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CHAPTER |

INTRODUCTION

1.1 BACKGROUND

Soil moisture* is a critical land surface parameter
affecting a wide variety of economically and envi-
ronmentally important processes. From agricultural
monitoring, to weather prediction, to drought and
flood forecasting, the value of soil moisture metrics
is undeniable. At the same time, the means and
methods of monitoring soil moisture are undergo-
ing rapid growth and innovation with the advent of
new in situ and proximal sensors, new data telem-
etry methods, and new remote sensing technol-
ogies to provide broad and accurate soil moisture
estimates. Many nations have established soil mois-
ture sensing networks, including the United States,
which has a prolific but uncoordinated collection
of monitoring networks at the national, state, and
local levels. There is currently no national strategy
for the development, deployment, and maintenance
of soil moisture monitoring networks. The absence
of a coherent strategy leads to a host of problems
including many states lacking adequate monitor-
ing, multiple data sets which are not standardized
or directly comparable, and no clear plan for how
best to target investments to improve the overall
monitoring infrastructure. Because of these defi-
ciencies, the United States has not yet capitalized on
the transformative potential of nationwide, coordi-
nated in situ soil moisture observations for applica-
tions such as improved drought monitoring, water
resource management, and fire danger ratings.

In 2013, NOAA's National Integrated Drought
Information System (NIDIS) and its partners began
an initiative to work towards a coordinated national
soil moisture network. The first meeting to discuss
this effort with a group of Federal, state, and aca-
demic experts was held in November 2013 in Kansas

4 Soil moisture is shorthand for soil water content, which has
units of m3 m-3 and is represented by the symbol 6.
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City, Missouri. The key findings from that meeting®
included the need for improved metadata, calibra-
tion, and validation of soil moisture data, as well as
the importance of data integration. The conclusion
and recommendations from the meeting included:
1) convening a working group to discuss issues of
scale and spatial distribution for monitoring via in
situ networks, remote sensing platforms, and mod-
eling efforts; 2) developing a nationwide product
from existing soil moisture data to demonstrate the
potential usefulness of a coordinated effort; and
3) piloting a soil moisture monitoring system for
a small number of regions that would integrate all
available soil moisture data types and assess how
the data would be used.

As a result of the 2013 workshop, NIDIS funded a
series of workshops and a pilot project to advance
this goal. The pilot project served as the first proof
of concept for a coordinated national soil moisture
network by demonstrating that in situ soil moisture
data could be integrated in real time from a variety
of sources and made accessible both by a web
service and a webpage at a common location. This
project was led by the U.S. Geological Survey (USGS)
and Texas A&M University (Quiring et al.,, 2016).

In order to continue the progress and discussion on
how to better coordinate soil moisture monitoring
and perform data assimilation and communication
across the federal landscape, and with states and
other interests, a second workshop on a National
Coordinated Soil Moisture Monitoring Network
(NCSMMN) was held in May 2016 in Boulder, CO.%
The discussion at this 2016 workshop focused on
three core elements of a coordinated and integrated
national soil moisture network. These included: 1)
improving collaboration through incentives and
partnerships; 2) developing a consistent meth-
odology for data collection and installation of in
situ sensors including metadata standards; and 3)
developing a national multi-platform soil moisture
gridded product that could serve as a first-order
data and information source as well as a platform
for the development of derivative or secondary soil
moisture products. A third NCSMMN workshop was
held in Stillwater, OK, in May 2017 in conjunction

with the Marena, OK, In Situ Sensor Testbed
(MOISST) workshop. Participants discussed the
outcomes of the NIDIS data integration pilot project
and refined the vision for the NCSMMN. Desired fea-
tures for a national gridded soil moisture product
were identified, including the need for both surface
and root zone soil moisture products and the need
for soil moisture data both as absolute values as
well as percentiles.

