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1.0 Introduction
1.1 Scope

Th is document provides guidelines for siting a 
Road Weather Information System (RWIS) Environ-
mental Sensor Station (ESS) and its associated envi-
ronmental sensors.  Th e term RWIS has a number of 
diverse defi nitions ranging from sensing and processing 
devices in the fi eld to a composite of all weather and 
pavement information resources available to highway 
operations and maintenance personnel.  In this docu-
ment RWIS connotes the hardware, software programs, 
and communications interfaces necessary to collect and 
transfer fi eld observations to a display device at the us-
er’s location.  While the original purpose of the RWIS 
was to address winter weather conditions, applications 
have been developed to detect and monitor a variety 
of road weather conditions impacting road operations 
and maintenance.  As Figure 1 illustrates, the RWIS 
collects, transmits, processes, and disseminates weather 
and road condition information.  Th e RWIS may con-
sist of several meteorological and pavement condition 
monitoring stations strategically located near a highway 
that help transportation managers make more informed 
operational decisions.  Specialized equipment and 
computer programs monitor weather and pavement 
condition elements that help users observe how adverse 
weather is currently aff ecting the highways and assess 
future impacts.  For example, winter road maintenance 
managers may benefi t from such a system during 
winter storms by making optimal use of materials and 
staff , selecting appropriate treatment strategies, utilizing 
anti-icing techniques, and properly timing maintenance 
activities.  Traffi  c managers may use road weather ob-
servations to modify traffi  c signal timing, reduce speed 
limits, and close hazardous roads and bridges.

Th is document focuses primarily on the ESS, the 
“collection” component of the RWIS shown in Fig-
ure 1.  Th ese guidelines are intended to help establish 
uniformity in siting ESSs and to improve the usefulness 

of road weather information derived from ESS observa-
tions.  Future revisions to this document may be neces-
sary as environmental sensor technology evolves and 
research on the characteristics of the roadway environ-
ment is completed.  

Th e document is designed to provide siting criteria 
that satisfy as many road weather monitoring, detec-
tion, and prediction requirements as possible.  Th e cri-
teria are based on an analysis of published documents 
on the siting of weather and pavement sensors, and the 
results of interviews conducted with nearly two dozen 
road weather experts representing State Departments 
of Transportation (DOT), equipment suppliers, and 
consultants.  Th e individuals interviewed are acknowl-
edged in Section 7 of this document. Roadway and 
transportation professionals, transportation agencies, 
researchers, ESS vendors, and meteorologists support-
ing the transportation community will be able to use 
these guidelines to aid in siting ESS equipment. Th e 
guidelines contained in this document do not repre-
sent standards for agencies or vendors to follow, but 
instead off er a set of recommendations. 

Section 1 of this document serves as an introduc-
tion, providing the scope and purpose and defi ning the 
concept of the ESS as it applies to the guidelines that 
follow.  Th is section also highlights some of the key 
benefi ts of employing RWIS ESSs as part of an Intelli-
gent Transportation System (ITS).  Section 2 establishes 
the ground work for deploying an ESS by helping the 
DOT planning team assess road weather information 
requirements.  To help decide what sensors to deploy 
as part of the ESS, Section 2, supplemented by Ap-
pendix C, provides an overview of the road weather 
information elements that may be of interest to road 
operations and maintenance personnel and how these 
elements can be measured or detected.  Additionally, 
Section 2 diff erentiates between regional and local ESS 
sites and discusses the siting criteria of each.  Section 2 
also encourages the formation of partnerships to share 
weather observing and road weather resources.  Th ese 
partnerships off er an opportunity to reduce the number 
of required ESSs and the cost of gathering road weather 
information.  Section 3 builds on the previous section 
to recommend guidelines for selecting the ESS site and 
suggests tools to help make siting decisions.  Section 
4 provides recommendations for siting the ESS tower 

Figure 1.  Road Weather Information System (RWIS) 
Functions
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and individual sensors.  Section 5 addresses some ad-
ditional considerations to include power, communica-
tions, safety, security, and ESS metadata.  Appendix A 
contains Acronyms and Defi nitions while Appendix B 
contains a list of References in the document.  For easy 
reference, a checklist based on the recommendations in 
this document is included in Appendix D.  

1.2 Purpose
Th is document provides a set of guidelines to 

encourage uniform siting criteria designed to help 
improve the accuracy and usefulness of road weather 
observation data.  Th ere are several compelling reasons 
for uniform siting guidelines:

Provide agencies intending to procure additional 
RWIS equipment with the appropriate information 
to select and install ESS equipment and instrumen-
tation in order to maximize the return on invest-
ment for both its internal user group and external 
users.

Help ensure that the investment in RWIS equip-
ment is not compromised by collection of data that 
does not adequately support the specifi ed purpose 
of the observing site.  

Foster a better understanding of the eff ects of the 
environment on the acquisition of road and weath-
er data, so procuring agencies can better determine 
whether potential sites are appropriate locations 
and will remain so for a number of years.  

Improve the comparison and integration of road 
weather information with other meteorological 
data.  Th is integration can signifi cantly expand the 
coverage of useful information for both roadway 
applications and other weather data uses.  Shar-
ing data will enhance both the road weather and 
general weather observation networks.

While there are many previously established 
guidelines for siting weather observing equipment,1,2,3,4   
there is limited published siting information,5,6 specifi -
cally for the roadway environment.  Th e guidelines 
in this document are designed to fi ll that gap and to 
improve the usefulness of road weather information 
specifi cally for the surface transportation community.  

•

•

•

•

1.3 ESS Description
An ESS consists of one or more sensors measuring 

atmospheric, pavement, soil, and/or water level condi-
tions.  ESSs can be installed in situ within or along a 
roadway, or on a vehicle.  Th is document only addresses 
stationary, in situ sensors.  

Figure 2.  Road Weather Information System (RWIS) Envi-
ronmental Sensor Station (ESS)

1World Meteorological Organization: Guide to Meteorological Instruments 
and Methods of Observation, Sixth Edition, WMO-No. 8, 1996.
2Offi  ce of the Federal Coordinator for Meteorology - Services and Support-
ing Research. Federal Standard for Siting Meteorological Sensors at Airports.
FCM-S4-1994 August 1994.
3US Environmental Protection Agency. Meteorological Monitoring Guidance 
for Regulatory Modelling Applications. EPA-454/R-99-005 February 2000.
4US Department of Interior, National Wildfi re Coordinating Group.  Na-
tional Fire Danger Rating System Weather Station Standards. March 2003.
5Boselly, S.E., J.E. Th ornes, and C. Ulburg. Road Weather Information 
Systems Volume 1, Research Report. Strategic Highway Research Program 
Publication - SHRP-H-350, National Research Council, Washington D.C., 
1993.
6Boselly, S.E., and D.D. Ernst.  Road Weather Information Systems Volume 
2, Implementation Guide. Strategic Highway Research Program Publication 
- SHRP-H-351, National Research Council, Washington, D.C., 1993.

Figure 2 is an example of an ESS with multiple 
sensors located on Route 528, the Beeline Expressway, 
near Cape Canaveral, Florida.

Figure 3 shows the ESS sensor categories that 
provide information to identify roadway weather condi-
tions of interest.  ESS data are collected in a remote 
processing unit (RPU) and transmitted to a central 
processor.  Resulting road weather information is used 
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to activate automated warning systems and provide 
decision support to managers in traffi  c management 
centers, road maintenance facilities, and emergency 
operations centers.  By monitoring road conditions 
using pavement sensors or video, operations and 
maintenance personnel are able to assess how well their 
traffi  c management or winter maintenance strategies 
are performing, or to determine what additional actions 
are required.  Conditions of interest include pavement 
condition (e.g., wet, snowy, icy, fl ooded, plowed), pave-
ment chemical concentration or pavement freeze-point 
temperature, pavement temperature, soil (sub-surface) 
temperature, air temperature, wind speed and direction, 
precipitation, (e.g., amount, occurrence, type), humid-
ity, atmospheric pressure, radiation (solar and terres-
trial), and visibility.  Atmospheric sensors are located 
above the roadway level and can be used to identify 
conditions such as strong cross winds or in combina-
tion with pavement/subpavement sensors to identify 
conditions such as icy roads.  Some ESSs include water 
level sensors that are deployed in fl ood prone areas and 
on coastal roadways.  While not commonly included 
as part of an RWIS ESS, auxiliary sensors, such as lake 
webcams and riverbed scouring sensors, can provide 
opportunities to add sensors that can help monitor and 
detect events resulting from water-related conditions.

1.4 Additional Benefi ts
ESS data provide many benefi ts, in addition to 

improving road safety, mobility, and productivity, by 
supplying information on roadway conditions essential 
for traffi  c operations, traveler information, road main-
tenance, and emergency response.  Figure 4 identifi es 
several additional operational applications.7  Benefi ts 
derived from these applications include:

Weather service providers for surface transporta-
tion customers use ESS data to develop tailored 

•

Figure 3.  Environmental Sensor Station (ESS) Categories

road weather products (e.g., pavement temperature 
forecasts). 

Government and university mesonets can include 
these data to support the development of weather 
and road weather forecast models.

National Weather Service (NWS), military, and 
private weather service providers use these data to 
develop weather products, short-range forecasts, 
and forecast verifi cation, and as input to locally run 
weather forecast models.  

State climatologists can use ESS data for long-term 
records and climatological analyses.  

Insurance companies can use these data to help 
determine risks of potential impacts from future 
weather events.  

Local, State, or Federal disaster assessment and 
response agencies (e.g. Federal Emergency Manage-
ment Agency and the Department of Homeland 
Security) may use these data to manage emergen-
cies and related response actions.

Forensic meteorologists can use ESS data to better 
understand and reconstruct roadway crashes. 

RWIS ESS data can also be leveraged to support 

•

•

•

•

•

•

•

7Goodwin, L., Best Practices for Road Weather Management, Version 2.0, Best Practices for Road Weather Management, Version 2.0, Best Practices for Road Weather Management
prepared by Mitretek Systems for the FHWA Road Weather Management 
Program, May 2003.

Figure  4.  Environmental Sensor Station (ESS) Operational 
Applications

Introduction
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rail, pipeline, and marine operations when such op-
erations are adjacent to or reasonably near the ESS.  

To maximize these benefi ts, an attempt should be 
made during the planning process for siting RWIS ESSs 
to contact other organizations involved in similar data 
collection that may help both local transportation agen-
cies and other customers (e.g., NWS; Federal Aviation 
Administration (FAA); U. S. Forest Service (USFS); 
local TV stations; universities and high schools; and, 
other city, county, and state agencies).  Section 2.3 
discusses the potential for establishing information 
partnerships and/or leveraging the data collected by 
other organizations.  Th e Siting Checklist at Appendix 
D provides a reminder to the siting team to consider 
information partnerships during the siting process.
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2.0 Assessing Road Weather 
Informational Requirements  

Planning for the acquisition and installation of 
ESSs is best accomplished by a team of road and 
weather experts.  In addition to the DOT team lead, 
this group should include a meteorologist familiar with 
road weather requirements and local DOT personnel.  
Th e meteorologist can fi ll the gap between the weather 
and transportation communities by helping to evaluate 
road weather information requirements and assess avail-
able ESS technologies.  Th e meteorologist can play a 
key role during ESS site selection by evaluating specifi c 
sites for obstructions or weather infl uences that could 
compromise the validity of the ESS data.  Th e meteo-
rologist can also consider the broader application of 
ESS data that may benefi t the transportation commu-
nity and other users.  For example, the meteorologist 
can consider how additional weather observations can 
be used by high resolution forecast models and can help 
develop a siting plan that will meet DOT requirements 
while helping to improve the accuracy of road-specifi c 
and general area weather predictions.  

