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Abstract The lower reaches of the Yellow River have been affected by water 
shortages since the 1990s. We suggest that water balance and resources in the 
lower reaches should be considered from the standpoint of water diversion. In 
this paper, we define a new concept of an “impact zone” to replace that of 
“basin” for discussion of water resources issues. The objective of this study 
was to identify the spatial and temporal change in water use in the lower 
reaches over the last 50 years, and to evaluate the impact zone of the Yellow 
River. 
Key words  impact zone; lower reach; water diversion; water use; Yellow River 

 
 
INTRODUCTION 
 
The lower reaches of the Yellow River are defined as the zone from Huayuankou to 
Lijin, with an administration area of about 4.43 × 104 km2 and population of about 2.5 
× 107 (Ruan, 1997) (Fig. 1). This is an important agricultural region, with an irrigated 
area of about 1.93 × 104 km2 (in 1990) using water diverted from the Yellow River 
(Xi, 1999; CDCID, 2002), and it accounts for about one-third of the total irrigation 
area of the whole basin. Since much of the river sediment precipitates in the lower 
reaches, and thus raises the river bed, the Yellow River flows at a higher level than its 
riparian zone; i.e. the river is suspended and subject to water loss in its lower reaches. 
Thus, water from the river flows outside the basin and is used not only in the Yellow 
River basin, but also in the Haihai (North China Plain) and Huihe rivers, which are 
traditionally defined as separate basins. 
 Water shortage is serious in the lower reaches as inflow at Huayuankou station has 
recently decreased and high demand exists for domestic, industrial, and agricultural 
water, especially in the North China Plain. In the case of an emergency, the Yellow 
River has even been diverted to supply water for Tianjin City, which is 400 km from 
the boundary of the Yellow River basin. The main channel of the Yellow River has 
dried up several times since 1972. Rational water allocation and use is an important 
issue in the management of the whole basin, and interacts with environmental 
problems, such as flooding control, coastal sediment, and erosion. The main objectives 
of this study were to examine the spatial and temporal water-use changes in the lower 
reaches over the last 50 years and determine their causes, and to identify the “impact 
zone” of the Yellow River.  
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Fig. 1 Schematic map of the Yellow River basin and irrigated area, and location of the 
lower reach. The map of the irrigated area was modified after Xi (1999) and the 
YRCC (2002). 

 
 
DEFINITION OF THE “IMPACT ZONE”  
 
In the past, the hydrological community has considered water balances in relationship 
to the river “basin.” This is appropriate when the hydrological cycle is closed and the 
water budget can be handled without considering any inflow or outflow from adjacent 
basins. However, there is often a quite different situation in the lower reaches of a 
basin. A water flow can occur through the geomorphological boundary between 
adjacent basins, in particular where a river is subject to losses. Also, water transport 
from the basin, such as the extraction of irrigation water from the river, may produce 
transboundary flows from one basin to another. Another related situation involves 
submarine groundwater discharge (SGD), which has recently been recognized as an 
important pathway for water and dissolved material near the coastal zone (Taniguchi et 
al., 2000). We believe that a replacement for the basin concept is needed when water 
resources issues in the lower reaches are discussed.  
 The term “basin” as used in hydrology is defined as “a geographic area drained by 
a river and its tributaries; it consists of a drainage system that may be comprised of 
streams, wetlands, and often natural or artificial lakes” (Dash, 2003). The words 
“catchment” and “watershed” are also used instead of “basin”, but the concept behind 
those terms is always a natural, hydrologically-closed area. In contrast, we will define 
the “impact zone” to be “the area affected by the river water, groundwater, or other 
water without being limited to the geomorophological or hydrological basin 
boundaries”. For example, a river losing water to groundwater illustrates the “impact 
zone” concept. 
 The terms “capture zone” and “release zone” (Nield & Chen, 1994; Townly & 
Turner, 1995; Taniguchi et al., 1999; Taniguchi, 2000) are used to describe interact-
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tions between surface water and groundwater; however, their use is restricted to 
natural (not human-induced) water transport. In this study, the impact zone is defined 
not only for natural flows, but also human-induced flows such as irrigation (Chen et 
al., 2004a) in the lower reaches of the Yellow River. 
 
