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What can forest and range nanagenent contribute to the control and
use of soil and water? O, in the term nology of this conference, what can
they contribute to upstream engi neering broadly defined to include the
conservation of land and inland water resources and their products.

In attenpting to answer these questions for forest and range | ands,
it is fully recognized that other lands, and primarily those cultivated for
crops have an inportant place. But as background, let nme indicate the area
in the forest and range category, with which this discussion deals. It
falls but little short of two-thirds of our total |and area of sonewhat
less than two billion acres.

It is generally conceded that regulation of run-off, whether by
natural or artificial storage, constitutes one of the fundamental aspects
of control and use of water. It is conmmonly recognized al so, that the nost
favorabl e streanfl ow i s obtai ned when the earth nantle of the drai nage
basin has a high capacity to absorb precipitation

Research is nore and nore conclusively establishing the fact that the
capacity of this earth mantle to absorb water varies with the condition of
the vegetation upon it, and that excessive run-off fromthe surface and
accel erated erosion ordinarily follow overuse or destruction of the plant
cover. Maxi numyields of tinber and forage and optimum conditions for wild
life and recreation depend absolutely on the mmintenance of an adequate
plant cover. Thus it is that in the restoration and nmi nt enance of optinmm
conditions for organic resources, the forester and range nmanager are al so
creating conditions favorable for regulated run-off and for water control
and use.

It is not claimed that plant cover alone will control run-off
adequately in all cases. The Mssissippi River was in nmgjor flood stage
when first seen by white nen in 1541, |ong before there had been any
cutting of timber or cultivation of land. W have proof, however, that
fl oods have greatly increased in nunber and intensity since those early
days. W have proof that natural factors favorable to absorption have been
greatly reduced in many drai nage basins of the United States as our natura
resources have been exploited. W have an accunul ati on of evidence show ng
why and with what degree of intimacy the increase in floods and erosion and
the increased depletion of forest and range cover are rel ated.



There is a growi ng accunul ati on of factual data to show that good forest
and range managenent will largely decrease the nenace of floods and the
costly waste of soil erosion.

Qur research is showi ng that forest and range nanagenent reduce
excessi ve erosion and run-off fromthe surface nmminly because it maintains
the interacting physical and biological conditions that help to get water
into the ground. This process is influenced by (1) a porous soil, that
permits percolation to the water table; (2) a supply of humus that prevents
the cl oggi ng of soil passageways by fine particles of clay and silt, and
that al so absorbs sone of the water; (3) a litter cover that protects the
soil from nmechanical action of rain and flow ng water; and (4) the plant
cover, that produces the litter, binds the soil with its roots, provides
channel s for water to pass through the surface soil, spreads and del ays
surface run-off, and intercepts and | essens the destructive inpact of
rainfall. Wth the wild life supported by the vegetation, which nay
i nfluence run-off one way or the other, | will not attenpt to deal

Depl ete or destroy this plant mantle by overuse, and litter and humus
are not renewed; the inpact of rain and the rush of water fromnelting snow
are unopposed; roots no longer hold the soil; unobstructed run-off sweeps
away the accunulated litter, humus, and topsoil; silt is inmpacted in the
soil pores, practically halting infiltration; water rushes down the slope
directly into the streams; absorption, infiltration, and percolation to
underground storage are |largely nonoperative.

The function and inmportance of litter in nmintaining absorptive
conditions in the soil is shown by |aboratory tests in which 2 percent of
silt in water reduced percolation into an unprotected soil by 90 percent.
Field tests show that rainfall filtered through litter and hunmus causes no
such stoppage; in one series of such tests, run-off fromsoil surfaces so
protected was, at worse, 30 percent and, at best, 6 percent of that on bare
soils. Even on conpact soil with a 10 percent gradient, forest litter cut
run-off to one-half and reduced soil loss to little nore than 1 percent of
that on bare soil.

The plant litter and roots not only protect the porosity of the soil;
they are responsible for much of it. They supply the food and shelter for
a teeming soil life which helps to incorporate organic matter into the soi
and so insulate the soil particles fromeach other and accentuate natura
soil cleavages and interstices through which water nay pass. In this way a
soil well-clothed with a vigorous grass, shrub or tree cover beconmes porous
and absorptive. To maintain or restore these conditions is a crucial
obj ective of both forest and range managenent.