Th e planning team should also include local DOT 
personnel, especially maintenance personnel.  Th ese in-
dividuals typically possess a vast knowledge of weather 
conditions along the road segment they maintain.  Th e 
maintenance personnel can provide critical input about 
recurring weather problems such as the locations of 
frequent slippery pavements, low visibilities, or strong 
gusty winds that suggest the need for an ESS instal-
lation.  Additionally, local DOT personnel can often 
identify areas where an ESS sensor might be vulnerable 
to large snow drifts, fl ooding, or pooling water from 
spring thaws.   

Planning the ESS network should include an analy-
sis of the operational requirements for road weather 
information.  Th is analysis will drive the environmental 
sensor requirements and lead to decisions regarding 
sensor selection and siting.  Considerations include:

How will the road weather information be used? 
For example, will the information be used to moni-
tor roadway conditions as input to winter mainte-
nance decisions or road temperature modeling, or 
to support weather-responsive traffi  c management, 
traveler information systems (e.g., 511 systems) or 
road construction eff orts?

•

Will the ESS be used to measure a site-specifi c con-
dition or to provide information that may represent 
conditions across a general area?  For example, 
installing a sensor to monitor the visibility along a 
fog-prone road segment may result in completely 
diff erent siting decisions than if the requirement is 
to collect wind and temperature information for 
input to a road weather model. 

What needs to be measured at each installation?  
Th e information in Section 2.1 and Appendix 
C will help DOTs evaluate their data collection 
requirements and the sensors available to meet 
those needs.  System designers should keep in 
mind that several diff erent sensors may be needed 
in combination to satisfy observing requirements.  
For example, if a pavement sensor is to be included 
in an installation, the DOT may also want to 
install air temperature, humidity, and precipitation 
sensors to complement the pavement sensor data.  
Th e precipitation sensor can help identify whether 
pavement sensor readings are indicative of new or 
continuing precipitation, while the temperature 
and humidity sensors will indicate whether condi-
tions support the formation of frost. 

DOTs may want to create a prioritized list of the 
road weather elements and sites they need to fulfi ll 
their requirements.  Such an approach may help in 
making tradeoff s when data collection needs exceed 
available funding or when a phased approach to 
meeting statewide requirements is desired.

DOTs should also consider other sources of weath-
er and pavement data that may be available to meet 
road weather information requirements.  Develop-
ing data-sharing partnerships with other agencies 
may help satisfy RWIS ESS installation require-
ments while improving the availability of data to 
all partners.  Leveraging existing weather observing 
networks is discussed further in Section 2.3.

•

•

•

•
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2.1 Environmental Sensors
Th e RWIS ESS can consist of a relatively few 

number of sensors providing basic information such 
as wind speed and direction and air, pavement, and 
subsurface temperatures, or it can include the measure-
ments of more complex weather elements such as vis-
ibility.  Table 1 provides a list of the most common ESS 
sensors.  Th e sensors chosen for a particular site should 
refl ect the results of the requirements analysis, i.e., how 
the observations will be used and what the minimum 
required road weather information is at that specifi c 
location.

While sensor selection should always refl ect opera-
tional requirements, a typical ESS installation frequent-
ly includes the following:

A combined sensor to measure both wind speed 
and direction (e.g., aerovane or sonic anemometer) 

•

or individual wind speed and direction sensors 
(e.g., conventional anemometer).

Sensors to measure air temperature and moisture.  
Typically two sensors located in a single housing 
provide air temperature and one of the following: 
dewpoint temperature, wet bulb temperature, or 
relative humidity.

Sensors to measure the temperature of the pave-
ment and to indicate whether the surface is dry, 
wet, or frozen.  Active sensors cool and warm sur-
face liquids to determine the freeze point tempera-
ture.  Passive sensors commonly monitor changes 
in roadway surface conductivity as surface changes 
occur.  When road treatment chemicals are in use, 
the surface conductivity can be an indication of 
the chemical concentration on the roadway.  Th e 
presence and concentration of chemicals is impor-
tant, as it will aff ect the actual freezing temperature 

•

•

Weather/Roadway Element Sensor

Air Temperature Th ermometer

Water Vapor (Dewpoint or Relative Humidity) Hygrometer

Wind Speed and Direction Conventional and Sonic Anemometer and Wind Vane or combined sensor 
(Aerovane)

Pavement Temperature, Pavement Freeze Point 
Temperature, Pavement Condition, Pavement 
Chemical Concentration

Pavement Sensor

Subsurface Temperature Subsurface Temperature Probe

Subsurface Moisture Subsurface Moisture Probe

Precipitation Occurrence Rain Gauge, Optical Present Weather Detector

Precipitation Type Rain Gauge, Optical Present Weather Detector

Precipitation Intensity Rain Gauge, Optical Present Weather Detector

Precipitation Accumulation Rain Gauge, Optical Present Weather Detector, Hot-Plate Type Precipitation 
Sensor

Snow Depth Ultrasonic or Infrared Snow Depth Sensor

Visibility Optical Visibility Sensor, Closed Circuit Television Camera

Atmospheric Pressure Barometer

Solar Radiation Solar Radiation Sensor

Terrestrial Radiation Total Radiation Sensor

Water Level Pressure Transducer, Ultrasonic Sensor, Float Gauge, or Conductance Sensor

Table 1.  ESS Sensors
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of the road surface.8  Optical sensors for pavement 
measurements are also under development.

Sensors to detect the presence, type, and inten-
sity of precipitation.  A single, optical, present 
weather detector can detect the presence of pre-
cipitation and measure intensity.  By estimating 
the water content of precipitation and combining 
this information with optical forward scatter and 
temperature measurements, these instruments can 
also identify precipitation type.  Optical weather 
presence sensors capable of diff erentiating among 
rain, freezing rain, drizzle, freezing drizzle, mixed 
rain and snow, snow, and ice pellets are available. 

Based on roadway operations and maintenance 
needs, additional sensors can be added from those 
listed in Table 1 to provide a more capable ESS.  For 
example, visibility sensors can be extremely useful along 
roadways prone to low visibility due to fog or manmade 
pollutants (e.g., smoke).  Subsurface temperature and 
solar radiation sensors can provide information to sup-
port forecasts of pavement temperatures.  Precipitation, 
snow depth, and video imagery from an ESS camera 
can provide the DOTs valuable information for manag-
ing traffi  c and planning road maintenance operations.  

Appendix C includes a list of weather elements for 
DOT consideration during the analysis of road weather 
information requirements.  Automated sensors are not 
yet available to observe all the weather elements in that 
list, and some sensors, while available, have inherent 
limitations that restrict their utility as part of an ESS.  
During the process of analyzing requirements and 
potential sensor suite solutions, the DOTs may want to 
consider these sensor limitations. 

Cameras may be an option for determining the 
presence of snow and/or drifts on a roadway.  Th ere 
are no reliable instruments to remotely measure 
many roadway conditions such as roadway snow 
pack depth or roadway snow or ice accumulation.

Observations of thunderstorms, tornadoes, and 
waterspouts are diffi  cult to automate using sensors 
deployed as part of an RWIS ESS.

Th ere are no automated sensors for observing sun 
glare.

•

•

•

•

While cloud cover information can be of interest 
to road maintainers as input to road temperature 
models and to RWIS data users, automated sensors 
are limited in their ability to measure cloud cover 
as an individual standing on the ground sees it (the 
sensor typically only scans directly overhead while 
an individual can scan the entire celestial dome).  
Th ese instruments also tend to require more main-
tenance than most ESS sensors.  For these reasons, 
cloud cover sensors are not normally installed with 
an ESS and are not included in the ESS sensor list 
shown previously in Table 1.

2.2 Regional and Local Site Requirements
An ESS installation can be characterized as either 

“regional” or “local.”  A regional ESS site would be one 
that represents the general weather conditions for a 
large area or road segment.  A local site is one where the 
weather phenomenon of interest (e.g., icy pavements or 
tidal fl ooding) is for a specifi c short segment of road-
way, topographic feature, or designated bridge struc-
ture. Diff erences in the siting requirements between 
regional and local sites result in diff erent philosophies 
in the selection of the sensors and the siting criteria of 
the ESS.  In general, regional sites include more types 
of sensors sited in an unobstructed location.  Local sites 
may consist of a tailored suite of sensors (potentially 
only one or two) that are located close to the road seg-
ment or bridge where the targeted weather event is of 
interest.  

A single ESS can satisfy both regional and local re-
quirements for road weather information.  For example, 
a site considered representative of regional road weather 
conditions may also include one or more sensors fo-
cused on conditions of interest within a short roadway 
or bridge segment.  Similarly, road weather information 
requirements may dictate installing multiple sensors on 
a local ESS to monitor road conditions (e.g., includ-
ing a pavement sensor near a visibility monitoring 
site).  Siting a single ESS to satisfy both regional and 
local road weather information requirements or mul-
tiple local weather information requirements requires 
considerable planning.  An agency considering new or 
relocated ESS locations may need to make tradeoff s in 
sensor selection and siting or may need to install ad-
ditional sensors or sites to satisfy all regional and local 
road weather information requirements.  

•

Assessing Road Weather Information Requirements

8Keep, Dale.  Roadway Weather Information Systems (RWIS), Ice and Snow 
Technologies, LLC, Report, 2004.
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Regional sites support broad, real-time monitor-
ing of weather and road conditions across a geographic 
area.  Equally important, these sites can also be used to 
provide data to improve the accuracy of surface trans-
portation specifi c forecasts (e.g., pavement temperature 
forecasts). Installing regional sites across an area lacking 
sensors helps defi ne the initial environmental condi-
tions necessary to run road weather prediction models.  
Th ese sites can also provide ground truth for comparing 
surface transportation specifi c forecasts with real-time 
observations to evaluate the accuracy of the forecasts.  
Additionally, locating a regional ESS in an isolated area 
where no other weather observations are available or in 
a location upstream of an area of interest can improve 
the ability to anticipate changes in the road weather 
environment in a specifi c area of interest.  

Regional sites include many of the same character-
istics as weather observing locations satisfying NWS or 
FAA weather information requirements.  Th at is, they 
have a generally uniform suite of weather sensors sited 
to represent a regional area.  A key diff erence between 
regional RWIS ESS and NWS or FAA weather observ-
ing locations is that the ESS sites may include roadway-
specifi c sensors (e.g., pavement and subsurface sensors). 
ESS regional sites can successfully augment sites used 
for general weather applications, and the increased data 
density they off er can improve the accuracy of NWS 
analyses and storm forecasts.  

Th e size of the area for which road weather ob-
servations from a regional ESS site can be considered 
representative is infl uenced by a number of factors 
including topography, climate, and the time and space 
scale of the weather event under observation.  Th ere are 
no studies that defi ne the optimal separation between 
regional ESSs to monitor road weather events and to 
support weather models.  Some weather forecasting 
models include a grid spacing as low as 2.5 miles (4 
kilometers (km)).  While installing regional ESSs with a 
2.5 mile (4 km) separation may be desirable to contrib-
ute to more accurate weather forecasts, doing so may 
be cost prohibitive.  A spacing of approximately 20-30 
miles (30-50 km) along a road is recommended as a 
guide.  

