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WHICH MAP would you prefer as a county official trying to under-
stand just where in nearby mountains a developer wished to put
something: the topographic map above, or the perspective map -

computer -produced from the topo - at right? Arrows show corre-
sponding locations on each map where development is proposed.
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A SCIENCE THAT IS ALSO

SOMETHING OF AN ART
IS COMING OF AGE AND MAKING

A PLACE FOR ITSELF IN
AGRICULTURE AND NATURAL RESOURCES
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by David Hoyt*

Behold the government official in muted brown
double -knit, sitting with several of his colleagues be-
hind an elevated desk, looking out over a packed
meeting room. He is a hearing officer, possibly from
the U.S. Department of Highways, or with the U.S.
Forest Service. A two -lane, hard -surfaced, and com-
fortably wide road is to be built, connecting the fic-
titious town of Sharpsville, Arizona (pop. 18,000) to
an Interstate Highway 40 miles to the north. There
is a road now, but it is oiled dirt, narrow, and runs
along a creek that sometimes floods it out. The new
road can either follow the creek all the way to the
Interstate on built -up roadbed, or it can swing quite
a distance west along higher ground through timber
country.

Federal, state, and county agencies involved
have had their say and a report has come out listing
possible alternatives. An environmental impact state-
ment has been filed as required by law, and the current
hearings are final ones before deciding where the
road will run.

Nobody in the room is happy. The environmen-
mentalists are unhappy because they claim that the
old road is sufficient, that building the new road along
the creek would wipe out nesting sites for bald and
golden eagles, and red -tailed hawks in the towering

cottonwoods that cluster near the water. They are
also unhappy because the other route would cut
through the only habitat in the state where native
antelope may still be found. They want "NO ROAD"
and say so in brochure and bumper sticker.

Local forest industry representatives are unhappy
because they claim the only sensible way to build the
road is through the high timber country, and they
believe the government agencies seem to be lean-
ing toward following the creek bed. The higher route,
say the timber interests, would allow them to get their
product to market faster, boost employment. They are
also unhappy with _the environmentalists who have
mailed out brochures showing antelope being fed
into buzz saws.

The local merchants are unhappy because they
want the road to follow the creekbed, a shorter and
more scenic route that they claim would help boost
tourism and thus bring more money into the coffers
of Sharpsville. And it seems to them the government
report favors the higher, longer route. They are also
unhappy with the environmentalists who say that ac-
cess to the scenic country along the creek should
be restricted to persons on foot.
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*Editor, Progressive Agriculture

Ranchers who own patented land along either
route are hoping the road will come their way, thus
increasing the value of their property; several would
like to turn their ranch land into "ranchettes, " and
retire from the business of mending fences, animals,
and bank loans.
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The antagonism of the groups is reflected in
the disparity of their footwear, muses the official.
Buckled white shoes of the merchants; tank -tread,
vibram -soled hiking boots on the ecology types; well-
worn, pointy -toed riding boots on the ranchers. Thank
God, he reflects, he has an ace up his sleeve - one
that will not satisfy everybody except in their belief
that the government agencies have done just about
all that is possible to find a way that will do the most
good and the least harm.

Three people sit together in the back of the room,
next to a slide projector. They are experts from the
University of Arizona in biology, psychology, water-
shed management, and something new - remote
sensing and computer mapping.

What they have done is transfer by computer
all matter of vital information onto maps of the area.
Included were type, location, and density of wildlife;
wildlife migration routes; wildlife habitat; slope of land;
scenic quality; erosion potential; cost per mile of
roadway; economic constraints of reaching either
proposed route.

And they have come up with a series of maps,
each map showing by its density of a certain symbol
where the road will do the least harm to any of the
interests represented. In fact, a composite of all the
maps shows several possible routes. In each case,

somebody's ox will be gored, but nobody could argue
that the goring was done senselessly.

The new road, according to the UA report, can
run initially along the creek, then swing up to the ridge
and west through the timber, but not so far as to ap-
proach dangerously the habitat of the antelope. The
road is thus extended only 5 miles beyond what the
creek route would have provided, avoids the dis-
rupting of the eagles and hawks.

