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ORIGINAL PJiQE IS 
OF POOR QUALITY 

SYSTEMS FOR STUDYING THE ENVIRONMENT 

As mdn's understdnding of the environment has grown, nis study of ie 
(and his inter~ctions with it) have become increasingly complex. The 
number of r~cognized vdriables and the interrelationships among these 
varia)les has grown at a tremendous rate, putting a large burden on 
"systems" designed to study the environm'!nt. 

For an individual or organization interested in the environment of d 
speci fic geographic area (whether small or larqe), an additional problem 
is en,"untered: how is the factor of space to be handled? The natural 
environment being studied wil I vary in its characteristics frDm one 
place to another within the area, and this variation must be taken into 
account as part of the process of studying it. 

The concept of the map has been one response to this problem. A map can 
be "oed to portray the spatial variation of resource dat.a over the arp,a 
of interest. By creating a series of maps at a common scale, an overlay 
stfucture can be developed and many types of data for a particular pOint 
or area can be compared and analyzed. 

When tile orea of interest is very large or is relatively complex, the 
requirements of studying that area may tax the traditional methods of 
using maps. Botn portraya I of the data spatially and comparison of 
different types of data may prove to be too difficult (or too costly or 
too time-consuming) with manual methods. 

As a response to this problem, a number of methods have been developed 
wnich use tne computer as a tool for the compilation ana analysi'; of 
resour'ce data. These systems typically include storage of mapped data 
in a form usable by the computer. a way of performing analytical 
operations on the data, and a way of translating results into 
hUlllan-rpadab I e forlll. 

Many ()rqdnlzations with responsibility for the planning or manaqement of. 
d '],·tin(·,' qeoqrdplllc ilred have neveloped tnis kind of system. Th I SIS 
particulnrly true In California, where areilS of local government 
jurisdlct,lol! dr,. often large dnd complex. A map of existinq 
qovernment-operated systems in the state (Fiqure 1) reveals tha 
pXlstence ot man'y systellls,'hut with a significant ql'oqrdphic varidtion. 
Some parts of the stilte a"e covered by several systems (such ilS a city 
wi thin il cuunty Wl thin n reqion). whi Ie othp.r ldrqe areilS ore not 
covered at all. 

In ildditlon to these governmentdl systems. there are a number of 
geobased systems operated by private organizations. Some have been 
crpilted by forest product companles or by consulting firms for vpry 
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RESOURCE INFORMATION 
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smal, druas or for specific ,'Ppllcations. Othllrs (PdrtiCulal'ly thos~ 
credted by the state's two larqe power uti1it',~s) cover larqe areas dr,' 
are dllsigned for d bro,lli rdnye of dpplications. An exampl P. Ilf ann. at 
these util1ty systems, operated by Pacific Gas & Electric Company, Is 
shown In Figure 2. 

Some !larts of the state are apparently not includeu in any system, wnile 
in others there is considerabl. overlap, with several data bases 
coveri ng one location. Furthermore. these maps do not include the many 
state and federal organizations which cover the ~ntire state. 

On looking more closely, one discovers that many of these organizations 
with geobased systems are dealing with the same type of issue, and 
therefore the same t.ype of data. Most natural resource study depends on 
such factors as the form of the land, the vegetation and wildl ife on it, 
and the superimposed pattern of human settlement. Typically - almost 
invariably - each organization collects and stores data about th05e 
factors itself. 

In addit ion to the COI1i110na Ii ty of data types, there is a grea t df!a I I)f 
spatial overlap. It is easy to identify areas which are within the 
boundaries of several organizations. 

But if several organizations are using the same 
why is there no sharing of data or systems? 
central topic of this report. 

data fo~ the same arEa, 
That ques~ion is the 

The benefits of sharing should be obvious. Total cost is diminished if 
duplication of data collectirn and data processing work is eliminated. 
A greater degree of consistency is insured, so that the decision-making 
process can concentrate on pol icy mattars rather than questions about 
data. 

Data sharing is obviously good. Its benefits are almost universally 
recogni zed. As a concept, it \s widely accept!:d. In p~actice, exampl es 
of data sharing are surprisingly hard to find. 

The dilen11la, then, revolves around the gap between the potential and the 
reality of data integration. 
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The repurt is divided into four main nart~. In this Introduction, we 
attempt to create a precise statement 6f '~e problem and describe a 
scope of interest. 

The second section focuses on definition of the vertical data 
integration concept. Since this term is not an accepted part of the 
field of resource data handling, it is important to reach some level of 
understanding abuut its meaning. 

Elements of vertical integrat.ion are the topic of the third chapter. 
One major section deals with technical elements (such as resolution and 
classification) while the other is concerned with institutional factors 
(organizational control, legal and political barriers). 

A final part of the report attempts to fit the theoretical elements of 
vertical integration into a meaningful structure for looking at the 
problem from ~ statewide focus. Incl uded here are general 
reconmendations f)r achieving a higher degree of integration. 

The report is designed to have a scope I imiteCl in several ways. The 
geographic area of concern is the State of Cal ifornia. Al though the 
problems of vertical integration exist everywhere, the current issue is 
tied closely to potential means of implementation. These are the 
California Environmental Data Center (EDC) and t1e California Integrated 
Remote Sensing System (CIRSS), both of w:'ich have a statewide focus. 

A second constraint is on the type of data and data systems to be 
included. The emphasis here is on natural resource data and related 
land use data. In addition to type, data must also have a geographic 
reference. These constraints eliminate types such as socioeconomic data 
(which may have a geographic reference, but do not deal with resources), 
or environmental data not relatp.d to a specific geographic area. 

80th manual (mapped) and machine-readable data systems are included, 
with sOUle emphasis given to automated cases. Special attention is given 
to LANDSAT imagery as a data source, because of its strong potential for 
integrated use and its primacy in the CIRSS program. 

Finally, the report includes both governmental and private systems. The 
primary focus is on governmeAt, sir.lply because that is wher;! most of the 
activity (both data supply and data use) has been. Any meani ngful 
attempt to integrate data must, however, include the potential for 
cooperation between publ ic and private sectors. The federal government 
's seen primarily as a supplier of data. Lower level governments -
state, regional, county, and city - are viewed as both data sources and 
data users. 
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Thi~ current report should be reviewed in the perspective of other work, 
both past and future. A study completed in December 1978 for the 
California Environmental Data Center, Resource Information Systems in 
California Local Government, is an inventory an,i el','luation of 
envi ronmentai data base system •. (both manual and lutOOlated) used by 
local governments in the state. TIIat survey, along with a broader 
survey of data systems maintained by the EDC, provides a foundation for 
assessing the activity (in both data sets and organizations) in the 
field. These projects help identify candidates for data integration 
efforts. 

Projects currently being conducted under the CIRSS framewo~k look at the 
ways in which vertical integration can be implemented in an operational 
sett i ng. Each of the four major projects uses a different approach to 
integration and is based in a different institutional setting. 

The current report fits h betw ... ,,~, in both time and subject matter. 
The emphasis here is on a theor~t;cal structure for thinking about 
vertical integration. The focus is not on a Single case study, but 
rather on factors which could affect any case. It buil~s upon the 
findings of the earlier work, ,-nd hopefully will pr~1ide useful 
information for the implementati~ lrojects. 
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DEFINING VERTICAL iNTEGRAi!:';! 

ESTABLlSHWG A DEFINITION 

ORIGINAL ri'.l:'. ". 
OF POO!~ Qur.UTY 

What. eX'lctly is vertical integration? We have referred to it in a 
general way above, but it has not been defined with any prf:cision. It 
is clearly important to do so before p\'oceeding further. Based on the 
reactions of many people involved jr; the development and use of resource 
information systems, it is obviously not a concept which enjoys a 
universally accepted definition. 

We will begin by looking at one draft definition and then continue by 
examining each part of the phrase separately. 

In June of 1979 the California Environmental Data Center recomm~~~ed the 
following definition (in a memo from Sally Bay Cornwell): 

V~rtical data integration (V.D.I.) refers to tbe general 
compatibility of data formats, classification methods, rand encoding 
routines, whereby data coll~cted within a geographic area by one 
agency or level of government can b~ selectively incorporated into 
the geobased information systems of many other agenci'es or level s of 
government with minimal data manipulation and reformatting. 

(Key here are the concepts of integration of data upward or downward 
betvleen level s of government or across agency boundaries, and the 
proviso that the data cover a d~fined geographic locale. Primary 
emphasis should be given t1 exploring integration of data between 
automated geobased information systems, although manual systems 
should not be ignored, sirlce many local and state agencies have not 
developed beyond this stage due to the greater initial costs of 
automated systems.) 

Another way of looking at the definition is to analyze the meaning of 
each word; this procedure should help to precisely delimit what the 
phrase does and does not mean. 

Perhaps the easiest of the words to define is data. Here we will treat 
it as a set of measurements of some resource phenomena intended for some 
display ur dndlysis. Note that we should preserve soole distinction 
between data and information, as well as between data and its 
processing. (The next section looks at these distinctions more 
closely. ) 

The integration part of the term seems to be more clearly understood. 
Th is word means a unification, or bringing together of separate parts. 
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In the context of resource information, this means use oy more than one 
organization of a particular data set. The data needs of two or more 
entities have been integl'cted such that separate collectioh of the same 
data is not needed. 

Vertical is much more confusing. There are many chara(;teristics of 
resource systems that can be seen as having a vertical naturE!. The use 
of airborne and satellite remote ;ensing platforms, for example, implies 
an almost physical concept of the word. Our usage applies to th~ 
organizational context in which data is used. 

If we assume that there is some integration of data between two 
agencies, that integration mayor may not be vertical. If the agancies 
are departments of a state or local government, or even adjacent local 
governments, shari ng of data would be hori zontal in nature. 

The key concept in defining II vertlcalness" lies in the geographical 
relationship between the organizations in question. If the two share 
exactly the same boundaries of interest (as with departments of a 
government) or have no area in common (as with adjacent cities), the 
transfer of data between the two would not be vertical. Only when the 
two entities share some space in common, and have some space not in 
conmon, does the Dossibility of vertical integration exist. 

Note tn>', in a strict sense, a form of vertical integration may take 
p1 i\ce '.~.' in a single organizatiorl. A parent agency and its division 
.~ic~ ~·.Is with a subset of the parent's area of concern might also 
share data in a 'Iertical sense. Our emphasis here is on integration 
between two or more separate organi zations. 

Several other points need to be made. First, it should be remembered 
that data does not have to be used in the same way or the same type of 
appl ication at each level; integration means sharing the data, and not 
ne~ess, rily its end use. 

Also, the difference between compatibility and standardization should be 
emphasized. Standardization implies a rigid conformance, while 
compatibility means only the ability to share between users. 

Finally, we should note that data integration is sp,en as a concept. 
Actual transfer or sharing of data is an embodiment of that concept. 
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DATA IHTEG~\TION V. SYSTEM IHTE~1ATION 
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A clear distinction sho~ld be made between two levels of data 
integration, because the operational implications of each can be very 
d ifi'erent. 

Data integration implies only a sharing of data; the dr.te may be in any 
status. It may be in the form in which it was originally collected, it 
may be partially reformatted and processed, or it may be part of a 
larger data base. The thing shared is a unit of data. 

System integration, on the other hand, goes a step farther. Here two 
organizations share not only the data, but the tools for using it. 
Information processed f,'om the data comes from a corrmon system (whether 
a computer or e manual map overlay procedurn). The "product" 
integrated, then, may be information rather than data. 

There are several characteristics helpful in dividing the two levels. 
The most ~seful l~ physical transfer; if a data set is processed at 
different places by the organizations, integration would be at the data 
level only. If each entity uses the same processing system, then the 
transfer is of information rather than data. 

This distinction is often a subtle one; a real example would typically 
fall somewhere in between the two extr"mes. The difference is 
important, however, because strategies for achieving integration are 
often dltpendellt on what level is to be used. 

Total system integration can be viewed as the ideal, since it represents 
a maximum amount Qf"sharing (and therefOre u minimum of duplication). 
It is critically impor~ant, however, to achieve some level of data 
integration even wll.;n full system integration is not possible. Since 
data collection is usually the most expensive part Jf building a 
geobased information system, it is here that the most visible savings 
can be realized. Data integration can therefore be seen as a logical 
prerequisite to systems integration. 
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ELEMENTS OF VERTICAL DATA INTEGRATION 

ORIGiNAL Pl\G~ t:.l 
OF POOR QUALITY 

Thi s section covers the detai led aspects of the vertical integration 
nuestioo by identifying elements necessary to achieve integration. Some 
of these elements are technical: that is, they concern the data base / 
system itself ann the factors necessary to share it. Other element.s ~re 
non-technical, and are directed more toward the organizational and 
institutional influences in try'1g to integrate data or systems. 

It is important to keep in mind while readinq about the individlJal 
elements that they are all closely interrelated. A list such as thp one 
contained in this report could be divided many ways, and several 
elements could be viewed as different ways of looking at the same 
problem. 

This teChnical-institutional distinction is, of course, somAwhat 
artificial. 110st of the elements discussed below have both technical 
and institutional aspects, so, any division is somewhat arbitrary. [t is 
u~eful, however, to think ~bout the factors in this wa.Y because such a 
division may suggest the best approaches to achieving compatibility. 
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TECHNICAL ELEMENTS 
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Elevun frictnr~ ~rp ~i~CUSSDd in this ~~ction. They are Cld~,pd dS 
te<:hnic~1 ()IPIIII!IIr.S becdusll thp,y dl!dl prilllclrily wlCh ch,lracteristics of 
thp. data itsel f rather than wit:, organi zations which use the <lata. 
These ch~rdctaristics can usually be defined in an objp.ctive way, They 
are, for the most part, measure'lble. And thei r status is us~all,y 
constant (as opposed to some of the institutional fdctors, which lIIay 
change rapidly). 

