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billion dollar US stream restoration enterprise. This was a decidedly pragmatic program. Its 

major contributions include developing tools, including adapting results from the other two 

NCED programs, to providing a better watershed context for stream restoration, which is often 

done on a purely local, piecemeal basis. This program also produced important advances in 

understanding localization of denitrification ‘hot spots’ in streams, and how these might be 
predicted and used to optimize the performance of restored stream corridors in removing 

nutrients from stream water. It also produced major improvements in prediction of stream-

channel geometry and floodplain characteristics, with the aim of promoting better channel-

floodplain integration in restoration design, and provided a template for gathering information on 

public preferences for restoration, and incorporating these into design as well. 

NCED reached its sunset in 2012, but its successor, NCED2, continues to the present day, 

headquartered at SAFL. While it no longer directly funds research on large scales, NCED2 

continues the major community-oriented aspects of the NCED STC program, including our 

extensive Native American science network, the annual Summer Institute for Earth-Surface 

Dynamics (SIESD), and our collaborative network for coordinated, co-mentored postdoctoral 

research. A link to NCED Annual Reports 2003 to 2011 which give information on NCED 

accomplishments is http://www.nced.umn.edu/about/official-documents. 

Landscape evolution and reorganization by rainfall and runoff: A series of controlled 

laboratory experiments were conducted at the eXperimental Landscape Evolution (XLE) facility 

of the St. Anthony Falls Laboratory to study the effect of changing precipitation patterns on 

landscape evolution at the short- and long-time scales. Results from these experiments showed a 

distinct signature of the precipitation increase on the probabilistic and geometrical structure of 

landscape features [Singh et al. 2015]. The results further revealed rapid topographic 

reorganization under precipitation increase with the fluvial regime expanding into the previously 

debris dominated regime, accelerated erosion happening at hillslope scales, and rivers shifting 

from an erosion-limited to a transport-limited regime [Singh et al. 2015; Tejedor et al. 2017]. 

Efforts are underway to reproduce the results obtained from these physical experiments using 

numerical modeling [Abed-Elmdoust et al. 2017]. 

INNOVATIONS IN INSTRUMENTATION AND EXPERIMENTAL FACILITIES 

Measurement Systems: Since its inception, SAFL has developed novel instruments, 

measurement techniques, and experimental facilities to study a wide array of research and 

engineering topics. In the early years, these pioneering devices included probes to measure air 

content and velocities of bubbly flows, surface waves using acoustics, and bedload and 

suspended sediment transport. Since that time, and in parallel with the birth and rapid advances 

in personal computing, a wide array of measurement and control tools has been added to SAFL’s 
instrumentation inventory. The following is a partial list of items related to environmental 

research. 

 Sediment transport measurements systems to measure temporally and spatially varying 

bed load transport at field scale and to measure suspended fine sediment flux from 

landscape evolution facilities. 

 A system for producing high-resolution, large area digital images, primarily to aid in the 

analysis of experimental sedimentary stratigraphy. 

 High speed measurement and control carriages used for general automated measurement 

and data acquisition including an innovative surface measurement system capable of 

millimeter resolved topographic and bathymetric measurements (Figure 13) unlimited in 
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spatial extent with a data acquisition rate of up to 200,000 surface elevation points per 

second. 

 Networked field based real time measurement and control systems making a wide range 

of environmental measurements. 

 
Figure 13. High resolution topographic scan  

of experimental landscape. 

 
Figure 14. XES basin during construction and typical experiment. 

Facilities: SAFL has also gained an international reputation for the design and automated 

control of novel research facilities which incorporate user friendly control interfaces such as the 

following examples. 

 eXperimental EarthScape basin (XES), more affectionately known as Jurassic Tank 

(Figure 14). Used to study river delta and basin morphodynamics on geologic time scales, 

this basin is unique in that it incorporates the effects of tectonics on surface processes by 

simulating deformation of tectonic plates through the use of 432 independently controlled 

cells. Featured in Science (Stokstad 2000), it is the first system ever built capable of 

controlled physical experiments on the formation of large-scale stratigraphic patterns, 

which develop through the interplay of tectonic deformation and sedimentation. The 

basin hosts SAFL’s most advanced data carriage that measures sub-aerial topography and 

subsurface bathymetry during experiments and assists in slicing and imaging stratigraphic 

sections in the experimental deposits. 
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 Delta Basins I and II. Similar to the XES, these basins physically model geologic 

processes and primarily study delta geomorphology that results from tectonic uplift or 

subsidence and changing sea level, variable inputs of water and sediment, and the 

presence of waves and tides. A SAFL high speed measurement carriage is integrated into 

these experimental facilities. 

 eXperimental Landscape Evolution (XLE) facility (Figure 13). This facility simulates 

mountain landscapes that result from uniform or differential tectonic uplift in the 

presence of rainfall induced erosion. The uplift and rainfall rates are user settable and 1 

million points of 0.5 mm resolved topography can be acquired in 5 seconds. Water and 

sediment fluxes from the basin are monitored using a unique SAFL designed 

measurement system. 
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