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A lthough the ability of scientists 
to collect and store remote 
environmental field data is 

becoming more commonplace in today’s 
wired world, researchers still need 
interdisciplinary repositories from which 
they can easily share and into which 
they can infuse real-time information 
straight from the field. In Southern 
California, the University of California 
at San Diego and the Scripps Institution 
of Oceanography are leading efforts to 
create an environmental observing and 
monitoring network that demonstrates 
the collection and streaming of real-time 
seismic, oceanographic, hydrological, 
ecological, geodetic, and physical data via 
wireless networking. 

The High Performance Wireless Research 
and Education Network (HPWREN) was 
funded by a three-year, $2.3 million grant 
from the National Science Foundation for 

the creation, demonstration, and evaluation 
of a non-commercial, prototype, high-
performance, wide-area, wireless network. 
The network was designed to address the 
lack of high-speed Internet connectivity, or 
often any Internet connectivity, away from 
the urban core. In rural or uninhabited 
areas, data are being collected for a variety 
of scientific disciplines, but transmitting 
those data has previously been a slow 
process. Alternative options for Internet 
access, such as fiber optics and satellite 
links, can be prohibitively expensive; thus 
a more feasible option was desired, and 
HPWREN was born.

While working with interdisciplinary 
scientists ranging from oceanographers 
to ecologists, the HPWREN team 
also provides support for the wireless 
networking aspects of UCSD’s Real-time 
Observatories, Applications, and Data 
management Network (ROADNet) project. 

HPWREN and ROADNet
Betsy Woodhouse, Ph.D. – Southwest Hydrology, SAHRA and Todd Hansen – System Coordinator, ROADNet

Photos courtesy of the HPWREN team.
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ROADNet was spun off from HPWREN 
to focus exclusively on sensor integration; 
real-time data transport; and data analysis, 
discovery, and widespread access (see 
sidebar). In short, HPWREN is the 
network on which ROADNet data travel.

Linking it All Together
Just how does this network work? 

At the outer edges of the network, real-
time data are collected by field sensors 
connected to HPWREN using radio and 
Internet protocol (IP) methods. Researcher 
locations, science monitoring sites, and 
educational sites are connected to relay 
nodes, which are 3 to 45 miles apart. 
Individual sites are as far as 70 miles 
from their relay node (see network map, 
below left). The data are transmitted via 
HPWREN’s IP network, which uses a 
variety of media, including fiber optic 
cable and wireless networks.

Currently, a variety of geophysical, 
astronomical, and ecological data are 
being collected. For example, earthquake 
sensors in the desert east of San Diego 
record strain measurements. Images from 
Palomar Observatory and San Diego State 
University’s Mount Laguna Observatory 
are transmitted back to researchers 
worldwide. At SDSU’s 4,344-acre Santa 
Margarita Ecological Reserve, capture 

systems for real-time video and audio, as 
well as micrometeorology and hydrologic 
monitoring systems transmit data to the 
network for common use (see article on 
page 18). Oceanographic data, including 
current direction and velocity and ocean 
temperature, are recorded from sensors in 
the Pacific Ocean. 

As soon as they are collected, real-time 
data are relayed through HPWREN 
directly to the research scientists and sent 
to their assigned servers for widespread 
access. For example, ocean buoy data 
are posted to an oceanographic server 
while data from seismic and geodetic 
sensors are posted to the IGPP Digital 
Library. These servers are joined together 
to form an overall network, which is 
accessible by users within seconds of data 
being collected. 

Data Management
Using a GRID-type infrastructure design, 
HPWREN’s data management system 
consists of three primary components:

• data handling system
• information “discovery” system
• real-time analysis system

The data handling system contains the 
data repositories and distributes the data 

The Focus of ROADNet

The University of California at San Diego 
developed the ROADNet program as a 
spinoff of HPWREN to facilitate real-time 
data integration, transport, analysis, and 
discovery. ROADNet was developed on a 
platform originally designed to handle the 
data requirements of seismic researchers 
who wanted to conduct real-time analysis 
of seismic events. It has expanded to allow 
users to collect, post, analyze, and retrieve 
data from seismic stations, lowland river 
watersheds, mountainous watersheds, 
observatories, ocean buoy research 
vessels, and GPS observatories. 

Data are collected from a variety of 
sensors in remote field locations and sent 
to a data transport and analysis system 
that manages multiple connections to 
multiple field sensors. The system not 
only provides data to multiple users in 
real time, but can also interface with 
more traditional databases. An additional 
interface is under development that will 
be able to reconfigure and prioritize data 
capture and analysis dynamically, directly 
from the sensor networks. ROADnet’s data 
transport network consists of a series of 
computers that act as data relays and 
buffers in the case of network problems. 

