








INTRODUCTION

Waterflow control must include a complete coordinatiocn
‘and adequate protection of entire watersheds. Along with |
this should go the development =2nd sustained use of all those
'natural resources found in a given watershed which affects
_the flow of water. This development and sustained use should
.be in the permanent interest of the people living on the
iand as well as of the inhabitants of more remote regions.3

The effect of the forest is to retard the runoff by
rpresenting barriers to a rapid flow of the water over the
surface of the ground.

Every tree trunk, fallen limbg, and dead stumpg pre-
gents an obst=cle in the paths of the tiny streamlets as theyr
flow down the hillside to the streams, and the shelter of
the trecs whdeh-affords a more uniform deposit of the snow=-
fall and protects the snow agzinst sudden melting in the spring-
time. Each of thése conditions in its own way affords &
better opportunity for the water to be absorbed by the ground.
The earth acting as does a sponge, absorbs =nd holds large
guantities of water, which obedieﬁt té the law of zravitation,
gradually flows throcugh the soil and finds an outlet. in
springs and rills and later flows to the low parts of the
vzlleys. The water absorbed by the sarth does not amount on
the average, to more ithan 50 Per Cent of the precipitation,
of the other half of the rainfall, sbout 40 Per Cent finds
its way into the streams and flowg back towards the sea,whiie

the remaining 10 Per Cent is teken up by evapcration and



vegestable growth. These natural actions have some effect
in mitigating the severity of freshets and increasing the
flow of the streams in the summer periods. ‘

There is no argument that forest protection is not
necessary or that reforestation is not desirable. 7

Conclusive evidence is to be found in the geological
formation of the valleys that floods have occurred through
all the ages, even though the virgin forests covered the

~face of the land.

Forest protection is a vital issue and of great pub-
lic concern and reforestation should be fostered and urged
fer tﬁe gake of ‘the forests themselves, =nd advantages should
be taken of such benefits as may sascrue from them in the
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conservation of watsr resources.

DISCUSSION

A watershed to foresters and erzsion tc agricul tural
and other‘enginesrg me=ns all of the land surfaces drain-
ing into a single stream.

In the ﬁast, there hsas been a natural and human tend-
ency on the part of those interested in control ovér the flow
of water to think.only in terms of their fields.  Today,
it 18 recognized that in attacking the problem, not only
must entire watersheds be considered, but every phase of
land use on watersheds. It is the job of the forester

to control water on the forested areas so steep that they
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reservoirs ss an adeguate and effectual means of stream
‘:flgw regulation.

| The whole surface of th: continen
'plains, and river courses has been'shap d by water in the
<-lcng;centuriee during which it has sought the sea; erodihg;.
carrying on and dropring sand, silf, and gravel, and even
huge boulders in its path. Cutting of org%e through moun-
téins, filling up depressicn, making habitable land uninhab-
itable and turning sandy deserts into gardens. The climate
of the earth and our ability to live on| the earth depends
upon the moisture in the air which stores and regulates
the heat of the sun's rays. Every living thing upon which
we in turn live, depends upon this water, and in the end:
our ability to move about the earth, and the power to run
oﬁr factories and trains, will all éome from water.
There is no other resourceé with which nature has
endowed us, which is so important for mankind, or which
‘hag been so long neglected and so little studied by man.>

ECONOMIC CONCERNS

The economcal or commerciasl value of water conser-—

vation will depend upon the extent of the danger of losses
resulting from restricted or unrestricted flow of the part-
icﬁla: streams under comnsideration, and | the benefits which
would result from regulation.e It is obvious thét the flood

waters pouring through the valley of some mountain streams

, mountains, meadows,



may have enormous power possibilities, and upon reaching

the lowlands may. inundate large areas of fertile land.
Investigation made in the matfer of damage done by

floods must cover the item of property losses, the effect
ﬁpon the public health and safety, and whether or not
disease and death follow as a direct/ result of the flood.
We must ascertain whether these supﬁliés-will be depleted
or become polluted and thereby made a méenance to the'public
welfare. | '

Logging is probably the most important economic
operation affeoting watersheds or communities wishing to
maintain = sufficient supply of pure water.D

