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3. Utilize Numerical Models

4. Foster a Space Weather Ser-
vices Industry

5. Modernize Data Handling and
I nfor mation Dissemination

6. Develop New lonospheric
Products

Who we are and what we do

The Space Environment Center (SEC) occupies a cen
tral position in the space weathmmmunity A compe
nentof the NOAA Oceanic and AtmosphefResearch
Laboratoriesn Boulder Colo., SECis also one of the
National Centers for Environmental Prediction thfe
NOAA National Wather Service.

The Space WatherOperations (SWO) at SEC operates
thenational and world warning centers for space weath
er that can d&ct people and electronic equipment. and
provides redl-time nonitoring and forecasting o solar and
geophysical events © customers. The 5% Space Wather
Squadronof the U.S. Air Force in Colorad8prings,
Colo.,provides services to U. &ilitary customers and
works closely with SWO.SWO is jointly operated by
NOAA civilian employees, uniformed NOAA Corps
staf, and U.S. Air Force personnel.

The Space Environment Center dso conducts research in
solar-terrestrial physics, develops tchniques for forecast-
ing solar and geophysica disturbances, transitions aa-
demic research (including rumerical models) into gpera-
tions, and prepares cita © be achived by the NOAA
National Geophysical Data Genter. It often provides ad-
vice on lar-terrestriad phenomena and their adverse d-
fects to government agencies and industry. Research <i-
entists & SEC ae working toward a letter understanding
of the Sun-Earth connection by sudying lar dectromag-
netic, particle, magnetic-field, and pasma emissons ad
the processes that affect the gace awvironment around
Earth.

Cooperativerentures also abound, as graduate students,
post-doctoralstudents visiting scientists, Cooperative
Institute fellows from the University of Colorado, con
tractors,and private-sector partners all contribute to the
vibrantatmosphere at SEC.
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radiationlevels during NASA manned missiorsatel
Au g m ent lite operators need advisories of severe space weather
Op era‘“ ons that may harm_ th_eir spacecraft. _ Radio _operamad_

spaceweather indices for predicting radio propagation.

Vendors,who provide tailored space weather services,

Severespaceweather events (variations of electromag needinformation to meet their users’ needs.

neticfields and engetic particles) cahave adverse ef

fects on humanactivities. An increased reliance on 10 better understand user needwl improve services,
technologyhas magnified our sensitivity to severe space SECroutinely solicits input and feedback from the eom
weather The Space \dather Operations (SWO) Center munity. This information is used to develop and-im
at SEC provides real-timespace weather services. Provespace weathegroducts and services. Products are
Stafed by NOAA civil servants and uniformed mem  disseminatedthrough several diérent delivery sys
bersof the NOAA Corps and the U. S. Air For@Wo tems;accuracy and timeliness are the most critical re
provides a synthesis of the current state of the space enduirementsplaced on the service. These attributes are
vironment,predicts solaterrestrial conditions, and dis ~ Foutinelymonitoredthrough formal quality control, ver
seminategimely notification of space weather distur  ification programs, and user feedback.

bances.This information helps operators affected

systemdake appropriate action to reduce the impdct

spaceweather plan activities sensitive to soltrres Service improvements (1998-1999)

trial conditions, and diagnose system problems. Many aspects of space weather follow tHeykarsun
spot cycle. The current solar cycle, Cycle 23, started in
SWOis manned 24 hours a daydays a week, main 1996, and several periods of major activity have oc
tainingan up-to-the-minute watch for storms and distur curredthis cycle. These events nutly exercised SEC
bancesn the solasterrestrial environment. Forecasters Operationabystems, but also were a wakeeafl to our
areon duty from 6 a.m. to 2 a.m. Mand are on-call for ~ Users.In addition to maintaining continuous real-time
theother 4 hours. Solathnicians are oduty 24 hours ~ Servicesfor the past 2 years, several significaatvice

aday Forecasters analyze the more than If@@real-  improvementsvere made at SEC:

time space weather data sets, garnered at SEC, to form a

coherentpicture of the space environmertdevelop « Continued to refine the utility of the data
spaceweather productand predictions, and help users from the ESA/NASA SOHO and ACE
analyzespace weatheaelated problems. Soldrechni spacecraft.

ciansmonitor the space environment, ensure continuous

i i e Expanded space weather products on the
computerand communications operations, respond to NOAA Weather ite service.

userrequestsdisseminate products, and issue real-time
alertsand warnings. Sthfmembers aralso stationed at

solarobservatoriesn the U.S. and Australia and these
observerscollect and analyze solar observations and

forwardreal- time reports and data to SWO. * Improved data display and information
dissemination systems.

e Developed the NOAA Spaceaéather
Scales and implemented products to re
flect the scales’ categories.

Spaceweather customers atsers, operators, manag * Initiated improved warnings using solar
ers,design engineers, and researchers working on sys wind data.

temsaffected or influenced by space weath@ustom « Initiated first physics model, the Magne
ersinclude a diverse spectrum of militagovernment, tospheric Specification Model (MSM).

vendors,private industry and the general public. Fore
castsand real-timanformation are of vital importance
to users anawners of satellites, communication com
panies,navigation systems, power and pipe lines, and As a recognition of SEG’ Space \Wather Operations
high altitude, high-latitude aircraft. The NASA Space accomplishmentghe SWO team won theidé Presi
RadiationAnalysis Group needs current and predicted dents Hammer fvard for rapid transition ofesearch
space weather information to assess crew and payloadesultsinto operations.

* Initiated plain-language space weather
bulletins.



Prospective Look at Space Weather Ser-
vices

Spaceweather is maturing as a discipline and a service.
Scientific studies are being directed at improving space
weatherspecifications and forecasts. As new research
resultsevolve, appropriate models and data neebeto
integratedinto Space Wather Operations tomprove
productsfor users. Changing technology is driving the
needfor new and improved products and serviaed
thegeneral public is now becoming m@ware of space
weatherand its efects, so major changase expected in
SWOover the next couple years:

e Text products will be made more under
standable to the user (using the NOAA
Space Wather Scales, for example).

e Plain language alerts, warnings, and
watches of space weather will be issued.

e Space weather products will be inte
grated into the National ¥éther Service
suite of services, including delivery sys
tems.

Current routine test products (Predictive
Magnetospheric Particles and Fields
Model and the Predictiviép Model) will
be made operational for general use.

Real-time solar images, including X-ray
images from GOES andoHmages from
the USAF ISOON telescopes, will-be
come available.

New models, including ionospheric
models, will be made available as fou
tine test products.

Verification and other quality factors for
space weather forecasts will be made
available.

Users should be able to acquire, view
and display data seamlessly from SEC
and National Geophysical Data Center

More tailored space weather products
will become available from SEC part
ners and vendors.

The Space Weather Operations center is a busy place when there is space weather activity. The command center
is a popular tour stop for visitors to the NOAA building (the David Skaggs Research Center) in Boulder, Colo.



