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This paper has dealt principelly with the application of the index-aurea met
the prediction of total rumoff. Its possibilities in comnection with flood
prediction have been barely touched upon. It seems fairly obvious that the method
possesses a potential walue for the prediction of storm- and flood-flows exo
that of any other type of observation. It should also be borme in mind that not om'
will the establishing of index-area stations serve this purpose but they will pro
s wealth of material for investigating the fundamental elements comtrolling runoffe?
phenomens.- =

It is perhaps unnecessary to add that matters involving hydrology are too crt“.
elighted or relegated to the domain of routine work. The attainment of successful -
results in storm-flow prediction is mostly to be accomplished if under the dirsctics
of some one having wide experience and excellent judgment in such matters and thees --
qualifications, in generasl, are only attainable where the incentive for their scquiss®
ition is an interest in sclentific hydrology- -

It is not the purpose hers to discuss the commercial aspects of streem-flow :
prediotion. 1In general the expense of establishing and equipping index and supple-
mental stations will not be large. It may happen that the increased ensrgy-produstie
for a system of power-plants resulting from the saving of water based on storm-flow
prediction in a single storm period will cover the cost of carrying on the work for g 7}
year or more. =

Voorheesville, New York

TEE ROLE OF INPILTRATION IN THE EYDROLOGIC CYCLE
Robert E. Horton
Introduction--Definitions

For some years the author has used the term "infiltratica”™ to describe the -..
cess involved whers watar soeks into or is absorbed by the soil. Absorption, imbibi¥®&
tion, and percolation are often used in much the sams sense. It seems bettar to come
fine the use of “"percolation” to the free downward flow by gravity of water in the .3
1one of aeration--a process for which s distinctive term is needed. "Absorption’ is 3
cludes the entrance of air as well as water, both liquid and vapor, intc the soil (seg¥
Patten and Gallagher, Absorption of vapors and gases by soils, U.S. Dep. Agrie., Bul. {8
61, Bur. Soils, Wash., 1908; also Charles E. Lee, On absorption and transpiratiem, 3
Trans. Amer. Geophys. Union, 1932, pp. 288-298). "Infiltration"” is limited to water
in the liquid form and is more sccurately descriptive of the physical processes by ;
which rain enters the soil. "Water-penetration” is alsc sometimes used as if synooy- 9
mous with infiltration. Its use should be restricted to the depth below soil-surfuce
reached by the given surface infiltratiom. £

"Infiltration-capacity” will be used to describe the maximum rate at which rais %
can be ebsorbed by a given soil when in a given condition. Infiltration is (a) the .3
sole source of soil-moisture available to supply the transpiration streaa and sustais 2
the growth of vegetation, and (b) the sole source of ground-mater supply of wells,
springs, and streams.

The surface of a permeable soil acts like a diverting dam and head-gate ina
stream, where the head-gate can be opened to a certain width only or closed so as to g
etill leave a fixed opening. With varying rates of flow in the stream, all the flow
is diverted up to the then capacity of the opening. Similarly, with varying ruin-
intensity, all of the rain is absorbed for intensities not exceeding the infiltrati ..
capacity, while for excess rainfall thers is a constant rate of absorption as long a8
the infiltration-capacity is unchanged. Az in the case of the dam and head-gatse, 4
there is usually same pondage which remains to be disposed of after the supply to O3
stream is cut off, so in the case of infiltzation, surface-detention resains after 4
rain ends. Infiltration divides rainfall into two parts, which thereafter pursue -
different courses through the hydrologic cycle. One part goes vis overland flow
stream-charmmels to the sea as surface-runoff; the other goes initially into the scdl _—‘_
and thence through ground-water flow again to the stream or else is returned to b
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r by evaporative processes. The soil therefore acts as a separating surface and
fbe author believes that variocus hydrologic problems are simplified by starting at
this surface and pursuing the subsequent course of each part of the rainfall as so
: divid~4. separately. This has not hitherto, in general, been undertaksn.

. following terms require definition. (Quantities used in this paper are
{ inches depth per hour unless otherwise stated. )

Infiltration-capacity may be definsd as the maximum rate at which a given soil
ean absorb rainfell when the s0il is in a specified condition. Infiltration-capacity,
in general, is designated f. As subsequently shown, for a given soil thers is a fairly
‘ definits maximm infiltration-capacity, designated fs and a more definite minimum in-
T filtration-capacity, designated fp.

_ Ground-rainfall may be defined ag the part of the rainfall which actually reaches
' the ;rou;ﬁ, or It equals the total rainfall minus interception by vegetatiom. It is
designated P‘.

Eainfall-excess (P'} is the part of the rainfsll which falls at intensities ex-
oeeding the infiltration-capacity. For example, if the rain-intensity is 1.6 inches
per hour for a 30-minute intsrval and the infiltration-capacity is 0.8 inch per hour,

, then the rainfall-excess is 0.7 X 0.5 = 0.35 inoh.

Surface-detention is that psrt of the ruin which remains on the ground-surface
dur.‘..ng rain and either runs off or is absorbed by infiltration after rain ends. 4
i part of this surface-detention is usually contained in small pockets or depressicns

,_h. the ground-surface and none of this runs off. This portion is designated
i detention-storage.

E' Field moisture—capecity (delignntaed fmc or ln) is used inthe sense of the quanti-
&y of weter which can be permanently retained in the eoil in opposition to the down-

pull of gravity. It may be expressed in per cent of dry weight or in inches
for a given depth of scil.

.. Tield molsture—deficiency (designated fxd or my) for any soil and time is the
quantity of mater, similarly sxpressed, which would be required to restore the soil
:molgtu~ ~omtent to fleld molsture-capecity.

1.. cerm ground-water asccretion is used to describe the total quantity of water
lddod to the water-table in any given time-interval. It is synomymous with the tarm
‘ﬂ-ehlre as used in western Unitsd States and ultimate percolation as used in England.

s

Soil-moisture acoretion is that part of infiltration which is retained in the
.scne of soil-mofsture and which does not pass on dowrward to the water-table.

Ap N ot

The ltor:-in‘uml is the natural hydrologic time-unit. It may be defined as
the interma om ginning of a rain through the rain-period and the subsequent
l.ry or rainless poricd to the buginni.n; of the pext subsequent rain-pericd.

