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ABSTRACT

A new global network for high–resolutionH � full–disk
observationsof the sunhasbeenestablishedat the Big
Bear Solar Observatory (U.S.A.), the Kanzelḧohe So-
lar Observatory(Austria),andtheYunnanAstronomical
Observatory (China). Eachof the threestationshave a

���������

pixel CCD detectoravailable to monitor the
sunwith a spatialresolutionof 1 arcsecper pixel anda
cadenceof at least1 imageper minute. We will imple-
mentautomaticdetectionroutinesfor �are and�lament
eruptions.Theseroutinescanautomaticallytriggereven
highercadenceobservations.Having high–cadencedata
from threeobservingstationswill enableusto accurately
tracksolarrotationratesasdeterminedby local correla-
tion andfeaturetrackingtechniques.This includes,e.g.,
trackingoverseveraldaysthepropermotionof activere-
gions. High–cadenceH � datawith high spatialresolu-
tion allow us to studyin detail the correlationsbetween
coronalmassejectionsandthesolarsurfaceactivity. The
new network alsorepresentsanimportanttool for correl-
ative studiesbetweenground–basedandspaceobserva-
tions, aswell as for improving the reliability of current
spaceweatherpredictions.

Key words: solaractivity; spaceweather;full–disk ob-
servations;�are monitoring.

1. INTRODUCTION

While full–disk observationsin the spectralline of H �

( �
	���	�
 � nm) obtainedat a singleobservingsitecancon-
tribute to importantsolarresearch,for several reasonsit
is necessaryto monitor the sun round–the–clock.The
mostsevereproblemfor singlestationobservationsis the
inevitable night–timegap. Many interestingandimpor-
tantchromosphericphenomena,suchas�ares or �lament
eruptions,occurduringthenight sothat they aremissed
andlost at a singleobservingstation. Round–the–clock

full–disk observationswith high spatial resolutionand
high cadenceperformedby a dedicatednetwork of H �

telescopesdistributedaroundtheglobecancontinuously
follow theevolution of active regionsandmonitorevery
�are and�lament eruptionoccuringon the visible solar
hemisphere.Observingthe sun continuouslyin H � is
not only importantfor solarphysics,but also for space
weatherresearch.As triggersof spaceweathervariations,
chromosphericfeaturessuchas�ares and�lament erup-
tions and the associatedcoronalmassejections,have a
direct impacton thesolarterrestrialenvironment.Unin-
terruptedhighcadenceH � observationsarethereforeim-
portantfor monitoringandforecastingbothsolaractivity
andspaceweather.

To overcomethelimitationsof singleobservingsitesand
to enablethe continuousmonitoring of the solar chro-
mospherewith fastandlarge format CCD cameras,the
new globalhigh–resolutionH � network hasbeenestab-
lished betweenBig Bear Solar Observatory (BBSO) in
theU.S.A.,KanzelḧoheSolarObservatory(KSO)in Aus-
tria, andYunnanAstronomicalObservatory (YNAO) in
China.

2. NETWORK SITESAND INSTRUMENTS

BBSO has a long tradition in obtaining synoptic full–
disk observationsof thesunin H � (Denkeret al., 1999).
Thesameappliesto KSO,wherehigh-cadencefull–disk
H � dataareobtainedsincemorethan25 years(Otruba,
1999). The characteristicsof the H � imaging systems
operatedat eachof the network's sitesaresummarized
in Table1. At eachobservatorya

���������

pixel CCD
camerais in operation,allowing to obtainfull–disk H �

imageswith a resolutionof 1 arcsecper pixel anda ca-
denceof at least1 imageper minute. In caseof a rapid
solar activity change,this cadencecan be increasedto
a rateof several imagesperminute. All camerasusethe
sameKodakKAF–4200sensor, whichis essentialfor ob-
taininga homogeneousandconsistentdataset.



2

Table1. Characteristicsof thefull–diskH � imagingsys-
temsat Big BearSolarObservatory(BBSO),Kanzelḧohe
SolarObservatory(KSO),andYunnanAstronomicalOb-
servatory(YNAO). Both BBSOand KSOusean Apogee
KX4 CCD camerae, whereasYNAO operatesa Kodak
MegaplusCCD camera. All camerasusea KodakKAF–
4200sensor. Themeaningsof thesymbolsandabbrevi-
ationsare thefollowing: geographicallongitude( � ) and
latitude ( � ), elevation ( � ), telescopeaperture ( � ), �lter
bandpass( � � ), tunable�lter range( ��� ), numberof pix-
els( ��	 ), pixel size( ��
 ), anddynamicrange( �
� ).

