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ABSTRACT

This volume presents the costs estimated for the science and engineering implementation of the Recom-
mended NASA Carbon Cycle Research, as of August 31, 2001. The research activities have since been
refined and folded into a broader program plan for contributing to the President’s Climate Change Research
Initiative. A brief introduction describes the process used to develop the measurements, activities, and mis-
sions from science goals in preparation for costing. Program content is described in much greater detail in a
NASA Technical Memorandum entitled Science and Observation Recommendations for Future NASA
Carbon Cycle Research.

The costs for science implementation are presented in Section 2 by discipline (atmosphere, land, and ocean),
by categories of work within each discipline (e.g., field campaigns, modeling and analysis, etc.), and by year.
Section 3 on engineering implementation presents costs for the development of spaceborne missions, aircraft
instruments, and supporting technologies, based on the highest priority measurements identified through the
workshop process and recorded in the science implementation section. The characteristics and costs of the
spaceborne missions were further refined in studies by the GSFC Instrument Synthesis Analysis Laboratory
(ISAL), Integrated Mission Design Center (IMDC), Rapid Spacecraft Development Office (RSDO), and
Resource Analysis Office (RAO) and by inputs from other NASA Centers. A philosophy of total life cycle
costing was followed in all cost estimates. The aircraft instrument costs are based on discussions with pro-
spective instrument developers and include only the cost of the instrument itself. The cost of deployment and
data collection is covered in the science implementation budget. The technology development needed to
support these activities, including that specific to each measurement/mission and that common to multiple
measurements, is then discussed. Costs for a baseline mission set and several scenarios for reduced mission
set options are presented. Profiles are also included that spread these mission costs by year. In addition, the
costs per year for the total science and engineering implementation effort are summarized.
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1.0 INTRODUCTION

A comprehensive carbon cycle program has been developed that is responsive to the goals and objectives of a
broad science community and established working groups. The proposed program intends to make new
regional and global measurements and develop integrated models that significantly reduce the uncertainties
associated with existing carbon budget estimates. These focussed observations and analyses of atmospheric,
ocean, and land carbon cycle processes and their dynamics will provide a quantum step toward better under-
standing and management of critical carbon sources and sinks.

This volume presents cost estimates for all of the science and engineering elements of the Recommended
NASA Carbon Cycle Research, performed under the working titles of the NASA Carbon Cycle Initiative
(NCCI) and the Global Carbon Cycle Plan (GCCP), and complements the more detailed plan description
provided in the NASA Technical Memorandum entitled Science and Observation Recommendations for
Future NASA Carbon Cycle Research. During the planning effort, the terms “initiative” and “program” were
often used and reflect the cross-cutting nature of carbon research which involve terrestrial, atmospheric and
oceanic science and do not imply that the recommendations necessarily require funding that is over and above
what is available in the current Earth Science Enterprise (ESE) budget, although some recommendations may
require new funds. The planning exercise simply considered what was needed over the next 10 years to
address the primary science questions outlined in the companion Technical Memorandum (TM) and did not
address funding considerations.

A workshop process, illustrated in Figure 1, was employed to identify and refine science questions and
objectives and to guide related science and engineering activities. The methodology adopted for the resulting
instrument and mission studies is shown in Figure 2.

In describing new measurements and their projected costs, it was necessary to consider a number of factors.
These included the measurement type, rationale and performance drivers, spatial resolution and extent,
geographic location, temporal resolution and duration, timing, special events, repeat cycle, precision, and
accuracy. In addition, there were practical considerations, such as data volume, communications requirements,
ancillary measurements, prelaunch sensor characterization, algorithms, data processing, post-launch product
generation and validation, models, and theory, as well as coordination and linkages with field campaigns,
aircraft underflights, and other satellites. Cost estimates were then developed including personnel, travel,
hardware development, operations, data collection, and the subsequent data analysis and input to models.
Modeling improvements were also considered.

Careful evaluation of all these factors led to a preliminary spaceborne and/or airborne instrument concept,
which described the type of sensor that might be able to provide this measurement. In order to develop a
reliable approach for planning and costing, instrument characteristics needed to be defined including mechani-
cal (mass, volume, and fields-of-view), electrical, thermal, calibration, contamination sensitivity, pointing,
data systems, and onboard processing. More than one concept might work but there could be moderate to
severe challenges in making any one or all of these concepts work. Furthermore, the more difficult concepts
might provide the best performance. These factors were carefully analyzed to develop the cost of building the
representative instruments.

Next, the requirements for the mission as a whole, as required by the measurement, were examined to select
the appropriate accommodation (spacecraft and launch vehicle) and to ensure that the measurement provided
the information needed. Studies were performed by the ISAL, IMDC, RAO and RSDO to better define the
characteristics of missions to measure carbon dioxide (CO, Pathfinder and Advanced Atmospheric CO,),
aerosols, biomass (low density/coastal ocean, high density), and ocean properties including particulates.
Factors that influence cost include the mission life, mass-to-orbit, system complexity, and technology readi-
ness. A total life cycle cost approach was followed to develop a reliable and comprehensive cost estimate for
acquiring each measurement.
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2.0 SCIENCE IMPLEMENTATION

In developing the GCCP implementation plan, each of the atmospheric, land, and ocean science discipline
groups developed a schedule of activities and budget profiles, which were coordinated and complementary.
These activities were meant to support the goals of the President’s Climate Initiative and to coincide with and
complement the goals and objectives of the Interagency Working Group (IWG), particularly as they related to
the North American Carbon Program and other North American and Southern Ocean carbon source/sink
experiments. The overall roadmap of science activities and the total proposed science expenditures by year are
presented in Figures 3, 4, and 5. Two summary charts showing the budget profile by discipline and by cat-
egory of activity are shown in Figures 6 and 7. The data are presented by Fiscal Year but costs are given in
current year 20018$.

2.1 ATMOSPHERE BUDGET JUSTIFICATION
Total Costs: $138,500K—spanning 2002-2012

For the purpose of developing a budget, the atmospheres component of the NASA Carbon Cycle Initiative
was broken down into two major sections: Measurement Activities, and Modeling and Data Analysis. The
major activities are presented in Figure 8, Atmospheric Carbon Measurement Activities, and Figure 9, Atmo-
spheric Carbon Modeling and Data Analysis, and the associated costs are shown in Figure 10. Functionally
there is continuous interaction between these areas and the budget division between them is not unique. The
specific activities considered are explained below. Figure 8, Atmospheric Carbon Measurement Activities,
also shows the relevant, major space-based measurement activities, which serve as a backdrop for all of the
measurements and modeling discussed here. The costs for the development of aircraft and spaceborne instru-
ments themselves are presented in the Engineering Implementation Section.

2.1.1 Atmospheric Carbon Measurement Activities
Total Costs: $91,200K—spanning 2002-2012

A timeline for Atmospheric Carbon Measurement Activities shown in Figure 8 spans 11 years and includes
analysis of data from existing, planned and proposed space missions, participation in field campaigns, algo-
rithm development and calibration, and development and deployment of ground-based and in situ instruments.

The costs associated with near-term aircraft and field campaigns presented in Figure 10 include costs for the
investigators, aircraft and instrument usage as well as ground support for both domestic and foreign cam-
paigns. The measurement activity costs are broken into the following categories: Field Campaigns, Algorithm
Development and Calibration, and Ground-based and In Situ Instruments.

A. Field Campaigns ($54,900K—2002-2012)

The schedule and budget assume three major field campaigns driven primarily by atmospheric CO, issues
over 10 years. An initial participation/augmentation in the ongoing LBA is envisioned in the first year. The
first major activity is associated with the interagency North American Carbon Program (document in prepara-
tion). NASA would provide support for in situ aircraft measurements and flight time in intensive campaign
mode as well as continuing support for instrument teams’ hardware and data preparation and analysis. The
numbers for these activities are based on expenditures for the Stratospheric Aerosol and Gas Experiment
(SAGE) III Ozone Loss and Validation Experiment (SOLVE), a multicomponent mission of comparable
scope. The second and third major field campaigns would be associated with science-level validation and
calibration of expected space-based CO, measurement missions. Again, SOLVE serves as the model.

B. Algorithm Development and Calibration (§11,500K—2002-2012)
Algorithm development and calibration are aimed at producing a method to measure CO, by remote sensing

with unprecedented precision and accuracy. Constituent measurements from AIRS (Atmospheric Infrared

Cost Analysis for a Recommended NASA Carbon Cycle Initiative

38}



Sounder) and other EOS instruments serve as a test bed to begin developing algorithms for instruments
specifically designed for high-precision CO, measurements. Algorithm development and calibration of
potential sampling biases are fundamentally the key to the ultrahigh precision required for accurately inferring
sources and sinks from CO, concentration measurements. Several iterations in algorithm development are
envisioned, ranging from a basic column method to a more sophisticated method that will fully account for
cloud and aerosol sampling interference, to an advanced method producing altitude-resolved data near the
surface. Improvements in laboratory spectroscopy for CO, and other constituents as well as better calibrated
in situ instruments for validation are required. Comparisoﬁ between aircraft and ground-based in situ and
remote CO, measurements is a key component as discussed below.

C. Ground Based and In Situ Instruments ($24,800K—2002-2012)

Ground-based and in situ instruments are used for demonstrating remote sensing measurement methods,
algorithm development, and calibration/validation. In situ CO, from aircraft and, potentially, balloons are
needed to link profile and column abundances to the ground-based network data archive. These will also be
needed for satellite overpass validation. Ground-based and aircraft-borne remote sensing instruments serve as
prototypes for space systems. They will initially be used for proof of concept and will eventually be used to
validate and calibrate the satellite data. Both passive and active sensor concepts should be developed. Other in
situ instruments that may not have a clear pathway to space, such as CO, and O, isotopes and eddy flux
measurements, have a large benefit to the overall goal of using the remote sensing measurements to infer
fluxes.

2.1.2 Atmospheric Carbon Modeling and Data Analysis
Total Costs: $47,300K spanning 2002-2012

An integral component of the GCCP is the application of computer models to understand the various pro-
cesses of importance and the links between these processes. It is assumed that a wide range of models will be
applied to the scientific problems and that these models will be developed and exploited in a variety of
universities and research centers. It is also assumed that NASA’s Centers will be funded to expand their
current research and operational activity to provide support to the GCCP. A combination of competitive
funding and base funding is therefore anticipated, whereby the science teams funded through competitive
announcements (NRA’s) will be expected to liase with the NASA-based teams and to contribute to the devel-
opment of their models. It is also assumed that the GCCP will build on current NASA and NASA-funded
projects; there will be little support for the development of new models, but rather additional support for the
development of components for models already in existence.

Model activities will be grouped into four categories, although there are considerable overlaps between them
(Figure 9). Modeling and Data Analysis includes Coupled Atmosphere-Land-Ocean Modeling, Carbon Data
Assimilation, Data Analysis, and Carbon-climate Predictive Modeling. All categories will be heavily linked to
available datasets, especially those proposed or obtained during the course of the GCCP. Cost estimates are
presented in Figure 10.

A. Coupled Atmosphere-Land-Ocean Modeling ($32,750K—2002-2012)

The first application will be to use models that focus on limited areas and attempt to model specific processes
in considerable detail. Examples are models of the planetary boundary layer or of the mesoscale structure of
the atmosphere, which will be applied to understanding the interactions between the biogeochemical cycle
and the carbon budget of the free atmosphere. These model studies will draw heavily on the results of past and
future observational campaigns, such as the North American Carbon Program (NACP) and any tropical or
other missions. The main focus of these models will be to understand the details of processes leading to the
observed characteristics of atmospheric carbon species, including emissions, deposition, chemical reactions
and transport. Particular emphasis will be needed for simulations of the atmospheric planetary boundary layer
and the interactions with the land surface, including emission of trace gases from regions with different types

of vegetation.
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Anticipated funding for this category is approximately five people for the 10-year duration of the project, to
be awarded competitively, with recompetition twice throughout the duration. While funding will remain
approximately constant (in real terms), the emphasis of the research will change as new data are collected and
as models become more sophisticated. Some component of data assimilation into Planetary Boundary Layer
(PBL)-Land Surface Model (LSM)-biogeochemistry models may form a strategic part of this activity.

The first category of modeling also includes the development of coupled global-scale circulation and transport
models. This category will have a large competitive component devoted to model development, including
transport models, general circulation models including carbon species, and inverse modeling.

Part of this category will require the development and implementation of parameterization schemes into
global atmospheric models. Particular attention will be paid to representation of the PBL and its interactions
with the land surface and the ocean. It is assumed that research and development for models in use for climate
and data assimilation will be funded under separate initiatives, so the work required for the GCCP will draw
on those studies. One of the major modeling efforts in the USA is that centered at the National Center for
Atmospheric Research (NCAR); this effort involves several other groups, including some universities and
collaboration with the NASA Data Assimilation Office (DAO). This modeling effort should be central to the
GCCP plans for the reasons given below. It is both the premier national modeling activity, involving many
outside groups and providing leverage for linking the GCCP modeling into national efforts, and is also one
major application of the global model for data assimilation, where there is already a collaboration between
NCAR and the DAO. Alongside the interactive models including carbon species, there would also be space for
transport models in this category. These are models where the meteorological data (winds, temperatures, etc.)
are provided from meteorological data assimilation systems. Such models can be used to investigate important
aspects of the source/sink/transport problem, but must eventually lead to results that enable better interpreta-
tion of data through improved understanding of processes.

The competitive research proposals would address fundamental issues in the global modeling of the carbon
cycle, especially the structure and diurnal cycle of the PBL and interactions with the land surface and oceans.
Other important issues concern the transport of carbon species and their distributions on global scales, for
which better understanding of the transport in convective systems (as well as in the PBL) are required. Much
work related to the large-scale transport of trace gases is presently supported through NASA’s Atmospheric
Chemistry Modeling and Analysis Program (ACMAP) and it is assumed that this support will continue to lead
to advances, meaning that the development of the large-scale and convective transport models would be a
much smaller component of the GCCP. These models would be applied to understanding observed distribu-
tions of carbon species.

B. Carbon Data Assimilation ($6,000K—2003-2012)

The second major modeling activity will fund data assimilation research. This includes activities directly in
NASA’s DAO. All competitively funded research is expected to be linked closely to the DAO activities.

Within the DAO, an additional team will be required to work on the synthesis of different data types with the
models. A constant funding level will be needed for this work, although the emphasis will change as the
GCCP evolves. Two Pl-level scientists will be needed, one to lead the efforts of model/data synthesis, the
second to lead the assimilation work. The first of these will be an atmospheric scientist, working with the
instrument teams to incorporate the data into the system. This work will begin with the provision of simulated
carbon datasets to the instrument teams, which they will use to develop Observing System Simulation Experi-
ments (OSSE); these OSSE’s will then be used by the DAO to study data impacts on the assimilation system.
A demonstrated impact through these OSSE assimilation experiments should be one of the factors in deciding
whether to fund instruments beyond the proof-of-concept stage. As different instruments become operational,
this person would lead the group obtaining the data from the instrument teams and liaising with them on the
performance of the system. This person would lead a team of 2-3 additional people, each of whom would
concentrate on one or two instruments. The second PI-level scientist in the DAO would be responsible for
assimilation techniques. This person would develop and apply theoretical techniques, similar to those used in
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or proposed for the DAO’s operational ozone assimilation system. This person would lead a team of about two
additional people.

The operational component includes production and analysis of the meteorological data (especially PBL/free
atmosphere relationships related to CO, transport) in support of the field missions and any other observations.
This will support satellite missions as tf'ley become operational, providing meteorological data, which will
initially be used for ‘offline’ assimilation. It will evolve into the production side of the CO_/meteorology
system as a fully coupled system is implemented. (There are strong arguments for doing this online because
of the importance of temporal resolution in the parameterized processes, but thus will require time to
develop.)

The DAO would incur a substantial computational cost for this work. A dedicated supercomputer would be
necessary for the development, testing and operation of a comprehensive carbon species assimilation system.
Additionally, the support of one system analyst would be required for the duration of the project, with an
additional person once operational data are available. These people would be responsible for preparing data
and ensuring smooth throughput of the model and data assimilation system in the computing environment.

(Note that it is assumed that the DAO will continue to be funded to perform meteorological analyses of the
atmosphere. The costs for this are not included in this budget.)

