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Abstract

:

In this study, rainfall, runoff, and sediment load data were collected from the Tuhai River Basin from 1972 to 2021. The Mann–Kendall test, runoff–sediment curve, and double mass curve were used to identify the characteristics and factors influencing runoff and sediment loads in the Tuhai River Basin. The results showed that the average annual runoff and sediment loads in the river basin were 4.03 × 108 m3 and 3.52 × 108 kg, respectively; furthermore, the flood season (June–September) accounted for 79.9% and 99.4% of these values, respectively. There were no apparent runoff trends in the annual, flood, and non-flood (October–May) stages, and the annual and flood season sediment loads decreased significantly. The abrupt change points of annual and flood season runoff in the Tuhai River Basin mainly occurred from 2003 to 2004 and from 2013 to 2014. Moreover, the abrupt change points of annual and flood season sediment load only occurred from 1978 to 1979. The runoff–sediment curve showed a clear power function relationship between runoff and sediment loads. The runoff in the Tuhai River Basin from 2003 to 2013 was mainly affected by precipitation. Additionally, the contributions of human activities to runoff and sediment load reduction in the Tuhai River Basin were 57.7–88.9% and 63.1–86.0%, respectively. The increase in human water consumption was the main reason for the decrease in runoff in the Tuhai River Basin. Furthermore, the measures taken in soil and water conservation and reservoir construction were the main factors behind a reduction in sediment loads in the Tuhai River Basin.
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1. Introduction


As the most active parts of a river basin system, river runoff and sediments are closely related to hydrological conditions and have a major impact on regional ecological environmental security and economic and social development [1,2,3]. Previous observations have shown that the variations in river runoff and sediment loads exhibit regularity; however, in recent years, studies have indicated that significant changes have occurred in runoff and sediments in 24% of the world’s rivers [4]. Thus, it is essential to identify runoff and sediment generation, change characteristics, and their underlying causes to improve water resource management [5,6,7,8]. Numerous studies have reported that climate change, especially rainfall, and human activities are the main factors influencing river runoff and sediment loads [9,10,11]. Further, global climate change and human activities have introduced great variability, leading to frequent river floods and sediment disasters [12,13]. Therefore, exploring the characteristics of runoff and sediment loads and their influencing factors is crucial in understanding the mechanism of runoff and sediment change, and it is helpful to formulate effective countermeasures to deal with severe river floods and deficit disasters.



Many scholars have studied the characteristics of runoff and sediment changes and their influencing factors in different basins. For example, Cui et al. [14] used the Mann–Kendall method to study the law of runoff and sediment changes in the Yellow River Basin and found a downward trend and a sudden change in runoff and sediment load changes in the basin. Moreover, Yang et al. [15] found that the runoff and sediment load in Dongting Lake showed a downward trend from 1951 to 2015, and there were sudden changes in runoff and sediment load based on the runoff–sediment curves. Moreover, Yang et al. [16] studied the effect of climate and human activities on runoff changes in 64 catchments located in mainland China and showed that vegetation restoration, urbanization expansion, and construction of reservoirs were the dominant driving factors influencing runoff changes in catchments. Further, Gao et al. [17], using the double cumulative curve, found that human activities were the main factors behind runoff reduction in the middle reaches of the Yellow River Basin. Additionally, Feng et al. [18] showed that large-scale revegetation programs weakened the correlation between river runoff and annual rainfall in the Chinese Loess Plateau. However, river runoff has decreased due to the decrease in rainfall in the Pacific Northwest United States [10].



