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River ecological baseflow is key to river ecosystem health and stability and has
become particularly important with global climate change aggravation. By
considering the Niya River Basin in Xinjiang, based on meteorological data from
1958 to 2021 and hydrological data from 1978 to 2018, the Tennant method was
determined to be the best basin ecological baseflow calculation method, the M–K
test was used to analyze the abrupt ecological baseflow and climate change
characteristics, and the ecological baseflow regression response and sensitivity
coefficient models concerning climate change were established. The results
showed that 75% of the ecological baseflow in the Niya River Basin ranged from
15 to 31 m3•s−1 in 1978–2018, the average annual temperature increased by 1.6°C at a
0.22°C•(10a)−1 rate, and the annual precipitation increased by 6.3 mm at a
0.98 mm•(10a)−1 rate. The prediction accuracy of the regression model was good,
R2 exceeded 0.7, the ecological baseflow response to climate change lagged, and
precipitation greatly impacted ecological baseflow. The basin sensitivity coefficient
showed a decreasing trend from upstream to downstream, with the annual
maximum value in 2010, the minimum value in 1984, the monthly maximum
value in April and the monthly minimum value in November. Based on the
climate change trend and the social water use of the basin, the ecological
baseflow protection targets and measures were proposed according to the
season and the hydrological period for actual water resource management and
scheduling of the river in this and similar regions.
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1 Introduction

Global climate change, which is characterized by temperature rise and precipitation change,
is increasingly apparent and exhibits a continuous impact on the changes in the Earth’s system
(Bates et al., 2008; IPCC, 2022). Arid and semiarid regions have fragile and sensitive climate
environments, which are more responsive to global climate change (Huang et al., 2016; Zhou
et al., 2022). The Sixth IPCC report (AR6) points out that in 2020, the global land and ocean
surfaces warmed by 1.59°C and 0.88°C, respectively (IPCC, 2021). Under the influences of
various temperatures, precipitation fluctuates to different degrees (Hu et al., 2018; Liu et al.,
2020). For every decade since the 1970s, global river and lake temperatures have increased by an
average of 1°C and 0.45°C, respectively. Therefore, river and lake ecosystems have become direct
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and obvious areas affected by global climate change. Methods to deal
with climate change have become common and crucial areas in river
and lake research (Yang et al., 2020; Hu et al., 2022).

Under the influence of climate change, the contradiction between
the supply and demand of river water resources has become
increasingly prominent, especially in the area of ecological
environment water demand (Xin et al., 2008; Chen et al., 2014). To
ease the contradiction between human and ecological environment
water use and to achieve a balance between water supply and demand,
the concept of ecological baseflow has risen at this historic moment
(Yan et al., 2007). Ecological baseflow refers to the requirement that
the minimum flow of a river should meet under the condition that the
basic structure and function of the river system are stable, by taking the
health of the water ecosystem as the highest goal of river health (Xu
et al., 2016). If the river discharge is lower than this value, the discharge
has serious and irreversible short-term impacts on the health and
stability of the river ecosystem (Ji et al., 2021). Therefore, it is very
important to conduct relevant research on river ecological baseflow.

Xinjiang is located in the middle of the Eurasian continent, which
is a typical arid region with scarce precipitation and uneven spatial and
temporal distributions of water resources; ecological environment is
very fragile and the problem of river ecological water use is serious (Hu
et al., 2021; Zuo et al., 2021). The Niya River Basin is located in
southern Xinjiang. The northern part is affected by the Karakoram
Mountains, and the southern part is affected by the Taklimakan
Desert. The water resources in the basin are extremely scarce. The
annual precipitation is under 50 mm, and it is difficult to guarantee

river ecological water (Hu et al., 2022). Previous studies on water
resources in arid areas have rarely explored the relationship between
river ecological baseflow and climate change (Li et al., 2019; Ostad
et al., 2021). To date, no study has clearly revealed the change process
and sensitivity of river ecological baseflow under the influence of
climate change. Therefore, it is necessary to study the sensitivity of
river ecological baseflow to climate change in arid areas.

