The Role of Research Measurement
Networks as Contributors to Federal
Assessments of Acid Deposition
Abstract
Three demands for wet-deposition data and dry-deposition data are
particularly important at the present time: 1) the analysis of longterm trends to evaluate the consequences of emission changes, 2) the
measurement of deposition loadings to determine impacts to receptors, and 3) model development and the analysis of atmospheric
source-receptor phenomena. The diversity of these demands has led
to deployment of a variety of networks to satisfy different measurement requirements. Consideration of this diversity of network goals
has led to a distinction between research-oriented networks and routine measurement networks. Research-oriented networks generally
contain a comparatively small number of stations, and make relatively intensive measurements with fine time resolution, to focus on
relevant processes. These networks use relatively advanced measurement techniques and require much-greater scientific attention than
routine measurement networks. Routine networks usually have a
greater number of simpler stations to provide finer spatial resolution, but have a coarser time resolution; they yield a more-descriptive picture of wet and dry deposition over periods of weeks or
months. Both types of networks have their place in the overall measurement effort. In this paper, the relationship between existing research arrays and routine-measurement arrays is discussed, and a
rationale is suggested for operation of the research arrays—the Multistate Power Production Pollution Study (MAP3S) (for wet deposition)
and COre Research Establishment (CORE) (for dry deposition) research measurement networks.

1. Introduction
There is an undisputed need for the quantitative measurement and mechanistic understanding of atmospheric-pollutant deposition. Continental and regional deposition loadings
must be measured for trend evaluation, effects assessment,
and material-balance calculations. Natural- and human-induced components of the deposition fields must be segregated to establish background values and to assess impacts.
Sources of pollution responsible for deposition at specific
receptor sites must be identified in a statistically meaningful manner, and the wide variety of contributing physical,
chemical, and biological (in the case of dry deposition)
mechanisms along the source-receptor pathways must be
understood sufficiently well to permit predictions of deposition changes resulting from possible future source modifications.
Several deposition-measurement networks have been implemented in response to this need. Federal efforts in this
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area began quite modestly with the advent of the MAP3S
precipitation-chemistry network in 1976. Because of recent
interest in deposition effects, network measurements have
been expanded and some arrays now cover the entire country
(Tables 1 and 2, Figs. 1 and 2). Primarily, because of the
relative ease of measurement, wet-deposition networks are
currently more extensive than their dry-deposition counterparts. Wet-deposition networks and dry-deposition networks
are experiencing parallel progressions of development, however, and wherever possible will be treated in a common context here.
Tables 1 and 2 indicate the variety of primary purposes for
which pollutant deposition has been measured. Different
specific objectives are seen to demand different levels of measurement detail, and this has been generally reflected in the
design of networks in operation at the present time. Detection of trends on a continental scale, for example, requires a
large number of measurement sites to adequately sample the
spatial domain; it is usually assumed, however, that such evaluations require only relatively coarse temporal resolution.4
Biological-response studies require sites concentrated in
areas with sensitive ecosystems; for the most part these studies
also require only coarse time resolution. In contrast, analyses
of source-receptor pathways and of atmospheric processes
require observations with much-finer time resolution. Usually, relatively coarse spatial resolution is acceptable under
such circumstances.
These differences in the purposes and scales of the routine
networks and research networks have caused considerable confusion in the management of resources required to
support these facilities. It is the intent of this paper to demonstrate that research networks and routine networks are
mutually supportive, and that both are required for assessing
the effects of pollutant deposition and future abatement
strategies.5
We propose to illustrate the interactive roles of research
networks and routine networks by formulating a "thesis
statement" regarding the research networks' intended function, and then by supporting this statement on the basis of
present need and historical perspective. In formatting the

4
It is interesting to note in this context that some recent statistical
arguments have been advanced (Slanina 1985) which suggest that 24hour or event precipitation-chemistry data should provide a morepowerful indicator of long-term trends than would counterpart
weekly or monthly average data. Slanina's arguments are based
primarily on the relatively robust nature of more-highly time-resolved data sets. In general such data allow more specific rejections
of those samples expected to be influenced by local sources, failing
ion balance or other quality criteria, and representing outliers, with
less detraction from the statistical sample represented by the remaining data.
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TABLE 1.
Network

US national precipitation-chemistry networks.

