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1. SUMMARY 

This proposal seeks mu1 ti-agency funding to  conduct an international, 

multidisciplinary 1988 Pi lot  lnst i tute  on Global Change t o  take  place from 

August 7 through 21,1988, on the  topic: Trace  Gases and the Biosphere. The 

institute, t o  be held in Snowmass, Colorado, is envisioned as a pilot version of a 

continuing series of I nsti tu tes  on G lobal Change (IGC). This proposal seeks 

support for  t he  1988 pilot inst i tute  only. The  concept and s t ruc ture  for  t h e  

continuing series, and the  definition of the 1988 pilot institute, were developed a t  

an intensive and mu1 tidisciplinary Summer lnstitute Planning Meeting in Boulder, 

Colorado, on August 24-25, 1987. 

The 1988 Pilot Inst i tute  on Global Change (1988 PIGC) will bring about 50 

scientists from relevant disciplines t o  work together a t  Snowmass for  a period of 

two weeks. About half of the participants will be scientists, from this country and 

abroad, who a r e  recognized leaders in  research in  t h e  fields involved. The 

remainder will be divided equally between junior faculty, postdoctoral fellows, and 

advanced graduate students, each selected on t h e  basis of interest, promise and 

future potential in the program. 

The theme for the  1988 PIGC, Trace  Gases and the Biosphere, will focus a 

concerted, high-level mu1 ti disciplinary effor t  on a scientific problem central to  

the Global Change Program. Dramatic  year-to-year increases i n  the  global 

concentrations of radiatively-active t r ace  gases such a s  methane and carbon 

dioxide a re  now well documented. The  predicted climatic e f fec ts  of these 

changes lend special urgency t o  effor ts  t o  study the  biospheric sources and sinks 

of these gases and t o  clarify their  interactions and role in  t h e  geosphere-biosphere 

system. Reports from a number of recent workshops and symposia, including 

those of the Global Tropospheric Chemistry Program, have called at tent ion t o  the 

need for  transdisciplinary research on  this question. This t heme  is also 

fundamental in the  working group reports  of the International Council of 

Scientific Unions (I CSU) t h a t  led t o  t h e  establishment of t h e  International 

Geosphere-B iosphere Programme (IGBP), and in the choice of the coordinating 

panels that  have been established by t h e  ICSU Special Commit tee  fo r  t h e  IGBP. 
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The 1988 PIGC will illuminate, in a multidisciplinary arena, what we know 

and what  we do not know about biospheric sources and sinks of critical t r ace  

gases. A s  a f i rs t  s tep  i t  will identify critical problems that now stand in t he  way 

of progress and formulate t he  specific research initiatives tha t  a r e  needed t o  

address them. For  this purpose the  1988 PIGC will begin with a series of 

presentations by international scientific leuders in t h e  fields involved. The  

inst i tute  will produce reports  and papers that will be widely distributed What is 

more  important is i t s  primary goal: t o  further the process of transdisciplinury 

research by bringing working scientists together t o  focus on a specific topic, and 

t o  establish lasting working associations tha t  will lead t o  collaborative research 

and publications. Thus, the  1988 PlGC is a critical s tep in the  development of the 

Global Change Program: i t  represents a move beyond the  planning s tage  and into 

the f i r s t  elements of scientific investigation. T o  this end, the design for  the  1988 

PI GC includes provision for  an adequate  li  brary, for computer access, and 

sufficient wordprocessing equipment. Scientific presentations will be 

complemented with small-group working sessions. In brief, t h e  insti tute will be a 

working mee t ing  

Preliminary inquiries t o  potential senior participants have elicited an 

enthusiastic response. Participation by an  outstanding group of leading scientists 

is assured 

T h e  I nsti tutes on Global Change (I GC) a r e  planned a s  a continuing activity of 

UCAR's Off ice  for  Interdisciplinary Ea r th  Studies (OIES), with t he  advice of a 

L o n q T e r m  Institute Planning Committee; The Scientific Director for the 1988 

Pi lot  Inst i tute  on  Global Change ( 1  988 PIGC) will be Prof. Zerrien Moorelll, who 

chairs the  Organizing Commit tee  for  t he  1988 PIGC. 

This proposal seeks total  funding of $258,1 12 t o  be apportioned among t h e  

five agencies t o  whom this request has been directed 
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11. BACKGROUND 

Scientists who study t h e  Ear th  and life upon it now recognize 'the need for 

change in t h e  motives and t h e  methods through which their research is done. T h e  

s t ruc ture  of E art  h science, pushed by the expansion of know1 edge and the needs of 

global models, is  fas t  outgrowing the  bounds tha t  once defined the disciplines. A t  

t h e  same time, world concerns of impending climatic change, together with 

continued anthropogenic stresses on t h e  natural environment, lead t o  calls for 

action, and for answers t o  practical questions that a r e  broader than the scope of 

singie disciplines and deeper than  t h e  reach of single scientists. Maturing 

scientific developments have produced an intellectual framework for E a r t h  system 

science. Urgent practical needs, coupled with the promise of new technology and 

the power of international collaboration, have combined t o  launch a new 

mui tidisciplinary program of organized research, t h e  I GBP, tha t  wit l immediately 

and severely tes t  this infant science. 

We stand now a t  a crit ical point, when planning a t  the vanguard of the 

movement must be  transformed t o  initial implementation. Until now, effor ts  in 

this country in support of Ea r th  system science and the Global Change Program 

have been largely devoted t o  definition and advocacy. For most of the  more  than 

50 nations that  have now endorsed the I GBP, this initial phase is only beginning. 

A t  t h e  same  time, ordered s teps  from planning t o  implementation must now begin 

in preparation for the  s t a r t  of the operational phase of the IGBP in 1992. 

A logical progression in t h e  design of such a program is from the  drawing of 

conceptual plans t o  workshops that  define particulars and then t o  initial 

implementation in extended working sessions where hands-on work is done. T h e  

unique, multidisciplinary na ture  of the Global Change Program lends particular 

importance t o  t h e  third s tage,  for  i t  requires t h e  collaboration of scientists from 

different disciplines. These  working sessions must also recruit new scientists, 

particularly the younger scientists who wit l lead the program ten or  twenty years 

from now. 

We propose t o  undertake these tasks through a series of extended 

multidisciplinary learning and working sessions t o  be heid in  t h e  same place each  

summer. These summer Institutes on Global Change (IGC) will bring senior and 
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junior scientists from different fields together t o  examine specific topics tha t  a r e  

a t  the core of t h e  Global Change Program. 