The Haihe River Basin has narrow rivers and gentle slopes and precipitation is concentrated in June–September with great inter-annual variability; consequently, the basin experiences frequent floods, continuous droughts and floods, and intertwined droughts and floods [19,20,21]. The Tuhai River Basin is an important part of the Haihe River Basin [22]. The characteristics of hydrological change in the northern part of the Haihe River Basin are relatively well-known, but the hydrological change in the southern part needs further study [23,24]. Additionally, existing research focuses on the law of runoff changes in the Haihe River Basin [23,24]. Nevertheless, the relationship between runoff and sediment load and the influence of climate and human activities on runoff and sediment load in the Haihe River Basin need to be assessed. Further, due to global climate change and rapid socio-economic development, the risk of droughts and flood disasters in the Tuhai River Basin has increased [25]. Recently, a few studies have explored the seasonal variations in runoff in the Tuhai River [26,27]. However, there is a knowledge gap concerning the relationship between runoff and sediment loads in the flood and non-flood seasons along with their potential driving factors. Therefore, a deep understanding of the influence of climate change and human activities on runoff and sediment changes and a comprehension of the formation mechanism of runoff and sediment changes in the Tuhai River Basin will help prevent and alleviate regional drought and flood disasters and enhance the efficient utilization of water resources.



This study investigated monthly runoff, sediment load, and precipitation data from 1972 to 2021 at Pujizha hydrological station located in the main stream of the Tuhai River. Linear regression, the Mann–Kendall test, the runoff–sediment relationship curve, and the double accumulation curve were used to evaluate changes in runoff and sediment loads within the Tuhai River Basin and to identify the climate change aspects and human activities influencing these changes.




2. Materials and Methods


2.1. Study Area


The Tuhai River is the main flood discharge and drainage channel in the Haihe River Basin of Shandong Province, and Majia River is the second-most significant river in the basin [26]. The main stream of the Tuhai River starts from Shenxian County in Liaocheng City. The river then flows through Liaocheng City, Dezhou City, and Binzhou City and empties into the Bohai Sea at Storm Station in Wudi County of Binzhou City. The total length of the Tuhai River is 422 km. The river has a total drainage area of 13,902 km2, 95% of which is situated in Shandong Province.



The Tuhai River Basin belongs to the alluvial plain of the Yellow River and features a gentle topographic slope (1–20 m a.s.l.) and complex micro-geomorphological changes. The hills, slopes, and depressions in the middle and upper reaches of the Tuhai River Basin are alternately distributed, and the topography in the lower reaches is mainly beach retreat. The Tuhai River Basin belongs to the temperate continental monsoon climate zone, with an average precipitation of 600.7 mm from 1972 to 2021, 75.6% of which occurs in the flood season (June–September), and 53.9% in July–August. The Tuhai River Basin is an important grain production region and economic zone in Shandong Province, with a population of approximately 9.24 million and a population density of 530 people/km2.




2.2. Research Methods


2.2.1. Data Sources


The measured data of monthly runoff, sediment load, and precipitation from 1972 to 2021 at the Pujizha hydrological station in the main stream of the Tuhai River were provided by Binzhou hydrological center. Pujizha hydrological station is located in Bincheng District, Binzhou City (Figure 1a,b). The controlled watershed area of the station is 10,250 km2 (Figure 1c). This paper defines the flood season as occurring from June to September, while the non-flood season is from October to May of the following year.




2.2.2. Data Analyses


The annual, flood season, non-flood season runoff, and sediment load from 1972 to 2021 were analyzed for homogeneity (Pearson’s chi-squared test), stationarity (ADF test), and heteroscedasticity (ARCH-LM test). Except for the non-flood season runoff data from 1972 to 2021, which failed the stationarity test (p > 0.05), all the other data were homogeneous and stable but not heteroscedastic.



Linear regression and the Mann–Kendall test [28,29,30] are used to analyze the trend and abrupt change characteristics of runoff and sediment loads in the Tuhai River Basin. Statistic Z is obtained using the Mann–Kendall test. When Z > 0, the sequence shows an increasing trend; when Z < 0, the sequence shows a decreasing trend; when |Z| ≥ 1.96 and 2.32, the sequence variation trend reaches the significance level of p < 0.05 and p < 0.01, respectively.



