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Summary

Meteorological observations at the mesoscale (see Box S.1) play a
vital role in promoting the health, safety, and economic well-being of our
nation. Mesoscale observations capture atmospheric phenomena such as
thunderstorms, squall lines, fronts, and precipitation bands at horizontal
scales ranging in size from the area of a small city up to the size of a state
such as Iowa. The data support such services as weather and air quality
forecasting, as well as decisionmaking in many sectors including transporta-
tion, agriculture, and homeland security.

Although the federal role in weather and climate information services is
pivotal, a number of state and local governments, universities, and private-
sector interests have developed and deployed dense networks of meteoro-
logical observing systems, known as “mesonets.” The advent of inexpensive
digital electronics and high bandwidth communications lowered barriers
to investment and enabled literally thousands of small businesses, Fortune
500 corporations, agricultural producers, recreation providers, and many
others to enter the field of mesoscale observations, driven by a wide range
of missions and markets at various investment levels.

Despite this widespread participation, all is not well with atmospheric
and related environmental observations. The current U.S. enterprise has
a solid synoptic scale core (observations of atmospheric phenomenon on
a national scale), but its mesoscale observational capabilities are highly
variable in quantity, quality, accessibility, instrument set, site selection, and
metadata. The U.S. national radar network remains the best in the world,
but not by much, and it has some significant deficiencies. The vertical com-

Copyright National Academy of Sciences. All rights reserved.
This executive summary plus thousands more available at http://www.nap.edu



Observing Weather and Climate from the Ground Up: A Nationwide Network of Networks
http://books.nap.edu/catalog/12540.html

2 OBSERVING WEATHER AND CLIMATE FROM THE GROUND UP

BOX S.1
The Meaning of Mesoscale

The term mesoscale derives from the Greek meso, which translates approxi-
mately to intermediate in English. In meteorology, this term refers to weather
phenomena occurring at horizontal sizes that range from the size of a small city
to that of an average Midwestern state (e.g., lowa). The Glossary of Meteorology
(Glickman, 2000) defines mesoscale as:

Pertaining to atmospheric phenomena having horizontal scales ranging from a few to
several hundred kilometers, including thunderstorms, squall lines, fronts, precipitation
bands in tropical and extratropical cyclones, and topographically generated weather
systems such as mountain waves and sea and land breezes.

The Glossary notes that from a physical or dynamical perspective, the hori-
zontal extent of mesoscale features ends just short of where the Earth’s rotation
exerts a significant influence on air motions. Beyond that are macro- (“large”) scale
features, including synoptic features. Synoptic Meteorology, whose name derives
from the Greek sunoptikos, meaning “seen together,” includes the commonly under-
stood low and high pressure systems often shown on weather maps by broadcast
meteorologists. Synoptic low and high pressure systems usually come in pairs
(“seen together”), and their evolution governs general regional and national weather
patterns on the time scale of a few days (e.g., low pressure/stormy days followed
by high pressure/fair days). However, mesoscale features embedded within larger
synoptic-scale systems, including individual thunderstorms, rainbands, and frontal
passages, often provide the high-impact weather at a particular location.

In mesoscale features, vertical air motions can be intense and vary significantly
over short horizontal distances, resulting in strong fluctuations in the temperature,
moisture, momentum, and chemical species concentrations observed at any given
location. These are some of the quantities associated with the weather “sensed”
by humans where they live. In general, the vertical variations of these quantities in
the ambient atmosphere (i.e., the vertical gradients) are relatively large near the
surface of the Earth. Thus, large vertical motions near the surface of the Earth can
be very effective at redistributing temperature, moisture, momentum, and chemical
constituents. It is this interplay of vertical air motion with sharp vertical gradients
in these quantities that results in high-impact weather and air quality events at the
mesoscale. Observations of these conditions are the key to improving predictions
of high-impact events, because the sophisticated computer models that provide
such predictions are inherently limited by the quality and quantity of observations,
which serve as a starting point for the calculations.

Standard weather observations typically resolve larger-scale features that enable
a computer model to provide skillful predictions of those features while also produc-
ing events that are mesoscale in scope. However, because they lack observations
that resolve more of the antecedent mesoscale structure, models are limited in their
ability to predict specific high-impact mesoscale events. Therefore, a more effective
meteorological and chemical weather observing system must include nationwide
observations that are faster in time, more densely spaced horizontally, and are
designed to capture the detailed vertical structure of the lower atmosphere.
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ponent of U.S. mesoscale observations—the ability to measure atmospheric
conditions at various heights—is particularly inadequate.