Both the guantity and quality of the water are likely
to be adversely affected by clear cutting on a watershed.
The harmful effects of clear cutting are.
l. Fire hazard are greatly increased and burned areas
are e=sily eroded.
2. The storage capacity of a watershed is closely'rel-
ated to its cover:
3. Camps and logzing operations are very often sources
of pollution.5
Selective logging methods, or strip cutting which
leaves partisl foresgt cover on the land, and hastens natural
reforestation. Wisely regulated logzing could be continuous

on most wastersheds or watershed areas.
FORESTS AND OLIMATE

In watershed mensgement the complete significance



of forest effects upon local climates'is by no means yetb
determined. But, research at. the variéus forest experiment
stations has shown:that the control, by modification of the
iegetation, of interception of rain and snow, evaporation
dnd transpiration may.have é very important Place in water-
shed mansgement. 'Tn discussing the subject, therefore,
one has to be very careful in gelecting facts and in draw-
“ing Sohiltstons rrou: ENas. T

The physcial and physiological processes which acéom—
pany plants as they carry on their growth, must reduce the
temperature of the air, at least during the vegetative
period. First, because there is,evaporation of water from
the leayeg. Second, because the heat of.the sun is con-—-
sumeéd in this evaporation and one knows that a plant can=-
not becocme heated to the same extent that a rock or bare
soil can. The ground beneath growing plants cannot be
greatly heated bscause of the shading effects. Third,
the amount of surface from which heat can radiate at night
is much greater when there is vegetation on the ground than
when the ground is bare. Experiments have been preformed
and the experiments show that crops have a cooling effect
on the air. Fof every pound of dry substance produced it
has been found that corn evaporates 233 pounds of water and

-

turnips 910 pounds.
_Under good cultivation .an acre may produce sbout sev-
én tons of dry substance. If the evaporation of water be

only five hundred times more than the amount of dry subtstance



produced, then an acre will evapcrate during the‘vegetative
period sbout 3,500 tons of water. This example shows the
extent to which ordinsry crops can.contribute to the moi-
sture content of the air, and the cooliﬂg ef fect which iaoc=
. companies this evapcration.

Therefore, it can be concluded that as forests are

the most highly developed form of vegetative life, they

e 3 will exert this molsture effect in the greatest degree.7

TEMPERATURE OF AIR

In the basin of the Amazon River the largest forest
area in the world is found. This basin is 621 miles from
vthe Atlantic Ocean and also separated from the Pacific
Ocean by:very high mountains.

One would jhink that being such great distances
from the ocean, =nd so close to ‘he eguator that one would
find very high temperatures and great dryness. But, yet
there the averasge temperature of the warmest month and the
temperature maxims are not greater than the temperature at
the sea; and even not as high as temﬁerétures found in the
middle latitudes.

Thusrone can attribute this mcderate femperaﬁure to

the cooling effects of the forests)vdue principslly to the

evaporation of water from plants =nd soil in the tropiecs.

By looking at Table: TV one can se2 that this evaporation
of water likewise tékes place in North Americz, but not

to as great a degree.



The evaroration of water from forests differs ffom
evaporation from water surfaces: in that, while forests are,
during the day, continually using up heat by converting _
it into latenﬁ heat thréugh transpirstion, bodies of water
are directly heated.by thé sun's rays, becoming as it wére
temperature reservbirs,;and when,the iOWer alr, Which is
cocler, comes in contact with;thejwater, its tempserature
is raised. '

The ressbrzwhy'laaveé cool off so quickly at night
is due to the total area of the leaves. Then the leaves
reach the temperature what dew is formed, vapor of the aif
condenses on their surface. Therefore, part .of the water
which has been transpired during the day is brought back
tc the leaves to be transpired again the next day. The
forest, therefore, may be compared to the self feading
boiler, the water 1s evaporated into the air at the expense

of the heat of the sun and surrounding air..
TEMPERATURE OF SOIL

Forests influences the temperature of the scil in
almost the same wayAaé they do the air. This can be ex-
plained by the fact that the temperatures of bodies of air
near each other tend to become eqgualized by the move@ent
of the air eurrents.  The surface of soil is heated directly
by the sun's rays, while the s&r receives its heat chiefly

from the surfasce of the soil. Thus the difference hetween



" the temperature of soil in the forests wheie the ground
is partially protected from the sun's rays is especially
pronounced. Also one can sgay that this difference is not
% limited to the surface of the soil, but is detectable to
copsiderable depths. '

In‘the winter fhe-temperaxure of the soil in the
forests and fields differ but little when no snow is pre-
gent.

