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Land-use models are critical in estimating future travel, but 
the models available so far in this young field of research 
leave much to be desired. The information needs for models 
are therefore unsettled. This paper attempts to determine the 
best approaches to the general problem of information needs 
for land-use models at this time, using as a criterion the ad
vancing or retarding of the development of better land-use 
models. 

•THE purpose of this paper is to consider some aspects of the problem of items of in
formation for land-use models. Many different types of information have been indi
cated as required or desirable and each has an associated cost. The money available 
for information for land-use.models is relatively limited and far from sufficient to buy 
all the items of information needed for all the metropolitan areas in the United States. 

One solution is to limit the number of metropolitan areas that can obtain information 
for land-use models in a given year. In fact, this solution is presently in effect. On 
the one hand, not all metropolitan areas have looked for information for land-use models 
in the same year, and on the other hand, of those looking for funds in the same year, 
some have been refused funds, and others have been granted only a portion of the funds 
requested. (Almost all information funds for land-use models are included presently 
with funds for comprehensive and transportation planning programs administered by 
the U.S. Department of Housing and Urban Development and the U.S. Bureau of Public 
Roads.) A good long-run program must consider the information needs of all metro
politan areas and the optimum time period over which these needs should be funded. 
This kind of program would require a considerable increase in the amount and rate of 
expenditures for information over present levels. Limiting the number of metropolitan 
areas that can obtain information for land-use models in a given year is only a short
run solution to the general problem. 

Another solution is to increase the amounts of money available for information for 
land-use models. Such funds should be greatly increased. The time is long overdue 
for tying the funds spent on planning land development (including funds for information) 
to the amounts spent on constructing land development. Funds for planning transporta
tion facilities have been a fixed percentage of the moneys spent on constructing trans
portation facilities for several decades. It is more difficult to do the same thing for 
land development planning because of the multiplicity of sources for construction funds, 
but a way should be found to do something similar. The billions of dollars that will be 
spent on land development in the next 30 years will be many times greater than the 
billions spent in the last 30 years. Better ways for spending these dollars should be 
sought constantly through land development plannin~. Expansion of funds for land de
velopment planning (including funds for information) is a basic step in the solution of the 
general information problem. Even if the planning information dollars are greatly in
creased, they will still be insufficient to buy all the items of information that have been 
indicated as necessary or desirable for land-use models for all metropolitan areas in 
the United States. 
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Another attack on the problem is to reduce unit costs of information collection and 
handling so that, for a given level of reliability or accuracy, the same items of infor
mation can be obtained for a lesser per unit cost. Better data collection methods, bet
ter geo-coding systems, better data reduction systems, better data analysis systems, 
and better data processing hardware have reduced unit costs very substantially in the 
recent past and thus have helped greatly to reduce the general information problem. 
Cost-benefit evaluations for information handling and collection improvements, if 
available, would show very high benefits for the costs involved, and it is perhaps in 
this area that the returns on investment will be greatest. 

Another aspect of the general information problem is the actual items of information 
that are obtained for land-use models. This part of the problem becomes more im
portant as "data bank" proposals mushroom. It becomes more important in situations 
where operations concerned with collection and processing information start to have a 
life of their own, in spite of the fact that there is general agreement among users that 
these operations should be service-oriented. It also becomes more important in situa
tions where the users are, for good reasons referred to later, not sure of their in
formation requirements. 

ULTIMATE PRODUCTS OF A LAND-USE MODEL 

Land-use models are tools whose ultimate purpose is to facilitate planning, whether 
it is land development planning, transportation planning or comprehensive planning. 
Land-use models facilitate planning by producing forecasts of the future uses of land in 
each small area of a metropolitan region-forecasts of the types of use, the intensities 
of these uses and their locations. The land-use planner can use the output of the land
use model, the forecast, as a basis for preparing land-use plans. If the thinking of 
the planner that goes into the preparation of land-use plans can be incorporated into the 
model, then the model may be used to produce a land-use plan. 

Several important claims are made for land-use models: (a) that they force explicit 
statements about the ingredients of the model so that the resulting forecast or plan 
should be more objective, and less subjective, than a forecast or plan not based on a 
model; (b) that a model permits answering policymaker's questions of the "what-if-we
did-this" variety. The policymaker's idea becomes an ingredient, the model is run, 
and the result is a forecast or plan based on inclusion of the policymaker's idea. This 
can be so time-consuming and complex as to be almost impossible without a model; 
(c) that models permit computerization of the preparation of.a forecast or plan so that 
once the model is completed, computer programs written, and the basic input ready, 
it should be possible to produce several forecasts or plans much more rapidly than it 
would be possible to produce two plans or forecasts without the use of a model; and (d) 
that it should be easier to compare the quantities of land uses shown in the forecasts 
or plans with the quantities shown in later land-use surveys. Observed differences 
between earlier forecasts and later surveys may be used to refine and improve a model 
so that its forecasts become more accurate. This operation can be very time-consum
ing and complex without a model. No doubt, this partly explains why it has been almost 
entirely neglected to date. 