National priorities demand ever more detailed meteorological obser-
vations at much finer spatial and temporal resolutions than are widely
available today. These priorities include tracking atmospheric dispersion
of chemical, biological, and nuclear contaminants from industrial acci-
dents and terrorist activities, as well as smoke dispersion monitoring and
prediction for wildfires, prescribed burns, and seasonal agricultural fires;
more extensive air quality forecasting, high-resolution “nowcasting,” and
short-range forecasting of high-impact weather; high-resolution weather
information for aviation, surface transportation, and coastal waterways;
and support to regional climate monitoring.

The agency sponsors! of this study, recognizing numerous national vul-
nerabilities and unmet needs related to their missions, asked the National
Research Council to convene a committee to help define affordable and
effective solutions. The Committee on Developing Mesoscale Meteoro-
logical Observational Capabilities to Meet Multiple National Needs was
appointed to develop an overarching vision for an integrated, flexible, adap-
tive, and multi-purpose mesoscale meteorological observation network.

This report offers steps that can be taken to affect near-term improve-
ments in U.S. mesoscale observations and the investments that could be
made to strengthen capability over the longer term. Although many of the
recommendations specify actions to be taken by the federal sponsors of the
report, federal agencies alone are unlikely to satisfy the breadth of national
needs for mesoscale data. Therefore, the recommendations specifically
address the broader community of private, public, and academic partners.

KEY FINDINGS

The committee finds that, overall, the status of U.S. surface meteo-
rological observation capabilities is energetic and chaotic, driven mainly
by local needs without adequate coordination. While other providers act
locally to satisfy particular regional monitoring needs, the federal gov-
ernment is unique in its capacity to act strategically and globally in the
national interest. An overarching national strategy is needed to integrate
disparate systems from which far greater benefit could be derived and to
define the additional observations required to achieve a true multi-purpose
network that is national in scope, thereby fully enabling mesoscale numeri-
cal weather prediction and other applications.

1This study was sponsored by the Departments of Commerce (DOC), Transportation
(DOT), Homeland Security (DHS), the Environmental Protection Agency (EPA), and the
National Aeronautics and Space Administration (NASA).
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4 OBSERVING WEATHER AND CLIMATE FROM THE GROUND UP

Increased coordination among existing surface networks would pro-
vide a significant step forward and would serve to achieve improved
quality checking, more complete metadata, increased access to observa-
tions, and broader usage of data serving multiple locally driven needs. A
major challenge in implementing this collaboration is to retain the energy,
enthusiasm, and diverse investments that have led to our current condi-
tion, while also introducing an appropriate degree of centralization for
the purposes of coordination, integrity, and integration to maximize the
national benefit.

The Committee envisions a distributed adaptive “network of networks”
(NoN) serving multiple environmental applications near the Earth’s surface.
Jointly provided and used by government, industry, and the public, such
observations are essential to enable the vital services and facilities associ-
ated with health, safety, and the economic well-being of our nation. The
recommendations in this report are offered in the spirit of the Committee’s
broad vision of a NoN.

A NoN cannot deliver a net benefit to users unless comprehensive meta-
data are supplied by all operators. Although provision of quality metadata
is an exacting and demanding task, metadata are the key to the effective
accommodation of diverse data sources and the widest possible utility of
such information. Comprehensive metadata enable customized network
configurations to best meet custom user needs as specified by the users
themselves, including all aspects of observing system performance that are
germane to a given application.

Infrastructure Needs

Beyond collaboration among existing surface networks, additional
types of observations are critical to achieving the desired result of a compre-
hensive and integrated national mesoscale observing network of networks.
Mesoscale observations above and below the atmosphere’s lowest 10 meters
are particularly inadequate. Assets required to profile the lower tropo-
sphere above the lowest 10 meters are too limited in what they measure,
too sparsely or unevenly distributed, frequently limited to regional areal
coverage, and clearly do not qualify as a mesoscale network of national
dimensions. Likewise, subsurface temperature and moisture observations
are made only at relatively few locations in most states, limiting our ability
to forecast mesoscale atmospheric processes and high-impact weather. The
solutions to these particular deficiencies require leadership and infrastruc-
ture investments from the federal agencies.

