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FOREWORD 

This Plan for Geophysical Monitoring for Climatic Change is the National 
Oceanic and Atmospheric Administration (NOAA) program for global monitoring 
of man's inadvertent modification of weather and climate. The interrelated 
activities, several of which should be conducted simultaneously, are 
analyzed in terms of the requirements and the actions to be undertaken. 

The program is an expansion of NOAA's present capabilities for baseline 
monitoring of ocean and atmospheric properties, constituents, and con­
taminants likely to influence climatic change; and will be enlarged to a 
global basis through international cooperation, where possible. The 
ultimate objective is to gain sufficient data and knowledge to predict 
climatic change resulting from man's activities. 

The Plan includes the cost estimate of achieving the programmed goals over 
five phases, each approximating a fiscal year. The Plan calls for early 
establishment and operation of the global baseline monitoring system. 
However, the major areas of effort are sufficiently flexible to allow 
priority consideration of the needs of the Council on Environmental 
Quality, the Environmental Protection Agency, and others active in 
monitoring and improving the natural environment of the Nation. 

Robert 
iaWt!/ha 

M. White, Acting Administrator 
National Oceanic and Atmospheric 
Administration 
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GEOPHYSICAL MONITORING FOR CLIMATIC CHANGE 

INTRODUCTION 

It has been readily recognized worldwide that one of the primary building 
blocks for environment management is a comprehensive knowledge of man's impact 
on the natural weather and climate. Man's technological explosion has now 
reached the stage where the effluents of society may be sufficient in amount 
and kind to bring about inadvertent changes in global climate. In addition, 
natural occurrences such as large volcanic eruptiuns may inject huge quantities 
of dust and gases into the atmosphere and also may cause changes in the amount 
of received solar radiation, precipitation nuclei, and possibly other important 
parameters. Determination of the trends of the climatically important burden 
of atmospheric contaminants and resolution into natural versus man-induced 
source is essential to the preservation of environmental quality. 

Considering the scope and complexity of the problem, there are basic 
questions that must be answered in the immediate future if timely worldwide 
corrective measures are to be taken. Is there an increasing carbon-dioxide­
induced "greenhouse" effect, with a warming of the earth's surface and a 
resultant decrease in polar ice? Conversely, is there the increase in 
atmospheric contaminants and cloud-producing condensation nuclei that will 
reduce incoming solar radiation by the small 1.0 to 1.5 percent sufficient for 
the start of glaciation and development of ice cover reaching into temperate 
latitudes? As of the present time, there is no creditable evaluation of the 
extent to which man is inducing a climatic catastrophe, however, there is 
little doubt that the stake in terms of human welfare, if not survival, is so 
high that the relatively small investment for monitoring, research, and 
prediction must be made. 

The January 9, 1969, Report of the Commission on Marine Science, Engineer­
ing and Resources (Stratton Commission Report) documented the need for acceler­
ated understanding of oceanic and atmospheric processes as a prerequisite to 
improving the assessment and control of man's pollution of the environment. 
The commission also recommended that the National Oceanic and Atmospheric 
Administration (NOAA) initiate and lead an intensive national program to 
explore global environment monitoring and to investigate the feasibility and 
consequences of its modification. The August 1970 Annual Report of the Council 
on Environmental Quality (Train Report) stressed that worldwide recognition 
should be given to the long-term significance of rnanrnade atmospheric altera­
tions, and that research on models of the ocean-atmosphere physical system 
needs emphasis. Predecessor agencies of NOAA have maintained an active study 
of this problem for the past several years,have been engaged in all aspects of 
climatology, have operated the only locations in the world devoted to clean 
air observation at Mauna Loa, Hawaii, and in the Antarctic, and have reviewed 
and contributed to the conclusions and recommendations by appropriate govern­
mental agencies and by and throughout the national and international scientific 
community. This NOAA Plan will launch the global geophysical monitoring system. 
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I. OBJECTIVES 

The objectives of the geophysical monitoring for climatic change 

program are: 

• To monitor the geographical and altitude distributions and long­
term trends of air composition and the properties for pollutants 
of manmade and natural origin. 

• To monitor oceanic constituents, properties, and processes likely 
to influence climatic change. 

• To predict changes in climate resulting from man's activities. 
(This will also take into consideration changes result ing from 
natural phenomena. 

II. PROGRAMS 

Several interrelated programs must be conducted simultaneously to 
obtain the necessary baseline data, provide the subsequent observations 
and sampling for change determination, understand the mechanisms causing 
alterations in atmospheric constituents and properties, and determine the 
current and predict the future nature and extent of change in the climate 
of the world resulting from man's activity. An analysis of these require­
ments and the planned program for each are set forth in the following 
sections. 

A. Data Acquisition and Monitoring 

1. Global Baseline Land Station Monitoring 

a. Requirements 

Monitoring is needed for those long-term global trends in 
atmospheric constituents and properties likely to produce climatic change, 
A syst~m for measurement of the long- term burden of atmosoheric trace 
contaminants does not now exist in the quantity or "th th. . . wi e accuracy 
required to determine either the historical trend f h i 1 . . . . o sue mater a or 
its possible cl1.mat1.c effects. Adequate records ·1 bl . . are not ava1 a e to 
determine the trend of particulates· , only one kno wn t t· ( ) s a 10n Mauna Loa 
has collected satisfactory clean air data of atm h • . "d 

h · h b • . . osp eric carbon d1.ox1. e w 1.c may e used in determining the growth of th· 1 . . is po lutant in the atmosphere. The limited Mauna Loa record cov . ers on 1 y the last 12 years and has not exhibited a constant growth rat H 
threefold increase in the g th e. owever, there has been a 

row rate of atmospheri b d. "d d • this period. How representat • h. . c car on iox1 e uring 1.ve tis increase ma b f h 
part for the rest of the world b d . Y e O t e clean air can e etermined 1 . h . 1 
new baseline stations that sho ld . on Y wit additiona u a 1 so provide cl f the changes in carbon dioxide gro th ues as to the cause o w rate. 
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b. Programmed Goals 

(1) For global baseline monitoring, approximately six stations 
will be established in very "clean air" without nearby agriculture or 
pollution sources. Examples are Mauna Loa and Antarctica. Some stations 
will be operated in collaboration with foreign Government~ for example 
a New Zealand station. Assurance of long-term participation of each 
station must be obtained. The program is designed to provide the minimum 
number of stations that will enable the United States to detect secular 
changes of global significance even if no other Government undertakes a 
similar effort. 