The first five elements deal with the how t.he data is op.finp.d and 
processed. The second grouping of five factors relates to spatial 
parameters, or hOw the data rp.lates to geograph}, The final element 
covers the tp.chnical aspects of data transfer. 

1. UATA CLASSIFICATIUN 
2. DATA STATUS 
3. UArA ACCURACY 
4. DATA VOLUME 
5. TEMPORAL FACTORS 

6. GEOGRAPHIC COVERAGE 
7. UATA REPRESENTATION 
B. RESOLUTION 
9. GEOGRAPHIC REFERENCING 

10. POSITIONAL ACCURACY 

11. DATA TRANSFER MEDIUM 
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I. UATA CLASSIFICATION 

ORIGINA\.. P{\G'E ~ 
OF POOR QUAU 

Classification is a basic step in any data collection p,'ocess. It is a 
decision about the characteristics to be described ann the level oJ 
detail at which data is to be gathered. Basic questions to be resolved 
in defining a classification scheme inc!ude tyPp.s and units of 
measurement (nominal, ordinal, continuous, etc.). 

It is important to distinguish between two common usages of the t~rm 
classification. One is usually applied to an imaqe processing operation 
used with LANDSAT data. The other meaning is more typical of 
traditional data collection: a systematic arrangement into categories by 
a specified set of criteria. That is, of course, exactly what is 
Ilappening to the raw LANDSAT data. 

The issue which makes classification a common barrier to data 
integration arises from the differences in local information 
requirements. Each 0, "anization which collects data does so to satisfy 
a specific need, and (in the absence of Rny motivation to do otherwise) 
that data will be collected using a classific~tion scheme tailored to 
thH organization's neens. (This difference in needs is an 
institutiondl p.lement covered later in this report.) 

As a result, each agency adopts its own classification scheme. If that 
scheme is COIllpdcible with the structure used by any other agency, it is 
more likely to be the result of luck than design. When nata is 
trdnsferred. it wi 11 be necessary to convert it so that it fits into tIle 
classification structure used by the second organization. Sometimes 
stich a corresponnence cannot be made, and the choice becomes one of 
ei ther not using the data or chanqing the current classification 
,tructure. 

Other characteristics of a classification s~heme m"y arise from the 
I imitations of the system being used. A map may be'~Olne too campI icaten 
if the categories are too numerous. In a computer-based system, a 
coding structure may be limited by the number of bits available to cone 
each data item. 

Where t/l~re are widely-accepten (or unique) sources for one particular 
type of data, the original categories will sugqest a classification 
sche/llp. Soil and geology maps are examples of this. The availabi I Hy 
of some com/llonly-accepted structure such as the USGS land us~ 
dl!rlnltions is lip/pint] t.o allevidte the problem. Adoption of other nata 
sourcps (e.n., LANDSAT imaqery) to otandard classifications is a ma,ior 
r.ontrl/)lIt.l0n t.n vt>rticdl inteqration, 
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t!. DATA STATUS 

ORIGINAL Pf .. GE [~ 
OF POOR QUALITY 

The distinction between data and information is a key factor in Ilsing 
resource (or any other) data. This d'lstinction becoml!s important in the 
verti ca I Integration context because there may be compatibil ity between 
the data needs of two organizations but no compatibility in information 
needs. 

Data may be collected or stored in different levels of themdtlC 
aggregation. A data set may reflect grain size, soil qroup, or primp. 
agricultural soil designation, according to the needs of the aqency 
collecting it. Similarly, a data set contnininq elevations may be 
converted to one snowing slope or aspect. 
[f the process used by the data source aqency to derive information from 
th~ base data destroys that data (or if, for whatever reason, the 
original data is not retained), the possibility of data integration is 
lost. Transfer is then possible only if the information needs of the 
orqanizations are identical. 

Th~ solution to thlS problem is obvious: the data should be retained in 
its original form whenever possible. This is usua11y feasible if the 
only cost Is for the recording media (maps or magnetic tapes). A 
further problem is presented if maintenance of the data (correction ann 
update) is done only on some processed version and is not applied to the 
ori gi na 1 data set. 
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3. !lATA ACCURACY 

P(.I.GI!. \5 
ORIGI\'lA\.. QUI\LlT't' 
OF POOR 

'( 

Thl! element of natd ar.curacy pertains to the thematical qual ity of thl! 
data. It is tha cieqree of error in idllntifyinq ,1nd measurinq thl! 
characteristic under observation. The important issull here is not the 
posltlonal accuracy of an individual observation - that is the sub.1r>ct 
of another el ement discu5,;ed below - but the absence of error in 
assigning a particular point 1:0 a classification category. For example, 
it is important that in a land use data file an area of reside~tial use 
be assigned to an appropriate category. Where data cannot be clas.ified 
properly. it may be better for it to be assigned to an unclassified or 
unknown group rather that to be Pllt in an incorrect category. 

Several aspects of data accuracy can be considered. Absolute accuracy 
is difficult to attain even in an ideal setting. and virtually 
impossible in any operational environment. Improving the level of 
accuracy beyond some acceptable point is likely ~o become increasingly 
expensive as total accuracy is approached. There should be a distinct 
relationship betweerr accuracy and costs: attaining a higher degree of 
accuracy will inevitably cost more and increase time requirements. 

A findl. but vitally important factor: accuracy requiremRnts will vary 
widelY for di fFerent users. Continuinq with the land use ex~mpll!, .1 
stHewlde survey may neRd only to identi fy 1 and under a single broad 
r-:.sidential cJteqory, While a local government would probably requirl! 
division into several categories by density or tyne. (The 
classification issue again.) The locally-produced nata SHt may have 
many cases of m1scldssificatfon between residential categories (P.g •• an 
apartment bul iding erroneously marked as single family residental) but 
would be perfectly accurate For the purposes dRsired by the st~te. 
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4. UA TA VllLUME 

ORIGINAL P'~t';~ I,', 
OF poa:,! QUALITY 

Volume is an edsily understood factGr, and is F~irly easy to calcula~p., 
It 1£ simply a m~asure of the amount of data 1,<, '~h mllst he transferrpd 
for integration to take place. 

Volume is a direct function of two of thl! other fdetors. resolution 
(number 8) and frequency (a part of number 5). Hiqh rpsolution implies 
a larger volume of data for a qiven area. Similarly. more frequent 
collection of data means higher volume also. (This assumr,s that all of 
thl! ddtd collected is to be transferred. If there is no need t.o use 
every data set, then volume miqht not become a prohlem for the IJser 
agency. ) 

LANDSAT is a prime example of volume as a potential barrier to data 
integration. It "suffers" from both high resolution and a frequency 
that is extremely high in comparison to other sources of natural 
resource data. This volume is, of course, one of the characteristics 
which makes LANDSAT a good data source. At the same time, such a large 
volume can severely restrain attempts to integrate data because the 
channels of data cransfer might be unable to cope. Local users, who 
typically do not ~Jve in-nouse capability to process LANDSAT data, are 
particularly susceptible; they can be easily overwhelmed by the volume. 

Solutions to the volume barrier would seem to lie in reducing either 
resol ution or frequency. Aggregation of high resolution (e.g., pixel) 
data into larger grid cells or polygons WQuld reduce the number of datrl 
elelnents in any single data set. Reduction of frequency could be 
accOInpl i;hed by selecting only those data sets wllich wer~ of most 
interest. 

A third teChnique seems obvious. bllt is often ignored because of 
technical reasons. The volume of data to be transferrp.d is often 
unnecessari Iy l1igh because the data set covers an area larger than the 
(I~e of interest. This is particularly true of LANDSAT, where data sP.ts 
Jre normally dealt with in terms of scenes. A user agency must extract 
the data concerninq its area of interest from the collection of scenes 
WhlCh contain it; a '~eograph i c "fi 1 ter" woul d cut data vol ume 
substantially in most cases. 
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5. TEMPORAL FACTURS 

ORIGINAL PAG\! \!3 
OF pOOR QUALITY 

A number of factors can be grouped togp.thp.r hy il r.ommon thread of timp.. 
They concern the frequency with which data is collected. Its timeliness. 
the time required for processing, and historical inteqrity. 

Frequency Is perhaps the most obvious temporal fact.or'. Applic,Hlons 
which rely on the assessment of change require a data source which is 
qencrdted or updated fairly frequently. LANDSAT data has a very high 
frequency. especially in comparison to most of the conventional data 
sources with which it might compete. 

Of eqlJal concprn is timeliness. Data collection must be timed to 
reflect deslred chdracteristlcs, The timing may be dependent on single 
natural events (~.g., the extent cf a flooded ilrea), a human-scheduled 
event (such as a land use survey timed to coincide with the collection 
of census data). or seasonal variations (e.q., a crop inventory or 
vegetation surveys). Clearly. if the timinq of data collection Is not 
compiltible with the needs of the user agency, data integration will not 
hdppen. 

The time requi red to process data is another important factor. A data 
set collected in a timely manner is of no use if it cannot be processed 
and transfered before it is needed. This, too, has been a limitation on 
the use of LANDSAT data; although frequency uf data collection is high 
and timeliness is usually acceptible, the long lead time required to 
acquire and process imagery often pr'events its use. 

Historical integrity is a more subtle, but still 'Important, tempor~l 
factor, Milny applications require the analysis of data collected at 
different times (perhaps several years apart). and this data must be 
comparable across the other technical elements (classification. 
accuracy, etc,). 
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6. GEOGRAPHIC CUVERAGE 

orlll:::rJ.ln. F'.";~'! 18 
OF POOR QUALITY 

rhp arpa covnren by a data sP.t is ~ primary determinant of its uSdbiliLy 
by several orgdnizatlons. E,lCh agency which collects data dOllS so only 
for its own ,jurisdiction or area of interl!st (unless somehow motivat.ed 
beforehand to extend the (overage). The reason for this mode of 
behavlor is obvious: dealinq with a larger area will almost always cost 
more money. 

Chances for vp.rt.ical integration depend largely on the spati~l 
relationship bet.ween two areas: one, the jurisdiction of the datd 
collecting agency. defines the area for which dat~ will be aVdil~blp.; 
the second is thp. jurisdiction of the potential user, ann nefi~es the 
ared for which dat.a is needed. (Note here t.hat the word ,jurisdiction is 
uSlld to refer t.o an ar~a of interest for a specific project. and is nor 
necessarily a legally-defined area under the scope of a governmental 
agency. It may be a subset of a governmental boundary. or a proJect 
area of interest to a private firm. The area of interest may vary 
widely even wit.hin the same organization, as diffp.rent applications 
focus on nifferent areds.) 

If the nata coveraqe is larger than the arp.a of interest. th~n th" 
problem is one of extrdctinq the needed window from the larger data set. 
This is cOl1l11only the procedure used with LANDSAT imagery or most federal 
map sources. If. on the other hand. t.he area for which data is needed 
is not completely contained within the area bounded by the available 
data set, other sOllrces must be found to fill in gaps in the coverage. 

Obviously, the first situation is easier to neal with than the second. 
Thdt is one reason why federal data sources are often acuactive for 
state and local governments, while data collp.cted at a statewide level 
Is frequpntly usp.d by local governments. 
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7. ~ATA R~PRESENTATION 

ORIGINAL PAGI! IS 
OF POOR QUALITY 

Data representation refers to the spatial mode In which the d~ta is 
coll~cted or storad. In manudl sys.tp.ms for handllnq natural resourcl'! 
data, this mode is usually a map. In an automatpdGIS, grid cell and 
polygon structures are most frequently used. In some cases. data Is 
aggregated by a named or numbered administrative unit. 

Probl~ms occur wllp.n the potential IIser' of a data set bases its system on 
a mode of data representation different from that of the data supplier. 
The Issue then becomes one of transformation between modes. 

This kind of problem can often be overcome usinq .1utomated methods to 
change modes. Conversion of polygons to grid cell Sis a c~~lInon 
procedure. and usually produces satisfactory results. The rF!verse shift 
- grid cells to polygons - is a different matter. Some amount of 
accuracy is lost, depending on the size of grid cells being converted. 

TIle \~orst problems occur. however. when th(li'e is no specifiC X-V codlny 
of data dt all. Aqqregation of data by some sort Of administrative unit 
(SIlCII a. a city oOllndary or census tract) loses the exact representation 
of data within that unit. 

This question of aggregation leads to one of the mor~ critic~l asp~cts 
of data represantation: the distinction between the mode in which d~ta 
is collected and the mode in wllich It is stored. For example, data 
stored in a grid cell nata base often oriqinates in a polygon format 
(or. if not ~ trlle polygon, some digitized structure such as vectors or 
chains which coulct be assembled into polygons). If ~n agency desiring 
to shdre that ddta uses a polygon representation for its processinq, 
problems are minimiz~d if the data in its oriqinal form is avai1<lbl~. 
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8. RESOLUTIUN 

ORIGINhL pn,. •. I • ",\,."1,.,. ~) 

OF POOR QUALITY 

Resolution is the discriminating power of the spatial units used for 
data representation. It can be viewed as the smallest unit of data 
storage in "ground" terms. In transfer of data between manual systems, 
resolution is closely related to map scale. With digital data, 
resolution can refer to the smallest physical unit of datd collected or 
it can mean th~ units in which data is stored. 