Local sites are usually located close to the point 
of interest on the roadway or bridge deck.  A point 
of interest is typically the result of topographic varia-
tions, road construction techniques, pavement types, or 
roadway geometry, e.g., at an intersection that has some 

sort of managed traffi  c control such as a traffi  c signal.  
Local sites can also provide predictors for conditions 
at the site. However, the point of interest may also be 
subsurface characteristics that infl uence or are infl u-
enced by specifi c weather situations (e.g., high humid-
ity, low solar heating, residual surface moisture, and 
high water conditions).  Because local ESSs are installed 
to measure specifi c events of interest to transportation 
operations and road maintenance personnel, the result-
ing observations may be pessimistic as compared to 
observations representative of a larger area.  

By defi nition, a local site is one where the weather 
conditions of interest are for a specifi c short segment 
of roadway, a topographic feature, or designated bridge 
structure.  However, certain general road and bridge 
deck sites may be considered representative sites for 
other similar segments or structures within the same 
general weather area.  For example, a pavement tem-
perature sensor on a bridge deck can be considered 
representative of conditions on other bridge decks over 
the same body of water or topographic feature, or of 
other bridges or ramps in the area.

Th e characteristics of a local ESS site are analogous 
to specialized weather observing sites supporting other 
industries, such as agriculture.  Th ese specialized sites 
contain sensors primarily designed to monitor specifi c 
elements or situations.  For example, some agricultural 
weather sites only include wind sensors at low heights, 
such as 6.5 feet (2 meters) above ground level, an array 
of subsurface sensors, and a solar radiation sensor.

2.3 Leveraging Information Partnerships 
An important consideration during planning of 

a new RWIS ESS is the opportunity to partner with 
other agencies and share resources.  Th ese resources 
may be other sensor systems belonging to organiza-
tions such as the NWS, FAA, USFS, Water Resource 
Weather Station Networks, and universities.  DOTs 
may want to contact these organizations to determine 
the availability of real-time weather observations and 
to assess whether those observations will meet some 
road weather requirements.  While it is unlikely these 
sources of other weather information will satisfy many 
road weather information requirements, DOTs may be 
able to leverage existing observing capabilities to obtain 
some weather information to supplement weather data 
collected from the RWIS network.  In some situations, 
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partnerships may avoid the costly duplication of sensors 
that may already exist in the area.  Th e sharing of data 
with other agencies can be complicated by diff erent 
data formats, diff erent weather observing frequency 
requirements, and communications incompatibilities.  
Still, it is advisable to develop relationships with other 
agencies to identify areas of mutual interest for future 
cooperation.  Sharing data can leverage assets between 
organizations and enhance the overall reporting net-
work supporting all users.  A key resource in this regard 
is the NWS, starting at the appropriate regional offi  ce. 

Additionally, other organizations may be able to 
provide existing towers, power, and communications 
to support the installation of an ESS.  For example, 
the NWS partnered with the National Ocean Service 
(NOS) to increase the availability of weather data along 
U.S. coastlines and bays.  Th e NWS installed their 
atmospheric sensors on NOS tide gauge platforms 
already equipped with power and communications.  
Th is partnership saved the NWS signifi cant funds that 
would have otherwise been required to install NWS 
observing platforms.

Assessing Road Weather Information Requirements





|  11

3.0 Site Selection
Correctly selecting an ESS site is very important 

to the overall eff ectiveness of the sensor suite and the 
representativeness of its observations.  An ESS installed 
at a poorly chosen location can result in unrepresenta-
tive sensor readings, servicing diffi  culties, and even 
damage to the ESS from natural runoff  and ponding 
in low lying areas and from road maintenance activi-
ties such as snow removal.  Th e site selection objective 
is to locate the ESS where its observations will be most 
representative of the area or roadway segment of inter-
est.  Meeting this objective requires the DOT planning 
team to minimize non-weather infl uences such as those 
that may result from nearby buildings, billboards, tall 
vegetation, elevated portions of the highway, bridges, 
or topography.  DOTs making ESS siting decisions 
should consider the seasonal characteristics of the sites.  
Site conditions can change signifi cantly from summer 
to winter when sun angles are low and trees lose their 
foliage. Unfortunately, the ideal ESS site will rarely be 
found.  Th e very nature of the roadway environment, 
narrow rights-of-way, the surrounding terrain, and even 
the traffi  c itself can impact the eff ectiveness of the ESS.  
Site selections are further complicated by the need to 
meet ESS power and communications requirements. 
Consequently, DOT planners will most often be in the 
position of making tradeoff s when selecting the ESS 
site and even when making decisions on individual sen-
sor placement.  Th e ESS siting guidelines can serve as 
an eff ective tool when making these diffi  cult decisions.   

3.1 Regional Site Guidelines
Regional sites are designed to provide road weather 

observations considered to be representative of the 
conditions along a given road segment.  Th e observa-
tions from the regional ESS can support monitoring 
road conditions throughout the highway system and 
running road weather forecast models, such as those 
used in highway maintenance decision support systems. 
Th e regional site can also provide additional data for 
incorporation into more general weather forecast mod-
els such as those employed by the NWS.  To ensure the 
regional ESSs provide data representative of the area, 
they should be located along uniform roadway condi-
tions selected to minimize local weather eff ects and the 
infl uences from outside non-meteorological forces such 
as local heat and moisture sources and wind obstruc-

tions.  A regional ESS should be sited on relatively 
fl at, open terrain.  To reduce the eff ects of traffi  c and 
road maintenance activities, regional ESS sites should 
be sought on the upwind side of the road based on 
predominant wind directions, e.g., on the north side 
of the road if winter conditions are the primary focus 
and the prevailing wind is northerly.  Deviations from 
the siting criteria in Section 4.0 should be minimized 
to reduce the possibility of selecting sites impacted by 
local eff ects.   

3.2 Local Site Guidelines
Local sites are those that require siting of sensors 

in areas that are specifi cally designed to satisfy a road 
weather information requirement along a short segment 
of roadway or a bridge.  Examples of these require-
ments include:  (1) road surface conditions such as 
historically cold spots that create slippery conditions 
or a location where signifi cant blowing, drifting, or 
heavy snow accumulation occurs, (2) surface fl ood-
ing on low lying road segments, (3) visibility distance 
where the local environmental conditions contribute to 
low visibility (e.g., a large local moisture source), or (4) 
high winds such as those occurring in hurricanes and 
terrain-induced crosswinds along a confi ned valley or 
ridge top.  Th ese local requirements may require the use 
of additional sensors or the siting of sensors in a loca-
tion that is specifi cally selected to detect and/or predict 
a local roadway condition or weather phenomenon.  At 
local sites, the primary consideration is detecting the 
road weather condition of specifi c interest to transpor-
tation operations and maintenance activities.

In many cases, local weather conditions or weather-
induced road conditions may require a diff erent assort-
ment of measurements and sensors on an ESS. Some 
examples of these local conditions include roadway 
segments abnormally susceptible to ice, frost, snow, low 
visibility, dangerous crosswinds, and roadway fl ooding 
conditions.  Other phenomena, like mudslides or rock-
slides, can aff ect roadways, but these are not covered 
here due to the lack of adequate sensors that can be 
used in the roadway environment to detect such events.

Site Selection
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3.2.1 Slippery Pavement Conditions

Th ese conditions usually occur in historically cold 
locations prone to standing water or the development 
of ice, frost, slush, or snow due to local weather or 
geographic conditions, e.g., a low spot on the road, 
elevated roadway or bridge, a predominantly shaded 
area, or locations susceptible to snowfall, blowing/drift-
ing snow, refreeze, or frost.  In these cases, the purposes 
of the sensors are to detect or monitor the roadway 
temperature and pavement conditions.  

Pavement sensors that monitor roadway or bridge 
deck temperature, surface condition, or chemical 
concentration and freeze-point temperature should be 
installed in locations that experience icing conditions.  
Th is may result in the surface sensors being placed in 
more specialized locations such as multiple traffi  c lanes, 
areas subject to blowing snow, or elevated roadways.  
Th e addition of dewpoint/frost-point and/or relative 
humidity sensors will help monitor conditions that may 
lead to the development of road frost.  In areas where 
road frost is a problem, mounting a dewpoint sensor 
close to the pavement height should be considered.

3.2.2 Low Visibility Conditions

Th ese conditions usually occur in locations where 
local moisture, smoke, or dust sources exist or in val-
leys or road depressions that trap cool moist air.  In 
these cases, the purpose of the sensors is to detect a 
reduction in visibility or an increase in moisture in the 
atmosphere, and the speed and direction of the wind.  
Moisture and particulate matter can be man-made, 
such as from a power station, waste treatment plant, 
mining area, plowed fi eld, or vehicle traffi  c, or can oc-
cur naturally from a river or swamp, a sandy or dusty 
area, or blowing/drifting snow.  For locations with 
frequent low-visibility conditions, DOTs may want to 
consider providing traffi  c safety warnings via dynamic 
message signs. 

Visibility, temperature, humidity, and wind sen-
sors should be installed adjacent to the roadway or in 
areas infl uenced by local sources of moisture (liquid or 
solid) or dust, such as on or near bridges or in confi ned 
roadway cut areas.  Th e visibility sensors should also be 
installed such that they represent the atmosphere 6.5 to 
10 feet (2 to 3 meters) above the roadway.  Siting vis-
ibility sensors closer to the roadway may degrade their 
performance due to the infl uence of salt spray from 

snow and ice control practices, or passing vehicles, and 
they may require more frequent maintenance.  A thor-
ough analysis of the particular location characteristics 
(e.g., source locations, obstructions, etc.) will help fi nd 
an acceptable siting location.  

3.2.3 High Wind Conditions

High winds and strong gusts frequently occur on 
bridges, confi ned valleys where channeling occurs, 
open fi elds unprotected by trees or structures, or on 
ridge tops.  In these cases, the purpose of the sensors is 
to monitor and detect the onset and duration of high 
winds and wind gusts at the height most likely to aff ect 
the stability and handling of moving vehicles. 

For these conditions, additional wind sensors can 
be placed where they represent the winds likely to aff ect 
motor vehicles.  Th is can be on bridges, open areas with 
long wind fetches, and rapid wind shear areas (e.g., exit 
from within road cuts, tree stands, and large structures).  
For dangerous crosswind conditions, wind measure-
ments normally taken at 33 feet (10 meters) can be 
supplemented by an additional wind sensor installed at 
a height of 10-16.5 feet (3-5 meters) so it will measure 
winds most likely to aff ect high-profi le vehicles.  Care 
should be taken to avoid siting the wind sensors too 
close to moving traffi  c or in wind shadows (i.e., the 
downwind side of bridges, signs, foliage, or buildings). 
In cases where wind channeling is caused by valleys or 
canyons, consideration should be given to installing 
sensors at the entry and/or exit areas of these features 
where wind shear can be experienced.

3.2.4 Water Level Conditions

Flooding can occur on bridges, in underpasses, or 
in other low lying road segments adjacent to permanent 
or intermittent water bodies.  Such conditions may oc-
cur during or after heavy precipitation, thawing, tidal, 
river ice jam, persistent counter-fl ow winds, or storm 
surge events.  During these events, the sensors moni-
tor water level conditions and detect fl ooding.  Th ese 
data can support emergency response activities and can 
result in the closing of roads to prevent loss of property 
or life.  

