













































































The Future

If a rich uncle gave you $1,000, would you
spend it right away or save it?

If vou spent it at the rate of $10 2 week, in less
than two years it would be gone forever. But if you
put the money in a bank and let the banker use it
for other things, he or she would pay yvou interest
at perhaps five percent a vear. That is, the banker
would give you 50 a vear — aimost a dollar a
week — free, forever. And the $1,000 would ai~
ways be there.

Of course if you didn’t take advantage of the
interest the banker would just add it to the §1 OO
and it would g0 unused. On the other hand, if vo

tock too much of the money too soon, ‘/0 WO uld
begin to erode away the original §1 UOP — ,e
very basis of a dollar-a-week guaranteed caming.
Sure, there would be plenty of money for a while.

Butin a few years you would be broke. Ehe ank’s
doors would close to you and you would be Gu?; of
luck.

Forest management is something like wise bank-
ing. A very rich “uncle” gaw Minnesota enough
white pine timber alom to build at least ten mil-
lion two-bedroom homes by today’s methods. But
as we have seen, without wise forest management
practices almost all of it was gone 1920. Then

was down to 576

the cut of Minnesota virgin p

million board feet, hardly ahymﬂ”rg like the crop
of 1899 when 2,341,619,000 board feet of lumber
were removed from the “bank.” At that rate, just
as General Andrews predicted in his first ammqi
report to the State Forestry Board, it would take
only 20 years fo remove all the “principal” — all
of Minnesota’s virgin pine forest.

But, fortunately for us, fo ‘est management is
not entirely like banking, a ast in the example
we have been using. The :!r; i: ﬂ forest was not
just like a savings account with one deposit made
cvezy ice age. In addition to the interest, that

“rich uncle” is making little deposits all the time,
too. And we can help him by setting aside some
areas and letting them grow. The island on Remote
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.hundi"el y ars to put it back i
than an ice age.

Fact i57 Mke a bank account the forest comes
and goes according to how we use 1t and care for it.
Human history is written in the use of natural re-
sources. We talk about the Stone Age or the
Bronze Age for instance. But throughout history
no resource has been more consistently used than
wood. Yet wood is still around because wood is
renewable. Most of the homes in Minnesota were,
in fact, built from white and Norway pines and
hardwoods that once covered the land. But long
before that, American Indians used wood for fires,
to frame their homes, to make their weapons. To-
day, paper draws ever more heavily on wood re-
sources to feed data-hungry computers and a news-
hungry public. Who knows what the future will
bring? For uses change but the demand on our
forests continues, grows. And sometimes it grows
faster than the forests themselves.

By the year 2000, Minnesota forest managers
now predict, our supply of trees will equal the
demand for all cur combined forest products.
After that? Even with the best management prac-
tices we may be cutting down trees faster than
they can be grown back. In planning for such a
future, Minnesota’s forest managers must look at
soils, climate, tree types, market demands, tree
dmeases? and public opinion, to name just a few
things.

Choosing when to cut, how to cut, where to cut,
and what to cut; when m replant, what to replant,
how to replant, and where to do it all will then
be more important than ever before.

In making such decisions, the forest manager
must serve many masters. The papermaker, the
builder, the logger, the conservationist, the bird-
lover, the canoeist, and backpacker — each has an
opinion. Not all agree. The forest manager walks
the thin line that separates each opinion from the
others. Ultimately, he or she is expected to satisfy
all of them. Buf of course that is impossible.

Written and illustrated by Ron Rover. Published by the Education
Section, Bureau of Information and Education, Minnesota Department
of Natural Resources.




Forester examines a
boring taken from a
tree. He counts the rings
to determine the tree’s -
age.

In the spring, the farmer fires up a tractor to
plow and disc the land. The crop planted, he
hopes, will be the one that meets market demands
next fall. But whatever the crop, in June it is time
to apply insecticides and herbicides to control
crop pests and diseases. Drought in July and
August may call for irrigation. And in the fall, har-
vest and sale.

The farmer thinks in seasons.

The forester thinks in decades.

But the job is the same.

Beginning with a freshly cut over forest area,
the forest manager must regenerate a crop of trees
either naturally or by artificially seeding or plant-
ing some new type of tree. And, just as the farmer
tends fields all summer, the forester watches over a
timber stand year after year, pruning, thinning,
and looking out for forest pests and diseases. And
then comes the forest harvest, the timber sale.
Finally, the forest manager must have planned far
enough ahead to meet market demands many years
after the planting or regeneration of a stand. Will
the forest-product market years hence call for

more paper production, more fuelwood, more
sawlogs? And in the meantime, what about wild-
life habitat? How will the growth and harvest of a
stand of trees affect deer, grouse, and other wild-
life and game?

Tools and techniques may be different for
managing the forest, and time spans may be
greater, but essentially the forest manager is a far-
mer of trees, the manager of a crop. Management
techniques may call for use of an airplane rather
than a tractor; a Bitterlich stick or chain saw
rather than a disc or combine. But the job is the
same in principle as that of the farmer — growth
for market according to plans that will leave the
fand healthy crop after crop.

It’s a big job. And, like farming, forest manage-
ment has come a long way in recent years. Instead
of exploiting millions of acres of virgin timber,
loggers today harvest crops created and sustained
by foresters whose tools and tricks are varied and
fascinating.

Their product is the paper you are holding. The
chair on which you sit, the syrup on your pan-
cakes, the house in which you live.
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"hat if, suddenly, there was no more demand
¢ for paper or paper products? The pulpwood
industry would fold up overnight. Millions of
acres of trees would have little economic value.
Forest product markets never change that dras-

tically, of course. But they do change. And as they

do, Minnesota’s forest managers are faced with the

task of changing one forest type to another. Rarely

can that be done by natural regeneration alone.

The alternative is to artifically create new types
through seeding or planting.

What if an area is too slow to regenerate na-
turally after a harvest of timber? The alternative
may be to cut away unwanted brush and stumps,
seedbed and artificially seed or even

prepare a
plant the land with seedlings of a desirable tree
species.

Where the earth has been prepared for if, or
where it is naturally favorable, seed can be planted
in any of several ways. Over large areas it may be

best to use an airplane or helicopter to disperse the

seeds. In smaller fracts, seeds may be planted by
hand or, with a system developed in Minnesota,
from a snowmaobile. :

In all cases, the soil must be prepared fo receive
and germinate the seed. This may require burning
or actually cultivating the land.