There are, of course, practical limits on the fineness with which data 
can be pinpointed. Most surveys use a minimum size unit for data 
collection (ruch as a one-acre minimum for a land use file). Other 
modes ,of data collection are limited to a given resolution for technical 
reasons: the pixe·l format of LANDSAT imagery is a good example of this. 

Storage resnlution is usually a matter of choice. Dat~ cannot, of 
course, be stored at a resolution finer that that at which it was 
collected: it is often aggregated to a standard cell size for insertion 
into a data base. 

The barrier to data integration presented by the resolution factor is 
well known. If the user agency needs a finer resolution than that at 
which the data is collected, there will probably be no transfer. Thp. 
question of resolution is frequently mentioned as a major limitation to 
the use of LANDSAT data in some types of applications. This barrier may 
be overcome to some extent by thL~.ma 11 er pi xe 1 size projected for 
future satellite~. 

The LANDSAT example points to a general dilemma In vertical data 
integration: agencies which collect data for large gp.ographic areas 
(eliminating factor~) usually are limited III the resolution with which 
they can cover those areas. There is a critical bdlance between the two 
goals of coverage and resolution. 
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Y. GEUGRAPHIC REFERENCING 
ORIGINAL PAGE IS 
OF POOR QUALITY 

Representing data from a globe in a two-dimensional form usable by 
humans involves the creation of a projection and an accompanying 
coordinate system. The geographic referencing element deals with the 
form of representation used. 

Maps are constructed around a particular projection (although they may 
contain tic marks representing several coordinate systems). Manuill 
transfer of data is inhibited if mapped data sources usp. a different 
coordinate system than does the potential user. 

In automated systems, mathematical transformation between standard 
coordinate systems is usually straightfoward. Problems occur only where 
local or other nonstandard forms are used. As long as standard tyPp.s 
(latitude-longitude, UTM, State Plane) are used the ~olution depends 
only on the availabiity of appropriate software. i 
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10. POSITIONAL ACCURACY 
OfliGIN/\L !'f,ef! !.J 
OF POOR QUALITY 

Another important technical element is posi,tional accuracy, or the 
absence of error in applying the geographic referencing system to the 
actual data. Problems can occu~ in several places during the data 
collection process that contribute to positional errors. These may take 
place during original data collection, in changing mode (such as 
converting a digitized file to polygons or grid ,",ells), or in resampling 
(pixels to cells). 

As with many of the factors already discussed, the question of 
positional accuracy has varying degrees of importance for different 
users and different applications. A given amount of error (say a shift 
of 10 meters from a true position) may be very important in a local 
government land use survey, but could be ignored in a statewide project. 

The requirements for positional accuracy also vary with type of data. 
Anything that deals with property lines, for example, or is important 
for an engineering application, should have a high level of accuracy. 
Data that is more ephemeral, such as air pollution readings, need not be 
as accu rate. 
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11. DATA TRANSFER MEOfUM 

ORIGINAL PMIZ IS 
OF POOR QUALIYV 

ff all of the above technical elements have been satisfied and the 
decision has been made to proceed with sharing data, the question about 
the actual means of a transfer is encountered. 

Maps will be the primary medium used to transfer data between manual 
systems (or between a manual and an automated system); they may be 
accompanied by statistical tables or other supplementary information. 
Maps are also a possible mode of transfer between two automated systems 
where transmission of digital data is not feasible. 

Transfer of data by map is made somewhat easier by the prevalence of 
c',Irmon base maps. Many I oca I government base maps are deri ved from USGS 
sources, dnd therefore will show at least a minimum level of 
compatibility. the adherence to common scales also is helpful. 

fdcally, data passing between two automated GIS use\'s should remain in 
machine"rl:1adable form to minimize conversion costs at both ends'. 
Transfer of digital data requires clote attention to factors such as 
coding conventions, file structures, tape density and formats, and 
transmission speeds. 

The growth in telecommunications Gapabilities raisr:s thp. possibility of 
networks where data could be retained by the original source agency (or 
perhaps at central data storage centers) and transmitted to users when 
needed. . 
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INSTITUTIONAL ELEMENTS 

ORIGINAL rAGE fO 
OF POOR QUALITY 

A second set of concerns desls not with the data itself, but with the 
organization environment in which the data mu~t be transferred. These 
elements are qualitatively different from the technical ones; they are 
harder to define as concepts, harder to identify in a real setting, and 
much more difficult to overcome if they become barriers to data 
integration. 

1. DIFFERENCES IN NEEDS 
2. INTERPRETATIONS OF DATA 
3. LEAD TIME 
4. USER AWARENESS 
5. ORGANIZATIONAL RE$PONSIBILITY 
6. COST FACTORS 
7. STAFFING AND EQUIPMENT 
B. DOCUMENTATION 
9. LEGAL BARRIERS 

10. PUBLIC V. PRIVATE ISSUES 
11. POLITICAL PROBLEMS 
12. PERSONALITY FACTORS 
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1. DIFFERENCES IN NEEDS 

ORIGINAL pP.GE}S 
OF pOOR QUAU ('{ 

Much of the difficulty in making institutional connections is based on 
one simple and obvious premise: different types of organizations have 
different data needs. 'lihether these needs are derived directly from 
laws under which the organization operates, or whether they have been 
defined internally for technical reasons, they are very difficult to 
change. 

It should be emphasized that all of these differences are not bad. Each 
organization must respond to the pressures of its own environment; many 
differences are natural, and it would be a mistake to force conformance 
when it is not called for. Some of the differences, ho~:ver, are more 
artificial. They may result from a perceived need which has no valid 
connection to the organization's work; the original program which called 
for a certain type of data may have substantially changed. , ' 

These examples of resistance to change form a real inertia around 
accepted ways of collecting, storing, and manipulating data. "We have 
always done it this way" is all too often the end to a data integration 
proposa 1. 

Much of tnis resistance can be traced to a lack of a common conceptuaJ 
framework in many fields. The emerging disciplines of planning and 
environmental protection have yet to settle on ways to attack certain 
problems, so similar agencies may have very dissimilar approaches to the 
same problem. The result is a lack of compatibility in,data needs. 
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2. INTERPRETATIONS OF DATA 

Observations of the world are often colored by organizational factors. 
The same thing seen from the perspective of two different agencies is 
likely to be recorded differently unless there is some common framework 
for interpretation. 

Ideally, every data collection project would utilize a totally objective 
approach. Distortions from "reality" would be minimized. i~akfng this 
concept operational is extremely difficult; defining reality as it 
applies to resource data is a considerable problem in itself. 

When any data is brought into an organization from outside, it must be 
reconciled with interna I sources. Any unaccept i b lei nterpretat ions 
added by the original collector of the data must be removed. This 
process can be extremely demanding, and could add considerably to the 
cost and time requi red for data transfer. It therefore can act as a 
major barrier. . 
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3. LEAD TIME 

Time is an important factor in using data. Sevlral technical elements 
related to time were discussed in 0 previous section. There are other 
aspects of time which are more organizational in nature; these relate to 
lead time and deadlines. ' 

Many timing problems, like the differences in needs discussed above, are 
very real. At\ organization which must respond to a forest fi re hazard 
has very app,!rent needs for data that can be obtained quickly. At the 
other extrllme" a pl anning ag,ency building a 1 and use fi III to coincide 
with census surveys has a very long period in which to schedule its 
work. 

Internal deadlines can often force duplication of data because the 
project schedule does not allow time to transfer existing data. The 
root problem is typically a lack of long range planning for data needs. 
It is all too common for the time requirements of data collection, 
editing, and reformatting to be ignored. 

Another common misconception is the difference in time between the point 
at which data is collected and the point at which it becomes usable. 
The many necessary compone~ts of the process which come after collection 
are forgotten. 

A final dilemma is the unanswerdble question of perfect data v. 
available data. 
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4. USER AWARENESS 

Lack of knowledge about the existence of a needed data file is I)ne of 
the simplest reasons for failure to integrate. In this age of m3ssive 
data banks and' tel ecol1111uni cat ions networks, it Seems somehow astoundi ng 
that this factor remains such an important barrier. In many cases, 
however, needless duplication results simply because a user was not 
aware of the existence or availabil ity of a cl!rtain data set. 

If the user organization has no desire to use eXlsting data, there will, 
of course, be no transfer. This may point to other institutional 
factors as problem areas. The concern here is with the organization 
that would like to obtain data that already exists rather than 
re-collect it; but simply does not know where to 'look. 

For most users of resource data, there is no regular means of 
cOl1111unicatir,g about uata sources. This is a serious problem even within 
one level of government (such as between cities in California); it is 
even more prevalent between levels. Vertical integration is made even 
more difficult. 

Some progress has been made in this area. In its relatively short span 
of existence, the California Envir'onmental Data Center has become a 
clearinghouse for data exchange within the state. At the national 
level, several large data collection age:lcies (NCIC, EROS) provide 
directories to existing sources. 
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5. ORGANIZATIONAL RESPONSIBILITY 

ORIGINAL PI\GiE \:1 
OF POOR QUI\Ll-rf 

Data does not transfer itself. Some organization or individual must 
assume the responsibility for making the connection between provider and 
user. That connection may involve several stages - the data must be 
collected, edited, perhaps updated, reformatted, stored, and analyzed -
and there may be a separate organization in charge of each step. The 
important point to be made is that some organi zation must take that 
rcspllnsibility; integration will not happen by itself. 

This element frequently becomes a barrier to data integration because 
there is usually no clear assignment gf responsibility among 
organizations. Unless there is a broker, whose function it is to 
facilitate the transfer, most of the burden of making the connection 
falls upon either the data supplier or the user agency. 

An underlying probl,m is the question of incentives. The potential user 
has a basic incentive for attempting to integrate - the availabil ity of 
a desi red data set. If'there are major barriers to be overcome 
(significant incompatibility in either technical or institutional 
f'etors). the inc~ntive to share may be overwhelmed by the perceived 
Coc' g. A common result is to forget the potential integration in favor 
of a separate data collection,effort. 

The incenti ve issue can be e,,,n more burdensome from the stand poi nt of 
the organization supplying the data. What benefits does the supplier 
get for its efforts? For a publ ic agenc'y, the only expected benefit may 
be a recovery of costs - ei ther the cost of deve I opi ng the data set or 
only the actual cost of transfer. A private firm may reasonably expect 
a greater return on its investment when it supplies a data set. When 
sufficient incenti ves are absent, it will be very difficult to moti vate 
the holder of a data set to transfer it. 

rne possible answer to this problem is the strengthening of the broker 
role. Both NASA and EDC provide some of these services in the CIRSS 
context, and their efforts help overcome many potential barriers. Not 
to be overlooked is the role that the private sector can play in making 
connections. 
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f,. COST FACTOHS ORIGINAL PM!:: IE! 
OF POOR QUALm' 

Cost is a prominent consideration in acquirlng and using data. If the 
costs (actual or percei ved) of transfer'/'i ng data are too high, no data 
integration will take pla<::e. 

The important aspect of cost from the user standpoint is not the nominal 
cost of raw data, but the total cost of putting that data in a u!.able 
form. Any of the technical and institutional factors can raise this 
total cost. For example, extensive reformatting or geometric 
transformation of a data set may be many times more expensive than the 
original data itself. LANDSAT is a perfect example of this: the initial 
imagery is very inexpensive in comparison to other sources for similar 
data, but processing costs can be prohibitively high. 

Even when the total costs of acquiring a data set are recognized, there 
may be a further barrier in insuring a sufficient budget. Resource data 
often has a high front end "ost in comparison to operating costs. In 
many public agencies, budgets for data handling may be so fra!Jl1ented 
among departments or programs that it is impossible to collett enough to 
match total cost. 

Continuity over time is a final aspect of cost. Most resource data is 
useful only in the context of a long-railge program; a system to acquire 
and use thi s type of data must be supported over a peri ad of severa 1 
years to be feasible. Given the nature of the publ ic budgeting process, 
such continuity is not easy to achieve. Cost 1 imitation efforts 1 ike 
California's Propsition 13 make it even more difficult to budget for 
long r~nge projects. 
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7. STAFFING AND EQUIPMENT 

Processing resource data is often highly technical work, requiring 
special equipment and staff skills not found in many organizations. 
Being confronted with the n~cessity to augment in-house capability to be 
able to use a certain data set can be a major barrier to integration. 

LANDSAT suffers frequently from this barrier. The extensive image 
processing work required to use LANDSAT data is beyond the current 
capabilities of most user organiziitions. This is especially true in 
government agencies, where the cost factors noted above prevent 
acquisition of necessary staff and equipment. 

Answers to this problem do exist. Help is frequently available from 
federal or state government agencies; NASA's role in the current eIRSS 
projects is a good example of this. Also, assistance can be obtained at 
some cost from private sector firms or university programs which 
specialize in this type of work. 
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8. DOCUMENTATION 
ORIGltJil,L PAGlZ 13 
OF PO on QUALITY 

Inadequate records of data collection or analysis methods can be a 
barrier to reuse of data sets. Poor documentation can greatly increase 
the cost of transfer if previously-completed work must be duplicated. 
Furthermore, a lack of documentation can raise uncertainties about the 
app1 icabil ity of a given data set; its potential for integration will be 
much harder to evaluate. 

Several types of documentation can be identified. Probably the most 
critical is that dealing with the technical factors covered earlier. 
Successful transfer of data depends on achieving compatibility among all 
these elements, and the task is made more difficult if there is no known 
set of data characteristics from which to work. 