A (b

.Bise is used, for want of a better name, to define the period during and follow-
iing ralnfall from the time when the hydrograph first departs from the normal depletion-
Zeurve until it again becomes coincident with the normal depleticn-curve. ill of the
s-.r'l'u.tun-rmmr1' due to the storm takees place in this interval. A rise consists of a
‘period of increasing flow, which may result either from increased ground-water flow,
%fru- surface-runoff, or both. This culminates in the crest or peak of the rise, which
h followed by a recession period.

Jp o

L 1‘1 L

Concordant flow is a condition of a stream such that if the rate of ground-water

ow to the stream remained unchanged, there would be no change in the stage of or
of outflow from sny given reach of the stream.

Normal depletion-curve

qs_m.-wew{g

In the determination of total infiltration from runoff-records it is necessary
subdivide total runmoff into two principal ocampoments: Ground-water flow and
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surface-runoff. This may be accomplished by the use of a "normal deplstica
Congider a period of 1ittle or no rain. Stream-flow is then derived from gtg

there is no artificial regulation and no lakes or marshes on the dreinage-besin
streem-flow is derived either from ground-water or from waters in trsnsit im gt
ocharmels. At lower stages of the stream and when flood-waters are not pnuin‘ d.‘.
stream, the water in transit in stream-channels is itself derived from ground-ws$
For practical purposes and for the sake of brevity the flow of a stream st sueh &4
may be referred to as "ground-water flow.”

After the passage of a flood or a rise due to surface-runaff, a stream settles<
down to what may be called & condition of concordant flow. The flow is wvariabls in
hydraulic sense in that the same quantity does not pass each cross-sectiom but the ™
conditions are also such that if the inflom from ground-water remained unchenged
there would be no change in depth or quantity of water stored in any resch of the
streanm.

A curve representing a segment of a hydrograph under conditions of concordant
flow may be celled a normal depletion-curve. It is slso & time-discharge rate rela-
tion=-curve. Since the area under the depletion-curve between two datss equals the
total runcoff and also equals the total draft from storage for the given period, it.
easy to construct a second or storage-discharge rate relation-curve. If grouﬂ-bd
level-records are available this may be in the form of a ground-water level and e
disoharge-rate curve, or virtually a rating curve for ground-eater flow. Por stresmg
where the ground-water level underneath the drainage-besin iz at a depth beyond the
reach of direct abstraction by plants or vegetation, the normal depletion-curves ia
different years are often nearly ideztical throughout thelr common runge within the
limit of errors of cbservation and a-:luding the effectsz of barometric changes, .to.
on ground-water flow.

The normal depletion-curres may differ to a considerable extent in differemt "<
yoears or seascns in cases where there is a direct abstraction of ground-water fr-.
water-table by vegetation or evaporation. Even in such cases the difference bet
summer season depletion-curves in different years is often so saall that for p :
purposes in separating ground-water and surface-runoff, an sverage normal deplet! "" :
curve can be used. [The author first noticed the charascteristics of normal dep! ;
curves during & long drought which occurred in the eastearn TUnited States in the
of 1903 and published depletion-curves for this drought-pericd in the Armuml Repx
the State Engineer and Surveyor of New York, 1903, v. 2, p. 16. Such curves were
shadowed by the 'stongo curves” used by Vermeule (Geol. Sur. W.J., v. S, Water
1894).] Owing to interruption by rein and surface-runoff it is generally imposs
to obtain a camplete normal depletion-curve directly from a hydrograph. It can be 33
shown that for a simple phreatioc drainage-basin (with no direct abstraction from the
water-table by transpirstion or evaporation within the soil) the equation of the =
normal depletion-curve is B

» %'-Ct

where q is the ground-water flow-rate at the time ¢, and t is time eslapsed subssquent
to a date when the flow waz q, (Robert E. Eorton, Discussion on yield of drainage-
areas, J. Few England Water Works Assn., v. 28, No. 4, Dec., 1914, pp. 538-539).
[This particular formuls wes derived by the author from theoretical considerations i %
1904 and applied to the depletion-curves of geveral streams. Its applicability te
springs of Cerilly waes shown by Maillet (Baux souterraines, 1906). In 1521 D. Hal®
Thomscn (Trans. Inst. Water Eng.) showed that this type of expression sccurately
sents the law of decrease of ground-water levels in chalk regions of West Sussex,
England, during rainless periods. Maillet states that this formula as applied to ~
ground-water was first derived by him in 1503 and was independently derived by Bowse
ginesq the same year.] Where & drainage-basin contains many phreatic sub-basins of
different characteristica the normal depletion-curve for ground-watsr flow from th
entire drainage-basin can in genmeral be represented by an equation of the form

-ot?
9= q.

in which n is a constant exponent. Por a drainage-basin in which the ;nﬂtnti'l'
capacity of the s0il decreases proceeding dovnward, as is not uncommonly the cass,’
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jhe normal depletion-ourve can in gensral be representsd by an equation similar to one
r other of thoss sbove given but oonsisting of the sum of two exponsntial terms. By
jerivir e equation of the normal depletion-curve for a drainage-bagin the curve can
o ext 80 as to show the rate at which ground-water would be supplied to the
stream: .a) During a drought-period of any duration and (b) during periods when

prface-runoff is taking place if there was no coincident accretion to ths ground-watesr
.hl.o

By shifting the normal depletion-curve horizontally scross a hydrograph, segments
f the hydrograph which coincide with the normal depletion-curve mey be noted and
hese represent periods during which the runoff is derived entirely from ground-mater
low. Connecting the points whers the hydrograph departs from and rises above the
ormal depletion-curve, the accretion to ground-water and the ground-water flow during
eriods of surface-runoff can also be determined. In this way the zround-watsr runoff
f the stream can be separated from the total runoff, thus making it possible by simple
abtraction to determine the surface-runcff Y_, since Y' =7 - Y&' where Y and Ts Are
be total and ground-water runoff, reapectireiy-

The many interssting and important properties of normal depletion-curves and
beir applications cammot be given in detail here. [Reference iz made to the following
epers: Samuel Hall, Stream-flow and percolation-water, Trans., Inst. Water Eng., v.
S, pp. 92-127, 1918; D. Ealton Thomson, Eydrologicsl conditions in the chalk at Comp-
on, West Sussex, Trens., Inst. Water Eng., London, 1921. According to Gravelius
flusskunde) the separation of ground-eater from surface-runoff by drawing s line
sross the base of the hydrograph of a stream-rise has been praocticed in France for
sre than 60 years. It seeme necessary to point out that the method of separsting
round-water flow from surface-runoff, used by Houk (Rainfall and runoff in the Miami
illey, Tech. Reports, Mismi Conservancy Dist., Part 8, 1921) and by Heintzer and
tearng (W.S.P. 597-B) is incorrect and leads to underestimates of ground-water run-
f; especially during wet months.] The author expects, however, to putlish a full ac-
mot of ground-water depletion-curves and their application in the near future.