Sensors including pressure transducers, ultrasonic 
sensors, and fl oat gauges installed in standpipes can be 
used to measure the water levels and monitor fl ooding 
conditions.  Th e standpipe, as illustrated in Figure 5, is 
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normally a 10-12 foot (3-3.7 meter) rugged pipe with a 
diameter of 12 inches (30.5 centimeters).  Th e sensors 
and associated electronics are packaged within the pipe.  
Some vendors off er these sensors with a rain gauge 
mounted near the top of the pipe. Th e fl oat gauge can 
be installed in normally dry areas where runoff  and 
precipitation accumulate.  Th e pressure transducer can 
be used to monitor water levels in standing bodies of 
water such as lakes and reservoirs.  Th e ultrasonic sen-
sor monitors water levels in fast moving streams and 
rivers.   If installed on the side of a bridge to measure 
potential fl ooding, the sensors should be sited on the 
downstream side in a location with low water turbu-
lence.  Water level sensors can also be installed adjacent 
to the low point of the roadway or next to any road 
segment subject to fl ooding.

While not yet widely used as part of an ESS sensor 
suite, solid state water sensors that detect the presence 
of conductive solutions can warn of rising water levels.  
Th e sensor’s electrodes are positioned at a desired water 
level detection height.  When water reaches the elec-
trodes, a warning signal can be sent to an ESS RPU.

Figure 5.  Typical Standpipe Confi guration

3.2.5  River Bed Scouring Conditions

Scouring of river beds adjacent to a roadway bridge 
pier or abutment foundation can result in the under-
mining of the foundations and their eventual failure.  
Scouring can occur at any time but usually occurs dur-
ing fl ooding conditions.  Th e State bridge engineer can 
be consulted to determine if there are scour susceptible 
stream beds on the road segment under consideration 
for an ESS installation.  Sensors used to measure scour-
ing can provide warnings of danger to the integrity of 
the bridge foundation.  A liquid-fi lled load cell buried 
in the river sediment weighs the sediment, water, and 
air above it, and an accompanying pressure sensor 
provides the weight of the water and air.  Th e diff er-
ence in the weights indicates the weight of the sediment 
and can be monitored for scouring.  Additional optical, 
conductive, radiometric, and acoustic scouring sensors 
are under development.  Scouring sensors are buried in 
the sediment adjacent to a bridge pier or foundation.  
Scouring sensors are not normally included as part of 
an ESS but are presented here for DOT consideration.  

3.3 Siting Tools  
Local road maintenance personnel can provide 

valuable insight into weather-related safety and mo-
bility concerns along the roadway they maintain.  In 
addition to tapping their experience, the site selection 
team can employ several tools to help identify locations 
suitable for an ESS installation.

3.3.1 Th ermal Mapping

Th ermal mapping can be a useful tool in planning 
the installation of an RWIS ESS network and in select-
ing ESS sites.  Road thermal analysis, or thermal map-
ping, is the use of vehicle-mounted, downward-pointed 
infrared radiometers to survey a selected road segment 
to map the position of warm and cold spots along the 
roadway.  Th is analysis can (1) better defi ne the thermal 
characteristics of road segments (e.g., cold spots) and 
aid in the selection of locations to site roadway sensors 
for monitoring and forecasting surface icing conditions 
and (2) help identify locations that are representative of 
other locations, thereby possibly reducing the number 
of ESS installations required.  Th e thermal mapping 
data are usually collected in the early morning, before 
sunrise, when surface temperatures are the coldest.  

Site Selection
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Data are usually collected under clear sky, cloudy sky, 
and wet pavement conditions, as roadway temperature 
patterns diff er under each condition.

 An analysis of the data (similar to the work accom-
plished by the Nevada DOT9 and research conducted 
by Lee Chapman, John Th ornes, and Andrew Bradley10  
and Jorgen Borgen et al11) determines where along the 
stretch of roadway the pavement temperature will be 
the minimum under the diff erent weather and road 
conditions.  Th is analysis can be one method for de-
termining points of interest for frost and icy pavement 
formation and for ESS site determination and roadway 
characterization.  Th ermal mapping can help optimize 
the number of ESSs to be installed.  Fewer ESS instal-
lations may be needed if the roadway thermal profi les 
and properties are better known.  In cases where it 
reduces the number of ESS installations, thermal map-
ping can pay for itself. 

3.3.2 Portable Environmental Sensor Systems

While off ering limited utility, portable sensor 
systems can be used to survey potential permanent ESS 
sites.  Th ese portable systems can include a uniform 
suite of sensors or may only contain a couple of sensors 
if the road weather requirement is very specifi c.  Nor-
mally, portable ESSs do not include road sensors that 
must be implanted in or below pavements.  Portable 
systems can be used to detect locations of concern or 
to monitor construction sites and projects.  Mobile ob-
serving platforms (e.g., vehicles, trailers) can be used in 
much the same way to assist in locating specifi c points 
of interest for future ESSs.  

9Vaisala, Inc.  State of Nevada DOT Th ermal Mapping Final Report 2000, 
2000.
10Chapman, Lee, et al.  Statistical Modelling of Road Surface Temperature 
from a Geographical Parameter Database.  University of Birmingham, Climate 
& Atmospheric Research Group website. 
11Borgen, Jorgen, et al.  Th e Impact of Screening on Road Surface Temperature.  
Meteorological Applications, Vol. 7 pp. 97-104. 2000.
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4.0 Recommended Siting Criteria

Recommended Siting Criteria

Th e following siting criteria can be used to help se-
lect an optimal observation site. Criteria are subdivided 
into siting the observation tower and placing sensors on 
or adjacent to the tower.  Th ese recommendations strike 
a balance between established atmospheric sensor siting 
criteria such as those documented in World Meteoro-
logical Organization (WMO)12 and NWS13 standards 
and road-specifi c weather information requirements.  
Th e exact suite of sensors installed at a particular site 
will depend on the road weather information require-
ments.  Mounting the sensors on a tower will require 
careful planning so the sensors do not interfere with 
each other.  Th e availability of rights-of-way to install 
the site should be verifi ed.  Surroundings should be 
assessed for potential obstructions to selected sensors 
and potential sensor contaminants (e.g., water and dust 
sources) should be identifi ed.  Complete documenta-
tion of the tower and sensor location and exposure 
should be maintained for each location in a metadata 
fi le and made available at a central location (e.g., a 
website).  Variations in sensor or tower siting may be 
unavoidable due to many circumstances, such as:

Limited road rights-of-way 

Access requirements for power and/or communica-
tions

Ease in access for maintenance

Geography (e. g., terrain, water bodies) and neigh-
boring structures

Aesthetic considerations imposed by individuals 
and agencies

Security concerns

City, county, or state codes.

4.1 Observation Tower
Considerations for the structure and siting of an 

ESS tower are as follows:

•

•

•

•

•

•

•

Th e tower should be sturdy (e.g., open matrix 
type), using instrument booms to reduce con-
tamination of sensor data by turbulence and wind 
fl ow around the tower structure.  For water level 
and road fl ooding applications, standpipes (i.e., 
vertical pipes ranging from 3 to 12 inches (7.6 to 
30.4 centimeters) in diameter and up to 10 feet (3 
meters) tall such as shown in Figure 5) are typically 
used.  Masts can be placed above the top of the 
standpipe to mount wind, air temperature/dew-
point, or other weather sensors.  In this situation, 
the weather sensors may not be consistent with 
the siting guidelines below; however, the sensors 
should be installed high enough above the top of 
the standpipe to eliminate the environmental eff ect 
caused by the standpipe.

At this time, there are no studies that determine 
the minimum distance the tower should be placed 
from the roadway to avoid the eff ects of traffi  c on 
the accuracy of the sensors (e.g., heat, wind, splash) 
or how close it must be to adequately represent the 
environment over the roadway.  Towers are most 
frequently installed within a range of 30-50 feet 

•

•

12World Meteorological Organization: Guide to Meteorological Instruments 
and Methods of Observation, Sixth Edition, WMO-No. 8, 1996.
13National Weather Service. Operations and Services, Surface Observing 
Program (Land), Instrument Requirements and Standards for the NWS 
Surface Observing Programs. Policy Directive 10-1302, October 17, 2003.

 Figure 6.  Desired Tower Location Relative to Roadway
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(9-15 meters) from the edge of the paved surface.  
Figure 6 depicts a desired tower location relative to 
the roadway.

Th e tower base should be attached to a concrete 
pad to provide a sturdy platform.  Th e size of the 
pad should take into consideration the soil condi-
tions, frost activity, and wind loading.  If the tower 
is within the clear zone, a barrier or guard rail 
should be used.

Th e tower base should be at the same elevation as 
the surface of the road, if possible. 

Th e tower height should depend on the planned 
sensors.  If a wind sensor is planned, the tower 
should be tall enough to install it at a height of 33 
feet (10 meters).

Towers should be sited on relatively fl at terrain.  If 
possible, avoid steep slopes within 300 feet (ap-
proximately 90 meters) that could impact wind 
measurements.  Sites near steep road cuts, swampy 
areas, and bedrock (a detriment to cable trenching) 
should be avoided.

If possible, towers should be placed upwind of the 
roadway based on the predominant wind direction 
for the season of most interest.  Th e nearest NWS 
Forecast Offi  ce or State Climatologist can provide 
predominant wind directions.  Additionally, road 
maintenance personnel can often provide anecdotal 
information that will help determine the predomi-
nant wind direction along a given road segment.

Th e surrounding terrain coverage out to at least 50 
feet (15 meters) should be low vegetation or native 
soil.

Avoid standing water.  Many ESSs are installed on 
the opposite side of a depression adjacent to the 
road.  Th is depression is a natural collection point 
for rain and/or water draining off  the road.  Given 
the choice of two potential sites, both of which 
would satisfy other siting requirements, the ESS 
should be installed in the one less likely to be af-
fected by ponding water. 

A fence should cordon off  the tower from its sur-
roundings if the threat of vandalism is present.  If 
possible, the distance between the fence and the 
tower should be at least 15 feet (5 meters).  Th is 
distance is recommended to minimize the eff ect of 

•

•

•

•

•

•

•

•

the fence on the sensors readings especially when 
weeds and/or debris on the fence act as a horizon-
tal obstruction.  Limited space in the right-of-way 
may require the distance between the fence and 
tower to be reduced. Th e positioning of the fence 
and its gate should not restrict access to the equip-
ment or the tower.  Careful planning is necessary 
to assure that fold-over towers with their attached 
instrumentation may be lowered with suffi  cient 
room for a technician to work on the sensors.  Th e 
fence should not obstruct any sensors on the tower.  

Anti-climb panels can be installed to restrict per-
sons from climbing up the open lattice of towers.

Ease of maintenance tasks should be considered 
in the siting, such as the use of folding towers and 
the availability of maintenance vehicle pull off s.  
In some situations, sensor heights may need to be 
adjusted to accommodate maintenance activities.

Insuffi  cient space in the right-of-way outside the 
clear zone may preclude installation of a tower.  If 
requirements for road weather information pre-
clude selecting another site, DOTs may fi nd other 
options for installing some atmospheric sensors.  
For example, anemometers can be installed on 
light standards or utility poles.  Th e anemometer 
should be placed on top of the pole to minimize 
disturbances in the air fl ow.  If no pole is available, 
an anemometer can be mounted on a sign bridge.  
Th e mounting site should be selected to mini-
mize disturbances from any signs or from the sign 
bridge.  Consider mounting the anemometer on an 
instrument boom in the predominant upwind di-
rection.  Additionally, long-wave radiation sensors 
can be installed on a sign bridge to collect data over 
the road surface for input into road temperature 
models. Temperature and moisture sensors should 
not be mounted on top of light standards or utility 
poles or on sign bridges, as their resulting height 
would preclude obtaining representative data.      