Another level of documentatlun is more applications oriented than the 
technical type. This kind of documentation helps to publicize the 
existence of data sets, and thereby contributes to solving the user 
awareness problem. 

One real gap in documentation has been in the attention to institutional 
factors. Typical project documentation concentrates on technical 
findings and ignores the setting in which the project took place. This 
tendancy unfortunately prevents learning from the organizational 
experiences of others. 
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9. LEGAL BARRIERS 
ORIGINAL PAGE m 
OF pOOR QUALITY 

Transfer of data is sometimes prohibited (or at least inhibited) by 
laws. This can be true both for public agency data (such as census 
surveys) and privately-held data (such as mineral surveys which map 
contain proprietary information). 

Some of these legal considerati(''ls have real valutl. Pr'ivacy is a major 
concern with some types of data, although it usually dDes not apply to 
the resource type that is our focus here. Protection of the investment 
symbol ized by a minera·l survey is important too. 

Salle types of resource data do require care! in distribution. Any map or 
data set which identifies the location of fragile features 
(archeological sites, endangered wildlife habitats) should be 
transferred only if there is assurance of proper care from potential 
users. 

Liability is a legal factor that is often ignored in 'Integr~ting 
resource data. What lega~ respor/:;ibil ity does the data suppl ier have 
for the accuracy of the data set? Does this responsibility extend t.o 
applications of the data by others? This type of question can result in 
a barrier to transfer by increasing the reluctance of data source 
nrganizations to share. 
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10. PUBLIC / PRIVATE ISSUES OF POOR QUALlrY 

There is a frequent umti 11 i ngness to share data between publIc and 
private organizations. S~ch a barrier can prevent integration of data 
even l',fJen all of the other elements have been satisfied. 

Cost is often cited as the reason for this problem. Public agencies may 
be reI uctant to pay for data co11ected by a private firm, or - if they 
have a data set needed for some private sector application - be 
unwi 11 ing to release "their" dat:a. Cost (which is discussed more fully 
as element 6 in this section) is a factor, but the problem goes deeper 
than that. 

The underlying dilemma is a feel ing of mutual distrust in many 
publ ic-private relationships. This may spring from situations where the 
two sides are in adversal'y positions; resource data is frequently used 
as a tool in debates over project proposals (a~ in the environmental 
impact review process) or gover'nmental control s (air poll ution 
mitigation programs). Sharing of data may be perceived as sharing 
ammunition with the enemy. 

Perhaps the only way to minimize this factor is to point out the mutual 
advantages of public-private cooperation. Formal channels of 
communication between the two sectors (such as th~ CIRSS Task Force and 
Industry Advisory Panel) are helpful in this regard. 

33 

.1 

j 
~ 

1 
'1 

~ 
J 

• j 
1 

1 
j 
j 
1 
i 
j , 

,1 
i 



"--

; i 

c 

-... ~I" ~'(I omGln:\t r'. ,1~ ,,'J 

dF pOOR QUALm', 

11. POLITICAL PROBLEMS 

It is often said that information is power. Shifts in who holds 
inform~tion, then, can lead to shifts in power. Such shifts will 
inevitably be seen as undesirable to the current holders of power and 
beneficial from the standpoint of those organizations wanting more. 

This strong desire tO,maintain power (which can be viewed as 
organizational self preservation) can be a strong barrier to data 
integration. An organization controlling a particular data set will be 
very reluctant to make that data available to any other organization 
which it perceives as a potential threat. 

Environmental data has become more and more susceptible to this sort of 
political manipu}ation as its importance in the decision-making process 
has grown. Conflicts bp.tween levels of government over some re30urce 
issue are a direct barrier to vertical data integration. Each side may 
feel that the other's data has been slanted to support its own position; 
the result is a more or less deliberate duplicat~on of what should be an 
identical data base. 

Allother pal itical factor .is publ ic perception. If there is a fear that 
the pubJ ic will disapprove of expenditures for sOnle techni cal proj ect 
(such as a large data collection effort), then an agency will be 
reluctant to publicize it by making it available to others~ This is 
particularly true if the nature of the project is controversial; a data 
base containing feasible sites for an unpopular activity (such as a 
nuclear plant) might be closely protected. 

An underlying problem with gaining public acceptance is the difficulty 
in measuring the benefits of a GIS. Most benefits are long range; they 
lie in optlmizing the future use (or avoiding the misuse) of natural 
resources). This factor makes it even more difficult to build a user 
community, both inside and outside the organization. 
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12. PERSONALITY FACTORS 

The previous element dealt with perceptions of power and fear at the 
organizational level. This section looks at the same sort of problems 
at the level of individuals within the organization. The essenti"l 
difference is one of scale. 

These factors, 1 ike pol itical problems, are largely intangible. They 
may result from very different types of motivation. Some are based on 
fear: suspicion of the reasons for wanting data, loss of control over 
vital information, qr simply a general distrust of new technology. (The 
latter feeling is often expressed about LANDSAT, which represents a 
major departure from the way resource data has traditionally been 
collected and handled.) Other motivations spring from a desire to 
increase individual power or status; empire-building around an 
i nformati on base is a 11 too cOlllnon. 

Another problem area can be the basic incompetence of an individual who 
must playa key part in the data transfer process. 

Personality factors are often the most difficult problems to deal with 
when they get in the way of data integration. They are hard to assess 
in an obj ecti ve way, and often impossi bl e to change even when they can 
be identified. 
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CONCLUSIONS: BUILDING INTEGRATION 

Thus far we have defined vertical data integration and irientifip.d thr 
elemHnts which mdY dct as bdrriers to acllieving it. Here the topic is 
solutinns: how each of these factors should be addressed so that it does 
not prevent integration in 3n operational setting. Given the diversity 
of data uses and users, there can be no real rules; the ideas hflre 
should be treated as general guidelines wh-Ich must be modified to suit 
particular situations. 

An important initial consideration is the requi rement that all of the 
elements discussed in the previous section be satisfifld for-SUccessful 
transfer of ddta. Data integration is fragile. It is not sufficient to 
meet some of, or even a majority of, the requirements; the failure of 
anyone element can prevent data integration. 

Often o'ne technical el'!m~!nt., if not compatible between a data source and 
a potential user, can stop transfer. With LANDSAT data, for example, 
rl!solution is often noted as a pf'imary reason for infrequent use in 
local government applications. Even though LANDSAT provides a source of 
data which exceeds reoui rements of any user in most categories 
(geographic coverage, temporal factors, etc.) an inadequate level of 
resolution can be enough to outweigh the many positive factorf-. 

Simildrly, a single institutional factor can also prevent integration. 
Thi's is often the case where the data may be adequate in all technical 
elements, but legdl or political barriers get in the way of vertical 
reuse. More commonly, thl! ol'ganization in need of data simply may not 
know about the "xistl:llce of a data set which could satisfy its 
requ i rements. 

Institutional factors such as cost are barriers where the data source is 
in the private sector and expects a profit from use by others. This cost 
element is not directly ilnportant with LANDSAT, since tape and photo 
products themselves are not expensive. ProceSSing of these products, 
howl!ver, can have Significant costs. 

IoIhat 11dppt!ns whpn tr,ln~fer of datil is not possiblr pecalls!? 0I11! or lIIor'! 
of elll! nlemenes is lIot satlsfieci? From the standpoint of thp. potpntidl 
user - the organization with a defined need for a data set and unHble to 
meet that need thruugh vl!rtical transfer - there are three broad types 
of response. One is to accept the unavailabil ity of the necessary data 
by cancelling the need; the application is ended or redefined to 
el iminate the need for that type of data. A second response is to 
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continue till! project, but to find another source for that data. This 
solution, of course, is likely to have heavy time and money costs. 

Nelther of these responses includes vertical integration. A t.hird 
approach, which does support the vertical data integration concept, is 
to overcome the bdrrier to transfer; integration is achieved by 
eliminating the factor or factors which prevented it. The elimination 
of these barriers will not, of course, be without costs: time and money 
wi 11 be requi red. 

Real istic~lly, any attempt to transfer data between agencies will meet 
some difficulties. Even if there is some degree of compatibility in all 
factors and transfer is possible, ,it would be highly unusual for there 
to be an optimal fit in every category. The question becomes one of 
gaining an acceptable degree of compatibility between the available data 
set and the data required for the application at hand. 

Timing is a key issue. It is better to insure compHibil ity early in 
the planning process. Key technical decisions are made very early in 
any data collection project. If these deci~ions are made in a way that 
limits compatibility, integration may never happen. 

Ideally, barriers should be removed in the data definition sttlge rather 
I;han having to worl'y about making existing dilta fit an existing need. 
The costs of achieving compatibility increase as ~he data collection and 
processing steps are completed; the best approach is to insure 
compatibility early by making integration an important consideration in 
the planning process. 

In general, it appears that the technical issues are easier to solve 
than the institutional ones. It is much harder to even identify 
organizationa I problems because they are usually speci fi c to the 
setting. A given technical problem can usually be solved by a method 
that has worked before. This is not necessari Iy true for an 
institutional issue. 

It is also true that there is less attention paid to the nontechnical 
problems. Less r~search has been done on them, and the organizational 
findlngs of successfu I projects are not cOlflmunicat~d very well. 

Pf'rhaps the key problem, of all thp. elp.ments coverp.d in this report, h 
that. of or9aniztltion~1 responsibility. In most cases there exists no 
rpcoqnized broker, no entity responsible for faCilitating integration by 
IIldklng chI! nt!cessdry connections between source and user. Individuill 
dgencies rarely have sufficipnt motivation or skill to make the 
CDnnHe t ions by thl!rnse If. 

The Environmp.nt&1 Data Cpnter is perhaps the only pxisting aqency in 
Cdlltornid with the geographic scope anrl setting necessary to serve in 
this role. To be more effective, it might soon be advisable to move 
from a user dWdreness role to one that includes the actual transfer of 
data. 
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This report was designed to serve as a first step in building a process 
for intp.~ratlnq resource data in Califllrni~. it has attemptp.d to r,lisp. 
t.ho cOlisciollsnus5 of tllOSll workin!) In this fil!id bV iOl!ntifyin4 thl! 
nil'lJIp.nts which arn important in achil'vlng inteqratinn. 

rhl! current operationdl pr"ojects funded under thp. CIRSS program wi II 
takp. the procp.ss one stP.p further. Each of the four projects is 
designed to look at integration in a different institutional 
environment. Each can be viewed as one major option for building 
vertical integration in the state. 

The concepts discussed in this report will be tp.st.p.d in those pro.ip.cts. 
Rllcommendations for specific actions (by NASA. EDC, t.he Task Forcp., 
othel" governmental agencies, the academic community, and t.he private 
sector) will be mdde. A strong foundation for vp.rtical integration 
should result. 

38 

. . 

] 
1 
I 
l 

I 
I 
I , 
! , 
"' ~ 
1 
I 
! , , 
1 
! 
I 
I 
1 , 
'j , 
~ 
i , 

1 
" "'] 
1 
I 
! : 

• i 
I 
; , 
I 
i 

1 

.. '~ , 

, 
• , 



1'--" 

'---

f ;. , 
I ....... 

.---.- -~-- -----,.. ~~l· 
.. \ 

, 

(l'~'--'''''' "111"''''' t • 
> • ' , , ~ ,~~ , , " 

REFERENCES 
Of-" I~llu:l !,i'.I .... )' 

Discussion of both technical and institutional factors important to 
geoba5ea information systems is contained in several sources. 

Center for lieoyraphic Analysis, University of Wisconsin. Data Needs 
and Data Gatherin for Areas of Critical Environmental Concern. 
MadisOl., 

Natural Resource and Environment Task Force of the Intergovernmental 
Science, Engineering, and Technology Advisory Panel. State and Local 
Government Pers ectives on a Landsat Information S stem. (washington: 
xecutl ve t e reSl ent, 

Michael Kennedy ana Charles Guinn. "Avoiding System Failure: 
Approaches to I ntegri ty and Ut il ity~" in Tech"i ca 1 Supporti ng Report E 
of Information / Data Handl in : A Guidebook for Develo ment of State 
Programs. Washlngton: epartment 0 nterlor, 

William Toner, Elizabeth Hollander, and Judith Getzels. "Stonewalled: 
Barriers to A.aoption of Computer Oriented Land U.se Information 
Systems~" in Technical Supporting Report E of Information / Data 
Handling: A Guidebook for Development of State Programs. (Washington: 
Department of Interior, 1975.) 

R.F. Tomlinson, ed. Geogra%hical Data Handling. (International 
Gl)ographical Commission oneograplilcal Data Sensing and Processing, 
1972.) 

Sources of information about the California situation include 
puulications of the Environmental Data Center and the CIRSS Task Forr:e. 

Paul M. Wilson. Resource Information Systems in California Local 
Government. (Sacramento: Office of Planning and Research, 1978.) 

39 

," 

J -, 

.. 

1 
I 

. . 



r···-· , 
i 
t , 
I 

f 

, 
I 

,. 

~ 
f • ! • r , , 
[ 
~ , 
I 
~<. 
I , 
I 
! 

l' 

l' J 

.. . 
,.' . 

OPERATIONAL ALTERNATIVES FOR LANDSAT IN CALIFORNIA: 

TECHNICAL ISSUES 

M. J. Gialdini 

ESL Incorporated 

-; 

i 

i 
; 
1 
l 

, 
~ 
j 

I jj 



, I 
, I 

: I 
: ,I 

f. , 

I 
. I 

I 
! 

I 

.. 

