
JOHN E. ESTES 
JEFFREY L. STAR 

Geography Department 
University of Calz$ornia 

Santa Barbara, CA 93106 
PHILIP J. CRESSY 

NASA Goddurd Space Flight Center 
Greenbelt, MD 20771 

MICHAEL DEVIRIAN 
NASA Headquarters 

Washington, DC 20546 

Pilot Land Data System 
PLDS will be a limited-scale distributed information system to explore 
scientific, technical, and management approaches to satisfy land 
science research needs. 

S ATELLITE REMOTE SENSING can provide information 
of tremendous value for the Earth Sciences. 

However, realization of this potential requires in- 
formation systems not currently availa1,le. Techno- 
logical advances now make it possible to design a 
data system to meet the land scientists' most ct-itical 
information systems needs, and prepare the com- 
munity for the Space Station era. 

proaches to satisfy the needs of the land science 
research community. Accomplishing this goal will 
require land and information scientists working 
closely together to understand the needs of the 
users of scientific data. The system must support 
the full spectrum of functions needed to conduct 
land science investigations, including data location, 
acquisition, processing, and transfer. Properly de- 
veloped, rLvs will provide a sound technical basis 
for a future, fully operational Land Data System. 

ABSTRACT: Beginning in 1983 and continuing until the l~rasent, the National Aero- 
nautics and Spcrce Aditziiaistrcition J.VASA) coordincrted (1 series Of nzeetings to rle- 
celop initial plansfor a Pilot Lancl Datc~ S!lstenl (PLUS) .  PLUS is intended to inzproce 
the ability o f  NASA and ,v~s~-.r.ponsored researc1zer.s to concllrct research on land 
processes. Tlze ii~eetings Itace coot-clinuted plantiing, concept decelopiuent, crnd 
iiitpleitzentation acticities, cinrl esc~iilincrl I-c)secit-ch cind infot-itzution science reclrrire- 
naents, and strcltegie.~ for systel)~ ecalzration. P L U ~  lcill be a limited-sccile distributed 
infornzntion systein to explore scientijic, tec11iaica1, ~ n ( 1  ntunageii~ent approaches to 
satisft land science research needs. Itizplo~lentatiot~ is beginning in FY85. PLUS Cat1 
pace the way for a Land Data Systein, cind possibl!y the Earth Obsercing I t f i r -  
nzation Systein of the space stcrtion ern, by iiilprocing access to data and ancllysis 
capabilities, fostering an en~ironrtzent in tchich infortilation .synthesis can occur at 
scclles not prezjiously possible. 

Under the sponsorship of the N A S A  Information 
Systems Ofice, the Universities Space Kesearch As- 
sociation (USKA) assembled a working group to ex- 
amine the need for a Pilot Land Data System ( P L D S ) .  

The working group included discipline scientists, 
information scientists, and management personnel 
from universities, private industry, and the federal 
government. 

Participants at meetings determined that the goal 
of the pilot program should be to establish a limited- 
scale, distributed information system to explore ap- 
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Such a system could serve as a key co~nponent of 
an Earth Observing Information System (EOIS) ,  
which will support science in the space station era 
of the 1990's. 

Study of envirollmental processes on the Earth's 
su~face requires a multidisciplinary approach. This 
has been recognized in the definition of several 
major programs, such as the International Geo- 
sphere Biosphere Progratn (IGBP),  Global Habit- 
ability and Global Biology, and the International 
Satellite Land Surface Climatology Progratn 
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identify the early indicators of change in global ele- 
ment cycles, climate, and hydrology, 
advance the understanding of global and regional 
geologic and geomorphic structure and process; and 
develop improved methods for assessing and mon- 
itoring geologic hazards. 

In order to achieve goals of this scale, an efficient 
processing and information management systein is 
essential. While it is relatively easy to conceive of 
the general operation of a Land Data System, there 
is no existing prototype for it. The technology for 
each element of a Land Data System is understood, 
but experience in the integration of technologies 
must be developed before NASA can proceed toward 
implementing a global scale systein (NASA, 1984a). 
A well-defined pilot data system, serving a relatively 
small group of users, is a necessary first step. 

SCIENCE SCENARIOS 

As a pilot program, PLDS cannot meet all possible 
needs. A limited number of science scenarios were 
selected from both existing and proposed research 
projects within the NASA land science community. 
Through these scenarios, the working group derived 
the generic information system functions and re- 
quirements while keeping an appropriately narrow 
focus. 

The sciehce projects used as examples were 

Vegetation Biomass and Productivity, and Large 
Area Inventory; 
Biogeochemical Cycling in Forests; 
Land Surface Climatology; 
Hydrologic Modeling and Soil ErosionlProductivity 
Modeling; 
Multispectral Analysis of Sedimentary Basins; and 
Monitoring Environ~nental Change 

The land surface climatology and sedimentary 
basins projects were later selected by NASA Ofice 
of Space Science and Applications Code E per- 
sonnel for initial incorporation in PLDS. These pro- 
jects, in particular, represent a wide mix of require- 
ments from both science and information systems 
perspectives. 

