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REsTRUCTURING OF THE CHESAPEAKE BAYy PRrocraM s DATABASE

Qaudia P. Vélters
U.S. Environmental Protection Agency

Abstract: After a decade of progress, the Chesapeake Bay Program (CBP) has generated a great deal of
information about the ecological system and has changed the CBP"s management information needs. The
cornerstone of the CBP, the Water Quality Monitoring Program, has monitored Chesapeake Bay for
nutrients over the past 8 years. Many other monitoring programs have been initiated during the past 10
years, including toxics and living resources. In addition, various historical data sets existed prior to the
formal structure. This “measurement” type of data was used to create modeling systems of the environ-
ment, used to generate trends, or used In management activities. All of these subsequent activities
generate an additional date type called “derived.” The CBP is now on the verge of linking environmental
information to people and land-based activities that affect the environment, such as population, forestry,
and zoning. As a result, the CBP has generated a considerable amount of information and created new
management information needs that must be reflected in the data base.

The solution to this data management dilemma is a well-organized col lection of data and a standardized,
interactive retrieval system for use in responding to the needs of scientists and policymakers around the
Bay community. The data management system should permit integrated, cross-media data queries that
are not platform-dependent. Queries should not require the services of skilled programmers but should
be easily accessible to users. The best way to achieve this is to design and build a true data base using
relational data structures. Oracle, the EPA’s standard for scientific relational data base management,
would be the best tool for implementing a true data base at the CBP. The overall design of the data
management system will have Oracle as the relational data base, in which data will be loaded from our
data entry and validation program, CAMS (Chesapeake Bay Program Automated Monitoring Data
Transfer System) and accessed via COMPASS, a front-end, menu-driven, Windows-type application
written by the National Oceanic and Atmospheric Administration .

Conversion of the current VAX WMS system to the Oracle RDBMS system will consist of a planning
phase to identify all of the data base needs and involve the participation of various data base design
experts. The planning has commenced. The process to design and implement the new data base is
explained in this paper. In addition, the status of where we are in that process is identified.
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| NNovaTIONs TO ProvibE PusLic Access To CHESAPEAKE Bay
Procram DATA AND | NFORMATI ON

Use oF TECHNOLOGI CAL

Brand L. N emann
National Biological Survey

Joseph Mackni s
U.S. Environmental Protection Agency

Aostract: The purpose of this paper is to report progress in the use of technological innovations to provide
public access to Chesapeake Bay Program data and information. The technological innovations are: (1)
hypertext-hypermedia (Folio Views and Mosaic); (2) exploratory data analysis and visualizations (S-PLUS);
and (3) writable CD technology (CD-Rs). They can be used with U.S. Environmental Protection Agencey
standard personal computer hardware and software tools. The paper includes sample results of each of these
innovations and a list of next steps. The results show how exploratory data analysis techniques can improve
visualizations of complex data bases, support decisions on monitoring frequency, and assess achievement of
environmental goals. In addition, this paper shows how exploratory data analysis with the Chesapeake Bay
Program data set furthers the goals of data integration and multivariate analyses, both of which are next
logical applications with the excellent data bases collected by the Chesapeake Bay Monitoring Program. In
addition, the presentation includes a description of the CHESYROM CD-ROM, which includes Chesapeake
Bay water quality data sets and key guides, reports and documentation, and information on theCD-ROM"s

availability and use.

I NTRODUCTI ON

In his 4 November 1993 progress report, “Tech-
nollogy for Economiic Growth,”” President Clinton
stated that information technology will be used to
dramatically improve the way the federal govern-
ment serves the people. In particular, goverment
intends to use technology to improve the quality and
timeliness of service, 1o provide new ways for the
public to comunicate with their govermment, and
to make govermment information available to the
public in an equitable manner (White House, 1993).

The U.S. Environmental Protection
Agency(EPA) has been a leader in the federal
govermment in providing public access to environ-
mental data and information. The 1992 Toxics
Release Inventory (U.S. Environmental Protection
Agency1994a) available on CD-ROM and in other
forms. A Guide to Selected National Environmen-
tal Statistics (U.S. Enviromental Protection
Agency 1993) (available on diskette and the
Internet) and the use of writable CD-ROMs
(Computer World 1994) are some examples of the
EPA’s leadership role.
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The Chesapeake Bay Monitoring Subcommittee
(MSC) has long recogniized the need for public
access 1o its monitoring data to promote broad
multidisciplinary interpretation and reporting of
results. The MSC has encouraged the use of
technological innovations to make the monitoring
data and metadata (“‘data about the data’) more
accessible to everyone involved and interested in
the Chesapeake Bay Program with access to
personal computers (PCs). During the past 6
months the authors have undertaken an effort to
make an initial selection of Chesapeake Bay
Program data and information accessible in a PC
format compatible with EPA standard PC hard-
ware and software tools. The tedrolagical imovations
described in this paper include hypertexthyper—
media (Folio Views and World Wide Web Mosaic),
exploratory data analysis and visual izations
(5-PLUS), and writable CD technology. The
technological innovations and prototype
CHESYROM CD-ROM have been explained and
demonstrated to the MSC and the agencies and



institutions involved in the Chesapeake Bay
Monitoring Program in a series of on-site mini-
classes (Niemann 1994a).

The purpose of this paper is to report progress
in the use of technollogical innovations to provide
public access to Chesapeake Bay Program data and
information. The paper includes sample results
ad a list of next steps.

Sone Technol ogi cal | nnovations for Public Access
EPA St andar d PC Har dwar e and Sof t ware Tool s

The EPA provides its employees with IBV-
compatible PCs with 386 and 486 processors, 4-8
MB of RAM, VGA monitors, standard 3.5- inch
and/or 5.25 -inch disk drives, and hard drives
wi'th storage capacity ranging from about 100 MB
to one GB. The EPA”s standard PC contract also
makes intemal or external CD-ROM drives avail-
ablle at low cost. The EPA supports a suite of
standard PC software applications that includes
word processing (WordPerfect), spreadsheet
(LOTUS 1-2-3), database management (dBASE 111+
and 1V), graphics (various), and comunications
(various) operating under the DOS and, increas-
ingly, the Windows operating systems.

EPA employees have access to the Intemet via
the EPA All-In-One Email system for exchange of
mai | messages and transfer of small files. Some
EPA employees also have direct access to the
Intermet that permits full use of Intemet informa—
tion resource tools such as FIP (File Transfer
Protocol), Gopher, World Wide Web, WAIS (wide
area information servers), and X.500-Directory
Service for information distribution and retrieval
worldwide. It is expected that more EPA employ-
ees will have the kind of Intermet access that
permits full use of Intemet information resource
tools such as Windows Mosaic.

Hypert ext - Hyper nedi a (Fol i o Vi ews and Mosai c)

With an ordinary book, you typically start
reading with page one, followed by page two, then
three, etc. The information is ordered sequentially,
one sheet after the other. Hypertext bresks out of this
linear arrangement. Different chunks of information
can be arbitrarily linked together, providing multiple
paths through the same information.

When you start up a World Wide Web server
Mosaic document on the Intemet, you” 1 notice that
certain words and images are highlighted (in blue
and underlined, unless you”ve changed the
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application’s defaults). These are links to other
documents. As an example, suppose you are
looking at document A. The words “‘some text” are
linked to docurent B, while the image of the tree
is linked to document C. documents B and C could
then in tum be linked to other docurents, etc. The
difference between hypertext and a book is that
you can easily ignore information you are not
interested in. 1T you don”t care about document B,
you would never have to look at it. Furthermore,
documents A, B, and C could be on the same or
different servers distributed around the world on
the Intermet. The “Web’ is growing explosively.
Use of the National Center for Supercomputing
Applications Web more than doubles every 4
months. Recent estimates put the Intermet Web
traffic growth rate at 300,000% per year, which is
attributable primarily to the release of the Win-
dons Mosaic client/senver in late 1993.

