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Abstract: Water resources play a critical role in the sustainable development of river-based tourism.
Reduced stream flow on the Lijiang River, south China, may negatively impact the development of
cruise tourism. We explored the effects of stream flow changes on cruise tourism by determining
(1) cruise tourism development indicators, (2) stream flow regime characteristics and their impacts on
cruise tourism development indicators, and (3) climate variability and socio-economic factors effecting
stream flow. Cruise tourism on the river has experienced rapid growth in recent decades. Stream flow
regimes displayed no significant changes between 1960 and 2016, although dry season stream flow was
significantly lower than in other seasons. We found that stream flow changes did not have a significant
impact on the development of cruise tourism. As precipitation has not changed significantly, policies,
including regulated stream flow from hydroelectric reservoirs, are assumed to mitigate reduced
stream flow. However, increased irrigation and economic development, combined with future climate
change, may increase challenges to cruise tourism. Future reservoir operations should prepare for
climate change-related increases in temperature and insignificant changes in precipitation, and adopt
adaptive measures, such as rationing water use in various sectors, to mitigate water shortages for
supporting sustainable tourism development.

Keywords: river-based tourism; reservoir regulation; water availability; climate variability; land
use change

1. Introduction

Water is a foundational natural and economic resource that plays a critical role in sustainable
development [1]. However, with economic expansion and population growth, the demand for water
across multiple sectors has increased the stress on regional water availability, particularly in China [2–4].
While the demand for water continues to grow, water availability is declining in many regions,
threatening regional sustainable development, particularly in river-based areas where tourism and
economic development are reliant on adequate water availability. Furthermore, the expansion of
river-based tourism can create additional water stress in areas where water availability is already
limited in meeting the increasing demands of economic growth [5]. Therefore, the relationship between
water resources and tourism has received particular attention from UNWTO (United Nations World
Tourism Organization), UNEP (United Nations Environment Program), OECD (Organization for
Economic Co-operation and Development) and related organizations and researchers [6,7].

Since the 1960s, the rapid growth in river-based tourism, and especially cruise tourism
(“a socio-economic system generated by the interaction between human, organizational and
geographical entities, aimed at producing maritime-transportation-enable leisure experiences” [8]),
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has led to increasing concern regarding the environmental impacts of this tourism sector [9,10].
The boom in cruise tourism has brought about substantial local and regional economic benefits,
including increased employment, infrastructure development and the expansion of urbanization [11].
The consequence of these developments can have serious negative impacts on water resources and the
natural environment [12,13]. Most research into the relationship between cruise tourism and water
resources focuses on water pollution and other environmental issues [12,14], while the effects of stream
flow changes on cruise tourism remains underexplored. The Lijiang River, one of 13 state-level key
protected rivers in China, is located in the Guilin region, in the northeast Guangxi Zhuang Autonomous
Region. River cruise tourism from Guilin to Yangshuo takes place along an 83 km meandering
waterway that runs through the largest and the most spectacular karst tourist attraction of the world
(Figure 1). River cruise tourism along the Lijiang River officially commenced in 1973 with five cruise
boats with a total capacity of 440 passengers. In 1982, the Lijiang River scenic zone was listed as one of
44 national scenic spots in China. The Lijiang River scenic zone received a 4A national ranking in 2001
and a 5A ranking in 2007. In 2012, there were 234 three- and four-star level cruise boats on the river
with a passenger capacity of 18,802 [15]. According to the government report, the carrying capacity for
Lijiang River cruise tourism is 19,000 passengers per day [16]. As a corridor, the Lijiang River connects
downtown Guilin and Yangshuo County with more than 18 scenic spots in the middle and lower
reaches of the river with 3A or higher rankings. As such, it represents the core area of socio-economic
growth in the Guilin region [17]. Because of this, cruise tourism from Guilin to Yangshuo plays a
critical role in the Guilin–Lijiang River–Yangshuo tourism destination system and in regional economic
growth [18]. Tourism development has been booming based on the distribution of tourism resources
and accelerating the economic growth in the Guilin region [17,18]. Downtown Guilin is the core zone
of a cluster of tourism resources and tourist services. The Merryland Resort in Xing’an County and
Longji Terraced Rice Fields in Longsheng County represent the northern core areas of tourism in the
Guilin region. Yangshuo County is the southern core areas of tourism, and it contains a number of
historic and cultural heritage sites, and karst landscape scenic spots.