The highest priority observations needed to address current inadequa-
cies are:
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¢ height of the planetary boundary layer
¢ soil moisture and temperature profiles
¢ high-resolution vertical profiles of humidity
* measurements of air quality and related chemical composition

above the surface layer

No systematic national capability exists for these quantities, which are
critical to the dynamical prediction of high impact weather and/or chemical
weather.

Just below the aforementioned highest priorities are quantities for which
some capabilities currently exist but fail to meet a serviceable national stan-
dard for one or more reasons:

direct and diffuse solar radiation

vertical profiles of wind

subsurface temperature profiles (e.g., under pavement)
icing near the surface

vertical profiles of temperature

surface turbulence parameters

Geography and Demography

The Committee repeatedly returned to concerns about urban, coastal,
and mountainous regions as they affect the mix of surface-based mesoscale
observing systems. Mountains, coastlines, and cities have greater impor-
tance than their surface areas would imply. Ironically, they are consistently
undersampled relative to their needs. All three create their own weather,
which is often poorly resolved in synoptic-scale models. Considering the
danger of traveling in the winter or fighting forest fires in the summer, the
need for observations in the mountains goes beyond that for weather fore-
casting alone. Coastlines and cities, both of which are heavily populated,
also take on special importance, particularly when one considers the critical
role for observations in response to a release of toxic substances, to treat
the roads in response to an ice storm or blizzard, or evacuate people in
advance of hurricane landfall.

RECOMMENDATIONS: STEPS TO ENSURE PROGRESS

Several steps are required to evolve from the current circumstance of
disparate networks to an integrated, coordinated NoN. First, it is neces-
sary to firmly establish a consensus among providers and users that a NoN
will yield benefits in proportion to or greater than the effort required to
establish it. This consensus-building step is essentially political, requiring

Copyright National Academy of Sciences. All rights reserved.
This executive summary plus thousands more available at http://www.nap.edu



Observing Weather and Climate from the Ground Up: A Nationwide Network of Networks
http://books.nap.edu/catalog/12540.html

6 OBSERVING WEATHER AND CLIMATE FROM THE GROUND UP

agreement in principle at various levels of public and private participation,
which leads to the collaborative development of an implementation plan.
The new elements of a NoN are twofold: (1) the provision of services and
facilities that enable individually owned and operated networks to function,
more or less, as one virtual network, and (2) the provision of new observ-
ing systems or facilities to enable national objectives. The first is largely
separable from the second, since considerable benefit may be achieved from
improved functionality with existing observational assets.

Recommendation: Stakeholders, including all levels of government, var-
ious private-sector interests, and academia should collectively develop
and implement a plan for achieving and sustaining a mesoscale observ-
ing system to meet multiple national needs.

The plan should recognize and account for the complexity associated
with the participants’ differing roles, responsibilities, capabilities, objec-
tives, and applications, as well as lessons learned from past experiences. To
launch the planning process

® A mesoscale environment observing system summit should be con-
vened to discuss and recommend the implementation of a NoN and to
prescribe a process through which a plan will be developed. Participants
from the private sector, federal executive branch, U.S. Congress, national
organizations of governors and mayors, and key professional societies
should attend.

e  Forums to further discuss and recommend implementations of the
mesoscale observing system should be organized by professional societies
and associations such as the American Meteorological Society, National
Council of Industrial Meteorologists, American Geophysical Union, Com-
mercial Weather Services Association, National Weather Association,
American Institute for Chemical Engineering, American Society for Civil
Engineering, and American Association of State Highway and Transporta-
tion Officials. A leading role should be assumed by the Commission on the
Weather and Climate Enterprise of the American Meteorological Society,
the constitution of which is particularly well suited to this task.

Recommendation: To ensure progress, a centralized authority should
be identified to provide or to enable essential core services for the net-
work of networks.