The efforts of creating and formalizing a national
coordinated soil moisture network increased
significantly in 2018 as a result of some import-
ant efforts. Following the 4th NCSMMN meeting
in Lincoln, Nebraska in June 2018 (held again
in conjunction with the MOISST workshop), an
Executive Committee was formed for the network.
The NCSMMN Executive Committee (EC) included
leaders from Federal agencies and academic institu-
tions, and was charged with clearly defining the goals
and framework to bring the NCSMMN concept to
fruition (Clayton et al., 2019). Early efforts included
a successful project that demonstrated the feasi-
bility of merging soil moisture datasets within the
Southern Great Plains, and a NIDIS-funded project
by Dr. Trent Ford and Dr. Steven Quiring which
showed promise for the generation of a single soil
moisture platform of widely available data, includ-
ing in situ, remotely sensed and modeled data (Zhao
etal, 2020). However, there are still challenges that
need to be addressed to fully realize the value of the
diversity of soil moisture resources available in the
United States.

The importance of soil moisture data and a coor-
dinated network garnered further attention of
Congress in 2018, in response to the lack of early
warning for the 2017 Northern Plains drought and
the significant impact it had on the region. The
NIDIS Reauthorization Act of 2018 (P.L. 115-423)7
calls for NIDIS to develop a strategy for a national
coordinated soil moisture monitoring network no
later than 1 year after the date of enactment of the
Reauthorization Act. In addition, the Agriculture
Improvement Act of 2018 (PL. 115-334)% (i.e,
the “Farm Bill”) calls for the U.S. Department of
Agriculture (USDA) and NOAA to coordinate with

5 https://www.drought.gov/documents/developing-coordinated-national-soil-moisture-network.

5 https://www.drought.gov/documents/national-soil-moisture-network-workshop-2016-progress-made-future-directions

7 https://www.congress.gov/115/plaws/publ423/PLAW-115publ423.pdf
8 https://www.congress.gov/115/plaws/publ334/PLAW-115publ334.pdf
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the National Drought Mitigation Center (NDMC) to
enhance the collection of data (including soil mois-
ture) to improve the accuracy of the U.S. Drought
Monitor.

Challenges are common in soil moisture monitor-
ing, and it is important to understand the goal or
purpose of a soil moisture network. Very often soil
moisture sensors are added to existing networks to
enhance their monitoring capability. Or, in the
development of a sensor network, a variety of
parameters are identified for observation, but siting
logistics require a compromise on the different cri-
teria necessary to accurately assess each parameter.
A few networks have been developed to specifically
monitor soil moisture, including the USDA Soil
Climate Analysis Network (SCAN) (Schaefer et al,,
2007). However, even if the parameter of interest is
ideal, the purpose or use of the network can still
impact its applicability for wvarious uses. For
instance, the need to monitor soil moisture within
an agricultural domain (in-field) requires redeploy-
ment during planting and harvesting periods, which
results in a discontinuous data record that is not as
valuable for long-term research analysis. Also, a soil
moisture station for irrigation scheduling is not as
valuable for regional monitoring, due to the anthro-
pogenic influence. Remote sensing calibration and
validation studies need a different type of network
deployment at different depths. Table 1.1 (below)
lists some of the considerations for network deploy-
ment based on the network’s primary purpose.

Table 1.1: Considerations for network deployment

Attempting to satisfy all of these requirements can
be difficult, but it is the belief of the community that
we are still capable of developing a coordinated
soil moisture strategy to address the majority of
these considerations, offering a path forward for
improved soil moisture monitoring.

The infusion of support from Congress and rising
awareness of soil moisture’s critical importance in
drought prediction and other applications has led
the NCSMMN to develop the coordinated strategy
that is laid out in this document. The goal of this
document is to identify a roadmap forward and the
resources needed for implementing the coordinated
network; specifically, a network that will provide
coordinated, high-quality, nationwide soil moisture
information for the public good.

