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Abstract: Many studies quantify the impact of climate change and human activities on runoff changes
on an annual scale, but few studies have examined this on multiple time scales. This paper quantifies
the contribution of different factors to the variability of Jinsha River runoff at multiple time scales
(annual, seasonal and monthly). First, the trend analysis of Jinsha River runoff is carried out, and the
Mann–Kendall mutation test was then applied to the runoff data for mutation analysis. According
to the mutation year, the research period is divided into the base period and the mutation period.
By constructing an ABCD hydrological model simulation and monthly scale Budyko model, the
contribution rate of human and climate factors to the multitime-scale runoff of Jinsha River is
calculated. The results showed that: (1) The sudden year of change in the Jinsha River runoff is
1978, and the Nash coefficients of the ABCD hydrological model in the base period and sudden
change period were 0.85 and 0.86, respectively. (2) Climate factors were the dominant factor affecting
annual runoff changes (98.62%), while human factors were the secondary factor affecting annual
runoff changes (1.38%). (3) The contribution rates of climate factors in spring, summer, autumn, and
winter to runoff were 91.68%, 74.08%, 95.30%, and 96.15%, respectively. The contribution rates of
human factors in spring, summer, autumn, and winter to runoff were 8.32%, 25.92%, 4.70%, and
3.85%, respectively. (4) The contribution rates of climate factors to runoff in May, June, and July were
95.14%, 102.15%, and 87.79%, respectively. The contribution rates of human factors to runoff in May,
June, and July were 4.86%, −2.15%, and 12.21%, respectively.

Keywords: Jinsha River; runoff; climate; human; ABCD model; Budyko model

1. Introduction

Runoff is one of the main sources of water available to humans. Many runoffs have
changed significantly [1,2], and an increasing number of studies have focused on the drivers
of runoff changes, of which climate change and human activities are considered to be the
two main factors [3]. Numerous studies in recent years have shown that runoff in some
watersheds is no longer consistent under the coupled effects of climate change and human
activities [4,5]. However, these effects are so coupled and intertwined that it is difficult to
quantify the impact of a single factor. Studying the effects of climate change and human
activities on runoff also involve separating and quantifying the contributions of both. On
the one hand, it helps to understand the interrelationship between hydrological processes
and climate and environmental change, and on the other hand it can provide a scientific
basis for issues such as water resources management [6]. The upper Jinsha River is part
of the Yangtze River region, ecologically fragile, the lower reaches are densely populated
and have a well-developed industrial and agricultural sector. The Jinsha River basin is
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rich in water resources and is also the largest hydropower base in China. The study of
factors influencing the runoff of the Jinsha River can further strengthen the integrated
management of water resources in the Jinsha River basin. Much work has been conducted
by many researchers to distinguish between quantifying the impact of climate change and
human activities on runoff.

Kang et al. [7] analyzed the multitime-scale runoff evolution patterns of the Yellow
River Huayuankou hydrological station from 1956 to 2017. Research has found that
interannual runoff shows a decreasing trend, with uneven distribution of annual inner
diameter flow, mainly from July to October. Su et al. [8] studied the characteristics of
runoff complexity changes in the upper reaches of the Yellow River at multiple time scales.
Research has found that human activities have a stronger impact on annual and non-flood
season runoff at a single time scale than during flood season, and have a stronger impact
on flood season runoff at multiple time scales than during annual and non-flood seasons.
The impact on runoff varies greatly at different time scales and periods. Wu et al. [9] used
Mann–Kendall test and sliding t-test methods to analyze the characteristics and evolution
trends of runoff in the Mekong River at multiple time scales, including annual, high and
low water periods, and extreme days. Ye et al. [10] studied the runoff of the Pengchongjian
small watershed from 1983 to 2014. The comparative law of the cumulant slope change rate
is used to calculate the contribution rate of precipitation change, evapotranspiration and
vegetation restoration to runoff change on seasonal and annual scales. The results show that
on a seasonal scale, precipitation changes and evapotranspiration in spring and summer
are the main reasons for the reduction of runoff depth. In autumn and winter, vegetation
restoration plays a dominant role. On a yearly scale, evapotranspiration contributes the
most to the reduction of runoff depth.

There are many studies on attribution analysis of runoff [11–15], and some scholars
use the Budyko model to conduct attribution analysis of runoff changes. Yan et al. [16–18]
calculated the contribution of climate and vegetation to runoff changes based on the
Budyko model. Ji et al. [19] conducted attribution analysis of runoff in the source area of
the Yellow River based on the Budyko model. Yang et al. [20] took the Yihe River Basin in
Shandong Province as the research object, and based on hydrological and meteorological
data from 1960 to 2016, quantitatively calculated the contribution rate of climate change
and human activities to runoff change using the Budyko water heat coupling equilibrium
equation. Li et al. [21] first analyzed the evolution trend of multiple factors such as
hydrology, meteorology, vegetation, and socioeconomic factors in the Baihe River Basin
using trend testing method, and then quantified the contribution rate of multiple factors to
runoff changes using the Budyko framework that considers the time-varying characteristics
of multiple factors. Liang et al. [22] used the Danghe River Basin as the research area
and analyzed the characteristics of meteorological, underlying surface, and hydrological
changes in the basin using methods such as linear tendency estimation. Based on the
Budyko water heat coupling balance equation, they quantified the contributions of climate
change and human activities to runoff changes.