AC q u | re an d US e N ew groundsystems located around the world. Datassmmet

to SEC where they are processed and used in Space
Data WeatherOperations lesthan 5 minutes after the time of
broadcastrom the satellite. \&tld-wide tracking net

Many new satellites and sensors have begun to fill pre work partnerships, mcludlng CRL _|n Japan, RAL in
viousgaps in spacenvironment data. The benefits will ENdland.and CNES in France&ompliment the USAF

begreat for forecasters, customers, and modelers. Thes@NdNASA stations. The SECTSW team waswarded
satellitesare sending a variety of information— images the Department of Commerce gold medal award fer ac

tionsand then to SEC for use in operations.
Thesedata enabled new SEC alerts and warnings of im

pendingmajor geomagnetic activity with about haur
leadtime. Data fronthe ACE satellite has meant the-dif

Satellite |Orbit | Typeof Information | Status

ACE L1 Solar Wind Monitor | Current ferencebetween a best guess and a sure thing in antici
GOES | Geosyn|Space Environment [ Current patingdisturbances to the neBarth environment. If a
Monitors major geomagnetic storm occurs, it can cause dramatic

changesin the geomagnetic field of Earth, leadita

POES Polar | Space Environment | Current . _ : .
problemsn delicate technological systems on satellites,

Monitors in power grids, and in navigational systems. This critical
SOHO |L1 Solar Images Current dataset is expected to last the lifetime of the ACE-mis
SXlon |Geosyn|Solar Images Future sion,or another 5 years.
GOES
NPOESS| Polar | Space Environment | Future Geostationary Operational Environmental
Monitors Satellite (GOES)

Two NOAA GOES satellites, which routinely take the
familiar weather pictures found on theghtly news, are
The Advanced Composition Explorer (ACEptellite stationedover the east and west coasfsthe United

Real-Time Solar Wind Data from ACE

was launched by NASA into an orbit 1.5 milliokm States.Thesesatellites also have space environment
(aboutl million miles) from Earth. The flow afontinu monitors(SEMSs) on them that supply critical datahe
ousReal-Tme Solar Vihd (RTSW) data from ACE be spaceweather communityDesigns for new satellites
ganon January 21, 1998. As the program becapsza and their instrumentation ardeveloped years before

tional, SEC coordinated thefforts to piece together a launch,and participation in the definition of the instru
systemto receive the RSW data continuouslysing mentsis an important part of SEC work.
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Real-time solar wind tracking of the ACE satellite is accomplished with the cooperation of several international partners.
ACE orbits close to the sight-line of the Sun, so the ability to track it varies with the season.



In January 1998, Hughes Space and Communications OES
Companywas awarded the contract for the next-genera NO/PQ
tion GOES spacecraft. The first of thesaellites is to series
beready in 2002. The GOES payload includes a Spacespacecraft
EnvironmentMonitor (SEM) instruments package that '
makesmeasurements used to provide advisories and
forecastf conditions on the Sun aflthe neaiEarth
space environment.

Thenext-generatioOES satellites will have capabili
ties similar to the current series, but will includeme
significantimprovements:

e The range of measured egetic par
ticles will be extended to lower egies
that afect spacecraft chging.

* A new instrument for measuring solar
Extreme Ultraviolet will be added that is
important for specifying ionospheric
conditions that &ct communication
and navigation systems.

until the early 197@® that theseolar orbiting spacecraft
carriedsensors to monitor the space environment.

¢ Two improved Solar X-ray Imagers,-de

veloped by Lockheed Martin Missiles
and Space, will be on the next- genera
tion GOES.

Themost recent POES satellite launched (NOAA-15) is
the first to have the nevspace Environment Monitor
(SEM2) with more enagy channels covering a wider
rangeof particle enggies. It is now the primarPOES

GOESprovides a broad range of egetic particle mea
surementghat have become a stafite space weather
specification.Data from GOES are key parameters in Everyalternate POES spacecraft also carries the Solar
the NASA International Solar dfrestrial Physics Pro ~ BackscattetUltraviolet Sounding Spectr&adiometer
gram (ISTP) datasets and are among the most widely (SBUV). This key solar UV radiation measurement is
used by the national and international scientific and oneof the longestecords of solar chromospheric aetiv
forecastingcommunities. ity, spanning nearly 22 years.

monitor of the neakearth space environment.

The next POES satellite is expected to launch insthe
condhalf of 2000, and it will carry both the SEM2 and
animproved SBUV instrument. laddition to oversee
ing the design and construction of thew SEM2 instru

The GOES X-ray Sensor (XRS) data have receindlgn
usedin new waydor forecasting and specifying condi
tions. A proton event forecast, based on the x-rays,
vides forecasters with better tools issue warning of
hazardousonditionsduring human spaceflight, and to ments,SEC has been the primaggntract monitor for
conditionsthat can déct sensitive electronics in space. constructionof nearly identical space environment

Anothermodel based on XRS data specifies ionospheric monitorsfor the European polar orbiting meteorologi
conditionsthat afect HE communications. cal satellites (ME'DP).Once the MEDP satellites are

launchedthe data will be available to SEC to augment
Membersof the NOAA GOES NO/PQé&am won the  thePOES SEM data that is now received.
Departmentof Commerce Gold Medal for Leadership

the GOES NO/PQ P inD ber 1999. - .
onthe Q Program in December Utilization of SOHO Data

The Space Environment Center continues to utitee
NASA SOHO Ultraviolet and Coronagraph imagéoy
(POES) monitor solar coronal mass ejections (CMESs) directed
The POES spacecraft fly in low-altitude polarbits. towardEarth. NASA Goddard Space Flight Center sci
They were originally referred to as the NOAA/TIROS entistsroutinely notify SEC of potential Earth-directed
spacecraftand the first was launched in 1960. It was not CMEsduring normal working hours. SEC requested and

Polar Operational Environmental Satellites



receivedsoftware to make the suite of SOHO daiail elementsand work on this lgetask has been a major
able to SEC forecasters whenever the spacecraft isactivity. Concurrently SEC scientists have been-en
tracked.Included in the software package is the ability gagedin monitoring and advising on the design and
to run “difference” images so that faint features, such as constructionphases of the second and subseqGetit
Earth-directechalo CMEs, can be discernedithVsuit instrumentsow being built by Lockheed Martin Solar
abletraining in interpretation of SOHO data, SEC fore Astrophysicd aboratory

casterscannow make their own determination, at any

time, of the geodéctiveness ofeal-time coronal mass

ejections. National Polar Orbiting Operational Envi-

ronmental Satellite System (NPOESS)

SEC continues to participate iampirical studies with A new generation of polar orbiting satellites is baiag
SOHOscientists to develop better forecast methods asvelopedto replace the present series of NOAA POES
the experience with CMEs grows. Formal verification satellites.The present series of POES satellitegxs
hasnot been donen forecasts that use SOHO data, but pectedto last until 2008, as are the Defepartment
all forecasters feel their current forecasts are far superiorDMSP satellites, so the first NPOESS satellite will not
to those from the last solar cycle when SOHO data werelaunchfor several years. NPOESS will combine the re
notavailable. The ¥e Presidens Hammer Avard was quirementof the NOAA POES and DMSP satellites

receivedfor making these data useful. createa joint satellite system to meet the needbath
the civilian and military communities well beyond
2010.