Initiation Date

No. of Stations

(a) Intensive (event)
MAP3S a

1976

9

(b) Routine (weekly)
NADP/NTN*

1978

192

Primary Purposes

Source-receptor pathway
evaluation
Pilot facility for larger networks
Monitoring for biological
response assessments and longterm trends in deposition

a

Note that the Utility Acid Precipitation Study Program (UAPSP), a network supported by the utility industry, also fits into the general
category of a research-mode, event-sampling, precipitation-chemistry network (see Jansen et al., 1983).
fe
The NTN is constrained to 150 stations. The N A D P / N T N array includes these stations and (currently) 42 additional sites.

TABLE 2.
Network

United States national dry-deposition networks.

Initiation Date

No. of Stations

(a) Intensive (hourly)
CORE

1982

3 (8)a

(b) Routine (weekly)
CORE satellite

1984

10 (15)

NTN

1985

Primary Purposes

Intercomparison and
calibration facility
Testing methods for
routine measurement
Long-term trends in
deposition

6 (100)

Expected future stations in parenthesis.

discussion in this manner we emphasize that the viewpoint
expressed in this thesis statement is not necessarily official,
nor even commonly held. It is, rather, a statement of the authors' mutual experimental philosophy, which has developed
as a result of our common experience in working with and
helping to develop these networks during their formative
years.
Our thesis is given as follows:
"Research" deposition-measurement networks provide
four basic functions, which are critically important to increasing our understanding of atmospheric deposition.
These functions are given as follows:
1) Research networks operate as pilot facilities for the development of measurement methods.
2) Through greater measurement diversity, research networks identify important chemical constituents that
may be worthy of future measurement by routine
networks.
3) Through their generally more-detailed and precise
measurements, research networks provide a basis for
evaluating routine data. In essence, they constitute a
"benchmark-calibration" source for routine-network
data.
5
This paper focuses on research-network roles, and so the rationale
and needs for research networks are emphasized. In this context,
however, we do not intend to extol the virtues of one kind of sampling
program relative to another, but rather to provide a strong, logical basis for the interactive operation of both routine and intensive
monitoring. Routine weekly sampling is used by both the National
Atmospheric Deposition Program (NADP) and National Trends
Network (NTN), which are contributing to our increasing knowledge base in an extremely important and quite obvious manner.

4) The more detailed and temporally resolved measurements of the research networks allow closer mechanistic
examination of the processes of wet and dry deposition
and, to a lesser extent, the response of biological receptors.
These functions are sufficiently important that research
networks should be operated continually for both wet and
dry deposition. The number of stations in these networks
should remain small, with prime emphasis placed on continuity, quality control, and fulfillment of the stated
functions.
The essence of the above thesis statement is supported by
the following sections, which describe performance of the research networks to date, and discuss developing needs for
their continued operation.

2. Wet deposition
a. Historical overview
As shown in Table 1, the Multistate Power Production Pollution Study (MAP3S) precipitation-chemistry network has
served as the federal "research" wet-deposition network
from 1976 up to the present. Beginning with four initial stations (Whiteface, N.Y.; Ithaca, N.Y.; State College, Penn.;
and Charlottesville, Va.), this array has been expanded to the
nine locations shown in Fig. 1. MAP3S network policy
throughout this period has been to maintain only a small
number of research stations, emphasizing measurement
quality, temporal resolution, and combined routine and exUnauthenticated | Downloaded 01/09/23 12:46 PM UTC
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FIG. 1. The distribution of sampling stations of the major deposition-research networks currently operating in North America.

FIG. 2. The N A D P and NTN wet-deposition routine monitoring
networks. The Canadian CAPMON network is also shown.

ploratory measurements. For comparison, Fig. 2 shows the
much-larger array of routine-measurement stations presently operated under the monitoring programs of the National Atmospheric Deposition Program (NADP) and the
National Trends Network (NTN).
The critical need for daily or event precipitation samples
should be noted at the outset to this discussion. Networks
with weekly or longer sampling protocols (such as NADP/
NTN) typically sample precipitation from multiple storm systems, thus complicating back-trajectory calculations, mechanistic evaluations, and other atmospheric source-receptor
analyses. The MAP3S network acquires daily precipitation
samples, thus providing data far better suited to such needs.
In a converse sense, however, the valuable contributions of
the NADP and the NTN should be borne continually in
mind. Prior to 1977 there was virtually no reliable, continuous body of large-scale information regarding United States
wet-deposition trends and spatial variability. Today, largely
because of these networks, we possess a robust data base for
large-scale spatial variability. We also possess a growing temporal data base, which combined with data from MAP3S, the
Utility Acid Precipitation Sampling Program (UAPSP) network, and the Canadian networks, is providing an unprecedented documentation of trends.
Before deployment of the MAP3S network, the North
American precipitation-chemistry data base was sparse and
notably lacking in continuity. This void was partially filled
by the MAP3S network; it provided a unique yet limited depiction of spatial variability (c.f. Pack, 1980) and temporal
trends. Since the advent of the NADP and NTN networks,
such secondary functions have become less important. The
original MAP3S sites continue, however, to provide the longest time series of high quality North American wet-deposition
data available. Typical examples of subsets of this composite
data base are shown in Fig. 3.