The following is an abridged version of the Land 
Surface Climatology scenario, developed primarily 
by researchers at  NASA Goddard Space Flight 
Center. This scenario (as well as the others used to 
drive PLDS design) was not intended to be a coin- 
plete research description, but to highlight data ac- 
cess and processing requirements. 

The objective of the Land Surface Climatology 
Project is to develop a better understanding of the 
interactions among the Earth's biospheric, edaphic, 
hydrologic, and atmospheric systems, and to deter- 
mine their roles in influencing climate. An im- 
proved understanding of these processes and inter- 
actions can best be achieved through the develop- 
ment and validation of terrestrial and climatological 
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process models which require many diverse types 
of data. 

Investigations in land-surfaces climatology are 
being supported through a new international pro- 
gram, the international Satellite Land Surface Cli- 
matology Project (ISLSCP). ISLSCP is conducted 
under the auspices of COSPAR and the International 
Association of Meteorology and Atmospheric 
Physics. Goddard Space Flight Center and a 
number of other institutions (including universities, 
other federal agencies, and international organiza- 
tions) will be participating in this project. 

This research program requires facilities to move 
information between the data bases and computa- 
tional systems at physically separate facilities. The 
development of preprocessing capabilities and in- 
terchange standards will greatly facilitate this re- 
search. The definition of generic data formats, pro- 
jections, and file structures could lead towards 
greater compatability among institutions. From an 
evaluation of this and other science scenarios, a 
number of information systems' support needs were 
developed. 

REQUIRED F U N C T I O N S  

Figure 1 shows a general model for an information 
system to support land sciences research. This dia- 
gram generalizes the steps in this type of research, 
and identifies the functions which could be sup- 
ported by a PLDS. Table 1 summarizes the results of 
analyzing each project in this manner. Priorities 
were assigned by discipline scientists as follows: 

1-enable the scientists to do the research. 
8-enhance the scientists' ability to do the re- 

search. 
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FIG. 1. Functions of an Information System to Support 
Land Science Research. 
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TABLE 1. 

Scenario 

Processing Functions 1 2 3 4 5 6 Total 

Input 
Data Encoding 1 2 2 1 2 2 10 
Data Reformatting 1 2 1 1 2 2 9 

Preprocessing 
Data Calibration 2 3 1 1 2 2 11 
Image Registration 1 1 1 1 1 2 7 
Image Mosaicking 1 1 3 2 1 2 10 

Processing 
Multi-source geocoded data overlay 1 1 1 1 1 1 6 
Image and statistical processing (software sharing) 1 1 2 1 3 1 9 

Analysis 
Statistical analysis 2 2 4 2 4 4 18 
Modeling 1 2 4 2 4 4 17 

Output 
Image 1 2 3 1 3 4 14 
Statistical (tabular) 2 2 3 2 4 4 17 
Tables and figures (graphic) 2 2 3 2 4 4 17 
Storage media-CCT, disc 2 3 3 2 4 2 16 

Network Storage 
Directory 1 1 3 1 2 2 10 
Catalog 2 1 2 1 2 2 10 
Data 2 2 1 2 3 2 12 

Network Distribution 
Access to archive data 1 1 1 1 1 2 7 
Networking of processing 1 1 1 1 3 2 9 
Shared peripherals for output 2 2 2 1 4 2 13 

Network Administrative Support 
Electronic mail 2 1 3 3 2 4 15 
Text transfer 2 1 3 3 2 4 15 

Legend I-Enable Sclentlfic Research 
2-Enhance scientist ability to do research 
3-Research could be ammplished now but Support Servlce would be useful 
4-PLDS support not required 

3-research can already be accomplished but sup- 
port would be useful. 

4-PLDS support is not required. 

Table 2 shows the functions in order of priority. 
The science scenarios require PLDS for data storage, 
input, preprocessing, and distribution on a high 
priority basis. Lower priority is assigned to support 
for analysis and output as well as network adminis- 
tration (although some of these items may be im- 
plicitly required to support the functions that were 
assigned higher priority). 

Consideration of the science scenarios led the 
working group to a description of an information 
system for the future, a Land Data System (LDS). 
The overall goal of LDS would be to provide a pow- 
erful and responsive system to support land science 
research, facilitate understanding of the land re- 
source complex, and provide general access to rel- 
evant data sets and processing capabilities. 

Important characteristics of LDS include 

User-friendly interfaces for novice and expert 
users; 

Systematic archiving, maintenance, and access to 
relevant data; 
Data management and manipulation tools; 
Simple acccess to existing bibliographic informa- 
tion systems; and 
Maintenance of the history of data sets (origin, cal- 
ibration information, and so on). 