Solar X-Ray Imager (SXI)

SECS SXI will be a new monitor of dynamic solar SECparticipated on the NPOESS requiremedefini-
eventsthat disturb space weathdrwill be able to de tion teams tamake sure that customer needs would be
tect,in detail, solar coronal holes, flares and other-tran met. NPOESS includes requirements frdroth of the
sientphenomena, which will lead to better forecasting. existingPOES and DMSP systems as well as improve
Work on SXI progressed significantly during 1998 and ments and upgrades based eonore stringent future
1999.The first of a series of such instruments that will needs.The specifications were sent out to industry for
monitorsoft x-ray emissions from the Sun, SXI is slated suggestions and responses. These responses have been
be launched aboard GOES-M in mid-2001. The proto reviewedand work is proceeding on updating NPOESS
type instrument was tested and completed at Marshall requirements.

SpaceFlight Center in 1998, and the instrument has
beenundegoing integration withthe GOES spacecraft.
The ground data systemeeded to handle the one-per
minuteimage load involves both hardware and software

The newest solar x-ray imager (SXI) under construction Each orbit of the NOAA-12 spacecraft is noted

at Lockheed. The first SXI will fly on the GOES-M with the measured flux of electrons. Red levels

spacecraft in mid-2001. would be dangerous to astronauts during extra-ve-
hicular activity.



Utilize Numerical
Modeling

Unlike terrestrial weather conditions tat are nonitored
routingly a thousands d locations aound the world, the
conditions in gace are nonitored by only a hendful of
space-based and ground-based facilities. In arder to pro-
vide continuous quantitative asessment and prediction o
the geospace ewironment, numericd models nmust be
used because d the extreme wndersampling of the dverse,
coupled regions d space. Future qerational models, to-
gether with forecagter expertise, will greatly improve te
qudity of products for our users.

SECis conductingnultiple research &frts to enhance
the value and availability of numerical models. In one
role, SEC staf perform basic research, developing and
improvingmodels of the space environment.

SECis also involved in various collaborative activities
to develop numerical models arfidrther their valida
tion and availability for operationalse. SEC is a cen
sortiummember of theCommunity Coordinated Med
eling Center (CCMC), along with NASA, U.S. Air

Rapid Prototyping Center

Researctand development within SEC and throughout
the world is improving our ability to specify and to
forecastconditions in the space environment. From
thesecontinual advances, SEC must be able to choose
themost valuable models and (or) data to imprepace
environmentservices, and be capable of implementing
them efficiently into spaceweather operations. The
Rapid Prototyping Center (RPC) is viewed one im
portantroute toward enabling this capability

The RPC is intended to expedite testing and transition
ing new models and data into operational ustargfto
establishthe RPC have made considerable progress
over the past 2 years. Milestones that have been
achievednclude: the graduation to operational status of
the Magnetospheric Specification Model (MSM); the
routinegeneration of test-produptedictions of magne
tosphericelectron radiation usinyISM; the establish
mentof a softwareand hardware framework to ingest,
test,and graduate new models and data agerations;
andthe establishment of procesdes software devel
opmentand for model selection and graduationthw
the experience gained from the initiaodels, much of
the foundation of the RPC is now in place, amdre

Force, and the National Science Foundation. The rapid progress will be achieved on future models and
CCMCis a facility designed to develop and test coupled datastreamsAs examples, both the Solar X-ray Imager

modelsof the spacenvironment. The CCMC will both

project and the Imager for Magnetopause-to-Aurora

advancebasic research and foster the development of Global Exploration satellite project benefit from the

robust,validated models that will be available for the
SECand USAF Rapid Prototyping Centers.

softwareand the hardware infrastructure develofed
theRPC.The RPC developmentfeft was initially sup
portedby Sterling Software, Inc.

Prediction of Magnetospheric Electrons - 50 keV through a Cooperative Research

2000/04/06 23:41:49 GMT

|

andDevelopment Agreement.

A large number of numerical
modelsand data streams anew
availablefor space weather use.
An important functiorof the RPC
is to evaluatenbjectively and pri
oritize the potential model candi
dates.To accomplish this, gro-
cesshas been initiated to evaluate
each candidate based on three
main factors: the strategienpor
tance, the operational sign#i
cance, and the implementation
readiness. This evaluation will
serveasthe basis to determine the

Predicted flux of 50 keV electrons within Earth’s magnetosphere (red indicating ~ Priority order for entry into the
high flux levels and blue indicating low levels). Representative magnetic field ~RPC,taking into account thesti
lines are indicated by the green lines. Geosynchronous satellites are shown as  mated cost for transition and

white cubes.

maintenancef the model anthe



availability of resources. The candidatist are under  Magnetosphere Modeling
consideratiomat present covethe full expanse of the
spaceenvironment, from the Sun to the upmmec
sphere.

Modelingof the magnetosphere is an important element
of SECoperations. Magnetosphere models give numeri
cal guidance for conditions thatfa€t on-orbitspace
craft, human activityin space, and ground-based aetivi
ties; they also provide inputs to other models.

Solar and Solar-Wind Modeling ¢ Planetary geomagnetic activity indi€p is being
predicted routinely using a neural-network
algorithm. This model uses the real-time solar
wind data obtained by the ACE spacecraft, and
generates a prediction Kp every 15 minutes.

* The Magnetospheric Specification Model (MSM)

predicts the electron and ion flux levels within

« Models are used by SEC forecasters to predict the the magnetosphere, and is available in both a
energetic proton fluxes resulting from solar flares. now-cast and a forecast mode. The nowcast mode

is driven by the estimatd€p index produced by
the U.S. Air Force using ground magnetometer
data received in near real- time. The forecast
mode uses the neural-network predictionKf
mentioned above, to produce a 1- to 2-hour
prediction of the particle fluxes.

Solarand solawind modeling at SE@volves a vari

ety of observations of th8un and of the interplanetary
medium used tounderstand solar processes and the
transportof solar material to Earth and beyond.

e The Wang-Sheeley model, which provides a map
of the global solawind flow, provides several
day’s warning of recurrent high-speed streams
and sector boundary crossings. The model utilizes
daily updated observations of the solar surface

magnetic field. . . R
* Predictions of the daily fluence of relativistic

* Another semi-empirical model has been brought electrons in the magnetosphere give 1-, 2- and 3-
on-line to provide an hols advance notice of day warnings for conditions that can damage
magnetic cloud structures about to impact Earth. spacecraft. This model uses a linear prediction
The model uses ACE real-time data from L1 orbit filter technique to predict the relativistic electron
as input. fluence based on measurements of the solar wind

A probability model has been constructed on the speed made by the ACE spacecraft.
basis of over 20 years of historical records, e Another mode of operation being tested uses as
relating SEP incidence to observed flare input the predicted solar wind speed calculated
temperature and flare intensigxtending the from the technique mentioned above. At present
alert period before the onset of solar radiation this yields predicted electron fluence up to 8 days
storms. in advance.

The predictions of
Kp using the
real-time ACE
measurements are
used as input to a
model that gives
approximately a
1-hour lead time
for predictions of

geomagnetic Modeled solar wind speeds between the Sun and
actvity. Earth show possible trajectories of disturbances
emanating from the Sun (red arrows).




