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Abstract

Investigating the response characteristics of various hydrological factors to the construction of water conservancy projects and
evaluating their impact on the ecological environment is crucial for ecological protection and restoration in the Loess Plateau,
China with a complex environment. In this study, we employed a geomorphology-based hydrological model to simulate the
hydrological elements of the Qinhe River Basin in the Loess Plateau. Additionally, we explored the response characteristics of
the water cycle and hydrological processes to the construction of reservoirs in the basin. We also examined multiyear changes in
peak flood volume and sediment discharge during flood seasons influenced by reservoirs. A thorough evaluation of the simulation
results indicated their reliability. The sub-basins hosting reservoirs initially showed an increase in evaporation, followed by a
decrease. During the change periods, both runoff and soil water decreased, but remained higher than the mean values for the
basin during the same period. The Normalized Difference Vegetation Index of sub-basins associated with five reservoirs was
significantly higher than the mean value for the basin during the same period. The peak flood volume and sediment discharge
in the basin were characterized by decreasing trends, with the latter showing weak sustainability. The value of each index
for a sub-basin associated with a reservoir was higher than the average value for the basin. The construction and operation
of reservoirs had a positive impact on the ecology of the basin. Water and soil conservation measures, including sediment

regulation and storage using reservoirs, significantly decreased water-related disasters and soil erosion in the basin. This study

provides a scientific basis for the design of water conservancy projects and ecological governance in the basin.
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1. INTRODUCTION




Owing to the continuous growth of the human population, social productivity demands associated with
development are rapidly increasing in many countries (Liu and Diamond, 2005). However, demands for the
protection of water resources and ecological environments restrict development (Bian et al., 2022; Jiang et
al., 2022). Water conservancy projects are essential for flood control, water storage, sediment retention, and
enhancement of agricultural production. The interference of human activities on the ecological environments
have been gradually amplified (Zeng et al., 2022; Zhu et al., 2017). Such projects enhance production and
the standard of living in many regions. However, they also impact hydrological processes and damage nature
in associated basins (Xu et al., 2022). For example, regardless of its benefits, flood control, directly or
indirectly affects the natural water cycle and causes ecological changes in basins (Ding et al., 2020; Du et
al., 2019).

Previous studies on water conservancy projects focused on the hydrological response to changes in runoff
and impacts on the water ecological environment (Sun et al., 2019; Wu et al., 2019). For example, Assani
et al. (2011) showed that changes associated with a water conservancy project on runoff in a basin differed
from those caused by climate change. These obvious differences indicate that a water conservancy project
represents an in—dependent factor that controls runoff changes in a basin. Based on several models, Callow
and Smettem (2009) indicated that the construction of small water diversion embankments and collection
infrastructures significantly impacted runoff changes in areas of major agricultural activities in Italy. Schrei-
der et al. (2009) investigated 12 basins, including that of the Jamieson River in Mexico, and noted that
the construction of dams in farming areas significantly affected runoff and its changes in basins. Flood fore-
casting and sediment transport in basins following water conservancy projects have been reported in many
studies. Analyses of changes in water and sediment flow in response to varying driving factors have improved
our understanding of the evolution of hydrological regimes associated with floods in basins and impacts on
water and soil loss prevention (Roberta et al., 2022; Yuan et al., 2014). Considering the evolution of hy-
draulic engineering facilities and the paucity of records, a detailed characterization of the impacts of such
facilities on runoff is challenging (Sarah et al., 2022). Therefore, hydraulic engineering modules have been
incorporated into many simulators, and this has been exploited in many studies on hydrological modeling
(Wu et al., 2020). Cao et al. (2019) incorporated water conservancy projects to explore trends in flooding
based on basin hydrological models, and this significantly improved the accuracy of flood forecasting. Xiong
et al. (2020) used a hydrological model and field data to explore changes in flooding and the ecological
environment of a basin. GIS technology has been increasingly employed in the construction of distributed
hydrological models for the characterization of ecological changes in basins (Lyu et al., 2019). Therefore,
based on a distributed hydrological model, Guo et al. (2022) explored the impacts of the construction of
check dams on ecological changes in the Loess Plateau. The increasing water conservancy projects are exac-
erbating the changes to the ecology in the plateau region; these changes elevate uncertainties in results from
different studies (Wu et al., 2017). Comprehensive evaluation of the impact of water conservancy projects
on the regional ecological environment is an important research topic.