Essential core services are defined as those services required to derive
levels of function and benefit from a NoN that markedly exceed those cur-
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rently realized from the assemblage of relatively independent networks.
Essential core services include but are not limited to

definition of standards for observations in all major applications,
definition of metadata requirements for all observations,
certification of data for all appropriate applications,

periodic “rolling review” of network requirements and user
expectations,

e definition and implementation of data communication pathways
and protocols,

e design and implementation of a data repository for secure real-time
access and a limited period for post-time access,

e generation of a limited set of products based upon the raw obser-
vations, most notably, graphical presentations of data fields and analyses
thereof,

® pointers to more sophisticated products generated externally, such
as analyses produced from a short-term model prediction and multiple
observation sources,

® pointers back to data providers, where more products and services
are available,

e establishment of a link to the National Oceanic and Atmospheric
Administration’s (NOAA’s) National Climate Data Center (NCDC) for
archival of selected data, as deemed appropriate by NCDC,

e development and provision of software tools and internet connec-
tivity for data searches, information mining, and bulk data transmissions,

e development and provision of a limited set of end-user applications
software, which would enable selection of default network data configura-
tions for major applications as well as tools for creation of custom network
data configurations, and

e provision of a data quality checking service with objective, sta-
tistically based error-checking for all major categories of data, including
manual intervention and feedback to providers.

The premise for these services is to:

e have expert assistance in establishing and maintaining standards
for the data provided,

e know which additional data are available and suitable to one’s own
application,

e have compatibility with and ease of access to selected observations
and analyses,
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e ensure the archival of selected data commensurate with their useful
lifetimes, and
® gain ease of access to the products and services of other providers.

Initially the focus of such activities should be on markedly improved
use and value of data from existing observing systems. As new observa-
tional, computational, and communications infrastructure is added, the
focus should shift to the prompt and seamless accommodation of these
new elements and their related objectives. The provision of core services is
essential for adequate access to and the utility of mesoscale observations as
applied to multiple national needs.

The recommendation for a modest degree of centralization is tightly
focused on essential core services. It specifically excludes centralization for
the purpose of acquisition and operation of observing systems, which are
owned and operated by agencies, corporations, and other organizations to
serve their specific missions. The centralized authority is an enabling element
of the broader enterprise that comes into play only as is necessary to derive
added utility and functionality from the network of networks. It does not
speak to the ownership, operation, upgrading, or maintenance of the indi-
vidual networks themselves. It follows that the centralized authority is envi-
sioned as a relatively small but vital fraction of the entire NoN enterprise.

Recommendation: The centralized authority should require metadata
of every component in an integrated, multi-use observing system.

Observational data have high value only if they are accompanied by
comprehensive metadata. Provision of metadata should be mandatory for
membership in the NoN, and incentives should be offered to the operators
of networks to provide it. The contents of a metadata file should be care-
fully defined, and, once assembled, a national database of metadata should
be frequently updated and accessible to all. If action is taken to improve
metadata and fill gaps by supplying comprehensive information on undocu-
mented systems, the value and impact of existing data will be improved far
beyond the cost of gathering the metadata.

Recommendation: A national design team should develop a well-
articulated architecture that integrates existing and new mesoscale
networks into a national “network of networks.”

To serve multiple national needs, the United States needs a system that
is a network of networks in an architectural sense. The term “architec-
ture” includes the fundamental elements as well as the organizational and
interfacial structure of the mesoscale network. It also describes the internal
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interfaces among the system’s components, and the interface between the
system and its environment, especially the user. This architecture should
facilitate a thriving environment for data providers and users by promoting
metadata, standards, and interoperability, and enabling access to mesoscale
data, analysis tools, and models. The effort must also include a process that
continually identifies critical observational gaps, new measurement systems
and opportunities, and the evolving requirements of end users.

Recommendation: The national network architecture should be suffi-
ciently flexible and open to accommodate auxiliary research-motivated
observations and educational needs, often for limited periods in limited
regions.

If history is a proper judge, many of the research-motivated sensors and
observations will evolve to operational status, serving existing societal needs
better and future societal needs as well. The impact of research-based systems
is likely to be felt at or near the Earth’s surface, relevant to both managed and
natural terrestrial and marine ecosystems, and issues unique to the heavily
built environment. A more seamless blending of formal university education
with observations, operational forecasting, and research will promote the
capacity building required to satisfy personnel needs of the future.