In this study, we analyze the characteristics of ecological baseflow
and climate change in the Niya River Basin; additionally, we discuss
the sensitivity of ecological baseflow to climate change by using the
measured hydrological data from 1978 to 2018 and meteorological
data from 1958 to 2021 from four hydrological monitoring sections in
the Niya River Basin, including the Niya Reservoir, 818 Canal, Niya
Station and Niya Canal. This study is expected to provide a reference
for river ecological water use scheduling and ecological restoration
under the conditions of climate change.

2 Data and methods

2.1 Study area

The Niya River Basin is located in the central and western parts of
Minfeng County (82°36’ ~ 82°50′E, 36°32’ ~ 37°48′N), Hotan Region,
Xinjiang Uygur Autonomous Region, China (Figure 1). This basin
begins at the Lushtagh Peak at the northern foot of the Kunlun
Mountains. The basin is adjacent to Qiemo County, with Bazhou

FIGURE 1
Geographical location of the study area.
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to the east, Yutian County to the west, the Taklamakan Desert to the
north, and the Kunlun Mountains as a barrier to the south. The basin
is 210 km long from north to south and 40–90 km wide from east to
west, with a total area of 10,160.96 km2.

The terrain of the Nya River Basin is high in the south and low in the
north, which is roughly divided into three parts: mountain area, plain area
and desert. The south is a mountainous area with an altitude of
5,600–1,500 m. The mountainous area is 5,764.33 km2, accounting for
56.73% of the total area, including a glacial area of 73.06 km2 and an ice
reserve volume of 4.224 billion m3. The middle part of the basin is the
plain area, with an altitude of 1,500–1,300 m and an area of 3,894.96 km2,
accounting for 38.34% of the total area. The terrain slopes from south to
north; there are natural eupopulus forests, shrubs and lowland meadows,
forming oases of different sizes and forming the oasis agricultural area of
Minfeng County. The north is desert with an altitude below 1,300 m and
an area of 500.67 km2, accounting for 4.93% of the total area. Sparse
vegetation is distributed among compound dunes.

The Niya River is fed by melting water, seasonal snowmelt and
rainfall. In the dry season, the river seeps along the channel from the
mountain pass and almost stops flowing at the Niya station. The flood
season water flows to the desert edge downstream of the irrigation
area, with an average annual runoff of 239.5 million m3. The
headwaters of the river are dendritic, with Qiakeda tributaries
flowing into it approximately 42 km from the upper end and no
tributaries flowing into it at the lower end. Along the river from the
mountain pass to the end of the river, there are four hydrological
monitoring sections—the Niya Reservoir, 818 Canal, Niya Station and
Niya Canal—which are used to monitor the flow changes in the river
out of the mountain pass, upstream, midstream and downstream.

2.2 Data sources

2.2.1 Hydrological data
The hydrological data of the four hydrological monitoring sections

of the Niya Reservoir, 818 Canal, Niya Station, and Niya Canal from
1978 to 2018 are selected to explore the change characteristics in the
ecological baseflow of the basin. The specific data, including daily,
monthly, and annual average flows and runoffs, are derived from the
hydrological data of the Tarim River Basin in the hydrological
yearbook of the People’s Republic of China.

2.2.2 Meteorological data
The measured meteorological data of the Minfeng Meteorological

Station from 1958 to 2021, which is the only station with long time
series meteorological data in the Niya River Basin, are selected to
analyze the climate change in the basin. The data include daily,
monthly and yearly average temperature and precipitation data,
which are all from the China Meteorological Data Network (http://
data.cma.cn/). The temperature is automatically monitored and
recorded through standard thermometers, and the precipitation is
recorded manually with a 20-cm standard rain gauge.