T Rain-intensity duration-curve

The rain-intensity duratiocn-curve provides a good starting point for considera-
m of t* rdle of infiltration in hydrology. Such a curve may be prepared either for
i indivy store or for a season, a year, or cther period in the same manner as ths
ailiar . _off duration-curve. For a single stom, rain intensities for hourly or
wrter intarvals should be used and must be derived from the record of a recording
dn-guge.

The lower diagram on Pigure 1 shows the actual rain-intensity distribution in a
Ploal gummer storm on the drainage-bssin of Relston Creek at Iowa City, Iowa. The
#al rainfall of 1.96 inches produced a runcff of 0.67 inch. There was no initial
vand-water flow and the area under the runoff-curve extsnded to zero represents the
tal surface-runcff and is also equal, when suitable scale-factor is applied, to the
ttion of the rainfall shown by the shaded area. The ghaded ares on the rainfall-
gram represents that part of the rain which fell at intensities exceeding 0.55 inch
£ hour, which in turn was the infiltration-capacity of the drainage-basin during
4s storm. Inset A of Figure 1 shows the same rainfall plotted as a rainfall-
tensity duration-diagram. If a horizontal line corresponding to soms particular in-
Asity is drasn soross this diagram, the area between the intensity-curve and this
b 1} the rainfall-excess for the given intensity. The line marked "rainfall-

%es on inget B of Figure 1 was derived in this way. From this diagram it is pos-
Ale to read off directly the rainfall-excess corresponding to amy given infiltration-

$. The total infiltration equals the total rainfall minus the reinfall excess, and
of total infiltration has been added to Diagram B.

;"1 If the infiltration-capacity of a drainage-besin iz kmown it 1s possible by an

-y

is of the rainfall-excess in individual storms, in the manner described, to de-

- » approximatsly et least, the surfece-runoff which will taks place directly
& rainfell-dats.
1

K

-21110 having given the runoff and the rain-intensity distribution it is possible
Metarmine from these data the infiltration-capacity of a drainage-baszin. For large
tit s, of course, necessary to determine the rainfall-sxzcess for several sta-
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Fig.
Infiltration-capacity

Infiltration-capacity of a soil is closely related to but not necessarily and,
in general, not actually identicel with the transmission-capacity as used, for examp
in Slichter's formula. The infiltration-capecity of a specific scil can be dets
(a) Prom laboratory experimente, using artificial rainfall; (v) from runoff=plat ex=;
periments, with natural rainfall; (c¢) from rainfall- and runoff-records for small
drainsge-basing with homogeneous soils; and (d) the average equivalent infiltraticm-
capaclity for a drainage-basin where the soil-type varies areally can be dohnin-d
from runoff and rainfall-intensity records.

Fow data have been published giving directly the infiltration-capacity of soils.i
Experimental and correlative researches for the determination of infiltration-capast =
of golls have been carried out from time to time at the author's laboratory for a 3
number of years. Only the briefest cutline of the results can be given here. In the
author's experiments, water was applied in a manner simulating rainfall to pans of
soil of different types, under fully controlled conditioms.

Various series of experiments by other investigators, made primarily for the de-
termination of runoff-characteristics, have been analyrzed for the determimation of 3
infiltration-capacity. These include laboretory experiments with artifieial rainfall, <%
made by Houk, by W. W. Hormer, end by Duley and Hayes. Infiltration-capacities have
alzo been determined from various series of runcff-plat experiments and from runoff-
data for emall drainage-besine, in particular, Ralston Creek, at the TUmiversity of
Iowa.

In discussing infiltrstion-capacity, two ceses must be considered: (a) Natural s

soils, such as those of forest-covered areas, naturz]l meadows, brushlands, and dessrt £
areas and, in general, all areas where the g£0il hasz remained fallow for a year or mo

and (b) scils which have recently been cultiveted.

Coneidering first the case of a natural so0il, here the infiltration-capecity
pesses through a fairly definite oycle for each storm-interwal. Starting witha
maximum value when rain begine, the infiltration-capacity decreases rapidly st first
as the result of the operation of some or all of the following processes: (1) Pack-
ing of the soil-surface by rain; (2) swelling of the soil, thus closing sun-checks
and other openings; and (3) inwashing of fine materiasls to the soil-surface openings-




FEPORTS AND PAPERS, EYDROLOGY--1933 451

These effects are oconfined to a thin layer at the soil-surface. Infiltretion-
pacity during prolonged rain 1s, therefore, gemerally less than the gravitational
angmission-capaoity within the soil-mass. This is the principal reason why soils
oo to o are seldom if ever fully saturated during rainm, however intense or pro-
mged. sther reason is the necessity for escape of air as fast as the water enters
w 80il. This reduces the pore-space available for water within the soil.

The change from maximum to miniaum infiltration=-capacity during rain at once ac-
unts for increased surface-runoff from initially wet soils or in & succession of
orms, an effeot commonly but erroneously attributed to saturation of the soil.

In the case of natural soils the infiltration-capecity may droo from ons inch per
ur or more at the beginning of rain to one-half inch per hour or less within an in-
rval ranging comnonly fram one hour to two or three hours.

Theresafter, if the rain ocontinues or the scil remains thoroughly wetted, a fur-
sr slow decrease in infiltration-capacity takes place for a time, especially in the
se of solls containing large percentazss of colloidal material. When this col-
idal reedjustment becomes complete, the infiltration-capacity reaches a stable mini-

8 value. This may not be materially less than the value mttained shortly after rain
gins.

After rain ends, restoration of the infiltration-capecity beglns. Wind-action
1 differential temperatures close to the soil-surface aid in reopening the soil-
~es, shrinksge of colleids takes place, perforations of earthworms and insects are
rtored, and the infiltration-capacity returns to its maximum value usually within a
-lod of o day or less for sandy soils, although several days may be required for
\ys and fina-textured soils. Apparently the maximum and minimun infiltraticn-
moities for a ziven soil have fairly definite values at a given season of the ywear.