The Loess Plateau is in the hinterland of Eurasia and is an important area of agricultural production in
China. The ecology of the region is fragile because of the limited natural endowment of water resources and
severe soil erosion. Therefore, as a prominent area in China that requires ecological protection, several water
and soil conservation measures, including forest and grass measures and engineering measures, have been
implemented in the region since the 1970s (Wu et al., 2017). Forest and grass measures can fundamentally
prevent water and soil loss (Wang et al., 2016). However, the effects of the implementation of forest and grass
measures on water and soil loss control cannot be immediately observed. Surveys indicate that afforestation
to sediment reduction measures require 3-5 years to be effective. The benefits of engineering measures such
as reservoirs in flood detention and sediment reduction are more obvious than those of forest and grass
measures (Wu et al., 2018). Thus, construction of reservoirs can provide certain ecological benefits for the
regional environment (Nilsson et al., 2005). These measures were intended to prevent deterioration of the
regional environment, increase its ecological bearing capacity, and ensure a balance between development
by humans and the conservation of nature. However, interference from human activities complicates the
ecological environment and hydrological cycle in the region (Yang et al., 2004; Li et al., 2018; Guo et al.,



2022). Therefore, evaluation of the extent and impacts of human activities on hydrological processes and
the ecological environment, as well as shaping and preserving ecological stability in the basins under new
water and sediment conditions associated with water conservancy projects, are gaining increasing attention
in basin ecology and hydrology studies (Wen et al., 2022;Kang et al., 2021).

The Qinhe River Basin is part of the Shanxi Plate in the Loess Plateau. The upper and middle reaches
of the basin are valley landforms, where flood disasters frequently aggravate water and soil loss. (Wang
et al., 2006). The lower reaches are important areas for agricultural activities. According to Lyu (2006),
cultivated land occupies approximately 26% of the drainage area but is under increasing pressure because
of the increasing population and urbanization. Considering the safety of agricultural production and human
life, many reservoirs have been constructed that have been implemented in the basin since the 1950s. The
primary objectives of these measures were to mitigate ecological deterioration and water and soil loss (Wang
et al., 2016). However, because of its complexity, the relationships between human activities and the ecology
in the basin remain uncertain. The construction of reservoirs creates challenges in the assessment of trends
in ecological and driving factors of changes in the basin (Zhang et al., 2011; Lv et al., 2018). Therefore,
the achievement of coordinated sustainable development of the ecological environment and social component
of the basin involving impacts of the construction of reservoirs is a major problem that requires urgent
attention because of its significance for the development of semi-arid regions in the Loess Plateau (Wang et
al., 2016). The findings of the present study are vital for assessing changes in the ecological environment in
the region during the last 30 years of the 20th century (Lv et al., 2018). The findings also provide a reference
for environmental governance and the prevention of soil erosion in the Qinhe River Basin (Montanari et al.,
2013; Jerome, 2000).

2. Geographical setting and data sources
2.1 Study area

The Qinhe River Basin, situated in the central Loess Plateau (34.8°-37.1°N, 112°-113°E), encompasses an
area of approximately 7339.98 km2 to the north of the Runcheng Gauge Station. The Qinhe River, a first-class
tributary of the Yellow River, runs through this basin. The area is characterized by short and intense periods
of rainfall, which often result in flood and landslide disasters. In the flood season (June-October), the basin
receives approximately 411 mm of precipitation, accounting for [?] 70% of the total annual precipitation.
Furthermore, the transport of sediments during this period constitutes [?] 80% of the annual total (Liu
et al., 2022). The basin is mainly mountainous, with river gradients mostly exceeding 5%, resulting in
abundant hydraulic resources. The lower reaches of the basin are crucial for agricultural activities. To
ensure the safety of these activities, conserve water resources, and prevent water-related disasters and soil
erosion during the flood season, several water conservancy projects have been implemented since the 1950s.
However, the construction of reservoirs and the extraction of large volumes of water for agricultural and
industrial purposes have considerably altered the hydrological processes in the basin. In this study, we
selected five representative reservoirs associated with the main streams and tributaries of the Qinhe River,
which were constructed after 1950, to evaluate their impacts on the hydrological characteristics of the basin.
The distribution of weather stations and reservoirs in the basin is presented in Figure 1.