The ABCD water balance model was proposed by Thomas [23] in 1981. The ABCD
model is composed of four parameters: a, b, c, and d, which clearly includes the main
hydrological processes. It has the advantages of clear concepts, fewer parameters and
easy optimization, simple structure, good application at annual and monthly scales, and
high simulation accuracy. By inputting potential evapotranspiration and precipitation data
through this model, it can be used to simulate changes in soil water, base flow, groundwater,
and actual evapotranspiration [24]. It has been widely applied in the field of scientific
research. Peng et al. [25] compared a 12-month scale hydrological model in 153 basins with
different climatic conditions in China, and the ABCD hydrological model showed good
applicability. Wu et al. [26] used the ABCD hydrological model for runoff simulation of the
Xinan River basin, and conducted sensitivity analysis on model parameters, believing that
the model has high simulation accuracy and high applicability, and can be widely used in
small and medium-sized basins in China. Li et al. [27] simulated long-term runoff based on
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the structural framework of four-month water balance models of ABCD, TWBM, VWBM
and DWBM. The results show that the annual runoff simulation methods based on the four
models can obtain satisfactory simulation accuracy in most basins, and the ABCD model is
the most accurate.

For attribution identification, the selection of natural stages is very important. The
sudden change in the runoff series may be caused by human activities or climatic factors,
and the examination of the sudden change point of the runoff series can help to reasonably
judge the identification of the time point when significant changes in runoff occur. Scholars
have conducted a series of studies on the selection of mutation points, commonly used
methods include the Mann–Kendall mutation detection [28], ordered clustering [29], and
double cumulative curve method [30].

Several scholars [31–33] have studied to quantify the influence of natural and human
factors on runoff based on the Jinsha River basin. Precipitation was found to be the
dominant factor affecting runoff variability. Human activities have a smaller impact on
runoff at the annual scale. Song et al. [34] analyzed the precipitation runoff characteristics of
the Jinsha River basin, the result showed that the precipitation distribution in the area was
rather uneven, with the main intra-annual distribution happening from June to September
in small variation. Zhang et al. [35] found that both human and climatic influences on the
Jinsha River runoff had a significant impact on it. Wang et al. [36] used relative importance
analysis to study the causes of runoff changes in the upper Jinsha River in terms of previous
runoff and rainfall, found that the factors influencing runoff in the upper Jinsha River
are complex and have significant spatial and temporal heterogeneity, the factors that
influence runoff vary throughout the year, the main ones being snowfall, evaporation,
rainfall and runoff from the previous month. Zhang et al. [37] used statistical methods
to examine the characteristics of runoff changes in four subregions of the Jinsha River
basin, and comprehensively evaluated the contributions of climate change and human
activities to runoff changes based on methods such as the Budyko elasticity method and the
cumulative slope change ratio, and found that climate change dominated runoff changes in
the upper Jinsha River and human activities were the main force behind runoff changes
in the middle and lower Jinsha River. Chen Hua et al. [38] simulated the runoff of Jinsha
River in consideration of the impact of human reservoir construction on the runoff, and
the simulation effect was good. Zhang et al. [39–41] used a combination of hydrological
simulation and numerical analysis to identify the response of the Jinsha River runoff
characteristics to climate change, and found that climate change is the dominant factor in
runoff changes.

Although the above studies have quantified the impact of climate change and human
activities on runoff, they have only quantified the impact of climate and human activities on
runoff on an annual scale. There are few studies on the impact of climate and human factors
on runoff of Jinsha River from multiple time scales (annual, seasonal and monthly), which
cannot accurately understand the process of annual runoff distribution changes and is not
conducive to the allocation and regulation of water resources under changing conditions.
In recent years, floods and droughts frequently occur in Jinsha River basin [42,43], which
has caused serious impact on economic and social development. Ensuring water security
is of strategic importance to the construction of the upper Yangtze River economic belt.
Therefore, this paper quantifies the contribution of different factors to the change of runoff
on multiple time scales (annual, seasonal and monthly). This paper first analyses the trend
of Jinsha River runoff, and then applies the Mann–Kendall mutation test to analyze the
runoff data to find the mutation years of Jinsha River runoff from 1970 to 2016. The study
period was divided into a base period and a mutation period according to the mutation
years. The actual evaporation and soil water storage of Jinsha River are obtained through
the ABCD hydrological model. Budyko model was constructed to calculate the contribution
rate of human and climate to the multitime-scale runoff change of Jinsha River. The research
results are expected to provide scientific reference for the comprehensive planning and
utilization of hydrology in the Jinsha River basin.
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2. Materials and Methods
2.1. Research Area