The sacrifices (trade -offs) are: neither group of
ranchers stands to benefit now by the new route; only
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ECONOMICS was given preference over scenic outlook
in this map that shows possible low -cost routes through
Thomas Creek watershed in the Coconino National Forest.
Avoiding the edges, which routes would you choose to save
money? A low number means less cost and the code is
as follows: 1, ; 2 , 1 1 1 1 ; 3 , - - - - -; 4 , = = = = ; 5 , 4 + + + ;

6,XX X Y; 7,OOOn; 8,8888; 9,MQg; 10,U!ß. The gen-
erally higher values in the upper right were caused by steep
slopes, and the steeper the slope, the higher the cost of
road building.

a part of the timber industry will be served as directly
as it might have been; there will be some unsightli-
ness to people hiking or birdwatching away from the
road because there will be a scar up the ridge; and
some erosion will result.

The quiet man in the soft, grey flannel jacket
sitting toward the front should be pleased, specu-
lates the official. Attorney for a mining firm, the man
was probably there to protest the western route be-
cause it approached closely a group of claims that
could one day become a mile -wide, half- mile -deep,
open pit copper mine. The hearing officer sits a bit
straighter and picks up the gavel.

None of this is far -fetched and it illustrates a
capability that is being developed at the University
of Arizona's College of Agriculture. Just about to an-
nounce itself in a brochure that graphically portrays
what it can do is the Laboratory for Remote Sensing
and Computer Mapping in the college's School of
Renewable Natural Resources.

Now while computer mapping is in its childhood,
remote sensing is neither new nor easy to define. A
geiger counter senses something, remotely. So does
a telescope; so does a camera -equipped plane or sat-
ellite. And certainly various space probes have given
man some very remotely obtained images of planetary
members of our solar system. Here we are talking
mostly about use of aerial photography and space
satellite imagery to find out things about the surface
of the earth in general.

The challenge in remote sensing is to get images
that are as distortion -free as possible and this may
involve design of camera lenses or working to piece
together a color portrait of Jupiter from a space probe's
television equipment that is not sending a color mes-
sage.

The sophisticated use of computer mapping, on
the other hand, was born in the mid 1960's, took its
first hesitant steps at Northwestern University and
the Harvard University Graduate School of Design,
and is now finding widespread applications in gov-
ernment and industry. It has been discovered that
you can teach a computer to draw a very adequate
map of just about anything, and very quickly at that,
provided you have the equipment to feed the data
into the computer.

The reason the computer maps are catching on,
according to William Rasmussen, head of the College
of Agriculture's lab, is that "You can comprehend them
immediately. You can't do that with tabular data."

The real magic of the technique is its ability to
make upon demand maps that don't exist anywhere
of almost anything, from the number of low- income
minority persons per block in a city through the pat-
terns of slope and drainage in the Salt River Canyon.
Taking things a step further, the computer can be
asked to produce a map that shows a combination of
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various factors so that their relationship can be seen.
Further yet, weights or values may be assigned to
given amounts of a factor - high or low soil produc-
tivity, high or low water availability, high or low degree
of slope.

Say you came up with an area that boasted Class
1 soils, readily available water, and low slope. The
computer might produce a map that identifies such
areas as "prime agricultural land" and planners can
be shown where it is.

The frequency of occurrence, physical promi-
nence, or amount of just about anything may be
mapped by computer. For example, computer maps
have shown the locations of low- income minorities
in New York City so that health centers and welfare
offices could be properly located. The number of
tourists visiting virtually every town in Massachusetts
was plotted -a map that was probably used by state
tourism officials as well as motel and restaurant chains
wanting to know where the action is. Another prob-
lem tackled by computer mapping was the best way
to get a supersonic transport from one city to another
in a manner that achieved the least number of "man -
booms."

