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Abstract

The RAWS network and RAWS data-use systems are closely reviewed and summarized in
this report. RAWS is an active program created by the many land-management agencies
that share a common need for accurate and timely weather data from remote locations for
vital operational and program decisions specific to wildland and prescribed fires. A RAWS
measures basic observable weather parameters such as temperature, relative humidity, wind
speed, wind direction, and precipitation as well as “fuel stick” temperature. Data from almost
1,900 stations deployed across the conterminous United States, Alaska, and Hawaii are now
routinely used to calculate and forecast daily fire danger indices, components, and adjective
ratings. Fire business applications include the National Fire Danger Rating System (NFDRS),
fire behavior, and fire use. Findings point to the fact that although the RAWS program works
and provides needed weather data in support of fire operations, there are inefficiencies and
significant problem areas that require leadership attention at the National level.
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Introduction

All fire managers and fire weather forecasters rely on weather data from Remote Automated
Weather Stations (RAWS). Incident meteorologists (IMET) forecasters from the National
Weather Service and predictive service meteorologists from Geographic Area Coordination
Centers (GACC) (see Glossary for terms and acronyms) extol the critical importance of the
RAWS network for their daily work. In response to a RAWS-use survey, a Nevada IMET
writes, “Having the weather data is critical to making forecasts for the future. Without data,
we have no idea if we are making reasonable forecasts.” A respondent from New Mexico
asks, “If you don’t have the ground-truth data, how can you make an intelligent decision?” An
IMET from Missouri writes, “This is our only source for 10-hour fuel moisture determinations
which are a key component in our Fire Weather Watch and Red Flag Warning decisions.”

GACC meteorologists use RAWS data on a daily basis to calculate localized fire danger
indices, components, and intermediate fire-related products. Comments from GACC meteo-
rologists in the Rocky Mountain Area Coordination Center (RMACC), the Southwest Area
Coordination Center, and the Eastern Great Basin Coordination Center range from, “Without
high-quality fire weather data, how can we generate quality products to support fire business?”
to “If I don’t get operational support for the RAWS network in this Region, I’ll do it myself....”
In some geographic areas, such as places where maintenance of RAWS stations is a low pri-
ority and data quality has not been acceptable, GACC meteorologists have recently become
directly involved in RAWS operations.

Given the severe fire seasons in recent years, it has become clear that we need to ensure
that the overall effectiveness of the Forest Service RAWS network continues. Thus, there is a
need to revisit the RAWS system to ensure high-quality, useful fire weather data. This report
examines the extent to which RAWS affects fire management at all levels and explores op-
portunities for improvement.

We were selected to generate this report because we had no prior working knowledge of RAWS
or of its integrated fire business role. This lack of working experience with RAWS allowed us to
function as unbiased reviewers. Ithas been a challenge to understand the intricacies of RAWS, the
interagency nature of the network, and to separate RAWS facts from myths. But Forest Service
(FS) and Bureau of Land Management (BLM) personnel directly involved with RAWS and fire
business have been extremely helpful and patient during the preparation of this report.

We were specifically asked to focus on the FS’s RAWS network because the FS manages
its RAWS differently than other agencies. Given that RAWS is an interagency program, it was
impossible to completely segregate FS RAWS. Rather than restricting the final report to FS
RAWS, we decided to make it inclusive of all RAWS-related parts. In order to give the reader
as complete a picture as possible, we also decided to include many loose ends that have RAWS
implications. Hence, we hope this review document will serve not only a useful role in under-
standing and improving FS RAWS, but also as an interagency RAWS reference.

What Is RAWS?

Many Federal, State, and other wildland resource management agencies share a common
need for accurate and timely weather data to make vital operational and program decisions
related to all aspects of wildland and prescribed fires. In the mid-1970s, the Forest Service
(FS) and Bureau of Land Management (BLM) began research, development, and deployment
of a RAWS utilizing a satellite data transmission system, the Geostationary Operational
Environmental Satellite (GOES). RAWS has been developed using input from many opera-
tional users. The RAWS network has evolved into a valuable interagency resource providing
essential weather data from remote locations nationwide for critical fire business support and
decisionmaking.

USDA Forest Service RMRS-GTR-119. 2003. 1



The RAWS network as a whole is a weather station mesonet, which is defined as a collec-
tion of surface observing stations that cover a region in sufficient detail both in space and time
to be able to monitor and nowcast the progression of mesoscale weather features (structure of
fronts, outflow boundaries from mesoscale convective complexes, terrain circulations, and so
forth). As of 2002 there were almost 1,900 stations deployed across the conterminous United
States, Alaska, and Hawaii (fig. 1). The wildfire management agencies participating in the
network include FS; BLM; Bureau of Indian Affairs (BIA); Federal Emergency Management
Agency (FEMA); National Park Service (NPS); U.S. Fish and Wildlife Service (FWS), and
state agencies. Personnel in the U.S. Department of Defense (DOD) and Department of
Energy (DOE) also utilize RAWS for their own purposes.

