eq. (1) using the traditional non-



parametric local linear approach. This two-step approach can improve the precision of estimation

without causing bias.

Health;j; = pj+ 1, + T, + €1 2

Heglllhijt = CL’SNWTijt +ﬁf(DiSlj) + €;jt

st.—h < Distj < h.

3)

To explore the panel structure of the data, we estimate Eq. (3) separately for the pre- and post-
2014 periods (i.e., the middle route of SNWT commenced its operations in 2014). To compare
the results before and after the water transfers, we follow the literature and adopt the following
difference-in-discontinuity (Dif-in-Disc) model to estimate the treatment effect of SNWT (Grembi
et al., 2016; He et al., 2020):

Health;j; =aSNWT;;; + BDist; + yPost,
+O0SNWT;j; X Post; + pSNWT;j; X Dist; + 6Post,; X Dist; @

+ @SNWT;j; X Post; X Distj +pj+1; + T, + €y

s.t. —h < Dist; < h.

On the basis of the traditional RDD model, we introduce a dummy Post; to indicate if the time
period is post 2014. The coefficient 6 before the interaction term of SNWT and Post captures
the treatment effect of SNWT as the change in discontinuity before and after 2014. In this way,
we combine the cross-sectional variation of RDD and the temporal variation of the panel data to
clearly identify the health benefits of SNWT.

4 Data

This section presents our multi-source datasets for empirically investigating the health benefits of
SNWT. These datasets include the individual-level survey data from CFPS, station-level monitoring
data on drinking water quality, county-level characteristics derived from the China County Statistical

Yearbook, and county-level climatic data from the China Meteorological History Dataset.



4.1 CFPS

We collect our health data from the CFPS, which is a comprehensive and longitudinal social survey
administrated by Peking University in China that covers about 16,000 households across the 162
administrative counties of 25 provinces or municipalities and autonomous regions. This dataset
stores information about various aspects of Chinese families, such as their economic activities,
education outcomes, family dynamics and relationships, migration, and health. With a coverage
accounting for 94.5% of the total population of China, the CFPS has been widely used for studying
the society and households of contemporary China (Cao et al., 2022; Deng et al., 2022; W. Huang
and Liu, 2023).

With six waves (2010, 2012, 2014, 2016, and 2018) conducted thus far, the CFPS allows us to
compile a panel dataset for empirically investigating the health outcomes of households before and
after SNWT. We select 1,970 households in 34 counties of 4 provinces (Hebei, Henan, Shanxi and
Shaanxi) where crossed the middle route of SNWT. We derive detailed resident-level information
on the incidence of chronic diseases (e.g., infectious diseases, parasitic diseases, and cancers),
and resident health behaviors, such as smoking, drinking, and doing exercise. We also collect
household-level information, such as health expenses, access to tap water, and cost of water
consumption. To control for household heterogeneity, we derive variables on households’ socio-
economic characteristics, such as income, consumption, family size, total asset, and proximity to

hospitals.

4.2 Monitoring data on centralized drinking water sources

To explore the mechanism by which SNWT provides clean and safe drinking water, we compile
station monitoring data on drinking water quality. China started monitoring the water quality of
its centralized drinking water sources in 2012, but only until 2016 did the Ministry of Ecology
and Environment (MEE) issue the measures for disclosing information on the national water
quality monitoring of centralized drinking water sources, which ensured the full disclosure of
comprehensive monitoring data at the local level. Since 2016, an increasing number of cities have
regularly disclosed centralized drinking water quality data from monitoring sources managed at the

national, provincial, and municipal city levels.

For each sample city, we manually collect monthly monitoring data of 97 city level centralized

drinking water sources in 2016 and 2018 from reports on the water quality of centralized drinking



water sources published by local environmental authorities.® These data provide information on
the general grade of drinking water quality (I-V) and details about water hardness and water
contaminants (i.e., sulfate, nitrate, phosphorus, and manganese). This comprehensive information
allows us to accurately measure the effects of SNWT on water quality of major drinking water

sources.

4.3 Other complementary data

One important condition for the internal validity of RDD is to ensure the continuity of other socio-
economic characteristics at the cutoff. To address the systematic differences between counties
with and without access to SNWT, we collect comprehensive data on county characteristics, such
as GDP, area, population, government expenditure, industrial production, and number of hospital
beds, from the China County Statistical Yearbook. We also collect data on various climatic
conditions, including near surface air temperature, sunshine duration, wind speed, air specific
humidity, near surface air pressure, and precipitation, from the China Meteorological History
Dataset (V3.0) published by the China Meteorological Administration. We initially interpolate
station-level meteorological data to grids of 500 m x 500 m using the Barnes interpolation method
(Barnes, 1964) and then aggregate the grid data to the county level using GIS. The definition and
data sources of all the variables used in this paper are presented in Table S1, and the summary

statistics are presented in Table S2 in the appendices.

4.4 Balance check

In our sample, 12 counties have access to SNWT, and 22 counties have no access. To ensure that
the treatment and control groups are comparable, we restrict our analysis to a smaller bandwidth
and then perform a balance check for the number of socio-economic characteristics of the counties.