This strategy document was developed as a collab-
orative effort organized by the NCSMMN EC under
the sponsorship of NIDIS and with broad commu-
nity engagement (see Report Contributors, page 5).
The document includes: a summary of current net-
works and remote sensing resources, a discussion
on network design considerations, guidance for
installation and quality assurance/control, and the
implementation strategy for the proposed National
Coordinated Soil Moisture Monitoring Network.

Purpose of Network Latency Duration Distribution Depths
Weather Monitoring X X
Climate Monitoring X

Agricultural Monitoring X
Forest/Ecological Monitoring X X
Remote Sensing and Model Validation X

Flood Forecasting X X X




	Front Cover
	Table of Contents
	Report Contributors
	Acronyms
	Executive Summary
	Chapter 1: Introduction
	Chapter 2: Summary of Statewide, Regional, & National Soil Moisture Monitoring

	Chapter 3: Modeling & Remote Sensing
	Chapter 4: Considerations in Soil Moisture Network Design
	Chapter 5: Installation and Maintenance of Soil Moisture Stations
	Chapter 6: Implementation of the NCSMMN: The Path Forward
	References
	Appendix A: Regional Case Study: The Upper Missouri River Basin Soil Moisture and Plains Snow Monito
	Back Cover



Accessibility Report



		Filename: 

		2021-06-07_SoilMoisture.pdf






		Report created by: 

		Fiona Martin


		Organization: 

		





 [Personal and organization information from the Preferences > Identity dialog.]


Summary


The checker found no problems in this document.



		Needs manual check: 0


		Passed manually: 2


		Failed manually: 0


		Skipped: 4


		Passed: 26


		Failed: 0





Detailed Report



		Document




		Rule Name		Status		Description


		Accessibility permission flag		Passed		Accessibility permission flag must be set


		Image-only PDF		Passed		Document is not image-only PDF


		Tagged PDF		Passed		Document is tagged PDF


		Logical Reading Order		Passed manually		Document structure provides a logical reading order


		Primary language		Passed		Text language is specified


		Title		Passed		Document title is showing in title bar


		Bookmarks		Passed		Bookmarks are present in large documents


		Color contrast		Passed manually		Document has appropriate color contrast


		Page Content




		Rule Name		Status		Description


		Tagged content		Passed		All page content is tagged


		Tagged annotations		Skipped		All annotations are tagged


		Tab order		Passed		Tab order is consistent with structure order


		Character encoding		Skipped		Reliable character encoding is provided


		Tagged multimedia		Passed		All multimedia objects are tagged


		Screen flicker		Passed		Page will not cause screen flicker


		Scripts		Passed		No inaccessible scripts


		Timed responses		Passed		Page does not require timed responses


		Navigation links		Passed		Navigation links are not repetitive


		Forms




		Rule Name		Status		Description


		Tagged form fields		Passed		All form fields are tagged


		Field descriptions		Passed		All form fields have description


		Alternate Text




		Rule Name		Status		Description


		Figures alternate text		Passed		Figures require alternate text


		Nested alternate text		Passed		Alternate text that will never be read


		Associated with content		Passed		Alternate text must be associated with some content


		Hides annotation		Passed		Alternate text should not hide annotation


		Other elements alternate text		Skipped		Other elements that require alternate text


		Tables




		Rule Name		Status		Description


		Rows		Passed		TR must be a child of Table, THead, TBody, or TFoot


		TH and TD		Passed		TH and TD must be children of TR


		Headers		Passed		Tables should have headers


		Regularity		Passed		Tables must contain the same number of columns in each row and rows in each column


		Summary		Skipped		Tables must have a summary


		Lists




		Rule Name		Status		Description


		List items		Passed		LI must be a child of L


		Lbl and LBody		Passed		Lbl and LBody must be children of LI


		Headings




		Rule Name		Status		Description


		Appropriate nesting		Passed		Appropriate nesting







Back to Top