In this paper, the trend change is analyzed using the UF curve. When the UF curve is outside the critical value line (|Z| = 1.96), it represents a significant change trend, and vice versa. The intersection of UF and UB curves represents the abrupt point of the index [31].



The power function expression below was used to calculate the relationship between runoff and sediment loads:


Qs = aQb



(1)







After logarithmic transformation, the linear expression of the power function is


ln Qs = ln a + bln Q



(2)




where Qs is the sediment transport rate (kg·s−1), Q is the flow rate (m3·s−1), and a and b are fitting coefficients. Moreover, a stands for the characteristics of runoff and sediment and is mainly influenced by external factors, while b represents the sediment transport characteristics of the river, which is closely related to river flow and sand grade ratio [32].



The double cumulative curve method was used to evaluate the contribution of human activities and rainfall to changes in runoff and sediment loads in the Tuhai River Basin. Further, the annual precipitation, runoff, and sediment loads of the Tuhai River were accumulated over the time series for regression analysis. Moreover, the contribution rate of human activities and rainfall to changes in runoff and sediment discharge of the Tuhai River was calculated [33].






3. Results


3.1. Inter-Annual Variations in Runoff and Sediment Load


The annual, flood season, and non-flood season runoff variation trends in the Tuhai River Basin were similar (Figure 2). From 1972 to 2021, the annual and flood season runoffs were 4.03 × 108 m3 and 3.22 × 108 m3, respectively (79.9% in the flood season). Moreover, the maximum annual runoff was 18.51 × 108 m3 in 2010, followed by 18.01 × 108 m3 in 2013. Further, the minimum annual runoff was 0.05 × 108 m3 in 1986. Furthermore, from 1972 to 2021, there were no apparent linear trends in the annual, flood season, and non-flood season runoffs. Additionally, the annual, flood-season, and non-flood-season runoffs showed clear interdecadal variation characteristics. In the years 1972–1978 and 2003–2013, the runoff was abundant, with average values of 9.23 × 108 and 8.85 × 108 m3, respectively. Additionally, the runoff in these two periods was significantly higher than that in the years 1979–2002 and 2014–2021 (p < 0.05) (Figure 3). Moreover, runoff in the years 1979–2002 was the least, with average annual, flood season, and non-flood season values of 1.00 × 108, 0.79 × 108, and 0.22 × 108 m3, respectively (Figure 3).



The trend of sediment load in the flood season is similar to that of annual total sediment discharge (Figure 2). From 1972 to 2021, the average annual total and flood season sediment loads were 3.52 × 108 kg and 3.50 × 108 kg, respectively (99.4% in the flood season). Moreover, the maximum and minimum annual total sediment loads were 26.62 × 108 kg (2010) and 0, respectively. Except in 2003 (0.94 × 108 kg), the sediment load in the non-flood season was very low (0–0.07 × 108 kg), with no apparent linear trend. Furthermore, in the years 1979–2002, the sediment load was abundant, with average annual total and flood season sediment loads of 16.13 × 108 kg. Additionally, in the years 2014–2021, the sediment load was the lowest, and the average annual total and flood season sediment loads was only 0.10 × 108 kg.




3.2. Inter-Annual Abrupt Points of Runoff and Sediment Load


From 1972 to 2021, the annual total runoff showed an increasing trend, but it did not reach a significant level (Z > 0; p > 0.05) (Table 1). Moreover, from 1972 to 1980, the trend of annual total runoff was the same as that in the flood season, with both showing a non-significant upward trend (0 < UF < 1.96). After 1980, the annual total runoff showed a downward trend. Furthermore, the runoff exhibited a significant downward trend from 1985 to 2003 (UF < −1.96) but showed an upward trend from 2010 to 2021 (0 < UF < 1.96). Further, intersections of UF and UB curves occurred in 1972–1973, 1974–1975, and 2003–2004, indicating that the annual total runoff changed suddenly during this period. Similarly, from 1980 to 2012, the runoff in the flood season showed a downward trend and reached a significant level from 1985 to 2004. Additionally, runoff suddenly changed several times in the flood season, mainly in 1972–1975, 2008–2009, 2013–2015, and 2018–2020. Furthermore, the non-flood season runoffs in 1972–1980 and 2005–2021 showed upward trends, a downward trend in 1981–2004, and a significant downward trend in 1985–1996.