Th e positioning of the tower and the height of the 
sensors on the tower should be included in the 
metadata fi le available for the data customers.

Refer to wind sensor criteria in Section 4.2 for 
obstruction restrictions.

•

•

•

•

•
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4.2 Sensor Location
Figure 7 shows the typical locations of sensors 

mounted on a tower as discussed in the following text.  
Refer to Section 3.2 for local sensor siting guidelines 
that diff er from the recommended guidelines below.  
Sensor heights may need to be elevated in areas that 
receive heavy snow.

Figure 7.  Typical Location of Tower-Based Sensors

Air Temperature/Dewpoint Sensor.  Th is probe 
should be located in a radiation shield in a well 
ventilated area and mounted 5-6.5 feet (1.5-2 
meters) above ground level.  Th e sensor should be 
on a boom extended from the tower at least 3 feet 
(1 meter) towards the predominant wind direction.  
In areas where road frost is a recurring consider-
ation, a second dewpoint sensor mounted lower to 
the pavement height may help identify the poten-
tial for frost formation.

Wind Speed and Direction Sensor (anemom-
eter).  Th is sensor should be positioned 33 feet (10 
meters) above ground level.  Obstructions to the 
wind fl ow should be avoided.  A general rule is 
that the sensor should be positioned at a distance 
of 10 times the height of the nearest large obstruc-

•

•

tion, e.g., if the obstruction is 20 feet (6.1 meters) 
tall, the wind sensor should be positioned 200 feet 
(61 meters) away from the obstruction.  Th e wind 
direction sensor should be set on true north (rather 
than magnetic north).

Optically-based Precipitation Sensors (Rate, Type, 
and Amount).  Th ese sensors should be installed at 
a height of 10 feet (3 meters) to avoid contamina-
tion from debris.  Install these sensors away from 
traffi  c, as they are susceptible to vibration.  Optical 
sensors should be installed to avoid the sun and 
stray light sources from entering the receiver ele-
ment.

Visibility Sensors.  Th ese sensors should be in-
stalled at a height of 6.5-10 feet (2-3 meters).  Th is 
height is lower than the NWS and FAA Automated 
Surface Observing System (ASOS)14 minimum 
height of 10 feet (3 meters), but above the 1.5-me-
ter height the WMO recommends for non-aviation 
applications.15  Th is height was selected to better 
represent a driver-level observation.  Optical sen-
sors should be installed to avoid the sun and stray 
light sources from entering the receiver element.

Snow Depth Sensors.  Th ese sensors are based on 
ultrasonic or infrared emissions.  Th ey should be 
installed perpendicular to the surface at a height 
of approximately 3.5 feet (1 meter).  Th e sensor 
should have an unobstructed view of the target and 
should be mounted so as to avoid vibrations.

Shortwave Solar Radiation Sensor.  Th ese sensors 
should be installed at a height of at least 10 feet 
(3 meters).  Th ese sensors should be placed high 
enough to avoid radiation from refl ective surfaces 
or shading from obstructions.

Longwave Radiation Sensors.  Th ese sensors mea-
sure incoming and outgoing radiation in the infra-
red portion of the energy spectrum.  Th e balance of 
these two radiation processes is extremely impor-
tant in determining the potential for nighttime 
cooling.  Th ey should be installed at a height of 
10 feet (3 meters) to avoid debris contamination.  
Th ese sensors should be installed on the tower with 
a clear fi eld of view (i.e., free from obstructions).  

•

•

•

•

•

14National Weather Service. Automated Surface Observing System (ASOS) 
User’s Guide. March 1998.
15World Meteorological Organization: Guide to Meteorological Instruments 
and Methods of Observation, Sixth Edition, WMO-No. 8, 1996.

Recommended Siting Criteria
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To measure longwave radiation directly above the 
road surface, consider placing the sensor on a sign 
bridge.

Cameras, both visible and infrared.  Cameras 
should be installed where they are able to obtain a 
clear line-of-sight and not interfere with the opera-
tion of any other sensors.  If the requirement is 
for visibility measurements, the camera should be 
installed as close as possible to the driver’s level of 
view.  Continuously imaging cameras may require 
additional power and communications bandwidth.

Pavement Temperature and Pavement Condition 
Sensors.  Th e initial consideration in the deploy-
ment of pavement sensors is in satisfying the 
agency needs to monitor or predict pavement con-
ditions. Pavement sensors can be installed where 
pavement conditions are representative of general 
road conditions (i.e., part of a regional ESS) and/or 
where specifi c road weather problems are likely 
to occur.  Th e installation of a pavement sensor 
meant to be representative of a larger road segment 
includes slightly diff erent considerations than the 
installation meant to detect or monitor a specifi c 
road weather condition or concern. For example, in 
most situations pavement sensors should be sited in 
unshaded areas to represent the surrounding road-
way segment under maximum cooling conditions.  
However, in road segments where shaded pavement 
is prevalent, such as hilly or mountainous areas, 
DOTs may consider siting additional sensors in the 
shaded areas to provide a better indication of local, 
cold weather road conditions.

Transportation operations and maintenance 
practices and concerns defi ne where the pavement 
sensors should be located.  On multilane roadways, 
consideration should be given to installing several 
sensors in diff erent lanes.  If only one sensor is to 
be installed, the typical lane selection is the travel 
lane, the rightmost lane in a multilane roadway.  If 
sensors will not be placed in each lane of a multi-
lane road in an urban environment, consideration 
should be given to siting the pavement sensors in 
the travel lane of morning outbound traffi  c.  Icy 
roads are most often a concern during the predawn 
and morning hours.  Placing the pavement sensor 
in morning outbound traffi  c will reduce the infl u-
ence of heavy vehicle traffi  c on pavement observa-
tions.

•

•

In order to optimize the investment in an ESS 
location, sites are often selected that include 
installation of at least one sensor in an open road 
environment and one sensor in a bridge deck.  
Consider installing the pavement sensors on the 
second bridge span from the abutment where the 
fl ow of air aff ects the deck temperature and in the 
approach roadway far enough back from the abut-
ment so that the sensor measures the pavement 
temperature away from the bridge’s eff ects.  

Once a lane is selected, where to install the pave-
ment sensor within the lane becomes the next 
consideration.  In general, pavement sensors should 
be installed near the edge of the inside wheel track.  
A typical pavement sensor siting is presented in 
Figure 8.  Th e sensor location should be adjusted to 
avoid wheel track depressions, as a depressed wheel 
track will be susceptible to water ponding that 
could contaminate sensor readings.  For similar 
reasons, care should be taken in locating the sensor 
to avoid drainage onto the sensor from the shoul-
der or median.  Pavement temperatures can be as 
much as 2oF (1oC) higher in lane centers.  Accord-
ingly, placing pavement sensors in the center of a 
lane is not recommended.16  Th e sensor should be 
implanted fl ush with the pavement.  On grooved 
pavement, the sensors should be implanted fl ush 
with the top of the grooves.  

Subsurface Temperature and Moisture Sensors.  
Th ese sensors should be installed at a depth of 12 
or 18 inches (30.5 or 45.5 centimeters), depending 
on the manufacturer-provided guidelines.  Instal-
lation at multiple depths should be considered for 
backup or more detailed analysis.  Th e installation 
location should be representative of sub grades in 
the area to include the presence or absence of water, 
similar soil types, and pockets of foreign materials. 
For ease of replacement, avoid burying subsurface 
sensors directly below pavement sensors.

Precipitation Accumulation Sensor.  Th e tipping 
bucket and weighing rain gauge are the most com-
mon ESS precipitation accumulation sensors.  Th e 
tipping bucket often underreports rainfall totals in 
heavy precipitation.  A weighing gauge can measure 

•

•

16Boselly, S.E., J.E. Th ornes, and C. Ulburg. Road Weather Information 
Systems Volume 1, Research Report. Strategic Highway Research Program 
Publication - SHRP-H-350, National Research Council, Washington, D.C., 
1993.
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both solid and liquid precipitation and is more 
sensitive to light precipitation events.  Both sen-
sors require a heating device in freezing climates.  
DOTs may want to consider new technologies such 
as the hot-plate rain gauge which determines pre-
cipitation amounts by measuring the power needed 
to evaporate precipitation falling on a sensor plate. 
Additionally, commercially available all-weather 
precipitation accumulation gauges are being de-
ployed as part of NWS and FAA automated surface 
observing systems.    Exposure is the primary con-
sideration for siting a precipitation sensor.  Place 
the instrument in as open an area as possible and 
away from the roadway to prevent splashing.  Con-
sider the use of a wind shield to increase accuracy 
of the measurement (not required for a hot-plate 
rain gauge).  Avoid areas of possible blowing or 
drifting snow.  If mounted on a tower, the sensor 
should have an unobstructed fi eld of view above it.  
Because the tower itself may infl uence precipitation 
measurements, it may be desirable to physically 
separate the precipitation sensor from the primary 
tower and remotely transmit the data to the tower 
RPU or boost the signal for a longer cable distance.

Barometric Pressure Sensor (barometer).  Th ese 
sensors can be installed at any height but should be 
encased in a protective shelter to avoid exposure to 
the elements and any wide temperature changes. 

•

Water Level Sensors.  Th ese sensors typically consist 
of an ultrasonic, infrared, or fl oat water-level sensor 
installed in a standpipe.  For water-level sensors, 
the standpipes should be located in a low turbulent 
(i.e., steady fl owing) portion of a fl owing creek or 
river adjacent to a fl ood-prone road segment or 
bridge.  If installed on or adjacent to a bridge, the 
sensors should be sited on the downstream side to 
minimize damage from fl oating debris.  To detect 
road fl ooding, the standpipes should be installed 
adjacent to the low point of a roadway segment 
prone to fl ooding.  In this situation, the standpipes 
are normally located in a parking area away from 
traffi  c or behind a guardrail.

•

Figure 8.  Typical Pavement Sensor Siting

Recommended Siting Criteria
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5.0 Additional Considerations

Additional Considerations

5.1 Siting Considerations
Th e primary purpose for siting ESSs near roadways 

is to measure weather and pavement conditions on or 
adjacent to the roadway.  Th ese measurements are sub-
sequently used to support management decisions and 
the prediction of future road and weather conditions 
detrimental to the safe operations of vehicles on the 
road.  Th ere are many obstacles that must be overcome 
for the proper siting of those stations.  

Th e most diffi  cult aspect of proper siting is to 
ensure that the sensor locations provide the specifi c 
road weather information required.  Th is is not pos-
sible in all cases due to physical obstructions, safety, 
or security issues.  In most cases, siting to satisfy the 
requirements for proper operation of one sensor can 
be accomplished, but the site may prove inappropriate 
for measurement of other desired conditions.  In such 
cases, critical compromises or additional actions may 
be required to locate an ESS.  Care must be taken to 
ensure compromises do not result in locating an ESS or 
ESS sensor in a location that will not be representative 
of the required road weather conditions.  To avoid such 
situations, additional sensors or additional sites should 
be considered. 