OPERATIONAL ALTERNATIVES FOR LANDSAT IN CALIFORNIA: 

TECHNICAL ISSUES 

The California integrated Remote Sensing System (CIRSS) is 
a NASA-funded project aimed at investigating the concept of 
vertical data integration within California to include thl~ potential 

of Landsat for meeting data needs within the state. In 1980, 
CIRSS contained four demonstration projects designed to examine 
four different approaches to vertical data integration: 

evolutionary, network, developmental and industry transf~r. A 
fifth project, the operational alternatives study, was directed 
at evaluating the effica'cy of those four approaches in achieving 

vertical data integration. This evaluation focused on both the 

technical and institutional issues encountered within the imple
mentations of those approaches and not on the specific successes 
of the projects themselves • 

As a concept, vertical data integration, unfortunately, is 

very difficult to define. After lengthy discussion, the CIRSS 
Task Force established the following def.inition as a guideline: 

vertical data integration refers to the general 

compatibility of data formats, classification methods, 
and encoding routines whereby data collected within a 
geographical area by one level of government and its 
associat j agencies can be selectively incorporated 

into geo ~ased information systems of many other levels 
of gover:.ment and their associated agencies with minimal 
data man )ulation or reformatting. 

An excellent 
data integrat 

Elements of V 
work formed tl 

covering only 

Al ternatives f( 

'cussion of :.he COI" •• ~ptual issues surrounding vertical 

is in a report to the CIRSS Task Force titled 
~al Data Integration by Paul Wilson, 1980. This 
camework for the evaluations reported both here, 

~nical issues and in a companion report, Operational 

-jsat in California: Institutional Issues, 
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again by Paul Wilson, May 1981. Reading the "Institutional Il3sues" 

report is strongly recommended as it contains valuable background 

information concerning CIRSS, the Ta~k Force ana the Operational 
Alternatives study that, in the interest of avoiding unnecessary 

redundancy, will not be included here. 

The remainder of this report will cover the evaluations of 

the four approaches focusing on technical issues and is based on 
information drawn from numerous inte.rviews with project partici

pants: performers and users. 

Evolutionary Approach 

This approach was intended as an extension of the work that 

produced the California Department of Forestry (CDF) statewide 

Landsat classification. This ~as to make that data available to 

other parts within CDF and county governments and see how it could 
evolve into other uses or be combined with other data sets to 

satisfy other data needs. A basic assumption in this approach is 

that the CDF capabilities would evolve to a point where it could 
support local agency vertical integration projects. 

One of the most significant results to date is the creation 
of a GIS demonstration for Santa Cruz County that had participation 

by local, state and federal agencies. The objective was to 

demonstrate the cooperative development of a common data base and 

t'J exercise it for the needs of each contributor. The method was 

'co add layers to existing Santa Cruz geographic data to bring it 

to a condition indicative of a~ operational data base and then 

produce operatioj1al and/or experimental demonstration results with 

the ?QLcicipation of each user. 

CDF has also been worki:-,g to define the hardware and software 

cap~bilities needed to create an operational system for use in 

the state offices. This system would, in effect, initially be a 

replacement for the support provided by NASA but also provide the 

basis for CDF to further develop their in-house operational 

capabilities. 
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Technically, this approach enjoyed a situation of having 
prior experience with Landsat data processing on CDF staff by 
virtue of the work in developing the statewide classification 

with NASA. As a result, there was little difficulty in working 
with that particular data set. The GIS demonstration in Santa 
Cruz County was a good example of vertical data integration 

concepts; however, there is some question as to its leading to 
an operational system. This is primarily due to the heavy emphasis 
on the use of multiple computer systems employed by NASA technical 
representatives in performing the work. These systems represent 

a significant capital investment, perhaps beyond the capacities 
of the user government agencies involved; and requires skilled and 
experienced analysts to properly apply the power of these resources 

to a given problem. While it is conceivable that a single system 

could be applied--the analyst's technical background requirement 
would still be substantial. The fact that CDF is looki~g into 
hardware and software to build their own system is a. positive 

step but they must be willing to accept the time and expense 
required to train the staff at all levels. The combination of an 
operational system and skilled staff would give CDF an excellent 
opportunity to explore vertical data integration further. From 
a technical point of view, it's the capabilities represented by 
the staff in creative approaches, as well as commitment to 
vertical data integration that will ensure success. 

Network Approach 

In thjs approach, the objective was to explore vertical data 
integration through a regional agency with an existing operational 

geo-based information system. The Association of Bay Area 

Governments (ABAG) was to integrate Landsat data into an existing 
environmental data base and then assess the usefulness of Landsat 

data to ABAG and other Bay Area users. 
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The specific project ABAG chose for this approach was to 

provide input to existing air pollution models in the form of 

information regarding the location and extent of certain vege
tation types. There is evidence that vegetation, llnder cert.ain 
conditions, emits significant amounts of hydrocarbons and this 

was a way to aS3ess the total amount for a large area. The Bay 
Area Spatial Information System, ABAG's existing GIS, contained 
environmental data covering the San Francisco Bay Region but not 
a consistent vegetation cover map. The CDF data set was again to 

be used for the vegetation component and after modification to a 
suitable classification would be input to BAS~S. Finally, the 

vegetation data, combined with estimates of hydrocarbon emission 
rates for t.he different vegetation classes, was used to produce 
models and maps identifying the amount and location of emissions. 

Two major technical problems were encounter.ed in trying to 
use the CDF data set: the vegetation classification was too 

general for this specific application and the positior.lal location 

of the data was not accurate enough for inclusion to the ABAG 
data base. Representatives of both ABAG and NASA working on 
systems at NASA Ames were able to correct both these problems 

without much diffi~ulty, however. As an approach to vertical data 
integration, this networking model was technically successful 
primarily due to the fact that data was being transferred to an 

existing GIS with well-defined parameters for operations. That 
ABAG did not have Landsat processing capabilities was not at all 
limiting since Ames was close by and, for future work, there is 
no technical barrier to ABAG acquiring that capability. 

As a result of this project, there exists a San Fr.ancisco 
Bay Region vegetation classification in the BASIS data base that 
could be accessed by the various users of ABAG's services. The 
extent to which it might be used further depends on ABAG 
(1) informing others of its existence, (2) helping them work 

with it; and, importantly, (3) keeping it up to date. 

J 
" 1 
• 

! 
/' ~ 

i 
j 

1 

1 
I 
.~ , 

, , , 
,1 , , , 
1 

i 
J , 

. ,; 

, 

tJ 



, , 

" 

i 

I 

~ 

.. 

bevelopmental Approach 

Monitoring prime agricultural lands was the major focus of 
this approach which was conducted by the Geography Remote Sensing 

unit of the University of California at Santa Barbara. The 
objective was to work with users at the county level (Ventura 
County and East Fresno County) to map land-use change using Landsat 
and update prime agricultu~al land maps. The intent was to foster 

cooperation between different levels of government (county, state 
and federal). 

The conversion of prime agricultural lands to urban land 
use is a very emotional issue within the state of California. Due 

to the vast area covereG, the 
required to update statistics 
a difficult problem to track. 

speed of conversion and frequency 

concerning the problem I it also is 
This is compounded by the fact that 

there are actually three means by which prime agricultural lands 
are converted and Landsat is best suited to monitor one of them 
(urbanization) and not the other two (soil erosion redueing the 
prime classification and economic factors that take the land out of 
production). -UCSB endeavored to identify prime agric~rtural lands 
from Landsat first with single-date classification and then 
multidate classification. It was determined, however, that this 
couldn't be done accurately enough from Landsat alone. Current 
efforts are directed at multidate Landsat classification to 
detect land-use change which can then be identified by more 
detailed examination. Thi~ latter approach, developmental in 

itself, is technically very promising. It puts emphasis at the 
state level for detection an.i ::ounty 11!Vel for identification. 

It remains to be seen if this will lead to an operational system, 

but the outcome will most likely be governed by institutional 

factors than technical. 

Within this entire approach was a specific technical 

problem UCSB was particularly interested in solving: how to 
aggregate detailed county-level informtion to report it at 
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state-level required resolution. Choosing prime agricultural 

lands as a problem area happened to contain so many institutional 

issues that this aggregation issue ~as never addressed fully and 

remains as a technical issue to be considered. 

Industry-Assisted Approach 

The objective of this approach was to integrate Landsat 

data (again, the CDF data file) into a local operational data 

base wi.th private industry to provide the GIS capability. The 
vertical data integration aspects were to come from the coopera

tion and data transfer among c~unty and federal governments and a 

public utility. The concept was to build a data base covering 

the County of San Ber.nardino using inputs from th~ County 
Planning Department, l;he U. S. Forest Service and Southerp 

California Edison lI.nd then exploit that data base to determine 

how useful the Landsat data might b~ for monitoring growth 

within the county. As the project proceeded, more slowly than 
expected due to contractual issues, the data base exploitation 

objectives expanded to include investigation of addi'tional 

potential uses for the integrated data base. This was to be 

essentially a two phase project with data base c~nstruction 

first, followed by data base exploitation; consequently, there 

are not many final products to evaluate at this time. The 
technical issues encountered to date are concerned with data 

transfer, specifically Landsat data being entered to the county 

data base. 

Representatives of NASA and Enviromr,ental Systems Research 

Insti,tute, the private industry contractor, worked on computer 

systems at NASA Ames to medif; the CDF classification to meet 

the project objectives. As in the ABAG project, the CDF classes 

were too general for the county land use mapping requirements. 
Highly knowledgeable people were required to perform extensive 

post-classification stratification and then reclassification 

within strata to achieve an acceptable land use classification. 

In addition to the thematic limitations, the CDF classification 
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was not as accurate or precise ~n terms of geographic location 

as was n~eded to register to the other layers in the data base. 
However, this problem was also solved to finally al.low the 

integration of the CDF data set into the county base. To monitor 
growth, a multidate Landsat data set was next considered--the CDF 
data represented conditions in 1976 and an additional data set 

for 1979 was to be added to reflect, within the data base, areas 
that had changed during the three years. This change detection "mask" 

was eventually created after examining thre~ alternative 
approaches. 

TechnicalJ", this approach had a similar environment as the 

network approach in that there was an existing GIS to which the 
Landsat data sets were transferred. NASA representativeR again 
provided the Landsat processing expertise necessary to modify 
the CDF data to suit the requirements of this application. The 
success of this approach, however, remains to be seen. From a 
technical standpoint, the issue is if the county and ESRI 
representatives can satisfy any Landsat processing requirements 
for future work in terms of both systems and knowledge. Institu

tionally, the issues are county commitment to continuation and 
cost;s of the producto the technology is p.roviding. The technical 
iss~es can most likely be solved, and while the institutional 

ones are still uncertain, the concept of private industry to 

supply and maintain data bases for public agencies on a contract 
basis is wor.th further consideration given the high cost of 

developing any in-house capability. 

In summary, there were no technical problems encountered in 
any of the approaches that could not be solved. In other words, 
there were no purely technical barriers to vertical data integ.ra
tion in any of the approaches. As for development of any 
operational systems, it would be premature to draw any conclu

sions concerning using any o~e of these approaches as a model. 

While each approach exhibited positive results, institutional 

issues still are an overriding concern. Given specific target 
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applications, commitment and involvement on the part of the users 

and access to appropriate, affordable hardware/software systems 
(either in-house or in the private sector) are critical to 
achieving vertical data integration. The final section of 
Paul Wilson's Institutional Issues report contains ideas on how 

to structure work towards specifying or selecting a method of 
implementing operational systems in California. Given the 
apparent lack of difficulty in handling technical problems noted 

in the four approaches to date, the steps described in that 
section represent the major keys to aChieving' an operational vertical 
data integration capability within the state. 
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OPERATIONAL ALTERNATIVES FOR LANOSAT IN CALIFORNIA: 

INSTITUTIONAL ISSUES 
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LANDSAT AND NATURAL RESOURCES DATA 

The growing attention to environm!ntal issues has rapidly increased It.' 
demand for ,information about natural resources such,&s geology, 5011-" 
and vegetation. Information about environmental hazards, such 05 
flooding and earthquakes, has also become more important. These typh~ 
of data are most useful when they can be u$ed in conjunction WI til 
similar information about the patterns of human habitation (land use, 
transpol'tation networks, boundaries of political and administrative 
units, energy facilities) to study the consequences of mankind's 
interplay with the natural environment. 

Most of this resources data, to be useful in making decisions about the 
utilization of resources or the reduction of hazards, must be closely 
linked to a known geoyraphic area. It must be possible to compare the 
boundaries descr'lbing each data type to the boundaries of related data 
types. The location of earthquake fauHs, for example, might be 
compared with land use patterns to help assess potential damage, or 
information about vegetation may be used to reduce fire hazards for 
resi dent i a 1 areas. 

Applications such as these have created demands for an increasing amount 
of data, for methods to locate that data in some type of spatial 
framework, and for the analytical capability to overlay and compare 
several different data sets. These demands have outstripped manual 
method$ of handling mapped information; the result has been the creation 
of many computer-based geographic information systems in both government 
and private organizations. 

California, bEicause of several factors - the complexity of its natural 
environment, the large size of most political jurisdictions, and 
comparatively strong laws dealing with resource issues - has been the 
site of many of these systems. (A 1978 report, Resource Information 
Systems in California Local Government, cataloged flfty active publ ic 
sector systems. There are al so several systems in use by state and 
federal agenci!!!>, as well as those operated by uti 1 ities and timber 
companies. ) 

A 1 though many of these systems ~re bei ng used successfu 11 y, the re is an 
inconsistent spread of coverage over the state. Some areas are included 
in several overlapping systems, while others are not covered at all. 
There is little cooperation among these active systems; little sharinq 
of data or of processing capabi 1 ity takes place, even when systems 
contain the same type of data for the same geographic area, and use it 
for the same type of applications. Each organization maintains its own 
data base, which often duplicates much of the contents of other data 
bases. 

