
Investigating Lava Properties and Dynamics Using 
Experimental Lava Flows, Computer Vision, and Numerical Modeling

Experimental Setup

where α  is a regularization constant. 

We employ an implementation of the classic 
differential optical flow algorithm developed at 
Brown University by Sun et al (2010), which 
includes many modern improvements, such as:

Objectives
 To place tighter constraints on 
the rheological parameters of 
flowing lava.
   To understand lava flow behav-
ior under a range of conditions

We use basalt from the Chengwatana lava flows in 
Wisconsin. The basalt is approximately 48 wt% SiO2, 
15% Al2O3, 15% Fe2O3, 9% CaO, 7% Mg, and 2.5% 
Na2O. The Mg# is between 0.42 and 0.57 (Boerboom 
and Lusardi, 1998).

Extracting Velocities from Videos – Optical Flow Methods
Optical Flow is a Computer Vision technique 
used for calculating the relative velocity 
between two images or frames. We employ a 
variant of optical flow that calculates the velocity 
using the spatial and temporal gradients of the 
image intensity I.
The basic assumption of differential optical flow 
is the conservation of intensity, expressed by 
the Optical Flow Equation:

0 = Ix u + Iy v +It

where Ix, Iy and It are the derivatives of the 
image intensity values along the x, y and time 
dimensions respectively, V = [u,v]T is the optical 
flow vector.
The fundamental algorithm of differential optical 
flow was developed by Horn and Schunk (1984).

•  Coarse-to-fine to deal with large motions
• Pre-processing texture decomposition or high-order filter constancy
•  Median filtering after each incremental estimation step to remove outliers 
•  Temporal averaging of image derivatives
•  Bicubic interpolation-based warping 
•  Graduated non-convexity to minimize  non-convex energies
 

The flow is formulated as a global energy 
functional which is then sought to be minimized. 
This function is given for two-dimensional image 
streams as:

We developed a new methodology for in-
vestigating lava rheology, described in 
the flow chart below.  We first obtain de-
tailed velocity fields of flowing lava cre-
ated in a large-scale experimental setup. 
We then model the lava flow, and search 
for the most suitable model to match the 
observed deformation field.

• We present a new methodology for investigating the rheology of lava during flow emplacement.
• We demonstrate our methodology on lava flows produced by melting large quantities of basalt in a furnace and 
poured to create lava flows, as part of the Lava Project at Syracuse University. 
• The deformation of the lava is evaluated using Optical Flow, a technique to extract velocities from video frames.
• Observations are compared with predictions from analytical and numerical flow models.
• We are able to place constraints on the power-law exponent of the strain-rate dependence of viscosity, as well 
as on its temperature-dependence.

The key components of our setup are:
•  High-temperature tilting furnace
•  Filming equipment:  
 º  High-resolution visible-light camera
 º Thermal radiation protective 

enclosure and screen
  º Infrared thermal camera
 º  Boom and tripod
•  Flow bed: sand/gravel/clay/ice/steel , 
 Unconfined or channelized
•  Scale bar – each segment is 10cm.
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Unconfined Flows and the 
Lava’s Apparent Viscosity

Comparing the viscosities estimated from the analyti-
cal �ow models to the ones predicted by petrological 
calculations based on the basalt composition. 
GRD = Giordano, Russel and Dingwell, 2008
Shaw = Shaw 1972 (CONFLOW).

Frames from videos of uncon�ned �ows with varying 
slopes. Overlay colors show velocity magnitude contours. 
Arrows show velocity direction.
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Lava �ow velocity is expected to depend on the lava viscosity and density, as well as on the 
ground slope, gravity, and the �ow dimensions. We ran a set of experiments in which lava was 
poured on an inclined sand bed  with varying slopes. We compared the maximum �ow veloc-
ity observed using Optical Flow to that predicted by two simple analytical �ow models:
1) In�nitely wide sheet �ow (Turcotte and Schubert, 2002):

2) Con�ned channel �ow (Gri�ths et al, 2003):

H=�ow thickness, W=�ow width, θ = bed slope, g=gravity, ρ=density, η=viscosity, V=velocity.
Both models assume linear (Newtonian) viscosity.