Foster a Space Weather others,creating an opportunity forendors. How SEC

definesits duty todescribe the environment must- be

Servi ces |n d u Stry cause of sheer volume of wore limited and priori

tizedbased on an estimation of the importance to users.

SECis constantly working tprovide excellent custom

er service to its many and varied customers. Service
provided by industry enhances adpace weather ser
vices and benefits the customers. SBGuld like for
vendorsto provide tailored customer servicesghile
SECfocuses on improving generic, environmental (oW  SEC must have control of any model used to prepare
castingand forecasting serviceseMlorprovided tai SEC-issuedoperational products. aie-addedprod
lored services are vitalo improving service, as SEC  ct® based on that modsloutput would be the best
finds less and less time to meet individual user needs. they can be. Control of the model also means that SEC
canchoose to not issue a product if the quality is poor

SECwill release all public data and model outpiliat
SECuses and when there is a user need. Except with
prior agreement, SEC will not re-distribute vendor
ownedproduct information.

SEC took bold steps to enable vendor services develop
mentin the last 2 yearby clarifying its own activities  Thevalue of the Partnerships—Vendors and SEC cen

andoffering partnerships to vendors. tribute scientific and user expertise &my product de
velopment,giving assurance that the jointly developed
Vendor Workshops productsare firmly based on the best possible science.

In 1998 and 1999SEC held three vendor workshops SEC will provide reliable data access for its partner
(oneat each Space &f%ither Véek conference anghe

in the fall of 1999) where SEC and vendors discussedVendorsand SEC will collaborate on model develop
their respective roles and developedarking plan for ~ ment. In current partnerships, either the vendor has

fosteringnew products anservices. The result of these broughtthemodel to SEC for further development,-im
meetings is the policy outlined below plementationand validationor SEC has acquired the
modelfor collaborative implementation.

Essentials of the SEC Vendor Policy Most importantly customer services are improved

SEC Strategic Activities—These are the activitiehat ~ ©XPandedy the joint eforts of SEC and the vendors.

SECregards as fundamentally its responsibility:

, . - Active Partnerships
e Provide the Natiom official space weather alerts,

warnings and watches. Two formal typesof partnerships used by SEC are the
» Synthesize a picture of the space environment. SBIR and the CRADA. SEC currently has two active
» Forecast space weather partners:
* Provide services to the public. Small Business Innovative Research—A Small Busk
e Conduct basic research. nesslinnovative Research grant (SBIR) Phase Il was
« Conduct applied research. awardedo Northwest Research Associates, Inc., to de

. velop a distributed computing system that would-pro
* Foster a vendor industry ) e LS -

) ) vide specific products to individual users and distribute
¢ Provide support for government agencies. dataand products to a network of users.

Expectations for Working with Vendors—Vendorsare
expectedto create products tailoredo specific end
users;SEC will not compete with vendors in the acda
tailoredproducts.

Cooperative Research and Development Agreement—
The Cooperative Research and Development Agree
ment(CRADA)3 was written to be signed in 2000 with
a new vendor partneiFederal Data Corporation, for

SEChas a duty to describe the environment, but SEC developmenof a solar irradiance model.

cant model the environment atl cadences andll 2. A “Value Added Product” is a product that may be derived
resolutions;SEC will supply certain products amobt from SEC products but has some other information or added
1. A “Tailored Product” is space weather information that relates benefit.

to specific customer hardware, environmental parameters, or 3. The CRADA with Sterling Software, SEE€first such agree

local weather that is not routinely forecast or nowcast by SEC. ments, produced tremendous benefit for the RPC (see page 7).



Modern ize Data * Object-oriented design and implementa

tion.
Han d I In g a.nd Phasel of the data display implementation was made
. availableat the end of 1999. Real-time monitors are
Info rm at' on beingphased into the SWO operations.
Dissemination Efforts are underway to expand the use of the NOAA

WeatheWire as part of the &frt to integrate SEG’ac
Datais at the heart of SEC, so data qualigfiability, tivities more closely with the National &sither Service
timelinessand accessibility are of paramount impor (NWS). Improved connectivity through the NWS is
tance.There is an ongoingfeft at SEC to maintain and  now under development.
upgradedata handling and distribution systems. &er

ample,access talata sources has been increased due tOProduct Generation and the Outside User
the changing method of acquiring and formatting the System

data. TheOutside User System (OUS) Heecome SEG'pri
mary customer support mechanism. More datad
productsare reaching an increasing customer base and
new data and products are made available imae
timely and efficient manner Modernization of these
systemshas stressed improved reliabilitredundancy

for critical applications andnore eficient use of re
sources.

SECis responsible for all phases of real-time data: in
gest, processing, displayanalysis, validation, storage,
disseminatiorand archiving. During the past 2 years our
primary improvements have been in the areas of data
displayand dissemination.

Improvements in Data Display and Disse-

LR Major improvements irthe dissemination of SEC-in
mination

formationhave occurred:

The Information Dissemination System (IDS) is a

migrationtowards a modern, framework-based, distrib ¢ Major web re-design (not yet imple

: . . ) . mented).
uted object architecture. Iprovides a variety of inter € ted)- _ _
faceoptions for data storage and client applications, on * More eficient uses of new machines,
avariety of platforms. It is characterized by foow- which separated the product generation
ing: system from the Internet servers.

e Availability of new graphical products.

¢ Extensibility expandability and suppert «  New space environment measurements

ability.
» Object-oriented design and implementa  Data Storage and Access
tion. Real-time space environment data is a national re

e Reliance on industry standards, such as source.To preserve and protect that resource, a major
CORBA (Common Object Request Bro undertakinghas begun teeplace the custom Data Man
ker Architecture). agementSystem with a commercial fethe-shelfdata

basesystem within the next 2 years. Requirements have

Currently all of the types of data storday the data beerwritten and include:

managemengystem are available through the IDS-sys

tem. * Improved reliability

A primary client for the IDS system is the new Data Dis +  Improved maintainability
play System (DDS). This is the replacement system for
thereal-time monitors and call-ugisplay systems used
by SWO and many of SE€’partners. The DDS pro
vides:

Use of industry standards for data ac
cess.