C. Data Analysis ($4,050K—2003-2012)

The third category of modeling activity is model-based data analysis specifically including inverse modeling
for sources and sinks. Techniques need to be developed to exploit the expected coverage and precision of
satellite data, which will be very different from current methods that use the sparse, but very accurate, surface
data. Data from such scheduled missions as Atmospheric Infrared Sounder (AIRS)/Aqua, Scanning Imaging
Absorption Spectrometer for Atmospheric Chartography (SCIAMACHY )/ENVISAT, and Tropospheric
Emission Spectrometer (TES)/Aura will be used initially until CO,-specific instruments are available. Use of
complementary data, CO and CH,, will also be explored to assist in identifying specific source and sink
processes.

D. Carbon-climate Predictive Modeling ($4,500K—2003-2012)

The fourth category of modeling will be the application of global climate models, including representations of
atmosphere, oceans and land, to the prediction problem. Direct costs associated with these models, likely to
be awarded competitively, but including the possibility that NASA Centers such as Goddard Institute of Space
Studies (GISS) or NASA Seasonal to Interannual Prediction Program (NSIPP) (GSFC) will play major roles,
should require funding of about three full-time positions per year throughout the duration of the project.
Additionally, supercomputing resources will be required.

An assumption inherent in the costing of this category is that the base models used for the computations will
be developed elsewhere in research related to the climate problem (the physical processes) and in process
models of CCl-related research (sources and sinks, etc., related to carbon species). These costs are thus
incremental to NASA-funded climate change studies (possibly hydrological cycle as well). It would be
prudent to fund at least two different modeling groups, to help cover uncertainties inherent in climate
prediction.

2.2 LAND BUDGET JUSTIFICATION
Total Costs: $108,100K spanning 2002-2012

The activities and associated funding requirements for the land component of the GCCP were developed in
consultation with members of the science community, NASA Centers and representatives from other agencies.
The GCCP workshops identified a number of science data needs from which activities and costs were derived.
The science needs focus on better measurements of biomass, land cover and disturbance and productivity. To
achieve improvements in these areas, a number of activities were costed including field studies, technology
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demonstrations and intercomparisons, algorithm development for existing and future space sensors, and
model development. The activities and costs were based on science needs identified by the planning process,
some of which are already part of existing NASA programs.

In the near term a primary focus are activities in support of the NACP to be carried out as a coordinated effort
among the various agencies represented by the U.S. Global Change Research Program (USGCRP). However,
the production of global science products from space platforms is the long-term goal of the Initiative.

The Land Budget includes support of Field Campaigns, starting with the NACP, Algorithm Development and
Calibration/Validation, In Situ Instrument and Technology Development, Data Production and Synthesis,
Mission Applications and Requirements Modeling, and Integrative Science and Data Analysis (Figure 11). A
detailed breakout of the proposed land budget by category and year is presented in Figure 12.

2.2.1. Field Campaigns
Total Costs: $39,400K spanning 2002-2012
A. North American Carbon Program (previously North American Field Campaign)

In support of the USGCRP Interagency-sponsored North American Carbon Program that is currently in the
proposal stages, GCCP will contribute science and infrastructure support in 2003 and 2004 in preparation for
a first intensive field campaign in the summer of 2004. Three more intensive campaigns are anticipated in fall,
winter and spring of 2005. The GCCP proposes to continue field activities during the rest of 2005 and into
2006 at a lower level while vigorously analyzing results from the intensive field campaigns. At the end of
2006 and/or throughout 2007, GCCP will mount another period of intensive field activities.

Going through the cost estimate line by line, infrastructure will cost $5700K total over 6 years including the
first year, 2003, of workshops and plan development and publication. Two thousand six infrastructure costs
are lower because of reduced field activities in between intensive periods.

Aircraft biomass measurements will focus on a range of biomass conditions for the three following biome
types: closed forest, woodland/shrubland, and crop/grassland. Each aircraft campaign involves 40 hours at
$3K/hour + $250K for support (L-3 product generation, instrument team support) x 3 biome types = $1100K
per campaign. In 2004 we propose 1 campaign, in 2005, 2 campaigns, in 2006, 1 campaign and in 2007, 2
campaigns.

Science teams (modeling, in situ measurements) are shown to have a lower level of funding in 2006, reflecting
reduction in field activities.

Aircraft annual costs for 2 methods x 3 biomes x 20 hours x $3K/hour = $400K +$200K for instrument team
and product support = $600K/campaign, one campaign each in 2004, 2005 and 2007.

B. Other Field Campaigns

Costs for a subsequent field campaign, possibly in Eurasia and/or the tropics, are also considered. Infrastruc-
ture would cost $1000K/year from 2007-2011 and science activities would be $1500K/year from 2007-2012.

We assume that field campaigns will be carried out and supported in conjunction with other agencies/interna-
tional partners.

2.2.2 Algorithm Development and Calibration/Validation

Total Costs: $15,700K spanning 2003-2012

A. Land cover products ($7,000K—2003-2012)

Existing space-based measurements and systems can provide valuable information about the state of the land
surface that has consequences for carbon fluxes. These resources are not being fully exploited for the purpose
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of characterizing the land carbon cycle and a number of activities are outlined here to address this. The new
carbon cycle land cover products will be used as inputs to improved models and better predictions of land
surface sources and sinks of carbon.

Land cover change products are to be produced from analysis and synthesis of data obtained from the Landsat
Thematic Mapper (TM) archive merged with observations from Advanced Very High Resolution Radiometer
(AVHRR), Moderate-Resolution Imaging Spectroradiometer (MODIS), Multi-angle Imaging
Spectroradiometer (MISR), IKONOS and other existing satellite data sources. A combination of literature
synthesis and forest stand/canopy reflectance modeling is required, with field validation as well, and would
lead to the production of an archive of in situ biomass measurements. The development of carbon flux esti-
mates using land cover change products and in situ biomass data archive would be supported through the
NRA process.

For costs assume 4 teams x $250K/year/team = $1,000K/year x 3 years (2003-2005) = $3,000K. This effort
will be coordinated with and support the North American Carbon Program. Then, for algorithm development,
calibration/validation, and data merging in conjunction with automated processing, assume $500K/year for
2005-2012.

B. Biomass and Biomass Change ($7,200K—2003-2012)

This effort will test, intercompare, and demonstrate biomass measurement techniques from aircraft and
existing and planned space platforms (Geoscience Laser Altimeter System (GLAS), Advanced Land Observ-
ing System (ALOS), Vegetation Canopy LIDAR (VCL)). The goal is to prepare an instrument package to
support the North American Carbon Program and to serve as a guide in the selection of a future biomass space
mission. Three canopy types representing a range of above-ground biomass conditions are to be assessed:
dense forest, discontinuous woodlands and continuous grassland, shrubland, and agriculture.

To estimate the cost assume 50 flight hours x $3K/hour + $250K for each canopy type. For instrument team
support and data processing add $500K; for ground validation, L-3 data processing and data synthesis =
$900K each. This adds up to a total of $2700K in 2003.

Calibration/validation and algorithm development in support of new space missions and continued aircraft
campaigns including in situ studies and purchase of fine spatial resolution IKONOS-like imagery will require
$500K/year from 2005-2012 except for $1000K in 2010 to coincide with data acquisition from new biomass
missions.

C. Productivity ($1,500K—2005-2007)

A small continuing effort to improve capabilities to measure productivity from aircraft and space platforms is
proposed. This will involve aircraft demonstrations of new methods along with algorithm development and
calibration/validation. Costs are estimated to be $500K/year from 2005-2007.

2.2.3 In Situ Instrument Technology Development
Total Costs: $4,000K spanning 2003-2012

Support for the development of new technologies for measuring carbon stocks and fluxes is needed for
validation of aircraft and space observations as well as for supporting in situ process studies. Novel ap-
proaches for measuring below-ground biomass and carbon isotopes are examples. It is envisaged that this
activity would comprise two Announcement of Opportunity (AO) cycles, one of six investigations at $500K
each and a second of four investigations at $250K each.
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2.2.4 Data Production and Synthesis
Total Costs: $25,500K spanning 2003-2012

In order to provide routine, consistent, coherent carbon cycle data products it is necessary to establish an
infrastructure for systematic processing. In the near term, processing of Landsat data archive spanning 3
decades will be the primary focus but other satellite data sources will be included as they become available.
Initially this processing would be done manually but to reduce costs while increasing data volumes more
automated processing systems are proposed that need to be initiated in 2003.

For manual processing of the Landsat archive, assume processing of 7000 Landsat triplets (1975, 1990, 2000
data sets) at $1500 per scene triplet. The cost driver is “hand fixing” each scene triplet to take into account
location-unique spectral signatures for forest type, regrowth, etc. This results in $1500 x 7000 triplets =
$10,500K.

Support for the development and operation of the automated processing system would include four data base
specialists, technical support, computer hardware and maintenance, and a principal investigator, at a cost of
$275K/year in salaries for the life of the project (2003-2012). Adding equipment, travel, and indirect costs
would bring the effort to ~$500K/year.

Support for the production of level-4 biomass/carbon products from new missions begins in 2007 at $500K/
year, rises to $1,000K/year in 2008-2010 and drops to $500K/year for 2011 and 2012, for a total of $4,500K.
Integrated Data system archive of carbon and ancillary data products is planned at $600K/year for
2003-2012 for a total cost of $6,000K.

2.2.5 Mission Applications and Requirements Modeling
Total Costs: $3,000K spanning 2003-2012

The initiative proposes support for modeling activities specifically aimed at establishing requirements needed
to derive useful information from space-based measurements. Models will help define when, where and how
accurate measurements need to be. Such information will contributing to the selection and design of new
technologies as well as to the production of products from existing sources. A continuous but moderate level
of funding for these activities is required at $300K/year for 2003-2012 with a total cost of $3,000K.

2.2.6 Integrative Science And Data Analysis
Total Costs: $20,500K spanning 2003-2012

Besides modeling for measurement requirements (see above), support is needed to improve land surface
biogeochemical models and couple them to land/ocean/atmosphere climate models and data assimilation
models.

Coupling of land processes to land/ocean/atmosphere system models is expected to cost $500K/year for
2003-2012.

Support for the development of global land carbon cycle models that integrate advances in process under-
standing are also estimated at $500K/year for 2003-2012.

Land data assimilation at $450K/year for 2003-2012 and Land Science Investigations at $600K/year for
2003-2012 complete the activities, yielding a total cost of $20,500K.
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2.3 OCEAN BUDGET JUSTIFICATION
Total Costs: $109,455K spanning 2002-2012

This section and associated budget applies to the oceans component and was reviewed by the other ocean
participants in the GCCP workshops, including John Marra (HQ), Mary-Elena Carr (JPL), John Moisan
(WFF), Tiffany Moisan (WFF), Frank Hoge (WFF), Watson Gregg (GSFC), Carlos del Castillo (SSC), Mike
Behrenfeld (GSFC), and Dick Feely (NOAA). The activities and budget reflect what is thought to be required
and makes no assumptions about what might be actually approved or how the program might be consolidated
with the existing ocean biogeochemistry program (Figures 13 and 14).

The overall oceans program includes a considerable allocation for field work as well as data analysis and
modeling. Historically, the NASA oceans biochemistry program has not invested heavily in field campaigns.
Most field work has been for algorithm development and has been supported by mission (SeaWiFS, MODIS,
SIMBIOS) calibration and validation programs which are rather limited in scope. On the other hand, the
terrestrial and atmospheric programs have undertaken large field campaigns such as First International Satel-
lite Land Surface Project (ISLSCP) Field Experiment (FIFE) and Boreal Ecosystem Atmosphere Experiment
(BOREAS). The emphasis of the field work would be on improving coupled model parameterizations of
certain processes and on developing better remote sensing algorithms for a number of carbon related quanti-
ties, e.g., primary production, export production, dissolved organic matter, particulate organic carbon, and air-
sea CO, flux. The objective is not to use the in situ measurements to derive estimates of the budgets them-
selves, but rather to develop the tools and methodologies that would allow estimates based on remote sensing
data and models (with remote sensing data assimilation). In fact, it is unlikely that the in situ measurement
program alone could be extensive enough to derive accurate ocean carbon budgets, especially in the coastal
zone.

Initially, the focus will be on utilization of existing data sets and participation in the NACP that the Inter-
agency Working Group (IWG) will be planning in more detail (goal for completion to be 2006). The North
American Carbon Program would presumably include field components in the North Pacific and North
Atlantic. To complement the surveys, small annual augmentations for the Hawaii Ocean Time Series (HOT)
and Bermuda Atlantic Time Series Study (BATS) time series are included. After that, quantifying the role of
the Southern Ocean in the global carbon budget will be a focus (also an IWG objective). Focusing on the
Southern Ocean later in the program takes advantage of a more comprehensive satellite capability than will be
available in the early years, e.g., atmospheric CO, and sea surface salinity (assuming these missions get
approved). Additional support for participation in NSF programs like SOLAS (Surface Ocean, Lower Atmo-
sphere Study) is also identified. It is not known at this time when these field programs will occur, so some
assumptions about schedule and duration have been made.

Five coastal U.S. sites have been selected for detailed field observations to better understand carbon cycling
on the continental shelves and nearshore regions. Each site would have four 1-week cruises during a year with
a limited time series site to quantify variability throughout the year. The thinking is that the processes regulat-
ing photosynthesis, nutrient cycling, light limitation, carbon chemistry (organic and inorganic), nutrient
remineralization, etc., probably differ throughout an annual cycle and with location. The five sites are the
Chesapeake Bay/Mid-Atlantic Bight, the Mississippi Delta, the Pacific Northwest (Washington-Oregon), the
Bering Sea, and the South Atlantic Bight. Each of these sites is fairly unique. For resource reasons, only one
site will be studied in a given year. These observations would also support the North American carbon source/
sink study and may allow an extrapolation to most other coastal regimes.

Finally, resources for some laboratory studies and special calibration/validation work that would not be suited
for the cruises listed above are costed. Technology development for in situ instruments, platforms, etc., is
available in the early years. Coordination with the NASA Small Business Innovative Research (SBIR) pro-
gram to define GCCP technology focus themes will be pursued. Technology development costs for aircraft
instrumentation and satellite missions are carried under a separate GCCP budget category.
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Some assumptions about the number of investigators and levels of support required for ocean activities are
outlined below.

2.3.1 Open-Ocean Field Studies
Total Costs: $28,900K spanning 2003-2012

This involves collaboration with NOAA and NSF, which provide ship time, air-sea CO, flux measurements,
and inorganic chemistry. NASA supports five investigators to measure optics, primary f)roduction, phy-
toplankton physiology/adaptation, organic chemistry, and aircraft observations (e.g., pump-probe lidar).
Support at either $200K/year (NSF cruises), $300K/year (NOAA North American study open-ocean cruises),
or 400K/year (southern ocean cruises) per investigator. Aircraft support is set at $500K (Northern Hemi-
sphere) or $700K (southern ocean studies) per field campaign year.

2.3.2 Coastal Ocean Field Studies
Total Costs: $21,080K, spanning 2003-2012

These studies include ship time at $10K/day, four 1-week cruises/year, 7 investigators to measure optics,
primary production, phytoplankton physiology/adaptation, organic chemistry, inorganic chemistry, air-sea
CO, flux, optics, and aircraft observations. Support is set at $300K/year per investigator and $500K/year for
the aircraft program. One-year time series measurements at a coastal site, e.g., buoy, platform, or frequent
ship of opportunity, are set at $400K/year.

2.3.3 Algorithm Development
Total Costs: $22,925K, spanning 2002-2012

Aside from the data collection activities, which naturally will include some algorithm development (bio-
optical, air-sea flux, atmospheric correction), there will be nine other studies at $150K/year included. Addi-
tional funds are identified for calibration and validation of ocean salinity radiometry and particulate profile
lidar systems that are under development.

2.3.4 Modeling, Data Assimilation, Process Studies, and Data Analysis
Total Costs: $30,950K, spanning 2003-2012

These activities encompass the following: (1) development coupled physical biogeochemical ocean process
models, (2) development of data assimilation methods for ocean biogeochemical data, and (3) the interpreta-
tion of in situ, satellite, and ocean model data. Twelve to 17 investigations of these types are supported with
more investigations in the later years as more information from satellites and models becomes available. The
investigations are costed at $150K each/year.

