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Correlation between general health knowledge and sanitation
improvements: evidence from rural China
Li Huang1, Meijun Qiu 1 and Mi Zhou 1✉

A lack of access to sanitation not only has negative effects on the environment but also results in increased prevalence of disease
and adversely affects health outcomes. This paper uses data from a survey in Liaoning Province in China to examine the
relationship between general health knowledge and improved sanitation facility access. It also explores the effects of work
experience and government subsidies on toilet renovation. Using Logit Regression and Duration Analysis, our results show that
general health knowledge had a significant positive correlation with flush toilet use and a significant negative correlation with the
average duration of traditional latrine pits use. The results of heterogeneity analysis show that work experience in cities can expand
farmers’ horizons, which increases their general health knowledge. However, per capita government subsidies are insufficient and
result in no significant impact on general health knowledge. This paper also discusses certain restrictions that prevent general
health knowledge from having an effect on toilet renovation. The article finally proposes policy recommendations for rural areas in
China to better promote the rural toilet revolution and our results can also provide useful guidelines for drawing up relevant
policies in other developing countries.
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INTRODUCTION
General health knowledge (GHK) is arguably one of the main
inputs in the production of health outcomes1. Education can help
promote GHK by producing it either directly (as part of the school
curriculum) or indirectly (“learning to learn,” including, for
example, being able to read public health messages)2. In
developing countries, however, education is significantly weaker
in rural areas than in urban areas. Therefore, rural residents may
be unable to obtain GHK in the first place.
GHK is intimately linked to a number of Sustainable Develop-

ment Goals (SDGs) that were adopted by all United Nations
Member States in 2015, especially the SDGs for goal number 6,
namely, to “Ensure availability and sustainable management of
sanitation and water for all people, in all settings.” More
specifically, SDG 6.2 is to achieve access to adequate and
equitable sanitation and hygiene for all by 20303. The usage of
improved toilet facilities is one of the key stepping stones towards
the achievement of the SDG 6. However, today, 4.2 billion people
live without safely managed sanitation, 673 million still practice
open defecation and 3 billion lack basic handwashing facilities4.
This situation is even more severe in developing countries,
especially among residents of rural and lower-income areas5,6.
About 50% of people living in rural areas lack improved sanitation
facilities, compared to only 18% of people in urban areas7. Poor
sanitation around the world results in increased prevalence of
disease and increased environmental pollution8,9. Unsanitary
toilets are recognized worldwide as a threat to ground water
and public health10. Previous studies have confirmed that poor
toilet conditions are linked to increased prevalence of diarrhea11,
and that household access to improved toilets is often associated
with reduced stunting risk12. Excreta, gray water and solid waste
are major contributors to pollution that pose a risk to public
health13.
Public agencies often grapple with the question of why the

adoption of improved sanitation technologies has been slow14.

Many studies on factors that influence sanitation facility access
have been conducted in developing countries. A review of the
existing literature indicates that there is a relationship between
access to different types of sanitation facilities and educational
attainment, income/wealth, age, gender, household size, housing
conditions, social norms, and geographic factors5,15–20. Although
GHK is a complex policy-relevant issue, to date, the relationship
between GHK and sanitation facility access has received little
attention. In response to this issue, this study examines associa-
tions between GHK and sanitation facility access. In our
conceptualization of sanitation facility access, we rely on toilet
type, namely, flush toilet and non-flush toilet. We further
investigate the relationship between three aspects of GHK and
the use of flush toilets. Finally, we investigate the role of outside
work experience and government subsidies, which are all special
circumstances in China.
Our study makes two key contributions to the research on

sanitation facility use. First, this paper provides a new theoretical
perspective for the study of the use of health facilities. This paper
uses field survey data to measure the GHK of farmers from diet,
lifestyle, and medical treatment perspectives and studies the
influence of GHK on the choice of sanitary toilets (flush toilets) by
farmers. At the same time, the influence of GHK on the continuous
use time of farmers’ traditional latrine pits was analyzed using
Duration Analysis. Second, the conclusions of this paper can
provide policy reference for rural areas in China to solve the
problem of poor sanitation and better promote the rural toilet
revolution. Furthermore, our results can provide useful guidelines
for drawing up relevant policies in other developing countries.
In Chinese rural areas, lack of sanitary toilet facilities has been