The notion of interdisciplinary Institutes on Global Change is an essential 

feature in t he  OlES Program Plan. OlES was established within UCAR in 1986 t o  

support the G lobal Change Program (Attachment 8). The fundamental rationale 

and framework for a series of summer Institutes on Global Change (IGC), and t h e  

particular design of the critical initial institute, a r e  drawn from an intensive, 

multidisciplinary working meeting organized by OlES and held in Boulder with 

UCAR support on August 24-25, 1987 (Attachments 1, 2). This meeting, which 

was chaired by Prof. Richard Somerville of t h e  Scripps Institution of 

Oceanography, University of Cal if ornia, San Diego, involved 16 scientists 

representing atmospheric science, oceanography, biology, solar-terrestrial physics, 

and global modeling with agency representation from NSF and NOAA. Included in 

the  participants were the  Chairman (Prof. J. J. McCarthy) and t h e  Executive 

Director (Dr. T. Rosswall) of the ICSU Special Commit tee  for  the IGBP (SCGB). 

An essential feature was t h e  international character  of t h e  insti tute concept; it 

was also necessary t o  design the I GC t o  be consistent and in phase with the 

mu1 tinational planning for  t h e  I GBP. 

That meeting established two committees t o  oversee t h e  program of 

Institutes on Global Change (I GC): a Long-Term Planning Commit tee  of 15 

members, with agency liaison, chaired by Prof. Richard Somerville 

(Attachment 3); and a 1988 PI GC Organizing Commit tee  of 1 I members 

(At?achment 4), chaired by Prof. Berrien Moore I l l ,  who will a c t  as Scientific 

Director of t he  1988 PIC;C. The  August 1987 Planning Meeting also developed the  

list of prospective senior scientist participants for t he  1988 Institute 

(Attachment 5.) 

The general concept of an ordered series of summer 1 nsti tutes on Global 

Change (IGC) is summarized in Section111. In sec t ion  1V w e  desc r ibe the  initial 

1988 Pilot Institute on Global Change (1988 PIGC), for which funds are sougbt in 

this proposal. 
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111, GENERAL FRAMEWORK FOR A SERIES OF SUMMER INSTITUTES ON 

GLOBAL CHANGE 

A. NEEDS AND RATIONALE 

The goals of the Global Change Program -- t o  understand the Ear th  as a 

coupled system, and ultimately, t o  forecast  impending change and i ts  

consequences -- are  as difficult as any tha t  science has ever tackled. We need 

new and imaginative ways t o  bring leading scient is ts  in different disciplines 

together t o  work on common problems. A t  present t he re  a r e  few institutions tha t  

a re  in a position t o  address problems tha t  a r e  genuinely transdisciplinary, o r  tha t  

possess tfie needed critical mass of scientific talent. As a rule, scientists who 

work on problems of global change come in contact  with one another all too 

infrequently and for all tooshort  a time. Further,  the pool of scientists who a r e  

informed and available t o  tackle  problems of global change is limited: t he re  a r e  

many who a re  interested but only a few who a r e  close enou* t o  t he  planning 

effort t o  be engaged in t h e  action. In short, t h e  human resource base needs to  be 

broadened. This task will require the  recruitment,  stimulation and training of 

scientists a t  mid-career, of post-doctoral and other young scientists, and of 

promising graduate students. A new echelon of scientists, and particularly those 

who will be act ive in research in decades ahead, needs t o  be brought into t h e  fold. 

A t  this early stage, there is a special need for  extended periods of close, 

working contact that  will concentrate  limited resources for  critical periods of 

time, On  such occasions, plans can be iaid and work begun tha t  far exceed what is 

possible a t  a three-day meeting. Crucial problems impeding progress can be . 

addressed in dep th  I n the stirnulati ng atmosphere of an extended summer 

institute, scientists of different disciplines can not only meet, talk, and plan 

together, but can actually work together. The distinction is crucial. A t  such 

times, geoscientists and bioscientists can exchange ideas and methods and data, 

formulate needed experimental programs, and learn from ,each other. T k s e  

requirements define the basic nature of t h e  1 GC: a regular summer inst i tute  tha t  

is interdisciplinary, that brings leading scientists who work on problems of global 

change toget her, and tha t  recruits and trains each  year a significant number of 

new Earth system scientists. 
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I f  carefully planned and constituted, such a summer institute could expect t o  

recruit  the  participation of top scientists in many disciplines and from many 

countries. Once established, it could serve as a catalyst in yet another way. as a 

model to be copied in other places and s o  to  enlarge the cadre of scientists who 

will work in t he  Global Change Program. 

The proposed I GC program is designed t o  do this, to s t  ar t  careful l y and 

prudently, but t o  s t a r t  at. once, recognizing the  pressing need to  begin actual 

research and t o  recrui t  and train additional scientific talent. 

T h e  I GC a r e  designed t o  address t h e  special needs of planning and executing 

transdiscipi inary research. They wil l be guided, to  provide continui ty, by an  

ongoing, multidisciplinary Long-Term Planning Committee tha t  will select a 

specific subject and a qua1 if ied director for each summer institute. The Director 

will then  form h idhe r  own Organizing Committee and select and recruit t h e  

participants. 

Topics for emphasis in  summer institut.es wil l be carefully weighed and 

selected, and leaders in relevant disciplines chosen with equal care  t o  provide the 

needed understanding of basic processes, terrni nology, and anal yti cal approaches. 

In many instances, t h e  IGC will go beyond planning and into joint research, taking 

advantage of the concent ration of expertise and the potential of a common focus 

on a specific problem. We expect t ha t  associations formed a t  t h e  I GC will 

continue t o  grow through the  years, and t o  serve as an example for  subsequent, 

ongoing collaborations between t h e  disciplines. In other cases, t h e  I GC will 

chiefly review existing information, ar t iculate  ideas and hypotheses, and describe 

how t h e  research might be accomplished 

The'rationale for t he  IGC is t ha t  they will provide an act ive forum for  

intensive discussion and study of a single, high-pri orit y topic, in an environment 

tha t  permits maximum communication amongdisciplines. Since they  will involve 

both experienced and more junior investigators, t h e  I GC will serve as an effective 

mechanism for educating young scientists, and for obtaining the most innovative 

ideas from a cross-section of t h e  scientific community. In addition to  producing a 

group of highly motivated and informed scientists, the publications and other 

products from e a c h  institute will enable the  broader scientific community t o  
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benefit f rom the IGC and t o  become involved in a se t  of scientific topics tha t  are 

of central importance t o  t h e  Global Change Program. Since each institute session 

will address a different topic and include different groups of scientists, it will 

concentrate  talent on t h e  most important questions in a rapidly advancing 

research program, and a t  t he  same t i m e  will continually recruit  new talent. 