In the PC world, a Folio Views infobase is
similar to an Intemet Mosaic docurent in that an
infobase is a dynamic, single-file repository of free-
format data that can contain text, graphics, ad
multimedia objects (such as video, audio, and
sourd filles). Infobases are (1) a place to tum for
Tacts you need, (2) a tool to keep those facts
current, (3) autility to publish your information
inexpensively, and (4) an effective method to
consume information. Infobases can be distributed
on diskettes, CD-ROMs, and the Intemet.

Actual ly hypertext-hypermedia was con-
ceived a long time ago as pointed out by Tufte
(1990) as follows: ““In 1613, when Galileo pub-
lished the first telescopic doservations of Satum,
word and drawing were as one. The stunning
images, never seen before, were just another
sentence element. Satum, a drawing, aword, a
noun. The wonderful becomes familiar and the
familiar wonderful .

By placing drawings of Satum in mid-sentence,
Galileo had begun the tight integration of text ad
graphics. A modem implementation of Galileo’s
idea is hypertext and hypermedia where the reader
is informed that a link to supplemental information
exists ad if that lirk is exlored, the reader can then
retum 1o the departure point in the text.

Expl oratory Data Anal ysi s and Vi sual i zati ons
('S- PLUS)

All statistical amalysis hes, at its heart, amocel
that attenpts to describe the structure or relation-
ships in some objects or phenomena on which
measurements (the data) are taken. The process of
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developing a statistical model varies depending on
whether one follows a classical, hypothesis-driven
approach (confimatory data analysis) or a more
modem, data—driven approach (exploratory data
analysis). In many data analysis projects, both
approaches are frequently used (StaSci 194).

A new book by William Cleveland of the AT&T
Bell Laboratories, Visualizing Data (1994), is about
visualization tools and a new philosophy of data
analysis that stresses a penetrating look at the
structure of data. The book is organized around
applications of the tools to data sets from scientific
studies. Many of his visualization methods are
widely used throughout the scientific, engineering,
and business camunities. Cleveland has developed a
new modulle for SPLUS, called Trellis Display, that
mekes It essier to create the new graphics in his book.

S-PLLS is a state-of-the-art, interactive conput-
ing environment that provides both a full-featured
graphical data analysis system and an object-
oriented language. The flexible S-PLUS system can
be used for exploratory data analysis, graphics,
statistics, and mathematical computing. S-PLUS is
the comercial version and a superset of the
original S language from AT&T Bell Laboratories
available from StatSci. S and S-PLUS are at the
leading edge of statistical research, and new
developments usual ly appear sooner than in other
statistical software packages. SPLUS is a large
system, with over 1,600 built-in functions and
dazens of additional functions stored in libraries.
S-PLUS runs under the DOS, Windows 3.1, and
UNIX operating systems.

The S+ Interface for developing menu-style
interfaces is available, S-PLUS for Arc/Info has just
been released, and S+ Wavelets, awavelet toolkit,
and DataViewer, a new multivariate data visual-
ization tool, are in development. StaSci recom-
mends the product Data Junction to convert your
data Files to and from dozens of popular data
bases, spreadsheets, and other applications for use
with S-PLUS. S-PLUS requires a 386- or 486-based
PC with a math co-processor, Windows 3.1, DOS
3,0 or higher, 8 MB of RAM, and 40 MB of hard
disk space. The new S-PLUS 3.2 for Windows has
Just been released, and it allows users to embed
S-PLUS high-resolution graphics in other Windows
applications such as Folio Viens.

The late W. Edwards Deming said that “visual-
ization retains the information in the data.”
Cleveland has observed that no matter how clever
the information and no matter how technologically
impressive the encoding (e.g-, color and depth), a
visualization fails if the decoding fails. Many
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excellent exanples of the visualization of natural
phenomena are found in the recent book by Wol ff
and Yaegar (1993) with accompanying animations
on CD-ROM. The Virginia Institute of Marine
Science(1994) has recently produced a CD-ROM
Digital Atlas of Chesapeake Bay Water Quality using a
wvolumetric interpolation to produce color-con-
toured maps and vertical sections at monthly
intenals held in 8-bit-deep raster images.
MacEachren (1994) has done some similar displays
and suggests the use of saturation hues and focus
(fuzziness) to display uncertainty and data quality.

Witabl e CD Technol ogy

Compact discs (CDs) seem to be everywhere
these days, especially for listening to nusic. They
have found their way into a wide variety of
computer applications because of their capacity,
durability, portability, and interchangeability. One
might ask, Why isn”t everyone using CDs for data
storage and distribution? The answer is that until
recently your desktop computer could not write to
a (D the same way it can write to a Floppy disk or
other magnetic media. Instead, CDs have to be
mastered and pressed an expensive operation
requiring special production equipment. This made
CDs expensive to produce and distribute in small
quantities, but affordsble in larger volures.

Writable CD products (Eastman Kodak Com-
pany 1993) have solved that problem. Once
computer files have been prepared, the writable
CD process involves only one step taking about 30
minutes while pressed CDs require many steps
and usual ly several days to manufacture. The
advantages of writable CDs make them ideal for
the following applications: lov-volume publishing
(large wolunes of information to relatively small
audiences); record-on-demand; desktop publish-
ing; archiving; and system backup.

The break-even points for writable (Ds at 1992 costs
was about 100 or fener disks (Pahwa 1994) . The break-
even point is exqeected to rise, as the aost of the wriitzble
media (@bout $20) drops, to about 250 disks In 19%5. The
cost per MB of writable (Ds is estimated to be about
$0.04 canpared to about $4.54 for paper.

With the number of CD-ROM drives projected
to reach 13 million by 1995, this means that more
people can read the information you send to them
on writable CDs. CD-ROMs in Print (1994) esti-
mates that there are already 3,502 titles, an in-
crease of nearly 20% over 1992! Standards ensure
that what you write to a writable CD disk can be
read by anyone with standard equipment and



software in any of the standard formats.

Writable CDs ((D-Rs) are also called write-once
or one-offs. Honever, write-once is a little mislesd-
ing. For example with a Kodak writable CD disk
you can append information dozens of times in fact
each disk can hold up to 9 tracks or updates. Write-
once simply means that information on the disk
camnot be erased or altered physically. The writable
(D system consists of three parts: the media, the
writers, ad the softvare.

RESULTS
| nf obases

The Guide to Using Chesapeake Bay Program Water
Quality Monitoring Data (Chesapeake Bay Program
1993b) and Environmental Indicators: Measuring Our
Progress (Chesapeake Bay Program 1993b) provided
the besiis for the first two electronic info-beses of
Chesapeake Bay Program information. The contents
of these first two infobases and the remaining two
are preserted in figure 1. The user™s guides for these
four infobases (Niemann 1993a, 1993b, 1993c, ard
199b) are avai lable from the author. These four
infobases are included in the CHESYROM CD-ROM
subdirectory structure (see figure 1).

The user can open the CBPOGUDE.NFO and
search for how a chemical parameter is measured
and hyperlink to a map of the mainstem monitoring
locations and zoom in on their locations, anong
other things. The user can open the CBPOMAHA_NFO
and select an indicator, read the description, and
then hyperlink to the associated graphic, among
other things. The user can open the VIZCHAL _NFO
and select a monitoring location (e.g-, CB1.1) and
then hyperlink to time series of various nitrogen
water quality parameters at that location. The user
can open the CBPODO.NFO and review key
documents on dissolved oxygen goals and then
select a monitoring location with continuous
dissolved oxygen data and display the times series
of data at that location by means of hyperlinks on a
map. Finally, the user can open the EMAPRIMR.NFO
and search for a particular BVAP project or term in
the gllossary and then hyperllink to selected graphics.