In addition to close proximity to the roadway, the 
sensors should be selected relative to the environment 
being monitored.  If the intent is to measure winds of 
hurricane strength, then the instruments need to be 
of suffi  cient durability to handle the expected condi-
tions.  Additional actions may include adding sensors 
of identical types to an ESS in order to satisfy multiple 
requirements at a single location, e.g., installing a wind 
sensor on a bridge separate from one sited nearby in an 
open unobstructed area.  Th e use of additional sensors 
will help ensure each is representative of the area or lo-
cation of interest, but this will normally increase system 
costs and complexity.

Siting decisions should be based on the need for 
specifi c road weather information.  Planning should 
address data requirements fi rst; then address how to 
satisfy power and communications requirements.  

5.2 Power
All sensors require some level of power to operate 

(e.g., signal voltages, sampling cycles, storage of data, 
and possibly heating elements).  Power is also required 
for the collection of the data at the RPU and for trans-
mission of the road weather data to its intended users.  
Power options include commercial power, wind power, 
or solar power with batteries.  

Th e selection of the appropriate power option is 
dependent on the availability and dependability of the 
source.  A commercial power connection is usually the 
most economical and reliable source of power.  Solar 
power can support nominal loads but is typically not 
capable of sustaining heavy power consumption for 
heated sensors.  Figure 9 illustrates two options for 
mounting solar panels.  Care should be taken to ensure 
solar panels do not block or interfere with the opera-
tion of the atmospheric sensors.  If the cost to physi-
cally connect to a direct, dedicated electric source is 
prohibitive, other options must be considered.  Th e 
actual selection of the power source may subsequently 
dictate which sensors can be supported.  

Cost becomes a factor in deciding whether to 
install less expensive sensors or communications requir-
ing little power versus more capable sensors or com-
munications requiring more power.  Eff orts should be 
made to ensure power considerations do not jeopardize 

Figure 9.  Options for Mounting Solar Panels
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the usefulness of the ESS.  Th e use of solar power is 
more common in the western and southwestern United 
States where there is more ample sunlight.  Commercial 
power, requiring less maintenance but considerably 
more installation costs, is used in most other areas.  Th e 
use of wind power has been successfully implemented 
for a number of ESS installations in North Dakota.

5.3 Communications
Similarly, tradeoff s in the method and equipment 

to support timely and eff ective data communications 
(e.g., report frequency versus cost) may also have to be 
made, hopefully without compromising the usefulness 
of the ESS.  

Communications options include hardwired tele-
phone, cellular, copper wire, fi ber optic cable, wireless, 
radio, microwave, or satellite.  Important factors in the 
selection of the communication method and equip-
ment include the amount of data that will be required 
to pass from the RPU.  Th is will be a function of how 
much data are included in each observation (e.g., 
bandwidth considerations) and how often observations 
are transmitted (e.g., report frequency).  For sites with 
low bandwidth requirements (i.e., no video camera 
and infrequent reporting), a polling system using 
telephone lines or some type of wireless communica-
tion may be more economical than hardwired options.  
In some cases, ESS siting decisions will be aff ected by 
line-of-sight and terrain shadowing considerations.  
For high data volumes, a hardwired communication 
system (wire or optical fi ber) appears more appropriate, 
although installation costs could be increased consider-
ably.  DOTs should consider using “historical” polling 
of road weather data, if the RWIS RPU can support it.  
With historical polling, road weather data are stored 
in the RPU and are retrieved at set times (e.g., at the 
top of the hour and every 15 minutes thereafter).  Th is 
process diff ers from polling the RPU to get only the 
current road weather observation.  Employing historical 
polling enables the DOT to recover earlier road weather 
observations if communications’ failures interrupt the 
polling process.    

A complete analysis of communication options 
and possible interfaces with the present or planned ITS 
should be performed early in the siting process.  In 
some cases, ESSs can be located near other ITS devices 
(e.g., traffi  c counters, dynamic message signs, traffi  c 

signal controllers) to share power and communications 
costs.  For critical sites, backup sources of power or 
communications may be needed.  An analysis of com-
munications should also consider the weather informa-
tion requirements of partnering agencies, such as NWS.  
Partnering agencies may need weather observations 
at a greater reporting frequency than the DOT.  Such 
requirements may infl uence the communications solu-
tion.

5.4 Aesthetics, Safety, and Security
In some cases, ESSs have been moved or painted 

in order to minimize how much they stand out from 
the surrounding terrain and vegetation.  Unfortunately, 
following the siting criteria related to maintaining 
adequate distances from obstructions can result in a 
sensor tower that is very obvious.  Pre-siting discussions 
with the surrounding stakeholders can possibly forestall 
any aesthetics problems.

Siting too close or too far from the roadway may 
seriously complicate maintenance procedures or un-
necessarily jeopardize maintenance personnel safety.  
Installations too close to the pavement may make the 
data more representative of the actual roadway condi-
tions but increase the hazard to maintenance personnel.  
Installations too far from the roadway may decrease the 
value of the data by making the data unrepresentative 
of the roadway environment.  Extra security measures 
should be taken in areas where the threat of vandalism 
is present.  Th ese may include a security fence around 
the ESS, anti-climb panels, or even security cameras.  

5.5 Periodic Siting Reevaluation
An important consideration of any ESS is the peri-

odic reevaluation of the site.  Over the years, construc-
tion projects, both on and off  the roadway, and veg-
etation growth can change the representativeness and 
usefulness of ESS locations.  A periodic reevaluation of 
the site is needed to ensure that the observation data 
from the site are still valid and that the metadata on the 
site are still correct.  Obstructions should be reevalu-
ated for interference and, if required, a new site should 
be determined or obstructions removed.  Any changes 
resulting from this reevaluation should be included in 
updated entries to the site and sensor metadata in order 
to maintain a valid history of the site and its sensors.  
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Th is reevaluation can be accomplished as part of an 
annual preventive maintenance program needed for 
sensor maintenance and calibration.

5.6 Siting Metadata
An important aspect of the eff ective use of road 

weather data from ESSs is the documentation and dis-
tribution of the site’s metadata.  Metadata are basically 
defi ned as “data about data.”  In the case of the RWIS 
ESS, metadata should include the station and sensor 
locations, the history of any changes in the metadata, 
and a representative index for the particular location 
and its sensors.  Th e metadata are used to document the 
characteristics of each sensor and its siting to provide 
users a better understanding of what the sensor data re-
ally represent.  Th e Federal Geographic Data Commit-
tee (FGDC) has developed standards for digital geo-
spatial metadata.17  Th e referenced document provides 
“a common set of terminology and defi nitions for the 
documentation of digital geospatial data.”  A compan-
ion document18 describes how and why a uniform set 
of criteria or standard was developed and presents it in 
more detail.  David Hart and Hugh Phillips also have 
published a primer on metadata use.19  Currently, there 
are no corresponding uniform recommendations for 
RWIS ESS location and sensor metadata.  

Various forms of metadata currently exist for ESSs 
that are not components of RWIS.  Th e National Cli-
matic Data Center (NCDC) maintains metadata for a 
number of its datasets.  Th ese datasets include: (1) Cli-
mate Reference Network dataset,20 (2) NCDC Station 
History Database with approximately 30,000 stations 
and part of the NCDC Station History Information 

Processing System (SHIPS),21 and (3) NWS Coopera-
tive dataset.22  Th e elements for the NCDC station 
metadata accessible through their Master Station 
History Report include station identifi cation with a 
number of identifi ers; location (e.g., country and state); 
latitude/longitude; station name; period of record; el-
evation; and station type.  Elements for the cooperative 
sites include exposure, topography, and driving direc-
tions.  Th e SHIPS database also contains more detailed 
information about the observations and instrumenta-
tion for some locations.  In addition, development of 
a common set of metadata requirements for the NWS 
National Cooperative Mesonet, a part of the NWS 
Integrated Surface Observing System (ISOS) Program, 
is currently underway.  Th e ISOS program may include 
RWIS as part of the national mesonet.  To be included, 
RWIS data will need to have a minimum set of meta-
data for each site.  Although still being fi nalized, this 
metadata set includes platform owner, station name 
and identifi er, station coordinates, station elevation, 
observed elements with their units, station reporting 
frequency, and an observation timestamp description. 
All of these metadata items are included in the recom-
mended ESS metadata set listed in Table 2.  As meta-
data requirements become fi nalized for the NWS ISOS 
Program, RWIS metadata managers may want to adjust 
their metadata archive accordingly.

Currently, procedures for archiving ESS metadata 
vary from state to state.  To maximize the application of 
ESS data within the transportation community and by 
other potential users, uniformity in metadata content 
and formats is encouraged.  At a minimum, those items 
with a history of changes should be collected, centrally 
stored, and backed up whenever a change occurs.  In 
addition to the collection and storage of the metadata, 
the metadata should also be readily available to any 
individual or agency that uses the data.  Th e eff ec-
tive distribution of metadata is just as important as 
the distribution of the sensor data.  Th is distribution 
of metadata is necessary to ensure that the user un-
derstands the characteristics of the road weather data, 
e.g., whether it is designed to monitor the conditions 
at a specifi c site for a specifi c local purpose or whether 
that data is designed for general surface transportation 
weather observing and forecasting.  

Recommended metadata items for ESSs are listed 
in Table 2.  Additional metadata items, listed in Table 
3, can provide more useful information to road weather 
data users.  Some items in the metadata sets in Tables 2 

17Federal Geographic Data Committee, Content Standard for Digital Geospa-
tial Metadata, FGDC-STD-001-1998.
18Federal Geographic Data Committee, Content Standard for Digital Geospa-
tial Metadata Workbook, Version 2.0 May 1, 2000.
19Hart, D and H. Phillips, Metadata Primer – A “How To” Guide on Meta-
data Implementation, University of Wisconsin website.
20US Department of Commerce, National Climatic Data Center, United 
States Climate Reference Network (USCRN) Metadata Management – Survey 
to Operations (Draft). June 2003. to Operations (Draft). June 2003. to Operations
21US Department of Commerce, National Climatic Data Center, Data 
Documentation for Data Set 9767B, Master Station History Report. December 
31, 2002.
22Viront-Lazar, A. and P. Seurer, Metadata for Climate Data, A Geographic 
Data Base Model for Station History, First IEEE Metadata Conference, April 
16-18, 1996. 
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and 3 correspond directly to identifi cation objects listed 
in the National Transportation Communications for 
ITS Protocol (NTCIP) Standard for ESS objects.23  

23US Department of Transportation.  National Transportation Communications for ITS Protocol (NTCIP) – Object Defi nitions for Environmental Sensor Stations 
NTCIP 1204.  November 23, 2001. Release of Version 2 is expected in 2005.
24Leroy, M. Meteorological Measurement Representativity, Nearby Obstacles Infl uence, 10th Symposium on Meteorological Observations and Instrumentation, 
American Meteorological Society, January 11-16, 1998.

Metadata Item Metadata Description Format

Recommended Site Information

Name and/or 
Numbers

Name and/or numbers that uniquely describe the site.  Th ese may include WMO/
International Civil Aviation Organization or NWS climate station identifi ers. 

Text

Geopolitical 
Placement

For example: the city, county, state, country. Text

Location Usually in latitudinal and longitudinal coordinates in decimal fractions of degrees. Real Number

Elevation Elevation above mean sea level (feet). Integer
Eff ective Date  Th e date this metadata fi rst becomes valid. Date

Site Description Textual description of the site.  It may include environmental, topographic, soil, 
and/or vegetation information.  Include description of relationship of site to 

roadway surface (e.g., distance from/height above or below).