However, in an era of rapid tourism and economic growth, the Lijiang River now experiences
water shortages, especially during the dry season [19,20]. What was once a year-round 83 km-long
waterway has been shortened to 10 km during the dry season, due to a reduction in stream flow.
When water discharge is less than 30 m3/s, cruise boats are unable to navigate the Lijiang River,
and a discharge of less than 8 m3/s imperils the river’s riparian ecosystems [21–23]. Given the almost
50 years history of cruise tourism as an economic activity on the Lijiang River, a reconsideration of
current approaches to water resource management to support sustainable cruise tourism is required.
Few studies have explicitly analyzed the effects of stream flow changes on cruise tourism on the
Lijiang River. This has resulted in a major gap in the understanding needed for sustainable tourism
development in the Guilin region.

We used the Lijiang River as a demonstration site to determine the effect of stream flow changes
on cruise tourism development between 1979 and 2016, based on selected stream flow parameters and
cruise tourism indicators. We also explored the effect of climate variability (precipitation, in this case)
and socio-economic factors (reservoir operation, land use change, and river engineering) that might
affect stream flow and, in turn, cruise tourism. The theoretical findings of this study form the basis
of water resource management recommendations that can facilitate the development of sustainable
cruise tourism on the Lijiang River.
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Figure 1. (a) The Lijiang River scenic zone, located in the Guilin region, Northeast Guangxi Zhuang
Autonomous Region, China. Q, Qingshitan reservoir; C, Chuanjiang reservoir; X, Xiaorongjiang
reservoir; F, Fuzikou reservoir; (b) Yellow Cloth Shoal, one of the essential scenic spots of the Lijiang
River (photographed by Yuefeng Yao).

2. Materials and Methods

2.1. Study Area

The Lijiang River originates at Mao’er Shan Nature Reserve and flows 164 km to Yangshuo
County. The cruise line from Guilin to Yangshuo, known as the Gold Waterway of the Guilin region,
covers an 83 km stretch of river on a four- to five-hour journey through spectacular karst landscapes
(Figure 1). The annual temperature in the Lijiang River area ranges from 17 ◦C to 20 ◦C, and annual
precipitation ranges from 1400 mm to 2000 mm. Precipitation during the rainy season, from March to
August, accounts for approximately 80% of total annual precipitation, while dry season precipitation,
from September to February, accounts for the remaining 20%.

The Lijiang River, as one of China’s most important scenic and historic sites, is the largest and the
most spectacular karst tourist attraction of the world. Both the state and the local government have
created a series of programs to preserve and develop the area. To meet the water demands of cruise
tourism during the dry season, several additional hydroelectric dams have been constructed in the
upper reaches of the Lijiang River [24]. In order to enhance water availability, the local government
has implemented the national Grain for Green policy by converting cropland to forest or grassland
since the early 2000s [17]. In 2011, the regional government issued the Lijiang River Eco-environmental
Protection law, which focuses on the protection and conservation of riparian vegetation, water resources
and landscapes [25]. Furthermore, based on the Lijiang River scenic zone, an outline plan (2012–2020)
for the development of Guilin into an international tourist attraction was approved by the National
Development and Reform Commission in November 2012 [26]. In the past few years, the local
government has created bonus policies to promote tourism development and plan to introduce relevant
policies to foster high-quality tourism development in the future [27].
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2.2. Methods

We used linear regression to analyze recent trends in cruise tourism development and stream
flow change, and applied the Pearson correlation analysis and the Granger causality test to evaluate
the effects of stream flow changes on cruise tourism, based on selected stream flow parameters and
cruise tourism indicators. We then explored the effects of climate variability (in this case, precipitation)
and socio-economic factors (in this case, reservoir operation, land use change, and river engineering)
on stream flow and, therefore, cruise tourism development. Figure 2 is a simplified flow chart of
this study.
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Figure 2. Simplified flow diagram illustrating the framework of this study.

2.2.1. Data Sources

To determine the development of regional cruise tourism we obtained economic data from the
Guilin Lijiang Zhi [28] in 2004 and the Guilin Economic and Social Statistical Yearbook [29] from
1990 to 2016. These data included cruise passenger numbers and ticket prices per passenger on
cruise boats from Guilin to Yangshuo, total number of tourists and tourism income for the Guilin
region, and regional GDP for the Guilin region from 1979 to 2016. Since cruise tourism on the Lijiang
River is dependent on the regulation of stream flow based on the water regimes at the Guilin water
station during the dry season, we collected daily water discharge data from the Annual Hydrological
Report of the Guilin water station from 1960 to 2016. Historical precipitation data from 1960 to 2016
were obtained from the China Meteorological Data Service Center (https://data.cma.cn). A dataset of
future averages of annual precipitation, precipitation anomalies, air temperature, and air temperature
anomalies for four representation concentration pathways (RCPs) for the 20 year period between 2020
and 2039 was downloaded from the GIS Program and Climate Changes Scenarios of the National
Center for Atmospheric Research (https://gisclimatechange.ucar.edu/).

