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1) HAO Graduate and Postdoctoral Fellowship Programs 
 
Graduate Fellowship 

HAO Graduate fellowships are awarded on the basis of academic excellence, scientific potential, 
and compatibility of the students’ interests with current HAO research pursuits. Students selected 
to participate in the program will conduct research with one of the scientists at HAO on a 
mutually agreeable theoretical or experimental project. If the student is an official Ph.D. 
candidate, it is expected that the research will constitute the doctoral dissertation. The 
cooperating university must accord the supervising HAO scientist membership on the student’s 
thesis committee (preferably as co-chair) and provide the appropriate faculty appointment, as 
required for this purpose.  
 
Eligibility 
The student must be enrolled full-time in a university graduate program having common interest 
with HAO research goals and must be working on a research project in cooperation with an HAO 
staff member. It is expected that the student will spend a significant portion of time in residence 
at HAO, including summers. The student's progress will be reviewed on a yearly basis, with an 
eye to scientific achievement as well as continued academic suitability. 
 
How To Apply 
The following may be submitted at any time to apply to be a HAO Graduate Fellow: 
 

• Brief description (1-2 pages) of the research project to be undertaken with a HAO 
scientific staff member. 

• Letters of recommendation from three university faculty members or research 
supervisors (one of whom must be the HAO scientific staff member) who are familiar 
with the student's work must accompany the application. Please note that it is the 
student's responsibility to request that the letters be sent to HAO. 

• Official transcripts of undergraduate and graduate courses. 
 
More information is available at 
https://www2.hao.ucar.edu/partnerships/visitor-program/graduate-fellowship. 
 
 

Newkirk Fellowship 
Newkirk Fellowships are awarded on the basis of academic excellence, scientific potential, and 
compatibility of the student’s interests with current HAO research pursuits. It is expected that the 
student’s research will constitute a doctoral dissertation. The student’s progress will be reviewed  
on a yearly basis, with an eye to scientific achievement as well as continued academic suitability, 
until completion of the Ph.D. degree (usually 2-3 years).  
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The Newkirk Fellowship is very similar to the HAO Graduate Fellowship, except that 
applications are accepted only once a year. Therefore, the Newkirk Fellowship is more 
competitive and prestigious than the Graduate Fellowship. 
 
Eligibility 
The student must be enrolled full-time in a university graduate program having common interest 
with HAO research goals. Students must be Ph.D. candidates (post-comps) to apply. They may 
be but do not have to be already working at HAO as a Graduate Research Fellow. 
 
How To Apply 
Applications for this program are accepted once a year in early January. 
 
A complete application will include the following: 

• Statement (3-5 pages) from the student describing their proposed thesis project along 
with any relevant work experience of which the evaluation committee should be aware. 

• Letters of recommendation from three university faculty members or research 
supervisors (one of whom must be the HAO scientific staff member) who are familiar 
with the student’s work must accompany the application. Please note that it is the 
student’s responsibility to request that the letters be sent to HAO. 

• Official transcripts of undergraduate and graduate courses. 
 
More information is available at 
https://www2.hao.ucar.edu/partnerships/visitor-program/newkirk-fellowship. 
 
 
Postdoctoral Fellows 

HAO solicits applicants who are interested in pursuing research, in collaboration with members 
of the HAO scientific staff, related to solar/stellar interiors and variability (including 
asteroseismology and the solar-stellar connection), the lower solar atmosphere, corona and 
heliosphere, terrestrial and planetary atmospheres, and ionospheres and magnetospheres. Projects 
involving radiative transfer, hydrodynamics, magnetohydrodynamics, radiation hydrodynamics, 
plasma physics, and other topics are pursued both out of fundamental physical interest and for 
their application to the above areas of research. The postdoctoral positions offered by HAO vary 
from year to year, depending on funding availability. 
 
 
How to Apply 
Applications open annually in November, and the deadline for applications and reference letters 
is typically in early January. 
 