The temperature of the soil is higher in the foreets
than irithe fields when snow lies on the ground for several
monthé. Therefore, the fluctustions of tempersgture of
the goil in forecst is mucb smaller than in the field.

In eastern Prussia the following table was formed

and showed these results.

rabre 1 o
Outside the Forest Ingide the Foreét
Maxi- Min- Fluct- Maxi- Min- ' Fluct-
| A ggm ig;m uaﬁ}on wgg iggm ua@ion
First Station gli.02 12,92 -71.10. 71.24% 18 14 50 10
Second Station 26,00 23.00 63.00 63.32 ?5 i
Third Station g1.68 6.44 75,24 4L 58 16 52 he.ok

In the spring and summer egpecially,

the forest soil

is cooler than scil in open. - And in the fall and winter

the scil 18 warmer in the forest than in the open,

but the

degree of difference is always less than in summer,

"hat effect does the forest have upon fre

>zing as

compared with open lands? Soils under the forests may

reémain soft when the ground in the open is frozen hard teo
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some depth. “’And if ‘the soil does fre:zze under the forest
it 1s to a depth of from-.one-half to less than three- fourths

'of that in the open.

RELATIVE HUMIDITY

"

It is Quite evident that if the temperature of the
2ir is considersbly cooler ovar the foreat land thean the
open land, the relstive humidity will be higher. Also
~the transpiration of water by leaves appreciably increases

the moisture content of the air within or near the forests.

PREGIPITATION
EFFECT UPON LOCAL PRECIPITATION

. ‘Obgervation upon the influence of forest on local
precipitation began as early as the middle of the last
gentury, but systematic cbservations did not bagin ig\the
gecond half of the sixties. As a result mcst of the ob=
gervation zhor that forests have greatsr amounts of prec-
ipitation than dces non-forests.

When it was first'foundﬂthat forests receive more
rain, it was thought that the gauges were inaccurate. ' Also
the gauges in the open are subject to wind which blows the
rain from the gauge while in the forests the gauges are
protected from the wind. But, can the greater amount of
precipitation over a forest area as compared to open fields,
however, be ascribed entirely to this. Also today with our

a a A
improvfd rain gauges the difference is still the S?ﬁﬁbOL OF FORESTRY

OREGON STATE COLLEGE
CORVALLIS, BREGON
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The diffioulty of bringing out clearly the fact that
forests have an influence upon precipitaxion,'results from
the fact that the bulk of the foreste are in the mountains.
Al titude has a definite effect upon the amount of precip-
itation, and this argument has been brought forth. Bus,
likewige. there are open fields at the high alitiudes so0.a
study was made comparing the precipitéﬁion in-the forests
with the precipitation in the open fields ol the nigher
altitudes. The results found from this experiment show
that the forests attract more precipitation at higher alt=-
itudes. .

Table II /

Precipitation Within and Outside of Forests at
Different Al titudes

Altitude in Feet
330-659 1970-2300 3000-3 250

Inches Inches Inches
In Forests . 26.2 42.9 9.9
Outside Forests 22.9 . 360 37.9
Difference 2.3 69" 32,0
Percent 14,2 19.0° gy, 2

“The figures in the tsble show that the influence of
the forests upeon precipitatioh increases with ﬁhe increase
in altitude. Therefore, while it is true that mountains
affect precipitation, wooded mountains affects it to a

still greater degree.
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-Table III 7_
Coniferous and Broadlsaf Influence on Rainfall

: Rainfall
Above tree Tops In Open Difference
Inches Inches Inches
Broadleaf 25.8 24,8 3.0°
Coniferous 26.3 24,0 2.3

From the above table the results show that coniferous
tress have a greater effsct upon precipitation than do the
broadleave trees. The gresater effect of coniferous for-
ests upon the amount of precipitation cannot be due to tran-
-8piration since coniferous forest transpire a lesser amount
of water thaﬁ broadleaf forests.