2.3 Methods

2.3.1 Hydrological method
There are many methods to calculate the ecological baseflow.

This study considers the method that is easy to operate and obtain

data in practice, and refers to the relevant requirements in the
Supplementary Technical Rules for Investigation and Evaluation
of Ecological Water Quantity of National Water Resources
Investigation and Evaluation of the People’s Republic of China.
(Trial) (April 2018). So, we finally selected the methods of
calculating the ecological baseflow as follows:

2.3.1.1 Tennant method
The Tennant method, also called the Montana method, was

proposed by Tennant, 1976. The method requires taking 10%–

30% of the average annual flow of the river as the ecological
baseflow, which is suitable for rivers with long hydrological data
series; it is the most commonly used method to estimate the river
ecological baseflow to date (Huang et al., 2019). As the Niya River
is a typical seasonal river, the Tennant method is appropriately
improved in this study by changing the flood season to April to
October and the dry season to November to March of the
following year to obtain the ecological baseflow standard of the
river (Table 1).

The calculation formula is as follows:

Qi � MiNi, i � 1, 2, . . . , 12 (1)
where Qi is the ecological baseflow (m3•s-1) in month i, Mi is the
mean runoff of month i (m3•s-1), and Ni is the percentage of the
corresponding ecological baseflow in month i.

2.3.1.2 DM method
The DM method is the multiyear average of the driest monthly

average flow. The average flow of the driest month in the past 10 years
is used as the ecological baseflow. Although the hydrological
observation data series required by this method is short, 41 years of
hydrological data from 1978 to 2018 are selected in this study to ensure
consistency with the time scale of other calculation methods (Su et al.,
2022). The calculation formula is as follows:

Qi � ∑
41

k�1

min Mij( )
41

, i � 1, 2, . . . , 12; j � 1, 2, . . . , 31 (2)

where Qi is the ecological baseflow of month i (m3•s-1) and Mij is the
average flow of day j of month i (m3•s-1).

2.3.1.3 QP method
This method is improved by the American 7Q10 method for water

pollution monitoring and ecological baseflow calculations in China
(Stanlnaker, 1994). According to the natural monthly average flow
frequency of the driest month, the actual situation of the river and the
existing hydrological data, the hydrological frequency curve is
constructed, and the monthly average flow of a specific frequency
is taken as the ecological baseflow. The calculation formula is as
follows:

Qi � f q≥ qi( ) (3)
where Qi is the ecological baseflow (m3•s-1) at frequency i, f
represents the frequency curve function, q is the monthly average
flow (m3•s-1), and qi is equal to the frequency i. According to the
Code for Calculation of Water Demand for Rivers and Lakes
Ecological Environment (Ministry of Water Resources of the
People’s Republic of China, 2015), frequency i is set as 95% in this
study.
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2.3.1.4 Texa method
By calculating the monthly flow frequency, the specific percentage

of the monthly average flow corresponding to a 50% guarantee rate is
taken as the ecological baseflow (Gippel and Stewardson et al., 1998).
We referred to the research results of other relevant scholars in China
(Wu et al., 2011; Gao et al., 2021). In this study, 20% of the
corresponding monthly average flow with a design assurance rate
of 50% is selected as the ecological baseflow value.

2.3.2 Mathematical method
2.3.2.1 Statistical analysis

Themain statistical methods used in this paper are the F test, trend
analysis, correlation analysis and regression analysis, among which
regression analysis is used to determine the specific response
relationship between climate change and ecological baseflow
change. We consider the hysteresis of the impact of climate change
on the ecological baseflow, the average temperature and precipitation
values of the last month are added for multivariate fitting to improve
the accuracy of the regression model. The establishment of a multiple
linear regression model is as follows:

Qi � α0Ti−1 + β0Pi−1 + α1Ti + β1Pi + ε (4)
where Qi is the ecological baseflow in month i (m3•s-1), T is
temperature (°C), P is precipitation (mm), i is the average
temperature and precipitation of the month, i-1 is the average
temperature and precipitation of the previous month, α and β are
the coefficients of temperature and precipitation, respectively, and ε is
a constant.