A complete application will include the following: 

• Statement of Research from the applicant regarding the nature of his or her research 
interests and the work he or she would plan to pursue during the fellowship (it may be 
helpful to interact with an HAO scientist when formulating the research plan). 
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• Curriculum Vita summarizing education and work experience, including a list of 
scientific publications. 

• Transcripts of graduate school grades. 
• Names and email addresses of up to four people who will provide a letter of reference. 

 
More information is available at 
https://www2.hao.ucar.edu/partnerships/visitor-program/postdoctoral-fellows. 
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2) HAO Community Data Service 
 
The Mauna Loa Solar Observatory (MLSO)  
 
MLSO provides a variety of solar observations to the community. Our online data archive 
provides the most complete set of ground-based coronal and hα observations, dating back to 
1980. Additional data available on the MLSO web page include: observations from space-based 
coronagraphs, solar eclipses, CME event lists, Forward-modeling code, and synoptic maps. 
 
HAO has an open-data policy for all observations acquired at Mauna Loa. No registration is 
required and no computer account is needed to download any of the data served from the MLSO 
web page. HAO also provides all available images dating back to 1980; not just one image per 
day, but all images and movies available since January 1, 1980. This extensive archive allows 
researchers to study solar activity events from multiple solar cycles and to examine changes in 
solar structures and properties over three solar cycles. Coronal observations served from the web 
page include following: 
 
Coronal Emission Line Data 

The Coronal Multi-channel Polarimeter (CoMP) instrument provides the only routine, daily 
emission line coronal observations in FeXIII lines of 1074.7 and 1079.8 nm. Data products 
include line intensity, Doppler observations, line widths, magnetic field azimuth, and linear 
polarization. Data are available from May 2011 to present. 
 

Coronal White Light Data 

• K-Coronagraph provides the only available white light coronal observations that view the 
corona down to 1.05 solar radii, the first scale height of the corona where most coronal 
mass ejections (CMEs) form. With a cadence of 15 seconds, it is ideally suited to study 
the formation and early evolution of CMEs. The instrument was installed at Mauna Loa 
in September 2013. Data are available from November 2013 to present. 

• Mk4 K-Coronameter at Mauna Loa acquired white light observations at 3–minute time 
cadence from 1.15 to 2.8 solar radii from October 1998 to July 20, 2013. All images and 
daily movies are available. 

• Mk3 K-Coronameter white light observations at Mauna Loa with a 3-minute time 
cadence from 1.15 to 2.4 solar radii operated from January 1980 to August 1999. All 
images and daily movies are available. 

• Solar Maximum Mission (SMM) coronagraph: viewed the corona from 1.6 to ~5 solar 
radii and operated from March through September 1980, and following in-orbit repairs, it 
operated from May 1984 through November 1989. All images, daily movies, and 
synoptic maps are available. 

• Skylab White Light Coronagraph observations from 1973 to 1975 will once again be 
available in September 2014. These data were lost due to a computer failure but are being 
put back online at the time of this report (August 2014).  
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CME listings from Mk3 and Mk4 are available at: http://mlso.hao.ucar.edu/cgi-
bin/mlso_events_Drup.cgi and for SMM at: http://smm.hao.ucar.edu/smm/smmcp_catalog.html. 
 
Total Solar Eclipses 
HAO provides the community with the most extensive archive of total solar eclipse images in the 
world. Eclipse observations are available dating back to 1869. The archive also includes eclipse 
images taken with HAO instruments such as the Newkirk Telescope and the POISE instrument. 
 
Chromospheric Observations 

Hα: Hα is an important emission line for observing prominences and filaments that play a key 
role in the formation of CMEs and for tracking compressive waves associated with CMEs and 
flares. HAO operated the PICS Hα instrument at Mauna Loa from 1997 to 2010. It acquired full 
disk images of the Sun every three minutes at line center and observed off limb in a Hα filter that 
allowed it to track prominence ejections into the outer corona. All images and daily movies are 
available as well as listings of solar activity. HAO extended its Hα observations from 2010 to 
2011 using the Coronado telescope, which operated until the Mauna Loa GONG Hα images 
came online. All Coronado images are available. 
 