51 

" 

l 
I 
': 
{ 
i .., 
I , , 

~ 
j,~ •.. ,,,~ 



, 
~: 

(i 
: : 
t ' 
! . 

, . 

I 

I 
r. 
1 i 
~. ' 

f 

! , 
r 
\ 

~
!j 
~ 

" 

ORIGINAL PAGE IS 
OF POOR QUALITY 

This duplication can be overcome where there is a common source of ri,lt~ 
for a 11 users. Landsat represents a source of this type. LMhi· .• lt. 
along with similar remote sensing technologies, provides a data SOIJrce 
with major advantages in coverage and detail for looking at resource 
issues. That potential application of Landsat is a fundamental thene of 
thi s report. 

THE CIRSS PROJECT 

These trends, the growing need for resources data in California and the 
potential of Landsat for meeting much of that need, resuJted in thA 
creation of a new program in 1979. This project, started by NASA and 
the state Environmental Data Center, is called the California Integrated 
Remote Sensing System (CIRSS) • 

The CIRSS program is guided by a Task Force, which is composed of 
organizations representing the entire range of Landsat users •. Included 
are governmental agencies (local, regional, state, and federal), 
academic institutions (universities and colleges), public utilities. and 
private industry. The Task Force is responsible for selection and 
evaluation of projects as well as for overall policy direction. 

This report, which is part of the ('perational alternatives study, is ene 
-element of the CIRSS program. Its relationship to the overall framework 

of the CIRSS effort is that of observer; the operational alternatives 
study has reviewed progress of the other projects over the past yea~, 
and this report is a summary of that review process. 

YERTICAl DATA INTEGRATION 

One of the issues described above, the duplication of data collection 
and data handling efforts, points to the problem of vertical data 
integration. Conceptually, there could be for any given geographic area 
a shared mechanism for collecting, storing, analyzing, and displaying 
resource data about that area. (Or alternatively, a common means for 
collecting and updating data even if it is stored and processed in 
different places.) This mechanism should be accessible to every public 
and private organiz~tion which makes plannning decisions affecting the 
area. 

The problem becomes more complicated because of the wide differences in 
area coverage by different organizations. A city government is normally 
interested only in data that d£<scribes its own jurisdiction; this area 
fits within ttlat of a county government and a regional agency, and all 
fit within the geographic scope of state and federal aqenc;es. Other 
organizations are interested in areas that do not conform to political 
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bound~rlcs, or may btl studying ~ problem (such ~s air pollution; w','" 
includes parts of many ueas. Further, the ltwcl of detail nec'l"': ~r.,' 
other data characteristics will vary significantly among dirr~r',"!' 
users. 

The issue, then, becomes a very difficult one to define precisely. The 
concept - a common resource data base, 0, at least the transfer of a 
single compatible data set to several data ~a~es - Is known as vertical 
data integration. It has been a major focus of t~e CIRSS program. The 
CIRSS Task Force, after much discussion, adopted the following 
defi nit ion: 

Vertical D~ta Integration refers to the general compatibility of 
data formats, classification methods, anJ encoding routines whereby 
data collected within a Qeographlcal area by one level of government 
and its associated agenc1eScan Iii! selectively incor¥orated into the 
geo-based information systems of many other levels 0 government and 
their associated agencies with minimal data manipulation or 
reformattIng. 

Obviously, data integratIon is not something that happens automatically. 
It can be achieved only through deliberate and concerted effort of all 
i nvo 1 ved organ 1 zat ions •. 

In 1979 and 1980, the CIRSS program concentl~ted on identifyIng the 
conceptual issues around Vertical integration. One result of til,S 
effort was a report, Elements of Vertical Data Integration. This report 
discussed a group of technical and institutional factors which are 
necessary to achieve integration: 

TECHNICAL ELEMENTS 

1. DATA CLASSIFICATION 
Z. DATA STATUS 
3. DATA ACCUaACY 
4. DATA VOLUME 
5. TEMPORAL FACTORS 
6. GEOGRAPHIC COVERAGE 
7. DATA ~,EPRESENTATION 
8. RESOLUTION 
9. GEOGRAPHIC REFERENCING 

10. POSITIONAL ACCURACY 
11. DATA TRANSFER MEDIUM 

INSTITUTIONAL ELEMENTS 

1. DIFFERENCES IN NE~DS 
Z. INTERPRETATIONS OF DATA 
3. LEAD TIME 
4. USER AWARENESS 
5. ORGANIZATIONAL RESPONSIBILITY 
6. COST FACTORS 
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7. STAFFING AND EQUIPMEr/T 
8. DOCUMENTATION 
9. LEGAL BARRIERS 
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10. PUBLIC / PRIVATE ISSUES 
11. POLITICAL PROBLEMS 
12. PERSONALITY FACTORS 

The current work follows closely on this framework, but movp.s from the 
conceptual definition of data integration into the actual process of 
implementing it. This work f&lls under the heading of operational 
alternatives, and involves the identification and evaluatlon of 
alternative approaches for developing and implementing statewide systems 
for handling Landsat and other resource data in an integrated fashion. 

ORGANIZATION AND SCOPE OF THE REPORT 

This report has five main sections. This, introductory chapter is 
desi gned' to cover the background - to describe the problem to be sol ved 
and to provide a setting for the issues to be discussed in detai 1 later 
in the paper. 

Definjtions are the focus of the second section. Here we will attempt 
to reach a more precise definition of the term operational alternatives, 
and to describe the CIRSS process of building operational systems in 
Ca 1 Horni a. 

The third section, which makes up the bulk of the report. looks in 
detail at each of the four approaches and the project used to test it. 
A brief project description starts the discussion of each project, and 
an evaluation makes UP the rest of the subsection. 

This analysis of the four approaches separately provides the raw 
material for the next section, which compal'es the approaches and looks 
for general findings about their progress to date. Recommendations for 
the next series of actions to implement operational systems are also 
covered. 

Much written and oral documentation has been produced by the CIRSS 
program so far. A final section on references contains a guide to this 
material, and also lists some useful publications of a more general 
nature. 

Much of the scope of this report has been con'red implicitly above in 
describing l;he meanings of vertical data integration and operational 
alternatives. It should be clear that we are dealing with natural 
resource data (particularly Landsat as a data sburce), and not with 
other types of information systems. Consequently, all of this data mU5t 
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be spatial in nature, and geographic location is a key component in its 
-Jescription. We are not, then, concerned with the implementation of 
systems for processing non-spatial data such as budgets or per;onn'li 
records, ev~n though the organizations involved must deal with thes~ 
issues also. 

Some attention has been paid to manual map overlay systems, but thh 
emphasis is on automated methods. This bias, which coincides with ,) 
strong overall trend in the handling of geographic data, is reinforcer. 
by the digital na~ure of Landsat imagery. 

The State of California is the geographic focus. Althouqh this stu'!, 
has reviewed the experience of existing operational systems in otller 
states and may have some potential value for other areas considerinq 
natural resource systems, is emphasis is on establishing systems fnr 
Cal i fornia. The primary goal is a st~tewide system, although this ide~ 
does not preclude support of substate systems where they are compatible 
with statewide goals. 

Since this effort is aimed at tho! creation of operational systems, it 
must deal with the economic and political realities which exist in 
California. It is not an academic or theoretical study of possible 
organizational structures, but is limited to those which have a real 
poss i bil i ty for imp I ementat ion •. 

Finally, this report should be seen in the perspective of past and 
future CIRSS efforts. It is based upon pre.vious Task Force di reet ion, 
and aims at producing information which can guide future efforts. 
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IDENTIFICATION OF OPERATIONAL ALTERKATIVES 

ESTABLISHING A DEFINITION 

The meaning of the term operational alternatives as used in this project 
is fairly well understood, and can be expressed (as in the CIRSS Program 
sUl1111ary) in few words: "evaluating alternative approaches for developing 
and implementing a state Landsat data distribution network." There is a 
need, however, to clarify this description and to explore it in more 
specific terms. 

By operational we mean, of course, something that is operating or 
functioning. The implication is that to be operational, a system would 
be capable of day-to-day operations over a long period of time. In the 
context of the CIRSS program, it is also understood that the system 
would be operated by (or at least managed by in a policy se~se) some 
agency of state government, and would not count on receiving continued 
technical or financial support from NASA. 

The definition given above is a bit misleading in one sense: it 
emphasizes Landsat data to the exclusion of other remote· sensing data 
sources or other types of resource data. Landsat is clearly a major 
emphasis, since the CIRSS program was started through support from NASA 
and since Landsat does represent a data source with great potential for 
exploring resource issues. It is important to note, however, that the 
concept of operational alternatives as seen by the Task Force extends to 
other types of resource data and to the geographic information systems 
required to handle this variety of data. 

Some discussion about the nature of the target system is also necessary. 
As mentioned above, vertical integration may range from a complete 
integration of systems (with all data collection and processing for many 
users taking pI ace on one system) to simply data integration (where a 
data set collected through a common effort was processed on several 
separate systems). The CIRSS concept is to support all types of 
integration, with a long-range goal of achieving some level of systems 
integration so that users without their own processing ~apabilities are 
not left out. Furthermore, it is assumed that many systems wi 11 be 
needed in a state as large and diverse as California; there is no bias 
towards the creation of a single monolithic statewide system. 
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The other part of the term is alternatives, Since the procedures fQr 
establishing an operational system in California are by no means 
obvious, the CIRSS Task Force identified four alternative approaches to 
be tested, These approaches were identified by looking at how other 
states had established operational systems, and by assessing the current 
status of Landsat processing systems in ~~lifornia (agencies using 
remotely sensed data, agencies having GIS capability, and applications 
which would' be a gOl1d test of Landsat as a data source), 

A common technical base was established by defining the use of an 
existing data set, the statewide Landsat classification done in 1979 for 
the California Department of Forestry, Each approach was to focus on 
how this data set could be integrated into a specific application (or a 
related set of applications) in a specific organizational setting. 

After consideration of many scenarios, it was decided to test the 
following four approaches: 

Developmental - Transfer of an existing methodological base, 
~ developed at a university, to sevf!Nl governmental agencies. .. ~ r~ The GIS framework in the agencies was in a developmental stage, 

5~~ .'.~ as was the application of remote sensing technology to the 
().Pj 1 jK l chosen prob 1 em, . 

~~ Networking - Integration of Landsat data into an exi sting GIS 
Vtv"'" system operating at a substate level. This is a distributed 

processing approach: creation of a statewide system through the 
networking of several regional systems within the state. 

Evolutionary - Continuation of applying the ori ginal CDF data 
set within the same organization. Using the same data, but 
looking at how the agency's use of it 'evol ved, how other data 
sets were combined w~th it, and whether other organizations 
would find it applicable to their own needs. 

Industrt Assisted - Utilization of system design and processing 
capabi ity within the private sector, Government agencies as 
end users, but without internal processing capabilities. 

A specific project was then chosen to represent each of these 
approaches. The discussion of these projects, as they reflect findings 
about the generic approaches, is the major part of this report. 
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After the four approaches had been defined and projects to test the- h4~ 
been chosen, it was necessary to create a method for ass.essin~ t.~r! 
resul ts. This method took the ferm of u set of evaluation crit~ri •• 
discussed and approved by the Task Force. They are listed in ~h~ 
Appendix to this report. These criteria, which were framed as a s~rles 
of questions, were designed to provide a standard way of assesslng tne 
progress of each project. They were aimed at providing information for 
the Task Force to evaluate each approach - not just the project whicn 
represented that approach. As a result, the criteria seek to identifY 
general findings and do not seek a narrow view of the project's conduct. 

Some of the criteria are clearly more important than others in this 
evaluation. Questions which relate to the specific project, rather than 
to the approach, are necessary but do not yield the information about 
operational alternatives which is the real objective of this process. 
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Evaluation of operational alternatives should be viewed as a continuing 
process" broader in time and in scope thah I;an be shown in a written 
report. This eva1 uation process represents c10s.e monitoring of the 
overall CIRSS program as well as the individual projects. It has been 
conducted over the past year through participation in Task Force 
maetings and periodic discussions with project leaders. The evaluation 
process will continue beyond this report, as further work on the 
projects reveals new insights. 

It should be emphasized that this is an evaluation of approaches, not of 
the projects themselves. T~e CIRSS objective is to use the projects as 
a way of testing the alternative approaches, so here we concen,trate on 
those findings which can be generalized to the creation of operational 
systems. The emphasis is on results that reflect on a general approach 
rather than events which derive from the particular c1 rcumstances of the 
test proj ect. ' 

Three types of sources were used extensively. The firs't consisted of 
matarials developed for and by the Task Force during the past year; 
these yield a picture of the progress ~n each project over time. The 
second source is the written documentation produced by pro,iect staff and 
NASA personnel. This materia! contains detailed background information 
about each project and the problems it has encountered. A third source 
is a series of interviews with project personnel (users, agency staff, 
NASA and contract staff) conducted during January, February, and March 
of 1981. 

The CIRSS evaluation criteria~ which were discussed in a previous 
section, were used as a foundation for this work. They were analyzed to 
determine the most meaningful issues (in the context' of the current 
setting in California), and then provided the structure for interviews 
and review of the written project documentation. 