A RAWS measures basic observable weather parameters: temperature, relative humid-
ity, wind speed, wind direction, and precipitation in addition to fuel stick temperature.
Increasingly, the capacity to measure barometric pressure and solar radiation has been added
to many stations, particularly those meeting the new National Fire Danger Rating System
(NFDRS) standards.

Data from the stations are now routinely used to calculate and forecast daily fire danger
indices, components, and adjective ratings. Fire business applications such as NFDRS, fire
behavior, and fire use constitute the primary uses of RAWS data. Often these data are also
requested for uses other than fire weather support. Sensors and instrumentation other than the
standard meteorological RAWS set have been added to provide weather data for nonfire appli-
cations such as air quality monitoring, climatology, ecological modeling, and environmental
impact assessments.
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Figure 1. RAWS locations as of December 2001; adapted from the Wildland Fire Assessment System
(WFAS-MAPS).
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Is the RAWS Network Working?

Even though RAWS is an interagency operation implementing different management
approaches, we found that the current network, although pieces outdated and inefficient, is
functioning and slowly improving based on current data base maintenance, physical station
maintenance standards, and data used regularly and appropriately to calculate fire danger.
The RAWS network is constantly changing. Hardware and software are being repaired and
upgraded on an as-needed basis, and operational standards and protocols are being improved.
New NFDRS weather station standards have been published (NWCG — National Fire Danger
Rating System, Weather Station Standards 2003), and short- and long-term strategic plans
drafted. Also since the Internet has made it easy to access and retrieve RAWS data, databases
are being upgraded to Internet-based applications and data access is being simplified.

Nevertheless, the RAWS network is not currently as efficient as it could be. Quality assur-
ance of data, data streams, and station maintenance vary with location and ownership. Also,
management and position responsibilities are not always clearly defined. This is not a criticism
of those who support and operate the RAWS system nor of their dedication to maintaining the
network, but a recognition that the RAWS network needs more attention, management, and sup-
port than it currently receives. There is an important distinction to be made between the RAWS
data as measured and the many uses of RAWS data when assessing the RAWS program.

Finally, we have discovered some systematic errors in historical RAWS data records that
may have serious operational impacts on current fire use decisions.

Report Organization

In this report, we summarize different aspects of RAWS function and performance, and we
provide findings about its performance. We hope this review will serve as a valuable source
of RAWS information and a users guide for searching and retrieving RAWS data. There are
many aspects of RAWS that are not fully documented; hence, many references are personal
communications and draft documents are not easily obtained.

The report is organized into 10 sections: Introduction, Background of the RAWS Network;
Data Stream and Products; Operations, Protocols and Oranization; Use of RAWS Data in
Fire-Related Applications; Data Retrieval; RAWS Projects under Development; Studies and
Surveys; Additional Uses of RAWS Data, and Management Implications. We also include a
Reference section, a Glossary of Terms and Acronyms; and Appendices. To make the report
easier to comprehend and to use, we have relegated a fair amount of technical information and
details to the appendices. For example, appendix A provides a list of RAWS-related Web sites
and of entities affiliated or related to RAWS (see appendix A).

Background of the RAWS Network

This section relates the history of the RAWS network; the research, development, and test-
ing involved; and the deployment of hardware and software. The latter has been a continuous
process as the network has grown in size, requiring upgraded software and new databases to
handle the enormous amount of data being collected.

A Brief History

Prior to station automation, weather data for fire danger rating calculations and general fire
weather support were collected manually. The stations were usually located near an FS ranger
station or BLM fire base. Typically, an operator would visit each weather station once per day
during the fire season (Warren and Vance 1981; K. Shelley, personal communication 2001). It

USDA Forest Service RMRS-GTR-119. 2003. 3



usually took 10 minutes to obtain the manual readings, which consisted of the following steps
(Finklin and Fischer 1990; K. Shelley, NWCG — Fire Danger Working Team, Gaining a Basic
Understanding of the National Fire Danger Rating System, January 2002):

1. Record the start wind-run count of the wind odometer.

2. Determine inches of last 24-hour rainfall with a ruler.

3. Record the dry and wet-bulb temperatures using a sling psychrometer.

4. Record the max/min air temperature for the past 24-hour and reset the instrument.

5. Record max/min relative humidity using hydrothermograph; check current relative
humidity against wet-bulb temperature.

6. Observe wind direction for 1 minute and record it.
7. Observe and record the current state of the weather (SOW).

8. Record end wind-run odometer reading and time lapse from step 1 (typically
approximately 10 minutes) and calculate and record the average wind speed (count per
unit time).

9. After departing from the site, determine past 24-hr rain duration and lightning occurrence
by asking local people.

10. Call the local agency supervisor’s office to relay complete observation record for
subsequent calculation of fire danger indices and components using look-up tables and
nomograms, slide-rule, or hand-held calculator if available.

The historical procedure is an important aspect of the present-day RAWS program because
current automated sampling protocols still reflect data collection limitations inherent in
the manual observations. Modern electronic methods exist that make it possible to extract
additional and useful information from existing RAWS (for example, more frequent sampling,
longer averaging periods, measurement statistics, and so forth). These are not currently em-
ployed, however, due to data transmission, manipulation, and storage limitations as well as an
underlying ‘if-it-works-don’t-change-it” philosophy among users.