Most direct seeding in Minnesota is done to re-
place hardwoods with conifers like pine and
spruce. For many vears after seeding, treatment is
usuaily necessary to keep broadleafed hardwood
seedlings and other plants from crowding out and
shading the young evergreens.

Seeding is much less expensive than planting,
but planting is a more sure way to get a stand of
trees started. Seedlings for planting on state lands
have usually been grown at one of the state’s three
tree nurseries. Usually seedlings are two fo four
vears old before they are planted so they have a
much better chance in life than seeds. Some seed-

Artificial

egeneration
“orest Lands

Planting Seedlings
lings are even transplanted at the nursery for
another year or two so they can develop stronger
root systemns before they are planted on the final
site. Valuable trees like Norway pine and white
spruce, for instance, are usually transplanted in
this way, at wider spacing, so they will have plenty
of room for root and top growth.

Final planting at the site may be by hand or
machine. Often scout, 4-H, church or*other groups
will volunteer their time to plant seedlings on state
land. Hand planting is usually better for the seed-
lings, but machine planting is much faster. It is the
nature and size of the site that most often decide
which way to go.

How far apart trees are to be planted depends
largely on their intended use. Christmas trees are
usually planted six feet apart. Forest plantings
usually have 600 to 800 trees per acre.

Heavy equipment is used {0 remove competing vegetation prior to
planting seedlings.




Thinning

e hear talk nearly every day about over popu-

lation — too many people and too few natural
resources to go around. Everyone feels the pinch
in an overpopulated world.

Just like people, trees can be overpopulated.
When a forest has too many trees in it, there may
not be enough water, light, or soil nutrients to go
around. The result can be less than the best health
for all trees in the forest. In some cases, the most
valuable trees may even be lost altogether.

The number of trees per acre, called “density”
or “‘stocking” by the forester, is crucial to produc-
tion of marketable wood and good wildlife habitat.
There is an optimum degree of stocking for each
tree species and site. The forester works always to
reach that optimum, because the result will be the
best possible use of the land.

if a young stand of trees is overstocked, it is
the forester’s job to remove some of the trees. This
process is called “thinning.”

The first step in thinning is to decide which trees
are to be saved for harvest at maturity. Then the
other trees are systematically removed. They are
usually cut and the salvaged wood may be used to
make fence posts or paper pulp. Then those trees
left will quickly grow to fill in the space cleared.
They will be bigger, healthier, and much more
valuable because they will no longer be crowded
by their neighbors.

in the end, a well-thinned stand of trees will
produce more wood in fewer but larger trees. And
that is just what the logger and forest market are
locking for.

Pruning

Have you ever walked through a pine forest and
wondered why all the lower branches on the
trees were dead?

In very old stands of pine, the tree tops may
form a canopy nearly a hundred feet above the
ground. But most of the trunks are without
branches, straight and clean. Lower branches us-
ually die because they are shaded by upper ones.
After they die, they either fall or rot off. The proc-
ess is called "matural pruning.” It is the tree’s way
of conserving growth energy and re-routing it
into vertical growth.

Of course, clean vertical growth is just the thing
a forester likes to see in timber, especially saw
timber, because it means solid straight-grained
wood from long, straight logs. Foresters thus has-
ten the process of natural pruning by removing
lower branches earlier. The maximum amount of
the tree’s energy is then used to expand the main
trunk — where all the marketable wood is.

Usually trees are first pruned when they are be-
tween 20 and 30 feet tall. They are never pruned
more than half the way to the top, and trees along
the edges of a stand are usually not pruned at all.
Instead, they act as guardians of the stand; protect-
ing it from wind and moisture loss.

Written and illustrated by Ron Royer. Published by the Education
Section, Bureau of Information and Education, Minnesota Department

of Natural Resources.




Next time there is a cloudburst or heavy rain in
your area, put on your raincoat, and take a
walk. Notice how the water moves along the
ground seeking the lowest point. It either collects
in depressions and soaks in or, where the land is
steep enough, runs off into nearby streams and
gutters.

The area you’re watching is called a “water-
shed.” It in turn is part of a larger watershed that
feeds Jocal streams and rivers. And those in turn
feed larger rivers which eventually flow to the
oceans. Regardless of size, the principle of a water-
shed is the same — water flowing downhill toward
the sea.

In Minnesota, we have watersheds that flow in
three different directions. Very few states have
that distinction. Meltwater from a snowflake fall-
ing in Minnesota may go south through the Mis-
sissippi to the Gulf of Mexico, east through streams
that feed Lake Superior and from there to the
Atlantic, or north through Canada to Hudson Bay
and the Arctic Ocean. Each of those systems is a
separate watershed. Truly, Minnesota is a land
blessed with water.

Still out in the rain? Hold out your hand. The
raindrops that you catch are distilled ocean water,
carried a thousand miles to you in the air. If you
let them fall to earth, they will eventually return to
the ocean through one of Minnesota’s watersheds,
completing the water cycle.

What they carry with them in the form of sedi-
ments is the concern of watershed management
and consequently of forest management. Let’s fol-
low those drops to the ground and see what hap-
pens.

As a drop falls to earth, it may strike either a
piece of vegetation or the bare soil. About 15 per-
cent of falling raindrops are intercepted by vegeta-
tion (Jeaves, twigs, and branches). They never
reach the ground. They may evaporate unless the
rain is hard and long. Of the other 85 percent por-
tion, a great deal is absorbed by the material on
the soil surface called humus. This water, in turn,
is absorbed by plant roots, later to be used by the
plant or transpired through its leaves back into the
air. On a very dry day, a large broadleaf tree may
absorb two or three thousand gallons of soil water,
much of which simply passes back into the air.
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Some water evaporates directly from the soil
surface after a rain is over. The “muggy” feeling
after a summer storm is caused in part by this
evaporation.

Some water clings tightly to soil particles and
cannot evaporate unless the soil is oven-dried. This
water, called “hydroscopic’ water, is always pres-
ent in the soil. The water that evaporates is called
“capillary’ water because it can flow through the
soil from an area of wetness to one of relative dry-
ness.

Finally, some of the water drains downward
through the soil, just like water in a coffee perco-
lator goes through the grounds. In fact, the process
is often called “percolation’ by the watershed
manager. This percolating water is called “‘gravi-
tational” water because gravity causes it to flow
instead of the difference in wetness. When it
reaches an area where it can no longer flow down-
ward, it becomes the “‘water table.”