2.2.2. Handling Missing Data

Missing data for total number of tourists and tourism income in the Guilin region from 1979
to 1998 were interpolated using regression analysis based on tourist and tourism income data from
1999 to 2016. To compensate for missing cruise passenger number data for 2010, 2013, and 2014,
we interpolated from average data from the preceding and succeeding years. Further, we replaced
missing cruise ticket prices from 1979 to 1983 with prices from 1984.

https://data.cma.cn
https://gisclimatechange.ucar.edu/
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2.2.3. Cruise Tourism Development Indicators and Stream Flow Parameters

The number of cruise passengers, the cruise passenger index (ratio of the number of cruise
passengers to the total number of tourists of the Guilin region), cruise ticket revenues (number of
cruise passengers multiplied by the ticket price per passenger, from Guilin to Yangshuo), and the
cruise ticket revenue index (ratio of cruise ticket revenue to total tourism income for the Guilin region)
were used to represent the cruise tourism development trend, and to analyze the effects of stream
flow changes on the development of cruise tourism on the Lijiang River. Based on the Indicators of
Hydrologic Alteration method [30], we employed twenty-five hydrological parameters to explore
changes in stream flow and the impact of those changes on cruise tourism development. These were (1)
annual stream flow, (2–13) annual monthly stream flow (from January to December), (14–18) minimum
flow (1-, 3-, 7-, 30- and 90-day minimum flow), (19–23) maximum flow (1-, 3-, 7-, 30- and 90-day
maximum flow), (24) base flow index, and (25) annual dry season flow (total monthly stream flow
from September to February).

2.2.4. Linear Regression

Linear regression analysis was conducted to detect time series data trends, and to interpolate
missing data based on recorded data. The trend slope was calculated using the least squares method [31]:

Slope =
n×

∑n
i=1(i× yi) −

∑n
i=1 i×

∑n
i=1 yi

n×
∑n

i=1 i2 −
(∑n

i=1 i
)2 (1)

where y is a variable such as stream flow parameters, precipitation, and cruise tourism indicators; i is
the time/year within the study period; n is the number of years within the study period. A positive
slope value means an increasing trend, while a negative value indicates a decreasing trend, and zero
signifies no change.

An F test with a confidence level of 95% was used to detect the significant trend of the time
series data.

2.2.5. Detecting Abrupt Change of the Time Series Data

An abrupt change of stream flow or cruise tourism time series was detected using the Mann–Kendall
test, and the Pettitt test was also applied to verify the abrupt change with the R program [32]. For a
time series of stream flow or cruise tourism, the Mann–Kendall test statistic was calculated as follows:

S =
∑

n−1
k=1

∑
n
j=k+1sgn

(
X j −Xk

)
(2)

where sgn
(
X j −Xk

)
=


1 Xk < X j
0 Xk = X j
−1 Xk > X j

.

The null hypothesis (H0) is that the stream flow or cruise tourism time series is identically
distributed, while the alternative hypothesis (HA) is that the stream flow or cruise tourism time series
displays a monotonic trend.

The Pettitt test is defined as:
KT = max

∣∣∣Ut,T
∣∣∣ (3)

where
Ut,T =

∑
t
i=1

∑
T
j=t+1sgn

(
Xi −X j

)
(4)

Details of the Mann–Kendall test and Pettitt test can be obtained from the relevant sources [33–35].
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2.2.6. Correlation Analysis and Granger Causality Test

Pearson correlation analysis [36] was employed to calculate the correlation coefficient between
the stream flow parameter (x) and cruise tourism indicator (y):

ρ(x, y) =
E(xy)
σxσy

(5)

where E(xy) is the cross-correlation between x and y, and σx and σy are the variances of x and y,
respectively. If ρ(x, y)2 is closer to 1, the stronger the correlation between x and y. If ρ(x, y)2 is equal
to 0, x and y are independent.