- This greater concentration of vapor over coniferous
forests mustlbe due to the fact that the croms of coniferous
tress intercept greater amounts of precipitation and there-
fore return into the atmésphere larger amounts of water
by évaporation. !

- Probably the greater =zmount of precipitation over
forests during the fall énd winter, when the clouds are low,
is due to the result of condensation, due chiefly to the
mechanical obstructions offered to the moisture;ladden
strata of air by fhe trees.

Opportunities for comparing the climate of similar
contiguous are=s of large size, differing only in the
presence or absence of foreasts are rare. However, one

exlists in sastern Tennesssee, where in relatively recent



13

years =n area of 1000 acres in Copper Basin once heavily
forested has been completely}denuded by émelter fumes.
Surrounding this island of absolutely complete denudation
is a zone of 12,000 acres which supports a2 stand of per-
ennial grass. This in turn surrounded by a hardwood for-
est of approximately the same composition as that which
occupied the basin.t |
Two years records in these zones showf

Table IV

Table of Denuded and Forested Land

Wind Velocity ; Evapdration
Winter Summer Winter Summer
Denuded Land 7 to 10 34 to 40 2 7
Times . Times Times Times

Greater Grester Greater Greater

Average : Precipitation
Daily &
Temperature 1936 - 1937
Winter Summer Winter Summerx
Forested Land 3 or k4 £17.5% 4287 te5%  428%
Degrees
Lower

This record, although of extreme interest, is so short

that until further study and analysis have been made, great

caution must be used in classifying " rain production " as

an}axtribute of forest cover.l
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SUMMARY OF .EFFECTS OF FORESTS ON CLIMATE
Accurate observations continued for many years in

different parts of the world, established with certainty

. the following facts in regard to fhe influence of forest

supon climate.

The forest lowers the .temperature of the alr inside
“cand sbove it. :The vertical influence of forest upon temp-
eratures extends in some cases to a height of 5000 feet.

Forests increases both the abundance and freguency
:.of local precipitation over the areas they occupy, the
excess of precipitation, as compared with that over adjoin-
ing unforested areas, amounting in some cases to more than
twenty=-five per cent.

The influence of mountains upon precipitation is
increased by the presence of forests. The influence of
forests upon precipitation is more marked in the mountains
than in the lowlands.

Forests in broad continental valley enrich with mois-
ture the prevailing =air currents that pass over them, and
thus enéble‘larger guantities of moisture to pantrate into
the imerior of the continent. The destruction of such
forests, especially if followed by weak herbaceous vegetaxion‘
or complete baring of ithe ground, affects the climate, not
necessarily of the locality where the forest are destroyed

but of the drier regions into which alr currents flow.
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FORESTS AS CONSERVERS OF PRECIPiTATION

A1l of the water which is precipitated over an area
covered with vegetation does not‘go to’swell the underground
drainage which feeds the springs and the regular flow of
stresms. Some of it is dissipated beferée it has a Sonbap P

to reach the lower stratas.

INTERCEPTION OF TREE CROWNS

On bare grounds, especially plowed fields, it is very
evident that the rain which falls has no chance of inter-
ception by vegetation. Then on fields which have grass
some of the rain is intercgpted, but as we come to the trees
the intereption 1s the greatest, especially when the trees
ére in leaf.

The interception by :trees varies with different species
The broadleaf trezs do not intercept nearly as much as con-
iferous trees during the course of a year. Under average
conditions & Spruce forest will intercept about 39 percent
of the precipitation, and a broadlesf forest sbout 13 per-
cent. But, even in the winter, when the leaves are off the
broadleaf trecs, the branches prevent a portion of the prec-
ipitation from reaching the ground directly.

The amount of precipitation intercepted by trees
varies with the age of the tree, it ;s smallest in a young
gtand and greatest in a middle age one.

When a light rain is experienced, a much grsater

amount of water is intercepted by the trees in the forest
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‘.. than when a heavy rain is experienced. Also in a region
“where precipitation is heavy and prolénged, the ground
undér the forests, no matter whether coniferous or broadleaf;”

will feceive nearly as much as bare ground. ToO us in the
Pacific Northwest this is quite evident, as most of us

have been out in the.forests during the rainy months and
ﬂhave become as wet as when cut in the open.

| In regions where rains are light and not of prolonged
durstion a considerasble amount of precipitation will remain
in the trees and be soon evaporated without ever having
reached the ground.