This includes 12—17 science investigations at $150K/year each. It is envisioned that the GCCP will develop a
coupled land-ocean-atmosphere modeling capability that emphasizes satellite carbon (atmospheric, land, and
ocean) data assimilation capabilities. This effort would take advantage of the capabilities already being
developed by the DAO and the NASA Seasonal-to-Interannual Prediction Program (NSIPP) activities.

2.3.5 Data Production
Total Costs: $4,000K, spanning 2005-2012

It is expected that some retrospective analyses of historical satellite data sets (e.g., Coastal Zone Color Scan-
ner, SeaWiFS, MODIS) will be required as new algorithms and data products are developed. Budgeting for
this begins in FY05 when the algorithm development activities are expected to begin bearing fruit. The budget
supports the generation of these new products by augmenting the existing data systems (SeaWiFs, MODIS,
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etc.). $500K/year is allocated for these special processing requirements.

2.3.6 In Situ Instrument Technology Development
Total Costs: $1,600K, spanning 2003-2006

These funds help support advanced in situ instrument development needed to improve the variety and quality
of biological, chemical, and optical data needed for algorithm development, post-launch satellite calibration,
and product validation. The allocation is a modest $400K/year for 4 years early in the initiative. It is hoped
that these developments can be co-funded by other agencies such as NOAA and NSF, and that in the out-
years, these activities can be orchestrated through the SBIR and other technology programs.

3.0 ENGINEERING IMPLEMENTATION

3.1 RESOURCE ESTIMATION

The project formulation and systems engineering team developed space and aircraft mission costs by utilizing
existing data bases and cost estimating relationships. A full life cycle costing (LCC) methodology was
adopted for all mission costs. LCC captures the total cost for all mission elements (launch, flight, and ground)
required to formulate, implement, and operate each mission and also to deliver the required data to the science
and user communities. For purposes of costing, GCCP was treated as a stand-alone program with its own
funding for mission specific technology. Other programmatic assumptions included an open data policy with
traditional roles and responsibilities for NASA Headquarters, GSFC, other NASA Centers, government
agencies, universities, and industry. A roadmap of activities, missions, and critical dependencies by discipline
and year are shown in Figure 15. Because some of the missions involve lidar systems, which present technol-
ogy challenges and will require development investments, a history of lidar systems is provided in Figure 16
and serves as the starting point for lidar technical and cost evaluations.

3.2 STRATEGY

Initial cost estimates were prepared for a baseline set of five missions and several options. The baseline set
included a pathfinder atmospheric CO, mission, an ocean carbon mission like SeaWiFS with better spatial
resolution and additional ultraviolet and fluorescence bands, a low-density biomass/coastal ocean mission, a
high-density biomass mission consisting of a radar and lidar combination, and an advanced atmospheric CO,
mission (Figures 17-21). These missions were intended to be generic and to serve only as a basis for provid:
ing costs to scope the program. It is recognized that a specific implementation technique for making each
critical carbon cycle measurement can only be determined after a concerted concept definition and formula-
tion phase as directed by NASA Program Guideline (NPG) 7120.5A. Nevertheless, for purposes of program
budget planning, it was necessary to develop very basic concepts with associated mass, power, and data rate
estimates so that existing cost-estimating relationships could be employed. Competition and the peer review
process will determine what mission concept is ultimately selected.

Two additional missions, considered critical dependencies for the carbon cycle work, were added to the
program after this study was completed. An aerosols mission, previously included in the Climate Change
Research Program, is now closely allied to the Carbon Cycle Initiative (Figure 22). Second, the Vegetation
Canopy Lidar (VCL) will be launched a little later than planned and is considered a precursor to the high-
density biomass lidar. These two missions were therefore not costed as part of the originally proposed pro-
gram, but an estimate for the aerosols mission was later developed and is included here.

3.3 SPACE MISSION COSTING

A mission cost template was developed that included the following elements of cost: technology development,
preformulation, formulation, project management, instrument design and development, spacecraft design and
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development, mission systems integration and testing, launch vehicle, ground and data system accommoda-
tions, mission operations and data analysis, post-launch calibration and validation, contingency, and fee. The
costs for preformulation, formulation, and project management were based on estimates for expected staff
salaries and definition studies. Instrument design and development costs for most missions were generated by
the GSFC Resource Analysis Office (RAO) based on information provided by the study team and using a
parametric model (MICM) that was constructed from a data base of similar instruments. The lower limit
assumed a 3-year mission and a 3-year implementation phase. The upper limit assumed a 5-year mission and
4-year implementation phase. All instruments were costed in the protoflight mode with an engineering model
included for the higher risk laser/lidar systems. The cost of a P-band synthetic aperture radar for the high-
density biomass mission was taken from previous Earth science mission studies. Technology development
was also estimated by RAO considering the effort required to bring an instrument from its current technology
readiness level (TRL) to a level of 6 by the time of mission approval (implementation phase). A spacecraft
cost range was provided by the GSFC Rapid Spacecraft Development Office (RSDO) after an analysis was
performed to ensure that there were candidate buses in their catalog that could accommodate the proposed
scientific instruments. Launch vehicle/service costs were supplied by the GSFC Access To Space (ATS)
group. Ground system development, mission operations, and data analysis costs were estimated by the GSFC
Networks and Mission Services Division. Post-launch calibration and validation costs were provided by the
science team. Life cycle costs and cost profiles were then compiled for each mission in the baseline set.

3.4 SPACE MISSION PROFILES

All space and aircraft mission cost profiles for the baseline missions (Figure 23) are presented in Figures 25—
31, as well as the formulas used for spreading the cost over years (Figure 24). These costs are presented in
current year dollars (2001$) instead of real year dollars because of programmatic uncertainty about the order
of the missions and their actual launch dates at this early stage.

3.5 SPACE MISSION OPTIONS

In addition to the baseline mission set, four optional mission sequences, identified below, were also consid-
ered during the GCCP study. These options included a reduced mission frequency as well as modifications to
the proposed flight program and adjustments to cost that could be made as a result of a successful launch of
VCL in the near term and/or an ESSP mission selection favorable to carbon cycle science.

Option 1: Reduced Mission Frequency and No VCL Launch
* Pathfinder Atmospheric CO,/Ocean Carbon
* High Density Biomass
e Advanced Atmospheric CO2
Option 2: Successful VCL Launch
* Pathfinder Atmospheric CO,/Ocean Carbon
* Advanced Atmospheric CO,
* High Density Biomass
Option 3: Early ESSP Carbon Mission Selection and No VCL Launch
* Pathfinder Atmospheric CO, (ESSP)
* Ocean Carbon
e High Density Biomass
* Advanced Atmospheric CO,
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Option 4: Early ESSP Carbon Mission Selection and Successful VCL Launch
e Pathfinder Atmospheric CO, (ESSP)
* Ocean Carbon
e Advanced Atmospheric CO,
¢ High Density Biomass

Costs for Options 1 through 4 are presented in Figures 32-35. The total costs for Options 2 and 4 are quite
similar to 1 and 3, respectively, since the difference involves a reordering of the High Density Biomass and
Advanced Atmospheric CO, Missions based on a successful VCL launch.

3.6 AIRCRAFT MISSION COSTING

Costs for aircraft missions were estimated based on discussions with various scientists and included missions
in support of the pathfinder and advanced atmospheric CO, measurements as well as the low- and high-
density biomass imaging missions. In addition, there were two stand-alone aircraft missions, not associated
with a space mission: an ocean bicarbonate lidar and an ocean particulate lidar. Costs presented are for initial
demonstration of instruments dedicated only to aircraft operations and for demonstrating the performance of
an aircraft version of an intended spaceborne instrument. Aircraft flights in support of post-launch calibration/
validation, spacecraft underflight, and extended science field campaigns are included separately in the science
discipline budgets. The aircraft missions that were costed are listed in Figure 36.

Only new aircraft instruments and accompanying integration and test flights were estimated in this section.
Aircraft instrument costs were estimated by selecting an aircraft instrument that could represent any of the
known candidates for making the measurement. Actual instruments for field campaigns, and calibration/
validation of carbon cycle space instruments after launch will be determined at the time of deployment. The
estimates for three classes of aircraft missions—measurement validation of carbon cycle space instruments
and future space measurement concepts; field campaigns; and post-launch calibration/validation of carbon
cycle space instruments—are described in the science discussions in this document.

The principal investigator’s estimate for the design and development of new aircraft instruments included
ground integration and test, management, data handling/processing equipment, and interface support fixtures
development. System integration and test flight costs include any special thermal/vacuum or large scale
optical modifications. System integration and test flight costs were estimated at 20 or less flight hours, taking
place over 2 weeks and were based on the subsidized cost per flight hour. Subsidized costs per flight hour
were obtained from aircraft project offices and actual costs of past missions. Flight crew and science team
man-hours were calculated using the principal investigator’s man-hour estimates and the standard in-house
cost per man-hour. Travel was estimated using standard in-house cost and past mission spreadsheets. Costs to
develop ground processing for science operations were estimated by the principal investigator. The rest of the
costs are included in center, science, and spacecraft project data operations. Contingency was added to the
total ensuring adequate resources.

Costs for the aircraft missions as well as a summary of costs are shown in Figures 37-45.

3.7 TECHNOLOGY COSTING

For each mission, technology readiness levels, as defined in Figure 46, were estimated for the various compo-
nents and were used to derive an overall TRL for the mission (Figures 47-50). (Pathfinder CO, and Ocean
Carbon are already considered to be technologically ready.) This information was used to develop the cost of
bringing each mission to the required TRL by the time of approval. In addition, specific areas in need of
technology development were identified by the appropriate instrument teams and by the participants at the
workshop (Figure 51). The costs and cost profiles associated with both the mission specific and common
technology development are shown in Figures 52-53. Several programs within NASA will be leveraged to
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develop technologies directly applicable to carbon cycle science. These are described below.

New Millennium Program (NMP)—emphasizes the development of enabling and enhancing instrument and
spacecraft technologies that require on-orbit demonstration/validation before implementation on a NASA
flight program.

Earth Systems Science Pathfinder (ESSP)—a program dedicated to performing explorer-class missions that
provide answers to key Earth science research questions.

Instrument Incubator (ITP)—identifies, develops and, where appropriate, demonstrates new measurement
technologies which reduce the risk, cost, size, and development time of Earth-observing instruments, and
enables new Earth-observation measurements.

Advanced Component Technology—seeks to further the development of advanced components that enable
innovative instrument and platform system designs (formerly Advanced Technology Initiatives Program
(ATIP)).

Advanced Information Systems Technology—identifies, develops and, where appropriate, demonstrates
advanced information system technologies which reduce the risk, cost, size, and development time of OES
space-based and ground-based information systems, increases the accessibility and utility of Earth science
data, and enables new Earth-observation measurements and information products.

Computational Technologies—demonstrates the potential afforded by teraFLOPS (trillion floating-point
operations per second) performance to further our understanding and ability to predict the dynamic interaction
of physical, chemical, and biological processes affecting the solar-terrestrial environment.

Advanced Platform Technology—provides technologies that will significantly increase capabilities and reduce
costs for Earth science platforms, as well as enabling new missions with revolutionary concepts.

Small Business Innovative Research—a broad Government-wide initiative managed by the Small Business
Administration that seeks to foster cooperative research and development.

Small Business Technology Transfer Research—draws upon the talents of small, innovative businesses in
partnership with a research institute to convert research investments into new commercial technologies.

3.8 COST SUMMARY

The total cost profiles for the science and engineering implementation of the baseline mission set are pre-
sented in Figure 54. These costs include all science activities, space and aircraft missions, and technology
development and are presented in current year dollars (2001$) instead of real-year dollars because of pro-
grammatic uncertainty about the order of the missions and their actual launch dates at this early stage.
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4.0 ACRONYMS

A/C Aircraft

A/D Analog to Digital

ACMAP Atmospheric Chemistry Modeling and Analysis Program
AIRS Atmospheric Infrared Sounder

AIST Advanced Information Systems Technology

ALOS Advanced Land Observing System

AO Announcement of Opportunity

ASTER Advanced Spaceborne Thermal Emission and Reflection Radiometer
ATIP Advanced Technology Initiatives Program

ATMS Advanced Technology Microwave Sounder

ATS Access To Space

AVHRR Advanced Very High Resolution Radiometer
AVIRIS Advanced Visible and Infrared Imaging Spectrometer
BATS Bermuda Atlantic Time Series

BM Biomass

BOREAS Boreal Ecosystem-Atmosphere Study

CCP Carbon Cycle Program

CDOM Colored Dissolved Organic Material

CNES Centre National D’Etudes Spatiales

CrIS Cross-track Infrared Sounder

DAAC Distributed Active Archive Center

DAO Data Assimilation Office

DIAL Differential Absorption Lidar
DIC dissolved inorganic carbon

DOC dissolved organic carbon

EOS Earth Observing System

ESE Earth Science Enterprise

ESSP Earth System Science Pathfinder

ESTO Earth Science Technology Office

ETM+ Enhanced Thematic Mapper Plus

FIFE First ISLSCP (International Satellite Land Surface Climatology Project) Field Experiment

fPAR fraction of photosynthetically active radiation
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FPI Fabry-Perot Interferometer

FTE Full Time Equivalent (One man year)

FY Fiscal Year

GCCP Global Carbon Cycle Plan

GCM General Circulation Model

GCOS Global Climate Observing System

GISS Goddard Institute for Space Studies

GEOS Study of sedimentary layer of oceans (Russian)
GLAS Geoscience Laser Altimeter System

GPS Global Positioning System

GSFC Goddard Space Flight Center

HIRDLS High Resolution Dynamics Limb Sounder
HOT Hawaii Ocean Time Series

HQ Headquarters

ICESat Ice, Cloud and land Elevation Satellite

IIP Instrument Incubator Program

IKONOS ancient Greek word for image (not an acronym)
IMDC Integrated Mission Design Center

ISAL Instrument Synthesis and Analysis Laboratory
ISLSCP International Satellite Land Surface Climatology Project
IWG Interagency Working Group

JER-1 Japanese Earth Resources -1

JGOFS Joint Global Ocean Flux Study

JPL Jet Propulsion Laboratory

LAI leaf area index

LaRC Langley Research Center

LBA Largescale Biosphere atmosphere experiment in Amazonia
LC Land Cover

LCC Life Cycle Cost

LEO Low Earth Orbit

Lidar Light Detection and Ranging

LITE Lidar In-space Technology Experiment

LPT Low Power Transmitter
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LSM Land Surface Model

MAB Mid Atlantic Bight

MAPS Measurement of Atmospheric Pollution from Satellites
MBLA Multi-Beam Laser Altimeter

MERIS Medium-Resolution Imaging Spectrometer

MICM Multi-Instrument Cost Model

MISR Multi-angle Imaging Spectroradiometer

MLS Microwave Limb Sounder

MODIS Moderate-Resolution Imaging Spectroradiometer
MOPITT Measurements of Pollution in the Troposphere
NACP North American Carbon Program

NAFC North American Field Campaign, now included in NACP
NASA National Aeronautics and Space Administration
NCAR National Center for Atmospheric Research

NCCI NASA Carbon Cycle Initiative; NASA Climate Change Initiative
NMHC non-methane hydrocarbons

NOAA National Atmospheric and Oceanic Administration
NPG NASA Program Guideline

NMP New Millennium Program

NPOESS Near Polar Orbiting Earth Satellite System

NPP NPOESS Preparatory Project

NPP net primary productivity

NRA NASA Research Announcement

NSF National Science Foundation

NSIPP NASA Seasonal to Interannual Prediction Program
OES Office of Earth Sciences

OSSE Observing System Simulation Experiment

PAR Photosynthetically Active Radiation

PARASOL Polarization and Anisotropy of Reflectances for Atmospheric Science coupled with Observations

PBL Planetary Boundary Layer
PI Principal Investigator
PIC Particulate Inorganic Carbon

POC Particulate Organic Carbon
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RAO Resource Analysis Office

RSDO Rapid Spacecraft Development Office
SAGE Stratospheric Aerosol and Gas Experiment
SAR Synthetic Aperture Radar

SBIR Small Business Innovation Research

SCIAMACHY Scanning Imaging Absorption Spectrometer for Atmospheric Cartography SeaDAS SeaWiFS

Data Analysis System
SEASAT Sea Satellite

SeaWiFS Sea-viewing Wide Field-of-view Sensor

SIMBIOS Sensor Intercomparison and Merger for Biological and Interdisciplinary Ocean Studies

SIR Shuttle Imaging Radar
SLA Shuttle Laser Altimeter

SPARCLE Space Readiness Coherent Lidar Experiment

SNR Signal to Noise Ratio
SOLAS Surface Ocean, Lower Atmosphere Study

SOLVE SAGE III Ozone Loss and Validation Experiment

SSC Stennis Space Center

SSH sea surface height

SSS sea surface salinity

SST sea surface temperature

SSW sea surface winds

STTR Small Business Technology Transfer Research
SWIR Short Wave Infrared

TES Tropospheric Emission Spectrometer

TM Thematic Mapper

TM Technical Memorandum

TRL Technology Readiness Level

TRWIS TRW Imaging Spectrometer

USGCRP US Global Change Research Program
VCL Vegetation Canopy Lidar

VIIRS Visible and Infrared Imaging Radiometer Suite
VHRR Very High Resolution Radiometer

VNIR Visible & Near Infrared
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WCRP World Climate Research Program
WEFF Wallops Flight Facility

WMO/UNEP World Meteorological Organization/United Nations Environment Program

Cost Analysis for a Recommended NASA Carbon Cycle Initiative



5.0 FIGURES

Figure 1. Proposal Development Process

Figure 2. Study Process Flow

Figure 3. Science Activity Roadmap

Figure 4. GCCP Science Budget

Figure 5. Total GCCP Science Budget by Year (FY02-FY12) (2001 M$)
Figure 6. GCCP Science Costs by Discipline (FY02-FY 12) (2001 MS$)
Figure 7. GCCP Science Costs by Activity (FY02-FY12) (2001 M$)
Figure 8. Atmospheric Carbon Measurement Activities

Figure 9. Atmospheric Carbon Modeling and Data Analysis

Figure 10. GCCP Atmospheres Budget (2001 K$)

Figure 11. NASA GCCP Land Activities

Figure 12. GCCP Land Budget (2001 K$)

Figure 13. GCCP Ocean Activities

Figure 14.