 
METHODS 
 
We used two methods to identify the impact zone of the Yellow River. The first was 
the water balance method used to evaluate the diversion of water in the lower reaches 
of the river. The second was the direct measurement of the hydraulic potential of the 
groundwater connected to the Yellow River, which indicated the physical impact zone 
where river water is being lost to groundwater in the lower reaches. 
 In the water balance method, river discharge rates at two stations were used.  
Water use (Wuse) was estimated based on the difference of the monthly discharge at 
Huayuankou and Lijin stations (Fig. 1): Wuse = FLH – FLL, where FLH and FLL are the 
discharges at Huayunakou and Lijin, respectively. Annual water use was calculated by 
summarizing the monthly data.  
 Although it is basically a suspended river in the lower reaches and the flow 
decreases along the main channel, there are three tributaries flowing into the Yellow 
River, the Tianran Wenyan Canal, the Jindi River, and the Dawen River. The annual 
average discharge for these three tributaries is about 2.1 × 109 m3 (Liu & Chen, 2001). 
River discharge is controlled by gates on the tributaries and there is no inflow to the 
Yellow River in the dry season. There are four gauging stations between Huayuankou 
and Lijin, Gaocun, Sunkou, Aishan, and Luokou, which were used to calculate the 
inflows in the lower reaches. Wuse was thus adjusted by adding the inflow: Wuse′ = FLH 
– FLL + Inflow. The proposed impact zone in the lower reaches of the Yellow River 
was defined by considering both water diversion and water discharge from the 
irrigated area.  
 The second method was to identify the physical impact zone using the relationship 
between river water and groundwater. CTD (conductivity–temperature–depth) sensors 
(DIK 603A; Daiki Co., Ltd, Japan) were installed in 10 boreholes to continuously 
measure the groundwater level, temperature, and conductivity. Measurements were 
made every 10 min from September 2003 to May 2005. In this paper, we use the 
“impact zone” which has the maximum area with the effects of the natural flows and 
human-induced flows. 
 
 
RESULTS 
 
The monthly average discharge at the Huayuankou and Lijin stations from 1950 to 
2001 is shown in Fig. 2(a), and the difference between the two stations is equivalent to 
the average monthly water diversion in the lower reaches. Water diverted (i.e. water 
use = Wuse′) between the two locations, as well as the ratio of water diverted to river 
discharge at Huayuankou, is shown for every decade in Fig. 2(b). The result shows that 
the annual average discharge at Huayuankou decreased from 4.51 × 1010 m3 in the 
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(a) 

(b) 

Fig. 2 (a) Annual discharge at Huayuankou and Lijin during 1950–2002, and (b) deca-
dal average discharge at Huayuankou, the water diverted in the lower reach, and the 
ratio of water diversion to the discharge at Huayuankou. 

 
 
period 1951–1980, to 3.29 × 1010 m3 in the period 1981–2000, while that at Lijin 
decreased from 4.21 × 1010 m3 to 2.06 × 1010 m3 over the same period; i.e. water used 
in the lower reaches increased by about 9.2 × 109 m3 in the latter 20 years, compared to 
the period 1950–1980 (Fig. 2). Too much water was diverted for irrigation during 
1959–1961 (“the Great Leap forward”), and salinization occurred because the 
discharge canal was not well constructed. As a result, the newly developed irrigation 
area was abandoned, except for the Renmin Shengli Canal with an irrigation area of 
1.62 x 104 ha, and water use decreased sharply in 1962. Water diversion then resumed 
in the lower reaches; diversion increased noticeably from 1971 to 1980 and has 
maintained a relatively stable level since the 1980s.  
 Daily changes in river discharge from September 2003 to May 2005 at Lijin, and 
changes in groundwater hydraulic potential in 10 boreholes are shown in Fig. 3. As 
shown in Fig. 3, the groundwater level corresponding to the river discharge also 
changed, but with a time lag. The changes in the groundwater level south of the 
Yellow River were larger than those to the north, and the change in groundwater level 
due to the change in river discharge was larger, with decreasing distance of the 
borehole to the river. 
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(b) (a) 

(c) (d) 

Fig. 3 (a) Locations of the observation wells in the Yellow River delta; (b) daily river 
discharge at Lijin, and changes in groundwater levels in the (c) south line (N10, W35, 
N8, and N9) and the (d) north line (N1–N5).