Hosted file

image?2.emf available at https://authorea.com/users/603147/articles/633632-variation-
characteristics-of-hydrological-response-to-water-conservancy-construction-in-the-qinhe-
river-basin-of-the-loess-plateau-china

Figure 1. Location of Station and Reservoirs in Qinhe River Basin
2.2 Study area

Based on hydrometeorological and underlying surface change data, a distributed hydrological model, the
geomorphology-based hydrological model (GBHM) (Yang et al., 2001; Yang et al., 2002), was established.
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The parameters employed in the creation of the model were calibrated and the effects of the simulation
were evaluated. Based on the model, changes in hydro—logical characteristics and meteorological factors
of the basin caused by the construction of reservoirs were explored and highlighted. Changes in the peak
flood volume and sediment discharge that are related to the operation of reservoirs and other soil and water
conservation measures in the basin were discussed. In addition, the impacts of the construction of reservoirs
on the ecology of the basin were also examined. The research framework is shown in Figure 2.
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Figure 2. Research framework flowchart
2.2 Data

Daily meteorological data (e.g., precipitation, temperature) during the flood season from 1971 to 2000
recorded at 18 meteorological stations in the Qinhe River Basin were obtained from the Yellow River Hy-
drological Yearbook and China Meteorological Data Service Center (https://data.cma.cn/). Based on an
inverse distance weighted approach, these daily data from different stations were spatially interpolated.

Land use / cover data and Normalized Difference Vegetation Index (NDVI) data for the Qinhe River Basin
with a spatial resolution of 1 km for the period from 1982 to 2000 were retrieved from the geospatial data
cloud (http://www.gscloud.cn). Digital elevation data with a spatial resolution of 30 m were collected and
a topographic map that was vectorized through geometric correction, data splicing, and other processing
techniques was used to create a digital elevation model (DEM). The hydrologic module in ArcGIS was used
for analysis and underlying surface data, such as the DEM, sub—basins, river networks, and slope, with a
resolution of 30 m that were obtained for the Qinhe River Basin, served as input data for the hydrological
model.

3. Methods
3.1 Determination of a baseline period and trend analysis

Meteorological changes are an important driving factor of basin runoff changes. There are many methods
to explore a trend-change in basin hydrological time series data but each method is based on a different
principle. Due to uncertainty, a single method may cause unreliable results. The rationality of the results
can be improved by analyzing the hydrological series of the basin in multiple ways. Lyu (2012) studied the
hydrometeorological change trend of the Chabagou River Basin in China through Mann-Kendall (M-K) test
and Spearman (Sp) method. This study uses the M-K test and Sp method to test the time series trend of
hydrometeorology in the Qinhe River Basin.

Long-series hydrometeorological data are usually divided into multiple stages for comparative study. The
division of stages is generally accomplished via two methods: 1) the "manual division method” based on
special years or special events (Miao et al., 2011) and 2) the ”breakpoint division method” based on different
statistical methods (Tabari et al., 2014). The manual division method is simple but lacks specific division
standards. The breakpoint division method is based on statistical methods to identify mutation years to
divide different periods, which is more scientific. The traditional techniques for evaluating mutation points
include the M-K test (Li et al., 2007), ordered clustering method (O-C) (Mohamed, 2017), and cumulative
anomaly method (C-A) (Li and Song, 2020). In this study, the baseline period and change period were
comprehensively divided using the above three methods.