In many cases where the precipitation is intefceptedf
by the trecs, only & part is lost due to evaporation into
the alr, A considerable amount runs down the branches and
then down the trunk into the ground. The amount that reaches
the ground in this manner varies with the species, bark, ani
--charactsr of branching.

‘In coniferous forests the amount of precipitation which
reaches the ground ‘along the branches and trunks is very
small ( 0.7 to 3 Per Cent ), while in deciduous forest,
under average conditions, is sbout ( 15 Per Cent ).7

That portion of precipitation which does . not reach
the ground directly is not lost to the forests. Its evap-
oration increases the relative humidity of the air, which
with the lower temperature vifhin the forests results in

condensation, especially in coniferous forests, of a gpon-
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giderable amount of moisture in the form of fog, dew, or

frost.

EVAPORATION FROM THE SOIL
Experiments on the-influence that forests have on
evaporation from both soil and water surfaces, have besn
oarried on in France, Germany, and Russia._
| ‘And, all of the résuits'fOund in these countries are
practically the same and that is, evaporaﬁion from a free
water surface is two and helf. times grester outside of the
forests than evaporation inside the forests.

‘Other results from thé experiments preformed in
Europe the following results were found. Evaporztion from
bare sandy soil in the open was 33.6 Per Cent. This as
¢ompared'to these results, evaporation from forest soil
without leaf litter is 39 Per Cent, and wi*h a cover of
litter 15.4 Per Cent of the amount evaporated by a similar
801l in the open. If this ssme ratio holds for wintasr then
within a forest a solk, covered with leaf litter evaporates
7.7 Per Cent, and one without litter 19.5 Per Oent.l

' In open stand such as Pine in eastern Oregon, the evap-
oration that tskes place from the forest soil will be above
the average; while the -dense stands of the coast, with heavy
foilage, the evaporation that taskes place from the soil
will be below the aveiage.

"ind exz2rcises a great influence on evaporation at all
=
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times of the year, by ceonstantly renewing the air that ds
in cont:=ct with the molsture containing surfaces.

Thus the forests act as a breaking force of the -wind
and acts as a check of the circulation of the air, and
reduces the evaporation of water or snow from the forest
soil.

The character of the soill cover has its effects upon

the amount of water evaporated from the scil. If there is

'a heavy mulch or leaf litter it acts as a cover for the

g0il =nd prohibits the evaporation. Leaf litter will de-
crease evaporation by sbout 15 Per Cent.7

Evaporation from the soil in open points decreases
grestly with an increase in altitude, but with the forest
and iitter covzr, thers ig a considerable amount of Aiff-
erence, although the difference between evaporation in the

opeén and the forests at high altitudes is not =g gresat 28

at the lower levels.

TRANSPIRATION

This may be called physiological evaporation in
distinetion from physcial, since it is essentiai to the
physiological function of the tree.

This is a very complicated physiclogical process,
and: ealthough this problem has been studied by a large
number of investigators, the exact guantities of watszr
trangpired by different trees and plants is s8fill unknown.

Hoknel carried on experiments on forest trees and
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his results are shown in the next table. The figures are
only for the vegetative secson and show the number of pounds
of water transpired for every pound of dry leaf substance.

In the drier climates the plants need a grester amount

+. of water becsuse the transpliration rate increases. Therefore,

if Srenspiration greatly exceeds absorption; the plant may
wilt or even die. Thus one is asble to see that transpiraxion'
is not only a physcial neéessity, but may be injurious to A
the plant. In some caées it hinders nutrition, which is
checked by wiltirg; in others it le=ds to death. This is
why in yesrs of drought plants are poorly developed or
e?en perish. .
Table V !
AMOUNT OF WATER TRANSPIRED BY :DIFFERENT FOREST

TREES PER POUND OF DRY LEAF SUBSTANCE

1878 1879 1820
Species Pounds Pounds Pounds
Birch 679.57 a45.13 918.00
Ash E ££€.89 08%.05 1012.50
Beech 72.46 850,59 913.80
Maple Lg2.27 SLtets 11 20
Elm 4$07. 31 755.00 22.80
Oak 283, 622,21 621 .50
Spruce 54. +7 206.36
Scotch Pine 58 .02 103, 79 12%. sc
Fir 4,02 77+5 93.80
Augtrian Pine 32.07 99. 02 70.05

In all probability this table is far from right,
but it does show that trees dec transpire a considerable

amount of water. It also shows that during the vegetative
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#* period, Birch and Ash trees transpire for every pound of

dried cut leaves, more than any other forest trees. Conif-
erous trées transpire the le=st. The difference in the
ambiht of transplration in the different yesrs is expbained
bywthe fact that during 1879 and 1880 more rain was exper-

iencéd; therefore, more water pentrated the soil.