Text

Platform Owner Contact Information. Text

Involved Parties Contact information of those who maintain the site, its data, and its metadata. Text

Exposure Description of the exposure of the site in terms of obstructions to wind, sun, and 
artifi cial temperature/ moisture sources. 

Text

Exposure Indicator An indicator of quality of the exposure of the site. (Th is indicator is not yet 
developed.  Room in the metadata should be planned for this indicator for digitally 
assessing the usefulness of the data for other purposes.  Similar to work developed 

by Michel Leroy, Meteorological Measurement Representativity, Nearby Obstacles 
Infl uence).Infl uence).Infl uence 24

Integer

Location Digital 
Panoramic Photos 

and Drawings

Photos and graphic drawings that display the exposure, surrounding environment.  
May include aerial photography or topographic analysis.

Digital Image

Height of base of 
tower to mean level 
of surrounding land

Th e elevation of the base of the tower minus the elevation of the land surrounding 
the location of the ESS out to approximately 300 feet (91.4 meters).  Th e elevation 

diff erence indicates whether the ESS is sited in the ditch or on a rise.

Integer

Station Reporting 
Frequency

Frequency at which observations are disseminated. Text

Data Observing 
and Dissemination 

Practices

Description of observation and dissemination practices used at this site. Text

Description of 
Observation 
Timestamps

Universal Time Coordinate or Local Time plus Daylight Savings Time 
information. 

Text

Table 2.  Recommended ESS Metadata Items
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Metadata Item Metadata Description Format

Recommended Sensor Information (For each sensor at this site)

Description Element(s) sensed and units of measurement Text
Sensor Type and 
Model Number 

Short description of what type of sensor this is (e.g., thermometer, wind vane). Text

Manufacturer Who built the sensor. Text
Location (if 

diff erent from 
tower)

Usually in latitudinal and longitudinal coordinates in decimal fractions of degrees. Real Number

Relation of sensor 
to roadway

Include description of relationship of sensor to roadway surface (e.g., distance 
from/height above or below, position on roadway).

Text

Height or depth Height or depth of the sensor from base of tower. Integer

Exposure (if 
diff erent from site 

exposure)

Description of the exposure of the sensor in terms of obstructions to wind and sun 
and artifi cial temperature/moisture sources.

Text

Exposure Indicator 
(if  diff erent from 

site exposure 
indicator)

An indicator of quality of the exposure of the sensor. (Th is indicator is not yet 
developed.  Room in the metadata should be planned for this indicator for digitally 
assessing the usefulness of the data for other purposes.  Similar to work developed 

by Michel Leroy, Meteorological Measurement Representativity, Nearby Obstacles 
Infl uence)Infl uence)Infl uence

Integer

Accuracy Design accuracy of the sensor. Text
Resolution Resolution of the sensor. Text

Measurement 
Range

Measurement range for the sensor. Text

Sampling Time/ 
Interval

Sampling Time and/or interval of the sensor data. Text

Table 3.  Supplemental ESS Metadata Items

Metadata Item Metadata Description Format
Supplemental Site Information

Site Category If site is part of bigger network, used to discriminate between categories/type of 
sites (e.g., full/partial, permanent/ transportable/mobile/other).

Integer

Usage Category Indicator to describe the primary use for this site (e.g., monitoring/detection/
forecast).

Integer

Data Inventory Description of what data originate at this site. Text
Data Storage 

Practices
Description of where data are stored and how to access it. Text

Nearby Stations List of stations that can be used as backup for this site. Text

Supplemental Sensor Information (For each sensor at this site)
Level of Quality 

Control/ 
Maintenance/ 
Calibration/ 
Validation

Description of quality control, maintenance, calibration, and/or validation 
procedures or specifi cations (e.g., Mean Time Between Failure).

Text

Additional Considerations

Table 2.  Recommended ESS Metadata Items (continued)
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Metadata Item Metadata Description Format
Algorithms used Algorithms used to create derived data. Text

Hardware/software 
version

Name and version of hardware/software used by this sensor. Text

Date of Installation Date of sensor installation. Date
Date of Purchase Date of sensor purchase. Date

Supplemental Sensor Information for Specifi c Sensor Types
Temperature/

Relative Humidity 
– Ventilation Type

Type of ventilation used in the temperature/moisture sensors (e.g., fan/none). Text

Temperature/
Relative Humidity 

– Soil and 
Vegetation Types

Types of soil and vegetation under the temperature/ moisture sensors. Text

Wind 
– Dimensions 
of supporting 

building if any

Dimensions of supporting building. Text

Wind – roughness 
class in four 
directions

Roughness class in four directions. Text

Radiation 
– horizon sketch

Sketch of the angle of the horizon in all directions. Digital Image

By establishing, maintaining, and sharing a robust 
metadata archive for ESS sites and their sensors, both 
transportation and other users will be able to eff ectively 
apply the ESS data to their particular weather and road 
weather information requirements.

Table 3.  Supplemental ESS Metadata Items (continued)
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6.0 Conclusion

Conclusion

Th e collection of road weather information can 
provide decision support to transportation managers 
and contribute to more accurate weather forecasts.  Th e 
recommendations in this document are designed to 
satisfy as many road weather monitoring, detecting, 
and prediction requirements as possible.  Th e recom-
mendations encourage uniformity in ESS siting and in 
the application of the road weather observations.  Many 
of the recommended criteria include a range of values.  
Th ese ranges refl ect both the complexity of the roadway 
environment and the need for additional research.  Th e 
recommendations suggest siting decisions are best made 
by a team of transportation operations, road mainte-
nance, and weather experts.
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Appendix A - Acronyms and Definitions
Term   Definition

ASOS Automated Surface Observing System 

oC  Degree(s) Centigrade

DOT Department of Transportation 

ESS  Environmental Sensor Station

oF  Degree(s) Fahrenheit

FAA Federal Aviation Administration

FGDC Federal Geographic Data Committee

ISOS Integrated Surface Observing System

ITS  Intelligent Transportation Systems

kms  kilometers

Metadata Specific information about site characteristics

NCDC National Climatic Data Center

NOS National Ocean Service

NTCIP National Transportation Communications for ITS Protocol

NWS National Weather Service

ODOT Ohio Department of Transportation

RPU Remote Processing Unit

RWIS Road Weather Information System

SHIPS Station History Information Processing System

SHRP Strategic Highway Research Program

USCRN United States Climate Reference Network

USFS United States Forest Service

WMO World Meteorological Organization
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Appendix C - Road Weather Observation 
Requirements

Table C1 contains a list of weather elements for DOT consideration during the analysis of road weather 
requirements.  Th is list was adapted from Appendices B-1, B-1.1, and B-5 in the report on surface transportation 
national needs by the Offi  ce of the Federal Coordinator for Meteorology - Services and Supporting Research.25   A 
weather element is a particular weather condition or a consequence of weather conditions aff ecting road opera-
tions or the safety, economic value, or effi  ciency of transportation or road maintenance activities.  Table C1 also 
indicates the thresholds at which the weather element aff ects road operations and maintenance activities.  In some 
cases any occurrence of a weather element has impact and may require action.  For other elements, the thresholds 
are variable based on the specifi c needs of users.  

Th e shaded weather elements in Table C1 deserve primary attention during the requirements analysis and the 
development of ESS plans.  Not all the highlighted weather elements can be measured by an automated ESS; how-
ever, they all provide insight into important ESS deployment considerations.  For example, an ESS cannot directly 
measure roadway ice accumulation in inches.  If roadway ice accumulation is an important consideration, other 
sensors discussed in Section 2.1 should be selected that will indicate icing conditions.  Identifying the highlighted 
elements for primary consideration is only a recommendation.  Th e actual elements considered when planning an 
ESS installation must refl ect the DOT’s operational requirements for road weather information.

25Offi  ce of the Federal Coordinator for Meteorology - Services and Supporting Research. Weather Information for Surface Transportation, National Needs 
Assessment Report. FCM-R18-2002. December 2002.

Weather Element Th reshold
(Shaded weather elements are recommended for primary consideration during ESS 
requirements analyses.)
Freezing Precipitation Occurrence Any
Structure Ice Accumulation (inches) Any
Pavement Ice Accumulation (inches) Any
Frozen Precipitation Occurrence Any
Snow Accumulation Observation (inches) Any
Snow Drift Level Observation (inches) Any
Roadway Snow Depth Observation (inches) Any
Roadway Snow Pack Depth Observation (inches) Any
Adjacent Snow Depth Observation (inches) Any
Snow/Ice Bonding Observation (inches) Any
Liquid Precipitation (inches) Any
Precipitable Water Vapor Observation (inches) (amount of moisture in a vertical column of air) Any

Air Temperature (degrees Fahrenheit (oF)) Variable, based on 
impact criteria

Air Temperature Change Rate (oF per 24 hours) Variable, based on 
impact criteria

Air Temperature and Time Values (heating/cooling degree days) Variable
24 hour

Table C1.  Weather Element List
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Weather Element Th reshold
(Shaded weather elements are recommended for primary consideration during ESS 
requirements analyses.)
Dewpoint Temperature (oF) Variable, based on 

temperature and 
impact criteria

(Also referred to as the frost point when this temperature is below 32 oF)

Wet Bulb Temperature (oF) (used to measure moisture in the air, similar to Relative Humidity and 
Dewpoint)

Variable, based on 
temperature and 
impact criteria

Relative Humidity (percent) Variable, based on 
impact criteria(Can be derived from air temperature and either dewpoint or wet bulb temperatures.)

Wind Chill (oF) < 32 oF

< 20 oF to 32 oF

Heat Index (oF) Variable, based on 
impact criteria

Atmospheric Pressure Variable, based on 
impact criteria

Total Sunlight (hours) All
Total hours

Cloud Cover Scattered, broken, 
overcast or tenths or 
octal of sky covered

Subsurface Temperature (oF) Variable, based on 
other contributing 
factors such as wind, 
shade, sun

Soil Moisture Saturated, unsaturated

Soil Temperature (oF) Variable
Pavement Freeze Point Temperature (oF) < 32 oF with moisture 

(observation and 
forecast)

Pavement Temperature (oF) Variable, based on 
impact criteria

Pavement Condition Wet/dry, snow, snow 
pack, slush, ice

Occurrence of Road or Bridge Frost Any
Chemical Concentration Variable, based on 

application, residue
Visibility, Including Restricting Conditions such as Precipitation, Fog, Haze, Dust, Smoke 
(statute miles)

< 1/4 to < 1/2 mile

Sun Glare Any
Wind Speed to include Gusts (miles per hour) Variable, based on 

impact criteria
Surface Wind Direction (degrees) Any

Table C1.  Weather Element List (continued)
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Weather Element Th reshold
(Shaded weather elements are recommended for primary consideration during ESS 
requirements analyses.)
Th understorms with Lightning (proximity to route or operational area in miles) < 5 miles

Th understorms with Hail (hail size, proximity to route or operational area in miles) Any size, < 5 miles

Th understorms with Tornado or Waterspout (proximity to route or operational area in miles) < 10 miles and < 5 
miles

Blizzard – sustained wind or frequent gusts greater than or equal to 35 miles per hour 
accompanied by falling and/or blowing snow, frequently reducing visibility to less than ¼ mile for 
3 hours or more.  (proximity to route or operational area in miles)

< 50 miles

Flooding (Th e occurrence of fl ooding or a measurement of a water level above a fl ood stage) Any

Water Course Flow Volume (cubic meters per second) Variable, based on 
impact criteria

Water Body Depth (feet) Variable, based on 
impact criteria

Hurricane Storm Surge Any
Air Stability (determination of vertical motion or mixing in the atmosphere) Stable/Unstable

Some weather elements in Table C1 can be determined using the sensors or a combination of ESS sensors.  
For example: 

Winds associated with blizzards are observations of wind speed and gusts under these high wind conditions. 