Recommendation: Federal agencies and partners should employ test-
beds for applied research and development to evaluate and integrate
national mesoscale observing systems, networks thereof, and attendant
data assimilation systems. Among other issues, testbeds should address
the unique requirements of urbanized areas, mountainous terrain, and
coastal zones, which currently present especially formidable deficiencies
and challenges.

Applied research and development should include but not be limited to
transitional activities, including the operation of prototype networks and
evaluation of their forecast impact; development of tools to facilitate data
access for real-time assimilation; development of additional tools to serve
the general public and educate the citizenry; and exploration of advanced
and innovative technologies to serve multiple national needs better, cheaper,
and sooner than otherwise might be possible. Testbeds may be operated by
national labs, universities, or joint institutes as appropriate to the applica-
tion, and may have focused limited terms of activity that integrate users in
the transition to operations.

Recommendation: The United States should establish a robust and
economically viable organizational structure to effect the national
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implementation of a multi-purpose environmental observing network
at the mesoscale. It may be preferable for this organization to take the
form of a publicly chartered, private nonprofit corporation. A hybrid
public-private organizational model would stimulate both public and
private participation over a wide, dynamic range of investment and
applications; maximize access to mesoscale data; and effect a synergism
between the public good and proprietary interests.

Historically, the U.S. Congress has chartered private non-profit corpo-
rations for various purposes, where the scope of activity is truly national,
yet major components of the effort are cooperatively resourced federally
and locally through both governmental and private resources. While all
of the entities providing mesoscale data are important to the enterprise,
all have a limited mission and therefore a limited role where provision of
infrastructure and services is concerned. A hybrid public-private organiza-
tion would encourage the leadership and prominence of pivotal federal
agencies such as NOAA, while also protecting, facilitating, and enabling
the role of other interests, which are essential to the success of the collab-
orative enterprise.

RECOMMENDATIONS: MEASUREMENTS AND INFRASTRUCTURE

Recommendation: As a high infrastructure priority, federal agencies
and their partners should deploy lidars and radio frequency profilers
nationwide at approximately 400 sites to continually monitor lower
tropospheric conditions.

Humidity, wind, and diurnal boundary layer structure profiles are the
highest priority for a network, the sites for which should have a charac-
teristic spacing of ~125 km but could vary between 50 and 200 km based
on regional considerations. Such observations, while not fully mesoscale
resolving, are essential to enable improved performance by high-resolution
numerical weather prediction models and chemical weather prediction at
the mesoscale. Through advanced data assimilation techniques, data from
these 400 sites, when used in combination with advanced geostationary
satellite infrared and microwave soundings, Global Positioning System
(GPS) constellation radio occultation measurements, and commercial avia-
tion soundings, will effectively fill many of the critical gaps in the national
observing system.

Recommendation: To meet national needs related to public health and
safety, including the growing need for chemical weather forecasts, a
core set of atmospheric pollutant composition parameters should be
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part of the mesoscale observing system. The core set should include
carbon monoxide, sulfur dioxide, ozone, and particulate matter less
than 2.5 microns in size at approximately 200 urban and rural sites
(~175 km spacing).

These observations would constitute a national pollutant constituent
backbone and should be especially effective in enabling air quality (chemi-
cal weather) prediction when collocated with surface meteorological obser-
vations and related vertical profiles. The selected core chemical species have
various impacts, such as on human health; may be harmful to natural and
managed landscapes; may also serve as precursors to additional hazardous
compounds; and can help to extend the utility of parameters observed from
space. Additional important parameters (e.g., nitrogen dioxide) should be
added as soon as appropriate and affordable technology is developed for
the applications envisioned. The proposed network would enable chemical
weather prediction nationally and also would support urban air pollution
monitoring, for which it is not a substitute.

Recommendation: A national, real-time network of soil moisture
and soil temperature observations should be deployed nationwide at
approximately 3000 sites.

This number corresponds to a characteristic spacing of about 50 km for
a network that is spatially distributed across the continental United States.
Although this spacing is insufficient to capture the full spectrum of short-
term spatial variability of surface soil wetness, it is small enough to represent
seasonal variations and regional gradients, thereby supporting numerous
important applications such as land data assimilation systems in support of
numerical weather prediction, water resources management, flood control
and forecasting, and forestry, rangeland, cropland, and ecosystems manage-
ment. This characteristic spacing also would provide data at a resolution that
complements historical and relevant datasets. Site selection should be biased
toward existing networks, provided that the instrument exposure and all sit-
ing standards are acceptable and real-time communication is possible.