(2) Primary measurements will initially consist of continuous 
ground-level measurments of carbon dioxide, the chemistry of precipitation, 
solar radiation attenuation (including spectral distribution), ground­
level dust loadings, and vertical distribution of atmospheric particulates 
(see following paragraph for lidar program). Later, the additional 
measurements including the electrical properties of the atmosphere, the 
f reezing and condensation nuclei concentrations, and the composition of 
particles relevant to climatic change will be undertaken along with 
measurements of other chemicals and compounds. 

(3) The measurement of the vertical distribution of atmospheric 
particulates at baseline stations will be made by ground-based remote­
sensing lidar. Although lidars currently in operation do not have this 
capability, systems of adequate sensitivity are within the current state 
of technology. A program of supporting research to refine the technique 
will be performed and prototype lidar equipment developed, installed, and 
tested at the first global baseline station. 

2, Regional Land Station Monitoring 

a. Requirements 

(1) In addition to the determination of trace constituents of 
manmade and natural origin in "clean air", it is necessary to monitor by 
regions the trends of airborne contaminants in the conterminous United 
States. Such data will relate the changes in character of population 
distributions and in technological concentrations to the contamina:it 
l evels. They will also assist in establishing regional differences which 
may exist within the conterminous States. 

(2) To determine the cumulative impact of pollutant emissions 
into the atmosphere, it is important to document the change in air 
quality with the sweep of the atmosphere, generally from west to east over 
increasing densities of population and industrialization . Stations are 
required to collect precipitation for measuring the chemical constituents 
and to measure the attenuation of the solar beam caused by particulates 
along the west coast in the intermountain regions, in the Midwest, and 
along the eastern se~board at locations that are not near major , urban 
centers. These regional monitoring stations should have the capability 
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· 1·t observations to other gove r nmental to provide additional air qua i y . . 
organizations with a particular int ere s t in agencies and to those 

geophysics. 

b. Programmed Goals 

(1) Approximately 10 NOAA stations that are geograph ical ly 
distributed over the conterminous United States will be selec ted for 
regional monitoring. (It is likely that global baseline_station s will 
also be located in the States of Hawaii and Alaska an~ w1ll_ make t ~e 
same measurements listed below). These regional stations wi l l be in 
nonindustrialized settings where nearby significant changes in land 
usage are unlikely or are likely to occur slowly. 

(2) Initially, the measurement program will consist of the 
observations of atmospheric turbidity and of the constituent s of 
precipitation. Later, the monitoring will increase to incl ude a ir 
filtration (dust loadings), with possible chemical and physical 
analysis of the particles, and collection and measurement of f r eezing 
and condensation nuclei. Selected stations also will be equipped with 
advanced solar radiation measurement s ystems. (See para. B. 1. below 
for details on the solar radiation observation network.) 

(3) The basic concept is to combine the equipment and l aboratory 
facilities of the Environmental Protection Agency (EPA) with t he wide­
spread observational coverage and competence of NOAA, Measuremen ts 
initially will be confined to turbidity and monthly precipitation 
collection made by NOAA using photometers, special rain collectors , and 
analysis of chemical constituents provided by EPA. When the ice nuclei 
observation program is established, no problem is foreseen in co lloca ting 
this program at these same NOAA stations. 

3. Oceanic Baseline Observations 

a. Requirements 

Initial measurement and monitoring is necessary for those 
oceanic constituents, properties, and processes likely to influence 
climatic change. Initially and, as a practical matter, because of t he 
vastness of the oceans and the complexities of their processes only 
baseline sampling of properties directly related to the ocean-' 
atmosphere interface is needed to attain the present objectives. A 
quantitative assessment needs to be made of the carbon dioxide reservoir 
of oceans and the continuous exchange with the air. The role of the 
ocean as a transport~r of_potential airborne pollutants and its role as 
a cleaner could be significant in the cycle of cont · Th . . . annnants. e 
existence of widespread oil film and changing thi"ck ld b . . ness cou ea 
factor in evaporation and in surface temperatures 11 • "f" . as we as signi icant to t he wind-sea surface momentum exchange Them • • 

• arine environment must 
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be studied to observe and understand climatic changes resulting from 
natural phenomena and from man's activities. Consequently, ocean 
observations are required t hat wi l l detail the physical and chemical 
properties of the oceans. These data will serve a dual purpose, in that 
they will provide input for quantitative studies of oceanic mixing and 
organic productivity and, at the same time, serve as a baseline for 
levels of gases and the particulate interchange between the atmosphere 
and the sea. 

b, Programmed Goals 

(1) The ocean monitoring program for climatic change will be 
included as an integral part of the much larger NOAA Plan in preparation 
for monitoring critical environmental quality factors in the ocean and 
for developing prediction techniques of these factors needed to 
conserve the oceans' living resources and to provide effective manage ­
ment of the coastal zone, the offshore waters, and the deep oceans. For 
climatic change purposes, the ocean monitoring program must adequately 
measure: 

(a) The amount of carbon dioxide exchange between the ocean 
and atmosphere. 

(b) The atmospheric fallout at land and ocean stations in 
the vicinity of primary and secondary wi nd systems. 

(c) The heat budget of the mixed layer of the oceans. 

