
Review

Aquatic color radiometry remote sensing of coastal and inland waters:
Challenges and recommendations for future satellite missions

Colleen B. Mouw a,⁎, Steven Greb b, Dirk Aurin c, Paul M. DiGiacomo d, Zhongping Lee e, Michael Twardowski f,
Caren Binding g, Chuanmin Hu h, Ronghua Ma i, Timothy Moore j, Wesley Moses k, Susanne E. Craig l

a Michigan Technological University, 1400 Townsend Drive, Houghton, MI 49931, United States
b Wisconsin Department of Natural Resources, 2801 Progress Road, Madison, WI 53716, United States
c Science Systems and Applications, NASA Goddard Space Flight Center, Code 616, Bldg. 22, Room 248, Greenbelt, MD 20771, United States
d NOAA/NESDIS Center for Satellite Applications and Research, 5830 University Research Ct., College Park, MD 20740, United States
e University of Massachusetts-Boston, 100 Morrissey Blvd., Boston MA 02125, United States
f WETLabs Inc., 70 Dean Knauss Dr., Narragansett, RI 02882, United States
g Environment Canada, 867 Lakeshore Road, Burlington, Ontario, Canada
h University of South Florida, College of Marine Science, 140 Seventh Ave. South, St. Petersburg, FL 33701, United States
i Nanjing Institute of Geography and Limnology, Chinese Academy of Sciences, 73 East Beijing Road, Nanjing 210008, PR China
j University of New Hampshire, 8 College Road, OPAL/Morse Hall, Durham, NH 03824, United States
k Naval Research Laboratory, 4555 Overlook Ave SW, Washington, D.C. 20375, United States
l Department of Oceanography, Dalhousie University, Halifax B3H 4R2, Canada

a b s t r a c ta r t i c l e i n f o

Article history:
Received 10 January 2014
Received in revised form 3 February 2015
Accepted 5 February 2015
Available online 18 February 2015

Keywords:
Remote sensing
Optics
Coastal oceanography
Limnology
Water quality

Aquatic color radiometry remote sensing of coastal and inlandwater bodies is of great interest to awide variety of
research, management, and commercial entities aswell as the general public. However,most current satellite ra-
diometers were primarily designed for observing the global ocean and not necessarily for observing coastal and
inland waters. Therefore, deriving coastal and inland aquatic applications from existing sensors is challenging.
We describe the current and desired state of the science and highlight unresolved issues in four fundamental el-
ements of aquatic satellite remote sensing namely, mission capability, in situ observations, algorithm develop-
ment, and operational capacity. We discuss solutions, future plans, and recommendations that directly affect
the science and societal impact of future missions with capability for observing coastal and inland aquatic
systems.

© 2015 Elsevier Inc. All rights reserved.
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1. Introduction and background

Coastal and inland water bodies have a direct interface with society,
providing value for recreation, food supply, commerce, transportation,
and human health. Coastal waters are defined here as those within
close enough proximity to land for terrestrial processes to impact
water constituents. Inlandwaters refer to fresh or brackishwater bodies
of sufficient size to have several observable pixels from current and fu-
ture spaceborne sensors. Due to the close proximity of human popula-
tion to these waters, they are under pressure from direct human
activities as well as climate change (Allan et al., 2013; Halpern et al.,
2008). Understanding the issues of water quality and the impact of

environmental change on the ecological and biogeochemical function
of these water bodies is of interest to a broad range of communities. Re-
mote sensing offers one of the most spatially and temporally compre-
hensive tools for observing these waters (NRC (National Research
Council), 2011), yet for a variety of reasons, researchers and managers
today still face many similar challenges as four decades ago (Bukata,
2013; Palmer, Kutser, & Hunter, 2015b). Drawing from discussions at
a recent workshop on remote sensing of coastal and inland waters
(Mouw & Greb, 2012), we provide here a comprehensive review of
the current status of and challenges in remote sensing of coastal and in-
landwaters, with recommendations for future satellitemissions. The re-
view is focused on aquatic color radiometry covering the spectral range

MISSION CAPABILITY

ALGORITHMS

IN SITU

OBSERVATIONS

OPERATIONAL

CAPACITY

Empirical
Semi-analytical

AOPs
IOPs
SIOPs
Biogeochemical 
Parameters

Spectral

Spatial
Temporal
Signal:Noise
Atmospheric 
Correction

Satellite Instruments

In situ Instruments
Observational Platforms

Protocols
Training

Calibration

Product Availability

Validation
Uncertainty

Processing Software

Fig. 1. Integration schematic of the fundamental elements of aquatic color satellite remote sensing.
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