In 1975, the FS began investigating the use of an automatic data collection system utiliz-
ing the GOES to transmit fire weather data from remote locations (table 1). The GOES-based
RAWS system was chosen to avoid the disadvantages of radio- or telephone-linked stations.
Such limitations included the need for a line of sight to a base station for radio transmission
or proximity to telephone lines for a telephone transmission. BLM soon became involved in a
cooperative project with the FS to develop, evaluate, and deploy GOES-based RAWS (Warren
and Vance 1981). In 1978, FS and BLM engineers developed the specifications for the final
RAWS-GOES platform. These were based on experience gained during the development phase
and on requirements set by the RAWS Steering Committee and the NFDRS Implementation
Team. Except for hardware and data-logger software upgrades, the basic station configuration
has not changed since then.

RAWS Classification Schemes

During the late 1970s many other Federal and State land management agencies began de-
ploying RAWS in support of fire operations including the BIA, FWS, NPS, and California
Department of Forestry (CDF). With the increasing numbers of RAWS deployed by various
agencies and States, the need to distinguish between station types and to define station func-
tion became apparent (for example, NFDRS versus non-NFDRS; GOES versus non-GOES).
Even today many stations are not GOES-capable. The proliferation of RAWS also generated
the need to automate data collection, centralize databases, and calculate fire business related
products, such as indices and components, that use RAWS data. The FS Pacific Northwest
Region, followed by other FS regions and the BLM, informally adopted the weather station

4 USDA Forest Service RMRS-GTR-119. 2003.



Table 1: General Timeline of RAWS and Database Development.

Year Occurrence

Late 1920s to present Manual weather stations

1970 National Fire Danger research group formed; research initiated that
generated the 1972 version of NFDRS
1975 RAWS/GOES planning and development initiated
AFFIRMS launched on a time-share computer, also hosted NFDRS
1977 — late 1970s Final RAWS specifications established

10 stations purchased and deployed — evaluated for 5 months
1978 version of NFDRS implemented

Early 1980s First RAWS manual GTR-IMT-116; Other state and federal land management
agencies began deploying RAWS
Late 1980s 1988 version of NFDRS released and implemented
ASCADS version 1 released/implemented
1990 WIMS development initiated, designed to replace AFFIRMS
1990 Weather Station Handbook published
1993 AFFIRMS replaced by WIMS (Weather Information Management system)
WIMS is new host for 1978 and 1988 NFDRS
Mid-1990s WFAS development initiated
WIMS development continues along with NIFMID/KCFast, etc.
1997 WFAS development initiated
WIMS development continues along with NIFMID/KCFast, and so forth
1998 Experimental fire potential map added to WFAS
WIMS/WEB development continues
2000 Fire Family Plus V 2.0 released
NWCG-NFDRS (RAWS) Weather Station Manual released
2001 WIMS/WEB implemented along with NIFMID/KCFast/SIT/209/PocketCard,

and so forth

Still host of NFDRS 1978 and 1988

Present-day GACC Meteorologists take initiative to inventory and correct
individual (cross agency) problems (siting, quality control, and so forth)

2002 Fire Family Plus V 3.0 released
ASCADS re-engineering specifications established, to be implemented
2003 ASCADS patch implemented

Update of NWCG-NFDRS (RAWS) Weather Station Manual released

classification standards, which were formally implemented in the late 1980s (B. Adams, per-
sonal communication 2002).

These weather station classification standards continue to be used by BLM’s initial data
handling system: the Automatic Sorting, Conversion, and Distribution System (ASCADS).
The FS, however, has adopted a number code system for different types and classes of stations.
Other land management agencies at the State and Federal level use both classification systems
because all must use BLM’s ASCADS and the FS’s Weather Information Management System
(WIMS) to process and manage RAWS data.

The National Wildfire Coordinating Group (NWCG)—an interagency group established
to coordinate efforts of the participating agencies—has recently published new station classes
and minimum standards.

For a description of these classification schemes, see Operations, Protocols, and
Organization section.

RAWS Information Management Systems

With the increased number of weather stations being fielded came the necessity to automate
and streamline data handling. At the same time that RAWS data-loggers, sensors, transmitters,
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and other hardware were being integrated, tested, and deployed, databases and software were
also developed to manage the new influx of data. The automation of data collection allowed
for the deployment of more RAWS and greatly enhanced the ability to collect weather infor-
mation from areas that were difficult or impossible to visit on a daily basis. This led to the
progressive development and upgrading of RAWS information management systems. In this
section, we will take a look at the development of these systems.

National Fire Danger Rating System (NFDRS)

The National Fire Danger Rating System (NFDRS) is a computer model that calculates
fire danger rating indices and components. It is used for fire business decisionmaking and
as a management decision tool (see also appendix B). The manual version of the NFDRS
was released in 1972, the first computerized version in 1975. New versions of NFDRS were
released in 1978 and 1988. The 1988 version was in answer to concerns for better model re-
sponse to drought and precipitation in the Southeast United States. As a decision support tool,
NFDRS assumes that accurate 13:00 hour weather observations have been input to the system.
It then uses these to generate fire danger indices and components. When this assumption was
tested, it was found to be problematic. These findings are presented later in this report (see
Management Implications section).