2.3.2.2 Mutation analysis
The Mann–Kendall (M–K) method was used for the mutation test,

which was originally proposed by Mann and Kendall (Mann, 1945;
Kendall, 1990). This method was implemented based on MATLAB and
has been widely used for analyzing climate and hydrological series, and
it has been constantly improved. Referring to the latest research (Salehie
et al., 2022), the principle of this analysis technique is to construct a rank
sequence Sk for time series X to reflect the cumulative number of values
at time i greater than those at time j. Its expression is as follows:

UFk � Sk − E Sk( )[ ]�������
Var Sk( )√ , k � 1, 2, ..., n( ) (5)

where UFk is the statistic of the time series in the M–K test, UF1 = 0,
E(Sk) and Var(Sk) are the mean and variance of Sk, respectively, and
UBk = -UFK. When the UF or UB value exceeds zero, the series shows
an upward trend. Otherwise, it shows a downward trend. If UF and UB
exceed the significance interval (the significant level is 0.05 and the
critical value is ± 1.96), the upward or downward trend is significant. If
the two curves UF and UB intersect and the intersection is within the
significant interval, it is the mutation point.

2.3.2.3 Sensitivity analysis
According to the Intergovernmental Panel on Climate Change

(IPCC), sensitivity is defined as the degree to which a system is
affected by climate change-related stimuli, both adverse and
beneficial (IPCC, 2007). In this study, the sensitivity of ecological
baseflow to climate change refers to the response of the minimum
water demand of watershed ecosystems to known or assumed climate
change scenarios. Based on the above definition, the sensitivity
model of river ecological baseflow to climate change is established
as follows:

S � QT+ΔT,P+ΔP − QT,P

QT,P
× 100% (6)

where S is the sensitivity coefficient (%) of river ecological baseflow to
climate change, QT,P is the ecological baseflow value (m3•s-1) under
the present temperature and precipitation conditions, and
QT+ΔT,P+ΔP is the ecological baseflow value (m3•s-1) when
temperature changes ΔT and precipitation changes ΔP. When S >
0, climate change promotes ecological baseflow. Otherwise, it plays an
inhibitory role. The greater│S│is, the greater the promotion or
inhibition of ecological baseflow by climate change.

3 Results

3.1 Characteristics of ecological baseflow

3.1.1 Determination of ecological baseflow
Four hydrological methods are used to calculate the annual

average monthly ecological baseflow values of four hydrological
monitoring sections in the Niya River Basin (Figure 2).

TABLE 1 Ecological baseflow criteria recommended by the Tennant method.

River flow condition Proportion in annual average natural runoff/%

Dry season (November to March) Flood season (April to October)

Maximum 200 200

Optimum 60–100 60–100

Excellent 40 60

Very good 30 50

Good 20 40

Medium 15 30

Poor 10 10

Very poor 0–10 0–10
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The results show that the annual average monthly ecological
baseflow values of the four sections calculated by the four methods
are as follows: the QP method has the highest calculation result,
followed by the DM method, the Tennant method and the Texa
method. According to the actual river ecosystem composition and the
temperature and precipitation of the Niya River Basin, we referred to
the ecological baseflow of the same type of watershed in the arid area
(Yang et al., 2014; Cheng et al., 2021). By comprehensively comparing
the calculation results of the above four methods, we find that the
calculation results of the QP and DM methods are too large, and it is
difficult to meet the actual ecological baseflow in arid areas. Although
the calculation result of the Texas method is the lowest and can be
guaranteed, it can only temporarily meet the basic needs of various
components of the river ecosystem in this case, and it cannot develop
stably for a long time due to poor resilience. The calculation result of
the Tennant method is between the above three, meaning it can
guarantee the basic development demand of river ecosystems and
enable their long-term development, which is in agreement with the
ecological and hydrological characteristics of the Niya River as an
inland river in an arid area. Therefore, by comprehensively comparing
the above calculation and analysis results, the Tennant method is
finally selected as the most suitable calculation method for ecological
baseflow in the Niya River Basin.