Toxi cs Rel ease I nventory Trends Anal ysi s

A special Chesgpeake Bay toxics release inventory
(TRI) data base was developed to document trends in
industrial loadings and releases firom 1987 10 1991 ad
was included in the Chesapeake Bay Basiin Toxics Loading
and Release Invertory  (Chesapeake Bay Program 1994) .
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The steps in creating the special TRI inventory
were as follons:

1 The TRI databases for the six states (OE, WD,
NY, PA, VA, and W) for the years 1987-91
were obtained as dBASE 111+ or LOTUS _WKS
Tiles from the EPA Office of Pollution Preven-
tion and Toxics on diskettes (U.S. Bviromental
Protection Agency 1994b).

The TRI databases for selected media catego-
ries were queried in LOTUS 1-2-3 R3.1+ for the
subset of counties within the Chesapeake Bay
wetershed, for all toxic substances, for just the
126 priority pollutants, and for just the 14
“Toxics of Concerm’.

The results of the queries were summarized
and graphed in LOTUS 1-2-3 R3.1+.

Estimates of releases and discharges of sodium
sulfate and aluninum oxide were not included in
the anallysis because those substances have low
risks and are no longer reported to the TRI. In
addition, the extrenely large loadings of these
substances would mask more important trends.
The complete documentation of the methodology
is included with the data bases and spreadsheets
on the CHESYROM CD-ROM.

The Chesapeake Bay basin industry-reported
releases and transfers of Chesapeake Bay Toxics of
Concem shown in Figure 2 account for 6%of all
toxic substances reported to the TRI by Chesa-
peake Bay industries in 1991. Total reported
releases and transfers of Chesapeake Bay Toxics of
Concern increased from 1988 to 1990 and then
declined sharply in 1991. Air and water release
have remained fairly constant in quantity since
1987 and accounted for 7% and 3%, respectively,
of the 1991 total reported releases and transfers of
Chesapeake Bay Toxics of Concemn.

The level of uncertainty associated with TRI-
reported estimates is unknown. The individual
reporting facility develops estimates of releases
and transfers of toxic substances. Camparisons of
these industry-reported surface water discharges
wi'th NPDES-calculated loads for common toxic
substances show good agreement, strongly sug-
gesting that TRI-reported loads to surface-waters
have similar confidence lewvels.

CBP | nt er pol at or Qut put and Conti nuous
Di ssol ved Oxygen Dat a

The interpolator output (Bergstrom and Olson
1994, Chesapeake Bay Program 1993b) in the form of
SAS i les on the Chesapeake Bay Program Office
VAX computer were converted to ASCII format and
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Figure 1. Folio views infobases.

Air = release through smokestack or as fugitive emission; Water = surface water
discharge; Land = landfill disposal ; PONT = transfer off-site to publicly omned
water treatment works; Others = off-site for treatment, storage, and/or

disposal . (source: U.S. Envirommental Protection Agency 1994a).

Figure 2. TR trends anal ysi s.
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domnloaded to PC diskettes. The ASCII files were
imported into LOTUS 1-2-3 release 3.1+ for format-
ting for input to S-PLUS. OF the thirteen SAS files
available, only sixwere used in this initial aalysis,
namely dissolved inorganic nitrogen (DIN),
dissolved inorganic phosphorous (DIP), dissolved
oxygen (DO), total nitrogen (TN), total phospho-
rous (TP), and Secchi depth (SD). The formatting in
LOTUS created four different versions of the three
data bases as folloas:

1 Reported cruises for the entire period.

2 Just the First of the month cruises for the entire
period;

Twice monthly data for the entire period with
the unsampled mid-month periods interpo-
lated from the monthly data; and

Twice monthly data for the entire period with
the unsampled mid-month periods desig-
nated with NA for “not available™.

Recommended methods for statistical analysis
of water quality data (see Helsel 1992, Helsel and
Hirsch 1993) can be performed with S-PLUS (see
Niemann submitted, 1994c). Figure 3 shows an
example of the S-PLUS scripts, graphics, and
interpretations accompanying each result in the
earlier reference (Niemann 19%4c) for figure 4.

3
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The QQplots in Figure 5 compare the rank order
distributions of the DO concertrations for monthly-
only cruises (12 cruises) with the complete data base
(20 cruises per year) . The QQplot shows how the
monthly cruise data would underestimate the “true”
DO concentrations from more complete data (8 more
cruises per year).There is real porer (berefit) to the
8 additional cruises to resolving the frequency of DO
concerttrations in the interpolator data base; how-
ever, the additional pover is not in the range of DO
values of interest to the DO goals.

The scatter plot matrix of interpolator DO
concerttrations for eight of the Bay segrents in
Tfigure 6 shons, as exqpected, that the spatial correla-
tion decreases as the sgparation increases between
segnents as one moves from the diagonal to the
upper right-hand and loner left-hand sides of the
matrix. Bploratory data analysis techniques like the
scatter plot matrix can provide spatial analyses ad
statistics without the use of mgps or at least comple-
ment and supplement the information on GIS maps.

The notched box plots of interpolator DO
concentrations in figure 7 show that Bay seg-
ment CB4 has the lowest DO concentration
overall, and it is not significantly different from
the two adjacent segments CB3 and CB5, but is

Figure 3. Exanpl e of S PLUSscripts, graphics, andinterpretationin N enann (1994c).
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Figure 4. GBPinterpol ator output: Tines series 12 versus 20 cr ui ses.

Figure 5. CBPinterpolator output: QQplot for dissol ved oxygen.
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Figure 6. GBPinterpolator output: Scatter plot matrix for di ssol ved oxygen. A box plot is a simple graphical
representation showing the center and spread of distribution, along with a display of unusually deviant data points,
called outliers. Box plots also indicate skewness as well . The most striking visual feature is the box that shows the
limits of the middle half of the horizontial line in the interior of the box os located at the median of the data. This
estimates the center of the distribution for the data. The height of the box is equal to the interguartile distance, 1QD,
which is the difference between the third quartile of the data and the first quartile. The IQD indicates the spread or
width of the distribution of the data. The whiskers (the dotted line extending from the top and bottom of the box)
extend to the extreme values of the data or a distance 1.5 X 1QD from the center, whichever is less. For data having
a Gaussian distribution, approximately 99.3% of the data falls inside the whiskers . Data points that fall outside the
whiskers may be outliers, and are so indicated by horizontal lines The option varwidth = T means the box widths
will be proportional to the square root of the number of observations for the box.The option notch = T means
notched boxes are drawn. IT the notches on two boxes do not overlap, this indicates a difference in the location
(median) at a rough 5% significance level . Normal QQplots should also be used to check for departures from
normality in the data.

Figure 7. GBPinterpolator: Notched box plots for di ssol ved oxygen.
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significantly different from the other seven
segments in the mainstem of the Bay because
the “‘notches’ for the latter do not overlap.

It was foud previously that various fits or
smoothing methods give different trends for indi-
vidual Chesapeake Bay stations (Niemann 1993c). In
contrast, a very robust method (least sgquare mean
regression), which essantial ly igores all the autliers
ad oscillations, shoas essential ly a straight line (o
tred). Inessence, trends are very sensitive to the
smoothing or fitting method, period of record, ad
ratural variability. A similar results wes dotained for
the interpolator output (see figure 8).

Figure 8. CBPinterpolator output: Trends
anal ysi s for nitrogen.

The scatter plot matrix may also be used for model-
ing relationships between parameters as shown in
Figure 9, where vater qual ity parareters have been
conbined wirth a living resource paraneter, narely
hectares of submerged agquatic vegetation by Bay
segrent. The results give rise to speaullation about
relationship or the lack thereof between the parareters
besed on gataal variability. FArelly, the scatter plot
matrix wes also used to visualize the contiinuous
dissolved oxygen data (see figure 10,) which shons
considerablle overplotting and general ly good agree-
ment between temperature and DO saturation as
eqected, inthat oe is calaulated fran the other.