Water in the water table flows through the un-
derground portion of the watershed. It may come
out again in springs or wells to re-enter the surface
portion of the watershed, or it may come to rest in
one of many natural underground reservoirs. Be-
cause it has percolated through many feet of
porous mineral particles in the soil, this water is
very clear and pure. Thus it is underground flow,
or “seepage”, that produces the cleanest water.
Watershed management aims at maximizing the
absorption of water by the soil so the resulting
watershed will produce this very clean water.

That is where forest management enters the pic-
ture. It is not possible to control things like soil



type or slope on a watershed to any large degree.
Nor is it possible to control rainfall over the water-
shed area. What can be controlled is the amount
of absorption at the soil surface. The tool for this
is vegetation — the forester’s stock in trade.

The effect of trees on soil water is a complex
business. On one hand, a dense stand of trees
shades snow on the forest floor, allowing for slow
melting and almost complete soil absorption in
spring. But a dense stand of trees also draws heav-
ily on soil water, depleting delivery to the under-
ground portion of the watershed where the clean-
est water comes from. And the 15 percent inter-
cepted by vegetation is lost almost entirely in a
very dense stand.

The complete absence of vegetation because of
fire or incorrect management methods seriously
reduces the possibility for much rainfall to be
absorbed. Instead, raindrops spatter on the surface,
breaking soil into tiny particles. As water builds
up, it carves away at the unprotected soil, making
gullies and washes that look like miniature can-
yons. Through these canyons, most of the water
flows quickly on the surface watershed, carrying
soil particles with it. The process, called “‘erosion”,
is the watershed manager’s arch-enemy.

The forest manager seeks an optimum stocking
(number of trees per acre) for good watershed
management. Thinning an overstocked stand may
thus have many benefits beyond providing opti-

mum wood production. Too much thinning, how-
ever, can give rise to the dangers of erosion and
flooding from too-swift runoff. By allowing soil to
absorb water, a well-stocked forest plantation may
save many tons of topsoil over the years by elimi-
nating runoff.

The importance of the forest to watershed man-
agement becomes even more significant when we
realize that more than 80 percent of the state’s
total water yield comes from its own forested
areas. For this reason, foresters are concerned with
harvest methods that may leave bare ground on
skid trails or logging roads. These are prime targets
for erosion. And they are likewise concerned with
good fire prevention not only to save trees but
because burned-over land is extremely susceptible
to erosion.

Some programs call for “anchoring” the soil on
logging roads after a harvest by planting or pro-
viding for the natural growth of herbs and grasses.
A properly located and designed logging road will
eliminate almost all erosion problems while pro-
viding additional benefits, such as access for fire
control and forest recreation.

Clearly, sound forest management and water-
shed management go hand in hand. In the concept
of multiple use, water is a prime concern to both
fields. Think of that next time you turn on a

faucet — or stand in the rain.

Written and illustrated by Ron Royer. Published by the Education
Section, Bureau of Information and Education, Minnesota Department

of Natural Resources.
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Besideg the forester, probably no one spends
more time taking inventories than a grocer.
Almost every time we go into a supermarket,
somewhere there is a clerk with clipboard and pen
in hand, counting. You’d expect that grocery
clerks would learn some shortcuts over the years.
And they have. No clerk possessed of all faculties
would count every can of peaches in the store.
Instead, counting by rows, stacks, or cases, and
then using a little math, the wise grocery clerk can
save hours of work.

The value of inventory to a grocer is impossible
to guess. Without it, the only way to know peaches
are needed is to wait for the screaming customers
to announce their absence. But careful grocery
management provides information on when and
how much to buy, how fast an item gets sold, and
even when an item should be taken off the shelves
entirely.

Inventory is bread and butfer to the forester
too. It is the basis of all other work. But several
million acres of frees is a lot to inventory. 50, like
grocery clerks, foresters have learned some short-
cuis.

Instead of counting all trees, the forester takes
only a sample of the freesin a given stand. There
are tables and formulas which tell how many sam-
ples are needed per acre to get a realistic estimate
of just how many trees are actually there. Then
the work begins.

First, an aerial photo is taken of the forest to be
inventoried. The forester can fell a lot, just from
that. On a clear plastic sheet laid over the photo,
tree types can be marked on each square mile
(section) of land. Then, using the plastic overlay as
a guide, the forester can go into the field and begin
actual sampling, just as the grocer goes to the
shelves to do an actual inventory.

Most foresters use a technique called “point
sampling” which tells immediately how much lum-
ber or pulpwood there is in an area. But sampling
shows a lot more than just that. In just a few
minutes, a forester can find out for sure what
species of trees are present and their relative num-
bers, what approximate age they are, the density
of the forest and of each species within the forest,

‘and the number of diseased or dead trees in the

whole forest

Sometimes, instead of point samples, well-
measured plots are marked off in order to get
exact figures. Most often these plots are circular
with a fixed radius. One-tenth-acre plots allow a
forester to easily convert figures to cords or board

Forester estimates useable tree height.
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plot is critical in figuring the odds, just as in the
size of a poker hand (five or seven cards).

If your 1,000-acre stand is pulpwood, you’ll
probably use 1/10-acre plots because it is easy to
convert your figures to cords per acre by moving
the decimal point. If you’re working with saw-
timber, likely you’ll use 1/5-acre plots to get a
larger sample area, since the trees will probably be
larger too.

Rather than setting up square plots, you’ll use
circular plots because it is easier to measure one
radius than four sides and four angles in a square.
For 1/10-acre plots, for instance, the radius would
be 37.2 feet.

Starting from the center of your first plot, you’ll
mark off the entire circle and physically inventory
each and every tree in the circle. You’ll count all
the birch, aspen, oak, pine, basswood, maple, and
whatever else may be there — tree by tree. You’ll
measure the diameter of each tree at breast height
(four feet). And you’ll use a hypsometer or some
other device to estimate height for each tree within
the circle.

Point Sampling

f you were standing in one spot in a forest, and

someone asked you to determine how many
trees there were per acre, could you provide an
answer? How about if you were given a prism? A
yardstick?

The average person confronted with such a task
would probably just throw his or her yardstick
up in dismay. Or at best take it and start measur-
ing off an acre in which to count,all the trees.

But there is a very quick and simple way, using
either a prism or a measured stick, to estimate
not only tree density but average per-acre basal
area (total area of sections cut through all tree
trunks at breast height), and even the volume of
wood in board feet or cubic feet per acre. A good
forester can figure all those things in just a few
minutes. And that is very important in inventory-
ing a large stand of trees.