Wind chill temperatures are numerically derived from air temperature and wind speeds.

Heat index is numerically derived from air temperature and relative humidity.

Air temperature change rate is derived from air temperature.

Wet bulb temperatures can be derived from dry bulb and dewpoint temperatures.

Relative humidity can be derived from air temperature and either dewpoint or wet bulb temperatures. 

•

•

•

•

•

•

Table C1.  Weather Element List (continued)
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26 Boselly, S.E., and D.D. Ernst.  Road Weather Information Systems Volume 2, Implementation Guide. Strategic Highway Research Program Publication-  
SHRP-H-351, National Research Council, Washington, D.C., 1993.

Th is appendix presents two additional analyses of road weather observation requirements.  Th ese analyses 
supplement the data presented above and are included to help state DOTs evaluate their needs for road weather 
observations.  Th e fi rst analysis, based on a Strategic Highway Research Program (SHRP) RWIS implementation 
guide,26 identifi es the road weather requirements of highway agencies, as well as those of meteorological orga-
nizations and the traveling public.  Th e results are presented in Table C2.  A “Y” indicates the users identifi ed a 
requirement for the associated observation.  Requirements are presented for both snow and ice control activities 
and for other road maintenance activities. 

Table C2.  Road Weather Information Systems Weather Observation Requirements

Types of Observation and Associated 
Weather Elements 

Road Agencies
Meteorological
 Organizations Travelers

Snow Other Snow General Alert General
Pavement

Temperature
Surface Y Y Y N N N
Subsurface Y Y Y N N N

Surface condition Y Y Y N Y Y
Chemical concentration Y N N N N N

Weather

Wind
Speed Y Y Y Y Y Y
Direction Y Y Y Y N N

Temperature
Air Y Y Y Y N Y
Dewpoint/Humidity Y Y Y Y N N

Solar radiation Y Y Y N N N
Pressure N N N Y N N
Visibility Y Y Y Y Y N
Present weather Y Y N Y N Y
Precipitation

Amount Y Y Y Y N N
Rate Y Y Y Y Y N
Begin/end times Y Y Y Y Y N
Type Y Y Y Y Y Y

Other = Road maintenance activities other than snow and ice control.Other = Road maintenance activities other than snow and ice control.
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27Zwahlen, H.T., et al. Evaluation of ODOT Roadway/Weather Sensor Systems for Snow and Ice Removal Operations Part I: RWIS.  Human Factors and Ergo-
nomics Laboratory, Ohio University, June 2003. 

Table C3 presents another list of road weather observation elements adapted from an Ohio University study.27  
Th ese data are based on responses from users and administrators from three state DOTs and a European country.  
Study participants were asked to evaluate the importance of sensors by comparing them in pairs using a scale of 1 
to 10, such that the sum of the rankings of the two sensors totaled 10.  If two sensors were equally important, they 
would each be given a score of 5.  Th e evaluator might give a very useful sensor a score of 9 and a sensor not useful 
to that evaluator a score of 1.  

Th e inputs for all comparisons were used to compute the relative importance of the types of measurements.  
Th e results shown in Table C3 provide a prioritized list of the sensor measurements, with the precipitation type 
considered the most important and wind gusts the least important.  While this table may help state DOTs pri-
oritize their sensor requirements, it should be noted that the results were based on a single study with a limited 
sample size.  Table C3 should be considered just another tool in evaluating sensor requirements.  Th e fi nal decision 
for sensor selections should refl ect DOT operational requirements for road weather information. 

Table C3.  RWIS Sensor Measurement Rankings

Sensor Measurement
Precipitation Type

Surface Temperature
Surface Status (dry/wet)

Precipitation Rate or Intensity
Visibility

Precipitation Accumulation
Chemical Percentage or Factor

Dewpoint
Air Temperature
Ice Percentage

Freezing Point Temperature
Depth of Water Layer

Wind Speed
Relative Humidity
Wind Direction

Barometric Pressure
Subsurface Temperature

Wind Gusts
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Appendix D - ESS Checklist
Th is checklist is a synopsis of the siting criteria contained in the main document.  Th e checklist provides an 

organized list of considerations for uniform siting of ESSs.  Section numbers refer to locations in the main docu-
ment.

Identify Road Weather Data Requirements and Uses (Section 2.0)

Detect or monitor roadway conditions.

Support winter maintenance decisions.

Support road temperature modeling.

Support improved weather forecasts.

Warn travelers of road conditions.

Help manage traffi  c.

Support road construction.

Other uses.

Identify Basic Requirement for the Site

Regional site to provide road and weather data representative of a general area.  Generally used to monitor 
the onset or existence of predicted conditions and to provide information used to forecast weather and road 
conditions. (Section 2.2)

Local site used to detect existing or changing conditions at a specifi c site or to provide a predictor for the 
condition and site.  (Section 2.2)

Identify Candidate Locations for the Site

Choose candidate locations based on site requirements.

For a regional site, select relatively fl at, open terrain removed from local non-weather infl uences. (Section 
3.1)

For a local site, select candidate locations close to the road weather condition or road segment of inter-
est or in a position specifi cally selected to detect and/or predict a local roadway condition (e.g., smoke or 
dust sources, canyon entrances, sources of road fl ooding). (Section 3.2)

Identify power source options and challenges (type, access, cost). (Section 5.2)

Identify communications options and challenges (type, capacity, frequency of access, cost). (Section 5.3)

Other considerations (aesthetics, safety, security). (Section 5.4)

Investigate opportunities to partner with other agencies. (Section 5.3).

Identify other sites or sensors to provide weather data that can be used to monitor or predict road weather 
conditions.

Identify infrastructure resources (power, communications, sensor platforms) that can support ESS instal-
lation.

Verify the availability of rights of way to install the site.  In some cases, easements or other permits may be 
required. (Section 4.0)
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Identify Sensors Needed

Choose sensor suite-based requirements.

For a local condition or regional site. (Section 2.1)

Consider how the observations will be used.

What are the required weather parameters at the site of interest and what sensors can measure them 
directly or provide an indication of their occurrence?

For a regional site. (Section 2.1)

Select a minimum suite of initial sensors for area coverage based on agency needs. 

Wind speed and direction.

Temperature/dewpoint.

Pavement surface conditions.

Precipitation presence, type, and intensity.

Consider additional sensors.  (Sections 2.1 and 4.3 and Appendix C)

Assess requirements, usefulness, sensor reliability/maintainability, and cost. 

Atmospheric pressure. 

Subsurface temperature.

Visibility.

Precipitation accumulation.

Solar/terrestrial radiation. 

Select a Specifi c Site

Assess surroundings. (Section 4.0)

Identify potential obstructions to selected sensors.

Identify potential sensor contaminants. 

Nearby water/dust sources, tree/terrain shadowing.

Identify tower site (trade-off s required). (Sections 4.0 and  4.1)

Assess distance from obstructions/contaminants. 

Assess specifi c power/communications access.

Assess ease of maintenance and safety considerations for road traffi  c and maintenance personnel.

Identify pavement surface sensor locations and lane placement to meet operations and road maintenance 
requirements. (Section 4.2)

Identify site(s) for additional sensor(s) separate from tower. (Section 4.0)

Tower and Sensor Siting Recommendations

Site tower. (Sections 4.1 and 4.2)

Flat terrain, not bedrock or swampy, no steep slope within 300 feet (approximately 90 meters).

Low vegetation/native soil for 50 feet (15 meters).
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Upwind of roadway for season of interest.

Avoid standing water.

Position 30 to 50 feet (9 to 15 meters) from edge of paved surface.

Height of tower depends on selected sensor suite; at least 33 feet (10 meters) for wind sensors.

Tower base at the same elevation as road surface, if possible.

Barrier or guardrail.

Security fence.

Avoid neighboring structures, signs, and trees or tall vegetation.  Towers with wind sensors should be 
located away from obstacles at a distance of at least 10 times the height of the nearest large obstacle, if 
possible. 

Site sensors. 

Atmospheric temperature/dewpoint. (Sections 3.2.2 and 4.2)

Shielded, well-ventilated sensor.

Height of sensor 5 to 6.5 feet (1.5 to 2 meters).

Boom extended from tower at least 3 feet (1 meter).

For local low-visibility conditions, consider alternate siting closer to the road or local sources (mois-
ture/dust) to capture local eff ects.

Wind speed and direction. (Sections 3.2.3 and 4.2)

Locate the sensor away from obstacles at a distance of at least 10 times the height of nearest obstruc-
tion, if possible.

Height of sensor 33 feet (10 meters).

For high wind conditions, consider:

Siting additional sensors at a 10 to 16.5 feet (3 to 5 meters) height to capture local eff ects.

Locating sensors at the entry and/or exit of valleys or canyons to measure high winds due to 
channeling.

Optically-based precipitation (rate, type, and amount). (Section 4.2)

Height of sensor 10 feet (3 meters).

Avoid sun or stray light sources.

Visibility. (Sections 3.2.2 and 4.2)

Height of sensor 6.5 to 10 feet (2 to 3 meters).

Avoid sun or stray light sources.

For local low-visibility conditions, consider alternate siting closer to the road or local sources (mois-
ture/dust) to capture local eff ects.

Snow depth. (Section 4.2)

Height of sensor approximately 3.5 feet (1 meter).

Ensure proper fi eld of view and orientation.

Shortwave solar radiation. (Section 4.2)

Height of sensor at least 10 feet (3 meters).
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Avoid refl ective surfaces and shading.

Longwave radiation. (Section 4.2)

Height of sensor at least 10 feet (3 meters).

Ensure clear fi eld of view.

Cameras. (Section 4.2)

Site as high as possible to obtain clear line-of-sight or at driver’s level, depending on requirement.

Ensure non-interference with other sensors.

Pavement temperature and pavement condition. (Sections 3.2.1 and  4.2)

For local slippery pavement conditions, select location to capture critical condition.

In user-specifi ed lane near edge of wheel track, fl ush with surface.

Avoid pavements with ruts or depressions that cause ponding.

Avoid shade, unless specifi c requirement dictates.

Utilize junction and pull boxes for ease of installation and replacement.

Subsurface temperature/moisture. (Section 4.2)

Depth of sensor 12 or 18 inches (30.5 or 45.5 centimeters).

Avoid burying under pavement sensors.

Precipitation accumulation. (Section 4.2)

Place in as open an area as possible.

Consider separating from other sensors rather than mounting on the tower. 

Consider power requirements for winter operation.

Barometric pressure. (Section 4.2)

Avoid exposure to elements and wide temperature changes.

Water level sensors. (Section 4.2)

Place in low-turbulent (i.e., steady fl owing) portion of the fl owing creek or river.

If installed on or next to a bridge, locate on the downstream side.

For roadway monitoring, place the sensor adjacent to the low point of the road segment subject to 
fl ooding.

Metadata (Section 5.6)

Document site specifi c installation details.

Update these data whenever changes are made to the ESS installation.
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