3.2 Hydrological modeling using GBHM

The GBHM is a distributed hydrological model that was proposed in 1998 by Yang et al. (1998). In this
model, the basin can be divided into several mountain slope units, and the regional runoff generation and
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concentration processes are expressed based on the ”slope-river course” using physical equations (Lyu et al.,
2019; Ma et al., 2010). The model can be described according to the following components: input, spatial
database, calculation of hydrological processes, and output (Yang et al., 2002). Model input data include
basic geographic information data (e.g., DEM, river network), daily meteorological data (e.g., precipitation,
temperature), annual land use data, and annual NDVI data. To adequately characterize the hydrological
response of the Qinhe River Basin to the construction of reservoirs, the principal parameters of the model
were adjusted for the present study. The impacts of underlying changes at the surface and major soil and
water conservation measures on temporal and spatial changes in runoff for the basin were also examined. A
schematic illustration of the improved model is displayed in Figure 3.
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Figure 3. Schematic diagram of GBHM model
3.1 Determination of parameters and evaluation of the simulation

According to a time-related division, the daily-scale distributed hydrological model of the Qinhe River Basin
was established, and the measured runoff from Runcheng Station was used to calibrate and test. Regarding
the adjustment of parameters, a reasonable range was selected for each according to variations in hydrological
processes during the flood season. Table 1 gives the results of GBHM simulation parameters.

A single index is inadequate for the evaluation of results from a hydrological simulation because it can be
affected by the evaluation method. Consequently, in the present study, the NASH efficiency coefficient E_N,
ratio of absolute error to daily runoff S, and correlation coefficient P were utilized as indexes to evaluate the
results of the established hydrological model (Lyu et al., 2019). The established model simulation results
and associated reliability checks are shown in Figure 4.

Table 1. GBHM modeling parameter values (Yang et al., 2002; Lyu et al., 2019)

Parameter Value Parameter Value
Maximum surface water storage (mm) 11 Slope shape factor  0.21
Hydraulic conductivity of topsoil (mm/h) 1.2 Crop coefficient 0.8
Hydraulic conductivity of subsoil (mm/h) 1.6 Manning coefficient 5

Hydraulic conductivity of unsaturated soil (mm/h) 0.4 Channel roughness  0.06

Runoff data obtained from Runcheng Hydrological Station, which is at the outlet of the basin, were used
for validation of the simulation results. Values that were obtained from the GBHM were evaluated using
theEy, S, and P and the results are presented in Table 1. The consistency between the simulated and
measured values for a parameter increased as Eny and P increased and as Sdecreased. The Ey, S, and P
for the model from 1971 to 1976 were 0.71, 0.05, and 0.86, respectively, and from 1977 to 1982, 0.55, 0.05,
and 0.67, respectively. The evaluation revealed that runoff values obtained via the GBHM agreed well with
measured values.
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Figure 4. Daily runoff simulation and inspection diagram of Qinhe River Basin during flood season

4. Results and Discussion
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To understand the impacts of the construction of reservoirs on the changes in hydrological processes during
the flood season in the Qinhe River Basin, five reservoirs associated with the main tributary of the Qinhe
River that were built after 1950, were investigated. The runoff, actual evaporation, soil water, and NDVI
data for the baseline period, change period I, and change period II for sub-basins hosting the five reservoirs
were evaluated, and the differences in these parameters between the sub—basins and the Qinhe River Basin
were analyzed.

4.1 Trend and mutation analysis of hydrometeorological elements

To reduce the uncertainty of the single mutation-point identification method, the hydrological and meteoro-
logical factor of the Qinhe River Basin in flood season were tested and analyzed using M-K, O-C, and C-A.
Three abrupt change test results of hydrometeorological factors in the Qinhe River Basin were used as the
basis for the division of hydrometeorological elements. The years 1982 and 1992 were selected as the two
abrupt change years in the study area: 1971-1981 was the baseline period, 1982-1991 was the change period
I, and 1992-2000 was the change period II. Table 2 gives the Stage division results of hydrometeorological
factors.

Table 2. Stage division results of hydrometeorological factors.

