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The shrinkage

of our zlaciers bear 3ilemt witness to this warmipg trend and to the fact
oy - L=

that ve have lost é'greaﬁ deal of "[reze" water vhich was stored in the
glaciers since thz last ice age. I this werming trend continues will
it cause an increase in the rate of melting ard evaporztion of our gla-
eiers? Will this inmcre=ese in evaporation, if it continues, cause some
of our lakes to dry mp =zod disappsar? Uild the.uarming trend, if it
should continue, deiximentally affect the flow in our streams? . If the
climate continues to grew warmer will this result in-a need for irriga-
tion iﬁ areas now recsiving adequate supplies of water?

These are dif¥icult problems of a hydrological nature for
which hydrologists have keen trying to find solutions.

‘These problams, s2long with ﬁhe need for large supplies of
vater for agriculture, idustry and domestic purposes, have given rise
to the question of tke zdequacy of our present supplies to the means
of preserving these supzliss, and the possibilities of increasing these
supplies.

Our preéenﬁ stedy deals with one of these questions can we
increase the flow of water from a forested watershed without upsetting

nature's delicate balancab,

On the enstern slope of the Rocky Mountains rises the Saskat-
chewan River system. T2 river originates at elevations of more than
10,000 feet ebove sea 2zvel and flows in an ecsterly directlion through

three preirie provirces into Hudson Bay.




The most prolific and dependable source of water for thia
river sysiem is the eastern slopes of the Rocky Moﬁntains and the foot-
hill region above tke 3,000 foot lewel. 1In this reach of the river
the water tumbles in relatively unstable channels until it quietens
to flovw sersnely thromch the prairie lsnds. large amounts of uaté;
from the streams is diverted for use on the fertile prairie lands on

which hangs the continmal thre=t of drought,

It has beem said that "Water is Life" and nowhere is this more.
apparent thon in the S:skatchewan:River System. The grester percentzge
of the people who liwve on the prairies live within resch of the waters of
this great system a2d depend on it for their existence.

The need for a study of this probiem becomes readily apparent
when one considers the erpansion in Alberta's industrial complex and the
corresponding increase in our pOpulatiOn and the demands this increase
will make on our supmlies of good clean wéter. Any means of coﬁtrolling
or increasing this supply must be investigated to provide for our expan-
sion. This need for information on what changes can be made in the total
supply of water by foresi management has resulted in this summary‘of exis-
ting information beirg mndertaken. -

The report-is divided into five main parts:

(a) A short introduction into the factors affecting runoff.

(b} A definition of terms.

(¢} A summary of research projects and their results.

(@) A generzl look into the cﬁanges in Alberta and their pos—

. gible results. |

(e) A bibliography of exdisting literature.




T2 lack of adequate streamflow and meteorological data and

inforaatico as to the magnitude of the changes vhich have taken place
with regari 1o ve
ings forth ibe peed for research on this subject.

The Iastern Rockles Forest Conservation Board'requested that
reasearch be wertaken iﬁto the problem in 1960. An Advisory Commit—
tee was s&t up to investigate and report on a Wetershed research progrem
for the Eés%e;n Slones of the Rocky Mountains, .

Flzns have been laid anéd some research programs have heen
started. Toe collection of basic data is underway. Two watersheds
have been tHosen for intensified research programs. One is on Marmot
Creek in the Xananoskia drainsge basiﬁ and the other on Dry Coulee fur-
ther sowuth. -

1%is group, once organization is completed, will be engaged
in, ancng oizer things, reseérch into the effect of a change in vege-

tation on itz rimoff frem the Eastern Slones of the Rocly Mountains.
[y

In Alberia we havertwo basically different types of runoff,
In the =2arly spring the melting sﬁou fills the streams and draiﬂaga co—
urses of the prairie and foothill ﬁreas. |
T=2 precinitation which haz bezen stored as snow in the mount—
ains, curi=z the winter, melts in the lgte spring and early summer cau-
sing peaix s on the streams and drainage courses of the area. These

streams ere s5u7lly norennisl in nature and provide the main source of
v I Iy

getation lesds only to generalized conclusions and br- .
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Tt is in the mountain and foothill area that our athention
rust be azxinly directed if we are to determine the effect that a change
in vegetation has had, in tﬁe past, on the runoff in our stredms a#& it
iz also tke area to whichrue must direct our research to_find out how
we can best control these water resources for the futufe.

The forested areas produce about 80% of tﬁe water.flowing in
Alberta sireoms. In the Saskatchewan River basin the forested area
produces 77% of the water availablerat the Alberta—Sasknkéhewan boun-
dary. OFf ihe remainder, 153 of the flow rises in the Parkland and  the
resaining §3 comss from the prairie region (Fig. 1il.

Since 77% of the runoff occurs in the forested area, it is in
these regions we must look for the major chenge, if ony, due to a change
in vegstaiicn,

This veport deals mainly with forested areas and the research
which has besn done on this tjpe.of area. The actual areas in which
the research was umdertaken are not all comparable to the forested area
of hiberta > so, results cannot be directly transferred to this area.
The resulis do, hdwever, glve zn indication of what we mizht expect and
in the cases where chaﬁges have already been made what pffect they may
havz had on fhe tot2l rumoflf,

This report will‘show that sufficient informaticn is already
available {0 give us good reason to bslieve that changes in vegetation
that have =2lready occurved in this province have definitely changzed the
znmount and distribution of our totnl streamflow and thal other changes
could te mzZ2 in line with good forest management to provide us with

incress2d fZows fron the focested arens.




The followinpz requiremonts for a2 watershed progrem were pub~
lished by the Aﬁqrican Torestry fssocintion:
1. A nation-Wide inventory of areas that are sourc;s of water,
with special referenca to the amounts, rates,qualities of wvater fiow

and the tvpes, cxtenfs, and values of water use.

.2. Classification of watershed forests in terms of théir requi-
rements eond values for the higbest water proiuction,.erosion prevention,
and flood and sedizent damage abatewent. |

3. Application of measures to protect end manage forests designed
to mgx;mize-tha contributions, for a given set of conditiéné with regard
to the feﬁuircmgnts for timbsr, recreation, and'pthér forest ﬁro@ﬁcﬁs
and services. |

4. Intensified and more wide spread application of measﬁrés to

jmprove the soil and waterflow in forested and damaged watersheds.

We nake ne claim to originality In this study because many

other countries have embarked on similar studlss in their'own.wafer—

sheds. If this study focuses zitention on some of the problemsrin—
volved and draws together the meny loose threads of human knowledge in

this area, then it will have achieved ites purpose,
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PRECIPITATION-RUNOFF RELATIQONSHIPS

The effect of a change in vegetation on the runoff characteris~
tics of an area is directly dependent on the precipitation—runoff relati-
onships for the zrea. To understand these precipitation—runoff'cﬁaract—
eristics one wust have a general understznding of the natural phenomena
related to precipitation =nd runoff.

This section has been written to give a general insight into
these natural phenomsna. -

There are four maiﬁ factors which determine the size gn& shape
of the stream flow hydrograph. Each has its own separate effect on tﬁe-r

stream flow of an area but each, also, has an interrelationship with the

other in the gemneral effect on the total runoff.

The first and probably the most‘importént is the climate ;f the
drainage basin. The water which eventpallylreachea the stfeam aS'surfacgf
and subsurface runoff, as well as thqtirequired for plant growth énd‘that g
lost in-evaporation, must first fali, either in the form oflfﬁin.or_snou. ‘
The temperatwre, amount of sunshine, velocity and direction of fha wind,
relative humidity as well as the precipitation are all factors in the -; o
control of plant growth, rate of snow melt, evaéorgtion by plant and
ground surfaces and, therefore, the rates and amount of stream flow. -
The type and gTOUth.Of all vegetation is dependent directly on the'clim—
ate of the area, |

The secoﬁd major factor affecting runoff is the tbpographj of
- the drainagé basin., The size and shape of the Qatershed are permanént

characteristics, Their main Influence is in the time of concentration

of the runoff from the area. The time of concentration is also affec—






ted by the size and nmber of drainage courses in the area. Steep sl-
opes present limited possibilities for surface storage and the runoff

from these areas is generally rapid and of a flashy nature. Gentier
slopes provide greater oPportﬁnities for detention or surface storage }
and the runoff from thesz areas is generally slover and of a less fla- ]
shy nature., Large watersheds are of a very comwplex nature and the'def-
ermination of the effect of size and.shape becomes extremely difficult;
However, these topograthic features cannot be modified and their effect

on stresm flow remains constant.

The third major foctor affecting stredmflow is the type and con-
dition of the seil loyer. '~ The nunber, size and shape of pore sSpaces con—'
trols the rate of entry or infiliration of water into the soil, the rate of
trorel or percolation througlr the soil layer and the amount of woter thch
may be stored in the co3l reserveir. Surface runoff from an area will not |
sensrally start, untess the rate of snow melt or precipitation exceeds the !
infiltration rate, umtil the soil reservoir is completely filled, therefore,
the condition znd tyme of soil has a controlling effz2ct on the amount of

water which will be available for plant growth and both surface and ground

water runoif.

The final factor affecting runoff is the type and densit& of the

vegobal covering. A d=ose stand of trees or bushes will intercept a con-

siderable amount of precinitation, thus preventing it from reaching the
soll surface. The intercszpled precipitation is generally lost as evepo—-
ration. Grasses and less dense vegetal stands intercept less water snd

hence more moisture reaches the soil and less is lost by evaporation on
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the pignt foliage. The shode provided by the vegetal cover is on impo-
rtant factor in de‘:.er-'c:r':ng the omount of evdpora.tion from the soil sur—
face. The debris or pl=mti litter hes a definite effect on the evepor-
ation from the soil st—Zzce ond the rate of rwnoff from an area. Plant
roots have an immortz=t =7fect on the infiltratioﬁ and percolation rates
as do the dead vegeizad r=tter in ths soil profile, |

Evapotranspirziion varies with different plants from 2 minimum
in certain fypes of grass to & maxinur in certain trees and plants. The
latter ;nga.nts are scoetimes ealled phreatophytes or water loving plants
and are generally formil =Rorg streams or around bodies of water.

Therefore, thes wegetal cover can have a marked effect on the
total amount of sireex®l~s from zn area and also, on the rate at which
tkis runoLf occurs.

Sciantists, tofrr, consider that only two of these four factors
are 'ch:-m_geable se, if zny change in the runoff rates or pattern is to oc-
cur it musi be from tre oieration of {a) the soil type or coﬁdition or.

from (b) a change in the iype ond density of vegetal covering.

Research worZzzrz aze endeavourirgz to control the amount qf pre—
cipitat;l.On by clowd seedi:g and other methods. Those actively engaged in
the projects are not trapered to say they can alfer the total amount of

precipitation falliog 3n tLe area. No doubt, th.l."i unr!-: will continue and

at sone time in the I=iur= man mny be able to exert control on precipitation

but for the preseni ihis iz not eonsidered feasible. The best hope for con-

trolling streamflow a itz present time zppears to be by altering the soil

condition oF Lypc or chzmz=nz the type or density of the vegetal covering.
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Soil Tynes ond Choracteristics

The orysical cheracteristics of soil determine its infiltration
rate, its percolation rate and ifs storage capacity. Each of these fac-
tors has en effzct on the total streamflow from the area by determining
the proportion of the water which will run offras surface flow, subsurface
flow and base flow.

The retention of water by a soil is related to the sizs and arra-
ngement of the soil spaces or soil pores. Fine textured soils have a gr—-

eater porosity then coarse textured soils and hence clays can geﬁerally

hold more water than sandy soils.
Fig. 2 shous the effect of different soil types on the moisture

holding cavacity of the soil. Above the field capacity of the soll is

the detention storage. Between the full capacity snd the wilting point-
is the capillory storsage 2nd below the permonent ﬁilting polnt is the
hydrescopic or ron-available storage.

About 187 of a clay loam molsture is exﬁractable for plant gro-
wth compared to only 8% in the fine sandy loam. Very little moisture is ;
removed from the fine sandry loam after fhe tension reaches 4 atmospheres
vhereas considerable is extracted from the élay loam up to about 12 atmo-
epheres of tension. The tension is created by the plant in its attempf
to remove the water from the soil particle surfacas. |

The zmount of waler a soil can store in i%s profile vafies as
the depth hence, soil dspth is an important hydrologic characteristic.

The storage capacity of a soil is also affected by organic mate
eriz) in the soils. This orgeznic matter =ensrates the soil particles
creating additional large vores which allov the moisture to move more re—

adily throush it as weli as creazting more storage space. Organic matter
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also caﬁ bind the soil m=ierial together to create fore spzces. A compe
arison of a forest soil =od =n agricultural soil will indicate the effect
of this organic Matarial. {Fig. 1).

The forest soil Has a non~capillary pore space in the upper six
inches equal to 307 of %*he =0il volume, in the next 12 inches the pore a
space drops to 12% of the volume and below 18 inches it equals 3% of the
volume, whereza, in the az—icultural soil the non-capillary space was found
ts be 109 iv the ﬁpper o inckes, 73 in tke next four inches and 3% below
the 6 inch depth. - Tke cffect of organic matter on the non-capillary'porw"-
oﬁity cxtended to & depih 2 times that of an azricultural soil and the for—
est soil could retain 6.2 3imes as much vater as similaf agricﬁiturél soil.

The infiltration capacity‘oan soil is determined by the mmbar and
size of the pon-capillary pore spaces gt the soil surface; Any activity or
change which affects thess characteristics will influence the infiltfation
capacity. The pore sp=ces czn be reduced by dompacting the solls or by
plugging with other ss5il or material, | |

Thus overgéazing creatly reduces the.infiltration capacity of a soil
by compacting and sealing ire pore spooes.  Fires réduce the infiltration
capaéity by plﬁﬁging the z=face layer. |

" Rain on bare soil will break down the soil structures and plug the

surface so that loas ipTilt—ation can take place.

The type of {rosi in the ground profile can affect the soilts infil-

tration capacity. There zwe four types of frost which commonly eccur in soils.!
l. Concrete frost., This type of frost is composed of many small ice

: AR

lenses, bas a very dense stTucture and is very impervious. It is usually ;

found in bare or cultivmiz=Z lands and generally is associated with freezing

to a great depth,



14

2. Honeycomb frost. = This has a loose porous étructure and is gener-
aily cssociated with shwllow freezing in the early winter. Tt-is generally
found in highly organic soils under meadows or paéﬁures. ' |

3. Stalactite frost. This ic a frost type composed of many small ici-
cles that comnect heaved s—faces to the soil, This is foundrin meadow# and
pastures and generally later refreezing into honeycomb.

4. Cranular frost. Thiz frost has 2 loose porous arrvangement of pgran-
ular crystals scattered tirough the soil which usually occurs with shallow
| freezing of highly'organicfsoils. It is generally found mixed with honey-

comb structure in foresied areas.

The disturbirg oI foreat litter generally increases concrete frost.

The persistenece of frost durirg taip on snow melt is 2n extremely im-
portant consideration i~ d=Zernining runoff from sn zrea. A change in land
us2 or by a change in v=geial covering can result irn marlied change in the =oil
freezing. This, in turm, can change the infiltr-*ion, and percolation rates

resulting in a change in ike streosnflow of the arez.

Tyne ond Dznaity of Verelnsd Covering

Precipitation fallirz on 2 forested area is first intercepted par-
tially by the plant folizge. Parf of the precipitation flows down the plant
stems, the remainder is reb—rned to the atmosphere as évaporétion. .The type
and density of this foli=z= gsoverns the amount of pfecipitatioﬁ vhich is inter-
erpted, vhether it falls 2s roir or snow. A very denée, well matured stand
-of trees will infercept mor= moisture than a light open-stand.of bush or trees.

Grass will intercept even less moisture.
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A heavily forested ares will intercept. creater amounts of precipita~
tinp than 2 sparsely treed or open cultivitated or pasture area. Thus the

heavily forested area will lose more moisture as evaporation. The result

will be less molsture evapotrsnspiration ﬁnd runoff.

The beavy dense type of vegatel cover prevenis the sunshire from
reaching tho groumd surface and reduces evaporction. It also reduces the
wird velocities in the aree and this elso reduces evaporation from the soil
surface. In an opén area.both the sun and the wind are shle to exert their
naximm effeect on the soil surface eveporation. |

Different types of vegetation reguire different amounts of water

for evepotranspiration. By altering the type of vegetation it is possible

~ to change the water requirements of the area erd thus change the amount of

vater available for strenmflow.

Similerly a change in the denaity of the vegetation results in &

change in the evapotranspiration reouirements. This results in a change in

the water available for runoff and in the evaporation from both the plant

foliage and soil surface.
In forested areas, where snow is the main form of precinitation,
significant changes in total rumoff can be made by sherging the vegetal cover

th with respect to the type and density. The creation of small openirgs

in tke forest cover to s2llow more snow to reach the ground surface instead of

being intercepted by foliaze seems to be one of the most succeasful methods

of increasing strennflow. A change in the vegetetive type has aleso resulted

in a change of stresmnflow.