All of the real-time data are now 
accessible through the ROADnet Web 
site at roadnet.ucsd.edu/rtd.html. Data 
currently available include seismic 
and strain meter data, meteorological 
data, streamflow and water quality 
measurements, and ocean currents and 
temperatures from stations in remote San 
Diego County, offshore islands, and ships 
and buoys in the Pacific. A new status 
feature at mercali.ucsd.edu/status.cgi 
allows each research group to show the 
most recent data collected.

The ROADNet project is interested in 
working with other research groups that 
could benefit from the data integration and 
analysis system that is being developed. 

For more information, visit roadnet.ucsd.edu.

see ROADNet, page 30
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Southern California is famous for its 
beaches, traffic, and verdant suburbs. 
It relies so heavily upon external 

supplies of water, power, and people that 
one may easily forget that the landscape is 
still mostly natural. Little is known about 
the interactions between the suburban 
settings and the natural cocoon of 
mountains, canyons, and rangelands that 
encompass them. At the Santa Margarita 
Ecological Reserve (SMER) in Southern 
California, scientists are beginning 
the daunting task of instrumenting the 
rugged walls and canyons of the coastal 
sagebrush landscape to characterize the 
workings of the suburban-native interface. 
In establishing a hydrometeorological 
window on the rugged Southern California 
landscape, they are developing and testing 
important wireless methods for bringing 
monitoring results from remote sites 
directly onto the Internet. 

Established in 1962, SMER is one of four 
field stations that make up the San Diego 
State University (SDSU) Field Stations 
Program.  SMER encompasses 4,344 acres 

of steep mountains, 
canyons, and 

river channels 
in the open 
coastal-sage 

countryside in southwestern Riverside 
and northwestern San Diego counties 
in Southern California, about 10 miles 
inland near the suburbs of Temecula and 
Fallbrook. SDSU manages the reserve 
cooperatively with the U.S. Bureau of 
Land Management, the Metropolitan 
Water District of Southern California, The 
Nature Conservancy, and the California 
Department of Fish and Game. 

In addition to providing a natural 
laboratory at the suburban/rural interface, 
SMER provides a test site for new 
wireless technologies and sensor networks. 
A wireless communication system has 
been installed that provides a “bubble” 
of connectivity over 65 percent of the 
reserve. The sensing technology that 
is being deployed at SMER has the 
potential to be a prototype for high-density 
environmental monitoring in urban and 
wilderness settings worldwide. 

Wireless Infrastructure
Anywhere within this system, instruments 
can be linked directly to the Internet, with 
their own IP addresses (URLs), merely by 
erecting a small, cell-phone-style antenna. 
The Intra-SMER wireless Ethernet network 
that forms the system is based on an array 
of 2.4 GHz unlicensed radio antennas, 
arranged to enable real-time data collection 

from environmental sensors and 

imagers anywhere in the system. The 
network was constructed on the basis of 
extensive GIS and ground-truthing to 
identify those locations within the reserve 
that offer the best vantage points and 
greatest reserve coverage from the fewest 
antennas or telecommunications (TC) 
sites. Data transmission is accomplished 
by a network of radios and routers. The 
combined views from the five TC sites 
allow coverage of almost 2,800 acres of 
the reserve, in canyons, around steep and 
undulating terrain, and in a variety of 
habitats. Additionally, the wireless coverage 
provided by the network is flexible. By 
redirecting an antenna or adding another 
radio to a TC site, service to new research 
sites can be added. Three of the five 
TC sites are too remote to receive line 
power and therefore rely on solar power 
systems that are designed to power them 
continuously for years. 

The wireless communication and sensor 
networks at SMER make monitoring 
much easier but are obtained in the face 
of a number of complicating factors. The 
topography is rugged and the line-of-sight 
relations required by wireless connections 
are often difficult to obtain. River channels 
are among the most difficult locations in 
which to make the connections because of 
steep canyon walls. Installation and repairs 
are often difficult because trails are rough 
and some locations are only accessible 
by foot. Some of SMER is controlled by 
federal agencies (U.S. Bureau of Land 
Management and U.S. Fish and Wildlife 
Service) that impose restrictions on 
wilderness intrusions. Because AC power 
is available in only a few locations, solar 
or battery power is often required. The 
river channel is prone to flooding; in fact, a 
heavily anchored meteorological tower was 
toppled and torn out during one of the past 
winter’s heavier rainstorms. However, these 

The Wireless Watershed at the 
Santa Margarita Ecological Reserve
Dan Cayan, Ph.D. – Scripps Institution of Oceanography and U.S. Geological Survey, Mark VanScoy – Research Coordinator, Santa Margarita 
Ecological Reserve, San Diego State University, Michael Dettinger, Ph.D. – Scripps Institution of Oceanography and U.S. Geological Survey, and 
John Helly, Ph.D. – San Diego Supercomputer Center, University of California at San Diego

Repeater station at the SMER.
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obstacles—which are also encountered in other network settings—
are being overcome at SMER by hard work and careful planning.

