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Fig.6 Conditional distribution of water level under extreme cases of sea level before and after intensive human interventions
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Fig.7 Conditional distribution of water level under extreme cases of river discharge before and after intensive human interventions
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Fig.8 Conditional distribution of water level under extreme cases of sea level and river discharge
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P (m) (m) (m)
0.1 1.03 0.81 -0.21
0.5 2.15 1.27 —-0.88
0.9 3.49 2.25 -1.24
0.1 0.96 0.70 -0.26
0.5 1.73 1.08 —-0.65
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0.5 0.95 0.87 —-0.07
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0.9 0.91 0.82 -0.09
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ABRUPT VARIATION OF JOINT DISTIBUTION OF WATER LEVEL, SEA LEVEL, AND
RIVER DISCHARGE IN THE MODAOMEN ESTUARY OF THE ZHUJIANG (PEARL)
RIVER

TANG Qi-Bang', OU Su-Ying”**, ~CAI Hua-Yang”** ~ YANG Qing-Shu®**

(1. School of Marine Sciences, Sun Yat-sen University, Guangzhou 510275, China; 2. Institute of Estuarine and Coastal Research, School
of Marine Engineering and Technology, Sun Yat-sen University, Guangzhou 510275, China; 3. State and Local Joint Engineering
Laboratory of Estuarine Hydraulic Technology, Guangzhou 510275, China; 4. Guangdong Provincial Engineering Research Center of
Coasts, Islands and Reefs, Guangzhou 510275, China)

Abstract The change of water level in an estuary is resulted from dynamic interaction of the runoff and tide. However,
in the past 30 years, the influence of strong human activities on the estuary environment has far exceeded the self-healing
ability of the environment, resulting in the abnormal change of water level. To study such changes, the Modaomen estuary
of the Zhujiang (Pearl) River was selected as a typical area of study. The Modaomen estuary was dramatically affected by
the intensive human interventions. The Copula method was used to quantitatively analyze the variation of water level
caused by strong human activities at the same upper and lower boundary (the river discharge at Makou hydrological station
and sea level outside the estuary). The results show that after intensive human interventions, river-bed was substantially
deepened. The impact of sea level on the monthly averaged water level observed at each station was considerably enhanced,
while the impact of river discharge observed at Makou station on the monthly averaged water level at other stations was
weakened. The water level that obtained at Ganzhu and Denglongshan stations after intensive human interventions showed
a lower water level under the same probability event. The sea level of Sanzao station showed an increasing trend after
intensive human interventions. The change of probability distribution of river discharge observed at Makou station
displayed no apparent change after intensive human interventions. The joint dependencies of water level, sea level, and
river discharge presented an obvious change. The sensitivity of the relationship between low water level and sea level
increased, while the sensitivity of the relationship between high water level and sea level decreased. The sensitivity of the
relationship between low water level and river discharge remained unchanged, while the sensitivity of the relationship
between high water level and river discharge of the Zhujiang River decreased significantly. After the intensive human
interventions, the water level distribution in each station was narrowed. At a same given probability of sea level and river
discharge, the water levels show an ever-decreasing trend in each station. When the encounter probability of water
level-sea level and water level-river discharge ranging 0.1-0.9, the monthly averaged water levels decreased by 0.01-1.24m.
The variation under the condition of low sea level and low discharge was significantly lower than those for high sea level
and high discharge. In addition, the monthly averaged water levels observed at upstream stations decreased more
significantly than those of downstream stations. Results obtained from this study can provide technical support for the
assessment of the impact of intensive human interventions and the sustainable development and utilization of water
resources in the Zhujiang River deltaic regions.

Key words water level; human activities; river discharge; sea level; Copula joint probability distribution