Although this report on institutional issues and the companion effort on 
technical issues were completed under separate contracts, there has been 
a close working relationship in preparing them. Considerable assistance 
was also provided by CIRSS project staff and NASA personnel. 

This evaluation is not a strict scientific test of the approaches. 
Since it is designed to look at how the alternatives fare in real 
Situations, it has been subject to complications which may not exist in 
a real operational setting. For example, the split of fundjng and 
res onsibility money from NASA direction from a user a enc "I ited 
as a pro em nJome proJects, n an actual operational situation, 
funding and direction would normally come from the same agency. 
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DEVELOPMENTAL UCSB 

PROJECT DESCRIPTION 

-----_._---

ORIGINAL PAGE IS 
OF POOR QUALITY 

The Geography Remote Sensing Unit of the University of California at 
Santa Barbara carried out the project which represented the 
developmental approach. The project had as its focus the problem of 
change detection in prime agricultural lands. The primary end users 
were two local governments, with some involvement by other public 
agencies, such as the California Department of Conservation. 

The conversion of prime agricultural land (PAL) to urban uses has been 
recognized as a major problem, but it has been difficult to develop 
programs to solve it. Even assessing the magnitude of conversion has 
been a serious problem in California, given the vast areas to be covered 
and the speed of urban growth in the state. 

Landsat, with its frequency of coverage and ability to readily pick UP 
detailed vegetation patterns, has obvious potential as a data source. 
This is particularly true where automated change detection techniques 
can be applied. The PAL issue, and the use of change detection 
techniques to study it, is the focus of this project. It is viewed as a 
developmental approach in that the tools to study the problem are 
relatively new, and a methodology must be developed as part of the 
process. 

Two types of potential users, each of which plays a role in the PAL 
issue, were chosen. iHe first is a statewide focus, with the major' role 
being taken by the Department of Conservation The second is ioeal 
government, with two counties {Ventura and Fresnojt;;king the local 
perspective and actlng as test sites. The project itsglf' involved 
identification of changed areas from multi-date Landsat analysis, along 
with the integration of this data into local geogrl.phic data handling 
systems. 

In addition to the concept of a ~evelopmental apol'oach, this project 
also looks at the state's institutions of higher learning as a source of 
assistance in implementing operational systems. 

Evaluation 

Results of this project seem, from a technical standpoint, promlslng. 
Landsat does indeed represent a data source which can detect the 
magnitude and location of converted lands with an acceptable accuracy 
level. The institutional results are less clear. 

During the two years of activity on this project, the Department of 
Conservation has moved into a more more active role in the PAL 
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preservat i on arena. This meant that 'p 

the or; i ut focus were not th ma or in the field 
at the time of this evn]uation 1S experience po n s 0 a requent 
problem in long-range projects: agency rol~s can sometimes change 
dramatically between th~ project design phase and actual Implementation 