Lasso analysis shrinks some of the variable coefficients, sets others to zero, and selects the best
variables for enhancing the accuracy of predictions [37,38]. We employed Lasso analysis to select the
related variables from the 25 stream flow parameters to determine which stream flow parameter has
the most significant impact on cruise tourism development.

Granger [29] initially proposed his causality test as a statistical method in economics to explore
whether one variable or time series can cause others (known as Granger-cause) (Equation (4)). The test
has been applied widely in the fields of economics, biology, and environmental sciences to describe
causality and feedback [39–41]. We assumed that stream flow Granger-caused the development of
cruise tourism on the Lijiang River, and used the Granger causality test to verify this hypothesis.

Xt =
∑m

j=1 a jXt− j +
∑m

j=1 b jYt− j + ε′t

Yt =
∑m

j=1 c jXt− j +
∑m

j=1 d jYt− j + ε′′t

(6)

where m is the maximum number of lagged observation; a j, b j, c j, and d j are the coefficients; ε′ and ε′′

are residual for Xt and Yt time series, respectively.

2.2.7. Future Climate Change Scenario Analysis

We analyzed temperature and precipitation changes for the next 20 years (2020–2039) under
RCP2.6, RCP4.5, RCP6.0, and RCP8.5 scenarios using CCSM4.0 (Community Climate System Model).
The CCSM is a geographic information system (GIS) Global Climate Model (GCM), and is one of the
coupled climate models (CCM) used to simulate a series of emission scenario experiments in the fifth
phase of the Coupled Model Intercomparison Project (CMIP5) [42]. It uses present day (1986–2005)
climate datasets as the baseline to analyze future climate anomalies under four RCPs. RCP2.6 is a low
forcing level which predicts that radiative forcing will rise to about 3 W/m2 before 2100 and will then
decrease. RCP4.5 and RCP6.0 are two stabilization levels in which radiative forcing will stabilize at
approximately 4.5 and 6.0 W/m2, respectively, after 2100. The radiative forcing level of RCP8.5 will
reach more than 8.5 W/m2 by 2100 [43]. The difference in temperature/precipitation over the Lijiang
River basin between the next 20 years and the 1986 to 2006 average was interpolated using inverse
distance weighting (IDW).

2.2.8. Effect of Reservoir Operation on Stream Flow

The Qingshitan reservoir has regulated downstream water supply during the dry season since
1987. Therefore, we compared monthly stream flow between 1960 and 1986 and between 1987 and
2016 to estimate the effect of reservoir regulation on monthly stream flow.

The deviation degree [44] was calculated to determine the effects of reservoir operation on
stream flow:

D =
xt − x0

x0
× 100% (7)
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where x0 and xt are the mean values of stream flow during the pre-regulation (1960 to 1986) and
regulation period (1987 to 2016), respectively.

A positive D means an increase in stream flow during the regulation period compared to the
pre-regulation period, while a negative D indicates a decrease.

3. Results

3.1. Trend Analysis of Cruise Tourism Development from Guilin to Yangshuo

The number of cruise passengers showed a fluctuated increase from 1979 to 2016, with an abrupt
increase in 2000 (p = 4.79 × 10−5) (Figure 3). Prior to 1980, there were only 0.16 million cruise passengers
annually, followed by a sharp increase from 0.19 million in 1980 to 1.44 million in 1987. Between 1987
and 2000, the number fluctuated, with a peak value of 1.74 million in 1992. However, following 2000,
the number of cruise passengers increased to 2.18 million in 2006 with a dip in 2003. There was a slight
decrease in 2007 and a sharp decrease in 2008, followed by relative stability until 2012. This may have
been the result of a drastic decline in the cruise passenger index while the total number of tourists of the
Guilin region increased sharply after 2006. Since 2006, the State Ministry of Culture and Tourism has
implemented the Guiding Opinions on Promoting the Development of Rural Tourism. This includes
the creation of a series of activities to promote rural tourism development, such as the China Rural
Tourism Year 2006 [45]. As a result of this promotion of tourism development, the total number of
tourists in Yangshuo, Xing’an, Longsheng, Gongcheng, Lipu, and Ziyuan Counties increased by 67%,
45%, 95%, 47%, 17%, and 130%, respectively, in 2006 compared to the previous year [46]. The number
of cruise passengers increased rapidly again from 2012 to 2016.

Compared to the number of cruise passenger tourists, the total number of tourists in the
Guilin region remained relatively stable prior to 1998, followed by an abrupt increase after 1998
(p = 2.01 × 10−6), peaking at 53.83 million in 2016.
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number of tourists significantly and abruptly increased after 1998.