3.1.2 Trend characteristics of ecological baseflow
According to the monthly ecological baseflow values of the annual

average, the Tennant method was used to calculate the annual
ecological baseflow values and analyze the annual ecological
baseflow characteristics of the four sections (Figure 3).

In the Niya River Basin, 75% of the ecological baseflow values of
the four sections from 1978 to 2018 ranged from 15 to 31 m3•s-1.
The annual ecological baseflow values of the Niya Reservoir ranged
from 18 to 28 m3•s-1, those of the 818 Canal ranged from 22 to
31 m3•s-1, and those of the Niya station and Niya Canal ranged
from 16 to 23 m3•s-1 and 15–23 m3•s-1, respectively. The
maximum value of the annual ecological baseflow occurred at
the 818 Canal, which was 48.26 m3•s-1. The minimum value

FIGURE 2
Four methods are used to calculate the multiyear average monthly ecological baseflow of the four sections. (A) Niya Reservoir. (B) 818 Canal. (C) Niya
Station. (D) Niya Canal.

FIGURE 3
Distribution characteristics of the annual ecological baseflows of
the four sections.
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occurred at the Niya hydrological station, which was 12.56 m3•s-1.
The overall trend of the basin was stable, and the value of ecological
baseflow was relatively low, but there were abrupt changes across
different years.

3.1.3 Mutation characteristics of ecological baseflow
We further analyzed the mutation characteristics for the ecological

baseflow of the Niya River Basin and used the M–K test to explore the
mutation results of the four sections (Figure 4).

The UF and UB curves of the Niya Reservoir, 818 Canal and
Niya Canal sections all had two intersecting points within the
0.05 confidence interval, which appeared in 1989 and 2005. This
phenomenon indicated that the mutation points appeared in
1989 and 2005. The UF and UB curves of Niya Station had
three intersecting points that appeared in 1988, 1990 and 2005,
indicating that mutations occurred in 1988, 1990 and 2005. In
addition, although the variation trends of the ecological baseflow
in the four sections were complex, they all showed the following
characteristics. From 1978 to 1980, the UF curve was < 0,
indicating that the ecological baseflow values in the Niya River
Basin exhibited a downward trend. The UF curve was > 0 from
1981 to 1995, indicating that the value of the ecological baseflow
showed an upward trend during this period. From 1996 to 2004,
the UF curve was < 0, indicating that the ecological baseflow of the
watershed exhibited a downward trend. The UF curve from
2005 to 2018 was > 0, indicating an upward trend that began
in 2005.

3.2 Characteristics of climate change

3.2.1 Mutation characteristics of climate change
The Niya River Basin is located in the hinterland of the Eurasian

continent; due to its distance from the ocean and the back of the
Taklimakan Desert, precipitation is rare, and the climate is extremely
dry. According to the measured average annual temperature and
precipitation data from meteorological stations in the basin from
1958 to 2021, an M–K test was conducted on climate change in the
Niya River Basin, the results are shown in Figure 5.

The results show that there is only one intersecting point in the UF
and UB curves of the annual average temperature of the basin from
1958 to 2021, which occurs in 1987. This finding suggests that the
annual average temperature of the Niya River Basin suddenly changed
in 1987. The UF curve fluctuates significantly from 1958 to
1978 without a fixed trend. Since 1980, the UF curve has been > 0,
indicating an upward trend. The UF and UB curves of annual
precipitation in the basin from 1958 to 2021 have only one
intersecting point in 1987, indicating that the temperature and
precipitation changes synchronized. The UF curve fluctuates greatly
from 1958 to 1987, and it has exceeded zero since 1988 and continued
to increase, indicating that the precipitation begins to rise after 1987.

