Responseto
HCR 314,Regular Session of 2006
Report on long-term development of observatory sites on the summit of Mauna K ea
by

Rolf-Peter Kudritzki
Director, Institute for Astronomy
University of Hawaii

December 1, 2006

Summary. A report onthelong-term future development of observatory siteson
the Summit of Mauna Kea isgiven. A conceptual planis presented
that proposes a much smaller number of future projectsthan foreseen
in the University of Hawaii Mager Plan of 2000 Thelong-rangegoal
isto haveeventually fewer observatoriesthan now, but still thevery
best in theworld in thisway securing continued world leader ship in
agronomical research and education in Hawaii for the next decades.

1. Introduction.

Thisreport is submitted in respon to therequest by the House of Representatives of the
Twenty-third Legidature of the State of Hawaii, Regular Session of 2006 the Senate
conaurring, "tha the University of Hawaii Ingitute for Astronormny prepares areport on
thelongterm development of observatory sites onthe summit of MaunaKea, induding a
conceptud plan tha conlidaes the nunmber of observatory sites, to enhance the qudity
of astronomy research and limit the size of the geographical area on which to situate new
observatories.”

Thereport is structured as follows. We first describe the present situation of

astrononical research and education in Hawaii and itsimportant role for the State and the
University. Then, we discuss the conagpt for longterm astrononical development, as it
is described in the comprehensve and detailed "MaunaK ea Science Reserve Master
Plan", which was approved by the Board of Regentsin June2000. Since the
development of the Master Plan, the scientific priorities of astronony for the new century
have become much clearer, and a new more condse concept for future astronomical
development has emerged tha will guaantee Hawaii's continued world leadership in
astronomical research and education, while at the same time being well badanced with the
needsfor cultural and environmental protection of MaunaKea. This concept will be
introduced in section three of thisreport.
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1. Therole of agronomy in Hawalii.

To appreciate therole of astronony in our state, onefirst needsto undestand the history
of astronony development in Hawaii; the basic philosophybehind that development; the
essential role played by the Ingitute for Astronony; and the educationd, scientific and
econornic benefits tha accruefrom astronory.

Thelnditute for Astronorny (IfA) is38yearsold andis by far theyoungest amongtop-
ranked astronomny programsin theU.S. Inthis short time, the Inditute has grown to
become oneof themod visible of UH's scientific research programs and oneof the mos
respected astronony inditutesin theworld. ThelfA playsin the same leagueas Caltech,
Harvard, Princeton, Berkeley, and Cambridge It attracts the best faculty and the best
students from aroundtheworld. It has become a pillar of academic excellence and
certainly an engine of econonic growth in the State. Where once school kidsin the
world learned tha the center of astronomnmy was MountPalomar in California, nowthey
learn it isin Hawaii. How has this story of scientific success been possiblein such a
short time?

Theanswer to this question is the supeaior qudity of MaunaKea and Haleakala as the
world'sbest obervatory sites and the concept developed by thelfA, the University and
the State to build up the mos capable observatory in theworld. Theastrononers of the
IfA werethefirst in theworld to dare to build atechnologically very chdlenging and
complex observatory with small, butvery efficient, telescopes at the extreme elevation
and thin air of 13,796ft. With thar exciting astronomnical detectionsthey were ableto
demondrate to theworld tha MaunaKeais unique as an astronorrical site.

Scientifically, thelogical consequence for UH would have been to use this enormous
advantageto build the next generation of mog powerful telescopes onits own, asthe
universitiesin California, Texas, Arizonaand onthe East Coast did before. However,
UH was (and is) amedium size State University with avery limited budge, and Hawaii
isasmall state with limited resources. Thus a different conaept was developedN the
conaept of scientific partnerships

Within this concept the nationd and internationd partners contribute the capital funding
for thefacility, carry mog or al of theopeationd cods, and contribute to the
infrastructure development. The University, through theIfA, provides the leadership and
know-how to opaate an obervatory at extreme altitude the management of the physcal
and opeationd infrastructure (roads, power, fiber-optics communications food,lodging)
and ongoing protection from adverse intrusonssuch as light pollution and radio
frequency interference. The University also provides theland for the observatory site
fromitslease fromthe State, alongwith assistance in planning and permitting. The
University and its partners collaborate in the scientific use of thetelescopes induding
development of technologically advanced ingrumentation. Mog importantly, they share
the scientific observing time on thefacilities with no cog to the University.
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In thisway, the University and the State did not have to contribute the enormouscapital
codsto design and build theextremely powerful new telescopes, but were still able to
provide researchers with access to these uniquefacilities and give them the oppatunity to
build up oneof the best research and education programs in theworld. Thebendfits, both
econorric and otherwise, are subgantial asindicated bdow.