Administrative and Forest Fire Information Retrieval and Management
System (AFFIRMS)

The Administrative and Forest Fire Information Retrieval and Management System
(AFFIRMS) was a prototype information management system that initially hosted the 1975
computerized version of NFDRS. It was developed in response to the need to automate the
manual version of NFDRS that had been released in 1972. Designed to be interactive and user-
friendly, AFFIRMS was available nationally on a time-share computer system via commercial
telephone lines. It allowed simultaneous entry of fire weather observations from numerous
remote terminals at fire dispatch centers across the network. The data were then displayed
along with the fire danger indices and components for specific RAWS sites. It continued to
host the NFDRS models until 1993 when it was replaced by the NIFMID Weather Information
Management System (WIMS).

National Interagency Fire Management Integrated Database (NIFMID)

The National Interagency Fire Management Integrated Database (NIFMID) is an ORACLE
relational database that contains historic fire weather and fire occurrence information (see
NIFMID flow chart in appendix C-1). It serves as a database warehouse for archiving fire
business/management information, including RAWS weather observations. WIMS, which is
part of NIFMID, is a weather information database (see WIMS webb application menu hiar-
chy, appendix C-2). It produces the daily and forecast fire danger indices and components us-
ing the NFDRS model(s) and archives all hourly RAWS observations for 18 months. Another
NIFMID module, the Kansas City Fire Access Software (KCFast) database, stores all 13:00
hour observations for the entire period of record (see also KCFast flow chart in appendix D).
In addition to the 13:00 hour observations, KCFast also contains all the hourly observations
for 18 months as well as fire occurrence information — statistics by region, forest, and so forth.
Other modules in NIFMID include firefighter pocket cards (see example in appendix E) and
report generators and forms (for example, the national fire situation report, incident situation
reports, and aircraft use). We describe NIFMID, WIMS, and KCFast in more detail in the
Data Retrieval section.

Automatic Sorting, Conversion, and Distribution System (ASCADS)

In the late 1980s the Remote Sensing Fire Weather Support Unit (RSFWSU) at the National
Interagency Fire Center (NIFC), also known as the Boise Depot, was instrumental in developing
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the Automatic Sorting, Conversion, and Distribution System (ASCADS). It has remained
relatively unchanged to date but upgrades have been identified (see long-term upgrades to
ASCADS section). ASCADS was originally designed as the single data handling entity to
perform all RAWS functions including ingesting data, re-formatting, checking for quality
assurance, and sorting raw data received through GOES. It also merged all data streams for
distribution to various users, and provided both a short-term database (30 days) of RAWS data
and long-term database of RAWS metadata. The original primary user was the RSFWSU,
with only limited use by others. As the system evolved, an increasing number of clients began
accessing the database for both weather and metadata. ASCADS is now the central short-
term data cache and distribution point for all of the GOES RAWS. From ASCADS, weather
data are sent to WIMS, the Western Regional Climate Center (WRCC), the National Weather
Service (NWS) in Boise, and to the BLM/NIFC Wildland Fire Management Information
System (WFMI) (USDI/BLM/RSFWS 2002). We describe ASCADS in more detail in the
Data Retrieval section and see ASCADS flow chart in appendix F.

Wildland Fire Assessment System (WFAS)

The Wildland Fire Assessment System (WFAS) is not a RAWS database; it queries WIMS
each afternoon to retrieve NFDRS products and to generate maps of selected fire weather
parameters that are archived. WFAS was developed by the Fire Behavior Unit, Fire Sciences
Laboratory, Rocky Mountain Research Station in Missoula, MT, as an Internet-based tool for
fire business managers (see appendix G). Initially available in 1994 through the Fire Science
Laboratory, WFAS was transferred to NIFC in 1999. WFAS is currently supported by NIFC,
the USDA FS F&AM, and the National Information Systems Team (NIST). A WFAS Web site
was redesigned in 2002 to provide easier access to current and archived products. We describe
WFAS in more detail in the Data Retrieval section.

Western Region Climate Center (WRCC)

The Western Region Climate Center (WRCC) has taken on the responsibility of archiving
and quality assuring RAWS hourly data. The WRCC database is the only systemwide archive
of long-term hourly data for all active and inactive RAWS. The WRCC database also main-
tains a Station Metadata Summary for each RAWS. The historical record is documented for
each station and has been quality assured for consistency. We describe WRCC in more detail
in the Data Retrieval section (see also appendix H).

Multiagency Resource

The RAWS network has evolved over the past 24 years into a multiagency resource that
serves the common need for remote area weather data in support of fire operations and
the NFDRS. Today the most immediately useful RAWS data stream is distributed through
ASCADS to NIFMID and WFAS. The RAWS network directly serves the interagency fire
community by providing weather data through ASCADS to the NWS, NIFMID, WRCC,
and indirectly to WFAS. NIFMID and WFAS provide the backbone weather support for the
nation’s fire business decisionmaking. RAWS also provides for immediate field operational
weather needs at some stations through direct dial-up and/or station alert features.