CD R Subdirectory Structure

Information on a CD-ROM is structured the same
way as on a PC hard disk, narely as a hierarchy of
sudirectories as shoan in figure 11 for the
CHESYROM CD-ROM. Each subdirectory contains a
READVE file explaining the files. The subdirectories
wirth infobases can be run by typing the nane of the
infobase (e.g., CBPOGUDE) and ENTER. The rest of

the subdirectories require goplicatios software on the
FC to retrieve and use (e.g-, LOTUS 1-2-3, dBAE 111+,
ad SPLUS). The largest subdirectory by far is
\WAINSTEM, which cortains over 200 files totaling
about 100 MB in size of the historical mainstem moni-
toring data. As explained previausly, the wriitable (DR
can accommodate additional subdirectories in the
future and ypdates 1o the infomation.

CD-R Reviewand D stribution

The plan is to distribute thre infdal apies of the
CHESYROM CD-Rs to the participating agencies and
institutios for revievand verification of their partiau-
lar portion of the mainstem nonitoring data base. Upon
incorporation of any changes or additios to the
CHESYROM CD-R, it can then be distributed to a
larger group to satisfy requests for FC acoess to the data
and information. Any changes and updates to the
mainstem or other data bases can be handled by
wriiting them to the sare individual (D-Rs in that
multisession (D-Rs can be written 1o up 1o P times.
The cost of the (DR media (about $0) and their
storage cgpecity (large) and mailling aosts (low) are such
that it is best to have the MD-Rs retumed for writing
updates and even custom reguests for other data bases.

Additional Statistical Anal yses and Advanced
Vi sual i zati ons

Sare logical next steps for eloratory data analysis
ad visualization to consider are as follons:

1 QQ plots can be produced for the special
continuous DO data in segment CB4 and the
“‘composite’ of twice monthly samples for all
cruise sites in CB4 to produce a meaningful QQ
plot for the DO range of interest to the DO goals.

2 The VIMS interpolator output could be ana
lyzed using the same basic S-PIUS EDA
used for the interpolator data base this would
senve as a check on the consistency sensitivity
in both results.

3 Selected sites in the mainstem data base could
be analyzed using the same basic S-PLUS EDA
used for the interpolator data base this would
sernve as a check on the consistency/sensitivity
in both results.

4 Selected outputs from the CBP 3D model
could be analyzed for comparisons with the
interpolator and mainstem data S-PLUS
outputs this would sene as a dheck for consis
tenoy/sensitivity in both results and guidance
for the refinanent effort to suply model inputs
and evaluation outputs for the 3D model.



5 Additional multivariate analyses (S -PLUS
scatter plot matrices, coplots, etc.) could be
made on avai lable data bases (e.g., Citizen’s
Monitoring CBP/TRS 71 92) and on data bases
bui It by merging available water quality, flow,
loading, living resources, climate, BEVAP, and
other data bases.

Section 9: Technological Innovations

With the mainstem monitoring data base
organized in PC format on CD-ROM, it is now
possible to use advanced visualization tools
such as PV-WAVE and AVS (advanced visual-
ization system).

Figure 9. GBPinterpol ator output: Scatter plot matrix wthfitting.

Fi gure 10. CBP conti nuous di ssol ved oxygen: Scatter plot matrix.

345



Macknis and Nieman

Fi gure 11. CHESYROM CD- ROM subdirectory structure.

Worl d Wde Wb Server

The Chesapeake Bay Program data and
information could eventually be served to the
world using a World Wide Web server on the
Intermet. Locke (1994) in Information Week
stresses how the Web can enhance global com-
munications and make a virtual corporation
possible. Infobases and the CHESYROM CD-
ROM are logical first steps for organizing the
Chesapeake Bay Program data and information
and adding value through improved access,
navigation, and retrieval leading to the serving
of that information on the Web.
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GPS/ GI' S ApPpPLI CATI ONS—AN | NTEGRATED APPROACH TO SHORELINE STUDI ES

Harry E Berqui st
Virginia Institute of Marine Science

Abstract: In cooperation with the National Park Service, a unique opportunity was presented to inte-
grate the technologies of GIS, GPS, and remote sensing to map and inventory shoreline position and
vegetation assemblages along the Cape Hatteras National Seashore. Two GPS campaigns were required.
First, rectification data for high-altitude color infrared photography had to be obtained for the vegetation
mapping component. Second, a survey of the high water shoreline was desired to compare the present-
day shoreline position to previous surveys conducted. These data are to be imported into a GIS data base
to develop a coastal risk assessment model that addresses the potential impacts of sea level rise on
natural and cultural resources. As well, the data are to be integrated into the various GIS-based inventory
and monitoring programs being implemented by the park. This paper reports on the planning and
implementation of the GPS Fieldwork and the application of the results.

Modifications of standard GPS procedures were required. In particular, the resolution of the scanned
images (1 -2 meters) precluded using code-phase derived coordinates for georeference points. Without
access to the latest dual-frequency, p-code, “swift static” receivers, an altemative was tested in which very
short observations using L1 phase-measurement receivers were conducted, The results were surprising.
Submeter and often decimeter positions were readily obtained. The geography of the region was condu-
cive to using stop-and-go kinematic surveying for many points. The position of the high-water line was
measured in situ on a falling tide using continuous kinematic techniques with the receiver mounted on a
4x4 vehicle.

Site selection and cataloguing of georeference points for image rectification required supporting large
scale photography (1:32,000) of the area to augment the small-scale imagery (1:58,000) being rectified.
Survey results from the georeference points were imported into the ERDAS image processing software to
complete the rectifications. Results from the continuous kinematic shoreline survey were imported into an
Arc/Info GIS data base to conduct a comparative analysis with existing digital shoreline surveys.
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ResuspPeENSI ON  BEHAVI OR

IN THE Lower CHESAPEAKE

Section 9: Technological Innovations

Bay

J. P. -Y Miaand C -H Lee
Virginia Institute of Marine Science

Abstract: Using the VIMS Sea Carousel to conduct in-situ experiments in lower Chesapeake Bay, we

found significant spatial and temporal difference of the critical bed shear stress for sediment

resuspension, T At the Wolftrap site, tor varied from 1.1 Pa in the summer to 1.9 Pa in the winter. At the
Burwell Bay site, although the bed was too soft for anchoring our research vessel against the changing
tide, we identified that T Was 0.045 Pa. At the Old Plantation site, there was a small amount of Fluffy
material on top of the bed. At a winter deployment at the Cherrystone site, we found a layer of consoli-
dating Fluffy sediment at the surface. Within this layer, there was a transition from fluid mud (without

erosion resistance) to bed (with erosion resistance) .

A typical “type I”” behavior of sediment resuspension has been identified at all sites. For this type of
behavior, the resuspension rate decreases with time for a given constant bed shear stress larger than t
This implies that the erosion resistance increases with depth. The natural sediments behave like cohesive

sediments because of the biochemical processes.

I NTRODUCTI ON

When studying the sediment resuspension
process, one needs to know the fol lowing param-
eters: the bed shear stress, ty,, the critical bed shear
stress for sediment resuspension, tg, the
resuspension behavior, and the resuspension rate,
E. Recent advances in the study of hydrodynamics
and computing resources provide a better estima-
tion of ty,. However, no such progress has been
made toward a better understanding of the other
parareters. This is because of the complexity of
natural sediments and associated biochemical
processes in natural environments.