Underlying these important claims is the fact that the information input for a model 
must be expressed quantitatively and the model itseU mus t be expressed ma thematically. 
The information must be quantitative (i.e., it must be in a form that can be manipulated 
mathematically), and it must be in a form that can be used in a computer (i.e., it mus t 
be in machine-readable form) . 

Because models are expressed mathematically, much of the discussion is carried 
on in mathematical terms and it is sometimes difficult, especially for the non-mathe
matician, to visualize the ultimate products of a land-use model. It is important to 
have a good understanding of model outputs in order to have a good understanding of 
some of the basic general requirements of information for input to the model. Broadly 
speaking, the computer run of the model will produce a forecast or plan expressed in 
quantities of land use for each small area throughout the metropolitan region. 
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To obtain a clear picture of the output of a model, suppose that land-use models 
capable of accurate forecasts did exist in 1930, and that a model were used in 1930 to 
produce a forecast of future land development in the Tri-State region (the metropolitan 
region centered on New York City that covers parts of the three states of Connecticut, 
New Jersey and New York, with a total area of 8,000 sq mi and a total population of 
18,000,000). Suppose further that a three -dimensional diagram were built in 1930 to 
portray the forecast output from the 1930 land-use model. For convenience, suppose 
that the forecast year were 1963. The diagram would look very much like the one 
shown in Figure 1. 

This three-dimensional stick diagram1 shows the 1963 total floor area in each square 
mile throughout the Tri-State region. The highest stick in the diagram represents 
about 170 million sq ft of floor area on the square mile surrounding Grand Central 
Station; the regional total of floor area represented in this diagram is 9 billion square 
feet, about 500 sq ft per person. 

This supposed forecast of 1963 land development from the supposed 1930 land-use 
model gives the quantities of land uses by small area, or intensities of land uses and 
their locations throughout the region. It would have been very useful to the planners 
of the 1930's that were concerned with planning the future of the Tri-State region. If 
this 1930 forecast had also reflected a forecast of quantities of travel demand, it would 
have been very useful to the 1930 transportation planner too. 

A comparison of Figure 1 with Figure 2 demonstrates that the 1963 travel demand 
in fact was reflected in the 1963 floor area. Figure 2 shows the 1963 person trip 

Figure l. Total floor space in the Tri-State region, 1963. The Tri-State region contains 9 bi I lion sq ft 
of floor area. Each block represents total floor area per square mi le. The highest value is 173,000,000 

sq ft for the square mi le around Grand Central Station in Manhattan. 

11 t would be more correct to refer to the figures as three-dimensional models instead of diagrams, 
but this is purposely avoided to minimize confusion with "model" as in land-use model. 

The stick diagrams of 1963 conditions in the Tri-State region are based on computerized measures 
of floor area and trips that resulted from large-scale field surveys, which were carried out by the Tri
State Transportation Commission in late 1963 and 1964; field work was fol lowed by coding, land and 
floor area measurement, and conversion of the raw data to magnetic computer tape in 1965 and 1966. 
Computer maps were produced from the tape records and the numbers displayed on these computer 
maps for each square mile were used to determine stick lengths and thus to produce the three-dimen
sional stick diagrams. 
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Figure 2. Total person trip destinations in the Tri-State region, 1963. The Tri-State region has a total 
of 34,000,000 person trip destinations doily. The highest value square mile hos 800,000 person trip 

destinations doily. 

destinations per square mile in the Tri-State region, and again the highest value ap
pears in the same square mile that contained the highest value for floor area. This 
square mile bad 800, 000 person trip destinations daily on an average weekday, about 
four destinations per 1, 000 sq ft of floor area. Because of the close similarities 
between the two figures, it is evident that the average rate of four trips per 1, 000 sq 
ft of floor area, or a rate very close to this, is found throughout the region. 

It can be supposed further that the 1930 forecast of 1963 land development was sub
divided into broad types of land use-residential and nonresidential-and that again the 
forecasts were represented in three-dimensional diagrams. Figures 3 and 4 show 
the 1963 residential floor area and 1963 nonresidential floor area, respectively. Fig
ure 5 shows the 1963 trip destinations to nonresidential land uses. Comparison of 
Figures 4 and 5 indicates, again, striking parallels between the quantities of floor area 
and the quantities of trip destinations. 

These three-dimensional diagrams of 1963 conditions, supposedly forecast from 
1930 land-use models, should convey a clear picture of the output of an imaginary 1930 

Figure 3. Residential floor space in the Tri-State region, 1963. The Tri-State region contains a total 
of 5.6 billion sq ft of residential floor area, about 310 sq ft per person . The highest value square mile 

contains 55,000,000 sq ft of residential floor area. 
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Figure 4. Nonresidential floor space in the Tri-State region, 1963. The Tri-State region contains a 
total of 3.4 billion sq ft of nonresidential floor space, about 190 sq ft per person. The highest value 

square mile contains 145,000,000 sq ft of nonresidential floor area. 

land-use model. Today's land-use models should be producing equivalent statements 
for, say, 1990. They should give forecasts and plans of the types, intensities and lo
cations of uses of land by small areas throughout the region. 