The root structurr ol the plmts js another factor in the study of

vegetal covers effect on rmmoff.
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A deep root can draw water from oll the soil pores through which it

paszes, a shallow root can cnly drawv water from that shallow area, therefore,
if a lerge deep rootsd plant is removed and replaced by a small shallow rooted
plant the depth from Whlch the plant con draw moisture is reduced and in the

future it Will require_lees water to fill the soil reservoir and a change in

stre1nflow should “c°th Of course many other factore enter into the amount

of ch:nge in rupoffubat uwll oceur, i.e., the follag° of each new ‘plant wlll

alter the 1ntercept10n and 9011 eveporatlon, the umount of litter on the soil

floor will alter the soi] storﬂue and evaporation, the amount of humus in the '

soil will affect the 1nf11trat10n and nercol tion, the type of ground cover _
will influence the type and depth of froet The effect of all these items
on thn water use would control the water avallable for streamflou.

On prairie lands the change in vegetation would have less effect on
tﬁe runoff of the area since most of the runoif from theee aress occurs during

the early spring and is from melting snow, At this time the ground aurface

is generally frozen ond the type of vegetation uould have 1itt1e effect on the

amount retained in the 5011 oroflle.
In the heavy brush and bueh areas of the lower foothill country the

effect of a change could be more marked. Brush tends to retain snow melt and

the frost penetrstion of -these areas is generally not as great due to the lit- .

ter accumuiated in these areas.

The use of land forrheavy grazieg can materially affect the areats
ability to store water in the soil profile. Compaction of the soil due to
trampling, removel of ground litter, removal of the shrubs and the low bushes
by grazing all have en effect on the poteetihl streamflow from the areu;

Heavy grazing can reduce the amount of water stored in the soil for plant use.
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If this grazing is sufficiently heavy the reduction could be sufficient to
recuce plant growth, which in turn will reduce plant cover, which in turn will
reduce the interception of precipitation. Tﬁis ircrease in precipitaticn
reacbing the soil, alongz with the redﬁced soil cover and reduced infiltration
could start erosion which in time would ruin the area. The importéhée of
enreful menagement of grazing, especially in the frosted areas is recéivins
considerable attention 21l over the Urited States and Cannda.

Another consideration is the effect of forest‘fires on the stream—
flov of an area. There is little doubt that the mejor effect is the-ihcre-_
ased rate of runoff vhich in turn causes a tremendaus anceleration in the
erosion of the burned ar=za,

A fire leaves the area open to the erosive zffects of rainfail
which would tend, along with the effects of ﬁhe fire, to plug the soil sur—
face and make it more or less impervious. Thus the infiltraftion rate woﬁld
be reduced bubt at the same time the area is now exposed to inersazed evavor-
ation. The interceptiﬁn }osées are redﬁced to almost nil and for the first
couple of years the transporﬁtion alﬁost ceases, Msst Burned aresas begoﬁe

-covered with vegelation quite rapidl#'but it is many yeérs before-fhé condi-
tions will réturn to fhose existing before the fife.

& forest fire should increase the total streamflow a=s well as the
peak flows for a pericd of some years after the fire.

The burning of stubble on grain fiélds tends to reduce infiltration
since it ténds to plug the pore spaﬁes in the surface layer and the fire'dep;
rives the soil of hwms which would enlarge the pore spaces and provide bet-—
ter infiltration. Thus; the burning of stubble in dry areés can be dangerous

and as well would reduce the amount of moisture which would enter the soil.
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Along oﬁr'sfreams, and in all places where the water tabie is high
a type of plan} generally kaown as phreatophyte, grows., These water~lo§ing.
plants are noted forréﬁeir lwouriant and rapid grouth. They consume large
amounts of water and, otker than preventing erosion,; they are of littlelval—

ue along.the stream chonnel. The replacement of -these plénts by other types
of vegetation will save water while still profecting the banks against erosion. |
It is estiméted that in the 17 Western States in the United States 15 million
acres are covered by phreatophytes and they use 20 to 25 million acre feet of |

water per yesr. In this area these heavy water using plants are wilious,

cottonwoods and verious types of marsh grass.

Thus, a change in vegetation of &n area may result in a change in
‘total water yleld for the follouing reasons:
(1) Removal of vegetstion having a heavy folioge and replacing it with
o less dense type of foliaze would dacrease the interception losses and allow

nore water to reach the soil so that a srenter amount would ke available for
L&)

streomflowv.

i
|
!
At the zame time, howsver, the less dense . vegetation will allow !

: . : . - . !
more sunshine to reach the sround and pgreater wind velocities in the area and j
thus the evaporantion from the ground surface should increase, ;

(2) The thinring out of dense heavy foliage or removal of the under—
story would have much tre szme ef fect. 7 |

{(3) Removal of a deep heavily rooted plant and replacing it with a
sh21low rooted plant would dszcrease the amount of the soil storaée feservoir

in use, Therefore, it would requirs less water to fill it and more water

would be available for rvnoif.



19

(4) Removal of litter from tke forest ground surface will decrease the
detention storage reservoir. This will increase the peak and surface flows.
At the same time the removal of the litter may allow greater evaporation -' %
from tha soil surfacz which would decrease the total amount o§ water available }
for runoff. The removal of litter may result in the plugzing of the surface 3
layer, which would cause a decrease in infiltration and an increase in water |
avallable for streamflow. Another resullt of the removal of the litter may be

erosion.

(5) The frost conditions and types may be changed by the removal of
the litter or 2 change in vegetativz cover resulting in a change in runoff.
conditions.

(6) Removal of high water using plants from along stream or canal ch-
annels will increase streanflow, |

In addition to wegetal chonges, over grazing may change the stream-

flow by compacting the soil and reducing the size of the soil reservoir, rem-
oval of the understory and the ground litter. This would tend to increase }
the peak flows, cause erosion and increase the toial smount of runoff.

No mention has been madé of the use of artificlal means to control |
runoff. Dams, dykes, ditches, etc., have all been used to control the flow
fron areas and are a necessary part of good land management. These things

do not change the total runoff but rather control it for beiter use.

The control of th2 s0il and jts condition, and the type znd den~
sity of vegzelal covering is port of zood 1znd management. In the forested
areas where most of the mmoff occurs gocd forest management is extremely
irportant especially in view of the impending expansion of vater use thro-

ughbout the country.
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DEIINITION OF TERS

Base Flow is the minimun flaw m2iniained at = point on 2 strear throuvzhout
[t .- R - Ty

the year.

Gzapill)arr Porosity is the volim2 of small pores within the soil that hold

wvater a2gzinst the foree of graviiy.

Copillary Water is the water retainaed in the fine pores of the soll surface

by surfaca tension that moves 235 2 result of capillary forces.

Concrete Frost is a type of frosi composed of many sm2ll ice lenses, has o
very dense structurs and is very impervious. It is usually found in bare or

cultivated lands and generally is associated to great depths.

Consummitire Use is the water used by plants in transpirsation and growth, plus
water venor loss from adjacent s0il or snow, or from intercepted precipitation
at zny specified time.

Decn Percolation is a term for the dovmward wovement of soil beyond the reach

of plant reots.

Detention Storage is the amount of water which can be held temporarily in the
soil profile,

Evepotranspiration is the loss of water from a soil by evaporation and plant

trenspiration.

Field Moisture is the water the soil contains under field conditions. It is

-

the difference between field moisture capacity snd the molsture content at the

peroanent wilting point.

-

Field Moisture Conacity is the 2moumt of water retained by the soil after the

free vater has been zllowed to drain awey into the drier soil beneath. It is

the greatest amount of water a soil will hold after free drainage.
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Filw Water is the water on the so0il particles which does not drain away, als
though it moves repldly umder suction gradients. Most of this vater is avail..
able to the plant rocts.

STorest Yand is the land bearing 2 stand of trees of nny age or stature, inclu-

ding seedlings, and of speciss attaining a minimum o £ 6 feet average height at

naturity; or lanmd from vhich such a stand has besn removed, but on which pg

other use bas been zubstituted,

Cronmlar Froczt is a loose porous arrangemznt of granulgr ice erystals scate
tered through the soil whiéh usually occurs with shallow freezing of highly
orzarnic matteer. It is gsnerally found mixed with honeycomb structure in
forested areas.

Gravitctionsl Hater in soils is the water in the larzest pores that draina

away under the force of gravity with free under drainage.

Ground Hater is the water that fills all the unblocksd pores of underlying

materinal below the water table, whick is the unner limit of saturation. }

Doneomomb Frost is o loose norous ice structure and is generally asscciated
with shallow freezing in the early winter. It is generally found in highly
organic soils under megdows or pastures.

* j - . I
H-drosconic means capables of taking up moisture from the air. :

Hyiiroseconic Coefficient is the emount of moisture in a dry soil when it is !
in equilibrium with standard relative himidity near a saturated atmosphere
{2bout 90%) expressed in terms of percentage on the basis of oven dry soil.

Tnfiliration Capacity is the maxdimun rate ot which waler can enter the soil

surface, Infiltr=ztion rate is the rate at vhich water enters the soil sur~

face,
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Intercention loss is that portion of the precipitation that does not reach

the ground surface but is caught on the leaves, branches, etc., of the plant

Moisture Stress is the tension at which water is held by the soil. -

Moisture Tention is the force ai whichk water is held by the soil usually

expressed in atmospheres. Moisture tension increases with dryness and in-

dicates the degree of work required to remove soil moisture for use by the

planis.

Percolation Conacity is the rate at whbich water can move through the sub-

surTace soil leayer.

Percolation Rate is the rate at which water moves through the soil profile.

Permeability is the quality of the soil horizon which allows water or air

to nove throush,

Pore Soace is that fraction of thke total space within a soil that is not |

occupisd by solid particles.

Porosity is the degree to which the soil mass i3 permeated with pores or

cavities.

Retantion Siorzze is the amount of water vhich can be retainad in the soil
afier 211 rumoif has ceased.

Root Zope is that part of the soil profile that is invaded by DPlant roots.
Scenage is the escapz of water through soil, or water emerging from an area
soil alorz an exbtensive line of surface, in contrast to springs where the
water enmerges from z local spot.

Soil Clinate is the moisture cnd temperature condition existing within the

soil profile,
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Stalactite Frost is a frost composed of many icicles that connect heaved sur-

Taces to the soil, This condition is found in meadows and pasturea and moy

later refreeze into honeycomb frost. (see above).

Subsurface runoff is that portion of the ﬁrecipitétion which upon reaching the

|
i

soil surface enters the soil profile ond moves laterally to some drainage course}

: i
through the soil profile. |
I

Suction of Soil Water is the pressure required to extract water from the soil.

Surface Runoff is that portion of the precipitation which reaches the ground

surface that proceeds directly over the surface to reach a drainage course.

Total Punoff or Streamflow is the toizl amount of runoff that occurs from all

sources including surface low, subsurface flow znd base flow.

Transpirotion  is the loss of walter vazpor from the leaves and stem of living

plants to the atmosphere. i
Watershed is the total area above a point contributing to a stream flow of

that area at that poiﬁt.

:
I
Mater Table is the upper limit of the soil or underlying rock material which |
is saturated with water. {

Hilting Point or Permanent Wilting Point is the moisture content of a soil at

which plants wilt and fail to recover their turgidity when placed in a dark

bumid atmosphere. This represents the lowsr limit of avoallable moisture.
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RESZARCH

Water shortages are becoming a cemmon occurrence ou this continent.
The expanding industrinl might of this country requires tremendous amounts of
relatively pure water. The resuliing populition jncrease requires additional
supplies of this product. Both in the United States and Canada‘the'forecnsters
end engineers are predicting an immineat shortage of water.

It is with this general cuareness of the situation that interest has
been aroused and researchers arz investigating the source of our water supplies
and means of augmenting these.supplies. Most interest has been focussed on the
nowntain areas and the effect of changas in vegetal cover on the stream flow
from these areans.

This section of the repori deals with the results of experiments which
have been completed or are under way. These experiments will show the trends
in research and the need for confirming the rasults of this in this province.

One must realize that we carnot transfer the results of the experiments‘
completed elsewhere under different conditierns or even somewhat similar condi-
tions to this area ard assume the same thing uill occur here. The experiments
end the results 1isted hereafter should however, give us an indication of what
ve ney expe&t and give us an idea of the type of research we require in this
area to be able to obtain the information we need.

A veritable library of reports have been written on the subject and
only a few of these are covered in this report.

In 1890 in the Emme wvalley in Switzerlend wes one of the first rec-
orded studies on runoff conditinns. Two watersbeds, the Sperbel with 973

forest cover and the Rappen with 31% forest, 5% in field and posture and 647
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in pasture Qere studied. Results consistentiy cshowed that less tolal stream-
flow occurred on the forested Sperbel watershed thﬁn on the mixed Rappeﬁ water— |
shed. Higher p2ak flows occurred on the Rappen watershed than on the heavily
forested Sperbel.

| A 4 inch depth of water required nbout 2 minutes to infiltrate the
forect soil while it required over three hours to infiltrate the pasture soil.
The pasture soils were compacted whereas the forest soils vere not.

If we assume, es the writer Burger did, that both watersheds were

originally forested and similar, then this study provides quantitative evid-

ence that the conversion of forest to grasslend and the subsequent use of the

srassland for pasture has reduced the soils permeability and thus increased

tially resnonsible for the inecrease in the total streamflow of the Rabpen

the surface flow. This increase, in the curface flo&, has been at ieast paTr- |
watershed. \
The first large scale experiments in the United States ueré started '
at the ﬁagon Vhee). Gap in the Rocly Mountains in Colﬁrado in 1909. 1In this ‘
experiment two wﬁtershéds slightly lerger thén 200 acres each were gauged for -
a period of 8 yeara. At the end of that period all the wondy vegetetion was
removed from one area.  Streamflow, precipitation, temperature and other re-
cords were continued for_anbthé; seven yeors. The original ar;as wera thimly |
covered with douglas fir, spruce and aspen. The aspen rapidly sprouted after
traatment restoring cover to the denuded area thus reduciﬁg the effectiveness |
of the trestment. Results show, however, that during the three years follow- ‘
ing treatment, the total stream floQ increased by 17% on the denuded watershed.:

Peok flows on the denuded aree area increased by 502 over those from the uncut

area.
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Over the seven year périod this increase in total runoff dropped to
15%Z probebly dﬁe to the rapid régrowth of the aspen cover. The authors sug-
gest that the main couse of the inerease was due to decreased intercepfion
losses. They agreed that the waler losses due to evaporation and tranqp:ra;
tion added together were about the same for the treated and untreated Raterﬁ
sheds.

In 1912 the Intermountzin Forest agd Range Station in experiments at-

Eohraim Canyon in Utah showed that total runoff end erosion had increased by

reroval of the herbaceous cover from ore ol the watersheds tested. _The ce-
cond watershed was used as = control, :_ .:_ | l

On the Fernow plots on lorthwestern Forest Experiment Station tﬁe 
compercial cutting of timber on the forested plots increased the total runoff
1,6 inches., Cutting was found to have increased the peak flows, low flows
and erosion on thz watersheds zs well as the total stre#mflow.

£t the Coweeta Fjdrolonl lzboratory in Forth Carollna a 23 acre for-

ested walershed was gauged frgom 1934 to 1939. 1In 1939 the area was cleare@ and E
prepared for farm use. The methods used were the old sidehill typa of agriCul-}
ture, which is still quite common in the sarea. The area was split as follows,
5 acres of corn, 10 acres returned to bruch and 7 acres of pasture lund.. | !
By 1949 the corrfiled yields were no longer profltable and by 1953 :
the zres was comnletely dezraded.
The infiltration of the forected srea was 6 inches per rour as com—
pored to 0.5€ inehes per rour in the pasture. The cornfield dropoed from 3.02
irches per bour to only 0.62 inches per hour after the 2quivalent of thifty
anjimal days of grazing per acre. i

The streom chanrel widened oan! deengnad »ftor the land was chenged |
\

from mature forest cover to cultiv-ted croo.
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The stresn flow peclks increancd by as much as & times that recorded
prior {o the treantment. |

In 1954, rehobilitation of the area commenced and the land vas ret-
urned to forest cover. Later reporis on these erperiments vwill show the re-
sults of the change back to forezh cover. o '

On another watershed all the vegetation was cut bub not removed.
Y=zarly cutting has kept the regroﬁth doun; The first year aftef cutiing
the inerease in the total rimoff amounted to 17 inches of water over the srea
or 273 of the total precipitation. On the assumption that evaporation-aﬁd
interceptioﬁ vere pot greatly altersd during the first year,-this increass in
tota) runoff was considered to be due only to £he trnnsﬁiraﬁibn teing comple-
tely-stopped duz to cutting. Haxiﬁun incrense in'streamfloﬁ occurrad during
the winter pericd whén flouws vormally were lowest, The maximum pehk discherge
and the distribution of rmoff were not appreciably altered.