NFDRS 2000 Standards

As part of the ongoing upgrade of RAWS, the National Wildfire Coordinating Group
(NWCG)—an interagency group established to coordinate programs of the participating wild-
fire management agencies—published the NFDRS 2000 Weather Station Standards (NWCG
2000). It is intended to supplement (and update) parts of The Weather Station Handbook: An
Interagency Guide for Wildland Managers (Finklin and Fischer 1990). The aim of the publi-
cation is to standardize procedures across agencies for the entire network. Contents include
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discussions of a station’s operational period; site selection and station frame criteria; annual
maintenance and repair; sensor suite and data stream transmission requirements; and a new
station classification system. The NFDRS update recognizes that hardware upgrades are
ongoing. The sensor suite will stay the same, although new methods are being developed to
calculate fuel moisture and state-of-the-weather (SOW). Also under investigation is a hands-
off method to validate and flag the 13:00 hour observation. The new operations protocols are
briefly described below and in greater detail in appendix I.

Data Stream and Products

Summary of Data Flow

This section summarizes how RAWS data flows through various databases. The NWCG
Information Resource Management Working Team (IRMWT) and the NWCG Data
Administration Working Group (DAWG) are two entities working to standardize data han-
dling. Their mission is to ensure the smooth exchange of data by providing a standardized
format for entering metadata and weather data.

The flow of data from modern RAWS as currently required by NWCG is shown in fig-
ure 2. From the DCP-transmitter, RAWS data are transmitted to a GOES satellite (East or
West satellite depending on location). RAWS data are then retransmitted to the National
Oceanic and Atmospheric Administration’s (NOAA) National Environmental Satellite, Data,

RAWS/Data Collection Redundant data stream
Platform (under development)

- i - Direct Readout
Geostationary Operational [ ____5 Ground Station

Environmental Satellite (DRGS)

!

Wallops Island/Data
Automated Processing
System

.

. . v
Domestic Satellite [
(DOMSAT) >ASCADS Il
see ASCADS flow chart: ] ASCADS/BLM
Appendix F Boise, Idaho .
‘ .
v v ¥ v
Western Regional I\'lv?tional Interalgency Fi:je National Weather Service
Climate Center anagement Integrate Boise, ID
DRI, Reno, NV Kan[s)ztsag?til,eM 0 -NOAA-climatology, forecasts
! I ,
see WRCC flow chart: see NIFMID flow chart: BLM/NIFC
Appendix H Appendix C-1 Wildland Fire
Management
Information

Wildland Fire Assessment
System (WFAS)
Appendix G

Figure 2. RAWS Data Stream.
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and Information Service (NESDIS) center on Wallops Island, VA. From there, the data are
again retransmitted via the Domestic Satellite (DOMSAT) to Boise, ID, to be ingested and
processed by the BLM database, ASCADS, which is part of RSFWSU (also known as the
Boise Depot). ASCADS is also used for metadata storage, maintenance documentation, and
short-term data storage. From ASCADS, data are forwarded to the FS database, WIMS; to the
WRCC; to the Boise NWS; and to the BLM/NIFC Wildland Fire Management Information
System (WFMI).

WIMS receives additional RAWS data from stations (called dial-ups) that can only be ac-
cessed via telephone. A stand-alone multimodem computer (the HUB) located in Kansas City/
NITC queries the dial-ups for data retrieval on a regular schedule (every 3, 6, 9, or 24 hours,
depending on local needs). This system should be phased out of service by 2005 as part of the
RAWS and WIMS upgrade programs.

The NFDRS fire danger indices and components are the fire-related primary products for
which RAWS data are used; fire behavior and fire use are two others. A1l RAWS weather data
are combined with their respective site information and NFDRS parameters that are contained
within the station catalog file such as: climate class, slope class, fuel model, humidity code,
and so forth. These are then processed through NFDRS algorithms daily to generate fire dan-
ger rating indices, components, adjective fire danger ratings, and fuel moisture (Cohen and
Deeming, 1985; see also appendix B). Fire danger rating predictions are also made for the
next day.

NWS uses RAWS data to prepare fire weather forecasts for regions and zones throughout
the United States.

WFAS queries WIMS once a day to retrieve and then map NFDRS products for the entire
United States. WFAS products include: indices and components, greenness, drought, weather
forecasts (processed from NWS forecasts), adjective fire danger, atmospheric stability (Haines
index), and lightning ignition efficiency (see appendix G). The Haines Index and lightning
ignition efficiency are not NFDRS products.

The Western Regional Climate Center (WRCC) has recently introduced a RAWS monitor-
ing Internet Web site (WRCC RAWS) that provides short- and long-term data summaries,
current conditions, wind roses, site metadata, and so forth for most stations (see below and
also appendix H).

The BLM/NIFC Wildland Fire Management Information System (WFMI) also provides
RAWS data summaries, but this system is accessed primarily by local dispatch centers when
using SIGs for their immediate area of operations. Greater detail about data access is provided
in the Data Retrieval section.