Runoff abrupt change points during the non-flood season mainly occurred in 1972–1975, 1999–2000, and 2019–2021. The abrupt changes in annual total runoff and flood season runoff mainly occurred in 2003–2004 and 2013–2014 and were mainly related to the significant increase in runoff from 5.28 × 108 m3 in 2003 to 14.37 × 108 m3 in 2004 and from 0.57 × 108 m3 in 2003 to 13.19 × 108 m3 during the flood season.



From 1972 to 2021, the annual and flood season sediment load trends were similar: there was an upward trend in 1972–1979 and a decreasing trend after 1980. After 1984, the decreasing trend of annual and flood season sediment loads reached a significant level (UF < −1.96) (Figure 4). Moreover, from 1978 to 1979, both UF and UB exceeded the confidence interval (−1.96 < UF < 1.96), indicating that the sediment load changed suddenly during this period. Further, the annual sediment load and the flood season sediment load decreased from 22.61 × 108 kg in 1978 to 2.18 × 108 kg in 1979. Unlike the trend of annual and flood season sediment loads, the non-flood season sediment load only showed an upward trend in 1972–1973 and then a downward trend, reaching a significant level after 1976. Additionally, there was no sudden change point in the non-flood season sediment load from 1972 to 2021.




3.3. Relationship between Runoff and Sediment Load


To analyze the relationship between runoff and sediment load, the time series was divided into two periods, 1972–1978 and 1979–2021, based on the abrupt change year of sediment load (1978). The relationship between runoff and sediment discharge presents a distinct power function relationship in the two periods, with R2 values of 0.80 and 0.59, respectively (Figure 5). According to the regression analysis, the relationship between runoff and sediment load significantly changed during the two periods. The ln a value changed from −4.41 to −2.06, an increase of 53.3%, while the b value changed from 2.06 to 1.19, a decrease of 42.2%. The increase in ln a indicates that the characteristics of runoff and sediment load in the Tuhai River changed after 1978, and the influence of human activities (water resource development, soil and water conservation projects, etc.) gradually increased from 1978 to 2021 (Table 2). The decrease in b indicates that the changes in river discharge, sand grade ratio, and riverbed morphology in the Tuhai River have weakened the sediment load of the river.




3.4. Factors Influencing Runoff and Sediment Load


From 1972 to 2021, the annual total runoff and flood season runoff were significantly positively correlated with annual rainfall (p < 0.05) and flood season rainfall (p < 0.01), but non-flood season runoff was not significantly correlated with rainfall in each stage (p > 0.05) (Table 3). The annual and flood season sediment loads have positive correlations with flood season rainfall (p < 0.05), and the non-flood season sediment load has a high positive correlation with non-flood season rainfall (p < 0.01). Furthermore, during the flood season from 1972 to 1978, the runoff and sediment load were highly correlated with rainfall (p < 0.01). During the flood season from 1979 to 2021, sediment load was positively correlated with corresponding precipitation (p < 0.05), and during the non-flood season, runoff and corresponding precipitation were significantly positively correlated.