Natural estuarine sediments are usuallly a
mixture of many different grain sizes and involve
some biochemical processes. Theilr resuspension
behavior changes with time as well as location
because of the different physical, chemical, and
biological activities. Collecting sediment sarples
and conducting laboratory experiments are usually
not sufficient because of the difficulty in duplicat-
ing natural beds (Maa and Lee in review) and
controlling biochemical processes. At the Virginia
Institute of Marine Science(VIMS), we envisioned
these difficulties, and thus developed the VIMS
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Sea Carousel (Maa et al. 1993) for scrutinizing the
sediment resuspension process. Although this
study is still in its early stages, the preliminary
results show a quirte different critical bed shear
stress for sediment resuspension in lower Chesa-
peake Bay.

The VIMS Sea Carousel is an annular flume
operating on the same principle as other annullar
Flumes used in many laboratories (Fukuda 1978
Wainright 1988, Burt and Game 1985). The most
significant difference is that the flure is designed
specifically for field applications. Exoegpting sane
details, the VIVS Sea Carousel is similar to the Sea
Carousel developed in Canada (Amos et all. 1992).
Figure 1 shows the flume at a deployment. Two
cylinders of 0.2 m height with diameters of 2.0 m
and 2.3 m form the inner and outer walls of the
Flure. The two cylinders have a sharp edge so
they can penetrate the seafloor when lowered from
aboat. Two bearing plates stop the penetration at
a selected elevation to give a 0.1 m channel depth.
A ring, driven by a DC motor and controlled by a
shiipboard motor controller, rotates at the top of
this channel at selected constant speeds to generate
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Flows for sediment resuspension. Thus, an en-
closed annular chanrel is formed with the natural
substrate as the floor. Reasonably good seals
between the rotating ring and the sidewalls permit
the use of an 0BS (Downing et al. 1981) to measure
the concentration of suspended matter within this
flure, and the total eroded sediment mass. Other
details of the VIMS Sea Carousel can be found in
Maaetal. (1993).

The rotating ring provides the driving shear
force at the top boundary. This shear force
induces a tangential flow as well as a secondary
flow. This secondary circulation is beneficial for
studying resuspension processes because it
maintains a reasonably uniform suspension of
eroded sediment in the flume. A numerical
model study (Maa 1993) and laboratory experi-
ments (Maa et al. in review) showed that rea-
sonably uniform bed shear stresses could be
achieved throughout the flume. The relation-
ship between the spatially averaged bed shear
stress and ring speed for a 0.1 m channel depth
is given as t = 0.0114 y1-693_ where t is the
spatial ly averaged bed shear stress given in Pa
(N/mz) and y is the ring speed in rpm.

RESULTS OF FIELD EXPERI MENTS

To date, we have conducted several experi-
ments at the following sites: Burwell Bay, Wolftrap,
Old Plantation, Cherrystone, and Duck experimen-
tal site, N.C. Baogpt for the last location, all are in laner
Chesgpeake Bay. Fiigure 2 shons these locations.

Wl ftrap Site

We have conducted three experiments at the
Wolftrgp site (lat. 37446°07", lag. 76/09°52").
Details of the first two experiments have been
reported elsewhere (Maa et al . 1993). The mean
water depth at this site was 11.6 m. The tidal range
was about 1 m. At this site, tidal currents were the
major force of erosion except during storms. The
measured maximum tidal current at 1 m above the
sea Floor was about 0.2 m/sec (Wright et al . 1992).
The top 5 mm sediment sample collected during
the last experiment ( 14 May 1992) at this site
indicated that the sediment was composed of fine
sand (2%), very fine sand (63%), silt (40%), ad clay
(&%) . The median grain size was about 0.07 nm.

The first experiment was conducted on 19 June
1991. The bed shear stress was increased incre-
mental ly from a minimum of 0.025 Pa to a maxi-

Figure 1.V M5 Sea Carousel (after Maa et al. 1993).
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mum of 0.34 Pa over a period of 140 minutes
(Figure 33). For the first six bed shear stresses, the
concentration of suspended matter in the flume
was practically unchanged. These values may
reflect the original arbient concentration of
suspended matter. It is clear that the resuspension
began when ty, reached 0.19 Pa. When t, further
increased, more sediment was suspended.

Figure 2. The experinment sites.

Figure 3. Results fromthe Wl ftrap experinents.
(@ First eqeriment. (b) Second experiment.

351

Section 9: Technological Innovations

The second experiment was conducted on 8
October 1991. Figure 3b shows the results. The
concentration data show that the sediment was
resuspended when t, = 0.11 Pa (or more liberally,
at t,=0.09Pa). Thuswe may say that t;-=0.11 Pa.
This critical bed shear stress was considerably loner
than that obtained from the first experiment,
Tt =0.19 Pa.

The last two experiments on this site were con-
ducted on 14 May 1992. The results are given in
Figure 4. The concentration data shoan in Figure 4a
indicate that t- isabout 0.14Pa. (figure 4b. )shons the
results of a resuspension test. We see a gradually
decreasing concentration of suspended matter for
each given t,, with the rate of decrease increasing

Figure 4. Results fromthe third wol ftrap experi -

nents. (&) For identifying t; (b) A resuspension
experiment.

with t;,. This may be due to the leaking rate
increasing wirth ring speed (i.e., ). If thevater
leakage is considered as a constant for a given
ring speed, we can envision that the resuspension
rate would decrease with time. We will discuss
this isse later.

Notice that the t’s are quirte different for the
three experiments. The reason of these differences
may come from bioturbation, the seasonal differ-
ences in biochemical process (Brekhovskikh et al.
1991), or spatial sediment heterogeneity. Further
investigations are under way to address this issue.
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Figure5. Photoinages of the seafloor at the Vdl ftrap Ste. (@) A relatively smooth surface before experi-
ment with a burrowing sea anemone in the Flure. (b) After experiment, the surface is rough because of the
exposure of polychaete tubes, anphipod tubes, and phoronid worms. (After Maa et al. 1993).
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Figure 5 shows two photo images obtained
from the third deployment. They clearly show that
the original, relatively smooth surface Figure 5a
was considerablly roughened by erosion Figure 5b.
The abundance of biocactivities shown in Figure 5b.
further demonstrate the complications of natural
sediments and the difficulty in duplicating the bed
in laboratories to enulate the associated
geobiochemical processes.

Burwel | Bay Site

e only have a partial ly successful experiment at
thissite (lat. 372" 34, lag. 6/436°4"). Theanalysisof
Burvel I Bay sediment samples reveals that the top 2
am of sediment consists of 8% sand, 61% silt, ad
31% clay. Organic cortent is about 8. This site has
a moderate sediment accunulation rate of 1 - 3 av/
yr (Nidols 1972). The faural charecteristics at this
site have been studied by Schaffrer et al . (1987). For
this soft muddy sediment, we selected a small
increment of bed shear stress because we expected
the aritical bed shear stress to be small.

Figure 6 shons the experimental results. The
initial spikes might have been caused by a rapid
dispersion of a small pocket of fluid mud. Be-
cause of mixing within the flume, the suspended
sediment concentration decreased sharply over
the first 3 minutes. It then decreased at a much
slover rate until the bed shear stress wes in-
creased to 0.027 Pa. At that time, more sediment
was suspended and the concentration records
showed a small “bump.”” The constant flow shear
stress that folloned honever, was insufficient to
maintain the same concentration because of small
leakage. WWhen t; = 0.048 Pa, a clear, sustained
resuspension began at this bed shear stress. Thus,
we can estimate that t,- is about 0.045 Pa. This is

Figure 6. Experinent for identifyingtg at
Burwel | Bay.
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a much lower value when compared with data
obtained from the other sites. Paossible reasons
may include the large content of silt and clay
and strong bioturbation.