(d) The changes in areal extent of polar ice, with emphasis 
on the Arctic Basin. 

(2) A preliminary investigative study will be made to determine 
the extentavailable data must be supplemented as to type and amount by 
the above large - scale baseline oceanic sampling program to derive secular 
carbon dioxide content over oceans and secular changes in thermal energy 
of the mixed layer. This study will develop the most effective future 
monitoring program to include other ocean properties contributing to 
climatic change. 

4. High Altitude Sampling and Sensing 

a. Aircraft Sampling 

(1) Requirements 

The measurement of the chemical constituents of particles, 
concentration of gases, and amount of water vapor primarily in the lower 
stratosphere is the basic requirement. It will be necessary to sample 
the atmosphere between the altitudes of approximately 50,000 and 65,000 
feet along north- south lines extending from Alaska into the Southern 
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Hemisphere. Presently, only aircraft are available to accomplish this 
task. The frequency of the flights should be about once every two weeks 
in the temperate latitudes and once every month to once every three months 
for the other latitudes. The primary sampling requirement consists of 
filtration to monitor the quantity and chemical composition of dust and 
the measurement of water vapor content, both in situ,by means of a 
frostpoint hygrometer and in the solar beam by sensing the solar radiation. 

(2) Programmed Goals 

(a) Initially, the goal is to develop an aircraft monitoring 
system. Significant developments and equipment purchases needed include: 

• Development, under contract, of the required pure 
filters that must be laboratory-controlled during 
manufacture and handling to permit reliable chemical 
analysis of low concentration of particles. 

• Development of chemical analyses techniques and 
development of new sampling instruments for high­
speed aircraft. 

• Procurement of frostpoint and optical hygrometers 
especially designed and adapted for aircraft use. 

• Coordinated development of sampling techniques with 
aircraft operators and controllers. A few test­
sampling flights would be undertaken to check the 
system before expansion and application. 

• Acquisition of the required support aircraft capable 
of making an adequate flight profile in the lower 
stratosphere; the RB57F, for example, is a possible 
aircraft to use. 

(b) The development of scientific and technological expertise 
is essential. This goal demands the careful attention of knowledgeable 
scientists because contamination and other problems associated with the 
aircraft platform and the low concentrations can otherwise yield meaning­
less results. Later as techniques are perfected, sampling techniques 
wi l l be extended or developed to measure certain gases in the lower 
stratosphere such as hydrocarbons, sulfur dioxide, nitric oxide, and 
nitrous oxide and to provide a continuous record of particle con­
centration. 

b. Satellite Sensing 

(1) Requirements 
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(a) Even though the present capability is extremely 
limited, ultimately, the use of space platforms for global monitoring 
may permi t the utilization of data secured by this means for use in 
c limatological analysis. Such data would not be available from local 
monitoring stations. 

(b) Although the use of high ground-resolution sensors on 
satellites_ t ~ monitor local small-scale pollution sources, trajectories, 
and compos i tion does not appear now to be cost-effective and the 
measuremen t of the local concentrations of various gaseous constituents 
i s not considered practicable from satellite platforms, there are other 
requirements that, given proper sensors, can be met by satellite systems. 
These inc l ude: 

• Long-term global monitoring of large-scale distri­
bution patterns of particulate matter and gaseous 
constituents. 

• Evaluation of radiation budgets of the entire earth 
and its atmosphere. (See para B.l. below for net 
radiation and heat balance requirements.) (An 
experimental instrument, the Earth Radiation Budget 
Radiometer, is being designed and built in the 
National Environmental Satellite Service, under 
contract to the National Aeronautical and Space 
Administration for flight on the Nimbus F experimental 
satellite late in 1973. The instrument will measure 
specifically the incoming and reflected short-wave 
radiation and the upwelling long-wave radiation at 
the satellite altitude.) 

• Long-term monitoring of changes in urban development, 
land-area patterns, and thermal characteristics of 
lakes, rivers, and estuaries. The Earth Resources 
Technology Satellite (ERTS) will be well suited for 
supplying the basic data for this requirement. 

(c) A priority requirement is the long-term measurement 
of the e a r th's albedo. Globally integrated measurements from satell ites 
are the most promising means for providing this information. 

(2 ) Programmed Goals 

(a) To adapt current capability and to develop f uture space 
platforms for a greater role in monitoring parameters pertinent to 
a tmos pheri c quality, early funding in research an~ ~e:elopmen~ (R&D) 
proj e cts will enable urgent work to begin on feas1b1l1ty studies and on 
s ome design and development of prototypes. Priority considerations will 
be given to applications of the earth radiation budget measuremen ts, 
chara cte r i stics of lasar systems for aerosol measurements, and advanced 
s pec troscopic techni ques for gaseous constituent measurements. 
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(b) To establish the long-term trends of the earth:s albedo, 
· · · possible The R&D will be reliable measurements will begin as soon as • . . .. 

initiated on feasibility studies for exploiting satellite capabilities to 
obtain more accurate quantitative information on the earth:s albedo~ for 
example, onboard calibration of the visible wavelength radiometer will be 
used to obtain satellite cloud images. 

B. Radiation and Contaminant Distribution 

1. Heat Balance 

a. Requirements 

(1) The fundamental parameter in the development of climate is 
the earth's ability to absorb and re-radiate heat, that is, to maintain 
its heat or radiation balance. Basic information, therefore, is required 
on the received, reflected, and net solar radiation and on significant 
changes in the global albedo, land usage, and thermal emissions. Know­
ledge of the amount and distribution of solar radiation received at the 
earth's surface is essential. To obtain such information requires a 
solar radiation observation network of properly located and equipped 
stations. Because of the need for global coverage of solar radiation 
observations, it is necessary that the United States participate and 
assist those international programs directed toward this coverage. 