A man named Walter Bitterlich originated the
system in 1947. Today, most Minnesota foresters
use it most of the time. Since the person taking
inventory doesn’t have to move a step in taking the
sample, the system is called point sampling. It
works like this:

The forester stands at the sample point, holding
a stick of known length (usually 33 inches). At
the end of the stick is a cross bar (usually one inch
wide). Looking down the stick in the same way
one sights a rifle, the forester turns a complete
circle slowly, counting all the trees in sight that
appear wider than the cross bar.

And you’ll do all that dozens, perhaps hundreds
of times in the tract, so you can average the re-
sults to get the precise figures your supervisor
wants. You'll probably use a calculator to do the
averaging. Finally, you’ll have a species-byspecies
inventory of trees according to age class, average
diameter at breast height, density within the forest,
and timber volume. In fact, just about everything
you could know about any individual tree in the
stand can be known for the theoretically average
tree of each species and all species combined.

Even with all that work, plot sampling will
probably be quicker than point sampling. Because
your results from each sample will be more pre-
cise, far fewer samples will be needed in order to
get reliable figures.

From the results, you may determine which
kinds of tree might best be thinned out of the
stand, or which kinds might benefit from pruning
or replacement. And finally it will be up to you to
provide the landowner with long-range advice for
managing the stand.
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Since the cross bar is so far away from the
viewer’s eye, only the largest trees will be counted.
But that is the trick. A tree ten inches in diameter
must be within 27.5 feet to be counted, if the
forester uses a stick 33 inches long with a one-inch
cross bar. Otherwise it will appear to be narrower
than the cross bar.

Starting with the number of trees that were
counted at any point, the foresteér first can use a
formula to compute basal area per acre. Of course,
the first sample may be in a part of the forest
which has more than its share of trees, so the
answer won’t be correct for the whole forest. But
by taking samples at several points, it is possible
to calculate an average basal area for the whole
forest that is quite accurate.

Just how many points must be taken can be
determined from tables, and where they should be
taken within the forest can, too. Before going into
the field, the forester determines both the number
of points needed and where they should be located
for the most accurate results. The locations are
then marked on a map which usually is made be-
forehand from an aerial photo.

In a similar way, using tree height also, the
volume of timber per acre can be estimated. And,
using another formula, the average number of trees
per acre can be figured, too.

The system is simple because the angle between
ends of the cross bar takes everything into ac-
count. A six-inch tree at ten feet looks just the
same as a 12-inch tree at 20 feet.

Some foresters prefer to use the angle made by
light diffraction through a prism for counting, but
the result is the same. All the forester does is
count trees. The formulas do the real work!

Site Quality and Site Index

I et’s imagine you’ve completed an inventory of
aspen timber in a section of state forest, and
as district forester vou’re responsible for managing

ber sale soon. Should vou leave the site to regen-
erate aspen naturally after the sale, or should
you replant with the pine?

the site. Is aspen the right tree type for the site it
is on? Would jack pine be better? Could the land
produce more and better timber if it were re-
planted with jack pine?

Let’s say the trees there now are 50 years old,
on the average, and badly in need of harvest be-
cause 20 percent have died already from hypo-
xylon canker, a disease of aging aspens. The trees
are going to waste. You’ll have to conduct a tim-

These are questions a forester asks every day.
But the questions aren’t blind ones. It is very easy
for a forester to find out how well-suited a tree
type is for a particular site — the site quality for
that tree type. The answer to all the questions is
found in what is called a “site index” for each tree
type.

There have been several kinds of site index
used by foresters over the years. But the basic idea
is the same. It is to compare growth with age. On
a good site for a particular tree type, the trees will
grow faster and larger. On a poor one, they will
be smaller at the same age. In Minnesota, foresters
have measured growth by determining the average
height of the largest trees in a stand each year as
they grow — up to 50 years of age. The site index
for any stand is just the height of the tallest trees
at 50 years of age.

Now, back to that aspen stand in your dis-
trict. Let’s say you measured the height of trees in
your inventory and found the site index was poor,
about 50. Just across the road is another stand of
aspen, on a different type of site, with a site index
of 65. That is, the 50-year-old trees there are 65



feet tall. And let’s say that just down the road, on
a third site, is a stand of jack pine with a site index
of 60.

If the jack pine is on a site that is very similar
to the first one, you would probably reason that
it would be a good idea to harvest the aspen right
away and then plant jack pine.

Of course there are many variables in site
quality. Soil type, water table, slope of the land,

Let’s imagine you are a DNR area forester as-
signed the task of managing a million-acre
forest tract in northeastern Minnesota. You have a
month to provide your supervisor with a pre-
liminary map and inventory of the forest, showing
distribution of trees and percentage of diseased
timber in the area. A million acres is a ot of
ground to cover. Where do you start?

From the air, of course. Aerial photos of large
forest tracts can be the only way to plan for large-
scale management. From large black and white
photographs, on a scale of four or eight inches to
the mile, DNR foresters make inexpensive prints,
called “bluelines,” which they use to plan for
logging road construction and other large-scale
operations.

and many other factors add up to make site
quality. And no two sites could ever be exactly
alike. So the only way to be sure of the site index
for a tree type in a particular site is to grow it
there.

But experience with soils and other site factors
can make an intelligent guess. So you’ll probably
hold a timber sale to harvest the aspen and then
replant jack pine.

emote Sensing

.
Yajer

But that is far from the only use of aerial
photography or “remote sensing” in Minnesota
forest management projects. Just like people, sick
trees run a temperature. Infrared photography
records even slight differences in the temperature
of trees, and thus infrared photographs of large
forests may clearly show the locations of diseased
trees. They may even show areas of insect infesta-
tion and provide information that allows the
forester to estimate insect pest populations. Even
the effects of drought can be measured by remote
photography.

During fire seasons, fire fighting foresters can
use nfrared television and photographs to detect
“hot spots” — areas which need fast attention.

Of course, the bird’s eye view provided by re-
mote sensing has its limitations, too. It is not pos-
sible to tell the age or volume of timber within a
stand from aerial photographs alone. The size of
the area covered by most aerial photographs is just
too large for such detail. But remote sensing and
aerial photography form the foundations of almost
all later work — actual on-the-ground sampling
of smaller areas and disease control, for example.

As an area forester, you would have no problem
providing your supervisor with reasonably ac-
curate data on a million-acre forest in very short
fime. And you might even get the chance to ride in
an airplane while vou did the job!




Stand-Volume Tables

f vou are a Minnesota forester and have in-

ventoried a stand of trees and know the num-
ber, height, and diameter at breast height of the
trees, how can you estimate the volume of wood
present?

One way would be to cut up an average-sized
tree from each diameter class and physically mea-
sure the volume of wood in cords, board feet, or
cubic feet. Then, using a little math vou could
figure out volume per acre for the whole stand.