AQdPantationSte

We conducted two experiments at the Old
Plantation site (lat. 372512°34'", Long. 76/06”19") on
15May 1992. At this site, the water depth was
10.7 m, and the tidal current was about 2 m/sec at
the surface. Crain size analysis of the top 5m
sediment samples showed that the sediment was
mainly a mixture of very fine sand (77%) and silt
(18%). The mean grain size was 0.067 nm. Figure
7a shons the results of the First experinent. At this
site, we noticed that even at the first ty,, 0.06Pa,
sediment was stirred up. This may represent the
dispersion of surficial fluffy particles. This re-
sponse was further enhanced when t, = 0.07 Pa.
After reaching 1ts maximum at t 3 20 minutes,
hownever, the concentration decreased with time
and did not show any increase when we further
increased 1y, t0 0.09 Pa and 0.12 Pa. The concentra-
tion raised again when t, = 0.14 Pa. This behavior
may be interpreted as follows. There was small
amount of Fluff on top of the bed. It was easily
dispersed by the given small ty,, and because of
leakage, it was completely dispersed in 30 min.
The newly exposed sediment could resist some
shear stress, and thus it did not response to the
folloving t, (i.e., 0.09 Paad0.12Pa). Trecritical
bed shear stress, t, for this bed could be recog-
nized as about 0.14 Pa.

Figure 7b shows the results of a resuspension
test. The spikes occurring around t 3 20 min may
have been caused by a Fish trapped in the Flume.
Later, divers found an escape trench dug out from
the Flume, presumably by the trapped fish. Ifwe
remove the spikes, we see a gradual ly decreasing
concentration of suspended matter. For the first 10
min at the next ty,, 0.56 Pa, the rate of concentration
decrease was higher, and possibly caused by a
high leaking rate at the high ring speed. (\e
discuss this issie later.) After changing tidal
direction at t 345 min, the strong tidal current
dragged the R/V Bay Eagle away from her anchor-
ing location and tilted the flure. Thus, we aborted
the experiment.

Cherrystone Site

We conducted two experiments at this site (lat.
3714704, long. 76/05°22') on 14 February 1994.
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This site was not far from the Old Plantation site.
The water depth was 13 m, and the maximum tidal
current was about 0.3 n/sec at 1 m above the sea-
Floor. CGrain size analysis of the top 5 mm sediment
samples showed that the sediment was mainly a
mixture of very fine sand (80%), silt (33%), and clay
(AM). The mean grain size was 0.063 nm. Figure
8a shons the resullts of the First experiment to
identify t-. Bven the smallest bed shear stress, 0.02
Pa, was able to stir up sediment. Although there
were sare Fluctuations, the concertration of sus-
pended matter always increased with the bed shear
stress. e believe this response was caused by a
consolidating layer of fluff on top of the consolli-
dated bed. This fluffy layer may have developed
same erosion resistance, and thus showed a gradual
dispersion in 72mi. There is no clearcut way of
identifying t--  Ifve count this Auffy layer, thenthe
T s too small to be measured.  If we exclude this
layer, our best estinate for t,- is about 0.12 - 0.13 Pa.
Thiis exqperiment is unique because it is the first time
we have observed a layer of consolidating sediment
in the loner Chesapeake Bay.

Figure 8b shows the results of a resuspension
test. When twes 0.24 Pa, the concentration of
suspended matter increased to 0.53 g/l and
maintaired that level until we increased ty, t0 0.46
Pa. At the new t,, the concentration reached a new

level, 1.75 g/1, but decreased right after it reached
the maximum. At the next ty,, 0.67 Pa, the same
behavior was observed. At the last bed shear
stress, t; =0.93 Pa, hosever, the concentration
maintained at 3.6 g/l until we reduced ty, to 0.67
Pa. The two different behaviors may represent two
different scenarios for sediment resuspension and
leakage. We will now discuss this further.

Figure7. Results fromthe Qd R antationsite.
(@) For identifying ty-. () A resuspension eqerinent.
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Figure 8 Resultsfromthe Cherrystonesite. (@) For
identifying to,- (b)) A resuspension experiment.

CONCLUSI ON

Conducting field experiments for studying
sediment transport is probably the most realistic
approach because it has a minimum disturbance
of the complex natural sediments and associated
biochemical processes. To provide a controllable
erosion force for field experiments with minimum
resources, honever, is the most difficult part in the
design of a field instrument. At the VIMS, great
teanwork led by the director for research and
advisor service, Dr. R. Byme, successfully devel-
oped the VIMS Sea Carousel. With this field
instrument, we can bring the laboratory to fields
and provide a wellstudied, cortrollable force to
study sediment transport.

Qur field experiments conducted in loner Chesa-
peake Bay demonstrated a great range of t, which
varied fran0.045 Pa 10 0.19 Pa for different types of
bed. Bxogpt at the Cherrystore site, we coulld clearly
idntify t. AttteCremystore site, a layer of fluffy
material existed, preventing the doservation of ty-




Notice that t- is not the same bed shear stress
responsible for the incipient motion of sediment,
t;j- This is because our OBS sensor was mounted 5
cm above the bed. It would not sense the incipient
motion, ( e.g-, rolling) of sediment particles at the
bed surface. Only when the bed shear stress is
large enough to entrain these particles at least
2-3 cm above the bed, is the OBS is able to sense
them. For this reason, we know that t;- must be
larger than t.;. Our laboratory experiments also
found that the difference increases with grain
size. For example, ty 3 2 t; for very fine sand.
For clay and silt, the difference is not significant
(Maa and Lee in review).

Fluffy material can be dispersed into water
colums even when t, is small. After the fluffy
material is dispersed, the true bed material is
exposed. At the Burwell Bay site, we might have
had a pocket of fluid mud or fluff. At the Old
Plantation site, we probably had a small amount of
Fluff. At the Cherrystore site, we hed a corsollidating
layer of fluff. This layer may have been changing fram
fluid mud to bed. At the Wolftrep site, hovever, we
saw neither fluid mud nor Fluffy sediment.

In our resuspension experiments, the concentra—
tion of suspended sediment always increased with
the applied ty, during the first 7-9 min (if the
duration for ring speed acceleration is 5min). This
is referred as the raise period. After this raise
period, most experiments showed the concentra-
tion decrease with time. Onlly a few experiments
showed a nearly constant concentration for
suspended matter. Possible reasons for this
behavior may include:

Leakage from the flum.

Initial oscillation of t, caused by changing ring
speed in a relatively short period.
Decrease of the skin friction shear stress be
cause of the increase of bed roughness by
sediment resuspension.

Deposition of large sediment particles within
low bed shear stress areas in the flum.

Qur early experiments had a relatively large
Fluid acceleration at the beginning of each constant
1,- This is because the duration for changing ring
speeds from a low speed to the next higher speed
was short: one min This short duration may cause
1, to oscillate and resuspend more bed material
(Fukuda 1978, Maa et al . 1993). After the oscilla-
tory t, dissipated, the concentration of suspended
materials also decreased. We have revised the
operation procedures for our later experiments by
giving 5 min for the ring to gradually change
from one speed to the next. Under this new
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operational condition, we may assume that
there is no more ascillation of bed shear stress.

Our auxi liary laboratory experiments con-
ducted using a laboratory version of the VIMS Sea
Carousel and sediment samples collected at the
Wolftrap site indicated that the concertration of
suspended matter does not decrease with time at
all (Maa and Lee in review). This rules out the
contribution from the above-stated third and
fourth possible reasons. Thus, the observed
variation of concentration for suspended matter
should represent the net of sediment resuspension
and leakage. When the resuspension rate is larger
than the leakage, as happened in the raise period
of a new tj,, the concentration increases with tine.
IT these two rates are equal , then the concentration
remains constant. In cases when the resuspension
rate is smaller than the leakage, the concentration
decreases with time.