1. Astronony facilitieson MaunaKea and Haleakal a represent a capital investment
of closeto $1 billion. Theecononicimpact of astronony to the State amounts to
$150million per year. New projects for Haleakala and MaunaKea have the
potential to double these nunbers.

2. Theobservatories and other astronony-related activities on MaunaKea and
Haleakala provide 600 qudity jobsin aclean high-tech indugry ontheneghbor
idands Itisimportant to note tha only a small fraction of these jobsare for
astrononers. Mog of them are for technical, administrative and logistic services.
This number will increase if we continueto follow the soundpolicies tha have
been in place for nearly 30 years. Beyondthesimple numbers, thereisthefact
tha astronony as a high-tech science diversifies the Hawaii econony and gives
local youngpeople with scientific and technical talents a wealth of oppatunities
to realize ther potential withouthaving to leave their family and friendsin
Hawaii to pursue employment elsewhere. Unlike some high-tech indudries,
astronorny isfundamentally rooted in Hawaii. Once established, an astronony
facility cannotbeeasily relocated to themainland or overseas.

3. ThelfA has developed into oneof the world's preeminent centers for
astronomical research. Thelnditute receives extramural awardstotaling between
$20to $25millionannually for astronomnical research, for development of new
astronomical ingrumentation, for improvingits own old telescopes and for
opeating telescopes, such asthe NASA Infrared TelescopeFacility on Mauna
Kea and the Mees Solar Observatory on Haleakala. Its graduae program bdongs
to the best in theworld and about1,000undegraduate students pe year
paticipae in astronomny coursesin Manoa In addtion, UH Hilo has recently
developal avery successful astronony undegraduate program. Astronorny is
oneof UH's mog successful programs.

4. TheMaunaKea Observatories are theworld'slargest observatory complex, and
will remain so for theforeseeable future. Hawaii and its State University are
recognized aroundthe world for this outstanding achievementN a source of
tremendousprestigefor the State. Approximately 1,500 scientists come to work
at the Observatories each year; mog add some vacationtime to ther trip.
Hundreds of others come to Hawaii each year to participae in astronony-related
conferences. Several small companies make a busness of providing qudity tours
to MaunaKea. Theobsrvatories base facilitiesin Hilo, Waimea and on Maui
are amajor addition to those communities and cortribute in many ways.
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5. Over theyears, the observatories have made significant monedary contributionsto
theinfrastructure, much of which is of benefit to the general community. This
indudes $2 million for road improvements on MaunaKea and another $2 million
to assst GTE Hawaiian Tel to indall afiber optics cable across the Saddle from
Waimeato Hilo. This cable provides state-of-the-art service for both the Big
Island telephonesystem and the observatories.

6. Theobsrvatories opeaate theVisitor Information Station at Hale Poh&ku, which
provides free public star gazing seven nights aweek and welcomes about100000
visitors each year.

7. Theobservatories pay theentire cog of maintenance and snow removd for the
road and they pay for emergency services. Thepublic can usetheroad al the
time. Thecodsfor this service andtheVisitor Station amountto $700000a year.

Althoughthe economic ben€fits are subgantial, it isimportant to keep in mind that the
primary mission of astronony isnotto generate revenue Astronony is basic science and
conaentrates on the scientific exploration of theuniverse. Astronony isthe mother of all
sciences and has changed our undestanding of theworld and our thinking as humanslike
no other science. Thetelescopes on MaunaK ea and Haleakala have contributed
fundamentally to the advancement of moden astronony. They are world-class research
facilities, and thebest windowour planet provides on the strangeand wondeful universe
welivein.