_ SURF ACE RUNOFF CONVERTED TO SEEPAGE

In the mountains and in the open fields the greatest
»sburces of loss of precipitation is through surface runoff,
and the most important influences which a forest cover has,
18 a reduction of this loss. '

A german investigator; Ney, estimates the amount of
water which the forest cover saves for the soil by reducing
the surface runoff and changing it to underground seepage
to be as follows. For forests at low altitudes where rains
are not heavy and the soil is less subject to freezing,

20 Per Cent; for forests of moderate elevations, 35 Per‘Cent;
and for mountain forests, 50 Per Cent of the precipitation.!

The seving which forest affects the amount of runoff
.is more than sufficient to affect whatever loss may be
sustained through transpiration or interception of tree
growns. ' !

When the ground beneath a2 forest has a unbroken leaf
Litter, the ability of the fcrests to cheék surface runoff
is greatest. A forest that does not have & leaf litter has

1ittle effeot on the checking of surface runoff.
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It 18 quite evident that a normal forest in the
mountains saves more wat:r for stream flow than any 6ther
vegetal cover or any bare surface is shown by the abundance
of gprings in the mountain forests.

A unfounded contention is that if forests are to.:
control stream flow it is necesgsary to keep them not only
on the head waters of the streams, but also on their lower .
_'levelé, since the latter forms by far the largest part of 7
the drainage basin. | :

The greatest inflﬁence of = forsst upon stream flow,
ib,ax high &ltitudes, where precipitation is heaviest, -slopes
gteepest, and erosion easgiest.

A reduction in the amount of éurface runoff has two
main advsntages, these are first, it means an increase of
underground s=3page and second, prevention of erosion.

Thegse two factors are the result of:

SEVERITY OF RAINFALL CHECKED
The amount of water that filtsrs into the ground
depends for on thing, upon the length of timé water remains
in contact with the soll. A forest acts in modifying the
sevérity and the duration of the rainfall. The branches
and leaves bresk the force of the raih,,so'that the water
reaches the goil without ~-reat violence, snd at the same time
prolongs the duration. Of course, as it was stated before

that the amount of rain which hits the ground direect will .
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" depend upon the severity of the rainfall and the length of
time that it has been raining. One can go -into a forest
*gfter s good rainstorm and for severgl hours water will
“drip froﬁ the leaves =nd twigs. Therefore, water in the

- forests falls more quietly and for a longer time which

egnableg the goil to absorb the water.

MELTING OF - SNOW RETARDED

‘ In the open spaces where there is a rapid melting of
-ltﬁé snow when the ground is frozen, a considersble amount
of surface runoff ig the regult and the surface soll 1is
unable. to absorb the water.:

| ‘TThe rapidity at which snow melts in a forest will
'jarvaith the ‘different species, and with the age, density,
and the location of the stand. This variation has besn
pro#en from year to year by experiments, irrespective to
the weatﬁer at the time of melting. The snow firgt dis-
appears from the openings'cr clearings in the foregts,
simulténeously with the snows dlisappsarance in the open
fields. The next location that the snow disappesrs is
from young forest plantations, where the stand has not
been able to close, followed by the disgappesarance of snow

in the dense sta=nds of older tinmber.
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Teble VI 7

Table of Snow Discppeasrance

In, fields, cle=rings and open places . April 22

In young open stands April 2#

In old openstands on scuth slopes April 26

In Birch stands A April 29 2
In Pine stands , Nay 5oL

In Spruce stahds May 15

Thus, while compared with deciduous st :=nd, coniferous
forests, especially pure dsnse spruce, prevents large
- ageumulationsg of snow from rapid melting,; and for this
r2ason ‘they ére mere efficient in reducing the heightrnf
”the spring freshets. The reason why deciduous forests do
‘not hold the snow longer is due to the shsence of foilage
while the conifercus trees have foliage which protects the
snow from the sun, »