Findings

Dial-up RAWS data are not processed through ASCADS. NWCG requirements are not
currently satisfied per se; rather they are goals to live into.

Operations, Protocols, and Organization

This section summarizes station standards including RAWS site selection, sensor suite,
data management, QA/QC, and personnel positions and duties. In pertinent sections, we de-
scribe both the standard protocol and the new NFDRS 2000 sampling protocol, maintenance
program, and classification schemes. In this section, we also tabulate the number of RAWS
stations by agency and type according to the ASCADS, FS, and NFDRS 2000 schemes. Also
described are administrative organization and funding. (See also appendix I.)
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Installation and Deployment

Once a site has been selected that meets all criteria, the RAWS can be deployed; involved
personnel should receive formal training or help from those already trained. Station metadata
parameters must be determined, recorded, and entered into both ASCADS and WIMS; these
include slope; aspect; lat/long; elevation; sensor serial numbers; owner agency and unit; fuel
model(s); current year green-up and freeze dates; and NFDRS indices and components, and
their breakpoints.

An NFDRS 2000 RAWS should be located on level ground in a large open area with low
vegetation cover. It should be sited away from dust and moisture sources and distant from
obstructions such as buildings and trees. It should be oriented in such a way as to receive full
sunlight for the greatest number of hours per day during the fire season. If positioned on a
slope, a south or southwest aspect is required.

Sensor Equipment

The basic RAWS sensor suite includes a rain gauge; anemometer; wind vane; air tempera-
ture and relative humidity sensor; fuel stick to measure fuel temperature; and an instrument to
monitor the battery voltage of the data logger or data collection platform (DCP). Optional sen-
sors include a barometer; a fuel moisture sensor that may be combined with the fuel temperature
stick; and a pyranometer to monitor global solar radiation. Dial-up stations require a modem
and a cellular telephone. Most RAWS are either Vaisala/Handar or Forest Technology Systems
(FTS) platforms; however, NPS uses Campbell Scientific Inc. systems as do some States.

The station must be synchronized with coordinated universal time. A GPS unit ora WWV
synchronization clock is required for RAWS transmissions even though time records them-
selves are not part of the data stream. Currently as the older model DCPs (FTS 11 and Handar
540 series) are replaced by new models (FTS 12 and Handar 555 series), the WWV clocks are
being replaced by GPS units. The older FTS 11 model had neither GPS units nor WWV syn-
chronization clocks; owner/operators had to adjust the clocks in these DCP’s by synchronizing
them with computer clocks when the station was queried.

Cost is not the only consideration when choosing RAWS equipment: sensors and frames
must be able to function and survive in remote locations, often under extreme weather condi-
tions. Conformity to a common station standard provides ease of maintenance and calibration
and lowers system costs in the long term.

Sampling Protocols

Standard Sampling Protocols

The measurements in standard reporting order are:

1. Rain gauge/precipitation (PPT) — tipping bucket, continuous cumulative 0.01 inch incre-
ments; some may be heated to melt snow. Mounted at 1 to 6 feet depending on tower
model.

2. Wind speed (WS) — mph, 10 min mean prior to data transmission. Mounted at 20 feet.

3. Wind direction (WD) — degrees, 10 min mean prior to data transmission. Mounted at 20
feet.

4. Air temperature (AT) — °F, instantaneous value at time of data transmission. Mounted at
4 to 8 feet.

5. Fuel temperature (FT - optional) - °F instantaneous value at time of data transmission.
Mounted at 10 to 12 inches above a prepared ground surface.
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6. Relative humidity (RH) — percent, 10 min mean prior to data transmission. Mounted at
4 to 8 feet.

7. Battery voltage (BV) — volts, instantaneous value at time of data transmission. Inside the
DCP box.

8. Barometric pressure (BP - optional) — inches of Hg, instantaneous value at time of data
transmission. Mounted at 4 to 8 feet. This sensor is optional.

9. Direction of peak gust (item 10) during hour prior to transmission — degrees.
10. Peak wind speed (gust) — max mph during previous hour prior to data transmission.

11. Fuel moisture (FM - optional) — grams H,O in a 100 g pine dowel, instantaneous value
at time of transmission. Mounted adjacent to the fuel stick. This sensor is optional.

12. Solar radiation (SR) — watts/m?, instantaneous value at time of data transmission.
Mounted at 5 to 8 feet above the ground on south side of platform.

Although this sampling protocol is followed by most RAWS at the current time (spring
2003), the newer Vaisala/Handar 555 and FTS 12s follow a slightly different protocol. (See
DCP Transmission Protocols below for details.) We have been informed that some stations
transmit hourly averages of weather data. However, neither the RSFWSU nor the Fire and
Aviation Management Applications Helpdesk (F&AM Helpdesk) could provide further in-
formation.