3.2.2 Trend characteristics of climate change
We analyzed the interannual variation characteristics of

temperature and precipitation in the basin and used 1987 as a
dividing line to conduct subsection fitting to obtain the annual

FIGURE 4
Abrupt change test results of the ecological baseflow of the four sections. (A) Niya Reservoir. (B) 818 Canal. (C) Niya Station. (D) Niya Canal.
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variation characteristics and growth trends of the annual average
temperature and precipitation in the Niya River Basin (Figure 6).

From 1958 to 2021, the average annual temperature in the basin
generally fluctuated and increased by 1.6°C at a rate of 0.22°C•(10a)-
1. Among this data, 1958–1987 exhibited a slow growth stage of 0.6°C
at a rate of 0.20°C•(10a)-1.1988–2021 exhibited a rapid growth stage,
with a growth rate of °C•(10a)-1, there was a total increase of 1°C.
The maximum annual average temperature in 2016 was 13.41°C, and
the minimum in 1967 was 10.1°C. During the study period, the
annual precipitation in the basin showed an increasing trend in
fluctuation, but the fluctuation range was larger and the increasing
trend was smaller than those of the annual temperature in the basin.
From 1958 to 2021, the annual precipitation of the basin increased by
6.3 mm at a speed of 0.98 mm•(10a)-1. The period from 1958 to 1987
was a rapid increase stage, with an increase of 82.6 mm at a speed of
27.53 mm•(10a)-1.1988–2021 was a decline stage, with a decrease of
48.4 mm at a rate of 14.24 mm•(10a)-1. The maximum annual
precipitation was 136.9 mm in 2010, and the minimum was
4.7 mm in 1976. The general increasing trends of temperature
and precipitation in the Niya River Basin were related to the

gradual warming and humidification of the climate in Xinjiang,
causing this phenomenon locally and affecting the ecological
baseflow of the river.

3.3 Sensitivity of ecological baseflow to
climate change

3.3.1 Regression analysis
To explore the specific response relationship of ecological baseflow

to climate change and understand the change relationships among
ecological baseflow, temperature and precipitation, the regression
model of the ecological baseflow response to temperature and
precipitation established in Eq. 5 was used. The Niya River Basin
was considered for verification and analysis. The multiple linear
regression equations of ecological baseflow for the average monthly
temperature and precipitation in four sections of the Niya River Basin
were obtained (Table 2).

Through the regression model, the responses of the ecological
baseflow of the four sections in the Niya River Basin to climate

FIGURE 5
Analysis results of the abrupt changes in the temperature and precipitation in the basin. (A) Temperature. (B) Precipitation.

FIGURE 6
Annual variation characteristics and piecewise fittings of the temperature and precipitation in the basin. (A) Temperature. (B) Precipitation.
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change were clarified, and they showed obvious positive
correlations. With increasing temperature and precipitation, the
ecological baseflow exhibited a synchronous response change. The
R2 of each equation exceeded 0.7. Referring to the latest model
evaluation system DISO (Hu et al., 2022), R2 is only a one-
dimensional special case (Zhou et al., 2021). The closer its value
is to 1, the more reliable the evaluation result is (Hu et al., 2019). So,
the regression model in this study has relatively good accuracy. In
terms of time, it could be seen from the regression equation that the
influences of temperature and precipitation in the last month on
ecological baseflow were greater than those in the recent month,
and there was a certain lag in the influence of climate change on
ecological baseflow. In terms of proportion, precipitation had a
greater impact on the ecological baseflow, and the ecological
baseflow had a more significant response to changes in
precipitation.

3.3.2 Sensitivity analysis
To further explore the specific degree of the response relationship

between ecological baseflow and climate change to analyze the
sensitivity of ecological baseflow to climate change, the model
established by Eq. 6 was used for calculating the annual sensitivity
coefficient of the ecological baseflow in the Niya River Basin to climate
change, and the results are shown in Figure 7.