(2) Long-term measurements of the earth's albedo are required to 
determine how natural and man-induced changes affect this radiation 
balance. Clouds are a major factor in the albedo value. Since the year­
to-year variability of cloudiness may be expected to be quite high, long­
term, globally integrated measurements of albedo are necessary. Man is 
most active in changing the character of land utilization through the 
construction of roads, the building of cities, the conversion of forests 
to agricultural lands, and the introduction of large-scale irrigation. 
Periodic determination of land usage that results in generally similar 
albedo characteristics is an important need. 

(3) Surveillance of the increasing emissions of sensible heat 
from man'~ activ~t~es is required because these emissions could ~hange 
atmosph:ric co~ditions_on a local or even regional basis. Projectlons 
of the increa~ing requirement.for energy and its concentration in large 
power-production complexes point towards heat emissions, over a small 
area, which begin to approach a significant fraction of the net solar 
energy received. Bec~use a ll production of power, whether by fossil fuels 
or nuclear energy, emits heat which must eventually be dissipated into 
the earth, ocean, or atmosphere, quantitative monitoring of these emissions 
is required as a part of the environmental quality system. 

(b) Programmed Goals 
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(1) To insure that the current solar radiation measurement 
program operates reliably with standard procedures and compatible 
observations, a system for quality control will be established to include 
periodic inspections of National Weather Service (NWS) observation 
stations and active liaison with the cooperative observing stations. 
Obsolete and wornout equipment will be replaced. To further international 
coordination and to assure standardized observations and equipment calib­
ration, the World Meteorological Organization (WMO) Regional Center and 
the U.S . National Solar Radiation Center will be combined at Washfugton, 
D.C. 

(2) As set forth in paragraph A. 4.b. (2)(b) above, reliable 
measurements of long-term trends of the earth's albedo will begin as 
soonas possible. Satellite instrumentation would be eminently suitable 
for long-term documentation. While achieving this capability may require 
5 to 10 years, the importance of long-term globally integrated measure­
ments of albedo requires immediate application of resources for 
feasibil ity studies and for design and development of prototype instruments. 

(3) Changes in land usage are being studied by other agencies 
for various purposes through the use of airborne and satellite sensors. 
Integration and expansion of these measurements to give global coverage 
and to distinquish trends in land usage, especially in the percentage of 
the earth's surface covered by forest, will be undertaken. Such measure­
ments will not be taken continuously, although surveys may be required at 
2-to 5-year intervals. The forthcoming ERTS spacecraft should be 
capable of this task. 

2. Contaminant Cycle and Emission Rates 

a. Requirements 

Contaminants are injected into the atmosphere by natural activities 
(such as volcanism, ocean spray,and dust storms) or through man's activities 

(in such areas as power production and transportation, These contaminants 
are transported by the atmosphere, may change character through photochemical 
or chemical reactions, and are eventually removed from the atmosphere by 
dry sedimentation or precipitation scavenging. Once deposited on the 
ear th or in the oceans, the contaminants then may enter into this cycle 
again. Predictions of environmental quality require: 

• Quantitative determination and future estimates of emission 
rates (from both man and nature). 

• Determination of the distribution of transported material 
in the earth's atmosphere and the changes brought about during 
this transit. 

• Quantitative knowledge of the removal mechanisms which cleanse 
the atmosphere, yet deposit the contaminants on the surface . 
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b. Programmed Goal 

Comprehensive research and studies will be undertaken to establish 
sources for emission data, both nationally and globally; to assemble these 
data in a form usable by the meteorologist in global models; and then to 
return the results to the general public and the scientific community. 
Emission data identification, assembly, and restructuring will be 
necessary to permit the use of data in environmental quality predj_ction. 
This identification and assembly of data will be completed before a 
determination is attempted to identify the precise natural and industrial 
wastes that are significant in climatic change. Associated with these 
emission studies will be field experiments and laboratory studies of 
such features as precipitation removal of particles, gas and photo­
chemical reactions, transport, repositories, and other contaminant cycle 
factors. 

C. Analysis and Prediction 

1. Analysis and Interpretation 

a. Requirements 

Initial research efforts are required to understand the mechanisms 
causing changes in the concentration of atmospheric constituents which 
may affect the future state of global and mesoscale weather. The 
expressed purpose of the global geophysical monitoring network is to 
monitor the changes in these constituents. Understanding the mechanisms 
that bring about these changes are most important, particularly the effect 
of contaminants entering weather processes in two important mechanisms: 
the radiation budget and the cloud and precipitation processes. 

b. Programmed Goals 

Concurrent research efforts will be undertaken in the following 
areas: 

• Determination of all relevant and measurable parameters and 
identification and development of techniques to meet the needs 
for monitoring additional atmospheric constituents. 

• Initiation of studies on the life history and residence time 
of various gaseous and particulate pollutants. 

• Determination of the life history of cloud condensation and 
freezing nuclei from manmade and natural sources. 

• Analysis and interpretation of data from the global and 
regional monitoring stations, aircraft, and environmental 
satellites to determine the very small but significant trends. 
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• Comprehensive investigation of the overall problem of 
climatic . change including predictability , man's influence , 
and impact of climatic change on man. 