Hydrometeorological factors M-K O-L C-A Period

Runoff 1977 1995 1982, 1992 Baseline period: 1971-1981

Precipitation 1984, 1989, 1995 1982 1987, 1993 Change period I: 1982-1991
Temperature 1990, 1992, 1994 1984 1985 Change period II: 1992-2000

Sp and M-K were used to analyze the trend change in runoff, temperature, and precipitation in the flood
season. The results are presented in Table 3. The precipitation and runoff in the Qinhe River Basin showed
an insignificant downward trend under the significance test at the 95% confidence level. The temperature
showed an insignificant upward trend.

Table 3. Trend of hydrometeorological factors.

Hydrometeorological factors Sp  M-K Result

Runoff in flood season — —+ —
Precipitation in flood season — — —
Temperature in flood season — —4 —
Note: — and— denote upward or downward trend at 95% confidence level; + denotes significant; - denotes

not-significant.
4.2 Variation characteristics of hydrometeorological elements
4.2.1 Runoff depth changes in the sub—basins

During the flood season in the Qinhe River Basin, runoff decreased continuously in all three periods, with
a remarkable decline from 8.51 to 5.92 mm, which represents a decrease of more than 30%. This reduction
occurred rapidly and can be attributed to various factors. Analysis of the sub-basins hosting the five studied
reservoirs during the baseline period indicated that the runoff and R/P (Runoff/Precipitation) values were
higher than the corresponding average values for the basin. In change period I, the average R/P value for
the sub-basins that host the five reservoirs was 0.58, with the relatively low value observed in the sub-basin
containing the No. 4 Reservoir attributed to low precipitation. In change period II, the average runoff and
R/P for the five sub-basins hosting the studied reservoirs were 7.14 mm and 0.59, respectively. However, the
total basin recorded 5.92 mm and 0.47 mm for runoff and R/P, respectively.



These findings indicate that, under the background of reduced precipitation, the basin’s runoff has decreased
to varying degrees. Nevertheless, the sub-basin where the reservoir is located has experienced a significantly
lower decrease in runoff than the basin’s average. Figure 5 illustrates the simulation of runoff for a typical
sub-basin hosting a reservoir. In summary, the study reveals a continuous decline in runoff during the
flood season in the Qinhe River Basin, with various factors contributing to the reduction. Furthermore, the
sub-basins hosting the five studied reservoirs have experienced relatively lower decreases in runoff than the
basin’s average, suggesting that the construction of reservoirs has contributed to retaining water in these
sub-basins during periods of reduced precipitation.
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Figure 5. Results of the runoff depth simulation for sub-basin in different periods
4.2.2 Soil water changes in the sub—basins

The simulation results of soil water in the Qinhe River Basin exhibited decreasing trends for the two change
periods, which can be primarily attributed to the continuous decrease in precipitation. However, the ra-
tio of soil water to precipitation has shown a continuous upward trend. Specifically, the S/P (Soil Wa-
ter/Precipitation) of the entire basin increased from 0.22 to 0.24, and the S/P average of the sub-basins
where the reservoir is located increased from 0.22 to 0.25. These findings indicate that the water conserva-
tion capacity of the entire basin has improved, and the water conservation capacity of the sub-basins where
the reservoir is located is better.

Interestingly, in the last 30 years of the 20th century, despite the continuous reduction in precipitation,
the change in soil water was relatively small, mainly due to the improved vegetation in the basin, which
is associated with water and soil conservation measures. The utilization of soil water by plants promotes
stability. However, this also demonstrates that the vegetation-carrying capacity of the basin reached a stable
state in the 21st century.