'. of a system. • 
The present situation in the PAL area is, of course, a perfect test of 
vertical data integration. Can one data source, Landsat, provide 

~~~ortnaJ~~~t~S~bl;o:~ t~~~h aC~~;{y t~n~hslt:t~:!~~i~~:el ~t 1 ap~~:r~e~~~~s t~~ 
process developed here can be used to update maps at different scales as 
needed by several users. 

Communication b s 
o ten pooc. The Task Force was much more attuned to the shifts in 
political responsibilities, while the research staff from the university 
concentrated more on the technical issues. 

Participation from the user agencies was weak at first; this aspect 
seemed to improve as the project progressed. T~is is an institutional 
issue that represents a potential problem i.n al] university-related 
projects. Considerable effort must be made to direct the project at 
current user needs rather than at interesting research topics; a balance 
between technical and institutional efforts must be achieved. 

Despite these potential drawbacks, it is important to remember that the 
universities represent a viable-source of assistance for local 
governments: It is doubtful that either of the two test counties would 
have developed Landsat processing capabilty on their own - and they are 
some of the more sophisticated counties in the state in terms of 
geographic data use. University assistance, even with all of its 
potential problems, may be the only source of technical support in many 
Instances. 
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NETWORKING ABAG 

PROJECT DESCRIPTION 

PAGE IS 
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b ve f 
t e ne wor in9 project. Althoullh it has been known that certain typf,~ 
of vegetative cover can emit significant'amounts of hydrocarbons un1er 
certain conditions, there had been no way to assess the total amount of 
pollution from th~se sources for a large area (or to compare this amount 
to the poll ution caused by manmade sources). The 1 ack of good 
information about the amount and location of different vegetation types 
was a major problem; Landsat represented an ideal data source for this 
type of application. 

The lead agency here was the Association of Bay Area Governments, with 
secondary roles played by the Bay Area Air Quality Management District, 
the Ca I iforni a Ai r Resources Board, and the federa 1 Department .of Energy 
(through Lawr.;nce Livermore Lab). Technical processing of Landsat data 
was performed by NASA. 

The networking concept was embodied by ABAG's existing GIS, the Bay Area 
Spati al Information System (BAS IS). Thi s system was seen as a foca 1 
point for data about the San Francisco Bay Region. Landsat data could 
be added to BASIS as another level of data, and models to calculate 

'emissions could be rea,dily produced (and the results transferred as 
inputs to ongoing air pollution models). The model of operational 
systems in this alternative would be a collection of substate systems, 
networked by an actual or administrative communications system. 

Three major steps were involved. The first 'lias obtaining a suitable 
vegetation classification using the CDF file. Next, this file was to be 
integrated into the BASIS data base in the same form as its other data 
sets. The final step was to use this vegetation data, along with 
estimates of the emi ssion rates for di fferent vegetation classes, to 
produce models and maps identifying the location and quantities of 
hydrocarbon emissions. 

EVALUATION 

All of the short-term technical and instItutional objectives 01' thi s 
project were achieved successfully; it is uncertain at this point 
whether some of the longer range go~ls will be met. 

The chosen applfcation was an excellent example of vJrtical integration, 
both in the data intEgration sense (using the CDF Landsat file as a 
base') and in the system integration sense (several agencies, at 
different levels of government, using BASIS as a common processinq 
capability). This concentration of the technical work at two places 
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(NASA for the Landsat processing and ABAG for the GIS work and m,~el 
output) minimlr.ed the problems which may have resulted if each of t~~ 
participants in this type of project had done their own technical 
processing. 

Early and explicit identification of the application was a major 
advantage In this project. The air pollution issye is clearly Q~1 gf 
great Importance, and one which had been studied extensively. This 
project was narrowly focused on one aspect of that issue; the vegetation 
contribution to pollution had been Identified In earlier studies as an 
unresolved problem, and there was broad support for trying this new tool 
to assess it. The pro,iect was also clearly focused In a time sense: it 
was seen as a discrete product to be delivered at a specified date, with 
long range consi derat ions flowi ng from that fi rst product. 

Another advantage derived from the mix of organizations which 
participated in the project: each of the agencies involved has a 
distinct mandated role in the overall air pollution planning process. 
This gave a strong institutional base to the project. Although there 
was some initial misunderstanding among the users about Landsat 
technology, this potential problem was quickly overcome. This 
experience points to the importance of early training programs for 
potential users. 

Existence of an operational GIS, BASIS, was a positive factor in both 
technical and instituti onal senses. The technl cal advantage of an 
existing GIS meant that integration of the Landsat data and subsequent 
modeling were comparatively eas-y. The institutional factor is less 
obvious, but equally important: ABAG had staff used to dealing with 
spati a I data in an automated framework, and Landsat cou 1 d be vi ewed as 
just another data set in the regional data base. 

The primary short-term goals of this project were completed with 
relatively few problems. Since this project (in contrast to the other 
approaches) was seen in the CIRSS program as a one-year effort, its 
results are comparatively easy to evaluate. It can almost be viewed as 
a final asseS5ment rather than a project report. The results are, 
overa 11, very promi si ng. 

Two of the long-range 99als remain unmet, however. These are the 
creat10n of an operational Landsat processing system at ABAG (using 
ELAS) and the formation of a GIS Council to guide geoprocessing pol icy 
in the Bay Area. Uncertainties about future funding, as well as the 
departure of a key staff person, have limited ABAG's ability to support 
new system capabilities. Although the single Landsat-derived land cover 
file is now a permanent part of the BASIS data base (and has al~eady 
been used for other applications), there is 'still no operational way to 
process other Landsat (.ata for the region. ABAG staff have ga; ned a 
considerable amount of training and capability in use of Landsat, but 
software transfer 1s nec&ssary for there to be a true operational 
system. 
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The technical base for testing the four approaches was a Landsat file 
processed in 1979 for use in forest resource assessment by the 
California Department of Forestry. In this approach. the evolution of 
that file and its applications is monitored. The basic assumption in 
this alternative is that the CDF capability (staff expertise as well as 
the existing Landsat file) would evolve to a point where it could help 
support local agency vert i ca 1 i ntegrati on projects. 

Other applica~ions have been made in other CDF programs. in U.S. Forest 
Service studies. and in several county projects. Of particular 
importance here is the creation of a detailed GIS for Santa Cruz County. 
with participation by the local government as well as assistance from 
several state and federal agencie~. 

Much of the work on this project during the past year has concentrated 
on defining the hardware'and software capabilities needed ~o created an 
operational system in Sacramento. Such a systtm would be the focal 
point for further development of CDF capability ~s well as possible 
assistance to local governments. 

EVALUATION 

The CDF project. seen in its full sC\lDe of several years effort. is 
perhaps the most ambitious of the four CIRSS tests. It is larger in 
scale. involving both a larger geographic area (the entire state in some 
of its components) and a b~oader mixture of participants. 

This very scale has presented some problems. The definition of 
applications has been diffuse. largely because of a continuing tension 
between planning and operational functions at CDF. A single policy 
direction has been difficult to maintain over the life of the project; 
change is. after all. a deliberate element in this approach. 

Some 11',stitutional problems have developed during the process so far. 
These derive primarily from the differing perceptions of NASA and the 
user agency. For example. the initial statewide classification was 
successful. but (from the viewpoint of CDF) too heavily emphasized the 
produn rather than the process. Also,' NASA's vast computing resources 
often make it difficult for the agency's technical staff to appreciate 
the funding limitations under ~lich a state agency must operate. 

The products derived from this project are potentially useful in 
substate (vertical integration) applications. but the test of CDF's 
ability to run them in an operational setting has not yet been 
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The GIS development in Santa Cruz County is the clearest test of 
vertical data integration in this project. Al though it was not fully 
implemented at the time of this evaluation, this work looks very 
promising as an example of data integration concepts. 

A "distributed analysis" I~odel has been one interesting institutional 
idea to evolve out of this vroject. This method divides Landsat 
processing and analysis among universities, with some done centrally by 
state staff. A possible advantage of th1s approach is the use of people 
more familiar with each geographic area covered in a specific 
application. 
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PROJECT DESCR IPTION 

ESRI 

ORIGINAL PAGE IS 
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multi ur ose local data basgs was Ihn 
ocus of the foyrth prplect. ESRI, the Environmen a ystems Re5~ar~h 

instltute, was the contractor; the San Bernardino County PI~nn,p'J 
Department (which must cope with the mana'gement of urbanization ,n ;, 
very large area with severe growth pressures) and thp. U.S. For~st 
Service (which must handle fire problems made more critical by that 
urban growth) were the end users. A large utility, Southern Cal ifornia 
Edison, has also participated to some extent. 

This project looks at the provision of data base capability through a 
private sector firm, ESRI, to users who may have a divers~ set of 
applications. It is simila~ to the UCSB project in that the Landsat 
processing and GIS capabilities may not be institutionalized by one of 
the user agencies, but may remain in an external organizat.ion which 
would provide servil:es as needed. (NASA personnel actual iy provided the 
Landsat processing work on this project; there was extensive training 
and transfer of capability to the industry representative, however.) 

Since this i$ a two-year project, there are few final products on which 
to base an evaluation. Work during the first year has concentrated on 
assembling a data base, and major applications wilLbe performed during 
the second year of the ~roject. 

Some of the tasks done to da:':e, such as creation of a data set showinq 
land cover change from 1976 ta 1979, appear to show applicability to 
many types of land use studies. Also, the assembly of a common data 
base from multiple sources is an intp.resting exercise in both technical 
and institutional skills. 

EVALUATION 

Thi. project started slowly, largely becallse of contractual problems 
between ESRI and NASA. These probl.:!","- wer,c Qnified by uncertainties 
about Task Force direction and tM ' ;~,!'r:r.' ,(, :itie~ for overall project 
manac;ement. Althol:gh these particu'lu:' .ulties may be speci fi c to 
the project and do not necessari 1)' ,.resent a real probl em in the 
industry-assisted approach, they do poine to the differences which must 
be taken into account when a third party is involved; 

Another factor which may be limited to this test setting, and not 
0);)1 icable to an operational system, is the spl it between funding and 
responsibility. There was considerable confusion about responsibility 
for' overall di rection and specific decisions, since NASA was providinq 
the money and other agencies were the designated users. In a normal 
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Industry.~sslsted project, the user ~gency would also I providing the 
funds ~nd would therefore be more highly motivated to follow up Its 
investment. 

Lack of specifically·Jefined products has presented some problems 
throughout this project. Both the County and USFS started with a list 
of gener~l ~ppllcatlon areas In which they were interested, but there 
were no specific products identified until very recently. As a result, 
the data ba~e building process has taken place without a clear statement 
of priorities among user needs, This has not been 4 severe problem, 
however, since ESRI (because of its eXperience with GIS applications in 
general and this geographic area In particular) seems to have 
anticipated needs well enough so that the expected uses during the 
second Yil~r can be accomodated. The potential for a problem here should 
not be ! gnored; a pri vatl! fi rm with less expertise in a specific Uta ,1 
may have not been as sucessful. 

Also, this lack of a specific product to drive the project h~s resulted 
in a subtle institutional problem. The technical process In this type 
of application must be continually driven by recognized organilatloMI 
needs or there is a tendency to forget application objectlves and 
concentrate on other parts of the proce~s. This project did not 
establish ~n early link between applications and information needs, so 
much of the effort h~s gone Into data base assembly. One result has 
been low partlcipetlon by user agencies. 

Monitoring the project uncovered several other institutional f~ctor5. 
In this case, the private firm had ~ great deal of GIS background, but 
little di rect experience in Landsat processing. A firm with different 
experience (for examole, heavy LJndsat processing but little GIS use) 
may have handled the initial technical work more ea~i1y, but would have 
h~d much more trouble In other aspects of the work. 

The value of '.andsat data in a GIS was shown In the example of a pl'lnner! 
USFS application, establishing a greenbelt for fire damage prevention. 
This Idea was largely motll'ated by a disastrous fire in the study area. 
The inherent flexibility of a GIS can be an important Institutlon,,1 
factor in attracting re~l applications. 

Much of the success of the industry-assisted appro~ch depends upon 
costs. It Is still too early In t,his project to aSHlS5 costs of 
particular products, but the user agencies have shown some concern over 
being tied to a private firm (or all future processinq. Public 
aqencies, given the current fiscal situation, often have no choice; they 
cannot afford to build internal capability, and must seek technical 
capability from private firms If the project is to be done at all. 

A final institutional flctor is the ability of private industry to serve 
IS a facilitator for data transfer. The use of utility data in the 
county application was made much easier because of the private firm's 
knowledge of both organizations. This example may point to one of the 
major advantages of the industry-assisted approach. 
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CONCLUSIONS 

COMPARING RESULTS 

It should be clear from the above descriptions that there were 
significant differences among the projects in how successfully 
institutional barriers to vertical integration were overcome; The 
ultimate objective of the operational alternatives project is the 
synthesis of those differences into a meaningful and coordinated set of 
findings which can be used as a foundation for further work. 

There are several limitations which must be recognized in ma~in~ 
comparisons between projects. Each of the projects was different fro~ 
the others in many ways - not just in the approach it represented . 

. Since start times and overall time frames were quite differ~nt. th~ 
projects were at different stages of completion when this report was 
done. This study, then, is a look at project status at one point in 
time; it is more of a progress report than an assessment of final 
.resul ts. It shou 1 d al so be recogni zed that the proJ ects dn ter somewhat 
in the scope of their work, and this may be reflected in apparent 
success or failure. 

Some extraneous factors are difficult to filter out. For example, some 
of the project partici pants have al so played major roles on the Task 
Force, which should have added a closer adherence to objectives than 
might hav~ been possible with the other projects. Also, the author df 
this report participated in one of the technical tasks in the ABAG 
project, so additional knowledge abol~ that work gives it a different 
perspective from the other projects. 

Despite these limitations, there are still a number of valuable things 
to be learned from the CIRSS demonstration projects so far. None of the 
approaches has b~en proven to be incapable of p,oducing an operational 
system; on the other hand, none demonstrate a guarantee of success. 
Each, based on current results, shows potential and must still be viewed 
as a candidate for implp.mentation. 

The evaluations done for this report have uncovered a number of general 
principles which appear to be useful in designing operational systems. 

Definition of a target application seems to be a major factor! Clear 
and early speclflcatl0n of deliverable products helps gain 
organizational support (as well as having obvious technical advantages). 
The UCSB and ABAG projects seemed to benefit greatly from having a 
clearly defined set of products, while the other two projects started 
with a more general list of potential application areas. 
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The definition of products ali gns closely with breadth of scopeQ 
magnitude of the products, timing, and number of participants, The ABA. 
project, with a single major prcduct and a'relatively short time frame, 
had much less of a problem in goal definition than the other projects. 
There were fewer institutional variab1e~ to consider. And in a shorter 
period of time, the institutional setti~g was less likely to change (as 
with the personnel turnover problems in the CDF project, and a change in 
organi zat i ona1 rol es in the PAL issue). 

Number of participants is a thor"~er issue. Haying fewer organjzatjons 
iovolved naturally Jimits some coordination problems; the COF project 
has, on the other hand, been burdened by a growing number of 
participants and a corresponding difficulty in arriving at consensus 
goals and priorities. The whole thrust of data integration hnweyer.-ll 
the inc' "sian of many agenciet with commOQ data needE. Much of the CoF 
coordination problem has resulted from a de1i~erate restructuring of the 
project to meet this goal. 

Does this mean that vertical integration is more trouble than it is 
worth 7 The success of the ABAG project in reaching its short·term 
objectives, even with participation by several level,S of government. 
would indicate that data integration is still a reachable goal. It is 
important to choose ar i i ants which agr~e on and need) a small 

um er 0 pro ucts' the ro 'e nn Vlewe as n effor 0 Ul 
S sao ever thin for ever body. 

~e09raphic ~istance appears to be a surprisingly im~ortant factor. 
Close proximity between all participants make's lnstltutlonal 
coordination as well as technical cooperation much easier. Cuts in 
travel funds in several level s of government have caused probl ems in 
each project; these problems were minimized where single day travel by 
automobile or transit was possible. This factor favors a network 
approach, which would divide the state into more manageable geographic 
areas; regional agenCies or local academic institutions could act as 
nodes for such' a network. 

Jhe existence of a GIS (staff expertise and experience as well as 
hardware and software) accessible to the user agency is another 
imnortant fa rtor• Landsat is most nowerful when viewed as one part of a 
comprehensive GIS. An agency with GIS capability is much more likely to 
use Landsat products when they can be viewed as an element of an ongoing 
system. Organizational famil iarity with GIS capabilities and 
limitations means that less training is required. 

It is jmportant to remember that the GIS capability oeed gnly b) 
'ijCcessible to the a%ency, not necessarily operated by it; industry or a 
uni versity may ac ually maintain the system and make its products 
available to the governmental agency. ' In theory, it may be most 
efficient to perform the ~ork in-house (where the end user does the 
technical work) but practical considerations often make this impossible. 

What do these comments mean in campa ri ng approaches 7 ..8r! overri di ng 
factor seems to be us nt; there must be a strong motivation on 
the ?art 0 e user agency or agencies) no matter who does the 
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tf!;(:hnical work. The project cannot be driven by an o"tsjde orqaniziltion 
(a "niversity, a private firm, or NASA) bllt must be cloS!!l~ 
real and continuing qrganizational need, The technical advanta~es of 
outside assistancll must be coupled with internal direction. 

Another maior factor is !ie1ection of the application. It must be broad 
enough to meet the nl~ed's of several users (assuming a vertical 
integration goal) and yet achievable. Working with a relatively smal I 
geographic area or a smaller organization may play an important role 
here; in the developmental approach, for example, the Santa Cruz GIS 
effort is gathering more interest than most statewide applications 
becill\se its scope is more easily grasped. 

In summary, each approach has shown some pOSitive results. Each has 
a1 so revealed weaknesses. More work is needed to se1 ect a method for 
implementing operational systems in California; the next section 
contains ideas on how to structure that work. 

NEXT STEPS 

The CIRSS Task Force faces a critical set of issues in the coming year. 
Federal funding for NASA programs is being cut severely, and fiscal 
problems at the state and local level add to the problem. Unless 
Significant progress in establishing operational system~ is made this 
year, the opportunity may be gone. . 

Several key steps are important in closing in on the i.mplementation 
issue.' These steps should b~ viewed as jenera1gujde1ines for Task 
Force acbon, seen frOOl the persrqctiYe' of' the operational aJternative~ 
study:. 

Concentrate on GIS im 1 tion •. Projects which work with Landsat 
a one, an treat other natural resource data as ancillary sources, miss 
the real emphasis of most government applications. Most real projects 
require a variety of data types; Landsat is best seen as one layer in a 
multilevel data base. Unless the capabil ities (both technical and 
institutional) of a GIS are present, the app1icatior' has 1 ittle chance 
of success. The em hasis, then sho 1d be on bui1din stron S 
systems as a fQundat 1 on or andsat use, or on add' , 't.:£. 
to operational GIS sites. 

Push for a mandate. There are several agency contenders for the ro1 e of 
natural resource data coordinator in California. No state has been able 
to implement and maintain an operational system without resolving this 
issue of choosing a Single focal point. The Task Force, which 
represents a broad s ectr data users wide ran e of tecHn1cal 
expert1se, s ou p ay an important adv!!2rl role in this dec S10n. 

Address basic n~eds. Some of the fundamental elements of an operational 
system are st111 unmet in California. The enormous volume of data in 
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the state ov~rwhelms Qany potential users. While everyone strives tD 
add more data to the pi Ie, there is no effective way of finding out Whilt 
now exists. The Task Force should explore support of designing such a 
system - a kind of data base about data bases, with the ability to 
select by subject, date, and geographic area. A system like this can be 
seen as a necessary foundation for the implementation of operational 
processing systems. 

Cut fra~ntatl0n. As a result of the factors noted above, there is a 
very h 19 1 eve I of fragmer,tat i on in statewi de efforts. There a re man y 
users performing many projects, using many data sources and many 
geographic information systems. Vertical data integration is 
exceedingly difficult in such an environment. Unfortunately, some of 
the CIRSS work has added to this duplication by supporting multiple 
geoprocessing systems in the same project. The Task Force must be 
careful to maximize its effectiveness by trying to coordinate data 
coll ect i on 'and GIS efforts. 

Building operational natural resource systems in California is not an 
easy task. The state's size and complexity make any such undertaking an 
enormous ch.:llenge. The current high level of geoprocessing activity 
further justifies the need for operational systems, yet makes 
implementation of a common system more difficult. The CIRSS Task Force 
is in a unique position to identify and help implement an operational 
system. The opportunity for doing so in the coming year must be taken; 
it is not likely to happen again. 
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This report is based on analysis of a large number of sources -
reports, memoranda, notes on meetings, interviews. This conclurling 
chapter lists the most important of those sources. It should serve as 
~ .guide for further work on the CIRSS program. 

The references are divided into two major sections. The firs: 
contains general reference materials on Landsat and geograp~ic 
information systems, and on the California situation and the C[?'~S 
program. The second section covers each of the four projects covered 
in the report. 

, GEIlERAL REFERENCES 

The following sources are useful for a general di scussion of bo.t~ 
technical and institutional factors important to geobased information 
systems. 

Center for Geographic Analysis, University of Wisconsin. Data Needs 
and Data Gatherin for Areas of Critical Environm~ntal Concern. 
Madison, 

National Conference of State Legislatures. A Legislator's Guide to 
Landsat. {Denver, 1978}; A Le islator's Guide to Natural Resource 
Information Systems. (Denver, ; tate nstitutiona and echnlca 
Approaches to Landsat Utilization. {Denver, 1979.} 

Natural Resource and Environment Task Force of the Intergovernmental 
Science, Engineering, and Technology Advisory Panel. State and Local 
Government Pers ectives on a Landsat Information S stem. (Washington: 
Executive fice 0 the reSIdent, 

Michael Kennedy and Charles Guinn. "Avoiding System Failure: 
Approaches to Integrity and Utility." in Technical Supporting Report E 
of Information I. Data Handlin: A Guidebook for Develo ment of State 
Programs. Washington: Department of Interior, 197 • 
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Sources of information about the California situation inclljrlt, 
publications of the Environmental Data Center and the CIISS Ta~1 
Force. 

Task Force minutes, 1979-1981 

Annual CIRSS work programs 

Viewgraphs prepared for NASA reviews 

Paul M. Wilson. Resource Information SYstems in California Locill 
Government. (Sacramento: Offlce of Plannlng and Research, 1978.) 

Paul M. Wil~on. Elements of Vertical Data Inteqration. (Prepared for 
C IRSS Task Force, 1980) 

PROJECT DOCUMENTATION 

Developmental: UC'SB 

John Estes, Larry Tinney, Doug Stow. Conceptual Design anrl 
Prel iminar Demonstration of a Prime ricultural land Component of tin 
ntegrated Remote SenSlng ystem. eography Remote Sensln~ 

Unit, December 1979) 

Tod Streich, Technical Presentation Outline on VICAR/EMIS Conversion 
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Networking: ABAG 

Roberta Moreland and Gene Fosnight. 
H drocarbons Emissions Inventor for 
Plan and Worklng apers. 

Presentation viewgraphs 

Interviews: Roberta Moreland, ABAG 
Gene Fosnight, TGS 
Don Hunsaker, ABAG •• 
Don Olmstead, ABAG •• 

The D~velop~ent of a Bioqenic 
the San Franci sco Bay Area, Work 

Jan 21,1981 
Jan 21,1981 
Jan 22,1981 
Feb 7,1981 
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Evolutionary: CDF 

Technical Memos 

Presentation viewgraphs 

Interviews: Dave Peterson, NASA 
Jim Brass, NASA 
Keith Maw" TGS 
Nancy Tosta-Mil1er, 

Industry-Assisted ESRI 

Technical Memos 

Presentation Viewgraphs 

Interviews: Wi 11 i am li kens, 
Keith Maw, TGS 
Kenneth Topping, 
Ron Matyas, S8t. 

NASA . • 
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Jerry Christenson, ESRI 
Russ Michel, ESRI • · . 
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