In cultivated fields snd elearings in the north, the
ground is still frozen when it is time for the snow to melt.
This, together with the rapid melting of the snow in these
cpen; spaces causcs the water to runoff in large quantities.
This freezing of the ground in the fields and clesrings
ig:due: to the unimpeded radiation in the fall, .and.the
blowing away ‘cf the snow, which wculd otherwise offer a
protective cover. So with the freszing of the zround in the

winger, end when the snow melts =nd g large arount of water
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runs over the frozen land surface, the #eter 1§}unab1é Toe o
-pentrate 1nto the cround b 5 - ; »
o In the forest the seil is warmer than the soil in tbe

;tppen, due to ‘4he protection from the: trees and other veget- :

f?zlation which prevents rediation to +ake place $lso the ,
Lé_g;seil under the forest is protected by the leaf litter, which}':ﬁhs‘ﬁ'

ﬂieief"poor conductor of heat which both prevents it %o cool
fotfﬂend freeze in the wwnter, and in the-process ofsdecom{w_;ﬂ f#j:;:
"epesition heat is added to +He soil. -Onethas'tg be céiefﬁl L
"‘ e new of making too bold 2 statemeﬂt a8 itlthe north country‘
‘;2 there 13 V°Ij little decom 031tion, but there is 3 very ’=” 

';deep layer of litter-which offers good protvction. Added

.“tofthie is the protective cover vhich is cffered by the b

"snow. %

: Thus with this protection the ferest soil either

3;dees not freeze at all or 1t freezes later in tho w1*ter

ani +o nov as great’a depth ‘28 soil in +he ope“ spaces, ,_: ¢

"L,__ra.r.}d it tha'vs out in +he epring uﬁd’-"r t“ze eno*v One can 7 ‘

rapidly gee that vi h,,_t 16 alow mel'*lng of +he sno‘v with the :
‘;uhfrozen cr eli~htly froven condition of the ground beneath,n* ¥
‘permits & much greater amoun+ of Lereole ior ther inthe
‘Qpen. Coniferous st*ﬂde have g larges tendency . to hold

d‘“~wat=r than broadleaf stands ' :

f‘* The*e is one other importent fact that is sometimes

% :cverlcoked besides ‘the relative high tenpernture of forest
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sbii; and this is if the soil of watsrsheds remain goft

and unfgpzen, the ground water which feeds the streams

cohtinue'tec flov all winter, keeping the normal Winter.
rwater‘stages up. If this uhdergrcund water ceases: to flow

1nftbé rinter the streams freeze to the bottom and when the
enow melts in the spring large quartitiss of water are put

forth,

SURFACE RUNOFF OBSTRUCTED

In the forest floor which is pentrated by many roots
and covered by branches, stumps, and other obstructions,
thé suiface runoff is obstructed and the water is permitted
tofsink intc the ground. Pentration of the vatei into the.
soll is made easier by the deep channels in the soil which
héﬁe‘been left by the decay of the rqots.

The ‘porgsity or premesbility of the soil has & great
influence on the amount of surface rumff. The crowns of
the trees .cffers protection tc'the goil by bresking the
force of the rain which falls to the ground and this prevsnts
‘the soll from becoming compact.

The depth of the soil has =2 bearing upon the smount
of water which it c¢an retain. <WNo matter what kind of soil
it is, a thin goil cannot retain any large amumnts of water.

‘The forests will offer additions to the soil by two ways.

First, the leaves, litter when decomposed becomes 2 part of
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the soil and second, by inducing the rock under the soil
te disintegrete; | |

' Durirg the vegetative sezson the demand of the”
forest upon the water stored in the ground is very great,
“In the summer the forest, like crops, consume more water
than 1t receivés in the fbrm of precipitétion. At the
‘end}ofAthe vegeﬁative seascn, therefore, the leveliof the

‘underground water is low 28 a result, thus the forest soil

. can absorb large quantities of water during the period'of

vegetative rest, where there is an excess of water on the
grcﬁnd, gither from hesvy rains or melting snow. The forest
soil, therefore; forms a reservoir whose capacity is great-
est when the excess of w:ter on the ground and danger of
floods is the greategt. The water stored in the time of
rest is used by the vegetation and for the flow of streams

" latér or when there is usually a deficiency of precipitation.
A brief summary would show that forest really affect

" not only the water to be conserved but the entire climate.
In the coming years more attention will be given to these
ideas and scientific imvestigation will be carried on to

conmfirm all the ideas which have been offered.