Regardless of these early secondary roles, the MAP3S network has contributed most strongly in the four areas itemized in the thesis statement. Some limited examples of past
activities in each of these categories follow.
1. Initial facilities
The start of the MAP3S network in 1976 was preceded by
two years of planning, which focused on operational aspects
of the sampling array. Many of the early concepts implemented and tested operationally have been adopted in subsequent networks. The "blind" insertion of dummy samples
as routine checks of laboratory operations, for example, has
been adopted as a standard quality-control protocol for all of
the federal networks.6 Early debate regarding sampler design
(e.g. Galloway and Likens, 1978) led to a systematic comparison of the MAP3S sampler (MAP3S/RAINE Research
Community, 1982), the Health and Safety Laboratory
(HASL) sampler7 (Volchok and Graveson, 1975), and the
Canadian Network for Sampling Air and Precipitation
(CANSAP) sampler (Barrie and Sorois, 1982). These tests
indicated close agreement of the MAP3S and HASL samplers,
but also showed that the original CANSAP samplers often
produced large measurement errors (de Pena et al., 1980).
The electric utilities' Utility Acid Precipitation Sampling
Program (UAPSP) network (Jansen, et al., 1983) and the
Canadian Air and Precipitation Network (APN) (Barrie, et
al., 1980) both employ sampling protocols similar to those
6
MAP3S was the first US continuous network to apply blind quality-control samples. To our knowledge, the first noncontinuous
network to apply this concept was the METROMEX network
(Changnon, et al., (1981)).
7
This sampler was designed by the former Atomic Energy Commission Health and Safety Laboratory, and is now available
commercially.
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developed by MAP3S, and recently the CANSAP network
was merged with the APN to establish the new Canadian Air
and Precipitation Monitoring (CAPMON) network. The
CAPMON network is also similar to MAP3S in its wet-sampling protocols. Locations of the UAPSP and CAPMON stations are indicated along with those of the MAP3S sites in
Fig. 1. This composite array of research sites can be compared with the NADP/NTN monitoring-network layout,
which is shown in Fig. 2.8
2. Nonstandard chemical constituents
In response to specific research needs, the MAP3S network
has focused on a wider range of chemical species than other
precipitation-chemistry networks. For example, S(IV), ("dissolved S0 2 ") concentrations in precipitation, have been measured since the start of the program; S(IV) has been shown to
be a significant contributor to total sulfur deposition (Hales
and Dana, 1979). In further investigations in this general
area Chapman (1986) has performed chemical analyses of
aldehydes, and S02-aldehyde complexes in MAP3S samples.
Results of this study demonstrate that significant fractions of
rainborne S(IV) exist in complexed form in these samples.
Moreover, the conventional colorimetric method for S(IV)
does not detect these complexes indicating that even more
S(IV) occurs in rain than previously supposed. Revised methodologies and detailed parallel analyses are currently in progress, with the intent of ultimate replacement of the existing
analytical protocol.
Other special measurements include nitrite-ion, total organic nitrogen (micro-Kjehldahl), and trace metals (cf.
Church, et al., 1984). Very recently some special measurements of formic and acetic acids at the Charlottesville site
(Keene and Galloway, 1984) have demonstrated that these
compounds contribute significantly to the hydrogen-ion
content of freshly acquired precipitation samples. These organic acids are not usually observed in aged samples, owing
to their rapid biological decay.
3. Intercomparison and calibration sources
MAP3S daily precipitation samples are collected, stabilized,
and refrigerated soon after collection, and thus provide a useful basis for comparison of results obtained using the weekly
sampling protocols of NTN and NADP. Most MAP3S sites
are collocated with an NTN/NADP sampler.
Early concerns in the MAP3S program about metal retention on polyethylene sampling surfaces and associated pH
aberrations led to a detailed study of the effects of acid-washing sampler equipment. The tests demonstrated that pH measurements from samples washed with acid and with distilled
water give highly comparable results (as long as the acidwashed surfaces are meticulously rinsed with distilled water
after exposure to the acid). As a consequence of these studies
the MAP3S network has now standardized on the use of a

