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Introduction 

 
 

• Quantifying global riverine discharge (water, sediment and 

nutrients) is an important scientific undertaking for a 

multitude of reasons (e.g. water security, env. sustainability, 

climate change).   

 

• Unfortunately only a small fraction of global rivers are 

monitored on a frequent and long-term basis. 

 

• It was estimated that sediment fluxes to the oceans are 

monitored for less than 10% of the Earth’s rivers and intra-

basin measurements are even scarcer.  
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Introduction 
 

• Freshwater ecosystems are experiencing rapid transformations in 

response to population growth and economic development. 
 

• Predicted impacts of climate change introduce major concerns for 

water security and eco-sustainability.  
 

• Continental and global scale analysis of climatic and anthropogenic 

effects on freshwater systems is therefore warranted and timely.  
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Modeling Approach 

• We developed the WBMsed model  (Water Balance Model 

sediment) – a global scale spatially and temporally explicit 

riverine sediment flux model. 

• An implementation of the Framework for Aquatic Modeling in the 

Earth System (FrAMES; Wisser et al. 2010), a multidisciplinary 

hydrological/biogeochemical modeling scheme.  

• . 
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Modeling Approach: Water 

• The hydrological engine of WBMsed is a fully coupled water balance 

and transport model that simulates the vertical water exchange 

between the land surface and the atmosphere and the horizontal water 

transport along river networks.  

• WBM (Vorosmarty et al., 1989) was probably the first hydrological 

model applied to a global domain.  

• The main advantage of WBM is the high degree of flexibility in 

computation domains, input data, hydrological modules and 

configurations.  
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Modeling Approach: Water 

The WBMsed v2.0 model introduced an improved water routing 

scheme that account for bankfull discharge and floodplain storage of 

flood waters 
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Fig. 1: Schematics of the floodplain reservoir component in WBMsed v2.0.  
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Modeling Approach: Sediment  
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• WBMsed parameters: 
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Modeling Approach: Nutrients 
• The WBMsedNEWS model simulates flux of particulate Nitrogen, 

Phosphorus and Organic Carbon as a function of daily suspended 

sediment concentration.   
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Model Validation and Uncertainty 
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Model Validation: Water & Sediment 

10 

Cohen et al. 2014, Global Planetary Change 



Model Validation: Water & Sediment 
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Case Study 1: Anthropogenic impacts 

• Humans are both increasing sediment flux by inducing soil 

erosion and decreasing fluxes by trapping sediment in reservoirs 

and behind dams. 
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Case Study 1: Anthropogenic impacts 

Introduction: 

 

• Riverine water discharge has generally decreased due to water 

intake form surface and groundwater sources for domestic, 

industrial and agricultural activities and increased evaporation 

from manmade reservoirs.    

 

• It was previously estimated that the discharge of global rivers has 

decreased by nearly 30% for sediment and 3.5% for water 

(Vörösmarty et al., 2003 and Döll et al., 2009 respectively). 
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Case Study 1: Anthropogenic impacts 
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Methodology: 

• Pristine vs. Disturbed 
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Water Discharge 

Sediment 
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Disturbed vs. Pristine - % change  
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change  



Summary of USGS Stream Guages: 

Platte River in Nebraska, USA 
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USGS Stream Gauges:  
Platte River, Nebraska 
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Case Study 2: 50 yr Dynamics 
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Case Study 2: 50 yr Dynamics 
• Departure from mean 
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Case Study 2: 50 yr Dynamics 
• Departure from mean 

Water Discharge Sediment Flux 
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Case Study 2: 50 yr Dynamics 

• Sediment departure vs. 

Water departure Sediment Flux 
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Case Study 2: 50 yr Dynamics 

• Sediment, Water, Lithology, Precipitation 
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Case Study 2: 50 yr Dynamics 

• Sediment departure vs. 

Water departure Sediment, 
 Lithology 

Water, 
 Precip. 
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Case Study 2: 50 yr Dynamics 

• Intra-basin patterns of precipitation can enhance or dampen 

sediment yield as a function of relief and lithology. 

 

• Years with above average precipitation in high relief and soft 

lithology regions will yield a sediment flux that significantly 

exceeds increases in water discharge. 

 

• As future climate change is expected to significantly change 

precipitation, land-use and vegetation patterns, our results 

suggests that sediment, nutrients and water discharge dynamics 

may be altered in nontrivial ways. 
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