Helium-I 1083.0 nm: Like Hα, the Helium-I 1083.0 nm emission line provides information on 
prominences, filaments, and chromospheric waves. It also allows researchers to study the 
location and evolution of ambient and transient coronal holes, regions of the Sun where fast solar 
wind escapes the solar gravitational field. HAO operated the CHIP instrument at Mauna Loa 
from 1998 to 2013, observing the full solar disk and out to nearly 2 solar radii above the limb in 
this important emission line.  
 
Photometric Observations of the Chromosphere and Photosphere 
HAO operates the PSPT instrument at Mauna Loa in collaboration with the University of 
Colorado at LASP. The PSPT provides the highest relative precision (pixel-to-pixel) photometry 
available with spatial resolution of order 2 arcseconds. These data are important to understanding 
how solar irradiance varies with magnetic structures over time (minutes to years) and from 
structure to structure. The real-time data can be reached from the Mauna Loa home page, and the 
data archive is served from the LASP page: http://lasp.colorado.edu/pspt_access/#data. 
 
Helioseismology 
HAO operated the LOWL instrument at Mauna Loa to observe the low degree of solar 
oscillations that sample large depths of the solar interior. These data were used to determine the 
differential rotation rates throughout the solar interior (core through convective zone). 
Frequencies and Frequency Splitting data are available from February 1994 through February 
1996.  
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Analysis Tools 
HAO provides the community with FORWARD modeling code that allows researchers to input 
MLSO and NASA solar observations and compare these to FORWARD models that calculate 
simulated coronal polarization signals from both analytic and numerical models of the corona. 
The model interfaces with the PFSS SolarSoft package, the CLE polarimetry synthesis code, the 
Chianti database, and the Virtual Solar Observatory. Information about the FORWARD model 
can be found at: http://www2.hao.ucar.edu/mlso/forward-model. 
 
Special Observing Campaigns 

HAO invites scientists to submit requests for special observing campaigns with MLSO 
instruments. A number of researchers have led successful campaigns working with HAO over 
the past few years, including: Hui Tian at the Harvard-Smithsonian Center for Astrophysics to 
study CME shock compression; Tim Bastian of the University of Virginia to study evolution of 
coronal cavities, prominences, and CMEs; Enrico Landi of the University of Michigan and 
Kathy Reeves of the Harvard-Smithsonian Center for Astrophysics to study properties of the 
coronal magnetic field; and Alan Kiplinger of the University of Colorado to study X-ray flares 
with hardening spectra associated with solar energetic particle events. Scientists can submit their 
request to: http://www2.hao.ucar.edu/mlso/mlso-observing-campaigns. 
All of the above data are available from the Mauna Loa Home Page: 
http://www2.hao.ucar.edu/mlso/mlso-home-page. 
 
The Community Spectropolarimetric Analysis Center (CSAC)  

CSAC is an HAO/NCAR strategic initiative that takes root in HAO’s long-standing expertise in 
the development of spectro-polarimeters and the interpretation of polarized radiation for remote 
sensing of magnetic fields in the Sun’s atmosphere. CSAC provides a centralized access portal 
for all the Stokes polarization data produced by instruments with HAO participation. It also 
offers a comprehensive collection of manuals and tools for the manipulation, calibration, and 
analysis of spectro-polarimetric data, including data reduction and calibration, spectral line 
inversion, magnetic field disambiguation, and data visualization codes. We are currently working 
hard on upgrading the website (which is our main interface with the community) and developing  
 
new calibration and inversion codes, so that in due course, we can offer updated tools to the 
scientific community and accommodate the new data streams of instruments that are scheduled 
to come online in the near future. CSAC also intends to lead the efforts in the interpretation of 
chromospheric radiation, which is at the forefront of solar magnetism research. 
 