Knowing soil moisture at any location is critical for apportioning heavy
rainfalls into ground absorption and runoff into streams. Soil moisture also
exerts a strong control on the partitioning of the sun’s energy into evapora-
tion and sensible heating, which feeds back into the atmosphere to influ-
ence the evolution of precipitation and clouds. Moisture in the top layers
of soil acts on shorter time scales, to influence day-to-day weather, whereas
the amount of soil moisture at deeper levels impacts slower processes at
regional scales and acts as a source for water that deep-rooting plants bring
to the atmosphere during extended periods without precipitation.
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Recommendation: Emerging technologies for distributed-collaborative-
adaptive sensing should be employed by observing networks, especially
scanning remote sensors such as radars and lidars.

Some high-impact weather phenomena (e.g., tornadoes) of limited size
and near-surface location can escape detection or be only poorly resolved
by the current low-density network of weather radars. Collaborative and
adaptive sensing and related technologies can efficiently enhance the detec-
tion and monitoring of adverse weather for hazard mitigation and other
applications, particularly for convective scales and in complex terrain and
coastal and urban environments. High-density networks of less expensive
sensors are capable of operating “intelligently” to increase detection effi-
ciency while controlling costs. If current trends in technologies are a guide,
many new instrumentation networks will be composed of intelligent sensors
that can be tasked to make measurements in a collaborative manner. These
networked sensors will respond to feedback based on input from users
and the prevailing environment. Current state-of-the-art communication,
computing, and remote sensing technologies facilitate this new paradigm
for operation of networked instruments.

Recommendation: As a high satellite instrument priority, the National
Aeronautics and Space Administration (NASA) and the National Oceanic
and Atmospheric Administration (NOAA), in cooperation with foreign
space agencies, should seek to improve the quality of geostationary
satellite water vapor and temperature soundings within continental
atmospheric boundary layers.

Infrared hyperspectral soundings and soundings from microwave syn-
thetic thinned aperture arrays, each in geostationary orbit, offer unique
opportunities to improve mesoscale prediction. When assimilated in con-
junction with ground-based profiling data, the benefits from improved
geostationary soundings will be large, likely enabling more skillful fore-
casts of convective rainfall and attendant severe weather and flooding. The
geostationary platform is unique among satellites, offering the sampling
frequency required in this application.

Recommendation: Existing surface observations and observing plat-
forms associated with road and rail transportation, as appropriate,
should be augmented to include World Meteorological Organization
(WMO)-standard meteorological parameters. Conversely, existing
WMO-standard meteorological observing stations near highways and
railways should be augmented, as appropriate, to meet the special
needs of the transportation sector.
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While continuing to satisfy the fundamental needs of the transportation
sector, some existing roadway and railway observing stations could easily be
integrated into the NoN to provide a broader complement of meteorological
and soil measurements at minimal cost. The addition of another measure-
ment or two at existing sites avoids the major expense of establishing a new
station altogether, and wireless communication gives the flexibility to locate
individual instruments optimally. Likewise, meteorological stations near
roads and railroad tracks could have sensors added to them that would
provide data that are beneficial to transportation, for example, water depth
measurements near culverts.

Recommendation: The Department of Transportation should assess
and eventually facilitate the deployment of high-density observations
through the Vehicle Infrastructure Integration initiative. Similar con-
cepts should be considered for general aviation and marine transporta-
tion vehicles.

The Vehicle Infrastructure Integration initiative proposes to harness the
measurements made by vehicle sensors, for example, temperature and rain
rate (from wiper speed), employed in the U.S. automotive and truck fleet.
Additional development of nanosensor technologies should realize “measure-
ments on a chip,” which would replace the 20th-century sensor paradigm.

RECOMMENDATION: THE HUMAN DIMENSION

Recommendation: The stakeholders should commission an indepen-
dent team of social and physical scientists to conduct an end-user
assessment for selected sectors. The assessment should quantify further
the current use and value of mesoscale data in decisionmaking and also
should project future trends and the value associated with proposed
new observations. Upon implementation and utilization of improved
observations, periodic assessments should be conducted to quantify the
change in mesoscale data use and its added societal impact and value.