All cruise ticket revenue, total tourism income, and GDP for the Guilin region increased slowly
before 1990 (Figure 4). From 1990 onwards, cruise ticket revenues increased rapidly until 2006, with an
abrupt increase in 1997 (p = 8.96 × 10−6) and a decrease in 2003. This was followed by a sharp decrease
in 2008, with revenues remaining relatively stable from 2008 to 2012 due to the drastic decline in
cruise passenger numbers from 2006 to 2012. Cruise ticket revenue increased again from 2012 to 2016,
with the highest value of 0.47 million yuan in 2016. Total tourism income increased slowly from 1990
to 2006, though it had an abrupt increase in 1994 (p = 1.87 × 10−6), and a peak value of 63.73 billion
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yuan in 2016. The GDP of the Guilin region increased gradually after 1990, with an abrupt increase in
1997 (p = 1.86 × 10−6), and attained a peak value of 205.48 billion yuan in 2016.Sustainability 2020, 12, x FOR PEER REVIEW 8 of 18 
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Figure 4. Temporal trends of cruise ticket revenues, total tourism income and GDP for the Guilin region,
from 1979 to 2016. All cruise ticket revenues, total tourism income, and GDP increased slowly before
1990. Following 1990, cruise ticket revenues underwent a fluctuated increase until 2016. Both total
tourism income and GDP for the Guilin region showed a similar gradually increasing trend prior to
2005, and then a sharp increase until 2016.

Recently, both cruise ticket revenue and cruise passenger indices have displayed a decreasing
trend, particularly after 2006 (Figure 5). The cruise ticket revenue index fluctuated from 1979 to 1996,
followed by a sharp increase from 1.35% in 1996 to 6.99% in 2005, with a small decrease in 2003 and
2004. A decreasing trend after 2006 was followed by an abrupt decrease in 2008 (p = 0.02), indicating a
shrinking in the contribution of cruise ticket revenue to total tourism income. The cruise passenger
index increased rapidly from 1.95% in 1979 to 26.49% in 1992, with a drastic decrease in 1989. Following
1992, there were sharp decreases in 1993 and 1994, followed by a fluctuating decrease from 1995 to
2006, and then an abrupt decrease after 2006 (p = 0.03).
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3.2. Characteristics of Annual Stream Flow in the Lijiang River

From 1960 to 2016, the Lijiang River experienced large interannual variability in annual stream
outflow (814.70 to 2219.31 mm, with a mean value of 1442.35 mm) (Figure 6). Annual stream outflow
showed an overall rising trend with an increase ratio of 2.80 mm per year from 1960 to 2016. The annual
dry season outflow also showed an overall upward trend. However, neither the annual stream outflow
nor dry season outflow increased significantly (p value is 0.23 and 0.12, respectively) over the entire
study period. The highest annual dry season outflow, in 2015, (855.62 mm) was due to heavy rain in
November of that year, resulting in a November stream outflow (393.21 mm) that accounted for more
than 45% of the total dry season outflow. If the annual dry season outflow for 2015 is excluded, there is
no significant change during the study period (p = 0.61).

With the exception of April, the annual minimum flow (1 day, 3 day, 7 day, 30 day, and 90 day
minimum flow), maximum flow (1 day, 3 day, 7 day, 30 day, and 90 day maximum flow), and annual
monthly stream flow did not exhibit significant change. The annual April stream flow decreased
significantly, with an abrupt decrease in 1982 (p = 0.03), suggesting that other sectors, such as agricultural
irrigation, have increased water demand for spring crop growth, resulting in decreased stream flow
in April.
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3.3. Effects of Stream Flow Changes on Cruise Tourism from Guilin to Yangshuo

Stream flow did not have a significant impact on the development of cruise tourism from
1979 to 2016, according to the Pearson’s correlation matrix of cruise tourism indicators (number of
cruise passengers and cruise ticket revenue) and stream flow parameters (Table 1). Stream flow in
January, November, and December had a large positive correlation coefficient with the number of cruise
passengers (0.18, 0.13, and 0.17, respectively) and cruise ticket revenue (0.15, 0.18, and 0.21, respectively).

Table 1. Pearson’s correlation coefficients for cruise tourism indicators and stream flow.