From 1972 to 1978, under conditions of minimal external disturbance, there was a linear relationship between runoff and sediment transport and precipitation in the double accumulation curve (Figure 6). After 1978, the slopes of the two double cumulative curves were different from those in 1972–1978, especially the double cumulative curve of rainfall and sediment load (Figure 6). This change may be related to the measures of runoff and sediment interception in the basin. The annual rainfall after 1978 was substituted into the regression equations of rainfall–runoff and rainfall–sediment load from 1972 to 1978, and the runoff and sediment load in each stage after 1978 were calculated (Figure 7, Table 4 and Table 5). Generally speaking, the contribution rate of human activities to the reduction of sediment load was greater than that of runoff reduction. Furthermore, except in 2003–2013, the contribution rates of human activities to the runoff reduction in 1979–2002 and 2014–2021 were 88.9% and 57.7%, respectively, and the contribution rates of rainfall and human activities to the reduction of sediment load in different stages from 1979 to 2021 were 14.0–36% and 63.1–86.0%, respectively.





4. Discussion


Previous studies have shown that among natural factors, runoff and sediment load are mainly affected by rainfall; furthermore, runoff and rainfall are positively correlated [34,35]. This study found that rainfall and human activities are the main factors that affect the change in runoff and sediment load in the Tuhai River Basin. In the last 50 years (1972–2021), the annual, flood season, and non-flood season runoff in the Tuhai River Basin showed a non-significant upward trend. Combined with the trend of runoff and rainfall in different periods (1972–1978, 1979–2002, 2003–2013, and 2014–2021) (Figure 2 and Figure 7), we conclude that the runoff in the Tuhai River in 1972–1978 and 2003–2013 was mainly affected by rainfall, and the results are similar to those of Han and Zhang [24], who reported that precipitation was the leading factor behind runoff variation in the Haihe River Basin between 1956 and 2000. Furthermore, the maximum annual runoff occurred in 2010 (18.51 × 108 m3), followed by 2013 (18.01 × 108 m3). Analysis of relevant data suggests that both extreme runoff values were caused by heavy rain. In August 2010 and July 2013, heavy rains occurred in the Tuhai River Basin, causing once-in-50-year and once-in-20-year floods, respectively [26,36].



Moreover, the contribution rate of human activities to the runoff reductions in the Tuhai River in 1979–2002 and 2014–2021 were 88.9% and 57.7%, respectively, indicating that the runoff change in Tuhai River in the two periods was mainly affected by human activities (Table 4). Since 1978, agricultural production in the Tuhai River Basin has developed rapidly, agricultural water demand has increased, and irrigation intensity using the Yellow River has heightened [26,36]. Nevertheless, the utilization rate of Yellow River water has remained low, which has increased water flow into the Tuhai River [26,36]. The acceleration of urban construction and the hardening of roads in the basin has increased surface runoff into the Tuhai River, but the increase in human water consumption has reduced runoff into the river [26,36]. Therefore, there is no clear change in trend in annual, flood season, and non-flood season runoff (Figure 2). The sudden change in runoff into the Tuhai River during the flood season was frequent after 2010, occurring suddenly in 2013–2014, 2014–2015, 2018–2019, and 2019–2020 (Figure 4). Therefore, there is a need for additional work involving river dredging during the flood season and increased flood control and disaster reduction efforts in the basins.



From 1979 to 2021, the annual total sediment load and the flood season sediment load decreased significantly (Figure 2). Notably, the maximum annual total sediment load was 26.62 × 108 kg in 2010. Moreover, there was a sharp increase in runoff. The reason for this phenomenon was the once-in-50-year flood in 2010 [36]. Furthermore, the contribution rate of human sediment reduction in different stages (1979–2002, 2003–2013, and 2014–2021) was between 63.1% and 86.0% (Table 5), aligning with the results of studies of human impact on runoff change in other rivers, such as the Yellow River and Jing River [37,38,39]. Human activities, such as water conservation measures and water resource development projects, mainly reduce runoff and sediment load by improving the condition of a river [13,40,41]. Furthermore, this study found that since 1978, coastal governments have implemented large-scale measures such as dredging, dike reinforcement, and soil and water conservation. These measures have significantly reduced the level of sedimentation (Table 2) [26].