2. Geophysical Modeling 

a. Re quirements 

Computer modeling of the atmosphere is well underway, but needs to 
be intensified to develop the necessary sophistication of models and to 
react in r esponse to the timeframe required so as to evaluate the 
existing and short-term changes in air quality. To be able to simulate the 
consequences of human activity in the past century as well as into the 
future, cri t ical additional physical interactions must be devised and 
introduced into current models. These interactions involve the 
radiative properties of a large class of natural and artificial aerosols, 
cloud formati on, ocean and atmosphere exchange and buffering, and 
surface hydrology including snow and ice stages. To provide a reliable 
basis for anticipati ng long-term consequences, modeling research must be 
intensified i mmediately. At the same time as models become suitable for 
application to specific, inadvertent modification, sufficient resources 
are necessary to conduct comprehensive experimental series that can be 
considered definitive. This situation requires additional talented 
scientific t eams to design and conduct the experiments skillf ully and to 
interpret the results. Equally essential is the acquisition in FY 1973 
of the mos t powerful computers to minimize mathematical errors and to 
permit an adequate number of experiments over sufficiently long simulation 
periods . 

b . Programmed Goals 

Current R&D programs for modeling the planetary boundary layer 
and its r esponses to new technology will be accelerated with the 
emphasis on t he climatic change problem. Experiments designed to determine 
the nature and extent of changes in the climate of the world as a result 
of pollut ants will be undertaken. For example, principal efforts will be 
directed toward determining the long-term effect of a change in the 
content of carbon dioxide in the global atmosphere-ocean s ystem and the 
effect of increased water vapor in the stratosphere introduced by jet 
aircraf t. Completion of these goals will assure achievement of the 
overall objective to predict changes in climate resulting from man's 
activities. 

D. Support Activities 

1. Quality Control System 

a. Requirements 

Determination of trends in environmental quality requi res t hat 
measurements be made over many years, probably for at least two decades. 
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To establish these trends on a firm basis, the measurement techniques 
used must be based on rigid and reproducible standar?s. Instrument?tfon 
must be. compared with reference standards and be calibrated at specific 
interval~ to insure against electronic, optical, or other deterioration. 
Observer quality control methods must be established and statistical 
techniques to detect deviations be formulated and instituted. Inter­
calibration of equipment and procedure is required because much of the 
program involves collection of samples and later laboratory analyses. It 
can be expected that new and more sophisticated laboratory techniques will 
be evolved and that these techniques must be compared with previous 
systems. Also, intercomparison of results from different laboratories 
using standard samples is necessary to insure meaningful data. As new 
instrumentation is developed to measure, for example, trace constituents, 
simultaneous measurements by both old and new techniques will be required 
over a sufficient period of time to insure the stability of the new 
methods in comparison with previous standards. It is exceedingly important 
to emphasize this aspect of the problem. Recent redetermination of the 
oxygen content of the atmosphere depended almost entirely on the 
conclusion drawn from extremely precise and careful work done 60 years 
ago. Without such quality control, instrument calibration, and 
reference standards, long-term geophysical monitoring lacks meaning. 

b. Programmed Goal 

Development and study efforts will be initiated to establish 
standards for various measurements, criteria for trends, and statistical 
methods vital for monitoring on a global scale. An in-house competence 
will be established to evaluate quality control procedures and standards. 
Standard gases mandatory for comparative analysis will be procured from 
the National Bureau of Standards. Advanced analytical chemical criteria 
and standards for atmospheric constituents will be developed. 

2. Data Archiving 

a. Requirements 

The success of any monitoring program requires that data be 
collected and accumulated over significant periods of time. This 
requirement is necessary to permit trend analyses and predictions in a 
wide range of time scales and in correlation with the general state of 
air andwater environments. An adequate program, therefore, must be 
devel~ped for car:ful_and comple~e central collection and storage of the 
data_in ful~ detail, in forms _suitable f~r retrieval and use in a variety 
of time-series analyses, and in correlation with conventional meteoro­
l~g~cal and oceanographic data. Samples which have not been reduced to 
digital, computer-readable forms will require reduction to such forms to 
permit their analytical use. 

b. Programmed Goal 

The archiving system will be designed for routine, timely sumrnariza-
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tion and dissemination of the data for use by other Federal and local 
age~ci:s.concerned with environmental quality control. To safeguard the 
reliability of the data, adequate measures will be taken for quality 
control of.the da~a collectioa, reduction, analysis, and storage process. 
The data will be indexed and catalogued to facilitate search and retrieval· 
careful description and qualification of the samples and sampling methods ' 
will be made available to permit intelligent use of the data in a variety 
of analyses. 

E. National and International Coordination 

1. U.S. Government and Scientific Agencies 

a. R~quirements 

Global baseline and regional monitoring stations, newly established 
to support this Plan, will initiate a stable long-lived base of observational 
locations that are available for additional monitoring. The presence of 
associated meteorological infonnation and a trained observational staff 
will make these locations of interest to other governmental agencies. It 
is necessary for NOAA to cooperate with agencies requesting additional 
monitoring through the establishment of programs sufficient to meet the 
monitoring needs of these other agencies. Close coordination and planning 
to reduce the total governmental cost must be an integral part of this 
program. 

b. Programmed Goal 

The global baseline and regional monitoring stations will be 
used collaboratively with other governmental agencies requiring information 
on the long-term trends in atmospheric properties not related to climatic 
change. Examples of such potential interest by other agencies might be: 
radioactivity by the Atomic Energy Commission, pesticides by the EPA or 
the Department of Agriculture and heavy metals in contaminant particles 
by the Department of Health, Education, and Welfare or the EPA. Funding 
for those additional efforts would be supported by the requesting agency. 
This program will require association and collaboration with governmental 
and scientific groups that have major efforts, studies, or responsibilities 
in environmental monitoring. The mechanism for this needed coordination 
will be through the Office of the Federal Coordi~ator f~r Meteorological 
Services and Supporting Research in accordance with Office of Management 
and Budget Circular A-62. 

2. International Agencies 

a. Requirements 

It is necessary that this Plan fits within the framework of a 
broad category of programs of the United Nations(UN) and of non~ 
governmental international organizations. The World M:teorolo~ical 
Organization (WMO), a UN agency, is the focus for the 1n~ernat1on~lly 
sponsored World Weather Watch,which allows for an extensive, routine 
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monitoring of the atmosphere on a global basis. The United States 
is a major participant in the program recently adopted by the WMO for 
establishing a global network of pollution monitoring stations. 

b. Programmed Goal 

The planned program for global baseline land stations will be 
consistent with the WMO background-sensing network; the U.S. network 
would be part of this larger WMO capability. Data from this entire 
worldwide system will be available to the United States. To further 
the program, NOAA will continue close cooperation with the WMO and such 
non-governmental activities as the Global Atmospheric Research Program. 
Such participation will be performed through existing international 
arrangements. 