Figure 15. Carbon Cycle Technology/Mission Roadmap

Figure 16. Laser Technology History

Figure 17. Pathfinder Atmospheric CO, Mission Profile

Figure 18. Ocean Carbon Mission Profile

Figure 19. Low Density Biomass/Coastal Ocean Mission Profile
Figure 20. High Density Biomass Mission Profile

Figure 21. Advanced Atmospheric CO, Mission Profile

Figure 22. Aerosols Mission Profile

Figure 23. Baseline Measurement Set

Figure 24. Cost Spreading as a Function of Launch Year

Figure 25. GCCP Pathfinder CO, Mission Cost Profile

Figure 26. GCCP Ocean Carbon Mission Cost Profile

Figure 27. GCCP Low Density Biomass Mission Cost Profile
Figure 28. GCCP High Density Biomass Mission Cost Profile
Figure 29. GCCP Advanced CO, Mission Cost Profile

Figure 30. GCCP Aerosols Mission Cost Profile

Figure 31. GCCP Mission/Technology Costs (2001 M$, FY02-FY15)

Figure 32. Reduced Measurement Set Option |

20 Cost Analysis for a Recommended NASA Carbon Cycle Initiative



Figure 33.
Figure 34.
Figure 35.
Figure 36.
Figure 37.
Figure 38.
Figure 39.
Figure 40.
Figure 41.
Figure 42.
Figure 43.
Figure 44.
Figure 45.
Figure 46.
Figure 47.
Figure 48.
Figure 49.
Figure 50.
Figure 51.
Figure 52.
Figure 53.
Figure 54.

Reduced Measurement Set Option 2

Reduced Measurement Set Option 3

Reduced Measurement Set Option 4

Aircraft Demonstrations

GCCP CO, Column Measurement Aircraft Mission Cost Summary (2001 K$)
GCCP CO, Profiling Aircraft Mission Cost Summary (2001 K$)

GCCP Ocean Particulate Lidar Aircraft Mission Cost Summary (2001 K$)
GCCP Ocean Bicarbonate Lidar Aircraft Mission Cost Summary (2001 K$)
GCCP Single Frequency Biomass Imaging Aircraft Mission Cost Summary (2001 K$)
GCCP Dual Frequency Biomass Imaging Aircraft Mission Cost Summary (2001 K$)
GCCP Hyperspectral Imaging Aircraft Mission Cost Summary (2001 K$)
GCCP Radar Aircraft Mission Cost Summary (2001 K$)

GCCP Summary of Aircraft Missions Costs (2001 K$)

Technology Readiness Levels (TRLs)

Biomass Imaging Lidar Technology Readiness

Dual Frequency Biomass Imaging Lidar Technology Readiness

CO, Laser Sounder Technology Readiness

Differential Absorption Lidar Technology Readiness

Technology Drivers

GCCP Technology Development Costs

GCCP Technology Development Cost Profile

GCCP Science/Technology/Mission Cost Profile (2001 M$, FY02-FY12)

Cost Analysis for a Recommended NASA Carbon Cycle Initiative



Sa1pN}g
3umnso) Sundaurdug wﬁvimﬁsuﬁwm
2990UIDS
_
s}daduo)) uorssr
< QZHS—WmuH&mMZ < :oﬁmmzmsimuno_u_
H SJUoWIaINSEaJA
sopijoed .
< asy
dewpeoy weidorg
A
<
A\
SQUI[WIL], “S32IN0SIY e ]
suondQ doys>iom piry r—LAmo:mvio M vsoummA doys>iop 1111 - :
uejd dO00D e e ;
T | 10AeN 10 Yre

SUOTNqLIIU0D) <w< Z.
SOLIJIIAl POUBWIIONIDJe
§)PNPOIJ UOTRWIOJU e

. suopseNQ) MUIIGe

~ 10 Lrenue|

SSHDOUd INAINAOTAAAA ' TVSOdOUd °T 2ansiyg




syjuour 9 v_

3unso) AH mmum%ﬁm%_\ﬁm A..Iu DANT AH &Hog-mum;,AHﬁoﬁmNEmE&m,u:oU

SUOISSIIAN A Suplrewyduag

_ SJUSWISINSEIIA

m saAR(qO

"PAIBWITISA UAY) AIB SISO A[IAI-IJI] [N "SINSST PAIISAP IAJIYIR 1By}

SuOISSIW JY3I[J 10J $3doou0d sdojoAap wed) FULINUISU 9Y) ‘UOTJBWLIOJUL STU)
WOL] "9peW 9 0} SJUAWAINSEIW JO Aouanbai] pue ‘uoneoo] ‘adA} ay) ouruLIdlop
SWEd) QOULDS AUIAIDSI( "PAYNUIPI Ik S9ANIA[qOo pue s[eos wei3oid "Mmo[eq
welderp ay) ur pajensnyyr st Apnis JHOHH 9yl Joj pardope A3o[opoyiowt oy,

MOT SSI0IJ ApNIS T 2anGI



$90uanbasuo)) ‘Suonoafoid ‘SIUAUISSISSY ‘SIOMSUY

S9sA[euyY [BQO[D) pUR [BUOISY sIsayuAs eye(]

*019 AS0]0I0919WI ‘UOQILD UBIIO0 (D) ‘aI1] ‘0uryd SSLUIOIq 29 JOAOD pue’]

k& A & A A &
UonNeIuIsSy ele(| AAj[ales

yuowido[oAa(] [9pOJA 9sIeAU] pue pajdnoy) ‘ssed01g

~ Juswdo[aAs(] senbruyos [, SUISUSS 0wy

UODEPI[EA/UODEIqIR) i

ueddQ 'S ‘susredwie) [ISLOD) 'S’

sugreduwe) pue ] 1NNy ugredwe)) uedLOWY ‘N

7
(@)
o
Q)
2
@
=
)
q
»
a
=
<
oo
1
p— o
o
-
7
o
)
(=
o
)
&
)
)
-
{sm
192

S[EOD) 29 SUONSANQ) 20USDS JUDDSN

-2

SSewIoryq uogJe ) uead() oOU

sjuowLIad X5 uone[nWIS UOISSIA

ddN ‘BIny “J D A ‘SPUIpABIS ‘enby ‘BIId], ‘SHIABIS ‘Jespue] : sjassy ddedg pouue|q/Auddin))

0107 ST . POoE f00C choc  100C

dewipeoy] AJANIY UG °¢C AIN3I



L'8ey

0L

(2! 9Tl (1! 9Tl 9T’ - T9T'1 [ra! 91 o9T1 9T’ 1 €290 uonRUIPIO)) Weidold
S S6'e ge'e gee ST §e'T ST S6'1 o'l S6'1 0 suone3nsaaug oocu_om;
STl S9°ClI S9°CI S8°CI 'l S6'Cl Tl 9°01 SI'01 6 §T0 uony[IuIssy /3utopo N
I 1'C 9T 9'C 9T 1T 91 91 19 19 0 sisayiuk /2014 Breq
0 €C0 §T0 S€0 80 SO'1 (004 SRS SEL €89 1’0 ‘A9 ISUL DV/MILS Ul
SLT'E SLT'E SLI'S SLYY SLL'E Sy'y 9'9 S1'9 L'y 8L S¥0 A9 WOV
'yl €¢I SRR S6'CI 8L91 8€°CC 8181 8L°ST EL'VT 8L9 £0 SAPMS Protg
7107 1107 0107 6007 8007 L00T 9007 007 v00¢T £00T 2002
0L8TH LEF'SE (L8TLE LEO'DE LET'LY LOR'6L TFL'OF THOG'FE THO'TS THT9S THTOF STL'T QUG @IO],
(g 9T9  TISY9 TIR9 TII'L 999 TI6L 7988 TILOD TIETI TISOI STLO noddng 2duang
98°L01 SLOL  SLO01 SL9°01 €L9°01 SSF'01 8F01 €It &FTI €17l €68 £0 sue0Q
CE'TEL SLelr $9¢l 1ot [} 81 IS R4 S6'sT $9¢1 SI8 90 sataydsouny
01'+01 SF'L SFL S8 S6L  S6'L  STEl S8'8  S8ED €191 69U 10 puey
0L'8TH 0 (W$) Arewung
ST'El UL TOTT 9T T9TT T9TT T9UL 9L 9T Nw.a.._ WU 5790 (NS "pioo) werdold
00SI  .00ST [00ST '00ST 0OST ~ 00SI 00ST  0SOI  0SOI  0SO1 0 suedQ
oSt oSt 0S¥ oSt 0st oSt oSt 00€ 00€ 00t 0 saraydsowury
009 009 009 009 009 009 009 009 009 009 0 . pre]
0L'€T 394 §6T €8T SCT  S§T  S€°T 86T S6'L  S6'1 $6°'1 0 ($) suomesisaau] 20Ud10g
000S 000S 000S 000S OOIF 008F QOIF 006 00FZ 0061 0 uoneyndwo?)
0s81 OS81 0S81 OSBI 0S8 OSB8I 0S81 Oskl OS¥I OSvl O sueadQ
0S9¢  0SOof 0sOF 0STH 00Ft 0SSt 0SSt 0SSt 0SSt 00FF  .0ST saroydsouny
0SLT OSLT  OSLT OSLT  OSLT 0SLI  OSLT ~ OSLI 0SLT 0sLT 0 PUET
STII STTL 9T €91 ST 1T S6'CI STTI §9°01 (SI'01 §'6 £T°0 $) ung sAgauIssy wRQq/Auapo
00S 008 008 00S 008 00S 00S 00§ 0 0 0 S0
0 0 0 0 0 0 0 0 0 0 sa1aydsouny
0091 0091 '001Z 00IT 00IT 0091 0OIl 00IT 0019 0019 O mel
0§66 e 1'c 9T 9T 9T Iic 91 91 19 o 0 1$) SEANPUAS puR uoNONpol] BR(
000€ 000§ 000§ IV
0 0 0 0 o 0 00t 00F 00t ,oo.. 0 sueRQ
0 0sT 0S¢ 0S¢ 008 0SL 0001  OSIT  0S6 oMo 001 sarydsouny
0 0 0 001 00¢ 00t 008 0001 0001 00§ O pue]
SLtT 0 ST0  ST0  S€0 80 SOt [ §¢¢  SEL S89 10 A$) A YRRLASHL O/V % mi§ uf
STLl ST STLL  STLL  STOT  0SOT  0OLZ 0S8T OSOE 0SOE  00E sue2Q
OSP  0St  0S61 0S61 0SL 006 00T 008  0S9  0SOL OSI saraydsouny
0001 0001 0OST 0001 000T 00SI 00ST 00SZT 000I 00L& O y puer]
€108 SLI'E SLI'E SLI'S SL9v SLL'E Sh't 199 19 Lk 8L NaY A [0/ Wawdopardq wipuodry
00€ 00§ 00§ 008 00€1 0001 00ST 00 0 woddng pratg
00FT  00IS  00IS 00IS 08Sh 08SH 08SO 08S9 08S9 08¢ O suedQ0
0076 00LL 09t  0S8F  00T6 00T6 00L9 00£01 0S10T 00YZ 00T mo._u__mwo:_:.\
00ST  00ST 00ST 00ST  00ST  008L 006€  006L 00L9 .oom, 001 pue
€691 'l €61 S Il S6°TL BLOT 8€'TT '8F'81 ‘BL'ST ELYT 8L9 €0 ($) sudredur)) prory
(JN$) 1101, TI0Z  T10T  OT0T ° 600T  800T  LOOT  900C S00T #00T « €£00T T00T

j93png UWNS JDDD P I3




(2L.-20Ad) 1ea )\ Aq NS @oUBIOS dDDY [elo L

oo
08 »

017

($IN 1002) (TTAA-TOAA)

Ied X A 193png DUINS JDDO [BI0], °S 2In3I ]




ddng 10§ —¢—
sueaoQ

souwy —&—
pue]—e—

($IN T007) (TIAA-TOAA)
QUITAIISI(] A] SIS0 WIS DD °9 2angI g




uoljeuIpioo) welboid —— 1eaA

1L OL 6 8 £ 9 G v € ¢ |
b e L | A E— - _ ._ - IO

siIsAleuy 8oualog | ppyY —e—

uolje|lwissy/Bul|epoj —*—

SISeYIUAgG/poid eleq —<—

ASQ 18Ul Q/NUS U|

leA/leQ/neq ob|y —e—

sepmis peI——| L e

($IN 1000) (TTAA-TOAA)
ANAIPY A( $150D) WIS dDDD °L 2IN31]



QW) JOAO S[IAI[ A)TAIOR Yead 1uaso1dor 0) JUBIW ATB SMOLY :9JON

$2d0)0ST 7O SRETETET
7O Juiane “xng App2 zOD Areyuawdwo)
- —_— < sIauon sads > 700
adfioand ppe 10] BJep SIA 00
————> 3Junsixd azAfeur.  Paseq punain
sadAjojord 0D
pasueape sadfyoyard i1 QJowAl YrIAMY
e _— sjuaunnsur
< womos e 7 <o s u
<« —_
e —
SJU ST} SUY
mig uj pue
paseg punain
dowrar qjowrar uosueduiod
< paseq E_:E[ paseq punaid -19Ju[
ey - a———_ Y Y S juaunysuf 70D
s1jawurered !
Adoosonoads quy paaaidun Adoosanoadg
g aseq yHD ‘0D = < ‘ 70 ‘700 > . qe]
[osaroe wyHoge: uoneiqie)
unuog e pue Spnop & 70 /200 = [BAIDA YHD puaudorassqg
5 70D Ayoud > < URAAA 0D ————————>  Ipuypede&——— ‘0D ‘70D mmzll wpu o3y
uonepeA uonepyeA VSYN)
0UADS e ERIE BN \l Juaunadxyg sudiedwe)
) PRSP 700D 1epugyped 1Ay N oél vl pIaY
TIII (aaid “§+9) * RN (700 _— ,
70D padueApe Topygyed 1930 700 dSSsd (pasodoxd)
IV SIANA
& £:572(099) ddN/STID /SVdIN
JUO-MO[O} DINT  “dOLHN/ISVI AHOVAVIDS  (pauuerd) oD
< ~ viny /SHL  ‘enby/S¥IV dwoqadedg
1oz | ooz | e00C 800T LOOT 900z | sooz vooc | gooz | wooz |