BBSO KSO YNAO
� ����� 	�� ��� 
 ��� ��� ��� ����
 ���������

�

��� � 
 ���

� � ��� �!� � 


�

� �"��	��#��� 
$��� �

�

���#�%� 
 ���

� 2067m 1526m 1940m
� 15cm 10cm 18cm

� � 0.05nm 0.07nm 0.05nm
��� &'��
(��� nm &'� 
 ��� nm &'� 
 ��	 nm
��	 2K

�

2K 2K
�

2K 2K
�

2K
��
 �

�

�*),+.- �

�

�*),+.- �

�

�/),+.-

�
� 14bit 14bit 8 bit

The largesttime differencebetweenthenetwork sitesis
about9.4 hoursbetweenBBSO andYNAO. The differ-
encebetweenBBSOandKSOis about8.7hoursandthat
betweenYNAO andKSO about5.9 hours. During the
summer, eachstationcanobserve12hoursoncleardays.
Therefore,duringthesummermonthsandgoodweather,
thereis no night–timegap. In winter, wheneachstation
is expectedto operate8 hours,theBBSO/YNAO gapwill
be about1.4 hoursand the BBSO/KSOgap about0.7
hours. However, theseshortgapsareno real limitation
becausealthoughoccacionallya �are canbe missedin
winter time,wearestill ableto recordthepre–andpost–
�are evolution with high temporalresolution.Moreover,
we do not intendto usethenetwork datafor FFT analy-
sis,asit is thecasewith theGONGnetworkandtherefore
suchshortdatagapsarenegligible. Basedon long–term
weatherrecordsof thethreestations,weanticipatea70%
dutycycle in summersand60%in winters.

3. DATA PRODUCTS

All dataobtainedby thenetwork areprocessedin exactly
the sameway in order to producea homogeneousdata
set. After correctingfor dark currentand�at–�eld, the
averagequiet sunlimb darkeningfunction is subtracted
to obtaincontrast–enhancedH � images.A detailedde-
scriptionof this datacalibrationcanbe found in Denker
et al. (1999). Figure1 shows onesuchhigh–resolution
full–disk H � imageobtainedby the network. This par-
ticular imagewas observed at BBSO on June6, 2000,
at 15:42UT with the 15 cm Singerfull–disk telescope.

Pleasenote the uniform contrastthroughoutthe whole
disk, which facilitates the detectionof chromospheric
featureslikeplages,�laments,andprominences.The�rst
network observationshave beenobtainedin March2000
at BBSO, KSO, and YNAO. Sincethen we have been
ableto constantlyimprovethequalityof thedata.In Fig-
ure2 wepresentarecentsetof network dataobservedon
August23,2000.

The central data archive of the network resides
at BBSO, where the most recent network observa-
tions can be accessedthrough the World Wide Web
(http://www.bbso.njit.edu/Research/Halpha/). Sincethe
amountof high–cadencedata(about5 GB per day and
per site on an averageobservingday)doesnot allow an
instantaneoustransferby internet, the data from KSO
andYNAO aresenton a regular basisto BBSO on ex-
abyte and DLT tapes. At BBSO all network data are
included into the recently upgradedarchiving system
(ftp://ftp.bbso.njit.edu/Archive/).

Besideshigh–cadencecontrast–enhancedH � imagesof
uniquequality and resolution,we are going to provide
listswith thepositionsandcharacteristicsof all �ares and
�lament disappearances,aswell aslistswith all new �ux
emergencesobservedon thesun.

4. SCIENTIFICOBJECTIVES

In combinationwith spaceand ground–basedobserva-
tions, H � full–disk observationsof high temporaland
spatialresolutionhave beenprovento bea key diagnos-
tic for determiningthemagnetic�eld topologybetween
the photosphere,chromosphere,transition region, and
corona. We believe that large format CCD camerasand
advancedimageprocessingtechniquesprovide a unique
opportunityfor studieswith full–disk H � data. Among
the scienti�c objectivesof the new network arethe fol-
lowing:

Feature Identi�cation and Feature Tracking: Local cor-
relationandfeaturetrackingis usedto determineglobal
(differential rotation)and local �o w �elds (�o ws in ac-
tive regionsand�laments) from full–disk data.Disconti-
nuitiesin currentlyavailabletime sequencesseverelyin-
hibits theaccuratemeasurementof these�o w �elds.