Overall, these results reveal that the implementation of water and soil conservation measures, including
water conservancy projects, in the Qinhe River Basin has positively impacted its ecology. The simulation
results of soil water in a typical sub-basin hosting a reservoir are shown in Figure 6. The study highlights the
importance of water and soil conservation measures in the Qinhe River Basin and their positive impact on its
ecology. Specifically, the basin’s water conservation capacity has improved, and its vegetation-carrying ca-
pacity has reached a stable state in the 21st century. These findings underscore the significance of sustainable
water and soil management practices in maintaining the health of river basins.
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Figure 6. Results of soil water simulation of sub-basin in different periods
4.2.3 Actual Evaporation changes in the sub—basins

During the flood season, the detention of runoff due to the constructed reservoirs resulted in an increase in
evaporation in the basin, particularly during change period I. This increase in evaporation was attributed
to the larger surface area covered by water in the basin, the abundance of water sources, and the growth
of vegetation resulting from improved water and soil conservation measures. Furthermore, the rates of
evaporation in the middle and lower reservoirs were higher than those in the upper reservoirs, which is
consistent with the temperature changes in the basin. The temperature increased faster in the lower reaches
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of the basin than in the upper reaches. During change period II, although the overall evaporation in the basin
decreased compared to the baseline period, the conversion ratio of precipitation to evaporation increased
from 0.37 to 0.44. Upon comparison, the evaporation rates in the entire basin and the sub-basin where the
reservoir was located were found to be similar. However, the average E/P (E/P=Evaporation/Precipitation)
of the sub-basin where the reservoir was located was higher than that of the entire basin. The evaporation
associated with the No. 5 Reservoir was lower than the average value for the basin due to human activities,
such as the conversion of cultivated land and grassland to construction land in the lower reaches of the basin.
The limited forest land cover in the area further explains the lower evaporation rate.

A comparison of the five sub-basins containing reservoirs revealed that the upstream area had higher evap-
oration rates than the downstream area, despite the opposite trend in temperature and precipitation. This
finding suggests that the water and soil conservation measures were more effective in the upstream area, and
the transpiration capacity of vegetation played a significant role in enhancing the changes in evaporation.
Moreover, the evaporation in the sub-basins where the reservoirs were located was better than that of the
entire basin. Figure 7 depicts the simulation results of evaporation for a reservoir-controlled sub-basin.The
detention of runoff due to the constructed reservoirs resulted in an increase in evaporation rates in the basin,
particularly during change period I. Although the overall evaporation decreased during change period II, the
conversion ratio of precipitation to evaporation increased. The sub-basin where the reservoir was located
had higher average E/P than the entire basin, and the evaporation rates were higher in the upstream area
than in the downstream area. The water and soil conservation measures played a crucial role in enhancing
the changes in evaporation.
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Figure 7. Results of evaporation simulation of sub-basins in different periods.
4.2.4 Changes in NDVI in sub-basins

Starting from the 1970s, the Qinhe River Basin has implemented large-scale water and soil conservation
measures, with a focus on afforestation of hillsides, creating forests for water and soil conservation, and
transforming residual forests. In this study, the NDVI data of the Qinhe River Basin during change periods
I and II were analyzed. The average NDVI of the basin increased by 5.36%, from 0.56 to 0.59. However,
the average increase rate of the sub-basin where the reservoir is located was 6.77%. The NDVI growth rate
of the upstream No. 1 reservoir was lower than the average value of the basin, as it is located upstream
and is more affected by natural factors. Due to the good initial vegetation coverage, the growth potential
in this sub-basin is low. On the other hand, the NDVI growth rate of the downstream No. 5 Reservoir
was the same as the average value of the whole basin. The NDVI growth rates of the No. 2, No. 3, and
No. 4 Reservoirs were 6.78%, 10.53%, and 9.62%, respectively. The sub-basin where the downstream No. 5
Reservoir is located is severely disturbed by human activities, and the land types are frequently transformed.
This explains the lack of evident NDVI growth in this area.