Research into the effect of the removel of 211 vegetation was carried
out on another test watershed, The recrowth Jas 2lloved to occur naturally
after the'cﬁttiné.. In the first year after éutting‘the total runoff increased |
by'17 inches or 27% of the totzl precipit#tion. After 15 years the natural
regrowth Had reduced the incressed total runoff to 4 inches or 7% of the total
precipitation, No increase was noted ir storm peaks, surface runoff or the
distribution of stofm runoff.

The next watershed had all the understory removed. The first-year

after trestment streamflow increzsed by 2.8 irches over the area. Six years

later, without any further cutting the yield has drooped to 1.3 inches., On

the basis of thase resvlts after ten yenrs the streamflow would returm to

norm=l.,
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Another watershed, a 22 acre plot, hnd all the riparian vegetation
reroved nlonz the stream chonnel. The strip emsunted to 12% of the drainage !
area. DPiurnnd fluctustions, which prior to cutting were quite maiked, cersed. |
These diurnnl fluctuations, vresppenred as the vepgetation regrew only nltéred l
by change in the type of vegetsl cover. The first year saw an increase in |
stresmflow egual to 275 of the annusl precipitation. This increased yield
disanpeored by the end of the third year when the new vegetation had reached
the density of the original vegebation.

The increase ﬁoted in cuttirg was found %o be comparahle to the
wvotersheds where 211 the vegetation was removed Ffor the period immediately
after cutting, in this case at lenst, stream side vezetation was using tha
same amount of wateras the vegefaﬁion on the whols watershed.

At Cowesta these ewperiments ard others aré continuing to establiph
2 more definite relationship between the various factors governing rumoff from

forested arens.

The Tennessee Valley Authority have two research areas in operation,

At thite Hollow 1715 acres, which were occupizd bj settlers, were .
tzken over and after = calibration period returnéd to foregt cover. Results
here show no aporeciable change in total runoff. The increased shading, which |
causes reduced wind velocities and greater humidity, evidently reduces the eva— :
poration on the soil surfzce by an smount equal to the consumptive use. Stream
flow peaks have been greatly reduced and the distribution of runoff has been ma.‘l;----E
erially changed since reforestation.

On the Pire Tree watershed steps were taken to reforest and rehahili-

tate 88 acres of critically eroded land in West Tennessee after a five year cal-~

ibration period had expired.
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The results indicate a decresse in surface runoff bul 2n increase in
subsurface rumoff. A slou progressive decrease has been noted ;n the iotal
runoff., Peak streanflows hzve been markedly reduced. Individual storms
_show a reduction of as much as $0% in peak flows. The groundwater levels do
not appear to have chonged.

At the Fraser Experimental Forest in Colorado a large number of re-
search projects have breen completed and others are under study.  Among these
are the following projects which are of interest.

Research into the factors affecting snowmelt and stfeam flow indicate

that when areas of a waterched ere altered by harvesting timber, fire or insects’

the interaction of the various fectora used in forecasiing water yields will also

be changed. The resuliirng stream flow will also be altered.

In experiments it was found that decreasing the density of a stend
of lodgepole pine incressed the water avcilable for streamflow by 203. The
increanse would nesrly all be the result‘of decrensed interception losses.

Research into the effect of selective cutting was ccrried out on
20 plotz of 5 acres each - 16 plots were subject to selective cutting, the
other 4 werz waintained as control., On the control plqts 423 of the annual
precipitation was available for runoff wher=ce 54.9% of the totel precipitaﬂ:
tion was available for runofif on the heavily cut plots. ' The increase in
‘the w#ter avallable for runoff on the heavily cut over plots wes 133 of the
totzl precipitation. |

On the Vhite Riwer Drainage basin in the Fraser Experimental For-
est hervesting of timber on plots showed that the total streamflow can be
consistenfly increased by cutting._

Bark beetles on this drzinnze basin killed Engleman Spruce and Lodgepole
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Pine on a 226 square mile area. This resulted in an increase in the snow
accurmlation which gave an increase in totzl streamflow of 229 of the.anhual
precipiﬁation. The rate éf snow melt also increased indicating the various
climatic factors bhad been so modified by the death of the trees that botb
the character of the snow melt and the totzl volume of streamflow were
changed.

Research into the effect of cutting open spaces or strips in the
forest cover was undertakén on the Fool Creek watershed., On this watershed,
which consisted of 714 acres located between 9,600 feet and 11,000 feet, 278
acres were cleared of timber. Appreciable increeses in stresmflow were
noted following the removing of balf the native timber. ~ Snow accumulation
inereased in the strips or openings and amounted to as much as 3} times that
stored in the dense forest.

Another investigation into the effcqt of timber cutting was nmode

on a Lodgenole pine forest. Three plots were used, on one the commercial

tinber was cut, on the second e portion of the stand was cut and the third

remained as a control plot. Snow storage increased 263 by the heaviest cu-

tting and 5% by the tiwber stand improvement. The snowmelt was conmpleted
2t about the same time on all three plots.

On the plot on yhich the heaviest cutting took place the average
amount of precipitetion reaching the pground was incressed by 323 in the
spring and 353 during the summer,

The amount of water availsble for streamflow on the uncut plot was
10.24 inches or 425 of the preeipitation. On the heaviest eut plof, the yield.
wos 13.52 inches or 554 of the precinitstion. This is an increase of Béﬁ in
the quantily of water available for streamflov. o visikle signs of erosion

have appearcd as a result of the tizbor cubting.
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At the 3on Dimce Zxperimentz]) Forest iﬁ Southern Galifornia, a eeé of
6 plots and lysimeters were used to see tht effect foreut manacemnent had on tota%
streamflow ard erosion. The experiments brought out two import ant points (1) |
when we convert from brush to gr«:s we must maintzin the 51te in gress alone or !
the soil moisture saving by the change wllJ be lor t to deep rooted shrubs and
weeds, (2) Soil moistura savings were obtzined only at depths of greater than

three feet. Thus, evaporation and trenspiration will. uge all the available

moisture on shallow soils regardless of the kind of plant cover.,

The results of the experiments using San Dimas Lysimeters were:
Disposition of annual average Rainfall (1)

Szn Dimas Lysimeters

-Vegetation ~ Surface Runoff Infiltration | Seepage Loss (2)
Bare . 13.0 7.7 0 7.1
Pine 5.6 | 151 o | 151
Coanise 4ol 166 o | 165
Grass 4.0 67 1 |15
Buckwheat 3.5 17.2 o h ez
Serub Ock 33 14 o | s |

: ' : ' ?

(1) Average — 20.7 inches {Oct.l/52 to Sept.30/56) range 16.0L to 25.39 inches
(2) Loss- = Reinfall (rmmoff fseépage - increa;e or fdecrease in soil moisture j
storage during feriod). Includes evezporation from soil, transpiration, and
interception loss.

Also at San Dimas inveétigations are being carried out on the effect

of forest fires on the bfﬁsh covered nountzins of the area,
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Prior to a 1653 fire which affected part of the research area rainfall
end rumoff records had been kept of the orss. As a result of the fire a marked
increase in peak flouws occurred. Under dry soil conditiors the peak flow after
a storm inereased 67.7 times the normal and under wet soil conditions the in- |
crense was 15.6 times the normal. The erosion on the burned area increased
by 23 times that of cimilar non-burned areas. Total runoff records are not
supplied for the aven,

The University of Caljfornia experiments showed that 2 change from
brush to grass resulted in increased total stresmflow. Pert at least, of
the increase was due to a decrease in interception losses by a grass cover.
The influnences, however, of a grass cover on the soil condition, infiltration,
and tke hydraulics of Surface_flow are also important considerations.

In the Siefra Mountains in Colifornia experiments on 7 major-weter~

sheds where brush wss replaced by graes indicated increased water yields of

as much as 10 inches over the area under fawvoursble conditinns.

The Davis County Experimental Hateréhed carried out an experiment
in Farmiﬁgton Cre=k to tr& to assesé the water lost to-fiparian vegetation, E
Heasurements of evapoﬁranspiration loas from the canyon bottom was mads by
observing the diurnal fluctuations in stream flow. Fluctuations in stream
flow coincided with temporary changes in veather, seasonal changes in wezther,
and with the'freezing of the leaves on ripariin vegetation. The evapotrens-
piration loss was found to be about 1/3 ofthe total flow during the late
summer when the demand for water for other purposes is greatest.

The Parrish plots experimert was another research project at the
Davis County Experiment ﬁatershed. Sixteen forested-plots were set up to

neasure the relationship between vegetal covering and total runoff, The
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7plots were calibrated for an éieven year period before and experimental
changes were undertaken. After the changes in vegefal covering uere made
another eleven years of records uwere collected.

Thg results of the tests were many and varied. Reasearchers found
thaf ﬁlant cover can be used to minimize storm éurface runoff end soil erosion.
A well vegetated area can be converted into ; potential flood and erosion so-
urce by removing the vegetal covering. Any treatment that bares fhe soil
sets into motion powerful forces that accelérate erosion and runoff., 1In
order to achievea minimum amouﬁt of soil erosion and to have only 5% of the
precipitation appear as surface flow the ground must have a surface cover of
vegetation and surface litter in excess of 65%. Removal of the aspen trees
but leaving the understory, reduced the consumptive use of water by 4 inches
per year without causing any erosion. The ramoval of all vegetation, incl-
uding litter, reduced thé conswiptive use of water by 8 inches per year but
this treaiment caused severe erosion, ' |

The following table shows the way in which difTerent treatments
affected thé.use of available precinitation.

Cover Conditions

Bare Herbaceous Aspen
Precipitation 52,77 irchen 52,77 irches 52,77 inches!
Water losses. and uses
Snow Evapnoration 3.00 2.75 2.59
Rainfall Interception 0 0.77 1.16
Winter Transpiration 0 0 1.00
Summer Ivapotranspiration 1)..21 1/.23 17.M
14.21 13.35 22,35
Water avdilable for stream flow
Overland flow WAy .02 0L
Seepage flow 28,16 - 34.40 _ 30.41
Totnl available for stream flouw  38.56 . 3442 ' 30.42

- 80il loss (average annual) 184.4 ‘ 0 0
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In Utah at the Intermountain Forest and Range Experiment Station on the
HWasatch rlateau experiments are being conducted into the part played by snow in
watershed recharge, snow melt rates and factors thet influence them, movement of
relted snow water through the snow, overland flow beneath the snow and on bare
surfaces, infiltration czpzcities of snow covered surface and subsurface soils
ard the duraiion and movement.of gravitation2l water in the watershed mantle.

They noted fha principal scource of high total runoff from the area was
the water yielded by a saturated soil and not by surface flow of melted anovw
water., ©Peak flows occurred when 8% of the drainaze basin area was still cov—

ered with snow and when 982 of the totnl water stored in th2 snow on the entire

wvatershed had besn rel=nsed.

Removinz esnen from an area and leaving only forage species would save
(=] gy (=] p

approximately 13% of the annual precinitation and this would be added to the

total streamflow without increased danger of erocion, .
Reroving all the vegetation would have saved 27% of the annual prec- |
ipitation but this increased streamflow would have caused sevare erosion.
In Idaho experiments, results show, thct o dense stand of Ponderosa
pine retained 1/ to 205 of its total snow weter after an adjaéent clear area
was free of cnow. They zlso indicated that small openings improve the water -
¥ield when corpared to ;_stand with: dense continuousz cover. Experiments, also .
indicated thot the yuung vegetative growth has a great influence on snow melt.

Results indicated that 257 of the annunl snowfall could be intercepted |

dicsipated by mature tree crowms but b the same time melting could be ret—

2

srdod 10 days by these mature trees.  Research slso indicated thakt evoer a coneid.
er=blz range of forest climate and forest tynes the net rainfall reaching the ground
varird from 652 of the total precipitation under Douglas [ir to 975 under leafless

poplar,
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Ir Orzgon ot the Zluve tountain Mesearchk Centre experiments were carried ¢
into the relationship betuween snow peclk in a lodgepolz pine forest and on é readod.
esults chowed that only 763 25 much snow reached the ground in forested {
areas as compzred to the n=2adows or 245 of the total weas intercepted by the forest
cover and lost. |
- o

Snow depths on ite forested plots averaged £27 of the depth on the meadows.

Tater content averaged only 55% of that of the snow in the meadow. Openings zs

small as 20 feet received more snow than the zurrounding timbsr and in soma dense
douglas fir areas no snow resched the groupd.

In Northern Minnesota at Lalé States Experiment Station the effect of
forect cover on water behaviour i3 being studisd as part of a général program of

research.

In their experiments on the effect of change of vegetation on snow cover

they found that open fields lost the snoWw earlier ond faster thnn ferested areas,

¥ore snow accumulated in kordwoods than in conifers but the conifers retained it !
’ ' {
longer. The stand density 31 corniferous types influenced to some degree the

amount of snow that accumalated and the rate of melt. The lighter stands caught

more snow but the dense sitands retajined it longer.

Al=o0, exneriments were carried out into frost depth under varlous types

i
i

of cover. In the area tested frost penetrated over 8§ feet under the open ground, .
6 feet under Balsam fir, 3.5 feet under aspen and 2 feet under white pine. The
depth ond type of frost affacts the infiltraticn rate and hence, the total_rqﬁoff
from the area. : : ‘ _ {
In South Wéstérn Yisconsin experiments were carried out on the effect

of trampling by livesteck on the infiltration rate. The results were that the

s0il under ungrazed native o2k woods showed an infiltration rate of 7.46 inches
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per hour whereas the soil wnder grazed native ozk woods had an infiltration rate
of .05 inches ner hour. The soil under uvngrazed scotch pine had gnrinfiltration
rate of 11.02 inches per hour whereas after grazing the infiltration rate vas l.23i
inches per hour(

In Ohio experiments into the rate of movement of water through forest
s50ils es conparéd to cultivated soils showed that the transmission rates in for-
est soils were nearly double those of cultivated areas. The transmission rates
of forest subsoils were found to be as much as 5 times those of a cultivated
aren. Thus, the precjinitation can move througk 2 forest soils profile much
more rapidly than through a cultivated area soil profile. The amount of
moisture removed by transpiration will vary according to the characteristics

o the vegetation, th2 most important item being the depth of the root zone.

Studies at the Sierra Ancha Erperiment Forest in Arizona found that
the amount of water lost from a bare soil by evaporation was nearly equal to
evaporation plus transpiratioq by plantse. - Shrubs use more water than grass..
Vezetation uses waler at different periods of the year depending on the type
of the plant. Of 32 inches of natural and artificial precipitation that fall
orn the chapparrzl in the Szn Bernardino area 27 inches was lost by évaporation‘
ard transpiration. Therefore, 8,% was lost in this menner and 16% remained
for streamflow. A season;l.precipitation of less than 12 inches is usually
consued by the bruzh cover before any portion reaches the grougd uater.rv‘
On grass, 10 to 12 inches is usually consumed.  Therefore, 7 to 9 inchéa
nore water is. availabls for runoff if the chapperral is rehofed and replaéed
with grass. During a 20 day period (4pril 28 to May 27) there was a 12.9
irch consuzmption by native vegetation along the stream channel, this was 3

times the evaporation from the free water surface of a lake.
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In Canada experiments on farm plots at Cuelph have not been in
operation long enough to yield any worthwhile results.

Experiments on the effect of grazing'on runoff are varted end
wide spread. ' | _ . [
In Arizona at the Sierra Ancha Experiment Forest researchers found
that surface runoff accounted for 15% of the total runoff on overgrazed land
as compared to 5% on an ungrazed area znd 9% as the average. !
In Utah at the Parrish Canyon plots, the destruction and modifica-
tion of fhe plant cover by overgrazing anpenrs to be the dominant cause of
the recent cycle éf erosion.
In Idaho a sheepfoot packer was used to show how overgrazing in-
creased total rungff and erosion, | ‘
Coloredo cxperiments showed that overgrazing caused increased flow.
California experiments proved that overgrazing is the cause which

starts an erosive cycle.

Pennyslvania experiments indicated that compaction decreased the
infiltration rate and hence increased runoff,

At Coweeta in Horth Carolina, after a2 seven year calibration period
n test area was overgrazed. Then for a period of 9 years after the grazing E
was completed records were contimiad.,  lissulis indicate peak flows increased |
by 3 times and that surface runoff occurred from areas vhere pfior to the over-

i
|
grazing it had not been observad. The sndiment lond corvried by the streams l
|
was increased zppreciably. i

|

A general conclusion could be drawn that overgrazing has increased

surface runoft and erosion. i
Tne effect of forest fires has received considerable attentlon on the
basis of the effect of forest fires on pexk flows but little research bas been

done into the effect on total streamilow. : -
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In the San Gabriz}) Y¥ountains of Californin a fire on Fish Creek later-—

shed increased the annuzl water yield for several years. In the first six years

the average anmual increase in runoif wes 297. The increased peals also were re-

corded as was a definite increase in sedimentation.