The range of variation of infiltration-capacity depends on the tvpe of soil as
1 as its oondition. Because of its large absorption-arsa per unit of surface-arsa
beocsuse of the temporary storage of rainfall in sun-checks, a sun-checked clay

1 can initially absorb rain as fast as it falls. Similar conditions pertain in

4 of a newly plowed or cultivated field. In both instances the high initisl
11trati~=-capacity is partly due to storage of water waich iz held in sun-checks,
rows, ml]l depressions until absorbed. Neglecting these exceptional cases, the
€e of . L.ltration-capacity between the maximum and minimum velues is usually of
order of ons inch in the case of loam soile, the range decreasing as the soil-
ture becomes coarser. In the case of sandy socils which do not pmck or sun-check
in which there are few earthworm or other artificial perforations, infiltration-
aeity is spparently nearly constant or the range of variation is slight.

There ig slsc s marked seasonal variation in infiltration-capacity. Appsrently
¢ is in part related to temperature but also in part results from the fact that
thworm and other perforations which freely admit watar or permit the sscape of air
u the scil are present only during the summer sesson.

Table 1 shows the infiltration-capacity of the loess soll comp-ised in the

inage-basin of Ralston Creek at the University of Iowa, Iowa City, Iowa, derived

2 the analysis of 56 storms. In the case of storms deslignated "Class A" the soil-
face was initially dry, as thers had been at least two preceding days without rain.
*ase of storms designated "Class B," rain of at least moderate intensity had oc-
red within an interval of not more than ons day. It will be noted that the aver-
infiltration-capacity during summer storms for initially dry soil wes 1.25 inches
hour, while for Class B storms the averagze is 0.62 inch psr hour or practically
‘half as much. It will also be noted that the average infiltration-capacity in

48 A storns varied in different years. The variation in different years is due in
* to the effect of cultiwation. about 20 per cent of the area was devoted to the

ith of cereal crops; most of the remainder was grassland, including meadow and
Are -

An snalysis was also made of ten winter storms which occurred during the months
mber to April. These gave an averapge infiltration-capacity of 0.12 inch per hour.

t 11lustrates the marked difference in the ability of a soil to absorb rain undar
Ar and summer conditions.

PO o erone
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Table l--Average valuss of infiltration-capecity f from ansl 2is
of individual storms, amnual and elght-year means, G

Enlston Creek drainage-basin, lowa

Clags A Class B All storms
Tear Average | NHo. of | Average | No. of | Average | No. of
f storms f storms f storms
(1) (2) (3) (4) (5) (6) (1)
Summer sztorms, May-October, inclusirve
1925 1.65 3 0.53 2 1.14 =
1926 0.98 4 0.86 3 0.8% y ;
1927 1.43 3 0.28 5 0.71 8
1928 0.98 6 0.36 4 0.74 10
1929 1.65 s 0.97 S 1.31 3
1930 1.57 3 0. 44 | 1.29 4
1831 1.07 2 1.92 1 1.36 3
1932 1.09 3 1.09 3
Averlgaf)
1925-19352, 1.25 27 0.62 19 0.99 46
inclusive
Winter storms, November-April, inclusivse
Areraga?)
1925-1932, caes i i i 0.12 10
inclusive
All storms
Avsrasaf)
1925-1932, caes .e case . 0.84 g6
inclusive
‘)Aternga of all storms=--not average of yearly means.
Table Z--Summary of mean monthly values of infiltration-
capacity, Falston Creek at lowa City, lowa
Average values of f, inches per hour
Month Class A Class B All storms
:' No. of P Ko. of . No. of
values values values
(1) (2) (3) (4) (s) (6) (7)
February 0.17 2 caese .. 0.17 2
March 0.12 b 0.03 1 0.10 4
April 0.12 1 0.10 1 0.11 2
Hay 1.30 3 0.24 2 0.87 -
June 1.57 9 0.81 - 1.21 17
July 1.36 4 0.32 3 0.91 7
August 0.75 5 0.47 3 0. 65 8
September 1.11 [ 1.92 1 1.23 7
October ik - 0.25 2 0.25 2
November 0.11 2 sess .o 0.11 2
All values I .o sess -e 0.84 56

Note--Class a1 f for storms following two or more
rainless days.
Class Bs f for storms following one or leass
than one rainless day.
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by Sll!ﬂnll effects, also the effect of cultivation, are further revealed by the
 data given in Table 2, which shows the sverage infiltration-cavacity for storms oc-
ourring in different months of the year. For Class A storms, which represent ap-

pr tely maximum infiltration-capacity, the value of f 1s of the same order for the
ROG May, June, July, and September, but drops to a lower value in August, in which
month tillage-operations on farme are generally at a minimum, as the season of corn-
cultivation is over and the sowing of fall grain has not begun.

The other experimental data above referred to give results of the same gensral
character. It is expacted that these data will be published io full in the near fu-
turs.

In view of the large varietions of infiltration-capacity, even for the same soil
when in differsnt conditions, the question naturally arises as to the practicability
of using infiltration-capacity as an independent variable in hydrologlic studles. As
already noted, infiltration-capaclty changes rather quickly from its meximum to its
minimum value during heavy rain, and after a rain its maximum value is restored, usu-
ally before the next succeeding heavy rain.

PR T T T ey

Actual variations in infiltration-capacity are not as great az they appear to be.
Owing to the mathod of calculation of f, especially for large areas involving a de-
duction for ground-water, errore in the determination of either the rainfall or runoff
may combine so as to produce a considarably greater error in the calculated infiltra-
tion-capacity.

The data thus far analyzed indicate that if there has been no recent ruin, f is
close to its maximum wvmlue during short intense storms of the summer thunder-stora
type. This would be true, for example, for storms of less than one hour total dura-
tion of rainfall. For longer storms of the same type the value of f is about the
average of the maximum and minimum wvalues. For long storme of the cyelonie type and

- for all storme where there has been at least & moderate fall of rain within one day
preceding, the value of f is closs to the minimum value. 1In other words, if two heary
rains occur not more than a day apart, the ground being dry antecedent to the first
rain, and if both rains are of short duration, the value of f will be close to the mex-
imum value for the first rain and close to the minimum value for the second rain. If
thse maximun and minizmum infiltration-capacities of the scil are known, a study of the
ruir =record will usually show the value of f applicable to a given storm.

BRSO

oy,

A simple method of determining the range and spproximats values of f for a =mall
drainage-area consists in noting the intensities of the heaviest rains which do not
produce surface-runoff--this will indicate fgi and also the lightest rains which pro-
duce surface-runoff--this will indicate fz.