8
Detailed MAP3S network results are reported routinely in annual "Periodic Summary Reports." The most recent volume published at the time of this writing is the Seventh Periodic Summary
Report (J. E. Rothert and M. T. Dana, Pacific Northwest Laboratory Report PNL-5298 (1984)).
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normal HASL sampler with distilled-water washing for routine operations. This early MAP3S work was complimented
by investigations at other laboratories (cf. Rattonetti, 1976),
and most critical aspects of this methodology have been
adopted by other federal precipitation-sampling networks.
As noted above, the utility of such data for this purpose is
enhanced significantly by their relatively fine temporal resolution. Numerous forward- and backward-trajectory analyses, for example, have been performed in attempts to define
source areas responsible for pollutants depositing at MAP3S
sites (e.g., Henderson and Weingartner, 1982). Such endeavors are possible if event data are available; weekly measurements typically result in composite data from multiple
storm systems, which are impossible to deconvolute in a
meaningful manner for trajectory analysis.
Another example of diagnostic utility is the MAP3S network's contribution to scavenging-ratio analysis. The scavenging ratio, defined as the concentration of a scavenged pollutant species in precipitation divided by the concentration of
the same species in air being scavenged, has a rather substantial basis in theory (Engelmann, 1971) and is a useful
concept for application to a variety of simple and intermediately complex regional-pollution models. Because scavenging ratios lose much of their physical significance if averaged
over multiple events, MAP3S event data are particularly useful for this analysis whenever supported by relevant measurements of concentrations in air.
A number of additional mechanistic evaluations using
MAP3S network data share this dependence on event resolution. These include tests of predictions of models with fine
time resolution (McNaughton, 1981), the investigation of reactive-scavenging mechanisms (Oppenheimer, 1983), the
study of S(IV) scavenging mechanisms (Hales and Dana,
1979), and the nonreactive scavenging of strong-acid forming compounds such as HNO3 and H 2 S0 4 (Scott, 1982). Finally, factor analysis, cluster analysis, and various other
forms of pattern recognition have been used to study storm
chemistry on an event basis, although even finer temporal detail would have been preferred in many cases (e.g., Baker,
et al., 1981).
The MAP3S network played a particularly valuable role in
the OSCAR (Oxidation and Scavenging Characteristics of
April Rains) field experiment (Easter 1984). This major
experiment employed an array of approximately eighty sequential precipitation-chemistry samplers, along with extensive aircraft and meteorological support, using the MAP3S
network as a foundation. Numerous mechanistic evaluations
of the OSCAR data are in progress at the present time (e.g.,
Easter and Hales, 1983).
As noted in the thesis statement the MAP3S network is a
potentially valuable source of secondary information on
fine-time-resolution surface deposition, for use in studies of
biological response. The impact9-classification chart in Fig.
9
This subdivision of impacts on the basis of time scales is based on
concepts originally proposed in informal discussions with James
Galloway of the University of Virginia. Although, during recent
years, short-term responses only have been postulated they seem to
be receiving more-serious consideration—at least in some circles.
Short-term impact of high aqueous H2O2 levels is one example of
such a response.
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4, shows the segregation of biological impacts into four areas
according to the time response of the impact and chemical
lifetime of the pollutant in question. In this chart, biological
impact is classified according to response time of the receptor
and chemical stability of the pollutant. When the wet-deposited pollutant is chemically stable in the sample, and the
receptor requires extended exposure (at least several events)
to respond to the pollutant, then, in principle, samples from
weekly networks such as NADP should be sufficient to determine the cause-effect relationship. If, however, the pollutant is chemically unstable and/or the biological response is
short-term in nature, then the cause-effect relationship will
be obscured within time integrated data. Effects such as these
are expected to become more important as our understanding of deposition, and its associated response functions,
evolves.

