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Abstract
Addressing the equitable management of an international boundary river, this study aims to find the optimal strategy with
regard to how to build multi-purpose dams and allocate the benefits and costs thereof. The interests of the riparian countries
(North Korea and China) are defined in terms of the cooperative 2-person nonzero-sum game, and the Nash product is then
calculated for various alternative strategies. The results reveal that the Kangkudong Dam and the Simpo Dam should be
collaboratively constructed, and that the benefits of the 2 dams should be allocated according to relative demand in order to
provide North Korea and China with sufficient benefits and to equitably address their conflicting interests. Furthermore, the
suggested strategy was found to be optimal or at least quasi-optimal when the North Korean economy, which is regarded as
a crucial source of uncertainty in this case, moved from a low-growth scenario to a high-growth scenario.
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Introduction
The Tumen River passes through the international boundary
between China, North Korea, and Russia, as depicted in
Fig. 1. The river originates from a basaltic plateau, which
surrounds Baekdu Mountain, with an altitude of 2 750 m, and
then flows into the East Sea. The abundant water, which averages 6.8 billion m 3/yr, has huge potential as a water resource
as well as an electricity source for the riparian countries. As
China, Russia, and South Korea have recognised the economic value of developing the Tumen River, a joint team,
comprising members from these nations and supported by
the United Nations Development Program (UNDP), recently
investigated the geographical and hydrological characteristics of the river, as summarised in Table 1. As a result, the
joint team recommended that 2 multi-purpose dams be constructed. The Kanggudong Dam and the Simpo Dam were
estimated to enable a water supply of 845 million and 940
millionm 3/yr, and electricity supply of 350 and 275 GWh/yr,
respectively (the plan is often referred to as the Tumen River

Total watershed area
River length
Slope
Average temperature
Average precipitation
Population

Figure 1
Location of the Tumen River basin

Table 1
Hydrologic characteristics of the Tumen River basin

33 168 km
516 km
4.84%
2-6°C
570 mm/yr
Aprox. 2 million people

Data source: K-Water (2004)
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China: 69.3%, North Korea: 30.3%, Russia: 0.3%
Upstream: 77.3 km, midstream: 256.8 km, downstream: 164 km
Upstream: 10.02 %, midstream: 1.65 %, downstream: 0.35 %
Maximum: 36 ~ 38°C (summer), minimum: -40 ~ -35°C (winter)
70% from June to September (rainy season)
China: aprox. 1.5 million; North Korea: aprox. 0.5 million
Area Development Programme, hereafter simply referred
to as TRADP). Furthermore, the river is known for its huge
coefficient of river regime, i.e. the ratio between the maximum and minimum amount of flow, of 300. Owing to this feature of extreme seasonality, people in the riparian area have
frequently suffered the consequences of floods and droughts.
The 2 proposed dams are expected to effectively relieve these
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