Relation of infiltration to runoff
There are three ways of viewing runoff:

(1) &= o fraction or percentage of rainfall. This is the usual concept when ap-
pPlied to average conditions. The sverage runoff can be detsrmined by multiplying the
., Tainfall by the ratio of runoff to rainfall or runoff-coefficient. There is, however,
only an indirect relation between the average runoff-coefficlent for permeabls areas
- and the runoff-coefficient for particular storme. The average runoff may include a
: large percentags of ground-water flow, while runoff for an individual storm is mainly
. or wholly surface-runoff. Since surface-runoff is approximately equal to the rainfall-
: ®xcess, and this is 1ero for rain-intensities less than the infiltration-capacity, it
follows that the runoff-coefficient is not a constant, neither is it directly a func-
tion of the amount of rainfall. It is a dirsct function of the ruinfall-excess in-
tensity for rains of sufficient intensity to produce a rainfall-excess.

(2) Bunorr may be considered as the difference between rainfall and water-loszses.
The mater-losses include interception, tranapiration, and evaporation from the soil.
i Bunoff is the residuum laft aftar thesa evaporative processes have taken their toll.
! This is the basis of the water-loss mothod of estimating runoff, largely used in Eng-
land. It directly reflects the effect of the physical processes involved but makes no
distinetion betwsen ground-water and surface-runcff and does not directly take storage-

effects into account. It is therefore, aprlicabla primarily to average conditions and
mot to individual stormas.

3
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(3) The infiltration-theory—Bunoff from a permoable area genarally consists of .
twmo partss (a) Surface-runoff; (b) ground-water rumoff. Neglecting interceptiocn i ;H
vegetation, surface-runoff is that part of the rainfall which is not absorbed by the
eoil by infiltration. If the soil has an infiltration-capecity f, expressed in
depth absorbed per hour, then when the rain-intensity i is less than f the rain {g at
absorbed and there is no surface-runoff. It may be said as a first approximation that
1f 1 is greater than f, surface-runoff will occur at the rate (i=f), &

Many ettempts have been made to correlate annual seasonal or monthly runoff wity
rainfall-amount, or with rainfall-amount and evaporation or temperature, it being as-
sumed that at a given locality temperanture is the principal independernt wvariable cem-
trolling evaporation-rate. The results have scmetimes been expressed in terms of o
method for caomputing runoff or extending runoff-records, such as the methods of Ver-
moule and Mayer. Mors often they have been expressed as runoff-formulas, of whish
there are many. KNeither of these methods of procedure has met with any marked success.

An analysis of the relation of runoff for the summer season, My to October, in-
clusive, to rainfall, evaporation, and to rauinfall and evaporation together, has been
made for West Branch Delaware River for the 25-year period, 1904-28, for the purpose
of detsrmining the degree of correlation existing between these quantities. Briefly
stated, the results indicate that the best which can possibly be done, wven where the
cosfficients and relationships are derived directly from e« long runoff-record, is to
duplicate the record for individual seasons with an average error of about ten per osmt
but with much larger actual errors in the estimated runoff in individusl seasons.

The imperfect correlation between total rainfall and evaporatiorn, on the ons
hand, and runoff, on the other hand, is illustrated by Table 3, showing various data
for West Eranch Delaware Eiver for the summer season, May to October, inclusive. The
ground-water flow waz determined bty the use cof s normal depletion-curve and the total
runoff separated into its two elements: Ground-ester runoff (Y,), Column 4, and
sur face-runoff (Y.), Colurn 5. Column 6 showe the ratio of seaszonal evaporative
capacity computed by the author's formula (Robert B. Horton, A new evaporation formuls
developed, Eng. News-Rec., Apr. 26, 1917, pp. 196-199). The apparent water lossas, 1Y
Column 7, represent the difference between rainfall and total rumoff, without ecorree-"
tion for gain or lose of storage. It will be noted that there are large differenced
in total runoff end surface-runoff, particularly the latter, in different ywars having -
aporoximately the seme rainfall. For example, in 1909 we have P = 15.69, T = 6.78,
and T, = 3.42, while for 1913 me have F = 16.20, YT = 2.40, and Y, = 0.94. These dif-
ferences are not wholly sccountatle to wariations in evaporation. Wwhile in most years
excessive evaporation is accompenied by mater-losses larger than the normal, this is
not always true and, in any ewvent, departures of evaporation from the normal are usu-
ally small compared with variations in either total or surface-runoff with the same
amount of rainfall.
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The author has long felt that there was some independent variatle or variables
other than total rainfall and evaporation-rate which should be taken into account.
It will be noted that the infiltration-theory of runoff includes two new wvariables,
namely, reinfell-excees and infiltration-capacity. Just how far the introcduotion of
these new variables will serve to bridge the gap between observed and computed runoff
remains to be determined. In accordance with this theory, total runoff consists of
two parts:

(1) Surface-runoff, which is dependent on rainfall-amount, rain-intensity, and
infiltration-capacity and is practically independent of evaporation-rate.

(2) Ground-water runoff. This is dependent on (a) total infiltration and hence
indirectly on the same factors which control surface-runoff and is alsc dependent on
(b) vegetational activity and evaporation, which in part determine the water losses,
and on (c) the complex interrelations tetweesn infiltraticm-capacity, fleld moisture-
capecity, vegetational activity, and aceretion to the water-table. These relation- s
ships will be subtsequently discussed.

Eeferring again to Table 3, Column 9 gives the ratio of the apperent water- 4
loeses to total infiltration. Attention is particularly directed to the relative =
constancy of this ratio. West Branch Delamware Eiver drainage-besin is in a large de-
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TASLE 3 - SEASCNAL RAINFALL RUNOFF AND WATER-LOSSES

WEST BRANCH OF DELAWARE RIVER AT HANCOCK AND HALE EDOY NY
BAAMLER SEASON - MAY TO OCTOBER INCL.
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@) This 1s apparemt irhitratien—capacity n inches per day as
agsuced from daily ranthil-recorgs The actual mfiltration-
capacity 13 greater in e ratio of 24 to the number
of mours par day of rainfall-excess avration

"ed with natural forest vegetation. The meaning of the constancy of this

} to be that the natural vegetation of a region tends to develop to such an

foxtent _.t 1t can utilize tha largest possible proportion of the availatle soil-
isture supplied by infiltration. The comstancy of this ratic alsc sugzeats its

fatility as a factor for use in estimatirg water-losses from drainage-areas and, fur-

3&'!‘01‘;, it is apparent that the total infiltration represents the maximum amount of

gtreilatle or "effective rainfall™ in relation to the growth of vegetation.