The Jinsha River basin is located in the upper reaches of the Yangtze River in China,
originating in the Tanggula Mountains, with a global geographic location between
90◦23′ E–104◦37′ E and 24◦28′ N–35◦46′ N. The Jinsha River basin includes the eastern
part of the Qinghai Tibet Plateau and the Hengduan Mountains. It extends southward to
the northern Yunnan Plateau and eastward to the southwest edge of the Sichuan Basin. It
is located in the north of Yunnan Province and the eastern side of the Qinghai Tibet Plateau.
It is the largest basin in Yunnan Province, with a vast basin, numerous tributaries, and
abundant and stable river runoff. Jinsha River has a drainage area of 49.5 × 104 km2. It
is generally divided into three river sections: the upper section starts at the mouth of the
Yushu Batang River in Qinghai Province, with Shigu as the boundary; the section from
Shigu to the mouth of the Yabi River is the middle section; and the lower section ends at
Yichang. The hydro energy resources in the basin amount to 113 million kW, accounting
for about 16.7% of the country’s hydro energy resources, which are extremely abundant. It
ranks among the top hydro power bases in the country.

2.2. Data Sources

The runoff data of Jinsha River basin come from Pingshan Hydrological Station,
which was changed into a water level station in 2012. After 2012, the observation data of
Pingshan Hydrological Station have come from Xiangjiaba Hydrological Station located
2 km downstream of Xiangjiaba Reservoir, which is collectively referred to as Pingshan
Hydrological Station in this paper.

The climate station data of Jinsha River basin were obtained from China Meteoro-
logical Administration (http://www.cma.gov.cn/ accessed on 1 June 2023). The dataset
contains the daily meteorological data of all stations in the study area from 1969 to 2016. Us-
ing the annual precipitation data of the meteorological stations in the study area from 1969
to 2016, the average annual precipitation of Jinsha River basin is obtained by Kriging inter-
polation. The reference evapotranspiration of each meteorological station from 1969 to 2016
is calculated by Penman Monteith formula recommended by FAO, and then the average
annual reference evaporation of Jinsha River basin is obtained by Kriging interpolation.

2.3. Research Methods
2.3.1. Mann–Kendall Trend Analysis Method

Commonly used nonparametric tests include the Mann–Kendall trend analysis test
proposed by Mann [44] and Kendall [45]. The Mann–Kendall trend analysis method is a
nonparametric statistics test method, which is not affected by a few outliers, has strong
applicability and simple calculation, and is one of the most commonly used methods
to analyze the change trend of meteorological and hydrological elements [46]. In this
study, the Mann–Kendall trend analysis method was used to analyze the trends of runoff,
precipitation and evaporation capacity of the Jinsha River from 1970 to 2016.

2.3.2. Concentration and Concentration Period

This method treats a vector as the monthly runoff of all months within a year, with the
length of the vector representing the magnitude of the monthly runoff and the direction
of the vector representing the month in which it is located. This method represents the
number of days (365 days) in a year with a circumference (360◦), and the azimuth angles h
from January to December are 0◦, 30◦, 60◦... 330◦. The method accumulates the monthly
runoff in a vector manner, and the ratio of the combined amount of each component to the
annual runoff is the concentration degree of annual runoff (RCD year). The annual runoff
concentration period (RCP year) is the tangent angle of the ratio of the annual components

http://www.cma.gov.cn/
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and, which can objectively reflect the time when the maximum runoff occurs in a year [47].
These Equations (1)–(5) are shown as follows:

Rx = ∑12
i=1 Risinh (1)

Ry = ∑12
i=1 Risinh (2)

Ryear = ∑12
i=1 Ri (3)

RCDyear =
√

Rx2 + Ry2/Ryear (4)

RCPyear = arctan
(

Rx
Ry

)
(5)

where Ri is the runoff volume of month i, Ryear is the annual runoff volume, and Rx and Ry
are synthetic vectors in the x, y directions, respectively.

2.3.3. ABCD Water Balance Model

The ABCD model consists of two parts, the soil aquifer and the groundwater layer, and
is based on the water balance principle. The water balance Equation (6) can be expressed as:

Pt − ETt − DRt − GRt = St − St1 (6)

where Pt is the monthly rainfall, ETt is the actual monthly evaporation, DRt is the direct
surface runoff, GRt represents Groundwater recharge, and St and St1 represent the soil
moisture content of the current and previous months.