2. Dry deposition
a. Historical overview
Dry-deposition monitoring in the United States has proceeded along a course similar to that for wet deposition, but
its progress has been impeded by the fact that no suitable device exists for routinely collecting deposited material (see
Durham, et al. 1983). This difficulty results from the inability
of any artificial collection surface to reproduce the important
characteristics of natural surfaces, and from the need to consider trace-gas deposition as well as that for particles. Because of this, dry-deposition fluxes usually must be inferred
from indirect measurements. As yet, there is no defined sampling protocol that is an obvious best choice, and hence
several alternative methods are being tested in prototype
networks presently being set up.
The need for dry-deposition data, similar to the wet-deposition information generated by monitoring programs such
as NADP and NTN, is well recognized. In the absence of any
generally accepted method for evaluating dry deposition of
trace gases and aerosols directly, an inferential technique
using concentration data is the only available monitoring option. However, the concentration data (C) alone are not
adequate for evaluating dry deposition, since site-specific,
time-evolving, and species-dependent deposition velocities
(Vd) must be used to compute the deposition F, as F = Vd• C.
Suitable deposition velocities may be estimated from micrometeorological and surface variables measured in conjunc-

FIG. 4. A schematic breakdown of measurement scales
and potential effects.

tion with the concentrations, provided adequate formulations
for the deposition velocity are available.
For these reasons the combined research network and routine network approach, described previously for wet-deposition measurements, must be applied for dry deposition as
well. An extended array of routine-monitoring stations will
measure features known to influence dry-deposition behavior. A much-smaller network (the so-called CORE stations)
will provide the more-intensive research measurements needed
to interpret the routine-network data. At present both types
of networks are in initial stages of implementation. The interactive design of the CORE research network and its monitoring counterpart is described in the following subsections.
1. Initial facilities
The CORE network of three research sites has been in operation since 1983, under joint Department of Energy (DOE),
Environmental Protection Agency (EPA), and National
Oceanic Atmospheric Administration (NOAA) sponsorship.
This small network combines participants from several collaborating laboratories (most importantly, the three site
operators and the EPA Atmospheric Sciences Research Laboratory) in a cooperative effort addressing the measurement
and modeling of dry-deposition fluxes of gaseous and particulate air pollutants. The CORE network is shown in Fig. 1.
Although there is no simple collector suitable for routinely
measuring dry deposition, techniques are available to measure the surface fluxes of some chemical species in special
circumstances (Hicks et al., 1980). The CORE network is
designed to make use of all available measurement methods,
ranging from techniques based on the accumulation of deposited materials on surfaces to the application of tower and
aircraft eddy-correlation systems. Specific techniques that
have been used in the research program include application
of surrogate surfaces, measurement of snowpack accumulation, gradient studies, variance and covariance methods, and
mass-budget calculations. Cooperating institutions located
at the measurement sites provide the capability to make use
of leaf washing, calibrated watersheds, and canopy throughfall studies.
A pilot network of "satellite" routine measurement stations has also been set up (see Fig. 1). These satellite sites test
methods for obtaining dry-deposition data using simple
equipment at stations normally used for monitoring wet deposition (using the inferential or concentration-monitoring
method). These sites are designed to test the methods developed in the CORE program for routine dry-deposition
monitoring.
A major goal of the CORE research activities is to assure
the quality of dry-deposition estimates derived using inferential methods proposed for network application. For this
purpose, the results of intensive field studies are directly
compared with the results of application of inferential methods to routinely collected meteorological and air-chemistry
data. The specific goals of the CORE research network are as
follows:
1) To develop and assess alternative methods for measuring dry deposition.
2) To provide the basis for site-specific and time-evolving
Unauthenticated | Downloaded 01/09/23 12:46 PM UTC
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specification of appropriate deposition velocities, with
which dry-deposition loadings can be computed from
routinely collected concentration data and supporting
meteorological and surface information.
3) To apply research mode, intensive measurement
methods to provide high-quality determinations of dry
deposition for direct comparison and assessment of the
inferential techniques applied routinely.
2. Comparison of methods and techniques
As presently planned, the NAPAP routine dry-depositionmonitoring network will apply the inferential method, based
on coupling measurements of air concentrations of selected
pollutant species with deposition velocities derived from specially designed meteorological and surface-condition monitoring equipment. It is well recognized that the ability to
evaluate appropriate deposition velocities is still evolving at
this time; a major contribution of the CORE research program will be to facilitate this development.
In concept, the inferential concentration-monitoring
method is only valid if the deposition flux of the chemical
species in question is directed towards the surface. The necessary basic research on atmosphere-surface exchange is being
conducted using a variety of methods (but mostly micrometeorological), by many researchers both within and outside of the CORE program. Figure 5 presents a time record of
SO2 fluxes obtained using the eddy-correlation method, recently measured as part of the CORE program, using two independent flame-photometric S0 2 detectors. On the basis of
such information (now available for each of the CORE sites
and for a variety of other land-use types, during periods of
intensive study), SO2 has been selected as one of the species
suitable for application of the inferential approach. Other
gaseous species presently being considered include nitric acid
vapor and ozone. Suitability studies of nitrogen dioxide are
not conclusive at present (e.g., Wesely et al., 1982; Hicks
et al., 1983; Hicks et al., 1986).
Based on such direct information on the uniformity of the
exchange process (the flux is always downward and therefore
a deposition velocity is conceptually appropriate as a parameterization tool), S0 2 ,0 3 , and HNO3 vapor have been selected as the trace gases most suitable for testing prototype
inferential methods. In the absence of developed filter-pack
(or equivalent) integral techniques for routine measurement
of ozone, present tests of the application of trace-gas filterpack methodology are being confined to S0 2 and HNO3.
For particle exchange, similar guiding philosophies lead to
the identification of sulfate, nitrate, and ammonium ions as
targets for initial exploratory work. Because the inferential
method must use deposition-velocity data derived from
other studies (as summarized by Wesely et al., 1985, for example), and since such information is largely constrained to
particles in the so-called accumulation-size range, the present focus is on sulfate-, nitrate-, and ammonium-bearing particles less than about 2 jum in diameter. The possible role of
gravitational settling reinforces the conclusion to focus on
the accumulation size range in the initial stages of this program. Questions concerning the deposition of sedimenting
particles await the development of appropriate measurement
devices. A small effort to develop new surrogate surfaces for
measuring deposition of large particles has been conducted