*
E Phencmena of a ztream-rise

The gegment of a hydrograph from the end of a period of concordant flow when a
Fise begins and eantinuing through to the teginning of the next period cf concordant
flow may be designated & rise.” In reality, of course, it involves both a rise and
3 recession. A rise of a perennial stream begins as a result of rain of an intensity
Sxoeeding the infiltration-capacity f.

3

-

i It can be shown that cn a permeable drairage-area direct surface-runoff to the
iStream after rain ends takes place only from & restricted bel:t bordering the stream.
‘. om portions of the drainage-btesin more remote from streams all of the overland flow

water in transit as surfece-detention when rain ends entsrs the soil as infiltra-
"* and none of it reaches the stream.
E As & result of this condition, dirsct surface-runoff into stream-channels ends
pery shortly after the end of the last period of rain-intensity exceeding infiltration-
pacity. There is thereafter an interval of variasble flow, its duraticn ranging from
8§ few hours for very amall areas to many days for large areas, after which the strean
Mettles down again to a condition of concordant or nearly concordant flow. The flom
then represented by the normal depletion-curve. This continues until the teginning
€ the next rise. A hydrograph consists of a succession of alternating rises and in-
rvals of concordant flow or flow derived from normal depletion of storage.
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Ground-water flow, of amr-,'mf_
tinues during the interval of the rise’e
follows the normal depletion-curve wmle;
or until accretion to the water-table $a
place. After scoretion ends, ground-mat
flow in accordance with the normal depls
tion-curve is resumed, though perhape at
higher level. Accretion to the water- _
table does not, however, ccour during a
rise unless the infiltration is in exses:
of field moisture-deficiency betwsen the
water-table and the scil-surface. Theg
principles make it possible to classify
rises appearing oo a hydrograph in terms
of rain-intensity, infiltratiom-capacity,
and field moisture-deficiency. 2

4 The author's classification of rises
Fig. 2 is showm on Figure 2.

Type O 1s 80 designsted because nothing happens as far as the stream is concsrned
For this type the rain-intensity is less than the infiltraticn—capacity. There is, -
therefore, no surface-runoff. The total infiltration is less than the field moisturee
deficiency and there is, therefore, no accretion to ground-water. The normal deple- -
tiocn-curve oontinues its downward course uninterrupted. Thers is, therefore, noc rise:
in the stream. These phencmsna are characteristic of light rains occurring during _
generally dry weather, particularly after long droughts when the soil has the maximm :
infiltration-capacity f,. Type O is, however, something more than s gesturs sinoce
soil moisture-accretion takes place. Soil moisture-accretion effects are cumulative 3

and the occurrence of canditions of Type O may hasten the time when a real rise in thi
stream will ooccur.

(IR

b L

l--Again the rain-intensity is less than infiltration-capecity and no
surface-runoff occurs. The total infiltration is greater than the field moistures i
deficiensy and some sccretion to the water-table takes place, sccompanied either V¥ 3
incresase in ground-water flow or a slowing down of the ground-water depleticn-rate.
These amall irregularities in a hydrograph look like the effects of ocbservaticmal sév
rors or barometric changes but they frequently result from rain. They are typical

fects of light rain in the spring and of scmewhat heavier rain of low intensity im
sumer and fall.

Three different cases ocour under Iype 1, as shown on the diagrsm. In each case
accretion to the water-table takes place during the interval denoted by mn. Normml
ground-water depletion interrupted at m is resumed at n, while n' shows the corre
ing stage had there been no ground-water accretion. In case (a) the rate of sceretiem?
1s less than the rate of normal ground-water depletion. The depletion, thersfors, oamy
tinues btut at & reduced rate. In case (b) the accrétion and depletion rautss are equal ¥
and the ground-water flow-rate remains constant for s time. In cese (o) the rate of
ground-water accretion exceeds the rate of normal depletion and there is a rise of the g
water-table and an inoresse in the ground-water outflow-rate. o

2--Here the rain-intensity exceeds the infiltration-capscity and surface- 2
runoff occurs, but the total infiltration is less than the initial field moisture-
deficiency and there is no accretion to the ground-water and hence no changs in gre
water flow. The normal deplstion continues during the rise and the ground-water
regimen 1s resumed at n. The stream falls after the rise to a lower stage than per- ;
tained when the rise began. This is a growing season or midmummer type and commonly -
occurs when the field moisture-deficiency is large enough so that the field moisture=.
capacity is not fully restored by infiltration. Such rises are typical of the effect
of short, sharp showers of the thunder-storm type.

Type 3--Again the rain-intensity exceeds the infiltration-capacity and surfase=
runoff occurs. In this type of rise, the total infiltration exceeds the field mois
deficlency and acoretion to the water-table takes place. The poinmt n at which the

ends is the point at which the recesaion-side cn of the discharge-graph soincides Ij‘-
the normal depletion-curve. 5
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There ars three cases under Type 3 identical with those for Type l-rises and de-

' pendent on the rate of ground-water accretion. HFormal depletion-flow is resumed at
" the end of a risge of Type 3 st a higher stage than for a rise of Type 2, other things

equal, but the stage at the end of the rise may or may not be higher than the initial
st~ . In cases (o) or (b), Type 3, the stage at which the normal depleticn-flow is
r d will mot be higher than the initial stage; in case (c) it will be higher.

Wh. .or a given rise is of Type 2 or Type 5 can be determined by extending the normal
depletion-ourve underneath the rise. If the recession-side of the graph returns to
this curve as extended, the rise is of Typs 2. If the normal depletion-curve at the
end of the rise ig at & higher level than the extended curve under the graph, the
rise is of Type 3.

Compound rises occur where,as the result of a second intense ruinfall, a second
rise begins before the campletion of the recession-phase of the first rise. Thers are,
however, only three fundemental cases: Types 1, 2, and 3, as may readily be seen. A
ecmpound rise may, of course, be decidedly complex since any of the three types may be
partly superposed on any other. This gives six cases for a compound rise, Type 1 on
2,1on 3 2on3 %on2, 3onl, and 2 on 1. Also each of the three types may suc-
ceed itself.