* Implementation of sophisticated data
base administrator tools.
Proofof conceptesting is in progress using an existing
relational database &nsure the ability of the system to
¢ Improved maintainability handle the real-time storage requirements.

e Platformindependence.



tude.This new product (see belolwas been monitored
Devel 0 p NeW for use and accuracy in the last 6 months of 1999.
lonospheric Products

New Data

Theionosphere is a crucial part of the néarth enw Anothermajor advance in the ionospheric area has been
ronment,and itsvariability has a major impact on eus  aradicalchange in the acquisition of digital ionosonde
tomersin the areas of communication and navigation. data. The original method relied on temperamental
Overthe past year some important new developniants networklink that restricted the volume, timeliness, and
ionosphericservices have been made. These include thereliability of data. The new method utilizes direct trans
implementation of a new ionospheric product, improve missionof datafrom the U.S. Air Force Digital loro

mentsin data acquisition, and continued development sphericSensing System (DISS) to SEC. Several of the
of empirical and physical models. DISS sites have already been connected, and have al

readydemonstrated thimcreased reliability of the new
networklinks for data transfer

New Product * | JSL,JR

. . . . SHE TR
Thenew ionospheric product introducied1999 tagets -aﬁd—
the high frequency (HF) radio propagation community
andaddresses the operational impact of xfhay on ra
dio communications. The product provides a specifica !
tion of absorption of HF-radio waves by the D-region, T & X
from theionizing afect of solar flares, and is driven by ""*1 pi
GOESobservations of the intensity of solar x-rays.-Dur

ing a flare the increased absorption can narmveven . . .
| he wind ¢ ble f ies. Th d DISS stations reporting ionospheric data are located
close,the window of usable frequencies. The product ... the world (red dots). The network is growing

containsa global frequency map, an attenuation bar ;nd several more stations are planned (purple).
graph,and an estimated recovery clock. The global fre

guencymap graphically illustrates the Highéstfected The new system also enables many new ionospheric
Frequency(HAF) as a function of latitude and longi  parameterdo be made available to the users, #mel

tte {on
S EY)

0 5 10152025 3035

dB
Highest Affected Frequency Flux Trend
o 5 10

12 20 25

Degraded Frequency (MHz) +/— 2 MHz Decreasing

Globalfrequency map illustrates expected disturbances to HF radio wave propagation as a function of lati
and longitude.
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Outside User System dissemination system khagn describegnore than 50 percent of the increase in-vari
upgradedto take advantage of these neapabilities. ability during a storm. A real-time implementation of
Datafrom the DISS sites, and from a numberotier this ionospheric correction model is planned for the
locationsare available in near real-time (within 15 min  future and will bedriven by the SWO prediction of the
utes).SEC scientists in-house are planning to use this geomagnetidield, (for example Ap index). A specifi
new data stream for developing new ionospheric prod cation of ionospheric change has application for fre
uctsin the future. The data acquisition method besn quencymanagement by the HF radio propagation users.
coordinatedwith our NOAA partners in NGDC to en

sure a seamless interface with recent data (within 1 Providinga real-time simulation of the ionosphere for
month) available through SEC, and the historical data operationaluse requires a physical model, likke
from the National Geophysical Data Center CoupledThermosphere and lonosphere Mo@&TIM).
This is a much more computationally demanding task
thanthe model described abovealMation of a 50-day
interval to test the accuracy of the model predictions
Researclat SEC has led to fundamental advances in our clearly showed the scientific value of using physical
understandingf the response of the ionosphere to-geo models but the operational value was much moré dif
magneticstorms, and is providinthe foundations for  cult to quantify

ionosphericproducts for the future. Building on this

new understanding, SEC scientists have developed g more promising approachill undoubtedly require

fastempirical storm-timéonospheric correction model.  theoptimal combination of model and data using assim
ilation techniques. This process has been used in the

The model predictsthe departure of the ionospheric meteorologicalveather community for many yedrat
F-regionpeak density fronthe climatological monthly  is only just beginning in the space sciences. SEC scien
meanor from an appropriate quiet-time reference model tistsare currently involvedh an ionospheric data assim
such as the International Reference lonosphere. Theilation effort under the Multi-Disciplinary University
magnitudeand direction of theorrection is based onthe Researchnitiative. Developing andpplying these data
strengthof the storm, as measured Ayy, and is a func assimilationtechniques is onef the challenges for the
tion of latitude, season, and local time. The model is future,and willundoubtedly provide the foundations for
particularly successful in capturing the ionospheric betterionospheric specification and forecasting prod
stormnegative phase in summer mid-latitudes, where it ucts.

New Models

3000 o 6

Empirical lonospheric Storm-Time Correction Mod- . o . o
el output shows filtered Ap (y) versus foF2 ratio (z) Ionospheric Variability Map showing deviation from
for all the days of the year (x). normal conditions using a numerical model (CTIM).
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Foundations of SEC

Research and Development

The unique nature of SEC, angamnization that brings  servationghatcan be used for space weather operations
togetherresearch, development, and operations underandfuture services. The NASA ACE is one such-mis
thesame roof, imposes special conditions upon it§. staf sion. The Hard X-Ray Spectrometer instrument is the
ThroughoutSEC, Research and Development person resultof a collaboration between scientists at SEC and
nel work closely with other sthfo support all thesle the Astronomical Institute of the Czech Academy of

mentsof the SEC mission and to provide a firm research Sciences.With support from NOAA, the U.SAir,
underpinningo products and operations.

Within the Research and Development (R&DYision,
the staf contribute in three general areas:

The science sthimembers conduct research in
their areas of expertise, while computer
programmers develop sophisticated code in
standard languages.

R&D supports programmatic activities, like the
Responsible Scientist, Project Legderd

Development Leader for a new proposed product.

R & D staf also have responsibilities for many of
the satellite, sensoand modeling activities
discussed earlier

R&D staff provide expertise when SEC is called
upon to answer user questions.

Research

NASA, the instrument was flown and has the primary
objectiveof determining the &tacy of predictingoro-
ton storms.

IMAGE is theNASA Imager for Magnetopause-to-Au
rora Global Exploration satellite. IMAGE will provide
SECwith real-time images of the northern hemisphere
auroraloval, as wellas other potentially valuable mag
netospheridiagnostics.

Modeling

R&D staf are involved in numerous research projects.
Highlightsof recent results include models of the propa
gationof solar disturbances frothe Sun to the Earth,
studieson understanding the source of relativistic elec
tronsin Earths magnetosphere, models of the response
of the ionosphere to geomagnesitorms, and further
developmenbof two ionospheric models. Data assimila
tion techniques that were developed earlier for numeri
cal weather models are being applied to the ionosphere

The research mission of the Division emphasizes by researchers from SEC, Utah State Univeraityithe
theoreticaland experimental research studies directed University of Colorado ’under a Multi-Disciplinary

at understanding the fundamental physical processesumversity Researchnitiative sponsored by the fife
responsibldor and causing:

The observed engy release in the form of
electromagnetic and particle radiation near the
solar surface.

The propagation of solar eggrthrough the
corona and out into the interplanetary medium.

The transfer of engy from the neaEarth
interplanetary medium into Earthfocal space
environment.

The behavior and subsequerfeets of this
enegy within the magnetosphere, the ionosphere,
and the uppeatmosphere regions.

Research Satellite Missions

Researclsatellite missions provide unique opportuni
ties to fill gaps or be prototypefor much-needed eb
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of Naval Research and the Air ForcdiGH of Scientific
Research.
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Model results of a coronal mass ejection
propagating from Sun to Earth.



Computers and systems

SECsupports a variety of computer systeimsa vart magnetometeiand a dedicated T1 network connection

ety of uses including data handling, Spaceaitfier Op to the DSRC, paid for with NOAA maintenance funds.

erationscenter andcustomer and internal SEC access.