The results of the balance check with the RD estimation are presented in Table S3 in the appendices.

After restricting the sample within 200 km of the middle route, most of the differences in the
characteristics between the SNWT and non-SNWT areas become insignificant. We also change
the bandwidth to 100 km or 300 km for another balance check, and the results are presented in
Tables S3 and S5. After changing the bandwidth to 100 km or 300 km, we note some differences
in several county and household characteristics, but the statistical significances are very weak and

inconsistent. Therefore, with a smaller bandwidth, those counties with and without access to SNWT

9Comprehensive monitoring data on centralized drinking water sources became publicly available only in 2016.
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are well balanced in most socio-economic characteristics and climatic conditions, thus allowing us

to continue with the RD analysis.

5 Results

5.1 Effects of SNWT on individuals’ health outcomes

We start by testing the impact of SNWT on residents’ health outcomes as measured by the incidence
of waterborne disease and cancer.’® Figure 1 presents the RD graphs before and after SNW'T.
Interestingly, the incidences of waterborne diseases and cancer are higher at the regional cutoff,
but we observe no significant discontinuity before SNWT. This observation is consistent with
findings from the literature on trans-boundary water pollution, which shows that water pollution
is generally severe at administrative borders (Sigman, 2002; Duvivier and Xiong, 2013; Cai et al.,
2016; Lipscomb and Mobarak, 2016). After the operation of the project, residents living to the
east of the middle route (i.e., with access to SNWT) show significant improvement in terms of

incidences of waterborne diseases and cancer, which demonstrate clear discontinuity at the cutoff.

We then estimate the treatment effect of SNWT to quantify its health benefits, and Table 1 reports
the results. We present the non-parametric estimates of the RD model for the subsamples before
and after the operation of SNWT. Afterward, we present the treatment effect estimated using the
Dif-in-Disc model as in Grembi et al., 2016. Consistent with the figure, SNWT has no significant
effects on individual health outcomes before its operation, but these effects become significant and
quite robust after the operation of the project. The magnitudes of the treatment effect are -0.25
(exp(-0.282)-1) ~ -0.39 (exp(-0.501)-1) for waterborne diseases and -0.16 (exp(-0.172)-1) ~ -0.20
(exp(-0.221)-1) for cancer.! The point estimates suggest that SNWT reduced waterborne diseases
and cancer by at least 25% and 16%, respectively, for residents living in areas close to the middle

route.

We then investigate the dynamic effects of SNWT. We estimate the treatment effect of the project
year by year, and the results are presented in Figure 2 and Table S6. As shown in the RD graph and
the estimation results, the health effects of SNWT are insignificant prior to the operation of SNWT.
Only in 2018 (i.e., 4 years after its operation) did the project start to reveal its health benefits.

0The waterborne diseases, including infectious, parasitic, and digestive system diseases, are defined according to
the WHO. Cancer is defined as malignant and benign tumors in the CFPS.
ITo ensure that the estimates are within [-1,1], we rescale the point estimates using e* — 1 as in He et al., 2020.
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Combined with previous estimates of health benefits, our dynamic results provide strong evidence

supporting the substantial yet lagged health benefits of SNWT to residents living in the region.

5.2 Robustness checks

We subject our results to a battery of robustness checks. First, to ensure the comparability of the
treatment and control groups, we further implement the balance check with alternative kernel. The
results are reported in Table S7. As noted, all of the checked characteristics remain comparable
between the treated and control groups. This balance check also ensures the internal validity of the

spatial RD estimation.

Second, we use an alternative bandwidth to check the RD estimation of health benefits. Instead
of selecting the optimal bandwidth using the CCT method, we use the alternative bandwidths
of 100, 200, and 300 km to re-estimate the RD model. The results are reported in Table S8.
We observe greater statistical significance when we enlarge the bandwidth of the RD estimation
because enlarging such bandwidth includes more observations for the analysis, thus increasing
the statistical power for the estimation. The direction and magnitude of the estimated coefficients

remain consistent with the main results.

Third, we estimate the RD model using a parametric approach and estimate the treatment effect
using a classical difference-in-difference (DID) model. The results are reported in Table S9. The
parametric RD estimations yield consistent results with smaller magnitude and significance that
support our previous findings. The DID model also supports our conclusion on the health benefits
of SNWT.

Fourth, we further check the health benefits of SNWT using other non-water relevant diseases such
as diseases of respiratory system and endocrine system as placebo test. If the health benefits are
due to other changing socio-economic factors related to SNWT, then the effect on non-relevant
diseases should also be significant. The estimation results are reported in Table S10, and the RD

results are insignificant with other diseases as the dependent variable.

5.3 Mechanisms

We then explore the mechanism underlying the health benefits of SNWT. First, we check the impact
of SNWT on major economic factors that also affect individual health outcomes. For instance, the
increasing income and consumption and changing health behaviors, such as smoking, drinking, and
doing exercise, may impact residents’ health outcome. To rule out these competing explanations,
we estimate the Dif-in-Disc model using these economic factors as dependent variables, and the

results are presented in Figure S2 and Table S11. Results show that none of these economic factors

12



are significantly affected by SNWT because the water transferred by the project is used primarily

for resident consumption and secondly for industrial production and agricultural irrigation.