In addition to the involvement of known data providers and users, a
less formal survey should capture user comments from blogs and webpage
feedback. Such a survey would actively seek comments from people who
are registered for or who regularly access the data. The broad objectives of
a survey would be to

e identify priority areas where training and outreach can be devel-
oped to broaden the number and types of users and uses of network data,
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e develop ways to acknowledge and broaden the uses of environ-
mental monitoring information beyond weather, to include examination of
societal vulnerability and resilience to a broader range of hazards,

e examine whether and how the partnership agreements and applica-
tions within one state, group, or region can be used elsewhere,

e discover metrics that measure how well current initiatives meet
the data needs of the citizenry, for example, teachers, students, hospital
administrators, golfers, homeowners, and individuals of all ages, and

e identify novel ways to build capacity for using environmental mon-
itoring data in society.

THE CHALLENGE FOR THE FUTURE

Today we are faced with a complex collection of mesoscale networks
clearly driven by market forces. This condition is both energetic and chaotic
and possesses local strengths, national gaps, and operational weaknesses.
Local strengths are heralded by the proliferation of surface meteorological
stations, which are often tailored to satisfy the monitoring needs of a par-
ticular application. National gaps result from weaknesses in the federal
government’s observational infrastructure pertaining to mesoscale numeri-
cal weather prediction and chemical weather forecasts. Observational defi-
ciencies in the mountains, at the coasts, and near urbanized areas require
special attention. With respect to mesoscale numerical weather prediction
and chemical weather forecasts, three-dimensional observations are para-
mount and involve heavy infrastructure to which federal agencies must be
major contributors.

Nearly every dimension of participation in mesoscale observation
is important and worthy of cultivation. The challenge is to harness the
strengths of our current condition while creating an organizational circum-
stance that can stimulate and coordinate diverse assets to serve similarly
diverse interests. The Committee believes that it has offered construc-
tive and sometimes novel alternatives toward that end while avoiding
prematurely prescriptive or excessively centralized solutions. Much work
remains, especially with regard to the elaboration of architecture, the design
of networks, and the forging of new relationships among all levels of gov-
ernment, industry, and the earnest contributiosn of our citizenry.
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Preface

It is well known that the provision of weather and climate information
is no longer the sole province of government. Weather information and
services now cut a broad swath through the various public and private
sectors and have diverse missions and a multitude of applications.

The breadth of this enterprise is increasingly apparent with respect
to observations. The advent of inexpensive digital electronics and high
bandwidth communications has lowered the barriers to investment in
atmospheric observation, especially near the land surface. Literally thou-
sands of organizations including small businesses, Fortune 500 corpora-
tions, state agencies, local water management and flood districts, urban
air quality authorities, agricultural producers and service providers, and
recreation providers, have entered the field of mesoscale observation to
further particular interests associated with their mission. These observa-
tional assets are clearly market driven and span a wide dynamic range of
investment.

Thousands of hobbyists and weather enthusiasts have made sizeable
personal investments in meteorological station observations, sometimes
of professional quality, and often of considerable utility. They enthusi-
astically seek to share such information through voluntary networks at
local, regional, and national scales. This grass roots participation is fur-
ther expanded by popular school networks nationwide, numbering in the
hundreds, and often financed by local television stations.

Despite this widespread participation, all is not well with atmospheric
and related environmental observations, especially in relation to costly infra-
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viii PREFACE

structure associated with observations above the atmospheric surface layer,
and related data integration, assimilation, and access services. The agency
sponsors! of this study recognize numerous national vulnerabilities, unmet
needs related to their missions, and the impetus to join forces in search of
efficient, effective, and affordable solutions. In view of these concerns and
aspirations, the Committee was charged to develop an overarching vision
for an integrated, flexible, adaptive, and multi-purpose mesoscale meteoro-
logical observation network; and to identify specific steps to help to develop
a network that meets multiple national needs in a cost-effective manner
(see Appendix D for full Statement of Task). The Committee that produced
this study (see Appendix E for committee member biographies) represents
a broad cross-section of perspectives on the development and application
of mesoscale observations and includes a range of public, academic, and
private-sector interests. The scientific and technical expertise of the Com-
mittee includes operational meteorology and weather forecasting, climate
science, air quality observations and modeling, hydrology, agricultural
meteorology, coastal meteorology, transportation meteorology, satellite
observations, and the human dimensions of the applications of environ-
mental observations. Drawing upon this expertise and consistent with its
charge, the Committee has produced a report that (1) broadly summarizes
existing mesoscale observational assets, (2) evaluates overall adequacy and
suitability to serve some major applications, (3) identifies directions for the
way forward to achieve improved capabilities in a cost-effective manner,
and (4) considers innovative organization and business model options to
enable and to sustain the enterprise toward that end.