the main cause of bad odor and disease spread7. Rural toilet work
has always been valued by the state. In 1996, China first included
toilet improvement in rural areas in its “Ninth Five-Year Plan,” and
it has been an important part of every 5-year plan since then. In
addition, the “National Key Endemic Disease Prevention and
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Control Plan 2004–2010,” “National Environment and Health
Action Plan 2007–2015,” and “The 11th Five-Year Plan for The
Development of Health” also reflect the importance of toilet work.
With the support of national policies and financial investment,
China had made great progress in toilet retrofitting in rural
areas21. Since 2004, the central government has renovated 21.03
million rural toilets7. However, according to the results of the third
national agricultural census published by the National Bureau of
Statistics of China, there were 230 million sanitary toilets in rural
areas in 2016, accounting for only 48.6% of toilets. Meanwhile, the
potential environmental hazards of fecal sludge in China are still
serious. The goal for rural toilet retrofitting in China is to reach the
100% sanitary toilet coverage rate by 203022. Another 110 million
toilets need to be built and therefore there is still room for
significant further development. Understanding better what
determines toilet retrofitting action in the context of the
government’s vigorous promotion of the toilet revolution in
China therefore seems to be an environmental and health issue of
utmost policy relevance.

RESULTS
Regression analysis
Table 1 lists the key regression results. The Logit Regression model
(first column of Table 1) indicates that all three aspects of GHK
have a positive association with flush toilet use. Therefore, the
more GHK farmers have, the more they will emphasize the
importance of sanitation, therefore they would prefer to use flush
toilets. Some control variables also provided valuable information.
Village wealth was significantly positively correlated with whether
respondents used flush toilets. The probability that respondents
used flush toilets was higher in areas with high water supply
assurance rate. Therefore, the use of flush toilets is both
dependent on personal insight and limited by sanitation
infrastructure. The parameters of other control variables are
generally similar to those in previous research about sanitation
facility use.
Model 2 (second column of Table 1) shows the influence of GHK

on the average duration of farmer traditional latrine pit use. The
Duration Analysis results show that all three aspects of GHK have
significant negative associations with the average duration of
traditional latrine pit use. Traditional latrine pits have a heavier
odor than flush toilets and are breeding grounds for mosquitoes
and flies. The more GHK the farmers have, the sooner they will
start to use flush toilets. In addition to GHK, toilet renovation is
also affected by socioeconomic status, infrastructure, and other
factors. The results of Model 2 show that the higher the farmers’
income is, the better their water supply facilities are, the sooner it
is for them to start using flush toilets.
Model 3 (third column of Table 1) shows the regression

outcomes found using the Spatial Autoregressive Model. The
value of λ in Table 1 is the result of the spatial autoregressive
coefficient, which indicates that the use of flush toilets in other
villages in the same county has a significant positive correlation
with the use of flush toilets in a given village. That is, there is a
learning effect. It shows that the use of flush toilets in adjacent
villages promotes the use of toilets in this village.
To illustrate the significance of our findings, we generated

marginal effect plots based on the effect of GHK on toilet
renovation. These plots are significant at the 0.01 level. Figure 1 is
based on Model 1 in Table 1. The predicted value of 0 on the Y axis
means that a given region uses traditional latrine pits; the value of
100 means that a region uses flush toilets. When we change diet
knowledge (Fig. 1a) from 0 to 1, predicted flush toilet use rises
from 16.6 to 19.7%. Similarly, when we change lifestyle knowledge
(Fig. 1b) and medical treatment knowledge (Fig. 1c) from 0 to 1,
predicted flush toilet use rises from 15.3 to 24.4% and from 14.2 to

Table 1. Regression coefficient results in Logit, Duration Analysis, and
Spatial Autoregressive Model.