The sensitivity degree of the ecological baseflow to the temperature
and precipitation characteristics in the four sections in the Niya River
Basin fluctuated greatly, and the variation amplitude and trend of each
section were roughly the same. The positive and negative changes in
the sensitivity coefficients were obvious, indicating that climate change
did not change the positive and negative effects on the ecological
baseflow in the basin. When the sensitivity coefficient was positive,
climate change had a promoting effect on ecological baseflow. In
contrast, when the sensitivity coefficient was negative climate change
had an inhibitory effect on ecological baseflow. Specifically, in terms of
time, the highest sensitivity coefficient occurred in 2010 (117.20%),
and the lowest sensitivity coefficient occurred in 1984 (−46.22%). The
increasing and decreasing trends for the sensitivity coefficients of
different sections were consistent with the trends of temperature and
precipitation, and the interannual variations in the same sections were
quite different. In terms of space, the sensitivity coefficients of the four
sections were related to the overall climate environment of the basin
rather than the location of the river; the sensitivity coefficients
generally showed decreasing trends from upstream to downstream,
especially during the wet years. From 1979 to 2018, the sensitivity

TABLE 2 Regression equation of the ecological baseflow on the temperature and
precipitation of the four sections.

Sections Regression equation R2

Niya Reservoir Qi = 0.133Ti-1+0.143Pi-1+0.060T + 0.508P-0.643 0.764

818 Canal Qi = 0.146Ti-1+0.157 Pi-1+0.069T + 0.543P-0.666 0.761

Niya Station Qi = 0.091Ti-1+ 0.117Pi-1+0.053T + 0.448P-0.567 0.712

Niya Canal Qi = 0.114Ti-1+ 0.122Pi-1+0.052T + 0.434P-0.549 0.764

FIGURE 7
Annual variation characteristics of the sensitivity coefficients of the four sections. (A) Niya Reservoir. (B) 818 Canal. (C) Niya Station. (D) Niya Canal.
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coefficient of the ecological baseflow of all hydrological sections in the
Niya River Basin to climate change increased from −10.89% to 19.44%,
indicating that climate change played an overall role in promoting
ecological baseflow.

4 Discussion

4.1 Annual sensitivity

The above analysis results show that the ecological baseflow in the
Niya River Basin is sensitive to climate change, and the interannual
variation fluctuates significantly. To ensure the stability of the river
ecosystem, the reasonable management and scheduling of river
discharge should be conducted. Therefore, we further discuss the
sensitivity of monthly ecological baseflow to climate change, and we
determine the response of ecological baseflow to temperature and
precipitation in each month by using the monthly sensitivity
coefficient and taking the maximum value of each month as the
trendline (Figure 8).

The variation trends of the sensitivity coefficients of the monthly
ecological baseflows to the temperature and precipitation
characteristics of the four sections in the Niya River Basin are
roughly the same, with the maximum values occurring in April.
This phenomenon is related to the fact that the Niya River is
seasonal and the recharge source is mainly snow and ice melt
water. The sensitivity coefficients are all negative from August to

January of the following year, and the change in the temperature and
precipitation inhibits the development of ecological baseflow during
this period. The minimum value appears in November because the
inhibitory effects of temperature and precipitation on the ecological
baseflow peak in November; in the dry season, its effect was small. The
ecological baseflow shows a downward trend from May to November
and an upward trend from November to April of the following year.
Therefore, the key to ecological baseflow control is to ensure that the
ecological baseflow is satisfied in the dry season; reasonable scheduling
in the flood season allows the river ecosystem to constantly develop
and enrich to maintain stability.