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

Cruise passengers 0.18 −0.15 −0.08 −0.24 −0.10 0.04 0.10 −0.29 −0.11 −0.20 0.13 0.17

Cruise ticket
revenue 0.15 −0.23 −0.23 −0.07 0.02 0.13 −0.07 −0.23 −0.13 −0.18 0.18 0.21

1 day
min a

3 day
min

7 day
min

30 day
min

90 day
min

1 day
max b

3 day
max

7 day
max

30 day
max

90 day
max

base
flow

annual
flow

dry season
flow

Cruise passengers −0.14 0.02 0.02 0.12 −0.28 −0.07 −0.09 −0.11 −0.07 −0.01 0.05 −0.01 0.04

Cruise ticket
revenue −0.21 0.01 0.01 0.01 −0.21 −0.04 −0.07 −0.09 −0.09 0.02 −0.01 0.01 0.04

Note: a min, minimum flow; b max, maximum flow.

According to the variable selection criterion of lasso analysis, the monthly stream flow in January,
February, March, April, May, June, August, and December, the 90 day minimum flow, the 1, 7,
and 90 day maximum flow, annual flow, and dry season flow could be selected as the variables that
have potential impacts on the number of cruise passengers (Table 2). Further, the monthly stream flow
in February, March, June, August, and November, and the 7 and 30 day maximum flows could be
selected as variables for exploring the effects of stream flow changes on cruise ticket revenue.

Table 2. Related coefficients of cruise tourism indicators and stream flow parameters calculated with
lasso analysis.

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

Cruise passengers 0.0032 −0.0017 −0.0010 −0.0021 −0.0018 0.0003 0.0000 −0.0042 0.0000 0.0000 0.0000 0.0022

Cruise ticket
revenue 0.0000 −0.0004 −0.0004 0.0000 0.0000 0.0005 0.0000 −0.0002 0.0000 0.0000 0.0001 0.0000

1 day
min a

3 day
min

7 day
min

30 day
min

90 day
min

1 day
max b

3 day
max

7 day
max

30 day
max

90 day
max

base
flow

annual
flow

dry season
flow

Cruise passengers 0.0000 0.0000 0.0000 0.0000 −0.0014 −0.0002 0.0002 −0.0002 0.0000 0.0012 0.0000 0.0005 0.0001

Cruise ticket
revenue 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 −0.0002 −0.0001 0.0000 0.0000 0.0000 0.0000

Note: a min, minimum flow; b max, maximum flow.

In general, stream flow changes did not have a significant impact on the development of cruise
tourism on the Lijiang River from 1979 to 2016. Within the 5% confidence level, only the January
stream flow had the significant p value that could Granger-cause the development of cruise tourism
(Table 3); an increase in January stream flow could increase the number of cruise passengers. However,
the January stream flow did not increase significantly from 1960 to 2016 (p = 0.18), which suggests that
this could not Granger-cause the development of cruise tourism on the Lijiang River.

Table 3. Effects of stream flow changes on the development of cruise tourism using the Granger
causality test with p value.

Jan. June Nov. Dec. 90-Day Max a Annual Flow Dry Season Flow

Cruise passengers 0.01 0.74 0.40 0.41 0.45 0.96
Cruise ticket revenue 0.60 0.36

Note: a max, maximum flow.
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3.4. Climate Variability and Socio-Economic Factors Affecting Stream Flow and Cruise Tourism

3.4.1. Climate Variability (Precipitation)

The Lijiang River experienced a large interannual variability in annual precipitation from 1960
to 2016, ranging from 1254 mm to 3012 mm, with a mean value of 1894 mm. Annual precipitation
displayed an overall upward trend, with an increase ratio of 2.81 mm per year, indicating that climate
change has had a positive impact on stream flow. However, annual precipitation did not increase
significantly during the study period (p = 0.51), suggesting that changes in stream flow primarily
occurred due to reservoir operation and other anthropogenic factors.

The temperature is projected to increase by more than 0.8 ◦C in the Lijiang River area over the next
20 years (2020–2039) compared to the 1986–2005 average. It is estimated to rise by 0.80 ◦C and 1.06 ◦C
under the RCP2.6 and RCP8.5 scenarios, respectively. At the same time, precipitation is projected
to decrease from 0.58 to 1.00% under RCP2.6, compared to the 1986–2005 average. Furthermore,
precipitation is forecasted to decrease by approximately 0.26% in the upstream reaches of the Lijiang
River, under RCP8.5. In contrast, precipitation is projected to increase from 2.32 to 3.18% under RCP4.5,
and from 0.90 to 1.79% under RCP6.0, over the next 20 years. However, these increases/decreases in
projected precipitation are relatively small compared to the 1986–2005 average, suggesting that future
precipitation levels will not change significantly in the Lijiang River area.