Second, to evaluate the important role of clean drinking water, we analyze the impact of SNWT on
drinking water quality. We use different indicators of drinking water quality as dependent variables
to check the change of drinking water quality after operation of the project.’? The estimation results

are reported in Table 2 and the corresponding RD graph is presented in Figure S3 in the appendices.

As shown in Table 2, SNWT has significantly reduced the amount of water contaminants that exceed
the national safety standard for indicators of water hardness, sulfate, nitrate, and Total Phosphorus
(TP). The general degree of drinking water quality is 0.13-0.15 (4.56%-5.26%) better in sources
supplied by SNWT. In other words, the transferred water meets the high quality standards set by the
government. The replacement of over-exploited groundwater with clean and safe water significantly
improves the drinking water quality for residents. These estimation results provide direct evidence
and sound explanation to the substantial health benefits of SNWT.

5.4 Heterogeneous effect of SNWT

The SNWT project aims to transfer water to the North China Plain via new water canals and
tap water pipelines. Therefore, access to tap water should be a critical condition for households’
consumption of south water. We use the question in the CFPS asking residents about their water
sources for cooking to determine those residents who actually consume tap water for daily use.
We then split our sample according to residents’ access to tap water and test the heterogeneity of
SNWT.

Another interesting heterogeneity to explore is by arid and humid areas, because the project can
bring greater health benefits by relieving water scarcity in arid areas than in humid areas. To measure
aridity, we use the climatic aridity index as proposed by the Food and Agriculture Organization
(FAO):

Aridity;, = pj/ETj, (%)

, Where pj; is the precipitation of county j in year 7, and ET}, is the potential evapotranspiration

2Due to the very small variation of quality in time for a given drinking water source, we are unable to control for
the source-specific fixed effect in the model. However, we control for the fixed effects of one-degree latitude and year
as in the previous analysis.
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calculated using the FAO—Penman—Monteith method.!* Based on the aridity index, the areas are
delineated into hyper-arid (aridindex < 0.03), arid (0.03 < aridindex < 0.20), semi-arid (0.20 <
aridindex < 0.50), sub-humid (0.50 < aridindex < 0.75), and humid areas (aridindex > 0.75).
Given that sub-humid areas also have arid conditions, we define “arid areas” to collectively represent
the hyper-arid, arid, semi-arid, and sub-humid areas (aridindex < 0.75). We then split our sample

of households into arid versus humid areas.

The results for the heterogeneity of SNWT are reported in Table S12. As expected, the health
benefits of SNWT are significant only for residents living in arid areas and with access to tap water.
These results show interesting heterogeneous effects of the SNWT and provide important policy
implications for social planners. In arid areas where water resources are scarce, comprehensive
planning and investment are needed to build local drinking water infrastructure and utilities, such
as tap water pipe networks, in order to deliver water to vulnerable residents who truly need such

resource and to ensure the success and inclusivity of SNWT.

5.5 Cost-benefit analysis

The final step is to conduct a cost-benefit analysis of SNWT. To calculate the monetary value of
the health benefits of SNW'T, we estimate the impact of this project on households’ health expenses
(logged) as in the previous analysis. The results are reported in Table 3 and the corresponding
RD graph is presented in Figure S4 in the appendices. The RD estimates are insignificant before
SNWT and become significant and quite robust after the project. The magnitudes of the treatment
effect are -0.62 (exp(-0.978)-1) ~ -0.66 (exp(-1.077)-1), which suggest that SNWT has reduced
households’ health expenses by more than 60%.

Given that the average health expenses of households in our sample is 4,672 yuan (650 US dollars)
per year, SNWT thus allows these households to save more than 2,800 yuan (390 US dollars)
per year without taking into account the value of lives. According to the Chinese government,
approximately 85 million people or 21.25 million households have directly benefited from the
middle route of SNWT.* Therefore, the total health expenses saved by the project amount to 59.50
billion yuan (8.29 billion US dollars) per year.

The financial costs of SNWT are also enormous. While conservative estimates from the Chinese

government suggest that the construction of the middle route of SNWT cost more than 200 billion

BMore details about the FAO-Penman—Monteith method can be found in the appendices.
“More details can be found in http://nsbd.mwr.gov.cn/zx/zxdt/202207/t20220722_1586569.html.
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yuan (27 billion US dollars), previous studies have estimated a much higher cost of 580 billion
yuan (79.4 billion US dollars) (Webber et al., 2017).15 Many other estimates fall within this scope.
By contrasting the health benefits of SNWT to its construction costs, we easily find that the former
exceeds the latter in 4—-10 years. This simple calculation justifies the cost-effectiveness of SNWT

and supports the economic rationale for the investment decision of the Chinese government.

However, this back-of-the-envelope calculation is preliminary because these estimates do not in-
clude the costs for resettlement of about 300,000 people and the costs of shutting down factories and
farms for environmental protection in water source areas along the middle route. These enormous
costs need to be further justified in future studies by conducting a more comprehensive evaluation

of the value of lives and other environmental and socio-economic benefits of the project.