Thereis an increasing emphasis on the use osP2

causeof low-cost, of-the-shelfsolutions, and connec Y2K

tivity. A major efort by SEC ensured its code amgstems
were Y2K compliant. All SEC operational computer

Highlights of the pas? years include the move to the gystemavere reviewed and tested for Y2K compliance,

David Skaggs Research Center (DSRC), surviving gngnecessary modifications anggrades were made.

Y2K, and upgrading system security Thesystems survived the Y2K roll-over with almost
negative consequences.

The Move

The move from the NIST building to the DSRC wes a ~ S€CUrity

major undertaking gven the EEC dyjectives © minimize As SECS computer systems habecome more com
data loss, operational impact, and austomer impact. plex and sophisticated, and others’ systems have been

hacked,system security has become a majoncern.
To address this issuSEC has formed an Information
Technology(IT) security team tgrovide local exper
tiseon IT issues. The team works on these tasks:

Throughthe establishment of dual operations centers,
redundant critical systems, and phased-in system
moves,these goals were accomplished with little or no
lossof data and no impact on customer service.

SECS primary ground statiorand solar observatory Develop an SEC IT security plan and guidelines.

wererelocated as part of theove and a third antenna  ,  Aqvise SEC management and &taf IT security
system(funded by Forecast Systems Laboratory) was issues.

addedto the ground station to enable tracking three sat
ellites simultaneously Currently this antenna is sup
porting ACE tracking. Theobservatory telescope and
control/automatiorsystems are being refurbished and *
upgraded,and images from the observatory will be
availablein 2000.

Protect SEC assets from loss, damage, misuse
and corruption.

Respond to DOC/NOAA/OAR requests and
requirements.

Information Technology (IT) Architecture

SECis in the process of developing an IT architecture
Table Mountain Observatory that will provide a framework for change and growth.
SEC continues to maintain an unmanned field site at Theprimary goals of the architecture are:
Table Mountain Observatory (TMO) north &oulder
This facility provides SEC with backup satellite track * To allow SEC to take advantage of new
ing and is the only real-time source of ground-based  technologies, but in such a way as to optimize the
magnetometedata. Recent improvements to TMQ in long-term management.
clude roof replacement, lightning protection, rew e To better utilize limited IT resources.

Partnerships

Military of a lager efort to “re-engineer” Air Force \8athey
spaceweather operations were movedm Air Force
Over the past yeatthe space weather functions of the SpaceCommand to the AifForce V¢ather Agency
military have undegone a significantealignmentand (AFWA). The vision ofthis realignment was to provide
will continueto evolve through the next 2 years. As part the customer with a single source for “mud to sun”
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weathersupport. The biggest impact of this change is
that space forecasting functions currently located
SchrieverAFB, Colorado Springs, Colo., are in thepro
cessof being moved to @ditt AFB, Omaha, Neb. By
consolidating,military space weathesupport will be
ableto leverage thextensive computer infrastructure
andexpertise available @ffutt AFB, leading to more
rapidmodel and product development.

Upgradedo the Air Force worldwideetwork of solar
observatoriebave also been ongoing. A new SdRa

dio Spectrometer improves upon older instrumentation
usedto identify radio sweeps and noise storfike
ImprovedSolar Observing Optical Network telescope is
still under development, with the firghstallation
plannedfor 2001 at Holloman AFB, N. Mex.

NOAA Corps

NOAA Corps commissioned fafers augment thper
manentcivilian staf at SEC. The NOAA Corps fi€er
billets are filled on a rotating basis, for typical assign
ment durations of about 3 years. SEC hagprasent
allocationof four NOAA Corps dicer billets.

Billets at SWO now include a Project Manager for
SpaceéWeather Operations and two Sp&ievironment
Forecaster positions. The previous Culgoora, Australia,
billet was transferred to SWO in Boulddollowing
automationof the Culgoora facilityThe USAF site at
Learmonth,Australia, retains a Solar Analyst/Liaison
Officer position.

Besidestheir important contribution to SEGtafing
needsNOAA Corps oficers also provide SEC with a
uniquely flexible personnel resource, and make valu
able contributions to intra- anthteragency liaison ef
forts on behalf of the SEC mission.

International Space Environment Service

InternationalSpace Environment Service (ISES) is a
permanenservice under the auspices of the Internation
al Union of Radio Science (URSI) in association with
the International Astronomical Union and the Interna
tional Union of Geodesy and Geophysics.

The purpose of ISES is ttacilitate neareal-time in
ternationaimonitoring and prediction of the space envi
ronment, by

Rapid exchange d space environment information.

Standardization of the methodology for space
environment observations and data reduction.
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Uniform publication of observations and
statistics.

e Standardized space environment products and
services to assist users and reduce the impact of
space weather on human activities.

ISES also sponsors meetings and establishes working
groupsto improve space weather serviceyd to pre
motethe understanding of space weather andfitxts

for users, researchers, the media, and the general public.
ISES members play an active role in the transitain
scientificresults into operational environments.

Therecurrently are nine ISES RegionalayMing Cen
ters(RWCs), representing the major areas of the world.
The RWCs areresponsible for collecting space environ
mentdata from their geographical area, and providing
timely, free, exchange of dat@mformation, and tech
niqueswith other RVCs. They also providaearreal-
time space weatheiorecasts and warning services for
local users, assisthe public in understanding space
weather and assist usera space-weathaelated acti
vities. SEC isthe RNC for this hemisphere (outside of
Canadapnd also performs the function oovid Warn

ing Agency for the ISES.

National Space Weather Program

TheNational Space ¥atheProgram (NSWP) emged

in October 1994 from thefefts of several U.S. govern
ment agencies to prepare the country to deal with the
vulnerabilities of our technological world to space
weather Through the Cice of the Federal Coordinator
for Meteorological Services and Supporting Research
theseagencies drewip the goals of the NSWHocu
mentedin the National Space &dther Program Strate
gic Plan. The specificlirection of the federal govern
ment space weather fefts was outlined in the first
National Space Wather Program Implementation Plan
in 1997.

The second edition of the National Spaceather Pro
gramimplementation Plan is noeompleted. The doeu
mentincludesachievements during the first years of the
program,and discusses plans for continuing research,
developmenbf new observations for research and op
erationalspace weather forecasting, ansea of opera
tionalmodels aimed at meeting user requirements. It has
beendeveloped concurrently with the National Security
SpaceArchitect's SpaceWeather Architecture. SEC
wasinvolved in all facets of developmeuoitthe update.



Education and Outreach

Space Weather Week

The organizers of thel998 User Conference and the
Research-to-Operationg/orkshop, held atdifferent
timesin Boulder decided that the two successful meet
ingswould be strengthened by combining the groups in
1999.Thus Space BAther Véek was born where users
and researchers nowome together and discuss their
joint needs and interests.

SpaceWeather Véek 1999 split the week for the two
conferencesyith a 2—day overlap. Generally the users

e Geomagnetic Storms—disturbances in
the geomagnetic field caused by gusts in
the solar wind that blows by Earth.

e Solar Radiation Storms—elevated levels
of radiation when the numbers of ener
getic particles increase.