Flare Monitoring: High–resolutionH � imageswith 24
hourshigh–cadencecoverageareessentialto identify all
the�ares on thevisible hemisphereof thesunandto de-
rive a detailedpictureof �are evolution andtheunderly-
ing physicalprocesses.

Filament Eruptions and Coronal Mass Ejections:
Round–the–clockhigh–resolutionfull–disk H � dataare
extremelyimportantfor studyingthecorrelationbetween
�lament disappearancesandCMEsandfor understanding
their possibledriving mechanisms.Figure1 is anexcel-
lentexampleof how groundbasedobservationsandspace
observationscansupplementeachotherfor studyingcor-
relationsbetweenthevariousactivity phenomena.
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BBSO / NJIT 2000-06-06
15:42 UT

Figure 1. Contrast–enhancedfull–disk H � image (2K
�

2K pixel) obtainedafter correctingfor dark current and �at–
�eld, andaftersubtractingtheaveragecenter–to–limbvariationof thequietsun.Thisimagewasrecordedwith Big Bear
SolarObservatory's 15 cmSinger full–disktelescopeon June6, 2000,at 15:42UT during theeruptionof an X2.3�ar e
in NOAA 9026. This �ar e, whosepositionis marked by thewhitebox (400

�

400pixel), startedat 14:48 UT and was
associatedwith a halo CME and a severe magneticstorm. Theinset in the lower right corner showsthis magni�cent
CMEona SOHO/LASCOC3 imagerecordedat thesametime, althoughthecontrastof thehalo is quiteweak.
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Figure2. Thisseriesof contrast–enhancedH � imageswasobtainedonAugust23,2000,at YunnanAstronomicalObser-
vatory(03:11UT, left), KanzelḧoheSolarObservatory(06:37UT, center),andBig BearSolarObservatory(15:46UT,
right). Notetheevolutionof the�lament in thesouthernhemispherewithin onlya few hours.

19:50 UT 19:56 UT 20:02 UT

20:08 UT 20:14 UT 20:20 UT

20:26 UT 20:32 UT 20:38 UT

Figure 3. Temporal evolution of the M1.9 �ar e which eruptedon July 10, 2000,at 20:05 UT (time of maximumX-ray
�ux measuredbyGOES)in theactiveregion NOAA 9070.Theframesare �����

� �

� � pixel subframesof
��� � ���

high–
resolutionfull–diskH � images.The�ar e is locatedin thelower right cornerof theactiveregion. Onlyeverysixthimage
of theactualobserved1 minutecadencedatais shown.



5

1300 1400 1500 1600 1700
arcsec

1000

1100

1200

1300

1400

ar
cs

ec

Figure4. Average�ow �eld aroundtheM1.9�ar eshown
in Figure 3 derivedby local correlation tracking (LCT)
from 110H � imagesobtainedbefore the �ar e startedto
erupt (18:00– 19:50UT). Solarnorth is on the top and
easton theleft of theimage.

Mini–Filaments: The energy releaseandmassejections
of eruptingmini–�laments areof particularimportance,
since both can contribute to coronal heating and so-
lar wind acceleration(Wang et al., 2000). With high–
cadenceandhigh–contrastH � data,thespatialdistribu-
tion of mini–�laments is easyto measureand their de-
tailedevolutioncanbestudied.

Support of Space–BasedObservations: The SOHO
(Domingo et al., 1995) and TRACE (Schrijver et al.,
1996)spacemissionsaresupportedbysupplyingH � data
from BBSOandKSO.By having availablehigh cadence
round–the–clockobservationsfrom threedifferentsites,
we are able to offer even more completeand homoge-
neousdatasetsfor correlativestudieswith dataobtained
in space.Of specialinterestin this respectis theupcom-
ing HESSI(Holmanet al., 1997)missionwhich will be
devotedto solar�are research.High quality H � dataob-
tainedsimultaneouslywith the X– and � –ray datafrom
HESSI will be an essentialtool to reveal the physics
behindsolar �are eruptions. SinceHESSIwill provide
full–disk observations, continuoussolar full–disk data
obtainedfrom thegroundarevitally important.

Supportof Ground–BasedObservations:The dataand
aimsof the new H � network aresimilar to thoseof the
ISOON project (Neidig et al., 1997),which however is
still not fully operational. Data from our network will
beavailableto ISOONfor closingdatagapsandsupple-
mentingtheir observations.Additionally, our dataanaly-
sisandforecastingtoolscanbeadoptedby ISOON.The
Max Millennium Program(Can�eld, 1999) and its co-
ordinatedobservingcampaignswill alsopro�t from the
availability of high–cadenceandhigh–resolutionnetwork
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Figure 5. Flow �eld obtainedby LCT from 75 frames
observedduring the�aring phase(19:50– 21:15UT).

observations.