6 Conclusion

SNWT has diverted massive amounts of water from the Yangtze River to quench the thirst of
residents in northern China. To evaluate its cost-effectiveness from the public health perspective,
this paper estimates the causal impact of SNWT on residents’ health outcomes using a difference-
in-discontinuity design. SNWT has reduced the incidence of waterborne diseases and cancer in
the region by more than 25% and 16%, respectively, by significantly improving the quality of
centralized drinking water sources for residents with access to the transferred water. The project
also produces more pronounced health benefits for residents living in arid regions and have better

access to tap water.

Based on these findings, we suggest that cost-benefit analyses of SNWT should take into account
the substantial health benefits of the project. Water diversion projects typically build large-scale
water infrastructures to optimize the allocation of water resources, but these infrastructures often
entail complex environmental consequences and require a huge public investment. Therefore, a
more thorough and rigorous evaluation of the potential benefits of these infrastructures are needed
to support and direct policy-making. As demonstrated by the case of SNWT, given that residents
in arid regions are very sensitive to safe and clean water, the water transfer project will produce
significant health benefits for these residents that overweigh the costs. This case offers important
lessons regarding the economic valuation of safe and clean water, which is vital for people’s

adaptation to the global water crisis.

5More details can be found in http://hb.ifeng.com/news/focus/detail 2014_11/16/3156564 _0.shtml.
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Figure 1. Individual health outcomes before and after the SNWT
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Note: This figure presents the RD graph of the incidences of waterborne diseases and cancer for res-
idents live next to the middle route of SNWT. Panel A is the graph before operation of SNWT
and Panel B is the graph after operation of SNWT. The red vertical line indicates the middle
route and the hollow points are the bin average of incidences of waterborne diseases and cancer.
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Figure 2. Dynamic health impacts of the SNWT
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Note: This figure presents the non-parametric RD estimates of the impact of SNWT on in-
cidences of waterborne diseases and cancer over year. The red vertical dash line indi-
cates the year of SNWT operation. The green vertical line is 95% confidence interval.
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Table 1. The impact of SNWT on individual health outcomes

ey 2) 3) “4) ®) (6)
Waterborne Cancer

Dep. Var. Before After Dif-in-Disc Before After Dif-in-Disc
Conventional 0.0070 -0.0369* -0.2822%** 0.0038*  -0.0111**  -0.1718%***

(0.0053)  (0.0198) (0.1105) (0.0022) (0.0049) (0.0582)
Bias-corrected  0.0087  -0.0474%*  -0.5008%** 0.0035 -0.0115%*  -0.2207%**

(0.0053)  (0.0198) (0.1105) (0.0022) (0.0049) (0.0582)
Robust 0.0087 -0.0474*  -0.5008%** 0.0035 -0.0115%*  -0.2207**

(0.0065)  (0.0248) (0.1691) (0.0026) (0.0059) (0.0868)
Obs. 18,599 11,811 21,955 18,592 11,830 21,967
Bandwidth 157.95 189.91 182.18 179.30 200.88 179.49
Year FE Y Y Y Y Y Y
Latitude FE Y Y Y Y Y Y
Individual FE Y Y Y Y Y Y

Note: This table reports the non-parametric RD estimates of the impact of SNWT on the incidence of waterborne
diseases and cancer for individual located next to the SNWT middle line. Column 1 and 4 report the discontinuity
before operation of the SNWT middle line. Column 2 and 5 report the discontinuity after operation of the SNWT
middle line. Column 3 and 6 estimate the treatment effect of the SNWT using a Difference-in-Discontinuity model as
in Grembi (2016). For all models, the bandwidth is selected with method by Calonico, Cattaneo and Titiunik (2014),
and we report the results with three different procedures, i.e., conventional RD estimates with a conventional variance
estimator; bias-corrected RD estimates with a conventional variance estimator; and bias-corrected RD estimates with a
robust variance estimator. The default kernel function is triangular. We also control for the year fixed effects, 1-degree
latitude fixed effects, and individual fixed effects using the two step methods suggested by Lee and Lemieux (2010).
Robust standard errors are in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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Table 2. The impact of SNWT on drinking water quality

(1 2) 3) “4) &) (6)

Dep. Var. Grade Hardness Sulfate Nitrate TP Manganese
Conventional ~ -0.1474%** -0.0194*** -0.0254***  -0.0148* -0.0003***  -0.0025

(0.0258) (0.0029) (0.0024) (0.0088) (0.0001) (0.0052)
Bias-corrected -0.1335%** -0.0206*** -0.0262*** -0.0173** -0.0004***  -0.0020

(0.0258) (0.0029) (0.0024) (0.0088) (0.0001) (0.0052)
Robust -0.1335%**  -0.0206%** -0.0262***  -0.0173* -0.0004***  -0.0020

(0.0303) (0.0030) (0.0024) (0.0103) (0.0001) (0.0056)
Obs. 1,901 1,991 1,991 1,991 1,991 1,988
Bandwidth 131.20 136.11 111.27 182.29 56.989 139.92
Year FE Y Y Y Y Y Y
Latitude FE Y Y Y Y Y Y