MULTIPLE USE
A well stocked forest is unexcelled in furnishing
natural pretection for watershed and reservoirs.

If an excellent protection forest can be established

"

E
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and maintained in a manner to pay its way and return a
profit, this should be accomplished.
The porular idea sometimes encountered that all cut-

ting of trees in the forest must be prevented if good

"\protection and pleasing landscape effects are to be secured

is erroneous. Cutting of trees is the most effective tool
- which the forest manager has at his command, not ornly for
ssocuring a steady supply of timber, but also develeping and
'maintaining gatisfactory forest landscapes and the best
protection forest.2

From all three viewpoints it»is»essential for satis-
factory results that the maximum cut of wood and timber
to be held within certain limits. Very rarely can more
material be rémoved than is eguivalent to the growth of the
forest during that period. If a larger cut is made the
effectiveness of the forest in accomplishing its functions
is dimished.

Growth is sllowed to sccumulate and build up the
growing stock of trees. This is a necessary step before
the forest can reach its highest usefulness as a protective

cover.

TIMBER PRODUCTION ON WATERSHEDS
Many American town have discovered that watersheds
can be used for other purposes than water production.6
The development of thege forests means that money can

be 5rought into the city coffers, and idle men put to work.
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THE CEDAR RIVER WATERSHED

When the city of Seattle set out in 1900 to acquire
cbntrol of the Cedar River Watershed in order to protect
its city water supply, there were those who said that the
¢ watershed contained enough good timber o payrfor the forest.

_ People wondered at this and weré gskeptical, but the

city took a chance and as = result the forest has paid back
to. the city néarly a million dollars or enough to pay the
debts and surplus énough to pay expenses.

This area was originally bought only for protection
of water supply, but the city discovered that forests if
properly managed has many uses and can serve many purposes.

But, in order to have good management, forest prot- |
sction is the primary need. Also as the forest products
are cﬁ£, means are needed to put trees back on the aresa,
énd this usually is accomplished by planting, which although
expensive, puts the area back to a producing capacity and

also a water conserver in a shorter length of time.

THE ELI WHITNEY FOREST
The Eli Whitney Forest, which was set up by the
New Haven Watzsrshed Company of New Haven Magsachusetts,
in conjunction with the Yale School of Forestry, has done
much in the.proving that watershed and timber production
can be carried cn together.

Other multiple use are game production, recreation
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~.and grazing, which if properly managed will aid the people

;and the surrounding territory.

~ CONCLUSIONS
The report shows Ehat forests have effects upE;l;he
vclimate,_temperature, rainfali,‘ahd others, but this is
;[not‘éuffieient proof to conclude thaxithis irnfluence really
;'exists'or.is of importsnce.  One would like to believe that
: forests do~ have veneficial effects snd in the coming years,
e areseaxch will give evidence of the real influence that :

ferests do have on. the conditionsAyhich humang live. Algo

research should be done to sse if there éie’other vegetation‘

tP@Y will preserve more weter,than do the forests. Because
laige;qﬁanﬁities of Watef i6 lost due to tranepiretion_and
pcrstion from: ‘the treeéyé v :

In yeqzs before, reople could only think of preeerving
the timber for vatersh°d protection and get large areas
aeide,soley for this purpose. Ag a result considerable
ekpenditufes were spent in protecting these watersheds and
H;?no.refurns wsre gathersd. low there has been a reverting
53 gﬁange‘ofAthis policy to:the mﬁltiple userﬂolicy of the |
vvatersheds.” Payin? net only for the expense of the vater-

shed, but slso providing a me:=ns of employment for many

individusla. Why should large =reas-of timber be set aside -

and sllowed to decay without any other benefits other than

: water produetioh?' There are many arguments both pro and con.

?‘._