According to the above equation, the effective water quantity Wt and the possible
evaporation Yt can be obtained, shown in Equations (7) and (8):

Wt = St1 + Pt = St + ETt + GRt + DRt (7)

Yt = St + ETt (8)

The potential evapotranspiration Yt is the maximum amount of water that can leave
the basin in the form of evaporation, while the effective water Wt is the sum of the potential
evapotranspiration and the outflow from the soil aquifer (including direct surface runoff
and groundwater recharge). Possible evaporation Yt can be expressed as a nonlinear
function of effective water Wt, shown in Equation (9):

Yt =
Wt + b

2a
−

√
Wt + b

2a

2
− bWt

a
(9)

where a is the probability of runoff formation before the soil is fully saturated, and parame-
ter b is the upper limit of water storage in the unsaturated aquifer.

The ABCD model assumes that the ratio between the rate of decrease in soil water
content S due to evapotranspiration and the potential evapotranspiration is St/b, shown in
Equations (10) and (11):

dst

dt
= −EP

St

b
(10)

St = Ytexp(
−Ep

b
) (11)

where Ep represents the potential evaporation. In this study, the potential evapotranspira-
tion is calculated using Penman’s equation.
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For the groundwater layer component, the water balance Equation (12) is shown below:

Gt + GDt = Gt1 + GRt (12)

where GDt is groundwater runoff, GRt is groundwater recharge, groundwater storage
for the current month and the previous month are Gt and Gt1, respectively, and
groundwater recharge GRt and groundwater runoff GDt can be expressed as
Equations (13) and (14), respectively:

GRt = c(Wt −Yt) (13)

GDt = dGt (14)

where Parameter c is the proportion of groundwater recharge to the soil aquifer, parameter
d is the rate at which groundwater forms outflow, GRt + GDt is the sum of surface runoff
and subsurface runoff.

Due to hydrological observation errors, prediction model structure, and uncertainty
in parameter estimation, errors in runoff forecasting are inevitable. The Nash certainty
coefficient NSE is the most commonly used indicator to evaluate the degree of fitting
between simulated and observed values. The ABCD model parameters in this paper refer
to the study of Han [48].

2.3.4. Budyko Model

The water heat coupling balance equation based on Budyko’s hypothesis analyzes
the impact of climate change and human activities on runoff from the perspective of water
and energy balance. Compared to other methods, this method can directly calculate the
contribution of climate change and underlying surface change to runoff change, and the
data are easy to obtain and the calculation method is simple, so it is widely used. Based
on the seasonal scale Budyko model proposed by Chen et al. [49], the contribution rates
of climate and humans to runoff are calculated, Equation (15) in Turc–Pike form is used
as follows:

E
P− ∆S

=

[
1 +

(
EP

P− ∆S
− ϕ

)−ω
] 1

ω

(15)

where EP
P−∆S is the drought index, E

P−∆S is the evaporation rate, ϕ is the lower bound of the
drought index, ∆S represents the soil water storage variable (which cannot be ignored in
the monthly time scale), and ω represents the parameters of the underlying surface (used
to characterize the impact of human activities).

Solve the monthly Budyko model using the vertical decomposition method. The verti-
cal decomposition method believes that climate change affects runoff by changing effective
precipitation and potential evaporation, while human activities change the distribution
ratio of effective precipitation between evaporation and runoff [50]. The impact of climate
change can induce both horizontal and vertical components, both of which can affect runoff,
but direct human interference can only induce vertical components.

Runoff can be obtained from Equation (16), and the change amount of runoff affected
by human activities can be obtained from Equation (17). This model can calculate the
contribution of direct human interference to runoff change. Equations (16) and (17) are
as follows:

R = (P− ∆S)
(

1− E
P− ∆S

)
(16)

∆Rh = (P2 − ∆S2)

(
E′2

P2 − ∆S2
− E2

P2 − ∆S2

)
(17)
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where E′2
P2−∆S2

and E2
P2−∆S2

are the vertical coordinate values of B and C points with the same
horizontal axis in the model.

The total diameter rheological amount Equation (18) is as follows:

∆R = R2 − R1 (18)

where R1 and R2 represents the runoff of two periods. The amount of runoff caused by
climate change is the difference between the total runoff and the runoff caused by human
activities. Equation (19) is as follows:

∆Rc = ∆R− ∆Rh (19)

On this basis, the contribution of human activities and climate change to the amount
of runoff change can be calculated using Equations (20) and (21):

ηRh =
∆Rh
∆R
× 100% (20)

ηRc =
∆Rc

∆R
× 100% (21)

where ηRh and ηRc indicate the contribution of human activities and climate change to
runoff changes, respectively.

3. Results
3.1. Mann–Kendall Trend Test

The regional monthly, seasonal and annual scale runoff was analyzed separately using
the Mann-Kendall trend test and the results are as follows (Table 1):

Table 1. Runoff change of Jinsha River in different time scales from 1970 to 2016.