Note: This table reports the non-parametric RD estimates of the impact of SNWT on the grade of water quality and the
contaminants above the national standards. See Table S1 for variable definition. For all models, the bandwidth is se-
lected with method by Calonico, Cattaneo and Titiunik(2014), and we report the results with three different procedures,
i.e., conventional RD estimates with a conventional variance estimator; bias-corrected RD estimates with a conven-
tional variance estimator; and bias-corrected RD estimates with a robust variance estimator. The default kernel function
is triangular. We also control for the month fixed effects and 1-degree latitude fixed effects using the two step methods
suggested by Lee and Lemieux (2010). Robust standard errors are in parentheses. *** p<(.01, ** p<0.05, * p<0.1.
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Table 3. The impact of SNWT on households’ health expense

(D (2) (3)
In(Health_expense)

Dep. Var. Before After Dif-in-Disc
Conventional 0.1809 -0.4203* -0.9778%*

(0.1414) (0.2318) (0.4774)
Bias-corrected 0.1434 -0.5342** -1.0774%*

(0.1414) (0.2318) (0.4774)
Robust 0.1434 -0.5342% -1.0774%*

(0.1914) (0.2971) (0.6411)
Obs. 6,456 4,517 7,879
Bandwidth 49.87 54.11 180.75
Year FE Y Y Y
Latitude FE Y Y Y
Household FE Y Y Y

Note: This table reports the non-parametric RD estimates of the impact of SNWT on logged health expenses for house-
hold located next to the SNWT middle line. Column 1 reports the discontinuity before operation of the SNWT middle
line. Column 2 reports the discontinuity after operation of the SNWT middle line. Column 3 estimates the treatment
effect of the SNWT using a Difference-in-Discontinuity model as in Grembi (2016). For all models, the bandwidth
is selected with method by Calonico, Cattaneo and Titiunik (2014), and we report the results with three different pro-
cedures, i.e., conventional RD estimates with a conventional variance estimator; bias-corrected RD estimates with a
conventional variance estimator; and bias-corrected RD estimates with a robust variance estimator. The default kernel
function is triangular. We also control for the year fixed effects, 1-degree latitude fixed effects, and individual fixed
effects using the two step methods suggested by Lee and Lemieux (2010). Robust standard errors are in parentheses.
*##% p<0.01, ** p<0.05, * p<0.1.

25



A Supplementary figures and tables

Figure S1. Water transfer routes of the SNWT project
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Note: The map shows two water routes of the SNWT project, i.e., the middle route and the eastern route. The middle
route was constructed to realize artesian water transfer along the Taihang mountains. The treament and control
counties are selected based on the official document, “Master Plan of the South to North Water Transfers Project”.
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Figure S3. Quality of centralized drinking water sources after the SNWT
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Note: This figure presents the RD graph of water quality for centralized drinking water sources located next to the
middle route of SNWT. The red vertical line indicates the middle route and the hollow points are the bin average of

water quality indicators.
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Figure S4.

Health Expense (log)
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Note: This figure presents the RD graph of the health expenses (logged) for residents live next to the middle route of
SNWT. Panel A is the graph before operation of SNWT and Panel B is the graph after operation of SNWT. The red
vertical line indicates the middle route and the hollow points are the bin average of health expenses.
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Table S2. Summary statistics

Obs Mean Std.Dev. Min Max
Panel A. County level variables
Distance 170 126.04 83.70 15.93 324.26
GDP 122 15,124.77 10,395.33 2,260.00 50,962.86
Area 134 1,327.35 695.90 437.00 3,510.00
Pop 114 67.74 40.84 16.00 181.00
Fiscal Exp 126 259,008.70 166,358.80 65,313.00 1,017,018.00
Industial _output 54 1,644,170.00 1,542,577.00 22,342.00 6,972,897.00
Hospital _bed 57 1,705.05 1,107.28 368.00 5,486.00
Temp 170 13.31 2.53 6.44 16.51
Suns_h 170 5.77 0.87 3.92 7.65
Wind_speed 170 2.10 0.41 1.13 341
Humidity 170 61.68 5.67 50.57 76.11
Pressure 170 972.28 40.18 887.08 1,015.31
Precipitation 170 631.72 183.14 366.18 1,235.23
Panel B. Household level variables
Health_exp 15,318 4,672.17 13,619.36 0.00 500,000.00
Food__exp 15,318  11,453.95 11,351.15 0.00 144,000.00
Dress__exp 15,318 1,995.90 3,135.86 0.00 120,000.00
Tap_water 15,196 0.60 0.49 0.00 1.00
Income 14,564  37,110.53 40,166.74 0.00 1,100,000.00
Wage 15,286  27,517.08 36,916.79 0.00 1,203,800.00
Family_size 15,318 3.95 1.87 0.00 15.00
Total asset 11,779  266,070.10  538,852.70  -1959200.00 30600000.00
Prox_hospital 6,121 360.24 1,273.47 0.00 60,000.00
Water_fare 11,870 31.23 56.80 0.00 2,000.00
Irrig_fare 5,081 536.39 1,318.12 0.00 40,000.00
Panel C. Individual level variables