3.4.2. Socio-Economic Factors

Reservoir Operation

The monthly stream flow at the Guilin water station, which is the stream flow monitoring station
for cruise tourism on the Lijiang River, increased from the 1960–1986 period to the 1987–2016 period,
except for the months of April, May, and August (Figure 7). The most significant increase in monthly
stream flow occurred in June (277.40 to 368.20 m3/s), which resulted in the highest monthly stream
flow shifting from May to June during the 1987–2016 period in contrast to the 1960–1986 period.
The monthly stream flow during the dry season, from September to February, increased from the
1960–1986 period to the 1987–2016 period, especially in January (30.77 to 39.91 m3/s), with a deviation
degree of 29.70%. This indicates that regulation of the downstream water supply was beneficial during
the dry season.
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Figure 7. (a) Monthly stream flow changes and (b) their degrees of deviation during the period from
1987 to 2016 compared to the period from 1960 to 1986. Monthly stream flow in April, May, and August
decreased during the period from 1987 to 2016 compared to the period from 1960 to 1986. The red line
in (b) represents the zero deviation.

Land Use Change

A buffer zone of approximately 106.57 km2 around the cruise line with a radius of 1 km was
used to explore the impact of land use policy (Conversion of Cropland to Forest Program, also known
as Grain for Green) on local land use changes. Land use change and its distribution patterns in the
buffer zone showed that the area of forest increased from 55 km2 in 2000 to 74 km2 in 2015, and the
water area increased from 8 km2 in 2000 to 16 km2 in 2015 (Figure 8). In contrast, the farmland area
decreased from 10 km2 in 2000 to 1 km2 in 2015, indicating that the Conversion of Cropland to Forest
Program implemented in the Guilin region at the beginning of the 2000s increased forest and water
areas. Besides land use policy, other actions, such as sediment regulation, were adapted to improve
stream flow in the Lijiang River. River bed excavation has been considerably higher in recent years
compared to 1961. In 2013, sand excavation from the Lijiang River was 46,979 m3, almost 10 times that
of 1961 (4800 m3).Sustainability 2020, 12, x FOR PEER REVIEW 13 of 18 
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4. Discussion

Cruise tourism from Guilin to Yangshuo plays a critical role in the Guilin–Lijiang River–Yangshuo
tourism destination system and regional economic development. Tourism-related businesses generated
almost one third of the GDP of the Guilin region in 2016. However, the cruise passenger index (ratio
of the number of cruise passengers to total number of tourists in the Guilin region) and the cruise
ticket revenue index (ratio of cruise ticket revenues to total tourism income for the Guilin region)
displayed a decreasing trend after 2006. The cruise ticket revenue index is dependent on cruise ticket
prices, number of cruise passengers, and total tourism income for the Guilin region. Since the cruise
ticket price from Guilin to Yangshuo remained stable from 2006 to 2016 [46,47], a drastic decline in the
number of cruise passengers resulted in a decrease in cruise ticket revenue. Furthermore, an increase
in total tourism income accelerated the declining trend of the cruise ticket revenue index. The cruise
passenger index strongly depends on the total number of cruise passengers, stream flow regimes of
the Lijiang River, weather conditions, holiday periods, and other socioecological and political factors.
Nevertheless, we found that stream flow did not decrease, particularly during the dry season from
September to February. Therefore, stream flow changes did not have a significant negative impact
on cruise tourism. This is likely because the total number of tourists and the total tourism income
for the Guilin region increased sharply after 2006, while that of the number of cruise passengers and
cruise ticket revenues remained stable or decreased. The number of cruise passengers and cruise
ticket revenue have indeed shown a decreasing trend after 2006. Meanwhile, tourism opportunities
in the region have been diversified, with the proliferation of new tourist destinations from 2006 to
2010 [18,48]. A series of rural tourism promoting activities created by the State Ministry of Culture and
Tourism, such as the Guiding Opinions on Promoting the Sustainable Development of Rural Tourism
in 2006 and 2018 [49], have effectively promoted the development of rural tourism. Rural tourism
has, in turn, increased revenue and promoted employment [50]. With the development of tourist
destinations within the Guilin region, the overall number of tourists and total tourism income set a
new record in 2018 with, approximately 109 million people and 139 billion yuan, respectively [51].