FIG . 5. A time series of sulfur dioxide fluxes measured using two
independent sulfur sensors in an intensive study of the CORE program, in March 1985. Note that negative fluxes indicate transport
towards the surface, i.e. deposition. Gaps correspond to periods of
sensor calibration. (Figure courtesy of R. T. McMillen.)

as part of the CORE program.10 The intent of this work has
been to produce a collecting surface that is unaffected by
edge effects and that will provide a uniform collection efficiency in different surroundings.
The air-chemistry sampling system used in the Canadian
CANSAP network (Barrie and Sorois, 1982) has been modified to satisfy the demands of operation in the United States
and has been deployed to all of the dry-deposition sites identified in Fig. 1 (both CORE and satellite). This system has
limited capabilities, but is closely tailored to the meteorological measurement systems developed in concert. The airquality component is essentially a filter-pack unit with active
mass-flow control for measuring S0 2 concentrations, vapor-phase HNO3 (although with considerable uncertainty
resulting from errors associated with the behavior of nitrate
particles), and submicron particles. For this particular device
(one of several being tested at this time), sampling flow rates
and system pressure drops are continuously recorded on
magnetic tape, along with the outputs of all meteorological
and surface-condition sensors. Subsequent analysis takes
into account chemical-sampling performance characteristics
at the same time as meteorological and surface data are analyzed. This overall program is discussed elsewhere (Hosker
and Womack, 1985).
The CORE research stations are intended to verify the drydeposition estimates derived using inferential methods.
Three separate aspects are receiving special attention. First,
the measurements of air quality by a simple filter-pack system operated over a one-week sampling period are being
compared against results derived from real-time monitors at
each CORE site. (The selection of a one-week period for testing the inferential techniques was based on the desire to mesh
directly with the current operating procedures of the NTN.
Daily sampling presents no additional conceptual problems,
but would increase analysis costs by a factor of seven.)