SONIAINIVY JUDUWRINSEIA] uoqae)) dydsown}y °Q 3angiy



oW I9A0 S[IAI] A11Anoe yead Juasaidar 0) JuBdW JIB SMOLTY :9JON

Bujjepo
= SyoegPe8) > ayew|o uoneebon uonoIpald
uogJeo < -uonejefo——m—> pue 20D ayewin
pajdnod aAloeIBUl < paquosaid > -uoqied
sjuswiainseawl (Bujjepow
Ansiweyo ¥HD ‘00 BINY ———————> e1ep 1VYSIANG asJanul
<——————  sowe ‘ejep ‘elep 200 . ‘YHO ‘00 209 jouy)
200 padueApe Japuyjyred ‘200 SHIV sishjeuy eleq
< wm:c_ccomullllil.v spoyiaw
uone|Iwisse &————  seousu —m8M > uone|IwIsse uonejiwissy
paoueApe 3UIS/821N0S < JUBN}ISU0D > eleq uoqued
|en/eo |ea/|eo pue
pue aouelds < 80u8I9s 209D =t ubredweo pjay > poddns
2090 uwocm%ml Jepuyyred ueduawy N < uoIssiw pield
(suonejnwis
salpnis salpnis we)sAs
salpn}s 1oedw| 10edw pue 10edw| pue sqo “b8)
< juswaInseaw WT sjuawalinbai — sjuswsalinbal suopeoldde
SSBWOIq/20D Juswalinseaw <—— Juswainseay ————————> uolssiw
paulquiod ajyjoid 200 uwnjod 200 alljleres
& uope|nwis , = suoporIBUl SJuIRIISUOD
SAljoBIBIUI D cozm“mmm\rliv uoqied Aem saoBUBUI
ueao0 R ‘80elNS s -2 Ueaoo/pue| - ueao0
‘pue| ‘sowe pue| ‘sowie -sowe ‘puB|-sowy
> sjepow Jodsuel} (Ansiweyd
uonessaldal < ssao0.1d % BSAIJOBAUOD B ‘[out) seipnis
ssao0.d jeqo|b pejsau T.IIILQE_ Arepunog —_—y |opow sseoo0.d
panosduwiy pue pub-gns panoidwi sowpy
Buyspop
ueadQ-pue]
-aJaydsouny
pajdno)
102 | 0102 | 6002 | 8002 | 2002 | 9002 | 5002 | 7002 | €002 | 2002 |

SISA[euy
eje(] pue SuIrpPpojy uogae)) drydsouny °g 3ansig




ocossE L oSt osvy ost oSt ost oSt oSt 00¢€ 00g 00€ [¢]
osov 0s9¢ 0sof 0sot oSy 00 0sst osst osst 0SSt [e]0) =44 0scT wis sAs/wAsy Bieq/|eponN
oszer o o (o] () O (0] o o ) o o 1
o (0] 0oscT 0scT 0sT 00s osL 0001 OSTT 0so6 0so6 001 |
os Lo oSt osv 0so61 0so61 osL 006 0o+ 008 0s9o 0sot1 0s1 D/ned
OOS L L 0026 00LL 0s9¢ 0S8t 00<o6 00To6 00L9 00€0T 0Ss101 [6]0) -7 00T suBjedwes pje|
oSSEL
oszetL oo6zL oseot oszsit ooest os8st ooLst ootz 00991 0016 ooz 1vioL
cosee L
Bujiepon uop2ipe.id
ejew||D-uOqIED
ocost
sisAjeuy 818q
osor
ovasoeloid
go0s : : uopewiss v
oocoe ooe ooe ooe ooe ooe ooge 0oe ooe ooe ooe Ayunwwoo gjEg UOqQIBD
osoe ose ose ose ose ose ose ose ose ose ose oSt voddns 2+31 4 | ‘Ovasoeloid
oset ost ost ost oSt oSt oSt 0S¥ oSt ost - ooe Ayunwwoo woddng uojssiN pleld
osiLe 0ot 0oL ooge ooe . 0st fol=}-4 oSy osy oSt QoL ovasnoefoid
3 suopBso)ddy
oose ooe ooe 00€e osy oSt os¥ oSt oSty ost Ayunuwiwos UoISSIN ellliele s
Lot ¢ 2 E = souwy-ugeoQ pue seoepely|
0009 009 002 009 009 009 009 009 009 009 o092 souwily-pus) Joj yoee 4l 4 2 uBes(- ‘pueT)-souwny
ocoSst ost ost osy ost oSy ost ost osv . osy ost ovasnoeloid
se|pMis [epon
oos2 0sL 0S4 ol=P2 oS 0S4 0sL oSz 0sL 0osL 0SL Ayunwuwoo sseosoud opeydsouwly
bujlepop useso
ossZzE ispue|os 314/05+ -pussouny pejdnoo
sisAjeuy
OO0OELY ; _ BBQ PUB Bujepoyy
suBiedweo ui Aojdep :Buljse) sjusuwsinsBaN
oozz w pue ‘uoponiisuoo ‘ubisep’ ?_m.rmEm_QEOO
o ; dnosB/300e o .
osse (0,015 (005 oSy ost 009 009 009 ooe oSt -0G 1 $ SIsAjBuB BIBP '©@010)I0M
lanep yoey by ul 5
Jowey] yeiod
ooor oog ooe 009 009 ooe oos oov oov uoponusUOD ‘Ao Juewkodep  2O° EHUE Y
0060 L sisAjeue Blep pue uoneiado
200
oooz Uuo|}oNIISU0D 9j0wWway paseg punoin
sejowas yum g subedweos Y
ogrl u} Aojdep :uononiisuod 200 MISH
: i ¥ sjuawinysu] ms
oogrZ u] pue peseg punoiso
e 7 e ey DA S 5 S e sieeA uBiedwes-uou /se|yosd T
ooro ogLt. . OSE . 09t ~ 0sal o5t oSt fol=l=T oSt yetoue by snonupuoo nedal 5 e N,OO
00S L S - i {o]0]>; 008 0og 002 dnoiB/00L Adoososoedsg qe
oo9oe 00 008! ooe & [olelo] 00E oSt oSt oSt dnosB,051 swiyuoB|y [eAeLIeY
eA 18D
oostLL Auswdojaneg wyi106]v
oooz 0002 uosuedwodiaiu] Yoy
0096 00S + 00st 00os ¢ 00S 008t oo8t MBID + Wed} 1JSul %05 Buiddiys ‘jenes)
seussed 8iN}oNJISBYU|/SINOH
0096 L 000g 000e 000€ 000g oose oose Ol ‘suoneuo g ‘80A t/2 by
©210J>10 M
oosze2 ootve oove oove oole oole oole oove ooLe oote 00S L 004 swes) G1-2l 'Od4VN %05 wea] juswnisu|
d
o06rs subredwe) p|aj4
SoMNIPY
0OO0OC L6 JldoL juawiainsea
AvLOL cLoz Loz oLoz 6002 8002 Zooz 8002 soo0z vooz €002 Z2002 newLeqg

($M1 1007) 198png sarydsouny 4DJH 0 2In31]



SUOSHEdUODISIII ‘S[3pOUr a[dNTAA ‘SaIpais. ogﬁoﬁo«&:_ SIBWT[ Pue S0 U]

- sasned mc.z _uuvcb ‘UONeLIL, > a:::&&& Ea ?::5«. ﬁéoﬁﬁm

*

UO-MO[[0] JBSpUE ]

o[, “A50]0.

SH STHOS AL
SUONBAIDSQQ) MON

A
|

_ sugredwe)) p[aL [euONIPPY

mmxm\s_z ! mac:mvroa
_ ~ suSmduwe) pony ue

o vl
. dBIdVAIN

sdoysyzom

TGonERdG || wonmuatEdug

uonR|nULIO.]

lioneiady  uonejuewadu  UOTIB[NUIIO |
% _ TOA _ _ SOV SVID _
(suress za 19430 £q papun,]) uo-MO[[0,] JESPUE] _ _ _ _

[ 000 S.06 °S.
J0suag MoN NG | o1 wol aNd/INg

—_—
_ | |
| ||

I
| m
\ VAR | 1/ 4 <<

 UOnRNIIO}AIg

UG JUBAI[IY-AdI[0g
uonaIpald
syoeqpad/todsuea ],
Jurjedg/sassadoag
suonedIsoAu] UG

9 y3noayj | sjeon
sisayjuig eje(

L L)

1eA/1ED

PET S[eoD

sjudwiLIddxy praLgy
9'S'p'T 180D
‘uissy ejeq S™U/S.USSO
S‘YET s[eon
judwdopaaq A3ojouyda ],
YE‘T s[eon
uostredwod1ur SPOYIRA
Kanonpoig
uostredwooIaiul SPOYIRN
J8uey)) sseworg/sseworg
SUOISSIJA AMAN
P'ET s[eon

juwdopPadq wipLod|y

[T so8 x,_~ __Esiomum suyg porewoyny VAN |
| | | | P SIE0D
UL J0 .._ _; .._ _.. ("dwop) 1s8) ‘3yD sseworg
\ ) / \ (porewnsa) sseworg
< ﬁ V 018 [y ‘Tedg/edA g,
. 1107 nayp Apeak-1g BIR(] UONN]OSAY aurg 19§ vle(q co.d@..m\l_ VAN _ w()(7 > uonnjosay urg
N (-dwo) 1seg) 8yD sseworg
. ("dwod mojg) "8y sseworg
010 1y ‘Tedg/edA
(TT0T--T861) $1oNPOIJ I9A0PURT  [BQO[D) [enuuy ~ WOOT< uonnjosay 3s1e0)
3 Q\H j .D. S)ONpoI{ Ble( 19A0dpUR|
SIS ‘(ISTA/SIAON) VY ¥dL| Y'E‘L sieod
110T 0102 6002 800T L00T 9002 S00T 00T £€00T 200t

SANIAROY pue] JDDHD VSVN 'TT 21ns1g




0009 009 009 009 009 009 009 009 009 009 009 0
00SLT OSLI  OSLI  OSLT  OSLT  OSLI 0SLI  OSLI  OSLI OSLI  0OSLI 0O
00SST 0091 0091  00IZ 00Tz 00IZ 0091 00Il 0OIL 00I9 0019 O
000t 0 0 0 001 00€ 00€ 008 0001 0001 00§ 0
00LST 0001  000I 00ST  000I 000I 00SI 0OSI  00ST 0001 00LE O /A 3CT OBV
00¥6E 00ST 00ST  00ST  00ST  00ST  008L OOGE  00GL 00L9 00S 00l suSredwe) protg
00TSOT  OSPL  OSPL ost8 0508 osz8 OSSET 0896 ossbl  OSIL1 OSIEl 0ol

SUONESNSIAUT QDUNDS pUue |
UONUJIUISSE BIep puvy
 Buggapow 9Kd Uod D puv [wofd
spI0h° Sunpopow onsouBokl poydnoo jJo Jusuoduod puve g
SISATRUR BIR(] PUB 20UIOS 2ANRIZ UL

000t (00 ooe 00 60,5 e 00€ (005 00E 00 - 00g ssfeue sjuarambal juAuomseu |
0 suoneordde uorssI A

130ddns pue SISAUAS QARIOTE VIN(] |

. WIDISAS wiRC] paeIdon|

SUOISSIU MU WO S1npoxd 7
SIPOL] STV |

WDISAS BUISSI001] pParomy

. Burssacoxd fenurew

s100poXd TAA0pT |

SISUIUAS pue uononpoid eieq

SO PUE $H201S UoqIed
JuowdoroAop yo9) JusuwInysur Nis uy

" suawamseaw Apanonpoad mauwo s1onpoxd
o - " AmAnonpord |
20uds 79 /v ~SIOSUIS SSELOK] MU WIOY S1Npoxd |
" vosLdtoD 191U 29 LD MRS/ PEIOTY
i SSPIUOTEL
Burd1aw pure 3urssa00x] payUOINE WO PAALISP |
'SOUIOIUSAUL PUE SARIOIE JM[IES WOL PIALIP |
0 - ! , k S , ‘ T Usyonpoad xanoopar ] |

1eA/leDAuauudoraAg WOl

0

00SL 00ST 00sT 00sT 00s T 00sT . - T (Bugapowg sapris ssa00d) SAATION S0UMDS
10008 0001 0001 0001 0001 000T ; ‘ N amonnsenup
0 ) - L4 ooy paseangy

& :

(0] 3
0081 (00°] 009 009 Ananonpoid - uawiKordop yeiomy
0081 (005 00g 00S 00S QAADS FUISUDS JNOWDT TOAOIPUV]
00011 000€ 000T 000E 000g Suyopow pue SAPNIS SSP001]
009 00T 0o11 (00-sd et 0 0181 sonpoad ¢ ssewion - WRuAodop yerony
0oLs 00sT 00S 01 00s1 00s o1 o . ) omonmsegu|

UROLIRUIY "N
sugredwre) prarg
1moL |zt 11 o1 60 80 LO 90 S0 0 €0 zo 198png pueiidDd

($ 1007) 198png pue] JODD “T[ 2In31]



LLOoZ

oLoZ 6002 800¢<2 4002 900< S00<2 o002 €002 2002

|leoiweayosoafolq JO sSuolINgUISIP PaAISSCOo Uo peseq Joneysaq o|0Ao uoqued |eqo|b ainin jo uonijewisy
"SUOITEDO| MUIS/©01N0S pUB ‘swisiueyoaw ‘sojel uolisenbes uoqieo ueeo0 Jo sjuswIsSsSasSSE pauyey
‘s|epow [eojweysoaboig-ieoisAyd pajdnoos @ suone|nuuo) |spow sseoold oyioeds Jo suonenjeny

T ‘D18 ‘suolle|nuwuo) uoljgjlwisse ejep ‘sjepouw sseooud |eojweayosoebolq panoidull Jo uoljeiausn

(Aouepuadsep |eo11110) Uolssiw anneniu] a|oAD oibojoipAH

4

ubBiseop jJuswinadxe plal pue ubisep/uoilB|NUWIS UOISSIIA

“018 ‘UONEZUNIIUIW WBlSAS ‘suiajup pasuenpe ‘OD4HY uoqied/es1ndo

<=

>

<= 4

o/V_aigs
o/v ‘diys

<= x4

>

O/V_aiys
ks o/v ‘diys

>

<= >

anoqe peyljuepl selpnis ploy oyl jo 1ed o9 ||IMm swelsAs Buisuos ajowel 9soy] JO) UOI109||oD BlEp |en/edD

suoneluswbne s]vg ® 1LOH

>
<=

T > > >

£

‘ole ‘sSvloSs

= >

<= >

<>
sue N
jons

o
eleq
“ssIN

<

avs Buueg

O°'M avin olld

>
SUOI102110D AJAISSILUT ‘Uuonos0o ouaydsouny ‘|jeondo-oig

>

i ‘ s

>

>

>

575 TWNIOSSpoUdl] "Soiogdoyloos5os

<2 =

>

<=

:saIpMms uonoipald
:sasAleuy 19Bpng uoqueo
'eng ' uoneibBaiu| |OPON
rlenaq "1wis sy ® |I9PON

suopebilsenuy] J8yio
sISOUIUAS eleq

uogqueD uUea2O
Alules
SuoIsSSIN MaN

s dssOo

suonealasqo NS U]
(1epl|) @|yoid arenonied
(4epi1|) @1eUOqIEDIg
uswdojanag ABojouyos9}.
ayeuoqueolg
a|yoid @re|nomed
uoquen ueasO
Alunes
uonepliea/uonelqlied LPPY

‘S "1 ueasO uado
sauas awi] |elseoD
‘qe||loD VSVYN-dSN
uB8OO UIBayINOS
onueny “N/oiIoed "N
‘'S'N 1Biseoo

sjusawjiadxg pied
juawdojanag wyiobly

‘1oNpold 1rodx3 g MaN
o1a xXny 200
o0a
20o0d ‘Oid ‘00od
|21 D/EODED
sdnous DJwouoxe |
‘sason|4 paonpul-ie|os
WOAaoO ‘"dvd ‘M ‘Bluo
sjonpoud eleqg uess0
sSdlIN
SIAON ®? SdIMESS
pauue|d/sSIXg :SUoISSIN