Alszo in Californiz on the Central Sierra the anmual burning of woodland

chapparral reduced interczpiion losses and thereby increased the amount of pre—
cipitation vhich reached the soil. The fires also reduced the infiltration |
capacity of the soil whieh resulied in an increase in surface runoff. No sig-
nificant increzse was noﬁgd in total quantity of water yielded,

In Arizona the burnirng of Ponderosa pine and Douglas fir resulted in
an lncrease in surface rmmoff and-eroslon.

3imilar résults ware noted in Teixas, Oklahoma and North Carolina;.

Those experiments whers fire has occurred naturally appear to be the

main source of present inTorzation so, the need for further research is apparent. !

Phreatophytes or w=ll plants have alwcys been considered as users of
large smounts of water end cso the researchers haveAQOne some work in thls fieid
in an effort to find their efiect on stream {low,

A1]1 experiments kave found an increase in tolal runoff h;s been obt~
ained by the removal of this wvagetation or of the channelling through the area,

O the Gila River basin 9,300 acres of Saltcedars, Cottonwooda, Wil-
lows, Bacchares and Mesquite -in a 46 mile stretch use some 28,000 acre feet por

year.

On the Rio Gronde in tke Pecos River delta above McMillan reservoir
dense saltcedars use an estimated 5,000,000 acre fezt which would be avajlsble

for other uses if all this vegetation coull be removad.






41

In Nevada they estimate 1,500,000 acre fezet nre used‘by phreato-
vhytas with 375,000 acre fect or 25 being salvagesble or emough to irrigate
133,000 acres, _ .

On the Rio Grond= the conﬁgrﬁction of a channel 32 miles long through
a phreatophyte crea increac2d ths flow by lO0,000 acre feet per year.

In this report we hava attenpted to include most of the mors rscent

[

nformation ov research experiments being conducted in the United States. It

].n-

well to repeat here thai while this information ﬁay indicate results in par~
ticular cases it should not be transferred to other areas but only used as a
guide to show what one mizht reasonably expect.

Tha information from other centres only tends to emphasize thé need
for fuzrther research inio most phases of vegetal-runoff relationshipé and es-

pecially the need for this tyve of research in Cannda.
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ALDERTA

The problem of asscnssin

(1=

thae effect that chonges in tha land use hava
had on the totrl rureff fror the province's streams is o compler and difficult
one to answer. Here we can only lisnt the changes that have taken nlace and
point out some voszible results of there changes.  Until we are able fo O
plete research work into the =ffact of these chonges on our own ereé We cannot
comz up with any conclugive report on the result of these changes. - However,
we hope in this azction to zive some indiention of the possible.resvltﬁ of past
chonges and some indicotion of those which may occur in the future,

The importance of knouinﬁ what effect of changes in larnd userand vege—
tetion can only he realized vhen we lock at the need for water of our present
d=y civilization. .

In the United States the average water used is about 145 gallona per
verson per day. In agriculture for every pound of dry stock, leaf or seed
produced 300 to 1,000 1bs of water must be used by the plont. In industry
3 ton of steel requires 285 toné of wnter, a gezllon of g&soline 25 gollons off
water and a five.pound nawspaper 150 gallons of water. The five pounds ol
Tayon fiﬁre required for a man's suit reqﬁirea 11,000 pounds of water for its
creation.

With the increased industrierlization of the pvrovince since the disc-
overy of major oil and gas reserves only just heginﬂing; AMberta can look for-
ward to & period of tremendous growth and with this growth will be an accel-
erated demand for water. Along with this industrial expansion will be a cor-
responding increase in population which will also reguire water for both dem—

estic and agricultural nurposes.,
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This development, which has been predicted by many experts will tax
our zwvajlable Water supplies in amny locolities and will bring into the fore-—
front the need for conserving evé}y available‘drop of water for use. If by .
good forest managzement we can incrsase the suoply then attention must be foc-
used on that phase now, =o that vhen the demand arisss we wili be able to get
the rost water from our watersheds.

In the case of the Saskatchewan River basin, where already, conflicts
between downztream hydro end upstrean consumptive use are fereseen , the man-
azerment of available supplies becomes of narcmount importance. The need for
planning in our uses and for research invo all means for inéreasing thls supply,
compatible with good land managenent, is urgent.

knother point worthy of consideraticn is that cny increase in the total

rmoff that can bs attribuie?d to the mancgzement of our wnber resournes in
Alberta, i.c., lend ond forest mpanogirment, drainnge, cte., world ir all pro-
bobility belons to Alberia, vegardless of any irterprovineizl commitments

that may be wade regrrding the natural flow from our stresms.

-

=
)
tate

manrtencs of adequate unter runnlies is only now being real-
ized. Lo industry or develenrmeni can take place in aress where the supply
water For their nresent aceds and future erpansion is not assured.

In the United States it has beon estimeted that the use of water for
211 purnoses will inerense from the 173,000,000 ecre feot used in 1950 to an
estimated 392,000,000 acre feet by 1920, The incrense in use is some 445
and represenis some 24% of tha totad svnnly ol surfaca water availablé.r
3 2070 they indicate that “he demnnd for vater will rench 92% of the total
curfzee supply. This weans that i€ ﬁhe forecast is correct or nearly—correct,

ths Tnited States will have to have control of 927 or more of the availeble

water svooly. At the prezent time this is considered slmost impossible.-
ooly L D
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Figure nape shows the estinated uses iﬁ the futﬁre development for the
period up to 2015 in the Unitad States. It indicates that by 198G the dom—
estic end municipzl requirepments will reoch 23,000,000 scre feet; industrial !
75,000,000 zere feet, irrigation 177,000,060 scre feet end steom and hydro
will requirs 117,000,000 zcra feet or a total use of 392,000,000 acre feet. ;
By 1920 the forecsst shows only 18% 6f United States power to be hydro ths |
remainder beinz some form of stesm generation. By 1980 the populatioﬁ of !
the United States will have ircreased to 220,009,000 people from 150,600,000 f
in 1951, VFuniclpal and domestic use would be 93 gallﬁns (United States) per !
person per day by 1920. The repdrt also esfimates thﬁt 2/3 of the tétal crop |

land in the semi-srid end hvmid aress in the United States will be receiving

some form ol irrigation by the year 2070, Bj 1980 they estimate en increasa

of 103 in the prea irrigsted as bompared with 1950,
These estimotes show the trend in the thinking of Ameriecan Water Res-
ources veople and the emphosis they must plﬁce 6n control and storage now if 1
they ore to be prepared for the future, ) f
If n similar trend were forecast for Alberta hy 1980 ther= would be |
o need for wrter to supply an industrizl and agricultural complex capable of |

sustoining o population of 2,200,000 peonle. This would mean that by 1980
{

the water renquirements for all uses in flberta would be double our present
use,

It indjcates the needs for emphasis to be placed on conservation and
best use of all a%eilable water and the need for research into means of sup-
plementing this supply.

One only nceds to look =t the water supply problems in the more hizhly

developed areas of the world to realize the nesd for pienning antd to control the
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available supplies; The propsr meragement of our land and forest resources are
part of this water supply problem. The use of vegetation is one of thece méans
and this report is made to bring up to date the work that has been 2nd is being |
done in this regard.

The report is elso made to bring to the attention of tbose concernmed with
Water Resources on the Prairies the changes that have resulted in Alberpa and thg.
other provinces from the change in vegetative co&er. - : |

Many chornges have taken place since the white men ihvadea this iand.
Cultivation of large areas for agriculturallpurpbées has resulted in tha rémoval
of forest, brush and the,bréaking of grasé landsa. | |

Forest fires have resulted in o continuing change in the effect of forest

cover on runoff. Logging has removed vegetation from areas which over the ages

will return to native forests.

Hiles of roads and trails have been constructed. Ditches provide faster
means of removing £he water from these areas and the road surfaces are more or less
impervious. Railways héve also altered drainage patterns,

Cultivation and drajnage of low areas havg also resulted from the white
man's attempt to use some of the lands. | '

Towns, ciﬁies; farm buildings, etc.,-haverbeen constructed where in the

early days there was dnly_native vegetation.

These are a few of the major changes that have taken place since the white
man come west. Each of these changez, along with the meny smaller changes, have
resulted in a change of vegetative cover of the area and a resulting change in
runoff conditions and characteristics. o

The Province of Alberta has a land area of 163,400,000 acres. Some

42,000,000 acres of this area can be divided into 4 zones:
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1, Zone one consists of the brown soil area of the province and generaliy
is covered with short prairie grass with few trees or clumps of brush. It con-—
sist# of 12,500,000 acres and is generally used for ranching and farming.

2. Zone 2 conaists of the dark brown soil area which is north and west of
zone 1 and comprises 16,000,000 acres. These are praifié grasé lands which
‘have clumps of trees and brush throughout. This is mainly the wheat groving
area of the province.

3. Zone 3 is the black soil area of Alberts amd is known as Parklands.
They consist of grasslands invaded by trees which are mainly poplars. This
area consists of Boﬁe 10,000,000 acres in the area north and west of zone 2
with small local areas in the Peace River country sround Grande Prairie and |
Peace River.

4. Zone 4 lies west and rorth of the black so0il area and is coverad by the
grey wooded soils. It consists of 110,000,000 acres or % of the Province!s
area. This includes virtually all the forested area in the prévince.

The remainder of the area, approximately 15,600,000 acres, is Federal
parks and is all within the forested area. ]

In 1956 the province had 46,000,000 acres occﬁpied; 24,000,000 acres of
which has been improved. The 24,000,000 acres was divided into 15,000,000 acres

in crov, 7,100,000 in summerfallow, 1,300,000 acres in pasture and 600,000 acres

in other uses,

The maximum estimated area , which may be developed for agriculiural purp-

oses, is 68,000,000 acres. It is estimated that by 1980 some 48,000,000 acres
will be occupied, of which 3,500,000 will be in zons 1, 9,100,000 in zona 2,
7,600,000 in zone 3 and 5,700,000 in zone 4. This will mean an increase over

the 1951 fipgures of 500,000 acres in the parkland and 2,000,000 acres in the
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grey wooded soils. During the period from 1932 to 1951 there was 5,100,000
acres of new land hroken. From 1951 to 1920 it is estimated an additional
2,500,000 acres will be broken.

In Alberta there ars an estimated 105,720,000 acres of land which are

covered with forest. Th

(U}

Federal parks occupy 9,200,000 acres of this area. |
The Eastern Rockles Forest Gonservation Board managzs an additionsal 5,500,000
ecres and the remaining 91,000,000-acres are manazed by the Alberta Department
of Londs and Forests.

The 91,000,000 acres is further classified as 38,600,000 acres of prod-
uctive forest land, 25,700,000 acfes of potential.forest land and 26,700,000

acres of non-productive forest lands. ©Potential foreal lands are the lands

which have been burned, on which natural restocking has not yet teken place.

cr

Non-potential lands are the aJoine barren lands and swamps covered with timbef,i
of no commercial value, ard water. _

The forest areas are pzde up of 517 coniferous trees and 497 decidous
trees. The coniferous Iress are 233 white spruce, 3% balck spruce, 2% balsam fir
and 23% jack and lodgepole nin2. Tne deciduous tress are poplar, aspen and white

|
birch. |

The population of Ilderts in 1956 was 1,123,116 people of which 56% live

in the cities and towms znd 2255 1ive in the rural areas. In 1958 the 10 cities

had almost 507 of the total population in the province. The Dominion Bureau of
Statistics shows the population of Alberta, at January lst, 1960, as 1,268,000.
By 1920 the population m~y r=z2ch an estimated 2,200,000 people.

These statistics ar= needed to indicate the.chénges that have taken
place in Alberta end thos2 which are anticipated in the future.

As an example the prziris soils in zone 1 of Alberta, which cover some

12,500,000 acres, a=cording to the rsport on Alberta's Economie prospects, are






TYPICAL PRAIRIE LAND IN ZONE |

TYPIC AL sSuUB-PRAIRIE LAND

IN ZONE 2

TYPICAL PARKLAND IN ZONE 3
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developad as far now =s they will be in 1980. This indicates that since the

beginning of agriculbtural dev=lopment in the west we have improved 3,500,000

[
0
b
1]
4]
o
I3
c‘—
jaryd
k1]

~ : . s i

12,500,000 ccres of this zone, i.e., 28% of the erea is under cult~ |
i

jvation of some sort, 727 in native grass and vill continue that way until 1980.

In zone 2, 2,000,000 acres of the 16,000,000 acres available were umder
|
will be developed. This indicates that since agriculture begen in zone 2, 50% {

cultivation in 1951. By 1980 it is estimated that an additiomel 1,100,000 acres

of the land has bheen broken and that in future, by 1980, 57% will be cultivated,
leaving 439 in native vegetation ot that time. _ |

In the P#rklané-zone, zone 3, some 7,100,000 acfes of the 10,000,000
acres were dsveloped by 1951, leaving 294 in native hrush and trées. By 1980
the total cultivated will have risen to 7,600,000 cores and thus, only 2% of
this zone will remain in native vegetation.

In zone £, which comprises 30,000,000 zcres of land suitable for agfiu
culture, only 3,700,000 acres were developed by 195L. This represents only 125 é
of the area suitable for szricwliural purposss. Estimates indicate that b& 1980?
an additionzl 2,000,000 acres will be developed bringing the total to 5,700,000
acres, which represents 199 of the area available for agriculture and 53 of the

total area in some 4.

TABLE 1

Percentene Estimated  Percentage
Viaziora Developrent,  of total Developnont of

Zone Total Area Agrictlbural Area By 1951 Area By 1930 Total Area
1 12,500,000 12,500,000 3,700,000 29 3,500,000 29
2 14,700,500 16,000,000 8,00c,000 50 9,100,000 57
3 10,200,000 10,003,020 7,100,030 71 7,600,000 76
4 110,000,000 30,000,000 3,700,000 3 5,700,000 5

148,500,000 6&,500,000 22,300,000 15 25,900,000 17
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The Canada year boolk glves 53,500,000 acres of the provincé as not being -
coverad by forest. Thus, when the maxirum land use of €8,000,000 scres preaently
contemplated, for agriculture is reached some 14,500,000 scres will have been re-
moved from forest areas. Tven today s considcrable clearing has been done in our
forested arens and on the frinze of thez= areas,

[ . ) .

By 1951 some 22,300,000 acres of land had been improvad, thus the native
vegetation had been changed by mon to some degree. An additional 22,160,00Q acres
were occubied and the use of these lands, even thoush no improvements had been'made,
had changed the native vegstative conditions. Uhet effect these.cﬁanges have medae
on the totsl ruvnoff bas naver really been sssessed.

Fire losses in Alberta represent another major.source of vegetative change.
Ip the period, from 1930 to 1953 inclusive, 6,731 fires burned over some i1,403,000
acres, or an average of 280 fires destroysd all or pgrt of the timber on 475,000
acres per year. This represents an average yearly loss of 1.25'per year,

If the fire rate were to continue at this rate during the period 1950 to
1980 we would have sdme 14,250,000 acres burned which represents 367 of the total
Forested area. The change in the totsl runoff and the runoff chnracteristiés
would ha guite merked in these areas for the Sirst faw years after the fires.

Transportation has also resulted in changes in land use ond hence a change
in runoff conditions. By 1958 the Province of Alberta had some 87,430 miles of
impro;ed roads. Of this amount some 2,758 miles were hard surfaced and 38,527 were
gravelled. The bwilding of these roads nlong with their drainage ditches have pro-
vided accelerated drainagze chonnels through vhich the wafer mey pass. They ﬁave
¢rained sloughs and in some instences lowered the witer table. They also provide
impervious surfaces for the moisture to run off,

Rzilwrys, too, have contributed to this change. Alberta has some 5,782

riles of railway grzdes.
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Ajrplanes remuire nirports with ruruays snd tarxi strips all of which

contribute to the changed conditions,

The building of farmsteads have also resulted in vegetative chongs in many

small areas, all of which will add to the total. In 1956 we had some 487,292 farm

people which made up 122,155 form household=.  Even though many of these people
no longzer reside in thz zetual farm lands buildings they are maintained at thes

locntions. Even if each set of farm buildings oﬁly ocevpies on2-half acre the

ara2e hecones apprecizble,

Also in 195€ we had an urban population of 635,284 wpich wes made up of
171,192 households. Thkis, glong with the industrial and commercizl complex that
wakes up a city, kas resulted in a change in natursl conditions.

Thz f=et that at least 252 of the city aresa is probably c0mp1etelyrimp—
ervious ard that z highly comnlex érainnge system moves the water away from these
aress has incressed the rumoff.