10
This work was conducted at Carnegie-Mellon University, under
the direction of Dr. C. I. Davidson and Dr. G. J. McCrae.
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TABLE 3. Summary of multilaboratory technique-comparison experiments conducted under the CORE research program. Organizations
involved are the N O A A / A R L Atmospheric Turbulence and Diffusion Division (ATDD), Oak Ridge, TN; the Pennsylvania State University
(PSU), State College, PA; Argonne National Laboratory (ANL), Argonne, IL, and the EPA Atmospheric Sciences Research Laboratory
(ASRL), Research Triangle Park, NC.
Date

Description of Study

Participants

January 1983

Fluxes of sulfur and ozone to bare
soil and snow, Rock Springs, PA
Particle fluxes (inc. sulfate)
to deciduous forest, Oak Ridge, TN
S0 2 , 0 3 , and NO* fluxes to a grassy
clearing, Argonne, IL
S0 2 , 0 3 , and NO* deposition to snow
Rock Springs, PA
SO2 and O3 deposition to deciduous
forest, Oak Ridge, TN
SO2 and 0 3 deposition to areas typical
of the Black Forest, Germany
SO2, O3, NO*, and particle deposition
to agricultural crops, Rock Springs, PA

ATDD, ANL
PSU, ASRL
ATDD, ANL
PSU, ASRL
ATDD, ANL
PSU, ASRL
ATDD, ANL
PSU, ASRL
ATDD, ANL
ASRL
ATDD, ANL

May 1983
August 1983
February 1984
June 1984
March 1985
July 1985

Second, deposition velocities inferred from routine measurements of meteorological and surface conditions are
being compared with values derived from gradient data and
eddy-correlation data at CORE sites.
Third, the validity of dry-deposition estimates obtained by
combining average deposition velocities with average atmospheric-concentration data is being examined in comparison with the more-direct measurements at the CORE sites.
Preliminary results have been presented by Hicks et al.
(1985).
3. Mechanistic evaluations
The preceding paragraphs demonstrate how the NTN drydeposition network will depend heavily on the CORE research facilities, both as a means of interpretation and as a
source of network evaluation. Each of these interactions and
relationships depends in turn on the scientific ability to disentangle and quantify the physical, biological, and chemical
mechanisms of dry deposition. Related research is normally
conducted in intermittent intensive studies at the CORE locations, in parallel with the more-continuous efforts to "benchmark" the simpler inferential techniques used elsewhere.
Often, these intensive studies involve teams from several institutions. The multilaboratory cooperative experiments that
have been conducted so far are listed in Table 3. In every case,
a major goal has been to compare results obtained by different groups using different equipment, and frequently employing different measurement techniques.
New methods for measuring dry deposition are being developed in collaboration with other research programs of
EPA, DOE, USGS and NOAA. Extensive computer tests
have been completed of the eddy-accumulation method,
which proposes to bypass the actual eddy-correlation need
for a fast-response chemical sensor by using a fast-response
air-sampling system. Tests have shown that three major problems arise: 1) the need for precise control of air-sampling
rates over a dynamic range exceeding three orders of magnitude, 2) the requirement for accurate specification of the
plane corresponding to zero transverse flow, and 3) the need
for accurate chemical measurement of very small concentration differences (Hicks and McMillen, 1984). Even though

ATDD, ANL
ASRL, PSU

these problems present an exceedingly demanding challenge,
development of the method continues and prototype field
devices have been tested as part of the CORE program.11
Methods are being developed for interpreting covariance
data obtained using chemical sensors with more-limited frequency response than would normally be permitted in eddycorrelation studies. Techniques are also being explored to
interpret particle fluxes more accurately, as measured either
by eddy-correlation or by gradient methods (Fairall, 1984;
Fairall and Larsen, 1984).
Computer programs for analyzing meteorological and
surface-condition data obtained at all of the dry-deposition
sites shown in Fig. 1 have been developed, to yield estimated
deposition velocities appropriate for HN0 3 vapor, SO2, O3,
and submicron particles. These programs are now being
tested and modified using data from CORE program intensive studies. The overall philosophy and the detailed procedures for inferring dry deposition have been documented
(Hicks et al., 1985). It is intended that documentation be updated at regular intervals, in order to reflect changes in the
analytical procedures as the research program evolves.