Month β (mm/a) Z Statistic Significant Level

January 0.08 4.35 0.01
February 0.06 4.04 0.01

March 0.08 4.87 0.01
April 0.05 3.24 0.01
May 0.00 0.00 -
June −0.10 −1.22 -
July 0.01 0.04 -

August −0.07 −0.47 -
September 0.05 0.25 -

October −0.05 −0.40 -
November −0.01 −0.28 -
December 0.01 0.24 -

spring 0.14 2.98 0.01
summer 0.01 0.08 -
autumn −0.10 −0.36 -
winter 0.14 3.60 0.01
year 0.45 0.83 -

Over the period 1970–2016, on a monthly scale, the runoff of the Jinsha River decreased
at a rate of 0.10 mm/a in June, and the runoff of the Jinsha River increased significantly
at a level of 0.01 in January and March, both at a rate of 0.08 mm/a. On a seasonal scale,
the runoff of the Jinsha River increased significantly at a level of 0.01 in spring and winter,
both at a rate of 0.14 mm/a. On an annual scale, the annual runoff rate (0.45 mm/a) was
more variable than the other scales.
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3.2. Changes in Characteristics during the Year

The Jinsha River runoff data from 1970–2016 were divided into five chronological
periods for analysis: 1970–1979, 1980–1989,1990–1999, 2000–2009 and 2010–2016 (Figure 1).
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Figure 1. Changes in Runoff Trends by Age.

From 1970–2016, the overall trend in runoff is generally consistent across all years,
with a slow increase from January to May and a sharp increase from May to a high in July.
The runoff remains high from July until September, then drops sharply from September to
December, with only the 2010s seeing a slow decline from July onwards. Overall, July to
September is the high runoff period.

The concentration and concentration periods were calculated separately for the five
decades from 1970 to 2016, and the results show (Table 2) that the inter-decade variation
of the RCD of the Jinsha River runoff concentration is large, with the highest value being
49.96% (1990s) the lowest value being 41.30% (2010s), and the RCD shows an overall
decreasing trend. In terms of the runoff concentration RCP during the year, there is little
inter-decade variation, with a maximum value of 234.12◦ (1990s) and a minimum value of
229.93◦ (1980s), with the exception of the 1980s, which is generally relatively stable, with
the runoff concentration period in August for all five decades.

Table 2. Results of RCD and RCP in Different Ages.

RCD/% RCP/(◦) Time of RCP Maximum Runoff

1970s 48.14 233.62 August
1980s 49.45 229.93 August
1990s 49.96 234.12 August
2000s 46.19 233.48 August
2010s 41.30 233.59 August

3.3. Mutation Analysis

Based on the Mann–Kendall trend analysis method to analyze the mutation of the
Jinsha River runoff from 1970 to 2016, the Mann–Kendall mutation test is generally consid-
ered to be reliable at the 0.05 level of significance in practical applications. When the two
lines intersect and the intersection point falls within the 0.05 level of significance, the time
of the intersection point is considered to be the time of the mutation of the time series data.

The results of the study (Figure 2) showed that abrupt changes in Jinsha River runoff
began to occur with 1978 as the inflection point, and 1978 was the year of abrupt change in
Jinsha River runoff, so the study period was divided into two time periods for the study:
the base period (1970–1978) and the abrupt change period (1979–2016).
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3.4. ABCD Hydrological Simulation

To eliminate data fluctuations in the initial years, a one-year warm-up period was added
to each study period, and precipitation, reference evaporation, and runoff data were studied
for two time periods, 1969–1978 and 1978–2016, based on the ABCD hydrological model.

The parameters for this study showed in Table 3, where the NSE values were all greater
than 0.85. Figures 3 and 4 show that the observed and simulated values fit well, indicating
good simulation accuracy. From this, the actual evaporation and soil water storage changes
were obtained.

Table 3. NSE and parameters of ABCD model in different periods.

NSE a b c d

Value ranges −∞~1 0~1 0~1000 0~1 0~1
Base period 0.85 0.89 449.78 0.10 0.70

Mutation period 0.86 0.89 449.99 0.10 0.69
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3.5. Attribution Analysis

The vertical decomposition method based on seasonal scales distinguishes between
quantifying the effects of climate change and human activities on runoff depth, fitting
Budyko curves for annual, four seasons, and the months of May, June and July. Table 4
shows the parameter values for fitting Budyko curves at each time scale.

Table 4. Parameters Results of Base Period Extended Budykyo Model Fitting.