¢ Radio Blackouts—disturbances of the
ionosphere caused by x-ray emissions
from the Sun.
As the NOAA Space \@ather Scales will make baith
ternal communication and interfacing with the public

attendedhe first half of the week and the researchers the easierand will increase awareness of flegd. They are

second.Results were favorable, and Spaékather
Week 2000 will to integrate the activities with coneur
rentsessions during the week.

From the research side, Spacedther Véek triedto
motivate space weather research andliect that re

becomingwidely accepted in the space weather €om
munity.

Education for all

searchtoward user priorities. Based on user needs andA new video about the Sun and SE&s proved useful

on the availability of research models, Spaceatker
Week1999 included a “Prediction Challenge” specifi

in K-12 schools as an introduction to space weaiher
videohas won several awards in tideo industry and

cally designed to evaluate existing models and obtainis popular with visitors and medas well as with stu

guidancegor models thatvould be candidates for enter
ing the Rapid Prototyping Center (RP&)d for poten
tial transition into operational use.

Onthe user side, the conference gauaigue chance to
experienceéhe space weather commuriitythese ways:

e Learnabout space weathgrarticularly
as it relates to their own systems.

* Network with vendors and other users.
e Request development or improved-ser
vices.

Feedback from users has been critical in guidifagytsf
at serving SEC customers.

NOAA Space Weather Scales

A new clear way to communicate with users and the
generalpublic about space weathems introduced in
1999,the NOAA Space \&ather Scales. Like a Richter
scalefor space weathgthe scaleslescribe three dir-

ent events:

dents.t is also available in Spanish.

Theanimation used in the video of a CME (coronal mass
ejection)stands by itself as a tool for scientific talks and
media briefings. Designed to show one aspect of the
Suns emissions interacting with the Eaghhagneto
sphere,the animation illustrates a CME traveling to
Earthon the solar wind and distortitige magnetic field

of the Earth, with particles flowing into the upper atmo
sphereand producing the aurora around the pole.

Media “Discover” Space Weather

SEC schedules two TV crews per month on average,
sees major stories about space weather every few
months,and gets calls every week for intervieassd
backgroundnformation.

Fuelingmuch of this interest were two press briefings,
in thefall of 1998 and 1999, and presentations to Broad
castMeteorologists at two of their annual January meet
ings. The attention shows the success of this type of
outreach.
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NOAA Scales

16



Vision of SEC in Five Years

Thereare some things SEC cae sure will occur and

be achieved in the next 5 years. Space weather services
will improve as more data and better models come on-

line; partnerships of all kinds will become more impor
tant; the needor space weather services will grow; and
carefullyselected research and development will lead to
improvementsSEC plans to do the following:

Better describe the space environment

Higherskill, accuracyand timeliness.
e Better oganization in our products.
e Improved terminology

Improvements in the observations and models
that go into the products.

Specific services tailored by vendors.

M ake space weather products part of a
seamless National Weather Service suite

NWS field offices will be providing support and ceor
dinationwith local emegency managers.

Move data streams and modelsinto opera-
tions through the Rapid Prototyping Center

Numericalmodel output that forecasts conditions and
extrapolatesrom sparse measurements will be avail
ablefor various phenomena:

Auroral currents.
Earths enegetic electron belts.

Sudden increases in solar particle events from
CMEs.

Solar wind, both the background and that
resulting from solar coronal mass ejections.

Disturbances in the ionosphere.
Spectrum of EUV output of the Sun.

The first lage-scale Sun-to-Earth numerical
models.

Develop and utilize assimilative space
weather models

Moderntechniques of data assimilatiosed in terres
trial weather modeling allow diverse observations to be
assimilatednto a single model to provide the most ac
curatedescription of the environment. SEC will:

Develop and implement advanced assimilation
techniques for processing ionospheric data.

Apply similar technigues to other space weather
data.

Use new observations

Newimages and data will be available to forecasisrs
well asto researchers and the public. The data will flow
from new NOAA, NASA and USAF sensors:

Solar images made with the SXI on GOES-M,
showing all flares and coronal holes.

Automatic feature recognition in images at
several wavelengths.

Solar EUV monitored at GOES.

Magnetospheric engetic particle fluxes from
GOES at intermediate emgrranges.

A three-dimensional view of solar activity away
from the Sun-Earth line.

Solarwind measurements fronri@ina, and
possibly a NOAA-USAF Geostorms.

Auroral electrojet location and intensity in real
time.

Helioseismology to see inside the Sun.

Strengthen partnerships nationally and
internationally

National Space ®ather Program partnevsll provide
data,modeling and research in these ways: USAF for
data acquisition, product generation, and modeling;
NASA for data and modeling, includirigiving with a
Star;” NSF for research and modeling; and CIRES for
research.

Commercialvendors will be providing space weather
servicego customers and working with SEC to suggest
needs-basexksearch and product development.

InternationalSpace Environment Service, throutie
RegionalWarning Centers, will provide data acquisi
tion and product generation.

Moder nize inter nal data handling and pro-
vision tousers

Theflow of data and information from SEC will satisfy
internal and external needs through:

Replaced database.

Improved data and model output distribution.
Present new information on the SE@Méite.
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Facts about SEC

Director’s Office

Senior Scientist
— Senior Forecaster
Senior Engineer

Research Space
and Weather Systems
Development Operations Division
Division Division
NOAA
SEC Income Profile
8
6
4
2

FY96 FY97 FY98 FY99 FYOO
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0 Other Agency

Bl Other NOAA
[ Base

Center Organization—SEC continue$o operate with
in a streamlined structure that minimizeganrizational
levels.Staf is encouraged to work acrosganizational
boundariessupporting the multitude of projects eon
ductedby the Center

Funding—The major source of funding at SEC is by
directappropriation fronCongress; supplementing this
basefundingwe receive a nominal amount from special
NOAA programs and from other agency sponsors.
While our base appropriation has increased slightly dur
ing the past 2 years, the increase has not beent@ble
makeup for the erosion of funds due to inflation and
mandatedsalary adjustments.

Beginningin 2000, SEC is realigninigs internal finan

cial systems to allow greater accountability of our ex
pensesAll spending will be tracked directlyack to the
SECtheme that the work supporting. Tacked themes
include Space Sciences Research, Space-Based Sen
sors, Planning and Future Projects, Ground-Based
installations,Data Ingest Processing aneriication,
Productsand Services, anfdorecast Center Operations.
We anticipate a greatlgnhanced ability to produce-us
ableand reliable management reports.

SECExpense Profile

Y96 FY97 FY98 FY99 FYOO

12
10

8
6
4
2
0
F

O Available Other Objects
[0 Pass-through Funding
[l Fixed Costs

[l Labor



Personnel Committee member ships, review boards, planning
groups—SEC staf members play critical roles in the
spaceenvironment communifyparticipating in numer
ousscientific papers and proposed reviews, and as lead

Personnel—SEC continues to benefit from a wide €rs of professional @anizations, interest groups, and

rangeof Joint Institute employees, visitors, and various Membersof numerous @anizing committees of meet

specialguest workers. SEC has been dbleontinue its ~ INgs.A few examples of SEC sfafritical roles follow:

high level of research, development, and operatioral ac «  Co-chair of the Nationa Space Weather Program’s
tivities through the addition of this non-federal &taf governing Committee an Space Westher.

e Secretary for ISES and a member of the ISES
Directing Board.