4.2 Ecological baseflow guarantee

Through the above analysis and discussion, the change
characteristics of ecological baseflow, temperature and precipitation
in the Niya River Basin were understood. The response relationship
and sensitivity degree of ecological baseflow in the Niya River Basin to
climate change were further determined. On this basis, combined with
the relevant data of social water use in the basin (In supplementary
material), ecological baseflow guarantee targets were proposed for
different seasons and hydrological periods (Table 3).

Each section shows that in different seasons, winter has the
smallest values, followed by spring, autumn and summer, which is
consistent with the changes in temperature and precipitation
characteristics for facilitating the timeliness of river flow control. In

FIGURE 8
Monthly variation characteristics of the sensitivity coefficients of the four sections. (A) Niya Reservoir. (B) 818 Canal. (C) Niya Station. (D) Niya Canal.
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the flood season, the range of the ecological baseflow support target
fluctuates greatly. This phenomenon does not occur in the dry season
to conform to the change trend of actual runoff volume and to achieve
the rationality of ecological baseflow control. In the same season or
period, the guarantee targets all show the phenomenon of 818 Canal >
Niya Reservoir > Niya Station > Niya Canal, which is consistent with
the change characteristics of the actual size of the ecological baseflow
at each section of the Niya River.

In order to ensure that the management and control objectives of
the watershed ecological baseflow can be achieved, specific safeguard
measures are proposed according to the actual situation as follows.
Firstly, strengthen the unified management and scientific regulation of
regional water resources, comprehensively consider the characteristics
of different sections, and take into account the common ground of the
Niya River ecological restoration and environmental protection.
Secondly, strictly supervise and control, establish a legal system for
water ecology, and regularly supervise and inspect river leaders at all
levels and relevant departments to complete Niya River ecological
protection tasks. Last, increase technical research, conduct
comprehensive research on hydrological, chemical and biological
processes of the Niya River, and strengthen the use of ecological
monitoring technologies.

5 Conclusion

With the intensification of global climate change, the stabilities of
river ecosystems are increasingly threatened, especially in inland arid
areas. Ensuring that river ecological baseflow is satisfied is a key to
maintaining the health and stability of river ecosystems. Based on the
measured temperature, precipitation and runoff data in the Niya River
Basin, Xinjiang, we analyzed the response relationship and specific
sensitivity of the ecological baseflow to climate change. The main
conclusions were as follows:

By comparing four methods based on the hydrological data from
1978 to 2018, the Tennant method was determined to be the most
suitable for this study area. The variation trends of the ecological
baseflows in the four sections of the basin were consistent, with 75% of
them concentrated in the range of 15–3 31m3•s−1, and abrupt changes
occurred in 1989 and 2005. Based onmeteorological data from 1958 to
2021, the trend analysis showed that the annual average temperature
in the basin increased by 1.6°C at a rate of 0.22°C•(10a)−1, the annual
precipitation increased by 6.3 mm at a rate of 0.98 mm•(10a)−1, and
abrupt changes all occurred in 1987.

The regression model of the response of the ecological baseflow
to the temperature and precipitation characteristics were established

and verified by taking the Niya River Basin as an example. The R2

values all exceeded 0.7, indicating that we obtained the response
relationship of the ecological baseflow to climate change and further
established the sensitivity model of ecological baseflow to climate
change. In the study period, the sensitivity coefficient of each section
of the basin showed a decreasing trend from upstream to
downstream; the largest trend was 117.20% in 2010, and the
smallest trend was −46.22% in 1984.

The variation trends of the monthly sensitivity coefficient of the
ecological baseflow to the temperature and precipitation
characteristics in the four sections were approximately the same;
the maximum value occurred in April, and the minimum value
occurred in November. In the future, with the continuous
development of the trends of warming and humidification in
Xinjiang, the ecological baseflow of the Niya River Basin would
respond to changes. On this basis, ecological baseflow guarantee
targets and measures were proposed according to the seasons and
hydrological periods by comprehensively considering the social water
use in the basin.
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Time Niya reservoir 818 Canal Niya station Niya canal
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