As regards its relation to ground-water accretion, a compound rise may always be
resolved into one of the three fundamental types, since a rise of any one of thess
types almays involves a reduction in field moisture-deficiency. A storm which pro-
duces a rise of a given type will, if compounded with a second rise, generally pro-
duce & compound rise of an order equal to or higher than that of either of its two
components. Thus a rise of Types 1 and 2 combined will generally be of Type 3.

It may be noted that in order to bring out the various relationships described
on & hydrograph a fairly open time-scale is required, say one inch equals five or ten
days, together with not too small a discharge-scale.

Classification of stream-rises in the manner atove described not only affords a
definite basis for separation of ground-water flow from surface-runcff on & hydro-

_ graph but it affords a convenient starting point for determining what is going on

within the non-saturated rone of the soil during and following rain.

Interrelations of infiltration, vegetatiom,
soil-moisture, and ground-matsr

shere are four hydrologle factors which 1limit and determine the adaptability of
the soil of a given region to the growth of vegetation: (1) Rainfall-amount, dura-
tion, intensity, snd seasonal distridution; (2) infiltration-capacity of the =oil;
(3) field moisture-capacity of the soil; and (4) depth to water-table, if one exists.

Infiltration-capacity limits the amount of water which can enter the soil. The
excess is rejected as surface-runoff. The field moisture-capacity limitas the part of
the infiltration that can be retained in the non-saturated zone of the soil and is
available to supply vegetation therefrom. If at a given time when infiltration oc-
ours, there is s certain eggregate field moisture-deficiency, measured in inches depth
of water, the excess of infiltration over field moisture-deficiency, if any, is re-
Jected and percolates downward to the water-table. In general, the part of the
ground-rainfall which remains in the soil available to supply asocil-moisture require-
ments is that which remains after the rejection (1) of rainfall-excess at the soil-

surfece and (2) of excess of infiltration over field molsture-deficiency within the
soil.

Depth to ground-water operates in three ways: (a) The water-table if too near
the surface inhibits the growth of mescphytic vegetation, although hydrophytic plants
may thrive, az on swampy areas; (b) 4f within the reach of plant-roots, the weter-
table may provide an important and even the larger part of the moisture-supply used by
vegotation; and (c) if at a depth below the reaoch of plant-roots and evaporative up-
1ift, the presence of a water-table has no effect on vegetation.

There 1s a close interrelation bstween infiltration-capacity, fleld molsture-
capacity, and depth to water-table mhich does not seem to have been pointed out.
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Fig. 3 Pig. 4

Fig. 3--Relation infiltration-capacity and field molisture-capacity to soil-texture :
(schematic)

Fig. 4--Infiltration oab and accretion to water-table ocb, per cent of total
(schematic)

Fig. S--Relative ability of soils to support vegetation with and without a watar-
table (schematic)

Infiltration-capacity and field moisture-capacity are in a large measure ccmple-
mentary functions of soil-texture, the former increesing, the latter decreasing as one
proceeds along the scale of soil-texture from clay and silt to sand and grawvel. This
fact and somes of its consequences are illustrated by Figure 3. The base-scale oa
represents soil-texture. The diagonal linss ob and ac may be taken to represent
infiltration-capacity and field moisture-capacity, respectively.

For fine soll-texturez near the left-hand end of the texture-scale, the infiltra-.
tion-capacity f is emall and the field moisture-capacity fmec 1s large. Plants may
suffer because not enough water enters the soil to support luxuriant growth. For
these oonditions also there is a large rejection of rainfall at the surface and but
little rejection within the s0il, so that the final residuum available to supply the

vater-table is zmall; hence ground-water accretion 1s limited and a perermnial water-
table may not exist.
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For coarse-textured soils, corrssponding to the right-hand portion of the

texture-scale, f is large and fmc is gmell. There is little surface-rejection of

water but a large rejection of infiltration within the so0il, so that, again, plants
may suffer for want of soll-moisture, tut there iz abundant accretion of moisturs to
the water-table and ground-water supplies from such sgoils are gensrally plentiful.

In the central portion of the diagram there is both a moderately large
infiltration-capacity and field moisture-capacity, a condition most favorable ta
plant-growth, bearing in mind that rain occurs in quanta, not continuously, while the -
demands of the plant for moisture are incessant and if the moisture-supply is inter-
rupted, wilting, retarded growth, and perhaps death of the plant results.

It is not to be assumed that the relations of infiltration-capacity and field
moisture-capacity to soil-texture are actually linear, as indicated by the lines oca
and be. Quite certainly these quantities are not linear functions of the average site

of the soil=-grains. This, however, does not affect the validity of the diagram for
the purpose for which it 1s here usged.

For a given ninflll-re‘gim, as infiltration-capacity increases, the total in-
filtration increeases, at {irst rapidly, then more slowly as the maximum rain-intensity
is approached. This is illustrated by the line cab, Figure 4. The btase-scale in this
case showms infiltration expressed az a percentage of total rainfall.

Ag the fleld molsture-capacity of the soil decreases, that iz, asz the infiltra-
tion-capacity increases, the proportion of infiltration which is rejected within the
soil increases. The total rejection within the soil equals the total sccretion to the
water-table and can be determined from ground-water flow and runoff-records. The re-
laticns of the accretion to the water-table or total rejection of moistures within the
s0ill to total infiltration and infiltration-capecity are somewhat as shown by the
line oech, Figure 4. Cornsider, for example, a loam #£0il having an infiltration-
capacity as indicated by the horizontal 1line ac. The segment ra of thnis line is
rainfall-excess rejectad at the surface and which produces surface-runoff. The seg-
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ment cs 1s rejected excess of infiltration over field moisture-deficiency and goes to
the mater-table. The remainder, represented by the intercept sc, represents the per-
centage of total rainfall which will be retained within the soil moisture-ione, pre-
suming that vegetation i{s growing on the soil to the maximum extent which the soil can
support. Similarly, the interceptsde and fg represent moisture available for vegeta-
tion in clay and sand. A series of intercepts similar to those described and corres-
ponding to different infiltration-capacities has been taken off and plotted as shown
by th- line ohkm, Figure 4. This shows, as far as soil-moisture alone is concerned,
the tive ability of soils of different infiltration-capacities to support vegeta-
tion .= soll-moisture alone. The maximum point on this curve corresponds to a soil
of medium texture. It is not possible at this time to convert this directly into a
diagram expressing ability of a soil to support vegetation in terme of scil-texture.
However, for illustrative purposes it may be assumed that infiltra-ion-capacity and
field moisture-capacity of the soil are linear functions of the tez-ure or fineness.
The result shown by the line oab, Figure 5, is then obtained (this corresponds to
line ohkm, Fig. 4). This curve, derived solely from hydrological considarations, is
in good agreement with practical experience. The curve shown is not symmetrical, and
probably la not in fact. BHeavy impervious soils because of their large field moisture-
capacity can, with equal rainfall, tide vegetation over periods of drought better
than coarse-textured soils. It is to be noted that this discussion does not take into
eonsideration other requirements of vegetation than those for soil-moisture.