In fact, that has already been done. The result is
called a tree-volume table. Tree-volume tables list
the volume of wood for single trees at a site index
of 60 (trees that would be 60 feet tall if they
reached age 50 years). For example, a tree-volume
table for white pine might Iist the number of
board feet of saw timber in a white pine tree when
its diameter is four, five, six inches, and so on.
You would consult your inventory to find out how
many four-inch trees there are per acre and then
multiply to determine the board feet per acre —
from just the four-inch trees. Then you would do
the same for the five-inch trees and so forth. Your
total would give yvou the volume of wood in the
whole stand on a per-acre basis.

But that is a lot of work. Fortunately it is pos-

" sible to estimate volume of the whole stand
directly, without using tree-volume tables. For-
esters in Minnesota use what are called “stand-
volume tables.”

One problem with stand-volume tables is that
trees don’t always grow the same way in different
situations. On some sites, trees grow faster and
with different shapes than on others. The density
of a stand of trees will also affect the shape and
volume of individual trees. Trees too densely
stocked will be tall and spindly, while trees on a
poor site may not be as tall as those of the same
type on a better site. These things must all be
taken into consideration when stand-volume tables
are made.

As a standard, for stand-volume tables in Min-
nesota, a site index of 60 is assumed. That is, the
table assumes the trees inventoried would be 60
feet tall if they grew to be 50 vears old. Similarly,
there must be different figures for different den-
sities, since most stands are not stocked to the
maximum density. The end result is a graph which
shows the optimum volume of wood for each
density of each kind of {ree by diameter-class.

At best, the stand-volume table gives an intelli-
gent estimate of volume. It is a quick and reason-
ably accurate way to tell how much marketable |
timber is present. You’ll probably use stand-
volume tables to estimate how much timber there
is on state forest land for a timber sale. If you over-
estimate, the state will have to repay the buyer
for the timber he or she expected but didn’t get.
And if vou underestimate, the buyer will have to
pay the state for the extra timber. You’ll find out
which it is when vou stop by the site to scale the
logger’s product after the sale.

Written and illustrated by Ron Royer. Published by the Education
Section, Bureau of Information and Education, Minnesota Department

of Natural Resources.




magine you are a4 DNR forester with loggers
beating down your door looking for state-owned
timber to cut. One wants 1,000 cords of pulp-
wood. Another needs 50,000 board feet of pine
saw fimber. And a third just wants to cut half a
dozen cords of firewood. How are you going to
deal with all those requests?

Part of the answer, of course, is to know vour
inventory — what you have that is actually har-
vestable. Another equally important part is to
know what is not harvestable and why. Naturally,
since the forest is a resource, trees that mature and
become susceptible to disease and decay can be
removed. Those that are young should remain un-
less they are part of an overstocked stand in need
of thinning. A good harvesting plan calls for keep-
ing the forest healthy and providing good wildlife
habitat while also alilowing for use of the mature
timber.

Foresters spend a good deal of their time, es-
pecially in winter months, “cruising” timber to
find out just what is mature and can be harvested
to meet market demands. If vou have been doing
your job well, vou will know just how to handle
each request that comes across yvour desk.

Let’s say you have 40 acres of harvestable Nor-
way pine, and the request for 50,000 board feet is
only one of many you have had for pine saw
timber, a high-demand product. If the demand is
that high, you will probably auction the timber.
Auctions must first be advertised three times in a
legal newspaper. The advertisement will have to
include all information on the prospective sale —
when and where it is to be and how much timber
is to be sold. You will set a base price for the tim-
ber. When the auction comes around, the highest
bidder beyond that price will have the right to log
the pine.

Since pulpwood trees like aspen and jack pine
make up nearly 90 percent of the value of Minne-
sota forest production, you probably have a lot of
them to go around. Supply probably exceeds
demand in vour district, so vou will likely sell
pulpwood through what is called a “‘section one
sale.” Here, you must get a written application
from the logger requesting the 1,000 cords of pulp-
wood. If the application is approved, you will set
the price on the basis of the DNR’s manual. You
may not be able to provide all the 1,000 cords at
once, but, remember, as the forester you're in con-
trol of just what may be harvested and when.

To the fuelwood buyer you can issue a simple
permit which allows him or her to cut up to 25
cords of off=site, dead or diseased timber. The per-
mit will be good from July 1 of the vear of issue
until June 30 of the next vear.

You might expect your work to stop there, but
it doesn’t. For the saw timber, at least, you per-
sonally will have to scale what the logger cuts.
Scaling is simply measuring the logger’s product —
checking up. If the logger takes too much, you will
have to charge extra. And if he or she takes timber
from outside the cutting boundaries specified in
the sale, it will mean extra charges for trespass.

Scaling the pulpwood is usually done for each
load right at the mill where the logger delivers the
wood. Mills won’f even accept a load of pulpwocd
without a special ticket which records the delivery.

1




Pulpwood Logging

B { you had to pick up a 100-inch aspen or balsam
fir log, you’d immediately wonder why the
logger calls it a “‘stick.” But that’s the name: Most
small pulpwood logging operators cut logs into
these 100-inch sticks for delivery to the pulp or
paper mill.

Their tool is the chain saw, and with it they cut
an incredible million and a half cords of pulpwood
per vear in Minnesota. That’s a Iot of sticks!

First, a logger fells each tree by cutting out a
wedge on the side toward which the tree is to fall.
Then, cutting from the other side just above the
wedge-shaped cut, the logger drops the entire tree.
A good saw operator can fell a 60-foot tree on a
dime.

Next, the limbs are removed on the spot and the
entire trunk is then pulled or “skidded” to a cen-
tral loading area called a “landing.” There it is cut
into the 100-inch sticks that will be sold to the
mill. Machines called skidders do the moving.

Then, pulpwood logging trucks, which may be-
long either to the logger or an independent pulp-
wood trucker, load the 100-inch sticks crossways
with a giant hydraulic grabber that looks like a
lobster’s claw. These trucks may carry the sticks
directly to the mill or to a railway siding where
they are transferred to railroad cars for long-range
shipment.

Trees are also sometimes hauled whole and fed
into giant chippers which grind them up and sort
out the bark.

Fuelwood permits will be issued for a specific
area, and you will have to check the area from time
to time to be sure no one is cutting the wrong
trees or cutting outside the allowed boundaries.