I nvestigations are al so showing that plant growh shelters the soi
and reduces evaporation. It holds the loose litter and hunus from washi ng
under torrential rains or sudden snowrelt. It slows up the rush of waters
that the soil cannot absorb, and so prevents the formation of gullies which
ot herwi se woul d gather and quickly discharge water fromthe



Sl opes. Wth adequate forest cover, snow will remain on the ground froma

few days to several weeks |longer than in the open. |In upper New York in
March 1936, when heavy rainfall, deep snow, and warm wi nds conbi ned to
produce many floods and all snow was gone on the open fields, there was
still 12 inches of snow in adjacent beech-maple forests.

The contrasts between what occurs when cover is reduced or stripped
of f and the results when vegetative cover is protected or restored through
managenment is strikingly brought out in many tests of surface run-off and
erosion in outdoor forest and range | aboratories. Let nme give exanples of
the effects of cultivation of watershed | ands; of fires; and of unregul ated
timber cutting and grazing.

The severe Yazoo River flood in Mssissippi in 1931-32 foll owed 27
i nches of rainfall on the watershed, an appreciable part of which had been
cleared. Sanple plots showed that 62 percent of the rain ran off
i Mmediately fromcultivated fields and 54 percent from abandoned fiel ds,
but in scrub oak forests only 2 percent ran off, and under an undi sturbed
oak forest only 0.5 percent. In Wsconsin an average of 3 percent of the
total sumer rainfall ran off beneath hardwood forests of varying density,
and about 7 percent fromw |l d pastures; whereas fromcultivated hay fields
the run-off was nearly 18 percent, and fromfallow | and 25 percent.

Protection against fire is a practically universal requisite in
forest management. Fire — even a light fire — reduces the ground litter
and plant understory and nay materially accel erate erosion and surface run-
off. A hot fire often destroys the entire plant cover, and consunes the
litter as well as a large part of soil hunus. Serious acceleration of
washi ng, gullying, and silting ordinarily foll ows.

Forest Fires in an ol d-growth pine-hardwood forest in the southern
Appal achi ans increased surface run-off on an average by 10 ti nes over that
of unburned forests of the sanme type, and as much as 32 times in individua
st orms.

In the Sierra pine region a 5-year record shows that surface run-off
fromrepeatedly burned plots was from 31 to 463 tines that from conparabl e
unburned plots. The yearly erosion fromthe burned plots was 22 to 239
times that fromthe unburned.

During prolonged rains at Quthrie, Oklahoma, in 1930 the run-off from
bur ned- over ground was nearly 28 thousand gallons of silt-laden water per
acre, in contrast to a |l oss of 250 gallons per acre of clear water fromthe
same soil and sl ope under unburned forest.

The form and extent of tinber cutting also naterially influences
surface run-off and erosion. During March 1936, when sone of the Tennessee
tributaries reached flood stage, the maxi mumrate of discharge froma snall
drai nage covered wi th hardwood forest was 18 cubic feet per second per
square nile. Froman adjoining clear cut drai nage the nmaxi num di scharge
was at a rate of 232 cubic feet, despite the fact that the basin had been
partially reclothed with herbaceous cover



One of the nmobst conmmon forns of poor range nanagenent is the attenpt
to graze nore livestock than the range can carry. That range depletion
inevitably follows has been nore conclusively shown. Tests on Boise River
wat ershed ranges in different stages of depletion and supporting different
ki nds of vegetation showed that typical bunchgrass virgin ranges, subjected
to artificial rainfall, yielded only 0.4 percent surface run-off and but 6
pounds of soil per acre. Simlar tests on overgrazed and depl eted ranges
averaged 45.4 percent run-off and 7,382 pounds of soil per acre. On the
nost severely depleted ranges, run-off fromthe equivalent of 1.80 inches
of rainfall, applied as the rate of 1 inch in 16.6 m nutes, anpunted to
60.8 percent; and soil was renoved at the rate of 15,280 pounds per acre,
or 2,500 times nore rapidly than fromthe well managed undepl eted range.