5. Conclusions


The average annual total runoff and sediment load in the Tuhai River Basin were 4.03 × 108 m3 and 3.52 × 108 kg, respectively, with the flood season accounting for 79.9% and 99.4% of these figures, respectively. Therefore, additional river dredging during the flood season is needed. In 1972–1978, there was no apparent trend in annual, flood season, and non-flood season runoff, and the annual and flood season sediment load showed significant reducing trends. Further, abrupt change points of annual and flood season runoff in the Tuhai River Basin mainly occurred in 2003–2004 and 2013–2014, while abrupt change points of annual and flood season sediment load only occurred in 1978–1979. Runoff and sediment transport in the Tuhai River Basin showed clear power function changes. After 1978, sediment supply and sediment load decreased in the Tuhai River. Moreover, runoff from 2003 to 2013 was mainly affected by rainfall. Further, human activities were the main factors affecting runoff and sediment load. From 1979 to 2021, the contribution rates of human activities to the decrease in runoff and sediment load in the Tuhai River Basin were 57.7–88.9% and 63.1–86.0%, respectively. Notably, an increase in human water consumption was an important factor in reducing runoff, and the control measures for the Tuhai River were the main reasons behind the reduction in sediment load. Finally, the results of this study are relevant in the rational utilization of water resources and disaster prevention and mitigation in the Tuhai River Basin as well as in providing an understanding of the mechanism of runoff and sediment change in rivers in China’s coastal plain areas.



Limitations of the Study


Our study focused on the changes and influencing factors of runoff and sediment loads in the Tuhai River Basin. The results indicate that human activities had a major impact on the runoff over two periods: 1979–2002 and 2014–2021. However, we can only qualitatively explain the possible impact of human activities on the runoff in the Tuhai River Basin by consulting the literature: we could not obtain relevant data, such as irrigation levels of cropland, human water consumption, and replenishment volume of Yellow River water to the basin. To address these limitations, additional studies that specifically consider water consumption and the increase in the above-mentioned human activities should be carried out to accurately explain the impact of human activities on the runoff in the Tuhai River.
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Figure 1. Positions of Binzhou City (a), Tuhai River, and the Pujizha hydrological station in Binzhou City (b), and the boundary of the catchment controlled by Pujizha hydrological station (c). 
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Figure 2. Linear trends of annual (a), flood season (b), non-flood season (c) runoff, and annual (d), flood season (e), non-flood season (f) sediment load of the Tuhai River Basin. 
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Figure 3. The four time series (1972–1978, 1979–2002, 2003–2013, and 2014–2021) of annual, flood season, non-flood season runoff (a), and sediment load (b) of the Tuhai River Basin. Different capital letters indicate significant differences in the same time series across different stages (p < 0.05); different lowercase letters indicate significant differences within the same stage across different time series (p < 0.05). Bars indicate standard deviation. 
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Figure 4. Abrupt change points of annual (a), flood season (b), non-flood season runoff (c), and annual (d), flood season (e), non-flood season (f) sediment load of the Tuhai River Basin. 
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Figure 5. Runoff–sediment curves of the Tuhai River Basin. 
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Figure 6. Double accumulative curves of precipitation–runoff (a) and precipitation–sediment (b) in the Tuhai River Basin between 1972 and 2021. 
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Figure 7. Changes in annual (a), flood season (b), non-flood season (c) rainfall, and abrupt change points of annual runoff (d), flood season runoff (e), non-flood season runoff (f) in the Tuhai River Basin. 
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Table 1. Mann–Kendall (M–K) test of annual total runoff and sediment load of the Tuhai River Basin from 1972 to 2021.
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Indicators

	
Runoff

	
Sediment




	
Z

	
Trend

	
Z

	
Trend






	
Annual

	
0.80

	
↑

	
−2.89 **

	
↓




	
Flood stage

	
0.33

	
↑

	
−3.18 **

	
↓




	
Non-flood stage

	
0.82

	
↑

	
−0.14

	
↓








Note: ** p < 0.01.