B. NATURE AND GOALS 

The underlying purpose of the I GC is to bring together hicjdy skilled 

scientists from different disciplines fo work on central research themes of the 

Global Change Progcm cnd to systematically add t o  the cadre of scientists that 

are needed to guide cnd accomplish the progcm. 

T h e  1 GC will provide an  opportunity fo r  scientists t o  mee t  in a stimulating 

environment for discussions on specific topics of central relevance t o  the Global 

Change Program. A t  Snowmass, t h e  institutes will offer a unique and appealing 

setting for  bridging gaps between scientific disciplines: a s t ep  which is essential 

for both t h e  development and the  imp1 ementation of t h e  Global Change Program. 

The tangible and intangible products of institute sessions will promote and 

strengthen t h e  Global Change Program and serve as a focus and an example for 

developing transdisciplinary studies of the total Ear th  system. In a framework of 

dialogues lasting several consecutive weeks we can hope t o  advance our abilities 

t o  address global environmental problems in a truly transdisciplinary manner. 

T h e  Global Change Program is a long-term commitment. Many of t h e  

scientists who will carry out research in the program are now graduate students 

and past-doctoral fellows. Furthermore, t h e  training of t h e  next generation of 

scientists will come through those who a r e  now junior faculty members. The 

institute will thus s t r ive  t o  bring scientists in  t h e  earlier stages of their careers 

into contact  with the  more senior scientists who provide much of the present 

leadership in developing t h e  I GBP. 

The IGC will be organized by the  UCAR Office for Interdisciplinary Earth 

Studies (OIES) and sponsored by a number of U.S. Federal A g e n c i e ~  but the  

institutes will be international in character. Each year a significant number of 

both senior and junior participants wil I b e  recruited from abroad t o  extend t h e  

reach of the program and to ensure tha t  i t  involves the best talent avaiiable. 
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C. CHARACTERISTICS 

The Institutes on Global Change (IGC) will be designed a s  a series with the 

f 011 owing invariant and essential character is t ics  

Institutes will be. 

I .  Transdisciplinary in nature, both in the choice of topic and in the  

senior and junior participants who take part; 

2. Focused on specific scientific at the heart  of the Global 

Change Program; 

3. I nt er nati on01 in char act  er, to  include senior and junior- level 

participants, as appropriate, from abroad; 

4. Composed of scientists a t  varying levels of experience, including 

senior scientists, junior-level faculty, and graduate  students, so as to  

broaden the  base of talent tha t  wil l work on the  G iobal Change 

Program; 

5. Directed primarily a t  research, mixed with education, rather than a t  

program planning 

6 .  Focusedeachyearonadifferenttopic,withadifferentscientific . 

director and with different participants, t o  insure breadth of coverage 

and t o  avoid the disadvantages of control by a smal l unchanging group. 

7. Designed t o  give considerable autonomy t o  each year's scientific 

director and organizing commit tee  in such ma t t e r s  as the choice of 

participants, t h e  s t ructure of t h e  insti tute and t h e  na ture  of reports 

and other tangible products; 

8. Held each year at the s a m e  location, t o  build the recognition needed to 

recruit  top leve l  scientists; 
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9. Threetofiveweeksinduration,toaffordadequatetimeforeffective 

i nt eraction, and scheduled in t h e  summer to  dl ow the  necessary 

participation of university faculty and students; 

10. Required t o  produce papers and other tangible products t ha t  will be  

published in journals and distributed widely through the OlES directory 

t o  reach a broad spectrum of useis; 

I I .  Guided by an ongoing long-term planning committee, to  ensure 

continuity and provide maximum benefit t o  t h e  Global Change 

Program; 

12. Supported by stab1 e, mu1 ti-agency funding, t o  be generated a f t e r  the  

first year by muiti-year proposals. 
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I .  THE 1988 INSTITUTE ON TRACE GASES AND THE BIOSPHERE 

A. NEEDS AND RATIONALE 

Recent reports from workshops and symposiq including reports of the Global 

Tropospheric Chemistry Program, have called at tent ion t o  t h e  need fo r  

transdiscipl inary research re1 ated t o  biospheric sources and si nks of t race gases. 

This theme is also fundamental in t h e  workshop reports  of t h e  1 nternational 

Council of Scientific Unions (ICSU) tha t  led t o  the  establishment of the I GBP. 

Both the  working group on Terrestrial Biosphere-A tmosphere I nteractions and t h a t  

on Marine Biosphere-A tmosphere I nt eracti  ons made specific recommendations 

for research on biospheric sources and sinks of radiatively ac t ive  t race  gases, t h e  

effects of climate changes on these biogeochemical processes, and the consequent 

feedback t o  climate. Not surprisingly, two  of t h e  four areas recently selected by 

the !CSU SCGB for initial focus in this  program a r e  "Biosphere-Atmospheric 

Chemistry Interactions1' and "Marine Biosphere-Atmosphere Interactions." 

The general objective of the I Gf3P is "to describe and understand the 

interactive physi cai, chemi cal, and biological processes tha t  regulate t h e  total  

E art h system, the unique environment t ha t  i t  provides for  life, the changes that  

a r e  occurring in  this system, and t h e  manner i n  which they  a r e  influenced by 

human actions." The IGBP will focus most intently on  t h e  interactive and least 

understood components of t h e  Ear th  system and those  tha t  a r e  most susceptible t o  

change. I CSU has specif ical ly recommended tha t  priority be given to  those areas  

of each of t h e  fields involved Qhat deal with key interactions and significant 

change on t ime scales of decades t o  centuries, that most a f fec t  the  biosphere, 

that  a r e  most susceptible t o  human perturbation, and t h a t  will most likely lead t o  

practical, predictive capability. 