Leakage is hard to prevent campletely, espe-
cially for fine sediments, sinply because of the
large flume dimensions and the rotating ring. For
coarse material (e.g., fire sad), the effects of
leakage is probably negligible because leakage
occurred at the top of the Flure, where sediment
concentration is low. For experiments conducted in
this kind of bed, we see that the concentration of
suspended matter can be reasonably maintained as
a constant for a constant t, (Mea et al. 1993). For
sediments containing fine grain sediments, the
concentration of suspended matter in the flume
usually increased and reached a maximum during
the raise period and then decreased.

We may choose to correlate the erosion rate as a
function of (1) the excess bed shear stress, to =t -
1o Where t- may be a function of depth (Parchure
and Mehta 1985), or (2) tine (Lavelle et al. 1984).
For the first gpproach, a detailed vertical profile of
the bulk density for the top 0.5 cm is needed. This
is difficult because a reliable method to measure
this profile is not available yet. We are trying an
acoustic approach for resolving this probllem;
honever, it is still too early to make any coments.
To correlate the eyosion rate as a function of tine, our
findings will suffer fram the dranbadk thatt the corrella-
tion would be site dependentt, and could not be gpplied
elsanvnere. For the imediate future, honever, the
second approach seems to be the onlly feasible one, and
we are working on this isse. At this time, wewill
concentrate on the interpretation of resuspension
behavior .

The resuspension behavior observed can be
explained if the resuspension rate decreases with
tire for a given constant t, that is larger then t--
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For cohesive sediments, this behavior has been
noticed a long time ago as “type I”” response.
Because of the biochemical processes, the sediments
at our experiment sites all behave like cohesive
sediments. When applying a new constant t,, the
erosion rate is high at the beginning because of the
large t. The erosion rate decreases with time
because tg, IS decreasing for an increasing t-when
erosion proceeds. In other words, the bed shows
increasing erosion resistance with depth.

For all of the experiments, the resuspension rate
is larger than the leakage at the raise periad because
of the large toy. Thus, the concentratiion always
increases during this period. Inmost of the experi-
ments, because the resuspension rate decreases with
time and is sraller than the leakage after the initial
raise period, the concentration decreases. In sane
cases, the concentration remained constant because
the resuspension and leakage are balanced. This
may be because t- is a constant and ty does not
decrease whi le erosion proceeds.

Although all the beds show a typical type |
behavior of sediment resuspension, the variation
of t- with depth can be clearly identified by the
different time series of suspended sediment
concentrations. We are working on identifying the
resuspension rate.
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LET's Move Qur o THE Dark AcEs IN Data CoLLECTION AND PROCESsI NG
A COMMENTARY BY:

Robert T. Jaske Francis Setina
Public Safety Consultant National Aeronautics and Space Administration

Aostract: In this presentation, the authors consider the progress in the state of information processing in
the post -1970 period and make some predictions concerning how the research community will be doing
its work in the near future. This near- term future will involve the processing of living resources data on
an unprecedented scale, to positional accuracies never before thought feasible, and for acquisition costs
less than those commonly accepted using current technology.

The near-term information system explosion is particularly pertinent to the Chesapeake Bay Restora-

tion Project and its supporting research base because the depth of the Bay is quite nominal, and lasar
spectroscopy can be expected be have an early foothold in operational analysis involving repetitive

information sampling.

I NTRODUCTI ON

Three major developments that are moving
into comon practice will catalyze a revolution in
how basic data are collected, how time series data
are related to modeling activities, and hov all of
this information is stored, exchanged, and pre-
pared for analysis, publication and archiving.
These developments are:

1. Lasar spectroscopy, already prominently in use
for industrial control systems will be expanded
in scope through the use of broad range of
bandwidths fraom infrared to ultraviolet. Just as
infrared spectroscopy in the chemical industry
changed the worlld of analytical chemistry, the
application of spectroscopy will move living
resource research light-years ahead in its ability
to sample in real time and move the information
into models almost simultaneously.

2. The use of spatial data management systems that
conbine satellite geopositioning to as close as
6 cm on the North American
Datum, object-oriented data management
systems, and the standardization of spatial
data in cellular format will open entirely new
opportunities for the real-time coordination of
diverse information sources. Techniques that
exist today make possible the sectioning of data
subsites fran large fields, the electroniic syper-
positioning of  information fran diverse sources,

and the instant distribution for coment of
conceptual ideas by means of high-speed
networking.

Just as the Corliss engine served its purposes,
the day of the large central processor is strictly
limited. Astrophysics is now making routine
use of parallel processing of arrays of relatively
low cost workstations. Given a data manage-
ment system that is both object oriented and
spatially controlled by means of a binary com-
patible coordinate gearetry, it is quite feasible
to consider all of the operational research for
the Chesapeake Bay Restoration Project being
conducted in a client server network with
linked workstations in real time. Insuch a
networked array, each researcher could inde
pendently choose the level of detaill for indi
vidual attention: (i.e., macro versus micro ina
single data structure), leaving to the degree of
significance the fineness of the grid and the
computing horsepower. Central library func
tions could be carried out with mainframe
technology such as Cray and array processors
positioned as client/sernver in aworkstation
network. The transfer of data and data sets
between and among client workstations
would take place on either satellite or fiberglass
networks, a direction now Firmly established in
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the comercial field. A major manufacturer
has just proposed an ““L”” band system for public
use with relatively stall dish antennas on the
order of 25 cn diameter.

BACKGROUND

As things stood in the mid 1970s, computing
was dominated by large mainframes. Data sets and
algoritims were closely tied into unified sets at
the pleasure of individual practitioners in order to
reduce cycle time, a severe limit at the tine. Early
efforts to produce array processors were only
successful with narrowly standarized data fields
such as telephone information systems. The
processing of remotely sensed data, while feasible
was slow and costly and exceeded storage limits
by large margins. Without solidstate mass storage,
data read rates were limited by tape transfer
speeds and mechanical limits on tape positioning.
All extermal transfer of data between remote users
was by ASCI1 tape, a process that took large
amounts of tape space. Large data transfer sys-
tems were limited to banking or government
users such as National Aeronautics and Space
Administration (NASA), and there were no
modems or equivalent devices available to indi-
viduals. Early satellite imagery collected by the
National Weather Service accumulated faster than
it could be analyzed and simply piled up in tape
storage. Early orthophoto concepts were seriously
disadvantaged by storage costs.

Commencing in the 1980s, changes occurred
rapidly. The development of virtual processing
simplified programming, making interactive
algorithm operating from common data bases
Teasible. Mass storage began to decrease in both
size and price, and improved data bus systems
reduced sequencing rates. The development of
the first personal computers (PCs) had little or no
effect on research type data analysis except for
column and row work of simple nature. But it was
not until the late 1980s that cheap mass storage
and the 128-bit and larger chips along with faster
modems began to open a new era. Even, however,
at the end of the 1980s, mass storage in the
multigigabyte size was limited to juke box arrays,
although minicomputer manufacturers began to
offer larger and larger storage capacity. Because of
these storage limitations, honever temporary, it
became customary to continue programming
practices that conserved space long after the need
disappeared. Thus, the notion of storing data in
polygons and the use of relational techniques both
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became established to meet needs already super-
seded by more comprehensive requirements of the
future.

In the 1990s, we have emerged into an almost
limitless period in which custom and prejudice
govern choices more than realistic needs. GIS
technology has become popular, but tied to
obsollescent concepts of data base management.
We have also emerged into an age where automat-
ing old processes is no longer a proper goal . Today,
the computer needs to be considered as an explor-
atory tool by which we can do work never before
attempted. The key element in system technology
inthe futurewill be data storage, standarization,
transmission and archiving. Along with commu-
nications, these elements of computing will occupy
90% or more of system developer’s time, with
equipment costs shrinking into insignficance.
Today, in effect, hardware is moving toward being
expendable.