α (Eq. 1) β (Eq. 2) η (Eq. 3)

Spatial autoregressive coefficient: λ 0.070***

(0.027)

Diet knowledge 0.340* −0.486** 0.080

(0.207) (0.230) (0.306)

Lifestyle knowledge 0.911*** −1.022*** 0.225

(0.221) (0.241) (0.252)

Medical treatment knowledge 0.542* −0.697** 0.376

(0.279) (0.319) (0.273)

Household head −0.248 0.221 −0.367

(0.342) (0.381) (0.557)

Gender −0.179 0.213 0.592

(0.352) (0.390) (0.444)

Age 0.017 0.002 0.004

(0.013) (0.014) (0.014)

Marital status −0.113 0.018 −0.032

(0.407) (0.420) (0.556)

Highest education level 0.299* −0.276 −0.031

(0.158) (0.173) (0.182)

Health status 0.147 −0.031 0.023

(0.116) (0.134) (0.158)

Village cadre 0.373 −0.398 0.593**

(0.274) (0.287) (0.287)

Working experience 0.621*** −0.694*** 0.194

(0.208) (0.254) (0.249)

Household size 0.150* −0.155* 0.100

(0.080) (0.089) (0.099)

Family income 0.135 −0.101 −0.037

(0.108) (0.116) (0.101)

Frequency of yard cleaning −0.065 0.135*** −0.054

(0.044) (0.049) (0.038)

Water supply assurance rate 0.208*** −0.313*** −0.028

(0.076) (0.095) (0.046)

Water fee paid 0.529** −0.957*** −0.017

(0.251) (0.318) (0.100)

Poor family 0.848* −1.253** 0.087

(0.497) (0.622) (0.572)

Village income 1.300*** −1.461*** 0.170

(0.502) (0.482) (0.131)

Toilet renovation project −0.233 0.119 0.129

(0.260) (0.277) (0.109)

Proportion of flushing toilets 0.018*** −0.022*** 0.001

(0.003) (0.004) (0.001)

Sanitation competition activities 0.065 0.001 0.056

(0.248) (0.300) (0.091)

Poor village −0.795** 1.180*** −0.038

(0.388) (0.431) (0.116)

Average maximum temperature
in summer

−0.032 −0.012 −0.026

(0.152) (0.191) (0.047)

Average minimum temperature in winter 0.030 −0.020 −0.001

(0.042) (0.050) (0.018)

County fixed effect YES YES NO

Constant −18.520*** 23.820*** −1.229

(5.315) (6.296) (2.074)

Observations 1175 1175 106

R-squared 0.360

The reported statistics have standard errors shown in parentheses. The
GS2SLS method is adopted in the regression of Eq. 3 and the
heteroscedastic option is added to solve the heteroscedasticity problem.
***/**/*Statistically significant at the 1%/5%/10% level.
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18.8%, respectively. The shift of all three aspects of GHK from 0 to
1 (Fig. 1d) leads to a rise in predicted flush toilet use from 11.0 to
28.3%. Together, these predictions use plots to highlight the
implications of our statistical results.

Heterogeneity analysis
In China, migrant workers are defined as people who move from
Chinese rural areas to cities in other parts of the country to
engage in non-agricultural work23. In our sample, 904 households
had members who had taken on non-agricultural work in other
cities. These people had lived in the city for a long time and had
therefore used city sanitation facilities. Therefore, they had gotten
used to using flush toilets and realized that flush toilets were
convenient, comfortable, safe, and hygienic. It can be seen from
Table 2 that the effects of GHK remained positive and statistically
significant in the group with work experience. For the group
without work experience, the effect was not significant.
Table 2 also presents the results of grouped regressions by

government subsidies. Based on the results, GHK had a significant
effect on those without government subsidies but not on those
with government subsidies, suggesting that government subsidies
have little impact on the use of flush toilets by farmers. We believe
this may be because the small income from government subsidies
did not inspire farmers to switch to flush toilets. The average
amount respondents receive from government subsidies is 759
yuan, and the minimum is only 100 yuan, which is clearly not
enough to cover the costs of toilet renovation. Moreover,
subsidies do not help solve another problem—the management
and maintenance of flush toilets. The financial capital input only
subsidizes part of the construction costs, and the costs for later
management and maintenance need to be borne by the farmers
and their villages. Therefore, some families prefer to keep their
traditional latrine pits because they cannot pay or are unwilling to
pay the related fees.
In addition, some areas did not provide corresponding

supporting facilities during toilet renovation, and due to the lack
of rural sewage pipeline systems, many farmers gave up on the
use of new toilets and switched to traditional latrine pits. The
results based on grouped regressions by non-stop water supply

suggest the importance of sanitation infrastructure in rural areas. It
can be seen that the effects of GHK were positive and statistically
significant in the group with non-stop water supply. However, for
the group without non-stop water supply, the impact of GHK was
not significant, indicating that imperfect infrastructure will also
affect the use of flush toilets by farmers.