It is heartening tha t  the  separate  communities of scientists who a r e  working 

on various aspects of this  fundamental question a r e  now eager  t o  collaborate by 

reaching across tradi ti onal disciplinary boundar i es. I n some  instances, and 

particularly in t h e  Global Tropospheric Chemistry Program and in t h e  Global 

Ocean Flux Study, plans a r e  underway for  large regional and global-scale studies 

that will benefit from this  interaction, 
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Dramatic, year-to-year increases in t he  global concentrations of radiatively- 

active t race  gases such a s  methane and carbon dioxide a re  now well documented. 

I t is we1 I-known that biological processes on the  land and in  the ocean provide 

dominant sources and sinks fo r  t h e  atmospheric t r ace  gases that a r e  important for 

climate and the chemistry of the troposphere. What i s  yet uncertain a r e  t h e  

relative sizes of various sources and sinks; t h e  relative importance of different 

processes of exchange, and the  natural controls that limit them. For  example: 

0 Does an increasing concentration of atmospheric C02 increase carbon 

storage in terrestrial  ecosystems? 

e What is t h e  oceanic uptake of atmospheric C02? 

0 Whatc~ntroIs theterrestr ia l re leaseofCH~? 

Does acid precipitation increase t h e  flux of N20 from terrestrial  

ecosystems? 

m How do plankton control the release of di methylsulfide? 

W e  cannot expect t o  answer all of these questions in a single summer 

institute. What we can do i s  t o  take  initial steps and in the process establish a 

unique, cooperative environment tha t  will pave t h e  way for  subsequent 

investigations. What is certain is that what we do in  a 1988 Pilot Inst i tute  on 

Trace Gases and the  Biosphere will have far-reaching effects  in  t h e  formative 

stage of the development of a new science. 

B. NATURE AND GOALS 

In this  first  year, we propose a pilot inst i tute  t h a t  is flexible and in a sense 

experimental with regard t o  s t ructure and products. Moreover, t h e  1988 Pilot 

insti tute on Global Change (1988 PIGC) will be shorter by a t  least a week than the  

subsequent ins t i tu tes  

The 1988 Pilot Institute on Global Change will bring about 50 scientists from 

appropriate disciplines t o  live and work together  in  Snowmass for a period of two 

weeks (August 7 through 21, 1988). Accommodations will be arranged at the "Top 

of t h e  V if lage" condominium complex in Snowmass, Colorado, Participation wil I 

include about 30 scientific leaders in  t he  fields involved, drawn from the initial 

candidate list (Attachment 5) tha t  was generated at t h e  August 1987 Planning 
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Meetinq Based on preliminary responses from these candidates we can be 

confident of a very s t rong representation both by discipline and internationally. 

The remaining participants wi l l be made up of about ten junior faculty, and 

another ten advanced graduate students, each  selected for abjlity and promise on 

the  basis of recommendations of senior participants. 

C. CHARACTERISTI CS 

Prof. Berrien Moore 111 (vita in Attachment 7) will serve as Scientific 

Director for  t h e  1988 PIGC, and will choir theorganiz ing  Commit tee  t ha t  is 

listed in Attachment  4. On 2-4 March 1988, the Organizing Commit tee  will meet 

a t  Snowmass t o  establish the  program and s e t  t he  day-to-day procedures for  t he  

I988 Institute. 

Two types of pub1 ications are planned: a summary report reviewing the 

findings, recommendations, and scientific accomplishments of t he  institute, and a 

collection of papers submitted by workshop participants t o  be published in a 

speci a1 issue of Global Biogeochemi cal Cycles. This speci a1 issue has been 

approved, in concept, by the  editor, Prof. J. J. McCart hy. 0 ther tangible products 

to  be considered a t  t h e  March organizing meeting include an informal .collection 

of papers giving preliminary conclusions printed in  a "desk- top" publishing mode, 

and the  possible v i d e ~ t a p i n g  of key lectures for wider distribution 
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V. BUDGET 

S ALA RIES : 
OIES Director 
OIES Program Manager 
Meeting Coordinator 
Administrative Assistant 
Secretary 
Graduate Student 

Subtotal ( I .O FTE) 

MATERIALS AND SUPPLIES: 
Library Materiais 
Postage 
Office Supplies 

Subtotal 

Weeks: 
6 
8 

12 
8 

12 
4 

PURCHASED SERVICES: 
Communications 
Computer Software 
Equipment Rental & Maintenance 
Space Lease 
Meeting Expenses 
l nsurance 
Freight 
Report LayoutJDesi gn 
Graphics 
Printing 
Honoraria + 

UCARINCAR Administrative Support Services 

Subtotal 

TRAVEL: 
Subsistence ($26/day x 14 days x 50 ~a r t i c ipan t s )  
Domestic Travel ($500/trip x 35 participants) 
Foreign Travel ($I400/trip x 15 participants) 
Accommodations ($88/night x 14 nights x 50 ~ar t ic ipants )  
l nci dent a1 s 

Subtotal 

TOTAL DIRECT COSTS: 
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MODIFIED DIRECT COSTS:~ 

UCAR G&A a t  1.68% of Modified Direct costs:* 

FEE at 3% of Modified Direct Costs plus G&A: 

TOTAL BUDGET: 

'Modified Direct Costs equals Total Direct Costs minus equipment and the excess 
over $25,000 on subcontracts  

'subject t o  final negotiations wi th  the Notional Science Foundat ion 
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VI. LIST OF ACRONYMS 

DoE 

EPA 

GOFS 

GT CP 

I GBP 

lCSU 

NASA 

NOAA 

NSF 

OIES 

P IGC 

SCGB 

I GC 

UCAR 

Department of Energy 

Environmental Protection Agency 

Global 10 cean Flux Study 

Global Tropospheric Chemistry Program 

1 nternational Geosphere-Bi osphere Programme 

I nternational Council of Scientific Unions 

National Aeronautics and Space Administration 

National Oceanic and Atmospheric Administration 

National Science Foundation 

Office for Interdisciplinary Earth Studies 

OIES Pilot (1988) Institute on Global Change 

ICSU Special Committee on  t h e  Ceosphere43iosphere Programme 

OIES Institutes on Global Change 

University Corporation fo r  Atmospheric Research 
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University Corporation fo r  A trnospheric Research 

OFFICE F O R  INTERDlSClPLlNARY EARTH STUDIES 

INSTlTUlE PLANING MEETlNG 
24-26 August 1987 

Participants List 

Richard Anthes 
National Center  for  Atmospheric Research 
P.O. Box 3000 
Boulder, CO 80307 
(303) 497- 1 I 1 l 