LLOZ

gLoZ 600¢c 800%<¢ £L00<Z 200¢ S00<C rooe €002 <ooc

sweN AUAIDY

SANIANDY U 4DDD €1 N3]



SSvoe0l

Arewwng AioBajen

31va

JAMOSGL @ ddISN Joy
1JB1s € sepn|oul ‘'ea 1400z @ suonebnsaaul /-G
uonejiwissy ejeq '@ S|9PON paldnod

‘22 1ApI0G L @ suonebisaaul oL-L
sisAjeuy @ siIsayiuAs ejeq
‘S|9PON/SDIPN}S SS3J04d

(1ebpng ‘|oAaq "yoal DD Jopun palaAoD)
(3ebpng ‘|]oASq "yoa) [DD Japun paJaA0D)
(39bpng ‘|]9ASq "yoa] [DD Japun paanod)
jusawdojanaqg ABojouysa]
(awndiys ou)

(326pnq 109foud 1ybij} Jepun paltaAod)
(uonebnsaaul | '110}J2 4SST J2A0)

sjuswiuadx 3y Uoneplie/ B UoHEIGIED [BUOIIPPY

("ea 1Af00zZ "1A/sesINIO g ‘'siojebisanul 9
‘SY10S '6'8 ‘“qe|joo AouaBeisju] Jayio

(400£$-'O’'S M00S$-H'N) O/V + (O'S) ed
1Ap001$ 10 + (H'N) ‘B2 14/00e$ @ sioiebisanul
YSWYN G ‘awn diys ou :saipn3s OAN ueaoso uadQ
!sasinJo Jolew Mul o} "sqo juanbauy Jo s1es
Jajdwis ale salias awl [B}seoo 'ea "JA uad
1A51005$ @ O/V 8 B2 JA00E @ ‘sondo

‘xn|} Bas-JE ‘Wayo oluebiour ‘weyo ouebio
‘ABojoisAud ‘01Ayd 'dd "oul suonebiysaAul

98 AeppioL$ @ awn diys yi m sasinio
|EUOSESS Y92 M-| { :Sjus wiiadxa |[e3seo)d)
(uonebisanul | 'Ayues)

(ea 14100z @ suonebnsaul Z :2Bueyoxa se)
('ea JApI0G L @ suonebisaaul z wayooabolg)

spuawadxgy jepjeD/ A9 "oB|y/ssasold

00SI  00S1  00SI 00SI 00SI 00SI 00SI 0SOl 0SOl 0SOl O hs |
0S8l 0S8l 0S81 0S8l 0S8l 0S8I 0S8l OSkl OStl OSrl O As "wissy ejeqg ‘Bulepan
00S 00S 00S 00S 00S 00S 00S 00S 0 0 0 BYUAS g uooNpo.d Bleq
0 0 0 0 0 0 0ot oot 0ot oot 0 ASd ‘YoaL Isul NS U
STLI  STLl  STL1  STLl STOT 0SOT  00LT 0S8T 0SOE 0SOE  00€ [BAIBD 8 “Aeg "OB|v
00¥T  001S 00IS 00IS 08SF 08SP 0859 0859 0859 08€f 0 [ subedue) pied|
L0/¥0/90
SSP601 SL6L  SL9OI SL901 SL901 SSPOI 08+01 0€SEl 0€8TI 0€STI 0£€6  00€ vioL
SST601
00€L1  0S8I 0S81 0S81 0S8I 0S8l 0S8 0S8l OSkl OSkI  OSPl "dojeaep wisse g [9PON
000% uononpod eyeq
0S9¢€1 sesAjeue y26png O
0091 00r  00F  00b  0OF SUELNETENER
Josusas ‘sed-1ovJadng
Jepl| 3|10 SKeNdiied
lepjy| syeuoqieolg
008 al1j01d 3jeinonied
uoque) ueads)
006 (‘puadap o) Aues
00801 00Tl 00Tl 00Tl 00Tl 00Tl 00Tl 00Tl 00Tl 00cTl
0018 00LT =~ 00LT 0bLc (D/W) uea2O ‘Yinos
000C 00T 00T 00c 00T 00T 00T 00T 00T 00T 00T ‘Juawbne 1OH
000C 00T 00T 00T 00T 00T 00T 00T 002 00T 00T ‘Juawbne S1ve
0009 000C  000T  000T (OW) oed N/'RY ‘N
009S 008 008 008 008 0ot 00t 00t oot 00t 0ot SajJag awl| |eysec)
08sc 08sc aulBA Jo JIND
08s¢T 08ST wbig onueny yinos
08ST 08T esg Buueg
08ST 08s¢T ejjeq iddississy
08sc 08$T }SBOD 1SN
08T gww/Aeg ‘sauD
006 ‘dxa piayy ‘obje "oadg
0091 salpn}s plely g qen
001¢€ salprs qe
cclic ‘dinba g sayoe} qe
00S¢1 sisAleuy eyeq NIS u|

avlOol zZioz

LLOZ 0l0C 6002 800C L0OOZ 9002 S00Z VoOOZT

€002 <cZoo0c¢ oidoiqng

("ea 1Ap0G L @ oabolq g soune )suonebinsanul 6)
juawdojanag wyob|y
OI1doL

sjuauodwo) ueasQ pajadwo) 3abpng uesad’ aanenluj uoqied

($M 1007) 193png uead( 4DD9 °pI 2In3sig



SNOISSIW ADOTONHOIL -SHOSHNO3Hd

SSWNOIE ALISNHA H| A3d NOISSIN | HVYSMHVAI30 LY BXd|
i
SSYINOIE ALISNIA MOT | A3A NOISSIN | WOOILVHIHAONVHNT HNS| anv-
m\ |aoHd/v.LVa NOIHIdAH |

[ aoud/viva SIGOW/LVSANV1 |

_ NOGHYD NV3I00 | A3anNoissin |
_M\ |HvaIT OV YAV aaXIv/advold| NV300
| aOHd/V.Lva SdIMY3S|
200 A3ONVAQY| A3d NOISSIW | A3a "3SV uoIoIWZ/WUOLS ||

B\ OO HIANI4HLYd| A3a NOISSIN/DTY |

FHIHdSONLY

_MN_m_wE,\zsoz:moozs_m% V.1va SHIV|

VIAd €1Ad CIAd LIAd OLAd 60Ad 80Ad ZOAd 90Ad SOAd #0Ad €0Ad C0Ad

dVINAVOI NOISSIN/ADOTONHDAL
ATIDAD NOGAVD °ST 2InsI



ol ¥901/¢€S  00L/0S 8 Aysuigoy D lepr Jeke paxin

GOly  08L/0S9 SL 9 Gt ondoseqiy4 008l  ouksung  QoF € 6002 xouy 4 (0dq) fepr] Buibew) ssewolg

GOy 904 S. € G'L  OdPVAMN 008l  ouAsuns 00 € 6002 xouy ' - d00D/epI] BuiBew| ssewolg

0502 000} g  dWuwLioH oSt llomoug g d009/1VIQ epixolq uogie)

0851/09L  2/9 00} ol ! 0064/00£0 ouAsung 065 € 8002 alysqy d0D9/IEPI] 8pIX0IQ UOGHED

901 S SL0 ypws g lejewl)|y Jese eqoid edoing

8 ¥901 0 G20 OVAPNID #002 Synws ‘g Jejowny seser] Ainasepy

¥90L/ZES  OLL/OOL 2 ! OVAPN oggl  oukgung  S0L 4 002 VYN30-0SSVOId

4 ¥90L/2ES  SLISE oL € 80  DVAPN 009 € 1002 [ezy Y 1vS30I/SY1D

ok ¥901 Sl Ge € 60  DVAPN 19 00v ! €002 yeAeqnq 'y TOANTENW

olas/eunuswe|n

000} L sepv 'y HAHdTZ

0002 JIAWLOH 310HVdS

HvaN

¥90}/2€S5/SSE Sy 4 b OVAPN 1S 092 shep / y66L oYUl "a aun

VIOW

o] #901 og OVAPN 1S 00€ €0V1S

ok ¥901 oe OVAPN 1S 00€ 16614 unen 20V1S

oL 901 00} OVAPN 582 00€ shkep L 9661 uwen LOY1S
(oasu) (wu) (rw) (w) (Jequinu) (w) (inoy)  (seesbep)  (wy) (s1eef)
ybuajesing yibusjerem  ABieuy ez jodg  slese edoosejg]  edAl SPON Uoleuljou] epniily  awlsyn

11a40 HONNV1 10VINOD NOISSIW/ININNHLSNI

AJO)STH ASojouydd J, 19se| ‘9] 3In3Iy



[0A9] yuauodwod 10

walsAsqns ayj Je Sa130[0U o}
Sunueyus 194)0 pue IJ71
pueg-S :sor3ojouyda I, A3
S[PTYRA ydune| ssed jusafeamba
10 TX snse39J :ss900y adedg
awir urssoId 3uruiowr

e }IM ‘SNOUOIYDUAS-UNS

‘rejod uny 00 03 009 319410

SIE9X ¢

O3 E1
UOISSIIA

800C Ad
:9ye

3[1J01q UOISSIIAl °Q)) dLvydsouny sopuyyied “LT 2In31]

youne]

UOISSTW U0gIe)) uead)
9} UO juswnsur Arejuswa[duod
e Sk IO 9A0ge PaUI3no se uoIsstu
payedrpap 9[3ulg :suondQ UoISSIA

waysAs uorsyndoad [rewrs & yiim o180 OdSY
oy} woiy 1yeroadeds Sunurod Jipeu ‘pazIfIqels
SIXB-99I[) “1S00-MO[ ‘[[euls Y :}jeroddeds
1170 21 Jo uoniod swnAep Ay Fump °Q

pue ‘gD ourydsoune Jo uondap Onel IsI0u-0)
-Teusts ySy sopraoid jey) uonnjosax [eneds ury
01 © s 191ewonoads dArssed Y :juswinaisuy
Jouepunge

0D uwnjod dudydsoune Jo SJUAWAINSBIW
1eqor3 (awdd g 01 1) uorsroard-ysiy soyew
TR} UOISSTUI 9)I[[Ies [[ews V :uondrsa(



I[OTYDA Ydune[
ssepd juareAamba 10 Tx
snse3oJ :ssa00y 2dedg

I} 3UISSOId UOOU ()():Z1L
€ J}IM ‘SNOUOIYDUAS-UNS

‘refod uny GOz 1910

SIE9X G

317 [
UOISSII

*

600¢ Ad
:91e(] |
youne]

(o

Sy

JuawRINseaw 7O dreydsouny
IOpUIjYieJ 9y} SOpN[OUl Jey} UOISSTu
POUIqUIOD € IO 9AOJE PAUI[INO Se UOISSTW
JUoWINI)surI 9[3uls  :suondQ UOoISSIA

sIoANAURW
pue ‘QourudjuIew ‘3UISIRI 31GIO IOJ

waysAs uorsndoid e s 3oreied OSY 2y
wo1j 1Jerdodeds 3unurod Ipeu ‘pazifiqels
SIXB-92I(]) ‘}S0J-MO[ ‘[[eWS Y :}jeadddeds
paIeIJuL JBJU

oY) 0] J9[OTIARIN AU} WOIJ spueq [e13dads

O] UI SJUSWINSBIW JDUBIPLLIL SIRUI Jel)
J0JRIqI[RD R[OS pPIR0q-Uo Uk Yim paddmba
9d0os919) 3uruueds ‘3unelol y sjudumnajsuy

I9))eW JIUBSIO PIAJOSSIP

pue ‘Kianonpoid Arewnd ‘sseworq

UB900 JO UONRUTWLIINAP AY) 0 [BONIID
SJUQWIAINSBAW JO[OD UBIIO0 ISOY) SO el
e} UOISSTW JI[[A)eS [[ewWS Y :uondirsa(

I[LJOIJ UOISSIJA] UO(IB)) UBII() °Q] N3]



CIRJETY
younej ssepd juajeamba
IO snunef , :ss900y ddedg

apou

3urpuadsap ‘ure 001
€ Y3IM SNOUOIYDUAS-UNS
JB[NOID Uy 60/ 910

SILIX G

9311
UOISSIIAI

010C A4
293
youne]

oouewriogiod uorsstuu

pue ‘s10p10d21 preog-uo Ayeded o31e] ‘sherre
oue[d [e00j eore o31e :SaT0[OUYDIA ] AN

poaoxdwir 10 SWOISAS JUIUMOP e Y3y

swzoie[d Surdewn pue| Y10 YIM

SuI£]y uoNEWIO] MO[[e 01 PazZIs WAsAs uorsindoid
e iim 301180 OSY 2yl woiy 1yerdddeds Sunjurod
IIPRU “PIZI[IRIS SIXB-92I) 1S0I-MO] Y :}jerdddedg
wu

G JO IpImpueq JINA © pue W of Jo yiprmpueq
MIMS © Yiim Wu ()GE7 01 0SH WoIy dguer Aouanbaiy
© SULIOAOD pUR SOIIRI 9SIOU-0}-TeuSIs Y31y
Surpraoad 108w [enoadsiodAy vy sjudwnasuy

[1AydoIo[yo 9oejIns uead0 pue ‘Q3uLyd

JOA0D PUB[ ‘IOA0D PUB] JO SIUSWAINSBAIW [BqO[3
iim SOTweuAp [eioduwd) pue ‘uonnqguusip eneds
JIY) ‘SWAISAS0I s Ylrey ) Jo mara ondouks

© sop1Ao1d jey) UOISSIUI I[[A)es V :uondiIdsa(

IJJOIJ UOISSITA]

ueI() [BISL0)/SSBWOIg AJNSU([ MO ¢ IN3L



CIRJIVETN

U el e juareAmba ToATOOsURT} Jomod mo[ pued-g ue
10 I] e3[a(] :85920Y ddedg 29 ‘SjuaA0IdWIT SWT}aJI] 29 ADUSIOLJE SPOIP I9SE]
apou Surpusdse wrd (0:9 ‘08eyped a3parmouy uonisod 23 spninie Adeinodoe

2 U}IM SNOUOIYOUAS-UNS 31y e ‘s1030939p pajePxid Y ys orewniejod
rejod wny 00% 31910 pueq-J UONN[0SaI YSTH :S3130[0UYda], A)]
SIEOX ¢
! Aeire paseyd pueqg-x Ue pue wIsAS
HORSSEN uorsyndoid o31e[ © 9)epOWUIOddE O} PAIPOW

3orered OSY 2y woij 1jerdddeds Sunurod
1102 X4 IIPRU ‘PIZI[Iqe)s SIXe-QIY} Y :jjerdddeds .
:d3e(q Y31y
youne] UOTLIOZA UI SQOUIJJIP W G*() SUTAJOSAI
Jo Apigeded e i J9j0WINe Jose] Surdeul
“UOIOTW $9()'T oen-N[NUI © pue ZHH ()
18 Sune1ado JYVS pueq-J V :SJUWNIISUY o
AIQA0I31 JO Q)BI AU} SAINSBOUI
pue ‘sadueqInmsip Jofew 0} SWIISLS0I
[BLNSAIId) JO Asu0dsar ay) SaIpnis ‘sy003s
U0QIed pue SSBUIOI] UOTJLIOZIA JO SIJBUIISI
[eqo[3 pue [euordal pasoxdwr sopraoid
1B} UOISSIW )[[AJes Y uondiIdsa(q .

