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INTRODUCTION 

Management of the Yellow River Basin (YRB) is critical for China’s 
agricultural production and socioeconomic development. The 
cultivated area in the basin is about 13 percent of the total 
cultivated area in China, but the basin holds only 3 percent of the 
country’s water resources. At the same time, the basin provides 
water to an estimated 150 million people—both inside and outside 
the basin area—and rapidly growing industries in the downstream 
area and, more recently, the midstream area, where mining and 
chemical industries are expanding. As a result, the basin faces 
severe water shortages. To address decades of river-flow cutoffs, 
the government enforced the cross-provincial, quota-based Water 
Allocation Agreement of 1987 through Unified Water Flow 
Regulation (UWFR) in 1999. This policy was in line with the past 
decade’s renewed focus on sustainable water use and efforts by the 
Government of China to keep the Yellow River “healthy.” The UWFR, 
however, did not take into account the value of water in various 
uses, and water users forced to give up water resources—primarily 
irrigators in the upstream and midstream provinces—were not 
compensated.  

This project note is based on a paper that analyzes the potential 
impact of irrigation-water-rights trading on the basin gross domestic 
product (GDP) using a multi-agent system (MAS) modeling 
framework. 
 
MODEL OVERVIEW AND SCENARIO DEFINITION 

The MAS model is populated with aggregated data from the water-
simulation model of the Yellow River Conservancy Commission 
(YRCC). A total of 52 water-use agents are defined: nine for the 
provinces sharing Yellow River flows, three to reflect downstream 
ecological needs, five to represent key reservoirs, and the 
remainder to represent key tributaries and inflows. The model is 
calibrated to 2000 data. Using this modeling framework, we 
compare two scenarios to evaluate the consequences of changes 
from the current scheme of water allocation (that is, business-as-
usual under the current UWFR based on the 1987 allocation 
agreement): (1) water allocation across provinces without quotas, 
and (2) water trading among agents using irrigation water. For the 

lower three ecosystem agents, we also assess the impact of using 
environmental flow requirements (as established by several 
Chinese studies) on the potential for water trading. 

The scenario without regulation mimics the situation before 
the UWFR was implemented, so the only constraint affecting water 
users would be the physical limit of water availability. An obvious 
result from this scenario is that upstream water users will take 
advantage of available water while downstream water users can 
only utilize whatever is left from upstream. The water-trading 
scenario is implemented through a price bargaining process, where 
local water prices are adjusted to ensure that the systemwide total 
water consumption matches the total value of water permits.  

The environmental flow scenario establishes stream-flow 
requirements for the three downstream ecosystem agents 
(Huayuankou, Gaochun, and Lijin). Requirements are differentiated 
for a normal flow period (from November to March), a fish nursery 
period (from April to June), and a flooding period (from July to 
October). 
 
IMPACT OF THE UWFR ON WATER USE AND GDP 

As expected, annual water consumption under the scenario 
without regulation is higher—by 11 percent (38.3 billion cubic 
meters (m3) compared with 34.5 billion m3 under the UWFR). At 
the same time, the basin-wide GDP—at 1123.26 billion RMB under 
the scenario without regulation—is 10 percent lower than the 
1246.68 billion RMB achieved under the UWFR scenario. As a result 
of increased water consumption without the UWFR, flows to 
downstream ecosystems are reduced and flow cutoff events occur 
from February to June. Flow impacts are even stronger for the 
ecosystem agent that is farthest downstream, where cutoff periods 
start in February and continue through December. These results 
reflect the period from 1972 to 1998, before the UWFR was 
enforced, and show the benefit of the UWFR for downstream 
ecosystem flows. Moreover, basin-water consumption under the 
UWFR scenario is lower and GDP higher as compared with the 
unmanaged scenario. Although some upstream agents experience 
declines in GDP (by about 2.5 billion RMB annually), total basin 
GDP is higher.  
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IMPACT OF WATER TRADING ON WATER USE AND GDP 

The annual water consumption under the water-trading scenario is 
slightly lower at 33.8 billion m3 than the annual water consumption 
under the UWFR scenario while total GDP is higher at 1270.1 billion 
RMB in the former scenario. As expected, water-use agents 
upstream use less water under the water-trading scenario 
compared to the UWFR scenario (a decline of about 3.27 billion 
m3), while midstream and downstream agents use more (2.55 
billion m3). Thus, upstream agents tend to sell water to gain 
revenue, while downstream agents buy water for greater water-
use benefit. The GDP increase is 5.64 billion RMB for upstream 
agents and 17.8 billion RMB for midstream and downstream 
agents, with a total GDP increase of 23.45 billion RMB. 

Figure 1 presents the results for water consumption by 
province (from upstream to downstream) under the unmanaged, 
UWFR, and water-trading scenarios. The water-trading scenario 
follows prescribed withdrawals downstream to support the 
ecosystem agents, but also reallocates water from Inner Mongolia 
and Ningxia to Shanxi, Shaanxi, and Gansu provinces. 

Figure 1: Water consumption in the YRB under alternative 
allocation scenarios 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note: Provinces are shown from upstream to downstream. 
 

For all months evaluated, the quantity of water sold exceeds 
the quantity of water purchased. The additional water is assumed 
to be purchased by the Government to fulfill ecosystem flow 
requirements. The total value of water transactions of 2.95 billion 
RMB is actually quite low compared with the total additional basin-
wide GDP increase. As such, water trading increases the basin 

economy by more than 20 billion RMB, and the implementation is 
economically efficient. The results of the water-trading scenario 
demonstrate that basin-wide water-related GDP can increase 
under water trading despite strict flow control measures for the 
downstream ecosystem.  

 
CAN THE YRB ECONOMY ACCOMMODATE FULL ENVIRONMENTAL 
FLOW REQUIREMENTS?  

The UWFR was implemented mainly to restore downstream flows 
in the YRB and to preserve the ecosystem in the delta area. 
However, studies on environmental flow requirements for the YRB 
delta suggest that flows should be greater than those listed in the 
UWFR, particularly to preserve deltaic fish nurseries from April to 
June.  

Under the environmental flow scenario as specified above, 
water purchases decline to zero for the months of January, April, 
and June. Thus, no one is buying water in the basin during those 
months; instead agents consume water equivalent to municipal 
and industrial needs, which receive highest priority. At the same 
time, agents sell large amounts of water to support the high 
ecosystem demands. Despite these sales, instream flow 
requirements cannot be met fully in the months of January, April, 
and June. Thus, it is physically impossible to satisfy both human 
and ecosystem requirements in those months unless additional 
measures, such as reservoir re-operation or new infrastructure 
development, are undertaken. As water scarcity increases under 
the environmental flow scenario, water-trading prices on the 
mainstream also rise by 30 percent compared with the UWFR 
scenario, where they rise from 1.16 RMB/m3 to 1.62 RMB/m3.  
 
CONCLUSION 

Water trading has the potential to mitigate growing water 
shortages in the YRB. Ongoing intra-provincial irrigation-to-
agriculture transfers provide important inputs for the potential 
development of inter-provincial water trading, which has been 
discussed for several years by both policymakers and water 
allocation managers at the Ministry of Water Resources and the 
YRCC. Such a reallocation could increase the water allocation 
efficiency of the 1987 cross-provincial water-allocation agreement. 

Water trading can improve the net benefits of water users in 
the basin as well as overall basin water use efficiency. Importantly, 
benefits vary significantly across space and time. Overall welfare 
increases would be even higher if M&I would not receive first 
priority and thus would become an active water trading sector.  
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