DISCUSSION
Our study showed that GHK had a significant positive association
with flush toilet use and a significant negative association with the
average duration of traditional latrine pits use. Our results
highlight the fact that the effect of GHK may be limited by a
number of conditions. This means that, even if farmers have
certain GHK, they will choose to use non-flush toilets due to
income and infrastructure constraints.
First, as many studies have shown, economic status is a major

determinant of sanitation improvement, and poverty is signifi-
cantly correlated with the use of unimproved facilities or open
defecation. For example, the likelihood of using improved
sanitation facilities was more than twice as high in higher-
income households than in lower-income households in rural
Ethiopia and Tanzania24,25. Our study reached the same
conclusion.
Rural residents need to use a certain proportion of their own

money for toilet renovation (the proportion of their own money is
different in different provinces and cities across the country), thus
increasing rural resident health expenditure. At the same time,
after the completion of sanitation infrastructure construction, the
annual maintenance cost in the later stage increases the economic
burden on farmers. This means that, even if farmers have GHK,
income restrictions may cause them not to improve their
sanitation facilities.
Second, due to quality issues, the newly built sanitary toilets

often encountered problems that stopped them from being used
later. The Chinese government has supported the renovation of
rural toilets for nearly 30 years and has invested a lot of resources
every year. Although statistics show that sanitary toilets are
becoming more common in China, the usage rate of sanitary

Fig. 1 Marginal effects of diet knowledge, lifestyle knowledge, and medical treatment knowledge on flush toilet use (based on Model 1
in Table 1). Marginal effect of diet knowledge (a), lifestyle knowledge (b), medical treatment knowledge (c), and all three aspects of GHK
(d) on flush toilet use. The line segment is a 95% confidence interval.
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toilets is still low. In the field investigation, we found that many
sanitary toilets were almost abandoned. When asked why they
were not used, the answer was that the toilet facilities were easily
damaged and could no longer be used, so they turned to the
original non-sanitary toilets. Further investigation revealed that
toilet facilities were vulnerable to damage because of the use of

cheap products in construction. In addition, as mentioned earlier,
in areas with low temperatures in winter, the problem of freezing
water pipes is common, so some farmers will abandon the use of
newly renovated toilets.
Clearly, reconstruction of toilets in rural areas of China is

currently a government action. When implementing toilet reform
projects, various regions do not have a thorough understanding of
what rural residents need for toilet reform. Additionally, if
government support is insufficient, there will be a number of
poor-quality sanitary toilets that cannot be used. This has led to
many rural areas having two toilets in one household. Although
the coverage rate of sanitary toilets is high, the actual utilization
rate is low, resulting in insufficient use of government financial
investment in improving toilets.
Our results have strong policy implications. First, rural popula-

tions in China are mostly made up of left-behind elderly people
and children, who lack GHK. Policy makers should make full use of
the press, radio, television, and other news media as well as new
Internet media to strengthen health publicity and education of
environmental health knowledge. In this way, they will promote
awareness of environmental health and health habits and increase
demand for environmental health services.
Second, one of the priorities for the next step of rural toilet

reform should be maintenance and management of sanitary
toilets. Rural toilet renovation is just the first step toward
improving rural environmental sanitation facilities. Sanitary toilet
maintenance is more important. In the field survey, we found that
rural residents often fail to perform maintenance and manage-
ment of toilets, causing problems such as waste-concentrated
cleaning problems. Centralized disposal of feces is a government
responsibility. To solve the issue of flush toilets freezing in winter,
a deep fermentation tank can be built to give the septic tank an
anti-freezing effect through the fermentation and decomposition
of manure water. The toilet can also be installed above the septic
tank, with the inlet pipe set vertically to avoid feces and urine
freezing in the inlet pipe and the toilet26. In addition, due to
differences in climate and economic development, toilets should
be constructed according to the local rural geographical environ-
ment, population, and economic conditions. For example, in
mountainous areas or areas where water is scarce, double-pit
latrines can be used instead of flush toilets. To address the
problem of manure disposal, village or townships can be
equipped with suction trucks in order to avoid the direct
discharge of manure into the surrounding environment, endan-
gering the ecological environment and human health.
Finally, the economic burden placed on rural residents during