This I daho study substantiates the results of earlier research on
range | ands of the Wasatch Pl ateau where, during the period 1915 to 1929,
restoration of the density of the range cover to 40 percent from 16, by
regul ated grazing, resulted in a 64-percent decrease in surface run-off
fromtorrential storms and a 54-percent reduction in soil loss. During the
past two years treatnent of plots has been reversed, and already the run-
of f and erosion figures are varying the effectiveness of increased plant
density.

Smal | scale results are substantiated by tests on drai nage of severa
t housand acres.

The normal run-off fromtwo forest and chaparral - covered wat er sheds
in southern California was neasured for seven years. One of the areas then
burned over. In the next year, while the unburned area reacted nornally,
run-of f increased 231 percent fromthe burned watershed and the maxi num
dai ly discharge increased 1, 700 percent.

The di sastrous flood of January 1, 1934, in Los Angel es County,
California, corroborated the research findings on nunmerous experinental
plots. About 12 inches of rain fell during 2 % days. From one drai nage of
4,000 acres, nearly all of which burned a few weeks earlier, canme a flood
whi ch destroyed 34 |lives and caused danmage estinated at $5, 000,000. The
maxi mum fl ood di scharge fromthe burned basin reached 1,100 second-feet per
square nmile, and altogether about 67,000 cubic yards of eroded debris, per
square mile of watershed were carried to the valley. From a nearby
unburned canyon, with the sane precipitation, the peak flow was at the rate
of only 50 second-feet of water and the debris discharge was at the rate of
56 cubic yards per square nile of watershed. The run-off ration was,
therefore, about 22 to 1 and the debris ration nmore than 1,100 to 1

Results on large areas of poorly managed range | ands parallel those
from forest |ands.

In northern Utah, beginning in 1923 and continuing to 1936, the steep
Wasat ch canyons have flooded with increasing frequency and severity.



A single canyon fl ooded four times in the sumer of 1930, destroyed severa
hones, piled boul ders wei ghing up to 200 tons on orchards and truck
gardens, and caused several hundred thousand dollars damage to valley | ands
and i nmprovenments. Intensive exam nations proved concl usively that the
floods originated on unbelievably snall upstream areas denuded by
overgrazing. The valley sedinents gave unni stakabl e geol ogi cal evidence
that no floods conparable to those of 1930 had occurred in the 20,000 years
since ancient Lake Bonneville receded fromthe valley floor. The volume of
debris fromthose recent floods exceeded all that produced during 20
centuries of normal erosion and deposition

During the past few decades floods of this nature have occurred in
such numnbers throughout the West, in the torrential rainy season, that the
| ocal western newspapers have carried al nost daily accounts of loss of life
and property damage fromwalls of water and nudflows origi nating on
depl eted range | ands. Between Salt Lake City and Ogden, for exanple, 15
canyons on the Wasatch front have flooded seriously in the last 15 years.

The primary justification fro research is human betterment. How then
shall we best apply on forest and range | ands for the hi ghest human good
such findings as those indicated, - and they are nerely random sel ecti ons

fromthe rapidly growi ng nunber already available — together w th other
observational findings and the results of many years experience in actua
forest and range managemnent .

The application of such findings and experience in forest and range
managenent has two great advantages. The first is the opportunity to
attack the erosion and flood control problemat its sources, to prevent
enornously destructive forces fromstarting rather than to attenpt to
control them after they have been unl eashed.

The second advantage is that the vegetative cover, whether range or
forest, is the only natural factor that nan can materially nmodify. Such
other factors as clinmate, geologic formati on and topography must be taken
as they are.

One i nportant phase of our application should be, through |and
pl anning, to draw the best possible |ines between | ands whi ch shoul d be
retained in forest and range and those which should remain in cultivation
and as far as possible to correct mistakes and rectify nal adj ust nents of
past trial and error, and to prevent repetition of mstakes and
mal adj ust ment s.

Furt her destruction of forest and range watersheds could be stopped
And in nost cases satisfactory watershed conditions restored and nmi ntai ned
by fire protection and non-use. This, however, woul d needl essly deny al
ot her uses for one. Wiatershed use is rightly nultiple. It should yield
usabl e supplies of water for industrial and donestic purposes, irrigation
and navigation, and it should offer protection against floods rather than
constant danger fromthem But except for very linmted areas, it should



Al'so include the production and use of tinber, forage, wild life, and many
other resources. It should provide essential recreational facilities.