NFDRS 2000 Sampling Protocol

The new NFDRS update, NWCG NFDRS Weather Station Standards, PMS 426-3, 2000,
proposes the following standard order for meteorological data transmission:

1. rainfall

2. 10-minute-average wind speed

3. 10-minute-average wind direction

4, air temperature (instantaneous)

5. 10-minute-average relative humidity

6. battery voltage

7. solar radiation (instantaneous)

Important parameters beyond the above basic seven are to be output in the following order:
8. barometric pressure
9. direction of peak wind gust
10. speed of peak gust
11. fuel temperature

12. fuel moisture

Solar radiation (SR) data will soon be used to calculate SOW and fuel moisture—two
important inputs to the NFDRS model. Parameters such as max/min humidity, max/min air
temperature, and fuel moisture are extracted from the 24, hourly transmissions prior to the
13:00 observation.

The NRDRS 2000 standards require and re-emphasize that the RAWS wind speed and
direction sensors are to be mounted at a height of 20 feet. Due to NRDRS 2000 standards and
also to new OSHA requirements, the height of wind sensor placement for some FS RAWS has
been lowered. In the Studies and Surveys section, we discuss the effect of these height changes
on RAWS data.
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Recent Updates to NFDRS 2000 Standards

Three updates were recently made (March 2003) to the NFDRS 2000 Standards (NWCG
publication PMS 426-3). The Station siting criteria regarding proximity to reflective surfaces
was reworded for clarification. Also reworded was the wind direction sampling criteria: from a
10-minute average from 600 samples to 10-minute vector average from 600 samples. Another
update, perhaps the most significant of the three, involved a change in the solar radiation
sampling procedure: from an instantaneous, single measurement prior to transmission to a
calculated 60-minute average using 60 once/min. samples prior to transmission. The instanta-
neous solar radiation data were randomly erroneous due to spurious reflections impacting the
sensor. If a reflective cloud happened to be passing at the time of SR measurement, it can lead
to unrealistically high radiation readings. (An analysis of this effect is presented in the Studies
and Surveys section). This change will require reprogramming the data collection platform
and will be implemented during 2003 as station owners and operators conduct annual site
maintenance (K. Shelley, personal communication 2003; NWCG — NFDRS Weather Station
Standards, 2003)

Findings on Solar Radiation Data

Questions have been raised as to whether the current SR sampling protocol (instantaneous
or hour average) and sensor placement (4 to 8 feet) will provide inaccurate data (the authors,
G. McCurdy of WRCC, and T. Brown of CEFA, personal communications, 2002). We find
that sensor placement is not optimal for SR measurements, at least on Handar tripod frames
because the sensor is currently mounted on the top cross beam adjacent to the white or light
gray rain gauge. Reflections from the rain gauge may also affect SR readings. Hence, it may
be preferable to raise the solar sensor to the same height as the top rim of the rain gauge or,
alternatively, place it at the top of the mast. (The advisability of the latter placement would
depend on mast strength.)

Positions and Responsibilities (RAWS, WIMS, and NFDRS)

RAWS, WIMS, and NFDRS responsibilities are defined and assigned to personnel in fire
operating plans. (See appendix J. See also the Fire Danger Operating Plan—Arizona Strip
field office, July, 1999, NFDRS Operating Plan Shasta, USFS Trinity Ranger Unit, April 1999;
these latter can also be found in the 2002 intermediate-level NFDRS course reference materi-
als.)

NFDRS 2000 Standards

The positions, responsibilities, and duties that appear in the NFDRS 2000 Standards
(NWCG 2000) handbook are summarized as follows:

1. Station owner/program manager: is responsible for site selection and deployment of new
stations, maintenance of new and old stations, QA/QC of data, WIMS duties, and re-
sponse to ASCADS watchdog alerts. (See appendix K.)

2. Local dispatch centers: have a variety of responsibilities that may vary from center to
center. For example, at the Fort Collins CO/Northern Front Range/Arapahoe-Roosevelt
NF Dispatch Center, these duties include determining daily fire fighting resource avail-
ability; generating incident reports as required; entering required RAWS data into
WIMS; posting NFDRS indices and components, and so forth (see appendix L). The
Fort Collins Center has been given the responsibility of operating, managing, and main-
taining seven RAWS in their immediate area (appendix J).

3. Field support and first responder: Annual maintenance, emergency repairs within 3 days
of a breakdown occurrence, maintenance of ASCADS documentation, and so forth. Note
that there is some overlap with station owner/manager and dispatch center duties. (The
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USFS RAWS Web site is an extremely good source of RAWS information; see appendix
A for Internet address. Links to procedures, FAQ’s, example forms, and tech notes can
be found on the USFS RAWS Web site; see Field Guide, RAWS 101, and Tech Notes
items on the Web site.)

4. Agency regional coordinator: has agency RAWS oversight within a regional area (see
appendix M for detailed regional coordinator responsibilities).

