
Near Surface Geophysics in the 21st Century: Advancing Understanding of Earth System 
Processes from Remotely Sensing the Subsurface. 

The American Geophysical Union defines Near-Surface Geophysics (NSG) as the “development 
and application of any and all geophysical methods to study the near-surface region of the Earth, 
to advance the fundamental science of geophysical imaging (data acquisition, inversion, 
interpretation), and to address key questions about subsurface properties and processes”. Thirty 
years ago, near surface geophysicists performed basic and applied science needed to non-
invasively visualize subsurface structures (both natural and man-made) and estimate static 
physical (e.g., hydrogeological, mechanical, geochemical) properties of earth materials, typically 
in only 1 or 2 dimensions. The past few decades have witnessed a paradigm shift in NSG, driven 
by, (1) recognition of the sensitivity of time-lapse geophysical observations to a wide range of 
hydrogeological, biogeochemical and microbiological processes occurring within the near 
surface (including the Critical Zone), and (2) technological advancements such as fully 3D 
imaging and autonomous data acquisition from diverse (land-, water- and air- borne) platforms.  

Today, near surface geophysicists are interdisciplinary scientists that bridge many AGU 
disciplines, performing collaborative research in hydrology, biogeosciences, hazards and 
cryosphere sciences. They are experts in minimally-invasive 4D (space plus time) imaging of the 
subsurface Earth, much like a medical expert using non-invasive technologies to image the 
human body, or an earth and space scientist using remote sensing to understand the properties of 
the land surface. The spatially rich, high-resolution information obtained from modern 
geophysical technologies can identify subsurface regions of interest, for example hotspots of 
biogeochemical activity, for further invasive, diagnostic sampling. Near surface geophysicists 
perform research over multiple scales, from plot-scale studies of root-moisture dynamics in the 
rhizosphere to watershed-scale investigations of weathering fronts in the deep critical zone or 
monitoring changes in water storage or water quality in deep aquifers.  

I will offer a perspective on the evolution of NSG as a driver of interdisciplinary science over the 
last two decades, documenting successes and failures in a quest to establish relationships 
between geophysical observations and hydrogeological and biogeochemical properties and 
processes. Focusing on electrical geophysical techniques, I will draw upon examples where the 
unique qualities of NSG datasets advanced understanding of fluid flow and transport and 
biogeochemical transformations occurring across multiple scales within the Critical Zone. I will 
also highlight how NSG exemplifies solution-based science, by touching on environmental, 
geotechnical and archaeological examples of integration of science into practice. I will reflect on 
the frustrating potential pitfalls of near surface geophysics, most notably that (1) geophysical 
observations only provide proxies of the subsurface properties and processes of interest, and (2) 
inversion of geophysical datasets to produce images of the subsurface requires skill (and 
honesty) that, if lacking, can result in gross misinterpretation of the subsurface. However, the 
outlook for NSG as an essential interdisciplinary field of the earth sciences is overwhelmingly 
positive, as I will highlight with new opportunities for research and professional development of 
a diverse geoscience workforce.   