Per manent civilization depends upon the sustained production of these
resources and services.

Continued full use of forest and range watershed | and depends,
however, upon satisfactory bal ance between destructive forces of erosion
and the constructive processes of plant growth and soil formation. | do
not mean that we should attenpt to regain the exact bal ance of virgin
forest or range for that would i gnore many demands of hunan use; but a
bal ance that will maintain for wise use all the basic resources of the
I and.

In the arid and sem -arid west the maxi mumyield of usable water is
essential because water is the key to the entire industrial and soci al
structure. The theory that on such watersheds water-consumi ng plant cover
should be elimnated will not hold. W have anple evidence that disastrous
fl oods and erosion result from denudation. Many watersheds are steep
soils relatively thin, and with torrential rains and heavy snows the
erosion and flood potential is critically high. The small gain, if any, in
usabl e water woul d never conpensate for the flood and erosi on probl em
created by denudati on. Forest and range nanagenent in the sem -arid west
must accept as a first consideration the necessity for protecting
wat er sheds from erosion and rapid surface run-off.

In hum d sections forest watershed managenent to increase total water
yields is largely unnecessary. But efforts to decrease hi gh peak fl ows and
if possible increase | ow stream stages by all feasible fornms of upstream
engi neering are a critical need.

More specific application of research findings and practi cal
experience in forest managenent may for the purposes of this discussion be
reduced to a few maj or operations: protection against fire, reforestation
and nethods of cutting and cultural operations in tinber stands to increase
the quantity and quality of the product and also the effectiveness of
erosion control and streanfl ow regul ation

On an average during the 5-year period (1926 to 1930), sone 41-1/2
mllion acres of forest |and were burned over annually in the United
States. One reason for this excessive acreage is that 190 mllion acres,
| argely on inportant drai nages, |ack any organi zed protection. A primary
requisite is that organized protection be extended to this area. Witershed
requi renents as well as those of tinber production make it essential also
that the standard of existing protection on approximately 320 nmillion acres
be raised as rapidly as possible.

Ref orestation is a second major form of forest managenent. Any
constructive programrequires the rehabilitation of |ands submarginal for
agriculture. Such land is now under profitable cultivation or has been
abandoned because erosion has renmoved the top soil or because productive
capacity is naturally low A portion nay be suitable for pasture and sone,
with protection, will reforest naturally, but the remainder will require



Planting. This in aggregate nmight involve as nmuch as 50 million acres. An
addi tional area of at least 10 mllion acres of cut-over and burned-over

forest land will not reforest naturally within a reasonable tinme and shoul d
be planted to re-establish a watershed cover as well as for other purposes.

Much of our remmining forest area is only partially productive for
ti mber growi ng and ragged irregular stands are not fully satisfactorily
neeti ng watershed requirenments. Better methods of tinmber cutting and
various forns of managenment are called for. For exanple, about 10 million
acres of forest |land were being cut over annually during the years
i medi ately precedi ng the depression. Through a conbi nation of cutting and
fire, an average of 850,000 acres annually were practically devastated and
made subject to erosion and rapid run-off. On only a small part of the
remai nder were systens of cutting foll owed that were wholly satisfactory
either fromthe tinber culture or watershed managenent standpoints. The
total area needing nore intensive managenent runs into hundreds of nmillions
of acres.

Unfortunately, m snmanagenent is not confined to our forest |ands.
The natural plant-soil-water balance has been seriously disturbed on from
85 to 90 percent of the 728 mllion acres of range land. About 60 mllion
acres of major water yielding inportance and an additional 292 mllion
acres of |low water yielding capacity are contributing heavily to the silt
burden of nmmjor streams and intensifying the problenms of water use.
Unsatisfactory conditions on an additional 237 nillion acres are
aggravating the difficulties in local water econony.

By far the nost inportant step needed to stop further destruction is
t he reduction of nunbers of donmestic livestock to a level which will start
the range on the upgrade. This will require reduction of sone 40 percent
in present nunbers. Systens of grazing worked out by research and
experi ence which will pronote the re-establishnent and nmi ntenance of the
natural plant-soil-water balance by natural revegetation should suppl enent
such reductions.