III. PROGRAM COSTS 

Attachment A is a summary of the estimated costs of this Plan; the 
organization of the attachment identifies the costs of achieving the 
programmed goals in five phases, each corresponding to a fiscal year. 
The initial implementation costs of phase I and backup details are 
included in attachment B. With the exception of that portion of the 
programmed goals listed under Support Activities, the major efforts can 
be implemented more or less independently. The establishment and 
operation of the global baseline and the regional land and oceanic base­
line monitoring systems have priority. 

Some of these cost estimates require adjustment as the results of the 
initial R&D efforts are applied to the program and the need for new 
equipment, procedures, and research becomes apparent. Geophysical 
monitoring for climatic change and the associated prediction role are 
new global endeavors; allowance must be made for dynamic developments. 
For these reasons, additional funding increments have not been estimated 
for any phase beyond the first full year of operation of any R&D project . 
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Attachment A 

Costs of Achieving Programmed Goals 

(In thousands of dollars and additive except for FEC) 

Programmed Goals AEEroE. Phase 1 Phase 2 Phase 3 Phase 4 Phase 5 
Pos. Costs Pos. Costs Pos. Costs Pos. Costs Pos. Costs 

$K $K $K $K $K 
1. Global Baseline Land Stns. 

a. Mauna Loa staff & equip. S&E 2 50 2 50 0 0 0 0 0 0 
b. Mauna Loa lidar prototype R&D 0 150 0 -150 0 0 0 0 0 0 
c. Activation of new stations FEC 0 640 0 640 0 320 0 0 0 0 
d. Baseline station operation S&E 0 0 6 300 6 300 3 150 0 0 
e. Addition of equipment for 

baseline stations R&D 0 0 0 200 0 0 0 -100 0 -100 
 FEC 0 0 0 0 0 100 0 200 0 200 
 

2. Regional Land Stations 

a. Preparation of 10 exist-
ing stations S&E 0 15 0 -15 0 0 0 0 0 0 

b. Addition of equipment S&E 0 0 5 100 5 100 0 0 0 0 
FEC 0 0 0 100 0 100 0 0 0 0 

3. Oceanic Baseline Observations 

a. Development of observation 
program R&D 2 50 0 0 -2 -50 0 0 0 0 

b. Baseline observations S&E (Cost depends upon results of above R&D study) 

....
U'1



Attachment A 

Costs of Achieving Progrannned Goals - Cont'd 

(In thousands of dollars and additive except for FEC) 

Programmed Goals ApEroe. Phase 1 Phase 2 Phase 3 Phase 4 Phase 5 
Pos. Costs Pos. Costs Pos. Costs Pos. Costs Pos. Costs 

]k $K M ]E E 
4. Aircraft Sampling 

a. Aircraft techniques & 
procedures S&E 2 40 0 0 -1 -20 0 0 0 0 

b. Procurement of pure filters R&D 0 100 0 0 0 0 0 0 0 0 
c. Chemical sampling instrument R&D 0 300 0 -100 0 -100 0 0 0 0 
d. Procurement of frostpoint 

...... 
°' hygrometers FEC 0 150 0 0 0 0 0 0 0 0 

(Note: Cost of RB-57F R&D flights are not included. Estimate is $1500/hr with 1,000 hours per year 
scheduled by phase 4.) 

5. Satellite Sensing 

a. Atmospheric quality moni-
taring R&D 5 300 0 0 0 0 0 0 0 0 

b. Albedo measurements R&D 6 500 0 0 0 0 0 0 0 0 

6. Solar Radiation Measurements 

a. Surface observation network S&E 6 110 0 0 0 0 0 0 0 0 
FEC 0 200 0 50 0 0 0 0 0 0 
S&E 3 90 7 110 0 0 0 100 0 -100 c. Solar radiation center 
R&D 0 100 0 200 0 0 0 0 0 0 
FEC 0 100 0 200 0 0 0 0 0 0 



Attachment A 

Costs of Achieving Programmed Goals 

(In thousands of dollars and additive except for FEC) 

Programmed Goals AE2roE· Phase 1 Phase 2 Phase 3 Phase 4 Phase 5 
Pos. Costs Pos. Costs Pos. Costs Pos. Costs Pos. Costs 

$K $K $K $K $K 

7. Emission Invent9ry and Rates 

Data identification and 
assembly R&D 4 100 0 0 0 0 0 0 0 0 

8. Contaminant Cycles and Removal 

Studies & field experiments R&D 5 300 0 200 -2 -300 0 0 0 0 

9. Anal;t:sis & InterEretation 

Data analysis & change process R&D 

10. GeoEhysical Modeling 

Models for climatic prediction R&D 

8 300 2 175 0 0 

2 100 8 300 0 0 

-5 -200 0 0 

0 0 0 0 

11. Quality Control System 

a. Development procedures and 
standards S&E 2 50 0 0 0 0 0 0 0 0 

b. Procurement of standard 
gases R&D 0 50 0 -50 0 -50 0 -50 0 0 

c. Development of chemical 
criteria R&D 0 100 0 0 0 -50 0 0 0 0 

...... 
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Attachment A 

Costs of Achieving Programmed Goals - Cont'd 

(In thousands of dollars and additive except for FEC) 

Progrannned Goals Phase 1 Phase ·2 AEErOE· Phase 3 Phase 4 Phase 5 
Pas. Costs Pas. Costs Pas. Costs Pas. Costs Pas. Costs 

$K $K $K $K $K 
12. Central Data Archiving 

System for: storage and 
retrieval S&E 2 100 0 0 0 0 0 0 0 0 

TOTALS S&E 17 455 20 545 10 380 3 150 0 0 

(Note: these costs do not R&D 32 2450 10 775 -5 -450 -5 -450 0 -200 
include ocean baseline 
observations and air- FEC 0 1090 0 990 0 520 0 200 0 200 
craft flying hours.) 

