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INTRODUCTION 

The second longest river in China after the Yangtze, the Yellow 
River and its basin (YRB) is the breadbasket of China and the 
cradle of Chinese civilization. With only 2 percent of national 
water resources, the basin generated 14 percent of Chinese 
grain production and 14 percent of the country’s GDP in 2000.  

The YRB is characterized by severe water scarcity. The 
surface water withdrawal to resource ratio, at 64 percent in 
2008, is among the highest in the world. Although climate in 
the basin has become drier, total water demand has increased 
from 35 km3 in the 1980s to about 50 km3 in recent years. This 
has produced a shift in weather-related hazards from flooding 
events to droughts, which have plagued the basin in the last 
two decades. The most striking evidence of excess water 
withdrawal and consumption has been the flow cutoffs 
experienced in the main channel near the river mouth for 22 
years during the period of 1972–1998. Flow was cut off every 
year between 1990 and 1998, with the duration of drying-up, 
and the distance from the river mouth both increasing. In 1997, 
there was no flow out of the basin for 226 days, and the river 
dried up to Kaifeng, 600 km from the river mouth. Finally, both 
groundwater overdraft in parts of the basin and rapid water 
quality deterioration are adversely affecting both humans and 
basin ecosystems. 

This note summarizes a study that assesses factors 
affecting both water supply and demand in the YRB over the 
next 10–20 years and recommends solutions to increase water 
use efficiency and water savings across all water-using sectors. 
   
IMPACT OF CLIMAGE CHANGE ON YRB WATER RESOURCES  

The current severe water scarcity conditions could be further 
worsened by climate change (CC). The study used the B2 
emission scenario to drive the HadCM3 Global Circulation 
Model and estimate the changes in daily maximum and 
minimum air temperatures and precipitation for the upper YRB 
catchment north of Lanzhou station and for the Wei River 
basin, a tributary of the Yellow River, from the baseline (1961–
1990) to three future periods: 2010~2039 (2020s), 2040~2069 

(2050s), and 2070~2099 (2080s). These were then put into a 
SWAT (Soil and Water Assessment Tool) hydrological model to 
project future changes in stream flow. Findings show an 
increase in daily minimum and maximum temperatures of up 
to 2°C by mid-century, and up to 4°C by 2080. Furthermore, 
results show a decrease in average annual precipitation of up 
to 7 percent to 2050 (Figure 1a and b) and up to 9 percent to 
2080.  
 
Figure 1. Spatial distribution of changes in temperature and 
precipitation 
a) Changes in daily T max° 

 
 
b) Changes in annual precipitation (mm/year) 

 
Note: All projections are based on the B2 emission scenario.  
 

As a result of climate change, streamflow would decline by 
9-20 percent in the area north of Lanzhou, by mid-century, 
whereas in the Wei River Basin flows could decline by 8 percent 
or increase by up to 5 percent in the 2050s. The trends seem to 
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point to an overall reduction of water availability under climate 
change. Without adequate adaptation strategies, climate 
change is likely to aggravate the competition for water across 
the domestic, agriculture, and industry sectors. 
 
INCREASING WATER SUPPLY–DEMAND GAP UNDER CLIMATE 
CHANGE  

Socioeconomic development in the YRB, along with rising 
concerns for public health and environmental degradation, will 
drive water demand increases over the next 10–20 years. 
Yellow River Conservancy Commission (YRCC) simulation 
models project an increase of total demand to 52 km3 by 2020 
(Table 1) and nearly 55 km3 by 2030. Demand will increase for 
the domestic and industrial sectors, as well as for both in-
stream and off-stream environmental needs, whereas demand 
for the rural production sector (all types of irrigation, 
fishponds, and livestock) is projected to decline slightly. Given 
changes in water supply and demand, the basin would face 
water shortages of 8 km3 and a water deficit ratio of 14.5 
percent by 2020, which would mostly affect the rural 
production sector. 

Under this water scarcity situation, the 15 km3 currently 
used for sediment-flushing in the lower reaches could hardly be 
maintained. Under drier-year scenarios, water shortages would 
increase significantly and outflows to the Sea would drop to 15 
km3 and 9 km3 under 75 percent exceedance frequency and 95 
percent exeedance frequency, respectively.  
 
Table 1: Water supply–demand gap under climate change (CC) 
and drought conditions in YRB by 2020 

Conditions Scenarios 
Water 
demand 

Surface 
water 
supply 

Water 
shortage 
ratio  

Flow 
into 
the 
sea  

  
km3 % km3 

Average Without CC   52.11 44.58 14.50 18.96 

Annual With  CC  52.11 40.37 22.54 16.78 

75% 
Without CC   53.69 27.62 22.40 14.87 

With CC  53.69 24.59 28.04 12.98 

95% 
Without CC  57.23 23.95 34.49 9.24 

With CC  57.23 22.66 36.73 7.72 

 

If climate change is considered as well, the water deficit 
ratio would increase to 23 percent under average conditions. 

As expected, conditions would be most dire under combined 
climate change and dry-year conditions, with shortages of 21 
km3 and a water deficit ratio of up to 37 percent.  
 
RESPONSE TO WATER SCARCITY: WATER SAVINGS AND 
TECHNOLOGICAL APPROACHES 

Given that the YRB already features more than 3,100 large, 
medium and small-size reservoirs, 4,500 water diversion 
projects, and 29,000 water-lifting projects, little room is left for 
capturing, storing, or diverting additional water resources. That 
said, the YRB still has some scope to reduce water use through 
engineering measures. During the last three decades, water use 
efficiency in the YRB has increased considerably to 
approximately 50 percent, but the potential for improvement is 
still considerable. Attaining developed-country levels of 
efficiency will require improved knowledge of water 
productivity and changes in institutions and economic 
incentives for farmers, industries, and urban dwellers. A 
combination of adjustments in planting dates and crop species, 
technological advances, and engineering solutions is projected 
to reduce water use in agriculture by 4 km3 by 2020 and by 5 
km3 by 2030. Similarly, enhanced leak control and efficiency 
measures in the domestic sector could save 0.1 km3 by 2020 
and 0.2 km3 by 2030. Finally, improved recycling and advanced 
technologies could achieve additional water savings in industry 
of 1.5 km3 by 2020 and 2.1 km3 by 2030. However, these 
savings are not enough to solve the projected water scarcity 
challenges. 

Another important engineering intervention is the South-
to-North Water Transfer (SNWT), if fully implemented. Only the 
western route, one of three routes planned, could relieve 
water shortages in the YRB, by transferring 20 km3 from the 
Yangtze for irrigation and mid-stream economic development. 
However, the technical challenges and expected economic and 
ecological side effects may prevent this route from 
development in the foreseeable future. 

Extreme water scarcity in the YRB does not leave much 
room to operate. Each proposed solution has limits and has 
technical, political, or environmental challenges which prevent 
it from single-handedly solving the water crisis. Thus, a solution 
to water scarcity in the YRB must include a large variety of 
interventions. For this to be possible the basin will require a 
high level of institutional and technical integration across all 
water users and uses. 
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