But nowhere is the need for and advantage of
computer mapping greater than in agriculture and
the allocation and use of natural resources. With cities
spreading the stain of asphalt and concrete over vast
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amounts of the nation's farmlands (even faster in the
Phoenix area than in the nation as a whole [see Pro-
gressive Agriculture, Oct. -Nov. 1975]), and with fierce
competition looming for the use of the open space
and natural resources remaining, some tough deci-
sions on land use will have to be made. Computer
mapping can show alternatives perhaps better than
any other device.

Currently, Rasmussen is assembling as many
existing, useful programs as he can. Other newly
hatched, computer mapping labs he says, "build i n -
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SCENIC QUALITY was given the nod over economics by
a 3 -1 margin in weighting (same ratio as on previous map)
in this computer map of Thomas Creek. The idea is to put
the road through an area that will give the tourist a pleas-
ing view. In this case the higher weighted values (same
symbols as previous map) represent areas where scenic
quality, as measured by viewer preference, was found to
be low because of such factors as downed timber, or crowded
stands of uniformly sized trees.

house software and expand on that. They tend to re-
invent the wheel because they are not using the best
of what is available. I use the optimum programs in
the arsenal for each problem." In some cases he has
modified programs so that they can work together.

Generally, the process of getting data into the
computer goes something like this:

The characteristics of the area, urban or rural,
are fed into the computer either from existing maps
or by aerial photograph. This is done by means of a
device known as a digitizer, which is linked directly
to the main computers at the UA computer center.
There the information is stored on magnetic tape,
ready for instant recall. The digitizer itself is like a
large grid, electronically sensitive, upon which a map
is placed. The scale of the map or aerial photo can
be adjusted for. A stylus, not unlike a ballpoint pen,
and attuned to exact map location by wires attached
to it, is used to either mark point locations of data
(buildings, bridges, gauging stations, etc.) or line type
data (streams, highways, faults in the earth's crust),
or to delineate one area from another (classificatory,
such as vegetation type, or quantitative, such as amount
of rainfall).

You wind up with a file of data -locating points,
lines, and areas within a coordinate system and the
values associated with them.

Used in conjunction with the digitizer is the lab's
zoom transfer scope which can take information from
an aerial photograph and transfer it to the computer
where it would be stored and could automatically be
included on any map the computer was ordered to
produce of the area in question.

Another helpful instrument is the real time slicing
densitometer, which produced the bizarrely -colored
cover for this issue. A black and white aerial photo
may be placed under the camera lens of the densi-
tometer. The image is then projected on the screen
of a video display terminal. The densitometer assigns
different colors to features of different optical den-
sity. Ponderosa pine, for example, might be assigned
a different color than Juniper. The densitometer will
then give a readout on the percentage of the area
that is composed of each vegetation type. The same
operation can be performed for other, specifically -
selected, physical features.

Once the computer has been given all the in-
formation the user wishes to consider, it may be
ordered to produce maps that show:

(1) Inventory - The computer simply draws a
map depicting the data fed the computer.

(2) Interpretative - function - The user defines
a new characteristic - say "building loss hazard" -
as a function of characteristics included in the inven-
tory - say soil and slope, soil shrink -swell, and depth
to water table.

(3) Evaluation maps - Where the various data,
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interpretative variables, and states fed into the corn -
puter are assigned differing values depending on how
much or little of a desirable or undesirable charac-
teristic they display. The example mentioned earlier
of identifying "prime agricultural land" involved eval-
uation.

There is, of course, the possibility that one per-
son might give considerably more weight to one factor
(say economics) than another person. Rasmussen
says all that can be done is to strive for objectivity
in the weightings. If there is, indeed, some bias in
the way a mapping program is set up, and public of-
ficials make decisions on this basis, it is ultimately
up to the public to see that things get straightened
out.

(4) Perspective maps - Where physical relief
or structures are involved, they may be drawn in three -
dimensional perspective and the perspective rotated
or tilted to give different views of the same area or
object. It may be that the simple act of viewing itself
is important and the computer may produce maps
from a program such as "VIEWIT" that show the user
whether or not a given object or feature may be seen
from any point on the map.