2. Long-term agronomical development in the 2000 Mager Plan.

The2000Master Plan is a comprehensve doaument, which was approved by the Board
of Regentsin June2000after an arduous two-year process with inputfromall sectors of
the community, and supavised by a community-based advisory committee chared by
two faculty members at UH Hilo's College of Hawaiian Languaye, Dr. Pila Wilson and
Mr. Larry Kimura. It was accompanied by a State Environmental Impact Statement
signal by the Governor of the State. The Master Plan has been submitted to the

L egidature on many occasionsand is available onthe Inditute for Astronony's webste.
Thescopeof the Master Plan is much broader than future devel opment of astronony. It
addresses the cultural and environmental aspects of the University's use and
responsbility for the MaunaK ea Science Reserve and proposs a new organizationd
structure, which has been implemented by establishing the Office of MaunaKea
Management, based at the University of Hawaii at Hilo, and two important community-
based advisory bodies, the MaunaK ea Management Board, and Kahu Ku Mauna the
Office'sand Board'scultural advisory coundl. Within the new organizationd structure
the Inditute for Astronony@ responsbility on MaunaKeais limited to astronorical
opeation, research and education, whereas the Office has theresponsbility for the
cultural and environmental protection and all other aspects of land management. In this
report we will notdiscuss these latter aspects. It isour undestanding fromthe 2006
hearingstha the objective of HCR 314isto obtain information on the progoects and
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plansfor future astronomical development on MaunaKea, and we have restricted the
report accordingly.

Thescientific progress in moden astronony isintimately related to the devel opment of
new technologies, new ingrumentation, and new and more powerful telescopes. Withou
such development it isimpossible to stay at theforefront of astronormical research. Itis
therefore naural tha the Master Plan also containsa section aboutvery ambitiousfuture
astronomnical development. However, this development together with al but oneof the
exiging facilitiesis confined to the "Astronony Precind”, avery small fraction of less
than five percent (4.65% or 525acres) of the existing MaunaK ea Science Reserve of
11288acresin order to maintain a close grouping of astronony facilities, roadsand
suppot infrastructure. This approach minimizes the potential impact to the naural and
cultural resources of the summit region. Thecriteriato befollowed for new facilities
proposd in the Astronomny Precinct indude

¥ Emphasize recycling of existing sites when possible so as notto disturb
exigting habitat areas, archeology and landforms;

¥ Limit visud impact and scattering of facilities by clugering within the

existing development areas,

Utilize thenaural formsin the summit areato shield views of built facilities;

Implement design measures to allow facilities to blend better with the

exiging landscape

Minimize infrastructure development by locating near the existing roadway

and utility network;

Minimal impact on existing facilities;

Minimum impact of Wekiu bughabitat;

Avoidance of archeological sites,

Suitability for observations

KKK

K K K K

A vigorousUH approvd process for new project has been introducd, which indudes
reviews by the Office of MaunaK ea Management, the Kahu Ku MaunaCounadl, the
MaunaKea Management Boad, the Chancellor of UH Hilo, the UH President and findly
theBoad of Regents. In addition, new projects have to carry out an environmental
andysisin theform of either an Environmental Assessment or an Environmental Impact
Statement and they have to go throughthe State process with the Department of Land and
Natural Resources to obtain a Congervation District Use Permit. 1n thewhole process
each new facility will berequired to present addailed judification addressing the
following questions

(1) Why isthefacility needed?

(2) WhyisMaunaKeathebest site for thefacility?

(3) Wha other location optionsare available?

(4) Wha are the expected benefits with regard to research and education,
employment and econony

(5) Wha isthe expected facility lifetime and term of sublease agreement?
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There are currently 12 observatories on MaunaKea. TheMaster Plan identifies five of
those (the UH 0.6m, the UH 2.2m, the Canada-France-Hawaii Telescope the United
Kingdominfrared Telescope and the NASA Infrared TelescopeFacility) as older
facilities, several of which could beupgraded or replaced within the next 20 years. The
expectationistha thenew or upgaded telescopes would come in arangeof sizesfrom2
to 15 meter mirror sizes (note tha the 10m-class mirrors of the existing Keck, Gemini
and Subau Telescopes represent the current state-of-the art observatory facilities),
however there are clear restrictionsin terms of theheight and volume for these facility
redevelopments. TheMaster Plan also assumes that the other seven existing facilities
would remain asis over the next 20 years.

In addition, the Master Plan envisages the expanson of two existing facilities. For the
Keck Observatory it proposs the addition of four to six 1.8moutrigge telescopes to
create avery powerful infrared interferometer, which would study cosmic objects for
spaialy resolved fineddails, for ingance the motion of stars caused by the presence of
Jupiter-like planes orbiting aroundthem. For theexisting Harvard-Smithsonian
Submillimeter Array (SMA) Ban array of 12 movable radio telescopeantennas
distributed over 24 fixed conaete padsbthe plan foresees an extenson by 12 more
antennas and 24 additiond padsto increase the sengtivity and efficiency.