SolarActivity andSpaceWeatherForecasting:Basedon
thedetailedstructureof theactiveregionsmonitoredwith
high–cadence,we will predict the probability of �aring
and�lament eruptions.The automaticdetectionof �la-
mentand�are eruptionswill extendtheforecasttimesfor
spaceweatherpredictions.

5. PRELIMINARY RESULTS: FLOW FIELDS
AROUND A FLARE

Although the network is in operationfor only a few
monthsandconsideringthe fact that the �rst weeksaf-
ter its installationhave beenmainly devotedto extensive
testingand improving of the imaging and dataarchiv-
ing systems,wehavealreadycompileda largeamountof
highqualitycontrast–enhancedfull–disk data.Oneof the
�rst questionswhich we try to answerwith this material
is, how the dynamicsof the chromosphereis changing
beforeandduring a �are event. It is a well known fact
that thepropermotionof bipolarsunspotgroupsleadto
shearingof theassociatedmagnetic�eld lines,which in
turn cantrigger �ares (see,e.g.,Li et al., 1999; Raman
et al., 1998; Wanget al., 1991). Additionally, the vari-
ouscomponentsof a �are exhibit a pronounceddynamic
behaviour during the �aring phase(for an overview see
Martin, 1989).If thereis a typical patternin themotions
aroundan active region observed in H � , it canbe used
asa precursorfor �aring activity. Therehave beenonly
a few attemptsto addressthis problem,but with dataof
lowerqualityandresolution(e.g.,Gutermuth,1999).

For a �rst preliminaryanalysiswe selecteda �are which
eruptedin active region NOAA 9070on July 10, 2000.
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Figure 6. Flow �eld obtainedby LCT from 80 frames
observedafter the�aring phase(21:15– 22:35UT).

In Figure3 the temporalevolution of this M1.9 �are is
shown, which reachedthe maximumof its X–ray emis-
sion at 20:05UT asmeasuredby theGOESsatellite. A

	����
� �

�

	����
� � subframearoundNOAA 9070is usedto de-

rive the average�o w �eld by local correlationtracking
from a 4.5 hour time seriesof calibratedhigh–cadence
full–disk data. In eachsubframethe displacementbe-
tweensubsequentexposuresis calculatedfor a grid of

	��

�

	�� evenly spacedpoints. The resultingdisplace-
mentmapsareconvertedinto velocitiesandtheaverage
�o w �elds for thepre–�are,�aring, andpost–�arephases
arecomputed.

The �rst qualitative resultsof this analysisareshown in
Figures4 to 6. The displayed�o w �elds ( ������� �

�

������� �

aroundtheactiveregion)arerepresentedby whitearrows
superimposedontheimagesandthelengthsof thearrows
denotethemagnitudeof themotionsin arbitraryunits.A
comparisonof these�gures yields the following results:
(a) The�o w �eld is clearlychangingbetweenthediffer-
ent �are phases.(b) Before the �are erupts(Figure4),
thereexistsastrongsouthwest–ward�o w at thesouthern
edgeof NOAA 9070. From thewesternedgeof the ac-
tive region, �o ws aremoving outwards. No motionsof
the nearby�lament canbe detected.(c) In Figure5 the
dynamicsof the�are eruptionleadsto anincreasedradial
motion away from the westernedge,whereasthe �o w
aroundthesouthernparthasweakened.Additionally, the
lower part of the �lament startsmoving to thewest. (d)
During thepost–�arephase(Figure6), the �o ws around
NOAA 9070have slowed down noticeably, whereasthe
motion of the lower portion of the �lament hasclearly
increased.

Thesepreliminary�ndings areapromisinghint for using
thechangesin the �o w �elds aroundactive regionsasa
precursorfor �aring activity, in additionto otherparam-

eterslike,e.g.,area,intensity, andcomplexity. In contin-
uationof this work we will performa detailedstatistical
analysisof a representative sampleof �ares of different
structure,size,andevolution.

6. CONCLUSIONS

The new global H � network enablesus to monitor the
chromosphereof the suncontinuouslywith high spatial
resolution(1 arcsecperpixel) andhigh cadence(1 expo-
sureper minute). The calibratedfull–disk imagesavail-
ablefrom the network areuniquein quality andresolu-
tion. Theavailability of thesedatais essentialfor a vari-
ety of importantscienti�c researchprojects,relevant for
bothsolarphysicsandspaceweather.
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