From the viewpoint of information requirements, there are a number of other im -
portant characteristics of the output of models to be considered, whether these are 
forecasts or plans, or both. If the models are built to produce forecasts without plans, 
the forecasts should be in a form that allows them to be used easily by a land-use plan
ner. The forecasts and plans should be cast in terms that facilitate testing and evalua
tion. They should be in terms that facilitate the preparation of detailed area forecasts 
or plans which will tell what quantities of new factories, offices, shopping, housing, 
recreation fields, and other facilities will be built, when and where they will be built, 
and at what cost. 

Figure 5. Person trip destinations to nonresidential land uses, 1963. The Tri-State region has a total 
of 18,000,000 person trip destinations daily to nonresidential land uses, about one per person. The 

highest value square mile has 720,000 person trip destinations daily. 
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They should be in a form that permits translation of future land development quanti
ties into future travel demand so that the transportation planner can test proposed net
works of transportation facilities, derive a ''best" transportation plan, and indicate what 
facilities should be built, where, when, and at what cost. They should be easily trans
latable into terms that apply to cost-effectiveness and capital budget studies, or plan
ning-programming-budgeting systems. 

Three-dimensional diagrams of the region which show the planned future public 
capital investment for each square mile, instead of floor area or trip destinations, 
would be very useful to elected officials, budget directors, planners, public and pri
vate developers, as well as the general public. Proposed public non-capital expendi
tures, which can be pinned to locations, could also be shown in comparable three -
dimensional diagrams. Adding together the diagrams for proposed capital and non
capital expenditures would give a clear picture of just where in the region the public 
moneys should be spent in the future. In most regions this picture is totally lacking 
at present; in others it is blurred. It should exist clearly in every region and should 
be used to tie together the work of the various planning, budgeting, and operational 
agencies concerned with executing governmental responsibilities in regard to building, 
maintaining and improving the physical, social and economic facets of our metropolitan 
regions. 

From this discussion, the following basic general requirements may be noted in re
gard to information inputs for land-use models: (a) the information must be in a quan
tified and machine - readable form, (b) the information must refer to the intensities and 
locations of land uses in the region by small areas, (c) the information should be in 
terms that facilitate later reading-off of quantities of travel demand by small areas as 
a basis for transportation planning, and (d) the information should be in terms that 
facilitate reading-off of capital investment and other costs as well as guideline infor
mation for the preparation of detailed forecasts and plans for small areas. 

DIFFICULTIES IN OBTAINING INFORMATION FOR LAND-USE MODELS 

There are a number of practical difficulties that any comprehensive or transporta
tion planning study must face today in obtaining information for land-use models, or in 
deciding on the items of information that will be obtained. Some of the more important 
of these practical difficulties are given here. 

First, the land-use model field is still quite young. Although much work has been 
done, a great deal remains to be done. There is room for considerable improvement 
___ ..] - _______ , _____ £ _____ ,L.,: ___ ------ L.- __ ,!_..J .,:_ L. ___ .,: __ L- _____ ..J ----- Lt...- -'---- --..l ..l! 
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rection of these improvements. Will there be fundamental changes in the structure of 
existing land-use models? If so, when are such changes likely to occur? What direc
tion will they take? What effect will they hav.e on information requirements? 

Although a wide variety of land-use models have been proposed, only a few are 
operational today, and some of these only cover an aspect of total land use, for example, 
commercial land-use models. There is no general agreement as to which of the exist
ing operational models is the best. 

Second, although it may appear wise to wait until much better land-use models are 
developed before spending more money on information for models, it would in fact 
neither be wise nor practical. It would appear, given the uncertainty about the particu
lar merits of existing models, that perhaps the wisest course would be to delay the 
information-gathering until an intensive model-building effort or land development 
theory effort had been completed. But land-use models developed in isolation without 
reference to data are not likely to be better. 

In the absence of a good theory that satisfactorily explains land development (why it 
occurs whei-e it does, and when it does, quantitatively), there is need, in efforts to 
build better land-use models, to continually develop hypotheses and to test these against 
measurements from the real world. For efficient testing and development of hypotheses, 
the measurements from the real world should be readily available. This calls for care
fully selected, well-organized, on-premises, computerized stocks of information and 
good information-handling weaponry. This should not be interpreted as indicating a 
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need for a data bank. (Data banks are beyond the scope of this paper, but it may be 
said in passing that the need for a data bank should be studied very carefully and should 
be justified on a cost-benefit basis.) 

It would appear that the requirement for this basic fund of theory-testing data could 
be regarded separately from the requirement of data for input to the model when it is 
finally developed, but because of time and cost considerations, the two sets of data 
requirements are usually "lumped together. " This probably tends to minimize data 
collected for theory-testing purposes only, but it is not clear that this is a basic ob
stacle to the development of better land-use models. 