In making all those choices, you will be keeping
a constant eye open to the possible effects of har-
vest on wildlife habitat, always one of vour biggest
concerns. Some forms of wildlife suffer from in-
appropriate harvesting. But often a timber harvest
means a much richer habitat for animals like deer
and hare, for instance, which thrive on new aspen
growth. As forester, your decisions on harvest
affect not oniy human but animal life as well.

And, as always, you must keep an eye on the
future of the forest. How the harvest is conducted
will have far-reaching effects. For the aspen, clear
cutting and natural regeneration from sprouts and
suckers will probably be the prescription. But the
Norway pine may have to be cut so seed trees
will be left to provide seed for regeneration. Or it
may be best to plan for artificial regeneration on
the pine site. You’ll have to specify which it is in
the terms of the sale, knowing that what you
decide will determine tomorrow’s forest.




And some large-scale operators have machines
which do it all right in the forest. They grab an
entire tree at ground level, shear it off with giant
hydraulic scissors, and then feed it into a grinder
which spits out the limbs and grinds the wood to
chips while sorting the bark out.

In such modern equipment, one person can do
the work of half a dozen loggers, all the while sit-
ting in a heated cab.

Cutting Saw Timber

ln the old days of Minnesota logging, just about
every tree cut went to make boards. Loggers cut
giant pines with axe and old fashioned crosscut
saw or “‘misery whip.” Logs most often were trans-
ported over the state’s waterways, especially the
Mississippi.

As you might expect, such practices went out
with the horse and buggy — and the virgin forests.
Today, just about every kind of tree grown in
Minnesota can be used to make lumber of one sort

or another. But nearly ninety percent of logging
these days is for pulpwood. Even sawmill wastes
are sold to the pulp or paper mill. The chain saw
has almost entirely replaced the crosscut, and rivers
have given way to highways and logging trucks.
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Sawlogs and Sawmills

fter an independent logger has felled, limbed,

bucked, and skidded a bunch of sawlogs to a
central landing, the forester may come into “‘scale
or measure the logs. Measuring both diameter and
length, and using formulas which account for taper
in the logs, the forester can very quickly and ac-
curately estimate the total volume of usable wood
they contain. In fact, for state-sold timber, that is
the way the final bill to the logger is figured.

But scaling doesn’t stop there. The sawmill must
krnow what it is buying from a logger, and so logs
may be graded when they arrive at the mill. They
are graded not just on the basis of volume but also
into “‘use classes” which determine the quality of
the unsawed logs — whether they will be sawed for
fine woodwork, construction, or for use locally
in building barns, skids, crates, railroad ties, build-
ing timbers, or a host of other things.

Once the mill operator knows how the logs are
to be cut, they are sorted and sent to the saw
room. Saws there may be either circular or band
saws. Most small mills in Minnesota have the circu-
lar type.

In a modern mill, everything is either mechani-
cally or hydraulically operated. One person, called
the sawyer, sits in a protected room operating the
saw. The sawyer’s control panel looks like it came
out of a Boeing 747 cockpit.

Logs are rolled one at a time onto a ramp at the
head of the saw and turned over and over by a
rotating chain and then hydraulically clamped into
position for a cut.

The first cut produces a strip that looks like a
board on one side but has the outer bark on the
other. These pieces are called slabs. Slabs may be
chipped up for sale to pulp or other wood product
manufacturers, or they may be sold or used at the
mill for firewood.

After the rounded log is squared off by remov-
ing the slabs, it is reclamped into position to make
actual boards. It is the sawyer’s job to decide what
size boards should come out of each log and in
what order. A good sawyer doesn’t waste one bit
of a log. Being a sawyer is sort of like being a
sculptor of rectangles.

Big band saws cut in both directions. It is not
the saw but the log that moves. So a double-sided
band saw is faster than a circular saw because it
can cut in both directions.

As boards come off the saw table, they are car-
ried away on a conveyor called the “greenchain.”
It is on the greenchain that the rough lumber is
usually graded. Certified lumber graders may be
under contract in small mills or be full-time em-
ployees in larger ones. They check boards as they
come down the greenchain and assign grades to
them based on their quality. The appropriate grade
is marked on the board with a crayon on the end
of a long stick.
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For hardwood boards, there are “firsts’” and
“seconds.” They are the very best grade, with
clean, tight grain and no knots. Selects are clear on
one side, but may be not quite good enough to be
“seconds” on the other. Then there are number |
and number 2 common boards, boards that are
sound but wormy (have worm holes), and finally
3A and 3B common boards, the poorest grades.

The softwoods, like white pine, also have select
grades, and number 1-5 common grades.

After boards are graded, the next step 1s frim-
ming. Boards are trimmed to exact lengths and
exact widths as they come off the greenchain. In
Minnesota, most boards aré trimmed to eight foot
lengths.

Trimmed boards are planed and then cured
either in the air or in heated kiln driers. Sometimes
both curing processes are applied.

Dried and graded lumber bears a certified grad-
ing stamp. Look for the stamp next {ime you are in
a lumber yard.




Pulp and Paper-making

€an you conceive of an industry in which every-
thing is recycled, even the waste? The modern
pulp or paper mill is the closest thing to recycling

perfection you are likely to find. Let’s look at one.

Timber from the pulpwood logger usually comes
to the mill in 100-inch lengths called “*sticks.”
Some processors simply chip these up and sell the
chips. Others process them into pulp which is dried
and baled for sale to the paper mill. And some
mills start from scratch, with the whole sticks, and
end up with finished paper.

At a full-scale paper mill, logs are fed into a
machine called a “drum barker” which removes the
bark. Sometimes the 100-inch sticks are cut down
to 25-inch lengths for easier handling before they
are debarked. Once the bark is off, some of the
logs may be sent to a machine called a “chipper”
which chops them into potato-chip sized slices for
storage. Other debarked logs may be sent to
erinders, machines which grind them down, under
tremendous pressure, adding water to make
“groundwood pulp.”

Groundwood pulp has very short fibers in it be-
cause of the grinding process. Usually only news-
print and magazine papers are made from ground-
wood pulp.