Robert Core1 1 
Directorate for  Geosci ences 
National Science Foundation 
1 800 G Street ,  Room 5 I0  
Washington, DC 20550 
(202) 357-7673 

Vernon Derr 
National Oceanic and  Atmospheric Administration 
Environmental Research Laboratory 
Mail Code R/E 
325 Broadway 
Boulder, CO 80303 
(303) 497-6000 

Robert Dickinson 
Atmospheric Analysis and Prediction Division 
National Center  f o r  Atmospheric Research 
P.O. Box 3000 
Boulder, CO 80307 
(303) 497- 13 19 

John Eddy 
Office for  Interdisciplinary Ear th  Studies 
University Corporation for  Atmospheric Research 
P.O. Box 3000 
Boulder, CO 80307 
(303) 497 - 1 680 

J. Michael Hall 
Oceanic and Atmospheric Research 
National Oceanic and  Atmospheric Administration 
RICAR, Room 825 
Rockville, MD 20852 
(30 I ) 443-538 I 

Institute Planning Meeting Parlicipants, 24 August 87, Page  f 



Frank Harris 
Division of Biotic Systems and Resources 
National Science Foundation 
1800 G Street,  NW, Room 1140 
Washington, DC 20550 
(202) 357-7332 

James  McCarthy 
Office for Interdisciplinary Earth studies 
University Corporation for Atmospheric Research 
P.O. Box 3000 
Boulder, CO 80307 
(303) 497 - 1 685 

Laura Lee  McCauley 
Office for interdiscipiinary Earth Studies 
University Corporation for Atmospheric Research 
P.O. Box 3000 
Boulder, CO 80307 
(303) 497- 1683 

Jer ry  Melillo 
Ecosystems Studies Program 
National Science Foundation 
1800 G Street,  NW 
Washington, DC 20550 
(202) 357-9596 

Berrien Moore 
institute for t h e  Study of Earth, Oceans andspace 
Science Engineering Research Building 
Fourth Floor 
University of New Hampshire 
Durham, NH 03824 
(603) 862- 1792 

Clifford Murino 
University Corporation for Atmospheric Research 
P.O. Box 3000 
Boulder, CO 80307 
(303) 497-1 652 

Paul Risser 
University of New Mexico 
108 Scholes Hall 
Albuquerque, N M  87 131 
(505) 277-5064 

Thomas Rosswal l 
Department of Water inEnvironment andsociety 

. Linkoping University 
S-58 183 Linkoping 
Sweden 
(46)- 13 28 1 000 

institute Planning Meeting Participants, 24 August 87, Page 2 



Eileen Shea 
Global Climate Change Off ice 
National Oceanic and Atmospheric Administration 
R/CAR, Room 681 I 
Rockvil le, MD 20852 
(301 ) 443-863 1 

Richard Somervil le 
Centre National de Recherche Meteorologique 
42, Avenue G. Coriolis 
3 I 057 Toulouse Cedex 
France 

lnsti tute P ianning Meeting Participants, 24 Augusf 87, Page  3 



Attachment 2a 

University Corporation for Atmospheric Research 

OFFICE FOR INTERDISCIPLINARY EARTH STUDIES 

INSTITUTE PLAWING MEETING 
Richard Somerville, Chair 

Monday, 24 Auqust ' 1 9 87 

8:30am Welcome 
Cliff MURl NO 

8:45 a m  Purpose of Planning Meeting -- Framework for  an  Inst i tute  
Jack  EDDY 

9: 15 a m  Scientific Needs 

9:45 am Need for an  Institute 

J im McCARTHY 
Tom ROSSWALL 

, Robert CORELL 

I 0:00 am BREAK 

1 0:20 a m  Round-T abl e Discussion 

NOON LUNCH 

1:30 pm Related Examples 

Chapman Conferences 
Gordon Conferences 
Dahlem Conferences 
NATO Advanced Research Workshops 
NATO Advanced Study Institutes 
Woods Hole Geophysical Fluid Dynamics Summer Study 
NCAR Advanced Study Program Summer Cot loquia 
Other Examples 

Other  Types of Gatherings 

3:30 pm BREAK 

3:45 pm Building a Framework -- Discussion of Issues 1 and 2 

Goal 
Nature 

5:30 prn Adjourn for  t h e  Day 



Tuesday, 25 August 1987 

8:30 am Building a Framework -- Discussion of 1 ssues 3 through 7 

Topics 
Format  
Number of Par t ic ipants  
Balance 
International 

lO:15 am BREAK 

1 0:30 am Continue Discussion of I ssues 3 through 7 

NOON LUNCH 

!:I5 pm , BuildingaFramework--Discussionof I ssues8  through 12 

Organization 
Duration 
Location 
P roduc t 
Funding S t ra tegy  

.3 : lSpm BREAK 

3:30 pm Writing Groups 

5:30 pm Adjourn for  t h e  Day 

Wednesday, 26 August 1 987 

8:30 am Review of t h e  Dra f t  Framework 

10:OO am BREAK 

10: 15 am Development of Specif ic  Plans for t he  1988 Piiot Inst i tute  

NOON Close of Insti tute Planning Meeting 



Attachment 2b 

University Corporation for Atmospheric Research 
OFFICE FOR INTERDISCIPLINARY EARTH STUDIES 

I N S T I T E  PLAWING MEETING 

Purpose m d  Plm of Institute Planning Meeting 

I .  PRESENTSTATUSOFGLOBALCHANGEANDEARTHSYSTEMSCIENCE 

o Widespread feel i ng tha t  the e r a  of advocacy is ending; case for a GC 
Program is now established; next need is fo r  scientific implementation, 
educaiion and pi 1 ot progress in core science while inter national 
planning develops 

o Limits of short meetings and weeklong workshops; present s ta tus  of 
individual university efforts 

o Potential  of progress were strong scientists i n fields of ear th system 
science t o  work together, side by side, for  a protracted period under 
sui tab1 e condi ti ons. 

o Evolution of strong university programs and an eventual, possible 
ongoing inst i tute  ,. 