Timescale
Parameter

ω φ

spring 0.9225 −0.4295
summer 1.1608 0.0880
autumn 1.1730 0.1811
winter 0.7789 −0.5840

5 0.8215 −1.4782
6 1.1642 0.1469
7 1.2253 0.1108

year 1.0418 0.1907

Analyzing the changes of precipitation, evaporation and water storage in the base
period and the mutation period of the Jinsha River, it can be seen from Table 5 that for
precipitation, the spring precipitation of the Jinsha River increased from 109.3 mm in
the base period to 112.82 mm in the mutation period, an increase of 3.52 mm. Summer
precipitation increased from 292.76 mm in the base period to 297.04 mm in the mutation
period, an increase of 4.28 mm. The precipitation in autumn increased from 193.06 mm in
the base period to 207.14 mm in the mutation period, an increase of 14.08 mm. The winter
precipitation increased from 73.25 mm in the base period to 75.94 mm in the mutation
period, an increase of 2.69 mm. Precipitation in May increased from 46.56 mm in the base
period to 46.67 mm in the mutation period, an increase of 0.10 mm. Precipitation in June
decreased by 2.27 mm from 72.69 mm in the base period to 70.42 mm in the mutation
period. Precipitation in July increased from 107.55 mm in the base period to 112.93 mm
in the mutation period, an increase of 5.38 mm. The annual precipitation increased from
668.37 mm in the base period to 692.95 mm in the mutation period, an increase of 24.57 mm.
In terms of seasons, the Jinsha River has the highest precipitation in summer and the least
precipitation in winter, and the precipitation in the two periods changes the most in autumn
and the least in winter. In terms of months, the Jinsha River receives the most precipitation
in July, and the most significant change in precipitation in the two periods is also in July.
Precipitation changes were least significant in May.
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Table 5. Characteristic values of meteorological and hydrological data in different periods.

Time
Scale

Base
Period
P/mm

Mutation
Period
P/mm

Change
Value
P/mm

Base
Period
Ep/mm

Mutation
Period
Ep/mm

Change
Value

Ep/mm

Base
Period
4S/mm

Mutation
Period
4S/mm

Change
Value
4S/mm

Spring 109.30 112.82 3.52 79.74 80.86 1.12 17.56 23.18 5.62
Summer 292.76 297.04 4.28 158.95 161.68 2.73 −84.07 −108.65 −24.58
Autumn 193.06 207.14 14.08 93.64 95.51 1.87 48.51 60.26 11.76
Winter 73.25 75.94 2.69 45.18 44.57 −0.61 57.53 58.41 0.88

May 46.56 46.67 0.10 32.59 33.18 0.59 −10.53 −6.53 4.00
June 72.69 70.42 −2.27 43.81 44.82 1.01 −38.02 −47.99 −9.97
July 107.55 112.93 5.38 57.50 58.37 0.87 −41.59 −40.57 1.02
Year 668.37 692.95 24.57 377.50 382.62 5.12 39.53 33.20 −6.32

In terms of evaporation, the spring evaporation of Jinsha River increased from 79.74 mm
in the base period to 80.86 mm in the mutation period, an increase of 1.12 mm. The
evaporation in summer increased from 158.95 mm in the base period to 161.68 mm in
the mutation period, an increase of 2.73 mm. The evaporation in autumn increased from
93.64 mm in the base period to 95.51 mm in the mutation period, an increase of 1.87 mm.
The evaporation in winter decreased from 45.18 mm in the base period to 44.57 mm in
the mutation period, a decrease of 0.61 mm. The evaporation in May increased from
32.59 mm in the base period to 33.18 mm in the mutation period, an increase of 0.59 mm.
The evaporation in June increased from 43.81 mm in the base period to 44.82 mm in the
mutation period, an increase of 1.01 mm. The evaporation in July increased from 57.50 mm
in the base period to 58.37 mm in the mutation period, an increase of 0.87 mm. The annual
evaporation increased from 377.50 mm in the base period to 382.62 mm in the mutation
period, an increase of 5.12 mm. In terms of seasons, Jinsha River has the largest evaporation
in summer, three times the evaporation in summer, the largest change in evaporation in the
two periods in summer, and the smallest change in winter. In terms of months, the Jinsha
River evaporation was the largest in July, and the difference between the two periods of
evaporation was largest in June.

In terms of soil water storage, the spring water storage of Jinsha River increased
from 17.56 mm in the base period to 23.18 mm in the mutation period, an increase of
5.62 mm. The water storage in summer was reduced from −84.07 mm in the base period to
−108.65 mm in the mutation period, a decrease of 24.58 mm. The water storage in autumn
increased from 48.51 mm in the base period to 60.26 mm in the mutation period, an increase
of 11.76 mm. The water storage in winter increased from 57.53 mm in the base period
to 58.41 mm in the mutation period, an increase of 0.88 mm. The water storage in June
decreased from −38.02 mm in the base period to −47.99 mm in the mutation period, a
decrease of 9.97 mm. The water storage in July increased from −41.59 mm in the base
period to −40.57 mm in the mutation period, an increase of 1.02 mm. The annual water
storage decreased from 39.53 mm in the base period to 33.20 mm in the mutation period,
a decrease of 6.32 mm. In terms of seasons, the two periods of the Jinsha River have the
greatest variation in summer and the smallest change in winter. In terms of months, June
saw the largest change in water storage and the smallest change in July.