Hany other thirgs have resvlted in changing the vesetative cover and the
rmoff conditions. Drainage ditches, both ir drzinage districts and locel dra-
inage, have result2d in changed conditions, |

Snow fences and tree belts resvrlt in snow, which would otherwise bLe spread
thirnly over a large arez, being concentrated in small local arens where it melis
slower and provides local aress uith more water for infiltration znd runoff.

Since the mzjority of the runoff in Alberta rises ir the forested sreas
this report deale mairly on the effects of changes in those areas. (Seec Fig.12,

12, 3/,15).

While we have nentioned the effect of the prairie areess it 1a Ip the for-

ested and parklend areaz where the change in vegstation could meke the greatest

impact on the rmoff in our stresms.
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Hé have ineluded tke results of and experiments that are continuire ot
some of the major foresiry research stations in the United Stgteé. To try to
apoly these resuvlts direcily to cur area would be impossible; Hovever, they
will shovw us trends we =7 2xpech here. These trends will have to be checled
and conTirmed by our own soperiments in this area.

The value of 211 ihis information is only to zhow that a change in vege~
tation will definitely resct iv a .ch_ange in the runolff characteristics of our
streoms. ow ruch or wi~%t form it will take requires investigation _under. our

own forest conditlons. This is also true in the parkland and prairie areas

which also have undergope s> will, in the future undergo chances. The latter

zones which yield sbout 257 of the rvnoff waoter in Alberto do not present much

opportunity for increasinz the runoff but nevertheless ve should know what to

expect. If we consider ihs possibla effect of the various changes it should

provide an indication of wh~t has hnapnened.

(a) The vepetetiop chanzec in zones 1 and 2 will have little effect on the

total runoff from tha srea since the mrjority of the runoff occurs from the

cr

melting of winter snows. Lt the time in the spring vwhen the melting occurs
the ground is genernlly frozen ond its surfece condition then makes little
difference.

(b) In the porkland zone we have cultivated 7,100,000 acres of lend which |

was originally covered by t—osh or trees. 3ince the brush end trees were

greater users of water tha- most of the present crops end since the brush end

trees retained the water lcmger and thus allowed it to seep into the ground i
vhereas the present cover Zzes not hold the moisture as long, we would expect

greater runoff now occurs from this area.
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(¢) In the forest zore, zone 4, 3,700,000 acres have heen cleaied and
cultivated. 1In these areas we could éxpect greater runoff due to tﬂé re-
duced-interceptionrlosses and the smaller root zone of the crops.

In this area the effect of logging must also be cbnsidefed. : lere too,
this change in vegetation due to the removal of the commercial timber would be
expected to yield greater volumgs-of total'runoff.

Forest fires have had a tremendous effeet on our forésts and for ihe
first few years after the fires occur it would be expacted that 1ncreased water
ylelds would result.

(a) In Alberta we heve 87,430 miles of roads of vhich 2;758 are hard sur-
facéd and 38,537 miles éravelled. This represents an area of over 760,000
ecres that have been changed and in many cases made almost imperfioua. The

road ditches also act to collect snow thus giving us edditional runoff. The

snow otherwisz might pe absorbed in the fields. The snow fences along the [
ro2ds collect the snow and ecause additional rmmoff. The road ditches drain 2
areas rapidly fhat wvould drain slowly allowirg less time for infiltration,
Sloughs and other water bodies are draimed in roed construction, Sometimes
water tables are lowered., All of these items contribute in their own small

vy to the runoff from the ronﬁ area,

(e) Form bomes generally cause an area to be packed and made, more or less,
icpervious end thus the precipitatien cannot enter the soll and must run off or
be evaporated. Some 122,000 of these sets of farmlfuildings represent consid-
er=ble impervious areas,

Tres shelter belts trap snow and allow it to melt more sloﬁly.

(f) Then we have constructed ciifes with all ths imparvious areas to o

with thexm zlen~ the highly developed drainage systems to get the water away

irom the 2rezs.
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{z) The railways present another source Af-change. Some 5,722 milen of
Teiluway exist in the province along with the drainage ditcﬁes that fun parallei
to the lines, |

(h) lany other changes each small in the individual but they as a total
create guite a changze in the rgnoff picture. |

It is easy to see that since the time of the white man in Alberta
mrjor vegetative changeé have resulted in-the'alteration of the natural runoff
cenditions. The amount of this change has never been considered. The total
charge poscibly would show that we in Aibertn have by aur alteration of native
conditions increased the total runoff framrﬁlberta's soils by an amdﬁnt gfeater
than the water we have removed from these sireams for irrigaﬁion, domestic,
industrial and other purposes.

It is theréfore, essential that we investigate the valne of thesa chr.;
E£es 80 {hat we can at least estimate with some dezree of accuracy the emount
of change that bas taken’plnce;

Resenrch should be undertsken into the effect of a change of vegetation,
o:r land use, on the ruﬁoff characterisfics oflstreams in Alberta with speclal

referenca to the four Zones.
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Jelected Ecading Marked #

ANDTR30H, E.W. and TrOBITZ, H.K.
1949. Influence of some water variables on a major
flood. Jour. Forestry 47 (5): 347-356.

Whether inerzzsed flood pesks and sedimentaticn result from
forest fires has been a guestion of long standing, owing to the lack
of quantitative methods for relating burning to runoff and soil ero-
sion. Using multiple =~ rassion anclysis, Anderson and Trobitz
found a way to isolate ihe effeets of watershed voriables, particu-
larly the density of nlani cover, on pesk discharge and sedirent
production so that the effzets of burning con be measured. Behavior
of L0 gaged watersheds in sortharn Colifornmia during the major storm
on FMorch 1938 was appraissd. The study included snich variobles as
peak flow, deposition of sediment, moxirum 24-hour precipitntiion,
size and physiography of watershed, the extent and age of old burns,
length of stream channels, and reservoir capacity =t bezinning of
storm. Reservoir sedizentation was found related quentitatively to
the maximun 24-hour precizitztion, density of forest cover, extent
of barren area, area of old burns, and area of the individval water-
ched. Peak discharges were found related to forest cover density,
maximom 24~hour precipit=iion, watershed physiography, and watershed
area, Under 1932 corditions, if 207 of a waterched were burned over,
a peak discharge increass of 553 would be expected the first yenr
after the fire,

ANDERSON, H. W.
1949. Does turning inere se surface runoff?
Journal Forestry 27 (1): 54-57

inderson cocments on ‘the Adams-@ving-Luberty publication
PLydrologsic Aspects of Bning Brush and Woodland-Grass Wonges in
California", pointing oul tkat some of the specific findings and
metkods which led tc those {indinzs needed further critical inspection,
e noted that the long tize effects of repestcd burning in site prod-
uctivity should be considered, and that southern Colifornia data not
reported by the svthors wculd have clorified the findings quoted as
well as the needs for fuicre research. Andersen voints out that one
study which led to the cerclusion that runoff was not accelerated by
burning can be interpretsd differently. This conclusion was drawn,
he shows, from an unclaszsified and unweishted sample. By rearranging
the dats according to tke inds of plant cover, Anderson found that
burning did increase surfzce ruvnoff in 3 of the 4 brush types studied.

65
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AMDERZON, H. M.
1952, liow wiil you have our weter?
Jorr. Torestry 50 (2): 135.

Refuting cl=3=s that loggine has no influence on floods
of the Williamette River, Crezon, Anderson shous that flood peaaks actually
increased 30 oercent afitc= lozzing. This was shown by comparingdischar-

#es of the logged ¥Williawmsiie and the unlogged Maclenzie Rivers. Bven with
flood control dams in plec2, flood peaks on the .Jillicmette remained 13 per-
cent above those of the prelocging period.

AMDERSOM, H. W.
1955, Deteciine hydrologic effects of changes in watershed
conditions by double-mass analysis.
Amer. T2ovhys. Union Trans. 36 (1): 119-129, illus.

" Heaauring the effects ol wildfires on reservoir sedimentation and on
fJood peaks is difficuli beecanse of the mny variables invelved, an¢ fthe short
term records of sedirenisiion and floods.  Arderson shows o way of evalnating
the effects of wildfire and estimating the long—term effects from the short
records usually available. Ry this method tha sedimentotion of Gibraltar
Feservoir, which supplies ¥ater to the city of Santa Barbara, was found to have
incre_sed morkedly afier wildfires, then decrcased as the watershed vegetation
recovered. Penk inflow t2 the reservoir was affected similarly, but the total
apmal. inflow showed no chznze.

MNDERSOM, H. . :
1656. TForest—~cover efiects on snowpack accumulaticn end melt,

Centrzl Sierra Snow Lnboratory, fmar. Geophys. Union
Trems. 37 (3): 307-312. -

Snowpack accomulation and melt within snow ccurses vere related to
the amount of shade to th= =outh of snow measuring noints, z2nd to the smount of
shilelding from trees Lo the north of the noints. Wolter equivalent of the snou—
pock beginning April 1 wans studied. By covariance analysis a hirch degree of
associntion was found betwe=n the snowpack and forest cover variables. The
study is interpreted in terns of timber cutting patterps that would resnli in
maximum snow accumilation, winimm melt rate, and deélayed release of snow water,

ANDERSOM, H. H.
1957. Watershad managemesnt in the snow zone. Paper presented
at Intersociety Conference on Irrigstion and Droinnce
sponsored by fmer. Soe. Giv. ®ngin., fAner. Soc. Asr.

Enzin., and Soil 3ecl. Soc. Amer., 32n Irancisco, Calif.,
&pril 29-30, 9 pp. (Processed).

Describes the srow management research program of the California Forest
and Range Equipment Staticn in ce-operation with the California Department of iater |
Resources, Reports studias ynder way to determine if, by how much, vhere, apnd how
lands in the snow zone cox be mansaged to improve Celifornia's water supply.
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AYZRS, GORDON A.
A progress report on Investigation of the influence of

Reforestation on Streamflovw in the 3State Forests of
Centrzl Veow Yorlr, 1T49. -

An area of brush and weed coverced land was replanted with trees and the
report deals with 15 years of data collected and the resuits which may be drawm
from this information,

BETHLATTY,
Surface Runoff znéd Erosion-helated Problems of Timber
Harvesting, 1960,

Lorsing affects the hydrologic characteristics and behaviors of water—~
skeds. The effects depend upon the methods used, dozres of plamning, and the
attention paid to details in execntion. The harmful eflfects of roads can be
minimized hy zood plapning. Research is neaded into the tyme of logzing best
suited to o pzriicular site and alze Lo pesess he offect of controlled burning
a3 a meand of eliminating d=bris.

DURGE, PGszT .
Iater THelds os fl::nc“d by Ualershed Management.,
From - Journul ef the Irrigation and Drainage Division-
Americom Seciely ol Ciwxil Ingineers.

2ies on small brush covered watersheds in the coas
10, alifornia chow approciable inereases
from rcpl?ce:h at of brush by graos. Hater yield incr-
ses of 25 mich as ten inches hare betn measurad under Favorzble conditions
without scrious ::cclcra%i ccil erosion.  These mensurements practices
g production on wrnv1ou°lj marginal land.
snl are discussed in relation to the influence
F‘

The Zrosion !
on Trp Loz
From — Zmeriecan Society of ﬁnrlcultural Enﬂlnrers,

51zt lrrnunl Mecting,

Cotaining Incre1 = Water Yields

Repidly eypanding ponulations has caused scientists to look into the
poscibility of increasing ruroff by changing vegetative cover. The increase
in rvonfF increnses tho bozsrl! of erocion. | The neasurement and study of cause
erd e?fects and possible remediss is covered in the report.

da
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BURCY, R. H. end PG-ZR0Y, C. I
1952. Interception Losses in Grassy Vegetation.
From — American Geographical Union Transzactions, 1958,

tudies of the intercepltion process in grassy spseiss are reported
for a series of lsbhoratory tests. Procedures, equinment, and techniques were
developed to determine the magnitudes of rllnf1ll interception on grasses ond _
to neasure the resultant loss=ss < was found in vigorously growing crasz that
thz evaporation of a given amount of intercented moisture was neccompanied by a
like reduction in the amount of evanoiranspiration from ths plants. Total
moizture use was aporoximateiy the somz in plots with wet and dry 1leaf surfaces.
The intercention storage cowno1ent and proc1n1tgt10n passing throuuh tbe vege—~
tative canopy as combined ctemilow, throughfall =znd drip (3TD) were measured to
determine the relationships 3rd na*nltuues. Storage cnvuc1t1es were ghserved’
to zgree essentially with those reported by other inVPSt17Jt10n3 although come
variations can oceur with different storm tyneo and 1nt=nu1ties. Value of STD
were found to be quite significant even at the beginning of small stormu.

COIMAN, B. A. :
1953. Vegetstion and Watershed Management. New York, ¥.Y., 412 pn.,
i1Jus.

amining the e¢lose relation<hip of wvegetation to water supnly and
eontrel, Colman's book provides the [irat systematic estimzte of the opportun~
ities and methods of ranaging vezetation on watershed lands,

The volure points out how the managemeni of vegetation is related to
the control of water in streams and ground-water basins. - It éascribes the in~
fluence of vegetation on the Fydrolo’iﬂ processes of interception, infiltration,
soil-uster drainnge and storage, evano—tran iniration, surface runoff, end erosion.
It indic-tos how nroper manzzoment ean augment ground-vater supollea, check eoil
crosion and the 3iltitation of rivers and reservoirs, and reduce flood peaks.

(.olman anelyzes the significant erperinmental work done in the United
Statas end abroad that bears on vegetatien mannzement c3 it zffects the conirol
of water on the lend. Xe places this research azainst the background of the
current water cituntion, stressing those acpects which the treatment of vegetaw
tion czn favorably affect — flooding, extreme seasonzl fluctuations of stream-
flow erosion, etc, F=search seclions conclude wiih sumparizs showing vhat haos
bzen achievzd znd the further research nesded bzafore vegetation menagenent can
be widely epplied,

COLMAH, L. A,
1954, Hzter c0ntrol and timber manngeront..
45th Anmunl llestern Forestry Conf. Western Forestry and
Conserv. Lﬁsn. Proc. 19541 24-26.

Discusses ways in which timber nroduction 2an be integrated with land
manacenent for controlling water Tlow in the wastorn United States.
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COLMARE, E. A, )
'1953. Hatershed oon-mzen n California. Statement of joint it

i1 3%2te Becord of Torestry and the

235 Beoard, _

5 vo. (Proceszed).

Colman anpraises i:s coverall vatershed managemant problem in California
and methods of colwing it. I z2X»lains the functions of watershed nanagement,
vhat can happen without it, == whai ear be done to maintain, repair, and improve-

watersied conditions. He diseucsas ihe websr problems, onportunities for water
yield cortrol, and the resesrct needs of the 4 vater-producing regions of the

o]

state, the chaparral, brush £t woodland-;rass, timbar below the snowpack level,
and the snowpack lands! “ter gumarizing the past and present watershed research
in California, Colmon recormanis that (1) resesrch be put on a more sound,,long-
time basis; (2) a statewide wolershed svrvey be made to pinpoint watershed menage—
ment vroblems; (3) a handbeok be prepzred to summarize our present knowledge of

votershed menagement for us2 by the people on the land; and (4) research be str—
engthened,

COLMAN, E. A.
1955. VWhere will jour woher com2 from?  Tall: presented ot state-

wide meeting of County fzriculivrel Coumissioners, Quiney, Calif., June 8, 1955.
€ oo. (Processed), '

Woting that forestrz has progressed from the sate of ¥eut out and get out"

to the stare of orderly managemsnt of all wildland resources, Colman discuszes the
strugsle to provide adequate water for California, and the part that forest manage-
rent can play in improving waler 7ield. FHe tells the importance of forest cover in
regulating water yield in souihern California, in the forest belt below 5,000 fect
end in the snow zore above 5,000 {eet, and describes regearch that is under way and
planned to increase vater yisld i- these creas.’ '

A

COLMAN, . A. :
1955, Operation wei blonket: proposed ressarch in snowpack managencot
in C=2iTormiz., Pavper presented i Poeific Southwest Reglional
Meeting. Am2r, Geonhys. Union, Perkley, California, February
5, 1955. 190 on,, illus. (Processed),

Discusses possibiliiiss of imneoving water yizld on snowpack lends, and
the need for srow research in £z21iforpia. Proposes a research projcct on the .
physices of snow ond the waler-;Z21d consequenzes of snow management with particular
reference 10 logzing patterns. L letter-size map shous the extent of the mzjor
water~yield areas in Cnliformiz, *ogether with their acrenges end estimated avercge
anmual vater yield, (this ma> iz reproduced on the incide front cover of this report).
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CROFT, A. W. ond MA2STTI, R. B,
Soma rechzrge Phenomens of asatch Platean Votershed - in
Trans-etions of Amoricon Geophy=icol Union, 1943,

One of the bigmess gops of our lmovledge of hydrology of high watersheds
is the l=ck of wmmderstanding of thez phsnomena whichoccur from the time a deposit

of snow begins to melt and ithe itime thol nart of the pelted snow apnears as stream-
flow., Thig paper reports ihe m=

rena on 2 92 acre watershed in Ceniral Utah,

CROFT, A. R, .
1948. Water Lozsszs br Stream Surfpce Tvaporation and
' transpirztion by Rinarian Vegestables.