(General Note: S&E - Science and Engineering; R&D - Research and Development; and FEC - Facilities 
Equipment, and Constr-uction; and $K - in thousands of dollars.) 



Attachment B 

Initial Implementation Costs -- Phase I 

Line Item S&E R&D FEC 
Pas. Costs $K Pas. Costs $K Pas. Costs $K 

1. Global Baseline Land Stations 2 50 0 150 0 640 

2. Regional Land Stations 0 15 0 0 0 0 

3. Oceanic Baseline Observations 0 0 2 50 0 0 

4. Aircraft Sampling 2 40 0 400 0 150 

5. Satellite Sensing 0 0 11 800 0 0 

6. Solar Radiation Measurements 9 200 0 100 0 300 

7. Emission Inventories and Rates 0 0 4 100 0 0 

8. Contaminant Cycles and Removal 0 0 5 300 0 0 

9. Analysis and Interpretation 0 0 8 300 0 0 

10. Geophysical Modeling 0 0 2 100 0 0 

11. Quality Control System 2 50 0 150 0 0 

12. Central Data Archiving 2 100 0 0 0 0 

Phase I Totals 17 455 32 2,450 0 1,090 

Note: S&E - Science and Engineering; R&D - Research and Development; 
and Construction; $K - in thousands of dollars. 

FEC - Facilities, Equipment, 

I-' 
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Attachment B 

1. Global Baseline Land Stations (2 positions, $50,000, S&E); (0 positions, 
$150,000, R&D); (O positions, $640,000, FEC) 

a. The $50,000 in S&E appropriation will provide for a two-man staf f 
to conduct an expanded mission at Mauna Loa. This expansion includes 
modernization of equipment necessary for continuous ground-level measure­
ments of carbon dioxide, chemistry of precipitation, attenuation of solar 
radiation , and determination of vertical particulate distribution. 

b. The $150,000 in R&D funds will provide for procurement, installation, 
and testing of the first particulate profile system at Mauna Loa. It wil l 
provide one man-year for the operation and for the development of data­
handling techniques. (The funds will buy the early prototype model and 
begin the field test.) 

c. The $640,000 in FEC appropriation will provide for the construct i on 
and equipping of two additional global baseline land stations equivalent i n 
capability to Mauna Loa. 

2. Regional Land Stations (0 positions, $15,000, S&E) 

The $15,000 S&E funding will equip 10 existing first-order NWS stations 
geographically distributed over the conterminous States with the capabilit y 
to measure and report atmospheric turbidity and to collect precipitation 
for an analysis of chemical constituents. This equipping of stations is 
a joint effort with EPA,which will provide instructions and instruments. 

3. Oceanic Baseline Observations (2 positions, $50,000, R&D) 

An initial investigative study will determine whether avai l able data 
are of the type and in sufficient amount to derive the secular carbon 
dioxide content over the oceans and the secular changes in thermal energy 
of the mixed layer. The $50,000 in R&D funds will provide for two people 
who are necessary to do this analysis and to develop an effective future 
observational program involving other ocean properties that could contribute 
to climatic change. 

4. Aircraft Sampling (2 positions, $40,000, S&E); (O positions, $400,000, 
R&D); (O positions, 1_150,000, FEC) 

a, The $100,000 in R&D appropriation will go to the contract 
development of the required pure filters that must be laboratory-controlled 
during manufacture and handling to permit reliable chemical analysis of 
low concentrations of particles. 

b. The $300,000 in R&D funds_will provide for laboratory chemical 
analyses and will begin new sampling development for high-speed aircraft. 

c. The $150,?00 in FE~ appropriation will procure the frostpoint 
hygrometers especially designed and adapted for aircraft use and the 
Canadian-designed optical hygrometers, also needed for aircraft. 

20 



--

Attachment B 

d. The $40,000 in S&E funding will provide the two personnel who are 
needed to coordinate and develop sampling techniques with aircraft 
operators and controllers. The processing of samples will be accompli hed . 1 s • 
A few samp ing runs would be undertaken to complete the system for future 
expansion and application, 

(These funds do not include costs of the required aircraft, the RB57F, 
for example, that are capable of an adequate flight profile in the lower 
stratosphere. Aircraft requirements will approximate 1,000 hours per 
year at $1,500 per hour. The U.S. Air Force has the current capability to 
provide this support for which the funding has not been discussed. 
Because of the continued, if not the expanded responsibility of NOAA for 
global high-altitude sampling, the acquisition of this capability by the 
Research Flight Facility may be the most economical.) 

5. Satellite Sensing (11 positions, $800,000 R&D) 

a. $300,000 of R&D funds will provide the five people needed to 
initiate a major new effort to develop a sensor capability for satellite 
monitoring of aerosols and gaseous atmospheric constituents related to 
air pollution . This information will also be used in interpreting outputs 
from other satellite sensors to improve the accuracy of quantitative data 
such as atmospheric temperature profiles. Investigations of microwave 
radiometry and lidar-sensing techniques, beginning in FY 1971, will provide 
the basis for instrument development. 

b. The $500,000 in R&D appropriation will fund the required initial 
study to develop satellite capability for providing long-term measurement 
of the earth's albedo. The fundamental parameter in the development of 
climate is the earth's ability to absorb and re-radiate heat: its 
radiation balance. Long-term measurements of the earth's albedo ar: 
required to determine how natural and man-induced changes affect this 
balance. Clouds are a major factor in the albedo value. ~ecau~e the 
spatial variability of cloudiness may be expec~ed to be quite high, lona­
term globally integrated measurements from geostationary satellites or_ 
from a lunar base would be eminently suitable for long-term documentation. 