Third, currently from 30 to 50 percent of the budget of a comprehensive or trans
portation planning study may go to information when the full costs are taken into ac
count. A related, but perhaps more important, point is that it takes two to three years 
after specification of the information required to get the information into usable shape. 
Map and field work take some time, but even greater time is taken in coding, land
area measuring, checking, conversion to machine format, machine editing and file 
correction. Geo-coding or locational identification of the data is in itself a time-con
suming task. Often data collection is thought of in terms of field work only and the 
time for processing subsequent to field work is grossly underestimated. 

Fourth, in relation to the need, there is only a very small number of persons who 
are well qualified to make sound judgments on both the costs and usefulness of different 
types of information for land-use models. Persons who know about data collection 
costs seldom can evaluate the usefulness of the data, and vice versa. Staff who will 
be working on the land-use model may not be "on board" before data collection starts. 
Although this is certainly not desirable, it may be necessary in order to adhere to 
study schedules. Many persons on the staffs of land development transportation studies 
come from a variety of backgrounds and are new to the field. At present, there is no 
easy way for them to learn quickly all that they need to know to be able to make sound 
judgments on the information required for land-use models. 

In the final analysis, the decision on what items of information are to be obtained 
for the land-use model (to be run two or three years later and to be developed partly 
in the interim) rests with persons in charge at the outset of the study. They must have 
considerable skilled technical judgment and ability to anticipate and weigh the probable 
future courses of action, including land-use model building action. A heavy responsi
bility rests with these persons because their determinations on data to be collected or 
not collected greatly affects the future model-building directions the study can take. 
If an item of information is not identified as necessary prior to the start of data col
lection, it is unlikely that it can be collected at a later date. If an item is deemed 
necessary at the outset and is not used later, valuable time and money have been 
wasted. 

Also, these difficult decisions on data collection must be faced at the beginning of 
the study when a considerable amount of time is also required on basic organizational 
problems-recruitment, space, furniture, supplies, work program, budget, financing, 
accounting, and administrative procedures. 

One general conclusion can be drawn from this brief discussion of some of the prac
tical difficulties that must be faced by current studies: There is great merit in care -
fully examining the proposed use of each item of information before a decision is 
reached to collect it. In other words, there is merit in considering a minimum set of 
items of information for the land-use model. It would be desirable for these items 
also to have a broad long-term usefulness, to be relatively low in cost, and to be rela
tively reliable or accurate. 

ITEMS OF INFORMATION 

A wide variety of land-use models and sub-models have been proposed and some of 
these have been made operational. The information requirements for all models and 
sub-models, taken as a whole, are formidable. The following list is not an exact and 
exhaustive catalog, but rather a summary indication of the sorts of information that 
are regarded as necessary or desirable for land-use models: 
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• total population by place of residence; 
• population by age-sex groups by place of residence; 
• population by family size groups by place of residence; 
• population by annual family income groups by place of residence; 
• population by industry groups by place of residence; 
• population by occupational groups by place of residence; 
• total labor force by place of residence; 
• labor force by industry groups by place of residence; 
• total employment by place of work; 
• employment by industry groups by place of work; 
• employment by occupational groups by place of work; 
• employment by income groups by place of work; 
• total annual retail sales by place of sale; 
• annual retail sales by retailing groups by place of sale; 
• total value of manufactured products by place of manufacture; 
• value of manufactured products by industry groups by place of manufacture; 
• total government expenditures by place of agency; 
• capital and operating government expenditures; 
• government expenditures, capital and operating, by agency; 
• total person trips by place of destination; 
• total person trips by land-use groups by place of destination; 
• total market value of land by small area; 
• market value of land by land-use groups by small area; 
• total market value of land and buildings by small area; 
• market value of land and buildings by structural-type groups by small area; 
• total housing units by small area; 
• housing units by type of structure by small area; 
1 housing units by density class by small area; 
• housing units by condition of structure by small area; 
• housing units by age of structure by small area; 
• total floor area by small area; 
• floor area by land-use groups by small area; 
• land area by land-use groups by small area; 
• accessibility to r egion by small area; and 
• distance (airline time or cost) to all parts of the region or to the center of the 

region by small area. 

This list represents a massive data-coiiection and machine-data-handiing probiem. 
The problem is compounded by the fact that the items must be on at least one, common 
small-area basis suited to the particular requirements of the land-use model for which 
they are intended, and by the fact that flexibility in geogr aphic or subject groupings 
of the data (including cross - tabulations) is a fundamental and established characteristic 
of a modern information system. 'l'he need for flexibility calls for retaining the basic 
data in a disaggregated form from which a large variety of geographic and subject 
summarizations (including cross-tabulations) are possible. Retention of the data in 
this form means a larger number of records, which increases the size of the data
collection and machine-data-handling problem. 

What are the minimum items of information required for a land-use model? If a 
land-use model has been decided on at the outset of data collection, it is possible to 
restrict the items of information to just those needed for the model. It is even possi
ble, although probably less desirable from the viewpoint of the need for geographic 
flexibility, to settle for just those geographic aggregates called for by the land-use 
model. This course does minimize the items of information required, and it has much 
to commend it if quick results are important. But as was mentioned earlier, there is 
a great deal of room for improvement in existing land-use models, so the quick results 
may be unsatisfactory. If this course is selected, it would be wise to have a clear 
understanding of land-use model limitations from the beginning. 