Fine bond papers are made by another process,
called the “‘chemical” or “kraft” process wherein
wood fibers are separated by slow cooking with lye

‘under pressure. This separates the fibers from the
cement (lignin) which binds them together in the
tree. Since they are not ground up so much, kraft

fibers are long and lacy. The paper they make is
much harder to tear and is much longer lasting.
The starting point of the kraft process is the
wood chip stage, and the end point is a soft and
fluffy popcorn-like pulp. This valuable pulp is
often dried and sold to other papermakers.
Almost all papers are just blends of different
kinds of wood pulp. Pulps from balsam fir, aspen,
jack pine and spruce all have different characteris-
tics. And we have already seen the difference in
quality between groundwood and kraft pulp. These
different pulps are carefully blended according to
time-honored recipes in giant vats in order to make
different kinds of paper. They may be bleached,
refined, and cleaned a final time to be made ready.
By this time, the pulp mixture is more than 99
percent water. It looks like cream of potato soup.
Then comes the most fascinating process — the
actual making of paper from the pulp. The soupy
pulp mixture, called “slurry,” is sent to a giant
machine called a ““Fourdrinier.” The Fourdrinier
has two ends, a “wet end”” where the pulp arrives,
and a “dry end” where the paper comes out. At
the “headbox” on the wet end, the slurry is
squirted in a constant stream onto a fast-moving
plastic screen. The screen may be many feet wide
and more than a hundred feet long. It moves along
sometimes as fast as 30 miles an hour carrying the
water and suspended wood fibers. As it moves, it
also oscillates from side to side, interlacing the
fibers evenly as the water drains down through the
screen to be recycled. Some Fourdriniers have

Slitter-Rereeler in paper processing.




sections with vacuums to actually suck moisture
out of the moving slurry. At the wet end near the
headbox you can see the water dancing like rain-
drops on a sidewalk. But at the dry end of the
screen the fibers are so well interlaced and so much
drier that the pulp mass can support itself without
the screen — so long as the machine is moving at
high speed. Here, water content may be down to
80 percent.

The pulp stream is stripped off the screen by a
“dandy roller” and applied to a felt-covered cylin-
der which squeezes out more of the water, down to
about 60 percent. Then the rest of the way down
the machine the paper is dried on steam-heated
drums. By the end, water content is down to less
than three percent.

The resulting paper is soft and dull white. If it is
to become newsprint, it will be the finished prod-
uct. Other kinds of paper may be coated,
smoothed, and cut to sheets.

All the way through the process, things are re-
cycled. The bark may be dried and used to fuel
boilers at the mill. At all points, fibers and wood
not ready for the next step in processing are simply
sent around again. Water that falls through the
Fourdrinier screen is recycled through the head-
box. And at all phases a product that does not
meet standards is simply turned back into pulp and
the process is repeated.

Finally, all materials not used are recovered
from the water before it is released from the mill
into the environment.

Supercalendar.

Paper-coating machine.




Other

lot more than paper and lumber come out of

L8 Minnesota’s forests. True, paper and lumber
are number one and two on the forest product list.
But Christmas trees take a close third place.

Planting Christmas trees is one way for the small
landowner to make good use of poor soil. But it
wasn't always the case that Christmas trees were
purposely grown. Just a few years ago, nearly all
Christmas trees were wild trees — either black
spruce or balsam fir. Some people today still prefer
those species. »

Since Christmas trees must be shapely and full,
very few wild frees meet market demands. Not
many can be harvested from a wild stand. Most
spruce and balsam Christmas tree harvest does little
environmental harm, and even may be of benefit.
Black spruce, for example, are usually taken from
stunted and overstocked stands in stagnant,
swampy areas. Those frees left have more room to
grow and actually benefit from the cutting. Also,
since balsam fir is a favorite host of the pesky
spruce budworm, thinnings of young trees from
susceptible spruce stands benefit both the Christ-
mas tree buyer and the spruce trees.

Today, carefully trimmed and shaped red and
Scotch pine are Christmas tree favorites because
they grow more quickly and hold their needles

orest Products

longer than either spruce or balsam fir.

Another important forest product is maple
syrup. All species of maple, and even birch, are
good syrup producers, although black and sugar
maples make the sweetest sap.

Trees are tapped in early spring fo get the sweet
sap. First a hole is drilled about three inches into
the tree about three feet above the ground. Hollow
sprouts are then hammered part of the way into
the holes. Then, buckets, plastic bags, or plastic
tubing are attached to the sprouts in order to col-
lect the sap.

Tapping does no damage to the trees, and trees
can later be used for lumber.

It takes a lot of sap to make a little syrup. On
the average, a ten-inch tree with one tap hole will
vield less than 15 gallons of sap per season. When
it’s boiled down to make syrup, that will produce
less than half a gallon because sap is mostly water.

The syrup can be boiled down even more to
make such treats as maple sugar, maple butter,
candy, and maple flavering.

But forest production doesn’t stop here. Trees
are also used to produce matches, cardboard, rail-
road ties, fence posts, barrel staves, fruits, nuts,
and a multitude of other things.

And the best part is that the raw material is
always renewable.

Written and illustrated by Ron Royer. Published by the Education
Section, Bureau of Information and Education, Minnesota Department

of Natural Resources.
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Fm‘est fires have killed hundreds of Minnesotans
and cost millions of dollars over the past cen-
tury. They are still a major economic threat to the
forest resource. In recent vears, however, fire has
taken a back seat to diseases and insect destruc-
tion. A major job of the forester is to protect the
state’s 18 million forest acres from each of these
threats.

Since more than 90 percent of forest fires are
caused by human carelessness, a great deal of forest
protection work is fire prevention. But once a fire
has started, the forester calls up every possible re-
source, from buckets to bombers, to bring it under
control.

Unlike fires, insects work slow, steady damage
on trees. They leave no part of a tree safe. Some
kinds of insects attack foliage. Others bore into
fruits and cones, hampering natural regeneration.
And still others destroy the wood ifself, by boring
into it. Though sprayving insecticides can be effec-
tive, it is also tricky. Wildlife and fish may suffer
from insecticides, so research is continually di-

rected at finding safe ways to control insects with-
out threatening other forest creatures.

Both infectious and noninfectious diseases of
trees can wipe out a forest more permanently than
just about anything else, so the forester must also
be a doctor of trees. Diseases of trees are often
epidemic, however, and difficult to control by
spraying or other treatment. Dealing with tree dis-
eases often means harvesting a stand of trees before
they become diseased, and then changing the
threatened forest type entirely.

Whether by fire, insects, diseases, damage to the
forest need not be total. For example, sometimes a
wildfire moves only through the crowns of trees,
burning hot and quickly. When that happens, the
wood may still be usable. Saving the timber after a
fire, pest infestation or disease epidemic is called
“salvage cutting.”

Like the inventory in a store, the forest is con-
tinually turning over. Trees are harvested and then
replaced. But loss due to fire, pests, and diseases
depletes the forest to no one’s benefif. '
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called in to bulldoze fire breaks and assist in other
‘ways once a fire is under way.