3. Future applications
In evaluating past and future network applications (both wet
and dry) it is convenient to consider the applications of research-network data in three categories: 1) those which have
successfully addressed past, transient needs, and for which
continued operation is not required (e.g., past comparisons
of samplers and measurement techniques), 2) those intended
to resolve currently unsatisfied and immediate needs, and 3)
those which address continuing, long-term questions.
For the case of wet deposition, several special sampling
functions are currently necessary to resolve a number of
questions regarding chemical interactions (e.g., the stabiliza-
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Prototype eddy-accumulation devices have been developed at
the EPA Atmospheric Sciences Research Laboratory, Research Triangle Park, North Carolina, under the direction of J. L. Durham.
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tion of S(IV) by aldehydes, the formation of formic and
acetic acids, and the origin and fate of nitrated organic compounds). A wide range of technique comparisons and evaluation will be necessary if and when the various routine
monitoring networks decide to adopt a more-modern sampler
design. These and similar transient functions should be fulfilled by the research networks.
On a more long-term basis all research networks should be
used as foundations for field studies, as was the case with the
OSCAR wet-deposition experiment. It should be noted in
this context that all of the recent plans for large-scale field
studies under the National Acid Precipitation Assessment
Program have required data from stations of the existing research networks, and have sometimes required expansion of
these networks. Recent discussions concerning the need for
data for model evaluation have emphasized the utility of the
fine time resolution provided by both wet-deposition and
dry-deposition research networks.
Contributions of the existing CORE network are limited
by its small number of stations. Additional research stations
are needed to extend studies to a wider range of surfaces, and
to improve geographical coverage of the continent. Specific
omissions at present are the arid agricultural midwest, desert
areas, wetlands, and urban areas.
To meet growing needs, several modifications to the existing wet-deposition research networks and dry-deposition research networks appear desirable; these are:
1) Selected air-concentration measurements need to be
incorporated routinely at all research sites of the deposition-research networks. Such data are basic to the determination of dry-deposition rates. For wet-deposition
research networks, the information obtained will enable quantification of scavenging ratios and the factors
influencing them.
2) MAP3S and CORE network planners should work
cooperatively with their Canadian counterparts associated with the Canadian Air and Precipitation Monitoring Network (CAPMON), to match sampling and
analysis procedures for the two arrays. This would result in a data set that is totally compatible on both sides
of the United States/Canadian border—an important
factor in the computation of trans-border transport.
3) The research networks should undergo a modest geographical expansion, so as to improve the characterization of surface land-use types and geographical regions
pertinent to the primary objectives.
4) For wet deposition, a selected subgroup of MAP3S stations should begin sub-event sampling. This will provide improved time resolution in wet deposition,
matching the hourly resolution presently provided for
dry deposition by the CORE station procedures. The
improved time resolution for wet deposition would
permit more-detailed examination of factors determining scavenging, and will enable far-improved identification of source air masses.
Incorporation of these adaptations along with the fulfillment of identified "transient" needs will allow both the
MAP3S and CORE networks to contribute strongly in research support of the monitoring networks during the coming decade.
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4. Discussion
Wet deposition and dry deposition are such highly variable
phenomena, both in space and in time, that any monitoring
strategy must be structured to minimize the resulting uncertainties. Because of cost and logistics, all sites cannot be research sites. Therefore, for both wet-deposition monitoring
and dry-deposition monitoring, a separate and larger network of more-routine sites is needed, using somewhat
simpler methods and providing results averaged over longer
sampling times. The two kinds of networks fit well together
because the results from the research sites are needed to interpret data from the larger routine networks. In practice, the
MAP3S and CORE networks are operated in a coordinated,
interactive fashion, in collaboration with the routine monitoring activities, and share two fundamental objectives: 1) to
operate and test advanced techniques for monitoring deposition, and 2) to provide a source of highly time-resolved and
detailed data for study of atmospheric processes and model
development.
In both cases (wet and dry deposition), the subset of moresophisticated stations constitutes a research network providing considerably finer time resolution than the routine operation; event for wet deposition, and hour-by-hour for dry.
Such time resolution is not required to address the question
of time trends, the major goal of long-term deposition monitoring, but it is required to interpret the data derived from
routine monitoring activities and for several other purposes.
Other parties requiring this information are numerical modelers and investigators of atmospheric processes.
A missing component at this time is the facility to address
spatial resolution of dry deposition. At this early stage of
dry-deposition monitoring, we are uncertain how best to approach this question. Also, the existing dry-deposition
CORE stations have the same eastern focus as the eventsampling network initiated under the MAP3S program,
largely for similar reasons. Clearly, expansion to other areas
is called for in both cases.

5. Conclusions
This paper has attempted to define an approach to depositionmonitoring-network operation and design, based on the
nested-network concept of major routine monitoring networks operating in conjunction with smaller, more scientifically intense research arrays. In so doing, we have set forth
and supported a thesis statement regarding the interactive
role of research networks. It is our strong belief that deposition-monitoring efforts designed, engineered, and operated
on these principles will maximize the return of socially and
scientifically useful information, which is the desired end
product of this endeavor.
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