It is unlikely that there will be a decision before data collection begins as to what 
land-use model to use. There will probably be a general idea of improving the best 
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of existing models or a wish to try something new, or both. In this case, it is ex
tremely difficult to select wisely a set of minimum items of information which are 
certain to be highly useful and yet reasonable in -cost. Also, the precise details of 
items of information depend so heavily on the land-use model course being considered, 
that the question of minimum sets of information items can only be discussed in very 
general terms. 

The list of items of information given can be generalized into four "orders" of 
information. 

First order information refers to the differential qualities of the land platform it
self as they affect the quantities of development that can occur on land. In its crudest 
form, this information would embrace all vacant land, whether flat, steep, swampy or 
covered by water, and it would simply indicate whether or not the vacant land could 
be developed. 

A quality of the land platform beyond its "buildability," acknowledged to be of prime 
importance for land-use models, is its accessibility to all other parts of the region, 
and to other regions. Distance from the region's main center is the simplest measure. 
Other measures have been used or suggested, such as the sum of distances from 
several centers weighted according to the size of center; the sum of airline distances 
from each small area to all other small areas; gravity-type measures which take into 
account the "drawing-power" of each small area, the minimum travel time to it from 
all other areas and the "sending-power" of each of the other areas. Recently, there 
have been both expressions of doubt as to the efficacy of these measures and indica
tions that their importance in land-use models has been greatly underestimated. Ap
parently, much more work is necessary in this area. 

More sophisticated information on the land platform itself would consist of com
bined measures of buildability, accessibility and availability-a single measure of the 
probability of development. Supposedly, this is reflected in the true market value of 
land, which is based on cos ts of raw land, clearing, leveling, subdividing, drainage, 
services, and access r oads , and such factors as (a) whether the land is held specu
latively, or in reserve; (b) the greater attractiveness of some land, due to such things 
as proximity to beaches, lakes, rivers, natural beauty, areas of historic intere st, 
and prestige value; and (c) the relative accessibility of the land to all other land in the 
region. True market value would be a measure that could be applied to developed land 
as well as to vacant land; it could be applied on a comparative basis from one region to 
another and thus provide a universal site value or probability of development. How
ever, market value of land has not been collected and attempts to obtain it through 
assessed valuation have been disappointing. It is mentioned here to point to a possible 
direction of further development of first order information. 

Information on the land platform may be obtained on a large-unit area basis, but the 
desirability (and cost) of ultimately recording the information in land ownership parcel 
units should be kept in mind. 

Second order information concerns .the use made of the land platform. This type of 
information is usually collected in a land-use inventory. A variety of land-use classi
fication schemes has been used in the past, but in the future these are likely to adhere 
closely to the Standard Land Use Coding Manual recently issued jointly by the U.S. De
partment of Housing and Urban Development and the U.S. Bureau of Public Roads. 
Generally, this provides for categorizing land uses on the basis of the activity on the 
premises and is tied to the Standard Industrial Classification scheme (promulgated by 
the U.S. Bureau of the Budget) wherever possible. As with the Standard Industrial 
Classification, there is provision in the Standard Land Use Classification for grouping 
into broad categories or detailed categories within broad categories (1-, 2-, 3- or 4-
digit levels of classification are provided). 

A basic measure for second order information is the quantity of land area in each 
use. This set of information is usually best recorded on a parcel-by-parcel basis to 
provide maximum flexibility, to facilitate updating, and to take advantage of secondary 
sources. 
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Third order information refers to the quantity of development on the land platform 
within each land-use parcel. The development may be measured in terms of floor area. 
Numbers of housing units can provide a crude but fairly satisfactory proxy for resi
dential floor area where this has worthwhile cost advantages, in which case the main 
emphasis in floor area measurement can be directed at nonresidential floor area. 

Information on the quality and/or age of the floor area is a possible further di
mension. Preferably, this should be in terms of a dollar value per square foot, which 
reflects present cost of replacement less an allowance for depreciation and obsoles
cence, and comes close to market value. In this form it could be combined with the 
market value for land. For some purposes, Census data on condition of housing units 
may suffice for a measure of the condition of residential floor area. Not only should 
floor area inior mation be obtained on a per-structure witl1in-land-use-parcel basis, 
but also. it should be recorded on a per-firm or per-household (or housing unit) basis 
within a structure. 

Fourth order information concerns the occupancy of floor area. Occupancy of land 
without floor area is insignificant and may be disregarded. Examples of floor area 
occupancy measures are numbers of residents, numbers of employees, numbers of 
shoppers, visitors and schoolchildren. The crude numbers of occupants can be given 
further dimensions, such as numbers of resident families by income groups and num
bers of shoppers by retail sales groups. Also, numbers of person trip destinations 
may be considered as reflecting additional dimensions to crude measures of occupancy. 