A system exhibiting these characteristics could 
change the character of land science research. Such 
a system would enable multi-disciplinary, multi-in- 
stitutional research which is not now practical, and 
could allow ex~eriments to be conducted in near- 
real time when required. 

As currently envisioned, the LDS would consist of 
five major subsystems: Data Management, Com- 
munications and Networking, Intense Computa- 
tional Processing, User Interface, and InputIOutput 
Interface. 

The Data Management Subsystem would provide 
both data and information about the data to the sci- 
entists. Ultimately, users would communicate with 
the subsystem using natural language. The sub- 
system would also store and update large amounts 
of data and support many users concurrently. 

The Communications and Networking Subsystem 
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Total 

Multi-source geocoded overlay 
Access to archived data 
Image registration 
Data reformatting 
Software sharing 
Networking of processing 
Mosaicking of images 
Directory of information 
Calibration of data 
Data encoding 
Data storage 
Shared peripherals for output 
Image output production 
Electronic mail 
Text transfer (compatible 

text editing) 
Output storage media 
Ebular output production 
Graphic output production 
Modelling 
Statistical analysis 

would support a near-real-time interface between 
the other subsystems. Such com~nunications would 
be supported by several technologies, including 
packet switching network coinmunications, local 
area networking, and satellite communications. 

In an LDS, data manipulation and analysis would 
occur on a number of the subsystems. The Intensive 
Computational Processing Subsystem would pro- 
vide the power of large-scale computers to users 
around the network for technically demanding tasks 
such as image interpretation and pattern recogni- 
tion. 

The User Interface Subsystem would consist of a 
range of microprocessor and minicomputer worksta- 
tion types with diEering capabilities. Workstations 
will be connected to the other subsystems by means 
of the Communication and Networking Subsystem 
and will either interface to local processing facilities 
or serve as free-standing processing stations. 

The Input/Output Interface Subsystem would 
connect the overall LDS with outside computer sys- 
tems and data sources. This subsystem will perform 
reformatting, modification, and data manipulation, 
and allow the overall LDS to communicate effi- 
ciently. 

A functional overview of the LDS concept is seen 
in Figure 2, and possible structure of a node is 
shown in Figure 3. The detailed node in the latter 
could be a NASA Center, but nodes are also expected 
to be located at universities and other institutions 
or agencies. 

PlLOT LAND DATA SYSTEM DEVELOPMENT 

PLDS development is based on three fundamental 
principles. First, the system will build on existing 

Inpul/Output 
Interface 

Intenslue Computetlonsl 
Processing 
Subsystem u 

Management Interlace 
Subsvstem I I 

Frc. 2. LDS Subsystems Overview. 

capabilities where possible, minimizing costs and 
permitting rapid concept testing. Second, a struc- 
tured system engineering effort at the onset of the 
project helps to keep long-range goals in view. Fi- 
nally, new technologies should be regularly re- 
viewed for integration where appropriate. It is im- 
l~ortant to note that researchers will continue their 
bngoing efforts to improve data management and 
communications: the PLDS arovides a formalism and 
a focus for further progress. 

Functional requirements for PLDS can be sum- 
marized as goals by the end of fiscal year 1987: 

Establish communications capabilities; 
Build directories and catalogs of data sets at NASA 

Centers, participating universities, and other agen- 
cies; 
Develop an efficient data management system; 
Demonstrate remote access and use of data; 
Demonstrate that remote requests for value-added 
services (calibration and rectification, for example) 
can be answered in a timely way; and 
Demonstrate the expandability of the system. 

In any pilot study, there must be periodic bench- 
marks to measure progress. Technical measures 
(e.g., data transmission volumes) can be used to 
evaluate some aspects of the system. While scien- 
tific achievements may not lend themselves to sim- 
ilar quantification, periodic evaluations and peer re- 
view, as well as publications in reviewed journals, 
can serve to evaluate program progress. 

When fully implemented, PLDS will be capable ol 
supporting a subset of the NASA-sponsored land sci- 
ence community. Systems concepts for the phases 
of PLDS, and the transition to an operational LDS 
(which could begin in 1989), are illustrated in 
Figure 4. Because technologies used in the PLDS are 
in a state of rapid development, development must 
proceed with a full awareness of the volatility of 
these technologies in order to prevent built-in ob- 
solescence. 

Implementation of PLDS has begun. A science 
working group has been convened under Dr. Robert 
Price of NASA Goddard Space Flight Center (GSFC). 
Dr. Paul Smith (also of GSFC) heads the technology 
working group. The sedimentary basin study at Jet 
Propulsion Laboratory and the land surface cliina- 
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FIG. 3. LDS Communications and Information Analysis Overview. 

tology project at GSFC are being used as initial sci- 
ence scenarios to drive pilot development. PLDS im- 
plementation is under the coordinated management 
of the Earth Science and Applications Branch and 
the Information Systems Office of NASA Headquar- 
ters Code E. 