Waterborne_disease 37,384 0.03 0.17 0.00 1.00
Cancer 37,389 0.00 0.07 0.00 1.00
Other_diseases 39,995 0.35 0.48 0.00 1.00
Smoke 37,915 0.28 0.45 0.00 1.00
Alcoholic 37,449 0.12 0.33 0.00 1.00
Exercise 37,278 2.48 2.95 0.00 50.00
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Panel D. Water monitoring station level variables

Grade 1,901
Hardness 1,991
Sulfate 1,991
Nitrate 1,991
TP 1,991
Manganese 1,988

2.8532
0.0038
0.0048
0.0029
0.0001
0.0036

0.4769
0.0319
0.0439
0.0494
0.0054
0.0448

1.0000
0.0000
0.0000
0.0000
0.0000
0.0000

5.0000
0.5400
0.5300
1.1600
0.2400
0.7000

Note: This table presents the summary statistics of key variables used in the paper.
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Table S3. Balance check of characteristics in Non-SNWT and SNWT areas

) 2) 3) “) &) (6)
Panel A. County socio-economic characteristics
Dep. Var.  GDP Area Pop Fiscal Exp  Industial output Hospital bed
RD -0.0244  -0.0026* -0.0100 -0.0281 -0.1589 -0.0035
(0.0740)  (0.0014) (0.0089) (0.0735) (0.1339) (0.0722)
Obs. 69 81 61 75 71 37
Panel B. County meteorological characteristics
Dep. Var.  Temp Suns_h Wind Humidity Pressure Precipitation
RD 0.0045 0.0154 0.0119 -0.0075 0.0003 0.0484
(0.0101)  (0.0624) (0.0415) (0.0153) (0.0009) (0.1035)
Obs. 102 102 102 102 102 102
Panel C. Household characteristics
Dep. Var. Income Family size Total asset Prox_hospital Water_fare Irriga_fare
RD -0.0559 0.0159 -0.0840 0.0032 -0.1109 0.2454
(0.0763)  (0.0116) (0.0527) (0.0593) (0.0732) (0.1766)
Obs. 6,929 7,407 6,897 4,488 4,583 1,133

Note: This table reports the balance check of socio-economic and meteorological characteristics at county and house-
hold level for the non-SNWT and SNWT areas before operation of the SNWT middle line (2010-2014). See Table
S1 for variable definition. It performs the non-parametric RD estimation with 200 km as the default bandwidth. The
default kernel function is triangular. Robust standard errors are in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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Table S4. Balance check of characteristics in Non-SNWT and SNWT areas (100km)

) 2) 3) “) &) (6)
Panel A. County socio-economic characteristics
Dep. Var.  GDP Area Pop Fiscal Exp  Industial output Hospital bed
RD 0.0662 0.0001 0.0181 0.0691 -0.0416 0.0148
(0.1064)  (0.0009) (0.0158) (0.1090) (0.1683) (0.1209)
Obs. 69 81 61 75 71 37
Panel B. County meteorological characteristics
Dep. Var.  Temp Suns_h Wind Humidity Pressure Precipitation
RD -0.0002 0.0280 -0.0463 -0.0061 0.0011 0.0675
(0.0127)  (0.1182) (0.0702) (0.0254) (0.0018) (0.1227)
Obs. 102 102 102 102 102 102
Panel C. Household characteristics
Dep. Var. Income Family size Total asset Prox_hospital Water_fare Irrig_fare
RD -0.0505 0.0095 -0.1320* 0.0054 0.2030%* 0.1467
(0.0997)  (0.0141) (0.0685) (0.0747) (0.0914) (0.1563)
Obs. 6,929 7,407 6,897 4,488 4,583 1,133

Note: This table reports the balance check of socio-economic and meteorological characteristics at county and house-
hold level for the non-SNWT and SNWT areas before operation of the SNWT middle line (2010-2014). See Table
S1 for variable definition. It performs the non-parametric RD estimation with 100 km as the default bandwidth. The
default kernel function is triangular. Robust standard errors are in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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Table S5. Balance check of characteristics in Non-SNWT and SNWT areas (300km)

) 2) 3) “) &) (6)
Panel A. County socio-economic characteristics
Dep. Var.  GDP Area Pop Fiscal Exp  Industial output Hospital bed
RD -0.0087  -0.00414**  -0.0119 -0.0497 -0.1452 -0.0605
(0.0722)  (0.0019) (0.0098) (0.0725) (0.1393) (0.0627)
Obs. 69 81 61 75 71 37
Panel B. County meteorological characteristics
Dep. Var.  Temp Suns_h Wind Humidity Pressure Precipitation
RD 0.0054 0.0098 0.0164 -0.0053 0.0002 0.0424
(0.0082)  (0.0457) (0.0353) (0.0120) (0.0007) (0.0857)
Obs. 102 102 102 102 102 102
Panel C. Household characteristics
Dep. Var. Income Family size Total asset Prox_hospital Water_fare Irrig_fare
RD -0.0451 0.0073 -0.0463 0.0016 -0.0503 0.0778
(0.0570)  (0.0090) (0.0412) (0.0440) (0.0583) (0.1668)
Obs. 6,929 7,407 6,897 4,488 4,583 1,133