For the period Arvgust to Octeb2r, 1944, evopoiranspiration losses
from the streamflow in Forsd=zgion Cresk in Horthern Utah have been estimated
to be aboubt one-third of ths toizl cire~mf{low. CQbszervations included stream-
flow, wet and dry bulb air ie=persiures, evaporation and water temperaiure.
The analysis involved considsroiion of {lucituations in streamflow diurnallyr,
seasmally with chnanges in voather, nnd with freezing lesvos.

CROFT, A. R. and EOXOTIR, M. D
1950, The Helriion of Forzsts to our Water Supnly. _ o

23
ety of Amzrican Toresters.

18

Presan =d to Seoc

Public concern =23 = d=znand for water has demonsirated to the Foresters
rat the water from the lands noy kave 2 valus equal to or grester then the timber.
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omomnt of water into the 51l reservoir cnd on the other hand take the minimum
amount out by evaporation. This

the so0il ard reach the streoons to form streamflow. Mo problem of the future is
greater than that of fusiaining a usable water supoly. o

]

GROFT, A. R. and M¥WIMGER, L. V.
1953, Evopotranspiretion and other water losses on some . #
Aspen Forz2st Types in Relation to Water Available,
for streax flow.

This paper regorts thz zffects of altering on forest cover in Utah
on evapotranspiration loss2s, overlznd flow, erosion, and mzntle storage deficits
during three successive proving seasons. These date, together with supplemental
measwres of winter precipitoiion and estimates of evaporation from snow, provided
a basis for estimating smomis of waler availehle for stream flow.  Removal of
zspen trees, lenving herozcoous understudy ond litter undisturbed, reduced evapo-—
transpiration losses and inc—sssed the amouny of waler available for stream flow
by sbout four inches withoul seriously increasing the overland flow or soil erozion
during summer rains. Removzl of the remaining herbnceous cover further reduced
evapotranspiration losses znd increased the amount of water avoilable to streams
by en additional four inchec tut resulted in zn undesirable increase in summer
rainfall runoff ond soil loss, ’

would permit the maximum amount to percolate through
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DILS, R. E.

' A guide to Coweein Fydrologie Laboratory,
¥or U.S.D.A. ~ Torest 3ervice,
South~-eastern Forest Experiment Station.

This report decls with the projects and research undertaken by the
Coveeta Hydr010ﬂlc Leboratory, their results and their Jusure.

DILS, R. E.
1953. Influence of forest cuttinz and Mountzin Farming on some
Vezztation, Surfe=cz Snil, en? runo ’E haracteristics.
For - 3outb—arciern TForest Experirent Station,

T.5.h.A, ~ Forest 3ervice,

The need for hydromeiric and met-orolozical data hos becoms apperent
when reaszarchers started to invesitigate the effects of vegetation on runo’f.
Orly sm2]) =n2cially prepared srecs bove softficient data evailehle to asse
tHe results. ?Yperinﬂntq on the drainage arenc yield various concluulonu of
to the off=2¢ct of variouvs trestments on runoff V1elﬁo. I% is impractical to
leave 211 the lnna in forests no matier kov sveellent the supply of water thus
ascured would he, Land must be used, bubt must he csrefully moncgad to assure
the mosi zood for the grentest nurhor of n=onle.

LUHFORD, E. G.
1955. A UWatershed Resenrch Program for the Pacific Northwest.
From Proceedings of 1955 -~ Society of American Foresters
Yeeting.

In 1955 the area began reserrch into the problem of Watershed Manage-
ment, The shortzpge of water in the Pacific Morthwest for devalopment was »ne
of the problems requiring solution. It has hesn found possible to increase

the runoff and to control to some extent the rate of runoff by forest monagement.

Research is required to prove the effectiveness of this control in the Pacific
korthwest.

DIIFOLD, E, G.
1950. Effect of Logging and Forest Roads on Stresm Sediment.
To ~ Water Quality Conference, Pullman, Yazhington.

Lobbln" alters the forest environment in two imnortant respects,
(1) more water iz made available for streamflow because of rcduced jnterception
by tree crowms snd lovwered moisture demandsfor tree growth, and (2) normal
movement of water through the soilis obstructed or diverted. The second of
theze effects often leads to erozion 2nd stream damage.
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DUNFORD, E. G. and WEITZMAN, SIDNEY
1955. ‘Yanaging Forests to control Soil Erosion.
. From - Water, v.S.D.A., 1955.

The undjisturbed forest hest exemplifies the controls of erosion that
oparate most effectively. - However, forest use means that these natural controls
are changed end the managing of these changes to minimize or control erosion
creates e problem. This paper deals with the problem and the m=ans of conirol.

FLETCHER, HERBERT C. and EIMEFORF, HAROLD B. - #

. 1955, PHREATQPHYTES - A "Prlous problem in the weqt
- From ~ Water, A year book of Agriculture, 1955, U.S.D.A.

Phreatophytes -means"well plant", These plants grow mainly along stream
couraes, where their roots enter the capillary fringe overlying the water table.
They consume large amounts of water which could be conserved and put to beneficial
use. This report points out that in the Western States some 11,090,000 acres of
phreatophytes waste an estimated 16,750,000 acre feet of water per year, Esperi-
nental development of the conservation procedures nacessary to save this waste
are needed, The use of chemicals to control thess plants appears to hold promise.
These phreatophytes have been used successfully in erosion contrel structures but
could be roplaced by other, less walter hungry plants.

The saving of the water used by non useful phreatophytes presents another
gosl for development of the best use of water resources.

GARSTIA, W, ©,, LOVE, L. D., GOODELL, B, C. and BERTLE, F. A,
Factors Affecting Snow Melt and Streemflow.
For - Fraser Experiment Station, 1958.
U.S.D.A. and U.D.D.I. (Bureau of Reclamation).

This is the fourth report prepared on research being conducted on the
Fraseér Experiment Station at Fraser, Colorado, end deals with the period 1947 to
1953 inclusive,.

Analysis of runoff hydrogranhs show the major importance of lonz~term
recession flows in the snow melt hydrosraphs. Reletions sre developed between
the daily snow melt hydrographs and the melt-causing meteorological factors that
lead to the development of techniques for forecasting the shape of the snow melt
hydresraph is explored for one year when detailed mapping of the snow-covered area
was nursued. The effect of evaporation during the snow mell season was analyzed
by use’ of Light's equation. Instrumentetion at the station is described nnd
samples of the avallable data are shown.

Vork is continuing to determine the effect of forest manaﬁement on the
water ‘ylelded from the snow-fed drainage basin.
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GCODELL, B. C. and WILM, ¥. G.
How to get more snow ‘inter from Porest Lands.
From — The Yerx Eool: of Lgriculture, Miater", 1955.

Snow provides winter protection for younr trees and abundant moistuvre
in spring and eardy sunmer, and th2 forest in itz Luvrn »ffects the rcevmblation
apd melting of snow in mony ways. Srow stored in the foreat benrs a close re-
1>tiop to wvater yield of stresms.  Lonres of snovr from the Corert conopy by
intarcention, evonoration snl s:blimation present a source of water which mzy he
used for shtreamflow. Removal of timber increases tohal streamflow, pealk flows
ard erosion notentials.  The control of this ti-bor cutiing presents 2o metbed of
increasinr water yislds from snow.

GCGOD=LL, B. C, ' :
A preliminary report on the First Year's Effect of
Timber ‘ﬂrvps+1no on Water Tield from a Colorado
Watershed.,
For ~ U.5.D.A. ~ Torest 3orvice,

This report sumsrizes the effect of 12 years streamilow records
and one year aiTter cormletion of the timber cutting on the
hed ir Colorade. Increases in totel stream{low oceurred
both 1n 1954 and 1957. The increases occurred mnirly during the spring |
runoff but a smeller increase oceurred throughout the entire year. The peak
discharge increased measureably the first year but decreased slightly with
control curing the second yenr.  Sedimen?i yields bave been low since
cutting. Snow accummlation incrensed on thecut strins 25 expected.

ng
T8

GCOPELL, B.
1958, Uafer hed Studies at Fraser, Colorsdo.
From - Proceadings, Society o American Forestera, 1958,

The first rear since comnletion of cutting on the Fool Creek

Watershed in Colorado indicates that for the particular loecality and climate,
steep cutiing In a dense Fforest stand sicnificontly affected water yield
from winter snow fall. 395 of the watershad wes clearad and if all the

increase can be ascribed to this area an €07 increase ir the 2verage pre-
treatpent yield occurrad. This stwdy tends to confirm results of Yagon
Wheel Gap where an increase in

J‘ !

wzter yield was concentrated mainly during
513

the epring runoff period witl ghtly hizher summer flows,
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HAMILTON, =, L. and HOYS, P. B,
1949, Rainfall Int ercrntlon try Choparral in California,
Calif. Cept. Nct. Hosources, Dov. Forestry, 43 pp., illus.

Rainfarll intercepted bz shrubs vres mensnred a% 3 locations in

Czliformia. In the ceptral 3ierra Neveda foothills, 81 pzrcent of an average
anrual rainfall of 42 inches reached the soil as throughfall cnd drip from the
brush cover, and 1/ percent =s flow down the stems: 5 nbrcpnt vwas loat by evapo—~
ration from the venetatjon. Cn snother area in the same vicinity with a dif-
ferent type of brush cover, 8 percent wag interception loss. In San Gabriel
Fountains in Southern California, S1 percent of an average annual rainfall of

22 inches reached the soil as throughfall =nd 8 percent as stemflow; 11 percent
was interception loss. tmounts of throuchfall, stemilow, and interceptlon less
varied directly with storm astorm zize. :

Lg°T, . F.
A method for cortrolling Sediment Trom Logging TOde, 1959.

Controlling sediment from lorcing roads in Ponderosa pive lands in
in southern Idaho is an ~7ibe problem. The rethod of conirol =»nd desipn is
proposed to minimize the frosion problea of lorging roads. The method was
doveloped from an underzhrnding o the processes involved in erosion from
roads and how these procesnes after an area bos benn logczed.

HELETT, J. D.
]97u. Pine and Hardwood TForest Yater
From ~ Journal of 30il and Yater Conservetion, 1958.

Tuo vatersheds comprising 70 acres at Coweeta Hydrologic Laborauory
in North Coroline have been cleared of nntive hardwoods and converted to pins to
find out the effect of the chanze on the streamflow from the area. . .

KOPKINS, Welt. ’ :
More good Wﬂter. . _ F/3 l
For U.S.D.A. . Forest oerv1ce

#How much water can be produced by research-fuided manacement?".
This question requires an early answer, and ibis paper desls with the equip- i
nent and experiments being made.
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HIPHUREY, R. R.
Forzge =xd water,
Presented =% &3rd annual meeting of Lmerlcan Forestry
Associatica

Vegetatlon mzy #ilect water in three principal ways, by interception, |
retention and by evepotranspiration. Different types of forage vegetation use |
different amoimts of water. ¥aiive grass vses lesa water than cultivated crops l
while shrubs and trees vse more water than srasses., Vegetation elong stream [
channels can use more water ihzn that evaporated from the surface of freewater.
Funoff has been increased on plots dve to a change in the vegetative cover.

U‘ +

'IJ

.

YURSCH, C. R.
1951. lesearch in Forest Streanflow Relations.

From U.X.L., SYLVA, 1951,

Less 1s understood zbout the manngement of water than any other
resource. Hich yielding stracas are nenprwllf associated with forest lands,
The report points out the need for further research and mentions the strides
thet have already been nade. The effects on atreamflow, of steep lend Par«
ming, woodland gra31nﬂ lozrinz and the effect of removing all) or part of the

natural vegetation, is discusszd in relation with watershed manarement,

JOHNSON, E, A. and ZOT¥ER, J. L.
1956, Effect cn Sireanflow of cutting Forect Understory.
- From -~ Forez: Service, 1956,

In the Coweefa Fyirologic Laboratory experiments were carried out
to show the effect of cuttinz £he dense unﬂorstory from a forested area.
Lazter the understory was ,J o zrow back. x years later it had re-~
duced to .24 inches and it cctﬁﬂ in time to return to its former

rate once the understory bhas = ched its former density. \Uhere the objec-
tives of watershed managemsn! favour increased streamflow throurh spacial
eutting of forest vegetaticm, %here 1s evidence that treating the understory
vegetation only provides worth while gains.

:]Nt
kh(
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KOTO#, B. I.
1931. Vegetative Cover, the Water Crcle and Frosion.
Azr. ITozfin. 12 (4), 112-113.

, Reviewinz the cooiroversy between foresters and engineers over the
effects ol forest cover iz re;:l voing a streamflow and preventing floodsz,
Kotck cites George Marsa's worc 'Ifan and Hotyre™ (1863) 28 the £irst to re—
cogrnize accelerated erosicn == a prime destructive force in watershed mana—
u:nt Kotol discusses <he Wagon Wheel Gozp exneriment and reviews Louder-
mllh's experiment that shewed Zhe value of plant litterin aiding infiltration

Pty

and preventing accelerai=sd ro-off aml erosion. In California, Kotok concludes,

plans for the state-~wide woisr systsm require guantitative knowledge of plant
cover ag a safegvard esgainst aceelsrated erosion,

KOTCK, E. I.
1931, A repo-t +o Tn=2 Foover-Young Commission on Water Resources,

describing forest and wild 12nis a5 the principsl source of water in Czlifornia,
summarizes the area,-charzcizr o7 cover, and ownership of these lends,
Discusses the relationship of Iand nonagement to the water crop, and the obli-

gations of federal, utate, and lecal azencies for vatershed menagement. Cites

preliminary results of svv“1s showing “that the destruction of plqnt cover by

burning, overgrazing, ard ZrrbsTing s eatly accelerate surface runoff and
g» & £ s 7 &T J

¢rosion. It stetes the pes i Tor erpanded studies on the problems of water and
foreste, and for men techriz2lly traired to carry on this work.

RS

FOTOE, E. I.
1939, Watershed ¥rarenent for Water Production.
South. C21if. iater ord Soil Conserv. Conf.,-
Los ."-71691-3'5, Cz1if, lov. 9, 1939: 1-4. (Processed).

':a

.]

Kotok discusses =hec Ristory, stztus, and needs of waiershed manage-
- nent work and revieuws tha #ijmificant federal lerislation, from the creatlon of
the Forest Reserves in 1571 1o the {lood control Act of 19326, He defines g
watershed and lists waterzhad—m=nazen=znt objectives. In the early stages of
watersied-nanagenant, he sz3s ok Lork will o toward curbing rie'f't'ﬂ*uc::’c.iv'ra

Jand uses 2nd healin: the sare sa0is created by past abuses, as shown by Swiss,

Pustrian and French experiznce. At the sapz tint wve must carry on research
to gather the factual datz meszd tefore we can write a vatershed-mana~enent
prescription for any givin ozro:l of 1land.
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FCTCK, E. 1.
1%32. Solving *thre
L, Fore

]

orest il Water GHiddle,

st3 32 (9): 498-4%1, illus. Also published
as solvinz The vnter riddle. Illus. CGanad. Forest nand

Cutdoors 25 (11): 415-418.

[ |

e
2

Lfter exnlaining tha basic reasona for different opinions about the

=fTects of foresi cover on flood flous, Fotok surveys the zcope and seriows-
nags of land abuse in the Uriied Stntes. Swamples of erosion accelerated
by the uhite panls apd are cited. Agninst the boek ground Fotok

Doints
T2 mointainad on forest and re=nxe lowls in order to keen rivers an! harbors
navigaole nrd to protect our w-oter rocsources. He calls for a co—ordinated
1and policy to make =2ffective conserwntion possible.

45N .

31254, Evapotranspiration and Water Yields following Forest
Cotting =nd imtural Regrowth,
From — Procsedings — Society of American Foresters, 1956.

. Brapotranspiration froa a noltural area should depend to some extent
on tke natvre and condition ol tha wegetation but at present it iz impossible
to pro7e this fron o theoretie~l oporoach, Experiments ot Coweete FHydrolie
Lzborztery have shown that a chonze in vegetotion can markedly alter the trens-
viration from a given watersh2i. Tais basie principal moy have a very practe
jcal application in ‘latershed =anazement aimed at increasing streamflow,

g

The effects of a 17 yenr watershed experiment Coweeta shows what happena

to the water yield when the forast stand iz cut down and alloved to grouw back.

LAPS®:, L., LULL, H. ¥, 2nd FRAUK, B.
Some Plant-Ssil-later Ielations in Yatershed Management, 1952.
From -« 7.2.E.A, — Torest Services.