Based on the vertical decomposition method, the contribution rate of climate factors
and human factors to runoff can be obtained by quantifying the impact of climate change
and human activities on runoff (Table 6). On the seasonal scale, in spring, climatic factors
increased the runoff of Jinsha River by 2.20 mm, with a contribution rate of 91.68%, and hu-
man factors increased the runoff by 0.20 mm, with a contribution rate of 8.32%. In summer,
climatic factors increased the runoff of Jinsha River by 1.15 mm, with a contribution rate of
74.08%, and human factors increased the runoff by 0.40 mm, with a contribution rate of
25.92%. In autumn, climatic factors increased the runoff of Jinsha River by 11.63 mm, with
a contribution rate of 95.30%, and human factors increased the runoff by 0.57 mm, with a
contribution rate of 4.70%. In winter, climatic factors increased the runoff of Jinsha River
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by 3.18 mm, with a contribution rate of 96.15%, and human factors increased the runoff
by 0.13 mm, with a contribution rate of 3.85%. Climatic factors have a greater impact on
runoff in autumn than in the other three seasons, and climatic factors contribute more to
runoff in winter than in the other three seasons. Human factors contribute more to runoff
in summer than in the other three seasons, and human factors have a greater impact on
runoff in autumn than in the other three seasons.

Table 6. Climate and human contribution to runoff at different timescales.

Runoff(mm) Contribute

Climate Human Climate Human

Spring 2.20 0.20 91.68% 8.32%
Summer 1.15 0.40 74.08% 25.92%
Autumn 11.63 0.57 95.30% 4.70%
Winter 3.18 0.13 96.15% 3.85%

May −0.46 −0.02 95.14% 4.86%
June −3.36 0.07 102.15% −2.15%
July 3.96 0.55 87.79% 12.21%
Year 19.19 0.27 98.62% 1.38%

On the monthly scale, in May, climatic factors reduced the runoff of Jinsha River by
0.46 mm, with a contribution rate of 95.14%, and human factors reduced the runoff by
0.02 mm, with a contribution rate of 4.86%. In June, climatic factors reduced the runoff
of the Jinsha River by 3.36 mm, contributing 102.15%, and human factors increased the
runoff by 0.07 mm, contributing −2.15%. In July, climatic factors increased the runoff of
Jinsha River by 3.96 mm, with a contribution rate of 87.79%, and human factors reduced
the runoff by 0.55 mm, with a contribution rate of 12.21%. Climatic factors had a greater
impact on runoff in July than in the other two months, and climatic factors contributed
more to runoff in June than in the other two months. Human factors contributed more to
runoff in July than in the other two months, and had a greater impact on runoff in July than
in the other two months.

On the year scale, climatic factors increased the runoff of Jinsha River by 19.19 mm,
with a contribution rate of 98.62%, and human factors reduced the runoff by 0.27 mm, with
a contribution rate of 1.38%. On the whole, the influence of climatic factors on the change
of runoff is the dominant factor, the influence of human factors on the change of runoff
accounts for a secondary factor, and the large impact of human factors is mainly in summer
and July, which may be due to human regulation and storage of river water, irrigation of
farmland, and hydroelectric power generation during the period of high water.

4. Discussion

The sixth assessment report of the United Nations Intergovernmental Panel on Climate
Change (IPCC) pointed out that the rapid development of the global economy has aggra-
vated the magnitude of climate change. The series of global environmental issues caused
by global climate change are seriously troubling human society, posing a serious threat to
the security of ecosystems and socioeconomic development. Climate change, as the main
driving factor of the water cycle, has a direct impact on all aspects of the hydrological cycle.
Zhang et al. [31] found in their research on the influencing factors of runoff in the middle
reaches of Jinsha River that on an annual scale, human activities have less impact on runoff
than climate factors, and climate is still the main influencing factor of runoff change. This
article is consistent with Zhang et al.’s research.

The Jinsha River belongs to the upper reaches of the Yangtze River. Previous studies
mainly focused on the interannual variation of the runoff of the Jinsha River, but this was
insufficient to reveal the specific characteristics of the runoff of the Jinsha River. It can be
seen from Figure 1 that the runoff of the Jinsha River is the greatest from July to September.
Bian et al. [51] found that the main flood season of the middle and lower reaches of the
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Yangtze River mainly occurs from July to September, which is consistent with this study.
If a large flood occurs in the Jinsha River in the upper reaches of the Yangtze River, the
flooding in the middle and lower reaches of the Yangtze River will be more serious, helping
to further understand the flood season hydrological change characteristics of Jinsha River
basin. It will help the government to make accurate, timely and effective decisions. In order
to avoid the harm of flood to human life and property, it is necessary to study the runoff
of Jinsha River from multiple time scales. For the months with large runoff, on the one
hand, there is a certain amount of glaciers and snow cover in the Jinsha River Basin. Due
to the high temperature from July to September, the rising temperature not only increases
the evaporation loss, but also causes the rapid melting of glaciers, which can further
supplement the runoff to a certain extent. On the other hand, due to the abundant rainfall
period from July to September, the runoff from July to September was supplemented.
Months with less runoff may be due to increased evaporation due to higher watershed
temperatures, which consumes more water and reduces runoff. As the main carrier of
water resources in the basin, runoff can be directly used by people for industrial and
agricultural production and drinking. Population increase and industrial and agricultural
development will lead to a reduction of runoff. The water demand of wheat crops in spring
is large, and agricultural water diversion irrigation and groundwater exploitation will affect
the development and utilization of water resources in the basin. The water conservancy
projects constructed by humans will change the natural path of water circulation and, to
some extent, increase evaporation. Hydropower stations and other facilities have a great
influence on the regulation of river runoff [52,53], especially when hydropower stations
operate at full load for power generation and flood control, and the runoff will be reduced.
According to the contribution and influence of climate and human on runoff, the runoff of
Jinsha River shows the characteristics of summer > autumn > spring > winter.

