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[1] Instruments for distributed fiber-optic measurement of temperature are now available
with temperature resolution of 0.01�C and spatial resolution of 1 m with temporal
resolution of fractions of a minute along standard fiber-optic cables used for
communication with lengths of up to 30,000 m. We discuss the spectrum of fiber-optic
tools that may be employed to make these measurements, illuminating the potential
and limitations of these methods in hydrologic science. There are trade-offs between
precision in temperature, temporal resolution, and spatial resolution, following the square
root of the number of measurements made; thus brief, short measurements are less precise
than measurements taken over longer spans in time and space. Five illustrative
applications demonstrate configurations where the distributed temperature sensing (DTS)
approach could be used: (1) lake bottom temperatures using existing communication
cables, (2) temperature profile with depth in a 1400 m deep decommissioned mine shaft,
(3) air-snow interface temperature profile above a snow-covered glacier, (4) air-water
interfacial temperature in a lake, and (5) temperature distribution along a first-order
stream. In examples 3 and 4 it is shown that by winding the fiber around a cylinder,
vertical spatial resolution of millimeters can be achieved. These tools may be of
exceptional utility in observing a broad range of hydrologic processes, including
evaporation, infiltration, limnology, and the local and overall energy budget spanning
scales from 0.003 to 30,000 m. This range of scales corresponds well with many of the
areas of greatest opportunity for discovery in hydrologic science.
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1. Introduction

[2] Hydrologic processes are strongly influenced by
interacting processes that span spatial scales from centi-
meters to kilometers, presenting profound challenges for
description, modeling, and observation. Focusing on obser-
vation, most in situ sensing systems report data for some
sphere of influence centered at a point (e.g., stream gauge,
soil moisture, rain gauges). In principle, by placing many
such sensors closely spaced along transects it would be
possible to observe processes across a range of scales,
however this is typically impractical in anything close to
an exhaustive manner. In addition, errors between sensors
can be large in comparison to actual temperature differ-

ences, for example down a stream. Taking first-order
streamflow generation as an example, the contributing area
is typically on the order of 1 km2 (106 m2). To characterize
by point measurements with spheres of influence of 0.1 m2

(e.g., rain gauge or neutron probe), to cover even 1% of this
area would require on the order of hundreds of thousands of
sensors, which is in general practically impossible. Though
great progress has been made in understanding hydrologic
processes within the constraints of point measurements, the
ability to physically monitor processes at tens of thousands
of points in time could be very revealing of heretofore
hidden interactions and processes.
[3] This motivation has brought many new and exciting

technologies to hydrologic research in the past decade,
largely in the form of remote sensing [e.g., Schultz, 1988;
Schmugge et al., 2002]. Several tools have allowed for sub-
1-m2 resolution: airborne laser scanning [e.g., Wehr and
Lohr, 1999] has allowed characterization of landscape
surface elevation and vegetation density; satellite imagery
has allowed documentation of spectral response and tem-
perature; and lidar [e.g., Pinzón et al., 1995] has facilitated
observation of the distribution of humidity in space and
time; forward looking infrared (FLIR) has provided tem-
perature at sub-1-m resolution that can be used to charac-
terize a variety of hydrologic parameters [Loheide and
Gorelick, 2006]. Each of these now well known technolo-
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