In addition, a science steering group under Dr. 
Rav Avidson (Washington Universitv, St. Louis) has 
been convened. specific development is occu;ring 
in the areas of systems engineering, communica- 
tions, work stations, image processing, and inten- 
sive computation. Early efforts are directed towards 
a demonstration of the ability to link scientists at a 
number of institutions, and facilitate their research 
through improved communications. 

CONCLUSION AND SUM.MARY 

Satellite remote sensing is a unique tool, pro- 
viding data of a type and on a scale previously unob- 
tainable. Yet, particularly with Space Station and 

the Earth Observing System (EOS) on the horizon, 
the applications of satellite remote sensing are hand- 
icapped by inadequate information systems. Future 
systems must not stop at the ground receiving sta- 
tion, but must fully integrate the flow of information 
to meet the user's ultimate needs. 

There is a need to improve the ability of NASA and 
NASA-sponsored scientists to use remotely sensed 
and other land resource science data. Unless the 
ability to handle these and other land science data 
is established now, effective use of data from future 
systems (e.g., Moderate Resolution Imaging Spec- 
trometer, High Resolution Imaging Spectrometer, 
High Resolution Multifrequency Microwave Radi- 
ometer, and Synthetic Aperture Radar) will be se- 
verely impacted. PLDS can permit researchers to 
better address important, multi-disciplinary science 
questions, and can lead to improved understanding 
of many land processes. PLDS can be a means of 
increasing scientific productivity through better use 
of information science technology. 
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Based upon these conclusions and the recom- 
mendations of the PLDS Working Group, NASA has 
begun a detailed planning phase for PLDS. The ini- 
tial system will be a limited scale, distributed infor- 
mation system, directed towards supporting NASA 

and NASA-sponsored land science researchers, to 
permit them to function more effectively as scien- 
tists rather than librarians and communications ex- 
perts. Work has begun on PLDS . The effort involves 
the cooperation of both discipline- and technology- 
oriented scientists. The degree to which it can im- 
prove the quality of research will be its ultimate 
measure of success. 

The working group established that such a system 
is needed and will facilitate research. We encourage 
all land science researchers to monitor the progress 
of this system, and we encourage your comments. 

We gratefully acknowledge the sponsorship and 
encouragement of the Information Svste~ns Office. 
NASA ~ G a d ~ u a r t e r s  and Dr. ~a ldwel l  McCoy; the 
Ofice of Space Science and Applications, Mr. Al- 
exander Tuyahov; Ms. Janet Franklin and Univer- 
sities Space Research Association; and especially the 
members of the Pilot Land Data System Working 
Group, whose contributions and synthesis we have 
summarized here. 
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' Forum 
December 1984 Cover Photo 

I WOULD LIKE to make a comment on the expla- 
nation accompanying the cover photo in the De- 

cember 1984 issue of Photogrammetric Engineering 
and Remote Sensing. The explanation states that 
"red areas were dominated by green vegetation in 
May, but not in August," which is a very strange 
interpretation for the tropical rain forest in West 
Africa, especially as August is in the middle of the 
wet season. One would have expected the West Af- 
rican coastal rain forest to be colored yellow as in 
the neighboring hinterland, signifying green vege- 
tation in both May and August, but it would appear 
that the coastal rain forest actually has a higher veg- 
etation index at the start of the wet season than in 
the middle. 

One possible explanation is that the rain forest 
has a higher productivity rate at the beginning of 
the wet season than in the middle. Carneggie et  al. 
(1974) have shown that near infrared reflectance is 
more dependent upon productivity rate than upon 
the green biomass of the grassland they were in- 
vestigating; but if this was the reason for the ap- 
parent greater vegetation index in May than in Au- 

gust for the West African coastal rain forest, why is 
the hinterland not also red? 

The reason may be that rain forest actually ap- 
pears to have a lower vegetation index than wet 
season grassland, probably because of the relatively 
smooth grassland surface and high internal reflec- 
tion within the forest. By the iniddle of the wet 
season (August), the forest could have an even 
denser forest canopy, producing an even stronger 
internal reflection, and so apparently lowering the 
vegetation index compared with that at May at the 
beginning of the wet season. 

Carneggie, 11. M . ,  S.  D .  d e  Gloria, and R. D .  Colwell, 
1974. Usefu1nes.s of ERTS 1 and supporting aircraft 
data for inonitoring plant development and range con- 
ditions in Cal$ornia's annual grasslands. University 
of California, Berkeley, School of Forestry and Con- 
servation, Final Report to the U . S .  Department of the 
Interior, Bureau of Land Management. 

-R.  B .  King 