In order to address its charge, the Committee assigned itself three tasks.
The first was to explicitly consider the role of a U.S. mesoscale observing
network in the broader context of weather, climate, and Earth system
observations, including the Global Earth Observing System of Systems
(GEOSS). Global scale observations are often best conducted from space as
reported in the National Research Council (NRC) study “Earth Science and
Applications from Space: National Imperatives for the Next Decade and
Beyond,” hereinafter referred to as the “Decadal Survey.” The Committee
has explicitly factored an assumed role of space-based observations into
the surface-based plans presented herein, seeking to minimize redundancy
and to maximize both effectiveness and efficiency of the whole observing
system.

1This study was sponsored by the Departments of Commerce (DOC), Transportation
(DOT), Homeland Security (DHS), the Environmental Protection Agency (EPA), and the
National Aeronautics and Space Administration (NASA).
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Secondly, the challenge at hand is broader than meteorological obser-
vations per se. While the preponderance of observations in this study are
atmospheric, others are not. These other observations involve properties of
the land or water surface, or otherwise non-meteorological variables (e.g.,
constituents that are toxic or otherwise significant in pollution, climate,
and global change applications). It follows that the report, while heav-
ily emphasizing mesoscale meteorological requirements, also includes, as
appropriate, many ancillary observations that affect or characterize the
state of the lower troposphere.

Thirdly, while not commonly referred to as “applications,” the utility
of a national mesoscale network to research in the geosciences and biogeo-
sciences can be substantial and is therefore considered an important element
of the observing system. In many instances, prospective research findings
have been and will continue to be pivotal to improvement in services pro-
vided by the sponsoring agencies of this study. Furthermore, in the case of
the National Science Foundation, we note the National Ecological Observ-
ing Network (NEON) as one prominent example among several, where
research-motivated observations may immediately contribute to practical
applications in the public and private sectors.

In the course of executing our charge, the Committee consulted many
individuals and organizations spanning the gamut of public and private
interests. We have examined the recommendations and findings of recent
NRC studies, such as Fair Weather (2003) and Earth Science and Applica-
tions from Space (2007) and others. Meetings were held in the District of
Columbia, where agency briefings were emphasized; Boulder, Colorado,
where both research and private sector relationships were explored;
Norman, Oklahoma, home of the “gold standard” for statewide mesoscale
surface networks; and Irvine, California, where we formulated our recom-
mendations. Additional information was obtained from the literature, web-
sites linking to databases, and a recent survey of observing systems, which
was conducted under the auspices of the National Science Foundation,
Atmospheric Sciences Division. The Committee would like to acknowledge
the many individuals who briefed it, provided written information in the
form of letters or other technical information. They include David Andrus,
Rick Anthes, Albert Ashwood, Walter Bach, Randy Baker, Stan Changnon,
Ken Crawford, Andy Detwiler, Paul Dirmeyer, Tim Dye, Robert Dumont,
Frank Eden, Gary Foley, Mike Getchell, John Grundmann, Jack Hayes,
Dave Helms, W. Hernandez, Rick Hooper, John Horel, Ed Johnson, Nick
Keener, Scott Loeher, Teresa Lustig, Don Lynch, Greg Mandt, Cliff Mass,
John McGinley, Dave McLaughlin, Phil Pasteris, Paul Pisano, Putnam
Reiter, Dave Reynolds, Art Schantz, Dave Schimel, Victor Schisler, Ronnie
Warren, Mark Weadon, and Y. Zhang. Our sincerest thanks are extended to
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Study Directors Ian Kraucunas and his capable successor Curtis Marshall,
and Senior Program Assistant Rob Greenway for their steadfast support
and encouragement.
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