For a given rainfall-regime, that soil will best support vegstation which permits
the largest percentage of the rainfall to be sabsorbed as infiltration and at the same
time permits the smallest percentage of infiltration to pass downward to the water-
table. For such a soil the surface-runoff will be relatively mmall, the water losses
a miximm; the total runoff will not be large but will be somewhat regulated by ground-
mater flow; ground-water supplies will be of moijerate amount but generally perennial.

Turning next to a consideration of the heizght of water-table, in & given phreatic
basin with given rainfall characteristics this is controlled jointly by two factors,
namely, (a) the amount of accretion to the watsr-table, and (b) the transmission-
capacity of the soil. With the outlet level or scle of the aquifer fixed by topo-
graphioc conditions, the average height of water-table at a given point within the
phreatic basin will be such that, at the existing height, the average rate of ocutflom
equals the average rate of aocretion. If there is abstraction of water directly from
the water-table by vegetation or evaporation, this 1s to be addea to the outflow.

Considering first a case where there 1s no such abstraction, the rate of outflow
is proportional to the product of depth of ground-water in the aquifer, the slope of
the mat  *“able and the tranmmiszsion-capacity of the socil.

The «mount of acecretion to the watsr-table for a given s20il and rainfall-regime
ls doubly a function of the infiltration-capacity, eince, as f increases, fmc de-
ireases and an incressing portion of the total infiltration passes dowmward to the
mter-table; hence the average rate and the total amount of acoretion increase
wapidly, other things equal, as the soil-texturs becomes increasingly coarser.
‘rangmission-capacity is slso o repldly increesing function of ineresasing size of
oil-grains. Thus proceeding from finsr to coarser-textured soils the total accre-
ion to the mater-table increases, thus tending to maintain a higher ground-water
evel. At the ssme time the trunmmission-capacity of the soil incrsases and this
ends toward a lowering cof the water-table. The combined aotion of these two opposing
actors tends toward the maintenance of a more or less invariant mean ground-water
ovel unddr widely differing soil-conditions. The effect of their joint cperation 1is
svealed by the fact that the surfuce water-table in well-drained humid regions is
enerally at a depth varying from 10 to 30 feet, in soils ranging from those of the
inest to those of the coarsest textures. Ability of a given region to supply ground-
ater is, howevrer, more or less proportiopal to the inflltration-capacity alome.

Starting with the finest-textured solls, as the coarseness of the 801l increases,
2ility to support vegetation and to supply ground-water both increase, the ability to
pport vegetation reaches a maximum for a soil of medium terture and thersafter de-
sases, while ability to supply ground-water continues to increase.

Thus far it has been assumed that vegetation is supplied wholly from the zome of
ration or that there is no direct abstraction from the watsr-table by plants. If
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the water-table is at s suitable but moderate depth, plants, insluding both native
vegetation and cultivated crops, may and often do derive a part of their aoisture~
supply by direct abstraction from the mater-table. For this condition the relaticg
botween soll-moisture and ability to support vegetation is considerably modified g4
compared with the case already considered, where the molsture-supply of vegetatiom
is derived wholly from the zone of aerstion. Assuming—ss is apparently the casg—
that the plant derives moisture from the soil above the water-table and by abetrag- .
tion directly from the water-table, respectively, in proportion to the fecility wity -
which it can get water from each, then the relation betmeen soil-textures and l.blU.t, i
of the s0il to support vegetation will be somewhat as indicated by the dached ling
oce, on Figure 6. The two curves on Figure 5 indicate, qualitatively, at least, the
relative ability of a given soil to support vegestation according as there is or ir :
not a water-table at a height within the reach of plant-roots. The purpose of this . %
diagraz is tc show that the range of soil-textures through which mesophytic vegeta-
tion can thrive is, in general, considerably increased by the presence of ¢ mater- s
table of suitable depth.

Conclusions

Infiltration-capacity is en important physical characteristic of the so0il. Por q
given soil the infiltration-capacity varies between a maximum value when the soil is
dry and a minimum value after wetting and packing. The infiltration-capecity is gen~ J
erally close to the maximum during short storma following dry periods end close to the
ninimun during prolonged wet periods.

The infiltration-capacity of a drainage-basin can be determined from runoff and
rain-intensity data and, conversely, if infiltration-cespacity is knowm, in conjumetiom
with rain-intensity data, the surface-runoff and total infiltration to the soil can be
determined.

For small areeas in and adjacent to cities, where min-intensity records are amuil- %
able and estimetes of storm-runoff are required in cannection with sewer-design, the L
usga of thie method for estimating surface-runoff appears more rational than the go-
called "rational method.”

It is shown that rainfall-excess and infiltration-capecity are apparently two ad= -8
ditional variables which need to be included in order to ottalin a close correlatiom
between runoff and the factors by which it ‘2 controlled. i

tream-rises are classified on the basis of infiltration-capacity and field
moisture-capacity, and a jefinite procedure 1z established for separating ground-watar z
flow from surface-runoff in streams. -

There are close interrelations between infiltration-capacity, field moisture- -
capacity, growth of vegetation, and ground-water levels. It appears that natural :
vegetation generally develops to the maximum extent to which it can be continually
supplied with molsture with a given ninflll-re‘gim.

Owing to the fact that the demands of vegetation for molisture are incessant, 4
whereas infiltration occurs intermittently end by quanta, that soil is best able to
support vegetation which has a large infiltration-capacity and also a large field
moisture-capacity.

s

Infiltration-capacity and field moisture-capacity are complementary, the first “9
increasing and the second decreasing as the soil-texture ranges from fine to coarse.
The best combimtion for plant-growth, from the viewpoint of hydrological considers- 3
tions alone, is therefore a medium-textured soil within the class designated "loan."

There iz = close correlation between total infiltration and the wmter-losses or o
watar utilized directly or indirectly by vegetation, and total infiltration appears te <
be the best available basis of estimating the “effective rauinfall”™ in relatiom to
vegetation.
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