Three important elements of the near future
will revolutioniize how in situ biological research
is done. These are:

laser spectrosoopy,

standardized coordinate geometry, and object
oriented data base management, along with
vastly improved communication networking,
the use of parallel processors on an unprec-
edented scale for interactive analysis of real-
time data.

Laser Spectroscopy

Borm in the early space age as the by-product of
holographic development work, feasibility of
classifying oil slicks and other organic chemicals
by analysis of retum radiation was demonstrated
inearly 1972. Effective use was, however, limited
to chemical process technology in the form of
velometers and in situ process cortrol lers because
of the difficulty of indexing geographic position
and standardizing a spatial data management
system. Seaurity classification also seriously
impacted public use, and govemment has been
slow to declassify the technology although it was
already in use in Viet Nan. Today, none of that is
a valid reason for not using the techniques. The
positioning problem has been resolved by the use
of GPS, which in its most accurate form can
resolve position to 6 cm on the North American
Datum from an aircraft at 5,000 feet using por-
table equipment. The laser technology has been
extensively tested to deliver very accurate (better
than 1 am) vertical information, and is being tested



on forest canopies and related three-dimensional
geometries. Bathymetry to 30 meters is conmon,
and loner depths are feasible with higher power.
The equipment is esentially miniaturized, and can
be flomn from single-engine light aircraft using
standard access hatches. All data are recorded on
magnetic disk (optical if youplease), and read
out using shelf model 386 microcomputers is
routinely done.

Acocordingly, it is now fessible to plan ad carry aut
in situ research on surface wet lands and submerged
agaatic vegetatiomwith cell sizes inthe aantimeters if
Justified, adwith retums to the same position without
ground monitoring towithin 6 an. Given sone
calibration research, essatially real tine aalysis of
demical trasfer rates invatersheds is fessible orwill
ke dordy. Inaddition, it isalsofessible to indexthe
study cells and share the information with any other
interested rescardher by networking. For those
boud 1 raster, ppel tedolayy, itisfessibletoaxk
the coordinate georetry of  individual pixels.

Our conclusion is that future research to
establish intricate relationships in a complex
environment will be economically carried out
from aircraft using laser/GPS technology. The
tools are there, where are the users?

Dat a Base Managemnent

Because all of the above willl produce unprec-
edented quantities of raw and relational data, there
must be vastly improved data base management.
Research is now showing that object-oriented data
management is feasible in which points, points
forming lines, and lines forming polygons allows
creation of cell-type data systems that have spatial
characteristics ad are not tied to layersas is the
case with most present GIS systens. While the
dust has not settled on the matter of attribute
storage sites, the identification of attributes with
points primarily and with point-related objects
allons standardization at the binary level ad
complete freedom from machine and software
constraints. Early research by the authors in 1984
identified object-oriented systems as the best
approach to research application because the
individual dbjects can be editied, aypied, or tras-
ferredwithout a relatioral reorientation.  Lest users of
relational databeses feel threatened, aarbination
systems are under development and use of SQL will
probebly spread to doject-oriented systems. Sampling
of raster imegery data to provide cell-type storage
arrays is already standard practice, ad ratios as high as
20:1 are comon in raster/Aector corbination systems.
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Accordingly, researchers can plan on standard-
ized cell arrays in which cell dimensions are sone
resonant frequency of some world standard such
as 0.1 second of arc. Individuals can then create
accurately positioned cell data as fractions or
multiples of the standard, knowing that the spatial
characteristics will all pass a binary filter anong
networked client machines. This means that all
data will play on everyone’s machines, the limit
caming in the degree of detail the individual is
ablle to process for his or her individual problem.
Some unresolved problems involve version
management in shared data base regimes. By
tradition, data elements are locked out during an
edit process, but GIS applications inolhe, relatively
long lock times, so this nust be resolved to keep
track of the edit function when nulltiple users are
on at the sane tine.

Such a coordinated systemwill place heawy
derands on library fuctions, arelatively new
concept in computing. Up to the present, users have
usual ly created data bases of their onn, carried large
overheads iIn empty spaces, and gererally hed little
regard for interdengabillity. Mainfranes to the resoe!
The filing of enormous anounts of data in coordinate
geometry format, and the management of huge
relational and dbject-oriented data beses with fixed
arrays is duck saup for the big boys.  The telephone
aampaniies are allready offering such service, and public
agencies can ke expected to follov suite shortly. In the
future, a researdner can order Yp an array to suit hisor
her budget and accuracy interval and than add the raw
chta to apute interactios. I the results are satisfac-
tory, the new data can be sent badk to the library
(hopefully, wirth peer review.)

Networking? One large industrial firmhes just
amounced an “L”  band system for public gpplica-
tionusing sall 15- inch artemnas and  miniaturized
components costing under $1,000 and with data rates in
multimegabytes/second. Not to be outdone, the
telephone aompaniies are set to offer conpetitive
service on fiberglass systans.

All of the above fits into the future conoept of
high-definition, television which has been an-
nounced as the combined successor to both the PC
and the television ste. Modular systems such as
high-fidelity sets are soon to ererge, ad re-
searchers will all benefit firam the new capabillities.

Ext ended Paral | el Processing
The rgpid increase in data and the latent possibilities

of new research opportunities are being accompanied
by an increese in sophistiication of algorithns that
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allow us to convert the data into meaningful  infoma-
tion. These gperatias have taxed the cgpebillities of
traditional high-speed mainframes such as the Cray
ad seriosly limit tre level of detail at which research-
ers can address studies. The anser gopears to lie in
two dimensions, one evollving rapidly, the other more
slovly. The former is an extensiion of array prooessing
in which the dimensional arrays within a given core
assigment are replaced wirth an entiire 64- or 128-bit
processor. The resullt of such a aorbiration multiplies
the processiing speed such thatt the resuliting speed is as
much as 50 times the speed of each individual con-
puter in the array when doiing arithmetic, and floating-
point goerations, and about 20 tines for attribute-
loaded graphiics goerations.  Parallel processing
machines up to 512 units are aunrently in place ad
projections of 2,048 units are being forecast. Bromous
amounts of repetitive carputation can be mede, but
the degree of fledbility is limited by the data relation-
ships simillar to those of relational data bese mnenege-
ment systens.

Further on the horizon is the networked array of
mixed processors working in unison on several related
but separate prablens at are tine. In this fessible, but
not yet ideal, world, the entire Chesgpeake Bay coulld
be modeled by a networked conbination of several
hundred  individual processors, each contributing a
portionof the final result, ad each respoding in a
client/server mode to new secondary data being
generated by the corbination. In effect, such a
system will run all the algorithms of individual
researchers in unison on their omn local proces-
sors, doing in a single operational step what the
present system does in several steps, with much
hassling over data and transformations.

CONCLUSI ON

These developments are not for tomonow, they
are here today. For examle, the world meteorological
comuniity passes 30 megabytes per second of data
in aworldwide satellite network by means of a
binary compatible transfer code entitled BUR
(binary universal format regine). Any or all of
this information is available to desk-type worksta-
tions by direct satellite interchange.

The real challenge is ourselves. Too often the
research comunity finds little confort in new
approaches without being spoonfed by vendors
or peers. Political correctness takes its ol here too.
Each of the researchers in the Chesapeake Bay
Restoration Project can also become a part of an
evolution in information processing if he or she
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has the willl to become apart. Just as the astro-
physicists found they could do the work of several
Crays with networked I1BM 6000 RISC machines
for a tenth of the cost, the Chesapeake Bay Program
can decide to move out of the Dark Ages of central
processing and data management into distributed
data processing on networked work-stations. And
the researchers can have fun doing it, each on his
or her owmn.
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