As on forest |ands, extensive watershed range areas are so seriously
depleted that artificial reseeding will be necessary. About 38 mllion
acres need this treatnent.

After segregating all the land on which grazing nay be continued, an
area of sone 11-1/2 million acres will remain on which, because of its
critical inportance in erosion control and water conservation, grazing
shoul d not be permitted. The area is characterized by such conditions as
steep slopes or |loose soils or difficult growing conditions. Usually such
| arge | ands are subnmarginal for grazing so that nonuse invol ves no
per manent waste or forage.

Engi neering nmust play an extensive part in good forest and range
managenent, and in the control and use of water



Tenporary works, such as silt-holding dans and drai nage terraces, are
needed in nany instances to nmake possible the restoration of plant cover
Such structures as small reservoirs, retarding dans, the restoration of
unwi sely drained | akes and swanps, revetnments, and other forns of bank
control, spreading works, etc., should supplenment what forest or range
cover alone can supply in water and erosion control. Many of these wll
inmprove wild Iife environnment, increase recreational facilities, and
provide small water storages for irrigation and snmall hydro-electric
devel opnents. Even in the high rainfall country engi neering projects such
as drainage pits and terraces to inprove on the best that nature can do in
the conservation of water may be desirable.

Land ownership presents one of the nost difficult problenms in a
coordi nated program of forest and range managenent. This is because of the

| ong standi ng Anerican philosophy that all land, regardless of its
character and productivity, should be privately owed. It is also because
each owner has been and is still largely free to manage his | and as he

pl eases, regardless of howthis may affect either the public interest or
his own. Since the private owner may not be able to take remedial action
or may not be interested, various forns of State and Federal cooperation
have been devised and applied. |In this field a big undertaking still lies
ahead. Furthernore, the possibility should not be entirely overl ooked that
the American public may become sufficiently aroused to take drastic action
to insure the nanagenment needed in the public interest.

Even though everything is done to encourage and assi st such a program
on private land, areas will renmain on which satisfactory results cannot be
obt ai ned under private ownership. These include | ands of especially high
public value for flood and erosion control, or where the cost of
mai nt enance of plant cover and necessary engineering renders the | and
submargi nal for private ownership, or areas in such stage of deterioration
that individual enterprise cannot expect to rehabilitate them Here State
and federal ownership nust step in. A start has already been nmade by
retaining in Government ownership a large part of the public domain in the
West and by land acquisition. The best informati on now avail abl e indicates
that it will be necessary to increase State and Federal ownership of forest
lands in the entire United States by approxinately 150 nmillion acres, and
of western range |lands by 125 nmillion acres.

Last, but not least in any constructive program of forest and range
managenent is the need for additional research on all phases of managenent.
Thi s need should not delay action along the many |ines for which workable
information is already avail able, but provide instead for increasingly
i ntensive requirements of the future

On the strictly watershed phase at | east 25 mmjor investigative
installations or projects are required, each including and rangi ng down
from wat ersheds of several thousand acres to small sanple plots and
| aboratory tests, and designed to ascertain for its own peculiar set of
conditions all of the facts of the cover-erosion-water relationship. To
meet highly diversified conditions of cover, climate, soil, topography,



Ceol ogi cal formation, and forest and range econony in the United States, at
| east 25 additional projects, less intensive in character, will also be
required.

In order to obtain detailed information on existing conditions as a
basis for appropriate planning and action, these projects nmust be
suppl ement ed by wat ershed surveys such as those provided in the recently
approved Omi bus Fl ood Control Act.

The consi derabl e progress al ready made on many phases of the
wat er shed probl em have not been overl ooked and should not be mnim zed,
even though tine limtations have prevented nore detailed reference in this
very sketchy discussion of a future program

Forest and range nanagenent constitute only one phase of upstream
engi neering. They nmust be integrated and correlated with all other phases.
But taken al one they nust deal with an enornous | and and water resource and
a variety of products and services. To carry out any program which
nmeasur ably approaches our present and foreseeable future nationa
requirenents will challenge the best efforts of any scientific and
prof essi onal groups, anong which the forester and range nmanager, and the
engi neer, mnust take the |eading part.