Note: This table reports the balance check of socio-economic and meteorological characteristics at county and house-
hold level for the non-SNWT and SNWT areas before operation of the SNWT middle line (2010-2014). See Table
S1 for variable definition. It performs the non-parametric RD estimation with 300 km as the default bandwidth. The
default kernel function is triangular. Robust standard errors are in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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Table S7. Balance check of characteristics in Non-SNWT and SNWT areas (Uniform kernel)

(1) (2) 3) 4) ) (6)
Panel A. County socio-economic characteristics
Dep. Var. GDP Area Pop Fiscal Exp  Indus_output Hospital bed
RD -0.0257 -0.0009 -0.0127 -0.0666 -0.1581 -0.0401
(0.0758)  (0.0011) (0.0096) (0.0813) (0.1518) (0.0688)
Obs. 69 81 61 75 71 37
Panel B. County meteorological characteristics
Dep. Var.  Temp Suns_h Wind Humidity Pressure Precipitation
RD 0.0054 0.0095 0.0194 -0.0067 0.0002 0.0497
(0.0105)  (0.0524) (0.0417) (0.0141) (0.0008) (0.1023)
Obs. 102 102 102 102 102 102
Panel C. Household characteristics
Dep. Var. Income Family size Total asset Prox_hospital  Water_fare Irriga_fare
RD -0.0063 0.0151 -0.0419 0.0013 -0.0703 -0.1681
(0.0619)  (0.0104) (0.0476) (0.0490) (0.0675) (0.1929)
Obs. 6,929 7,407 6,897 4,488 4,583 1,133

Note: This table reports the balance check of socio-economic and meteorological characteristics at county and house-
hold level for the non-SNWT and SNWT areas before operation of the SNWT middle line (2010-2014). See Table
S1 for variable definition. It performs the non-parametric RD estimation with 200 km as the default bandwidth. The
kernel function is uniform. Robust standard errors are in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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Table S8. Robustness check with alternative bandwidth

) 2) 3) “4) ) (6)

Dep. Var. Waterborne Cancer
Conventional ~ -0.5161* -0.2738**  -0.1656**  -0.3934** -0.1691***  -(0.1732%%%*

(0.3012)  (0.1064) (0.0794) (0.1667) (0.0561) (0.0420)
Bias-corrected  0.4643  -0.2633**  -(0.5429%*%* 0.1750 -0.2102%%**  -0.2079%**

(0.3012)  (0.1064) (0.0794) (0.1667) (0.0561) (0.0420)
Robust 0.4643 -0.2633  -0.5429%#** 0.1750 -0.2102*  -0.2079%**

(0.7044)  (0.2221) (0.1453) (0.3553) (0.1132) (0.0764)
Obs. 12,295 23,776 28,837 12,297 23,788 28,849
Bandwidth 100 200 300 100 200 300
Year FE Y Y Y Y Y Y
Latitude FE Y Y Y Y Y Y
Individual FE Y Y Y Y Y Y

Note: This table reports the non-parametric RD estimates of the impact of SNWT on the incidence of waterborne
diseases and cancer for individual located next to the SNWT middle line using alternative bandwidths, i.e., 100km,
200km and 300km. We report the results with three different procedures, i.e., conventional RD estimates with a con-
ventional variance estimator; bias-corrected RD estimates with a conventional variance estimator; and bias-corrected
RD estimates with a robust variance estimator. The default kernel function is triangular. We also control for the year
fixed effects, 1-degree latitude fixed effects, and individual fixed effects using the two step methods suggested by Lee
and Lemieux (2010). Robust standard errors are in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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Table S9. Robustness check with parametric estimation

(1) (2) 3) “4) (5) (6)
Waterborne Cancer
Dep. Var. Before After DID Before After DID
Distance -3.77e-05  -9.04e-06 -3.82e-05* 1.63e-06  -4.30e-05** -2.20e-05**
(2.66e-05) (2.85e-05) (2.29e-05) (7.26e-06)  (1.76e-05) (9.09¢-06)
SNWT 0.0059 -0.0212* 0.0068* 0.0021 -0.0093* 0.0057 #*3*
(0.0078) (0.0108) (0.0039) (0.0028) (0.0051) (0.0015)
SNWT*Post -0.0087* -0.0085%**
(0.0049) (0.0027)
Obs. 18,670 11,523 30,193 18,664 11,534 30,198
R? 0.002 0.002 0.002 0.002 0.005 0.003
Year FE Y Y Y Y Y Y
Latitude FE Y Y Y Y Y Y

Note: This table reports the parametric RD and Difference-in-Difference estimates of the impact of SNWT on the
incidence of waterborne diseases and cancer for individual located next to the SNWT middle line. Column 1 reports
the discontinuity before operation of the SNWT middle line. Column 2 reports the discontinuity after operation of the
SNWT middle line. Column 3 estimates the treatment effect of the SNWT using a Difference-in-Difference model.
For all models, we set a bandwidth of 200km by default. We also control for the year fixed effects and 1-degree latitude
fixed effects. Robust standard errors are clustered at community level and reported in parentheses. *** p<0.01, **
p<0.05, * p<0.1.
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Table S10. Placebo test with other_diseases