We �nd that the best �t to the observations was obtained using a viscosity of 145 Pa s and the 
con�ned channel model. This value matches well with the values predicted by petrological 
calculations based on the lava composition and temperature. 
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Straight-Channel Flows – 
Temperature-  and Strain-rate 
Dependence of Viscosity
To gain more control on flow behavior, we designed a rectangular steel flume for the lava to 
flow within. We then investigated the dependence of deformation and viscosity on the  
strain rate and temperature. 
We chose to model the flow of a pour into a channel with a slope of 17°, which achieved the 
most steady flow. 
The well-known flow geometry, and the fact that flow was practically in steady-state, en-
abled us to construct a simple finite-element model of the flow. 

We employ the multiphysics finite-element code ELMER (http://www.csc.fi/english/pages/elmer) 
Our model domain is a 2D rectangular unstructured mesh, 0.2 x 3 m.
Temperature was set as a boundary condition. The temperature field we used in the model 
was taken from a thermal camera reading of the flow (see image below). 

Results:
We compare cross-channel profiles of the velocity between the observations and the 
models. Profile was taken in the black box shown in the left-hand figure. We find that the 
best fit to the observed velocity profile is found for:
  n>0.7
  B=5500J
  A=-5.33

We use the following constitutive relations, and vary the parameters A, B, and n:
   Temperature-dependent viscosity:      Power-law viscosity:

Since 2D and 3D models did not di�er signi�cantly, we report results for the 2D runs only.

10^(-A+B/T-610)

Cross-channel velocity profiles comparing 
the observations (dashed black line) with 
models with a range of power-law exponent.

Cross-channel velocity profiles comparing the 
observations (dashed orange line) with models 
with a range of effective activation energy B.

Summary Volatiles

Application to Hawaiian Flows

Lava-Substrate Interaction

Slow pour onto dry gravel. Note the 
highly crenelated margin and thick flow.

Slow pour onto dry sand. Note the 
smooth margin and thin flow.

Pour onto damp 
clay (13% LOI). 
Note the unique 
margin features

Motivation
Effusive lava flows present a danger to 
infrastructure, property and the environ-
ment. On the other hand, they also pro-
vide a record of past environments and 
eruption conditions.
Both the mitigation of the hazard that ef-
fusive lava flows and the interpretation of 
past flows rely on accurate models of 
lava flow. In turn, these models rely on 
good knowledge of the material proper-
ties of the lava. Unfortunately, this is a 
rather poorly constrained parameter. 

Volatiles have a strong influence on 
the mechanical and thermal 
properties of lava. We examined a 
few samples from the solidified lava 
in a CT scanner. We found that 
bubbles make up less than 5% of 
the sample volume. 
 
We also looked at the behavior and 
morphology of lava flowing over 
wet and damp substrate. The large 
bubbles are a result of dewaterizing 
of the clay underneath.

The morphology of solidified lava flows can hold clues to the environmental conditions at the 
time of the eruption. Here we look at the difference in after-the-fact margin morphology after 
flowing on dry sand, gravel, and wet clay.

We validate the results from optical flow by comparing them to results from particle tracking. In 
this figure we track the motion of a bright patch, and show that the average OF velocity matches 
with that calculated by patch motion.

Optical flow methods can be readily applied to videos of natural lava flows (e.g., James et 
al., 2007 for Etna). Here we show a few examples of velocity fields obtained for flows in 
Hawai’i. In the abcense of obkects of known dimensions in the frame, it is impossible to 
determine absolute velocity magnitude. It is, however, still possible to identify regions of 
high shear and flow localization.

CT scan of 
solidified
lava
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Gansecki

A)-B) - Frames from the movie “Rivers Of Fire”, of the 1984 Mauna Loa eruption.
C) Lava cascade from the September 2011 Puu oo eruption. Video by Cheryl Gansecki 
(Volcano Video ) and Tim Orr (USGS). Height of cascade ~3 m -> velocity about 6 cm/sec.
D) Flow in the Puu oo lava lake. Video from USGS caneras.

Lava flowing in the steel channel

Numerical model setup

FLIR image of 
the lava