* Secretary-General of the International
Association of Geomagnetism and Aeronomy

SEC Labor Profile (IAGA).
e Secretary-General of the International Union of
80 Geodesy and Geophysics (IUGG).
e Fellow of CIRES.
60 e Chairman of SHINE.
» e Member of the NASA Solar Dynamics
= 40 Observatory mission concept team.
e Several members of the NASA Living with a Star
20 project teams.
e Member of the National Solar Observatory

SOLIS advisory group.

96 97 98 99 00 e Chair of the COSRR (Committee on Space

[J No-cost \isitors Research) Panel on Spaceather

O] Joint Institute Employees «  Secretary of the American Geophysical Unson’
B Contractors Space Physics and Aeronomy-Solar

B Federal Employees Magnetospheric Section.

e Member of the NSF Geospace Environment
Modeling (GEM) Steering Committee.

e Member of the NSF Geospace Global Circulation
Model (GGCM) Steering Committee.

EEO and Diversity—The Space Environment Center * Member of the SCOSTEP S-RAMP Committee

is committed to the principles of Equal Employment on Space Wather

Opportunityand Diversity SEC enjoys a broad repre *  Member of the National Solar Observatory Users
sentatiorof different cultures through our many interna Committee.

tional employees and visitorso Tostergreatediversity e Member of the Science Advisory Committee for
in the space weather and space phyfiidds, SEC has the International Arctic Research Center in
devotedresources to the development educational Fairbanks, Alaska.

materialsfor eIementaryjunior and hlgh schools. The « Chair of the Common Spaces Committee of the
SpaceEnvironment Center alsatroduces college stu David Skaggs Research CenfEne Committee
dentsto space science through employment in the Uni won a Department of Commerce Bronze Medal
versity of Colorado work-study program. Award for their work.
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Space Environment Center Staff and Associates

(Phone extensions listed below can be used by dialing (303) 497 - extension.)

Systems Division

Abeyta,Jim
Barrett, Bill
Barsness, Steve
Cruickshank, Cheryl
DeFoor Tom, Chief
Finelli, Dave

Ito, Dave

Lewis, Dave
Masten, Bob
Prendegast, Kelly
Raben, VHill
Sayler Steve

St. Marie, Pete
Wolf, Carol,Sec’y

GUEST WORKERS

Fedrick, Kelvin
CIRES
Husletr Mike
CIRES

Taylor, John
Ret-NOAA
Vickroy, Jim
CIRES

SWO Division
Balch,Chris
Cohen, Norm
Combs, Larry
Crown, Misty
Curtiss, Candicesec'y
Doggett, Kent
Ellis, Essi
Hirman, JoeChief
Kunches, Joe
Miller, Warren
Nelson, Gayle
Real, Dan

Recely Frank
SchweitzerMike
Speich, Dave
Tegnell, Ken
Williamson, Court
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5827
6872
5013
3930
7575
7409
3994
3170
5716
5697
5691
3959
5045
5828

3968

7087

5712

7435

5693
7824
5299
3171
3204
3317
7720
5688
5275
3749
3990
3409
3204
6570
3316
5692
5153

NOAA CORPS

Groeneveld, Carl, LCDR
Australia
Ort, Eric, LT 3867

U.S. AIR FORCE

Murtagh, Bill, MSgt 7492
Sechrest, Craig, TSgt 5694
Smithtro, Chris, Capt 5999

Research & Development
Division
Bemgstedt,Pam,Sec’y 3113

Bornmann, Pat 3532
Detman, Dm 5394
Evans, Dave 3269
Garcia, Howard 3916
Greer Sue 5418
Hill, Steve 3283
Matheson, Lorne 3164
Muckle, Alex 3966
Newman, Ann 5100
OnsagerTerry 5613
Pizzo, \ic 6608
Puga, Larry 5763
Sahm, Susan 5884
Singer Howard,Chief 6959
Smith, Zdenka 3473
Vierick, Rodney 7348
GUEST WORKERS

Abe, Takahiro 3151
Guest

Anderson, Dave 7754
CIRES

Anghel, Adela 7235
CIRES

Arge, Nick 7394
CIRES

Araujo, Eduardo 3046
CIRES

Codrescu, Mihail 6763
CIRES

Davies, Ken 5401
Ret-NOAA

Dryer, Murray 3978
Ret-NOAA

FullerRowell, Tim 5764
CIRES

Galand, Marina 3616
NRC

Hieronymus, Seth 3051
CIRES

Hilgers, Alain
ESA

Kiplinger, Alan 5892
Univ of Colo.

Koga, Kiyokazu
NASDA

Minter, Cliff 3051
CIRES

Neupert, Vérner 3274
Raytheon, STX Corp.

Pap, Judit 6458
CIRES

SauerHerb 3681
Ret-NOAA

SpeiserTed 3284
Ret-Univ of Colo.
Williamson, Zach
CIRES

Administration

Crumly, Mike 3313
DeitemeyerPat,Sec'y 7583
Garcia, Nancy 3314
Grubb, Dick 3284
Heckman, Gary 5687
Hildner, Ernie,Director 3311
Poppe, Barbara 3992

Zwickl, Ron, Asst. Director 3029

GUEST WORKERS

Bouwer Dave 3899
FDC

Joselyn, JoAnn 5147
UGG



SEC Works Published in FY
1998 and 1999

AnanthakrishnanS., M. Tokumaru, M. Kojima, VBalasubramanian,
P. Janardhan,.iK. Manoharan, anil. Dryer, Study of Solar
Wind Transients Using IPS, igolar Wind 9: Proc. 9th Interna-
tional Solar Wind Conference, (S. Habbal, R. Esser.\. Holl-
weg, and FA. Isenbeg, Eds.) 471, 321-324, American Institute
of Physics, Wodbury NY, (1999).

Anderson, D. N., M. J. Buonsantdyl. Codrescu, D. DeckerC. G.
FesenT. J. Fuller-Rowell, B. W. Reinisch, PJ. Richards, R. G.
Roble, R. WSchunk, J. J. Sojka, Intercomparisons of Physical
Models and Observations of the lonosphér&eophys. Res.,

103 2179-2192, (1998).

Anderson, R. R., D. A. Gurnett, L. A. Frank, J. B. Sigwarth, H.-Mat
sumoto, K. Hashimoto, H. Kojima, Xasaba, M. L. KaiseG.
Rostokey J.-L. Bougeret, J.-L. Steinlggrl. Nagano, TMurata,

H.J. Singer, T. G. Onsager, andM. F. Thomsen, Geotail, Polar
Wind, CANOPUS, and ISTP Associated Geosynchronous-Satel
lite Observations of Plasmaale Emissions and Related Mag
netospheric Phenomena During SubstormSubstorms 4, (S.
Kokubun and YKamide, Eds.), 567-572¢fra Scientific, ©-

kyo, (1998).

Arge, C. N. andV. J. Pizzo, Historical \érification of the Ving—
Sheeley Model: Further Improvements in Basichihique, in
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