(1) (2) (3)
Other_diseases

Dep. Var. Before After Dif-in-Disc
Conventional -0.0084 0.0917 0.1599

(0.0100) (0.0608) (0.1913)
Bias-corrected -0.0093 0.1032%* 0.2230

(0.0100) (0.0608) (0.1913)
Robust -0.0093 0.1032 0.2230

(0.0120) (0.0722) (0.2901)
Obs. 20,500 12,557 23,741
Bandwidth 130.87 143.83 192.87
Year FE Y Y Y
Latitude FE Y Y Y
Household FE Y Y Y

Note: This table reports the non-parametric RD estimates of the impact of SNWT on the incidence of other diseases
for individual located next to the SNWT middle line. Column 1 reports the discontinuity before operation of the
SNWT middle line. Column 2 reports the discontinuity after operation of the SNWT middle line. Column 3 estimates
the treatment effect of the SNWT using a Difference-in-Discontinuity model as in Grembi (2016). For all models, the
bandwidth is selected with method by Calonico, Cattaneo and Titiunik (2014), and we report the results with three dif-
ferent procedures, i.e., conventional RD estimates with a conventional variance estimator; bias-corrected RD estimates
with a conventional variance estimator; and bias-corrected RD estimates with a robust variance estimator. The default
kernel function is triangular. We also control for the year fixed effects, 1-degree latitude fixed effects, and individual
fixed effects using the two step methods suggested by Lee and Lemieux (2010). *** p<0.01, ** p<0.05, * p<0.1.
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Table S11. The economic effects of SNWT

) 2) 3) 4) &) (6) (7

Dep. Var. Income Wage Food Dress Smoking Alcoholic Exercise

Conventional 0.7421 0.7892 0.6171  -0.0360  -0.0545 -0.1654 0.2963
(0.4894) (0.4876) (0.3954) (0.4078) (0.1139) (0.1393)  (0.5329)

Bias-corrected  0.6894 0.4323 0.3789  -0.2830  -0.1767 -0.0724  -0.4979
(0.4894) (0.4876) (0.3954) (0.4078) (0.1139)  (0.1393)  (0.5329)

Robust 0.6894 0.4323 0.3789  -0.2830  -0.1767 -0.0724  -0.4979
(0.7021) (0.7114) (0.5536) (0.5389) (0.2277)  (0.2185)  (0.7423)

Obs. 8,906 6,300 9,109 7,932 28,911 24,279 18,926
Bandwidth 205.21 190.49 209.88 179.48 277.02 215.05 150.83
Year FE Y Y Y Y Y Y Y
Latitude FE Y Y Y Y Y Y Y

Note: This table reports the non-parametric RD estimates of the impact of SNWT on different economic factors in-
fluencing residents’ health outcome using a Difference-in-Discontinuity model as in Grembi (2016). See Table S1 for
variable definition. For all models, the bandwidth is selected with method by Calonico, Cattaneo and Titiunik(2014),
and we report the results with three different procedures, i.e., conventional RD estimates with a conventional variance
estimator; bias-corrected RD estimates with a conventional variance estimator; and bias-corrected RD estimates with a
robust variance estimator. The default kernel function is triangular. We also control for the year fixed effects, 1-degree
latitude fixed effects, and household fixed effects using the two step methods suggested by Lee and Lemieux (2010).
Robust standard errors are in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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B The FAO-Penman-Monteith Method

This section presents the FAO-Penman-Monteith Method to calculate the potential evapotranspi-
ration for the aridity index. In 1948, Penman, 1948 combined the energy balance with the mass
transfer method and derived an equation to compute the evaporation from an open water sur-
face from standard climatological records of sunshine, temperature, humidity and wind speed.
This so-called combination method was further developed by many researchers and extended to
cropped surfaces by introducing a bulk surface resistance term (Monteith, 1965). The original

Penman-Monteith equation is:

a

AET = A(R, — G) + pacy JA+y(1+ 22
Fa

where AET is the evaporative latent heat flux, A represents the slope of the saturation vapour pressure
temperature relationship, R, is the net radiation, G is the soil heat flux, (e; — e,) represents the
vapour pressure deficit of the air, p, is the mean air density at constant pressure, ¢, is the specific
heat of the air, vy is the psychrometric constant, and r and r,, are the (bulk) surface and aerodynamic

resistances.

The Penman-Monteith method as formulated above includes all parameters that govern energy
exchange and corresponding latent heat flux (evapotranspiration) from uniform expanses of veg-
etation. The equation can be utilized for the direct calculation of any crop evapotranspiration as
the surface and aerodynamic resistances are crop specific. For our study, we adopt an updated
Penman-Monteith approach recommended by FAO (Allen et al., 1998) utilizing some assumed

constant parameters for a clipped grass reference crop. The new equation is as follows:

900u;(es — e4)
T+273

ETy = 0.408A(R, - G) + ¥ /A +y(1 +0.34uy)

where ETy is the reference evapotranspiration rate, 7" is the mean air temperature and u; is the wind
speed at 2 meters above the ground. The ETj is calculated using the county level climatic data and

then we calculate the aridity index.
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