2. A SUMMER INSTITUTE AS A STEP IN THIS DIRECTION 

o 1 0 t o  20 scientists a t  one piace for up t o  two months 

o Strong leadership under an advisory council with a designated director 
for each session 

o Truly multidisciplinary 

o Focussed topic  for each  session 

o Dual emphasis on mutual education and research 

o A continuing event, once proven and established, tha t  would last  for a t  
least 5 years, during the  start-up and well into t he  IGBP 

o Tangible (and intangible) products joint research; planning in depth; 
broadening of knowledge; recruitment of strong scientists needed for 
t h e  Global Change Program 

3. ADVANTAGES 

o A s  an advanced study institute, could hope to a t t rac t  the  summer 
involvement of leaders i n  disparate fields: challenging, front-line 
research plus the  opportunity t o  learn from other fields 



Attachment 2c 

University Corporation for Atmospheric Research 

OFF1 C E  FOR INTERDISCIPLINARY EARTH STUDIES 

INSTITUE PUNNING METING 

List of Established Institutes md Workshops 

I .  CHAPMANCONFERENCES 

o 0 rganized through AGU 
o Fundedbyproposalbyagencies 
o Up t o  I00 people for 3 days 
o Essentially a scientific meeting of contributed papers 

2. GORDON CONFERENCES 

o OrganizedthroughaGordonConferencelnstitutebyAAAS 
o Funded by proposals t o  funding agencies 
o 60-75 people for 5 days, at a New England campus se t t ing  
o Interactive, working meeting 
o Emphasis on chemistry 

3. DAHLEM CONFERENCES 

o OrganizedthroughaDahlemConferenceOffice 
o Sponsored and funded by Federal Republic of Germany 
o 40peoplefor5days,inaWestBerlinhotel  
o Interactive, working meeting, with previously prepared papers 
o P roduc t - - abook  

4. NATO ADVANCED RESEARCH WORKSHOPS 

o Organized by host universities, most of ten in Europe 
o Sponsored and funded by NATO Brussefs through competit ive proposals 
o U p t o 4 5 p e o p l e f o r 5 d a y s  
o A program of invited and contributed papers 
o Emphasis on current research topics 

5. NATO ADVANCED STUDY INSTITUTES 

o Organized by host universities, most of ten in Europe 
o Sponsored and funded by NATO Brussels through competit ive proposals 
o Up to 60 people for 2 weeks 
o A program of prepared lectures 
o Emphasisoneducation--largestudentandpost-docinvolvement 



o Organized and directed by t h e  GFD Summer Study group 
o Year- to- year funding sought from agencies 
o U p t o  peoplefor - days,atWoodsHole 
o ~esearch oriented 

7. NCAR ADVANCED STUDY PROGRAM SUMMER COLLOQUfA 

o Organized and funded by NCAR through t h e  ASP 
o About people for weeks 
o Emphazs  on groduatystudent, post-graduate education 



o A timely, cost-effective option 

o AparadigmfortheIGBPandanexampieforemerginguniversity 
centers 

o Neutral in te rms  of disciplines: seff standing; not an appendage t o  a 
disciplinary center  or disciplinary program 

4. OPTIONS a r e  many, and chief1 y limited by prospects for funding 

o Character: mutual education v s  sleeves-up research 

o - Size: optimum number of participants, and mix between senior and 
junior researchers 

o Duration: Minimumneededtoproduceresults 

o Location: optimum s i t e  fo r  drawing interested persons; in  one spot, or 
moving, per haps bet ween t h e  US and Europe 

o Timing. need fo r  initial demonstration; pilot institute, possibly 
associated with other, existing summer programs 

o Possible international character:  advantages v s  costs; optimum mix 

5, INTEREST OF UCAR/OIES 

o T o  do what we can t o  make  it happen, however i t  happens 

o Charter of OIES, and developing nature 

o Presentroleandmultidisciplinarybacking 

6 .  PURPOSE OF THIS PLANNING MEETING 

o Abrainstormingsession 

o T o  weigh the need for and t h e  necessary features  of an Inst i tute  

o T o  f r ame  a plan for  an 1 nst i tute  tha t  meets  t h e  needs of t h e  Global 
Change program, s tar t ing f rorn scratch 

o Given positive endorsement, t o  produce a planning document tha t  
would serve as a charter for  t h e  Institute, and the  basis for  appeals for . . 
funding 



.o A timely, cost-effective option 

o A paradigm fo r  t h e  I GBP and an example for emerging university 
centers 

o Neutral in te rms  of disciplines: self standing; not an appendage t o  a 
disciplinary center  or disciplinary program 

4. OPTIONS a r e  many, and chiefly limited by prospects for funding 

o Character: mutual education vs. sleeves-up research 

o S ize: optimum number of participants, and mi x bet  ween senior and . junror researchers 

o Duration: Minimum needed t o  produce results 

o Location: optimum site for  drawing interested persons; in one spot, or 
moving, perhaps between the  US and Europe 

o Timing need for  initial demonstration; pilot institute, possibly 
associated with other, existing summer programs 

o Possible international charac tec  advantages vs  costs; optimum mix 

5, INTEREST OF UCAR/OlES 

o T o  do what w e  can t o  make i t  happen, however i t  happens 

o Charter of OIES, and developing nature 

o Present role and mu1 tidisciplinary backing 

6 .  PURPOSE OF THIS PLANNING MEETING 

o Abrainstormingsession 

o T o  weigh the need for and the necessary features  of an 1 nsti t u t e  

o To f r ame  a plan for an  Institute t h a t  meets  t h e  needs of t h e  Global 
Change program, starting from scratch 

o Given positive endorsement, t o  produce a planninq document tha t  
would serve as a charter for the I nsti tute, and t h e  basis for  appeals for 
funding 



o A timely, cost-effective option 

o A paradigm f o r  t h e  IGBP and an example for emerging university 
centers  

o Neutral in t e rms  of disciplines: self s tanding not an appendage t o  a 
disciplinary center  or disciplinary program 

4. OPTIONS a re  many, and chiefly limited by prospects for  funding: 

o Character: mutual education vs. sleeves-up research 

o - Size: optimum number of participants, and mix between senior and 
junior researchers 

o Duration: Mini mum needed t o  produce results 

o .Location: optimum s i t e  for  drawing interested persons; in one spot, or 
movi ng, per haps between t h e  US and Europe . 

o Timing need fo r  initial demonstration; pilot institute, possibly 
associated with other, existing summer programs 

o Possible international character: advantages v s  costs; optimum mix 

5. INTEREST OF UCA R/OIES 

o T o  do what w e  can  t o  make  i t  happen, however it happens 

o Charter  of OIES, and developing nature 

o Presentroleandmultidisciplinarybacking 

6 .  PURPOSE OF THIS PLANNING MEETING 

o A brainstorming session 

o T o  weigh the  need for  and the necessary features  of an Institute 

o T o  f r a m e  a plan for  an  Inst i tute  t ha t  meets  t h e  needs of t h e  Global 
Change program, s tar t ing from scratch 

o Given posi t ive  endorsement, to produce a planning document tha t  
would serve as a charter  for  t he  Institute, and the  basis for appeals for - - 
'funding 