Hydrometeorological Data Collection
Scientists from around the world are beginning to use the wireless 
data-transmission capabilities at SMER to obtain real-time 
access to their research projects and to test wireless methods 
for use elsewhere. While much of the research at SMER has an 
ecological focus, researchers in other disciplines are finding the 
site’s protected, undeveloped setting and wireless communication 
facilities well-suited to their needs. A group that includes 
researchers from Scripps Institution of Oceanography at the 
University of California San Diego (Scripps), the U.S. Geological 
Survey (USGS), and the San Diego Supercomputer Center (SDSC) 
worked at SMER to develop a program to answer questions about 
the water balance and variability of weather and water in the 
Southern California landscape. In addition, they are monitoring 
airflow and other meteorological properties related to airborne 
pollutant loadings and sources of water and air pollution. 

Precipitation, wind speed and direction, air temperature, relative 
humidity, barometric pressure, and solar radiation are currently 
being collected at SMER, with additional parameters on the drawing 
board. To date, 20 meteorological towers have been installed and 
are presently being outfitted with sensors, specially designed data 
loggers, and spread-spectrum radios. This array should provide 
some of the highest-density information yet collected over a coastal 
Southern California watershed. 

The SMER staff is currently measuring stream pressure (to 
calculate stage), temperature, conductivity, and dissolved 
oxygen at one central location, and the USGS has long-term 
streamflow gauging stations above and below the reserve. The 
Santa Margarita River, as it enters the reserve, derives from the 
heavily suburbanized Temecula basin immediately upstream, and 
thus provides opportunities for understanding the hydrology of 
a suburban-rural interface. Soon, hydrologic monitoring by the 

Scripps-USGS researchers will include stream stages (to calculate 
stream discharge), water temperature, and conductivity (to estimate 
total dissolved solids) at several locations along the main stem of 
the river and in some of its tributaries, including Stone Creek, an 
unregulated drainage that is relatively unaffected by development. 
The tributary observations are intended to characterize the near-
natural variations of Southern California runoff.

The network of hydrometeorological stations is currently connected 
to the wireless Internet through three TC sites. These sites receive 
radio signals from data logger stations as short-range spread-
spectrum signals and convert the dataflow into a wireless Internet 
protocol. The TCs then transmit the information into the intra-
SMER wireless network, which, in turn, is connected to HPWREN, 
the noncommercial High Performance Wireless Research and 
Education Network (see page 16) that provides Internet access to 
the SMER data. 

The weather elements are sampled once per second and averaged 
each minute. Data are stored at SDSC and eventually will be 
available from the Western Regional Climate Center. The data 
are available to the public through the ROADNet Web site, at 
roadnet.ucsd.edu/. 

The Scripps researchers and their partners plan to use weather 
and stream data to investigate microclimates, temporal and spatial 
variations of storms, sea breezes and Santa Ana winds, and water 
balances as the basis for water and air quality studies. The effects 
of evapotranspiration on the discharge of the Santa Margarita River 
and its tributaries will be studied, and the water budgets of the 
Santa Margarita River, regulated through substantial injections of 
fresh water upstream of SMER, and of unregulated Stone Creek 
will be compared.

Future Plans
This fall, the research team plans to install additional meteorological 
towers within SMER, and in the longer term, they hope to extend 
the network beyond the boundaries of SMER into upper and lower 
parts of the river’s watershed. Eventually, they plan to couple 
these hydrometeorological observations into a watershed model 
to synthesize the water balances and other hydrometeorological 
aspects. With their SDSU partners, the researchers are discussing an 
expansion of their emphasis from the physical aspects of weather, 
climate, and the water balance to studies of air and water quality 
and to fire-protection networks. The weather towers, data loggers, 
and communications structures are also available to support other 
kinds of sensors, so it is hoped that new experimental efforts will 
take hold as this project evolves. 

For more information, contact Dan Cayan at dcayan@ucsd.edu, Mark VanScoy 
at mvanscoy@sciences.sdsu.edu, Michael Dettinger at mddettin@usgs.gov, or 
John Helly at hellyj@sdsc.edu.  The Scripps-USGS-SDSC hydrometeorological 
research at SMER is supported by the National Science Foundation through the 
ROADNet Project, the California Institute for Telecommunications and Information 
Technology (CalIT2), the NOAA Office of Global Programs through the California 
Applications Program, and the California Energy Commission through the 
California Climate Change Center at Scripps Institution of Oceanography.
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Commercial satellite services offer two-
way communications to those users who 
need to “talk” to their DCPs and who are 
outside the service area of landline and 
cellular service and for whom an LOS 
radio system is impractical.