the process of toilet renovation should be reduced. In order to
meet this goal, the state finance should give larger subsidies to
rural residents. At the same time, the government should focus on
increasing coverage of the maintenance cost after the construc-
tion of sanitary toilets, for example, by issuing a yearly subsidy for
the maintenance of infrastructure so as to gradually relieve the
economic stress caused by the construction of sanitary infra-
structure for rural residents. Additionally, due to the large
consumption of funds for rural toilet construction or renovation
projects, it is also necessary to actively broaden financing channels
for toilet renovation and encourage enterprises and social welfare
organizations to use donations to make financing investments.
Our study faces some limitations. First, due to the cross-

sectional and non-experimental nature of our data, we are unable
to make causal claims in our analysis. Another limitation is that our
findings rely on survey data that may be prone to measurement
and reporting errors. Finally, our sample is restricted to a province
in China. Nevertheless, we believe that the sample is representa-
tive and well suited to test our theoretical predictions and
represents an interesting case for the analysis of the input–output
mechanism in a low-income setting. Further research using more
representative data from different countries and regions is needed

Table 2. Heterogeneity analysis results.

Dependent
variable:
flush toilet

(1) (2) (3)

Diet
knowledge

Lifestyle
knowledge

Medical
treatment
knowledge

Working experience

YES n= 904 0.401* 0.892*** 0.683**

(0.222) (0.237) (0.306)

NO n= 271 0.791 1.526* −0.437

(0.843) (0.852) (0.908)

Government subsidies

YES n= 119 −1.271 3.881*** −1.580

(0.938) (1.496) (1.336)

NO n= 1056 0.516** 0.990*** 0.721**

(0.229) (0.240) (0.324)

Non-stop water supply

YES n= 917 0.326 0.915*** 0.730**

(0.228) (0.244) (0.306)

NO n= 258 0.335 0.900 0.093

(0.498) (0.554) (0.661)

There are village cadres at home

YES n= 249 1.016** 0.473 −0.543

(0.425) (0.482) (0.573)

NO n= 926 0.157 1.150*** 0.966***

(0.250) (0.266) (0.353)

There are children at home

YES n= 291 1.141*** 1.239*** −0.191

(0.431) (0.411) (0.520)

NO n= 884 0.098 0.811*** 1.141***

(0.257) (0.287) (0.377)

Age

Youth n= 139 0.881 3.445*** −0.394

(0.756) (0.959) (1.214)

Middle age
n= 560

0.602* 0.508 1.456***

(0.311) (0.318) (0.507)

Elderly age
n= 476

−0.182 0.986** 0.008

(0.424) (0.465) (0.464)

Control variable YES YES YES

County
fixed effect

YES YES YES

The reported statistics have standard errors shown in parentheses. Control
variable: household head, gender, age, marital status, highest education
level, health status, village cadre, working experience, household size,
family income, frequency of yard cleaning, water supply assurance rate,
water fee paid, poor family, village income, toilet renovation project,
proportion of flushing toilets, sanitation competition activities, poor
village, average maximum temperature in summer, average minimum
temperature in winter. According to the age classification standard of the
World Health Organization, youth is set to be aged ≤44 years, middle age is
45–59 years, and elderly is ≥60 years.
***/**/*Statistically significant at the 1%/5%/10% level.
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to test whether the reported relationships hold in other settings
and to further improve our understanding of determinants of
health decisions in developing countries.