Attachment 2c 

University Corporation for Atmospheric Research 

OFFICE FOR INTERDISCIPLINARY EARTH STUDIES 

INSTITUTE PLAWING MEETING 

List of Established Institutes and Workshops 

l e  CHAPMAN CONFERENCES 

o Organized through AGU 
o Funded by proposal by agencies 
o Up t o  I00 people for 3 days 
o Essentially a scientific meeting of contributed papers 

2. GORDON CONFERENCES 

o Organized through a Gordon Conference Institute by AAAS 
o Funded by proposals t o  funding agencies 
o 60-75 people for 5 days, a t  a New England campus setting 
o Interactive, working meeting 
o Emphasis on chemistry 

3. DAHLEM CONFERENCES 

o Organized through a Dahlem Conference Office 
o Sponsored and funded by Federal Republic of Germany 
o 40 people for 5 days, in a West Berlin hotel , 

o I nteractive, working meeting, wlth previously prepared papers 
o Product - -abook 

4. NATO ADVANCED RESEARCH WORKSHOPS 

o Organized by host universities, most of ten Tn Europe 
o Sponsored and funded by NATO Brussels through competitive proposals 
o Up t o 4 5  people for 5 days 
o A program of invited and contributed papers 
o Emphasis on current research topics 

5. NATO ADVANCED STUDY INSTITUTES 

o 0 rgani zed by host universi ties, most of ten i.n Europe 
o Sponsored and funded by NATO Brussels through competitive proposals 
o Up t o  60 people for  2 weeks 
o A program of prepared lectures 
o Emphasis on education -- large student and post-doc involvement 



Attachment 2d 

University Corporation for Atmospheric Research 

OFF1 CE FOR INTERDISCIPLINARY EARTH STUDIES 

lNSTlTUTE PLANING MEETING 

Building a Framework 
* ? *  

l sues to be Addressed 

WGI i. GOALS 

What is the general purpose of the institute? What should each 
institute accomplish? 

WG I 2. NATURE 

What is the  appropriate balance between pedagogy and/or research? 
How focussed and specific should it be? How much emphasis on t h e  
reeducation of more experienced scientists? 

3. TOPICS 

We need t o  choose a topic for the  1988 Pilot Institute and develop a 
list of possi b le  topics fo r  subsequent years 

WG2 4. FORMAT 

What should the  daily schedule of activities be? How should t i m e  be 
allocated? What is t h e  optimum physical setting? 

WG2 5. NUMBER OF PARTICIPANTS 

What is the optimum number of participants for effect ive interaction 
and practicalities of funding? 

WG2 6. BALANCE 

What i s  the optimum bal once among prof essi onal participants (e. g., 
seni or scientists, junior scieniis ts, post docs, and graduate students) and 
among disciplines? 

WG2 7. INTERNATIONAL 

What level of international participation should be sought? 

WG3 8. ORGANIZATION 

What organizational structure would best support individual insti tutes 
and t h e  l o n g t  erm planning needs of all institutes? What a r e  the roles of t h e  
director and advisory groups? 



WG3 9. DURATION 

What is the optimum duration of each institute? 

WG3 10. LOCATION 

Should each institute be held in Boulder or the  front-range area? 
Should t h e  insti tute move around? 

* 

WGI I I. PRODUCT 

What should each institute produce? 

WG4 12. FUNDING STRATEGY 

How and for what length of t ime should funds be secured for  t h e  
institutes, and from what organizations? 



Attachment 2e 

University Corporation for  Atmospheric Research 
OFF1 CE FOR INTERDlSClPLlNARY EARTH STUDIES 

INSTITUTE PLANVlNG MEETING 

Lis t  of Other Types of Gatherings 
Functions tha t  bring 

scientists of different disciplines toget her 
in support of t h e  Global Change Program 

I. MEETINGS of t h e  US CGC 

DURATION: one t o  three  days 
FREQUENCY: two  or t h ree  t imeslyear 
PARTICIPATION: 1 9 members 
P URPOSE: planning, direction, review of the US GC Program 

2. MEETINGS OF THE SCGB 

DURATION: several days 
FREQUENCY: twice/year 
PARTICIPATION: 19 members 
P URP OSE: planning, direction, review of t h e  IGBP 

3. PROPOSED MEETINGS OF THE (ICSU) SCIENTIFIC ADVISORY COUNCIL 
FOR THE I GBP 

DURATION: one day? 
FREQUENCY: biennial 
PARTICIPATION: i 00 or more  participants, representing member 

nations, unions of I CSU 
PURPOSE: t o  inform of plans and progress of the international 

program 

4. ORGANIZED SYMPOSIA a t  Association meetings (such as SCOPE, AGU, 
AAAS, etc) 

DURATION: one day 
FEQUENC Y: one  or two per year i n  recent years 
PARTICIPATION: 100 or more  in audience 
P URP OSE: - -  to inform and elicit interest 

5. SPECIFIC WORKSHOPS 

DURATION: typically 3 days, sometimes up t o  5 days 
FREQUENCY: several a r e  held per year 
PARTICIPATION: typically 20 to 60 
PURPOSE: to  examine specific problems, recommend research 

plans 



ATTACHMENT 3 

University Corporation for  Atmospheric Research 

OFFICE FOR INTERDiSClPLlNARY EARTH STUDlES 

GLOBAL CHANGE INSTITUTE 

LongTerm P lmning Cornmi ttee 
* * * 

Mern bershi p 

Richard Somervil ie, Chair 
Centre National de  Recherche Meteorologi que 
42, Avenue G. Coriolis 
3 1 057 Toulouse, Cedex  
France 

D. James Baker 
Joint Oceanographic I nsti tutions, I nc. 
1755 Massachusetts Avenue, Sui te  800 
Washington, DC 20036 
(202) 232-3900 

Kevin Burke 
Lunar and Planetary 1 nsti t u t e  
3303 NASA Road 1 
Houston, TX 77058 
(7 1 3) 486-2 138 