 
 

 

(a) (c) 

(b) (d) 

Fig. 4 Time lag coefficient between river discharge and groundwater level at: (a) the 
north line, and (b) south line and relationships between distance from the Yellow 
River and (c) correlation coefficient, and (d) time delay of discharge–groundwater 
level changes.  
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DISCUSSION 
 
The amount of water allocated to Henan, Shandong, Hebei, and Tianjin was about 1.45 
× 1010 m3, as indicated by the line in Fig. 4. Since some areas in Shandong and Henan 
Province are outside the reach between Huayuankou and Lijin, the actual amount 
allocated for this reach was only 1.38 × 1010 m3, as indicated by the dashed line. 
Although discharge at Huayuankou decreased after the 1960s (Fig. 2), water diversion 
in the reach increased for the irrigation of newly developed land and the emergency 
water supply for Tianjin (Chen et al., 2004b). Water diversion for Qingdao City started 
in 1989 with an annual amount of about 2 × 108 m3. The ratio of water diversion to 
discharge at Huayuankou has increased continuously since the 1960s, and more than 
half the water in the lower reach has been diverted in the 1990s, although the discharge 
was only about half of that in the 1950s and 1960s (Fig. 2(b)). This is considered to be 
the main reason for the drying up of the main channel. 
 To evaluate the hydraulics of the Yellow River impact zone based on its effects on 
groundwater, correlation analyses were made between the river discharge (Fig. 3(b)) 
and groundwater levels at 10 boreholes (Fig. 3(c),(d)). The groundwater level data was 
shifted every day, then regression analyses were made to obtain the correlation 
coefficients with the different time lags. The correlation coefficients between the river 
discharge and groundwater level are shown in Fig. 4 for the northern and southern area 
of the delta. The highest coefficients were found after a period of 2 months for the 
northern area (Fig. 4(a)), and within 1 month for the southern area (Fig. 4(b)).  
 The spatial distribution of the correlation coefficients between river discharge and 
groundwater level may indicate the hydraulic effects of the Yellow River impact zone 
on the groundwater. The relationship between distance from the river and the 
correlation coefficient is shown in Fig. 4(c). The correlation coefficient is more than 
0.4 even 45 km from the Yellow River in the northern area of the delta; however, it 
decreases dramatically to 0.18 in the southern area, which adjoins the Bohai Sea. The 
groundwater is connected to seawater next to the coastal zone, and therefore, the 
correlation between river water and groundwater was weaker. However, the hydraulic 
connection between river water and groundwater was observed over 45 km from the 
Yellow River because of water loss to the groundwater. 
 As shown in Fig. 4(a) and (b), the maximum correlation between borehole levels 
and river discharge occurs with a time lag. The relationship between distance from the 
river and time lag is given in Fig. 4(d). The lag increases with distance from the river 
for both the north and south areas of the delta. This result shows that all groundwater 
in the delta is connected to the Yellow River. Therefore, the impact zone of the Yellow 
River comprises the entire delta. 
 
 
CONCLUSIONS  
 
In this paper, we presented the new concept of an “impact zone” to replace that of 
“basin” in relation to water resources issues. Yellow River water is connected to the 
groundwater hydraulically over the whole delta, and therefore, the impact zone of the 
river comprises the entire river delta. The impact zone includes not only natural water 
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transfer but also human-induced water movement such as irrigation in the lower 
reaches of the river. Water diversion from the river may be a major contributor to the 
recent water shortage in the lower reaches. We propose that the impact zone concept 
be used for water resources issues, particularly over the lower reaches of the basin.  
 