In some districts, pickup trucks with pump
tanks cruise fire-susceptible areas during periods of
peak fire danger. They are linked by radio to any
of dozens of fire towers or aircraft spotters. When
a “smoke” is reported that doesn’t appear on the
local fire warden’s burning permit list, these cruis-
ing pickups are often first on the scene. The fire-
fighting capacity of such equipment is limited, but
there is nothing like being right on the spot to

assess the danger and fire fighting needs of a wild-
fire.

Cooperating with local weather bureaus, DNR
forest offices keep the public continually aware of
the degree of fire danger through news releases
and radio broadcasts. Their alertness to dangerous
wind and weather conditions, too, is presuppres-
sion.

Both prevention and presuppression have be-
come more and more effective in recent years as is
evidenced by the tremendous decrease in losses
due to forest fires.

tis a hot, dry day in August. There has been no

rain for three weeks, and the forest around you
is explosive tinder. As district forester you are in
charge of combating all fires. Tensely, yvou go
about your routine, expecting with each crackle of
the radio or ring of the phone that this is the time.

The call. may.come from the tower south of
town. Perhaps it will come from a neighbor. Or it
could come from the DNR-contracted airplane that
flies fire watch across your district. You never
know which it will be, but only hope it will come
soon enough to avert disaster.

“Say, we've got a smoke over here, south of
Johnson’s store. Doesn’t look good . . .”" Blankly,
you set your coffee cup down and step to the radio
microphone. “What do you think?”

“Better cover it.”

“I'm on my way.”

Like lightning, vou're in the pickup truck and
on the radio again. “What’s the story?”

“It’s bad all right,” comes the word from the

Suppressing a Forest Fire

airplane pilot. “I'm ten miles north and I can see it
already. Grass fire. Half an acre. Close to that big
jack pine stand.”

You know that fire wardens have not been issu-
ing permits to burn for two weeks. It must be a
wildfire.

Your first step is to alert the DNR helicopter
stationed 60 miles away. It can be there in less
than a half-hour. Then you call city hall to sound
the fire alarm. You give the dispatcher all the
particulars on the way out of town.

The fire danger is so extreme that a second fire
call could come in at any time. Should you have
stayed behind to watch the radic or sent someone
else out in the truck. Yes. No . . . if that jack pine
starts with the wind the way it is today, half your
district could go up. Tom can handle things at the
office.

Nervous, you call the pilot again. He is now
right over the fire. “Jim, what’s the wind like?
How’s it look?”




“Not good at all. Twenty-five miles an hour.
Gusts to 30. Northwest. Right into the trees. We
have 15 minutes, maybe 20.7

You are sweating now. Where is the best place
to refill yvour pickup’s water tank? That’s right,
Johnson’s have a pond.

“How’d it start, Jim? Any ideas?”

“Looks like the trash burner back of the store.
Still sparking.”

You roll into the road behind Johnson’s Corner
Store. It’s bad all right. In seconds you must make
decisions that can lose or save thousands of dollars,
maybe even human lives.

You cut across the field toward the fire front.
The hose is out and you're spraying, wetting the
unburned grass along the front. Instinctively you
work, and in minutes your tank is dry.

Then you're in the truck again and on the radio.
“We can’t cut it, Jim. No way. Where’s the chop-
per?”

“Five miles out. Be there soon.”

You head for the pond to refill the pickup
truck’s water tank, and you’'re back at the fire in

minutes. Your first efforts have clearly slowed part

of the advancing front, but now several limbs of
the fire are within a hundred yards of the first
frees.

Back and forth you go, spraying water across
the 20-acre field wherever the fire threatens most.
Other fighters have arrived and you have hardly
noticed them as they work beside you with water
cans strapped to their backs. You don’t notice the
arrival of the ‘copter at all as the pilot dips the
500-gallon bucket into Johnson’s pond and heads
for the blaze.

In one drop, the bucket-carrying helicopter does

what ten ground fighters would do alone in half

an hour. In ten drops, it stops the advancing fire a
dozen yards from the pines. You wave the pilot off
with a tired smile and a nod of thanks.

Without the help of the helicopter, vou would
have been in big trouble. Wearily you issue orders
for final cleanup and start back to headquarters. It
might only be a matter of minutes before another
call comes in.

It could have been much worse. If the fire hit
the trees, you would probably have had to call in
the B-26 bomber from Duluth. Dropping a fertil-
izer-like water solution of fire retardant, the
bomber could have bought time while ground
workers cut a firebreak.

You might have used aerial sensing to identify
“hot spots” within the fire, spots where the bom-
ber and helicopter would be most effective. If the
fire had reached the peat lands southeast of ~
Johnson’s acreage, you might have used the dis-
trict’s track vehicle, called a Bombardier, to cut a
track around the fire.

In some locations, you would have used indi-
vidual ground fighters, some working two shifts
without a break, with shovels, rakes, and even wet
gunny sacks. The fire could have demanded more
than a hundred fire fighters.

As you pull into the headquarters lot, you wipe
a sooty face and breathe a momentary sigh of
relief. Odds are, you tell yourself, that there won’t
be another call today. But then you reconsider.
Often during such days you have had half a dozen
fires to fight.

When will one get really out of hand? All you
can do is hope it never happens — and do your best
if it does.

Researching Forest Fires

esearching forest fires and their effects is not

like studying other things. Your laboratory is
usually a crisis in which you don’t have time to
step back and theorize about what is going on or
how to do things better.

But looking backward after a fire can provide
important data for future study. A lot of research
is done to evaluate fire conditions. The result is a
computerized fire danger rating system which takes
into account such things as fuel types, weather,
and wind conditions.

Other research evaluates equipment and adapts
already available machines to fire fighting. In Min-
nesota, helicopters with buckets, World War 11
bombers with massive fire-retardant tanks, pon-
toon planes called “water bombers,” and the

“bombardier” track vehicle for fighting lowland
fires are all products of this sort of research.

Research discovered the fire-retardant properties
of liquid fertilizers like ammonium sulfate which
may be dumped on larger fires from bombers.

Safety for the fire fighter is another subject of
research. Fire shelters and protective clothing are
the outcomes.

And infrared photography or television can be
used to detect “hot spots” within an extensive
blaze as well as the characteristics of fire spread.

As our knowledge of fires grows, prevention,
and presuppression become more effective than
ever. Someday, fire suppression may be almost a
thing of the past. That is the ultimate goal of fire
research.

Written and illustrated by Ron Royer. Published by the Education
Section, Bureau of Information and Education, Minnesota Department
of Natural Resources.
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