Field investigations have revealed that to maintain the flood detention capacity of the reservoir and protect
the safety of the dam site, the local government has paid more attention to vegetation restoration and water
and soil conservation measures in the upstream area of the reservoir. This has partly contributed to the
higher NDVI growth of the sub-basins containing reservoirs than the average value of the basin during the
same period. Figure 8 illustrates the NDVI changes in the sub-basins containing reservoirs.
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Figure 8. Characteristics of NDVI changes in the sub—basin for different periods
4.3 Variation of Flood and Sediment Discharge in the River Basin

The upper and middle reaches of the Qinhe River Basin are geographically characterized by steep gradients,
predominantly due to the presence of valleys and mountains. As a result of the low vegetation coverage and
intense but brief precipitation, flood-related incidents frequently occur in the downstream urban regions.
Rainstorms and floods represent primary driving forces for the transportation of sediments within the basin.
Over the years, various water and soil conservation measures have been implemented within the basin, with
a focus on water conservancy projects aimed at constructing reservoirs to regulate floods and reduce water
and soil loss. In light of these developments, the current study aims to investigate the time-series of flood
and sediment discharge and their link to human activities within the basin during the flood season between
1971 and 2000. Furthermore, the study aims to explore the benefits of water and soil loss control, flood
control, and disaster prevention within the basin in response to forest and grassland conservation measures,
as well as engineering measures.

4.3.1 Flood Peak and Three-day Flood Volume Changes

In this section, flood peak and three-day flood volume data recorded at the Runcheng Station in the Qinhe
River Basin during the flood season from 1971 to 2006 were analyzed to investigate their characteristics during
different periods. As shown in Figure 9, peak flow during the flood season demonstrated an increasing trend
in the baseline period, followed by a decreasing trend in change periods I and II. Additionally, the three-day
flood volume exhibited a significant decrease during the baseline period, which could be attributed to the
construction of small and medium-sized reservoirs and a decrease in precipitation in the basin during the
1970s (Yang et al., 2004).

Despite continued construction of reservoirs in the basin, their flood detention capacity remains limited.
Therefore, peak flow remains high following heavy rainfall. However, water and soil conservation measures
implemented during change period I in the Qinhe River Basin have yielded positive results. The completed
reservoir has effectively reduced peak flood volume, resulting in a decreasing trend in flood peak and three-
day flood volume data. In change period II, the water and soil conservation measures, including water
conservancy projects, in the basin impacted flood detention and peak cutting. Furthermore, precipitation
in the basin decreased during the same period, leading to a further decrease in the three-day flood volume
and peak flow. These results demonstrate that the construction of reservoirs has significantly enhanced the
prevention of water-related disasters in the basin.
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Figure 9. Variation characteristics of three—day flood volume and peak in Qinhe River basin during flood
season

4.3.2 Annual Variation Characteristics in Sediment Discharge during the Flood Season

This section evaluates the changes in sediment discharge during the flood season in the Qinhe River Basin for
different periods. Data recorded at the Runcheng Station from 1971 to 2000 were used, and the significance
of changes and future trends were assessed using the M-K trend and Hurst index tests. The results from
the M-K trend test showed a highly decreasing trend in sediment transportation in the Qinhe River Basin
during the flood season, with a Z-value of -2.72 at the 95% confidence level. Furthermore, the discharge of
sediments during the flood season was found to be weakly persistent, with an H-value of 0.69 from the Hurst
index test.

Figure 10 illustrates that the average sediment discharge during the flood season decreased by more than
79% since the implementation of major water and soil conservation measures in the Qinhe River Basin
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in the 1970s. The baseline, change I, and change II periods recorded an average sediment discharge of
4.711 x 106, 2.659 x 106, and 0.943 x 106 tons, respectively. Over the same period, the land use in the
basin significantly changed. Specifically, the area occupied by grassland decreased in change period I, while
areas covered by forest and cultivated lands increased. In change period II, forest and cultivated lands also
increased. These changes led to increased vegetation cover, which improved soil and water conservation in
the basin. Vegetation stabilizes soil and sand, reduces erosion associated with runoff, and effectively prevents
water and soil loss. Moreover, water and soil conservation measures such as the construction of terraced
fields and others significantly weakened the ability of runoff to transport soil on slopes in the basin. The
NDVT index for the basin increased from 0.56 in change period I to 0.59 in change period II, confirming the
increased vegetation cover in the basin.