5. Agency coordinator: For the USFS, currently an individual and an assistant whose duties
include oversight and coordination, such as responding to phone and e-mail queries; en-
suring NWCG standards are adhered to; serving on various RAWS-associated working
groups and teams (fire danger, fire weather, satellite transmission, and so forth); assign-
ing and coordinating station transmission channels and transmission times; and organiz-
ing and training personnel in the deployment and operation of a RAWS. The Agency
Coordinator manages the RAWS Web site, which received 6,680 unique hits in 2002, al-
most half of these in May and June alone. Operationally the FS RAWS Coordinator also
functions as a USFS RAWS Helpdesk. (Note that the USFS RAWS help desk is separate
and distinct from the F&AM help desk.) During FY02, the USFS RAWS Coordinator:

* Responded to roughly 2,000 e-mail queries.
* Responded to 2,000 telephone queries.

* Performed work-related travel: 77 days for fire-related working groups and teams, and
professional groups.

* Conducted RAWS training/teaching for field operators.

6. Depot technician: is responsible for testing, maintenance, and calibration of sensors at
the RSFWSU.

7. Depot manager: performs administrative oversight of RSFWSU operations, RAWS sta-
tion contracts, and RSFWSU personnel.

Findings

RAWS or WIMS-related administration and operational responsibilities are seldom explic-
itly stated in an individual’s position description. The informal and vague language in these
position descriptions contains phrases such as weather-related duties or additional duties or
collateral duties. Often personnel directly involved in RAWS-related operations interpret
lack of specific duties in these position descriptions as an indication of lack of interest in the
RAWS program by upper management. Thus, parts of the network are managed and function
well while others that are not as well-managed function poorly. The result is a lack of or ques-
tionable quality in critically needed fire weather data (personal observations; D. Clements, F.
Hesselbarth, T. Mathewson, and M. Nelson, personal communication 2002).

Local Quality Control and Assurance (QA/QC)

The local owner/operator or a dispatch center person is typically responsible for initial QA/
QC of RAWS data (see above). Depending on the type of service contract, the local opera-
tor might also perform the annual sensor exchange and emergency repairs. Responsibilities
include care and maintenance of the ASCADS and WIMS metadata files, and WIMS daily
editing for NFDRS runs (e.g., the 13:00 hour data record is flagged from an R to an O). The
local operator reviews recent data, especially the 13:00 LST observation, to verify reasonable-
ness. Using WIMS/WEB, local personnel are also required to manually add the SOW and the
lightning activity level (LAL) values to the 13:00 record. Note: the 13:00 RAWS observation
should be the transmitted RAWS data recorded closest in time to 13:00.

The SOW is manually entered as a code number describing the weather at the time of
observation. The index or code ranges from O (clear) to 9 (thunderstorms in progress). This
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is a critical input to the NFDRS model because many of the model products are based on
the current observed SOW. For example, steady rain or snow will zero out NFDRS indices
and components. Currently (spring 2003) the SOW input is based upon a number of sources:
Web-cameras, local RH and precipitation (if any), or direct field observations. In the future
SOW will be calculated from SR, RH, and precipitation and entered in WIMS automati-
cally.

The LAL is a measurement of cloud-to-ground lightning activity observed within a 30-mile
radius of the RAWS observation point. The NFDRS requires two inputs for LAL: the first
covers the period from when the previous day’s 13:00 observation was taken until midnight,
and the second covers the period from midnight until the current day’s 13:00 observation
time. The scale ranges from 1 (no thunderstorms or cumulus clouds) to 6 (dry lightning oc-
currence). A 5 indicates frequent and intense lightning, thunderstorms, and moderate to heavy
rain. These data are obtained from the BLM/NIFC Wildland Fire Management Information
System (WFMI) in the form of maps generated for a given area. Based on this mapped data,
an estimate of the LAL is manually recorded.

During the NFDRS course held in Lakewood, CO, in April 2003, students were advised
NOT to enter LAL or human-caused risk into WIMS. No documentation was provided and
none has been found by the authors of this report (M. Nelson, personal communication, May
2003. S. Peterson, course instructor, April 2003).

Operating Period

The optimal RAWS operating period for NFDRS requirements is year-round. The minimum
is for the fire season with a 30-day initialization and equilibration period before the season be-
gins — except for portable fire RAWS, which are usually deployed on a per incident basis. The
local or regional Fire Management Officer or the GACC meteorologist decides upon the start
and end of the fire season, which can vary from year to year. Some areas have a split season (for
example, spring and autumn). Those using data from a station not owned by the user typically
inform the station owner of their intended use of the data.

Maintenance and Calibration

At least once per year the RAWS sensors must be replaced by newly calibrated, refurbished,
or repaired units. The replaced sensors are then processed at the RSFWSU (see below). The
RSFWSU performs all meteorological sensor calibrations and necessary repairs either at the
Boise Depot or, occasionally, in situ. The RSFWSU provides two, soon to be three, service
contract options: full ride, depot, and NFDRS 2000 certification.

Service Contracts

Under the full ride contract, personnel from the RSFWSU visit each site once a year to
perform the required maintenance, relieving local owners/operators of the duty (apart from
emergency repairs). Under the depot contract, the local operator receives replacement sensors
from RSFWSU, visits the RAWS, replaces sensors with replacement units, and performs any other
station repairs. The local operator returns the replaced sensors to the RSFWSU for recalibration.

In the near future, the NIFC depot will begin to provide a third contract option: NFDRS
2000 certification. This certific