 





Table 2. Regulation measures of the Tuhai River Basin across different time series from 1972 to 2021.
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	Time Series
	1979–2002
	2003–2013
	2014–2021





	Human governance measures
	River regulation: 31.1 km; New dam: 18 km;

Waterlogging-prone area: 3.37 × 105 ha
	River regulation: 18.4 km; River dredging: 5.64 km; River channel protection: 3.54 km
	River regulation: 84.24 km; River dredging: 207.53 km; River channel protection: 2.42 km; Dredging earthwork: 1.69 × 107 m3; New drainage culverts: 5; Maintenance and renovation of 168 culverts and 47 bridges










 





Table 3. Pearson correlation analyses between runoff and sediment loads and rainfall in the Tuhai River Basin from 1972 to 2021.
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Indicator

	
Stages

	
1972–2021 (n = 50)

	
1972–1978 (n = 7)

	
1979–2021 (n = 43)




	
Annual

	
Flood Stage

	
Non-Flood Stage

	
Annual

	
Flood Stage

	
Non-Flood Stage

	
Annual

	
Flood Stage

	
Non-Flood Stage






	
Runoff

	
Annual

	
0.326 *

	
0.394 **

	
−0.081

	
0.676

	
0.652

	
0.073

	
0.122

	
0.203

	
−0.167




	
Flood stage

	
0.333 *

	
0.425 **

	
−0.139

	
0.765 *

	
0.749

	
0.039

	
0.118

	
0.204

	
−0.182




	
Non-flood stage

	
0.142

	
0.085

	
0.196

	
0.290

	
0.248

	
0.154

	
0.118

	
−0.041

	
0.457 **




	
Sediment load

	
Annual

	
0.229

	
0.330 *

	
−0.198

	
0.783 *

	
0.810 *

	
−0.125

	
0.282

	
0.334 *

	
−0.030




	
Flood stage

	
0.227

	
0.331 *

	
−0.206

	
0.783 *

	
0.810 *

	
−0.126

	
0.289

	
0.369 *

	
−0.102




	
Non-flood stage

	
0.109

	
−0.048

	
0.454 **

	
0.130

	
−0.042

	
0.657

	
0.087

	
−0.013

	
0.291








Notes: * p < 0.05; ** p < 0.01.













 





Table 4. Effects of rainfall and human activities at different stages on the annual runoff in the Tuhai River Basin.
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Stage

	
Annual Runoff (108 m3)

	
Rainfall

	
Human Activities




	
Measured Value

	
Estimated Value

	
Total Reduction

	
Reduction

(108 m3)

	
Ratio

	
Reduction

(108 m3)

	
Ratio






	
1972–1978

	
9.23

	
9.43

	

	

	

	

	




	
1979–2002

	
1.00

	
8.32

	
8.23

	
0.91

	
11.1%

	
7.32

	
88.9%




	
2003–2013

	
8.85

	
8.34

	
0.38

	
0.89

	

	

	




	
2014–2021

	
1.97

	
6.16

	
7.26

	
3.07

	
42.3%

	
4.19

	
57.7%











 





Table 5. Effects of rainfall and human intervention at different stages on the annual sediment load of the Tuhai River Basin.
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Stages

	
Annual Sediment Load (108 kg)

	
Rainfall

	
Human Activities




	
Measured Value

	
Estimated Value

	
Total Reduction

	
Reduction

(108 kg)

	
Ratio

	
Reduction

(108 kg)

	
Ratio






	
1972–1978

	
16.13

	
15.64

	

	

	

	

	




	
1979–2002

	
0.67

	
13.96

	
15.46

	
2.17

	
14.0%

	
13.29

	
86.0%




	
2003–2013

	
4.19

	
13.89

	
11.94

	
2.24

	
18.8%

	
9.70

	
81.2%




	
2014–2021

	
0.10

	
10.21

	
16.03

	
5.92

	
36.9%

	
10.11

	
63.1%
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