The construction of water conservancy projects, which began in the 1950s and 1970s, regulated and stored
water in the basin, reducing the amount of water and sediment transported to the river channel during the
operation of reservoirs. Sediments were predominantly deposited in areas containing reservoirs during the
flood season, and this reduced water and soil loss, positively impacting the ecological environment of the
basin.
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Figure 10. Variation characteristics of sediment discharge in Qinhe River Basin during flood season
5. CONCLUSIONS

This study has established a distributed GBHM based on years of hydrological and meteorological data, as
well as underlying surface data of the Qinhe River Basin. It aimed to explore the response characteristics
of hydrological and meteorological factors in the basin under the influence of reservoir construction over the
last 30 years of the 20th century. Additionally, based on abundant flood and sediment discharge data, the
prevention of water-related disasters and soil erosion in the basin because of reservoir construction and other
soil and water conservation measures was explored.

The Qinhe River Basin possesses a unique climate and geographical environment, and the water and soil
conservation measures employed in the basin, mainly based on reservoir construction, have influenced the
hydrological cycle system of the basin. The simulation results indicate that the runoff, soil water, and
evaporation of the sub-basin where the reservoir is located exceed the average value of the basin. Furthermore,
the NDVI growth of the sub-basin where the reservoir is situated is also higher than the average of the basin.
Under the influence of the reservoir, flood and sediment discharge in the basin have been effectively controlled.
In the context of climate change and rapid urbanization, the ecological environment of the basin is undergoing
a positive transformation. These findings enhance our understanding of the changes in the water cycle and
hydrological response characteristics of the basin that are linked to the construction of reservoirs and other
soil and water conservation measures. They can be used as a reference for studying other basins in the Loess
Plateau. To achieve sustainable development, water resource planning and basin management measures that
minimize the contribution of human activities to the deterioration of the ecological environment in the Loess
Plateau must be formulated.

Considering the increasing human activity and rapid urbanization in the Qinhe River Basin, the evolutionary
mechanism of the hydrological process will become more complicated, and the uncertainty of hydrological
simulations will increase. Therefore, it is necessary to study the impact mechanism of typical human activities
on basin hydrological factors and optimize the model’s structure accordingly to improve the simulation
accuracy of the model in subsequent research.
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7.9 E/MP:044 E/P: 0.44] E/P: 0.42 E/P: 0.44 E/P: 0.43 E/P: 0.41
M NO.1 NO5
W @E Change period I
024 8 12 s
km -
NDVI 3
0.29
‘Whole basin:0.56
(NO.1
0.42 Change period IT |
0.57
0.65

‘Whole basin: 0.59
Increase: 5.36%

& 0.65
Increase: 1.56%

0.80

Increase: 6.78%

= 0.63
Increase: 10.53%

oA 0.57
Increase: 9.62%

0.58
Increase: 5.36%
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e I

SA(Ey flood volume (10000 m?)

SD/P

Precipitation (mm)

57 === Baseline period 3-day flood volume r 3000
I == Change period I 3-day flood volume
" =3 Change period II 3-day flood volume [ 2500
— - — Baseline period flood peak
— % - Change period I flood peak 2000
. = - = Change period II flood peak
1500
1 4
1000
5
500
0 0
1971 1976 1981 1986 1991 1996 2000
32
239 Az
1.6
g —o—o— . 00,94 00.98
0 0.97 10 92 0T 08 0.0 ~dp.35 28 --“'.1"/%:19.-&_.{14\)&" 003 0.11/.6. 0.14.0.10 - 0110.170.15 0.0
0 ” IJ 4000
300 3200
600 2400
M Baseline period Sediment discharge W Change period I Sediment discharge [ Change period I Sediment discharge
900 [l Baseline period precipitation O Change period I precipitation O Change period IT precipitation 1600
Seexaggralne: 1R naillion duss Average value: 2.66 million tons

SD/P: 1.27

1976

SD/P: 0.67 Average value: 0.94 million tons 800
/‘/\ SD/P: 0.24
N T T 0
1981 1986 1991 1996 2000
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flood peak (m*/s)

Sediment discharge (million ton)