Although we could not detect any significant impact of reduced stream flow on cruise tourism,
this form of tourism is a highly important sector that is dependent on adequate water availability in
the Lijiang River, particularly during the dry season, and the effects of climate change, combined with
the intensification of water use, will further reduce water availability. Our projected results indicate
that precipitation will not change significantly over the next 20 years (2020–2039) compared to the
1986–2005 average. However, the temperature is projected to increase from between 0.80 ◦C to
1.06 ◦C. Without a concomitant increase in precipitation, increasing temperature will likely reduce both
summer and autumn stream flow [52]. Therefore, water shortages will likely worsen along the river,
thus impeding regional economic development, including tourism. The effects of potential climate
variability and reservoir regulation on stream flow must be carefully examined to ensure sustainable
water resource management that will support viable cruise tourism.

Human activities, such as reservoir regulation, river-based tourism, and irrigation, combined with
climate change, are likely to increase the stress on water availability in the Lijiang River, which will
subsequently affect tourism and the aquatic ecosystem. Previous research suggests that current water
discharge regulation by the Qingshitan reservoir alone cannot meet the water requirements of cruise
tourism on the river as the primary function of this reservoir is the supply of water for irrigation and
domestic consumption [22]. To meet the increasing water demands of economic expansion, and to
support cruise tourism, particularly during the dry season, the Guilin government and the State Council
have constructed several additional hydroelectric dams in the upper reaches of the Lijiang River [24].
Qingshitan reservoir, constructed in 1960, has regulated water supply downstream during the dry
season since 1987. The Chuanjiang, Xiaorongjiang, and Fuzikou reservoirs were constructed in 2014,
2015, and 2018, respectively. Reservoir operation has caused significant changes in the downstream flow,
improved some fish habitats on the river, especially by increasing water supply during the dry season,
and also benefited human interests [22,53,54]. However, maintaining an ecological or quasi-natural
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flow must be ensured to conserve the river ecosystem [54]. Therefore, reservoir operation should
be regulated to ensure optimal functioning of the river system, both ecologically and economically.
When all of the reservoirs are fully operational and when water discharge is optimized, stream flow on
the Lijiang River is expected to rise to 60 m3/s during the dry season [55]. This will benefit both the
river environment and human interests. Meanwhile, future research should consider the impact of the
operation of multiple reservoirs on the Lijiang River under different climate change scenarios.

Tourism development, as well as economic growth, is associated with high water demand,
and a large number of tourists may significantly exacerbate water shortage problems. The water
consumption rate ranges from 84 to 2000 L per tourist per day [5]. The value of water use per tourist
will increase if other amenities, such as swimming pools and golf courses, are included in the tourism
area. With expanding tourism, water demands from the Lijiang River remain consistently high [21].
Meanwhile, local agricultural development may also lead to decreased stream flow. A previous study
indicated that 80% of surface water (the largest quantity of regional water resources) is allocated to
agriculture in the Guilin region [56]. This may explain why the monthly stream flow for the peak
tourism months of April, May, and August decreased during the 1987 to 2016 period compared to
the 1960 to 1986 period. Therefore, viable strategies for water regulation and irrigation planning are
urgently required to avoid further adverse effects of stream flow on regional river-based tourism.

5. Conclusions

As water resources are the foundation of economic resources and critical for sustainable
development, we assumed that decreases in stream flow would have negative impacts on the
development of cruise tourism on the Lijiang River. However, we did not find that stream flow
changes had a significant impact on the development of cruise tourism on the river from 1979 to
2016. Given that climate variability (in this case, precipitation) has experienced no significant change
in previous decades, socio-economic factors, such as reservoir operation, land use policy, and river
engineering, might have significant impacts on water availability. Current reservoir regulations have
improved water availability in the Lijiang River, particularly during the dry season from September
to February. Furthermore, additional reservoirs have been constructed to meet the increasing water
demands of tourism, agriculture, and economic development. Considering that without a concomitant
increase in precipitation, increases in temperature over the next 20 years (2020–2039) will likely reduce
both rainy and dry season stream flow, the operation of multiple reservoirs in the Lijiang River should
be conducted under conditions of (1) increasing reservoir capacities in heavy rain periods and adjusting
flow regulation to support tourism during the dry season, and (2) preparing for climate change-related
increases in temperature, insignificant changes in precipitation, and water shortages through adaptive
measures, such as rationing water supply for cruise tourism, agriculture, domestic and municipal use.
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