This publication hos been preparesd in response to the growing nced by
land menagers, engineers, hydrolozists and others for more adequate information
on how forests and rense wotzrsheds function, In an atteppt to bring together
th=2 available technical knowledze of the more important natural principles which
amna~r *n govern the interrelztion of plant, soil and water. It also provides

a neens for appraising the effects of given land conditions, treatments, and uses
on strean bshaviour.
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LOVE, L. D.
Cen Watershsd lrnagement flleviate the need for larger
storage or ojﬂct:.
From — Szeond Annual ‘l2ter Resources Conference, Yontana
State miver=ity, 1957.

A chanﬁﬁ in the chsarazter of water "1eld ronr 2 Watershed could con-

cn1v1b1v 2lter the need for lars2 sterage projects.

Vlatershed Yonapezont uct1v1tles coupled with chanses nroduced in
temperature, wind, hmidity a=< scelar raqmnrion on timber barvested =resns,
exerts a profound influence cx tha d2ily and seosonal streamflow from snow-
nelt in the mowntsin storage recervoirs.

The carc and uce olzced on these rountain lands today will form the
basis on which the risinz g=neration ¢2n enjoy life, liberiy and the pursuit

of hanpineszs.

LOYDERMILY, W. C.
1s28. ForESu Titiar aids in Conrerving Woter for California farms.
U.3. Depi. &or. Yearbook, 1928: 326-227,

Hoting that water is the limiting factor in the development and growth|

of California, Lowdermille recomiszes the need for more storaze feecilities, but
points out that the princizal zourcz of water for agriculture will contlnue to
bz wvells tapping the great undersround basins of California'’s walleys. ~Con—
trolled =xperiments show, he rrnorts, that muddy water uvill not percolate
effectively to recharge unz=ar-round basing, and that moximum recharge is ach-
ieved by keeping stresmflow clzar. :

LOWUERMILK, V.

1928, The Ué ex Cyele; a discussion of theoretical considerations

and tha point at which practiecal spplic~tion may be made.
Jour. Feresiry 26 (3): 352-354. : _

In this paper Lozdermilk analyzes the sources of rninfall,'the wnter

cycle in noture, and the bssi point at which man con met to resulate the cycle
for his own benefit. Theoratically, he says, man cannot control the moisture
brought by eyelonic windz f£rem the ocean to land.  Practleally, however, man
can control the moisture at the point where rain strikes the land surface -
where it be=comes either surfzce flow or secpnage, Calling vegetation "...

our most dependable 211y in ihe control of the abzorption of precinitation
waters", Lowdermilk points c=i that the destruction of vegetation and cor-
aitions for its regrowth mor z-use great cceeleration of erosion., Measuring -
the exicnt of erosion accelzrziion he says, gives us an index to the eixttent

of our control over precipii=%ion.
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I0YWDIRMILE, W, O,
1929,  Further studies of factors affscting surficial runoff and
' erosion. , .
Internatl. Cong. Forestiry ‘Expt. 3ta. Proc. 1929: 606~628, illus.

After referring to previous attempts, dating from 13841, to measure the
effects ol plant cover upon surface runoff, erosion and infiltration, the author
reports findings of plet studies a% Devil Canyon, in southern California, then
leseribes the Berkley experiment which was designed to measure the influence
of forest litter on rainfall disnosition. At Berkley soil-filled tanls wvere
used and artificial rain was provided. Runoff from the tanks with burnedover, bare
soil was 3 to 30 times that from tanks with littercovered soil. Erosion from
the bare soil was 50 to €,000 tines as great 2n from the covered soil. The
znonge" effcet of forest litter in absorbing raziafall was found unimportant in
comparison with the ability of the litter to maintain the maximum infiltration
capacity of 2 5oil profile. EHow the litter accomplished this was shown by a
scparate evperiment in which muddy and clear waters were lod to pass through
colums of soil,  The muddy watsr percolated at a small fraction of the rate
for clear water, ouwing to the deposition of suspended particlss that tended to
seal the soil surface. This proved the previously unreeognized function of
forest litter in stebilizing the so0il surface, thus keeping roiawater clear,
and maintaining the seil’s infiltration cppacity.

LOYDERILE, W. C.
1921. Studies ol the Role of Forest Vegetation in surficial
runof?{ ~nd solil erosien.
Age. Bagin, 12 (4): 107-112.

Loudermilk exnlnins the intordeperndence of wvegetation and soil,
the geologic nora of erosion, accelerated crosion, the formztion of erosion
pavenant, and the roasens for using munoff plots instead of cntire watersheds
to measurz snecific factors affceting surface runoff and seil erosion.  The
instrumentation of plots ond soil t~nks (now called lysineters) uzed at
Barkley and Morth Fork is described, and the results of experiments showing
he relation of runoff to slope of the grourd and intensity of rainfall are

~aented. Lowdermilk concludes that the highest cemmunity interest, in the
ong run, will be served by discovering and speeifying the conditions under
vhizh lond may be cultivated or used otherwise without inducing accelerated
crozion. '
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LCWDIRILK, W. C.
1931. Mannaging brush ond forest lands primorily for yield
of irrigation waier.
<nd Matienal Wzater Uzzrs Conf. San Francisco, February
-1, 1931, 14 pp. illus. (Processzed).

Stating that Water iz teconing mor: snd wmere the chief natural
product from tha mountains of westzrn United States, Lowdernilk prasents
a comprehensive review of wvatcrsbed manngement -~ its importance; establish-
ment of the Hational Ferasts to protzct both water znd timber supplies; '
questiona about the relations of plznt cover te water yizld; =nd the studies
under way and planned to arnsuwer these questions. Mo continues with a dis-
cussion of the complexity of problemc to be sclwed; znnlysis of the supply
and disposition of meteoric waters; findings =zbout runoff, erosion, reten-
tion, and evapo-transpiration; and the importance of making a full accounting
of evaporation and tranapiration losses. Water balance sheets for several
experimental areas are inecluded.

LOWDERIILK, W. C.
1933, TForests and 3trecamflow, 2 discuss
report. Jour. Forestry 31 (2)
Soc. Civ. Engin. Proc, 59 (2):

ion of the Yoyt-~Troxell
: 206-207. {Also in Amer.

484"'490 .

Hoyt znd Troxell concluded that aftzr denudation of mountaln watershads
in Colorado and southern California (1) total runoff wos increaced, (2) more than
half of the increase oceurred in non-£lood perieds, (3) moximum daily discharge
w2s increased, (4) summer runoff was increased, (5} sumier minimum flows were
inereased and prolonged, (6) winter minimum flows in Colorado were not =ffected,
and {7) erosion was increased by surface runoff. From these results they de-
duced that (a) forest maintenance for "censervation of the water supply" may have
an effect opposite to the oue desired, and (b)) vhere woter supply is a control-
ling economic factor, careful study is needed as to whether the acknowledged
benefits of mointaining forest cover may not be outweighed by the waler consumed
by lforest growth.

Lovdermilk reviews the Colorado and zouvthern California studies reported
an? snalyzez the author's interpretation of geologic, =0il, and vegetaiion factors
and watershed trestment. He points out that the "denuded” watershed in Colorado
was pever renlly denudzd. He notes inndequacias in th2 measurement of rainfall
in southern California study and the authors? failure to distinguish choparrsl
vegetation grouing in the drained soils of mountzin slopes from the riparian veg-
etation that grows within reach of abundani water in the siream bottoms. Louwder-
nilk stztes thot destrvetion of the riparizn vegetation stops transpiration, and
cruses an immediste incrense in streamflov; hut this ic not true of glope soils
b2cause they drain quiclly to ficld zanaeity end no walor iz oviilable for release
to streamflow whern the vegetsiion is removed by cummer fires. In view of the
imnortance of the questions raiced, narticularly in couthern Californin, Louder—
millz calls for a thorouchly exccuted ziudy to mnswer the questions raised by the
findirgs of Yoyt ond Troxell,
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LOYHLERMT L:{ C.
1933. tudies in the Bole of Sorest V°*nt tion in erosion
control and Water Coauservation.

5tk Pacifie Sci. Cong. Proc. 5: 3963-39590.

After reviewing the status of Imowledge on the relation of forest
varcstaiion to climnie and streamflow, Lowdermilk notes that contrary concl--
usions as o several aspacta of the re2lntion hzve been reached by serious
students. These divergent concluszions result; he snys, from a wisunderstonding |
of the basic foctors affecting streomflow, To recolve the differences, Lowdser—
milk vromoses studies ©of the bylrolozic processes in undisturbed snd dlsturbad_
arsas suitable for comparison. He defines geologic and accelerated “erosion,
emalyz2s the supply 2nd disnosition of precipitation, and deseribing runoff and
erosion studies mpads in China and in California.  From these stvdies he con-
cludes thet the destruetion of »lart cover by fire, grazing, cultivation, or
other land uses, reduces infiltration, increnses sucrface runoff, and accele-
ra2ies soil erosion. In regions-of critical water supnly, he says, the mantge-
mont of watercheds for ma:dmum heneficial yield of water must hocome paramount.

P._‘)"'On, R. B.
1952. Ground Cover Pz2quirements for Summer SSorm runoff
Control on Aspep sites in nﬁrthnrn Utah.
For — Journal of Forestry.

It has long been recognized that living plants and litter generally
winimize overland flow and erosion. The zpecific degree to which the ground
surface on forest and range lands should be kept covered by vegetal materinl
to preveni exeescive storm runoff and accelsrated erosion, however; is not so
well known. Resulis of studies conducted on the Parrish Creck wntershed in
rorthern Utzh shed some Lizht on the mmount of ground cover vhich appenrs to
bp neseessary for wziorshed protnctlow.

Vorston, R.B.
1928, The Davis Couniy Experimental Watershad Story.
For Intermountain Foresi and Range Evperiment Station, U.S.D.A.

The purpose of this guide is to eletch the flood hist of the n~rec;
= ory o ;
to explain the s*~n1plranca of the restoration of damaged watersheds in preventing
devastating floods and to describe the research procram aimed at do tnrmlnlno how
uatereneds fuonetion. The program covers the significance in plant cover in flood
prevention, the disposition of precipitation and the conzumptive use of water by
plents, The results of experiments completed ard vrojects under way -re discusred.

(Get zr=ph from naze 29 shoving effect of cubtting, and table 3)
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MIN=R, M, H. and TRAPPE, JAMES M,
¥957. 3rnow Interception, fcecuwrulation, and Melt in Lodge Pine
forests in the Blue liountrins of Enstern Oregon.
U.3.D.A. - Forest Resenrch MNote M 153, 1957.

The eflect of forast cover on 1lhe zrount of nrocipitation reaching the

forest cover varies with the deonsen=ss of the forest canopy. Snow melt chorse-
teristics are different under different covera.

¥UNS0H, S. M.
1932. Eings River branch wa'erzhed study units.
U.5. Forast Ser. C2lif. Foranhk and Ronge Expt. Sta.
Terch, Fote 11. 19 pp.. (Processed). -

L
unn2r 52n Jeanrin Tolley of Coliformia, walor which is obtainahle from the
adjacent Sierrs Nevoda Mountains, the subhor describes research undertaken

~t the Ling= River Branch Station, =2as% of Fresno, to develop principles for
womeging the pmmbain watersheds for the maximum yield of clear, usable water.
Tunzor reports the objectives, status, snd procedures pf the project, and deser—
ibes the Eig Creek nnd Teskettle Creck rrovps of watersheds.

BEORTHEASTERY FORIST ZPERIHENT STATICH, 195%.
Annual Report - Upper Darby, Pa,

Por - U.3.0.8. — Foresht Servicesn.

T

This rzrert deals with the verious problems and research worl: heirg
carried out at this station. Fernow esperimental. plots show an inecrease in
water yield hy commareisl cuttirz of Tour plots.

T

me terrain and Forest Effects on Faximum 3now
accumilation ir a Vestern White Pine Forest.
From Western Snow Cornference Proceedings, 19€0.

The wmaximm amowmt ol water stored 25 snow in a western pins forest
is influenced by the degree to which timber cutting opens the forest canopy.
An unéerstrnding of how forest and its treatment affects the accumuletion
characteristics of snow is requisite to the development of monagement methods,

PACK=R, P, E.
Hatershed Manngement Problems in the Rocky Mountzins
Region, 1939.

2 description of the problems encountered and the resesarch required
the Rocky Mouniains ragion.
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PIZRCE, ER.S., LULL, Z.¥. andl STOREY, H.C.
Influence o land use ond Fo*est Condition on Z2il

freezinz 2nd Snow depth. i

From - Foresi Science, 1958

Frost is much more comon in open lands than wnder forest stands
and when froat occurs in forsst soils, it usually. does not peretrate as deen.
Four types of frost were not2d during the ecollection oP data in the field but
this report denls only with conerete frost. ‘
The relative inc1cezce, denth ond versistence of concrete frost in |
the various land use and forest conditions studied nrovide new insights into
forest frost relationships =2=? responsible forest 1nf1uences and suarest
broed management practices for mirimizing frost.

REINHART, E. G.
1958. Calibraticop o7 Five Sm~1l Forested UWatersheds.
Yor — Tranzaciions Awarican Geophysical Urion.®

On the Leinow Experimental Forest in West Virginia, five forested

etersneds are-close togeirar, Tor the most prrt contiguovs, and are similar
topography, soil, forest cover, and stream flow characteristics. The

me thods and problems of caliZration should interest othar investigators in
this field becnuse seldom Loz 2 zroup of watercheds been calibrated for forest
watershed research to determire the effects of range cutting treatments,
\fter calibration, four watsrshads will hz cut over, usirg different cutting
vractices. Cho wotershed wil: b= used 25 control. Effect of treatment on
the stream flow will be measur=d. ‘ethods of Wilm and of Kovner and Evans
were used to determine the Ieacth of calibration neried hosed on anaylis of
an~uzl monthly peak and lov Tisws.  Prohlems of treatusnt assignment ave
zre discussed.

I-J-

REINHAPT, K.C. ard THILLIPS, I.J.
Poor lor=inz makes Muddy Strerms.
‘From — Conservation Magazine, 1959.

Forest practices do affect the quantity and quoality of streomflow,
total flows, peak flows and low flows according to the Fernow experiments,
Loggine unless carefully conirolled causes erosion and hence increases the
turbidity of the water.

POSL, JM. send CROFT, ALR.
1956. Water yield and Public Land Management,
From - Jorm=m, of Soil and Water copservation,

This country has bzcome vitally concerned with water for every
humen need. Droughts and s-o=t walter supplies have plagued many regions.
Land management agencles are faced with the mounting pressure to make water-
gheds’'yield all the water th2® can be safely produced without unleashing
serious floods or erosion. Gver the years mueh hns been spent to reatore the
plant cover to damaped watersheds but some water users are now wondering if

some, "useless" vegetetion isn't belnp watered from their pot. The paper deals

mainly with past grazing use azod its effect on water yleld.
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ROWE, P.B.

1941. Some fzctors of the hydrology of the Slerra Nevada foothllls.

Amer, Ceopbys. Union Trens. 1941 (1): 1llus.

Reports on hydrologic stvdies by the Forest Reserve at North Fork,
California, to determine the influence of woodland-chaparral on water yield,
surface runoff and erosion. The methods and Instrumentation used as described
and the results of studies are presented, It was concluded that: (1) size of
erea, character of precipitaiion, and soil moisture are important factors 1n the
hydrology of the Sierra Newveda foothills; (2) undisturbed woodland-chaparral
cover is effective in the control of surface runoff, erosion and floods; and (3)
voodland-chaparral cover is highly beneficial in the production of usable weter.

In the following discussion section (pp. 100-101) F. J. Veihmeyer
states that 2 plots are not enough on which to base conclusions, as shown by his
own experience; extenslion of nlot data to large areas 1s hazardous becnuse flow
retardation of the kind reported will not prevent floods; and he has found direct |
evaporation from bare soil to b2 very small in comparison to evapotranspiration
losses. He interprets tha dota as showing that the few small plants grew on
the burned plots depleted the soil moisture to the same extent as the many large
plants on the undisturbed plots. To these contentions Rowe replies, in the
author's closure, that 5 pairs of plots were used at North Park, and that their
data were in quentitative agrsement with the results from over 400 plot~years of
dats From 75 plots in 12 diffaranh choonrrnl srens throvphout the state, The
tot~]l wohker yield from anually hirnad nnd mnburned »lets was apnrazimately the
oampa, bt the quality snd dizsiribatien of wetor yield were dofinitely hetter
frort the wmpdirturbed fthan Frou the burred arens,

ROWE, P.R.
1943. A mothod of bvuroloc1" annlyais in wn+nrqned menagement .
Lmer. Geenhws. Unicon Trons. 1943 (2): €32-643, illus.

in cowroach to hyiroloric analysis for the ourpose of Aaterpining the
nhysical efincts of walershed conditions, norticularly those subject to change
through lend mapagemert, on floods and stresmfliow, A detailed nccounting of
the course of precipitaticn is made, from it= occurrence to its final dispo-
sition in watershed. The determination of the characier and extent of the
effects of walershed conditions on floods and streamflow is dependent upon
the evaluation of the physicnl elements and processes controlling them.  The
techniques used snd sequence of preocedures folloved con be adapted to different
watershed conditions and to the objectives of individual analyses.