Ralph Cicerone 
Atmospheric Chemistry Division 
National Center  fo r  Atmospheric Research 
P .O. Box 3000 
Boulder, CO 80307 
(303) 497 - 1434 

William Clark 
Science, Technology and Public Policy Program 
J.F. Kennedy School of Government 
Harvar d Uni versi ty  
Cambridge, MA 02 130 
(6 17) 495- 1853 

Robert Dickinson 
Climate and Global Dynamics Division 
National Center  fo r  Atmospheric Research 
P.O. Box 3000 
Boulder, CO 80307 
(303) 497-131 9 

John Eddy 
Office for Interdisciplinary Ea r th  Studies 
University Corporation for  Atmospheric Research 
P.O. Box 3000 
Boulder, CO 80307 
(303) 497- I 680 

Institute Planning Committee, 5 Nov 87, Page  I 



Jarnes McCarthy 
M useum of Corn par ati ve Zoology 
Harvard University 
26 Oxford Street  
Cam bridge, MA 02 1 38 
(6 17) 495-2330 

Laura Lee  McCauley 
Office for Interdisciplinary Earth Studies 
University Corporation for  Atmospheric Research 
P.O. Box 3000 
Boulder, CO 80307 
(303) 497- 1683 

Je r ry  Melillo 
Ecosystems Studies Program 
National Science Foundation 
1800 G Street, N W  
Washington, DC 20550 
(202) 357-9 596 

Harold Mooney 
Department of Biological Sciences 
Stanford University 
Stanford, CA 94305 
(41 5) 723-9 253 

Berrien Moore, 111 
Institute for the Study of Earth, Oceans, and Space 
University of N e w  Hampshire 
Science Engineering Research Building, 4th Floor 
Durham, NH 03824 
(603) 862- 1792 

Paul Risser 
VicePresident for Research 
University of New Mexico 
i 08 Schoies Hall 
Albuquerque, N M  87131 
(505) 277-5064 

Thorn as R ossw al I 
Water inEnvironment and Society 
University of Linkoping 
5-58 I83 Linkoping, Sweden 
46-8-1 5 04 30 

Institute P ianning Committee, 5 Nov 87, Page  2 



AGENCY LlAiSONS 

Robert W. Corefl 
Assistant Director for Geosciences 
National Science Foundation 
1800 G Street, NW 
Washington, DC 20550 
(202) 357-7673 

J. Michael Hall 
Oceanic and A tmospheric Research 
National Oceanic and Atmospheric Administration 
RICAR, Room 825 
Rockvil le, MD 20852 
(301 ) 443-538 I 

Frank Harris 
Division of Biotic Systems and Resources 
National Science Foundation 
1800 G Street, NW 
Washington, DC 20550 
(202) 357-7332 

Shelby Tilf ord 
Earth Science and Applications Division 
National A wonautics and Space Administration 
Moil Code EE 
600 l ndependence Avenue, S W 
Washington, DC 20546 
(202) 453 - 1 706 

InstitutePlanning Comrnitte% 5 Nov 87,'page 3 



ATTACHMENT 4 

University Corporation for Atmospheric Research 

OFFICE FOR INTERDISClPLINARY EARTH STUDIES 

Organizing Cammittee 
* + *  

Members hip 

Berrien Moore, 111, Chair 
lnstitute for the Study of Earth, Oceans, and Space 
University of New Hampshire 
Science Engineering Research Building, Fourth Floor 
Durham, NH 03824 
(603) 862- 1792 

John Eddy 
Office for Interdisciplinary Earth Studies 
University Corporafion for  Atmospheric Research 
P.O. Box 3000 
Boulder, CO 80307 
(303) 497- 1 680 

James M c C  arthy 
Museum of Corn par ative Zoology 
H arvard University 
26 Oxford Street 
Cambridge, MA 02138 
(6 17) 475-2330 

Laura Lee  McCauley 
Office for  Interdisciplinary Earth Studies 
University Corporation for Atmospheric Research 
P.O. Box 3000 
Boulder, CO 80307 
(303) 477- 1683 

Michael M e l r o y  
Center for Earth and P Ianet ar y Physi cs 
Harvard University, P ierce  Hall 
29 Oxford Street 
Cambridge, MA 02 138 
(6 1 7) 495 -4359 

James McW il liarns 
Climate and Global Dynamics Division 
National Center for  Atmospheric Research 
P.O. Box 3000 
Boulder, CO 80307 
(303) 497 - 1352 

Institute Organizing Committee, 23 October 87, Page I 



Jerry Melillo 
Ecosystems Studies Program 
National Science Foundation 
1800 G Street, NW 
Washington, DC 20550 
(202) 357-9596 

Ronald P rinn 
Department of Earth, Atmospheric and Planetary Sciences 
Massachuset t s  I nstitute of Technology 
Cam bridge, MA 02 1 39 
(6 1 7) 253-2452 

Paul Risser 
Vice P resident for Research 
University of New Mexico 
108 Scholes Hall 
Albuquerque, NM 8713 1 
(505) 277-5064 

Thomas Rosswail 
Water inEnvironment and Society 
University of Linkoping 
S-58\83 Linkoping, Sweden 
46-8-1 5 04 30 

Richard Somerville 
Centre National de Recherche Meteorol ogi que 
42, Avenue G. Cori olis 
3 1 057 Toul ouse, C edex 
France 

lnsti tu te  Organizing Committee, 23 October 87, Page 2 



University Corporation for Atmospheric Research 

OFF1 CE FOR 1NTERDlS CIPLlNAR Y EARTH STUDIES 

1 988 GLOBAL CHANCE INSTITUTE: TRACE GASES AND T E  BIOSPHERE 

Prospective Senior Participants 

Andy Andreae 
Abtelung Chemie der A tmosphare 
Max Planck Inst i tute  f o r  Chemistry 
P ostf ach 3060 
0-6500 MA1 NZ 
F.R.G, 
06 131 3051 

Bert Bolin 
Department  of Meteorology 
Arrhenius Laboratory, Fack  
Universi t y  of Stockholm 
S- 106-9 1 STOCKHOLM 
Sweden 
(46 8) 1 6240 1 

Ralph Cicerone 
Atmospheric Chemistry Division 
National Cen te r  fo r  A fmospheric Research 
P.O. Box 3000 I 

Boulder, CO 80307, U.S.A 
(303) 497- 1434 

Paul Crutzen  
Abtelung C hemie der A trnosphare 
Max Planck Institute fo r  Chemistry 
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