Occupancy information should be obtained on a basis of households (or housing units) 
or firms. Information on individuals should be recorded on a within-household or with
in-firm basis. This does not mean that a full census is necessary to obtain occupancy 
data. Sample surveys will give better and cheaper results in many cases. 

Referring again to the question of a minimum set of items of iniormation for land
use models, an admittedly oversimplified grouping has been made which comprises 
four minimum sets of iniormation given as follows: 

1. Accessibility, employment, and population data-a combination of first and 
fourth order information; 

2. Accessibility, vacant land, land-use areas, employment, and population data
a combination of first, second and fourth order iniormation; 

3. Accessibility, vacant land, land-use areas, and trip destinations-a combination 
of first, second and third order information; and 

4. Accessibility, vacant land, land-use areas, and floor areas-a combination of 
first, second and third order information. 

None of these minimum sets of items of information embrace all four orders of in
formation. No land-use models developed to date have required all four orders. The 
cost would be very high indeed, if the four orders of information were collected and 
maintained on a nesting basis-occupants, within floor ar'ea, within structure, within 
land-use parcel. The closest approximation to proposals for this nesting arrangement 
has been in data bank proposals. These types of proposals raise questions as to 
whether the costs and uses of the items of information have been considered carefully. 

The first minimum set of items of information (accessibility, employment, and 
population) is probably the cheapest and perhaps the poorest. The chief objection is 
the great difficulty, amounting for all practical purposes to impossibility, of obtaining 
reliable employment data at the work site. Not only is it virtually impossible to ob
tain reliable data by small place-of-work areas, but also data for past time periods 
are seldom available. The lack of coverage of all forms of employment in the basic 
source, plus the reporting of ''branch" or ''field" employment as at the location of the 
head office instead of the work site, are the main causes of employment data 
inadequacies. 

Population data are available from the U.S. Bureau of the Census decennially, and 
sometimes between decades from special censuses. The chief difficulty with these 
data is usually the geographic areas by which they are available, particularly data for 
past periods. Frequently, the areas are too large and thus do not permit any geographic 
flexibility. 
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Often these objections are overcome in transportation land development studies by 
obtaining the population and employment data in a sample home interview origin and 
destination survey, the employment data being "first-work-trip" data. This does give 
reliable existing population and employment data, but, with rare exceptions, data for 
past time periods are not available in this way. 

The potential role of the U.S. Bureau of the Census in surmounting employment data 
difficulties should be mentioned. If the Bureau would collect 1970 Census place-of
work data by street address and code them to block face, most of the present difficul
ties with employment data would be overcome. The Bureau sees the great value of this 
item not only for employment data but also for journey-to-work data, and for data on 
the socioeconomic characteristics of workers and their families by small place-of-work 
areas. Also, the cost (estimated at 5 million dollars) is reasonable, but the Bureau 
doubts how much support they enjoy nationally among Census data users for this item; 
consequently, the future remains uncertain until the demand and need are established. 

Another fundamental objection to the first set of minimum data is the lack of a tie 
of the population and employment data to land-use areas so that net density measures 
can be calculated. Without this tie, only gross density measures are possible. 

Gross density measures (which do not take into account the net amounts of land oc
cupied) seem to be insufficient at this stage in the development of land-use models. 
Few, if any, of the operational models generate densities within the model. They re
quire that estimates of future densities be supplied. 

Existing net densities appear to be a more useful basis for estimating future net 
densities than existing gross densities. This is because these estimates are based on 
the assumption that future net densities will tend to be close to existing net densities 
in nearby areas. ("Future" here covers a 20- to 30-year period.) 

When in later land-use models densities can be generated within the model, the re
quirement for net density data will perhaps be eliminated or replaced by a requirement 
for gross density data. If so, the net density data obtained in the interim would then 
be able to be converted easily to gross density data. Gross densities can always be 
computed, given the data for computing net densities1 but the opposite is not possible. 

The second minimum set of items of information \accessibility, vacant land, land
use areas, employment, and population) differs from the first in that vacant land and 
land-use areas are added items. Most of the discussion and the objections raised in 
regard to the first minimum data set apply equally to this second minimum set, with 
one notable exception. The second set of data permits net density computations. 

There remains, however, the problem of correlating the employment and population 
data with the land-use area data. Temporal, geographic, and definitional differences 
enter here, and the inaccuracy of the employment data does not make correlation easier. 
The land-use, employment, and population data for reasons of cost and practicality 
are not collected in a single inventory (assuring data correlation) but rather as three 
separate inventories, usually at different points in time, within different geographic 
areas, by different agencies, and with different definitions. An example of a defini
tional difference is managers and other office staff of a manufacturing company being 
classed as "manufacturing" in the employment data, and as "office" or "commercial" 
in the land-use data. In the future, use of the Standard Land Use Classification scheme 
will lead to closer accord between the definitions used for employment data and those 
used for land-use inventories, but other problems in correlation of these data are 
likely to remain for some time. 