METHODS
Study design
This study was conducted in Liaoning province in northeast China. The
district lies between latitude 38°43’N–43°26’N and longitude 118°53’E–125°
46’E. Liaoning province has a total land area of 148,000 km2 and a resident
population of 43.593 million. The rural population is 13.906 million,
accounting for 31.9% of the total population. The region has a temperate
continental monsoon climate with four distinct seasons. Winter is long and
cold, summer is hot and rainy, spring is less rainy and windy, and autumn is
short and sunny. The annual average temperature is 5.2–11.7 °C, the
highest temperature is around 30 °C, and the lowest temperature is around
−30 °C. The average annual precipitation is 400–970mm.
Data were collected using in-person interviews of rural households in

Liaoning Province, China in December 2018. The data collection was
completed by Shenyang Agricultural University, Peking University, Liaon-
ing University, and Shenyang University of Technology. The authors of this
article are mainly responsible for the questionnaire design and data survey.
In the survey, we adopted a stratified random sampling method—
Probability-Proportional-to-Size Sampling (PPS). The sampling followed
standard sampling practices. The specific sampling process is as follows: (1)
The first step is to determine the sample county (district, county-level city).
Based on 2017 per capita GDP, counties (districts, county-level cities) were
divided into three categories: high, medium, and low. In each category, 4
counties (districts, county-level cities) were randomly selected for a total of
12 sample counties (districts, county-level cities). (2) After the sample
counties (districts, county-level cities) were determined, the same method
of stratified random sampling was used to extract 3 sample towns in each
sample county (districts, county-level cities) for a total of 36 sample towns.
(3) By means of random sampling, 106 villages were selected from sample
towns. (4) One thousand one hundred and eighty households were
randomly selected from the 106 villages. Our investigators asked
respondents to answer every question in the questionnaire. After
eliminating the incomplete questionnaires, a total of 1175 valid
questionnaires were obtained.

Variable selection
The dependent variable in this study was toilet type. The household-level
survey question is: What type of toilet is your family using now? Of the
1175 households surveyed, 210 households used flush toilets, accounting
for 17.9% of the total, while the remaining 965 households still used
traditional latrine pits (see Supplementary Fig. 1).
We measured the respondents’ GHK from three perspectives: dietary

habits, lifestyle habits, and medical treatment habits. We used the
following three questions to measure these areas: “Do you often cook
extra food and then keep it to heat up for the next meal?,” “Do you bathe
more than twice a week in winter?,” and “Does your family choose being
directly infused by an intravenous drip after catching a cold?” For the first
and third questions, we coded one if NO and zero otherwise. On the
second question, we coded one if YES and zero otherwise. From the T test
results in Table 3, it can be seen that there are significant differences in the
three aspects of GHK between respondents who use flush toilets and non-
flush toilets. Respondents who used flush toilets had significantly higher
GHK than those who used traditional latrine pits.
Control variables for individual characteristics include gender, age,

marital status, educational attainment, health, and working experience.
Health is the self-rated health status of the respondents. The sample
farmers are mostly male, with an average age of nearly 57 years, and are,
on average, “relatively healthy” (Supplementary Table 1). Work experience
refers to whether the respondent has engaged in non-agricultural work in
or before 2018. Existing research indicates that educational attainment is
one of the factors that influences household sanitation facilities. In our
research (see Table 3), we find that respondents with higher educational
entertainment were more likely to use flush toilets. This finding is
consistent with the existing research5,15–17. In addition, respondents who
have left their hometown to pursue non-agricultural work use flush toilets
more than those who have not. Rural laborers usually work in more
developed cities and have experience using flush toilets in cities, which
gives them more willingness to use flush toilets after returning to rural

areas. Existing research has confirmed that visiting better latrines
elsewhere was a commonly reported reason for improving latrines27. In
addition, we also included some characteristics that reflect the role of
individual demonstration, such as whether the interviewees are village
cadres.
Control variables for household characteristics include household size