I[LJOIJ UOISSIJA] sSSewiong] ANsud(( YsSIyg (g 2In31]



I[PTYSA youne[ SSep IoARIsURI) Jomod mojf
yusreamba 10 0T-0CET pueg-g ‘Juawrdo[aAsp A30[0UYdd} JOSUSS JepI]
e)[d(J :s5900Y adedg UOIDTW 7 pUe WU ()/G] :SII30JoUldd] A

9pou 3urpuadse

ard g0, 40 BEE a0

e m mSosoEu:\.mm-ssm SUGHRAIOUL T)SASqHE
dlliseie bl ien LD orenndordde pue waysAs uorsindoid e yrim
SIE9X € 3ore1ed OSY 2y woiy 1yerdadeds Sunurod Ipeu

£ | ‘PAZI[IqRIS STXB-IJIY) 1S00-MO[ Y :3jerdddeds
Joeh Suryoid
NH 07 \d Teonioa ‘0D 107 1epr] uondiosqe [eNUSIIJIP
E31:1g | ® IO .HDHOEOH—OOQw ﬁOﬁ&OmQN J9Se] JuaIayod
youne] uoIoTW 7 © apnjout suond( {uonoaep uaSAxo I10J

pueq WU ()// Y} UL PUB UONIAIP IPIXOIP UOGIeDd
J0J pueq WU ()/ST 9y ur Sunerado Iopunos I3se|
J[qeun) ‘Aduonbaiy 1enp ‘posind v :sjudwINIISUY
d1oydsodon 1omo[ oy} ur ua3Axo

pue 9PIXOIP UOQILD JO UOTIBNUIIUOD [B]O[3

QU) SAINSBAW JRY) UOISSTW ANI[[IeS Y :uondrrdsa(q

IIJOIJ UOISSIIA] O dI_ydsouny padueApy [ 3In3L]



[2A9] yusuodwiod 10 wAsAsqns

o} Je sa13ojouyda} SuUEYUD 930
19 L1 pueq-s :sa1gojouyda I, A3
9[OTYDA Udoune[ ssed jusreamba
10 TX snse39 ] :$s300y ddedg
S92139p ()9 JO UOTIRUI[OUL

ue YIIm Je[ndimn un 0GS $31qI0

yerdaoeds sojo

uo Ayunjroddo jo peojded e se Juswnaisur
30 34313 10 ‘$}1gI0 SNOUOJYDUAS-UNs pue
OHT Ut }Je1dadeds [enp ‘aAoqe pauIpino se
UOTSSIW PajedIpap 9[3ulS :suonpdQ UOISSIIA

SIEd X G JO
PO B LT &
WINWITUIN
SILdX T

-9JI'] UOISSTIN

800¢ Ad
:9)e(q Yyoune]

UI)SAS

uorsindoid ou yim 3o1e1ed OASY oY
woiJ 1Je1dddeds Sunurod Jpeu ‘pazIfiqe)s
SIXB-99IY] ‘1S00-MO[ ‘[[PWS V :}jeadddeds

1110 UISOYD
o) Jo uoniod swmnAep 2y} SuLmnp [2ADd
Amp 9,001 e Sunerado 10jeIqI[ed preoq
-uo ue Yiim 1o3owejodojoyd Suruueds
‘lenoads-nnur ‘Q[Sur-NNJA JUIWNIISU]
Qoueeq A319U9 S, UlIer AU} U0 J03JJ° I}
SQUIULIQIOP PUR LIS [BQO[3 B UO S[OSOIL
oroydsoune Jo AI[IQeLIRA [RUOSBIS

pue uonnqusIp feneds 9y} saInseow

1e1]) UOISSTUI I[[eS [[PWS Y :uondiidsa(

I[LJOIJ UOISSIA] S[0S0IY °TT AINGL




uondARs {0 JSSH OU 9 Ydoune[ THA SOWNSSYy

0IT$ juwdopAd( A3ojouyday,
TIES € A {114 ‘0D pdULAPY
98¢$ € 1102 sseworg A)Nsud(q YSryg
Pes S 0107 UBddQ [BISe0)/SSewolg ANSud( M0]
PST$ S 600¢C uoq.rey) uedadQ
SET$ € 800C ‘0D JTepuyyIEd

($INTOOT)  (SIeax) (Ad)
DD QuWnojIy  youneT] UOISSIIA

LAS INAINHINSVAIN ANTTASVY €T 2In31]



%kl %2 %LT
%S %EE  %BE
%61 %tE

%61

1+ 1 1

HY3IA HONNVY1 40 NOILONNL V SV DNIAV3aHdS

%2¢C

%E¢C

%SE

%VE

(4l

VA4S

%2k

%SE

€1

%S

%<}

1

%le

S-1

%SV

91

Jed X youne|

% Ve

AONIONILNOD

JAT0IHIA HONNV]

14v4030VdsS

ININNYLSNI

ININJOTIAIA ADOTONHOIL

ANE|ERE]

Jo uonoun, e se gurpedadg jS0)) ‘g 3IN3I ]



8¢t

ve

Ll

/c

8¢

0¢

Gg¢c

0

jelol

6 e (87
€ G L
I

e 5 9
4 I

b 6 HE
9

cl

14

¢0 G0 I

youneT

ce Sl
S €
I
9
cl 14
L Vi

€0

81

60

L0

A

LLAd OLAd 60Ad 80Ad ZOAd 90Ad SOAd vOAd €0Ad <COAd

dIJoad 150D
UOISSIIAl ‘O dpuyyied dDDD S In3ig

A V101
0 Kousbunuon
uonieplieA/uonelqied youne-1sod

sisAjeuy ejeq/suoneladQ UOISSI
SUOIIBPOWWODdY Wa)SAS BlEQ/PUNOID
S89INMBS/9|01ydA Yyoune

1s8] /uoljeibeu| swalsAg UOISSIA
Eman_o>mo\cm_wm,o Jjesoooedsg
EmEQo_m>mo\cm_mmo JuswinJ}su|
wswabeuep 109l0id

uolEeNWIOo

20 uolgnNw.ojeld

1S0J 40 SIN3aN3T3



15°1" € S g S Ol (01 8Y 194 14 6 60 <0 0 V10l

4 0 0 0 0 € L 6 4 14 c 0 0 0 Aousbunuon
S ! ! I 3 L uolieplieAuoleIqleD youne-1sod
[ 3 c c c € ] 9 b sisAjeuy ereq/suofjesadQ uoissin
o] ! 2 2 Z 2 L SUOIIBPOWLIOIdY WB)SAS Bleq/punoly
Vird I 6 FE 9 S8JIAM8S/8|0IYBA Yyoune
L ' 1S9 ] juonelbau| SwalsAS UOISSIA
62 cl el ¥ Ewan_m>mn_\cm_mmo yeloaoedsg
1014 6 Sl 9l S Juswdojaaaqubisaq juswniisu|
14 20 G0 ! 3 3 €0 wewabeuey 108[0id
gc 8L L0 uoljenuio
70 20 ¢o uolenuLoeld
youneq
lejol VIAd €LAd 2LAd LEAd OLAd 60Ad 80Ad ZOAd 90Ad SOAd v0Ad €0Ad COAd 1S090 40 SIN3IN3TI

9[ljo.1d 3500)
UOISSIJA] U0QIR)) URDO JDDD ‘97 dIn3I



1£4%

659

8¢

Ge

o

9€

901

g€

90

Ielo L

0¢

S0

o

el

Gl

youne-

LL

91

8l

Sl

0¢

gl

08

€l

L

91

9€

gl

LS 8L 81
8 € 0
S
A el
I S0
4 gl
€0

SIAd VIAd €LAd CLAd LLAd OFAd 60Ad 80Ad ZOAd 90Ad SOAd YOAd €0Ad

I[JOId I500)
UOISSIJA] SSewiolg AJISUd([ MO dDDD °LT7 2IN3Ly

wvi0oL

Aouabunuon

uonepljeA/MuOlRIqED Youne]-1sod
sisAjeuy ereq/suoijeladQ UOISSIN
SUOIEPOWWOD2Y WaISAS BlE(/PUNOIL)
S80IM8S/8|9IyaA youne
Hmmtco_ﬁaﬂc_ SW8ISAS UOISSIN
wewdojanaqgubiseq yeloaoedg
Juswdojenequbiseq juswniisu|

Juswabeuey 108(oid

uoneNWIo

uolnenwiojeld

1S09 40 SIN3N3T3



98¢

<7

Gc

0¢c

89

ol

114

LEL

Sy

90

elo L

ol ve

g0

89

9l

6l

ol

gl

youne-

VLAd €LAd 2IAd LIAd OLAd 60Ad 80Ad ZOAd 90Ad SOAd vO0Ad €0Ad COAd

96

0c

€¢

6l

9¢

1O}

Ll

el

6l

Ly

/9

ol

8v

gl

€¢ 4

14 0

9l

g0

g'¢c 4
€0

€0

dIyoId 150D
UOISSITA] Ssewolg A)Sud( YSTH 4D 8T dInsiy

0 0 V10l

0 0 Aouabupuod
uolieplieAuoleIgleD YouneT-1Sod
sisAjeuy ereq/suoiieladQ UOISSIA
SUOIIBPOWWIODDY WBISAS BleQ/Punotn
S82IAI8S/8|01YsA youne

18] /uonelbaiu| swolsAS uoISSIN
Juswdojaraqubiseq yeloeoeds
Juawdojgasq/ubiseq juswnisu|
Wwewabeueyy 108(0id

uonenuiioH

uonenwiolald

1S02 40 SIN3N3T3



cle

79

81l

g'e

89

123

€Ll

g'e

90

jelol

14"

I

g0 I Sl

youne-

c8

14

el

Sl

8¢

gl

i

oy

0¢

Vi

G0

81 €0
0 0

gl

€0 €0

0 0 V101

0 0 Aousbunuon
uoleplieA/uoleIgled youneT-isod
sisAjeuy ereq/suoneiadQ UOISSIN

SUOIIBPOWIWO022Y WelSAS ele(/punoln

$S89IAI9S/8|01yBA youne
1se]/uonelbe| swelsAS UoISSIN
wewdojanaqgubisaq 1elosoeds
juswdojansq/ubiseq uswnlisu|
uswabeuey 108oid

uolenuIoL

uolenwioleld

SIAd VIAd €LAd CLAd LLAd OLAd 60Ad 80Ad ZOAd 90Ad SOAd +vOAd €0Ad 1S09J 4O SIN3N313

AYoid 150D
UOISSIJAl ‘0D PadueAPY dDDD 6T N3y



€L

144

8l

L¢c

8¢

9l

¢

v'0

jerol

FE 9¢ YA
€ g 9
}

1% 9 1
S'1L i S50

I 6 L
)

cl

€

¢0 90 }

youne

LEAd OLAd 60Ad 80Ad LOAd

0€

cl

90Ad SO0Ad ¥0Ad €0Ad <COAd

14

€0

8l

60 ¢0
0 0
40

¢0 <0

V10l

Kousbunuon

uolyeplieA/uolielqiied youneT-1sod
sisAjeuy eyeq/suoneiadQ uoissi
SUOITBPOWI0DDY WeISAS eye/punoin
S90IAI9S/8|91USA YyouneT

158 Juonelbaju| sweisAs uoissiN
Juewdojaneq/ubiseq yeloeoeds
yuswdojaaaq/ubiseq uswnlisu|

Jswebeuep 108(01d

uoneINWIoS

uolenuiiojald

1S0J 40 SIN3IN3T3

3101 1S0) UOISSIIA S[0SOBY DD "0€ N3]



dviA

vLE€L L LLOL 6 8 L 9 9@ ¥ € ¢ |
] Lo l ,_‘. - _; _~ _ \IO

requoeL—e—| [ AR © N L ENE o C

20D aNIssed —¥—

UOGUBD UBBOQ —>%—
nguegiH
20D anloy —o—

—+ 09

o8

0cl

(STAA-T0XA ‘$IN T002)
$1500) AS0[OUYII/UOISSIIAl JDDD “T€ INSIY




“UOTII3S 0D JSSH OU pue youne[ JHA OU SOWNssy

86 $ JuwdoRAd(] ASo[ouydad ],
4 E%) € 10T °0D duRydsour}y padueApy
98¢$ € 0102 ssewrolq A)sus( YstH
s € 8007 uoqie)) ueadQ / ‘0D Ipuyyed
($INT002) (sTB9X) (Ad)
DD AW  youne| UOISSIA
[ uondQ

LAS INHINTINS VAN dADNAAY 7€ 2Im3L]



"UOT}O9T9S YO JSSH OU pue ydune[ THA SOWNsSsy

86 $

98¢$ ¢
cIes ¢
14 44 €

($INT00T)  (S1BAR)
JIT  2WhIJry

judwidopaAd( A3o0uyd9 J,

10T sseworg Aysua(q YsSIH
0102 ‘0D dupydsouny paduBApy
8007 uoq.re)) uesd( /40D Jpulyyped
(xd)
youne| UOISSIIAI
cuondQ

LAS INAINAINSVAIN dADNAAY €€ 2In31]



"UOT}O[PS 0D JSSH pue youne] THA OU SSWNSSY

86 $ JuwdoPAd(] A3o10uydd ],
(4 % € 0107 20D duRydsouny padueApy
98¢$ € TI0¢ sseurorg Aysus( YsIH
b8T$ S 8007 uoqae)) ueddQ
($INT1002) (STB2X) (D)
D)1 dwpIT  youne UOISSITA
¢ uondQ

LAS INFINTINSVAN dIDNdAY $€ dImsig



“U01IR[3S ‘0D ISSH pue youne JHA SOWNSSY

86 $ judwdoaAd(] ASo[ouyda ],
98€$ € T10e sseurorq A)sus(J YstH
cIes € 0102 20D d1ydsouny padueApy
PSTS S 800¢ uoq.rey) uesad
($INTO0T)  (S1BaX) (D)
DD Puwlpjl'y  youney UOISSTIA
p uondQ

LAS INHINAINSVAIN AADNAAY °S€ 2Ing1L



Jepey 2anpddy dIPYJUAS o

suisewr] [Bx)oddsiddAyg .

Suidew] ssewolg Aouanbaaj enq .
guidew] sseworg Aouanbaay osuIS .

ANV’

JIEPI] 9JBU0qIBdIg UBD() o
JBPI] JB[MOIJIBJ UBD() o
NVHDOO0

SUI[IJo1J IPIXOI(J UOQIR)) o
JUSUIAINSBIJA] UWIN[0)) IPIXOI(] UOQIB) o
HIAHdSONLY

SNOLLVILSNOINAJ LAVIDAIV °9¢€ 2In31]



0€9l V101

TVLOL % €le Aouabuiuon

Id 00€ sisAjeuy eyeq b4
103rodd 14v4dOoHdIv L6¢ s92IA18g suoljeladO WbI4
31VINILST TTVNH31NI 0S | EmEQ_:Um_ uoddng punols
Id 001} SUOI}BPOWI0DDY SRENET tm;e "

id 06S ~188] /)UswdojaAaqubiseq 1uswnilsu|

VL0l % 08 Juswabeuel 108loid
304HNOS 1S09 1S09 40 SIN3N3T3

($ 1002) AAVININNS LSOD NOISSIIN LAVIADAIV
INAINTINSVAIN NINN'TOD ‘0D dDDD L€ 231y



¢6lc V101

TVLOL % 98¢ Aouabunuo)n

idl 002 | sisAjeuy eyeq WpoI4
103rodd L4vHOHIv 9€9 seoIMeg suoliesadO Wbil
JLVINILST TVNYILNI 0S | wswdinbg poddng punoin
Id 001 SUOIBPOWILIODDY 8oelaluU| Heldlly

Id 028 1S9 | Juswdojaaa/ublsa JuswnJisul

V101l % 001l Juswabeuely 108loid
304NOS 1S02 1S09 40 SIN3N313

($X1 1007) AIVININAS LSOD NOISSIIN
LAVIDALV ONI'TIAOUd ‘0D dDDD 8¢ 3Im31



vive V101

IVLOL % 1747 Aousbunuo)

Id 00S sisAjeuy ereq w4
193rodd L4vVHOHIV 66G1 seoIAleS suolielado b4
JLVINILST TVYNHILNI 0S | Juswdinb3 Woddng punoin
Id 001 SUOIEPOWWODDY o0BLIBU| HRIOIY

id 0.S 1so ._.\Eman_m>mD\cm_wmo JuswinJisu|

VL0l % 0Sl1 Juswabeuel 108l0id
30HNOS 1S02 1S09 40 SIN3aN313

($3 1002 AAVININNS LSOD NOISSIIN LAVIDAIY
AVATIT ALV INDILAVA NVADO dDDD °6€ 2IN3L]