The third minimum set of information (accessibility, vacant land, land-use areas, 
and trip destinations) has been used only recently. The objections stated in connection 
with the first and second minimum data sets are not present in the third data set. The 
trip destination data are collected at the same time as the land-use area data. They 
are coded to block, which permits geographic flexibility; and, although collected in two 
separate inventories, differences in definitions are largely avoided. 

One advantage of this data set (or the model for which it is collected) is that the out
put in trip destinations is directly usable in the assignment of trips to a network for 
transportation planning purposes. This is a significant advantage. On the other hand, 
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some people find it difficult to visualize trip destinations as a measure of the intensity 
of the use of land. 

The fourth minimum set of items of information (accessibility, vacant land, land
use areas, and floor areas) is new to the land-use model field and has not been tested, 
but it appears to have great promise. 

This data set will be tested at the Tri-State Transportation Commission study in the 
near future. The data have already been collected and converted into machine-readable 
records. 

The fourth minimum data set does not have any of the objections raised in connec
tion with the first and second minimum data sets. It is firmly expected that the floor 
area data can be used directly as input to a process for direct estimation of traffic at 
a point. The process has been developed recently at Tri-State by Morton Schneider. 
This would give the fourth data set the same advantage as the third data set. 

The direct traffic estimation process has not been fully tested using floor area den
sity data as input, but it has been tested with trip end density data and the results have 
been good. Reports on the method and the tests are available from Tri-State, The 
process will be tested with floor area data shortly. The striking parallels between 
floor area and trip ends (Figs. 1, 2, 4 and 5) are reason for thinking that the results 
of these tests will be good. 

There are a number of points of interest in considering the use of floor area as an 
input (and output) for a land-use model. Floor area is universally understood and used. 
The realtor, builder, financier, reporter, architect, engineer, planner, executive, 
administrator;- housing analyst, economist, government official, politician, home 
owner, renter, landlord and others have a clear idea of what is meant by floor area. 

Floor area is a universal density measure which reflects equally well the intensity 
of nonresidential, residential or total activities. Employment densities for nonresi
dential activities and population densities for residential activities are difficult to com
pare with each other. The sum of employment and population is not a good measure 
of total intensity, because some things are not covered, e.g., visitors or shoppers. 
Total floor area is a good measure of total intensity, and its components (residential, 
manufacturing, office, shopping, public, etc.) are good measu.res of specific intensities. 

Floor area is also a direct measure of density of development for each site or land
use area. It is easy to use floor area, before construction and after, as a measure to 
control density of development. Floor area ratio (FAR), the ratio of floor area to land 
area, has been used by several government agencies in different parts of the world to 
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vantage. The same FAR permits a high building with low site coverage or a low build
ing with high site coverage. Although flexible at the detailed level, FAR is rigid at a 
generalized level. This makes it useful both as a general planning measure and as a 
detailed planning control measure. 

The department of buildings in each local jurisdiction, which is charged with the 
responsibility of ensuring that buildings are erected and maintained in a decent, safe 
and sanitary condition, is particularly concerned with structures and the floor area 
they contain. Items of interest on structures include: frontage, depth, number of 
stories, total floor area, use, age, condition and type of construction. 

Many services are tied or linked to structures and the floor area they contain. For 
example, water, gas, electricity and telephone services, and sometimes heat and air 
conditioning, are delivered by pipe or cable; sewage waste is carried away in 
pipes; air pollutants are expelled from structures; persons and goods are picked up and 
delivered to structures, and the floor area they contain, through the transportation 
network, as is refuse. The point was made earlier that the general average rate for 
delivery of persons per unit of floor area is fairly stable. It is likely that the quanti
ties of demand for other services correlate fairly well with floor area, again taking 
general averages; thus, floor area can be useful data for planning these services as 
well. 

Floor area is a good basis for estimating construction costs of either individual 
buildings, groups of buildings, or all the buildings in a town or city. Construction 
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costs for support services no doubt can be estimated reliably from floor area. If land 
costs and transportation facilities costs are added, the task of estimating the cost of 
a whole plan is within easy reach. Total cost estimates should be prepared as a step 
in plan evaluation and also plan implementation. 

If small area employment and population estimates are required for other aspects 
of the planning program, they could be derived from floor area estimates with a fair 
measure of reliability. Occupancy rates vary, but these variations affect land-use 
model results to the same degree whether one derives space required from occupancy 
estimates (employment and population) or vice versa. Estimates of future employment, 
based on unreliable existing employment data, may be less reliable than estimates of 
future employment derived from estimates of future floor area. This could be because 
data on existing floor area are more reliable than data on existing employment. 

It is not suggested that employment and population data and estimates may be en
tirely neglected, but that floor area can be a good substitute at the small area level. 
Estimates of future regional total population and total employment, and possibly some 
components of these totals, would be needed as a basis for estimating future regional 
totals of floor area. Accordingly, data on existing total population and employment 
would be needed, but not at a small-area level. 

Floor area data are not available in an edited machine-readable form from a single 
national source as are the census of population and housing data. But machine-readable 
property tax assessor's records may be adapted to give both land and floor area data. 
How much adaptation is necessary is, of course, the critical question. 