 
Acknowledgements The authors acknowledge financial assistance from the MEXT 
(Japan) Fund for the Human–Nature–Earth Revolution Research Project in “Prediction 
Mission in Water Cycle Change–Development of Water Resource Prediction Model–
Surface Water Research Program in the Yellow River”. We also acknowledge the 
contribution of Tomotoshi Ishitobi who helped in drafting the figures. This study was 
also supported by the Scientific Research Foundation for the Returned Overseas 
Chinese Scholars and the “985 Project” of GIS and remote sensing for geosciences 
from the Ministry of Education of PR China. 
 
 
REFFERENCES 
 
CDCID (China Development Center for Irrigation and Discharge) (ed.) (2002) Strategic Study on Water-Saving 

Reconstruction for Large Irrigation Projects in the Yellow River Basin, 82–85. Yellow River Conservancy 
Publishing House, Zhengzhou, China.. 

Chen, J. Y., Tang, C. Y., Sakura, S., Kondoh, A., Shen, Y. J. & Song, X. F. (2004a) Measurement and analysis of 
redistribution of soil moisture and solutes in a maize field in the lower reach of the Yellow River. Hydrol. Processes 
18, 2263–2273. 

Chen, J. Y., Fukushima, Y., Tang, C. Y. & Taniguchi, M. (2004b) Water environmental problems occurred in the lower 
reach of the Yellow River. J. Japan Soc. Hydrol. & Water Resour. 17, 555–564. 

Dash, E. J. (Ed.) (2003) Water: Science and Issues. Macmillan Reference, New York, USA. 
Liu, C. M. & Chen, X. G. (eds) (2001) Progress of the Study on the Evolution of Water Resource of the Yellow River and 

Mechanism of Sustainability of Water Reuse. Yellow River Conservancy Publishing House, Zhengzhou, China. 
Nield, S. P. & Chen, G. (1994) A framework for quantitative analysis of surface water–groundwater interaction: flow 

geometry in a vertical section. Water Resour. Res. 30, 2461–2475. 
Ruan, B. Q. (1997) Optimization of water resources in the lower reach of the Yellow River. PhD Dissertation. Xi’an 

University of Technology, Xi’an, China.
Taniguchi, M. (2000) Evaluation of groundwater capture zone for modeling of nutrient discharge. Hydrol. Processes 15, 

1939–1949. 
Taniguchi, M., Burnett, W. C., Cable, J. E. & Turner, J. V. (2002) Investigation of submarine groundwater discharge. 

Hydrol. Processes 16, 2115–2129. 
Taniguchi, M., Inouchi, K., Tase, N. & Shimada, J. (1999) Combination of tracer techniques and numerical simulations to 

evaluate the groundwater capture zone. In: Integrated Methods in Catchment Hydrology—Tracer, Remote Sensing 
and New Hydrometric Techniques (ed. by C. Leibundgut, J. McDonnell & G. Schultz), 207–213. (Proc. Symp. HS4, 
IUGG 99, the XXII General Assembly of the Int. Union of Geodesy and Geophysics, Birmingham, July 1999),  
207–214. IAHS Pub. 258. IAHS Press, Wallingford, UK.

Townly, L. R. & Turner, J. V. (1995) Proceedings of the Workshop on Surface Water–Groundwater Interactions (28–29 
September 1995, Perth, Australia). 

Xi, J. Z. (ed.) (1999) Water Resources of the Yellow River. Yellow River Conservancy Publishing House, Zhengzhou, 
China. 

YRCC (Yellow River Conservancy Committee) (1984) Control and Development of the Yellow River. Shanghai Education 
Publication House, Shanghai, China.

YRCC (Yellow River Conservancy Committee) (ed.) (2002) Primary Control and Development Plan of the Yellow River. 
Yellow River Conservancy Publishing House, Zhengzhou, China. 