Spectral line inversion codes and other analysis tools useful for handling Stokes polarization data 
can be found at http://www.csac.hao.ucar.edu/. The data stream of the spectro-polarimeter on 
board the Hinode satellite is also maintained and curated through CSAC efforts and made 
available through the website. CSAC aims at becoming an indispensable resource that the 
scientific community will turn to for all solar spectro-polarimetry–related science. To accomplish 
our goals, we are working in partnership with the National Solar Observatory and many other 
collaborators worldwide.  
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3) HAO Community Models 
 
Thermosphere Ionosphere Electrodynamics General Circulation Model (TIE-GCM) 

The NCAR Thermosphere-Ionosphere- Electrodynamics General Circulation Model (TIE-GCM) 
is a comprehensive, first-principles, three-dimensional, non-linear representation of the coupled 
thermosphere and ionosphere system that includes a self-consistent solution of the low-latitude 
electric field. The model solves the three-dimensional momentum, energy, and continuity 
equations for neutral and ion species at each time step, using a semi-implicit, fourth-order, 
centered finite difference scheme, on each pressure surface in a staggered vertical grid. It has 29 
constant-pressure levels in the vertical, extending from approximately 97 km to 500 km in 
intervals of one-half scale height, and a 5° x 5° latitude-longitude grid in its base configuration. 
The time step is typically 120 seconds. A 2.5° x 2.5° x H/4 option is also available now. 
 
Hydrostatic equilibrium, constant gravity, steady-state ion and electron energy equations, and 
incompressibility on a constant pressure surface, are assumed. Some minor species are not 
currently included in the model, including hydrogen and helium and their ions, and argon. 
Several parameterizations are used in the TIE-GCM: an empirical model is used to specify 
photoelectron heating; the production of secondary electrons is included using an empirical 
model derived from two-stream calculations; the effects of mixing by gravity waves are included 
using an eddy diffusion formulation; and CO2 is included by specifying a lower boundary 
condition and assuming that it is in diffusive equilibrium. The upper boundary conditions for 
electron heat transfer and electron number flux are empirical formulations. At the lower 
boundary, atmospheric tides are specified using the Global Scale Wave Model (GSWM). 
 
The TIE-GCM is a community model. The source code, processing tools, and documentation are 
available at the HAO/NCAR web site http://www.hao.ucar.edu/modeling/tgcm, and it is 
available for runs-on-request at the NASA Community Coordinated Modeling Center 
http://ccmc.gsfc.nasa.gov/. 
 
Model Inputs 

• Solar EUV inputs: F107 (current daily F10.7 solar index) and F107A (81-day center-
averaged F10.7 solar index) 

• Particle precipitation: Hemispheric Power in GW, obtained from 3-hour Kp index 
• Ionospheric electric fields at high latitudes: Provided by Heelis model or Weimer 

model 
• Inputs for Heelis model: Cross polar cap potential in kV, obtained from 3-hour Kp 

index; Hemispheric Power in GW, obtained from 3-hour Kp index; Optional (not 
implemented): y-component of the interplanetary magnetic field (By) in nT 

• Inputs for Weimer model: Interplanetary magnetic field, By and Bz, in nT; Solar wind 
density and speed, ρ and v, in cm-3 and km s-1 

• Inputs for lower boundary: Diurnal and semi-diurnal migrating tides, specified by the 
GSWM 
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Model Outputs 
Primary timed-dependent output fields, specified in latitude, longitude, and pressure level: 
  

• Geopotential height:  Height of pressure surfaces (cm) 
• Temperatures:  Neutral, ion, electron (K) 
• Neutral winds:  zonal, meridional, (cm-3), vertical (s-1) 
• Composition:  O, O2, NO, N(4S), N(2D) (mass mixing ratios – dimensionless) 
• Ion and electron densities:  O+, O2

+, Ne (cm-3), (NO+ is calculated from Ne - (O+ + O2
+) 

• Electric potential:  (V)  
 
Other fields are available as secondary histories, which can be set as needed. 
 