A satellite phone behaves much like a 
phone modem. Users can dial into their 
DCP and manually download data or use 
software to automate this process. Some 
satellite services provide an Internet 
protocol (IP) connection to the DCPs 
using the more expensive phones, allowing 
the DCP to send data at any time. Basic 
satellite phone modems communicating 
at 2,400 to 4,800 bps cost around $1,500 
to $4,000. Phones with higher data rates 
can cost as much as $10,000. Monthly 
service charges range from $45 to near 
$100 per month for low-volume data, and 
can exceed $100 per month if extended 
periods of station communication 
occur frequently.

A key advantage of commercial satellite 
service is two-way communication, which 
provides the ability to interact with the 
DCP to change parameters in its setup or 

to send control signals. Also, technicians 
have voice communications available to 
them at the DCP site. Disadvantages are 
recurring costs and power consumption. 
Compared to a GOES DCP, some satellite 
phones require augmentation of the 
battery and solar panel size by a factor of 
three or greater, increasing the site cost 
significantly. Care must also be taken 
to ensure interoperability of the data 
logging equipment and the satellite phone. 
Reliability for systems using geostationary 
satellites is very high.

Location, terrain, time sensitivity of the 
data, and budget are primary factors to 
consider in deciding which telemetry to 
use. Consulting engineers, equipment 
vendors, and other water management 
agencies can provide information to help 
you in this process.

John Skaggs has 22 years’ experience in telemetry 
and wireless communications. Contact him at 
jskaggs@sutron.com.

For more information on phone modems, cellular 
modems, LOS radios, and GOES telemetry, visit 
www.sutron.com. For information on commercial 
satellite service, visit www.inmarsat.com/
index.cfm, www.msvlp.com/index.cfm, and 
www.globalstarusa.com.  

Five sites in the Southwest will participate 
in the demonstration program. Rimrock, 
Arizona and Nambe Pueblo, New Mexico 
will test the granular ferric oxide technology 
of Adedge Technologies Inc. The water 
system of Valley Vista, Arizona will test 
Kinetico’s activated alumina treatment 
process. In Anthony, New Mexico, Desert 
Sands Mutual Domestic Water Consumers 
Association will test Severn Trent’s iron 
media, and the capabilities of U.S. Filter’s 
iron media will be demonstrated in Reno, 
Nevada at South Truckee Meadows General 
Improvement District.

The EPA will not provide direct funding 
for the demonstration program. Instead, 
the agency will purchase equipment and 
engineering services and pay for the 
installation of the equipment at the sites. 
EPA will also purchase and provide supplies 
such as chemicals or media if needed.
Visit www.epa.gov/ORD/NRMRL/arsenic/
research.htm for more information.

USGS Reports Record Low 
2002 StreamFlows in AZ
A compilation of surface-water, water 
quality, and groundwater data for water 
year 2002 (October 2001 to September 
2002) was released in May by the U.S. 
Geological Survey in Tucson, Arizona. 
The report was prepared in cooperation 
with other agencies and the State of 
Arizona. According to the report, annual 
mean streamflow at 29 of 201 streamflow-
gauging stations (14 percent) in Arizona 
during the 2002 water year was the lowest 
on record. Three of the stations are on 
the Verde River in central Arizona and 
19 are on tributaries of the Verde, Salt, 
or Gila rivers. Yearly discharge at five 
key gauging stations during water year 
2002 ranged from 29 to 57 percent of the 
median of yearly discharges computed for 
the period 1950 to 2002.

The report contains: 

• discharge records for 201 streamflow-

gauging stations, 29 crest-stage, partial-
record streamflow stations, and 48 
miscellaneous sites; 

• stage or content-only records for 10 lakes 
and reservoirs; 

• water-quality records for 21 streamflow-
gauging stations and 65 wells; and

• water levels for 18 wells. 
The report was released in printed form and is also 
available online at pubs.water.usgs.gov/wdraz021/. 

across a network of heterogeneous storage 
systems. The information discovery system 
allows users to find data, including data 
that they might not have known existed, 
by searching on geographic location or 
sensor type, and to extract data based upon 
characteristics rather than location. The 
data analysis system allows the collection 
and performance of operations on data and 
data streams that are stored in different 
locations as if they were all from a single 
location. The ability to extract metadata 
from real-time data flow is anticipated as a 
future enhancement.

The San Diego Supercomputer Center’s 
Storage Resource Broker (SRB) provides 
the interface for ROADNet’s connection of 
heterogeneous data sources via HPWREN, 
as well as acquisition of data from other 
storage locations. In conjunction with 
the Metadata Catalog (MCAT), the SRB 
provides users with an efficient means to 
access data sets and resources based on 
their attributes rather than their names, 
disciplines, or physical locations.

Additional information on the HPWREN system is 
available at hpwren.ucsd.edu.

ROADNet, continued from page 17
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