Three new projects at three new sites are proposd in the Master Plan. Thefirst isthe

UH Hilo indructiond telescope arelatively small (1m mirror) telescopeplanned for a
site adjacent to the existing UH 0.6mtelescope Thisfacility is planned to be used for the
education and training of undegraduae studentsin UH Hilo® Department of Physics
and Astronony program. Thesecondis anew optcal/infrared telescopecomparable in
size and capability to theexisting Keck or Gemini telescopes. For environmental and
cultural reasonsa site bd ow the summit ridgeon the north shield is proposd.

Thethird new facility proposd isarevolutionay new telescopewith a very large mirror
of 25mto 50mdiameter. Thiswould bethelargest telescopein theworld. Thesite
foreseen for this telescopeis on the north-west lava plateau bd ow the summit. This
location minimizes visibility of thenew facility from Hilo and Honokaa and would nat
affect Wekiu bug habitat.

Thefuture astrononical development on MaunaKea as foreseen in the University's
Master Plan gives very high priority to the protection of naural and cultural resources,
butat thesame it also proposes a consderable expanson of future astrononical activity
onMaunaKea. If dl facilities discussed in the Master Plan were built, the number of
observatories would increase from 12 to 15 and two of theexisting ones would be
expandal.

In the next section we will introdue amodified plan, which proposes significantly less
future development.



Report in responseto HCR 314
Page7

3. A modified plan for long-term agronomical development on MaunaK ea.

When future development for the next 20 years was discussed in the Master Plan of the
year 2000,thegod was to be as comprehendve as possible in order notto exclude
potentially important scientific optionsfor thefuture. However, nowsix yearslater and
after detailed scientific discussion within the Inditute for Astronony it has become clear
tha the nunmber of future projects envisaged for the next 20 years is much smaller than
anticipaed in theMaster Plan. Thelongrangegoal isto have eventudly fewer
observatories than now, butcertainly till thevery best in theworld.

After six years of successful opeaation unde theMaster Plan in coordinaion and
collaboration with the Office of MaunaKea Management and its community-based
advisory boadsit iswell recognized tha future plansfor MaunaKea require baanced
management to preserve, protect and enhance the cultural and naural resources aswell as
providing a world-class center for education and research in astronorny. Aslaid out in
theMaster Plan and also described in the previoussection, all major future development
will be subject to stringent review by the Office of MaunaK ea Management, MaunaKea
Management Board, and Kahu Ku MaunaCounadl, as well as the community-based
Hawaiian Culture and Environment committees, which report to theBoard. In addition,
as also already described in the section before, all major developments require a
Congervation District Use Permit from the State Board of Land and Natural Resources.
Astheleaseholder for the Science Reserve, UH isresponsble for submitting theuse
application. In conjundionwith this process, UH mug satisfy State and Federal
environmental impact requirements (Chapter 343and NEPA). Thelnditutefor
Astronorny is committed to spon%r only projects tha are condgdered thebest in the
world, and not smply to add projects for the sake of adding another telescopeto the
mountin.

Thegod of ournew plan isto keep Hawaii's world leadership in groundbased
astronory. This achievement and recognition as aworld leader will ben€fit notonly UH
as an educationd and research inditution butthe entire state. Theadvandng and leading
edgetechnologies assodated with astronony research and development will aid Hawaii's
efforts to boog its technology indudry, induding software and indrument development.

In thefollowing, we will discuss the new modified plan in detail. We will also compare
it with thedevelopment as proposd in the Master Plan. We will start with thetwo
observatories, for which significant expanson was proposd, the Keck Observatory and
the Submillimeter Array (SMA). For the Keck Observatory the addition of six Outrigge
telescopes was planned. In our new plan we do nat foresee adding any more telescopes
to the Keck Observatory.

For the SMA, theMaster Plan proposd 12 more antennas and 24 new conaete padsfor
thearray; however in our new plan, we consder only the very modeaate expanson of two
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more antennas and two pads UH isalso working on therelocation of two existing
antennapadslocated at the base of Pu'u Poliahu, aculturally significant site.

In the Master Plan a new observatory site on the summit ridgewas proposd for the UH
Hilo ingructiond telescope In order notto increase the number of observatory siteson
thesummit ridge thelnditute for Astronamy has agreed to give its UH 0.6m telescope
and thesiteto UH Hilo so tha theingdructiond telescopecan be built there with only
little if any modification of the existing site. This minimizes cultural and environmental
impact for thisimportant educationd project, which was described in the previous
section. An Environmental Assessment of the project by UH Hilo has been completed.