Lc8 V101

TVLOL % 801 Aouabunuon
Id 00} sisAjeuy ereq o4

id viS se0IAI9g suoleladQ 1ybi4

0 Juswdinb3 woddng punour)

0 SUOI1EPOWILIODDY SOEBUSIU| }esdlly

id 001 18] AuUswdojaragubisaq Juswnlsu|
TVLOL % g Juswabeue 1000l
304HNOS 1S090 1S0D 40 SIN3N313

($ 1002) AAVININNS LSOD NOISSIIN LAVIDAIV
AVATT ALVNOGIAVIII NVADO dDDD 0 2In31



881G V101

VL0l % L9 Aousbunuon

Id 00€ sisAjeuy ereq bi4
123rodd LdvHOHIV LOLE s9oIAIag suolieladO b1
JLVINILST TVNHILNI 0S Juswdinb3 poddng punoln
Id 002 SUOI1BPOWIWOD2Y 9oBLIBIU| JRIDIN

Id 099 1S9 | iUswdojaaaq/ubise( JuswnIIsu|

IVLOL % 002 Juswabeuey 108loid
304NOS 1S09 1S09 40 SIN3IN313

($M 1002)

AAVININNS LSOD NOISSTIA LAVIDAIYV ONIDVINI
SSVINOII ADNHANOTIA ATONIS dDDD I 2an3dig



0067 V101

TVLOL % 6€9 Aousbunuon

Id | 00¢€ sisAjeuy ereq ubi|
103rodd L4vHOHIV LG92 $90IM8S suoljesadO Wbi4
JLVINILST TYNYILNI 0S wawdinb3 uoddng puno.s
id 002 SUOIIEPOWWIODDY 80BUBIU| HRIOIY

Id 098 1S9 | /iuswidojenequbisa uawniisu|

VL0l % 00¢ Juswabeuel 108loid
30HNOS 1S09 1S09 40 SIN3aW313

($X1 1007) XAVININNS

LSO NOISSIIN LAVAOALYV ONIODVIAL
SSVINOIG ADNANOAIA TVAd dDDD Th 2In3iy



9Lie V101

TVLOL % 92 Aousbunuo
J1VINILST TYNHILNI 006 sisAjeuy ereq ybi4
J1VINILST TYNHI1LNI 0v6 S90IAI8S suolieiadO biH

0 Wawdinb3 poddng punour)
0 SUOIIBPOWILLIODDY 89BLSIU| HeIdIY
0 18 | ;uswdojana/ubise Juswniisu|
0 1uawabeuely 100loid
304HNOS 1S090 1S09 40 SIN3N3T3

($31 1007) AAVININAS LSO NOISSIIN LAVIDAIV
ONIDVIAL TVILIAJISYAIAH dDID “€p 2AnsLg



g€eclt V101

VL0l % L9l | Aousbunuo)n
JLVINILST TVNHILNI 009 sisAjeuy ereq o1
JLVINILST TVNHILNI cly $90|AI9gS suoljeladQ b4

0 Juewdinb3 poddng punolg
0 SUOI}EPOWWODDY 90BLBIU| B0y
0 1S© ScmEQo_mén_\cm_mmD JusunJlsu|
0 Juswabeuel 108loid
304dNOS 1S09D 1S0J 40 SIN3IN3TT3

($M 1007) AAVININNS LSO NOISSIIN
LAVIDUIV dVAVA dDDD ‘b 2ansig



0¢

0¢

09

09

0¢

ov

0s

08

SHNOH 1HOITd

8-0d

18910 uMm]

qed

qed

qed

qed

qed

loriea]

1d4VHOHIV

€ect

9L1le

0061

881G

28

vive

c¢6le

0€91

NOISSIN 40 1S02

098

099

001

0.9

0ce

065

ININNYH.LSNI 40 1S0D

ATNO NOLLYQOWIWODOJVY - «

*E.<m pueg-d) Jepey
JesoadsiadAy

Hyval] ssewoig Aousnbal4 jeng
Hval ssewolg Aousnbal4 ojbuis
»dvadl 8ieuogiedig uesdO
Hvdi 8ienoiyed uesdQ
Buijyoid epixoig uogied

uwiNjoD 8pIXol( uogien

NOISSIN LdVHOHIV

($M 1007) SLSOD SNOISSIIN
LAVIDUIV A0 XAVININNS dDDD “Sp 2InsIyg



suonjerddo
UOISSIW [NJss92ons Ysnoay) udAaoxd Jysi[j wajisAs [endy 6 TIdL
1597 ysnoay) payyijenb jy3di pue pajojduwiod widysAs enOy  :§ TIL
JURWUOJIIAUD ddeds & ur uoneajsuowdp 3dAyojoad wISAS /7 TIL
JUAWIUOIIAUD JUBAI[AI
B Ul uoneajsuowdp 3d£10301d 10 [Ppow WRISAS/WAISASqNS 9 T.L
JUUIUOIIAUD
JUBAJ[JI UI UOTJBPI[BA paeOogpeaIq Jo/puk juduodwio) ¢ YL
JUUWIUOIIAUD
A10jRI0QR] Ul UOH)BPI[EA PIROqpPeAIq Jo/pue juduodwio) 4 YL
1doou095-J0-jJooad 10 uondOUNJ [BJUIWIIIAX? pue [BINA[RUY ¢ L
pajenuLio) uonedijdde xo/pue 3dadouod A3ojouyddy, 7 TIL
parrodaa pue paArdsqo sapdourad d1seqg T L

(STIL)
STAAAT SSANIAVAI AD0TONHDAL "9 2In31]



uoy3 uoneoyenp/buibesoed

JOA PUY SY19 Woi4 paaueg sainpadold

abejsH SY19

uoneoYPO Jusuodwod Jouly
UOIBOYIPOIN JuauodwoD Jouly
uoiTeINPON JusuoduwioD Joulp
uoneoypoN Jusuodwio) Joury
abejieH weiboid 18se
abejusH weiboid Jase
ABojouyas) Bumng-sso1)
anss| ajey uonezbig
abejieH weiboid 1ose
Jepisuon o suondQ [elanes
aley WwowaINsea zZHY |
abeyneH 10A

abeileH 10A

ING'€$ JO 810nD I0pUBA

syleway

ssaurpeay] ASojouyda ], Iepry suidewy sseworq °/Lp Ingsi g

* aseyd uonejuewaidwi JO UElS Jo4 pannbay 9 JO THL 10N

g'c Juswnasul
X 1s9) g uoneibajuy)
wojsAg/weshsqns

X ainixi4 poddng/uoie|os|

x

SsauleH a|qeD

siojeipey
sajnpoyy ebueyn aseyd
sedld JesH

$|04IU0D) [BULBY

X X X X

X seliddng Jamod

X 10S58901d
X JaUBAU0D Ay

X S01U01308|3 eleQg

X $10}0839( palelexid

X slepiwsuel] Jose

X youag [eondo

X sondo ¥v

X 5 adoossje).

juauodwo)

L 9 S 14 € [ I Jdlpuawajg



aseld uoleluews|dw JO LEIS Jo4 painbay 9 JO THL :eloN

papaap 1deouo) JO Joold auloqly

poy3 uoljeayienp/buibeyoed X juswinsuy
palinbay sainpasold MaN
sjuauodwo) o11do Jeqi4 paylenbun X 1s8] g uoljelbajuy|
wajsAs/waishsqns
abejusH svY1O X ainixi4 poddng,uonelos|
uoleoyipojy usuodwo) Joulp X ssauleH 9|qen
uoleolIpolN Juauodwo) Joulpy X siojeipey
uoleojipoly Juauodwod Jouly X sajnpoyy abueyy aseyd
uoljedlipo Jusuodwoy Jouly X sadld 1eaH
abejeH weiboid Jase X S|01JU0D |ewuay |
obejueH weiboid Jase X so||ddng Jamod
ABojouyoa| Buniny-sso1) X 108592014
anss| ajey uonezibig X J18UBAUCD (/Y
abejueH welboid Jase] X $0JU0J}09|T eleq
Japisuo) o] suondo [elanas X s10}09}9Q palelexid
uoleinByuon Aouanbai4 fenq X sla)iwsuel] Jase
abejusH TOA X youag [eondo
painbay yids onewoiyd X sondo ¥y
ING'€$ JO @lonD Jopus X adoosaje ]
jusuodwo)
sSiieway 6 8 L 9 S 14 € [4 } Jdiauswalgy

SSAUIPLIY A30[0Uyd J,
Jepr| suidew] sseworg Aouanbaxj jen( ‘Qf 3In3Iig



poy3 uonesyieny/buibeyoed

ebejueH Sy19

uoljesyipoly Jusuodwio) Jouly
uojealipo|y Jusuodwo) Jouln
uopesjipopy Jusuodwo) Jouly
uojesjipopy Jueuodwio) Jouly
obejuaH weiboid Jese]

abejueH weiboid Jose

abejusH weiboid Jose

ebelusH SY19

ebejueH sy19

Juswissessy 1ayun4 speaN

JuaWssassy Jayun spaeN

smels dily
ebejueH Sy19
ebelueH Sv19

abejueH Sv19

s)dewWaYy

X X X

aseyd uoneuewsidwy JO HBIS 104 painbey 9 JO THL 81N

X Juswinnsuy
X aremyos/swyiuoBly 16l 4
X 1se] 1 uoneibaju|
wejsAs welsAsqns
anixi4 poddnguonejos|
ssaweH a|qed
siojeipey
sisj00D oujosjaouLdY |
sadld jea dooq
X SjoNuo) [euuay]
se|iddng Jemod
Jendwo) b4

$9JU0J}98|3 JUBWINIISU|

X sanpoyy bupunoD uojoyd 8|bus
s10198j0( |oUUBRYD 20

X seqn seydjynwoloyd Hi
siojoejeq [euueyd 200

X sondo Buiwung ywsuer)
X yoap Buyoims weeg
X s|jeQ @duasejey 20

X s|jeQ @auelejey 20O

X siese (20) wu 022

X s1oseT] (200) wu /51

X Youeg [eondo
X sondo Aejey
X edooseje)
Jusuodwo)

9 S 14 € [4 3 JdlaAuswsalg

SSAUIPEIY AS0[oUYII I, IDPUNOS JISBT QD °6F 2IN3I]



syleway

6

X X X

SSAUIPBIY AS0o[ouyddJ,

158 % uonelibayy
Buisseooid [eubig
lojosleq

Buibeyoed JaseT

paas uonoslul asind sjgnoqg

soido jueisisal ebeweq

S|elelew lase| Mo

[ewusay} Jojwsuel} Jase]

lase| as|nd sjgnog

awiajl| 8poIp Jesen

lase| paj009 AjgAlloNpuo)

S9POIP PBJ00d AjaAIoNpUOD)
slepwsuel] laseT

Bunsal usuodwo)n
ubisaq
18]j14

sondo yv

Bunsel Jusuodwio)
uoljesysuowsp adAjo10.d
ubiseqg

adooss|e) a|qehojdaq

jusuodwon

JdlAuswalg

Tepr uondiosqy [eNUIGIQ (S dIn3L]



sjuauoduro)) J3se| [eRJIWuo)) JO uonedijiend)/suisesppeq
SUWIISAS puno.x) o], dedg pueg-ey|

SUIASAS J1039913(] o1jBY] ISION O, [eusIS YSIH

SI9JIAUO)) (I/V )6y uoneznisi Ysig

SI039939(] PIe[XId

Suisew] ssewolg] J10J (ASPd PaJd pue UIG) SIJIWSURL], JISB']
saqn [, Lidnmnuiojoyd paterjuy

SJUIWIA[F] WIAISAS "TVI(] UOIdIUI T

S[[2)) IUIJNY

(wu (/L) sIdse| udsAx(

(wu (LST) SIIse ] IPIXoi(J uoqae))

SYAATIA ADO0TONHDAL ‘IS 2131



011
%Y
L
9¢

9
paambay suoN

paambay suoN

€
14
9
] |

(LOAA-€0AL ‘$IN 100T) Sutpung

"TVIOL

¢0D oueydsouny paouBApyY
Tepey/sseworg ANsu(J Y3y
Ieprj/sseworg A1sud(J Y3y

ueBdd() [BISRO))/SSBWIOTY AJISUQ(] MO
uogie)) UL

¢0D dueydsouny Iopuryred

A3ofouyda], o1y1oads UOISSIJA

UOIIBO0[0AL) UOISIOI]
3ursso001 vIR(] pIeog-uQ
UONeIIUNUWIWO ) /e1R(] ey Y3
uouwIuwio)) Jeprj/Iase]

SLSOD
INANdOTIAAA ADOTONHDAL dDDD TS 2an3ig

AZ0[0uyd9 J, Uowwo,) UOISSIIA



Okl L ve 9¢ 0¢ el wv1i0l

€ &0 b b G0 uol1ed0]08Y) UOISIoald
1% ! A L L Buisseooid eyeq pieog-up
9 ! Z Z ! suopedNWWoD/ereq ey UbiH
Gt 4 & g € c uowwioQ Jeplir/iese’
NOIWINOD NOISSIN

€e g ol ot g > 20D dusydsowyy paduepy
Z ! G¢ G¢ L Jepey/ssewolg Aysuaq ybiH
9¢ L gk i 8L | ¥ Jepl/ssewolg Aysueq ybiH
9 2 € L ueaoQ [e1seon/ssewolg Alsue Mo
0 palinbay auoN uogle) uess
0 paiinbay SUON 209 ousydsowyy Jepuljyred
OIdID3dS NOISSIN

LOAd 90Ad SOAd VOAd €0Ad <COAd 1S0J 40 SIN3INTT3

AJOIJ 150)) yuddodAd( A30[0uydd ], JDDD °€S dINSI]




Ib O 6 8 L 9 G v € ¢ |

0S
00t

o8] /SUOISSI\ E oGl

90USI0G M 002

0S¢
00€

0S¢

(CIAA-TOAA ‘$IN 1002) o1yo1d
1S0)) UOISSIJA] /ASO[OUYID J,/AUIIS JDDD ‘S 9IN3IY




Form Approved

REPORT DOCUMENTATION PAGE OMB No. 0704-0188

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources,
gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this
collection of information, including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson
Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503.

1. AGENCY USE ONLY (Leave blank) | 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED
April 2002 Technical Memorandum
4. TITLE AND SUBTITLE 5. FUNDING NUMBERS
Cost Analysis for a Recommended NASA Carbon Cycle Initiative a70

6. AUTHOR(S)
Janette C. Gervin, Paul C. Caruso, Louis A. DeMaio, Charles R. McClain,

Forrest G. Hall, G. James Collatz, S. Randy Kawa, Watson W. Gregg,
Arlyn Andrews, Steven Pawson, and James Hansen

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS (ES) 8. PEFORMING ORGANIZATION
REPORT NUMBER
Goddard Space Flight Center 2002-01215-0

Greenbelt, Maryland 20771

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS (ES) 10. SPONSORING / MONITORING
AGENCY REPORT NUMBER
National Aeronautics and Space Administration TM—2002-210007

Washington, DC 20546-0001

11. SUPPLEMENTARY NOTES

F.G. Hall and S. Pawson: University of Maryland, Baltimore County, Maryland

12a. DISTRIBUTION / AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE
Unclassified—Unlimited
Subject Category: 48
Report available from the NASA Center for AeroSpace Information,
7121 Standard Drive, Hanover, MD 21076-1320. (301) 621-0390.

13. ABSTRACT (Maximum 200 words)

This volume presents the costs estimated for the science and engineering implementation of the
Recommended NASA Carbon Cycle Research, as of August 31, 2001. The research activities have
since been refined and folded into a broader program plan for contributing to the President’s Climate
Change Research Initiative. A brief introduction describes the process used to develop the measure-
ments, activities, and missions from science goals in preparation for costing. Program content is
described in much greater detail in a NASA Technical Memorandum entitled Science and Observation
Recommendations for Future NASA Carbon Cycle Research.

14, SUBJECT TERMS . . . 15. NUMBER OF PAGES
Carbon cycle research, climate modeling, aerosol observations, 21 + figures
science computing technology development. 16. PRICE CODE

17. SECURITY CLASSIFICATION |18. SECURITY CLASSIFICATION | 19. SECURITY CLASSIFICATION | 20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT

Unclassified Unclassified Unclassified UL
NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89)