Lu et al. [54] believed that the annual temperature and flow of the Jinsha River had no
significant correlation, but the seasonal temperature and runoff showed a good positive
correlation. This also indirectly confirms the necessity of studying runoff at the seasonal
scale. The contribution of climate factors to the runoff of Jinsha River in summer has
significantly decreased, while the contribution of human beings to the runoff in summer
has significantly increased. This may be due to the high temperature in summer, resulting
in the greatest evaporation. At the same time, human intervention in runoff is relatively
large in summer. Human use water conservancy facilities to regulate runoff in dry and
flood seasons, reduce floods, and ensure people’s production and living water in dry
seasons. Humans may also carry out cloud seeding for irrigation.

In the quantitative calculations of this article, we used runoff data from a hydrological
station for research, which may not fully represent the actual situation of the entire river. In
addition, due to the fact that precipitation, evaporation, and soil water storage are classified
as climate factors in this article, while other factors are classified as human activities,
there may be insufficient accuracy in the calculation and analysis. This study assumes
that climate change and the impact of human activities on runoff are two independent
variables, while, in fact, human activities also have a mutual impact on climate change. The
intensification of drought and enhanced evaporation will reduce runoff, which means a
decrease in groundwater level and soil moisture. It will inevitably limit the amount of water
used for regional agricultural irrigation and manual extraction, thereby having adverse
effects on industrial and agricultural production and social development. Vegetation factors
are also important factors affecting runoff. The Chinese government has implemented a
large number of large-scale ecological restoration projects, such as the Grain for Green
and grassland project, which has improved the vegetation coverage in the Jinsha River
basin. The interception effect of vegetation can weaken runoff, and vegetation factors can
be considered in subsequent research.
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5. Conclusions

This paper quantitatively analyzed the contribution rate of different factors to the
runoff change of Jinsha River at multiple time scales (year, season, month). First, the trend
analysis of Jinsha River runoff was carried out, and then the Mann–Kendall catastrophe
test method was used to find the abrupt year of change of Jinsha River runoff from 1970
to 2016. The research period was divided into the baseline period and mutation period
based on the year of mutation. The actual evaporation and precipitation of Jinsha River
were obtained through the ABCD hydrological model, and the data of Jinsha River were
divided by year, month and season. The Budyko model was used to calculate the impact
and contribution rate of human and climate on the runoff of Jinsha River at multiple time
scales (year, season and month). Research showed that:

(1) The Nash coefficients of the ABCD hydrological model in the base period and
catastrophe period were 0.85 and 0.86, respectively, indicating that the ABCD hydrological
model simulates the runoff changes of the Jinsha River well.

(2) Climate factors were the dominant factor affecting annual runoff changes (98.62%),
while human factors were the secondary factor affecting annual runoff changes (1.38%).

(3) The contribution rates of climate factors in spring, summer, autumn, and winter to
runoff were 91.68%, 74.08%, 95.30%, and 96.15%, respectively. The contribution rates of
human factors in spring, summer, autumn, and winter to runoff were 8.32%, 25.92%, 4.70%,
and 3.85%, respectively.

(4) The contribution rates of climate factors to runoff in May, June, and July were
95.14%, 102.15%, and 87.79%, respectively. The contribution rates of human factors to
runoff in May, June, and July were 4.86%, −2.15%, and 12.21%, respectively.

This study quantitatively distinguished the impacts of climate change and human
activities on runoff at different time scales, providing valuable reference for the scientific
and refined management and sustainable utilization of regional water resources. It is
suggested that from July to November, lakes and depressions can be used for flood storage,
or embankments can be reinforced, river channels can be dredged, and river channels
can be regulated to regulate water volume and do a good job in flood control. In basins
with large drops, reservoirs can be built to develop hydropower. We should further
strengthen people’s awareness of water conservation, improve the utilization rate of water
resources, continuously promote the construction of a water-saving society, do a good
job in afforestation, and prevent soil erosion. Ensure the coordinated and sustainable
development of the socioeconomic and ecological environment in the watershed.
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