(Family size), family annual per-capita income, the frequency of yard
cleaning, water supply assurance rate, whether they pay a water fee (yes or
no), and if they are a poor family or not. Existing research also indicates
that family size plays an important role in influencing improved sanitation.
Adams et al. finds that larger households tend to have better access to
improved sanitation facilities15. A number of studies also revealed that
economic status is a major determinant of sanitation improvement16,18,28.
As can be seen in Table 3, both family size and family income have a
significant positive correlation with flush toilets. Respondents from poor
family were more likely to use non-flush toilets.
Control variables for village characteristics include village annual per-

capita net income, whether the village has implemented toilet construc-
tion or renovation projects (yes or no), the proportion of flush toilets used
in the village, whether the village has conducted a family health evaluation
program (yes or no), and whether it is a poor village or not. In rural China,
government programs and policies, such as financial support, play a very
important role in sanitation improvement29. From the survey results, only
119 households in the sample have government subsidies, accounting for
10% of the total sample. However, if the village where the respondent is
located is a wealthier village, in general, it will use part of its income for the
construction or reconstruction of sanitary toilets. We found that village
income has a significant positive correlation with flush toilets. Respondents
from poor villages were more likely to use non-flush toilets.
Studies also point to environmental factors as determinants of toilet use.

Temperature plays a role in household toilet type: the likelihood of always/
usually versus never using the latrine was significantly greater in the dry
cold season30. At the same time, during times of drought, people
increasingly use pit latrines rather than flush toilets31. In our study, we use
a measure of average maximum temperature in summer and average
minimum temperature in winter (in °C), respectively, to control for toilet
use. In our sample areas with lower temperatures, newly built outdoor
flush toilets may become “ice toilets” due to low temperatures and
become unusable, so the farmers have to use their original latrine pits. Our
results show that households in areas with lower average winter
temperatures were more likely to use non-flush toilets.

Econometric modeling
First, a Logit Regression was used to empirically analyze the impact GHK
had on whether respondents used flush toilets32. The specific model is as
follows:

y ¼ Xαþ ε (1)

In formula (1), y is the dependent variable, indicating whether the
respondents use flush toilets; X is the explanatory variable, which refers to
three aspects of GHK and other control variables, including individual,
family, village characteristics, and physical environment; α is the coefficient
to be evaluated; and ε is the random disturbance term.
In order to investigate the impact of GHK on the duration of traditional

latrine pits use of the respondents, we investigated and calculated the
time respondent families spent using traditional latrine pits and using flush
toilets and conducted an empirical study using Duration Analysis. A well‐
used model for adjusting survival functions for the effects of covariates is
the Accelerated Failure‐Time Model. According to Cameron and Trival33,
from the perspective of econometrics, the Accelerated Failure‐Time Model
mainly studies the amount of time spent shifting from one state to
another. In the Accelerated Failure‐Time Model, the natural logarithm of
the survival time is defined as a linear function of the covariates. The
specific model is as follows:

InTi ¼ x0iβþ μi (2)

Ti ¼
2018� th; if th ¼ tlc
tcc � th; if th � tcc
tct � th; if th � tct

8
><

>:
(2-1)

Ti is the length of time a latrine was used, th is the time the house was
built, tlc is the time the latrine was constructed, tcc is the time the flush
toilet was constructed, and tct is the time the flush toilet was transformed.
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If the construction time of the house is missing, the time of flush toilet
reconstruction or construction is used instead. In addition, considering the
nature of duration data (time >0), adjustments have been made to the
duration of latrine use. The final value is equal to the duration of latrine use
plus 1. xi is a series of explanatory variables, including three aspects of GHK
and other control variables; β is the coefficient to be evaluated; and μi is
the random disturbance term. The critical event of this model was the use
of flush toilets by the respondents.
Finally, the Spatial Autoregressive Model is used to study the direct

impact of flush toilet use in one area on flush toilet use in other areas32.
The mathematical expression of the Spatial Autoregressive Model is as
follows:

y ¼ λWyþ Xηþ μ (3)

In the formula, y refers to whether there are households in village using
flush toilets. If there are, the value is 1; otherwise, the value is 0. λ is the
spatial autoregressive coefficient, which indicates the influence of the use
of flush toilets in adjacent villages on the use of flush toilets in this village.
W is the spatial weight matrix. X is the vector of explanatory variables; η is
the regression coefficient vector of the explanatory variable X; μ is the
residual term. If the spatial autoregressive coefficient λ in the formula is
significantly positive, it indicates that the use of flush toilets in other
villages in the county has a positive impact on the use of flush toilets in
this village and that there is a learning effect between villages.
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