Another redevelopment of an existing sitein our new plan istheuse of theUH 2.2m site
for thelnditute for Astronomny's new Pan-STARRS observatory. Pan-STARRS uses
completely new technology being developed by the Inditute to detect killer asteroids
which threaten to impact the Earth. It will detect the mgjority of themod dangeous
objects about 30 years before ther potential impact giving some time to develop
protection for mankind in case of a seriousthreat. This project isfederaly funded. The
Inditute for Astronony is preparing afederal EIS in collaboration with thefedera
funding agency. In addition, UH will submit a comprehensve MaunaKea management
plan to the State Board of Land and Natural Resources for review and approvd, before
applying for a Conservation District Use Permit for this project.

In additionto the UH Hilo indructiond telescopethe Master Plan proposs two new
telescopes at two new sites, as described in the previoussection. One of them, the
optical/infrared telescopeof Keck or Gemini size, is not pursued any further in our new
plan. With theenormoudy increased efficiendes of Keck, Gemini, and Subau we do not
bdieve tha there is a scientific need anymore for another telescopeof thissize. Itis
worth mentioning at this point tha the observatories on MaunaKea are experimenting
with theuse of new fibe optics technology to combinethelightfromtheaready existing
telescopes, the so-called OhanaProject. Thisis achdlenging project, which will
probably take decades to be successful, butit will greatly expand the capability and
utility of the existing observatories.

Theonly project at anew site proposd in our new plan isthe Thirty Meter Telescope
(TMT). With itsmirror of 30mdiameter it will bethelargest telescopein theworld, and
will beten times more powerful than the Keck telescopes. It will be able to image
plangs orbiting aroundother stars and to andyze thelight coming from these planets
and, thus to ascertain whether the conditionsexist for theformation of lifein plangtary
systems aroundother stars. It will also beable to detect the mog distant gaaxiesin the
universe and will see them in stagewhen the universe was still very youngafter its birth
in the Big Bang.

Asdescribed in the previoussection a site is foreseen for this observatory onthe northern
plateau bd ow the summit ridge Thisnew siteis preferable to areplacement of oneof
the existing telescopes, because thefacility would beless visible and the environmental
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and cultural impact would besmaller. Thelngitute for Astronamy is currently carrying
out site testing and atmospheic characterization measurements at this site.

The TMT isa$1billion project and the mog ambitiousproject of modern astronony. It
isthededicated god of thelnditute for Astronomy and UH to attract this uniqueproject
to Hawaii. It will have an enomousscientific, educationd and econormic impact and it
will secure leadership of Hawaii in astrononical science for thenext decades. Thisisthe
key project for thefuture of astronony in Hawaii.

In summary, our new plan does not propos any further extenson of the Keck
Observatory with Outrigger telescopes and only avery small expangon of the SMA. It
proposs two new projects, the UH Hilo indructiond telescopeand Pan-STARRS, which
will use existing sites and will stay within thefootprints of theexisting facilities. Asthe
mog important project it propogsthe TMT on anew site on the narthern plateau bd ow
thesummit ridge

While the Master Plan of theyear 2000assumed that al existing facilities, which would
not bereplaced by new ones would continueto exist for thenext 20 years, we do not
make this assumption for thenew plan. Itisclear tha newer facilities such as Keck,
Gemini, Subau, Pan-STARRS, the UH Hilo telescopeand the SMA will certainly
continueto opeate over the next 20 years. However, some of the others will nat
continuewith ther opeaation, because other aspects of astronomical observationswill
become more important. In such cases our plan isnotto refurbish al of them butonly a
few and only in cases where an extremely important scientific case can bemade
Otherwise, our new plan isto demolish theold facility, to clean the site and to recreate
thesitein astageasit was, before thefacility had been built. (It isimportant to note tha
Operating and Site Devel opment Agreements Dthe contracts between UH and the
telescopepatners on MaunaKea Brequire tha the cods for such reestablishment of the
gteinitsorigind statushaveto bepad by thetelescopepatnas.) We are confident tha
in thisway thenunber of observatories on MaunaKeain 20 yearsfrom nowwill be
smaller than now. But with al the new facilities, in particular the TMT, Hawaii will still
have thevery best in theworld.