Developer Contacts 

Ben Foster     Stan Solomon 
303-497-1595     303-497-2179 
foster@ucar.edu    stan@ucar.edu  

 
 

The Whole Atmosphere Community Climate Model with thermosphere extension 
(WACCM-X) 

The NCAR Community Earth System Model version 1 (CESM1) is a coupled model consisting 
of atmosphere, ocean, land surface, sea and land ice, and carbon cycle components for simulating 
past, present, and future climates. These components are linked through a coupler that exchanges 
fluxes and state information among them. More detailed information on CESM can be found at 
http://www2.cesm.ucar.edu/.  
 
The Whole Atmosphere Community Climate Model (WACCM) or WACCM with thermosphere 
extension (WACCM-X) can be used in place of the Community Atmosphere Model (CAM) as 
the atmospheric component of CESM (version 1.0.4 and later). WACCM5 is the most recent 
version of WACCM, which is a climate-chemistry general circulation model developed at 
NCAR. It is based upon the infrastructure of CAM5, with vertical domain extending to 5.9 x10-6 
hPa (~ 140 km geometric height). 
 
Major recent improvements in the WACCM model include: the chemistry module has been 
updated according to the latest JPL-2006 recommendations; heating from stratospheric volcanic 
aerosols is now computed explicitly; the effect of unresolved orography is parameterized as a 
surface stress (turbulent mountain stress); gravity waves due to convective and frontal sources 
are parameterized based upon the occurrence of convection and the diagnosis of regions of 
frontogenesis in the model; an inertial gravity wave parameterization scheme has enabled the 
internal generation of quasi-biennial oscillation (QBO) within WACCM. WACCM-X has 
extended the top boundary to the upper thermosphere (2.5x10-9 hPa, or ~500 km). As in the 
regular configuration of WACCM, the chemistry module is interactive with the dynamics 
through transport and exothermic heating. In particular, photochemistry associated with ion 
species (O+, NO+, O2

+, N2
+ and N+) is part of the chemistry package. Therefore, the neutral and  
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ion species are self-consistently resolved in the model, a unique feature among whole 
atmosphere models, and suitable for the studies proposed here. The ionospheric electrodynamics 
and ionosphere plasma transport is currently under development.  
 
Information on CESM/WACCM/WACCM-X, including instruction on how to download and run 
these models, can be found on the Whole Atmosphere Working Group webpage: 
http://www2.cesm.ucar.edu/working-groups/wawg. 
 
 
The Coupled Magnetosphere Ionosphere Thermosphere (CMIT) Model 
CMIT combines three models to provide a comprehensive view of geospace. The Lyon-Fedder-
Mobarry (LFM) global magnetohydroynamic simulation provides a description of the interaction 
of the solar wind with the magnetosphere. Ionospheric convection, which is an important 
magnetospheric forcing on the thermosphere, is obtained from the Magnetosphere-Ionosphere 
Coupler-Solver (MIX) module. The MIX module solves for the high latitude convection pattern 
using information about the field-aligned currents from the LFM and ionospheric conductances 
from the Thermosphere-Ionosphere-Electrodynamics General Circulation Model (TIE-GCM). 
The TIE-GCM provides detailed calculations about the motions and interactions of the neutral 
and ion species that comprise the ionosphere and thermosphere. This model is available via the 
Community Coordinated Modeling Center (CCMC) for simulations on-demand via their run on 
request system.  
 
More information can be found on the following websites: 
https://wiki.ucar.edu/display/LTR/Home 
http://ccmc.gsfc.nasa.gov/models/modelinfo.php?model=CMIT/LFM-MIX 
 
 