Zeaentinl steps of the procedure include (1) delimination of watershed
complexes of similsar hydrolic charscteristics based vpon such factors as
preeipitation, vegetaticn, uoJ_l troe, geologic tyoe, 2nd land se under present
and expected future conditions (7) construction o infiltration-capacity curves
of individval hydrologic complexes; (3) determination of storm-precipitation
p~tterns and streamflow hudrographs, interception and eveporztion losses,
depression storage, aveilable water storage capacities of the soil end rock,
and surface ond svbsurfece rvnoff relations; (4) odjustment of infiltration-
capacity curves of the hydroloric comnlexes Lo measured storms and streom dis-
charges; (5) apolication of esirblished precipitetion. infiltration, runoff,
ond so0il water relations to streamflow predictions for present and expected
watershed conditions.
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ROAE, D.E,
1¢/8. TInfluence of %Yoodland Chaparral on UWater »nd B3oil in
central California.

Calif, Dept, Wat, Kesovrces, Div., Forestry, 70 vp. illus.

Reports a Q~year study of waler yield and erosion as affected by
chaparral burpning in the Sierra MPevada foothills. Ruroff and crosion wers heavy . |
in the burned nlots, and infiltration was reduced. Little surface runoff and no
aporeciable s0il loss occurred on the unburned plots. Althoush 207 of the annual
nrecipitation was intercepted by brush cover, 15 percent reached the soil as strm-
flow; consequently, only 5 percent was lost by eveporation. Percolation to 4—-feet
depth was 39 percent of annuel precipitztion on the burned plots znd 58 percent on
vnturned plots.  Thus the brush covzred areas yielded rmore water than the burned
areas, and at the sene time protect the soil.

RCJZ, P.B. end COIMAN, E.A.
1951. Dispositicn of Rainfall in the Two Fountain areas of
Colifornia. ‘
U.3. Dept. Agr. Tech, Bu. 1048, 9/ po., illus.

An evaluation of some of the hydrolegic processas involved in the dis-
nosition of rainfall in the Two lMountain arens. One sres is near North Fork in
the Sierra llevada of Central Califorria, znd one is in the San Dimas Experimental
Torzst in San Gabriel Mountzins of sovtrern Crlitormin,

The firct port of the study was made on hillside vlots in forest
(ponderosa pines) »nd brush types of the two arecs. ‘These studies showed that
annucl burning of the vegetation, althourh reducing interception loss, did not
zooracisbly affect totrl evano~transpirstion loss. It did reduce the infiltration
czpacity of the so0il, thereby ineressing surface runoff. The reduced interception
loss resultad in increased watsr yield {surfrce runoff plus seepage), but this in-
crease was zchieved by sreatly inereased surface runoff end erosion, and corres—
ropdingly reduced underground water yielda.  Hemoving the vegetation, trenching
to prevent root intrusions, and mainteiping o bore foil svrfasze on the brush nlots
2lininated all interception and tranapiration lozs. Totel evaporation loss was _
reguced but a2s in the case of annuel burning, surfoce runoff and erosion was !
greatly increosed. During the lens dry period of each summer, the bare soils
lost aporeciable quantities of water from 211 depths, but drying was slower and
less complete in deep fthan in shallow soils. Total water yield was greatest
frop the plots with bare soil. Hovever, underground yield was greatest from plots
with naturel wvegetation.

The second part, of the study was carried on in lMonroe Canyon, a typical
Z75-ocre brush-covered watershad of the Son Dimas Experimental Forest.  Average
-anmeal rainfell during the 2-year period of the study (1943-44 and 194/4~45) was
zbout 31.0 inches. Interception loss averaged abont 2.4 inches per year and evapo-
iranspiration, including riparian loss, averaged 10.8 inches per year, HWearly -~
15.0 inches of rainfall was accounted for by the evaporative loss, but of this
asormi enly about /4 inches zppeered as streamflow.  Trus more then three times
a8 rach water appears to have been yielded from the waterzhed os underpround flow
than as streamflov., ‘
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ROWE, P.B. : _
19556. TPossible weys of increasing stream flow yield of the
Snlt River drainapge by wetershed modificotion.
Arizona latershed Progress.
Recovering R2infoll, Part IT: 197-207.

Rove diszcusses mesns of increasing streamflow without regard to the
effects that possible land treatments may have upon the land, floods, or soil
erosion., For the severnl covar types in the Salt River UWatershed he estimates
the deposition of rsinfall b=Yore and after cover convergion from brush and
timber to grass, =nd the control of riparisn vegetation. e urges that complete
hydrologic studies be made befors =n nction program to increase woter yield is
begun. :

SINCLAIR, J.D., HAMILTON, J.E., EORTCQN, J.S.,-ROHE, P.B., FEIMAKY, L.F.
Fire -~ Flood 3equences on the San Dimas Evperimentnl Forest.
For ~ U.S.D.A, Feorest Service, ‘

Wildfires in the brush covered mountming of Southern California have
repeatedly been followed by debris-laden Flocds downstream, but detailed infor-
mation concernins both watershed conditions snd flood flows before and after the
fires has usuelly been meager. This report deseribes fireflood sequence on the
San Dimas Ixperimental Forest in the Son Gobriel Mountains of Southern California.
Here records of rainfall and streamflow from a watershed practiczlly burned over
in December, 1953, are available, before and after the fire. Twrther the bzhav-
iour of thizs watershed can bz comared with records of rainfall and stresmflow
from two comparable wayersheds, one of which was partially burned in 1933 while
the other one has been nearly free of fire for more than half a century.

SILCLAIR, J.D. and ¥22TLTON, E.L.
1954 . = Stream Flow Relations of a Fire-Daomazed Watershed.
Presented at Hydroulic's Veeting A.3.C.E,, 1954.

A wildfire in Decembar, 1253, destroyed the brush and Forest cover on
portions of a watershed in thz 3an CGabriel Mountains of Southern Czlifornia.
Rains, in Jamuary, 1954, precduced rdebris-laden {lood flows from this waerczhed.
Records of rainfall and streanilow from the nartinlly burned waterched and from
a comprable umburned drainnz2, before and ~after the 1653 fire, analyzed,

The analysis showed that peak flows and storm discharges from the dnmaged vater-
shed were greatly inereased by the effects of the fira., The effect of the fire
on erosion on the watershed alse received sttonticn.
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SIKCLATR, J.D. ond HAMILTOM, E.L.
13955 Sureamflow re nctlono of o fire-damaged wabershed.
Amer. Soc. Giv. Ensgin. Proc. 81, Separqtc 629, 17 pp., illus.

After reviewing other studies of the relation of watershed burning to
troaflou und'erosion, the authors report streamflow reactions of twe watersheds
the San Zabriel iiountains of Southern California befores and aftor their pardinl

tion by firec in 1953. Precipitation and stresmflow in these watersheds, on
2 San Dimas Bxperimental Forest, had been weasured cortinuously for nearly 20
ars pefore the fire, giving an excellent bzse for comparicon of post-lire flows.
e =2uth

[S R I = e

ors report and analyze the rainfall amounts ond intep;ltlug, streamilow
znd erozion mea _ureﬂents for the storms of January, 1954. They con-
(1) aknormally large peaP flous bulked by debriz from fire—dameged
complicate the nrob’em of flood conirol ir Southerm Californiaj (2)

sed volune of storm discharge from fire—domnged watersheds is not an

measure of increas=d vaier yield because the Flow were bulked with

vnn,a"L_ed 111nnlu1 ez of debris; and (3) adequate wild-land fire protection in

: ins of Southern Gallfornla will aid in regulating flood flows and debris
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STOECKLER, J. H. _
Trzmpling by Livestock Drastlcally Reduces Infiltration - #
rate of Soil in Oak and Pine Woods in Southern Wisconsin,
For Technical Hotes #556 ~ Lalte States Forest Experiment
Stations, U.5.D.A, - Forest Service.

The paper shows that a 93% reduction in the infiltration rate occurred
in 2n Ouk and Pine Forest when subjected to trampling by livestock.

STOREY, ZRT C.
tects of Forest on Runoff.

From - Soil and Water Conzervation.

LERB
n
i

The effect of forest on runoff is dependent on the inter-relationship
of a large nunper of factors, including the type and condition of the forest, type
end o sount of precipitation, tono"ranhj, soils and geologzy, and various elﬂnnnts
of glinate, Part of the precipitation is intercepted by the forest cover, a part
infiltrates the soil oand some evaporates and part of the moisture runs off as
streanflow. Increased runoff and change in sireamflow chorzcteristics are possible
but not compatible.
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STONE, E.C., VENT, 7¥.W. and YOUNG, C.L.
1950. Water absorption from the atmosphere by plants growing
in dry soil.
Sci. 111 (2590): 546-548.

The ability of Coulier pine to survive long veriods of drought on soils
at or below the wilting poirt wos investuigated to deterﬁane the noss lbllltj of the
plants taking up vater fronm the atmosphere. A 2-yesr old Coulter pine seedling,
growing in a sealed contziner to which no water had been addnd for 10 mon% ths, was
sealed jn a chamber vhich enclosad the vegetative portion of the plant and 1“ which
the initial humidity could bz adjusted, Measurements vith a unmnor;ture-Humidlty '
sensing unit indicated a lowsring of the humidity in the chamber from 98 to around
0 percent in 3 to 9 hrours.

TENHESSEE VALLEY AUTECRITY — DIVISION OF WATEZR CONTROL PLANNING
HYDRAILIC DATA BHASCil.

Effect of 15 years Forest Cover Improvement upon the #
Iiydrolozic Characheristics of the VWhite Hollow Watershed.
(1951 ‘

In 193/, +the Ternecses Authorily acquired the land of the
White Follow VWatershed and de=cided to use the area for research into the
bydrologic effects of land ananagemani nn the area. This program has now
been under way for fiffeen we=ars and this is a report of the work done k
during that peried. They show the effect of the improved cover on water-—
shed hydrology in the area. '
It is significont that during the 15 years of this study the improved
forest and other cover resnliinz in the rreﬂter watershed protectiou has not
been at the expense of oversll uater yleld.

The greatest reduction observed was in peak flows and in the amount
of sediment carried.

TENWESSEE VALLEY AUTFORITY - DIVISIOM OF WATER CONTROL PLANNING
HYDRAULIC DATA BRANCH., Technical Monograph Fo. 6. - : i

Influences of Reforestation-and erosion control upon the
hydrology of the Pine Tree 3-rnch Watershed, 1941 - 1950, 1955.

The Tennessee Valley Authority stoxted research into the hydrologic
changea that would take placs during reforestation of the 88 cere Pine Tree
watershed in 1941. Trees wers planted, erosion control works were built and -
good forest management was practised. The effect on surface runoff; erosion,
evepotranspiration were stvdiad.  The report shows that there is some indi-
cation of o decrease in runof? cdue to the incressed vegetative cover but a
longer study is required. .

A reduction in the peak flows and a retardation of those peaks haa

also occurred, A reduction in sediment is also noted.
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TRIMBLE, JR., G.R. znd SARTZ, R.S., and PIERCE, R.S. p
How type of Soil frost Affects Infiltration. i#
From — Journal of Soil and Water Conservation, 1955,

Hard frozen grourd at times of heavy rains end quick thawing snow
often cause surface runoff hazard and sccompanying loss of potential ground
vater. Freezing of the s5il does not invariably result in an impermeable
rediwm, solls of low moisture content often become granulated and more per-—
neable, and very wet soils have a greatly reduced permeability.

TRIMBLE, JR., G.R. ,
' A problem analysis and Program for Watershed Management ra
Reseorch in the Vhite Mountains of New Hampshire.
From — North Eastern Experiment Station, U.S.D.A. Forest
Service, Paper lo. 116.

~ Water is & natiornal resource that may be limited in quantity and
quality of supply; at times of flood flows it can be highly destructive.
Little or quantitative research has been done for the region on the influence
of forest treatment on streamflow, Studies are required on on sedimentztion,.
water quality, flood control, the hydroli ¢ processes. This pamphlet discusses
the needs and the appréaches to be made to initiate a research procram of water—
shed management, '

TRIPP, MN.E., and LULIL, L.V,
thwgemeru nroblens and Onportinities on Forested Watershedsz
in the Yorthaast,
From — Society of Americon Foresters, 1057.

Yiater is the only forezeeable factor that ean &Lop expansion of this
area in the United Shotes.  £07 of the aren is covered by forests so forest
managerent con play an Imporisnt part in the control of rvnoff from this area.

A cecond nart is the reduction in 70llrtion 21t sedinentation of present supoliea.
Research is the key out it is = long slow process.

U.3. SENATE SELECT CGXITTEE REPORT
Evapotransniration Reduction.
Select Cormiitee on Mational Feosources.

This report is divided into two parts, one dealing with Phreatophytic
and Eydrophytic Plonts along ‘festern Streams and the second dcaJlng with Vege-
totion Monagement and Yoter Yields in 17 ctates.

The first contains information concerning the growth of nlants which
h"ve th i roots in the grcnnd water table, their =flects on water supplies and
ossibilities of salvage of water through erndication.

The second deals with the onvortunltleo for increasing water yields
from watersheds in the wast throush manqaenpnt of* vegetation.
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VEITZRAN, OSIDNEY and BAY, RLE.
1959, Soil Behavior in Forests of Northern Minnesota and
its Menpazenent Inplics ions.
For ~ I[ila States Forest Experiment Station. |
U.5.D.%i. Forest Service, Papér #69, 1959,

How forest cover affects water bshavior is now being studied as a2 part
of an overall program of watershed management research in the lake States areas ‘
This report covers the first results of one phase study snow accumulation and melt ;
in the forests of Northern Mirnesota in the winter of 1956-57. The data collected ‘
shows the interrelztionship teiween forest runoff and forest management.

- VHELAN, D.E,
Effects of Lznd Use on Strezamflow.
From ~ Alabama Acedemy of Seience.

The way in whick l=2nd is mznaged has a definite effect on streanflow.
The things we do to the vegstal cover and soil, affect how puch water runs off
over the surface of the vreund and inflltrates into the soil profile to relieve
soil moisting defects, to recherge the ground water table, and to runoff laterally
into streems as subsurface flows.

Vi1, H.C.

1939, Transleiicn of Investizetions and results of
research into the influence of vegetation on
streanilow Irom mountain dralnage basins of
Kychova and Zdechovka, 1928 to 1932 by 2. Valek.

U.S. Forest Service, Div. of Forest Mangt. Res.
Trans. 365. 12 pp. (Processed).

WILSON, .G. and DITFORD, E.G.
1945. Effect of timber cvthiing on Water Available for stream
flow frnn a Lodge Pole Pine Forest.
U.S.D.A. Publicotion F9AS, 19.8.

There are two methods of increasing the available svpply of vaver
for an area. (1) transmoumbain diversiona, add:tlonnl reservoirs, c»c.,
(2) olonned watershed management. The regsulation of the density of timber
so that tha consuvmwtion of water will not be excessive is a task for the
future wanacer. Test plote show =n increase in runoff can be obtained hy
plannad forest management ond timber cutting.
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YOUNG, A.A. and BLANEY, H.F.
Use of iater by HNntive Vegetation. #
For - Division of Water Resources, Department of
Public Works, State of California.

This is a comprehensive report on the available research data dealing
vith the consumptive use of water by various non~crop plants native in California
and the Southweshern States of Lmeriea in pgeneral. It apalyses the economic and
nrzchical importance of fhe water use of these plants and is an important document
in shnping the effective conservation and use of water in this area.

ZAHNER, R.
Managing the Forest for Soil Moistvre Control.
To American Society of Foresters, 1961,

On upland forest soils, moisture depletion is essentially equal to -
evopotranspiration. TForest management practices which control species and
stocking levels, regulate soil moisture depletion and recherge patterns.
Forest hydrologists understand, in theory at least, the mechanics of water
regime, and there is much evidence of the behavioral patterns of water as reg-
ulated by soil, weather and vegetation. Electronic computed programs can
perhaps now be used to Inventory the soil water balarce.

Z0Y, RAPHAEL .
1912, Forests and water In the light of scientific investigation.
Final report on the National Waterways Commission, pp. 205-302,
Reprinted with revised bibliography, 1927, as Senate Documenk
No. 469, 62nd Congress, 2nd 3ession, 106 pp. #1lus.

ZON, RAPHAEL ' '
1920. Review of the effect of forests wpon streamilow, by Arnold r
Engler.
Jour., Forestry 12 (6): 625-633.