Maps of all types can be drawn on paper or by
a pen plotter. They may then be stored and presented
on a video display terminal when needed instantly.

From Coconino County in the north to Cochise
in the south, the UA lab has been at work for govern-
ment agencies and private firms, attempting to graph-
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ically assess the impact that certain development
policies would have on the land.

For the U.S. Forest Service, Rasmussen and
his colleagues have been trying to find the best routes
for roads in Woods Canyon and Thomas Creek near
Flagstaff. Variables such as slope, geology, drainage,
vegetation, topography, timber type, scenic quality,
and wildlife habitat are evaluated along with visibil-
ity. Slope maps are built from existing topographic
maps, while an economic map ( "surface ") is derived
from cost of road per mile as a function of slope and
the timber to be removed. This is combined with the
scenic data to arrive at the best route for the road.

Here each variable was given a range of differ-
ent ratings in terms of desirability. High cost and high
aesthetic damage were weighted negatively. It is

possible, where compromise between different in-
terests is desired, to arrange for middle values to
have the greatest weight in summation.

Rasmussen says the lab is working to rational-
ize the conflict between various factors now in the
road siting program and hopes to have the new pro-
gram model ready to go in a few months.

Pioneering work is being done for the Forest
Service in modeling the tree canopy of forest lands.

This program, using scenic quality appraisal re-
sults arrived at by Terry Daniel, UA experimental psy-
chologist and others, could be used to present an
apparent view from any point in a forest when a
ground perspective photo is not available. In other



words, the computer will be able to draw the view
a person has from somewhere in a national forest of
a point at which a development of some kind is pro-
posed. Will the person be able to see it? Will it be
viewed as aesthetically displeasing? The computer
will be able to give a graphic response and provide
the user with answers.

For the Tortolita Town Hall, which considered
Pima County's development plan for the area north-
west of Tucson, the lab produced eight maps, each
of which displayed a consideration factor that might
be considered in deciding if a part of the area should
be built up. Economics, vegetation, wildlife habitat,
slopè vegetation, floodplains, and transportation were
among the factors. Participants were then able to as-
sign weights to differing degrees of each character-
istic, and with the maps decide where development
should or should not take place.

Elsewhere in Pima County, the lab is cooper-
ating in a university -wide study for Anamax Mining
Company's soon- to -be- developed mine at Helvetia in
the Santa Rita Mountains. It will be very visible and
the firm wants to find out what its visual alternatives
are in siting the mine, methods of excavation, and
size of the open pit. Considering the howl that went
up from residents of Tucson and Green Valley when
a highly visible limestone quarry was started not far
from the mine property, Anamax would appear pru-
dent in minimizing its visibility at Helvetia.

A rational basis for deciding just where houses

MAPPING the soils of Cochise County,
Karen Warren sends data directly to the
computer from the stylus she uses to
trace soil class boundaries.

and other developments should be permitted was the
goal Cochise County had in mind when it turned two
years ago to the UA for help.

The county was divided into sections, and for
each section, with the aid of the county planning de-
partment, maps are being made showing such factors
as slope, soil type, flood Alai n areas, wildlife habitat.
From these maps, composites are to be made that
show where urban development can take place with-
out being subject to flooding, with assurance that
septic tanks will work, that water table recharge zones
and primary wildlife habitats are disturbed as little
as possible.

Big city planners may be the next to turn to Ras-
mussen and the lab. Tucson officials have expressed
interest in knowing the number of residents whose
view of the surrounding mountains would be cut off
by a building of a given height in a given place. Lab
software on hand could do just that.

In addition to making his facilities available to
others, and doing contract work, Rasmussen teaches
a course in introductory computer mapping in which
students are shown how the various programs work
and are then allowed to pursue projects of their own
interest, applying the principles they have learned.

This year, Rasmussen said he is going to insist
that those registering for the course have "a working
knowledge of Fortran Computer language." Then he
shrugged and added, "They at least ought to be able
to find the computer center."
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