Six positions will be filled. 

6- Solar Radiation Measurements (9 positions, $200,000 S&E); (O positions, 
$100,000, R&D); (0 positions, $300,000,FEC) 

The $110 000 in S&E funding will provide the six people for periodic 
· ' (NWS) solar-observing stations 
inspection of all National Weather Servi_ce tations This funding is 
and for liaison with cooperative-observing s • i d" t· measurement program s 
necessary to ensure that the solar ra ia ion f 11 observing stations 
operated in an effective manner and that data rom a f h ix NWS 
ar . . 11 be based in each o t e s 

e_compatible. One position wi . C funds will be used to replace 
Regional Headquarters. The $250,000 in FE . stations with up-to-
obsolete and wornout equipment at 60 NWS observing 
date solar radiation measurement syS t ems. 
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The $90,000 in S&E funding will provide three people to begin staffing 
the combined WMO Regional and U.S. National Solar Radiation Center. This 
number must be increased to 10 positions to staff properly the Center with 
physical scientists and technicians to operate the facility. 

Washington, D.C., has been designated by the WMO as a Regional 
Center for Solar Radiation Measurements. Such a facility will be 
combined with and serve as a calibration laboratory for observing systems 
used in the U.S. National Solar Radiation Network. The $100,000 in R&D 
appropriation will enable support of work already begun by others on the 
development of an absolute standard instrument for solar radiation measure­
ments. The $50,000 in FEC appropriation will start the funding needed to 
provide standards, calibration equipment, and facilities for the combined 
WMO Regional and U.S. National Solar Radiation Center. 

7. Emission Inventories and Rates (4 positions, $100,000, R&D) 

Much data exist on the natural and manmade releases of pollutants 
into the atmosphere. The $100,000 in R&D funds would provide four people 
to establish sources for emission data, both nationally and globally, 
and to assemble these data in a form useable by the meteorologist in 
global models. These data identification and assembly are necessary 
before determination can be made as to the precise industrial wastes 
that are significant in climatic change. 

8. Contaminant Cycles and Removal (5 positions, $300,000,R&D) 

Predictions of future atmospheric concentrations of pollutants depend 
on both their source and life cycle. The $300,000 in R&D funding will 
enable five persons to start laboratory studies and field experiments of 
such features as precipitation removal of particles, gas and photochemical 
reactions, transport, and repositories. 

9. Analysis and Interpretation (8 positions, $300,000, R&D) 

It is of the utmost importance to distinquish between the human and 
the natural factors responsible for climatic variation and to anticipate 
the future course of each. 

Eight positions and $300,000 in R&D funds are required to initiate 
research efforts leading to an understanding of the mechanisms that 
cause changes in the concentration of atmosphere constituents which may 
affect the future state of global and mesoscale weather. The expressed 
purpose of the global geophysical monitoring network is to monitor the 
changes in these constituents. Understanding the mechanisms that bring 
about these changes is most important. Pollutants entering the weather 
processes affect two important mechanisms: the radiation budget and the 
cloud and precipitation processes. Concurrent research efforts are needed 
in the followi ng areas: 

22 



Attachment B 

• Determina tion of all relevant and measurable parameters and 
identification and development of techniques to meet the needs for 
monitoring additional atmospheric constituents, 

• Initiation of studies on the life history and residence time of 
various gaseous and particulate pollutants. 

• Determination of t he life history of cloud condensation and freezing 
nuclei from manmade and natural sources. 

• Analysis and interpretation of data from the global and regional 
monitoring stations, aircraft, and environmental satellites to 
determine the very small but significant trends. 

• Comprehensive investigation of the overall problem of climatic change, 
including predictability, man's influence, and impact of climatic 
change on man. 

10. Geophysical Modeling (2 positions, $100,000, R&D) 

Two research meteorologist positi ons and $100,000 in R&D funds are 
needed to observe and to model the planetary boundary layer and its response 
to new technology . Man's energy production capability already equals the 
radiational energy of the sun over small areas and is increasing rapidly. 
Large-scale projects for water diversion and massive irrigation will add 
significant amount s of water vapor to the lower atmosphere, changing the 
character of the earth's surface and its heat radiative character over large 
sections. This ge ophysical model development program will include the 
assessment of the ef fects of water diversion and irrigation projects on heat 
balance and moisture distribution and, through boundary layer models,will 
provide the necessary link to models of global weather and climate. - The 
results of resea rch will assist in the determination of the most economic 
means for introducing new technology, while at the same time preserving 
environmental quality. The program will be closely coupled to studies of 
other agencies on air pollution, power production, and water resources. 
This program responds to the President's program for the Pro~ection and _ 
Enhancement of Environmental Quality and to the National Environmental Quality 
Act of 1969. 

11. Quality Control System (2 positions, $50,000, S&E); (2 positions, $150,000, 
R&D) 

This funding will establish the standard criteria and statistical 
methods vital to determing trends 00 a global scale. Without strict qualit~ 
control, instrument calibration, and reference standards, long-term geophysical 

monitoring is without meaning. 

a. The $SO,OOO in S&E funds will provide two people to develop in-house 

competence to receive, process, and archive data. 
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b. The $50,000 in R&D funds will procure from the Bureau of Standards 
standard gases mandatory for comparative analysis. 

c. The $100,000 in R&D appropriations will fund for advanced analytical 
chemical criteria and standards. 

12. Central Data Archiving (2 positions, $100,000, S&E) 

The $100,000 in S&E funds will activate the system for careful central 
collection and storage of monitoring data gathered worldwide. The program 
will develop the processing and storage format for retrieval and will be 
used in a variety of time-series analyses, including digital computer­
readable form. Timely summarization and dissemination of the data for use 
by Federal and local agencies can then begin. Two positions will be filled. 
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