The Tri-State Transportation Commission obtained land and floor area data for 
New York City from the tax assessor's records. Outside of New York City, use of 
aerial-photo mosaics and maps was combined with a field-listing operation to obtain 
land and floor area data. Because of the multiplicity of taxing jurisdictions, each with 
its own peculiar system of records, it was not feasible to consider using tax assessor's 
records outside of New York City. 

Tax assessor's records everywhere could be easily adaptable for use as land and 
floor space inventories, if they were standardized. Money to take care of the additional 
initial costs of standardization and modification, coupled with education of tax assessors 
as to the needs of land and floor area inventories, would probably do more to achieve 
this goal than anything else. But even leaving aside potential cost savings from the 
use of tax assessor's records, which have been standardized and modified to meet the 
special needs of land and floor space inventories, the cost of a land and floor space 
inventory is still relatively low when compared to the real costs of the censuses of 
population and housing, manufacturing, and business. It is estimated that the ratio of 
costs is approximately 1: 20. 

In countries where census data are poor or nonexistent, this ratio has fundamental 
significance. In studies within the United States, the budget is likely to reflect the re
verse of this ratio (because the s tudy must bear the full costs of a land and floor space 
inventory) but is closer to just tape-copying costs for census data; the big costs for 
census data are borne by the general taxpayer. 

The 1:20 cost ratio applies even in the United States, however, when back-dating or 
inter-censal updating is contemplated. There are greater opportunities for construct
ing floor area data for past time periods than for employment or population data. Old 
maps and aerial photos are the prime sources for past floor area data. Old WPA 
property survey data also have been found satisfactory for small area aggregates. 

Sets of very simple longitudinal data, such as floor area, may do more to improve 
land-use models than elaborate data for one point in time. 

Use of aerial photographs, fire insurance maps, building permits, tax assessor's 
records and field surveys are all feasible methods of updating, depending on the amount 
of elaboration required. The potential exists for automatic or semiautomatic inter
pretation and measurement of floor area from aerial photographs by photogrammetric 
means; updating of floor area data then would boil down to a cost closer to that of 
"flying" an area by airplane or satellite. 
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SUMMARY 

There are a number of reasons for considering a minimum set of items of informa
tion for land-use models. The money available for information is limited. Currently, 
30 to 50 percent of the budget and two to three years of the schedule of a new study can 
be absorbed in building an information base. The land-use model field is young. The 
direction and extent of changes in the future, with respect to information needs, are not 
clear. There is the danger that a study may collect information that is never used. 

There is great merit in conservativeness in selecting items of information. The need 
for each item of information should be clear at the outset. This is not easy, especially 
when a study is not sure at the outset what the land-use model will be like when it is 
finally built. 

There are a number of different minimum sets of items of information. Four were 
suggested and considered. The fourth set included information on accessibility, va
cant land, land-use areas and floor area. This minimum set of items of information 
has not been tested yet, but it appears to have important advantages over other mini
mum sets. In particular, floor area has very important advantages. These may be 
summarized as follows. Recording and measuring of mixed uses are facilitated. The 
types, intensities, and locations of all land and floor uses can be collected in a single 
inventory, thus doing away with the problems that appear with attempts to "marry" 
data from two or more separate sources. Floor area is well understood in land-use 
planning. The ratio of floor area to land area (FAR) has been used extensively in land 
development planning and in the subsequent regulation of development in accordance 
with the plan. Floor area is evidently closely related to measures of travel demand, 
which makes it acceptable as a base for transportation planning. Floor area is prob
ably as good a base as any for estimation of gross construction costs for capital bud
geting or cost-effectiveness studies. Floor area is well understood by land developers, 
realtors, builders and the general public. It is probably as good a base as any for 
preparing detailed local area plans from generalized regional plans. It is relatively 
easy to collect, verify, measure, update and back-date. Its collection is probably 
more susceptible to mechanization than other types of data. It is not subject to confi
dentiality strictures because it can be so easily observed. The main disadvantage of 
floor area data appears to be that it is not readily available from secondary sources 
at present. It is possible that with the help and cooperation of tax assessors, their 
records could be modified and standardized for this purpose so that these data would 
be readily available. 

The outputs of land-use models can be useful for many different aspects of future 
planning-comprehensive planning, transportation planning, land development planning, 
water and sewer planning, and electricity, gas and telephone planning. Also, they 
could be used for planning, programming and budgeting systems. Figures 1, 3 and 4 
indicate what useful land-use model outputs would look like if represented in three
dimensional diagrams. The fourth minimum data set probably would be sufficient in 
terms of information for these types of outputs. 

The fourth minimum data set has much to commend it, for both short-term and 
long-term usefulness, and it deserves careful consideration by new studies. Even if 
this minimum data set is not chosen, the concept is still worthwhile. It can help to 
reduce the information problems that large studies face. Also, it can help to scale 
down many other problems. It need not become a negative narrowing device. Easy 
expandability can be, and should be, a built-in feature of the minimum data set. It 
should be easy to add experimental pilot data for special research testing needs when 
these are clarified and judged as likely to be worthwhile. 




